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The mual rcdimentation ratss along a Portofino Promontory úiguie sea, Meditenuro) clifi were
studied uilg rmall aedinent trapo fired dircctly to the rmLa at 16, 20 md 25 m depth.

Montbly compuirou were made of orgmic md inorguic rotter origiutitrg ftom bìological production
ud clif eraion in the upper water levela, with eupended matter collectcd in the water colw clqe to
tÀe bottom. The highBt qnrhtity of c@e matter, related to the rainfall, wo colleqt€d iD the top trap.
Fiae sediments were due to tbe local eea onditiom, i.e., wave auperuion, ud iacreued from the gìrarow
to tùe deefEst tnp. ThiE swgBts that reeupeuion of file sedineds from the rea flmr uy represent
u importaDt ftactioD of rettlirg mtter at lower levels of tÀe eubmerged mtal cliff. ToM ud 'i'sM in
the water colm ue well onelated both at the interfae ud I m above ra fl@r but uot with the
uoutg of sedimentcd material. Tteir mual trenda reflest rainfall va.lueE, EwgestiDg u influence of
tÀe t4nigelou outflowE.
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INTRODUCTION

In recent years, several studies have been car-
ried out on the coupling between pelagic primary
production and the structure and functioning of
the soft-bottom communities (Hencnevu et al.,
1976; SuerecEK, 1980; T,rcucrrr, 1983; Bnosln eú
ol., 1989). Along coastal cliffs, little is known about
this relationehip (Hnoces et al., Lg88; EvaNs eú
al., 1980; GulllsxnN, 1982; Blvrsrrtr;LLo et al.,
1991) which appears to be affected not only by
the pelagic primary production and local hydro-
graphic regime (Sumrrcox, 1980), but also by oth-
er factors, such as rainfall and wave action (Bev-
ESTRELLo et al., L99L). Only a small fraction of
the primary production is used by hard bottom
communities inhabiting the vertical ctiff, while a
large quantity of organic matter falls on the sea
floor, playing an important role in the trophic
chains of soft-bottom communities (Oourvr and op

LA CRUz, 1967; MaNN, 1972; Hnooes, eú or., lggg;
Pernr, 1977; Ev,ws et ol., lg80). During rough
sea periods, this sedimented matter is resuspend-
ed by wave action and contributes to the organic
fraction of the water column (ZuxrNr-SenroRro
and Fagr.cNo, 1991).

In the present study, the nature and origin of
the settling matter and its contribution to resus-
pended sediments were investigated using traps
directly fixed at different depths along a high-
energy cliff of Portofino Promontory (Ligurian
Sea). In order to understand which factors influ-
ence the sedimentation processes, data collected
from the traps were compated to the seasonal
cycles of the total organic matter (TOM) and total
suspended matter (TSM) collected at the water-
sediment interface and, in the water column. 1 m
above the bottom.

METHODS

Three sediment traps have been placed adher-
ent to a vertical cliff near Punta del Faro (Por-94013 receiued 28 Jonwry 1991; accepted in reuision l0 May 19 .



Detritus Sedimentation and Resuspension 691

Figure 1. Sampling area at Portofino Promontory (Ligurian Sea): Punta del Faro (a). Paraggi Bay (b) is also marked.

tofino Promontory, Ligurian Sea, Mediterranean
Sea, Figure 1). This kind of trap consists of a
rectangular funnel with a mouth of 2 cm x 20 cm
converging into a cylindrical collector 20 cm lons

(BewsrnBr,r,o et d\.,1991). The first trap was at
15 m depth, inside a pre-coralligenous commu-
nity, characterized by the green alga Halimeda
tuna; the second was located on a slightly over-

îable 1. Meteorological data and sediment amount ín traps and water column.

Aver-
Aver- age
age Rain-

Wave fall
Height (mm/

Date (cm) day)

Trap 1
I Ò M

(s/m'lday)

îrap 2
2 0 m

G/m"/day)

Trap 3
25m

G/m"lday)

TOM
(melt)

TSM
(nsn)

abmablnadfsadfsadfs

9.2.90 41.3 7.7
16.3.90 53.5 0.6
5.5.90 47.0 6.2
1.6.90 17.0 0.3

14.6.90 63.6 0.8
10.?.90 45.6 0.2
2.8.90 10.0 0.9

23.8.90 27.5 2.8
6.9.90 30.0 5.3

19.9.90 30.7 2.1
7.11.90 59.9 t2.7
3.12.90 53.9 4.6
1.2.91 31.1 6.1

0.90 2.56 0.01
1.06 5.55 0.60
2.42 1.15 0.00
0.23 2.08 0.00
0.00 2.58 1.36
0.00 1.68 0.07
t.t7 0.96 0.01
2.80 2.42 1.61
2.03 1.79 0.69
2.33 3.50 0.71

10.14 5.63 1.81
6.20 4.16 0.35
2.84 6.55 0.03

1.00 8.18 3.10
0.83 8.33 1.19
1.67 1.6? 0.00
0.00 0.98 0.89
2.54 7.71 6.1r
1.60 1.31 2.71
2.L2 r . r7 1.68
4.29 0.91 4.64
1.75 0.48 0.71
5.24 0.88 1.51
2.30 0.86 0.88
5.83 6.66 L.92
6.94 9.64 2.67

t.12 7.28 0.L2
0.78 10.60 0.04
1.66 2.72 0.00
0.00 1.99 0.02
0.00 8.ó1 1.18
1.33 L.67 0.62
L. t1 1.00 0.40
2.06 2.37 0.68
r.26 2.05 0.14
4.91 4.51 0.01
8.74 8.85 0.40
7.76 10.03 1.58
2.68 6.79 0.03

2.56 1.66
2.70 2.83
3.52 2.8
4.4 1.98
3.19 2.15
2.73 3.09
4.05 3.41
3.85 3.17
6.1 3.87
5.18 5.66
4.45 4.35
4.07 4.05
4.78 3.7

v.òÒ f.oÒ

8.10 9.03
9.78 6.83

12.94 5.14
11.39 9.77
9.93 10.84

i3.06 9.74
16.04 10.93
21.40 7.90
18.50 17.69
14.13 15.00
13.34 10.38
17.70 10.88

c s : c o a r s e s e d i m e n t ; f s = f i n e s e d i m e n t ; a d : a l g a l d e b r i s ; i n : i n t e r f a c e ; a b : l m a b o v e
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Figure 3. Annual trende of the collected eediments in the three traps. A, B, C: fine matter in traps 1, 2, 3, respectively. D, E, F:
coarse matter in traps 1, 2, 3, respectively. The data are reported as daily average of the considered period.

observed, corresponding to heaw rainfall and
rough sea periods.

Differences arise when studying separately the
two granulometric fractions. The fine sediments
collected by the superficial trap (Figure 3A) are
abundant mainly in two distinct periods as follow:
February-first half March (about 6 g m-z 4-',
and from October to January (about 6-7 g m-2
6-t1 and are related to rainfall (n : 13; p < 0.05).
In the second and third trap (Figure 38 and C),
the fine sediments collected show a strong cor-
relation with the average wave height (n : 13; p
< 0.05 and p < 0.001 respectively) with three
peaks in February-first half of March, June and
OctoberJanuary (about 8-10 g m-z 4-t;.

The coarse sediments are mainly composed of
inorganic matter derived from the erosion of the
cliff and animal debris (exuvias, serpulids tubes,
shells). Most of this fraction was collected in the
first trap (about 10 g m-z U-t; in October (Figure
3D), and its annual trend is again closely liked to
the rainfall (n: 13; p < 0.001). AIso the deepest
trap (Figure 3F) shows a trend significantly cor-
related with rainfall (n : 13; p < 0.001), while no
correlation can be found for trap 2, probably as
a result of the particular slope of the cliff in this
point. Algal debris has been collected mainly at
20 m depth (Table 1), inside the Dictyota dicho-
toma f.acíes.

In the water column, the trends of TOM (Figure

D

E

F
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dynamic conditions. This is well documented by
the comparison between the present data and those
collected by BnvesrnoLLo et al. (1991) from Par-
aggi Bay, a locality very close to Punta del Faro
(Figure L), but much more sheltered from wave
action with a seven times higher sedimentation
rate. At Punta del Faro, in fact, the cliff is exposed
to the main littoral ligurian current which flows
from east to west and measures about 30 cm sec-l
(Sroccnnvo and TEsroNI, 1979). The Paraggi Bay,
on the contrary, can be considered a decantation
area, because a secondary branch ofthe main cur-
rent slows down, flowing along the eastern coasts
of the Portofino Promontory (Slru.' et a\.,1978)
forming the so-called "Gulf of Tigullio circuit".
These different hydrodynamic conditions are not
only at the basis of these quantitative differences,
but also can define the qualitative composition of
the settling matter. At Paraggi Bay, for instance,
the fine sediment fraction, well represented dur-
ing a large part of the year, is related to the coarse
sediments owing to a reduced resuspension inci-
dence. The opposite takes place at Punta del Faro,
where the annual trends ofthe two fractions seem
to be independent. Indeed, the fine sediment is
more directly linked to wave action than the coarse
one and is mainly controlled by the rainfall, which
washes away the terrigenous detritus into the sea.
Even if the organic fraction of the coarse sediment
(animal debris) is quantitatively important, it is
lighter than the inorganic one rind consequently
has a minor influence on the weight relationship.
Obviously only the heavier fraction (gravel), orig-
inating from the erosion of the cliff, is linked to
the rainfall. Along the Portofino Promontory cliff,
the fine sedimented matter in agreement with
GenoNnR's (1977) results was related to the sea
conditions, also determining an important resus-
pension. On average, f.ne sediments in the deepest
trap constituted 66.6% of the total settling mat-
ter, and only 52.2 and 55.0% in the traps placed
at 15 and 20 m depth. If we assume that the top
trap was not significantly influenced by resus-
pended sediments, in the deepest trap a good frac-
tion of fine sediments (12-15% of total sediment
collected) could be related to the resuspension
process.

Algal debris are also linked to the sea condi-
tions. This fraction was mostly found in the traps
during autumn, in connection with the end of the
biological cycle of many macroalgae, but no direct
relationship can be envisaged between the cycle
of the algal debris and that of TSM and TOM in

the water column. Algal debris before contribut-
ing to the particulate suspended matter undergo
physical and biological processes, 1.e., dispersion,
degradation, deposit-feeders ingestion, etc. These
processes delay the presence of algal debris in the
suspended particulate matter.

Finally, TOM and TSM, as expected, are well
correlated both at the interface and 1 m above
sea floor, but not with the amount of sedimented
material. Their annual trends reflect rainfall val-

ues, suggesting a terrigenous origin of this kind

of material.
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