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In this paper, a marine Biotic Index (BI) for soft-bottom
benthos of European estuarine and coastal environments is
proposed. This is derived from the proportions of indi-
vidual abundance in five ecological groups, which are re-
lated to the degree of sensitivity/tolerance to an
environmental stress gradient. The main difference with
previously published indices is the use of a simple formula
that produces a continuous Biotic Coefficient (BC) —
which makes it more suitable for statistical analysis, in
opposition with previous discreet biotic indices — not af-
fected by subjectivity. Relationships between this coeffi-
cient and a complementary BI with several environmental
variables are discussed. Finally, a validation of the pro-
posed index is made with data from systems affected by
recent human disturbances, showing that different an-
thropogenic changes in the environment can be detected
through the use of this BI. © 2000 Elsevier Science Ltd.
All rights reserved.
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Introduction

Marine environmental quality control is undertaken
usually by means of monitoring different parameters in
water, sediment and sentinel organisms (i.e. Mussel
Watch), as in the USA (O’Connor, 1992), France (RNO,
1998) or Great Britain (Franklin and Jones, 1994). This
control is centred on physico-chemical and ecotoxico-
logical variables and, less usually, on biological vari-
ables. Dauer (1993) stated that biological criteria are
considered important components of water quality be-
cause: (1) they are direct measures of the condition of the
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biota, (ii) they may uncover problems undetected or
underestimated by other methods; and (iii) such criteria
provide measurements of the progress of restoration
efforts.

New European rules (see Directive Proposal 1999/C
343/01, Official Journal of the European Communities
30/11/1999) emphasize the importance of biological in-
dicators, in order to establish the ecological quality of
European coasts and estuaries. Benthic invertebrates are
used frequently as bio-indicators of marine monitoring,
because various studies have demonstrated that macro-
benthos responds relatively rapidly to anthropic and
natural stress (Pearson and Rosenberg, 1978; Dauer,
1993).

River ecology has an established long tradition in
applying macrobenthos as bio-indicators; likewise some
biotic indices have been proposed (Woodiwiss, 1964;
Cairns et al., 1968; Chandler, 1970; ISO-BMWP, 1979,
etc.). On the other hand, some attempts to provide
useful ‘tools’ to measure ecological quality in the marine
environment have been developed in Europe and North
America (Hily, 1984; Majeed, 1987; Dauer, 1993; Grall
and Glémarec, 1997; Weisberg et al., 1997).

All the aforementioned studies utilize soft-bottom
communities to construct the indices, because macro-
benthic animals are relatively sedentary (and cannot
avoid deteriorating water/sediment quality conditions),
have relatively long life-spans (thus, indicate and inte-
grate water/sediment quality conditions, with time),
consist of different species that exhibit different toler-
ances to stress and have an important role in cycling
nutrients and materials between the underlying sedi-
ments and the overlying water column (Hily, 1984;
Dauer, 1993).

In this contribution, a marine Biotic Index (BI) is
designed to establish the ecological quality of European
coasts. This explores the response of soft-bottom com-
munities to natural and man-induced changes in water
quality, integrating long-term environmental conditions.
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Methods

Sampling

The Department of Land Action, Housing and
Environment of the Basque Government has established
a network of monitoring stations along the Basque
coast-line (North of Spain). This provides water, sedi-
ment and biological quality information from 30 sam-
pling stations (Fig. 1). The benthic sampling has been
carried out every February, from 1995 to 1998 using the
research vessel ‘Ortze’.

At each of these stations, three replicates of benthos
were collected with a Van Veen grab (1215 ¢m?). The
samples were filtered immediately, using a sieve of mesh
size of 1 mm and fixed in a solution of 4% formalin
(Holme and Mclntyre, 1971).

Sediment data

At each station, a sediment sample was obtained to
determine redox potential, organic matter content and
contaminant levels (heavy metals and organic com-
pounds). The redox potential was measured, on board,
by means of an Orion 977800 platinum electrode which
was connected to a Crison 501 pH-meter-milivoltimeter.

A 200 g sediment sample was dried at 80°C for 24 h,
then it was washed with freshwater on a mesh of 63 pum.
The dried residue was sieved on a column of eight sieves
(size 31 pm to 4 mm). The percentages of gravel, sand
and mud were calculated as: >2 mm fraction, 63 pm — 2
mm and <63 um, respectively (Holme and Mclntyre,
1971).

The organic matter content was calculated by the loss
on ignition method: drying at 105°C, 24 h; then com-
busting at 520°C, 6 h (Kristensen and Anderson, 1993).

Metal concentrations (As, Cd, Cu, Cr, Hg, Ni, Pb and
Zn) were analysed on the <63 um fraction. Extraction
was made first with nitric acid, during 15 h, at ambient
temperature; and second, with nitric and hydrochloric
acids (1:3 in volume), using a microwave oven (130 W,
4 min; 0 W, 1.5 min; 250 W, 5 min; 0 W, 2 min; 400 W,
4 min). Detection was made by atomic absorption, using
flame, graphite furnace and cold vapour techniques. The
analytical procedure was checked with reference mate-
rial (BCR marine sediment-harbour PACS-1); differ-
ences with this material were lower than 10%.

For PCB (eight congeners), DDT and HCH deter-
mination a portion of the original sample was desiccated
with anhydrous sodium sulphate and extraction was
made with iso-octane, after conditioning and clean-up of
the extract the analysis was made with an HP-5890 gas
chromatograph. On the other hand, for PAH (10 com-
pounds) determination, the extraction was made with
ether, and the analysis was made by means of HPLC.

Water quality data
The mean bottom oxygen concentration was mea-
sured with a CTD Sea-Bird 25, or with a portable YSI-

55 oxymeter. Salinity was measured with the same CTD,
or with a Kahlsico SR10 induction salinometer.

Biological data

The identification was undertaken in the laboratory
by means of a binocular microscope (4-40x). After
computing the mean abundance of each taxon, at each
sampling station, the macrobenthic community struc-
ture was described calculating the following descriptors
(Washington, 1984): richness (number of identified
taxa); abundance (N: ind m~2); numerical diversity
(Shannon Wiener H',;: bits ind~!); biomass (Dry Weight,
B: g m2); and biomass diversity (Shannon Wiener H'y:
bits g7!).

BI model

The model here developed is based on that first used
by Glémarec and Hily (1981) and then by Hily (1984),
which utilizes soft-bottom benthos to construct a BI.

Soft-bottom macrobenthic communities respond to
environmental stress (i.e. the introduction of organic
matter in the system) by means of different adaptive
strategies. Gray (1979) summarizes these strategies into
three ecological groups: r (r-selected: species with short
life-span, fast growth, early sexual maturation and lar-
vae throughout the year); k (k-selected: species with
relatively long life, slow growth and high biomass); and
T (stress tolerant: species not affected by alterations).

Salen-Picard (1983) has proposed four progressive
steps relating to stressed environments: (i) initial state
(in an unpolluted situation, there is a rich biocenosis in
individuals and species, with exclusive species and high
diversity); (ii) slight unbalance (regression of exclusive
species, proliferation of tolerant species, the appearance
of pioneering species, decrease of diversity); (iii) pro-
nounced unbalance (population dominated by pollution
indicators, very low diversity); and (iv) azoic substrata.

Following these four steps, Hily (1984) and Glémarec
(1986) have stated that the soft-bottom macrofauna
could be ordered in five groups, according to their sen-
sitivity to an increasing stress gradient (i.e. increasing
organic matter enrichment). Their concept is similar to
that developed for the Infaunal Index for Southern
California, described by Mearns and Word (1982) and
Ferraro et al. (1991). These groups have been summa-
rized by Grall and Glémarec (1997), as outlined below.

Group I. Species very sensitive to organic enrichment
and present under unpolluted conditions (initial state).
They include the specialist carnivores and some deposit-
feeding tubicolous polychaetes.

Group II. Species indifferent to enrichment, always
present in low densities with non-significant variations
with time (from initial state, to slight unbalance). These
include suspension feeders, less selective carnivores and
scavengers.

Group III. Species tolerant to excess organic matter
enrichment. These species may occur under normal
conditions, but their populations are stimulated by
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organic richment (slight unbalance situations). They are
surface deposit-feeding species, as tubicolous spionids.

Group IV. Second-order opportunistic species (slight
to pronounced unbalanced situations). Mainly small
sized polychaetes: subsurface deposit-feeders, such as
cirratulids.

Group V. First-order opportunistic species (pro-
nounced unbalanced situations). These are deposit-
feeders, which proliferate in reduced sediments.

The distribution of these ecological groups, according
to their sensitivity to pollution stress, provides a BI with
eight levels, from 0 to 7 (Hily, 1984; Hily et al., 1986;
Majeed, 1987).

In the aforementioned monitoring network of sam-
pling stations, together with other studies developed by
AZTI along the Basque coastline within the last five
years (Borja et al., 1995, 1999a,b), more than 900 taxa
have been identified. These species are representative of
the most important soft-bottom communities present at
European estuarine and coastal systems. The taxa have
been classified (list in Appendix A) according to the
above ecological groups, following Majeed (1987),
Dauer (1993), Weisberg et al. (1997), Grall and
Glémarec (1997) and Roberts et al. (1998). Only about

BIOTIC COEFFICIENT

0 1 2 3 4 5 6
100 R R S S BRI S

PERCENTAGE OF GROUPS
8
1
AZOIC SEDIMENT

BIOTIC INDEX

- <«——— POLLUTION GRADIENT ————> +

Fig. 2 Theoretical model, modified from Hily (1984), Hily et al. (1986)
and Majeed (1987), which provides the ordination of soft-
bottom macrofauna species into five ecological groups (Group
I: species very sensitive; Group II: species indifferent; Group
III: species tolerant; Group 1V: second-order opportunistic
species; Group V: first-order opportunistic species), according
to their sensitivity to an increasing pollution gradient. The
relative proportion of abundance of each group in a sample
provides a discreet BI with eight levels (0-7) and an equivalent
continuous BC (values between 0 and 6).

12% of the taxa have not been possible to be assigned to
an ecological group.

Based upon Hily’s model (Hily, 1984; Hily et al., 1986;
Majeed, 1987), Fig. 2 shows the theoretical distribution
of relative abundance of each ecological group, along a
pollution gradient.

A possible limitation in the utilisation of the model of
Hily is that each BI has a discreet value and its calcu-
lation is not systematized. In order to improve the index,
a single formula is proposed here. This is based upon the
percentages of abundance of each ecological group,
within each sample, to obtain a continuous index (the
Biotic Coefficient (BC)), where

Biotic Coefficient = {(0 x % GI) + (1.5 x % GII)
+ (3 x % GIII) + (4.5 x % GIV)
+ (6 x % GV)}/100.

The above-mentioned ecological groups (GI, GII,
GIII, GIV and GV) are summarized in Table 1. Species
not assigned to a group were not taken into account.
These species represent only a mean abundance of 1.4%,
for the total number of samples.

In this way, use of the BC can derive a series of
continuous values, from 0 to 6, being 7 when the sedi-
ment is azoic. Nonetheless, the BC can be compared to
the Grall and Glémarec (1997) BI, as adapted in this
paper (Table 1). The result obtained is a ‘pollution
classification’ of a site which is a function of the BC.
Consequently, this represents the benthic community
‘health’, represented by the entire numbers of the BI.

Results

The mean and standard error values of grain size and
physical characteristic associated with each of the sam-
pling stations (17 estuarine and 13 littoral) are listed in
Table 2. The water depth range is very large at each of
the stations (under Mean High Water Neap to 24 m in
the estuaries and 30-35 m associated with the littoral
samples). Mean salinity, at bottom water, ranges from
16.2 to 35.3 in estuaries, but is restricted within the
coastal areas (35.3-35.5).

The range in the percentage of oxygen saturation is
very high within the estuaries (43-119%), but ranges in
the littoral stations from 92% to 97%. The organic

Summary of the BC and BI (modified from Grall and Glémarec, 1997).

TABLE 1

Site pollution classification

Biotic Coeflicient

Biotic index

Dominating ecological group

Benthic community health

Unpolluted 0.0 <BC<0.2 0
Unpolluted 02<BC<1.2 1
Slightly polluted 1.2<BC<33 2
Meanly polluted 33<BC<43 3
Meanly polluted 45<BC<5.0 4
Heavily polluted 50<BC<55 5
Heavily polluted 5.5<BC<6.0 6
Extremely polluted Azoic 7

1 Normal
Impoverished
111 Unbalanced
Transitional to pollution
v-v Polluted
Transitional to heavy pollution
A\ Heavy polluted
Azoic Azoic
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Physico-chemical characterisation of sampling stations, showing mean and standard error (SE) values of some sedimentological and water

TABLE

2

parameters.?
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Station Station  Depth Salinity Dissolved % Oxygen % Sand % Mud % Organic Redox
number type (m) oxygen (ml I7!)  saturation matter potential (mV)
Mean Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE
1 E 1 23.5+£23 6.1+0.2 101 +£3.8 95.1£3.8 4.6 £4.0 52402 296 +41.7
2 E 3 16.2+2.0 3.1+05 43+£6.0 38.5+6.3 47.7+6.2 87+1.0 —101 +38.2
3 E 14 35.1+0.1 5.0£0.1 87+ 1.7 19.6 £2.1 80.1 +2.1 13.0+£0.3 —53+37.7
4 E 24 353+0.1 54+0.1 94+1.3 80.7 £ 4.6 18.3 £4.8 6.0+0.4 153 £45.2
5 L 34 353+0.1 5.6£0.1 96+ 1.7 96.3+0.8 3.3+£09 39403 248 £45.5
6 L 32 353+0.1 55+0.1 95+1.7 94.8+32 04+0.2 6.8+ 1.7 405 +18.2
7 E 1 295+ 1.6 6.1+0.2 105+3.3 853+24 0.5+0.2 23+0.1 388 +18.7
8 L 34 354+0.0 5.5+0.1 95+1.5 81.5+6.7 0.7+0.5 3.8+0.8 3890+7.2
9 L 33 354+0.0 5.54+0.1 96 £2.0 98.4+0.2 1.1+0.2 34404 322 +26.9
10 E 1 257+25 6.1+0.2 102+3.3 274+29 64.8 +4.2 7.7+0.4 25+20.2
11 E 1 34.8+0.1 6.6+0.2 119+33 97.6+1.3 0.3+0.3 34405 410 +45.0
12 L 31 35.5+0.0 5.6+0.1 97+1.8 95.6 +0.8 3.6+0.8 3.6+0.7 268 +£43.8
13 E I 26.3+3.0 6.5+0.2 111+3.1 82.4+48 125+39 4.6+0.7 167 +50.4
14 L 34 35.5+0.0 5.6+0.1 96 £2.0 93.8+23 54423 37+£03 299 +34.5
15 E I 289+ 1.6 5.0+0.3 87+£39 38.6 +3.1 16.7£2.6 6.1+0.5 0+323
16 L 34 35.4+0.1 53+03 94+34 943 +3.5 0.1+0.1 3.7+£0.6 336 £11.5
17 E I 17.5+£2.7 59402 89+3.7 558458 40.3+6.8 6.7+0.6 63 +£48.9
18 L 32 354+0.1 5440.1 94+1.38 95.1+1.0 33+1.0 42+0.1 264 +37.2
19 E I 233422 58+0.2 96 +2.9 40.1 £5.2 51.3+£5.6 9.0+0.7 24+ 21.3
20 L 32 354+0.0 5340.1 93£2.0 84.8+6.5 8.7+6.7 55+1.2 286 + 39.0
21 E I 21.1+£22 6.0+0.2 97 +3.0 853+5.0 7.4+4.8 4.0+0.6 313+ 38.0
22 L 32 354 +0.1 54+0.1 95+2.0 86.2+2.9 11.0+2.7 3.8+0.2 83 +18.1
23 E I 21.1+£3.1 574+03 92 +£52 842458 54+4.1 42+13 210 £49.3
24 L 34 354+0.0 5.5+0.1 95+2.3 81.6 £4.2 17.3+4.3 5.0+0.6 —84+454
25 E 9 340+0.2 32403 55+49 36.7+7.6 59.9+8.38 28.2+2.38 —185+8.0
26 E 8 3334+04 5.0+0.2 88 £3.7 46.8 £ 6.7 36.0+£7.6 94+1.0 —71+21.9
27 L 32 354+0.0 53+0.1 92+2.2 89.1+4.7 34+£22 34405 240 + 53.0
28 E I 19.3+23 52403 83+44 80.8+5.0 13.7+£5.2 50+1.0 102 £35.1
29 E I 262+ 1.6 56402 91 +£4.6 91.9+22 0.7+0.3 2.7+0.1 285 +32.0
30 L 33 353+0.1 55+0.1 97+2.1 89.0 £5.7 6.4+5.5 58+1.8 232+ 61.4

“E: estuarine site; L: littoral site; I: intertidal site.

matter content in the sediments is higher in the estuaries
(2.3-28.2%) than in littoral zone (3.4-6.8%). This cor-
responds to a higher range of the mud content within the
sediments (0.3-80.1% and 0.1-17.3%, respectively). The
redox potential ranges from —185 to 410 mV within the
estuaries, and from —84 to 405 mV within the littoral
samples.

From 30 stations, some 114 samples of benthos have
been obtained over a 4 year period. These samples
correspond to different environments (estuarine, littoral,
intertidal, subtidal) and physico-chemical characteristics
(reduced and oxidized sediments, hypoxia and oversat-
uration in the bottom waters, poor organic matter
proportion and enrichment, etc.).

After the application of the BC, considering its cor-
respondence with the BI (Table 1), the results were: 2
samples with a BI=0; 23 samples of BI = 1; 48 samples
of BI=2; 15 samples of Bl =3; 7 samples of Bl=4; 6
samples of BI = 5; 6 samples of Bl =6; and 7 samples of
BI=7.

Fig. 3 shows the results obtained by comparing dif-
ferent biological parameters, on samples having the
same biotic indices. The BI =7 is equivalent to an azoic
site, so all the biological parameters are equal to 0 in
these particular samples.
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The mean abundance increases from 36.7 ind m—2
(BI=0) to 2 559 ind m~2 (BI = 6), with the exception of
BI =35, with a value of 456 ind m~2 (Fig. 3(a)). Within
the lowest of the Biotic Indices (0, 1 and 2), the standard
error of the mean is very small; it is progressively larger
in the highest.

Statistical analyses were made considering the BC
because, as this coefficient can derive continuous values,
it is more suitable for this purpose than the BI. Taking
into account all the samples analysed, the non-para-
metric Spearman rank correlation between the abun-
dance and the BC is not statistically significant
(p > 0.05).

On the other hand, biomass (Fig. 3(b)) increases from
0.1 gm~2 (BI=0) to 14.3 g m~2 (BI =4). However for
Biotic Indices 5 and 6, dominated by small opportunistic
species, the biomass is lower than 4 ¢ m~2. There is no a
statistically significant correlation between biomass and
BC (Spearman rank correlation).

Fig. 3(c) shows the mean richness of the samples.
Except in the case of BI =0, with a mean richness of 2,
in the other biotic indices the richness decreases pro-
gressively from 26 to 27 species (BI=1 and 2) to 0
species (Bl =7). Richness and BC are highly correlated
(p < 0.001, Spearman rank correlation).
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Fig. 3 Mean and standard error values of different biological
parameters obtained on samples having the same biotic indices.
(a) abundance; (b) biomass; (c) richness; and (d) diversity
(derived from number of individuals N and biomass B).

Numerical diversity (Fig. 3(d)) shows a similar pattern
to that of richness. There is a progressive decrease in the
mean values, from 3.5 bits ind~' (BI=1) to 0 bits ind™!
(BI=7), with the exception of BI =0 which is associated
with a low value (0.6 bits ind~!). Biomass diversity has
values of about 1.6 bits g=!, between BI =1 to 4; then, it
decreases to 0 (BI=7). Both variables are correlated
with BC (p < 0.001 and p < 0.05 for numerical and
biomass diversities, respectively), using Spearman rank
correlation.

The relationships between some of the sedimento-
logical and water quality parameters and biotic indices

are shown in Fig. 4. Bl =0 is associated with the highest
mean redox potential (Fig. 4(a): 360 mV). This param-
eter becomes progressively lower, with BI=7 having a
mean potential which is very reduced (—125 mV). Sam-
ples with low biotic indices (0 and 1) are associated with
less than 2% of mud (Fig. 4(b)) and the values increase
to 63% (BI=7). Some anomalies were detected in
BI=5 and 6, which present 10-20% of mud. The or-
ganic matter content has a similar pattern of distribu-
tion to that of granulometry (Fig. 4(c)). Data on the
mean bottom dissolved oxygen content are presented in
Fig. 4(d). The highest value corresponds to BI=0
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Fig. 4 Mean and standard error values of different sedimentological
and water quality parameters obtained on samples having the
same biotic indices. (a) redox potential; (b) percentage of mud;
(c) organic matter content; and (d) bottom dissolved oxygen

content.
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(6.5 ml 17"), decreasing to 2.6 ml 1! at BI=7. The
Spearman rank correlations between these variables and
BC are highly significant (p < 0.001).

The mean concentrations relating to some of the
heavy metals in the sediments associated to each BI are
shown in Fig. 5. Arsenic and mercury contents do not
reveal any clear pattern of distribution with the BI.
Other metals present increasing concentrations from
BI=0 to BI=7, with the exception of some specific
peaks (BI =3, for chromium and nickel; and BI =6, for
lead and copper) and troughs (BI=4 and 5, for cad-
mium, nickel and zinc). Except arsenic and mercury all
the metals are positively correlated with BC (p < 0.01,
Spearman rank correlations).

Marine Pollution Bulletin

On the other hand, the organic compounds (Fig. 6) do
not show a similar pattern to that of the metals. Only
PCB increase in their concentrations from BI=0 to
BI =7; however the differences are very small. PAH is at
their smallest concentrations in BI=5 and 6. The only
significant correlation is found between BC and PCB
(p < 0.05, Spearman rank correlation).

Comparing the percentage of samples of each BI that
goes beyond the ER-L (or Effects Range-Low, repre-
senting concentrations below which adverse effects to
fauna are expected to occur rarely (Long et al., 1995)),
the data presented in Fig. 7 shows that Bl =0 does not
include samples that surpass these limits for metals and
organic compounds. Normally, the other biotic indices
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Fig. 5 Mean and standard error values of eight heavy metal contents
in sediments obtained on samples having the same biotic
indices.
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contents in sediments obtained on samples having the same
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Fig. 7 Percentage of samples of each biotic index that goes beyond the
ER-L (or Effects Range-Low, representing concentrations
below which adverse effects are expected to occur rarely), for
seven heavy metals and three organic compounds.

increase progressively in the percentage of samples sur-
passing these limits (see data presented for arsenic,
mercury, nickel, lead, copper, chromium, PCB and
DDT).

Discussion

Many of the biotic indices developed in the literature
(Clements et al., 1992; Mouthon, 1993; Stark, 1993;
Grall and Glémarec, 1997; Roberts et al., 1998, etc.)
have been based on the paradigm of Pearson and Ro-
senberg (1978), as stated by Weisberg er al. (1997) in
developing their own index. The paradigm states that
benthic communities respond to improvements in hab-
itat quality in three progressive steps: the abundance
increases; species diversity increases; and dominant
species change from pollution-tolerant to pollution-
sensitive species.

This generally accepted paradigm has been adapted
from Grall and Glémarec (1997) in this contribution, in
order to obtain an European BI. This should be able to
distinguish easily estuaries and coastal reference sites
from polluted sites, with different levels of anthropo-
genic or natural degradation.

The index derived provides a semi-quantitative mea-
surement of the degree of impact on soft-bottom mac-
rofauna, which is reflected by changes in the qualitative
and quantitative community composition.

As the BI has been established on the basis of analysis
of samples obtained from a monitoring network, with a
prevalence of polluted sites, there are only two unpol-
luted samples (BI=0) which correspond to a ‘normal’
community (sensu Grall and Glémarec, 1997). The di-
versity results do not correspond to those expected from
the aforementioned paradigm, because the richness is

very low. Conversely, samples with BI=1 (also unpol-
luted in the present proposal, corresponding to an
impoverished community) or higher, BI=2-6 (corre-
sponding to slightly to heavily polluted sites) have
well-defined values of biological parameters; this is as
might be expected from the results of Pearson and
Rosenberg (1978).

Some biotic indices, or Coefficients of Pollution (i.e.
Bogdanos and Satsmadjis, 1985) do not appear to be
suitable for application in some cases. This is due to the
lack of sensitivity of these indices to intermediate pol-
lution levels (MAFF, 1993), corresponding with slightly
polluted areas. Hily (1984) and Grall and Glémarec
(1997) have described similar difficulties.

The above limitation appears to be due to a general
under-estimation of the faunal abundance in compari-
son with unpolluted areas. This is because faunal
abundance will increase under slight to moderate pol-
lution, but numbers of species can either stay constant
or show only a slight increase. In the present proposal,
this problem appears to be eliminated because the ap-
proach has a high sensitivity at these levels, with well-
defined values in the biological parameters.

Organic enrichment and muddy bottoms, associated
with subsequent low redox potential and hypoxia, are
related with opportunistic species (Majeed, 1987) in
‘heavily polluted’ levels, according to the BI (BI =5-7).
Diaz and Rosenberg (1995) have suggested that benthic
infaunal mortality could be initiated when the oxygen
concentration falls below 2 ml 17!, Ritter and Montagna
(1999) have recently proposed that 3 mg 1-! (=2.14 ml
17!) defines the breakpoint between normoxic and hy-
poxic benthic communities. The mean oxygen concen-
tration obtained for BI =7 indicates that life could be
very limited in those sites. However, within BI = 6, there
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are some situations of very low oxygen concentration
which explain the presence of species which are resistant
to severe or moderate hypoxia. These species are clas-
sified within ecological Groups IV and V.

Samples with BI=6 and 7 are associated with sites
that experience periodic hypoxia, consisting of repeated
brief periods (days or weeks, in the case of BI=6) or
seasonal hypoxia (months, in the case of BI=7), that
generate mass mortality or complete elimination of the
macrofauna. Some of the samples with BI=7 are
located within the Bilbao estuary, for which Saiz-Salinas
(1997) and Gonzalez-Oreja and Saiz-Salinas (1998) have
demonstrated that the oxygen limitation represents the
key factor in the estuarine defaunation of sampling
stations within the estuary.

Physico-chemical results related to the BI (see Fig. 4)
have some unexpected results at the level of BI=5 and
6. The trend of increasing percentages of mud and or-
ganic matter, together with decreasing redox potential,
break-down at these particular levels. BI=5 and 6
correspond to high percentages of ecological Group V
(with a mean of 77.5% of species in BI =5, together with
92.7% in BI=6). These species are mainly deposit-
feeders. As such, they could modify the proportion of
organic matter in the sediments on which they feed and,
subsequently, modify the grain size composition of the
sediments. The optimal grain size may be different for
the settling larvae, juveniles and adults of a variety of
deposit-feeders (Snelgrove and Butman, 1994), changing
their physico-chemical properties. For example, Hall
(1994) has stated that faecal pellets of benthic inverte-
brates modify the grain size of the surficial sediments.

In spite of the fact that hypoxia seems to control the
presence of the groupings with BI =7 and that organic
matter content is very important in ascribing samples to
the BI, ecotoxicological effects appear to play only a
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secondary role in the analyses; however it may have had
an effect in the longer time, as cited by Saiz-Salinas
(1997) for the Bilbao Estuary.

In order to validate the derived BI, for more general
application, four stations from the 30 stations sampled
have been selected for more detailed analysis. The evo-
lution of the percentage of ecological grouping, the BI
and the BC, derived for between 1995 and 1998, at these
stations is shown in Fig. 8.

Within the Urdaibai estuary (Figs. 1 and 8(a)) the
results obtained from a single station, in the inner part
of the estuary, shows a dominance of ecological Group
IT1. This is characteristic of estuarine communities lo-
cated at sites with organic matter inputs. The derived BI
shows that, in 1995 and 1996, the site is slightly polluted
(BI=2) due mainly to the aforementioned organic
matter enrichment. In 1997 and 1998, the BI increases
progressively (BI=3 and 4); as such classifying this
station as ‘meanly polluted’. Such a trend is caused by
the increasing dominance of ecological Group V, which
indicates the presence of opportunistic species. On the
other hand, the BC increases gradually with time, which
indicates a rising contamination in this site during the
last years.

The increase in the BI could be the result of dredging
activities undertaken along this particular estuary,
within the last few years. At the same time, there are
changes in the sediment composition, the abundance of
suspended matter, etc. These provide the basis for an
increase in the opportunistic species at this particular
location.

In February 1995, the station in the Oria estuary
(Figs. 1 and 8(b)), was located some 500 m landward of
the mouth. Group I was dominant and the BI (2) pro-
vides a classification of the site as ‘slightly polluted’. In
1995 and 1996, some channelling works were under-

STATION 21 (Oria estuary)
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STATION 24 (Mompés )

X3ANI/LN3IIOI44300 J11019

o =~ N W b~ o O

0+

1996 1997 1998

Fig. 8 Evolution of the percentage of ecological groups (I-V), the BI
and the BC, derived for between 1995 and 1998, for the stations
showed in Fig. 1: Station 10; Station 21; Station 13; and Station

24.
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taken in this estuary, extending the mouth of the estuary
some 500 m offshore. This development has led to an
increase in the distance from the mouth of the estuary to
the sampling station, with a subsequent change in the
physico-chemical conditions (Borja et al., 1999a). This
change resulted in an increase in the mud and organic
matter content, together with a decrease in dissolved
oxygen. This change in the physical setting provides an
explanation for the increase in the dominance of eco-
logical Groups III and V (more characteristic at the
inner part of the estuary), modifying the BI to ‘meanly
polluted’ (3). The BC increased during this period, from
1.4 to 3.5.

The Lea is a small estuary within the Basque Country
(Figs. 1 and 8(c)) which, in the past 4 years, has been
subjected to a sewerage plan, eliminating urban and
industrial effluent discharges into the estuarine waters.
The estuary was dominated by the opportunistic Group
V in 1995, with a BI of 3 (meanly polluted). Following
the introduction of the sewerage scheme, the ecological
Group I, composed of species that are sensitive to pol-
lution, increased in its dominance. This represented, in
1997 and 1998, nearly 100% of the community.
Throughout these two last years, the BI is 0. The BC
decreases from 4.2 in 1995 to 0.4 in 1996 and near 0 in
1997 and 1998. So, in the last two years this station can
be classified as an unpolluted site.

Finally, within the coastal area of Mompas, near San
Sebastian (Figs. 1 and 8(d)), there is an important
change in the ecological group composition between
1995 and 1996. At the beginning of this period, there is a
co-dominance of Groups V, I and II. However, there is a
clear dominance of Group V from 1996 to 1998. At the
same time, the BI changes from 2 (slightly polluted) to
5-6 (heavily polluted). The BC, which was 3.0 in 1995,
increased to values between 5.3 and 5.9 during the last
three years. This particular coastal area has received
large amounts of domestic and industrial waste from the
San Sebastian area since the 1970s. Further, in 1995 and
1996, some sewerage works were constructed and an
important volume of urban and industrial polluted wa-
ters, derived from nearby areas such as Pasajes or
Tximistarri, were diverted to Mompas. The waste in-
cludes contaminants (heavy metals and organic com-
pounds) and a high amount of organic matter
originating from the paper manufacturers (Franco et al.,
1999).

Conclusions

The BC, proposed here as a BI to establish the eco-
logical quality of the soft-bottom benthos within the
European coastal environments, takes into account the
faunal composition. As such, it ascribes each species to
an ecological grouping, according to their sensitivity to
an increasing stress gradient.

The different composition, in terms of the abundance
of the various ecological groups in these samples pro-

vides a continuous BC (with values between 0 and 6).
This is referenced to a BI, representing quality of bot-
tom conditions in a discreet range from 0 (unpolluted)
to 7 (extremely polluted). This composition is governed
by the physico-chemical factors within the sediments
and the overlying water column in terms of: organic
matter content; percentage of mud within the sediments;
dissolved oxygen content within the bottom waters; and
the concentration of pollutants.

Biological parameters (such abundance, richness,
biomass or diversity) provide a useful (and more
broadly applicable) description of each level of the BI. It
is considered (as described by Dauer, 1993) that bio-
logical criteria may complement toxicity and chemical
assessment methods, to serve as independent evaluations
of the ecological quality of marine and estuarine eco-
systems.

Validation of the model developed shows that differ-
ent anthropogenically changes in the environment can
be detected through the use of the BI, including altera-
tions to the natural system such as dredging, engineering
works, sewerage plans and the dumping of polluted
waters. On the other hand, the BC provides a more
accurate view of the evolution of the ecological status of
a particular location. Further, the fact that this partic-
ular coefficient can derive continuous values makes it
more suitable for application to statistical analysis than
the BI (i.e. temporal trend analysis).

The BI proposed here is relatively simple and can,
meaningfully, be applied when attempting to determine
the ecological status of European coastlines. Although
this index has been developed in the Bay of Biscay, the
methodology can be applied for other European coastal
areas, only conditioned by the assignation of the species
to the ecological groups described here. In fact, many of
the species compiled in the Appendix A are present in
North Sea and Mediterranean. So, the index may be
improved with the contributions of newly assigned
species from these seas and further examples of its more
general application and validation.

Finally, this index facilitates the understanding of
complex benthic data, summarizing a considerable
amount of ecological information into a single repre-
sentative value.
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Appendix A

See Table 3.
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