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ABSTRACT: The depositional environment over a turf assemblage of the rocky shore south of Livorno 
was studied from April 1992 to September 1993 by means of sediment traps positioned 50  and 200 cm 
above the turf surface. Changes in environmental conditions and in the intensity of terrestrial erosion 
and wind-wave resuspension of bottom sediments played a major role in controlling both the magni- 
tude of sediment deposition and the nature of sedimented material, while limited responses to seasonal 
patterns of sedimentation of phytoplanktonic material were found. Mean rates of sediment deposition 
fluctuated between 1.6 and 52.4 g m-' d-', and the amount of trapped material decreased with distance 
from bottom, reflecting intense sediment resuspension and movement over the algal turf. The material 
sedimenting was mostly composed of small-size (<ZOO pm) inorganic particles, and the organic mater- 
ial was characterized by the presence of highly degraded detritus. Besides faecal pellets few recogniz- 
able structures were found in the traps, such as charcoal fragments which probably originated from 
extensive burning of the coastal vegetation. Considerable variations in the intensity of the depositional 
environment over the algal turf were evident: the maxima sediment deposition and movement 
occurred in autumn and were related to heavy rainfall and wind-wave action, while in the summer the 
algal turf was generally free from sediment smother and scour. The ecological significance of these 
quantitative and qualitative temporal fluctuations is discussed, and the possible long-terrp impact of 
fire deforestation and increased soil erosion on turf structure and composition is hypothesized. 
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INTRODUCTION 

Sediment deposition and movement are likely to be 
some of the major physical factors influencing the 
structure, biomass and metabolism of seabed commu- 
nities (Moore 1972, 1977, Mills 1975, Smetacek 1984). 
A significant part of the particulate organic carbon 
produced in the water column is channeled into the 
benthic food webs, and sediment fauna rapidly 
respond to fluctuations in the quantity and quality of 
sedimenting material by regulating its metabolic activ- 
ity and growth (Graf et al. 1982, Graf 1987, Yap 1991, 
Relexans et al. 1992). Sedimentation greatly affects the 
composition and the ecology of coral reef communities 

(Rogers 1990, Wittenberg & Hunte 1992), and exces- 
sive sediment loads may depress coral growth and sur- 
vival by smothering coral tissues, by reducing light 
availability and coral capacity to capture food and 
even by preventing settlement and recruitment of 
coral larvae (Hunte & Wittenberg 1992, Rice & Hunter 
1992). Seagrass species that develop vertical shoots 
may respond to fluctuations in sediment depth by mod- 
ifying their vertical growth (Marba & Duarte 1994, 
Marba et al. 1994). Coupling between fluctuations in 
sedimentation rates and the relative abundance of spe- 
cies has also been postulated for algal communities in 
temperate reefs (Littler et al. 1983, Stewart 1983, 
D'Antonio 1986). Monitoring the spatial and temporal 
variations in the rates of sediment deposition and 
movement is, therefore, one important step towards 
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the understanding of patterns of distribution and 
abundance of benthic communities in many different 
habitats. 

Despite some methodological uncertainties (Bloesh 
& Burns 1980, Lee et al. 1983, Buesseler 1991), sedi- 
ment traps have proved to be a powerful tool to 
directly assess the flux and the composition of particles 
in aquatic environments. In the last 30 years sediment 
traps of different sizes and shapes have been used with 
success to measure sedimentation rates In many 
oceanic (Honjo 1980, Deuser et al. 1981, Fellows et al. 
1981, Fowler & Knauer 1986) and soft-bottom coastal 
areas (Stephens e t  al. 1967, Peinert et al. 1982, Wass- 
mann 1985, Bhosle et al. 1989, Hopcroft et al. 1990, 
Posedel & Faganeli 1991, PuSkaric e t  al. 1992). Results 
from these studies have produced evidence of large 
spatial and temporal fluctuations in the quantity and 
quality of total particle flux, which appear to be the 
response to a complex of hydrographical and biologi- 
cal processes. Among the principal factors that can 
influence the composition and flux of sedimenting 
matter in coastal areas are prj.mary production (Peinert 
et al. 1982, Lignell et al. 1993), land erosion (Pockling- 
ton & Leonard 1979) and wind-wave or tidal resuspen- 
sion (Anderson & Meyer 1986, Lund-Hansen 1991). 
Marked fluctuations of sedimentation rates may be 
observed in rocky coastal areas as  well, with possible 
consequences for benthic communities (Daly & Math- 
ieson 1977, Littler et al. 1983, Stewart 1983, McQuaid 
& Dower 1990). However, the role of sedimentation in 
these habitats has been largely neglected until 
recently, and sediment traps have rarely been used to 
assess the flux of particles on rocky shores (Gulliksen 
1982, Rogers 1983, Bavestrello et al. 1991, Kendrick 
1991). 

The rocky shore south of Livorno, Italy (Western 
Mediterranean Sea) is characterized by turbid water. 
The benthic subtidal community of this area is strongly 
dominated by a filamentous algal turf (Airoldi et al. 
1995). The prevalence of algal turfs in many rocky 
marine communities has been attributed, among other 
factors, to their ability to trap sediments (Sousa et al. 
1981, Seapy & Littler 1982, Stewart 1989). Sediment, in 
fact, is a structural constituent of algal turfs (Scoffin 
1970, Stewart 1982, Kendrick 1991), and the character- 
istics of the deposltional environment presumably 
influence the composition and the structure of the turfs 
themselves (Stewart 1983). In order to evaluate the 
importance of the depositional environment to the turf 
assemblage of the study area, the annual cycle of sedi- 
ment deposition and movement over the turf was stud- 
ied from April 1992 to September 1993 by means of 
sediment traps. The quantity and the quality of the 
sedimenting particulate material were investigated in 
relation to the properties of the water column and to 

meteorological conditions. The quantitative character- 
ization of the depositional environment presented in 
this paper, together with the analysis of the composi- 
tion and the seasonal dynamics of the algal turf which 
were carried out in parallel (Airoldi et al. 1995), pro- 
vided the necessary background for the experimental 
investigations currently in progress devoted to ad- 
dressing the role of sediment deposition and abras~on 
in maintaining and structuring the turf assemblage. 

MATERIAL AND METHODS 

Study site. The study site (430301N, 10°20' E) is 
located about 10 km south of Livorno (Ligurian Sea), 
which is a highly industrialized and relatively large 
urban area as well as one of the most important ports 
in Italy (Fig. 1). Here the bottom consists of a gently 
sloping platform ot sancistone boulders covered by a 
dense filamentous algal turf (Airoldi et al. 1995). Sed- 
iment trap deployments were carried out at a depth 
of 14.5 m, while hydrographical measurements were 
made approximdieiy 200 i~i seabvaids fmm the sedi- 
ment traps, on a muddy detritic bottom about 40 m in 
depth. Close to the study site, the high rocky cliffed 
coast is interrupted by a short arroyo of limited and 
intermittent flow, which forms a small detrital cone. 
The area is highly exposed to wave action and is 

Fig. 1. Study area showing locat~on of the sampling site 
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open to winds from southeast (SE) to northwest (NW). 
The general circulation is little known and is proba- 
bly rather complicated due to irregular coastal and 
bottom topography. The current along the coast is 
generally weak and mainly heads northwest; the 
flow, however, may completely reverse or interact 
with slow circular motions which cause a low renewal 
of the water mass (Gasparini et  al. 1987). The area is 
at least partially affected by domestic and industrial 
wastes from the city of Livorno (Leoni et al. 1991a), 
and in recent years there has been a perceptible 
increase in the turbidity of the water, probably as a 
consequence of extensive burning of the coastal veg- 
etation leading to greater soil erosion (see 'Discus- 
sion'). Further general information concerning the 
sedimentological and geomorphological characteris- 
tics of the coastal manne system off Livorno may be 
found in Gandolfi & Paganelli (1975) and Leoni et al. 
(1991b). 

Sampling. The vertical profiles of temperature and 
salinity at  depth intervals of 0.5 m through the water 
column were recorded with a multiparametric probe 
(Idronaut Mod. 501) from November 1992 to October 
1993. Daily precipitation rates and velocity of winds 
from SE to NW relative to the city of Livorno were pro- 
vided throughout the research period by the Ufficio 
Idrografico e Mareografico of Pisa and by the Awi-  
satore Marittimo of Livorno respectively. 

Sediment deposition and movement over the algal 
turf were measured using a trap system consisting of 2 
sets of polypropylene cylindrical vessels positioned 
with their mouths at 50 and 200 cm respectively above 
the seafloor. Each vessel had a diameter of 51 mm and 
a height of 200 mm (aspect ratio: 3.9) and was held ver- 
tically stable by means of a stainless steel frame 
cemented to the bottom. The frame carried 4 irregu- 
larly arranged short 'T' arms (2 for each depth) ending 
with 2 fixed PVC cylindrical tubes (diameter 60 mm, 
height 150 mm). The vessels were placed in the tubes 
and held in position by rubber bands. Three/four ves- 
sels were used at  the same depth in order to estimate 
the variability between sediment traps. The traps were 
deployed from April 1992 to September 1993 during 
16 periods ranging from 8 to 33 d (average 21), with 
1 exceptional period of 44 d. Deployment and retrieval 
of the vessels were carried out by SCUBA diving; ves- 
sels were closed with plastic stoppers during both 
operations. Some drops of chloroform were added in 
the field throughout the research period to reduce the 
impact of grazing and decomposition of organic mate- 
nal. The study was initjally designed to run over 2 yr, 
until March 1994, but in October 1993 sampling was 
interrupted because a violent storm seriously damaged 
the frame, compromising further measurements as 
well as the last ones which had been carried out. 

Chemical analysis. The material collected in each 
trap was passed through 200 pm mesh to separate the 
coarse particles (hereafter coarse material: CM) from 
the finer ones (hereafter particulate material: TPM). 
The abundance and composition of both components 
was quantitatively assessed, and the total amount of 
material sedimenting over the algal turf was then 
expressed as their sum (total sediment deposition = 
CM + TPM). 

The CM from 1 trap from each depth was preserved 
with buffered formalin in seawater ( 5%)  for micro- 
scopic analysis. A grid with 50 equally spaced dots was 
placed below the Petri dish where the material was be- 
ing examined and contacts with each particle were 
counted under a stereomicroscope. The abundance of 
different kinds of particles was expressed as the per- 
centage over the total number of contacts. The amount 
of CM from the remaining traps was determined gravi- 
metrically on preweighed meshes (Krey 1964). The ma- 
terial was repeatedly rinsed with distilled water to re- 
move salts and dried at 60°C for 24 h before weighing. 

The smaller particles passing the mesh were resus- 
pended in 1 1 of filtered seawater (Sartorius SM 113, 
0.2 pm) and kept homogeneous by agitation on a mag- 
netic stirrer. Aliquots were withdrawn by pipetting 
from the suspension and filtered through precom- 
busted (450°C, 3 h) 25 and 47 mm Whatman GF/F glass 
microfibre filters for the analysis desciibed below. At 
least 3 replicates of each analysis were made. TPM 
was determined gravimetncally on preweighed filters 
in the same manner a s  CM. The fraction of particulate 
organic material (POM) was determined by weight loss 
on ignition a t  450°C for 3 h (Dean 1974). The content of 
particulate inorganic material (PIM) was then calcu- 
lated by subtraction (PIM = TPM - POM). 

Particulate organic carbon (POC) and nitrogen 
(PON) were analyzed with a CHN analyzer (Carlo 
Erba Model 1108). To remove any carbonates the fil- 
ters were treated with fumes of HCI for 5 h and dried 
prior to analysis (Hedges & Stern 1984). 

Chlorophyll a (chl a )  and phaeopigments were 
extracted with 90% acetone and determined spec- 
trophotometrically before and after treatment with 
dilute HC1 (Strickland & Parsons 1972). The presence 
of chloroform degrades some of the chlorophylls to 
phaeopigments during trap exposure (Hendrikson 
1976, Gundersen & Wassmann 1990). The pigment 
content was, therefore, expressed as chl a equivalents 
(chl a eq) ,  that is, the sum of chl a and  phaeopigment 
content (Smetacek 1980). 

The amount of TPM, POM and PIM were measured 
throughout the research period (April 1992 to Septem- 
ber 1993), while the content of CM was investigated 
from July 1992 onward and those of POC, PON and 
chloropigments from April 1992 to June 1993. 
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RESULTS 

Hydrography and meteorological conditions 

Temperature of the surface water varied from 13.3"C 
in February/March to 25.1°C in August (Fig. 2A). The 
range of these fluctuations generally decreased with 
depth. Temperature greatly influenced the vertical 
mixing of the water column. From November to May 
temperatures were homogeneous from the surface to 
the bottom, implying intense mixing of the water col- 
umn. From May onward, with the development of 
warmer and stabler meteorological conditions, the sur- 
face water temperature increased. The effect of this 
summer warming penetrated to 15-25 m in depth, 
making the water column thermally stratified from 
June to September. This stable situation broke up at 
the end of October, when cold northeast winds caused 
a drop in surface temperature. 

Surface salinity was maximal in February (38%0) and 
minimal in June (3?.5"A), when a slight saline stratdi- 
cation of the water column developed in parallel to the 
thermal one (Fig. 2B). The fluctuations of the saiinity 
were very limited, probably due to the low rlverlne 
input into the area. 

Rainfall averaged over the various periods of deploy- 
ment of sediment traps was generally lower than 3 mm 
d-l, with 1 exceptional peak in September/October 
1992, while winds from SE to NW showed major tem- 
poral fluctuations in mean velocity (Fig. 3A). 

Fig. 2. Vertical profiles of (A) temperature ("C) and ( R )  sal~nity 
(L) measured a t  depth intervats of 0.5 m along the water col- 

umn from November 1992 to October 1993 

Fig. 3. (A) Mean rainfall (mm d-l, left axis V) and speed of 
winds from SE to NW (km h-', right axis V);  and mean rates of 
deposition (+l SE, 3 < n < 4,  g m-*d-l) at 50 cm (W) and 200 cm 
(U) above the turf surface of: (B) total sediment, (C) coarse 
material (CM) and (D) particulate material (TPM) during var- 
ious periods of deployment of sediment traps from April 1992 
to September 1993. Rainfall and wind speed data refer to the 
near city of Livorno; wind velocities were measured at 06:OO h 

Depositional environment 

Sediment trapped in relation to depth 

The amount of total sediment trapped greatly dif- 
fered with depth (Fig. 3B). Traps in proximity of the 
seafloor, in fact, generally collected more material then 
those located 1.5 m above in the water column, sug- 
gesting high resuspension of particles from the bottom 
and sediment movement over the algal turf The differ- 
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Wind sped  (km h-') 
- 3  

Fig. 4 .  Regression of the differences in flux of coarse material 
between 50 and 200 cm above the seafloor (CM50-CM200, g 
m-2 d-') on the mean speed (km h-') of winds from SE to NW 
averaged over the exposure time of the traps. The regression 
line is described by the equat~on: 

CM50-CM200 = O.S(wind speed) - 1, RZ = 0.5, n = 13 

ences with depth mainly concerned the amount of CM 
(Fig. 3C) and were significantly correlated with wind 
velocity (R2 = 0.5, p < 0.01, Fig. 4). Conversely, the 
abundance of TPM was rather uniform with depth (Fig. 
3D),  probably because the resuspension of these finer 
particles generally involved all the water column 
above the sediment traps. No differences were 
observed in the composition of the material collected at 
the 2 d e ~ t h s ,  excelst for the relative content of faecal 
pellets of the CM (Fig. 51, which was significantly 
higher in bottom traps (p < 0.05, Student's t-test, 
n = 13). 

Temporal pattern 

Marked temporal fluctuations in mean rates of total 
sediment deposition over the algal turf were observed 
at  both depths. During the period of investigation the 
amount of total material collected varied from 3.1 to 
52.4 g m-2 d-l and from 1.6 to 51.1 g m-2 d-' in bottom 
and upper traps respectively (Fig. 3B); these differ- 
ences reflected fluctuation both of CM and TPM 
(Fig. 3C, D). A seasonal pattern was evident: the maxi- 
mum sediment deposition occurred in autumn and was 
probably related to both heavy rainfall and wind- 
induced wave action, while in the summer the algal 
turf was generally free from sediment burial. 

Mean sedimentation rates of chl a eq  were lowest 
from May to August 1992 and highest from September 
1992 to March 1993 (Fig. 6). The relatively higher 
fluxes measured during November/December 1992 
were probably related to the wind-wave resuspension 
of bottom detritus containing organic material pro- 
duced by grazing of zooplankton or suspension feed- 

= AMORPHOUS AGGREGATES 

m ALGAL DEBRIS 

B FAECAL PELLETS 

m INORGANIC D E B R I S  

CHARCOAL FRAGMENTS 

1 LARVAE & EGGS 

[4 INVERTEBRATES 

Fig. 5. Percentage composit~on of coarse material (CM) col- 
lected with sediment traps (A) 50 cm and (B) 200 cm above the 
turf surface during various periods of deployment from 

Apr~l  1992 to June 1993 

ing organisms. Conversely, the peaks measured in 
April 1992 and January/February 1993 presumably 
indicate inputs of fresh phytodetritus from surface pri- 
mary production. 

Nature of trapped particles 

The microscopic quantitative analysis revealed that 
most of the CM found in the sediment traps from both 
depths consisted of amorphous aggregates, algal 
detritus and oval or cylindrical faecal pellets (Fig. 5). 
Eggs, larvae and a variety of juvenile benthic inverte- 
brates, such as crustaceans, gastropods and clams, 
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Fig. 6. Sedimentation rates ( + l  SE, 3 < n < 4,  left axes, bars) of (A) particulate lnorganlc mater~al  (PIM),  (B)  par t~cula te  organic 
carbon (POC), (C)  particulate organic n~ t rogen  (PON) and (D) chl a equivalents (chl a eq) ;  and (right axes, l ~ n e  graphs) (B) POC/ 
par t~cula te  matenal (TPM), (C)  POC/PON and (D) POC/chl a eq  ratios of sedimented material 50 and 200 cm above the turf sur- 

face from Apnl 1992 to September 1993 

were present especially during spring and summer 
months. Occasionally adult benthic invertebrates 
were also found In the traps, man ly  gastropods. In 
November and December 1992 a large fraction of the 
CM consisted of inorganic detritus. especially grams 
of sand.  Charcoal fragments were found in the traps 
throughout the research penod and were especially 
abundant from September to December 1992, when 
precipitation and consequent erosion from land were 
most intense. 

The major part (57 to 95%) of the TPM collected 
by sediment traps at both depths was composed of 
the inorganic fraction (Fig. 6A). The relative mean 
POC content of TPM was 1.7 to 27 % (average 6.1, 
n = 26, Fig. 6B) with a POM/POC ratio between 1.5 
and 4.9. Small seasonal variations were observed, 
Implying very little influence of phytoplanktonic pro- 
duc.tion with respect to other sources of POC, such as 
resusp~nsion of bottom sediments, lnfloxv of eroded 
materlal from land or import of domestic sewage. 

Confirmation of this comes from the high values of 
the POC/chl a eq  (wt/wt) ratlo measured throughout 
the investigation (Fig. 6D). This ratio should estimate 
the relative content in plant pigments of organic 
detritus and,  according to Zeitzschel (19701, values of 
100 or less should lndlcate important inputs of fresh 
phytodetritus. The POC/chl a eq ratios measured at 
our study site were higher than 200 during most of 
the year, reaching values as high as -800 during 
October/December 1992 and March 1993. The lower 
ratios were observed in April/May 1992 and Janu- 
ary/February 1993 (175 and 105 respectively) 

The POC/PON rat10 of the trapped material was 
always rather high and showed modest variations with 
season (Fig. 6C). Low values for the POC/PON ratio 
suggest consistent inputs of fresh phytodetritus, 
whereas values greater than 7 imply an  ageing of the 
organic matttnal or a contnbution from terrestrial 
sources (Parsons 1975, Pocklinqton & Leonard 1979, 
Poulet et  al. 1986). The POC/POY ratios from our rocky 
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site ranged between 7.2 and 18.5 (average 11.7, n = 26) 
suggesting once again important deposition over the 
turf of terrestrial and resuspended detritus. 

DISCUSSION 

High levels of sediment deposition have been impli- 
cated as detrimental to species richness and diversity 
of hard bottom communities in a number of studies 
(Neushul et  al. 1976, Daly & Mathieson 1977, Seapy & 

Littler 1982, Engledow & Bolton 1994), and the preva- 
lence of algal turfs in many intertidal and subtidal 
rocky habitats has been suggested to be related to pro- 
longed high levels of sediment burial and scour (Thom 
& Widdowson 1978, Taylor & Littler 1982, Stewart 
1989). Mean rates of total sediment deposition over the 
turf assemblage of the study area fluctuated between 
1.6 and 52.4 g m-' d-l. These values are moderately 
high if compared with sedimentation rates measured 
with sediment traps in other shallow coastal areas 

(Table 1). However, great care needs to be taken when 
interpreting the composition and structure of benthic 
communities a s  a response to 'high' or 'low' levels of 
sedimentation, especially when comparing results 
from different sites and/or measured with sediment 
traps of various sizes and shapes. Laboratory and in 
situ experiments, in fact, have shown that the collec- 
tion efficiency of a sediment trap in moving water is 
primarily a function of its geometry (Gardner 1980a, b ,  
Butman 1986), and stable, vertically suspended, 
smooth cylinders, with an  inner diameter of more than 
45 mm and a n  aspect ratio of more than 3 like those 
used in the present study, give the most reliable results 
(Bloesh & Burns 1980, Blomqvist & Kofoed 1981, But- 
man et  al. 1986). Moreover, traps placed just above the 
substrate collect more sediment than those higher in 
the water column (Young & Rhoads 1971, Bovee & 
Delille 1980) and sedimentation rates measured in 
highly energetic habitats are more affected by bottom 
resuspension than those from sheltered areas (Sme- 
tacek 1984, Lund-Hansen 1991). To date sediment 

Table 1. Rates of sediment deposition (g d-l) measured with sediment traps in different shallow water coastal envlronrnents 

Location Bottom Height of traps Sediment deposition Source 
Bottom characteristics depth (m) above the bottom (m) (g  m-2 d-' 1 

- - 

Cape Cod Bay, Massachusetts, USA 12 0.2 ca 18 Young & Rhoads (1971) 1 Sand 0.5 ca 10 
0.8 ca 8 

Discovery Bay, Jamaica 
Reef lagoon 

Banyuls sur Mer, France 
Mud 

Kiel Bight. Baltic Sea 
Soft sediment 

h e 1  Bight, Baltic Sea 
Soft s ed~ment  

St Thornas, USVI 
Coral reef 

Puerto Rico 
Back reef 

Paraggl Bay, Italy 
Rocky cllff 

Acadelny Bay, Galapagos 
Reef lagoon 

4 0.5 5-11 Dodge e t  al. (1974) 

32 5 1 10.4-82.5 Bovee & Delille (1980) 
1.5 22.6-114 7 
2.5 12.1-73.9 

20 2 1.7-5 Smetacek (1980) 
5 1.8-5 

20 2 ca 0.1-349 Peinert et  al. (1982) 

3-5 0.1 8 * 4-58 + 133 Rogers (1982) 
0.5 l k l - 1 6 d  I 

4 0.1 96 * 24 Rogers (1 983) 
0.5 25 2 9-26? 12 

24 8 11.9-129 7 Bavestrello et  al. (1991) 

Western Baltic Sea 10.5-16 1 
Soft sediment 

Gulf of Tneste, Italy 17 1 
Soft sediment 

Northern Adriatic, Italy 32-37 2 
Soft sediment 

Ligurian Sea, Italy 14.5 0.5 
Sandstone boulders covered 2 
by an algal turf 

0.2-13.3 Lund-Hansen (1991) 

10-108 Posedel & Faganelh ( l99 1) 

2.1-41.3 PuSkaric et  al. (1992) 

3.1-52.4 Present work 
1.6-51.1 
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deposition on rocky shores has rarely been quantified 
and characterized with sediment traps (Gulliksen 
3982, Rogers 1983, Bavestrello et al. 1991, Kendrick 
1991), and responses of rocky bottom communities to 
different sedimentation levels are not well known, 
because of the lack of direct experimental research 
(but see Kendrick 1991). 

The quantitative analysis of the composition of the 
material sedimenting over the algal turf at  our study 
site showed that it was mostly composed of small-size 
particles (<200 pm), which accounted for 36 to 96% 
(average 76 %, n = 26) of total trapped sediment at both 
depths. These fine particles were characterized by a 
high content of the inorganic fraction, always more 
than 57%, and by POC/PON ratio values generally 
higher than 9, which both provide evidence of consis- 
tent inputs of terrestrial sediments (Pocklington & 
Leonard 1979, Faganeli et al. 1988, Navarro et al. 
1993). Terrigenous addition to sedimenting material is 
also suggested by the major TPM sedimentation rates 
which were measured in correspondence with heavy 
rainfall and possible consequent erosion from land. In 
1990 the study area was hit by extensive iires invoiving 
the coastal vegetation, and a pronounced increase of 
water turbidity close to the shore was noticed in the 
following years (Airoldi & Cinelli pers, obs.). This is 
presumably a consequence of greater soil erosion and. 
particulate transport. Increased water turbidity and 
sediment load may be potential critical sources of 
stress and disturbance for rocky shore communities 
(Daly & Mathieson 1977, Seapy & Littler 1982, Lumb 
1990, Shaffer & Parks 1994), and prolonged sediment 
smothering may have a more extensive impact than 
short-term deep burial by sediments (Marszalek 1981, 
Rogers 1990). Algal turfs at our study site were never 
buried by sediments during the period of investigation, 
but a possible long-term impact of fire deforestation 
and runoff of eroded soils on sedimentation rates is 
suggested by the large amounts of charcoal fragments 
found in the sediment traps even 3 yr after the fire 
event. 

Mean sediment deposition measured throughout the 
Investigation was generally higher in the proximity of 
the seafloor than 1.5 m above in the water column. 
Increasing sedimentation rate with depth seems to be 
a typical feature of many shallow coastal marine sys- 
tems, where resuspension of bottom sediments, in- 
duced by wind or storm waves, contributes consider- 
ably to sedimented particulate material (Young & 
Rhoads 1971, Hargrave & Taguki 1978, Smetacek et al. 
1978, Bovee & Delille 1980, Gulliksen 1982, Llebezeit 
& Bodungen 1987, PuSkaric et al. 1992). This contrasts 
with the usual situation in open-ocean systems, where 
surface water productivity is often the chief source of 
sinking particles (Knauer et al. 1978, Honjo 1980, 

Deuser et a1 1981). At our study site evidence of resus- 
pension was provided by the sand grains collected by 
sediment traps at both depths as well as by the high 
POC/PON ratios, suggesting inputs of degraded 
organic material from bottom sediments (Parsons 1975, 
Navarro et al. 1993). Decrease in flux with distance 
from the bottom may give quantitative information on 
resuspension rates and consequently on sediment 
movement in the habitat (Bloesh 1994, Kozerski 1994). 
During the investigation the amount of CM decreased 
l 0  to 86% (average 37 %, n = 26) from bottom to upper 
traps, and the differences among depths were signifi- 
cantly correlated with wind velocity, which is a good 
indicator of water turbulence for the study area. This 
result suggests intense sediment movement over the 
algal turf. Resuspension probably also involved the 
finer particles, although no marked decrease of TPM 
flux was observed with depth, possibly because the 
process affected a major p d ~  t ,  if not all, of the watc: 
column above the sediment traps. 

On exposed rocky habitats, like those in this study, 
sediment deposition and movement are often com- 
' ' ' - I - - -  L -  1- +..-L1.l*mt fl,,., no,, th0 hC)ttOIII, h,,t ullieu uuc LV :ligll CUI UUIL... L.v .. .---. 
the effects they have on benthic communities (i.e. 
smothering and scouring respectively) are different 
and should be distinguished (Taylor & Littler 1982, 
D'Antonio 1986, Kendrick 1991). Sediment smothering 
involves reduced availability of light, oxygen, nutrients 
and firm substratum for settlement and recruitment 
while scouring may remove whole organisms or their 
parts (Daly & Mathieson 1977, Devinny & Volse 1978). 
The degree and duration of sediment burial as well as 
the strength of water motion determine the intensity of 
the perturbation. Seasonal variations in rates of sedi- 
ment deposition and movement and in the quality of 
sedimenting material can, therefore, be presumed to 
affect the composition and structure of the biota, and 
coupling between fluctuations in sedimentation levels 
and the relative abundance of algal species has been 
postulated for algal communities in temperate reefs 
(Littler et al. 1983, Stewart 1983. D'Antonio 1986). The 
rates of sediment deposition over the turf assemblage 
on the rocky shore south of Livorno showed marked 
qualitat~ve and quantitative temporal fluctuations. 
These largely reflected changes in environmental con- 
ditions and in the intensity of land erosion and wind- 
wave resuspension of bottom sediments, while sea- 
sonal patterns of sedimentation of primary material 
made only a small contribution. In particular, during 
the investigation period, it was possible to identify 3 
distinct situations which may represent different levels 
of perturbation for the algal turf: 

(1) In fair weather sediment deposition and move- 
ment were relatively low and the algal turf was mostly 
free from sediment smother and scour. These condi- 
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tions occurred mainly in spring and summer, when 
increasing stabilization of the water column reduced 
bottom turbulence and vertical mixing. The composi- 
tion of the sedimenting material could, therefore, ben- 
efit from a slight increase in POC and plant pigments 
due  to higher superficial phytoplankton growth, 
although the relative input from primary production to 
total sediment flux in the study area was low compared 
to other shallow temperate coastal areas (Smetacek et 
al. 1978, Smetacek 1980, Peinert et  al. 1982, PuSkaric 
et  al. 1992, Navarro et  al. 1993). 

(2) In rainy weather the coast was heavily eroded, 
and large amounts of terrestrial material were trans- 
ported seaward and sank over the algal turf, as testi- 
fied to by the abundant charcoal fragments found in 
the sediment traps. The finer fraction predominated, 
and the content of organic material was rather low. The 
organic carbon was characterized by high values of the 
POC/PON ratios, which indicated the presence of com- 
pounds refractory to microbial degradation, like wood 
debris containing lignin (Pocklington & Leonard 1979). 
The high sediment loads from terrestrial origin which 
characterized the period of October/November 1992 
caused transient conditions of partial burial of the algal 
turf by a thin sediment layer (Airoldi pers. obs.), with 
possible smothering effects. 

(3) During storms or windy weather bottom sedi- 
ments were resuspended by water turbulence, as testi- 
fied to by the increasing trapping rates of CM with 
depth and by the abundance of sand grains found in 
the sediment traps. The content of organic material 
was quite low, and its composition reflected the pres- 
ence of highly degraded detritus. Resuspension likely 
involved both sediment from soft-bottom areas inter- 
spersed through the boulders colonized by the turf as 
well as sediment deposited over or entrapped in the 
turf itself. During these periods, therefore, scouring 
effects due  to sediment movement in the habitat were 
probably high, as suggested also by the marked 
decrease in the thickness of the algal turf which was 
observed after the prolonged storms which occurred in 
November/December 1992 (Airoldi et  al. 1995). 

Although the wide temporal fluctuations in the char- 
acteristics and intensity of the depositional environ- 
ment probably affected the thickness of the algal turf, 
its composition and structure remained constant dur- 
ing the period of investigation (Airoldi et  al. 1995). This 
result contrasts with observations from other authors 
(Littler et al. 1983, Stewart 1983) and suggests that, 
together with sediment deposition and movement, 
other physical and/or biotic factors could play a role in 
structuring the algal turf of the study area. This 
hypothesis warrants further multifactorial experiments 
that include observations on biotic interactions. Long- 
term studies, including analysis at  different spatial and 

temporal scales, a re  also necessary to document year 
to year variations in sediment loads and to evaluate the 
potential importance of fire deforestation and runoff of 
eroded soils in determining the persistence and com- 
position of the algal turf. 
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