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Abstract

The sublittoral forests formed by the fucoid algae Cystoseira spp. are important juvenile habitats for many Mediterranean fish
species. However, the spatial variability of juvenile fish assemblages within the forests and the potential environmental drivers,
such as depth and habitat complexity, remain poorly understood. We estimated the density, size and behaviour of juvenile fish
assemblages in subtidal (0-15 meters depth) Cystoseira brachycarpa var. balearica forests in north Minorca Island (North-west-
ern Mediterranean Sea) over two consecutive autumns (2012 and 2013). Depth and forest complexity, here measured as canopy
volume, had both a significant and independent effect on the juvenile fish assemblages in terms of species abundance composi-
tion and body size. Assemblages found in the shallowest depth range (3-4m) were characterized by greater density of the ornate
wrasse Thalassoma pavo, while those deeper down (10-12m) had higher density of the rainbow wrasse Coris julis, independently
of its size composition. Juveniles of both species were more abundant in less complex forests; conversely, juveniles of wrasse of
the genus Symphodus were more abundant in more complex forests. The smallest sizes of 7 pavo occurred in the most complex
forests. On the other hand, our results demonstrated that juvenile fish behaviour was unrelated to the complexity of the Cystoseira
forests, but mainly related to the body length. The effects of body length on behaviour were however species-dependent. Cryptic
and transitory behaviour was mostly observed in the smallest and largest juveniles of 7. pavo and C. julis, respectively, while the
behaviour of Symphodus spp. was unrelated to their body length. Our study highlights the importance of preserving healthy Cysto-
seira forests and their intrinsically patchy nature, as this habitat, with its mosaic of different degrees of complexity and bathymetric
variability, enable the presence of different fish species at various life stages.

Highlights

Depth influenced juvenile fish species density distributions (C. julis, T. pavo) in the depth range studied (3-12m).

For certain species, juveniles of different sizes (7. pavo, Symphodus spp.) had similar depth distributions.

Genus Symphodus was more abundant in more complex forests, 7 pavo and C. julis in less complex forests.

The smallest sizes of 7. pavo occurred in the most complex forests.

Juvenile fish behaviour was influenced by their size rather than the forest complexity.

Intrinsic structural variability of Cystoseira forests influences patterns of fish species composition and life stages.
Appropriate spatial management strategies should act at seascape scale and protect Cystoseira habitats with their own
bathymetric and structural variability.
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Introduction

The Mediterranean basin is considered as a hot-
spot of diversity for Cystoseira species (Gianni et al.,
2013). They are extremely productive and important
algal foundation species in the Mediterranean euphotic
zone, exhibiting high phytal and invertebrate biodiver-
sity (Ballesteros, 1988, 1990a, 1990b; Pitacco et al.,
2014). Cystoseira dominated habitats are also preferen-
tial habitats for different life cycle stages of many coast-
al fish (Lejeune, 1985a; Rodrigues, 2010; Cheminée et
al., 2013; Thiriet, 2014). Despite the ecosystem services
provided, these habitats are threatened, with conspicu-
ous historical cases of the decline of subtidal Cystoseira
forests reported in many regions (Thibaut ez al., 2005;
Airoldi & Beck, 2007; Gianni et al., 2013; Thibaut et al.,
2015) - but see Thibaut et al., (2016). These are caused by
anthropogenic stressors such as coastline urbanization,
pollution, increased water turbidity and predator-over-
fishing which may cause overgrazing by native herbi-
vores including sea urchins and Sarpa salpa (Rodriguez
Prieto & Polo Alberti, 1996; Sala et al., 1998; Cormaci &
Furnari, 1999; Soltan, 2001; Hereu, 2004). Furthermore,
in recent decades, Cystoseira forests have been subject to
additional threats, including invasive herbivores (e.g. the
rabbitfish of genus Siganus in the Eastern Mediterranean
(Sala et al.,2011; Vergés et al., 2014)) and invasive algae
(Cebrian et al., 2018).

It has been suggested that Cystoseira forests exhibit a
high nursery value (i.e. production of juveniles per unit of
surface, sensu Beck et al. (2001)) for some Labridae (i.e.
Symphodus spp., Coris julis) and Serranidae (i.e. Serra-
nus spp.) fish species (Cheminée et al., 2013, 2017). This
is because Cystoseira forests present higher densities of
juveniles of such species than less structured habitats
such as shrubby assemblages dominated by Dictyotales
and Sphacelariales across large spatial scales of hundreds
or thousands of kilometres (Thiriet, 2014). These find-
ings are important since such species have significant
ecological roles in Mediterranean ecosystems, for exam-
ple, they are included among the important prey of many
marine top-predator fishes (Refiones et al., 2002) and
seabirds (Velando & Freire, 1999), cleaning fish (Zander
& Sotje, 2002) and controllers of sea urchin spread (Sala
etal., 1998).

Habitat structure is defined as the amount, composi-
tion and three-dimensional arrangement of physical mat-
ter (both abiotic and biotic) at a location, and is deter-
mined by complexity (absolute abundance of individual
structural components) and heterogeneity (relative abun-
dance of different structural components) under a specif-
ic spatio-temporal scale (Bell et al., 1991; Beck, 2000;
Byrne, 2007). In previous studies, habitat structure has
been proven to exert a major influence on juvenile fish
assemblages (Levin & Hay, 1996; Jenkins & Wheatley,
1998; Guidetti, 2000; Laegdsgaard & Johnson, 2001;
Nagelkerken & Van der Velde, 2002). Accordingly, the
most highly structured habitats (more complex and/or
heterogeneous habitats) harbour richer and more abun-
dant juvenile fish assemblages (but see e.g. Grenouillet
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et al. (2002) and Guidetti & Bussotti (2002)), mainly
due to the greater availability of both prey and shelter for
juveniles, reducing starvation and/or predation-induced
mortality compared with other less structured habitats
(Thiriet et al., 2014).

In the case of Macrophyte habitats, including forests,
their three-dimensional structure can be defined by verti-
cality (or height) and density, both as a measure of com-
plexity, and percent cover and patchiness, both as a mea-
sure of heterogeneity (August, 1983; Guidetti & Bussotti,
2002; Garcia-Charton et al., 2004; Wilson et al., 2007).
A general descriptor, volume (i.e. height x cover), has
also been used as a measure of this three-dimensional
structure (Cheminée et al., 2017), and can be considered
as a proxy of forest complexity. A more complex and/or
heterogeneous arrangement of a given macrophyte hab-
itat increases fish density and size (Levin & Hay, 1996;
Cheminée, 2012; Cheminée et al., 2013; Parsons et al.,
2014), and influences the behaviour of fish (i.e. the type
of relationship with the habitat). Thus, Lejeune (1985b)
and Cheminée (2012) found that in a more complex and/
or heterogeneous arrangement of a given macrophyte
habitat, fish displayed more resident behaviour, especial-
ly small fish. Consequently, habitat structure contributes
to explaining the variability of juvenile density distribu-
tion within a Cystoseira forest (Cheminée, 2012).

To assess the effect of habitat structure on the spa-
tial variability of fish density requires taking into account
the influence of other factors, such as depth (Friedland-
er & Parrish, 1998; Anderson & Millar, 2004). Juvenile
depth distributions are taxon-specific (Garcia-Rubies &
Macpherson, 1995; Harmelin-Vivien et al., 1995; Fran-
cour, 1997; Vigliola & Harmelin-Vivien, 2001). Although
knowledge of fish juveniles' depth-related trends remains
sparse in the Mediterranean, it is known that juvenile
labrids tend to be concentrated) in the shallowest 10 me-
ters (Garcia-Rubies & Macpherson, 1995; Letourneur et
al., 2003). Furthermore, for some species depth distri-
butions of juveniles are size-dependent and the smallest
juveniles present a narrower depth range distribution pat-
tern than larger ones (Vigliola, 1998).

Despite the evidence demonstrating that within-hab-
itat variability of juvenile fish density depends strongly
upon habitat structure and depth, little is known about
how the interaction of the two affects juvenile fish dis-
tribution patterns within subtidal Mediterranean rocky
reefs, and more particularly within Cystoseira forests.
The purpose of this paper is to study the effects of Cysto-
seira brachycarpa var. balearica forest complexity (i.e.
canopy volume) and depth gradient (considering three
depth strata between 0 and 12 meters) on juvenile fish
at assemblage (in terms of total density, richness and
assemblage composition, i.e. relative density of each
taxon), and species (density, size and behaviour) level.
This knowledge of habitat features and juvenile fish as-
sociations is of paramount importance in order to design
future management actions which would ensure supply
of juveniles and therefore the replenishment of adult fish
populations.
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Material and Methods
Study area

The study was conducted off the northern coast of
Minorca island (Balearic Archipelago) (Fig.1.), where
rocky bottoms and seagrass meadows prevail on shallow
subtidal bottoms, with a few scattered areas of bare sand.
Over subtidal rocky bottoms, extensive areas of the long-
lived fucoid algae Cystoseira brachycarpa J. Agardh,
1986 forests (Fucales), hereafter named simply Cysto-
seira forests, thrive at depths between 1 and 15 meters
(Sales & Ballesteros, 2009). A Marine Protected Area
(MPA), ‘Reserva Marina del Norte de Menorca’, was
established in 1999 along the northern coast of Minorca
(Fig.1). The MPA covers 5.20 km? and encompasses two
no-take areas, covering 838 ha of rocky bottoms in the
west and 217 ha of soft bottoms in the innermost part of
Fornells bay (Coll et al., 2012). Study sites were selected
following an extensive exploration of the northern coast,
both outside and within the MPA. The study sites were
a minimum of ~500 meters apart and were established
over rocky bottoms covered by wide and dense Cysto-
seira forests of >50% cover. In order to avoid possible
bias resulting from confusion between our study vari-
ables and other environmental variables, sites of similar
rugosity (flat rock), slope (<45°) and exposure to swell
were chosen, and Cystoseira forests were only mixed
with shrubby-turf algae (i.e. <2.5 cm height). The ef-
fect of environmental protection (i.e. inside vs. outside
the MPA) on juvenile fishes was not taken into account,
since: 1) our previous studies revealed no differences be-
tween juvenile assemblages inside and outside MPAs, nor
between juveniles’ diurnal predator or competitive con-

specific-adult densities - i.e. small labrids (Cardona et al.,
2007, 2013; Cuadros, 2015), 2) the depth range sampled
(0-15 m) is virtually free of fishing: both professional and
recreational fisheries typically exploit deeper ecosystems
as boats avoid areas shallower than 10 m because they are
too close to the rocky seashore (Cardona et al., 2007), 3)
juvenile fish of any species or adults (except adults of C.
Jjulis, which are exploited by recreational angling fishing)
of the species studied are not targeted by fisheries in the
Balearic Islands (Planes et al., 1999; Morales-Nin et al.,
2005).

Sampling design and data collection

Juvenile fish assemblages associated with Cystoseira
forests were surveyed in two consecutive years (2012 and
2013), between 20th of September and 15th of October,
by underwater visual census (UVC). This sampling time
coincides with the occurrence of juveniles of many Med-
iterranean littoral fish species, especially in the case of
Labrid species such as Symphodus ocellatus and Coris
julis (Lejeune, 1985a,b; Garcia-Rubies & Macpherson,
1995; Raventos & Macpherson, 2001; Froese & Pauly,
2016). Six out of eight sampling sites were randomly
sampled each year as follows: sites 2-7 in 2012 and sites
1-4, 7 and 8 in 2013 (Fig. 1). At each site, censuses were
conducted at three depth strata (d1: 3-5 m, d2: 6-8 m, d3:
10-12 m). In each depth stratum, 8 random replicates of a
1 m? point-count along a 50 m transect were carried out.
Cheminée (2012) demonstrated that seven 1 m? replicates
are enough to provide an accurate estimate of the juvenile
fish density of Labridae (Symphodus spp.) at 20 sites in
NW Mediteranean (Corsica), within the Cystoseira forest
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Fig. 1: Location of Minorca Island and the sites sampled in 2012 and 2013. Thick line represents MPA limits. Thick dotted
line represents no-take zone limit. Empty squares (locations) are zoomed to show the details of study sites. Sites (black dots)
were: 1 (40.05823° N, 3.99093° E), 2 (40.05988° N, 4.00165° E), 3 (40.05923° N, 3.99927° E), 4 (39.99927° N, 4.26247° E), 5
(39.99952° N, 4.25922° E), 6 (40.00118° N, 4.2375° E), 7 (40.05780° N, 3.92828° E), and 8 (39.92613° N, 4.28973° E).
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habitat. All censuses were conducted during daylight (be-
tween 9 am and 4 pm) (Francour & Le Direac’h, 1994;
Garcia-Rubies & Macpherson, 1995; Cheminée et al.,
2013; Thiriet et al., 2016, Cheminée et al., 2017). Sam-
pling days with moderate to rough sea conditions, as well
as poor visibility, were avoided. Inter-calibration between
observers was carried out to reduce sampling bias.

Replicates were haphazardly selected by the diver
during a preliminary exploration at each study site and
marked by a steel picket. At each point-count, the div-
er inspected a 1 m? plot where abundance, total length
(TL) and behaviour of juvenile fish were recorded during
5 minutes, thus allowing for observation of fish juvenile
interactions with the habitat and provision of an effective
standardised sample unit (Cheminée et al., 2013, 2017).
The TL of individuals was estimated with the help of a
plastic slate containing fish silhouettes of different siz-
es (5 mm TL size-classes) (Macpherson, 1998). For each
species, all individuals smaller than one third of adult
mean total length were considered as juveniles, as sug-
gested by monthly juvenile size studies performed by
Cheminée (2012). Identification of juvenile fishes was
based on the identification guide of Louisy (2015).

Fish behaviour was recorded using 3 behavioural cat-
egories: cryptic, wandering or transitory. ‘Cryptic’ indi-
viduals were those strictly associated with the canopy and
which remained hidden between thalli for a minimum of
30 consecutive seconds (Fig. Sla); ‘wandering’ individ-
uals were hidden in the canopy for less than 30 seconds,
but remained inside the sample plot (Fig. S1b); ‘transito-
ry’ individuals spent less than 30 seconds in the sample
plot (Fig. S1c) (Cheminée, 2012). The size of the squares
was such that the diver could handle the different data to
record: number, species, fish length and behaviour.

In order to explore the correlation between fish assem-
blage or taxon-specific descriptors and forest structure,
i.e., volume, percent coverage and height (to the nearest
cm) of Cystoseira canopy within the 1m? plots was visu-
ally estimated and recorded (Cheminée, 2012; Cheminée
et al., 2017). A value of coverage (%) was assigned ac-
cording to reference subdivisions of plots. This method
is widely used in phytosociological studies (Montes &
Ramirez Diaz, 1978). Height was obtained by averaging
the height of six random algae.

In order to include in the analyses all the observed indi-
viduals and avoid problems of potential misidentification
among similar species, some species were pooled togeth-
er and analysed at the level of the genus (Symphodus spp.
for S. roissali, S. tinca and S. ocellatus; Serranus spp. for
S. cabrilla and S. scriba) or family (Blenniidae, Gobiidae
and Tripterygiidae) (hereafter referred to as ‘taxa’). Taxa
or species accounting for more than 15% of the total as-
semblage density were considered as ‘dominant’, while all
the remainder were ‘minority’, since most of the recorded
species were below this threshold (Table 1).

Statistical analyses

Data were analysed by means of permutational uni-
variate and multivarate analyses of variance, since as-
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sumptions of normality could not be met. Furthermore,
these routines enabled the use of stratified random design
to test the effect of covariates (forest volume, fish TL)
and could explain random (year, site) or fixed (depth)
factors on our response variables. The stratified sampling
design was used to increase the power of the analyses, by
removing some portions of variances from the residual
variance, putatively explained by the random factors year
and site, which are proxies for a large array of environ-
mental variables (at present, impossible to disentangle)
(Anderson et al., 2008).

Three different models were used. The base-model
included three factors: i) year, random and with two lev-
els (2012 and 2013); ii) site, random and with six levels
(the six randomly selected sites sampled each year); iii)
depth, fixed and with three levels (d1, d2 and d3). Firstly,
we analysed forest complexity to assess the spatial and
temporal variability among levels of the studied factors
(year, site and depth). To do so, we calculated the cano-
py volume (proxy of forest complexity). For each sample
(i.e. each 1m? replicate), we obtained canopy volume (in
cm?®) from Cystoseira cover and height. For this permu-
tational ANOVA analysis, we used the base-model. Sums
of squares (SS) were performed as a fully partial analysis
(type IID).

Secondly, we analysed fish assemblage variability (in
terms of univariate total density and richness, and multi-
variate assemblage composition, i.e, relative density of
each taxon) under the influence of both forest complexity
(i.e volume in the model) and depth. In this case, the per-
mutational ANCOVA and MANCOVA models included
the base-model plus the factor volume included as co-
variate.

Thirdly, we studied taxa-specific univariate descrip-
tors (density and TL) and multivariate descriptors (be-
havioural categories), but only for dominant species (see
above) with a necto-benthic spatial distribution. Other
dominant species, if planktivores, were not considered
(Harmelin, 1987). These analyses were carried out us-
ing permutational ANCOVA and MANCOVA routines
with the aforementioned base-model, and with volume
as covariate. In addition, TL was included as a covari-
ate - set at first place in the terms order - for analysing
behaviour multivariate contingency tables, since previ-
ous works support the influence of fish size on behaviour
(Cheminée, 2012).

Sums of squares (SS) for the permutational analyses of
covariance were performed sequentially, i.e., type 1. Co-
variates were introduced in the first place into the models
(without including the interaction terms between covari-
ates and factors). This allowed assessment of the varia-
tions in the response variable(s) that are due to variations
in the covariates, prior to testing the putative effects of
depth levels (Anderson et al., 2008). Due to co-linearity
between depth and Cystoseira volume (see Results sec-
tion), when in permutational ANCOVA or MANCOVA
routines volume and depth both had a significant effect
on univariate response variables, graphical representa-
tions of residuals were used. The residuals were calcu-
lated by means of linear models, as implemented in the
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Table 1. Juvenile fish observed in Cystoseira forests in 2012 and 2013: total number (n), dominance categories (Dom, m = mi-
nority, d = dominant), mean number (Mean =+ se), minimum (Min) and maximum (Max) total length (TL, mm). Total sampled

area per year = 288 m?.

Species n Dom Mean Min TL Max TL
Chromis chromis 220 m 0.76+0.28 30 55
Coris julis 429 d 1.49+0.12 7 65
Diplodus sargus 105 m 0.36+0.05 25 90
Diplodus vulgaris 75 m 0.26+0.06 10 90
Oblada melanura 275 m 0.95+0.19 30 90
Sarpa salpa 38 m 0.13+0.05 70 100
Serranus spp. 32 m 0.11+0.02 50 90
Symphodus spp. 300 d 1.04+0.19 20 60
Thalassoma pavo 711 d 2.47+0.14 10 60
Blenniidae-Gobii- 50 m 0.17+0.03 25 45

dae-Tripterygiidae

permutational analyses of variance routines. Therefore,
residuals displayed on the graph allow a true visual rep-
resentation of the effect of each covariate tested by anal-
yses. For visualising the effect of forest volume on re-
sponse variables (e.g. fish density or TL) once the effect
of depth was removed, XY biplot was used, where X was
volume and Y displayed residuals of the linear regression
fitting the response variable as a function of depth. The
effect of depth on response variables was visualized in
the same way, once the effect of volume was removed,
XY biplot represented in X depth, and in Y the residuals
of the linear regression fitting the response variable as
a function of volume. These visual representations were
accomplished by using boxplots in the case of the cate-
gorical variable (depth ranges, d1, d2, d3), and by using
smoothed conditional mean in the case of the continuous
variable (volume).

In these analyses, P-values were obtained by 9999
permutations of residuals under a reduced model. Mon-
te Carlo P-values were considered when there were not
enough possible permutations (<200). Terms were pooled
as suggested by Anderson et. al (2008). Tests were con-
sidered significant for p-values <0.05.

In addition, differences in juvenile assemblage com-
position among sample plots were explored through two
complementary multivariate exploratory approaches:
first, we used a Canonical Analysis of Principal coor-
dinates (CAP) biplot of samples based on Bray-Curtis
dissimilarity (Anderson & Willis, 2003): for each taxon
(specific abundance), correlations of taxon-specific den-
sity with the 2-D ordination plot of samples were plotted
by displaying correlation vectors conditioned in scores.
Secondly, SIMPER test was used as analysis of species
contributions to significant differences between sets of
samples (Clarke & Warwick, 2001). For multivariate in-
ferential analyses of density, we used Binomial deviance
dissimilarities, which is an improvement of the Bray-Cur-
tis measure proposed by Anderson & Millar (2004).
Multivariate behaviour composition (proportions) was
analysed through Sogard resemblance matrix, which is
an alternative to the Chi-squared measure of distance
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(Clarke & Warwick, 2001). Univariate data (density or
TL) were analysed with Euclidian distances.

Exploratory analyses and inferential tests were per-
formed using the PRIMER 6 and PERMANOVA + B20
package (Clarke & Gorley, 2006; Anderson et al., 2008).
Graphical visualizations and CAP ordinations were per-
formed in R Environment (R Core Team, 2013) using the
packages ggplot2 (Wickham, 2009) and vegan (Oksanen
etal.,2010).

Results
Forest structure

The mean (£se) height, percent cover and volume of
Cystoseira canopy per sample plot were 8.71 cm (£3.11),
75.10% (£10.89) and 66.79 dm?® (£29.35), respective-
ly. Moderate correlation was observed between canopy
height and cover (Spearman rank correlation, rho: 0.378).
For the remaining analyses, volume was used as an over-
all descriptor of the forest complexity. Forest volume in-
creased with depth from d1 (3-5m) to d2 (6-8 m) or d3
(10-15 m), but patterns of variation from d2 to d3 differed
among sites (Permutational ANOVA and pair-wise results
in Fig. S2 and Table S1).

Juvenile fish assemblage composition

A total of 10 juvenile fish taxa were observed (Table
1). Overall, the total density and the taxonomical rich-
ness of the juvenile fish assemblage were not affected by
Cystoseira volume or depth. A significant interaction ob-
served for total density from factors year and depth was
due to differences in density patterns across depth ranges
among years (Table 2).

Juvenile assemblage composition was significantly
affected by Cystoseira volume and depth (Fig. 2, permu-
tational MANCOVA, Table 2). Both years’ d1 (3-5 m)
was predominantly significantly different from d3 (10-
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Table 2. Permutational ANCOVAs and MANCOVAs table of results. Influence of Cystoseira forest structure (volume), year, site
and depth on the univariate (total density, richness) and multivariate (juvenile fish assemblage composition) descriptors of juve-
nile fish assemblages. Significance: -P<0.1 ; ¥ P<0.05 ; ** P<0.01 ; *** P<0.001. P-values were obtained by 9999 permuta-

tions of residuals under a reduced model.

Considered response variable Source of variation Df MS Pseudo-F P(perm)
Total density volume 1 27.64 0.33 0.570
Year (ye) 1 3281.6 26.75 0.002**
Site (si) 7 110.37 0.90 0.646
Depth (de) 2 329.9 1.22 0.376
yexsi 3 125.02 2.76 0.041*
Yexde 2 315.79 4.24 0.042*
sixde 14 61.05 0.79 0.666
yexsixde 6 77.67 1.72 0.122
Residuals 251 45.28
Total 287
Richness volume 1 1.74 0.77 0.377
Year (ye) 1 86.32 24.28 0.003**
Site (si) 7 3.20 0.1 0.579
Depth (de) 2 4.04 1.1 0.384
yexsi 3 3.62 3.91 0.010%**
Yexde 2 2.78 1.75 0.223
sixde 14 2.14 1.56 0.294
yexsixde 6 1.38 1.49 0.187
Residuals 251 0.93
Total 287
Assemblage composition volume 1 10.87 4.27 0.009%**
Year (ye) 1 30.10 4.49 0.025*
Site (si) 7 6.65 1.00 0.528
Depth (de) 2 62.10 3.48 0.028*
yexsi 3 6.61 4.88 0.000%**
Yexde 2 14.15 5.70 0.000%**
sixde 14 4.00 2.00 0.097-
yexsixde 6 2.01 1.48 0.13
Residuals 251 1.35
Total 287

15m) (permutational MANCOVA, pairwise tests, p <
0.05). The taxon-specific analyses demonstrated that (see
3.3) multivariate differences in juvenile fish relative den-
sity between depth strata were primarily driven by Tha-
lassoma pavo and Coris julis (SIMPER test, Table S2),
where 7. pavo density decreased with depth, while C. ju-
lis density increased with depth (see also Fig. 3).

Juvenile taxon-specific trends
Density of the dominant taxa

C. julis, Symphodus spp. and T. pavo were the most
abundant taxa sampled (excluding planktivore species)

Medit. Mar. Sci., 20/2, 2019, 380-392

(Table 1). Density of C. julis significantly differed be-
tween depth strata in both years. An increase in density
of C. julis from shallower to deeper depth strata was usu-
ally observed in 2012, although this pattern varied sig-
nificantly among sites. The same pattern was observed in
2013, even if marginally significant (Table S3, Fig. 3A).
Independently of depth, C. julis density also significantly
decreased with increasing forest volume values, at least
for values less than 50-70 dm? (Fig. 3A, permutational
ANCOVAs in Table S3). Density of 7. pavo significantly
decreased with increasing depth (d1 vs. d3, with similar-
ities of d2 to d3 or d1 depending of years) or volume
(Fig.3B, permutational ANCOVAs in Table S3). Finally,
density of Symphodus spp. juveniles significantly in-
creased with increasing Cystoseira forest volume, and
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Fig. 2: CAP ordination plots of juvenile fish assemblages with-
in Cystoseira forests for the two sampling years (2012, 2013)
according to depth strata (from the shallowest d1 to the deepest
d3; d1: 3-5 m, d2: 6-8 m, d3: 10-12 m). Correlation vectors of
forest structure (volume) and taxa specific densities are plotted.
Taxa: ch = Chromis chromis, bg = Blenniidae-Gobiidae-Tripte-
rygiidae; dv = Diplodus vulgaris; ds = Diplodus sargus; cj =
Coris julis;, om = Oblada melanura; sa = Sarpa salpa; se =
Serranus spp.; ss = Symphodus spp.; tp =Thalassoma pavo.

their density patterns across depth strata were inconsis-
tent between years (Fig. 3C, permutational ANCOVAS in
Table S3).

Total length (TL) distributions of the dominant taxa

TL of T. pavo juveniles significantly varied with Cys-
toseira forest volume. The smallest sizes of 7. pavo were
mostly observed in the most complex forests. C. julis TL
was unrelated with forest complexity (Fig. 4, permuta-
tional ANCOVAs, Table S4). T. pavo displayed slightly
higher TL in d3 vs. d1; however, T pavo TL in d2 was
similar to d1 and d3. Although analyses displayed a sig-
nificant year-site-depth interaction for C. julis, no pat-
terns could be observed since pair-wise results were in-
complete, due to the insufficient number of individuals
for each level of factors. Consequently, no graphical rep-
resentation was possible. In the case of Symphodus spp.,
neither depth nor forest volume had a significant effect
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on juvenile TL.

Behavioural traits of the dominant taxa

The behaviour of C. julis or T. pavo juveniles was
not affected by depth or forest volume. However, both
C. julis and T. pavo juveniles’ behaviour was affected by
their size. They displayed significantly more cryptic or
wandering behaviour for the smallest sizes, while more
transitory behaviour was observed in larger individuals
(Fig. 5). The behaviour of Symphodus spp. was unrelated
with forest volume. They exhibited significance of the in-
teraction between Year, Site and Depth terms. However,
pair-wise analysis gave incomplete results, due to the in-
sufficient number of individuals for each level of factors.
Finally, behaviour of Symphodus juveniles was not af-
fected by the size (permutational MANCOVAs, see Table
S5). Symphodus juveniles’ sampled behaviour was 46.97
% cryptic, 28.19 % wandering and 24.83 % transitory.

Discussion

This work highlights the significant and independent
influence of both Cystoseira forest complexity and depth
on the juvenile fish assemblage. Juvenile fish behaviour
was however found to be taxon-specific and independent
of the Cystoseira forest complexity (for C. julis, T. pavo
and Symphodus spp.) and depth (at least for C. julis and
T pavo).

Firstly, the composition of the juvenile fish assem-
blage was significantly influenced by forest complexity.
The density of C. julis and T. pavo juveniles decreased
sharply in the most complex forests (at least down to a
threshold for C. julis of 50-70 dm®), whereas the oppo-
site trend was observed for juveniles of Symphodus spp.
These observations are in agreement with previous works
which also reported the association of juvenile C. julis
with sparse forests and juvenile Symphodus spp. with
denser forests (Cheminée, 2012; Cheminée et al., 2017).

According to the habitat quality trade-off hypothesis,
the highest quality habitat minimises mortality rate by of-
fering a trade-off between foraging and safety (Dahlgren
and Eggleston, 2000). These two resources (food and
shelter) are essential for juvenile survival. The species
observed here prey upon small invertebrates (Kabasakal,
2001; Guidetti, 2004; Thiriet et al., 2014) which may
have been more abundant and available in sparse than in
more complex Cystoseira forests. This is especially likely
to have been true for gastropod and sea urchin juveniles
(Kelaher, 2003; Bonaviri et al., 2012), due to intense pre-
dation by hermit crabs, shrimps and other micro-pred-
ators in dense forests (Bonaviri et al., 2012). Unfortu-
nately, prey availability for juvenile fishes in Cystoseira
forests of different complexities remains unknown and
should be further investigated. Other macrophyte habi-
tat studies suggest that, in general, complex habitats offer
both more shelter and food, in comparison with simpler
ones (Connell & Jones, 1991; Laegdsgaard & Johnson,
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Fig. 3: Boxplots and smoothed curves of residuals of mean abundance of the dominant taxa (Coris julis, Thalassoma pavo and
Symphodus spp.) in Cystoseira forests once habitat structure (volume, in dm3) or depth effects were removed (see M & M section).
Graphs show significant terms from tests (Table S4). Box plots indicate the median (bold line near the center), the first and third
quartile (the box), the extreme values with a distance from the box of at most 1.5 times the inter quartile range (whiskers), and
remaining outliers (black dots). Shaded areas of curves represent s.e. Pair-wise tests between treatments are given for boxplots of
A) yearxsitexdepth interaction, B) yearxdepth interaction and C) yearxdepth interaction. Different lower case characters indicate
significant differences between treatments in boxplots. Depth categories are: d1: 3-5 m, d2: 6-8 m, d3: 10-12 m.
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2001), or that food availability is at a maximum for inter-
mediate values of vegetation complexity (Grenouillet et
al., 2002). More studies are needed to clarify food avail-
ability according to macrophyte degrees of complexity
and to relate this with the diet of every fish species.

The differences in the distribution pattern observed
between juvenile C. julis, T. pavo and Symphodus spp.
according to forest complexity may also be explained by
the differences in their morphology. Morphological vari-
ation between species can be responsible for enhanced
predator avoidance and feeding success, within the se-
lected complexity. These morphological differences are
in terms of colour patterns and locomotor efficiency due
to differences in body shape (Hertel, 1966; Motta et al.,
1995; Schmid & Senn, 2002). Juveniles of Symphodus
spp. are pale brown, which provides them with more ef-
fective camouflage in the canopy of similar colour. In
contrast, juvenile C. julis and T pavo are characterised
by more colourful patterns and hence may be less cryptic.
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Fish with a compressed, sub-gibbose body, with long and
pointed pectoral fins and a subterminal mouth, are often
mobile and manoeuvrable epibenthic foragers inhabiting
complex habitats, whereas streamlined fish are better
adapted for fast swimming in open water (Keast & Webb,
1966; Hoar & Randall, 1979; Motta et al., 1995; Recasens
et al., 2006). Symphodus spp. have a much deeper body
compared to C. julis and T. pavo, which may favour their
movements within the canopy and explain why they are
often observed in association with structurally complex
habitats (Bussotti & Guidetti, 2010). This manoeuvrabil-
ity in a complex habitat favours their foraging efficiency
in structurally complex environments, but may be a dis-
advantage for their speed, resulting in slower movement
and thus increased reliance on shelter in the canopy for
protection from predation. More streamlined bodies such
as those of C. julis and T. pavo are less manoeuvrable in
a complex habitat but enable these species to escape from
predators or quickly reach the safety of a refuge, thus es-
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pecially benefitting from less complex habitats. In accor-
dance with this notion, juvenile Symphodus spp. in our
study, independently of body length, usually displayed
cryptic and wandering behaviour and were abundant in
the most complex forests. However, the behaviour of C.
julis and T. pavo was size dependent. Cryptic behaviour
was mainly observed in the smallest juveniles, and wan-
dering and transitory behaviour in the larger individuals.
Furthermore, the smallest juveniles of 7. pavo occurred
in the most complex forests. The increase in swimming
speed experienced with age most likely reduces predation
risk in the open areas and allows larger juveniles of these
species to venture further from their refuge to forage.

Consequently, juvenile pattern distributions in Cysto-
seira forests according to the structural variability may
vary among species. It could be interpreted that Sympho-
dus spp. have potentially a stronger preference for com-
plex forests, whereas C. julis and T. pavo have potentially
a stronger preference for forests with less complexity.

Depth also influenced the juvenile fish assemblage and
taxon-specific density in our study, findings which are in
accordance with those previously published (Garcia-Ru-
bies & Macpherson, 1995; Harmelin-Vivien et al., 1995;
Francour, 1997; Vigliola & Harmelin-Vivien, 2001). In
our study, however, only assemblage composition, but
not species richness or total density, changed with depth,
mainly due to the opposed trends of C. julis and T. pavo.
Shallow assemblages were characterized by higher den-
sity of 7" pavo while deeper assemblages had higher den-
sity of C. julis. These taxon-specific trends are also found
in other studies (Garcia-Rubies & Macpherson, 1995;
Guidetti & D"Ambrosio, 2004) - but see Milazzo et al.,
(2011). In addition, no clear relationship patterns between
TL and depth were found for 7. pavo or Symphodus spp.,
which may suggest the absence of ontogenetic shifts in
bathymetry at least in the investigated depth range.

Juveniles of T. pavo, C. julis and Symphodus spp. can
be found simultaneously in Cystoseira forests; however,
inter-specific competition could be reduced by differenti-
ated microhabitat use: Symphodus spp. in more complex
and 7. pavo and C. julis in less complex forests; and 7.
pavo in shallower and C. julis in deeper forests (Guidetti
& D’Ambrosio, 2004). Juvenile fish partitioning across
space, time and depth has also been observed in other
habitats (Harmelin-Vivien et al., 1995).

Whether the preferences are due to active choice of
the most suitable microhabitat (Dahlgren & Eggleston,
2000) or due to different juvenile fish mortality rates re-
mains unclear (Thiriet et al., 2014) and should be investi-
gated in future works.

Conclusions

In conclusion, depth gradient and Cystoseira complex-
ity both affected the juvenile fish assemblages studied.
Variation in depth determined a taxon-specific pattern of
distribution of the juveniles, while habitat complexity af-
fected the assemblage composition and body size, which
in turn notably induced behavioural differences. We argue
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that the optimum net production of juveniles of different
species is acquired through the intrinsically patchy nature
of the forests, displaying a mosaic of various microhabi-
tat characteristics, in terms of depth and habitat complex-
ity. Future protection and management measures, as well
as restoration projects, should take these findings into
account in order to optimise management efforts. Thus,
appropriate spatial management strategies should act at
seascape scale and protect a mosaic of habitat types, en-
compassing each of them with their own bathymetric and
three-dimensional variability.

Acknowledgements

This study was carried out from a Balearic Island Gov-
ernment owned research station, Jaume Ferrer (Estacio
d’Investigacio Jaume Ferrer, Govern de les Illes Balears),
managed by the Oceanographic Institute for the Bale-
aric Islands (Centre Oceanografic de les Balears). The
study forms part of ACU’s PhD thesis, funded by these
institutions. Study permits for field work within the MPA
‘Reserva Marina del Nord de Menorca’ were approved
by the Balearic Island Government. Authors would like
to thank M. Sales and D. Carreras (OBSAM, IME) for
their advice on the cartography of the island and mem-
bers of ECOSEAS, MIO and CEFREM labs who provid-
ed helpful criticism of the manuscript at various stages of
completion. The authors would also like to express their
gratitude to the Septentrion Environnement team and
Carlos Dominguez who helped with field work. English
language revision was conducted by Adam Gouraguine
and Michel Paul. Finally, we would also like to thank the
anonymous reviewers for their constructive comments.

References

Airoldi, L., Beck, M.W., 2007. Loss, status and trends for coast-
al marine habitats of Europe. p. 345-405. In: Oceanography
and Marine Biology: An Annual Review, Vol. 45. Gibson,
R. N., Atkinson, R. J. A., Gordon, J. D. M. (Eds). CRC
Press, Boca Raton.

Anderson, M.J., Gorley, R., Clarke, K.R., 2008. PERMANO-
VA+ for PRIMER: guide to sofiware and statistical meth-
ods. PRIMER-E Ltd., Plymouth. 214 pp.

Anderson, M.J., Millar, R.B., 2004. Spatial variation and effects
of habitat on temperate reef fish assemblages in northeast-
ern New Zealand. Journal of Experimental Marine Biology
and Ecology, 305 (2), 191-221.

Anderson, M.J., Willis, T.J., 2003. Canonical analysis of princi-
pal coordinates: a useful method of constrained ordination
for ecology. Ecology, 84 (2), 511-525.

August, P.V., 1983. The role of habitat complexity and hetero-
geneity in structuring tropical mammal communities. Ecol-
ogy, 64 (6), 1495-1507.

Ballesteros, E., 1988. Estructura y dindmica de la comunidad
de Cystoseira mediterranea Sauvageau en el Mediterraneo
Noroccidental. Investigacion Pesquera, 52, 313-334.

Ballesteros, E., 1990a. Structure and dynamics of the Cystosei-

389



ra caespitosa Sauvageau (Fucales, Phaeophyceae) commu-
nity in the North-Western Mediterranean. Scientia Marina,
54 (2), 155-168.

Ballesteros, E., 1990b. Structure and dynamics of the commu-
nity of Cystoseira zosteroides (Turner) C. Agardh (Fucales,
Phaeophyceae) in the northwestern Mediterranean. Scientia
Marina, 54 (3), 217-229.

Beck, M.W., 2000. Separating the elements of habitat structure:
independent effects of habitat complexity and structural
components on rocky intertidal gastropods. Journal of Ex-
perimental Marine Biology and Ecology, 249 (1), 29-49.

Beck, M.W., Heck, K.L., Able, K.W., Childers, D.L., Eggleston,
D.B., et al., 2001. The identification, conservation, and
management of estuarine and marine nurseries for fish and
invertebrates, BioScience, 51 (8), 633—641.

Bell, S.S., McCoy, E.D., Mushinsky, H.R., 1990. Habitat struc-
ture: the physical arrangement of objects in space. Popu-
lation and Community Biology Series, Vol. 8. Chapman &
Hall, London, 464 pp.

Bonaviri, C., Gianguzza, P., Pipitone, C., Hereu, B., 2012. Mi-
cropredation on sea urchins as a potential stabilizing pro-
cess for rocky reefs. Journal of Sea Research, 73, 18-23.

Bussotti, S., Guidetti, P., 2010. Timing and habitat preferences
for settlement of juvenile fishes in the marine protected area
of Torre Guaceto (south-eastern Italy, Adriatic Sea). ltalian
Journal of Zoology, 78 (2), 243-254.

Byrne, L.B., 2007. Habitat structure: a fundamental concept
and framework for urban soil ecology. Urban Ecosystems,
10 (3), 255-274.

Cardona, L., Lopez, D., Sales, M., Caralt, S., Diez, 1., 2007.
Effects of recreational fishing on three fish species from the
Posidonia oceanica meadows off Minorca (Balearic archi-
pelago, western Mediterranean). Scientia Marina, 71 (4),
811-820.

Cardona, L., Moranta, J., Refiones, O., Hereu, B., 2013. Puls-
es of phytoplanktonic productivity may enhance sea urchin
abundance and induce state shifts in Mediterranean rocky
reefs. Estuarine, Coastal and Shelf Science, 133, 88-96.

Cebrian, E., Tomas, F., Lopez-Sendino, P., Vila, M., Balles-
teros, E., 2018. Biodiversity influences invasion success of
a facultative epiphytic seaweed in a marine forest. Biologi-
cal invasions, 20 (10), 2839-2848.

Cheminée, A., 2012. Ecological functions, transformations
and management of infralittoral rocky habitats from the
North-western Mediterranean: the case of fish (Teleostei)
nursery habitats. PhD Thesis. University of Nice Sophia
Antipolis, France, 226 pp.

Cheminée, A., Sala, E., Pastor, J., Bodilis, P., Thiriet, P., et al.,
2013. Nursery value of Cystoseira forests for Mediterra-
nean rocky reef fishes. Journal of Experimental Marine
Biology and Ecology, 442, 70-79.

Cheminée, A., Pastor, J., Bianchimani, O., Thiriet, P., Sala, E.,
et al., 2017. Juvenile fish assemblages in temperate rocky
reefs are shaped by the presence of macro-algae canopy
and its three-dimensional structure. Scientific reports, 7 (1),
14638.

Clarke, K.R., Gorley, R.N., 2006. PRIMER v6: user manual/
tutorial. PRIMER-E Ltd., Plymouth, 193 pp.

Clarke, K.R., Warwick, R.M., 2001. Change in marine commu-
nities: an approach to statistical analysis and interpreta-

390

tion. PRIMER-E Ltd., Plymouth, 176 pp.

Coll, J., Garcia-Rubies, A., Morey, G., Grau, A.M., 2012. The
carrying capacity and the effects of protection level in three
marine protected areas in the Balearic Islands (NW Medi-
terranean). Scientia Marina, 76 (4), 809-826.

Connell, S.D., Jones, G.P., 1991. The influence of habitat com-
plexity on postrecruitment processes in a temperate reef
fish population. Journal of Experimental Marine Biology
and Ecology, 151 (2), 271-294.

Cormaci, M., Furnari, G., 1999. Changes of the benthic algal
flora of the Tremiti Islands (southern Adriatic) Italy. Hydro-
biologia, 398, 75-79.

Cuadros, A., 2015. Settlement and post-settlement processes
of Mediterranean littoral fishes: influence of seascape at-
tributes and environmental conditions at different spatial
scales. PhD Thesis. University of the Balearic Islands,
Spain, 259 pp.

Dahlgren, C.P., Eggleston, D.B., 2000. Ecological processes
underlying ontogenetic habitat shifts in a coral reef fish.
Ecology, 81 (8), 2227-2240.

Francour, P., 1997. Fish assemblages of Posidonia oceanica
beds at Port-Cros (France, NW Mediterranean): assessment
of composition and long-term fluctuations by visual census.
Marine Ecology, 18 (2), 157-173.

Francour, P., Le Direac’h, L., 1994. Recrutement de 1’ichty-
ofaune dans I’herbier superficiel & Posidonia oceanica
de la réserve naturelle de Scandola (Corse, Méditerranée
nord-occidentale): données préliminaires. Travaux scien-
tifiques du Parc naturel régional et des réserves naturelles
de Corse, 46, 71-91.

Friedlander, A.M., Parrish, J.D., 1998. Habitat characteristics
affecting fish assemblages on a Hawaiian coral reef. Jour-
nal of Experimental Marine Biology and Ecology, 224 (1),
1-30.

Froese, F., Pauly, D., 2016. Fish Base. http://www.fishbase.org
(Accessed 9 March 2015)

Garcia-Charton, J.A., Pérez-Ruzafa, A., Sanchez-Jerez, P.,
Bayle-Sempere, J.T., Refiones, O., et al., 2004. Multi-scale
spatial heterogeneity, habitat structure, and the effect of
marine reserves on Western Mediterranean rocky reef fish
assemblages. Marine Biology, 144 (1), 161-182.

Garcia-Rubies, A., Macpherson, E., 1995. Substrate use and
temporal pattern of recruitment in juvenile fishes of the
Mediterranean littoral. Marine biology, 124 (1), 35-42.

Gianni, F., Bartolini, F., Airoldi, L., Ballesteros, E., Francour,
P., et al., 2013. Conservation and restoration of marine
forests in the Mediterranean Sea and the potential role of
Marine Protected Areas. Advances in oceanography and
limnology, 4 (2), 83-101.

Grenouillet, G., Pont, D., Seip, K.L., 2002. Abundance and spe-
cies richness as a function of food resources and vegetation
structure: juvenile fish assemblages in rivers. Ecography,
25 (6), 641-650.

Guidetti, P., 2000. Differences among fish assemblages asso-
ciated with nearshore Posidonia oceanica seagrass beds,
rocky—algal reefs and unvegetated sand habitats in the
Adriatic Sea. Estuarine, Coastal and Shelf Science, 50 (4),
515-529.

Guidetti, P., 2004. Consumers of sea urchins, Paracentrotus
lividus and Arbacia lixula, in shallow Mediterranean rocky

Medit. Mar. Sci., 20/2, 2019, 380-392



reefs. Helgoland Marine Research, 58 (2), 110-116.

Guidetti, P., Bussotti, S., 2002. Effects of seagrass canopy re-
moval on fish in shallow Mediterranean seagrass (Cymo-
docea nodosa and Zostera noltii) meadows: a local-scale
approach. Marine Biology, 140 (3), 445-453.

Guidetti, P., D’Ambrosio, P., 2004. Spatial distribution patterns
of Coris julis and Thalssoma pavo (Pisces, Labridae) along
the south-eastern Apulian coast (SE Italy). Thalassia Salen-
tina, 27, 81-90.

Harmelin, J.G., 1987. Structure and variability of the ichthy-
ofauna in a Mediterranean protected rocky area (National
Park of Port-Cros, France). Marine Ecology, 8§ (3), 263-284.

Harmelin-Vivien, M.L., Harmelin, J.G., Leboulleux, V., 1995.
Microhabitat requirements for settlement of juvenile sparid
fishes on Mediterranean rocky shores. Hydrobiologia, 300
(301), 309-320.

Hereu, B., 2004. The role of trophic interactions between fish-
es, sea urchins and algae in the northwest Mediterranean
rocky infralittoral. PhD Thesis. University of Barcelona,
Spain, 295 pp.

Hertel, H., 1966. Structure, form and movement. Reinhold Pub-
lishing Corporation, New York, 251 pp.

Hoar, W.S., Randall, D.J. (Eds.), 1979. Fish Physiology. Vol-
ume VII. Locomotion. Academic Press, Cambridge, 576 pp.

Jenkins, G.P., Wheatley, M.J., 1998. The influence of habi-
tat structure on nearshore fish assemblages in a southern
Australian embayment: comparison of shallow seagrass,
reef-algal and unvegetated sand habitats, with emphasis on
their importance to recruitment. Journal of Experimental
Marine Biology and Ecology, 221 (2), 147-172.

Kabasakal, H., 2001. Description of the feeding morphology
and the food habits of four sympatric labrids (Perciformes,
Labridae) from south-eastern Aegean Sea, Turkey. Nether-
lands Journal of Zoology, 51(4), 439-455.

Keast, A., Webb, D., 1966. Mouth and body form relative to
feeding ecology in the fish fauna of a small lake, Lake
Opinicon, Ontario. Journal of the Fisheries Board of Cana-
da, 23 (12), 1845-1874.

Kelaher, B.P., 2003. Changes in habitat complexity negatively
affect diverse gastropod assemblages in coralline algal turf.
Oecologia, 135 (3), 431-441.

Laegdsgaard, P., Johnson, C., 2001. Why do juvenile fish utilise
mangrove habitats? Journal of Experimental Marine Biolo-
gv and Ecology, 257 (2), 229-253.

Lejeune, P., 1985a. Etude écoéthologique des comportements
reproducteur et sociaux des Labridae méditerranéens des
genres Symphodus (Rafinesque 1810) et Coris (Lacepede
1802). Cahiers d’éthologie appliquée, 5, 1-208.

Lejeune, P., 1985b. Le comportement social des Labridés médi-
terranéens. PhD Thesis. University of Li¢ge, Belgium, 208
pp.

Letourneur, Y., Ruitton, S., Sartoretto, S., 2003. Environmen-
tal and benthic habitat factors structuring the spatial dis-
tribution of a summer infralittoral fish assemblage in the
north-western Mediterranean Sea. Journal of the Marine
Biological Association of the United Kingdom, 83 (1), 193-
204.

Levin, P.S., Hay, M.E., 1996. Responses of temperate reef fish-
es to alterations in algal structure and species composition.
Marine Ecology Progress Series, 134, 37-47.

Medit. Mar. Sci., 20/2, 2019, 380-392

Louisy, P., 2015. Europe and Mediterranean Marine Fish iden-
tification guide. Les Editions Ulmer, Paris, 512 pp.

Macpherson, E., 1998. Ontogenetic shifts in habitat use and ag-
gregation in juvenile sparid fishes. Journal of Experimental
Marine Biology and Ecology, 220 (1), 127-150.

Milazzo, M., Palmeri, A., Falcon, J.M., Badalamenti, F.,
Garcia-Charton, J.A., et al., 2011. Vertical distribution of
two sympatric labrid fishes in the Western Mediterranean
and Eastern Atlantic rocky subtidal: local shore topography
does matter. Marine Ecology, 32 (4), 521-531.

Montes, C., Ramirez Diaz, L., 1978. Descripcion y muestreo de
poblaciones y comunidades vegetales y animales. Secretar-
iado de Publicaciones de la Universidad de Sevilla, Sevilla,
82 pp.

Morales-Nin, B., Moranta, J., Garcia, C., Tugores, M.P., Grau,
AM., et al., 2005. The recreational fishery off Majorca Is-
land (western Mediterranean): some implications for coast-
al resource management. /CES Journal of Marine Science,
62 (4), 727-739.

Motta, P.J., Clifton, K.B., Hernandez, P., Eggold, B.T., 1995.
Ecomorphological correlates in ten species of subtropical
seagrass fishes: diet and microhabitat utilization. p. 37-60.
In: Ecomorphology of Fishes. Luczkovich, J.J., Motta, P.J.,
Norton, S.F., Liem, K.F. (Eds). Springer Netherlands, Dor-
drecht.

Nagelkerken, 1., Van der Velde, G., 2002. Do non-estuarine
mangroves harbour higher densities of juvenile fish than
adjacent shallow-water and coral reef habitats in Curacao
(Netherlands Antilles)? Marine Ecology Progress Series,
245, 191-204.

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., O’hara, R.,
etal.,2010. Vegan: community ecology package. R package
version 1.17-4. http://cran.r-project.org

Parsons, D.M., Middleton, C., Smith, M.D., Cole, R.G., 2014.
The influence of habitat availability on juvenile fish abun-
dance in a northeastern New Zealand estuary. New Zealand
Journal of Marine and Freshwater Research, 48 (2), 216-
228.

Pitacco, V., Orlando-Bonaca, M., Mavric, B., Popovic, A., Li-
pej, L., 2014. Mollusc fauna associated with the Cystoseira
algal associations in the Gulf of Trieste (Northern Adriatic
Sea). Mediterranean Marine Science, 15 (2), 225-238.

Planes, S., Macpherson, E., Biagi, F., Garcia-Rubies, A., Har-
melin, J., et al., 1999. Spatio-temporal variability in growth
of juvenile sparid fishes from the Mediterranean littoral
zone. Journal of the Marine Biological Association of the
United Kingdom, 79 (1), 137-143.

R Core Team, 2013. R: A language and environment for statis-
tical computing. R Foundation for Statistical Computing,
Vienna, Austria. http://www.R-project.org.

Raventos, N., Macpherson, E., 2001. Planktonic larval duration
and settlement marks on the otoliths of Mediterranean litto-
ral fishes. Marine Biology, 138 (6), 1115-1120.

Recasens, L., Lombarte, A., Sanchez, P., 2006. Teleostean fish
assemblages in an artificial reef and a natural rocky area
in Catalonia (Northwestern Mediterranean): an ecomorpho-
logical approach. Bulletin of Marine Science, 78 (1), 71-82.

Refiones, O., Polunin, N.V.C., Goni, R., 2002. Size related di-
etary shifts of Epinephelus marginatus in a western Medi-
terranean littoral ecosystem: an isotope and stomach con-

391



tent analysis. Journal of Fish Biology, 61 (1), 122-137.

Rodrigues, D.D., 2010. Habitat associations and behaviour of
wrasses of the genus Symphodus (Rafinesque, 1810) at the
Arrabida Marine Park, Portugal. PhD Thesis. University
of Lisbon, Portugal, 136 pp.

Rodriguez Prieto, C., Polo Alberti, L., 1996. Effects of the sew-
age pollution in the structure and dynamics of the commu-
nity of Cystoseira mediterranea (Fucales, Phaeophyceae).
Scientia Marina, 60 (2), 253-263.

Sala, E., Boudouresque, C.F., Harmelin-Vivien, M., 1998. Fish-
ing, trophic cascades, and the structure of algal assemblag-
es: evaluation of an old but untested paradigm. Oikos, 82
(3), 425-439.

Sala, E., Kizilkaya, Z., Yildirim, D., Ballesteros, E., 2011. Alien
marine fishes deplete algal biomass in the eastern Mediter-
ranean. PloS ONE, 6 (2), e17356-

Sales, M., Ballesteros, E., 2009. Shallow Cystoseira (Fucales:
Ochrophyta) assemblages thriving in sheltered areas from
Menorca (NW Mediterranean): relationships with envi-
ronmental factors and anthropogenic pressures. Estuarine,
Coastal and Shelf Science, 84 (4), 476-482.

Schmid, M.S., Senn, D.G., 2002. Seahorses-masters of adapta-
tion. Vie et Milieu, 52 (4), 201-207.

Soltan, D., 2001. Etude de I’incidence de rejets urbains sur les
peuplements superficiels de macroalgues en Méditerranée
nord-occidentale. PhD Thesis. University of Aix-Marseille,
France, 157 pp.

Thibaut, T., Pinedo, S., Torras, X., Ballesteros, E., 2005. Long-
term decline of the populations of Fucales (Cystoseira
spp. and Sargassum spp.) in the Albéres coast (France,
North-western Mediterranean). Marine Pollution Bulletin,
50(12), 1472-1489.

Thibaut, T., Blanfune, A., Boudouresque, C.F., Verlaque, M.,
2015. Decline and local extinction of Fucales in French
Riviera: the harbinger of future extinctions? Mediterranean
Marine Science, 16 (1), 206-224.

Thibaut, T., Blanfuné, A., Boudouresque, C.-F., Cottalorda, J.-
M., Hereu, B., et al., 2016. Unexpected temporal stability of
Cystoseira and Sargassum forests in Port-Cros, one of the
oldest Mediterranean marine national parks. Cryptogamie,
Algologie, 37 (1), 61-91.

Thiriet, P., 2014. Comparaison de la structure des peuplements

392

de poissons et des processus écologiques sous-jacents, en-
tre les foréts de cystoseires et des habitats structurellement
moins complexes, dans I'Infralittoral rocheux de Méditer-
ranée nord-occidentale. PhD Thesis, University of Nice
Sophia Antipolis, France, 199 pp.

Thiriet, P., Cheminée, A., Mangialajo, L., Francour, P., 2014.
How 3D complexity of macrophyte-formed habitats affect
the processes structuring fish assemblages within coastal
temperate seascapes? p. 185-199. In: Underwater Sea-
scapes. From geographical to ecological perspectives.
Musard, O., Da-Blayo, L.L., Francour, P., Beurier, J.-P.,
Feunteun, E., Talassinos, L. (Eds). Springer International
Publishing, Switzerland.

Thiriet, P.D., Di Franco, A., Cheminée, A., Guidetti, P., Bi-
anchimani, O., et al, 2016. Abundance and diversity of
crypto-and necto-benthic coastal fish are higher in marine
forests than in structurally less complex macroalgal assem-
blages. PLOS ONE, 11 (10), e0164121.

Velando, A., Freire, J., 1999. Intercolony and seasonal differ-
ences in the breeding diet of European shags on the Gali-
cian coast (NW Spain). Marine Ecology Progress Series,
188, 225-236.

Vergés, A., Tomas, F., Cebrian, E., Ballesteros, E., Kizilkaya,
Z., et al., 2014. Tropical rabbitfish and the deforestation
of a warming temperate sea. Journal of Ecology, 102 (6),
1518-1527.

Vigliola, L., 1998. Contréle et régulation du recrutement des
Sparidae (Poissons, Téléostéens) en Méditerranée : im-
portance des processus pré- et post-installation benthique.
PhD Thesis. University of Aix-Marseille, France, 276 pp.

Vigliola, L., Harmelin-Vivien, M., 2001. Post-settlement on-
togeny in three Mediterranean reef fish species of the Genus
Diplodus. Bulletin of Marine Science, 68 (2), 271-286.

Wickham, H., 2009. ggplot2. Elegant Graphics for Data Anal-
ysis. Springer New York, New York, 213 pp.

Wilson, S., Graham, N., Polunin, N., 2007. Appraisal of visual
assessments of habitat complexity and benthic composition
on coral reefs. Marine Biology, 151 (3), 1069-1076.

Zander, D.C., Sétje, 1., 2002. Seasonal and geographical dif-
ferences in cleaner fish activity in the Mediterranean Sea.
Helgoland Marine Research, 55 (4), 232.

Medit. Mar. Sci., 20/2, 2019, 380-392



