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Submarine caves are environments with features distinguishing them from other littoral habitats but, despite their ecological impor-
tance, their response to anthropogenic disturbance has been seldom verified. One potential threat affecting natural communities
within caves is represented by recreational scuba diving. Divers’ disturbance within marine caves is mainly related to physical contacts
and increased sediment resuspension potentially affecting sessile organisms. The aim was to assess the potential effect of recreational
divers’ frequentation on the natural gross sedimentation rate (GSR) in a Mediterranean deep-water cave. To achieve this, sediment
traps were deployed along a scuba trail before, during, and after the peak season for tourist-related diving. No effects of divers’ fre-
quentation were evident in terms of alteration of natural GSR, but findings will need to be validated for other caves to asses whether
potential disturbance depends on frequentation levels and/or cave characteristics, i.e. sediment grain size or cave depth.
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Introduction
Submarine caves are common along the coast of the Mediterranean
Sea and can be considered a typical feature of the basin (Riedl,
1966). The presence of slow-growing sessile species with fragile
skeletons (Bussotti et al., 2006), of cave-restricted endemic
species under extinction threat (Chevaldonne and Lejeusne,
2003), and under specific circumstances (e.g. deep caves), the infre-
quency of natural disturbance to which they can be exposed have
led researchers to highlight the vulnerability of such habitat (Di
Franco et al., 2009a). For these reasons, submarine caves constitute
one of the listed habitats (code 8330) in the Habitats Directive
(European Union, Council Directive 92/43/EEC), but despite
their ecological importance, their response to anthropogenic dis-
turbance has been seldom verified. One of the possible threats
affecting the natural communities of submerged caves is that of
human access and frequentation for recreational scuba diving.

Anthropogenic disturbance from diving activity within marine
caves is mainly attributable to physical contacts, i.e. by divers’ fins,
body, and scuba gears, and increased sediment resuspension
potentially affecting sessile organisms (see Milazzo et al., 2002,
for a review). Although much is known about the disturbance
deriving from direct contact of divers on sessile and fragile organ-
isms (e.g. Uyarra and Côtè, 2007; Di Franco et al., 2009b; Luna
et al., 2009), as far as we know, quantitative data have never
been collected to assess the potential effects of scuba diving on
sediment dynamics. Therefore, the aim of the present work was

to assess the effect of recreational divers’ frequentation on the
“natural” gross sedimentation rate (GSR) in a Mediterranean
deep-water cave, defining as natural the rate not attributable to
human presence inside the cave. To quantify sedimenting particles,
we adopted a multifactorial sampling design using sediment traps.

Material and methods
The study was carried out at the Grotta dei Gamberi marine cave
in the Ustica Island Marine Protected Area (southwest Italy).
Grotta dei Gamberi is a diving location of great importance, com-
monly visited by diving centre customers, especially in summer,
when more than 200 declared dives can be performed. The cave
has two openings: a very large one (17.3 m wide, 6 m high, at a
depth of 42 m) usually used by divers as the entrance, and a nar-
rower one (1 m wide, 1.5 m high, at a depth of 26 m) usually used
as the exit (Figure 1). Owing to these characteristics, natural dis-
turbance within Grotta dei Gamberi can be considered infrequent.
The bottom of the cave is covered by a floor of bioclastic sediment
showing a non-homogeneous grain size distribution ranging from
1 mm to 1.5 cm (Di Franco et al., 2009c).

Gross sedimentation rate (defined as the total quantity of
material sampled in a sediment trap, with a known cross-sectional
area and over a known length of time, sensu Charles et al., 2005)
inside the cave was measured by 28 sediment traps positioned
along the cave. Traps consisted of a PVC cylinder 10 cm long
with a mouth inner diameter of 9.1 cm. The aspect ratio
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(height/diameter) of the trap was �1.1, a value considered appro-
priate for preventing sediment resuspension and measuring gross
sediment input in a non-turbulent environment (White, 1990;
Wielgus et al., 2004), such as a deep cave. We laid traps along
the trail used by recreational divers, a trail previously identified
following guides during dives. Such scuba trails are generally con-
servative at a diving location such as a cave (Di Franco et al.,
2009a). We placed seven rows of traps along the trail (Figure 1),
each row consisting of four traps: two at �1.5 m and two at
�3 m from the outer margin of the scuba trail (Figure 1).

Sampling was carried out from May to December 2007, cover-
ing three periods: before the tourist season (B: May/June), during

Figure 1. (a) Schematic representation of the Grotta dei Gamberi (modified from Colantoni et al., 1991). (b) Longitudinal section of the
Grotta dei Gamberi, with indications of depth (modified from Colantoni et al., 1991). Drawings by GF.

Table 1. Recreational diver frequentation per sampling occasion of
4 d during three periods at Grotta dei Gamberi, Italy.

Frequentation rate

Before During After

0 20 5
0 15 5
5 18 0
Mean 1.66+ 1.66 Mean 17.66+ 1.45 Mean 3.33+ 1.66

Means are average+ s.e.

872 A. Di Franco et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/67/5/871/610287 by guest on 19 April 2024



the tourist season (D: July/August), and after the tourist season
(A: October–December). In each period, we performed three
sampling experiments at random times. On each occasion, we
also recorded leisure diver frequentation by interviews with
diving centre owners and direct observation. Traps were deployed
for 4 d on each occasion. After traps were collected by divers, sedi-
ment weight was measured in the laboratory following standard
procedures (White, 1990; Wielgus et al., 2004).

Because of the uniqueness of each cave (Bussotti et al., 2006), it
was impossible to find any similar cave unfrequented by rec-
reational divers to use as a control location, so an asymmetrical
experimental design was selected based on different periods (one
impact and two controls), logically analogous to asymmetrical
designs to detect environmental impacts (see Terlizzi et al., 2005,
and references therein). Based on diver frequentation data [D .

B ¼ A; one-way ANOVA (p , 0.01) and a Student–Newman–
Keuls (SNK) test], we considered five factors for the analyses:
impact vs. controls [IvsC; fixed, two levels: impact (during) and
controls (before and after)], period (Pe; fixed nested in IvsC,
three levels: before, during, and after), date (Da; random, nested
in IvsC with three levels: first, second, and third), row (Ro;
fixed, seven levels: from 1 to 7), and distance (Di; fixed, two
levels: near and far). For each of these five, there were two repli-
cates per combination of factor levels. Permutational analysis of
variance (PERMANOVA; Anderson, 2001) based on Euclidean
distance was used on log(x þ 1)-transformed data to test for
differences in sedimentation rate.

Results and discussion
Despite the difference in divers’ frequentation among sampling
periods [Table 1; D . B ¼ A; one-way ANOVA (p , 0.01) and
SNK test], no significant differences were recorded in the quantity
of sediment collected by the traps nor among impact and control
periods and among all periods considered (Table 2). Moreover,
there was no variability between different occasions. The analysis
failed to provide any evidence of a difference between the two dis-
tances from the scuba trail considered (Di: not significant) nor any
space-localized effect (IvsC � Di: not significant).

In the present study, therefore, we conclude that there were no
effects of diver frequentation in terms of alteration of the natural

GSR, despite the body of literature indicating resuspension as a
potential way that scuba divers may induce disturbance (see
Milazzo et al., 2002, for a review). No differences in the quantity
of sediment trapped were recorded between unfrequented or less
frequented and highly frequented occasions of sampling,
suggesting to us that limited diver frequentation (as recorded in
the present study) cannot alter natural sedimentation and resedi-
mentation processes. This is particularly true if we specifically con-
sider the granulometric patterns of the Grotta dei Gamberi (Di
Franco et al., 2009c).

The evidence emerging from our work needs to be validated for
caves with different exposure to water flow (e.g. at shallower
depths), with different sediment types, and/or for caves with
greater frequentation rates of scuba divers. We anticipate that
our results will be simply the starting point for more detailed
assays on sediment dynamics and benthic communities within
marine caves.
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