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ABSTRACT

The Sciaenids have among the highest species sshnemerical abundance and biomass of any
family of fishes along the Brazilian coast. The aifrthis study was to analyze the composition and
spatial and temporal distribution of as well asitifeience of temperature, salinity and depth an th
sciaenid assemblage of Santos Bay. A total of j8@ividuals belonging to 13 genera and 21
species were captured, between November 2004 ameniber 2005, withSdlifer rasrifer
representing 70.4% of the total composition. Higlesindance and biomass occurred on the east
side of the bay, and the highest species richnessried near the mouth of the Santos Channel,
which was also the site with least similarity te thther sites. Highest abundances occurred in April
2005 and lowest in September 2005. Key environnhéamttors influencing distribution of sciaenids
were depth and temperature.

Resumo

A familia Sciaenidae apresenta elevada riquezaydfimeia numérica e biomassa entre as familias de
peixe do litoral brasileiro. O objetivo deste estddi analisar a composigéo, distribuicdo espaeial
temporal bem como a influéncia da temperaturanidalile e profundidade na comunidade de
Scienideos da baia de Santos. Um total de 29.80ddnos pertencentes a 13 géneros e 21 espécies
foram capturados, entre novembro de 2004 e dezeteb?605, conStellifer rastrifer representando
70,4% da composicgéo total. Os maiores valores dedéincia e biomassa ocorreram no lado leste da
baia, e 0 nimero de espécies mais elevado foinadispara a area préxima do canal de Santos. Esta
estacdo também apresentou a menor similaridadeasoautras areas amostradas. Temporalmente
em abril de 2005 foi registrada a maior abundaecem setembro de 2005 a menor. Os fatores
ambientais que mais influenciaram a distribuicd® @®rienideos foram a profundidade e a
temperatura.

Descriptors: Sciaenid community, Abundance, Spatidltemporal distribution, Santos Bay.
Descritores: Comunidade de Sciaenidae, Abundabas&jbuicdo espago-temporal, Baia de Santos.

INTRODUCTION are year-round inhabitants of estuaries and coastal
lagoons (CHAO, 2002).
The family Sciaenidae, also known as The Sciaenids represent the main fishery

croakers, comprises ~70 genera with 270 specié§sources in many tropical and temperate areas,
(NELSON, 2006). Approximately 21 genera and 54€sides constituting an important part of the Hytra
species occur along the Brazilian coast, with threfom fishing targeted at shrimp species, i. e,
genera and 18 species of them being freshwater takgdspotted shrimp Farfantepenaeus brasiliensis),
(MENEZES et al.,2003). Sciaenids are primarily Southern white shrimp L{topenaeus schmitti) and
coastal marine fishes, most of them being founghainly ~Atlantic sea-bob shrimp Xiphopenaeus
inshore over sandy or muddy bottoms, though a felyoyeri) (COELHO et al 1986; SANTOS et 311998;
species are found in deep water, and others ha@RACA-LOPES et aJ 2002; BAIL; BRANCO, 2003;
adapted to special habitats such as coral ree¥ANNA et al., 2004; BRANCO; VERANI, 2006;
(Equetus) and surf zonesMenticirrhus) (MENEZES; GOMES; CHAVES, 2006). The Sciaenidiellifer
FIGUEIREDO, 1980; CHAO, 2002). Many sciaenidsrastrifer, S brasiliensis, Isopisthus parvipinnis,

use estuarine environments seasonally as nursgp@ralonchurus brasliensis represented more than
grounds during the juvenile phase, and as feediig a50% of the~ by-catch from shrlmp_ fisheries along the
growth grounds during the young adult phase, othef@ast of S&o Paulo state. The high frequency of the
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occurrence of sciaenid in by-catches indicates thamdustrial, port and urban activities (BRAGA et,al
these species are abundant where the trawl fisheRp00).
operates (COELHO et .al 1986). Sciaenids and The Sao Vicente and Santos bay-estuarine
penaeiod shrimp may co-occur due to similasystem is a heterogeneous environment, consisting
requirements regarding abiotic factors sastthe type of many sub-environments, rocky shores, sandy
of substrate or depth, which will influence botleith beaches, mangrove swamps and adjacent muddy
distribution and prey, since most species live ¢lose substrates, resulting in considerable wildlife etyi
association with the bottom (ARAUJO et,&l006) or and interdependence between the species, which
with related food resources (SOUZA et al., 2008).  contributes to the dynamic equilibrium of the
Salinity and temperature variations are ofterenvironment (MEIRA et al 1983).

assumed to influence spatial and temporal pattefns Fish sampling was undertaken monthly in
biological communities in aquatic coastal ecosystemSantos bay between November 2004 and December
(BLABER; BLABER, 1980; MARSHALL; 2005 (except for December 2004) at six oceanogecaphi
ELLIOTT, 1998; RAZ-GUZMAN;HUIDOBRO, stations (Fig. 1). Sampling was performed with an
2002; SOSA-LOPEZ et al2007; BARLETTA et al  otter trawl, which operated for 10 minutes at aesbe
2008). The aim of this study was to compare thef 2 knots. Temperature and salinity data from the
spatial and temporal differences in Sciaenid specientire water column at each oceanographic station
assemblages in Santos bay, and to investigatehp@ssiwere recorded using a Conductivity, Temperature and
environmental influences on sciaenid assemblages. Depth probe (CTD).

The Sciaenids were identified to species

MATERIAL AND METHODS level in accordance with Menezes and Figueiredo
(1980) and Chao (2002), with further taxonomic
Study Area and Sampling Techniques updates based on Menezes e(2003). Identification

of Macrodon ancylodon and Macrodon autricauda
The Baixada Santista, located on the centralas based on a taxonomic review by Carvalho-Filho et
coast of Sdo Paulo state, covers the S&o Vicemte a@l. (2010). For each fish the total length (TL: mesh
Santos estuarine system, the Santos Bay and tAel mm) and weight (WT: nearest 0.01g) were
adjacent Continental Shelf (CETESB, 2001). This aregneasured and recorded.
is known for its high levels of pollution from
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Fig. 1. Map of the oceanographic stations in SaBts
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Analysis (BARLETTA et al, 2008). Spearman rank correlation
coefficients were used to determine the effecthef t
Margalef's richness (R), Pielou’s equitability environmental variables (depth, temperature and
(9), Shannon & Wiener's (H") diversity and Simpson’ salinity) on the abundance of fish species. For all
dominance indices were calculated for monthlystatistical analyses alpha = 0.05.
samples from each station (BEGON et aD06). Fish

abundance and environmental data were log(x+1) RESULTS

transformed prior to ordination using the Bray-Curtis

i:rrg:a;'.té’ Index and Canonical ~Correspondence There wasgreat seasonal variation in
ysIS. temperature with a maximum of 26.2°C in the summer

(_3anon|cal C_orrespondence A_naIyS|s (CCA)and autumn months (January to May 2005) and a
was applied to describe the relationships betwhen t inimum  of 20.4°C during the winter (July to
Scia_enid species in the_ Santos bay in temporal alr@eptember 2005.) (Fig. 2). Temperature and salinity
spa.tlal terms anq to |dent|fy the most Importanbresented little spatial variation. The salinitegented
environmental variables affecting the structurethef its lowest value in October 2005 (30.3) and itsheig
sciaenid community. The environmental variable% lue in November 2004. with a rﬁaximum of 35.3
considered in the model were depth, temperature are ig. 2) ' '
salinity. The CCA produces a biplot on which ' IAtotaI of 29,306 specimens comprising 13
environmental variables are represented as arrov&%nera and 21 speciés of Sciaenidae were collected
_(vectors) radiating from the origir} of the ordircetj The generaStellifer and Cynoscion were and were '
Le., the length of an environmental VeCtoreach represented by four species each. The most

is proportional to the strength of the rEIationShipabundant species in terms of numerical abundance
between the environmental variable that the vect 0.4%) and weight waellifer rastrifer (Table 1)
represents and the abundance of the species adalyz '
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Fig. 2. Temporal and spatial variations in mearS@) abiotic environmental variables (temperaturd an
salinity) in Santos bay.
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Table 1. Species of Sciaenidae caught in SantosmMtayabundance frequency (N(%)) and biomass frequ€%). Species
codes were used in Figures 3, 7 and 8.

Species Species Code N (%) % biomass
Sellifer rastrifer (Jordan, 1889) STRA 70.39 60.73
|sopisthus parvipinnis (Cuvier, 1830) ISPA 7.66 3.34
Stellifer brasiliensis (Schultz, 1945) STBR 5.70 7.39
Paralonchurus brasilienss (Steindachner, 1875) PABR 5.56 9.15
Macrodon atricauda (Gunther, 1880) MAAT 3.93 3.17
Sellifer stelifer(Bloch, 1790) STST 2.28 1.24
Nebris micropsCuvier, 1830 NEMI 1.57 4.23
Micropogonias furnieri (Desmarest, 1823) MIFU 0.91 5.42
Sellifer sp. STSP 0.78 0.33
Larimus breviceps Cuvier, 1830 LABR 0.40 1.64
Cynoscion virescens (Cuvier, 1830) Cyvi 0.25 1.65
Menticirrhus americanus (Linnaeus, 1758) MEAM 0.19 0.86
Bairdiella ronchus (Cuvier, 1830) BARO 0.15 0.72
Cynoscion jamaicensis (Vaillant & Bocourt, 1883) CYJA 0.12 <0.05
Cynoscion sp. CYSP <0.05 <0.05
Ophioscion punctatissimus Meek & Hildebrand, 1925 OPPU <0.05 <0.05
Umbrina canosai Berg, 1895 UMCA <0.05 <0.05
Ctenosciaena gracilicirrhus (Metzelaar, 1919) CTGR <0.05 <0.05
Cynoscion leiarchus (Cuvier, 1830) CYLE <0.05 <0.05
Umbrina coroides Cuvier, 1830 umMCco <0.05 <0.05
Menticirrhuslittoralis (Holbrook, 1847) MELI <0.05 <0.05

Cluster analyses of Sciaenid species showegarvipinnis, S brasiliensis, Paralonchurus
two main groups with 75% similarity. The first and brasiliensis, Micropogonias furnieri, Sellifer sp., S
second groups consisted, respectively, of the adt stellifer and Nebris microps, and (ii) those species
the most abundant species. The second group wadth intermediate abundance, i.earimus breviceps,
subdivided into two species sub-groups: (i) thos€ynoscion jamaicensis, C. virescens, Menticirrhus
species with highest number of individuals caugbt, americanus andBairdiella ronchus (Fig. 3)
Sellifer rastrifer, Macrodon atricauda, Isopisthus
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Fig. 3. Cluster diagram of the sciaenid speciesng@rical abundance) of Santos bay, November 2004 to
December 2005. Species codes are gineable 2.
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Differences in species richness, diversity and0% from April to July 05 (autumn and winter).
evenness occurred between the sites. The highdsbvember 2004 was the month with the greatest
richness, diversity and evenness indices were eéder dissimilarity (Fig. 6).
at station 6 (Table 2). The highest numerical Canonical correspondence analysis (CCA) of
abundance was observed at station 1 and the lavestspatial and temporal distribution showed that the
station 6. The stations on the western side (stst® speciesS. rastrifer was correlated mainly with the
and 4) showed a similar pattern of abundance @ig. following months: April, May, June and July;
presenting the lowest values for the Pielou eveninegarvipinnis and P. brasiliensis with oceanographic
and Shannon & Wiener Diversity indices, but diffgri stations 1 and 2, ard. atricauda was correlated only
from each other in the Margalef species richneswith station 2. The specieS stdlifer showed
value (Table 2). correlation with April and station 5, whilgellifer sp.

Cluster analyses indicated greater similaritycorrelated with April, June and July 2005 and
between stations 2 (outer) and 3 (deep) (+ 85%], aroceanographic stations 4 and 5. This correlation
between the shallow stations 4 and 5 (= 88%). @tati occurred mainly due to the high abundance in these
6 had the lowest similarity (70%) among the stationareas. Bairdiella ronchus and Umbrina canosai
(Fig. 5), probably because this station also had thshowed the highest correlation with station &).(F
lowest abundance (Fig. 4). 7).

Differences in species richness, diversity and The CCA analysis indicated that the
evenness also occurred between the months. Tleavironment variable depth influenced species
highest observed species richness occurred in danuabundance in Santos bay, with lesser effect from
2005 (17 species). The highest diversity occurred itemperature, whereas salinity had no effect. The
September and December 2005 and the lowest in Apspecies Menticirrhus littoralis showed a further
2005 (Table 2). The greatest abundance occurrerrelation with temperature (Fig. 8). No corrigat
between April and July, April presenting the highesbetween the abundance of Sciaenid species by month,
figure (N= 5389, 18.4%); September showed th@ceanographic station and any of the environmental
lowest abundance (N= 795, 2.7%) (Fig. 4). variables was found by the Spearman rank correlatio

Species composition showed 85% similarity,
the highest, between August and November 05, and

Table 2. Ecological indices, estimated by month @ehnographic station, of the Sciaenidae in Sdragps

Months/ . . . Shannqn— . )
Oceanographic Species Marg_alef’s richness P|el_ou’s evenness  Wiener's Simpson’s dominance
. richness index (D) index (J') diversity index index
stations H)
Nov-04 16 2.01 0.46 1.28 0.47
Jan-05 17 214 0.45 1.27 0.44
Feb-05 12 158 0.53 1.32 0.42
Mar-05 15 1.82 0.51 1.39 0.38
Apr-05 14 151 0.26 0.69 0.72
May-05 11 1.21 0.33 0.80 0.65
Jun-05 12 1.38 0.37 0.92 0.60
Jul-05 12 1.33 0.35 0.86 0.65
Aug-05 12 1.50 0.46 114 0.50
Sep-05 12 1.65 0.66 1.65 0.29
Oct-05 11 1.38 0.58 1.40 0.42
Nov-05 10 1.20 0.66 152 0.31
Dec-05 11 1.44 0.68 1.64 0.23
1 16 1.64 0.43 1.18 0.50
2 15 1.69 0.51 1.38 0.34
3 14 1.53 0.31 0.81 0.65
4 16 1.75 0.24 0.65 0.76
5 16 1.79 0.46 1.27 0.48
6 16 2.04 0.58 1.62 0.29
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DiscussioN predominance may be attributed mainly to the faat t
the Sciaenid species occur mainly in the demersal
Fish assemblages are potentially impacte&trata of the coastal environment (COELHO et al
by many anthropogenic influences, in such aspects 4986;  GIANNINL P,A'VA FILHO, 1990), thu.s, a
diversity, distribution, abundance, growth, suryjva SUrvey based on trawling close to the bottom valé
breeding and food resources (WHITFIELD; & hlgh. representation of Sciaenid in the samples.
ELLIOTT, 2002). Application of fish species richses According to Paiva Filho and Schmiegelow (1986),
and diversity in fish assemblage studies can djrecttiS family shows the highest number of individuals
assist in the evaluation of the importance an@nd biomass in Santos bay, includitige adjacent
condition of a system (WHITFIELD; ELLIOTT, &reas. In the same area, Glan_nlnl _and Pal_va Filho
2002) - as well as providing important information ~ (1990) recorded 20 species, wisellifer rastrifer,
the conservation and management of fishery ressurcEPiSthus - parvipinnis, - Paralonchurus  brasiliensis,

in degraded ecosystems (MELO, 2008). It is, howevefMicropogonias furnieri, Sellifer brasiliensis and
difficult to compare the species richness andVienticirrhus americanus, totaling 90% of the catctg

abundance of different areas, because the habitats rastrifer being the species with the highest dominance
different and fishery effort may also differ (ARAQJ @nd abundance. The same abundance pattern was
et al, 2006). observed in this study with 21 species caught and

The high representation of Sciaenidae, potrXelifer rastrifer accounting for70% of the total
in richness, abundance and biomass in fish comgunigPundance. _
studies has been well documented (ARAUJO et Over the years, some changes regarding
al. 1997: ARAUJO et a/1998: CHAVES: CORREA, SPecies abundancsiyich as a decrease timee number
1998: CHAVES: BOUCHEREAU, 2000: of individuals of M. furnieri and an increase in the
PESSANHA et al 2000; CASTRO, 2001; ARAUJO abundance of Sdlifer brasllenss, Macrodon
et al, 2002; RAZ-GUZMAN: HUIDOBRO, 2002; atricauda, S. stellifer andNebris microps (GIANNINI;
GODEFROID et al 2004 QUE'ROZ et al,2006, PAIVA FILHO, 1990; this study), have been recorded.
SCHWARZ JR et aj 2006; SCHWARZ JR. et al ACCOI’ding to Giannini and Paiva Filho (1990),
2007: CARVALHO-NETA: CASTRO, 2008: sciaenid species, particularlyS rastrifer, |I.
AZEVEDO et al, 2007; ROCHA et al 2010). This parvipinnis, P. brasiliensis and S. brasiliensis, occur
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mostly in the demersal part of Santos bay. Theigpec (ANSARI et al, 2003). Temperature and salinity
Micropogonias furnieri and Menticirrhus americanus,  fluctuations appear to influence different aspeéthe
however, are found in a wider range of habitats, asommunity, with temperature proving to be the best
demonstrated by their high abundance in the beagredictor of total abundance, while salinity infhoes
trawl. the species richness and total biomass (MARSHALL;
The  spatial distribution ~ of  fish ELLIOTT, 1998). Distribution of sciaenid
assemblagesay provide a useful tool for assessingassemblages have also been influenced by other
the level of marine influence on lagoon ecosystemenvironmental factors. Muto et a{2000) affirmed
(MARIANI, 2001). The Santos bay fish community that, on the inner shelf of Southeastern Brazil, @he
presents the highest number of species on thesiglgst the  dominant species  were Ctenosciaena
especially for the sciaeni@aralonchurus brasiliensis,  gracilicirrhus, Paralonchurus brasiliensis and
Sellifer rastrifer and S. brasliensis (GIANNINI;  Cynoscion jamaicensis, temperature was the most
PAIVA FILHO, 1990). The results of Giannini and important variable to explain fish
Paiva Filho (1990) are consistent with those of thidistribution, whereas, according to Giannini and/&a
present study, i.e., the highest species richness aFilho (1990, 1994), the spatio-temporal distribngo
diversity occurred in the outer part of Santos tzmd of sciaenid species assemblages in Santos bay were
the highest abundance and biomass at stationtibb(sta influenced by temperature as well as by salinitd an
located on the east side of Santos bay, next to tlmxygen concentration. In this present study, oeigtd
Santos Channel), as well as the numericand temperature were found to be related to species
predominance of the specig®llifer rastrifer, Sellifer  distribution. Temperature appeared to influence the
brasiliensis andParalonchurus brasiliensis. distribution ofMenticirrhus americanus, but only two
Clear spatial segregation of Sciaenid speciemdividuals were caught between January and April
has also been reported by other studies. Diffeeirce 2005, when the average temperature was 25°C.
spatial distribution of sciaenids in the Pinheitwsy According to Aradjo et al.(2006), in
(PR) were reported by Schwarz Jr et al (2007). & th Sepetiba Bay (RJ), depth, followed by transparency,
study Isopisthus parvipinnis, Sdlifer rastrifer andS.  were the main environmental variables to influetiee
brasiliensis showed a preference for the outer part oflistribution of Micropogonias furnieri, Menticirrhus
the bay where marine/oceanic influence was greatestmericanus, Ctenosciaena  gracilicirrhus  and
Similarly Aradjo et al (2006) noted a clear spatial Cynoscion leiarchus. In Pinheiros Bay (PR), depth
segregation among sciaenid species in the Sepetib@s the parameter that was observed to exercise a
bay (RJ), whereMicropogonias furnieri occurred great influence on the abundancd.gfarvipinnis and
mainly in the inner part of the bay, whilenticirrhus S rastrifer, because these species occurred at great
americanus was distributed throughout the bay, anddepths (SCHWARZ JR et.aR007).
Ctenosciaena gracilicirrhus and Cynoscion leiarchus In conclusion, this study has shown that the
were most abundant in the outer zone. number of species and abundance of Sciaenid have
Fish assemblages may be considered to remained high in Santos bay and that their asseyabla
greatly influenced by environmental factors, whichis dominated by&ellifer rastrifer, as was already the
affect the available habitat. Depending on indigidu case in the 1990's (GIANNINI; PAIVA FILHO,
species’ environmental and physiological toleranced990), that is to say the Sciaenid assemblage é&s b
the assemblage may also be influenced by othstable for more than 20 years. The highest species
variables, such as predator-prey interactions atet i richness and diversity occurred near the Santos
and intra-specific competition (WHITFIELD; Channel, while for the one year for which data were
ELLIOTT, 2002). Further, the type of substrate mayavailable species richness/diversity was greatest i
influence the distribution of sciaenid specieslanuary. The main environmental factor that has bee
(ARAUJO et al, 2006), due to availability of prey shown to influence the sciaenid species assemblages
species, which live in close association with thevas temperature (GIANNINI PAIVA FILHO, 1990;
bottom. For example, a substrate composed of finthis study). The influence of temperature on ttsh fi
sediment may provide support for the settlement cdissemblage may be a relevant tool in future
shrimp, which may provide food for sciaenid speciesnonitoring of the impact of climate change on fish
(SOUZA et al, 2008). The sediment of Santos bay isassemblages. Further work which may take into
composed of sand, except for the areas next togeewaaccount differences between years, as well as mwithi
outfalls and the Santos Channel which is composed géars, is required to improve our understandinthef
salt, silt and clay (MEDEIROS; BICEGO, 2004), thushabitats use by sciaenid species and to assess any
accounting for the occurrence of sciaenid speaies ialterations caused by the impact of anthropogenic
these areas. effects, whetherin the habitatsor in the fish
Other environmental factors can alsoassemblages themselves.
influence the structure of fish assemblages in bays
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