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In this work, we evaluated the influence of long rocky jetties (�5 km) on fish abundance and diversity between sheltered and
exposed marine sandy beaches. We also described and compared the fish community structure and investigated the relation-
ships between environmental variables and fish assemblages. Fish were collected monthly with a beach seine net from May
2001 to May 2002 at the Cassino and Mar Grosso beaches. Twenty-nine taxa were caught and the fish assemblage showed
similar composition between beaches (Sj ¼ 62.1%; %Min ¼ 52.3%), with 18 species in common. Most of the fish were juven-
iles, mainly young-of-the-year with sizes ≤60 mm total length. Eight species (Trachinotus marginatus, Mugil liza, Brevoortia
pectinata, Menticirrhus littoralis, Menticirrhus americanus, Odontesthes argentinensis and Oncopterus darwinii) were the
most abundant, accounting for 95.6% of the total catch. At both beaches, only T. marginatus, M. liza and M. littoralis were
frequent and abundant, but with some differences in their relative abundance. The canonical correspondence analysis results
showed that temperature had the highest correlation with fish abundance. Seasonal changes in fish assemblage structure were
evident, with a greater species diversity and abundance in the spring and summer. The overall results indicate that the pres-
ence of jetties had no effect on fish assemblages of adjacent sandy beaches. Moreover, differences between beaches were related
to some species abundance and not to differences in the number and composition of species between beaches.
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I N T R O D U C T I O N

Shallow marine waters constitute crucial environments for a
diversity of fish species (Valesini et al., 2004). Although the
surf zones of sandy beaches are considered habitats of low
complexity and high dynamics, several authors have also
found them to be important recruitment and nursery zones
(Ayvazian & Hyndes, 1995; Harris et al., 2001; Strydom,
2003), as well as migratory paths to other nearshore habitats
(Monteiro-Neto et al., 2003; McLachlan & Brown, 2006;
Nanami & Endo, 2007; Inoue et al., 2008). Other possible
reasons for fish to use the surf zones are the abundant
supply of potential prey and shelter from predators (Beyst
et al., 2002; Silva et al., 2004; Sato et al., 2008). These
reasons suggest that the surf zones of sandy beaches play an
important role as coastal habitats, mainly those located near
estuaries (Beck et al., 2001, 2003; Bell et al., 2001; Able
et al., 2011; Moraes et al., 2012).

The littoral zone in the southernmost state in Brazil is
characterized by a 620 km long, straight coastline with a
north-east–south-west orientation, and is located between
298 and 348S latitude. These sandy beaches are completely
exposed to wave action, have a microtidal regime and semi-
diurnal tides with a mean range of 0.3 m (Figueiredo et al.,
2007; Pereira et al., 2010). This coastline is interrupted by

five estuaries (Vieira & Rangel, 1988; Ramos & Vieira, 2001)
and is wave-dominated with significant wave heights of
1.5 m HS (Calliari & Klein, 1993). A major feature in this
region is �5 km-long rocky jetties, connecting the Patos
Lagoon (PL) estuary with the Atlantic Ocean. Sandy beaches
adjacent to each side of these jetties have different hydrologi-
cal dynamics. The west side has beaches that are exposed to
predominant winds from the north-east (Tomazelli, 1993)
and predominant waves from east–south-east (Calliari &
Klein, 1993), whereas sandy beaches located on the east side
are more sheltered from prevailing winds and waves, creating
a shadow zone with less intensity of wind, waves and long-
shore currents from east–north-east.

The structure and dynamic of the fish assemblage from the
surf zone of the west jetty (Cassino Beach, hereafter CB) is
relatively well known, being composed mainly by juveniles
of approximately 37 species (with nine dominant species)
with sizes ranging from 15 to 150 mm total length (e.g.
Monteiro-Neto et al., 2003; Lima & Vieira, 2009). Since the
jetties may influence the fish fauna inhabiting the sandy
beaches near the PL estuary (Lima & Vieira, 2009), and
there is no information on the fish assemblage of the east
jetty sandy beach (Mar Grosso Beach, hereafter MGB), it is
necessary to investigate if fish assemblages inhabiting the
surf zone of these two sandy beaches, with different degrees
of wave exposure (sheltered versus exposed) and separated
by long rocky jetties, have differences in terms of fish abun-
dance and diversity patterns.

In this paper, we evaluated the null hypothesis that there
are no significant differences in fish abundance and diversity
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between sheltered (CB) and exposed (MGB) marine sandy
beaches. We also described and compared the fish community
structure on sandy beaches adjacent to the PL jetties and
identify the relationships between environmental variables
and fish assemblages at each side of the jetties.

M A T E R I A L S A N D M E T H O D S

Study area and field sampling
The southernmost coastline of Brazil is characterized by
extensive wave-dominated, straight sandy beaches, with sedi-
ments ranging from very fine to medium sand (Siegle &
Calliari, 2008). The sandy beaches near the mouth of the PL
estuary are classified as dissipative (Pereira et al., 2010) and
are associated with one or two longshore sandbars (Calliari
& Klein, 1993). The pattern of coastal water circulation
along this coastline undergoes strong seasonal influences.
During the winter, south-westerly (SW) winds force the Rio
de La Plata waters with low salinities and temperatures to
lower latitudes (�288S); while in the summer, dominant
north-easterly (NE) winds bring tropical waters with high sali-
nities and temperatures to �328S (Möller et al., 2008). The
predominant pattern in the NE winds directs the plume of
the PL estuary in a southern direction. Fine sediments pro-
vided by this plume are transported to the south and deposited
offshore as fluid mud. Stormy conditions, such as cold front
passages, can rework and transport the fluid mud from the

inshore to the surf zone and offshore of CB, attenuating the
wave energy (Calliari et al., 2007). MGB is different from
CB because there is no record of fluid mud deposits on the
former, which is located northward of the jetties.

Samplings were performed from two beaches, CB on the
west and MGB on the east side of the jetties, with two fixed
sampling sites at each beach (Figure 1). Fish were collected
monthly from May 2001 to May 2002 from the early
morning until noon. A beach seine net (9 m long; 1.5 m
high) with a 13 mm stretch mesh in the wings and a 5 mm
stretch mesh in the centre 3 m section was pulled perpendicu-
lar to the beach at depths less than 1.5 m, covering an area of
approximately 120 m2 per haul. At each sampling site, three
hauls were performed, always avoiding the previously swept
areas. Surface water temperature (8C), salinity and transpar-
ency (Secchi depth) were recorded before sampling. Fish
were preserved in 10% formalin and later identified and
counted. The total length (TL) of each fish was measured to
the nearest 1 mm, and the total wet weight (g) of each
species in each sample was recorded.

Data analysis
Fish were considered abundant when the numeric percentage
(N%) was greater than or equal to 100/S, where S is the total
number of species captured on each beach. Fish were con-
sidered frequent when the percentage of frequency of occur-
rence (FO%) was greater than or equal to

∑
%FO/S on

each beach. Based on this classification, fish species
were grouped into the following categories: frequent and
abundant (%FO ≥

∑
%FO/S; %N ≥ 100/S); frequent but not

abundant (%FO ≥
∑

%FO/S; %N , 100/S); not frequent
but abundant (%FO ,

∑
%FO/S; %N ≥ 100/S); present

(%FO ,
∑

%FO/S; %N , 100/S); and absent (no fish
captured) (Garcia & Vieira, 2001).

Similarity of fish composition between beaches was based
on the ratio of the presence/absence of species calculated by
the Jaccard coefficient (Sj) (Magurran, 2004) and on Percent
Similarity (%Min) (Krebs, 1999). The diversity was evaluated
using Fisher’s a because its value is relatively easy to calculate
for communities that contain a comparatively large number of
species that are rare (Magurran, 2004). Fisher’s a was calcu-
lated as: a = N 1 − x( )/x, where a is the diversity index
from a logarithmic series, N is the total number of individuals
in the sample and x is a parameter of a logarithmic series. The
large-sample variance of the diversity index a was calculated
as: Var(a) = 0.693147 × a/ ln x/ 1 − x( )

([
−1)]2. For each

beach, we constructed species accumulation curves to deter-
mine the efficiency of the sampling effort in assessing the
species richness of fish assemblage.

Environmental variables and fish abundance data (number)
were transformed [Log10 (x + 1)] to meet assumptions of
normality and homoscedasticity for statistical tests (analysis
of variance (ANOVA), permutational analysis of variance
(PERMANOVA) and canonical correspondence analysis
(CCA)). One-way ANOVA was performed to test differences
in environmental variables among sites and differences in
abundance for the three frequent and abundant species,
between beaches. Two-way ANOVA was employed to test
differences in total fish abundance between beaches (two
levels) and seasons (five levels). Previously, the 13 months
were grouped in seasons as follows: autumn 1 ¼May and
June; winter ¼ July to September; spring ¼ October to

Fig. 1. Location of the study areas with the four sampling sites: 1 and 2 at
Cassino Beach (CB) and 3 and 4 at Mar Grosso Beach (MGB), Rio Grande
do Sul State, Brazil.
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December; summer ¼ January to March; and autumn 2 ¼
April and May. Permutational analysis of variance
(PERMANOVA + for PRIMER: Anderson et al., 2008) was
used to test the effects of different factors (sites, beaches and
season) on the fish assemblage composition. A
PERMANOVA analysis was performed using Bray–Curtis
distance as a resemblance measure and P values were calcu-
lated using 9999 permutations. This method analyses the var-
iance of multivariate data explained by a set of explanatory
variables (categorical or numerical) and is used to create a dis-
tribution of F and obtain P values (Anderson, 2001).

Canonical correspondence analysis was applied to environ-
mental variables, species abundance and beaches (triplot) to
assess environmental influence on fish assemblages. Only
environmental variables that were significant were included
in the analysis. Only species with occurrences .1% were
included in the CCA to reduce the importance of rare
species. The significant variables were assessed using a
Monte Carlo permutation test (N ¼ 9999; P , 0.05) (Lepš
& Šmilauer, 2003).

R E S U L T S

Environmental variables
The mean values of seawater surface temperature did not
differ among the four sampling sites, but showed seasonal
fluctuations with a clear annual cycle (Figure 2A). No signifi-
cant differences were observed among sampling sites at CB
(ANOVA, F ¼ 0.09; P ¼ 0.76) or at MGB (ANOVA, F ¼
0.24; P ¼ 0.63); however, MGB presented higher temperatures
compared with CB. For both beaches the highest temperature
values were recorded from November to April and the lowest
values from May to October (Figure 2A).

Salinity showed no seasonal pattern, ranging from 10 to 30
(Figure 2B). No significant differences occurred between
sampling sites at the same beach (CB: ANOVA, F ¼ 0.07,
P ¼ 0.79 and MGB: ANOVA, F ¼ 0.32, P ¼ 0.58). The
lowest salinity values were registered in July and November
2001 (MGB) and in September 2001 (CB). The highest sali-
nities were found at CB in November 2001 and at MGB in
May 2002.

Water transparency values were low, ranging from 0 to
1 m, with sampling sites at CB showing the highest water
transparency values (Figure 2C). No significant differences
were observed among sampling sites at both beaches (CB:
ANOVA, F ¼ 1.13, P ¼ 0.30 and MGB: ANOVA, F ¼ 0.94,
P ¼ 0.34). The highest transparency values were registered
in November and May 2002 for sampling sites at CB.

Because no differences were found with regard to the
environmental variables measured at the two sampling sites
at each of the two beaches, we grouped sampling sites from
the same beach to compare fish abundance and diversity
between beaches (CB versus MGB).

Spatial and seasonal variations in fish
assemblage structure
A total of 20,331 fish from 29 taxa, representing 14 families,
were caught in 260 beach-seine hauls during the study
period. Only Clupeidae (N ¼ 12) had a group of individuals

not identified at the species level. Most fish were juveniles,
mainly young-of-the-year with sizes ≤60 mm TL (95.6%).
However, individuals of a wide range of sizes (12 to 410 mm
TL) were collected (Table 1). Eight species were abundant
and comprised 95.6% of the total catch. They were the La
Plata pompano Trachinotus marginatus, the striped mullet
Mugil liza, the Argentine menhaden Brevoortia pectinata,
the Gulf kingfish Menticirrhus littoralis, the Southern kingfish
Menticirrhus americanuş the Brazilian silversides Atherinella
brasiliensis and Odontesthes argentinensis, and the Remo
flounder Oncopterus darwinii.

Although the highest captures were registered at CB, no
significant difference for total abundance was found between
CB and MGB (ANOVA, F ¼ 2.28, P ¼ 0.13). Nevertheless,
there was a seasonal difference in the overall number of indi-
viduals for both beaches (ANOVA, F ¼ 4.14, P ¼ 0.003), and
when seasons were analysed separately, differences between
the beaches were found only in the second autumn 2
(Figure 3). The PERMANOVA results performed on the com-
plete fish abundance data set showed a significant effect of
season and there were no significant interactions between
beaches, seasons and sites between beaches (Table 2). These
results are in accordance with one-way ANOVA performed
with environmental variables between sites and corroborate
the previous choice of grouping sites of the same beach, and
analyse CB versus MGB.

Despite no differences in overall fish abundance between
CB and MGB, the analysis showed that B. pectinata and A.
brasiliensis were frequent and abundant only at CB, whereas

Fig. 2. Temporal fluctuations in environmental variables between May 2001
and May 2002: (A) surface water temperature; (B) salinity; (C) transparency
of each of the sampling sites. Legend: 1–2, Cassino Beach; 3–4, Mar Grosso
Beach.
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Table 1. Total species composition of fishes caught at both beaches (number of individuals, percentage abundance, weight and size-ranges) and at each individual beach between May 2001 and May 2002. TL, total length;
Max, maximum; Min, minimum; SD, standard deviation; N, number of individuals.

Species Total number Percentage (%) Weight (g) Cassino Beach Mar Grosso Beach

(N) % Size (TL mm) (N) % Size (TL mm)

Min–Max Mean SD Min–Max Mean SD

Trachinotus marginatus Cuvier, 1832∗ 6577 32.35 7,414.6 2040 18.78 18–112 37.0 15.3 4537 47.92 15–129 40.8 23.8
Mugil liza Valenciennes, 1836∗ 6442 31.69 1,899.2 4726 43.51 20–290 27.5 9.0 1716 18.12 20–128 26.9 4.5
Brevoortia pectinata (Jenyns, 1842)∗ 1613 7.93 731.9 1295 11.92 20–132 32.3 8.9 318 3.36 21–55 31.8 5.7
Menticirrhus littoralis (Holbrook, 1847)∗ 1599 7.86 1,543.1 1125 10.36 22–105 42.2 10.3 474 5.01 13–145 45.1 19.5
Menticirrhus americanus (Linnaeus, 1758)∗ 1208 5.94 207.7 393 3.62 14–49 32.3 6.1 815 8.61 12–44 22.5 4.6
Oncopterus darwinii Steindachner, 1874∗ 898 4.42 707.1 93 0.86 15–87 39.3 16.7 805 8.50 18–95 38.1 12.5
Atherinella brasiliensis (Quoy & Gaimard, 1825)∗ 652 3.21 802.7 573 5.27 25–123 55.6 12.1 79 0.83 36–102 58.7 14.0
Odontesthes argentinensis (Valenciennes, 1835)∗ 532 2.62 1,406.2 66 0.61 20–175 107.5 49.8 466 4.92 22–290 46.2 24.9
Mugil cf. hospes∗ 312 1.53 196.6 245 2.26 24–108 37.7 11.1 67 0.71 25–58 33.9 5.4
Mugil curema Valenciennes, 1836∗ 256 1.26 355.6 190 1.75 23–118 43.8 19.5 66 0.70 21–127 34.5 21.7
Anchoa marinii Hildebrand, 1943 94 0.46 8.6 4 0.04 27–30 29.0 1.41 90 0.95 20–33 26.8 2.8
Harengula clupeola (Cuvier, 1829) 64 0.31 38.2 63 0.58 25–57 37.4 9.4 1 0.01 56 56.0 –
Stellifer rastrifer (Jordan, 1889) 20 0.10 5.4 7 0.06 19–39 28.3 7.7 13 0.14 17–31 24.2 3.4
Platanichthys platana (Regan, 1917) 15 0.07 13.9 14 0.13 25–72 47.2 15.3 1 0.01 37 37.0 –
Clupeidae not identified 12 0.06 0.8 6 0.06 20–27 23.8 2.7 6 0.06 19–23 21.2 1.5
Lycengraulis grossidens (Spix & Agassiz, 1829) 9 0.04 14.9 5 0.05 24–125 59.2 42.1 4 0.04 29–36 31.2 3.2
Micropogonias furnieri (Desmarest, 1823) 8 0.04 148.6 4 0.04 37–121 60.2 40.6 4 0.04 21–202 120.7 75.1
Trachurus lathami Nichols,1920 4 0.02 9.6 4 0.04 67–78 72.5 4.5 0 – – – –
Jenynsia multidentata (Jenyns,1842) 3 0.01 0.9 3 0.03 28–31 29.6 1.5 0 – – – –
Pomatomus saltatrix (Linnaeus, 1766) 3 0.01 27.0 1 0.01 90 90.0 – 2 0.02 95–123 109.0 19.8
Trichiurus lepturus Linnaeus, 1758 2 0.01 63.2 2 0.02 43–410 226.5 259.5 0 – – – –
Parapimelodus nigribarbis (Boulenger, 1889) 1 ,0.01 0.2 1 0.01 34 34.0 – 0 – – – –
Trachinotus goodei Jordan & Evermann, 1896 1 ,0.01 0.7 1 0.01 41 41.0 – 0 – – – –
Stellifer brasiliensis (Schultz, 1945) 1 ,0.01 0.4 1 0.01 33 33.0 – 0 – – – –
Paralichthys orbignyanus (Valenciennes, 1839) 1 ,0.01 64.1 1 0.01 188 188.0 – 0 – – – –
Ramnogaster arcuata (Jenyns, 1842) 1 ,0.01 0.2 0 – – – – 1 0.01 30 30.0 30.0
Hippocampus reidi Ginsburg, 1933 1 ,0.01 1.0 0 – – – – 1 0.01 50 50.0 –
Selene vomer (Linnaeus, 1758) 1 ,0.01 23.2 0 – – – – 1 0.01 120 120.0 120.0
Ctenogobius shufeldti (Jordan & Eigenmann, 1887) 1 ,0.01 0.1 0 – – – – 1 0.01 18 18.0 –

Total number of individuals 20331 15,685.7 10863 9468

B frequent/abundant.; B frequent/not-abundant.; A present. – absent.
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M. americanus, O. darwinii and O. argentinensis were fre-
quent and abundant only at MGB, showing a spatial difference
in the structure of fish assemblage (Table 1). Trachinotus mar-
ginatus, M. liza and M. littoralis were frequent and abundant
at both beaches. The white mullet Mugil curema was con-
sidered frequent/not-abundant at both beaches, whereas the
remaining species were recorded seasonally or occasionally.

Mugil liza represented 43.5% of the total catch at CB and
18.1% at MGB, with significant differences between beaches
(ANOVA, F ¼ 10.42, P ¼ 0.001). Trachinotus marginatus
showed an inverse pattern of abundance, with higher values
at MGB (47.9%) and lower values at CB (18.8%) but no signifi-
cant differences between beaches (ANOVA, F ¼ 3.17, P ¼
0.08). Menticirrhus littoralis showed clear differences in
overall abundance (ANOVA, F ¼ 39.17, P , 0.01) rep-
resented 70.4% of the total catch at CB and 29.6% at MGB,
confirming the spatial difference in the structure of the
ichthyofauna. For these three species, it seems that the mean
size of T. margiatus and M. littoralis were larger at MGB
than at CB, whereas the mean size of M. liza were the same
for both beaches (see Table 1).

Seasonal differences in relative abundance of the three
dominant species were also found for each beach (Figure 4).
Menticirrhus littoralis showed the lowest relative abundance
in the coldest months (May to November), with an increase
in relative abundance during warm months (December to
March) (Figure 4A). Trachinotus marginatus displayed the
same seasonal pattern (Figure 4B) as M. littoralis, whereas
M. liza did not show a clear seasonal pattern of distribution

during the study period and was caught all year-round
(Figure 4C). Furthermore, M. liza, which relative abundance
was higher at CB (N ¼ 4726) than MGB (N ¼ 1716), presents
peak of abundance occurring in July, November, February and
May.

The species composition between beaches revealed 18
common species among 29 taxa captured (%Min ¼ 52.3%
and Sj ¼ 62.1%). The number of species at CB (S ¼ 25) was
higher than at MGB (S ¼ 22), and there was a seasonal and
spatial trend in diversity estimated by Fisher’s a (Figure 5).
Differences in diversity between both beaches were observed
only during spring and summer. The species accumulation
curve did not stabilize towards asymptotic values for either
beach (Figure 6), indicating that more species may be found
with an increase in fish sampling effort.

Fig. 4. Mean abundance of three dominant species in both beaches, between
May 2001 and May 2002: (A) Menticirrhus littoralis; (B) Trachinotus
marginatus; (C) Mugil liza.

Fig. 3. Spatio-temporal variation in total abundance between beaches.

Table 2. Permutational analysis of variance results for fish abundance
considering the whole species data set.

Source of
variation

df SS MS Pseudo-F P
(perm)

Unique
perms

Beach 1 2863.6 2863.6 1.8548 0.0828 9934
Season 4 30817 7704.2 4.9901 0.0001 9916
Site (beach) 2 1562.9 781.4 0.5061 0.9184 9931
Beach × season 4 8482.2 2120.6 1.3735 0.1136 9895
Site (beach) ×

season
8 5207.1 650.9 0.4216 0.9936 9874

Residual 32 49405 1543.9
Total 51 98574

df, degrees of freedom; SS, sum of squares; MS, mean squares; Pseudo-F,
pseudo-f ratio; P (perm), permutation P value; bold value denotes signifi-
cant difference at P,0.0001.

Fig. 5. Seasonal Fisher’s a index of diversity with standard deviation for both
beaches.
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The CCA revealed that the most significant environmental
variables related to fish abundance were water temperature
and transparency. Species–environmental correlations from
CCA were higher for the first (0.83) and second (0.72) axes.
Environmental variables explain 30.0% of the fish abundance,
and the axis 1 explains 60.0% of the explained variability
(Figure 7). Species such as T. marginatus, M. littoralis, M.
americanus, M. curema, Mugil cf. hospes, B. pectinata and
O. argentinensis seem to be more associated with the
warmer season (on the left), whereas M. liza and O. darwinii
were associated with the colder season (on the right).
Atherinella brasiliensis was associated with higher transpar-
ency waters related mainly to the colder season (autumn
and winter) and sampling sites at CB.

D I S C U S S I O N

This work analysed the influence of long rocky jetties (�5 km)
in the surf zone fish assemblage structure of two sandy
beaches that differ in terms of wave exposure and dynamics:

Cassino Beach (CB) more sheltered and Mar Grosso Beach
(MGB) more exposed. The structure and dynamics of the
fish community from CB is relatively well known (e.g.
Monteiro-Neto et al., 2003; Lima & Vieira, 2009), but there
is no information on MGB, and we expected differences
between both fish assemblages in terms of fish abundance
and diversity. Our results demonstrated that there is no differ-
ence in total fish abundance and diversity between more shel-
tered and more exposed sandy beaches. Both beaches
presented a low diversity of fish species, with a very similar
fish composition, consisting mainly of small-sized juveniles
(95.6% ≤ 60 mm TL), and that only eight species were
numerically dominant. This pattern seems to be similar to
several other surf zones around the world (Robertson &
Lenanton, 1984; Gibson et al., 1993; Suda et al., 2002; Inoue
et al., 2008; Selleslagh & Amara, 2008). In fact, surf zones
are considered nursery area, transit routes, and feeding
grounds for several species (Lasiak, 1986; Santos & Nash,
1995; Layman, 2000; McLachlan & Brown, 2006; Nakane
et al., 2011), and dominated mainly by small-sized juvenile
fishes (Nanami & Endo, 2007; Lima & Vieira, 2009;
Mont’Alverne et al., 2012).

Three species (Trachinotus marginatus, Mugil liza and
Menticirrhus littoralis) were frequent and abundant at both
beaches, but with distinct abundance patterns between
beaches. Trachinotus marginatus and M. littoralis showed
higher abundance during early spring/summer, but M. liza
show no seasonal pattern in peak abundance. Juveniles of T.
marginatus and M. littoralis are typically found at the surf
zones of southern Brazil (Rodrigues & Vieira, 2010; Lemos
et al., 2011), whereas the juveniles of M. liza use the surf
zones during their recruitment from the ocean towards
shallow areas (Vieira, 1991) and probably as transient habitats
before recruitment into the PL estuary (Monteiro-Neto et al.,
2003).

Man-made structures like rocky jetties could affect the
water circulation (Roberts, 1997), modify surf zone conditions
(Martin et al., 2005) and enhance connectivity between differ-
ent environments (Cenci et al., 2011). In spite of that, species
composition and densities of fish assemblages at sandy
beaches adjacent to the PL jetties seem to be not affected by
this man-made structure. However, there are some effects
on the relative abundance of some species at each side of
the jetties, which could be related to differences in physical
conditions. For instance, the presence of the PL plume, inten-
sified by the PL jetties, favours a more estuarine condition at
CB than at MGB (Möller et al., 2009), which allows a greater
concentration of estuarine-dependent species at this beach
(Lima & Vieira, 2009). This situation is intensified during El
Niño Southern Oscillation (ENSO) episodes, when estuarine
fishes are frequent at the coastal marine sites adjacent to the
PL estuary (Garcia et al., 2001, 2012). Even in non-ENSO
years the flooding of the PL occurs after different levels of pre-
cipitation (Vieira et al., 2008), which could also explain the
high catches of A. brasiliensis and B. pectinata at CB in the
present study. In contrast, MGB is more exposed to wave
energy and less influenced by the PL plume than CB (de
Oliveira & Calliari, 2006; Pereira et al., 2010), which appar-
ently favours those fishes associated with more exposed
sandy beaches, like members of the Carangidae and
Sciaenidae families (Vasconcellos et al., 2007).

The wave exposure (wave energy) is considered an impor-
tant environmental variable influencing surf zone fish

Fig. 6. Species accumulation curves for Cassino and Mar Grosso beaches.

Fig. 7. Canonical correspondence analysis (CCA) ordination diagram of two
environmental variables (represented by vectors), 10 species (represented by
symbol D) and two beaches (†, Cassino Beach; A, Mar Grosso Beach).
Legend: Temp., temperature; Transp., transparency. Species codes: A. bra,
Atherinella brasiliensis; B. pec, Brevoortia pectinata; M. ame, Menticirrhus
americanus; M. lit, Menticirrhus littoralis; M. cur, Mugil curema; M. liz,
Mugil liza; M. hos, Mugil cf. hospes; O. arg, Odontesthes argentinensis; O.
dar, Oncopterus darwinii; T. mar, Trachinotus marginatus.
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assemblages and there is strong evidence in the literature of an
inverse relationship between wave action, coastal currents and
species abundance (Romer, 1990; Clark, 1997; Félix et al.,
2007; Vasconcellos et al., 2007; Inui et al., 2010). On MGB,
four of the six dominant species (T. marginatus, M. littoralis,
Menticirrhus americanus and Oncopterus darwinii) are
directly associated with moderate to high wave energy sandy
beaches (Lima & Vieira, 2009; Rodrigues & Vieira, 2010).
Although wave energy was not measured in this study, we
believe that high catches of abovementioned species, at
MGB, can be an indicator of wave energy conditions.

The surf zone fish community structure in southern Brazil
seems to be spatially homogeneous along the 620 km straight
coastline (Ramos & Vieira, 2001). Thus, the jetties that
connect the PL estuary with the Atlantic Ocean are one of
the few obstacles that could create distinct environmental con-
ditions along this littoral zone. On the east side of the jetties,
MGB is more influenced by the predominant NE wind and
wave patterns, whereas on the west side, CB experiences
lesser wave action, and it is more influenced by the plume
of the PL estuary, which passes through spaces among the
granite rock boulders used to build the jetties. These two con-
trasted conditions may occur at both sides according to wind
conditions (Lima & Vieira 2009; Mont’Alverne et al., 2012)
resulting in no overall differences in fish assemblage structure
in both sides of the jetties. In fact, some recent studies have
suggested that surf zone fish assemblage is not particularly
affected by the presence of jetties or breakwaters (Cenci
et al., 2011; Mikami et al., 2012).

We found a pattern of lower fish abundance associated
with colder months (winter and autumn) and higher abun-
dance in warmer months (spring and summer), with no differ-
ences between beaches. The only exception was autumn 2
when the large abundance of M. liza, Atheriella brasiliensis
and Brevoortia pectinata at CB remained similar to the pre-
vious winter, but the abundance level at MGB dropped signifi-
cantly. Like in other subtropical zones, our results show that
seasonality plays a role in structuring the fish assemblage
near PL jetties. Patterns of species abundance are predomi-
nantly cyclical, as observed by Lima & Vieira (2009), and
temperature appeared to be the primary factor regulating
species abundance after the breeding season, which occurs
in early spring to summer (Young et al., 1997; Beyst et al.,
2001; Amara, 2003; Wilber et al., 2003; Moraes et al., 2012).

In summary, our results suggested that: (1) fish abundance
and diversity are not influenced by long rocky jetties, although
the two beaches differ in terms of wave exposure and dynamic;
and (2) fish assemblage descriptors (mainly abundance and
diversity) showed marked seasonal pattern. Future studies,
including additional environmental variables (e.g. wave
energy, wind and coastal current) and the use of other comp-
lementary sampling gears (e.g. larger beach seine nets,
trammel nets and gill nets) are needed in order to advance
the current knowledge about the structure and dynamics of
fish assemblage at sandy beaches in southern Brazil.
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Efeito do grau de exposição às ondas sobre a comunidade de peixes
juvenis em praias arenosas do Municı́pio do Rio de Janeiro, Brasil.
Biota Neotropica 7, 93–100.

Vieira E.F. and Rangel S.R.S. (1988) Planı́cie Costeira do Rio Grande do
Sul: geografia fı́sica, vegetação e dinâmica socio-demográfica. Porto
Alegre, Brazil: SAGRA.

Vieira J.P. (1991) Juvenile mullets (Pisces: Mugilidae) in the estuary of
Lagoa dos Patos, RS, Brazil. Copeia 2, 409–418.

Vieira J.P., Garcia A.M. and Grimm A.M. (2008) Preliminary evidences
of El Niño effects on the mullet fishery of Patos Lagoon estuary
(Brazil). Arquivos de Biologia e Tecnologia 51, 433–440.

Wilber D.H., Clarke D.G., Burlas M.H., Rubenc H. and Will R.J. (2003)
Spatial and temporal variability in surf zone fish assemblages on the
coast of northern New Jersey. Estuarine, Coastal and Shelf Science
56, 291–304.

and

Young G.C., Potter I.C., Hyndes G.A. and de Lestang S. (1997) The
ichthyofauna of an intermittently open estuary: implications of bar
breaching and low salinities on faunal composition. Estuarine,
Coastal and Shelf Science 45, 53–68.

Correspondence should be addressed to:
F.L. Rodrigues
Programa de Pós-Graduação em Oceanografia Biológica—
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