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Abstract The aim of the study was to evaluate

the long-term development of a hard bottom

benthic assemblage over a period of 20 years in an

area off the mouth of a large river. The artificial

reef of Fregene was selected because benthic

assemblage data were available for the period

1981–1992. This artificial reef is located in the mid

Tyrrhenian Sea, 5 nautical miles north of the two

mouths of the Tevere River (Latium, Italy) and

1.5 nautical miles offshore from Fregene (Rome,

Italy). The artificial reef was deployed in March

1981 for fisheries enhancement in 10–14 m of

water on a sandy-silty seabed. The Tevere River

carries suspended materials and a heavy load of

organics since it transports Rome’s effluent,

resulting in the eutrophic state of area waters.

Benthic sampling was conducted in 2001 by

SCUBA diving; two standard surfaces of

400 cm2 were scraped from the vertical walls of

the same uppermost block in four different peri-

ods. All organisms were identified and counted.

The methodology used is the same as that adopted

in the previous periods, so that the 2001 data could

be compared with past collected data. The benthic

assemblage was analysed by cluster analysis using

the Bray-Curtis index and clustered using the

group average clustering algorithm. The SIMPER

procedure was used to identify those taxa that

characterize each station group identified by

cluster analysis. Changes in benthic assemblages

and hydrological trends of the Tevere River were

investigated using the cumulative sum series

method. The 20-year development of the benthic

community, starting from the new substratum, is

composed of different phases characterised by

different benthic assemblages. In particular five

different phases were distinguished: 1. Pioneer

species recruitment (May 1981–June 1981);

2. Mytilus galloprovincialis (mussel) dominance

(August 1981–November 1983); 3. M. galloprovin-

cialis regression (July 1984–October 1985);

4. M. galloprovincialis absence (91–92); 5. Bryozo-

ans bioconstruction dominance (2001). The

dynamic succession of the observed benthic assem-

blages exhibited a good relation with the Tevere

River flow. The Tevere River flow, and

the subsequent sedimentation process, seems to

have strongly influenced the benthic assemblage

succession of the Fregene artificial reef.
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Introduction

Knowledge of long-term benthic assemblages

development, and in particular assemblages asso-

ciated with hard bottom, is poor. Many research

projects have been undertaken that describe

benthic succession using different experimental

approaches involving artificial reefs or defaunated

natural substrata (Bourget et al., 1994; Brown &

Swearingen, 1998; Kocak & Zamboni, 1998;

Glasby & Connell, 2001). Most of these studies

were concerned with benthic primary colonisation

patterns and therefore were short-term studies.

On the other hand, long-term investigations that

follow later development phases of benthic assem-

blages have rarely been conducted. A long-term

study, including origination on a newly deployed

substratum, could offer insight into understanding

the most important changes that occur in the

benthic assemblage structure during and after the

colonisation process (Wiens, 1997). Due to their

sessile habit, benthic fauna facilitates the evalua-

tion of environmental quality, as modification of

such communities may be directly traceable to

natural or anthropogenic environmental varia-

tions (Pearson & Rosenberg, 1978; Gray, 1981;

Gray et al., 1990; Warwick & Clarke, 1991). A

long-term investigation can help to elucidate the

response that benthic communities manifest to

environmental changes in terms of sedimentation

and turbidity. The objective of this study is to

evaluate the development of a hard-bottom ben-

thic assemblage over a period of 20 years in an

area off the mouth of a large river. We chose to

evaluate the benthic assemblage associated with

an artificial substratum which, due to its structural

simplicity, facilitated quantification relative to

area and time (Riggio, 1995; Glasby & Connell,

2001; Smith & Rule, 2002). In particular, this study

analysed the benthic assemblage of the Fregene

artificial reef, placed in an area where the Tevere

River strongly influences the water conditions

through a significant organic and inorganic load.

The Tevere River is the main river of the central

Tyrrhenian Sea and has an effect on the eutrophi-

cation process, in particular on the north coast. In

fact, the principal direction of the current, and

thus of suspended sediment, is northwest along the

coast (Bellotti & Tortora, 1985; La Monica &

Raffi, 1996). In the last few decades, coastal

erosion along the Latium coast of Italy has been

particularly evident and different factors have

contributed to this process. One of these was the

decrease in the transportation of solids due to dam

construction, sand extraction from riverbeds, etc.

The river’s solid loads vary with river flow which is

also influenced by climatic events that affect the

drainage basin (Bellotti & Tortora, 1996; Benci-

venga & Ranieri, 1997). The changes in sedimen-

tation and turbidity in the deltaic areas off large

rivers can lead to alteration in associated benthic

community. An extended time series of data is

necessary to evaluate changes in both benthic

communities and river flows.

Materials and methods

The artificial reef off Fregene is located in the mid

Tyrrhenian Sea, 5 nautical miles North of the two

mouths of the Tevere River (Latium, Italy) and

1.5 nautical miles offshore Fregene (Rome, Italy)

(Fig. 1). The artificial reef was placed at 10–14 m

depth on a sandy-silty seabed. The reef is com-

posed of 280 concrete cube-shaped units (2 m on

each side) arranged in a pyramid consisting of five

units to a set, four at the base and one on the top.

A total of 60 sets were deployed as a reef group

that covered 6 ha. Each cube contains hollows and

cavities moulded into the shape in order to

increase the surface/volume ratio (Bombace,

1977). The Tevere River carries suspended mate-

rials and a significant organic load, resulting in

eutrophic conditions. Benthic sampling was per-

formed in 2001 (February, June, September and

December) using SCUBA. During each sampling

event, two standard surfaces of 400 cm2 were

scraped from the vertical wall of the same top

block. Different parts of the vertical wall were

chosen in order to avoid a re-sampling on surfaces

previously scraped. The methodology used is the

same as that adopted in the previous periods, so

that the 2001 data could be compared with past

collected data (Ardizzone et al., 1989; Somaschini

et al., 1997). Samples were fixed in buffered

formaldehyde (10%). All organisms were sorted

under a stereomicroscope. Polychaetes, molluscs,

crustaceans and echinoderms were identified to
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species level and counted. The Bray-Curtis index

was used as faunal similarity coefficients calcu-

lated using species/abundance matrix. This index

was clustered using the group average clustering

algorithm. The SIMPER procedure (similarity

percentage analysis) was used to identify those

taxa that characterize each station group identi-

fied by cluster analysis (Clarke, 1993). Hydrolog-

ical trends of the Tevere River were investigated

using the cumulative sum series method (Ibanez

et al., 1993; Salen-Picard et al., 2003).

Results

Composition of benthic assemblage in 2001

In 2001 a total of 15,306 benthic invertebrate

individuals and a total of 172 taxa were collected.

Most benthic species were polychaetes (109 spe-

cies and 6,918 individuals), followed by crusta-

ceans (22 species and 7,257 individuals) and

molluscs (24 species and 1,148 individuals).

Among the polychaetes the most abundant spe-

cies were sessile and suspension-feeder species

such as Sabellaria spinulosa, Hydroides pseudoun-

cinatus pseudouncinatus, Serpula concharum, and

soft bottom deposit-feeder species such as Aphe-

locheta marioni. Balanus perforatus was the most

abundant crustacean species. The molluscs Stri-

arca lactea and Gastrochaena dubia, characteristic

sessile species of hard-bottoms, were very abun-

dant. The benthic assemblage is also character-

ized by the presence of colonies of two bryozoans,

Schizoporella errata and Turbicellepora magni-

costata, which cover the whole reef surface by

three-dimensional colonies.

Temporal trend in assemblage structure and

composition

The number of species showed a progressive

increase during benthic assemblages’ temporal

succession (Fig. 2). The number of individuals

Fig. 1 Map showing the study area and location of the artificial reef at Fregene
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increased from 1981 to May 1983 and then

decreased until December 1991. Subsequently,

the number of individuals increased again until

2001. Cluster analysis indicates that the year is a

chief factor in faunal similarity (Fig. 3). The

benthic assemblage sampled in May 1981,

2 months after the artificial reef deployment,

when the community was composed of very few

pioneer species, is least similar to all other

assemblages. A second cluster of assemblages

(similarity value 20%) is distinct from the assem-

blages collected from the 1980s to the ones of the

1990s and 2001. The faunal assemblage collected

from the 1980s indicates that the assemblage

collected in June 1981 was less similar (30%) to

the others. This period also represents a time

when the assemblage on the reef was still repre-

sented by pioneer species and few individuals.

The benthic faunal samples collected between

1981 and 1985 were similar to each other at level

of 60%. At the 65% level of similarity the

assemblages formed three distinct clusters rela-

tive to the periods August 1981–February 1982,

March 1982–November 1983 and July 1984–

October 1985. The assemblages from 1991–1992

and 2001 were different from the previous

assemblages; their similarity was 50% and their

respective stations appeared homogeneous.

Table 1 shows the results of SIMPER analysis

for the identified assemblages clusters.

Fig. 2 Temporal trend of species richness (S) and abundance (N)

Fig. 3 Cluster diagram by group-average clustering based on the Bray-Curtis similarity index using the abundance of species
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The monthly cumulative sum curve of monthly

flow shows a clear upward trend between 1981

and 1985 and consequently an increase of quan-

tity of sediment in the sea waters. Subsequently

(1990–2001) this curve displays a reversed trend

(Fig. 4) interpreted as a decrease of the terrige-

nous particles distributed from the Tevere to sea

waters.

Discussion

Five different time-phases as determined by

faunal similarity can be distinguished in the

cluster analysis.

1. Pioneer species recruitment (May 1981–June

1981). During this phase the reef was colon-

ised only by hydroids (Obelia dichotoma,

Bougainvillia ramosa), serpulid polychaetes

(Pomatoceros triqueter, Hydroides elegans),

barnacles (Balanus eburneus and B. perfora-

tus) and molluscs (Anomia ephippium and

Mytilus galloprovincialis). Three months after

artificial reef establishment, the mussel M.

galloprovincialis was the most abundant spe-

cies in the assemblage. Notably, macroalgae

were absent.

2. Mytilus galloprovincialis dominance (August

1981–November 1983). The mussel M. gallo-

provincialis dominated the benthic assemblage

Table 1 Percentage contribution of typifying taxa to within-group similarity for the identified benthic assemblages by
cluster analysis

Time Typifying specie to within group similarity Contribution % Cumulative %

3.82–12.83 Mytilus galloprovincialis 75.66 75.66
Balanus perforatus 18.97 94.64

1984–1985 Balanus perforatus 51.76 51.76
Mytilus galloprovincialis 23.66 72.42
Amphipoda 7.87 83.29
Pomatoceros triqueter 4.44 87.73
Pomatoceros lamarkii 2.22 89.94
Hydroides pseudouncinatus pseudouncinatus 1.85 91.79

1991–1992 Amphipoda 53.17 53.17
Polydora sp. Pl. 14.97 68.13
Lysidice 5.68 73.81
Hydroides pseudouncinatus pseudouncinatus 5.13 78.93
Serpula concharum 3.78 82.71
Syllis truncata cryptica 1.81 84.52
Terebella lapidaria 1.25 85.77
Sabellidae 1.25 87.02
Pilumnus hirtellus 1.21 88.23
Gastrochaena dubia 1.19 89.42
Lumbrineris funchalensis 1.13 90.54

2001 Amphipoda 40.48 40.48
Polydora sp. Pl. 16.69 57.17
Sabellaria spinulosa 6.76 63.92
Sabellidae 6.29 70.21
Balanus perforatus 5.25 75.45
Striarca lacteal 3.77 79.23
Hydroides pseudouncinatus pseudouncinatus 2.03 81.26
Aphelochaeta marioni 1.91 83.17
Pilumnus hirtellus 1.54 84.71
Serpula concharum 1.51 86.23
Lumbrineris funchalensis 1.45 87.68
Lysidice 1.36 89.04
Syllis truncata cryptica 0.93 89.97
Gastrochaena dubia 0.91 90.88
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influencing the settlement of other epibenthic

species. Mussel valves and barnacles altered

the topography of substratum that became

more heterogeneous, this gave origin to an

increase in both number of individuals and

species (Ardizzone et al., 1982a, b; Ardizzone

& Chimenz, 1982).

3. Mytilus galloprovincialis regression (July

1984–October 1985). Gradual reduction of

mussel density was observed and soft

bottom species became frequent next to

the hard bottom ones. Over-sedimentation

and ‘‘mussel mud’’ production caused a

decrease in the availability of hard substrata

for epibenthic species colonization (Gravina

et al., 1989).

4. Mytilus galloprovincialis absence (1991–1992).

A new benthic assemblage, characterised by

the absence of M. galloprovincialis and the

numerical abundance of soft bottom species,

established itself on the hard and very muddy

artificial substratum after 10 years of artificial

reef deployment. Bryozoans Schizoporella

errata and Scrupocellaria reptans were the only

sessile organism extensively distributed on the

reef (Ardizzone et al., 1996).

5. Bryozoans bioconstruction dominance (2001).

The benthic assemblage, 20 years after artifi-

cial reef deployment, is characterised by the

presence of colonies of the bryozoans S. errata

and Turbicellepora magnicostata. These bry-

ozoans are strong space competitors and are

able to build rigid frameworks. They are

important ‘‘bioconstructors’’ sensu Bianchi

(2001). The benthic assemblage present in

2001 is different from the ones observed in the

previous periods when the bioconstructions

were absent and there is a strong increase in

the number of species typical of both hard and

soft substrates.

The artificial reef at Fregene is located in a

transitional zone, characterised by abiotic fac-

tors typical of the infralittoral zone (high

hydrodynamism and eutrophic water) and the

circalittoral zone (reduced illumination). During

the second period of succession, a mussel

dominated assemblage, characteristic of shallow

Fig. 4 Raw data and cumulative sum series of mean
monthly flow of the Tevere River from 1980 to 2001. Raw
data are compared to the average monthly flow calculated

over the period 1980–2001. The reference value used to
calculate the cumulative sum series is the long-term mean
flow of the river (193 m3 s–1)
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exposed and eutrophic environments, was pres-

ent. The colonisation of the artificial reef at

Fregene was similar to the colonisation

observed on other artificial reefs in the Adriatic

Sea. These other artificial reefs in the Adriatic

were also dominated by M. galloprovincialis

(Fabi et al., 1986, 1989). The increased sediment

recorded during 1981–1985 (Fig. 4) can be

offered as one of the reasons that led to the

decline in mussels. Other species, already pres-

ent as a small percentage of the assemblage on

the muddy substrate, became dominant. Later,

from 1991 to 1992, the assemblage was charac-

terised by the presence of sciaphilous species

typical of muddy infralittoral hard bottoms.

Subsequently, the ensuing dramatic decrease of

the terrigenous particles from the Tevere

(Fig. 4) may have favoured the high presence

of suspension-feeding organisms, such as bry-

ozoans. In 2001 these organisms, together with

serpulids, barnacles and vermetids, gave rise to

bioconstructions which changed the edaphic reef

structure. Consequently, habitat heterogeneity

increased providing new habitat and thus facil-

itating the increase in biological diversity (Bian-

chi & Morri, 1985; Ferdeghini et al., 2000, 2001;

Cocito et al., 2000). The presence of these

biocontructions allowed the presence of many

species typical of ‘‘coralligenous’’ biocoenosis

(i.e., polychaetes Palola siciliensis, Serpula ver-

micularis, Eunice schizobranchia, Eunice oerste-

di, Haplosyllis spongicola and the crustacean

Leptochelia savignyi). In fact, the bioconstruc-

tion present on the artificial reef is similar to a

‘‘coralligenous’’ bioconstruction in morphology

and composition, thereby favouring the settle-

ment of many typical coralligenous habitat

species. The coexistence of these species with

infralittoral species favours the maintenance of

a high biodiversity. Due to the high heteroge-

neity of substratum the benthic settlement was

also characterized by the presence of soft

bottom species that occupied the interstices

filled with mud in the bryozoan bioconstruction

and the spaces left by dead organisms. A

schematic representation of the cumulative

sum series of the river juxtaposed with the

different phases of the benthic assemblage

succession is reported in Fig. 4.

Conclusion

This study underlines the importance of long-

term investigations when attempting to under-

stand benthic community succession. Long-term

studies allow detection of the effects of rare

events and slow acting processes, revealing subtle

but consistent trends and environmental changes.

Study results from short-term studies using static

‘‘snap-shots’’ of reality may not be able to detect

these changes. As a consequence, short-term

study results may lead investigators to arrive at

incorrect conclusions regarding the dynamics of

ecological systems. This 20 years study provided

information on the succession of benthic assem-

blages in relation to the Tevere River flow

variability. A benthic community during any

point in time is determined by the interaction of

biotic and abiotic factors. Among the abiotic

factors, the Tevere River flow, and the subse-

quent sedimentation process, seemed to have

influenced the benthic assemblage succession on

the artificial reef at Fregene. The present analysis

of a benthic community succession provides a

contribution that is useful in understanding the

dynamics of ecological systems. The analysis of

historical data thereby allows a better under-

standing of how ecosystems behave and develop.
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