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Spatiotemporal variations of the ichthyofaunal structure accompanying
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ABSTRACT. The present study analyzed qualitatively and quantitatively the temporal and spatial changes in the fish
assemblages present in seabob shrimp distribution sites in two important fishing areas of the Santa Catarina coast.
Monthly bottom trawls, conducted between March 2007 and February 2008 in Balneario Barra do Sul and Penha,
yielded a total of 38,608 specimens belonging to 54 species, of which 35 occurred in both regions. The Sciaenidae was
the most represented family in both number of species and abundance of individuals. The dominant species were
Stellifer rastrifer (Jordan, 1889), S. brasiliensis (Schultz, 1945), Paralonchurus brasiliensis (Steindachner, 1875), Isopisthus
parvipinnis (Cuvier, 1830), Trichiurus lepturus (Linnaeus, 1758), and Pellona harroweri (Fowler, 1917). The ichthyofaunal
structure showed a spatiotemporal dependence with significant differences in March 2007 and January and February
2008 between Balneério Barra do Sul and Penha. The main differences were attributed to dominant species, which were
responsible for significantly altering the abundance of the assemblages. The species richness was similar in both sites,
whereas the diversity and equitability indices showed monthly fluctuation patterns that differed between Balneério
Barra do Sul and Penha. The Shannon index differed in August, September and November 2007 and January and
February 2008, with an H’ ranging from 0.74 to 1.98 influenced by dominant species, whereas significant variations
were observed for the Pielou index in November 2007 and February 2008. The Berger-Parker index demonstrated a
clear dominance pattern where the monthly numeric contribution of a single species ranged from approximately 30 to
80%. Although the results showed differences between fishing grounds 25% of the time, we conclude that fish assem-
blies captured as accompanying fauna in artisanal seabob shrimp fisheries showed statistically similar characteristics for

most of the year, although Balneério Barra do Sul and Penha are 35 km away from each other.
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Trawling for shrimp is an efficient method to catch tar-
get species, but it also accidentally captures a great variety of
organisms called accompanying fauna or bycatch (ALverson et
al. 1994). There is a consensus that shrimp trawling is respon-
sible for the highest rates of incidental catches of demersal
organisms (ANDREw & PeppEReLL 1992, KerLeHER 2005, GILLETT
2008). In tropical regions, the accompanying fauna associated
with penaeid shrimp fisheries represents approximately 68%
of the collected biomass (KerLener 2005), and fish comprise over
25% of this biomass (Hammovict & MeNpoNga 1996).

Artisanal fleets contribute a significant share to the total
crustacean production in the shallow waters of the Brazilian

continental shelf. For instance, in 2004 alone, they caught
approximately seven thousand tons of biomass (MMA/IBAMA
2005). It is estimated that, on average, for every kilogram of
shrimp, between 1 and 12 kilograms of fish are incidentally
caught (RurriNo & CasteLLo 1992, Vianna & Armeipa 2005, Branco
& VErANI 2006b, Souza et al. 2008). In most regions where shrimp
trawling is practiced, a tiny portion of the bycatch is consumed
(fish of low commercial value), and the remainder is discarded
(ALversoN et al. 1994, Amsrost et al. 2005, BaiL & Branco 2007).

Understanding the impact of shrimp trawling on marine
resources is fundamental for maintaining the sustainability and
balance of coastal ecosystems and the trophic chain of the ex-

© 2011 Sociedade Brasileira de Zoologia | www.sbzoologia.org.br | All rights reserved.



152

J. ]. Bernardes Junior et al.

ploited areas (PrrcuEr & Hart 1982, Rickiers & MiLLer 2000, Day-
ToN et al. 2002). In the last decades, the composition, diversity
and spatiotemporal variations of ichthyofauna have been the
focus of a number of studies along the Brazilian coast (CotLno et
al. 1986, Pava-FiLHo & ScHMIEGELOW 1986, RUFFINO & CASTELLO 1992,
Sanrtos et al. 1998, Santos 2000, TiscHer & Santos 2001, GRraca
Lopes et al. 2002, Branco & VErant 2006a, b, GoMes & CHaves 2006,
ScHwarz Jr et al. 2007), but only a few studies have compared
among fishing grounds (Cuaves et al. 2003, Souza et al. 2008).

With a 531 km shoreline spanning 337 localities where
artisanal fisheries and 17 fishermen communities occur, the
state of Santa Catarina is the greatest producer of seabob shrimp,
Xiphopenaeus kroyeri Heller, 1862, of the southern region
(PROZEE 2006). This activity represents an important socio-
economic contribution to the north-central coast, especially
in the municipalities of Penha and Balneario Barra do Sul, which
are approximately 35 km from each other.

Therefore, due to the socioeconomic and ecological rel-
evance of shrimp trawling, this study aimed to qualitatively
and quantitatively assess the spatial and temporal variations
in the fish community captured as accompanying fauna in
seabob shrimp fishery at two important fishing areas of the
Santa Catarina coast.

MATERIAL AND METHODS

Collections were conducted monthly from March 2007
to February 2008 in the Balneario Barra do Sul region (mu-
nicipalities of Balneario Barra do Sul and Sao Francisco do
Sul, 26°23’-26°28’S and 48°30’-48°35'W) and in the Armacao
do Itapocoroy region (municipality of Penha, 26°40’-26°47’S
and 48°36’-48°38'W) (Fig. 1). Balneario Barra do Sul and Penha
are located on the north central coast of the state of Santa
Catarina, a region characterized by a mesothermal humid cli-
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Figure 1. Site map of Balneério Barra do Sul and Penha showing traditional seabob shrimp fishing areas where the trawlings were

conducted.
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mate, and rainfall and average annual temperature of
1,690 mm and 20.2°C, respectively (Aravjo et al. 2006b). Close
to the coastal region, predominate the Coastal Water mass
which has salinity below 34 and temperature ranging from
19 to 28°C in winter and summer, respectively (ScHETTINI et al.
1999). For the majority of the year, winds are predominantly
from the northeast, changing periodically to southerly winds
with advances of the polar frontal systems, which are more
frequent and intense in winter (ScHerTINI et al. 1999, AravUjo et
al. 2006b). The fishing grounds are composed predominantly
of sandy facies varying from very fine to medium sand (Corrta
et al. 1996, Asreu et al. 2006), but considerably wide layers of
fine sediments (silt and clay) also occur parallel to the coast
(Horn FiLo 2003).

Each month in the morning, we conducted three fishing
hauls (samples) at each of the two regions mentioned above.
Sampling took place at the traditional seabob shrimp fishing
areas, for one hour, at depths ranging from 5 to 25 m. In each
region, three fishing hauls (samples) were performed in the
traditional seabob shrimp fishing areas for one hour each dur-
ing the morning period, at depths from 5 to 25 m. Although it
is mentioned in the literature that depth can influence species
composition (CHaves et al. 2003, Souza et al. 2008), no differ-
ences were observed in the assemblies caught between 5 and
25 meters in previous studies conducted in the Penha region
(Bai. & Branco 2003, Branco & VErant 2006a); therefore, we
adopted trawls among these isobaths to compose representa-
tive samples of the regions. A double-rig shrimp vessel equipped
with two bottom trawls with 3 cm mesh in the sleeve and 2 cm
mesh in the trawl bag, was used for trawling, conducted at an
average speed of two knots (Branco 2005). The contents of the
nets were packed in plastic bags, tagged and kept in a styrofoam
cold box with ice. Fish were identified at the species level
(FicueRepo 1977, 1980, Soares 1978, FIGUEIREDO & MENEZES 1978,
Menezes & Figueirepo 1980, 1985), and the abundance of each
species was recorded.

Each species was classified into one of three categories
according to its frequency of occurrence in samples, as follows:
constant (present in samples between 9 to 12 months), acces-
sory (6 to 8 months) or incidental (1 to 5 months) (SEVERINO-RODRIGUES
et al. 2002).

For characterization of the fish assemblages, sample-based
rarefaction curves scaled to the number of individuals (CoLwELL
et al. 2004) were constructed and the Shannon diversity (H’)
index, Pielou equitability (J’) index (MaGurrax 2004) and CPUE
(fish per hour) were calculated. These indices and CPUE were
evaluated for normality by a Kolmogorov-Smirnov test and for
homogeneity of variances by the Bartlett test and monthly
compared between Balneario Barra do Sul and Penha through
a bifactorial analysis of variance (ANOVA) at a significance level
0f 0.05 (Zar, 1996, Unperwoobp 1997). The CPUE data were fourth
root-transformed to meet the assumptions of analysis. When
an interaction effect was significant, Tukey’s test was performed

at a significance level of 0.05 (Zar 1996). Concomitantly, the
Berger-Parker index (d) was used to measure the temporal domi-
nance in each region (MAGURRAN 2004).

To visualize similarity patterns between samples, non-
metric Multidimensional Scaling (nMDS) of similarities was
carried out using a proximity analysis (CLArRke & Warwick 1994)
where the Bray-Curtis index was applied to the abundance ma-
trix transformed by the fourth root. From this analysis, a
conformity index (Stress) was obtained, determining the degree
of proximity of the graphic representation and of real data. Stress
values under 0.20 allow for the potential use of two MDS di-
mensions. However, values above the limit of this interval reduce
confidence in interpreting the details of the graphic representa-
tion, suggesting superposition of clusters as a supplement to the
analysis (Crarke & Warwick 1994). The superposition of clusters,
calculated from the Bray-Curtis similarity index and grouped by
the UPGMA method, was used at the cut-off level of 60% as an
alternative to confirm the proximity patterns of samples.

A space-time differences hypothesis of the ichthyofau-
nal structure was tested through a non-parametric multivariate
analysis of variance (PERMANOVA) at a 0.05 significance level
(AnDERsON 2001, 2005). For this purpose, the design consisted
of two orthogonal factors, “Sites” (two levels, random) and
“Months” (twelve levels, random and crossed with Sites), as
well as the interaction between them. In this analysis, the Bray-
Curtis index was calculated from the ichthyofauna abundance
matrix transformed by the fourth root for the purpose of in-
creasing the relative contribution of rare species (CLARKE et al.
2006). For all tests, a subset of 9,999 permutations was used.
When statistical differences were observed, an a posteriori pair-
wise multivariate t-test was applied (AnpersoN 2005). The specific
contribution of each fish species to the monthly dissimilarity
between sites was evaluated by the Similarity Percentage test
(SIMPER) (CrLARKE & WARWICK 1994).

RESULTS

A total of 21,482 fish were collected in Balneario Barra
do Sul (BS) belonging to 46 species, 40 genera and 21 families,
whereas in Penha (P), 17,126 specimens were collected belong-
ing to 43 species, 38 genera and 24 families (Tab. I). A total of
38,608 fish were sampled belonging to 54 species, of which 35
were common to the two regions.

Sciaenidae, Trichiuridae, Carangidae and Pristigasteridae
represented 91.06% of the abundance in the collections in
Balneario Barra do Sul (Fig. 2), and 93.36% in Penha (Fig. 3).
The number of different species collected was greatest within
Sciaenidae (13 spp. in BS and 11 in P) followed by Carangidae (5
spp. in BS and 4 in P) and Tetraodontidae (3 spp. in each site).

According to the categories of occurrence, the species that
were considered constant were also more abundant (86% in BS
and 64% in P), with the occurrence of nine species in Balneério
Barra do Sul belonging to the Sciaenidae, Pristigasteridae,
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Table I. List of demersal fish species and their respective occurrence frequencies in Balneario Barra do Sul and Penha from March 2007 to
February 2008. The occurrence (O) is represented as: (>) constant, (+) accessory, (<) incidental. N: abundance,%: relative percentage
contribution. The families were distributed according to Netson (2006), and the species were listed in alphabetical order.

Balneario Barra do Sul Penha
Taxa
N % (0] N % (0]
Chondrichthyes
Narcinidae
Narcine brasiliensis (Olfwea, 1831) 16 0.08 < 0
Rhinobatidae
Rhinobatos horkelli (Mdller & Henle, 1841) 4 0.02 0
Zapteryx brevirostris (Miller & Henle, 1841) 8 0.04 0
Actinopterygii
Elopidae
Elops saurus Linnaeus, 1776 0 8 0.05 <
Ophichthidae
Ophichthus gomesii (Castelnau, 1855) 0 64 0.37 +
Pristigasteridae
Pellona harroweri (Fowler, 1917) 500 2.41 1336 7.80
Chirocentrodon bleekerianus (Poey, 1867) 374 1.74 756 4.41
Engraulidae
Anchoviella lepidentostole (Fowler, 1911) 40 0.19 < 0
Cetengraulis edentulus (Cuvier,1829) 0 136 0.79
Lycengraulis grossidens Agassiz, 1829 60 0.29 + 68 0.40
Clupeidae
Harengula clupeola (Cuvier, 1829) 748 3.60 4 0.02
Opisthonema oglinum (Lesuer, 1818) 32 0.15 8 0.05
Sardinella janeiro (Eigenmann, 1894) 4 0.02 0
Ariidae
Genidens barbus (Lacepede, 1803) 4 0.02 < 8 0.05 <
Phycidae
Urophycis brasiliensis (Glnther,1880) 220 1.06 < 188 1.10 +
Ophidiidae
Ophidion holbrookii Putnam, 1874 0 4 0.02 <
Batrachoididae
Porichthys porosissimus (Valenciennes, 1837) 20 0.10 < 60 0.35 +
Ogcocephalidae
Ogcocephalus vespertilio (Linnaeus,1758) 0 4 0.02 <
Triglidae
Prionotus punctatus (Bloch, 1793) 60 0.29 + 40 0.23 <
Serranidae
Diplectrum radiale (Quoy & Gaimard, 1824) 0 2 0.01 <
Carangidae
Chloroscombrus crysurus (Linnaeus, 1766) 4 0.02 < 32 0.19 <
Oligoplites saurus (Bloch & Schneider, 1801) 28 0.13 < 0
Selene setapinnis (Mitchill, 1815) 380 1.77 > 428 2.50
Selene vomer (Linnaeus, 1758) 352 1.70 < 80 0.47
Trachinotus falcatus (Linnaeus, 1758) 36 0.17 < 6 0.04
Gerreidae
Diapterus rhombeus (Cuvier, 1829) 24 0.12 < 0
Eucinostomus gula (Cuvier, 1830) 8 0.04 0
Haemulidae
Continue
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Table I. Continued.
Balneario Barra do Sul Penha
Taxa
N % (¢] N % o
Haemulidae
Conodon nobilis (Linnaeus, 1758) 52 0.25 < 12 0.07
Pomadasys corvinaeformis (Steindachner,1868) 4 0.02 < 12 0.07
Sciaenidae
Ctenosciaena gracilicirrhus (Metzelar, 1919) 60 0.29 + 4 0.02 <
Cynoscion leiarchus (Cuvier, 1830) 12 0.06 < 0
Isopisthus parvipinnis (Cuvier, 1830) 3128 15.06 > 1518 8.86 >
Larimus breviceps (Cuvier, 1830) 600 2.89 > 404 2.36 +
Macrodon ancylodon (Bloch & Schneider, 1801) 64 0.31 < 100 0.58 <
Menticirrhus americanus (Linnaeus, 1758) 52 0.25 + 28 0.16 <
Menticirrhus littoralis (Holbrook, 1860) 12 0.06 < 0
Micropogonias furnieri (Desmarest, 1823) 24 0.12 < 16 0.09 <
Paralonchurus brasiliensis (Steindachner, 1875) 1664 8.01 > 4944 28.87 >
Stellifer brasiliensis (Schultz, 1945) 5864 28.24 > 2021 11.80 >
Stellifer rastrifer (Jordan, 1889) 4332 20.86 > 2366 13.82 +
Stellifer spp. 92 0.44 < 48 0.28 <
Stellifer stellifer (Bloch, 1790) 260 1.25 + 221 1.29 +
Trichiuridae
Trichiurus lepturus (Linnaeus, 1758) 1724 8.30 > 1680 9.81 +
Stromateidae
Peprilus paru (Linnaeus, 1758) 40 0.19 < 72 0.42 +
Pomacanthidae
Pomacanthus paru (Bloch, 1787) 0 48 0.28 <
Paralichthyidae
Etropus crossotus (Jordan & Gilbert, 1881) 4 0.02 < 12 0.07 <
Achiridae
Achirus lineatus (Linnaeus, 1758) 20 0.10 < 28 0.16 <
Cynoglossidae
Symphurus tessellatus (Linnaeus, 1766) 216 1.04 + 64 0.37 >
Monocanthidae
Stephanolepis hispidus (Linnaeus, 1766) 24 0.12 < 24 0.14 <
Tetraodontidae
Lagocephalus laevigatus (Linnaeus, 1766) 272 1.31 + 224 1.31
Sphoeroides greeleyi (Gilbert, 1900) 0 24 0.14
Sphoeroides spengleri (Bloch, 1785) 16 0.08 < 0
Sphoeroides testudineus (Linnaeus, 1758) 16 0.08 < 16 0.09 <
Diodontidae
Cyclichthys spinosus (Linnaeus, 1758) 8 0.04 < 8 0.05 <
Total 21,482 17,126
Total of families 21 24
Total of species 46 43
Total of Incidental species 30 27
Total of Accessory species 7 9
Total of Constant species 9 7
Shannon Diversity index (H') 1.53£0.05 1.39 £0.07
Pielou Evenness index (J') 0.67 + 0.02 0.65 £ 0.02
Berger-Parker Dominance index (d) 0.45 +0.02 0.52 £+ 0.04
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Figures 2-3. Percentage abundance participation of the collected fish families in the accompanying fauna from seabob shrimp fishery in

Balneario Barra do Sul (2) and Penha (3).

Carangidae and Trichiuridae families and seven species in Penha
belonging to the Sciaenidae, Pristigasteridae, Carangidae and
Synoglossidae families (Tab. I). Approximately 60% of the spe-
cies collected (30 spp. in BS and 27 spp. in P) were classified as
incidental, and represented the lowest contributions to the to-
tal number of specimens. In the accessory category, seven
species were present in Balnedario Barra do Sul and nine in Penha
(Tab. I), representing 5 and 30% of the species abundance, re-
spectively.

The multivariate analysis (PERMANOVA) of the ichthyo-
faunal structure showed significant differences between sites
and months, and a significant interaction between these fac-
tors, indicating that the temporal variation was distinct between
Balneario Barra do Sul and Penha (Tab. II). The a posteriori
pair-wise test showed that the species composition and abun-
dance of individuals differed significantly in March 2007, and
January and February 2008.

Table 1l. PERMANOVA applied to ichthyofaunal structure with
respect to Sites, Months and the interaction between these factors.
(DF) Degrees of Freedom, (MS) mean squares, (F) value of F in the
test. Values of p-MC in bold indicate statistical significance (p <
0.05) obtained using the Monte Carlo permutation test.

Factors DF MS F p-MC
Sites 1 10663.7155 4.732  0.0001
Months 11 4395.2751 1.950  0.0006
Sites x months 11 2253.7162 1.884 0.0001
Error 48 1196.3796

The dispersion pattern of samples in the nMDS plot
showed the spatiotemporal dependence of ichthyofaunal struc-
ture (Fig. 4) and, despite the stress value being moderately high
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Figure 4. nMDS applied to fish abundance data (transformed by
the fourth root) from accompanying fauna from seabob shrimp
bycatch collected monthly in Balneério Barra do Sul (BS) and Penha
(P) (Stress = 0.17). Dotted ellipsis represents the clusters at 60%
of similarity.

(0.17), enabled the classification of the data into three groups:
group I consisted of samples collected in Balneario Barra do
Sul and Penha, and was defined based on the high relative abun-
dance values of Isopisthus parvipinnis (Cuvier, 1830), Pellona
harroweri (Fowler, 1917), Selene setapinnis (Mitchill, 1815),
Stellifer rastrifer (Jordan, 1889), Stellifer brasiliensis (Schultz, 1945)
and Trichiurus lepturus (Linnaeus, 1758), and moderate relative
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abundance values of Lagocephalus laevigatus (Linnaeus, 1766)
and Larimus breviceps (Cuvier, 1830); group II associated the
months of August, September and October (P), and September
2007 (BS), and was characterized by the important numeric
contribution of Urophycis brasiliensis (Giinther, 1880) and in-
termediate numbers of Paralonchurus brasiliensis (Steindachner,
1875) and T. lepturus; group III, despite the close proximity
between samples, represented the collections that occurred in
Penha, highlighted by Stellifer, Lycengraulis grossidens Agassiz
(1829), and L. breviceps and intermediate abundance values of
I. parvipinnis, P. harroweri and T. lepturus.

The months of November 2007, February 2008 (P) and
March 2007 (BS) were analyzed separately due to particulari-
ties in the composition and abundance of their species
assemblies when compared to the other groups. In Penha, high
relative abundances were recorded for Chirocentrodon
bleekerianus (Poey, 1867) and Ctenosciaena gracilicirrhus

(Metzelar, 1919) in the sampling conducted in November,
whereas in February, Stellifer stellifer (Bloch, 1790), L. grossidens
and Menticirrhus americanus (Linnaeus, 1758) were the taxa with
highest relative abundances. In Balneario Barra do Sul, the in-
creased relative abundance of L. laevigatus and P. brasiliensis
differentiated March from the other months.

The dominant species in the ichthyofauna were Stellifer
rastrifer, S. brasiliensis, Paralonchurus brasiliensis, Isopisthus
parvipinnis, Trichiurus lepturus and Pellona harroweri. The per-
centage of species contribution to the dissimilarity (SIMPER)
between the Sites and Months interaction is represented in Tab.
II1. Across the entire sampling period, the average dissimilarity
between sites varied from 61.36% (November) to 93.23%
(March), with three to seven species contributing over 80% of
the differences in the structure of the assemblages. The analy-
sis indicated a larger contribution of scianids, in which the
same species occupied different ranks.

Table . SIMPER results showing the average abundance, average dissimilarity and the percentage contribution of major fish species in
the monthly average dissimilarity between Balneario Barra do Sul (BS) and Penha (P).

Groups (Average species Average abundance Average dissimilarity Contribution ~ Cumulative
dissimilarity) BS > (%) (%)
March (93.23%) Chirocentrodon bleekerianus 142.67 0.00 22.08 23.68 23.68
Trichiurus lepturus 0.00 34.67 13.12 14.07 37.75
Stellifer rastrifer 57.33 0.00 11.18 12.00 49.75
Paralonchurus brasiliensis 4.00 28.00 8.98 9.63 59.38
Isopisthus parvipinnis 6.67 28.67 8.57 9.19 68.57
Larimus breviceps 38.67 0.00 6.41 6.88 75.45
Oligoplites saurus 9.33 0.00 5.61 6.02 81.47
April (78.18%) Stellifer rastrifer 248.00 0.00 25.43 32.52 32.52
Stellifer brasiliensis 160.00 0.00 17.30 2213 54.65
Larimus breviceps 46.67 88.00 7.39 9.45 64.10
Isopisthus parvipinnis 82.67 54.67 6.48 8.29 72.39
Paralonchurus brasiliensis 26.00 69.33 6.10 7.80 80.19
May (71.56%) Stellifer rastrifer 360.00 17.33 28.61 39.98 39.98
Stellifer brasiliensis 357.33 58.67 22.82 31.89 71.87
Paralonchurus brasiliensis 32.67 50.67 4.94 6.90 78.78
Isopisthus parvipinnis 48.00 17.33 3.72 5.19 83.97
June (78.56%) Stellifer brasiliensis 262.67 37.33 16.01 20.38 20.38
Isopisthus parvipinnis 14.67 170.67 15.76 20.06 40.44
Stellifer rastrifer 101.33 22.67 8.93 11.36 51.81
Pellona harroweri 2.67 93.33 7.98 10.16 61.97
Trichiurus lepturus 10.67 84.00 7.02 8.94 70.91
Paralonchurus brasiliensis 27.33 68.00 5.93 7.55 78.46
Chirocentrodon bleekerianus 8.00 53.33 5.18 6.60 85.06
Continue
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Table Ill. Continued.

Grg.ups (Avgrage Species Average abundance Average dissimilarity Contribution Cumulative
issimilarity) BS p (%) (%)
July (65.30%) Trichiurus lepturus 509.33 426.67 16.57 25.38 25.38
Stellifer brasiliensis 290.67 64.00 10.73 16.43 41.81
Isopisthus parvipinnis 266.67 20.00 9.48 14.52 56.33
Pellona harroweri 93.33 242.67 7.63 11.68 68.01
Paralonchurus brasiliensis 51.33 189.33 6.44 9.86 77.87
Stellifer rastrifer 77.33 0.00 3.15 4.82 82.69
August (70.22%) Paralonchurus brasiliensis 20.00 124.00 23.63 33.65 33.65
Urophycis brasiliensis 50.67 24.00 9.33 13.28 46.93
Stellifer brasiliensis 38.67 8.00 8.00 11.40 58.33
Stellifer rastrifer 36.00 0.00 6.34 9.04 67.37
Isopisthus parvipinnis 32.00 14.67 4.40 6.26 73.63
Trichiurus lepturus 9.33 1.33 2.72 3.88 77.51
Pellona harroweri 6.67 6.67 2.23 3.17 80.68
September (66.41%) Paralonchurus brasiliensis 57.33 240.00 31.68 47.70 47.70
Stellifer brasiliensis 57.33 13.33 8.78 13.22 60.92
Pellona harroweri 0.00 34.67 8.25 12.43 73.35
Stellifer rastrifer 20.00 0.00 4.63 6.97 80.32
October (72.77%) Stellifer rastrifer 268.00 0.00 26.76 36.77 36.77
Stellifer brasiliensis 296.00 10.67 21.55 29.62 66.39
Paralonchurus brasiliensis 168.00 137.33 12.33 16.95 83.34
November (61.36%)  Paralonchurus brasiliensis 124.67 244.00 26.48 43.16 43.16
Stellifer rastrifer 82.67 2.67 8.00 13.04 56.20
Stellifer brasiliensis 74.67 2.67 7.80 12.71 68.91
Lagocephalus laevigatus 21.33 17.33 3.57 5.81 74.72
Symphurus tesselatus 17.33 2.67 3.20 5.21 79.93
December (78.83%)  Paralonchurus brasiliensis 0.00 360.00 34.13 43.29 43.29
Stellifer brasiliensis 61.33 180.00 12.30 15.61 58.90
Chirocentrodon bleekerianus 1.33 106.67 9.34 11.84 70.74
Selene setapinnis 25.33 52.00 4.02 5.10 75.83
Lagocephalus laevigatus 20.00 49.33 3.85 4.89 80.72
January (63.22%) Stellifer rastrifer 101.33 578.67 26.98 42.67 42.67
Stellifer brasiliensis 269.33 41.33 14.22 22.50 65.17
Isopisthus parvipinnis 242.67 76.00 10.90 17.24 82.41
February (65.66%) Isopisthus parvipinnis 424.00 56.00 36.21 55.15 55.15
Stellifer rastrifer 74.00 8.00 7.49 11.41 66.55
Paralonchurus brasiliensis 0.00 62.67 6.31 9.61 76.17
Stellifer brasiliensis 130.00 122.67 6.23 9.49 85.66
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The monthly fluctuation of CPUE differed between Sites,
as is evident by the significant interaction of factors in ANOVA
(Tab. IV), in which the contrast of means by Tukey’s test attrib-
uted these differences to the months of May, October and
December 2007 (Fig. 5). In Balneario Barra do Sul the high in-
cidence of S. rastrifer and S. brasiliensis in samples contributed
to the differences observed in May (83.2% of capture) and Oc-
tober (67.2%), whereas in December, P. brasiliensis, S. brasiliensis
and C. bleekerianus were responsible (75.9%) for the higher
CPUE in Penha.
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Figures 5-6. Monthly mean variation (+ standard error) of the fourth
root-transformed CPUE (fish per hour) (5) and sample-based rar-
efaction curves with 95% confidence intervals (BS dotted-line and
P dashed-line) (6) of ichthyofauna collected as accompanying fauna
in artisanal seabob shrimp fisheries in Balneario Barra do Sul (BS)
and Penha (P) between March 2007 and February 2008.

Comparing the rarefaction curves, the expected species
richness was slightly higher in Balneario Barra do Sul (above
500 individuals), however, this difference was not significant
due to an overlap of confidence intervals (Fig. 6). The Shan-
non diversity index (H’) showed a significant interaction
between space and time scales (Tab. IV). The resulting varia-

tion from the interaction between factors had a significant ef-
fect on the monthly fluctuation pattern between the Sites, in
particular in August, September and November 2007, and Janu-
ary and February 2008, with H’ ranging from 0.74 to 1.98 (Fig.
7). The lowest average H’, which was observed in the month of
February in Balneério Barra do Sul, was due to the dominance
of I. parvipinis, whereas in Penha, the low number of species
and the high abundance of P. brasiliensis contributed to the
pronounced differences that were calculated for August, Sep-
tember and November, and S. rastrifer influenced the low
average H’ observed in January (Fig. 7).

The equitability index (J’) fluctuated from moderate to
high, with values between 0.51 and 0.83 in Balneario Barra do
Sul and between 0.40 and 0.78 in Penha (Fig. 8). Although the
averages were statistically similar for the Sites and Months fac-
tors, the variance analysis showed a space-time dependence,
in which the distribution of the species caught differed signifi-
cantly between the fishing regions in November 2007 and
February 2008 (Tab. IV and Fig. 8).
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Figures 7-8. Monthly mean variation (+ standard error) of the di-
versity (Shannon H’) (7) and equity (Pielou )’) (8) indices of ich-
thyofauna collected as accompanying fauna in artisanal seabob

shrimp fisheries in Balneario Barra do Sul (BS) and Penha (P) be-
tween March 2007 and February 2008.
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The relative importance of the most abundant species,
as expressed by the Berger-Parker index (d), followed a differ-
ent pattern of variation between the regions with an abrupt
inversion between June and August 2007 averages and, subse-
quently in Penha, between November 2007 and February 2008
(Fig. 9). In Balneario Barra do Sul, the index fluctuated between
0.33 (August 2007) and 0.59 (February 2008) and in Penha from
0.34 (June 2007) to 0.81 (November 2007) (Fig. 9).

Mor A M J J A S O N DJO8 F
Months

Figure 9. Monthly mean variation (+ standard error) of the domi-
nance index (Berger-Parker d) of ichthyofauna collected as accom-
panying fauna in artisanal seabob shrimp fisheries in Balneario Barra

do Sul (BS) and Penha (P) between March 2007 and February 2008.

Table IV. Variance analysis (ANOVA) of the CPUE, diversity index
(H") and equity index (J’) between Sites, Months and the
interaction between these factors. (DF) Degrees of Freedom, (MS)
mean squares, (F) value of F for the test. P values in bold indicate
statistical significance (p < 0.05).

Factors DF MS F p
CPUE (Fourth root) Sites 1 1.3257 3.636 0.0625
Months 11 25954 7.119 0.0001
Sites x Months 11 1.1778 3.230 0.0023
Error 48 0.3646
H' Sites 1 0.3198 4.067 0.0493
Months 11 0.1131 1.439 0.1869
Sites x Months 11 0.3595 4.573 0.0001
Error 48 0.0786
) Sites 1 0.0067 0.431 0.5144
Months 11 0.0240 1.538 0.1490
Sites x Months 11 0.0428 2.743 0.0078
Error 48 0.0156
DISCUSSION

The amount of collected fish in Balneario Barra do Sul
and Penha reinforce the observation made in several previous
studies that, despite its efficiency in capturing target species,
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shrimp trawl fishing is not very selective, and results in the
collection of a great diversity of accompanying organisms
(ALVERSON et al. 1994, Bakun et al. 2005, KeLLener 2005, GILLETT
2008).

However, the consistently low selectivity of this bottom
trawl gear does not result in similar composition and abun-
dance of the fish that are caught in different fishing areas, and
disparities in the number of species present in shrimp fisheries
are frequent in the literature (CokLHo et al. 1986, Pava-FiLno &
ScHMIEGELOW 1986, RurriNo & CasTeLLO 1992, CHAvEs et al. 2003,
Gowmres & CHaves 2006, Santos et al. 2008).

The high number of incidental species showed the fre-
quent displacement in the study areas where their occurrence
was associated with low abundance. Although species richness
in our samples was high, nine and seven species were numeri-
cally dominant in Balnedrio Barra do Sul and Penha,
respectively, which is a common characteristic observed in
demersal fish associations (Ansari ef al. 1995, Cuaves et al. 2003,
Branco & VErant 2006a).

Sciaenidae is among the world’s most economically im-
portant fish families, representing up to 54 species in the coastal
and estuarine waters of the Brazilian shoreline (MENEzEs et al.
2003, NeLson 2006). The fishes in this family are commonly
found in shallow continental shelf over sand or mud substrates
(MenEzEs & Figueirepo 1980), and most are demersal and domi-
nate the accompanying fauna in artisanal seabob shrimp
fisheries (CokLHo et al. 1986, Paiva-FiLHo & ScuMmiEGELOwW 1986,
GIANNINT & Parva-FiLno 1990, Rurrino & CasteLLo 1992, Santos et
al. 1998, HostiM-Siva et al. 2002, CHaves et al. 2003, VianNa &
ArMEIDA 2005, Branco & VEraNT 2006a, b, Gomes & CHaves 2006,
ScHwARz Jr et al. 2007, Souza et al. 2008). In southeastern and
southern regions, the most abundant species captured as ac-
companying fauna are P. brasiliensis, C. gracilicirrhus,
Micropogonias furnieri (Desmarest, 1823), M. americanus, L.
breviceps, S. brasiliensis, S. rastrifer, Cynoscion jamaicensis (Vaillant
& Bocourt, 1883) and I. parvipinnis (CotLHo et al. 1986, Pava-
FiLHo & ScuMieGeLow 1986, Murto et al. 2000, BRANCO & VERANI
20064, b, Scuwarz Jr et al. 2007, Souza et al. 2008). Therefore, as
observed along the Brazilian coast, this family, represented by
13 species and accounting for over 60% of the total abundance,
was predominant in terms of number of species and abundance
in the Balnedrio Barra do Sul and Penha regions.

Studies on the impacts of trawl fisheries on benthic and
demersal communities suggest that the community structure
and functioning can vary on different temporal and spatial
scales (GiLerr 2008, HouGurs & Swain 2008). The results of
PERMANOVA showed a significant spatiotemporal dependence,
indicating that the interaction between the factors was expres-
sively influenced by the community dynamics, in which
fluctuations in the composition and abundance might not be
explained by a single source of variation.

The similarity analysis demonstrated that, in March 2007,
the ichthyofaunal composition differed between sites (93.23%
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dissimilarity). This discrepancy was due to the presence of C.
bleekerianus, S. rastrifer, L. breviceps and Oligoplites saurus (Bloch
& Schneider, 1801) in Balneario Barra do Sul, and by the pres-
ence of T. lepturus and the relatively higher average abundance
of P. brasiliensis and I. parvipinnis in Penha. In January and Feb-
ruary 2008, by contrast, the demersal fish assemblages showed
a stronger dominance pattern, and most of the dissimilarities
observed between Balneario Barra do Sul and Penha were due
to differences in the relative abundance of S. rastrifer, S.
brasiliensis and 1. parvipinnis. Establish the main factors that
affect the organization of local communities is a challenge for
a couple of reasons. First, it is impossible to measure all of the
variables at play. Second, ascertaining the complex interrela-
tions among species living in an environment that changes
over time and space is prohibitive (Muro et al. 2000). Depth,
temperature, salinity and nature of the bottom sediments have
been cited as the most important abiotic factors influencing
the structure of soft bottom fish communities (Pires-VaNIN et
al. 1993, GianNINT & Parva-FiLHo 1995, Lowe-McCoONNELL 1999,
BARLETTA et al. 2005. ScHwARZ Jr. et al. 2007).

According to Hamnvovicr et al. (1996) the water tempera-
ture affected the abundance of demersal bony fish on the Rio
Grande shelf (southern Brazil), while species composition was
associated with depth. For Muro et al. (2000) the spatial orga-
nization exhibited by the ichthyofauna along a depth gradient
in the Sdo Sebastiao system (southeastern Brazil) were closely
related to the distribution of the water masses which are char-
acterized by different combinations of salinities and
temperatures. Even so, it is believed that the type of substrate
will have influences on both prey and demersal fish distribu-
tion, as most species live in a close association with the bottom
(AratUjO et al. 2006a).

Balneario Barra do Sul and Penha showed similar trends
on CPUE fluctuation except in May, October and December
2007, when these trends were influenced by contributions of
dominant species, particularly S. rastrifer, S. brasiliensis, and P.
brasiliensis. The higher abundance of S. rastrifer and S. brasiliensis
in Balnedrio Barra do Sul, and their low abundance or absence
in Penha during October (spring) and the inversion of the CPUE
in December, including the presence of P. brasiliensis, may be
related to reproductive aggregation. The latter, is common
within scianids (Muniz & Chaves 2008) and results in large num-
bers of individuals becoming vulnerable to the trawls at once.
This observation may be corroborated by the observed noted
pulse spawning period in the south between October and De-
cember for main species of the Stellifer genus (CHAVES & VENDEL
1997, AtmeibA & Branco 2002) and during spring and summer
for P. brasiliensis (Souza & Cuaves. 2007, Rosert et al. 2007).

On the Sao Paulo coast, Muro et al. (2000) showed a sig-
nificant correlation between water temperature and depth in
Sciaenidae distribution, with the greatest abundance of P.
brasiliensis and S. rastrifer occurring in warmer (25°C) and shal-
low (15-25 m) waters. In Santos bay, GianniNt & Parva-FiHo

(1990) reported that S. rastrifer performs seasonal migration,
remaining in the outer portion of the bay during the autumn
and migrating to the inner portion during the winter, prob-
ably due to higher temperatures in shallow waters.

Although our methodology did not allow us to assess
the influence of depth on the fish composition, we know that
in our data trawls occurred in areas traditionally used by the
artisanal fleet with a depth ranging from 5 to 25 m. Consider-
ing this information, it is possible that the differences between
sites observed in May, when the water temperature is drop-
ping, may be related to the displacement of dominant species
among deeper and shallower areas, diverging from what was
observed in previous studies (Bai. & Branco 2003, Branco &
VErant 2006a) for the Penha region.

In regard to CPUE, it is important to call attention to the
peak in July (winter) with an important capture of T. lepturus
(34.37% in BS and 38.38% in P of monthly capture). The nu-
merical dominance of this species in winter may be related to
the presence of juveniles in the shallow continental shelf due
to higher food availability (Birrar et al. 2008). Among the food
items, the occurrence of the fishes from Sciaenidae, Clupeidae
and Engraulidae, and the shrimps Xiphopenaeus kroyeri, Pleoticus
muelleri (Bate, 1888), and Artemesia longinaris (Bate, 1888) (Brrrar
et al. 2008) were both recorded in the study areas (Branco &
VEraNT 20063, b).

The fluctuation pattern of the Shannon diversity index
across months was distinct in the two fishing regions. Accord-
ing to Kress (1999), the Shannon measure increases with the
number of species and gives more weight to rare species. In
August, Balneario Barra do Sul showed the highest species di-
versity and evenness throughout the year. The disparate
richness between Balneario Barra do Sul (21) and Penha (12)
due to the presence of infrequent species, especially from the
families Engraulidae, Clupeidae and Stromateidae, and the high
participation of P. brasiliensis in Penha (64.42%) were mainly
responsible for the differences in the Shannon diversity be-
tween fishing regions in August. Other observations were even
more sensitive to rare species, as the contributions of P.
brasiliensis in September (71.15%) and November (82.06%) and
S. rastrifer (71.97%) in January and I. parvipinis in February
(62.72%) reflected significant variation in the Shannon index
between the sites.

During the year, the diversity index ranged between 1.04
and 1.98 in Balneério Barra do Sul and between 0.74 and 1.80
in Penha. Greexwoop (1975) argued that there is a gradual in-
crease in species diversity with decreasing latitude. Also,
according to Rosenzwei (1995), the highest richness values are
generally obtained in the tropical zone. In a study by TiscHer &
Santos (2001), the ichthyofauna accompanying a shrimp fish-
ery in the mouth of the Sdo Francisco River (northeastern Brazil)
showed an average diversity of 3.20. On the Sao Paulo coast
(southeastern Brazil), Pava-FiLHo & ScamiegeLow (1986) recorded
values between 1.64 and 3.07 for Santos Bay, whereas, in Sdo
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Sebastidao, Muto et al. (2000) observed variation between 1.93
and 2.67. In the state of Santa Catarina (southern Brazil), the
diversity ranged between 1.11 and 1.97 in seven years of sam-
pling in the Penha region (Branco & VEerant 2006a) and between
1.98 and 2.50 in five years of sampling in the Itajai-Aca river
estuary (Branco et al. 2009). Apparently, the species diversity
estimated by the Shannon index decreased with increasing lati-
tude; however, other sources of variation appear to be more
important to explain such observations. Differences in diver-
sity values between these studies may be related to the size of
the sampled area, seasonality, fishing effort, fishing gear used
and degree of anthropogenic influence in the areas.

As observed for diversity, Pielou’s evenness index showed
the spatiotemporal interaction differing significantly between
fish regions in November 2007 and February 2008 due to a
high incidence of P. brasiliensis (Penha) and I. parvipinis
(Balneario Barra do Sul), respectively. However, the index ranged
from moderate to high with averages above 0.5, suggesting an
acceptable homogeneity in the distribution of specimens among
the species (MaGURrAN 2004). Pielou evenness is not very sensi-
tive to variations in abundance of rare taxa (BeiseL et al. 2003).
Even in the communities that were studied, in which the num-
ber of infrequent species caught was high, the fact that §.
rastrifer, S. brasiliensis, P. brasiliensis, I. parvipinnis, T. lepturus
and P. harroweri were relatively abundant throughout the study
period, and alternated as the most abundant species in the
samples, strongly influenced the increase in evenness average
recorded for the collected ichthyofauna in Balnedrio Barra do
Sul and in Penha. The Berger-Parker index clearly showed the
dominance pattern, where the monthly numeric contribution
of a single species ranged from approximately 30 to 80%.

It is important to highlight that the differences in ich-
thyofaunal structure between fishing grounds were observed
25% of the time (three months), probably due to changes in
environmental factors as explained previously. On the other
hand, these results enabled us to conclude that the fish assem-
blages captured as accompanying fauna in artisanal seabob
shrimp fisheries was statistically similar in both sites through-
out most of the year, even though Balneério Barra do Sul are
35 km away from each other.
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