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ABSTRACT. - The distribution of the marine biotic index (BI) and the trophic groups is pro-
posed in this paper to assess the impact of environmental factors on the macro-zoobenthic
assemblages of Tunis bay. The first approach is based on the subdivision of benthic fauna into
five ecological groups. This subdivision is related to the degree of sensitivity to an environmen-
tal stress gradient. This enables to characterize the assemblages and the degree of dependence of

their health on the disturbances. On the other hand, the spatial distribution of trophic groups
gives a general tendency of population evolution. The method of functional groups shows that
Tunis bay seems to be in a good state, except some areas which are more affected by distur-
bances and which could constitute, in the future, a potential threat if the environmental condi-

tions get worse.

INTRODUCTION

The coastal marine zones are subject to an increasing
anthropic pressure (urbanization, industry, tourism, over
fishing, sea traffic, etc.) and a possible threat due to the
climatic change. The consequences can be detected on the
general state of the ecosystems, mainly in the littoral
fringe which is more sensitive and more exposed. Tunis
bay is an example of a coastal zone which can be affected
by these multiple aggressions. In this area, a bionomic
study carried out by Ayari & Afli (2003) showed that the
general state of the macro-zoobenthic communities was
satisfying, except the harbour zone of Rades. However,
the use of data such as simple numerical values may be
insufficient in this respect, and the intrinsic characters of
populations should be also considered. Indeed, the use of
Shannon’s diversity index (H’) as a tool for pollution
assessment is insufficient if faunistic data are not taken
into account to detect opportunistic species abundance
(Zenetos & Simboura 2001). A complementary approach
based on functional groups aims at better understanding
the benthic response to environmental conditions. In this
contribution, ecological groups are used to establish the
ecological quality of Tunis bay since the ecological study
of benthic communities provides information and is
essential to understand the general evolution of ecosys-
tems (Borja et al. 2000, Solis-Weiss et al. 2004). The
study of the functional organization also through trophic
mechanisms will enable us to follow its temporal varia-
tion in order to limit the sources of harmful effect

Description of the study area

The study area is a depression in the South of Tunis
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Fig. 1. — Geographic situation, bathymetry and location of sam-
pling stations.

gulf, called “the small gulf of Tunis” or Tunis bay. It is
limited by Cape Carthage to the West and Cape Fartas to
the East (Fig. 1). Its West coast is of alluvial nature and
the east coast is sandy. Sedimentation is controlled by the
Méliane River inputs and by the littoral currents (Ben
Charrada 1997). In the North East, the coast is rocky with
many cliffs. In general, sedimentation is controlled main-
ly by rivers which discharge into the bay (Azouz 1973,
Oueslati 1993).

The dominant winds come from the North-Western
sector and cause swells during the cold season carrying
alluvia to the South and the South-East (Ben Charrada
1997). The average depth of Tunis bay is modest and does
not exceed 31 m (Ayari 2003). Water movements are con-
trolled by currents generated by winds. West and North-
West winds generate the strongest currents. The currents
run parallel to the coast. The range of the tide is not very
significant and rarely exceeds 35 cm (Zarrad 2001).

For a few years, the littoral zone of Tunis gulf has been
subject to industrial, urban and tourist development. Sig-
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nificant commercial and fishing activities in the Harbour
of La Goulette, Rades and Tunis have been noted, as well
as the thermal discharges of the Rades power station. The
population of Tunis City, of its Northern and Southern
suburbs and of Korbous, bordering Tunis bay, was esti-
mated in 2002 approximately at 1,013,830 inhabitants
(Anonymous 2002).

The coastal zone close to the urban area, Southern
Tunis and Hammam Lif, is the catchments’ basin of the
most significant source of continental water constituted
by the effluents of the Méliane River which discharges
directly and permanently into the bay and also by the
effluents of the water-treatment plant of “Sud Méliane”,
with some uncontrolled industrial wastes (Ben Charrada
1997). The coastal area located between Hammam Lif
and Sidi Errais receives the effluents of three water-treat-
ment plants of the “Office National d’Assainissement
Sanitaire (ONAS)” as well as waste water discharges of
other coastal agglomerations. On the east coast, small
agglomerations like the town of Korbous, discharge their
waste water directly into the sea. Also, the presence of the
food - processing industry and of the sources of thermal
water (Korbous) constitutes potential sources of pollution
in the long term.

MATERIAL AND METHODS

Forty stations, distributed in the study area, were prospected
in March 2003 (Fig. 1). Twelve of them (B1, B2, B8, B12,B13,
B17,B22,B23,B24,B25, B27 and B28) were not the object of
fauna sampling because of the difficulties we met (strong winds
making it difficult to handle the grab, occurrence of rocky patch-
es or sea grass meadows). The samples, obtained with a 0.1 m?
Van Veen grab (two grabs per sample), were fixed with a solu-
tion of formaldehyde (7%) on board of RV Hannibal. Samples
of sediment were taken for particle size and organic matter anal-
ysis. At the laboratory, samples for fauna study were also sorted
out with water, on a square mesh of 1 mm a side. The animals
collected were preserved with diluted alcohol (70%) before
being identified, for most of them, up to species level.

In this contribution, we classified organisms on the basis of
functional groups. For the trophic groups we used the feeding
guilds established by Fauchald & Jumars (1979) and used by
Grall & Glémarec (1997), Glémarec & Grall (2000), Afli (1999),
Afli & Glémarec (2000):

- Herbivores (H): algae-feeding organisms (e.g. some echin-
ids).

- Scavengers (N): feed on carrions deposited on the bottom
(essentially gastropods and decapods).

- Detritus feeders (D): feed on particulate organic matter,
essentially vegetable detritus (mainly amphipods and tanaids).

- Carnivores (C): predatory animals (mobile polychaetes,
sea-anenomes).

- Micrograzers (¢B): feed on benthic microalgae, bacteria
and detritus (essentially polyplacophores and gastropods).

- Suspension feeders (S): feed on suspended food in the water
column (e.g. most bivalves).

- Surface deposit feeders (SDF): feed on organic particles
which settle on the sediment (most sedentary polychaetes).

- Subsurface deposit feeders (SSDF): burrowers which ingest
the sediment from which they take their food.

In parallel, the model of biotic index (Hily 1984) was used to
assess the health of the communities. It subdivides all the benth-
ic macrofauna into 5 ecological groups according to their reac-
tions to organic disturbances. These groups were classified by
Grall and Glémarec (1997), as shown below; the trophic guilds
that are presented are the dominant ones:

- Ecological group I: species sensitive to organic enrichment
(initial state). They include the specialist carnivores and suspen-
sion feeders.

- Ecological group II: species indifferent to organic matter
excess (from initial to slight unbalance). They include scaven-
gers.

- Ecological group III: species that are tolerant (slight unbal-
anced situations), which are stimulated by organic matter excess.
They are surface deposit feeders.

- Ecological group IV: second-order opportunistic species
(slight to pronounced situations of unbalance). They are subsur-
face deposit feeders.

- Ecological group V: first-order opportunistic species (pro-
nounced situations of unbalance). There are some deposit feed-
ers.

The respective percentages of the various ecological groups
provide a biotic index (BI) or stage of degradation for each case.
Its attribution was based on the work of Afli and Chenier (2002).
Eight biotic indexes were defined (Table I):

- BI 0: the ecological group I dominate and they are the first
to disappear.

- BI 1: characterized by impoverished community, its species
richness and its abundance decrease define a first ecotone.

- BI 2: tolerant species (group III) are stimulated and become
more abundant.

- BI 3: second ecotone, resulting from a competition between
tolerant and opportunistic species, which sometimes favours the
proliferation of some indifferent species.

- BI 4: first stage of pollution, characterized by the prolifera-
tion of second-order opportunistic species (group 1V).

- BI 5: third ecotone, characterized by the competition
between first and second-order opportunistic species.

- BI 6: stage of maximum pollution, characterized by the
excessive proliferation of individuals of the first-order oppor-
tunistic species (e.g. Capitella capitata Fabricius, 1780).

- BI 7: ultimate degradation and disappearance of all mac-
robenthic life.

RESULTS

Fine sands are distributed on the Southern littoral
fringe from Rades to the Lagoon of Soliman; muddy
sands occupy the central area and are surrounded by

Vie Milieu, 2008, 58 (1)
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Table I. — Percentages of ecological groups for each stage of degradation or biotic index (according to Afli & Chenier 2002). *: State of

transition (ecotone).

Biotic index

Ecological groups (%)

BI 6 BI 5* BI 4 BI 0-4 BI 3* BI 2 BI 0-2 BI 0
I <20 <20 20-40 <40 20-40 20-40 > 45
I > 50 >30
11 <20 20-40 <40 > 40 20-40 20-40
v > 40 20-40 <20 <20 <20
\Y > 40

muddy sediment towards the open sea. Organic matter
and silt contents are correlated (R = 0.815), the stations
B5,B6,B19, B21, B26, B30, B34 and B38 are most
strongly loaded with organic matter (Fig. 2).

The spatial distribution of each main trophic group
shows that suspension feeding species dominate along the
shallow Southern littoral fringe (Fig. 3). On the other
hand, carnivores and deposit feeders are distributed on
almost all of the study area. Deposit feeders dominate
opposite to the harbour zone of Radeés whereas carnivores
dominate in the Southern bank of the gulf and off Cape
Carthage. Detritus feeders concentrate in the open sea,
and also to a lesser extent near the coast, between the Sol-
tan River and the Lagoon of Soliman.

The study of space variability of ecological groups and
of species richness (S) and abundance (A) (Fig. 4) shows
5 areas of different levels of degradation (Fig. 5). Charac-
teristic species were related to each state of degradation
(Table II). The complete list of all the collected species
and their ecological and trophic groups is given in Appen-
dix 1. The first area includes stations B18, B26, B7, B5,
B6, B21, B40, B32 and B35. It is characterized by the
dominance of the sensitive species of group I, e.g. Angu-
lus tenuis (da Costa 1778) and Pista mirabilis (McIntosh,
1885) which prompted us to attribute a BI. It corresponds
to an area towards the open sea in the North and to anoth-
er one along the South-East coast limited by the Méliane
River in the North and by the Soltan River in the South.
The second level of degradation (BI 0-2) concerns sta-
tions B10,B15, B11 and B37, located off Korbous. It is
the result of the regression of sensitive species in favour
of the tolerant species of the group III - Melinna palmata
Grube, 1870, Tuberapseudes echinatus (G.O. Sars, 1882)
and Notomastus profundus Eisig, 1887. The third level
(BI 2) is recorded at stations B31, B36, B34, B38, B3,
B33, B4, B39 and B20. It is characterized by the clear
dominance of tolerant species and the appearance of two
second-order opportunistic species — Cirratulus cirratus
(O.F. Miiller, 1776) and Chaetozone setosa Malmgren,

30 4
% OM =0.1214" %Silt + 0.8591; R=0,815
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Fig. 2. — Correlation between organic matter and silt contents of
sediments at visited stations.

1867. As for the fourth level, it relates to the stations B16,
B30, B14, B29 et B19 and corresponds to a situation of
transition (ecotone), in which an organization is disap-
pearing in favour of another one. This is a temporary
advantage for species indifferent to unbalance like
Scoletoma fragilis (Malmgren, 1867), Glycera convoluta
(Keferstein, 1862) and Nephtys hombergii Savigny, 1818.
BI 3 is due to the simultaneous presence of species of eco-
logical group I — Maldane glebifex Grube, 1860, Ampe-
lisca typica (Bate, 1856) and Tellina pulchella Lamarck,
1818 — and of species of group III, Scolaricia typica Eisig,
1914. Thus, the central part of Tunis bay shows degrada-
tion levels 2 and 3. The fifth level (BI 0-4) includes a sin-
gle station (B9) located between the Lagoon of Soliman
and the Bezirk River where second-order opportunistic
species, like Heterocirrus sp. and Chaetozone setosa, are
becoming more numerous.

DISCUSSION

In an undisturbed area, the trophic groups share the
trophic resources and coexist with slightly different num-

Vie Milieu, 2008, 58 (1)
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bers because they do not use the same dimensional cate-

gory (Hily 1984). In fact, deposit feeders take food parti-
cles in the organic-matter-rich surface film or inside the
sediment, whereas suspension feeders filter suspended
matter in the water column. Detritus feeders are macro-

Vie Milieu, 2008, 58 (1)

phages feeding on crumbs of vegetable
matter. On the other hand, carnivores which
feed on other animals prevent resources
from being monopolized by dominant spe-
cies by controlling the other populations.
In the two undisturbed zones (BI 0) which
occupy the south-west littoral fringe and a
small area in the open sea, detritus and sus-
pension feeders coexist with carnivores
without proliferating, which indicates a
trophic balance. But it is necessary to men-
tion that the trophic organisation is not
entirely related to the stage of health of the
environment. The open sea is apparently
saved from the influence of sources of dis-
turbance. The south-west littoral fringe,
located between the Méliane River and the
Lagoon of Soliman, is probably not affect-
ed by the wastes drained by the Méliane
River.

The second level of degradation (BI 0-2)
concerns the coastal area located off Kor-
bous. This zone is characterized by the
presence of indifferent species (ecological
group II), like the polychaete Nephtys

hombergii and of tolerant species (ecological group III),
like the surface deposit-feeding polychaete Melinna pal-
mata, in about the same proportions. Sensitive species
regress slightly. This state of unbalance is clearly due to
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Table II. — The main species characterizing each stage of degradation.

Biotic index

Ecological groups

BI 0-4 BI 3 BI 2 BI 0-2 BI O
Maldane glebifex Al?gulus. ten?u.s
. . Pista mirabilis
I Ampelisca typica . .
Tellina pulchella 7
Chamelea gallina
Scoletoma fragilis e
L e Lumbrineris latreilli
Nephtys hombergii
Tuberapseudes echinatus Melinna palmata
11 Notomastus sp.  Scolaricia typica Melinna palmata Tuberapseudes echinatus
Notomastus latericeus Notomastus profundus

Heterocirrus sp.
Chaetozone setosa

Cirratulus cirratus
Chaetozone setosa

36.85

36 5
Sidi Bais

0. Bezirk
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Fig. 5. - Distribution of the degradation states (biotic index) of
the macro-zoobenthic communities in Tunis bay.

direct industrial and urban discharges of neighbouring cit-
ies (Ben Charrada 1997). In addition, warm water which
characterizes the Korbous area (Ayari 2003) has probably
arole in the establishment of this unbalanced situation.
The central area of Tunis bay shows two levels of degra-
dation. In the area presenting a BI 2, tolerant species of
the group I11, like the detritus-feeding crustacea Tuberap-
seudes echinatus and Melinna palmata, clearly dominate
sensitive species, so a situation of unbalance is set up,
essentially at stations B3 and B4 (west coast) subject to
urban rejections of the La Goulette and Rades agglomera-
tions, and to harbour and industrial activities in this part
of the bay.

In the area presenting a BI 3 which reveals a situation
of transition (ecotone), indifferent species of the group II,
are stimulated and colonize habitats in spite of the other
groups. We find especially the carnivorous polychaetes
Glycera convoluta, Scoletoma fragilis and Nephtys homb-
ergii. This situation is also characterized by the presence
of sensitive species which are in an unstable state and
may give place to other more opportunistic populations in
terms of the exploitation of resources and which are more
resistant to the disturbances (Afli & Glémarec 2000). This
situation can be explained by the effects of effluents from
water-treatment plants in three neighbouring cities (Men-

zel Bouzelfa, Grombalia, Soliman), that discharge their
waste water into the Lagoon of Soliman. In addition to
these factors, the dominance of deposit feeders in this
central area can be due to muddy substrate which charac-
terizes this zone. It presents a supplement of food
adsorbed on the fine sedimentary particles and whose
deposit is favoured by hydrodynamical deceleration.

As for BI 0-4, it characterizes only one station (B9) off
the Bezirk River mouth. Second-order opportunistic spe-
cies of group IV, like the surface deposit feeder Chaeto-
zone setosa, are present but without clear dominance.
Although sensitive species of group I are always well rep-
resented, this area seems most disturbed, probably
because of the effluents drained by the Bezirk River and
the Lagoon of Soliman.

The trophic organization of benthic fauna in Tunis bay
may be broken, if the factors related to the sources of dis-
turbance still persist. The present state shows some geo-
graphical segregation between deposit and suspension
feeders. Deposit feeders are present everywhere, but
dominate in the central zone where they can reach 60% of
trophic groups, followed by carnivores (40%), which con-
firms some ecological unbalance. On the other hand, sus-
pension feeders are present along the Southern littoral
fringe of sandy nature. They benefit from the suspended
matter drained by the terrigenous input of the Méliane and
Soltan Rivers and the Lagoon of Soliman.

It was possible to study the general state of Tunis bay
through two approaches based on functional groups,
trophic groups and ecological groups. The use of spatial
distribution of each trophic group aims at understanding
the response of benthic fauna to environmental variations.
The study of ecological groups uses species of different
sensibility to pollution to give a view of the state of deg-
radation of the bay. Indeed, when a change appears, the
system is no longer controlled by the usual factors, essen-
tially the nature of the habitat and the trophic chain. How-
ever, there are some opportunistic populations which
impose their invasive strategy.

Vie Milieu, 2008, 58 (1)
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The BI model proposed here to establish the quality of
the benthos within Tunis bay takes into account the faunal
composition. This method is promising because it inte-
grates the effects of various sources of pollution and it
enables us to measure directly their impact on the ecosys-
tems. It complements the methods using mean macroben-
thic richness (S), abundance (A), diversity Shannon index
(Shannon & Weaver 1963) and Evenness index (Pielou
1969) which are simple numerical values that do not take
into account the intrinsic characters of the populations
(Zenetos & Simboura 2001).

In general, the situation in Tunis bay does not appear
worrying because the state of the benthic fauna is globally
good, except in some small well limited areas, but these
can constitute a potential threat if the environmental con-
ditions get worse.

The BI model used here is relatively simple and can be
applied when attempting to determine the ecological qual-
ity of the Tunisian coastlines. The validation of this meth-
od shows that the changes due to the sources of distur-
bance can be detected through the use of the BI which
summarizes a considerable amount of ecological data in a
single representative value.
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Appendix 1

List of the collected species with their trophic groups (T.G.) and ecological groups (E.G.). N: Scavengers; D: Detritus feeders; C: Car-
nivores; uB: Micrograzers; S: Suspension feeders; SDF: Surface deposit feeders; SSDF: Subsurface deposit feeders; H: Herbivores.
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