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Abstract

In this study, we examined the bacterial accumulation in the filter feeder polychaete
Branchiomma luctuosum GRUBE (Sabellidae). Analyses were performed on worm
homogenates from ‘unstarved’ and ‘starved’ individuals, and seawater from the same
sampling site (Gulf of Taranto, Western Mediterranean, Italy). Densities of culturable
heterotrophic bacteria (22°C), total culturable bacteria at 37°C and halophilic vibrios at 22
and 35°C were measured on Marine Agar 2216, Plate Count Agar and thiosulphate-
citrate-bile-salt-agar (TCBS) plus 2% NaCl, respectively. Total and faecal coliforms as
well as faecal streptococci were determined by the Most Probable Number method.
Results showed that B. luctuosum is able to accumulate all the considered six
microbiological groups with a higher efficiency for autochthonous bacteria. The analysis
also indicated that bacterial groups differ in their resistance to digestion by B. luctuosum.
Our data suggest the potential of B. luctuosum as an useful bioindicator to assess low
levels of microbiological water pollution as well as bioremediator of microbial polluted

waters.

Keywords: Bacterial accumulation; Bioindicator; Bioremediation; Branchiomma

luctuosum; Faecal contamination indicators; Filter feeding; Polychaetes; Vibrio



1. Introduction

Filter-feeding is a trophic strategy widely represented among benthic marine invertebrates
and plays a crucial role in energy transfer processes in marine systems for the pelagic and
benthic coupling (Cloern, 1982; Officer et al., 1982; Kimmerer et al., 1994; Gili & Coma,
1998; Widdows et al., 1998; Widdows et al., 2000; Widdows et al., 2004).

Polychaetes are one of the best represented taxa of marine invertebrates in benthic
assemblages and in various groups are able to collect particles suspended in the water
column. Species belonging to the family Sabellidae are easily recognizable for the
presence of an elaborated tentacular crown that expands out of the tube they inhabit. A
number of studies on Sabellidae has provided descriptions of filtering organs and particle
capture mechanisms (Wells, 1952; Fitzsimons, 1965; Lewis, 1968; Bonar, 1972) but there
are very few accounts of the qualitative and quantitative aspects of the filtration process
(Dales, 1957; Shumway et al., 1988; Riisgard & Ivarsson, 1990; Clapin, 1996; Licciano et
al., 2005; Stabili et al., 2006). Sabellids are able to sort collected material of different
sizes: small particles are swallowed, while large ones are pushed away from the mouth
and ejected into the water.

As a consequence of the filter feeding activity, sabellids may accumulate and concentrate
many pollutants in seawater, particularly those which are particulate or associated with
particles (Cavallo & Giangrande, 2002; Bocchetti et al., 2004; Fattorini et al., 2005). This
ability to accumulate materials may facilitate the detection and measurement of pollutants
at very low environmental concentration. The use of bioindicators for monitoring water
quality, in fact, is essentially based on the filter-feeders’ ability to accumulate
contaminants in their tissues to a degree proportional to their bioavailability (Widdows &

Donkin, 1992; Andral et al., 2004).



Field and laboratory studies on filter feeder polychaetes have been performed employing
phytoplankton as a feeding source (Shumway et al., 1988; Clapin, 1996), even though the
nature of suspended matter may be either non-living (detrital organic carbon) or living
(bacteria, phytoplankton and zooplankton) (Jgrgensen, 1966, 1975; Wotton, 1994;
Riisgard & Larsen, 1995, 2001a, 2001b; Silverman et al., 1995, 1997; Gili & Coma,
1998). Many studies dealing with different benthic filter feeder organisms feeding on
marine and terrestrial bacteria have been carried out (Jgrgensen et al., 1984; Prieur et al.,
1990; Bak et al., 1998; Ribes et al., 1999). Special attention was paid to molluscs,
particularly bivalves. The potential of bivalves in microbiological surveys has been
intensively investigated in relation to their capability to concentrate particles, bacteria and
viruses and also in relation to potential human health risks related to their physiology,
production and consumption (Wood, 1957; Ayres et al., 1978; Bostock, 1979; Bolinches
et al., 1986; Prieur et al., 1990; Yam et al., 1999). Quantitative data on sabellid filtration
of bacterioplankton are very scant and limited to Sabella spallanzanii (Licciano et al.,
2003; Stabili et al., 2006), with the exception of one paper dealing with the clearance rate
of Branchiomma luctuosum on a pure culture of Vibrio alginolyticus (Licciano et al.,
2005).

The present study is focused on the filter-feeder sabellid Branchiomma luctuosum GRUBE,
which forms dense populations on hard substrata in heavy eutrophic sheltered marine
areas of the Mediterranean basin (Licciano et al., 2002). The species is a lessepsian
migrant (from the Red Sea) recorded in the Mediterranean since 1983 (Bianchi, 1983;
Knight-Jones & Ergen, 1991). The aim of this work is to provide evidence for its ability to
filter and consequently concentrate several bacterial groups, and to assess if this species

may substantially contribute to the removal of bacteria from the water column by its



potential accumulation capability thus constituting a potential candidate for

bioremediation of microbial polluted waters.

2. Materials and methods

2.1 Samples collection

Adult specimens of B. luctuosum were collected along a dock wall by SCUBA divers in
the Gulf of Taranto (Ionian Sea, Italy). Water samples were collected from the same
sampling site with 5 1 sterilized Niskin bottles and processed within 4 h of sampling to
enumerate bacteria. Immediately upon return to the laboratory, worms were cleaned of
any tube epibionts and randomly divided into two sets. Specimens from one set (90
individuals) were separated in 9 groups each consisting of 10 individuals and immediately
extracted from the tubes and utilized for the analysis (‘unstarved’ condition). The second
set (90 individuals) was divided and placed in 9 aquaria each containing 10 individuals.
Each aquarium was filled with filtered (0.22 pm pore size filters, Millipore) seawater and
acclimatized in a temperature controlled room (22°C) for 48 h to ensure the reduction of

pre-existing microorganisms before the beginning of the experiment (‘starved’ condition).

2.2 Bacteriological analyses

The bacteriological analyses were performed on seawater from the worm sampling site
and on both starved and unstarved worms. Each group of 10 worms (9 groups of starved
and 9 of unstarved worms) was processed separately for the enumeration of bacteria. After
their extraction from the tubes and washing several times with sterile seawater, worms
were homogenized for 90 s in a Waring blender. The homogenates (ca. 100 g) were
filtered through sterile gauze and diluted with filtered (0.22 pm) seawater to obtain a 1:10

(w/v) dilution.



Quantitative analyses of culturable heterotrophic bacteria (22°C), total culturable bacteria
at 37°C, culturable halophilic vibrios at 22 and 35°C, faecal and total coliforms as well as
faecal streptococci were performed on seawater and on worm homogenates.

To enumerate the culturable halophilic vibrios in seawater, 1, 5 and 10 ml were filtered on
0.45 wm pore size filters that were aseptically placed onto thiosulphate-citrate-bile-salt-
agar (TCBS) plus 2% NaCl. After incubation for 48 h at 22 and 35°C, the colonies grown
were counted in terms of colony forming units (CFU). For the enumeration of vibrios in
polychaetes, 0.1 ml of each worm homogenate and of appropriate decimal dilutions were
plated on TCBS agar and after incubation of 48 h at 22 and 35°C, the culturable vibrios
developed on each plate were counted.

Results were referred as mean value recorded at 22 and 35°C.

Final bacterial concentrations were obtained taking into account the dilution factors.

Total and faecal coliforms as well as faecal streptococci were determined by the Most
Probable Number (MPN) method using the standard five-tube method of ten-fold
dilutions for seawater samples and three-tube MPN series for worm homogenates (APHA,
AWWA, WEF, 1998). For total and faecal coliforms determination, lactose broth and
brilliant-green-lactose broth were used as cultural media in the presumptive and
confirmative test, respectively. For faecal streptococci the presumptive test was performed
using Azide broth and the confirmative one using Ethyl violet azide broth. Results were
referred as MPN 100 ml™ or 100 g™, for water and worm samples, respectively.
Culturable heterotrophic bacteria abundance was determined by spreading 100 pl of
undiluted sea water or worm homogenates and the respective serial dilutions in triplicate
on plates of Marine agar 2216 (Difco, USA). The plates were incubated at 22°C over 7

days, then the colonies were counted.



Total culturable bacterial densities growing at 37°C, indicating the fraction of bacterial
potentially pathogenic to humans, were determined as previously described for the

heterotrophic bacteria but using Plate Count Agar (PCA) as the culture medium.

2.3 Statistical analysis

The experimental design consisted of two factors: Concentration (Co), with two levels (i.
e. seawater and polychaetes, fixed) and Time (Ti), with two levels (i. e. before and after
worm starvation, fixed and orthogonal to Concentration). Analysis of variance (ANOVA)
was used to assess differences in the mean abundance of the bacteriological groups
between seawater and worms before (Tip) and after (Ti;) worm starvation. Prior to
analysis, the homogeneity of variance was tested using Cochran’s test and, if necessary,
data were In (x+1) transformed to remove heterostochasticity. The Student-Newman-
Keuls test (SNK) was used for post-hoc comparisons among means (Underwood, 1997).
The analysis was done using GMAV 5 computer program (University of Sidney,

Australia).

3. Results

Culturable heterotrophic bacteria (22°C) densities (Fig. 1a) found in B. luctuosum _differed
from those found in the surrounding seawater (8.8 = 1.5 x 10* CFU g'1 and 3.1 £0.2x 10°
CFU ml" respectively). Starved individuals concentrated this kind of bacteria of about 1
order of magnitude (9.6 = 1.2 x 10° CFU g’l) with respect to the values detected in
unstarved animals.

Analysis of variance performed on the abundance of this bacterial group in worm
homogenate and seawater samples revealed a significant Co x Ti interaction (P <0.001)

(Table 1). Post-hoc comparisons suggested that heterotrophic bacterial density was



significantly lower in unstarved than in starved worms (P <0.01) and that the bacterial
concentrations did not vary significantly in seawater samples over time.

Figure 1b reports the densities of halophilic vibrios growing at 22 and 35°C detected in B.
luctuosum homogenates and the surrounding seawater. Starved animals showed the
highest vibrios densities with a mean value of 2.4 + 0.4 x10° CFU g, Analysis of
variance (Table 1) revealed a significant Co x Ti interaction at P <0.001. Bacteria were
significantly more concentrated in unstarved and starved polychaetes in comparison to the
seawater, as established by SNK test (P <0.01). Halophilic vibrios concentrations in
unstarved animals were significantly lower than starved ones (P <0.01) whilst no
significant differences in vibrios abundance were evidenced in seawater samples at Ti
and Ti;.

The abundance of total culturable bacteria at 37°C (about 1.8 x 10* CFU g'l) did not differ
significantly in starved and unstarved B. luctuosum (Table 1, Fig. 1c) whereas the
bacterial concentration measured at Tip and Ti; in polychaetes was significantly higher (P
<0.001) than the sampling site seawater where the density was 7.4 + 1.3 x 10> CFU ml™"
To evaluate the accumulation capability of B. luctuosum with respect to the classical
microbial pollution indicators, we analyzed the densities of total and faecal coliforms as
well as faecal streptococci.

Total and faecal coliforms concentration trends were similar (Fig. 2a) and in both cases
bacterial densities were about 5 times lower in the unstarved worms than in the
surrounding environment. Particularly, total coliform were 40 + 4 MPN 100 g'1 in the
worms and 131 + 18.5 MPN 100 ml" in the seawater. Faecal coliform concentrations
were 40 + 4 MPN 100 g in B. luctuosum and 94 + 6.56 MPN 100 ml" in seawater. When
the animals were subjected to starvation these indicators were not detected in the

homogenates. The SNK test performed on the significant Co x Ti interaction (P <0.01),



revealed that both total and faecal coliforms concentrations in polychaetes were
significantly lower than in the surrounding environment over time (P <0.01). Moreover,
significant higher values occurred in unstarved B. luctuosum with respect to starved
animals (P <0.01), whereas no significant difference in seawater samples were detected.

Regarding to faecal streptococci concentrations (Fig. 2b), the values recorded (about
11000 MPN 100 g'l) did not differ significantly between the unstarved and starved
animals whilst a significant difference (P <0.001) was observed between seawater and B.
luctuosum with a density of 4 orders of magnitude higher in the worms both at Tiy and Ti;

(Table 1).

4. Discussion
Results showed that B. luctuosum is able to accumulate all the six considered
microbiological groups, thus reducing the microbial concentration in the surrounding
environment. A similar microbiological accumulation capability has been demonstrated
for the closely related species Sabella spallanzanii (Licciano et al., 2003; Stabili et al.,
2006). The impact of grazing on bacteria may be crucial especially in coastal marine
ecosystems where these sabellids could form dense populations and heterotrophic bacteria
constitute a major biomass component. In such a case, the microbial loop can represent a
biological force driving the energy flux and the functioning of ecosystems (Cho & Azam,
1990; Fuhrman et al., 1989).
A selectivity in digesting was inferred from the results indicating:
- no significant differences between starved and unstarved B. luctuosum in the
accumulation of the total culturable bacteria at 37°C and faecal streptococci. This
means that these allochthonous bacteria do not find a suitable environment for their

accumulation inside the worms, as observed in S. spallanzanii which was unable to
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digest faecal streptococci (Stabili et al., 2006). It has been demonstrated that Gram

positive bacteria may be more resistant than Gram negative bacteria to digestion by

marine invertebrates (Plante & Shriver, 1998);

- a significant increase of total culturable heterotrophic bacteria as well as halophilic
vibrios abundances was instead observed between starved worms and the unstarved
ones. The same trend was recorded for vibrios. This could suggest that such bacteria,
being typically marine, may be members of the worm microflora some of which could
also be symbiotic, and that B. luctuosum could represent an ecological reservoir for
survival and growth of these bacteria;

- finally, the study also revealed occurrence of total and faecal coliforms only in
unstarved worms since in the starved ones these bacteria were completely absent. This
finding indicates a lower efficiency of the worms, compared to seawater, to
concentrate and accumulate microbial pollution indicators. To explain this, we
hypothesize that in B. luctuosum the degradation processes prevailed over the filtering
ones, thus masking the bacterial accumulation ability of this worm.

The selectivity of digestion of microorganisms has been studied in sponges and the
bacterial adherence properties have been postulated to play a key role in the selective
retention rate (Willenz & van de Vyver, 1984; van de Vyver et al., 1985). Earlier studies
on detritivorous polychaetes showed that some taxonomic groups of bacteria seem to fare
well with gut throughput when compared to other groups (Plante & Mayer, 1994).
Moreover, studies on filter feeders have demonstrated that bacterial species differ in their
resistance to digestion (Prieur et al., 1990). Our data were merely descriptive, therefore
the mechanisms utilized by B. luctuosum to degrade bacteria were not analysed during this
study and more studies are needed to establish the exact mechanisms involved in the

bacterial digestion exerted by the investigated species. These mechanisms, as observed in
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other invertebrates, could include ciliary movements and mucus secretion which restrict
microbial growth (Garland et al., 1982; Canicatti & D’Ancona, 1990). Alternatively, the
activity of antimicrobial compounds, especially lysozyme, could be hypothesized
(Canicatti & Roch, 1989; Stabili & Canicatti, 1994; Stabili et al., 1996).

High microbial concentrations and the high accumulation efficiency inside the worms
in comparison to the surrounding environment, especially regarding halophilic vibrios,
suggest B. luctuosum as a useful bioindicator, particularly when low pollution levels of
marine water pollution make environmental impact assessment procedures difficult. On
the other hand, as suggested by Colwell (1984) and confirmed by other authors (Caruso et
al., 1996; Cavallo & Stabili, 2002; Zaccone et al., 2002), vibrios may represent an
additional parameter to faecal coliforms in determining water quality. Moreover,
monitoring for microorganisms other than coliforms is also recommended by various
guidelines developed for estuarine waters (Neill, 2004), which, generally apply to bathing
or recreational or shellfish harvesting areas. Specimens of B. luctuosum were, collected in
a harbour area in the Gulf of Taranto subjected to anthropogenic pollution. Therefore the
detection of elevated microbial pollution indicators lead us to consider this species as a
suitable bioindicator, particularly because it is able to tolerate high levels of marine
pollution and environmental instability.

According to the results about coliforms digestion, another applicative aspect of our
research suggests the potential use of B. luctuosum as biofilter for sewage, such as urban
waste or animal slurry, where faecal coliforms can provide information on the possible
occurrence of enteric pathogens and the general level of the microbiological quality of
water. The application of biotechnologies to the marine environment is a fairly “hot topic”
addressed by the scientific community worldwide (Colwell, 1998, 2002) and in the recent

years, several studies have been carried out to assess the potential of bioremediation for
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the recovery of impacted ecosystems (Bragg et al., 1994; Vezzulli et al., 2004). The
increasing eutrophication of coastal aquatic ecosystems resulting from human activities
(i.e. agriculture runoff, direct wastewater discharge, aquaculture and mariculture impacts,
disturbance of natural water flows) (Mendez & Comin, 2000), requires the recovery of the
coastal polluted environments and the identification of bioremediator organisms. In the
previous studies on S. spallanzanii (Licciano et al., 2003; Stabili et al., 2006), we
suggested the use of this species in restoring water quality in aquaculture farms, based on
its high capability to remove and digest vibrios from the surrounding environment. In
comparison, our results demonstrate that B. luctuosum is more effective than S.
spallanzanii in removing and digesting coliforms, supporting the possibility of its use as
biofilter of domestic sewage.

The idea of employing polychaetes for applied purposes has been already suggested by
several authors (Tenore et al., 1974; Ryther et al., 1975; Kurihara, 1983; Gambi et al.,
1994; Giangrande et al., 2005), who considered only the application of some detritivorous
polychaetes to reduce microbial and organic pollution in marine sediments. Therefore, the
possibility of using filter feeder polychaetes as biofilters for the water column treatment,

provides an innovative approach in the biological treatment of polluted sea water.
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Figure Captions

Figure 1. Mean abundance and relative standard deviations of bacterial densities in
seawater and worm samples at Tiy (unstarved) and Ti; (starved): a) culturable
heterotrophic bacteria at 22°C; b) vibrios; c) total culturable bacteria at 37°C. (y axes are

logged)

Figure 2. Mean abundance and relative standard deviations of microbial pollution
indicators in seawater and worm samples at Tip (unstarved) and Ti; (starved): a) total and

faecal coliforms; b) faecal streptococci.
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