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Fig. 1 Sampling area with the location of sampling sites around sewage effluent of Efo-
rie Sud (44°01"15.7"N; 28°39'36.9"F)

Multi-Dimensional Scaling (MDS) were used to investigate
faunal similarities among sampling sites (Clarke & Warwick,
1994). Square-root transformation was applied prior to cal-
culating similarities in order to down weight the influence
of dominant species.

The similarity breakdown, as proposed by Clarke & War-
wick (1994) and implemented in the SIMPER routine (“similar-
ity percentages”) within the PRIMER program, was used to de-
fine indicator species for areas subjected to sewage pollution
and those from unpolluted areas, by analysing contributions
of each species to the average similarity (S) within groups of
sites exposed to different levels of organic enrichment. Dis-
criminating species between unaffected and sewage-pol-
luted sites were defined in the same way, by breaking down

the average dissimilarity (5) between different sites into the
separate contributions from each species.

Spearman’s harmonic rank correlation coefficient (py),
as proposed by Clarke & Ainsworth (1993) and implemented
within PRIMER's routine BIO-ENV (Clarke & Gorley, 2001), was
used to determine which environmental parameters best cor-
related with the distribution pattern of the polychaete fauna

Clustering, ordination, similarity breakdown and the cal-
culation of correlation coefficients were carried out using
PRIMER v5.0 software package developed at the Plymouth
Marine Laboratory.

RESULTS
ENVIRONMENTAL VARIABLES

The values of dissolved oxygen concentration, salinity
and pH gradually increased with increasing distance from the
effluent outlet (Fig. 2). The highest nutrient concentrations
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(nitrates, nitrites, ammonia, and phosphates) were recorded
at the effluent outlet (station 1), and the lowest values at the
control site (Fig. 3). Differences in nutrient levels between sta-
tion 1 and the other stations were highly significant (p<0.01).
The high variability (standard deviation) in environmental
parameters in the area most affected by the sewage station is
indicative of a severely fluctuating environment.

THE FAUNA

A total of 4,714 specimens belonging to 15 species were
identified during this study. Among them, Alitta succinea, Pla-
tynereis dumerilii and Polydora websteri were common to all 4
sampling stations.

Within the study area the most abundant species were
Polydora websteri, accounting for 45.27% of the total number
of individuals, followed by Salvatoria clavata (18.16%), Alitta
succinea (12.77%), Polydora cornuta (9.07%), and Platynereis
dumerilii (8.55%). The remaining species accounted for 6.18%
of the total number of specimens (Table 1).

The frequency index values showed that Alitta succinea
(91.67%), Polydora cornuta (75%), Polydora websteri (75%),
and Platynereis dumerilii (58.3%) were constant in the sam-
pling area (F>50%), Nereis zonata (41.67%) and Salvatoria cla-
vata (25%) were common (25%<F<50%), and the remaining
9 species were rare (F<25%) (Table 1).

COMMUNITY PATTERN

The total number of polychaete species gradually in-
creased from 3 species near the sewage discharge to 12 spe-
cies in the control site (Fig. 4a). The total average density of
polychaetes peaked at the intermediate station 2 (50 m from
the outfall) and decreased towards the control site (Fig. 4b).
The lowest population density at the outfall pipe is due to the
shortage of the dissolved oxygen concentration, to the sharp
decrease of salinity and to the high concentration of toxic
compounds resulting from the decomposition of organic
matter (hydrogen sulphide and ammonium).

The Shannon-Wiener’s diversity index increased from the
sewage outfall to the control site (Fig. 4c). The equitability also
increased with distance from the outfall, with the exception
of the site situated in the immediate vicinity of the discharge
(Fig. 4d), where only two species, each with approximately
equal numbers of individuals, were present.

The distribution pattern of polychaete species shows dif-
ferent behaviour according to the distance from the effluent
(Fig. 5). Polydora websteri and Alitta succinea were dominant
near the outfall (station 2) with mean densities of 3937 ind.
m-2 and 1169 ind. m~2, respectively. Both species decreased
in abundance towards the control site and were found at very
low densities at the effluent (station 1). Thus, their occurrence
shows a positive correlation with the sewage concentration.
The populations of Platynereis dumerilii and Nereis zonata in-
creased in abundance with the distance from the outfall and
reached their maximum average densities in control station C

(500 ind. m=2 and 67 ind. m~2, respectively). Thus, Platynereis
dumerilii and Nereis zonata had a negative relationship with
the level of organic enrichment.

Figure 6 shows the similarity dendrogram of the stations
sampled for polychaetes. No polychaete species were record-
ed in station 1 in August 2005, and consequently this sam-
ple was not taken into consideration. Two main groups were
formed: the first included the control site and the second in-
cluded the stations more or less affected by sewage.

The MDS ordination plot indicates the existence of a pol-
lution gradient along the horizontal axis, which corresponds
to the increase in dissolved oxygen concentration and to the
decrease in nutrient levels (Fig. 7). Thus, the samples from the
unpolluted area (station C) are placed to the right of the or-
dination plot and those from polluted areas to the left. The
secondary differences in the structure of polychaete assem-
blages along the vertical axis could be explained by the vari-
ation of other abiotic factors, such as the temperature, local
hydrodynamics or rate of sedimentation.

The results of computing the contribution from each
species to the average similarity S within polluted areas are
shown in Table 2. The average similarity within the group of
stations subjected to sewage pollution is S = 59.08. The most
characteristic or indicator species, which is found at very con-
sistent densities within mussel beds influenced by pollution,
is Polydora websteri. This species contributes nearly 50% to
the average similarity within polluted sites. Alitta succinea is
the second indicator species for organically polluted areas,
which contributes another 38% to the similarities within pol-
luted zones.

Table 3 shows the similarity breakdown into separate
contributions from each species to the average similarity
within the control site. The total average similarity within this
group is S = 65.69. Over 90% of the contribution to the overall
average similarity is accounted for by the first 5 species listed.
However, the only species that could be considered charac-
teristic for unpolluted areas were Platynereis dumerilii, Nereis
zonata and Salvatoria clavata, as their S/SD(S;) ratios were the
highest.

The results of breaking down the dissimilarities between
samples from sites influenced by sewage and those from the
control site into species contributions are presented in Table
4.The total average dissimilarity between control and pollut-
ed sites is § = 71.92. Eight species (53% of the total number)
are responsible for most of the dissimilarities among stations
affected and unaffected by sewage pollution. These species
accounted for up to 90% of the observed dissimilarities. How-
ever, the only good discriminating species between polluted
and unpolluted areas, which had a large 6,/SD(6)) ratio, are
Salvatoria clavata, Platynereis dumerilii, Polydora websteri, and
Nereis zonata.
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Table 1 Dominance (D) and frequency (F) of polychaete species indentified in the Mytilus galloprovincialis bed community around Eforie Sud

outfall area.

Species D (%) F (%)
Polydora websteri (Hartman, 1943) 45.27 75.00
Salvatoria clavata (Claparéde, 1863) 18.16 25.00
Alitta succinea (Frey & Leuckart, 1847) 12.77 91.67
Polydora cornuta (Bosc, 1802) 9.07 75.00
Platynereis dumerilii (Audouin & Milne-Edwards, 1833) 8.55 58.33
Nereis zonata (Malmgren, 1867) 420 41.67
(apitella minima (Langerhans, 1880) 1.44 8.33
Syllis gracilis (Grube, 1840) 0.15 16.67
Eteone picta (Quatrefages, 1866) 0.1 16.67
(apitella “capitata” (Fabricius, 1780) 0.08 833
Syllis hyalina (Grube, 1863) 0.06 16.67
Namanereis littoralis (Grube, 1872) 0.04 16.67
Eulalia viridis (Linné, 1767) 0.04 0.26
Harmothoe impar (Johnston, 1839) 0.02 833
Pterocirrus macroceros (Grube, 1860) 0.02 833

GEO-ECO-MARINA 15/2009 83

Sedimentary Processes and Deposits within River-Sea Systems




V. Surugiu — The Influence of Sewage Pollution on Polychaetes associated with Mussel Beds of the Southern Romanian Black Sea Coast

Table 2 Breakdown of average similarity, within areas subjected to environmental stress due to sewage pollution, into contributions from each
species (5;): A= average density (ind. m~2); SD(S;) = standard deviation; 5% = % of the total similarity; ¥5,% = cumulative % of the total similar-
ity (species are ordered by their average contribution 5; to the total average similarity S = 35; typical species are indicated by an asterisk).

Species A(ind. m-2) S; 5/SD(S;) 5% 5%
Polydora websteri 2114 29.48 2.77* 49.89 49.89
Alitta succinea 677 22.56 2.95% 38.18 88.08
Polydora cornuta 236 5.18 0.84 8.78 96.86

Table 3 Breakdown of average similarity, within areas unaffected by sewage pollution, into contributions from each species (5): A = average
density (ind. m=2); SD(S;) = standard deviation; 5% = % of the total similarity; £5,% = cumulative % of the total similarity (species are ordered
in decreasing contribution; typical species are indicated by an asterisk).

Species A(ind. m-2) S; S/SD(S;) 5% 5%
Salvatoria clavata 1150 19.35 2.35* 29.46 29.46
Platynereis dumerilii 500 16.64 21.85% 25.33 54.79
Polydora cornuta 483 12.47 1.85 18.98 73.77
Alitta succinea 142 5.80 1.98 8.83 82.60
Nereis zonata 67 5.25 3.57* 7.98 90.59

Table 4 Breakdown of average dissimilarity, between samples taken at impacted stations and the station unaffected by sewage pollution, into

contributions from each species (5,): A = average density (ind. m=2); SD(6;) = standard deviation; 5.%= % of the total dissimilarity; 26,% =

cumulative % of the total dissimilarity (species are ordered by their average contribution to the total average dissimilarity, good discriminating
species are indicated by an asterisk).

A(ind. m-2)
Species 5; 8,/SD(6;) 8% 16,%
Impacted Control
Polydora websteri 2114 17 17.59 2.20% 2445 24.45
Salvatoria clavata 0 1150 15.99 2.49% 22.23 46.68
Platynereis dumerilii 52 500 9.00 2.33% 12.52 59.20
Polydora cornuta 236 483 6.87 1.15 9.56 68.75
Alitta succinea 677 142 6.43 1.81 8.94 77.69
Nereis zonata 22 67 3.40 2.06% 473 82.42
Syllis gracilis 0 58 3.02 1.28 420 86.62
Eteone picta 0 42 2.68 1.1 3.73 90.35
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RELATIONSHIP BETWEEN ENVIRONMENTAL FACTORS AND
POLYCHAETE DISTRIBUTION PATTERN

The matching between the multivariate pattern of poly-
chaete density and environmental variables were assessed by
the calculation of the Spearman non-parametric correlation
coefficient (py). The single abiotic variable best correlated
with the quantitative distribution pattern of polychaetes is
the pH (pyw = 0.600), followed by dissolved oxygen, nitrites
and ammonia (oy = 0.314 each). A negative correlation was
observed for temperature (o =—-0.143), salinity (o, = -0.143),
phosphates (py, = -0.200) and nitrates (o,y = -0.206). The best
2-variable combination also involves pH but adds dissolved
oxygen concentration (py = 0.600). The best 3-variable com-
bination gives the overall optimum value for p,, of 0.486. The
MDS ordinations based on pH values, and those based on
pH and dissolved oxygen values, will group the sites in ap-
proximately the same manner as the polychaete community
pattern. Thus, the structure of polychaete communities in or-
ganically enriched environments is highly consistent with pH
and oxygen concentration.

DISCUSSION

Environmental data on water quality show a pattern con-
sistent with an organic enrichment gradient from the effluent
to the control site due to the dilution of sewage by marine
waters (Reish, 1960; Cognetti & Talierico, 1969; Anger, 1975;
Elias et al., 2006). However, this pattern may be greatly altered
by local circulation. Due to the exposed character of the Ro-
manian coastline, the north-south long-shore littoral current
and strong winter storms (Bondar et al., 1973), there is gener-
ally a rapid dispersal of waste discharges.

At the outfall (station 1) the water was black in colour and
smelled strongly of hydrogen sulphide. Large strands of mus-
sel shells and decomposing algae were present on the shore.
In this grossly polluted area only Alitta succinea and Polydora
websteri were present. These species are very resistant to in-
creased concentrations of toxic compounds and to depletion
of dissolved oxygen. But even these very tolerant organisms
were suffocated by waste. No polychaetes were recorded in
this station in August 2005 due to strong depletion of oxygen
and significant freshwater input. Gray et al. (2002) indicates
that mortality of benthic organisms usually occurs at dis-
solved oxygen concentrations below 2.0 to 0.5 mg I-7, with
polychaetes being less sensitive to hypoxia than crustaceans,
but more sensitive than molluscs.

At 50 m from the effluent (station 2) the rocky seabed was
covered by dense mats of Polydora websteri tubes, muddy
and dark in their distal part and sandy at their bases. From
place to place the stones were covered by mussels, many of
them dead, and by whitish colonies of the filamentous bac-
teria Sphaerotilus natans. Due to the high sedimentation of
suspended matter, the Polydora websteri tubes covered 95%
of the available surface area. This species appears to be fa-
voured by sewage. Generally, species of the genus Polydora,

when found in large numbers to the exclusion of others, have
been accepted as indicators of organically enriched sedi-
ments (Pearson & Rosenberg, 1978). Rygg (1985) considers
Polydora species to be very tolerant to pollution as they are
present in large number in areas characterised by low diver-
sity.

Alitta succinea is another opportunistic species (sensu
Grassle & Grassle, 1974) enhanced by sewage discharge, and
is found in or around organically polluted areas (Pearson &
Rosenberg, 1978). However, Elias et al. (2006) consider this
species as an indicator of moderately enriched sediments.

Besides these two opportunistic species, two more indi-
cator species were present — Polydora cornuta and Capitella
capitata. Polydora cornuta (as Polydora ciliata) has often been
recorded as a dominant species in very polluted environ-
ments (Cognetti & Talierico, 1969; Cognetti, 1972; Péres &
Bellan, 1972; Grassle & Grassle, 1974; Anger, 1975). Pearson
& Rosenberg (1978) rank Polydora cornuta (= Polydora ligni)
as the second species in a sequence of settlement of azoic
areas following an oil spill. Capitella capitata is an indicator
of the most polluted areas (Reish, 1955, 1963, 1970, 1973;
Bellan, 1964, 1967, 1980; Cognetti & Talierico, 1969; Cognetti,
1972; Anger, 1975; Rygg, 1985; Grassle & Grassle, 1974, 1976;
Tsustsumi, 1990; Tsustsumi et al., 1990; Elias et al., 2003). This
species is very tolerant to anoxic conditions, being capable
of surviving prolonged periods of exposure to high concen-
trations of hydrogen sulphide (Jakubova & Malm, 1930). Ac-
cording to Pearson & Rosenberg (1978) Capitella capitata is
the first species in the successional sequence of recovery af-
ter pollution abatement. Similarly, Losovskaya (1977) consid-
ered this species as indicative of the most polluted beaches
of Odessa.

At 100 m from the effluent (station 3) the most abundant
species were also Polydora websteri, Alitta succinea and Poly-
dora cornuta, but with much reduced densities. This is due to
greater pressure from less tolerant but competitively superior
species.

In the control site (station C) which is unaffected by organ-
ic pollution, the numerically dominant species was Salvatoria
clavata (1150 ind. m=2). This most abundant species was ac-
companied by Platynereis dumerilii. The latter species, despite
being abundant in polluted areas, could not be considered
an indicator of organically enriched environments because it
is also common in undisturbed areas (Bellan, 1980). Grassle &
Grassle (1974) consider this species a secondary coloniser as
it is very sensitive to anaerobiosis and to the presence of hy-
drogen sulphide (Jakubova & Malm, 1930; Losovskaya, 1962).
Species characteristic of polluted areas were also present,
but at low levels of abundance. Conversely, the number and
the abundance of sensitive species were considerably higher.
Furthermore, Bellan (1980) showed that the absence of sensi-
tive species such as Nereis zonata and Syllis gracilis is usually
indicative of detrimental environmental conditions.
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The decrease of the species richness with the increase of
pollution intensity was indicated by several authors (e.g. An-
ger, 1975; Bellan, 1980). For example, Reish (1960) reported 7
polychaete species in areas unaffected by pollution in Los An-
geles and Long Beach harbours, 5 species in slightly polluted
areas, 3 species in polluted areas, whereas highly polluted ar-
eas were characterized by the total absence of polychaetes.

Consequently, the decrease of diversity and evenness
indicate an increasing level of environmental stress due to
pollution (Clarke & Warwick, 1994; Rygg, 1985). However,
the intermediate disturbance hypothesis of Connell (1978)
suggests that species diversity rises at intermediate levels of
disturbance and falls drastically at still higher levels of distur-
bance.

CONCLUSIONS

Environmental variables show a spatial gradient of or-
ganic enrichment related to increasing distance from the
outfall. Poor environmental conditions near the outfall were
indicated by low pH and dissolved oxygen values. In the same
way, nutrient levels showed highest values near the outfall,
indicating high organic matter input in the area.

The dominance of specific polychaetes provided a good
indication of the condition or health of a benthic environ-
ment. Only species very tolerant to polluted environments,
such as Polydora websteri and Alitta succinea, were present
near the outfall. These two opportunistic species attained

highest densities in areas were competitive pressure from
other species was reduced.

Salvatoria clavata, Platynereis dumerilii and Nereis zonata
proved to be sensitive to organic pollution, as they occurred
in high densities only in the control site.

The community structure of polychaetes from areas af-
fected by domestic sewage appears to be best correlated to
dissolved oxygen concentration and to pH.

The assessment of the status of marine environments
subjected to organic enrichment, based on the study of the
alteration of the community or population units’ structure
under the influence of a pollution factor, in combination
with the physical and chemical analyses, seems to be a very
efficient tool in marine monitoring programmes. The use of
indicator species allows not only for the estimation of the pol-
lution intensity, but also for the judgement of putative trends
of community structure in a given marine area, as a function
of the predictable increase in land based pollution.
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