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Abstract Bacteria, meio- and macrofauna were investi-
gated at different depths in a coastal area of the Central
Adriatic Sea, yielding information about the composition
and abundance of the benthic community. In particular, 14
nematode genera were recorded for the first time in the
Upper Adriatic Sea. All communities resulted as being
significantly different between inshore and offshore sta-
tions, especially when the season interaction was consid-
ered. Sediment grain size seemed to be the main natural
variable, along with trophic resources, affecting the dis-
tribution and composition of these benthic components,
whilst there was no clear evidence of competition for food
sources and predatory pressure between the communities.
Meiofauna appeared the most useful community for
detecting disturbances and river influences. In particular,
the lowest copepod abundance in the shallow waters
seemed to be related to a greater anthropogenic disturbance
inshore, whilst meiofaunal abundance and diversity toge-
ther with the nematode maturity index suggest the influ-
ence of the Foglia and Metauro rivers and the small stream
Arzilla.
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Introduction

The three main benthic components, bacteria, meiofauna and
macrofauna, represent important ecological indicators
(Bilyard 1987; Vincx and Heip 1987; Danovaro 2000),
although the meiofauna are the less frequently studied of
them. These three components are closely linked by
numerous types of interactions and a wvast literature
concerning them exists, but only the relationships between
macrofauna and meiofauna or between meiofauna and bac-
teria are commonly considered. In particular, the predation
pressures of macrofauna upon meiofauna and, reciprocally,
of meiofauna upon macrofaunal juveniles are well known
(Bell and Coull 1980; Gee 1987) and there is also evidence of
a regulatory impact of meiofauna upon bacteria (Montagna
1984; Nilson et al. 1991). Furthermore, previous findings
within the literature do not only suggest nutritional interac-
tions or competition, but also the presence of some syner-
gistic relationships (Tenore and Rice 1980; Reise 1985; Tita
et al. 2000). It is so evident that the benthic response to
changes in environmental conditions (from climate changes
to pollution events) can be better understood by taking into
account the whole benthic size spectrum (Schwinghamer
1988; Danovaro 2000; Austen and Widdicombe 2006).
Nevertheless, to our knowledge, data sets on bacteria,
meiofauna and macrofauna have only sporadically been
collected in a simultaneous manner in the Mediterranean
(Albertelli et al. 1999; Covazzi-Harriague et al. 2006;
Papageorgiou et al. 2007) and never in the Adriatic Sea.
The Adriatic Sea, and in particular its northern basin, is a
semi-enclosed and a very shallow marine area strongly
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influenced by meteorological conditions and river runoff.
During the last decades, eutrophication of the Adriatic Sea
has been notably increased due to nutrient enrichment
combined with anthropogenic activities. The Po River is
evidently the main resource of sediments, nutrients and
pollutants influencing the northern Adriatic benthic com-
munities (Moodley et al. 1998; Danovaro et al. 2000), but
many smaller Adriatic rivers may also contribute to the
delivery of significant amounts of nutrients to the sea of
either natural or human origin. The amount of freshwater
inputs in the Adriatic Sea generally shows a strong seasonal
variability that is related to both the river flow and pattern of
sea-water circulation; in turn, the latter is strongly condi-
tioned by thermohaline factors and, to a lesser extent, by
winds (Franco et al. 1982; Orlic et al. 1992).

With increases in water depth and distance from the
coastline, the impact of the rivers and the effects of hydro-
dynamism upon the sea bottom notably decrease. As a con-
sequence of the energy reduction, the sediment fine fraction
is prevalently deposited offshore. A variation in the texture
of the sediments is paralleled by a consequent change in the
interstitial volume, organic matter amount, oxygen content,
microalgae and bacteria amounts and, not surprisingly, the
composition of benthic metazoan communities.

In view of the general scarcity of integrated information on
benthic communities in the Adriatic Sea, and given the vul-
nerability of the coastal system, a survey of the whole benthic
size spectrum was carried out along the Marches’ coastline
(Italy). The study area ran between the mouth of the Foglia
river and that of the Metauro river, adjacent to the Natural
Regional Park of Monte San Bartolo—a coastline of high
naturalistic value. The study area is known to suffer from
problems common to other Italian coastal zones, such as
progressive coastal erosion, increasing effects arising from
tourist infrastructures, and waste and pollutant discharges
from rivers. The aims of this study were to elucidate the
benthic community spatial distribution pattern and the effects
of seasonal variations, and to assess the potential disturbances
caused by the rivers upon this benthic community. To do this,
sediment samples were taken at six sites at two distinct depths
during different seasons in order to test the following
hypothesis (1) Hy, the communities are not significantly
influenced by different depths and by the combination of
depths and seasons; (2) Hy, the communities are not disturbed
by the rivers and show the same temporal responses.

Materials and methods
Study area and sampling sites

The Adriatic Sea is a long basin in the Central Mediter-
ranean, characterised by an extremely long and
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morphologically complex coastline, creating a high diver-
sity of hydrodynamic and sedimentary environments. Its
shape, together with typical physiographic and climatic
features, strongly influences both its hydrodynamic pattern
and trophic properties. The hydrology and hydrodynamism,
biogeochemical features and ecosystem dynamics of the
whole basin have been intensively investigated over the
last decades (see Artegiani et al. 1997; Zavatarelli et al.
2000). The general circulation of the Adriatic Sea is
cyclonic and mainly determines the distribution of the
runoff products introduced by the rivers (Franco et al.
1982). Local currents (longshore and rip currents) mostly
arise due to the angle of incidence of the breaking waves
and can assume great importance along the coasts regard-
ing sediment transport (driving the northward sediment
drift). The transport of coarse sediment by littoral drift
along the coasts of the Marches and Emilia Romagna as far
as Ravenna has been known about for more than 40 years
(Veggiani 1965; Colantoni et al. 1997).

The following six sampling sites were identified along
the Marches’ coastline between the mouths of the Metauro
and Foglia rivers: the mouth of the Foglia river (FO),
Pesaro (P), Mont Ardizio (AD), mouth of the Sejore stream
(S) and Arzilla stream (AZ) and of the Metauro river (M).
At each site, samples were taken from two distinct stations,
one at 500 m from the coastline (station 1, depth =~ 5 m)
and a second at 3,000 m (station 2, depth =~ 12 m)
(Fig. 1).

Sediment samples were collected from independent
deployments of the Van Veen grab (volume 20 1) from the
motorboat Sibilla (Regional Environmental Agency for the
Marches, ARPAM), and subsampled for the analyses of
total organic matter content (TOM), grain size, bacteria,
meiofauna and macrofauna. Sampling was performed in

Adnatic Sea

43°55'00"

43°5000"

12°55'00"

13°00'00"

Fig. 1 Location of the sampling sites (FO Foglia river, P Pesaro,
AD Mt. Ardizio, S Sejore torrent, AZ Arzilla torrent, M Metauro river)
with coded stations (1 and 2)
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February (winter, W04), June (spring, SP04) and August
2004 (summer, S04), and in March 2005 (winter, W05).
Samples for bacterial analyses were collected from spring
2004 onwards in the Metauro and Foglia river mouths
exclusively. Three replicates were taken using sterile
syringes (1 ml), subsequently fixed with filtered (0.22 pum)
formaldehyde solution (2% final concentration) and stored
at —20°C until analysis. Due to technical problems, not all
samples were available for TOM analysis for winter 2004.
For the same reason, bacterial counts and multi-parametric
probe measures were not available for the FO1 site for
spring 2004.

For the study of meiofauna 3 replicate cores (surface
area 5.72 sz) were taken down to the depth of 9 cm; the
sediment was then treated with 7% MgCl, to relax the
fauna, and finally fixed with 4% neutralised formalin in
sea-water and stained with Rose Bengal. Macrofauna
samples were subsampled using a manual corer (surface
area 95 cmz, length 12 cm), carefully washed on a 0.5 mm
mesh sieve in order to extract the animals from the sedi-
ment, treated with 7% MgCl, and then fixed with 10%
neutralised formalin in sea water.

Abiotic parameters

At each sampling station, depth, temperature, salinity,
dissolved oxygen concentration, pH, redox profile (ORP)
and chlorophyll-a (Chl-a) content were measured in the
water column using a multi-parametric probe (IDRO-
NAUT). The TOM was gravimetrically determined after
loss on ignition (Buchanan and Kain 1971). The sediment
samples were first dried at 60°C for 6 h and weighed on a
Scaltec SBC21 microbalance (accuracy 0.1 mg) to obtain
the dry weight. The samples were then combusted in a
muffle furnace (550°C for 4 h) and reweighed to determine
the ash fraction. The organic fraction content was calcu-
lated by subtracting the ash weight from the total weight.

Grain size analysis was performed by separating the
coarse fraction (sand) from the mud fraction (pelite) by
washing. The sandy fraction was then analysed by dry
sieving, whilst a sedigraph (Sedigraph 5200, Micrometric)
was used for the pelite fraction (<63 pm). The ‘¢’ notation
(—log, size in mm) was used for sediment classification,
and the inclusive graphic skewness (Sk,), graphic mean
(Mz4) and sorting (g4) were calculated using the formulas
of Folk and Wards (1957) for statistical analysis.

Bacterial analysis

To each sample, 20 ml of a freshly prepared solution of fil-
tered (0.22 um) formaldehyde (2% final concentration)
diluted in sterilised sea water was added. For the extraction
of bacteria, sandy sediments were sonicated three times for

1 min, whilst muddy sediments were processed as follows:
TRITON-X (Sigma-Aldrich) was added before sonication
and a centrifugation step (10 min, 1,000 rpm) was per-
formed immediately after sonication. Samples were then
filtered on Black Nucleopore (0.22 pm), treated with a
solution constituting five parts of glycerol, one part of Vec-
tashield (Vector Laboratories, D.B.A. Italy S.r.1.), 20% PBS
and 1 pg/ml DAPI. 20 randomly chosen grids from each
replicate were then counted using fluorescence microscopy
(AHBT3 Vanox, Olympus). All data were normalised to
sediment dry weight after desiccation (60°C, 24 h).

Macrofaunal and meiofaunal community study

The macrofaunal organisms retained on the 500 um sieve
were sorted, counted and identified to major taxa using a
stereomicroscope (Leica G26); only molluscs were identi-
fied at the species level.

For the study of meiofauna, sediment samples were
sieved through 500-38 pum mesh nets. The residual frac-
tion, retained in a 38 um sieve, was centrifuged three times
with Ludox HS 30 colloidal silica (density 1.18 g cm™>) as
described by McIntyre and Warwick (1984) in order to
extract the animals, which were counted and sorted per
taxon under the stereomicroscope. Nematodes were studied
in the Metauro and Foglia sites from the spring 2004
sampling time-point onwards. Around 100 specimens were
randomly picked up during the sorting of each meiofaunal
replicate (a total of 3,600 specimens), transferred to glyc-
erine and mounted on slides for genus identification under
a microscope equipped with Nomarski Differential Inter-
ference Contrast optics (Optiphoto-2, Nikon), using the
pictorial keys of Platt and Warwick (1983, 1988) and
Warwick et al. (1998). Nematodes were also assigned to
trophic groups according to Wieser’s scheme (1953):
selective (1A) and non-selective (1B) deposit feeders;
epistrate feeders (2A); predators/omnivores (2B).

Statistical analysis and ecological indices

Analysis of variance (ANOVA) was used to test for sig-
nificant differences between seasons, sites and stations
using the SPSS-12.0 statistical program for Windows.
Multiple comparison tests (according to Bonferroni’s cri-
terion) were performed to check the significance of the
differences between the principal factors at a significance
level of o = 0.05. When data, even after logarithmic
transformation log(1 + x), did not meet the assumptions
for parametric analysis, Mann—Whitney U or Kruskal—-
Wallis tests were employed and multiple comparisons were
carried out as appropriate. Spearman-rank correlation
analysis was also performed to test for significant rela-
tionships between the various biological and environmental

@ Springer



104

Helgol Mar Res (2010) 64:101-115

parameters. The computer program PRIMER v.5 was used
to perform ANOSIM analyses in order to test for differ-
ences between the benthic communities (fourth-root
transformed) with respect to both distance along the coast
and sea depth across the seasons (2-way crossed ANOSIM,
depth x season and site x season). Shannon’s diversity
(H") and evenness (J) indices for meiofauna and macrofa-
una were calculated (using log, for both). Principal com-
ponent analysis (PCA) was carried out on environmental
data in order to visualise the trend of the main abiotic
variables. The relative abundances of the benthic compo-
nents were projected on the factor plane as additional
variables without contributing to the results of the analysis.
This can provide an insight into the possible influence of
the environmental variables upon each benthic group
(STATISTICA v.8 computer program).

The maturity index (MI) was calculated for the nematode
assemblage (Bongers 1990) as the weighted average of the
individual coloniser—persister (c—p) values (Bongers et al.
1991, 1995). This index has been proposed to be a semi-
quantitative value which gives an indication of the ecosys-
tem conditions on the basis of the composition of the

Results

Data on environmental variables are reported in Figs. 2 and
3. The parameters measured by the multi-parametric probe
were quite homogeneous across the whole area, and most
of them (temperature, salinity, pH and dissolved oxygen
concentration) showed depth-related variations and sea-
sonal fluctuations (Fig. 2). The sediments of the study area
were predominantly fine and very fine sands, correspond-
ing to the grain size mode 3—4 ¢ (125-63 pm), whereas the
graphic mean (Mz,) ranged from 2.8 ¢ at FO1 (S04) to
12 ¢ at AZ2 (W04). A general increase in the proportions
of very fine sands was recorded offshore as well as a
reduction in sediment sorting (Fig. 3). The highest values
of Chl-a were recorded in spring and summer 2004 with a
clear peak in Chl-a (29.8 pg 17") reached at AZ1 in spring
2004 (Fig. 2). TOM contents ranged between 20.9 at AZI
and 84.8 mg g~ at M2. In the whole study area and in all
seasons, offshore stations displayed higher TOM contents
(on average 50.9 + 5.3 mg gfl) than inshore stations (on
average 25.0 + 1.4 mg g ') (Fig. 3).

Bacteria abundances in the Foglia and Metauro ranged

nematode community. All values are reported as  from 2.1 x 10® + 3.6 x 107 cell g~' at FO1 (W05) to
mean =+ SD. 1.7 x 10° £ 5.3 x 10" cell g~' at FO2 (SP04) (Fig. 4).
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Fig. 4 Bacterial abundance in the sediments of Foglia (FO) and
Metauro (M) rivers at different depths (stations 1 and 2)

Abundances were greater offshore than inshore and dis-
played a correlation with TOM (n = 11, r, = 0.51,
P < 0.05). Maximum abundances were recorded at the
Foglia site but no clear seasonal variations were detected.

Fourteen major meiofaunal taxa were identified:
Platyhelminthes, Nemertea, Nematoda, Gastrotricha,
Kinorhyncha, Archiannelida, Polychaeta, Oligochaeta,

Ostracoda, Copepoda, Cumacea, Anisopoda, Amphipoda
and Halacaroidea. Total meiofauna abundances ranged
between 117.1 & 14.3 ind. 10 cm™? (FO1, W04) and
3137.5 £ 1350.0 ind. 10 cm™2 (S2, SP04). Overall,

]‘2 1‘21‘2 1‘2 1‘2 ]‘2 1‘2 ]‘2 1‘21‘2 1‘21‘2 1‘21‘2 1‘21 2 ]‘2 1‘2 ]‘2 1‘2 12 ]‘21‘2 ]‘2

FO| P |AD|[MA|AZ| M |FO| P |AD MA|AZ| M [FO| P |AD/MA|AZ| M |FO | P |AD MA|AZ|M

SP04 S04 WO05

nematodes, copepods, turbellarians and polychaetes showed
a uniform distribution and the highest abundances, but
nematodes were always the numerically dominant group,
ranging between 75 and 99% of the whole community
(Fig. 5). Meiofaunal assemblage varied significantly
between the stations and seasons (2-way crossed ANOSIM,
stations x seasons, R = 0.31, P = 0.001 and R = 0.46,
P = 0.001, respectively) with higher mean abundances
offshore  (823.8 &+ 307.6 ind. 10 cm™” inshore and
1352.5 + 317.1 ind. 10 cm ™2 offshore). Between the main
meiofaunal groups, ANOVA analysis showed the signifi-
cance of both nematode and copepod abundances in factor
interactions (Table 1). Nematode abundances were gener-
ally significantly higher at the Sejore and Arzilla sites, fol-
lowed by the Foglia and Metauro sites. They were usually
higher offshore, but exceptions were recorded during the
spring when an opposite trend was detected (3-way ANOVA,
P = 0.017, season x site x station interaction) (Table 1).
Copepod abundances were generally higher at the Pesaro site
and lower at the Sejore and Arzilla sites. A general higher
copepod abundance was found offshore (3-way ANOVA,
P < 0.001, season x site x station interaction). Significant
correlations between mean copepod abundances and some
sedimentological and trophic parameters were also detected
(n=48, Mzy, ry=032, P<005 n=47, Chla
rs = 0.40, P < 0.01).
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Fig. 5 Seasonal meiofaunal community structure along the coastline between Foglia (FO) and Metauro (M) rivers. The Y axis was cut off at 75%

in order to visualise better the pattern of the other meiofaunal taxa

Table 1 Results of 3-way ANOVA test for nematode and copepod
abundances

Factors Nematodes Copepods
F P F P

Season 3.27 0.024 0.60 0.617
Site 6.42 0.000 1.11 0.360
Station 0.02 0.893 0.09 0.770
Season x site 2.47 0.004 3.94 0.000
Season x station 1.30 0.279 1.53 0.211
Site x station 3.02 0.014 1.89 0.104
Season x site x station 2.73 0.017 4.54 0.000

F F ratios of mean square, p probability

Meiofaunal diversity (H') displayed values ranging from
0.07 to 0.98, and the evenness index (J) from 0.03 to 0.40
(Fig. 6). The Shannon’s (H') and evenness (J) indices were
significantly different between the sites (Kruskal-Wallis H,
P < 0.01 and 0.001, for H' and J respectively) with the
highest values calculated for Pesaro, and the greatest dif-
ferences (compared to Pesaro) seen for the Sejore, Arzilla
and Metauro sites. Significant differences were not detec-
ted between inshore and offshore stations (Mann—Whitney
U, P > 0.05).

A total of 60 nematode genera, belonging to 22 families,
were recorded at the Foglia and Metauro sites, with 14 of
them being reported for the first time for the Upper Adriatic
Sea (Semprucci et al. 2008) (Table 2). Almost half of all
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the specimens found belonged to either the Comesomatidae
(34%) or Xyalidae (23%) families, followed by Anticom-
idae (10%) and Axonolaimidae (9%). Four genera occurred
with very high abundances: Sabatieria (31%), Daptonema
(15%), Anticoma (10%) and Odontophora (7%) (Table 2).

In general, the nematode communities found at the
Foglia and Metauro sites were similar (ANOSIM,
P > 0.05). The highest number of genera were generally
found in shallow waters (between 18 and 24) where the
most abundant genera were Anticoma (21%), Sabatieria
(14%), Odontophora (14%) and Daptonema (9%). Very
clear differences were detected between inshore and off-
shore stations (ANOSIM, R = 0.98, P = 0.002) where the
offshore communities were dominated by Sabatieria
(49%), Daptonema (21%) and Terschellingia (8%).

The trophic structure of the community (Table 2) was
characterised by non-selective (1B) and selective deposit
feeders (1A), at 66 and 17%, respectively; followed by
epistrate feeders (2A) at 14% and predators—omnivores
(2B) at only 2%. A more heterogeneous assemblage was
observed inshore, where 1B predominated at each station
(on average 50%); followed by 1A at the Metauro site
(26%) and 2A at the Foglia site (17%). The offshore
community appeared more homogeneous, with a predom-
inance of 1B (81%) and 1A (13%).

The diversity index (H') ranged from 1.05 to 3.36, and
the evenness index (J) from 0.37 to 0.78 (Fig. 6). In con-
trast with the values recorded for meiofauna taxa, these
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Fig. 6 Shannon’s (H') and Pielou’s (J) indices of meiofaunal (ME) and nematode (NE) communities in the study area

indices were in general significantly higher inshore (2-way
ANOVA, P < 0.001). A significant correlation with gra-
phic mean was only detected for evenness (n = 12,
rs = —0.68, P < 0.05). No significant differences were
detected between the Foglia and Metauro rivers (2-way
ANOVA, P > 0.05).

The maturity index (MI) ranged from 2.05 at M2 (WO05)
to 2.30 at FO1 (WO05), and a noteworthy presence of gen-
eral opportunistic genera (c—p = 2) was observed—up to
82% of the whole community. MI values were not signif-
icantly different between either the inshore and offshore
stations or between the two river sites (Mann—Whitney U,
P > 0.05) (Fig. 7).

The abundance of macrofauna ranged between
82307.2 ind. m~2 at AZ1 in summer 2004 and 414.3 ind.
m~2 at S2 in winter 2004 (Table 3). No significant dif-
ferences were observed in macrofaunal abundances
between sites or seasons, whereas significant differences
were found between inshore and offshore stations (one-way
ANOVA, P <0.05) where abundance appeared to
decrease with sampling depth. Macrofaunal assemblage
only varied significantly in relation to sampling depth and
season (2-way crossed ANOSIM, station X season,
R =028, P=0.001 and R = 0.14, P = 0.002, respec-
tively), and not between the sites (ANOSIM, P > 0.05). In
general, molluscs were the most abundant group inshore
(66%), whereas annelids were the most abundant offshore
(43%) (Fig. 8). Nevertheless, a different macrofaunal
composition was observed at the Sejore site where a

significantly lower abundance of amphipods was detected
(Kruskal-Wallis H, P < 0.01). Macrofaunal abundance
was significantly correlated with the concentration of Chl-a
in the water column (ry = 0.31, P < 0.05), the mean grain
size and the sorting coefficient (n = 48, ry = —0.30,
P < 0.05 for both parameters).

A total of 50 mollusc species belonging to 25 different
families were recorded in the area. Semelidac (40%),
Corbulidae (25%) and Donacidae (13%) showed the
highest abundances. Overall, the most abundant species of
molluscs were Chamelea gallina (37%), Lentidium medi-
terraneum (21%), Donax semistriatus (13%) and Cultren-
sis adriaticus (6%). In general, mollusc diversity and
evenness was low, on average 1.8 + 0.6 and 0.6 £ 0.2,
respectively. The Shannon index (H') ranged from 0.00 to
3.00 and Pielou values (J) from 0.00 to 0.89 (Table 3).
There were no significant differences between sites (2-way
ANOVA, P > 0.05) or between sampling depths (2-way
ANOVA, P > 0.05) for either of these indices.

PCA was used to visualise the trends of the bacteria,
meiofauna and macrofauna communities in relation to the
main environmental variables for the Foglia and Metaruro
sites (Fig. 9). Two principal components were identified
that together explained 65% of the data variance. Depth
(PC1), explained 41% of the variance and was primarily
affected by the sediment variables, sand, mud and TOM,
followed by gravel and Chl-a. Season (PC2) explained
24% of the variance and was mainly affected by oxygen
and salinity followed by temperature and Chl-a. Bacteria
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Table 2 Genera abundance (%) and trophic groups of nematode
community at Foglia (FO) and Metauro (M) rivers

Table 2 continued

Family Genus Trophic group %
Anoplostomatidae Chaetonema 1B 1.2
Anticomidae Anticoma 1A 10.5
Enchelidiidae Bathyeurystomina 2B <0.1
Oncholaimidae Adoncholaimus 2B <0.1
Oncholaimellus 2B 0.1
Oxystominidae Halalaimus 1A <0.1
Thalassoalaimus 1A 1.0
Thoracostomopsidae Mesacanthion 2B 1.0
Trefusiidae Cytolaimium 2A 0.1
Aegialoalaimidae Aegialoalaimus 1A 0.1
Ceramonematidae Ceramonema 1A <0.1
Pselionema 1A 0.1
Chromadoridae Chromadora 2A 1.5
Chromadorella 2A <0.1
Chromadorina 2A <0.1
Chromadorita 2A 0.2
Dichromadora 2A 1.3
Prochromadorella 2A 1.7
Comesomatidae Dorylaimopsis 1A 0.1
Sabatieria 1B 31.3
Setosabatieria 1B 2.7
Cyatholaimidae Longicyatholaimus 2A <0.1
Nannolaimoides 2A 33
Paralongicyatholaimus 2A 0.3
Pomponema 2A 0.5
Desmodoridae Desmodora 2A 0.1
Molgolaimus 2A <0.1
Ethmolaimidae Comesa 1B <0.1
Filitonchus 1A 0.2
Neotonchus 2A 1.5
Leptolaimidae Halaphanolaimus 1A <0.1
Leptolaimus 1A 0.9
Selachnematodae Gammanema 2B <0.1
Halichoanolaimus 2B <0.1
Synonchiella 2B 0.1
Axonolaimidae Axonolaimus 1B <0.1
Odontophora 1B 7.0
Odontophoroides 1B <0.1
Paradontophora 1B 23
Synodontium 1B <0.1
Diplopeltidae Campylaimus 1B <0.1
Southerniella 1A 0.3
Linhomoidae Eumorpholaimus 1B <0.1
Linhomoeus 2A 0.3
Metalinhomoeus 1B 0.9
Paralinhomoeus 1A <0.1
Terschellingia 1A 4.0
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Family Genus Trophic group %
Monbhysteridae Monhystera 1B <0.1
Sphaerolaimidae Doliolaimus 2B <0.1
Sphaerolaimus 2B 0.7
Subsphaerolaimus 2B <0.1
Xyalidae Cobbia 2A 32
Daptonema 1B 14.8
Linhystera 1B 0.1
Paramonhystera 1B 0.1
Scaptrella 1B <0.1
Stylotheristus 1B 2.6
Theristus 1B 0.5
Tricotheristus 1B 2.0
Valvaelaimus 2A <0.1
2.4 7
23 N ° °
°
2244 ® °
° .
2.1 . °
°
2.0
FOI|FO2|M1|M2 F01|F02|M1|M2 F01|F02|M1|M2
spring 2004 summer 2004 winter 2005

Fig. 7 Maturity Index calculated in the nematode assemblage at
Foglia (FO) and Metauro (M) rivers

and meiofauna appeared to follow increases in TOM con-
tent and amount of mud especially, whilst macrofauna
followed increases in the amount of sand. When the most
abundant nematode genera were projected on the factor
plane as supplementary variables, a more heterogeneous
genera composition was detected inshore (Fig. 10). Saba-
tieria and Daptonema were both found inshore and off-
shore, but their abundances were much higher offshore.
PCA analysis carried out on the whole area revealed an
influence of depth (PC1, explaining 38%) upon the mollusc
community: C. gallina, L. mediterraneum, D. semistriatus
and C. adriaticus were more abundant inshore, in sandy
sediments, whereas Corbula gibba, Scapharca demiri and
Abra prismatica were the dominant species in the offshore
stations (Fig. 11). Season (PC2, explaining 23%) showed
temporal fluctuations of the main species. In particular,
increases in temperature and Chl-a were correlated with
increases in L. mediterraneum (Fig. 11). When the whole
area was considered for PCA analysis, the same influencing
factors and variables were identified, although Chl-a values
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Table 3 Macrofaunal total density (ind. m~2) and mollusc diversity
and evenness indices

Season Site  Station  Total Mollusc Mollusc
density diversity  evenness
Winter 2004 FO 1 17,7514 1.0 0.4
2 9,052.5 3.0 0.8
P 1 1,597.5 1.5 0.7
2 7,158.6 1.2 0.5
AD 1 4,791.8 1.8 0.7
2 6,7452 1.1 0.4
S 1 4,023.7 1.5 0.6
2 4143 1.2 0.7
AZ 1 14,6973 2.0 0.6
2 11,3609 1.7 0.7
M 1 13,371.8 2.5 0.6
2 5,679.0 1.9 0.6
Spring 2004 FO 1 88153 1.6 0.5
2 27,809.6 1.9 0.5
P 1 6,211.9 1.9 0.7
2 6,945.0 2.2 0.7
AD 1 7,632.5 25 0.9
2 19,110.7 1.2 0.4
S 1 4,733.6 1.7 0.7
2 1,242.0 0.6 0.4
AZ 1 32,3066 1.1 0.4
2 13,8455 1.6 0.5
M 1 21,7152 2.4 0.8
2 7,336.0 2.2 0.7
Summer 2004 FO 1 9,703.3 1.0 0.3
2 3,431.7 2.6 0.7
P 1 16,685.0 1.7 0.7
2 10,176.3 1.6 0.5
AD 1 17,4548 1.7 0.6
2 8,342.8 2.2 0.7
S 1 14,082.8 1.9 0.6
2 11,7157 2.0 0.5
AZ 1 82,307.2 1.5 0.4
2 1,893.0 1.5 0.8
M 1 21,0057 2.0 0.6
2 54432 1.7 0.5
Winter 2005 FO 1 5,502.7 14 0.5
2 7278.1 23 0.8
P 1 94674 29 0.8
2 17,9284 2.5 0.7
AD 1 17,692.1 2.3 0.6
2 5,502.9 3.0 0.8
S 1 12,071.0 1.6 0.6
2 8284 0.0 0.0
AZ 1 34,0827 2.4 0.6
2 10,1183 1.8 0.5
M 1 37,2189 1.8 0.6
2 5,561.9 24 0.7

were found to be higher inshore and mainly due to the
Arzilla stream.

An additional PCA was performed using the total
abundance of the three communities as active variables in

order to visualise the potential interactions between them
(PC1 and PC2 together explained 90% of the variance)
(Fig. 12). It showed a similar trend for bacteria and mei-
ofauna, whilst a greater increase was detected for macro-
fauna especially at Station 1 of the Metauro site.

Discussion

Distribution and ecology of benthic communities in
relation to depth and season

All three of the benthic communities studied appeared to be
influenced by depth; of the environmental parameters
examined, TOM, sediment fractions and Chl-a appeared to
be the main parameters contributing towards the differ-
ences between the two depths studied (Fig. 9). The bacte-
rial abundances seemed to be primarily influenced by food
supply and in particular by TOM content that was greater
offshore where the highest bacterial abundances were
found. A strong relation between TOM and depth was also
reported in a previous study carried out along the nearby
coastline of Monte San Bartolo (Covazzi-Harriague and
Bittoni 2003). These findings were in accordance with the
frequently observed greater retention of sediment-bound
organic matter and microorganisms in the finest sediments
(Herndl et al. 1989; Van Duyl and Kop 1994; Albertelli
et al. 1999; Covazzi Harriague et al. 2006). Both the
structure and abundance of meiofaunal and macrofaunal
communities resulted as being significantly different
between inshore and offshore stations, especially when the
interaction of season was considered. This difference was
most likely due to seasonal variations in water masses that
can differentially affect the communities at different
depths, but it may also have been brought about by vari-
ations in riverine inputs that for certain taxa could represent
variations in food availability (see Chl-a) or reflect an
anthropogenic disturbance (see below). As demonstrated
by PCA, from the environmental variables, Chl-a was the
parameter that contributed both to depth and seasonal dif-
ferences (Fig. 9). Chl-a is an indicator of a fresh and high
quality trophic source, the sedimentation of which can
enrich the sea bottom so becoming an important resource
also for benthic communities (Boon and Duineveld 1998).
Within the study area, Chl-a showed a first peak during
spring 2004, linked to the massive input of nutrients from
the rivers (see Arzilla stream), and a second peak during
the summer of the same year; probably related to the nat-
ural increase in phytoplankton activity (Fig. 2). The
abundance of copepods was highly correlated to this tro-
phic parameter; their levels increased during the phyto-
plankton blooms as do the level of recruits of the species
L. mediterraneum. The coupling of this autotrophic
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Fig. 9 PCA analysis carried out on the main environmental variables
of the Foglia and Metaruro rivers. The relative abundances of
bacteria, meiofauna and macrofauna were projected on the factor
plane as supplementary variables without contributing to the results of
the analysis

component with the recruitment of suspension feeders has
also been reported for other coastal areas (Mghlenberg and
Kigrboe 1981; Covazzi Harriague et al. 2007).

The meiofaunal community was prevalently made up of
deposit feeders and their increase offshore, mainly due to
the nematodes, seemed to follow the increases in the sed-
iment fine fraction and food supply (TOM and bacteria). To
the contrary, the abundance of macrofauna decreased
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Fig. 10 PCA analysis carried out on the main environmental
variables of the Foglia and Metauro rivers. The relative abundances
of the more abundant nematode genera were projected on the factor
plane as supplementary variables without contributing to the results of
the analysis

offshore, as has also been reported by others (Albertelli
et al. 1999; Occhipinti-Ambrogi et al. 2002), likely in
relation to the higher mud and TOM contents. The higher
organic content of fine fraction most likely determined a
reduction in oxygen concentration within the sediments as
a result of bacterial and chemical degradation activities. As
a consequence, the characteristics of the offshore sediments
could have limited the abundance of suspension-feeding
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Fig. 11 PCA analysis carried out on the main environmental
variables of the whole area. The relative abundances of the more
abundant mollusc species were projected on the factor plane as
supplementary variables without contributing to the results of the
analysis

bivalves that, at the same time, favour the increase in the
infaunal benthos represented by deposit feeders tolerant to
oxygen reduction (e.g. annelids). The composition of the
mollusc community present in the deepest stations supports
this theory as it was characterised by species typical of
muddy sediments, like the tolerant A. prismatica and the
opportunistic C. gibba and S. demiri (Moodley et al. 1998;

Simboura and Zenetos 2002) (Fig. 11). C. gallina, D. se-
mistriatus and C. adriaticus were more highly prominent in
the sandy fraction; indeed, these species are typical of
shallow and well-sorted sands and the presence of C.
adriaticus seemed to be particularly linked to a good
oxygen supply (Fig. 11).

Of the different communities studied, nematodes pre-
sented the greatest differences between the two sampling
depths. In particular, the richest families (Xyalidae, Chro-
madoridae, Axonolaimidae and Linhomoidae) were among
those also indicated by Travizi and Vidakovic (1997) as
being the most diverse and abundant in the northern Adriatic
Sea. Some of the most abundant families (Comesomatidae,
Xyalidae and Axonolaimidae) are generally typical of
muddy sediments (Heip et al. 1985), with the exception of
Anticomidae, which have been found exclusively in shallow
waters, confirming their ecological preference for coarser
sediments (Wieser 1959).

The large differences in nematode community structures
found between inshore and offshore sediments confirmed
that even slight variations in sediment grain size can
influence these communities (Steyaert et al. 2003). The
relatively high level of habitat heterogeneity, in particular
the sediment grain sizes present in the inshore stations, was
probably responsible not only for a particular community
composition, but also for its higher degree of diversity and
evenness. This in agreement with other data within the
literature, which report that diversity increases with
increases in medium grain size (Heip et al. 1985; Steyaert
et al. 1999; Vanaverbeke et al. 2002). Offshore, a few
genera were clearly dominant and generally appeared to
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follow the TOM and mud contents (Fig. 10). The presence
of a typical element of the ‘thiobios’, like Terschellingia
longicaudata, indicates anoxic conditions (Jensen 1983),
again supporting the observations of the mollusc commu-
nity. To reiterate, the very high content of organic matter
could have produced a strong oxygen depletion, as is
supported by the presence of wide black spots in the cores
obtained from the offshore samples.

The trophic groups seemed to reflect the sediment dis-
tribution and nematode ecological preferences. Epistrate
feeders were most abundant at the inshore station of the
river Foglia, that was characterised by well-sorted fine
sands with a low content of silt and clay (Wieser 1959;
Buchholz and Lampadariou 2002). In contrast, the non-
selective and selective deposit feeders, which are normally
common in very fine sediments (Heip et al. 1985), were the
only dominant groups offshore. Surprisingly, no significant
correlations were detected between bacteria and selective
deposit feeder nematodes (1A). Even if Wieser’s classifi-
cation has been largely revisited and modified (Moens and
Vincx 1997), the use of trophic groups in field research is
still hampered by the limited number of nematode genera
considered by Authors.

Predation of the permanent meiofauna over the juvenile
macrofauna (the ‘meiofaunal bottleneck hypothesis’
Zobrist and Coull 1992) and competition for the food
resource (Albertelli et al. 1999; Covazzi Harriague et al.
2006) are well-known with regard to soft-bottom benthic
systems, but no evidence for such interactions was found in
this study. The PCA results testing the interaction of the
three benthic communities highlighted that most of the
stations presented a similar ratio of meiofauna and mac-
rofauna (Fig. 12) (this was even more evident when the
whole area was considered, data not shown). The few
exceptions seemed to confirm that meiofauna and macro-
fauna were not spatially distributed according to nutritional
interactions or competition but instead in accordance with
habitat characteristics. The abundances of bacteria and
meiofauna show parallel trends thus it is unlikely that the
predation of meiofauna on bacteria has a negative impact
upon the bacterial abundances in this coastal study area.

Disturbance of the benthic communities by the rivers

The strong dominance of nematodes in the meiofaunal
community (on average 94% of total community), as well
as the low number of copepods, could be related to the
generally fine grain size of the sediments, which is con-
sidered, as verified above, a ‘super factor’ in meiobenthic
ecology (Platt et al. 1984; Heip et al. 1985). Copepod
abundance was lower inshore than offshore with a trend
opposite to that detected in a neighbouring area charac-
terised by a similar distribution pattern of sediments and of
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organic matter (Balsamo et al. 2003). As copepods often
show a preference for sediments with larger grain sizes that
are rich in O, (Murrell and Fleeger 1989) and can show a
remarkable sensitivity to environmental perturbations
(Hicks and Coull 1983; Van Damme et al. 1984), the lower
densities inshore found in this study could represent a
consequence of stress conditions in the area immediately
adjacent to the shore. In the study area, concentrations of
some heavy metals (Pb, Ni, As) between effect-range low
(ERL) and effect-range median (ERM) criteria proposed
by National Oceanic and Atmospheric Administration
(NOAA) were reported for the same period by Coccioni
et al. (2005); in fact they recorded higher concentrations of
Pb in the shallow waters. The Authors also reported a total
absence of the coastal community of benthic foraminifera,
which seem to be highly sensitive to heavy metals (Fron-
talini and Coccioni 2008), as copepods are (Somerfield
et al. 1994). Lee et al. (2001) have suggested that the
harpacticoid copepod density may itself be a useful indi-
cator of stress by metal pollution.

The long-shore current pattern could explain the high
meiobenthic diversity and copepod abundances found off
Pesaro. Although the general thermohaline currents in the
western Adriatic Sea flow southward, the wind-driven
long-shore current flows northward, exerting its influence
along the coast (Artegiani et al. 1997; Colantoni et al.
1997). It is probably for this reason why the river Foglia
did not seem to cause a disturbance in the area off Pesaro.
In contrast, due to the long-shore currents, the Arzilla
stream and river Metauro could have been responsible for
the lower level of meiofaunal diversity and for the higher
abundance of nematodes—a taxon generally considered to
be very resistant to stress (Heip et al. 1985; Vincx and Heip
1987)—along the coast to Sejore. The lower salinity values
detected in the area between the Metauro and Sejore during
spring 2004 could be evidence of the greater effects
occurring northward of these currents. Indeed, spring 2004
was characterised by abundant rains and thus a consequent
increase in inputs from river runoff (indicated by the
considerable reduction of salinity at coastal stations)
(http://www.protezionecivile.marche.it).

The results from ANOVA highlight that the impact of
the rivers especially on the meiobenthic community can
vary in intensity in relation to the season and in particular
with the occurrence and quantity of rain. A clear example
of this was observed in spring 2004 when the increase in
river runoff inputs led to a general enhancement of nem-
atode percentages, reducing the usual differences found
between the coastline and offshore over the whole area.

Concerning the nematode community, it showed diversity
values comparable with those reported from other areas of
the northern Adriatic Sea, with similar sediment grain size
but subject to eutrophication phenomena or to waste inputs
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from rivers (Vidakovic 1988; Travizi and Vidakovic 1994).
The low values of the nematode Maturity Index and espe-
cially the notable dominance of general opportunistic genera
(c—p = 2) of nematodes suggest a high stress level in the
areas adjacent to the river mouths. General opportunistic
genera (c—p = 2) are known to increase in abundance during
adverse conditions and are also indicated in the literature as
being a dominant group under stress induced by heavy metals
(Bongers and Bongers 1998; Gyedu-Ababio and Baird
2006). In this study, the maturity index appears to be a good
indicator of the stress induced by the river input, better than
the diversity indices; this is probably because it is influenced
to a lesser extent by the differences in sediment granulom-
etry. Interestingly, even if significant seasonal fluctuations
were not present, during the spring of 2004, lower MI values
were detected inshore compared to offshore, whilst during
the summer of the same year and the winter of 2005 an
opposite trend was found. This might be due to the spring
riverine inputs and to the greater Pb concentrations that were
detected inshore during the same period by Coccioni et al.
(2005).

Overall, there was no evidence of the river having an
impact upon the macrofauna that presented a rather
homogeneous structure along the study coastline and dur-
ing the study period. It was likely to be controlled to a
greater extent by food supply and by the sedimentary
parameters than by anthropogenic activities. Nevertheless,
the low presence of amphipods at the Sejore station that
could confirm a bad state of this station is worth noting.

Conclusions

In the present study, preliminary information about the
benthic community composition and abundance of a
coastal area of the Marches (Adriatic Sea, Italy) is reported.
In particular, a record 14 genera were found for the first
time in the Upper Adriatic Sea (although the identification
of nematodes was only performed at the genus level); this
result is important for the integration of faunistic check-
lists of Italian marine nematodes (Semprucci et al. 2008).
The communities appeared to be significantly diverse at
different depths, especially when the interaction of season
was considered. One cause of this was most likely the
different seasonal influences of river inputs. Sediment grain
size appeared to be the main natural variable that affects
the distribution and composition of these communities,
influencing directly or indirectly the interstitial spaces, the
oxygen levels and the food supply. Trophic resources also
appeared to affect the communities: for example, TOM
promoted bacterial and meiofaunal abundances and limited
the macrofaunal abundances, whilst Chl-a resulted as being
significantly linked to the abundance of copepods and L.

mediterraneum. Competition for food sources and preda-
tory pressure between the three size groups cannot be
excluded, even if the spatial distribution of the communi-
ties seemed to follow the habitat characteristics rather than
abide to interactions between the communities.

Meiofauna appear to be the most useful community for
detecting disturbances and river influences. In particular,
the low copepod abundance inshore could be a good
indication of stress along the area closer to the coast.
Furthermore, the data on meiofauna and nematode com-
munities suggested the presence of some disturbance
sources originating not only from the main rivers (Foglia
and Metauro) as expected, but also from a minor stream
such as the Arzilla.
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