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Abstract

Fish assemblage in a surf zone of the southern Tyrrhenian Sea was investigated for the first time. Samples were collected
during four surveys by a modified beach-seine, from June 2005 to May 2006. Overall, 42 species belonging to 19 families were
recorded. Among them, Sardina pilchardus showed the highest abundance values, while Mugilids (Oedalechilus labeo and Liza
aurata) were the most frequently caught species. The fish community was dominated by pelagic and gregarious species using this
habitat as a foraging ground and recruitment area. Juveniles and early adults made up the largest proportion of the ichthyofauna.
Fishes inhabiting the surf zone were mainly strictly benthic invertebrate feeders and invertivorous/piscivorous fish; strictly plank-
tivorous were represented by few species but strongly dominant in terms of catch per unit effort; strictly piscivorous fish were
poorly represented. Fish composition varied over the study period with the greatest abundance in May and December, and the

highest richness and diversity in October.

Keywords: Sandy beach, ecological guilds, juvenile fish assemblage, southern Tyrrhenian Sea, Western Mediterranean.

Introduction

Surf zones, are important sites for the exchange of
organic matter and nutrients between continent and sea
(Yafiez-Arancibia, 1978; Brown & McLachlan, 1990)
and support a wide range of fauna, mainly zooplankton
and fishes (Maes et al., 1998), that contribute to the en-
ergy transfer from this habitat to nearby areas (Modde
& Ross, 1983; Du Preez et al., 1990). According to the
literature, surf zones fulfil many different vital functions
for fishes, such as spawning and nursery grounds (La-
siak, 1981, 1983, 1984, 1986; Senta & Kinoshita, 1985),
protection against predators and increased feeding op-
portunities (Layman, 2000; Selleslagh & Amara, 2007).
For these reasons, the ichthyofaunal distribution and spe-
cies composition in these areas are highly variable over
spatial and temporal scales and are often the result of
seasonal settling or periodic migration waves of young
stages. Indeed, surf-zone fish communities are usually
dominated by a small number of species, largely made up
of juveniles that use shallow waters as nursery grounds
and are most abundant during specific periods of the year
(Lasiak, 1981, 1984; Ayvazian & Hindes, 1995; Gibson
et al., 1996). Surf zones are also populated by resident
species, occurring throughout the year and represented by
all life stages (Layman, 2000; Beyst et al., 2001), as well
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as adult transient fishes, that are common in other marine
habitats but move sporadically towards shallow waters to
take advantage of temporally abundant or under-utilized
food resources (Blaber & Blaber, 1980; Lasiak & Ma-
cLachlan, 1987; Esposito et al., 2014). In order to better
understand these complex temporal and spatial dynam-
ics in estuarine and surf-zone fish assemblages, Elliott
& Hemingway (2002) proposed a functional guild analy-
sis based on the identification of fish groups exploiting
the same class of environmental resources in a similar
way (e.g., dietary preference, surf utilization, preferen-
tial habitat). This analysis simplifies complex ecosystems
by reducing them to an ecologically meaningful level of
complexity (Elliott & Dewailly, 1995; Garrison & Link,
2000) and, combined with traditional community de-
scriptors (species composition, abundance and biomass),
provides information on the functioning and on the in-
ternal and hierarchical structure of the fish communities.

In the present paper, classical community param-
eters were combined with ecological and dietary prefer-
ence guilds as proposed by Layman (2000), Malavasi et
al. (2004) and Suda et al. (2002) to describe the species
composition and internal structure of the surf-zone fish
assemblages off a sandy beach on the northern Sicilian
coast (southern Tyrrhenian Sea). Moreover, considering
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that the few studies conducted on Mediterranean surf
zones have focused only on the macro- and supra-ben-
thic communities (Leon & Corrales, 1995; Munilla et al.,
1998; San Vicente & Munilla, 2000; Deidun & Schem-
bri, 2006; Esposito et al., 2011; Esposito, 2013) or on fish
assemblages of Adriatic or north-eastern Mediterranean
Sea (Lipej et al., 2003; Giakoumi & Kokkoris, 2013) the
specific objectives of this paper were: 1) to investigate,
for the first time, the taxonomic composition of a fish
assemblage in a surf zone of the Tyrrhenian Sea; 2) to
assess the assemblage structure, with the aim of provid-
ing information on the functional aspects of this shallow
water habitat for the ichthyofauna.

Materials and Methods

Study area

The study area is located on a surf-zone sandy bottom
along the northern Sicilian coast, between Capo d’Orlando
and Capo Calava and is approximately 7 km long (Fig.
1). This bottom is characterized by gravel and very coarse
sands near the coast, immediately followed by fine, well-
sorted sands. It is subjected to the action of north-eastern
currents and to a high sedimentation rate caused by irreg-
ular fluvial inputs; moreover, the presence of man-made
structures (i.e. Capo d’Orlando harbour, breakwaters along
the shore) causes variations in sedimentary structure and
consequent accumulation of silt and clay in the surf zone
(ICRAM, 2008; Esposito, 2013).

Sea-Surface Temperature

As in other temperate areas, temperature of the study
area shows a classical seasonal pattern. Data recorded
from 1999 to 2002 showed that temperatures were high-
est (24-28°C) during late June-August, declined in Oc-
tober-November (18-20°C) and reached low values (13-
17°C) during December-early March, then increased to
18-20°C during early May-June (ICRAM, 2003).

Sampling methods

From June 2005 to May 2006, four fishing surveys
were conducted during daylight, using a beach-seine
(length: 40 m; height: 8 m) equipped with a 1 mm mesh
size cod-end with the aim of collecting both adult and
larval/juvenile fish. The mesh size used has been consid-
ered adequate to sampling larval stages, because in the
study area this kind of net was used in the past to capture
larvae of Engraulidae and Clupeidae by local fishermen
for commercial purposes. The sampling periods were
chosen on the basis of the different sea-surface tempera-
ture ranges recorded in the study area (late June, October,
December, early May). Overall, 20 hauls were performed
(5 per survey) in each of the two sampling stations. The
net was set from a boat, describing a semi-circle which
started from the shore, reached a maximum depth of 5 m
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Fig. 1: Study area in the central Mediterranean Sea. The sam-
pling stations were also showed (rectangles).

at a distance of 20-30 m from the coastline, and ended on
the shore again. The net was hauled by 8 operators, four
at each end of it. Both sides were pulled simultancously
from aloft and the net was closed off to trap the encircled
fishes against the shore. During the fishing operations,
the net extends vertically all over the water column and
the footrope of the seine was in permanent contact with
the bottom to prevent the fish from escaping from the
enclosed area. Catches were analysed to determine spe-
cies composition. Then, for each of the identified species,
individuals were counted, measured to the nearest 1 mm
total length (TL) and weighed to the nearest 0.001 g.

Abundance (N), biomass (W) and frequency of oc-
currence (F) percentages were assessed as follows:

%N = number of individuals of species i/total number of
individuals * 100

%W = weight of species i/total weight of all species * 100
%F = number of hauls containing species i/total number
of hauls * 100.

For each species, a sub-sample including fish of dif-
ferent sizes, was chosen and the stomach contents anal-
ysed (ICRAM, 2008), in order to categorize fish in terms
of dietary preference depending on its ontogeny, follow-
ing the classification proposed by Malavasi et al. (2004).

Fish community

The fish community was characterized by calculating
the following diversity indexes for each sampling period:
- Specific Richness (S) expressed as the total number

of species caught at each sampling.

- Shannon-Wiener Diversity Index (H») (Shannon &

Weaver, 1963) calculated as H'=i=1SPi*InPi
- Where P, is the proportion of total sample represented

by species i.

- Simpson’s Index of dominance (D) calculated as D= pi2.

Also in this case, P, is the proportion of total sample
represented by species i (Clarke & Warwick, 2001).

The dietary-preference guilds, determined by the
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stomach content analysis of subsamples of each spe-
cies and according to the available literature for Italian
waters (e.g., Tortonese, 1970, 1975; Relini ef al., 1997),
included the following groups: strictly planktivorous
feeders (PS), strictly benthic invertebrate feeders (IS),
strictly piscivorous feeders (FS), species feeding on in-
vertebrates and fish (IF), detritivores (D) and herbivores
(H). Fish species were also grouped, according to Suda
et al. (2002), on the basis of their developmental stage:
larvae (L), post-larvae (PL), juveniles (J), early adults
(EA), adults (A), all life stages (LS), with larvae repre-
senting the developmental stage between hatching and
the attainment of a full set of external meristic charac-
ters, and juveniles representing the developmental stage
after larval stage and until first sexual maturity. The surf
utilization guilds included the following categories: year-
round residents (Y), seasonal nursery juveniles (J), tran-
sient adults common in other marine habitats (T) and the
juvenile and adult transient group (J/T) (Layman, 2000),
assigned on the basis of the fish assemblage composition
in each sampling period. Finally, the preferential habitat
guilds included the following groups: coastal area (C),
estuary (E), offshore pelagic (P), rocky coast (RC), and
sandy bottom (SB), assigned according to the available
literature for Italian waters (e.g., Tortonese, 1970, 1975;
Relini et al., 1997).

Total and relative abundance for each species in each
sampling period were calculated as standardized catch
per unit effort (CPUE): total catches/number of hauls.
CPUE, used as unit of relative abundance, and species
number percentages for the ecological aspects dietary
preference and surf utilization were calculated to identify
the dominant functional groups in the fish assemblage by
sampling period.

Juvenile fish assemblage

The use of the surf zone as a seasonal nursery by
the fish community was investigated considering only
larval and post-larval stages, juveniles and early adults,
thus excluding adult fishes. A non-parametric multivari-
ate analysis of variance (PERMANOVA) was applied on
the abundance of each species, to estimate the potential
differences in the juvenile fish assemblage by period.
Data were transformed to square root and analysed on
the basis of Gower distance using 4999 permutations.
Pair-wise comparisons were computed when significant
differences (p<0.05) among factor levels were detected;
a multivariate multiple permutation test (SIMPER) was
performed to determine the contribution of each spe-
cies to average dissimilarity between groups, in terms of
Bray-Curtis similarities. Finally, the pattern of correla-
tion among fish species and sampling periods was inves-
tigated by the correspondence analysis. All these analy-
ses were performed using the statistical software applica-
tions PRIMER6 & PERMANOVA+ (Clarke & Warwick,
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2001; Anderson et al., 2008) and the software package
STATISTICA, version 10 (StatSoft, 2010).

Results

Fish community

Overall, 42 fish species belonging to 19 families
were collected during the entire study period (Table 1).
Sardina pilchardus recorded the highest value of abun-
dance (N%=80.3) and biomass (W%=61.7), while mugi-
lids (Oedalechilus labeo and Liza aurata) were the most
frequent fishes in this environment (F%=79.5 and 61.5
respectively).

Diversity indexes calculated on the whole fish as-
semblage showed temporal variations (Fig. 2). In particu-
lar, species richness decreased from October to Decem-
ber (Fig. 2A); H’ showed the highest value in October
and was quite constant in the other sampling periods; D
showed the lowest value in October and was rather con-
stant in the other sampling periods (Fig. 2B).

As regards preferential habitat, the fish assemblage
was mostly represented by species typical of sandy bot-
toms (n = 18), rocky bottoms (n = 9) and pelagic envi-
ronment (n = 8), while, as to developmental stage guilds,
juveniles dominated the fish assemblage.

Analysis of surf utilization highlighted that 11 spe-
cies occurred in the study area throughout the year and, 4
of them spent their entire life cycle in the surf zone (Table
2), as shown by the catch of all their life stages (from
larvae to adults). Moreover, seasonal nursery juveniles
resulted the dominant group in terms of number of spe-
cies (Fig. 3A), whereas the juvenile and adult transient
group recorded the highest CPUE (Fig. 3B).

Within the dietary-preference guilds, strictly benthic
invertebrate feeders had the highest number of species
(Fig. 3C), while strictly planktivorous feeders highly
dominated in terms of CPUE (Fig. 3D).

The analysis of temporal variations in fish assemblage
within the category surf utilization revealed that the num-
ber of species representing the seasonal nursery juvenile
group, was the highest in October (60% of the total spe-
cies) and the lowest in late June (36% of the total spe-
cies) (Fig. 4A); in contrast, the CPUE of group J recorded
values <20% in October and early May and >80% in late
June and December, thus seasonal nursery juvenile group
represented almost the total fish community in these two
sampling periods (Fig. 4B). Furthermore, the juvenile and
adult transient group largely dominated the fish assemblage
in early May (97% of total CPUE) and October (54% of
the total CPUE). On the basis of dietary-preference guilds,
strictly benthic invertebrate feeders were the dominant
group over the whole sampling period, in terms of number
of species (Fig. 4C), with increasing values from late June
(36% of the total number of species) to early May (48% of
the total number of species). In terms of CPUE, this group
represented almost the whole fish community in late June
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Table 1. Numerical abundance (N), biomass (W in grams) and frequency of occurrence (F) for fish species inhabiting the surf zone

of the study area between June 2005 and May 2006.

Family Species Abundance Biomass Occurrence
N % of total W(g) % of total F % of total
Ammodytidae Gymnammodytes cicerelus 22 0.02 30.1 0.02 4 10.26
Atherinidae Atherina boyeri 52 0.05 14.0 0.01 3 7.69
Belonidae Belone belone 6 0.01 261.4 0.21 2 5.13
Bothiidae Arnoglossus laterna 3 <0.01 6.5 0.01 2 5.13
Bothus podas 15 0.01 121.6 0.10 7 17.95
Callionymidae Callionymus pusillus 5 <0.01 8.2 0.01 3 7.69
Carangidae Caranx crysos 68 0.07 612.0 0.50 5 12.82
Lichia amia 1 <0.01 36.9 0.03 1 2.56
Seriola dumerili 1 <0.01 105.9 0.09 1 2.56
Trachinotus ovatus 125 0.12 295.8 0.24 9 23.08
Trachurus mediterraneus 5 <0.01 11.3 0.01 2 5.13
Trachurus trachurus 6 0.01 31.9 0.03 2 5.13
Centracanthidae Spicara flexuosa 437 0.43 966.7 0.79 3 7.69
Clupeidae Sardina pilchardus 81007 80.29 75159.7 61.71 7 17.95
Sardinella aurita 575 0.57 1035.3 0.85 2 5.13
Gobiidae Pomatoschistus marmoratus 168 0.17 70.7 0.06 6 15.38
Pomatoschistus minutus 1 <0.01 0.7 <0.01 1 2.56
Labridae Xyrichtys novacula 9 0.01 234.0 0.19 5 12.82
Moronidae Dicentrarchus labrax 14 0.01 1210.6 0.99 6 15.38
Mugilidae Liza aurata 1610 1.60 12066.2 9.91 24 61.54
Oedalechilus labeo 1301 1.29 20095.7 16.50 31 79.49
Mullidae Mullus barbatus barbatus 111 0.11 1910.5 1.57 9 23.08
Mullus surmuletus 20 0.02 3459 0.28 7 17.95
Ophidiidae Ophidion barbatum 1 <0.01 43.1 0.04 1 2.56
Sparidae Boops boops 78 0.08 251.9 0.21 2 5.13
Dentex dentex 3 <0.01 94.6 0.08 2 5.13
Diplodus annularis 1 <0.01 12.4 0.01 1 2.56
Diplodus sargus sargus 4 <0.01 77.3 0.06 3 7.69
Diplodus vulgaris 99 0.10 117.5 0.10 7 17.95
Lithognathus mormyrus 1728 1.71 853.8 0.70 14 35.90
Oblada melanura 26 0.03 677.9 0.56 11 28.21
Pagellus acarne 12662 12.55 2843.3 2.33 8 20.51
Pagellus erythrinus 53 0.05 270.6 0.22 10 25.64
Pagrus pagrus 3 <0.01 33 <0.01 1 2.56
Sarpa salpa 617 0.61 1009.9 0.83 7 17.95
Sphyraenidae Sphyraena sphyraena 1 <0.01 283.4 0.23 1 2.56
Sphyraena viridensis 34 0.03 211.6 0.17 2 5.13
Synodontidae Synodus saurus 1 <0.01 0.9 <0.01 1 2.56
Trachinidae Echiichthys vipera 4 <0.01 345 0.03 3 7.69
Trachinus draco 2 <0.01 20.8 0.02 2 5.13
Triglidae Chelidonichthys lucerna 10 0.01 352.0 0.29 6 15.38
Eutrigla gurnardus 1 <0.01 1.4 <0.01 1 2.56
4) s » -0-D
b , | - i
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81 68 66 137
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) f 05
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Fig. 2:Variations of the community indexes during the whole sampling period: A) Specific richness (S), whit average number of
species for each season reported in the graph; B) Simpson’s index of dominance (D) and Shannon-Wiener diversity index (H’).
Standard deviation values are also reported.
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Table 2. List of species caught in the surf zone of the northern Sicilian coast from June 2005 until May 2006. For each species
mean TL and size range are reported. Each species is also classified according to the description proposed by Layman (2000)
Suda et al. (2002) and Malavasi et al. (2004). Dietary preference (Malavasi et al., 2004): PS=strictly planktivorous feeders,
[S=strictly benthic invertebrate feeders, FS=strictly piscivorous feeders, [F=feeding on invertebrates and fish, D=detritivores and
H=herbivores. Surf utilization (Layman, 2000): Y=year-round resident, J=seasonal nursery juvenile, T=adult transient common
in other marine habitat and J/T= juvenile and adult transient. Developmental stage (Suda et al, 2002): L=larvae, PL=post-larvae,
J= juvenile, EA=early adult, A=adult, LS=all life stages. Preferential habitat (Suda et al., 2002): C=coastal area; E=estuary;
P=offshore pelagic; RC=rocky coast; SB=sandy bottom.

Species mean TL size range Dietary Surf Developmental Preferential
(cm) (TL cm) preference utilization stage habitat

Arnoglossus laterna 6.7+0.5 6-7.1 IS J EA SB
Atherina boyeri 31+09 2.1-7.5 PS Y LS E-C
Belone belone 345+7.0 21.2-423 IF T EA-A P
Boops boops 6.9+1.5 4.1-10 IF T PL-J-EA P
Bothus podas 83+£22 4-13.6 IS Y EA-A SB
Callionymus pusillus 11.0+ 7.0 34-11.5 IS Y EA-A SB
Caranx crysos 85+ 1.5 55-12.3 FS T EA RC
Chelidonichthys lucerna 11.0£7.0 5.8-31.2 IS T J-EA-A SB
Dentex dentex 13.1+23 11-16.3 FS J J RC
Dicentrarchus labrax 19.2+2.6 13.7-24.5 IF Y EA-A E
Diplodus annularis - 9.1 IS T A C
Diplodus sargus 89+3.7 55-15 IS J EA RC
Diplodus vulgaris 37+1.4 2.6-9.4 IS J J-EA RC
Echiichthys vipera 9.5+0.5 8.7-10.1 IF Y A SB
Eutrigla gurnardus - 53 IS J J SB
Gymnammodytes cicerelus 7.8+1.3 44-123 PS T LS SB
Lichia amia - 16 FS T EA E
Lithognathus mormyrus 32421 1.1-20.8 IS J LS SB
Liza aurata 10.0+ 6.2 45-394 IS/D Y J-EA-A E
Mullus barbatus barbatus 8.8+14 6-15 IS J J-EA SB
Mullus surmuletus 95455 49-254 IS J J-EA RC
Oblada melanura 11.9+34 4.6-17.7 IF J J-EA P
Oedalechilus labeo 10.3+4.1 4-31.5 FS/D Y LS C
Ophidion barbatum - 22 IS T A SB
Pagellus acarne 74+09 4-9.6 IS J LS SB
Pagellus erythrinus 6.6+1.8 2.8-9.1 IS J J-EA SB
Pagrus pagrus 4.1+0.2 39-45 IS J J SB -RC
Pomatoschistus marmoratus 3622 14-58 IS Y L-J-A SB
Pomatoschistus minutus - 4.6 IS Y J SB
Sardina pilchardus 5.1£0.6 22-9 PS JT LS P
Sardinella aurita 3.0+1.2 1.8-4.1 PS T L-J P
Sarpa salpa 39+1.9 1.8-17.6 H Y LS RC
Seriola dumerilii - 20 FS T EA RC
Sphyraena sphyraena 23.8+18.8 5-425 FS T J-A RC
Sphyraena viridensis 120+ 1.5 10.3-15.1 FS J J RC
Spicara flexuosa 5.8+0.6 41-78 IF T J-EA-A C
Synodus saurus - 53 FS T EA SB
Trachinotus ovatus 5.7+2.1 3.7-17.5 IF J J-EA P
Trachinus draco 10.7+ 1.6 9.1-12.2 IF Y A SB
Trachurus mediterraneus 63+1.0 53-8 IF J J P
Trachurus trachurus 8.7+£0.6 7.6-9.2 IF J J P
Xyrichtys novacula 11.7£3.0 8.5-159 IS J EA-A SB

and December, with percentages above 87%. In early May,  Juvenile fish assemblage

the fish assemblage was almost exclusively made up of The analyses for the characterization of the fish commu-
Strictly planktiVorOUS feeders, whereas fishes feeding on mty using the surf zone as a seasonal nursery were carried out
invertebrates and fish formed 55% of total catches during  on 96888 specimens belonging to 26 fish species (Table 3).

October (Fig. 4D). Results of PERMANOVA analysis, performed on
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Number of species

SURF UTILIZATION

Number of species

©

A)

Fig. 3: Percent composition of the fish assemblage on the basis of surf-utilization guilds: Y=year-round resident, J=seasonal nursery juve-
nile, T=adult transient common in other marine habitat and J/T=juvenile and adult transient (Fig 3A: number of species; Fig 3B: Catches per
Unit Effort - CPUEs) and dietary-preference guilds: PS=strictly planktivorous feeders, [S=strictly benthic invertebrate feeders, FS=strictly
piscivorous feeders, [F=feeding on invertebrates and fish, D=detritivores and H=herbivores (Fig 3C: number of species; Fig 3D: CPUEs).

the abundance matrix, highlighted significant differences
among sampling periods (F, ;=3.88; p<0.001) and pair-
wise comparisons showed significant differences between
all pairs of factor levels (p<0.05). SIMPER tests recorded
the highest average dissimilarity between early May and
late June groups (6=95.91), mainly due to S. pilchardus

A) SURF UTILIZATION

80 - mlate June O October B December M early May
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o
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n. species (%)
o
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=
S
)
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CPUE (%)

J Y T

T

(Av ab = 27.18) and Lithognatus mormyrus (Av ab =
9.66) which were more abundant during early May and
late June, respectively. The average abundances of these
species are also responsible for the dissimilarities found
between early May-late June and October-December peri-
ods. Mullus barbatus barbatus, more abundant in October,

C) DIETARY PREFERENCE
80 1 Mlate June OOctober BDecember B early May
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Fig. 4: Composition of the fish assemblages in the different sampling periods on the basis of surf-utilization guilds: Y=year-round
resident, J=seasonal nursery juvenile, T=adult transient common in other marine habitat and J/T= juvenile and adult transient(Fig
4A: relative number of species; Fig 4B: % Catches per Unit Effort - CPUEs) and dietary-preference guilds: PS=strictly plank-
tivorous feeders, [S=strictly benthic invertebrate feeders, FS=strictly piscivorous feeders, [F=feeding on invertebrates and fish,
D=detritivores and H=herbivores (Fig 4C: relative number of species; Fig 4D: CPUEs).
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Table 3. Number of individuals of species composing the seasonal
nursery juvenile group caugth in each of the sampling period.

and Pagellus acarne and O. labeo, more abundant in De-
cember, accounted for most of the dissimilarity between

Species Late Octo- Decem- Early these two months.
June  ber ber May The results of PERMANOVA and SIMPER analyses
Arnoglossus laterna - 3 - - agree with the ordination of fish species in the correspon-
Atherina boyeri 50 - - - dence analysis biplot (Fig. 5). The first two axes of the
BOOP.S bO_Ops ) 4l ) 22 graph explained 76.9% of the total variance. The first di-
Chelidonichthys lucernus - A ) ? mension highlighted a clear separation between late June
Dentex dentex - 3 - - . . . .
. and the other sampling periods, mainly related to the high
Diplodus sargus 2 1 - 1 .
Diplodus vulgaris i . i 9 abundance of L. mormyrus and Trachinotus ovatus and
. to Atherina boyeri and Sphyraena viridensis which were
Eutrigla gurnardus - - 1 - - ; !
Lithognathus mormyrus 1708 14 3 4 e).cclusn./ely caught in this month .(Table 3). The second
Liza aurata 5 1 B 433 dimension showed a clear separation between December
Mullus barbatus barbatus - 81 29 1 (top left in the diagram) and early May-October months
Mullus surmuletus 14 - 6 - (bottom left). The fish community in December was domi-
Oblada melanura 6 8 2 10 nated by Pagellus acarne and O. labeo, while in early May
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Fig. 5: Ordination diagrams for the first two canonical axes of
data per sampling season.
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total abundance. The fish assemblage is composed of a
high percentage of juvenile stages, chiefly planktivorous,
but there are also adult transients between the surf-zone
and open-sea environments, that feed mainly on benthic
invertebrates and other fishes and move inshore during
specific periods (early May and December). Eleven spe-
cies are found constantly throughout the year (year-round
residents) and only four of them can be considered truly
resident spending their entire life cycle in the surf zone,
with the mugilid O. labeo being the most common. Un-
like other members of Mugilidae family, which are typi-
cally euryhaline, this species is usually poorly tolerant to
variations in salinity and shows affinity for more maritime
conditions (Ben-Yami & Grofit, 1981; Mickovi¢ et al.,
2010). Mugilid and clupeid occurrence along beaches has
been documented worldwide (McFarland, 1963; Modde
& Ross, 1981; Clark et al.,, 1996). Clupeids are usually
found in great quantities in the surf zone during winter and
autumn (McFarland, 1963; Lopes et al., 1993) and play
an important role in the coastal trophic web as prey for
carangids, sparids, moronids and belonids (Reina-Hervas
& Serrano, 1987; Dorman, 1988; Pipitone & Andaloro,
1995). In our study, S. pilchardus dominated in May as
juveniles, while in December it occurred as adult transient,
showing that this species may use the surf zone as both
juvenile habitat and feeding place. Although dominated by
few species, the surf zone exhibited a high degree of spe-
cific richness within the category of seasonal nursery juve-
niles (J), encompassing more than 60% of the total number
of species, thus confirming the importance of this area as a
juvenile habitat. Within Group J, a small fraction made up
of sardines, picarels, bogues, barracudas and sand eels, re-
utilized the surf zone at adult stage (J/T) and made up 81%
of total CPUE. Year-round resident (Y) and fishes found
only as transient adults (T) included a relatively high num-
ber of species but they showed a CPUE of 4%. A similar
fish assemblage composition in the surf zone has also been
described by other Authors. Layman (2000) on the coast of
Virginia (USA) and Beyst et al. (2001) on a sandy beach
along the Belgian coast, report that the majority of the spe-
cies inhabiting the surf zone are seasonal nursery juveniles
and transient adults or “migrants”. By contrast, year-round
resident fishes are less diversified, possibly because very
few species are able to utilize turbulent shallow waters and
to live in highly dynamic habitats such as the surf zone of
oceanic environments. The high number of species found
in our study area is possibly related to the low degree of
both wave exposure and tide amplitude, both of which
typify Mediterranean coastal zones.

As regards dietary preference, most fish species in-
habiting the study area are strictly benthic invertebrate
feeders (IS) and invertivorous/piscivorous fish (IF). The
former are mainly juveniles, almost exclusively repre-
sented by the sparids L. mormyrus and P. acarne which,
at this stage, chiefly rely on small or sedentary benthic or-
ganisms, such as amphipods, bivalve juveniles and poly-

Medit. Mar. Sci., 16/3, 2015, 502-512

chaetes (Andaloro, 1983; Kallianiotis et al., 2005; Fehri-
Bedoui et al., 2009), and are more abundant in June and
December, respectively. The invertivorous/piscivorous
fish include juveniles and adult transients (J/T); they are
mainly represented by the species Spicara flexuosa that
feeds principally on zooplankton (mainly copepods) but
also on fishes (Mytilineou, 1987; Stergiou & Karpouzi,
2002) and that predominates in October. Few species
are strictly planktivorous, but they strongly dominate
in terms of CPUE, indicating that the pelagic habitat is
heavily exploited in terms of food resources; they mostly
occur during May and are mainly schools of juveniles
of pelagic species, principally S. pilchardus, but also
transient adults such as Sardinella aurita. Piscivorous
fish are poorly represented in terms of CPUE (< 3%) al-
though some of them, such as the lizardfish Synodus sau-
rus, are very abundant in the adjacent infralittoral zone
(Esposito et al., 2009). The trophic composition of the
surf-zone ichthyofauna described in our study area has
also been reported in different oceanic regions (Springer
& Woodburn, 1960; McFarland, 1963; Naughton & Salo-
man, 1978). There, planktivorous fishes are recorded as
numerically important components of the surf-zone fish
assemblages, in particular in spring-summer; they are
usually followed by benthivorous fishes, while piscivo-
rous predators usually occur in low numbers, as the tur-
bidity of surf zones may impair their foraging efficiency
(Lasiak, 1986). The cyclical variation in availability and
abundance of primary food sources in the surf zone and
the opportunistic exploitation of superabundant food re-
sources by surf-zone teleosts could affect the assemblage
structure in the different sampling periods. Populations
of planktonic and suprabenthic prey organisms, such as
copepods, mysids, decapod larvae and fish larvae, are
highly dynamic in the surf zone and their great tempo-
ral availability occasionally lures adult fishes from deep
to shallow waters (Lasiak, 1983; Modde & Ross, 1983;
Lasiak & McLachlan, 1987; Esposito et al., 2011; Es-
posito, 2013). In the coastal waters of the Tyrrhenian
Sea, phytoplankton blooms support the increase in co-
pepods in three periods of the year (i.e. March-April,
July-August and October-November) (Ribera d’Alcala
et al., 2004) while other important prey organisms, such
as mysids and amphipods, proliferate from April to Sep-
tember (Sarda et al., 1999; Chimenz Gusso et al., 2001,
Esposito et al., 2014). Similar considerations have also
been pointed out in the Straits of Sicily (central Mediter-
ranean), where benthic fishes such as Xyrichtys novacula
exploit pelagic organisms in distinct periods, correspond-
ing to the increase in secondary production after phyto-
planktonic blooms (Castriota et al., 2010). The increase
in benthivorous and planktivorous fishes recorded in our
study area during early May and late June would there-
fore be justified by concomitant blooms of zooplankton
and suprabenthic prey organisms. By contrast, piscivo-
rous fishes dominate in October and early May, when
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specific richness or abundance of fish prey in the surf
zone peak (see Fig. 2) and therefore predator-prey en-
counter rates are highest. In short, even in the Mediter-
ranean Sea, the utilization of the surf zone habitat during
different periods by different species or trophic groups
and predation in high prey density can be considered as
a viable strategy preventing competition for space and
resources, and supporting optimization of energy gains,
as observed in other extra-Mediterranean areas (Modde
& Ross, 1983; Moreno & Castro, 1995).

Seasonal fluctuations in abundance and species rich-
ness are typical of many fish communities in shallow ma-
rine waters, reaching their highest values during spring
and lowering in winter when fish migrate offshore in the
search for better conditions. This seasonal migration is
usually associated to the cyclical pattern of temperatures
that significantly affects the species abundance and distri-
bution (e.g. Lasiak, 1984; Ross et al., 1987; Nash, 1988;
Santos & Nash, 1995; DulcCic et al., 2005) and to the influx
of seasonal nursery juveniles of both resident and transient
species, following their breeding season (Ross et al., 1987,
Gibson et al.,, 1993; Barreiros et al., 2004; Selleslagh &
Amara, 2007). Although not directly demonstrated in this
study, it seems likely that temperature either directly or in-
directly (e.g. by influencing the timing of spawning), was
the underlying factor influencing the cyclical dynamics of
surf-zone assemblage. The major changes in the species
composition were due to the high degree of dominance of
few species that varied at each of the sampling period. The
massive occurrence of S. pilchardus juveniles in early May,
and the complete absence in the other sampling periods
could be related to the after-spawning migration of larvae,
post-larvae and juveniles from off-shore to shallow water,
searching for better water temperatures and prey densi-
ties (Muzini¢, 1973). The great abundance of P acarne,
in December could be imputable not only to the high af-
ter-spawning concentrations of post-larvae and juveniles
in shallow waters but also to movement of the individu-
als during their growth in relation to their several feeding
needs (Andaloro, 1983). The increase in the abundance of
L. mormyrus juveniles from December to late June is prob-
ably related to the increase of water temperature that lures
the juveniles of this species near the shoreline, until the
reaching of sexual maturity, when they join adult schools
in deeper and colder waters (Kallianotis et al., 2005). Fi-
nally, the lack of a high degree of dominance of few species
in October could be explained by the major occurrence of
predators and by competition for trophic resources.

The high abundance of juveniles of commercial spe-
cies, principally sparids, confirms the importance of the
surf zone in the survival of stocks for fisheries; moreover,
the horizontal transfer of fish from juvenile to adult habi-
tats results in substantial movement of biomass, nutrients
and energy from the surf zone to surrounding coastal and
offshore habitats (Deegan, 1993).

In summary, the surf zone of the study area evidences
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some of the characteristics reported for the overall surf zone,
1.e. serving as a significant refuge, juvenile habitat and feed-
ing place for early but also for adult stages of several fish
species, being relatively free of piscivorous and providing
an abundant food supply for benthivorous and planktivo-
rous fishes. The fish community is dominated by pelagic
and gregarious species that use this area as foraging grounds
and for recruitment, and is characterized by a typical pattern
with the greatest abundance in early May and December and
the highest richness and diversity in October, that appeared
mainly related to different recruitment times, associated to
variations in sea-surface temperatures, and consequent in-
flux of seasonal nursery juveniles.

This study provides, for the first time, information
on the composition and structure of the surf-zone icth-
thyofauna in the Tyrrhenian Sea. Nevertheless, further
research on the environmental characteristics and into the
composition and temporal fluctuations of planktonic and
benthic fauna living in this area, together with a study of
the nocturnal fish assemblage, would help provide a bet-
ter understanding of the mechanisms involved in the use
of this zone and the dynamics of the associated fauna.

Acknowledgements

We are thankful to Mr Francesco Mentesana and to all
of our students and colleagues from Laboratories of Mi-
lazzo and Palermo who helped carry out the field work.
We would also like to thank Anthony Green for kindly
suggesting improvements to the English of the manuscript.

This study was supported by the Italian Ministry of
University and Scientific Research (MIUR).

References

Andaloro, F., 1983. About the catch, the diet, the reproduction,
the size and distribution of Pagellus acarne (Risso, 1826)
in the Strait of Messina Area. Rapport Commission Inter-
national Mer Méditerranée, 28 (5), 33-37.

Anderson, M.J., Gorley, R.N., Clarke, K.R., 2008.
PERMANOVA+for PRIMER: guide to software and statis-
tical methods, PRIMER-E, Plymouth, UK, 214 pp.

Ayvazian, S.G.,Hyndes, G.A., 1995. Surf-zone fish assemblages
in south-western Australia: do adjacent nearshore habitats
and the warm Leeuwin Current influence the characteristics
of the fish fauna? Marine Biology, 122, 527-536.

Barreiros, J.P., Figna, V., Hostim-Silva, M., Santos, R.S., 2004.
Seasonal changes in a sandy beach fish assemblage at
Canto Grande, Santa Catarina, South Brazil. Journal of
Coastal Research, 20 (3), 862-870.

Ben-Yami, M., Grofit, E., 1981. Methods of capture of grey
mullets. p. 313-334. In: Aquaculture of grey mullets Oren,
O. H. (Ed.). Cambridge University Press, Cambridge.

Beyst, B., Hostens, K., Mees, J., 2001. Factors influencing fish
and macrocrustacean communities in the surf zone of san-
dy beaches in Belgium: temporal variation. Journal of Sea
Research, 46, 281-294.

Blaber, S.J.M., Blaber, T.G., 1980. Factors affecting the dis-
tribution of juvenile estuarine and inshore fish. Journal of

Medit. Mar. Sci., 16/3, 2015, 502-512



Fish Biology, 17, 143-162.

Brown, A.C., McLachlan, A., 1990. Ecology of Sandy Shores.
Elsevier, Amsterdam, 328 pp.

Castriota, L., Falautano, M., Finoia, M.G., Campo, D., Scara-
bello, M.P. ez al. 2010. Temporal variations in the diet of
pearly razorfish Xyrichtys novacula (Osteichthyes: Labri-
dae) from the Mediterranean Sea. Journal of Fish Biology,
76, 1626-1639.

Chimenz Gusso, C., Gravina, M.F., Maggiore, F.R., 2001.
Temporal variations in soft bottom benthic communities in
central Tyrrhenian Sea (Italy). Archivio di Oceanografia e
limnologia, 22, 175-182.

Clark, B.M., 1997. Variation in surf-zone fish community struc-
ture across a wave exposure gradient. Estuarine Coastal
and Shelf Science, 44, 659-674.

Clark, B.M., Bennett, B.A., Lamberth, S.J., 1996. Factors af-
fecting spatial variability in seine net catches of fish in
the surf zone of False Bay, South Africa. Marine Ecology
Progress Series, 131, 17-34.

Clarke, K.R., Warwick, R.M., 2001. Change in marine commu-
nities: an approach to statistical analysis and interpreta-
tion. 2" edition. PRIMER-E, Plymouth, UK, 859 pp.

Deegan, L.A., 1993. Nutrient and energy transport between estu-
aries and coastal marine ecosystems by fish migration. Cana-
dian Journal of Fisheries and Aquatic Sciences, 50, 74-79.

Deidun, A., Schembri, P.J., 2006. Composition of the nocturnal mo-
tile fauna from the upper infralittoral fringe of sandy beaches
in the Maltese Islands: are there any implications for conserva-
tion? Biologia Marina Mediterranea, 13 (1), 355-363.

Dorman, J.A., 1988. Diet of the garfish, Belone belone (L.),
from Courtmac sherry Bay, Ireland. Journal of Fish Biol-
0gy, 33, 339-346.

Du Preez, H.H., McLachlan, A., Marais, J.F.K., Cockcroft,
A.C, 1990. Bioenergetics of fishes in a high-energy surf-
zone. Marine Biology, 106, 1-12.

Dul¢ié¢, J., Matic-Skoko, S., Kraljevi¢, M., Fencil, M., Glamuz-
ina, F., 2005. Seasonality of a fish assemblages in shallow
waters of Duée-Glava, eastern middle Adriatic. Cybium,
29 (1), 57-63.

Elliott, M., Dewailly, F., 1995. The structure and components
of European estuarine fish assemblages. Netherland Jour-
nal of Aquatic Ecology, 29, 397-417.

Elliott, M., Hemingway, K.L., 2002. Fishes in Estuaries.
Blackwell Science, Oxford, 123 pp.

Esposito, V., 2013. Using demersal fish stomachs as sampling
tools to characterize macrobenthic communities. PhD
Thesis. University of Messina, Italy, 79 pp.

Esposito,V., Andaloro, F., Bianca, D., Natalotto, A., Romeo,
T. et al., 2014. Diet and prey selectivity of the red mul-
let, Mullus barbatus (Pisces: Mullidae), from the south-
ern Tyrrhenian Sea: the role of the surf zone as a feeding
ground. Marine Biology Research, 10 (2), 167-178.

Esposito, V., Battaglia, P., Castriota, L., Finoia, M.G., Scotti,
G. et al., 2009. Diet of the Atlantic lizardfish, Synodus sau-
rus (Linnaeus, 1758) (Pisces: Synodontidae) in the central
Mediterranean Sea. Scientia Marina, 73(2), 369-376.

Esposito, V., Castriota, L., Scotti, G., Romeo, T., Andaloro, F.,
2011. Are amphipods important in the surf zone? p. 67. In:
Abstract volume of New frontiers in Monitoring European
Biodiversity-The role and importance of amphipod crusta-
ceans, Palermo, 27-29 september 2011. Italy.

Medit. Mar. Sci., 16/3, 2015, 502-512

Fehri-Bedoui, R., Mokrani, E., Ben Hassine, O.K., 2009. Feed-
ing habits of Pagellus acarne (Sparidae) in the Gulf of Tu-
nis, central Mediterranean. Scientia Marina, 73, 667-678.

Garrison, L.P., Link, J.S., 2000. Dietary guild structure of the fish
community in the Northeast United States continental shelf
ecosystem. Marine Ecology Progress Series, 202, 231-240.

Giakoumi, S., Kokkoris G.D., 2013. Effects of habitat and sub-
strate complexity on shallow sublittoral fish assemblages

in the Cyclades Archipelago, North-eastern Mediterranean sea.
Mediterranean Marine Science, 14 (1)s, 58-68.

Gibson, R.N., Ansell, A.D., Robb, L., 1993. Seasonal and an-
nual variations in abundance and species composition of
fish and macrocrustacean communities on a Scottish sandy
beach. Marine Ecology Progress Series, 98, 89-105.

Gibson, R.N., Robb, L., Burrows, M.T., Ansell, A.D., 1996.
Tidal, diel and longer term changes in the distribution of
fishes on a Scottish sandy beach. Marine Ecology Progress
Series, 130, 1-17.

ICRAM, 2003. Programma di monitoraggio e studio sui Pro-
cessi di formazione delle Mucillagini nell’Adriatico e nel
Tirreno (MAT). ICRAM Report, 263 pp.

ICRAM, 2008. Studio della Surf-Zone in Tirreno meridionale
attraverso 'analisi delle relazioni trofiche tra benthos e
comunita ittica. PR. MIUR n. 242, Final report, 191 pp.

Kallianiotis, A., Torre, M., Argyri, A., 2005. Age, growth, mortal-
ity, reproduction, and feeding of the striped seabream, Lithog-
nathus mormyrus (Pisces: Sparidae), in the coastal waters of
the Thracian Sea, Greece. Scientia Marina, 69 (3), 391-404.

Lasiak, T.A., 1981. Nursery grounds of juvenile teleosts:
evidence from the surf zone of King’s Beach, Port Elizabeth.
South African Journal of Marine Science, 77, 38-390.

Lasiak, T.A., 1983. The impact of surf-zone fish communities
on faunal assemblages associated with sandy beaches. p.
501-506. In: Sandy Beaches as Ecosystems. McLachlan
A., Erasmus T. (Eds), W. Junk, The Hague.

Lasiak, T.A., 1984. Structural and functional aspects of the surf
zone fish assemblage of King’s Beach, Algoa Bay, South
Africa: long term fluctuations. Estuarine Coastal and Shelf
Science, 18, 459-483.

Lasiak, T.A., 1986. Juveniles, food and the surf zone habitat:
implications for teleost nursery areas. South African Jour-
nal of Zoology, 21, 51-56.

Lasiak, T.A., McLachlan, A., 1987. Opportunistic utilization of
mysid shoals by surf-zone teleosts. Marine Ecology Prog-
ress Series, 37, 1-7.

Layman, C.A., 2000. Fish assemblage structure of the shallow
ocean surf-zone on the eastern shore of Virginia Barrier
Islands. Estuarine Coastal and Shelf Science, 51,201-213.

Ledn, T.M., Corrales, M.J., 1995. Suprabentos de la playa de
Rosas (Gerona, Mediterraneo occidental). Orsis, 10, 83-90.

Lipej, L., Bonaca, M.O., Sisko M., 2003. Coastal fish diversity
in three marine protected areas and one unprotected area
in the Gulf of Trieste (Northern Adriatic). Marine ecology,
24 (4), 259-273.

Lopes, R.G., Rodrigues, E.S., Puzzi, A., Pita, J.B., Coelho,
J.AP. et al., 1993. Levantamento ictiofaunistico em um
ponto fixo na Baia de Santos, estado de Sao Paulo, Brasil.
Boletin Instituto de Pesca, Sdo Paulo, 20, 7-20.

Maes, J., Taillieu, A., Van Damme, P.A., Cottenie, K., Ollevie, R.F.,
1998. Seasonal patterns in the fish and crustacean community
of a turbid temperate estuary (Zeeschelde Estuary, Belgium).

511



Estuarine Coastal and Shelf Science, 47, 143-151.

Malavasi, S., Fiorin, R., Franco, A., Franzoi, P., Granzotto, A.
et al., 2004. Fish assemblages of Venice Lagoon shallow
waters: an analysis based on species, family and functional
guilds. Journal of Marine Systems, 51, 19-31.

McFarland, W.N., 1963. Seasonal change in the number and the
biomass of fishes from the surf at Mustang Island, Texas.
Publications of the Institute of Marine Science, 9, 91-105.

Mickovi¢, B., Nikcéevi¢, M., Hegedis, A., Regner, S., Gaci¢, Z. et al.,
2010. Mullet fry (Mugilidae) in coastal waters of Montenegro,
their spatial distribution and migration phenology. Archives
Biological Science, Belgrade, 62(1), 107-114.

Modde, T., Ross, S.T., 1981. Seasonality of fishes occupying a
surf zone habitat in the northern Gulf of Mexico. Fishery
Bulletin, 78 (4), 911-922.

Modde, T., Ross, S.T., 1983. Trophic relationship of fishes
occurring within a surf zone habitat in the northern Gulf of
Mexico. Northeast Gulf Science, 6, 109-120.

Moreno, T., Castro, J., 1995. Community structure of the
juvenile of coastal pelagic fish species in the Canary
Islands waters. Scientia Marina, 59 (3-4), 405-413.

Munilla, T., Corrales, M.J., San Vicente, C., 1998. Supraben-
thic assemblages from Catalan beaches: zoological groups.
Orsis, 13, 67-78.

Muzini¢, R., 1973. Migrations of adult sardines in the central
Adriatic. Netherlands Journal of Sea Research, 7, 19-30.

Mytilineou, C., 1987. Contribution to the biology of picarel
Spicara flexuosa (Raf. 1810), in the Patraikos Gulf
(Greece). PhD Thesis, University of Athens, 152 pp.

Nash, R.D.M., 1988. The effects of disturbance and severe sea-
sonal fluctuations in environmental conditions on North
temperate shallow-water fish assemblages. Estuarine
Coastal and Shelf Science, 26, 123-135.

Naughton, S.P., Saloman, C.H., 1978. Fishes of the nearshore
zone of St. Andrew Bay, Florida, and adjacent coast.
Northeast Gulf Science, 2, 43-55.

Pipitone, C., Andaloro, F., 1995. Food and feeding habits of ju-
venile greater amberjack, Seriola dumerili (Osteichthyes,
Carangidae) in inshore waters of the central Mediterranean
Sea. Cybium, 19 (3), 305-310.

Reina-Hervas, J.A., Serrano, P., 1987. Structural and season-
al variations of inshore fish populations in Malaga Bay,
Southeastern Spain. Marine Biology, 95, 501-508.

Relini, G., Bertrand, J., Zamboni, A. (Eds), 1997. Sintesi delle
conoscenze sulle risorse da pesca dei fondi del Mediter-
raneo centrale (Italia e Corsica). Synthesis of the knowl-
edge on bottom fishery resources in Central Mediterra-
nean (Italy and Corsica). Biologia Marina Mediterranea,
6 (suppl.1): 868 pp.

Ribera d’Alcala, M., Conversano, F., Corato, F., Licandro, P.,

512

Mangoni, O. et al., 2004. Seasonal patterns in plankton
communities in a pluriannual time series at a coastal Medi-
terranean site (Gulf of Naples): an attempt to discern recur-
rences and trends. Scientia Marina, 68 (Suppl. 1), 65-83.

Ross, S.T., Mcmichael, R.H., Ruple, D.L., 1987. Seasonal and
diel variation in the standing crop of fishes and macroin-
vertebrates from a Gulf of Mexico surf zone. Estuarine
Coastal and Shelf Science, 25, 391-412.

San Vicente, C., Munilla, T., 2000. Misidaceos suprabentonic-
os de las playas catalanas (Mediterraneo nordoccidental).
Orsis, 15, 45-55.

Santos, R.S., Nash, R.D.M., 1995. Seasonal changes in a sandy
beach fish assemblage at Porto Pim, Faial, Azores. Estua-
rine Coastal and Shelf Science, 41, 579-591.

Sarda, R., Pinedo, S., Martin, D., 1999. Seasonal dynamics
of macroinfaunal key species inhabiting shallow soft-
bottoms in the Bay of Blanes (NW Mediterranean). Acta
Oecologica, 20, 315-326.

Selleslagh, J., Amara, R., 2007. Temporal variations in
abundance and species composition of fish and epibenthic
crustaceans of an intertidal zone: Environmental factor
influence. Cybium, 31 (2), 155-162.

Senta, T., Kinoshita, 1., 1985. Larval and juvenile fishes
occurring in Surf Zones of western Japan. Transactions of
the American Fisheries Society, 114, 609-618.

Shannon, C.E., Weaver, W. (Eds), 1963. The mathematical theory
of communications, Urbana: Illinois Press, Illinois, 117 p.
Springer, V.G., Woodburn, K.D., 1960. An ecological study of
the fishes of the Tampa Bay Area. Florida State Board of
Conservation Marine Laboratory, St. Petersburg, FL, Pro-

fessional Papers Series, No. 1, 104 pp.

StatSof, 2010. Statistica for Windows, Version 10 computer
program. Tulsa, OK.

Stergiou, K., Karpouzi, V.S., 2002. Feeding habits and trophic
levels of Mediterranean fish. Reviews in Fish Biology and
Fisheries, 11, 217-254.

Suda, Y., Inque, T., Uchida, H., 2002. Fish communities in the
surf zone of a protected sandy beach at Doigahama, Yama-
guchi Prefecture, Japan. Estuarine Coastal and Shelf Sci-
ence, 55, 81-96.

Tortonese, E., 1970. Osteichthyes (Pesci Ossei) [Osteichthyes
(Bone Fishes)]. Part 1, vol. X, Calderini, Bologna, 565 pp.

Tortonese, E., 1975. Osteichthyes (Pesci Ossei) [Osteichthyes
(Bone Fishes)]. Part 2, vol. XI. Calderini, Bologna, 636 pp.

Yafiez-Arancibia, A., 1978. Taxonomia, Ecologia y Estructura
de las Comunidades de Peces en Lagunas Costeras con
Bocas Efimeras del Pacifico del México. Centro Ciencias
del Mar y Limnologia, Universidad Nacional Autonoma
de México, Publicacion Especial, 2, 1-306.

Medit. Mar. Sci., 16/3, 2015, 502-512


http://www.tcpdf.org

