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Abstract

Man-made defence structures (e.g., breakwaters, jetties) are becoming common features of
marine coastal landscapes all around the world. The ecology of assemblages of species asso-
ciated with such artificial structures is, however, poorly known. In this study, we evaluated the
density and size of fish predators of echinoids (i.e., Diplodus sargus, Diplodus vulgaris, Sparus
aurata), and the density of sea urchins (i.e., Paracentrotus lividus) at defence structures (i.e.,
breakwaters) inside and outside the marine protected area of Miramare (northern Adriatic
Sea) in order to: (1) assess possible differences in fish predator density and size between
protected and fished breakwaters; (2) assess whether fish predation may have the potential to
affect sea urchin density in artificial rocky habitats. Surveys were carried out at four random
times over a period of two years. Total density, and density of medium- and large-sized in-
dividuals of the three predatory fishes were generally greater at the protected than at the fished
breakwaters, whereas no differences were detected in the density of small-sized individuals.
Density of the sea urchin P. lividus did not show any difference between protected and fished
breakwaters. The results of this study suggest that: (1) protection may significantly affect
predatory fishes in artificial rocky habitats; (2) differences in predatory fish density, and size
may be unrelated with the density of the sea urchin P. /ividus; (3) protected artificial structures
such as breakwaters, originally planned for other purposes, could represent a potential tool for
fish population recovery and enhancement of local fisheries.
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1. Introduction

Man-made structures are becoming very common in shallow coastal waters all
around the world. Some artificial reefs are specifically planned for enhancing fish
productivity and/or mitigating the destructive effects of illegal trawling (Bohnsack,
Johnson, & Ambrose, 1991; Relini, Relini, Torchia, & Palandri, 2002; Wilson,
Leung, & Kennish, 2002). Most of the man-made structures built in marine coastal
areas (e.g., breakwaters, jetties), however, are aimed at a wide array of other
purposes, such as protection of coastal maritime, industrial and urban develop-
ments and activities against erosion and wave action (Bulleri & Chapman, in press;
Chapman & Bulleri, 2003; CIESM, 2002; Glasby & Connell, 1999). Coastal de-
fences are expected to increase in the near future, as human populations are in-
creasing on coastal zones worldwide (Connell, 2000, & references therein). These
artificial structures generally introduce novel hard-bottom habitats into shallow
coastal waters usually characterised by soft bottoms. Several authors thus stressed
the urgent need for better understanding the potential impact of coastal defences,
and their associated assemblages, on natural environments (Chapman & Bulleri,
2003; Glasby & Connell, 1999). Most of the available information on the assem-
blages associated with defence structures concerns intertidal and subtidal epibiota,
and their interactions with some physical and biological factors (Bacchiocchi &
Airoldi, 2003; Bulleri & Chapman, in press; Chapman & Bulleri, 2003; Coleman &
Connell, 2001; Connell, 2000, 2001a, 2001b; Dethier, Mc Donald, & Strathmann,
2003; Glasby, 1999). Scant and spatially limited information, instead, is available
about associated fish assemblages (Guidetti, 2004; Rilov & Benayahu, 1998). No
attempts, to our knowledge, have been made to evaluate whether defence struc-
tures could be included in management programs aimed at enhancing local fish-
eries. This latter issue may be especially important in those regions that have
experienced high levels of fishing pressure, and/or where natural rocky substrates
are lacking.

There is an increasing body of scientific evidence suggesting that fishing may alter
marine benthic ecosystems (Dayton, Thrush, Agardy, & Hofman, 1995; Dayton,
Thrush, & Coleman, 2002; Jackson et al., 2001; Micheli et al., 2001; Sala, Bou-
douresque, & Harmelin-Vivien, 1998; Steneck & Carlton, 2001). Fishing, in fact, has
the potential to directly affect target species (e.g., in terms of changes in density,
biomass, and size), and, on the other hand, indirectly influence the structure of whole
assemblages and ecosystem functioning (Jennings & Kaiser, 1998; Shears & Bab-
cock, 2002, 2003; Steneck, 1998) mainly via top-down perturbations (see Micheli et
al., 2001 for a review). The bulk of marine species targeted by fisheries, in fact, are
high-level predatory fishes (Myers & Worm, 2003, & references), whose removal
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from natural systems may cause dramatic changes in the rest of the community
through the so-called “trophic cascades’ (Paine, 1980; Witman & Dayton, 2001).

In shallow sublittoral rocky reefs in the Mediterranean, sea urchins, namely
Paracentrotus lividus and Arbacia lixula, may heavily influence marine benthic
communities, by affecting the transition between macroalgal beds and barrens
(Bulleri, Benedetti-Cecchi, & Cinelli, 1999; Guidetti, Fraschetti, Terlizzi, & Boero,
2003; Guidetti, Terlizzi, & Boero, 2004; Sala et al., 1998). Although some marine
invertebrates have been reported as potential predators of sea urchins (see Guidetti,
in press, and references therein; Sala, 1997; Sala et al., 1998), recent studies have
provided evidence that only a few fish species may actually be considered efficient sea
urchin predators in the Mediterranean (Guidetti, in press; Sala, 1997). They include
the sparids Diplodus sargus, Diplodus vulgaris, Sparus aurata (that prey upon adult
and juvenile sea urchins), and the labrids Coris julis and Thalassoma pavo (that are
predators of juvenile sea urchins only). Some of these fishes are of great economic
importance (mainly S. aurata and the two Diplodus; Harmelin, Bachet, & Garcia,
1995; Jouvenel & Pollard, 2001), which means that a decrease in their abundance due
to fishing could have consequences on their preys (i.e., sea urchins), and in turn on
the entire rocky reef benthic communities. From this perspective, there is no evidence
about the existence of trophic cascades in shallow artificial rocky habitats.

Several authors have stressed the efficacy of marine reserves as a management tool
in the framework of both general conservation policies and programs aimed at en-
hancing local fisheries (CIESM, 1999; Gell & Roberts, 2003; Halpern, 2003). There
are, however, no data about the possible inclusion of artificial defence structures,
originally planned for other uses (e.g., breakwaters), in management programs of
coastal fisheries, although it is well known they attract local professional and rec-
reational fishermen. The inclusion of defence structures in management programs
could be particularly important in those regions, such as the central and northern
Adriatic Italian coasts, where the natural foreshore is mostly sandy, and artificial
structures constitute most of the available rocky substrates (Bacchiocchi & Airoldi,
2003). The present study, carried out at the MPA of Miramare and adjacent areas
(northern Adriatic Sea), where rocky substrates are mostly artificial (i.e., breakwa-
ters), thus offers a chance to improve the knowledge on the ecology of shallow ar-
tificial rocky habitats, and to assess whether protection may affect the associated
marine assemblages.

Specifically, we asked the following questions: Are abundance and size of pred-
atory fishes larger at protected than at fished breakwaters? Is the abundance of sea
urchins smaller at protected than at fished breakwaters?

2. Materials and methods

2.1. Study area

This study was done at the MPA of Miramare and adjacent areas (Northern
Adriatic Sea, NE Italy; Fig. 1). The Miramare MPA is a relatively small reserve
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Fig. 1. Study area and location of the protected (P) and fished (F1, F2) breakwaters at the marine reserve
of Miramare.

(about 121 ha) established in 1986, where enforcement of protection is successful and
illegal poaching negligible.

Within the MPA, the foreshore is formed by both natural and artificial rocky
substrates, these latter being represented by external breakwaters (made of trans-
planted boulders with their longer axes ranging from 1 to 3 m), running parallel to
the coast, with internal seawalls, that provide shelter from onshore winds to small
boats.
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In this study, samplings were done at the single protected (hereafter P) breakwater
within the MPA, and at two fished breakwaters (F1 and F2) outside the reserve (Fig.
1). Both fished breakwaters are located north of the protected one (i.c., there is
spatial segregation) as appropriate fished breakwaters were not available south-
wards. Breakwaters, which were sampled on four occasions over the two study years
(from spring 2002 to late summer 2003), have similar general features (e.g., in terms
of wave exposure) and extend from the water surface down to about 5-8 m depth
over muddy sand. Local macrobenthic assemblages did not differ in relation to the
protection level. In particular, the cover of erect (e.g., Dictyotales, Corallina sp.,
Halimeda tuna, Padina pavonica) and encrusting macroalgae (e.g., Peyssonnelia spp.),
which may be important for the survival of juvenile sea urchins, did not differ be-
tween the protected and the fished breakwaters (Elia, 2003).

2.2. Data collection and sampling design

In the study area, fish predators of sea urchins are represented only by the sparids
D. sargus, D. vulgaris and S. aurata, since the labrids C. julis and T. pavo are absent
(Castellarin, Visintin, & Odorico, 2001; Guidetti, Verginella, Viva, Odorico, & Bo-
ero, submitted). Densities of the three predatory fishes were estimated by visual
census at 4-7 m depth, along 25 m long and 5 m wide transects (according to the
‘strip transect’” method; Harmelin-Vivien et al., 1985). Four transects (used as rep-
licates), located a few meters from each other (the sampled breakwaters are not long
enough for an appropriate randomisation of transects; see further details below),
were performed at each breakwater in each sampling time. Each fish recorded was
assigned to one of three size classes, i.e., small, medium, and large, corresponding to
the lower, intermediate and upper 33% range of sizes reported in the literature for
each species (Fischer, Bauchot, & Schneider, 1987). Juvenile stages (i.e., settlers and
recruits) were excluded from the study, since their numerical contribution may
greatly influence mean values, while having no predatory effect on sea urchins.

Within the same depth range (i.e., 4-7 m), counts of sea urchins were performed
along 10 m long and 2 m wide transects. Three replicated transects were done at each
of the three breakwaters at each sampling time. Only P. lividus was included in the
present study, because A. lixula was generally found at shallower depth, and
Sphaerechinus granularis was too rare to be considered ecologically relevant in in-
fluencing benthic assemblages. The method used here for assessing echinoids is
suitable for evaluating the adult fraction (with test diameter >1 cm) of sea urchin
populations (Sala & Zabala, 1996).

2.3. Statistical treatment of data

We used asymmetrical analyses of variance (ANOVA; GMAVS software pack-
age, University of Sydney, Australia) to test for differences between protected and
fished breakwaters in the variables investigated. Asymmetrical (ACI) designs, and
their mechanics and potential for detecting spatio-temporal changes are discussed in
Glasby (1997) and Underwood (1994). The term ‘Protected vs. Fished breakwaters’
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(hereafter ‘P vs. Fs’) was fixed, whereas the term ‘between Fs’ was random. Due to
the fact that breakwaters (both P and Fs) were not long enough to enable the
sampling of different transects at each of the four sampling times (i.e., there has been
overlap among sampling areas from one to another sampling time), independent
tests were made for each time of sampling. With regard to fish size data, analyses
(i.e., comparison P vs. Fs) were carried out pooling the data collected in the four
sampling times. Predatory effects of fish on sea urchins (which are related with
predator size; Guidetti, in press), in fact, are expected to cumulate through time, and
to be independent of short-time fluctuations of predatory fishes. Prior to the anal-
yses, data were tested for homogeneity of variances by means of Cochran’s test and,
whenever necessary, they were appropriately transformed (Underwood, 1997).

3. Results

In 71 and T2 the average density of D. sargus was significantly higher at the
protected breakwater than at the fished ones, while no statistical differences were
detected in the remaining sampling times, i.e., 73 and 74 (Fig. 2; Table 1). As far as
the size is concerned, medium- and, even more, large-sized specimens were signifi-
cantly more abundant at the protected than at the fished breakwaters, whereas no
differences were detected for small-sized D. sargus (Fig. 3; Table 2).

D. vulgaris was recorded only at the protected breakwater during the first sam-
pling time (i.e., 7'1). This fish was significantly more abundant at the protected than
at the fished breakwaters in 72 and T4, whereas no difference between the protected
and the fished breakwaters was observed in 73 (Fig. 4; Table 3). D. vulgaris showed
the same patterns of spatial distribution related to size as observed for D. sargus.
Medium- and large-sized individuals, in fact, were more abundant at the protected
than the fished breakwaters, while small D. vulgaris did not display any difference
related to the level of protection (Fig. 5; Table 4).

S. aurata was found exclusively at the protected breakwater during 7’1, 72 and 74,
and it was significantly more abundant at the protected than at the fished break-
waters in 73 (Fig. 6; Table 5). Small-sized S. aurata were absent at both protected
and fished breakwaters, large-sized individuals were exclusively censused at the
protected breakwater, and medium-sized individuals showed significantly greater
density at the protected than at the fished breakwaters (Fig. 7; Table 6).

Even though no formal tests are allowed, due to potential temporal dependence of
data, inspection of the graphs reveals large temporal variability in the density of the
two species of Diplodus, both at the protected and at the fished breakwaters (Figs. 2
and 4). In contrast, the density of S. aurata was fairly constant from one sampling
time to another (Fig. 6).

The density of the sea urchin, P. /lividus, did not differ between protected and
fished breakwaters, at each of the four sampling times. A significant variability be-
tween the fished breakwaters was observed only in 73 (Fig. 8; Table 7). The in-
spection of the graph revealed a remarkable variability in time at each of the three
breakwaters investigated (Fig. 8).
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Fig. 2. Average density (£SE; number of individuals 125 m~2) of the predatory fish D. sargus at the

Table 1
Asymmetrical analyses of variance comparing density of the predatory fish D. sargus at each of the four
sampling times (T'1, T2, T3, T4), at one protected (P) and two fished breakwaters (Fs)

Source of df. Tl 72 T3 T4

varation MS F MS F MS F MS F
Location (L) 2 3.55 25.75 5.08 14.08

P vs. Fs 1 7.04 24.28*% 4538  8.37* 8.17 3.58n.s.  22.05 0.99n.s.
Fs 1 0.06 0.21n.s. 6.12 1.13n.s. 2.00 0.88n.s. 6.12 0.27n.s.
Residual 9 0.29 5.42 2.28 22.30

Cochran’s test n.s. n.s. n.s. n.s.
Transformation Sqrt none none none

Significance levels: n.s.=p > 0.05; *=p < 0.05; ** =p < 0.01.

4. Discussion and conclusions

The present study carried out at the Miramare MPA and adjacent areas suggests
that protection may lead to high density and large size of predatory fishes associated
with coastal defence structures.

Several authors have reported that abundance, size and/or biomass of many
commercial fishes (often predators) are generally greater within MPAs than in fished
areas, both in the Mediterranean basin (Francour, 1991; Garcia-Rubies & Zabala,
1990; Garcia-Charton et al., 2004; Harmelin et al., 1995; Vacchi, Bussotti, Guidetti,
& La Mesa, 1998) and elsewhere in the world (Halpern & Warner, 2002; Polunin &
Roberts, 1997; Willis, Millar, & Babcock, 2003). The species of fish investigated in
the present study, namely D. sargus, D. vulgaris and S. aurata, are of great com-
mercial value, and are targeted by many kinds of fisheries in the Mediterranean Sea
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Fig. 3. Average density (+SE; number of individuals 125 m~2) of D. sargus at the protected (P) and fished

(F1, F2) breakwaters (data of the four sampling times cumulated), in relation to size (S: small; M: medium;
L: large).

Density

Table 2
Asymmetrical analyses of variance comparing density of the predatory fish D. sargus in relation to the size
class (see Section 2), at one protected (P) and two fished breakwaters (Fs)

Source of variation  d.f. Small Medium Large

MS F MS F MS F
Location (L) 2 1.08 20.68 14.33
P vs. Fs 1 0.17 0.16n.s. 41.34 4.85* 28.17 13.67**
Fs 1 2.00 1.83n.s. 0.03 0.004n.s. 0.50 0.24n.s.
Residual 45 1.09 8.53 2.06
Cochran’s test * n.s. *
Transformation none none none

Significance levels: n.s.=p > 0.05; *=p < 0.05; **=p < 0.01.

(e.g., spearfishing; Harmelin et al., 1995). The above issues and the outcomes of this
study thus suggest that fishing is likely to be one of the most important factors af-
fecting their populations in Mediterranean coastal waters, and that the positive ef-
fects of protection (in the form of greater density and/or size) may be also evident at
breakwater structures.

Increases in density and size of target fish species have been already observed at
artificial reefs constructed with the aim of enhancing fishery resources (Relini et al.,
2002; Wilson et al., 2002). The difference between coastal defences and artificial reefs
resides, however, not only in their purpose. Coastal defences, in fact, are usually
built near the shore and, in most cases, they emerge from the water. Artificial reefs,
conversely, are placed off-shore and rest on bottoms far deeper than the water
surface (usually more than 10 m depth). As several littoral fishes in the Mediterra-
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Fig. 4. Average density (+SE; number of individuals 125 m~2) of the predatory fish D. vulgaris at the
protected (P) and fished (F1, F2) breakwaters, in each of the four sampling times (7’1, 72, T3 and T4).

Table 3
Asymmetrical analyses of variance comparing density of the predatory fish D. wvulgaris at the sampling
times 72, T3 and T4, at one protected (P) and two fished breakwaters (Fs)

Source of df. T2 T3 T4

variation MS r MS F MS r
Location (L) 2 123.58 10.33 1346.34

P vs. Fs 1 241.05 12.94%* 8.17 0.96n.s. 2688.17 10.31**
Fs 1 6.12 0.33n.s. 12.50 1.48n.s. 4.50 0.02n.s.
Residual 9 18.63 8.47 260.77

Cochran’s test n.s. n.s. n.s.
Transformation none none none

Significance levels: n.s.=p > 0.05; *=p < 0.05; ** =p < 0.01.

nean settle in very shallow waters (especially sparids; Garcia-Rubies & Macpherson,
1995), coastal defences seem to constitute far more suitable structures than tradi-
tional artificial reefs for settlement/recruitment of such fishes (see Guidetti, 2004).
Coastal defences, therefore, might play the traditionally perceived role of artificial
reefs in providing proper habitats for adult fish and, in the meantime, favour their
recruitment.

D. sargus, D. vulgaris and S. aurata are the most important predators of small and
adult sea urchins in the Mediterranean Sea (Guidetti, in press; Sala, 1997), and are
the only predatory fishes of echinoids present in the study area. Due to the fact that
such predatory fishes were generally more abundant and larger at the protected
breakwater, we would have expected lower sea urchin density over rocky substrates
at the protected breakwater, as a consequence of higher fish predation rates. We
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Fig. 5. Average density (&SE; number of individuals 125 m~2) of D. vulgaris at the protected (P) and
fished (F1, F2) breakwaters (data of the four sampling times cumulated), in relation to size (S: small; M:
medium; L: large).

Table 4
Asymmetrical analyses of variance comparing density of the predatory fish D. vulgaris in relation to the
size class (see Section 2), at one protected (P) and two fished breakwaters (Fs)

Source of d.f. Small Medium Large

variation MS r MS F MS r
Location (L) 2 3.00 295.58 20.02

P vs. Fs 1 1.50 1.37n.s. 590.05 4.36* 44.01 8.16%*
Fs 1 4.50 4.13n.s. 1.12 0.008n.s. 0.03 0.006n.s.
Residual 45 1.09 135.44 5.39

Cochran’s test * * **
Transformation none none none

Significance levels: n.s.=p > 0.05; *=p < 0.05; ** =p < 0.01.

observed, instead, that the density of P. lividus did not differ between breakwaters
characterised by significant differences in density/size of predatory fishes. Breakwa-
ters in the study area, however, could be regarded as small rocky islands lying over
muddy sand, i.e., the most common substrate in the study area. Predatory fishes
could primarily feed upon other invertebrates associated with muddy-sandy sub-
strates in the vicinity of the artificial structures, in contrast to natural rocky habitats
where they are known to prey upon sea urchins (Sala & Zabala, 1996). Possible
changes in the feeding habitats of predatory fishes at these peculiar artificial habitats
could thus be elucidated with more specific studies (e.g., gut content analyses).
Due to the local and correlative nature of our study, we cannot conclude whether
top-down processes may be more or less important in artificial rocky habitats than in
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Fig. 6. Average density (£SE; number of individuals 125 m~2) of the predatory fish S. aurata at the
protected (P) and fished (F1, F2) breakwaters, in each of the four sampling times (7’1, 72, 73 and T4).

Table 5
Asymmetrical analyses of variance comparing density of the predatory fish S. aurata at the sampling time
T3, at one protected (P) and two fished breakwaters (Fs)

Source of variation d.f. T3

MS F
Location (L) 2 0.62
P vs. Fs 1 1.17 6.50*
Fs 1 0.06 0.33n.s.
Residual 9 0.18
Cochran’s test n.s.
Transformation Sqrt

Significance levels: n.s.=p > 0.05; *=p < 0.05; **=p < 0.01.

natural reefs in the Mediterranean. The understanding of why in some cases (or
places) predation effects reverberate down the entire community, whereas in other
cases (or places) they do not, is nevertheless an intriguing challenge which could
involve the assessment of possible thresholds in predator density/biomass for con-
sequent effects on their preys. From this perspective, a meta-analysis from several
Mediterranean sites revealed that negative correlations between densities of preda-
tory fishes and sea urchins exist only when combined densities of Diplodus (i.e., D.
sargus and D. vulgaris) exceed ~15 individuals 100 m? (Guidetti and Sala, unpub-
lished data). At Miramare, only in one sampling time this threshold has been clearly
exceeded, while on average the Diplodus density was around the above mentioned
threshold value. This could involve that density of predatory fish (and then the in-
tensity of predation on sea urchins) is not usually high enough to cause significant
effects on P. lividus populations. It is worth noting, moreover, that the values of
Diplodus density observed at Miramare are approximately in the middle of the range
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Fig. 7. Average density (+SE; number of individuals 125 m~2) of S. aurata at the protected (P) and fished
(F1, F2) breakwaters (data of the four sampling times cumulated), in relation to size (S: small; M: medium;
L: large).

Table 6
Asymmetrical analyses of variance comparing density of the predatory fish S. aurata in relation to the size
class (see Section 2), at one protected (P) and two fished breakwaters (Fs)

Source of variation d.f. Medium

MS a
Location (L) 2 1.19
P vs. Fs 1 2.34 11.7%*
Fs 1 0.03 0.70n.s.
Residual 45 0.20
Cochran’s test wox
Transformation none

Significance levels: n.s.=p > 0.05; *=p < 0.05; **=p < 0.01.

of values reported from other Mediterranean MPAs (ranging from less than 1 to
more than 50 individuals per 100 m~2; Guidetti and Sala, unpublished data), which
suggests that, on the whole, artificial rocky substrates could allow fish population
recovery in a way similar to natural rocky habitats.

Before drawing any conclusion about predation rates on sea urchins in artificial
defence structures, more detailed studies involving, e.g., data about population
structure and biomass of sea urchins, along with appropriate experimental work,
should be done. Nevertheless, the present study provides some clues about the ecology
of artificial defence structures originally constructed for other purposes than fish
population recovery, that could have implications for management. Similar structures,
in fact, are becoming an important component of the current transformation of coastal
landscapes worldwide (Bacchiocchi & Airoldi, 2003; Chapman & Bulleri, 2003; Glasby
& Connell, 1999), and their proliferation is occurring at high rates also in several
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Fig. 8. Average density (£SE; number of individuals 20 m~2) of the sea urchin P. lividus at the protected
(P) and fished (F1, F2) breakwaters, in each of the four sampling times (7’1, 72, T3 and T4).

Table 7
Asymmetrical analyses of variance comparing density of the sea urchin P. /ividus at each of the four
sampling times (T'1, T2, T3, T4), at one protected (P) and two fished breakwaters (Fs)

Source of d.f. T1 72 T3 T4

vartation MS F MS F MS F MS F
Location (L) 2 15.44 16.33 12.44 12.33

P vs. Fs 1 1422 297ns.  12.50 1.52n.s. 0.89 0.04n.s. 4.51 0.15n.s.
Fs 1 16.67 3.48n.s. 20.17 2.45ns. 24.00 6.76* 20.16  0.69n.s.
Residual 6 4.78 8.22 3.55 29.33
Cochran’s test n.s. n.s. n.s. n.s.
Transformation None none none none

Significance levels: n.s.=p > 0.05; *=p < 0.05; ** =p < 0.01.

coastal zones of the Mediterranean, especially in those areas where rocky foreshores
and/or natural shelters for boaters are absent. We should thus improve as much as
possible the knowledge about their ecology and their overall impact, also in order to
include them within management programs. Although the available body of scientific
evidence should be obviously widened to other regions, and probably deserves long
term studies and proper experiments, the results of this investigation suggest that ap-
propriate management and protection of defence structures could promote population
recovery of fish, with potential benefits for local adjacent fisheries.
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