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A broad variety of sampling strategies and fishing gears
have been developed to collect and record the presence and
abundance of different fish species occurring in estuarine and
coastal marine habitats (VAN MARLEN 2003, VIEIRA et al. 2006,
ROTHERHAM et al. 2007, QUEIROLO et al. 2009). According to KING

(1995) and VIEIRA et al. (2006), the beach seine net is the most
effective fishing gear for sampling in shallow, non-vegetated
surf zone areas. VIEIRA et al. (2006) recommended the use of a
particular beach seine net (a beach seine with a codend) for
sampling estuarine environments of the Brazilian coast (Fig.
1). A number of studies have used and approved on this beach
seine in estuarine and freshwater habitats in southern Brazil
(e.g., BURNS et al. 2006, GARCIA et al. 2006, ARTIOLI et al. 2009).
However, only one record of the use of this type of gear exists
for the marine surf zone in Brazil, for the southeast coast (MAZZEI

et al. 2009).
Even when using the same sampling gear, the selected

haul distance represent an important factor for comparing catch
results. Several authors have used beach seines at surf zones,
but different distances are generally applied. For example, LAY-
MAN (2000) and MAZZEI et al. (2009) selected a haul length of 15
m, SILVA et al. (2004) selected a length of 30 m, and MONTEIRO-
NETO & PRESTRELO (2013) selected 100 m hauls, hindering com-
parisons among different data sets. Therefore, the present study
was conducted to test the performance of a beach seine net
with a bag (codend) in a marine surf zone area in southern

Brazil (Fig. 3), and to identify the most effective protocol for
this net in a wave-dominated environment.

MATERIAL AND METHODS

The codend beach seine used in the current study is made
from a multifilament net with the following dimensions: 9 m in
length × 2.4 m high; each wing measured 3.25 m in length (Fig.
1), and the codend was 3 m in length; the mesh in the lateral
wings was 13 mm, and the mesh in the codend was 5 mm (Fig.
1). The net was pulled by two people, with a third person hold-
ing a rope tied to the codend to prevent the bag from rising in
the waves, thus hindering the process of dragging.

Starting from a fixed distance perpendicular to the beach
(Perdist = 40 m), each haul was performed on a transversal line
to the beach, dragging the net in the direction of the current
from a depth of 1.2 m up to the shoreline. Three different dis-
tances parallel to the beach (Pardist) were previously established
(30, 60, and 90 m; Fig. 2), and the haul distance (H) was calcu-
lated using the Pythagorean Theorem (H2 = Pardist

2 + Perdist
2)

(Fig. 2). Since Perdist was fixed at 40 m and Pardist comprised 30,
60, and 90 m, the H estimates were 50.0, 72.1, and 98.5 m. For
simplicity, the H values have been referred to as 50, 70, and
100 m in the text. However, the original H values were retained
for the calculation of the area swept. The standard seine width
of the net was estimated to be 6 m, and the swept area of the
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net was calculated by multiplying H by 6, which resulted in
values of 300.0, 432.7, and 590.9 m2, respectively.

Sampling was conducted at two different sites (A and B)
in the Cassino Beach surf zone (Fig. 3). Cassino Beach is a dis-
sipative beach, exhibiting medium wave energy, a smooth slope
with few and inexpressive beach cusps, and fine sandy sedi-
ments (CALLIARI 1998, CALLIARI et al. 2005). Sites A (32°12’33.3"S,
052°10’45.3"W) and B (32°09’41.9"S, 052°06’21.8"W) are lo-
cated 9 km and 500 m south of the west jetty of the Patos
Lagoon, respectively. Despite the proximity of these two sites,
LIMA & VIEIRA (2009) recorded more wave lines at site B than at
site A. This variability was considered advantageous for test-
ing the utility of this fishing gear under different conditions.

Each site was visited three times between March and April
of 2009. During each visit, three random hauls were carried
out for every parallel distance (Pardist = 30, 60, and 90 m) at
each site; thus, there were nine samples per site. Each seine
haul was performed immediately adjacent to the end of the
previous one, but the order of parallel distances was selected
at random. All fish were identified to the lowest taxonomic
level using the keys by FIGUEIREDO & MENEZES (1980, 2000) and;
MENEZES & FIGUEIREDO (1980, 1985); the specimens captured were
counted and measured to the nearest millimeter (total length
– TL). For each site, the number of fish caught per haul were
independently expressed as catch per unit effort (individuals
per sample – CPUE), which represents the number of fish caught
in a single seine haul, and as catch per unit area (individuals
per square meter – CPUA), which represents the number of
fish caught per unit area.

Fishes were classified by size classes of 10 mm intervals
and separated into two size groups (� 40 mm TL and > 40 mm
TL). Based on VIEIRA (2006), CPUE and CPUA by size class
(CPUA-SC) were calculated for individuals smaller or equal to
40 mm and larger than 40 mm TL.

Even after log transformation, the CPUE, CPUA, and
CPUA-SC values did not meet the assumptions of Analyses of
Variance (ANOVA) (normality and variance homogeneity); thus,
a non-parametric analysis (Kruskal-Wallis test) was selected to
compare the mean CPUE, CPUA, and CPUA-SC per Pardist for
each site (at 0.05 signifficant level). The free statistics program
PAST ver. 1.81 (HAMMER et al. 2001) was used for these analyses.

To compare the faunistic similarity between the differ-
ent haul distances, we used the minimum percentage of simi-
larity (Pmin) based on CPUE% (ARTIOLI et al. 2009), which was
described as Pmin = �i minimum (p1i and p2i), where p1i = the
percentage of species i in sample 1 and p2 i = the percentage of
species i in sample 2 (KREBS 1989). Based on the CPUE values,
we calculated the numerical percentage (CPUE%) and fre-
quency of occurrence (FO%) of each species, for each sampling
day and each Pardist. Species that presented FO% � mean FO%
in each haul distance were considered frequent, while species
with FO% < mean FO% were considered rare. A similar method
was used for CPUE%, in which species with CPUE% � mean
CPUE% in each seine distance were considered abundant, while
species with CPUE% < mean CPUE% were considered not abun-
dant. Finally, combinations of FO% and CPUE% allowed us to
classify the species into 4 groups: abundant and frequent, fre-
quent but not abundant, abundant but rare, and not abun-
dant and rare (BURNS et al. 2006, GARCIA et al. 2006, ARTIOLI et al.
2009, CENI & VIEIRA 2013).

Vouchers for the species collected in this study are avai-
lable in the “Coleção Ictiológica da FURG”.

RESULTS

The total number of fish caught during the longer haul
distance (100 m) was less than during the shorter distances (50
and 70 m), at both sites (Table I). The CPUE and CPUA at both
sites showed a tendency to decrease with increased haul dis-
tance (Fig. 4). The Kruskal-Wallis post-hoc test did not reveal
significant differences (p > 0.05) for the mean CPUE of differ-

Figure 3. Geographic location of the study area, Cassino Beach, in
detail, with the two sampling sites (A and B). Modified by the au-
thors from http://www.aquarius.geomar.de (Online Map Creation).

Figures 1-2. Illustrative picture of a bag seine net (1), in which “A”
are the poles, “B” are the wings and “C” the center sac; and (2)
the sampling design, in which “H” represents the net trajectory.
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Table I. Total numbers of dominant taxa in each haul distance (50, 70 and 100 m). Taxa were classified as Abundant and Frequent (bold),
Frequent and Not-Abundant ( underline), Abundant and rare (italic), and the other ones are present but not frequent or abundant.

Taxa
Site A Site B

50 m 70 m 100 m 50 m 70 m 100 m

Mugil curema Valenciènnes, 1836  12463  10678  6366  1551  155  103

Mugil liza Valenciènnes, 1836  1539  2070  1117  564  256  1327

Brevoortia pectinata (Jenyns, 1842)  1228  679  789  246  55  28

Mugil sp.  922  1387  867  141  55  53

Clupeidae  578  517  555  853  4  1

Trachinotus marginatus Cuvier, 1832  335  394  412  172  67  220

Genidens barbus (Lacepède, 1803)  111  27  41  39  301  62

Atherinella brasiliensis (Quoy & Gaimard, 1825)  14  48  33  83  46  51

Pomatomus saltatrix (Linnaeus, 1766)  11  5  8  1  3

Engraulidae  10  9  1

Menticirrhus americanus (Linnaeus, 1758)  7  8  9  1

Elops saurus Linnaeus, 1766  4

Odontesthes argentinensis (Valenciennes, 1835)  3  6  3  1  5  5

Menticirrhus littoralis (Holbrook, 1847)  2  1  11  8  18

Epinephelus marginatus (Lowe, 1834)  1  1

Micropogonias furnieri (Desmarest, 1823)  1  8  10

Others  3  2  5  2  7

Total number  17229  15840  10214  3667  958  1875

Species richness  16  17  16  13  13  13

Figure 4. Variations of mean CPUE and CPUA (log10 transformed) values by haul distance (50, 70 and 100 m) in each site (A and B). The
vertical bars indicate the mean values and lines indicate the standard deviation.
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ent haul distances for either sampled site (Table II). However,
the mean CPUA at site B showed significant differences be-
tween 50 and 70 m (p = 0.05), and 50 and 100 m (p = 0.01)
distances (Table II).

Six species were identified as abundant and frequent, but
only Mugil liza Valenciennes, 1836 was abundant and frequent
for all haul distances at both sites (Table I). Mugil curema
Valenciennes, 1836 was abundant and frequent for all haul
distances at site A and for distances 50 and 70 m at site B,
Brevoortia pectinata (Jenyns, 1842) was abundant and frequent
for distances 50 and 100 m only at site A, Mugil sp. was abun-
dant and frequent for distance 70 m at site A, Trachinotus
marginatus Cuvier, 1832 was abundant and frequent for dis-
tance 100 m at site B, and Genidens barbus (Lacepède, 1803)
was abundant and frequent for distance 70 m at site B (Table
I). This and other species that were abundant or frequent or
rare are listed in Table I.

DISCUSSION

Contrary to expectations, more individuals were captured
by the shorter haul distances (50 and 70 m) than the longer
haul distances (100 m), even though this difference was statis-
tically significant only at site B. The wave action, according to
HAHN et al. (2007) may affect the shape of the seine and can
temporarily lift lead lines or submerge float lines. Those diffi-
culties may contribute to the differences found between the
distances tested, considering that longer hauls passed through
more waves than shorter hauls.

Our study showed that, while the three different haul
distances (50, 70, and 100 m) caught nearly the same species,
with similar abundance and frequencies at site A, species abun-
dances and frequencies were different at site B. Evaluating the
three haul distances, only CPUA and CPUA-SC for site B showed
differences between the shorter haul distance and the two other
for both abundance and size class. However the distribution
pattern of individuals among species was similar among the
efforts tested. LAYMAN (2000), using a codend seine similar to
that used in the present work, but with even smaller haul dis-
tances (15 m and 120 m2 of swept area), also reported low di-
versity and few abundant but frequent species.

The same general pattern of size distribution was found
at both sampling sites, with most individuals being smaller
than or equal to 40 mm TL. The expressive dominance of the
� 40 mm TL size group in all sampled areas indicates that the
pattern of abundance in the surf zone is dominated by small
individuals. Using a larger codend seine (26 m) with a smaller
mesh (4 mm) in Japan, SUDA et al. (2002) found primarily small
juveniles (mostly smaller than 50 mm TL), with a few species
dominating the catches. These findings are consistent with
studies that found that the marine surf zone has low diversity
of fish and a few highly dominant species, which comprise
small transient or resident individuals that use the surf zone as
a nursery area (GODEFROID et al. 2003, MONTEIRO-NETO et al. 2003,
FELIX et al. 2007, LIMA & VIEIRA 2009, RODRIGUES & VIEIRA 2013).

The shorter haul distance we tested (i.e., 50 m) is similar
to haul distances applied in different studies at surf zone areas,

Table II. The resulting p values from Kruskal-Wallis post-hoc test for
CPUE and CPUA between the different haul distances (50, 70, and
100 m), for each sampling site (A and B).

Haul distances comparison

p values

CPUE CPUA

Site A Site B Site A Site B

50 x 70 m 0.95 0.78 0.66 0.05

50 x 100 m 0.83 0.73 0.66 0.01

70 x 100 m 0.87 0.92 0.13 0.08

Size distribution was similar between different haul dis-
tances at both sites, ranging from 10 mm to 100 mm, with
peak abundance in length classes being lower than or equal to
40 mm TL (Fig. 5). At site A, the CPUA-SC of individuals from
both size groups (� 40 and > 40 mm TL) showed a tendency to
decrease with increasing haul distance (Fig. 6); however, the
Kruskal-Wallis post-hoc test did not reveal any significant dif-
ferences (p > 0.05) (Table III). At site B, the CPUA-SC of small
individuals (� 40 mm TL) was significantly higher at the 50 m
haul distance when compared to 70 or 100 m haul distances,
but there was no statistical difference between the 70 and 100 m
haul distances. There was no significant difference in CPUA-
SC for higher size class (> 40 mm TL) at site B (Table III).

Table III. The resulting p values from Kruskal-Wallis post-hoc test
for CPUA between the different haul distances (50, 70 and 100
m), for individuals � 40 mm and > 40 mm in total length, for each
sampling site.

Haul distances comparison
p values site A p values site B

� 40 mm > 40 mm � 40 mm > 40 mm

50 x 70 m 0.86 0.86 0.01 0.93

50 x 100 m 0.13 0.33 0.01 0.72

70 x 100 m 0.13 0.21 0.60 0.54

The total number of species that were collected per treat-
ment did not differ among haul distances for both sites (Table
I). At site A, the similarity among haul distances was always
higher than 89%, suggesting that the same proportion of the
same species group was captured at all three haul distances
(Table I). At site B, the similarity among distances did not ex-
ceed 51%. At this site, comparison of the 50 m and 100 m haul
distances showed the lowest similarity value (< 34%); this in-
dicates that while the same species were sampled, different
proportions of them were captured (Table I).
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Figure 5. Percentage of individuals captured by length class for each haul distance (50, 70 and 100 m), for each sampling site (A and B).
( ) 50 m, ( ) 70 m, ( ) 100 m.

Figure 6. Variations of mean LogCPUA-SC values per haul distance for groups � 40 mm and > 40 mm of total length (TL) in site A and
site B. The vertical bars indicate the mean values and the lines indicate the standard deviation.

for instance: MONTEIRO-NETO & MUSICK (1994) also used 50 m
haul distance perpendicular to the shoreline with a small beach
seine; and KANOU et al. (2004) applied a 20 m haul distance
parallel to the shoreline, using a small bag seine net. VIEIRA et
al. (2006) suggested that this particular type of 9 m beach seine
with codend should be used for short distance hauls, in order
to improve the efficiency at the haul.

Based on our results and in the literature we recommend
short haul distances (� 50 m) as the strategy for the codend
net type used in this study, since the size structure of individu-
als, and species composition and structure of the different haul
distances are the same, shorter haul distances also take less
time to be performed, becoming an economic and productive
approach to surveys of fish assemblages. It is important to reg-
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ister that small beach seines without a codend, although often
easier to operate in surf zones with considerable wave action,
may let fish easily evade from the seine, and the codend helps
to retain more fish.
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