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ABSTRACT

Cumaceans are benthic crustaceans distributed widgd from intertidal to abyssal plains. They live
sandy and muddy bottoms and can sometimes be foutite water column. Despite their ecological
importance as food items for fishes and other dsgas and their usefulness as environmental indisato
very few studies have investigated their biodiwgrand distribution in Brazil. The present papgyams

an ecological study of the cumacean species foarti@continental shelf off Santos, southeasteaziBr

It investigates the composition and spatio-tempsiraicture of the communities, the main environrakent
factors responsible for the maintenance of thatcsire and analyzes the effects of the seasonal
oceanographic changes on the community descriptogsid of 21 stations located between 10 and 100 m
depth was created in winter 2005 and summer 208atansediment samples collected with a 0>bax
corer. Twenty four species were obtained, fivehneim being the most numerowBiastylis sexpectinata,

D. sympterygiae, Eudorella sp., Oxyurostylis salinoi and Anchistylis notus, the latter highly dominant in
summer.Diastylis sympterygiae was characteristic of the shallowest and leashesaitations (< 16 m
depth; S = 33.07 - 34.2) in both seasons. Of tted td 919 individuals, nearly 70% occurred in suenm
The area was divided into four depth bands andigrufieant temporal difference was found as regards
the density distribution of cumaceans in those bargibetween the samples of the two campaignse Ther
were, however, spatial differences within bandshia summer campaign: the higher values of density,
diversity and richness were close to the 50 m igolim both campaigns, a fact that could well be
attributed to the ongoing effect of the South AtilariCentral Water in this area. The results shoaisd
that depth and the sediment particle size werentia structural factors determining the compositon
distribution of the cumacean species.

Resuwmo

Cuméceos sdo crustaceos peracaridos cosmopoligaseqdistribuem desde a zona entre marés até os
fundos abissais. Habitam fundos arenosos e lamesesentualmente sdo encontrados no ambiente
pelagial. Apesar de sua importancia na dieta derslds organismos, e de serem considerados bons
indicadores ambientais, poucos estudos ecologarasnfrealizados com o grupo no Brasil, ndo havendo
uma avaliagdo do papel que desempenham na estldueafuncionamento do ecossistema béntico. O
presente trabalho teve como objetivo descrever raposi¢céo e a distribuicdo espaco-temporal das
espécies de Cumacea, investigar a existéncia dernidates e de sua estrutura, identificar os pragip
fatores responsaveis pelos agrupamentos enconeatl@giar o efeito das mudangas sazonais dawstrut
oceanogréfica sobre os descritores utilizados. faata duas campanhas foram realizadas, no indeno
2005 e no veréo de 2006, em uma grade de 21 estsigdadas na plataforma continental sudeste go lar
de Santos, dispostas em quatro faixas de profudeli@ientre 10 e 100 m) e amostradas por meio de box
corer com 0.1 fde area amostral. Do total de 24 espécies endastrainco foram as mais abundantes:
Diagtylis sexpectinata, D. sympterygiae, Eudorella sp., Oxyurostylis salinoi e Anchistylis notus, esta
ultima altamente dominante no verBoastylis sympterygiae foi caracteristica das estacoes rasas (< 16 m)
e com salinidades baixas (33.07 - 34.2), tantonwerno quanto no verdo. Do total de 919 individuos
obtidos pouco mais de 70% ocorreu no verdo. A foedividida em quatro faixas de profundidade e,
considerando a distribuicdo da densidade de cumanessas faixas, ndo foi encontrada diferenca
temporal significativa entre as amostras das daaganhas. Entretanto, houve diferenca espacia astr
faixas na campanha de ver&o, sendo os valoresefeados de densidade, diversidade e riqueza eguad
préximo a isébata de 50 m em ambas as campantdengm ser atribuidos ao efeito continuo da Agua
Central do Atlantico Sul sobre essa area. Os st mostraram ainda que a profundidade e as
caracteristicas granulométricas do sedimento faramrincipais fatores estruturadores das comunidade
de Cumacea e determinantes da composicéo e digitbtias espécies na area.

Descriptors: Cumacea, Distribution, Benthic comrtwsiructure, Santos, Continental shelf.
Descritores: Cumacea, Distribui¢éo, Estrutura dewuodades bénticas, Santos, Plataforma continental.
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INTRODUCTION the continental slope (MAHIQUES et al., 2004). The

study area is under the seasonal influence of okt c

Cumaceans are peracarid crustaceané‘,nd saline South Atlantic Central Water (SACW), a

mainly marine, distributed worldwide from intertida POttom water mass that approaches the coast frem th
to abyssal plains (JONES, 1976). They inhabit sano?JOpe in summer and retreats to the coastal shelf i
and muddy bottoms, and are sometimes found in tf#!tumn. Between November and March, when the
pelagic environment (ANGER: VALENTIN, 1976: prevalence of the wind is east-northeasterly, the
MACQUART-MOULIN, 1991). They can also occur SACW moves close to the bqttom towards the coast,
in  association with seaweeds and bryozoanéead'“g to the oceanward displacement of the less
(ALFONSO et al., 1998: CONRADI et al., 2000) anddenge Coas}al Water and keeping the Tropical Water

in whale carcasses and hydrothermal vents (SMITHElatively distant from the coastline (CASTRO;

2003; CORBERA; SEGONZAC, 2010). Despite theirMIRANDA, 1998). With the advance of the SACW
importance as food item for many organismsCOId waters, a seasonal upwelllng occurs at mld_lh:hep _
(BACESCU: QUEIROZ, 1985; SUTHERLAND et al., and a great amount of nutrients becomes_avallable i
2000), and as initial colonizers of dafaunated® Water column, which increases primary and

sediments (SANTOS; SIMON, 1980), their greaS€condary —production (AIDAR et al, 1993
abundance in some areas and their role METZLER et al., 1997). From April to October, the

environmental indicators (CORBERA; CARDELL prevalence of southerly winds favors the advance of

1995: SWAILEH; ADELUNG, 1995)’ few ecological the Tropical Water towards the shelf and the
studies have described the importance ofonsequent retreat of the SACW (CASTRO;
environmental parameters in the distribution and/IRANDA, 1998).
composition of cumacean communities (WATLING;

GERKEN, 2005; MARTIN et al., 2010). Most studies

in Brazil have focused on the taxonomy of the group

(e.g. BRUM, 1966; BCESCU; PETRESCU, 1990;
ROCCATAGLIATA, 1997) and only one has
addressed its ecology (SANTOS; PIRES-VANIN,
1999). The lack of specialists seems to be the ma
cause of the slow progress made as regards thp’'grou
taxonomy, andfew studies addressing benthi

macrofauna in Brazil include cumaceans. In thi Fig. 1), positioned with a GPS (Global Positioning

context, the continental shelf off Santos, situatetthe ; .
Southeastern Atlantic, has been the object of aﬁystem) device. At each site, samples were collecte

interdisciplinary study outlined to evaluate theUsing a 0.1 mbox corer of 40 liter capacity. Samples

influence of the estuarine complex of the Baixagdvere collected in duplicate and the sediment colamn

: . : h sample was divided into three layers: upper (0
Santista on the adjacent continental shelf. Thegqure eac
paper is part of the studies on the benthic faurth a_zl_'r? cm), centrrz]il (2'5'5'015?)’ andl Iowc;rl(Siot-_lS.cn;( 5
reports the composition and spatio-temporal us, on each Cruise, samples (21 stations

distribution of the cumacean species on the contide replicates X 3 layers) were obtained, resultingain
shelf off Santos. The study evaluates the struatfire total of 252 samples. Sediment samples were washed

the communities, as well as the interactions batwee™" boa.rd with water and.5|eves. of 1.0 and 0.5 mm
esh sizes and the material retained was fixed# 7

the oceanographic and sedimentary variables on . .
grap y alcohol. In the laboratory, biological samples were

seasonal scale. ) ; . i’ -

examined and organisms identified to species level.

Depth, water temperature, and salinity were
determined at each sample site using a CTD

MAaTERIAL AND METHODS (Conductivity, Temperature, Depth). An additional

sediment sample was taken at each sampling station
determine the granulometry, carbonates (%) and tota
organic matter (%). Particle size analysis was
Eerformed using the sieving and pipetting techrsque
(SUGUIO, 1973). The percentage of organic material
V\&resent in the sediment was obtained by the method
eighing and burning the material in a muffle
](BYERS et al.,, 1978) and carbonate content was

levels towards the external continental shelf .. - o
(MAHIQUES et al.,, 1999). Spots and carbonateﬁ}slglrrTc];’:I:thelgrﬁ;ya“':':?él]1 Fé%g%astmfg;lv;l ith a 10% solution o
“belts” also occur between the 100 meter isobath an ’ '

Field Procedures

Surveys were conducted between August 26
and September 4, 2005 (winter campaign) and
P]etween February 13 and 22, 2006 (summer
campaign) aboard the N/Oc. “Prof. W. Besnard” of
Ehe University of Sdo Paulo. Twenty one stations

ere sampled between the 10 and 100 meter isobaths

Study Area

The study area is located between Peruib
and S&o Sebastido, between®I™S, 4659°'W and
23°38’S, 4814°W, covering an area of 2,402 krithe
sediment is composed of fine and very fine sandrdo
to the 60 meter isobath, with a gradual increasaud
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Fig. 1. Map of the continental shelf between Perwbd Sdo Sebastido, southeastern Brazilian abemsting the 21 sampling
stations.

Data Analysis After the cutoff, raw data were transformed
by fourth root so as to reduce outliers, i.e., éordase

Replicates were considered separately anthe importance of very high values. After data
not as averages for each sampling season, dueto thansformation, the Bray-Curtis similarity coefficien
spotted (scattered, irregular) distrioution of boththe most adequate when there is a large number of
sediments and cumaceans. zeros, was used.On the basis ofthe resulting

Total abundance, frequency of occurrencetriangular matrix, Q-mode hierarchical grouping
and density were calculated for each station. @gnsianalyses were carried out for both campaigns.
was expressed as number of individuals per uné are In addition to these analyses, the SIMPER
(0.1 nf). Diversity (H’, log base) (SHANNON; analysis (Similarity Percentages) was employed to
WEAVER, 1963), as well as species richness (S) antsheck each species' contributionto the group's
equitability (J) (PIELOU, 1975) were estimated. formation. Through this analysis, the groups are

Multivariate analyses were used to identifycompared in terms of species abundance and the
possible changes in the spatial and temporaontribution of each species found in these grdaps
structure of the cumacean community. Matrixes witlcalculated, which enables the similarity betweesnth
density values were elaborated for this purposg be established (CLARKE; GORLEY, 2006).
for both sampling campaigns. The Olmstead-Turkey The BIOENV analysis was used (CLARKE;
corner test for association (SOKAL; ROHLF, 1995)AINSWORTH, 1993) for checking which
was used as a cutoff criterion whereby rare specieshvironmental variable combination was better eglat
were eliminated. This test is performed by caléoat to the biotic data. To obtain the similarity marike
the average between species abundance and frequerBsay-Curtis similarity coefficient was used for bioti
resulting in a graph divided into four quadrantacle data and the Euclidean distance was used for the
quadrant represents the category of species whéh anvironmental data. By using the Spearman weighted
classified into: dominant (abundant and frequengorrelation method, the matrices were compared and
species), local (abundant but not frequent species)" rank correlation was calculated through an elémen
constant (very frequent and not abundant speces)), by element combination (CLARKE; WARWICK,
rare (not abundant and not frequent speciesp001). The correlation between environmental
Eliminating rare species is advisable to avoid s@w variables and the cumacean community was also
distributions (CLARKE; GORLEY, 2006).
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applied through Spearman’s simple correlation, wherBased on the temperature and salinity vertical |grofi
a 5% significance level was considered. at each station, the presence of the South Atlantic
Prior to all the above-mentioned multivariateCentral Water (SACW) was identified in the first
analyses, an ANOSIM (one-way) similarity analysissampling campaign (T < 20°C and S < 36.40) and, in
was performed to check previously if there was dhe second campaign, three water masses were
significant  difference between the two samplingoresent: South Atlantic Central Water (SACW),
periods (summer/winter), and between depth bandSoastal Water (CW) (T < 26°C and S < 34), and
within each sampling period. This analysis is hyghl Tropical Water (TW) (T > 20°C and S > 36.40)
recommended priori, since ANOSIM is not a valid (Table 1). During the winter, SACW was identified
test for groups formed by grouping analysesnly atthe deepest stations (4, 12, and 21)palited
(CLARKE; GORLEY, 2006). near the 100 meter isobath. In the rest of the, area
All the analyses described were carried outhe water column was almost homogeneous and
using the PRIMER v. 6.0 (CLARKE; GORLEY, occupied predominantly by Coastal Water. In this
2006) and STATISTICA 6 (STATSOFT, 1995) season a midwater thermocline was observed at the

programs. outer stations, where it is present all the yeando
In contrastto the winter campaign, in
ResuLTs summer the temperature of the bottom layer was 8 to

10°C lower than at the water surface. In the coastal
The values obtained for the environmentafStations up to 30 m depth the entire water coluras w

variables analyzed, depth, bottom temperaturdi®mogeneous; from 30 m depth down to the outer

salinity, carbonate percentage, and total orgaittem ;helf a .well-defined thermocline was present. at
are listed in Table 1. intermediate depths and the water column remained

Analyzing the average bottom water stratified throughout the sampling period. The SACW

temperature in both campaigns, lower values ocdurré?@uld be detected over (in) the bottom layer aicsta

at deeper stations. A string variation was found if> @nd at those stations situated below 50 m dépth.
summer, while during winter, temperatures were morf1€ Other stations on the 30 m isobath (2, 8, I019)
stable, around 21°C, except for deep stations &ari®, 2 mixture of SACW and CW (_:ould be found, with
21, where temperatures ranged between 16 and 178©ttom water temperatures varying between 19.08 and
Regarding bottom water salinity, stations closethi ) ) )
coast presented lower values, especially in summer Most stations on the continental shelf, in
and at places under the influence of the PeruiberRi POth winter and summer, had a high sand content
waters (salinity equal to 33.07 and 33.82 at sttt (Fi9- 2)- The deepest stations, 12 and 21, showed
and 16, respectively). As with temperature, salinit remarkable percentages of silt and clay in both

showed greater variability in the summer samples. ~ a@mpaigns, together with high percentages of ocgani
matter and carbonate with biodetritus.

Table 1. Depth, coordinates and environmental bottbaracteristics of the stations sampled in threeri(2005) and summer
(2006) campaigns. T: Temperature. O.M.: Organict&taCarb.: Carbonate.

‘Winter (2005) Summer (2006)

Stations Depth (m) Latitude Longitude T (°C) Salinity O.M.(%) Carb. (%) Depth(m) Latitude Longitude T (°C) Salinity O.M. (%) Carb. (%)

1 20.09 23°59°.58 045°53°.94 21.63 34.64 1.76 529 19.14 25°23°.11 046°18°.99 2576 34.47 1.16 4.30
2 34.04 23°50°.16 045°59°.46 21.42 34.72 2.16 9.90 33.54 24°48°.60 046°39°.18 19.71  35.69 5.47 4.60
3 58.32 24°00°.01 046°06°.05 20.61 35.24 3.67 8.68 57.24 24°30°.94 046°49°.65 16.83 34.93 2.74 9.40
4 85.14 24°04°.62 046°03°.12 17.42 35.87 231 19.76 84.58 24°21°95 046°54°.73 15.00 35.48 2.82 18.50
5 15.08 24°05°.10 046°15°.24 21.23 34.64 1.22 4.80 14.48 24°20°.28 046°31°.08 26.10 34.18 4.01 4.50
6 27.40 24°09°.97 046°12’.51 20.92 35.71 110 2.30 27.40 24°10°.13 046°37°.03 2093 35.71 8.54 3.00
b 19.15 24°12°.54 046°17°.22 21.16 34.73 2.34 3.10 20.11 24°03°.96 046°22°.38 24.88 34.67 5.29 2.20
8 27.14 24°07°.68 046°20°.04 21.15 35.06 0.95 6.40 28.16 24°07°.68 046°20°.04 19.60  35.69 0.93 6.30
9 24.07 24°03°.96 046°22°.38 21.08 34.93 1.62 2.80 24.64 24°12°.74 046°17°.09 21.51 35.84 6.16 3.20
10 31.20 24°10.17 046°37°.08 20.83 35.16 0.84 5.86 31.22 24°05°.07 046°15°.25 19.08 35.74 1.04 5.13
11 53.61 24°20°.28 046°31°.08 21.09 35.86 2.02 20.44 56.18 24°09°.90 046°12°.48 17.17 34.43 2.69 15.62
12 93.48 24°21°.87 046°54.73 17.13 35.83 8.96 33017 93.29 24°00°.00 046°06°.00 16.49 35.71 4.56 2.65
13 16.23 24°30°.96 046°49°.68 21.10 34.95 2.20 3.00 15.39 24°04°.61 046°03°.08 2596 34.07 0.56 2.9
14 26.26 24°48°.49 046°39°.02 21.00 35.12 0.91 3.00 24.64 23°59°.58 045°53°.94 2221 35.80 1.03 3.70
15 31.60 25°23°.16 046°18.78 20.72 35.18 0.92 3133 31.15 23°50°.16 045°59°.46 18.61 35.70 1.08 5.10
16 13.47 25°02.14 045°41’.65 21.02 34.87 1.09 3.90 14.14 23°50°.13 045°41°.47 2633 33.82 222 4.50
17 30.68 24°37°.62 045°12°.84 20.51 35.05 1.24 3.78 30.09 23°56’.82 045°37°.20 20.07 35.86 7.26 4.15
18 15.29 24°27°.66 046°02°.04 20.97 34.64 1.04 235 14.51 24°10°.32 045°29°.10 26.84 33.07 1.02 3.99
19 27.38 24°10°.32 045°29°.10 20.92 34.63 2.38 3.41 28.56 24°37°.70 045°12°.88 20.65 35.85 1.47 9.30
20 49.68 23°50.16 045°41°.52 21.02 35.81 1.51 9.03 49.54 25°02’.16 045°41°.64 17.22 3571 1.16 4.30

21 97.07 23°56°.82 045°37°.20 16.65 35.76 6.78 15:3 96.24  24°27°.60 046°02°.02 17.00 35.48 5.47 4.60
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Fig. 2. Distribution of particle size classes (grasand and mud) of the stations sampled on thénemtal shelf between S&o
Sebastido and Peruibe. A: Winter survey (20058WBnmer survey (2006).

Fauna Abundance Leuconidae and Nannastacidae presented 4 and 7
species, respectively, and both contributed with

A total of 919 specimens were identified, 7%. Of the total species found, 12 were not desdrib
246 in the winter and 673 in the summer, distrilite  (Table 2).

24 species and four families. Diastylidae was tlostm Of the most abundant species found on the
specious and numerous, with 7 species andinter/2005 campaign, Diastylis —sexpectinata
contributing with 68% of the total number of contributed 15% of the total number of individuals
individuals. Bodotriidae were represented by 6Eudorella sp. 13% Diastylis sympterygiae 12% and
species, accounting for 18% of the total abundanc@nchistylis notus and Oxyurostylis salinoi 11% each.
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In the summer/2006 campaighAnchistylis notus was upper layer (0-2.5 cm). Considering both campaigns,
much more abundant than the other speciesen species (41%) occurred exclusively in the upper
accounting for 54% of the total individuals. Amonglayer and only 4 species (16%) in all three layers.
the other species wefyclaspis variabilis with 7%, These species werAnchistylis notus, Oxyurostylis
Diastylis sympterygiae with 7%, Oxyurostylis salinoi  salinoi, Eudorella sp. andCumdlla sp. A.
with 6%, andCyclaspis reticulata with 5%. In accordance with Olmstead & Turkey's
Generally, densities were lower in thegraphic representation, most species found on both
winter, with an average of 5.9 + 11.2 ind./0.£. m campaigns were considered rare. Dominant, local, an
Station 3A had a much higher number (68 ind./0?L m common species are listed below in order of
due to the presence of two species with similadecreasing numerical importance. During the winter
abundances,Eudorella sp. (31 ind./0.1 A and campaign, 11 species were considered rayel4spis
Diastylis sexpectinata (27 ind./0.1 rf). At stations 5, n. sp. A,Leptocuma kinbergii, Cyclaspis sp., Diastylis
13, 18, and 21, there were no cumaceans (Fig.I8A). fabrizioi, Diastylis sp., Leuconidae A, Leuconidae B,
the summer campaign, total density was nearly 8gim Campylaspis sp. A, Campylaspis sp. B, Campylaspis
higher than during the previous campaign, and thsp. C andCampylaspis sp. D), 1 common Leucon
average density found was 16 + 35.17 ind./04 m(Crymoleucon) sp.) and 2 localiastylis sexpectinata
Variability among samples in this survey was highand Eudorella sp.). In the summer campaign, 12
The occurrence of high densities at stations 2Q¥8 (1 species were considered rardeeftocuma kinbergii,
ind./0.1 nf) and 20B (206 ind./0.1 % was Diastylis fabrizioi, Diastylis araruamae, Diastylis sp.,
remarkable, and Anchistylis notus was highly Campylaspis sp. A, Campylaspis sp. B, Campylaspis
dominant at these stations (94 ind./0’lamd 184 sp. C, Campylaspis sp. D, Campylaspis alveolata,
ind./0.1nf, respectively) (Fig. 3B). Cumaceans wereCumella sp. and Nannastacidae), 2 localecon
rare at station 12 (1 individual in each samplingyl  (Crymoleucon) sp. andEudorella sp.), and 1 common
totally absent at station 21. (Cyclaspis pustulata). The distribution of the number
Cumaceans presented a marked decline iof species by category of dominance in both
abundance with the increase in sedimentary columcempaigns is presented in Figure 4.
depth with up to 90% of specimens occurring in the

Table 2. Frequency of occurrence (FO) and totahdance (TA) of cumacean species
collected during Winter 2005 (W) and Summer 2006s(8veys.

Species Survey Stations F.0 (%) TA
Bodotriidac
Cyclaspis reticulata WS 1,10,15,17,19(W)'1,5,6,7,8,10,13,14,16,17,19,20(S) 17(W)36(S) 16(W)31(S)
Cyclaspis variabilis wis 23(W)2,6,8,10,14,15(S) 10(W)21(S)  18(W)'50(S)
Cyclaspis pustulata s 1,14,16,18 14 8
Cyclaspis sp. A wis 3,01 (W)3,11,20(5) TWYI2(S)  3(WYHL(S)
Leptocuma kinbergii wis $(W)8(S) 2(W)2(S) 3WYL(S)
Cyclaspis sp. B wis 7.8,16,17,19(W)'1,5,7,13,14,16, 18 (S) 14 (W)21(S) 8(W)22(S)
Cyclaspis sp. w 10,20 5 2
Diastylidae
Anchistylis notus wis 1,2,10,11,15,20(W)2,3.6,8,10,11,14,15,17.20(S)  19(W)40(S) 27(W)363 (S)
Diastylis fabrizioi wis 2,11 (W)2(S) S(WYs(S) 2(W)7(S)
Oxyurostylis salinoi wis 2,6,8,10,14,15,17(W)73,6,9,14,15,17,19(S) 21 (W)24(S)  26(W)43(S)
Diastylis sympterygiae WIS 3,8,9,14,16,17,19,20(W)1,5,7,9,13,16, 18 (S) 26(W)26(S) 30 (Wy50(S)
Diastylis sp. wis 3(WYIL(S) 2(W)2(S) LW)Y1(S)
Diastylis araruamae s 1 2 4
Diastylis sexpectinata wis 3(W)2,6,11,20(8) S(WY14(S)  38(WY17(S)
Diastylidae wis 3,11,16,17, 18 (W)2(S) 17(W)2(5)  12(W)1(S)
Leuconidae
Eudorella sp. wis 3(W)3,20(S) 2(WY10(5) 31 (W)13(S)
Leucon (Crymoleucon) sp.  W/S 3,11,20(W)3,11,20(S) 10 (W)Y'10(S) 4(WY11(S)
Leuconidae A w 3,20 H 2
Leuconidae B w 12 2 1
Nannastacidae
Cumella sp. A wis 3,4,11(W)3,4,11,20(5) 12(WY17(S)  17(W)26(S)
Campylaspis sp. A wis 11(W)'1,15(S) 2(WY5(S) 1(W)4(S)
Campylaspis sp. B wis 4(W)4(S) 2W2(S)  2W)3(S)
Campylaspis alveolata s 1 2 2
Campylaspis sp. C wis 4(W)4(S) 2(W)2(s) LW)YL(S)
Campylaspis sp. D wis 20 (W)11(S) 2(W)2(9) 1W)Y1(S)
Cumella sp. N 4 2 2
Nannastacidae sp. S 4 2 1
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(2006).
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Community Structure highest average values for diversity (1.70 + 0.14),

L ] density (33.00 + 30.81 ind./0.Hnand richness (11
The ANOSIM similarity analysis was gps).

carried outa priori to check the existence of temporal Cluster analysis results for the summer

(winter versus summer) and spatial differences (fourcampaign presented 4 groups with a 30% level of
depth bands). Despite mean density's being nearyymilarity (Fig. 6). These groups showed clear
three times higher in summer, the results showegkparation regarding depth, as evidenced by ANOSIM.
that there was no significant temporal differencesroup A comprises the shallower coastal stations,
between density of cumaceans on the two campaigngioup B the stations placed at 30 m depth in the
the "R" value obtained was not significant (0.015)0uthern part of the area, group C was located droun
and the "p" significance level was high (11.5%9r the 30 m isobath, but in the central-north areal an
was there any significant spatial difference ingroup D comprises the deeper stations where
cumacean densities in the winter samples (Globaymaceans occurred, at around 50 m depth. The
R=0.299, p<5%), but a significant difference wasowest values for diversity (1.08 + 0.60), deng®y64
found in summer (Global R=0.064, p<5%) between alt .17 ind./0.1rf), and richness (6 sps.) are found in
the depth bands (Table 3). group A, while group D showed the highest density

The cluster analysis for the winter campaign(7g.40 + 81.16 ind./0.1fhand higher diversity (1.46 +
revealed four main groups. There was no grouping by 73) (Table 5).

depth interval but rather a mosaic among the stgfio
confirming the results obtained by the ANOSIM Taple 3. ANOSIM results for summer (2006) survesoup
analysis. Four groups were formed at 30% similarit\l (stations between 10-25m: 1, 5, 7, 9, 13, 1618)dGroup
level (Fig. 5) and each species' contribution tohsu 2 (stations between 26-40m: 2, 6, 8, 10, 14, 15aid 19),
groups was evidenced by the SIMPER analysis. TrGroup 3 (stations between 41-60m: 3, 11 and 20)Gredp
main structural and biotic characteristics of theugps 4 (stations between 61-100m: 4, 12 and 21). GldRal
are presented in Table 4. 0.604. (p<5%).

One group was identified in shallower
coastal waters (group A), one in the central area i

A Survey  Groups “R” Significance Possible
front of Santos Bay plus station 1 (group B), onB(at Statistic _Level “p” (%) Permutations
m depth plus station 2 (group C) and the fourtt Summer le2  0.541 0.1 145422675

i Summer le3 0.696 0.1 74613

group brought together the deep stations 3 and e 1ed 06ss 02 74613
situated at depths between 58 and 85 m (group C Summer 2e3 0467 0.1 38760
Group A and B showed the lowest average values f Summer  Zedl (0,729 - il
Summer 3ed 0.708 0.2 462

diversity (0.73 = 0.67) and density (4.80 = 3.70
ind./0.1 nf), respectively, and group D showed the

Table 4. Mean values (+ standard deviation) of toenmunities’ structural
parameters and abiotic variables on each group ermby the cluster
analysis (winter survey 2005).

Groups
Variables A B C D
H' 0.73+0.67 0.92 = 0.56 1.62+0.52 1.70+0.14
S 5.00 4.00 11.00 11.00
Density (ind./0.1m’) 5.60=4.99 4.80=3.70 8.50 £ 5.68 33.00 3081
Dominant Specie D. sympterygiae C. reticulata A. notus Cumella sp. n.
Depth (m) 28.26+10.06 28.39+5.55 42,13 £11.16 71.73 = 18.96
Temperature (°C) 20.95 £0.19 20.92 = 0.49 21.09 +0.25 19.02+2.26
Salinity : 35.01+0.25 35.39£0.55 35.56+0.45
Organic Matter (%) 1.19+0.42 1.63 = 0.60 2.99 +0.96
Carbonate (%) 433227 457120 11.31 £6.33 1422+7.83
GRN (%) 0.30=0.61 0.01+0.02 3.52+4.41 191242
VCS (%) 0.21+0.19 0.22£0.24 1.58+1.34 1.68+1.95
CS (%) 0.32+0.29 0.36+0.29 1.13£0.51 1.03+£0.93
MS (%) 0.69=0.43 0.72+0.41 1.24£0.46 1.62+1.39
FS (%) 18.88 = 14.12 29.41+2091 19.63 = 1547 27.05 +24.10
VES (%) 73.58+12.94 67.28 = 18.99 63.78 £ 11.26 53.33+£30.65
SIL (%) 2.08=1.48 0.42+0.85 298214 334234

CL (%) 3.95+2.95 1.27 +£2.53 5.94 +4.49 10.05+2.46




CRISTALES AND PIRE-VANIN: CUMACEANS FROM THE CONTINENTAL SHELF ALONCSANTOS 111

Table 5. Mean values (+ standard deviation) of ¢enmunities’ structural parameters and abiotic
variables on each group formed by the cluster aiga{gummer survey 2006).

Groups
Variables A B C D
H' 1.08 £0.60 1.10+0.65 1.30£0.67 1.46+0.73
S 6.00 10.00 7.00 10.00
Density (ind./0.1m%) 764+6.17 8.50+7.19 13.11+£10.26 78.40 +81.16
Dominant Specie D. sympterygiae O. salinoi A. notus A. notus

Depth (m) 16.30+2.63 32.72+£1232 30.08 £2.46 54.32+4.17

Temperature (°C) 25.98+0.65 19.88 +£1.98 19.88 £0.69 17.07+0.21

Salinity 34.05+0.56 35.66+0.36 35.74+£0.07 35.02£0.65

Organic Matter (%) 3.89+2.42 229+2.07 3.64+£330 230+0.72

Carbonate (%) 382+1.13 4.63+2.40 471+1.19 11.44+£362

GRN (%) 0.01+0.01 0.03+0.05 0.42+0.74 0.65+0.78

VCS (%) 0.04+0.05 0.20+0.13 0.77+0.85 0.66 +0.53

CS (%) 0.05+0.03 0.25+0.11 0.66 +0.50 0.73+£0.52

MS (%) 0.16+0.11 0.70+0.43 0.77+0.47 0.86+0.52

ES (%) 433+£3.01 27.16£20.26 22.31+13.86 9.28+3.19

VES (%) 85.10+10.93 65.27+1448 67.85+8.52 74.77+837

SIL (%) 3.90+3.27 1.94+3.04 131+2.11 5.68+2.62

CL (%) 641+7.74 444+532 5.92+6.38 7.37+2.53
Cumacean Assemblages and positively with temperature (r= 0.54) and negatvel
Environmental Parameters with salinity (r= -0.71). All correlations were

significant atp < 5%.
The BIOENV analysis, applied
simultaneously to the species density data and to  Table 6. BIOENV results, showing the best
environmental variables, showed that the distrdsuti correlations  between abiotic and biotic
and composition of cumacean assemblages in the matrixes on winter (2005) and summer survey
winter campaign was better explained by the set of  (2006).
depth variables and percentage of granyles)(402).

Survey Number of

Depth alone showed the highest levek (0.393), variables Variables Correlation (p)
followed by carbonatepEé 0.316). For the summer Winter 1 “Depth 0.393
campaign, the highest correlation value was foritldep b i et ot
and percentage of coarse sand Coume-dq624). As Winter 2 Granule, Organic matter 0.391
. . . Summer 1 Depth 0.654
in the previous campaign, depth alone presented tl Summer 1 Coarse sand 0.493

1 1 Si 2 Depth, Coarse sand 0.624
highest correlationp 0.654), followed by percentage Shmmer 3 Dk NersCGosssewsd  DU2N

of coarse sanc€ 0.493) (Table 6).
Spearman correlation with environmental
and biological data in the winter campaign showed

diversity positively correlated with granules (r=60) Discussion
and very coarse sand (r= 0.58); richness with very
coarse sand (r= 0.45), and density negatively A temporal difference was detected in the

correlated with very fine sand (r= -0.76). Regardingota| abundance of cumaceans in the present study,
the species, a negative correlation was found Etwe yith numbers nearly 3 times higher in summer than i
Cyclaspis reticulata and the amount of silt (r= -0.87) the winter. The summertime high abundance could be
and clay (r= -0.87), and betwe€umella sp. A and rejated to the presence éhchistylis notus, as the
very fine sand (r= -0.62)Diastylis sympterygiae  species accounted for more than half the total ramb
correlated positively with diversity (r= 0.54) and of individuals of the campaign. However, temporal
salinity (r= 0.49). For the summer campaign, dilgrs gifferences occurred only at afew stations. As an
showed negative correlation with silt (r= -0.46)dan example, of the total of. notus obtained in February
organic matter (r= -0.47) and richness showed pesit 2006 about 76% of the individuals were present at
correlation with very fine sand (r= 0.47) and négat station 20. Therefore, for the major part of tratiehs
correlation with silt (r= -0.51), clay (r= -0.47n@ ng significance in abundance was detected as betwee
organic matter (r= -0.62).Cumella sp. A and gseasons. Such behavior presented by cumaceans on th
Oxyurostylis  salinoi  correlated  positively  with  gantos shelf, however, is not the general ruleddon

pheopigments (r= 0.51) and fine sand (r= 0.44khe group in other areas of the Brazilian southern
respectively. Diastylis sympterygiae correlated
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coast. A remarkable seasonal change in cumace&umaceans were poorly represented or even absent at
density has been found on the whole continentdf shesome stations of the Santos shelf. Their absence at
off Ubatuba, a region to the north of the presémdlys coastal stations 5 and 13 in the winter period ay
area, in a depth range similar to that of this gmés related to sediment turning caused by environmental
study. The cumaceans there attained, in summer, arstability, more specifically by the increasingtyong
average 25 times greater than in the winter (58®%inds which occur during winter. Cold fronts have
ind./0.1nf and 23 ind./0.1/ respectively for each been implicated as explaining low macrofauna
season) (SANTOS; PIRES-VANIN, 1999). In studiesdensities on the inner Brazilian shelf (SOARES-
involving amphipods, another peracarid groupGOMES; PIRES-VANIN, 2003; ROSA;
conducted in the same area of the Santos shé&EMVENUTI, 2006) and around the world (POSEY
(RODRIGUES; PIRES-VANIN, 2012) and on theet al., 1996; WATLING; GERKEN, 2005), since they
nearby S&o Sebastifio shelf (VALERIO-BERARDO etffect sedentary animals and those, such as the
al., 2000), a similar, though less marked, diffeeen cumaceans, which burrow superficially by effectivel
between summer and winter periods has alsocarrying them out of the area (POSEY, et al., 1996)
been observed. In addition, distinct higher denasitgl Changes in sediments due to erosion and/or
biomass have been reported for several othefeposition may cause the submersion of macrofauna
invertebrate groups on the Brazilian southeasteastco and affect community composition (GRANT, 1983;
(PIRES, 1992; DE LEO; PIRES-VANIN, 2006). Thus, CONRADI et al., 2000). This situation seems to occur
the dynamics of the cumacean communities indicatat station 13, located at the mouth of Santos Bag. T
the existence of temporal variation in the Santwdfs area shows intense deposition of sediments origimat
area, although it is most probably to be relateth® from the Santos estuarine system (MAHIQUES, et al.,
behavior and life cycle of just one speci@schistylis 2004) and a great loss of amphipod species
notus. (RODRIGUES; PIRES-VANIN, 2012) and
As regards the density of cumaceans irpolychaetes (M. SHIMABUKURO, IOUSP,
sedimentary bottoms around the world, high valuepers.comm.) has been observed there. Disruptions of
tend to be found in more eutrophic environmentshe sediment also cause a reduction of resources
(DAYTON; OLIVER, 1977). On the southern and and an inhibition of feeding as well as the remafal
southeastern Atlantic shelves density usually péaks digger organisms, exposing the fauna to the acifon
summer months and this fact has been attributélteto predators, which, consequently, affect the deresity
quantity and quality of organic matter that reactines  diversity of the communities present at a giver sit
bottom at this time of the year (VENTURINI et al., (CARTES et al., 2003; LU, 2005).
2011b). Intense eutrophication occurs in the water Coastal regions close to major urban centers
column during summer caused by the superficiahre additionally subject to the influence of human
intrusion of SACW on the continental shelf, whichactivities, such as sewage discharge, estuary
favors the increase in biomass and phytoplanktoocontamination by oil spills, and other organic
productivity in midwater with the consequentcontaminants (MARTINS et al., 2008). In the Santos
exportation of organic matter to benthic commusitie shelf area, the influence of sewage might be dedect
(VALERIO-BERARDO et al.,, 2000; VENTURINI et near the Bertioga Channel and this is reflected én th
al., 2011a). Due to the intrusion of the cold watess  distribution of crustaceans (PIRES-VANIN et al.,
over the bottom and the heating of the superficis2008). The authors reported that for samples from
water, a thermocline forms atintermediate depthstation 5, near the Channel opening, the species wer
(CASTRO; MIRANDA, 1998) and as a consequencabsent or extremely reduced (3 ind./0?,mwhich
of the stability of water column, the new produntis  contrasted with data from station 6, a place wita t
kept close to the bottom (AIDAR et al., 1993;same salinity but without the influence of the Chalnn
METZLER et al., 1997). waters. As cumaceans are negative bio indicators
In addition to eutrophication, the life cycles (CONLAN et al., 2004), we assume the existence of a
of the species as well as biological interactiom®ag trend towards the reduction, or even the elimimgtio
individuals and communities play an important riole of the population in the presence of contaminants.
structuring benthic communities. Seasonal Regarding the absence of cumaceans at deep
reproduction is common among shallow waterstations 12 and 21, this is most probably relatethé
cumaceans, and may be synchronized with the fodugh percentage of silt and clay present in the
input to the bottom due the intensification of pijn =~ sediments of the area. A similar decline in cumacea
production (GRANGER et al.,, 1979). Also, thedensity was reported by Martin et al. (2010) irtualg
number of broods per year in cumaceans is probabgarried out in the Persian Gulf region and the ansth
regulated by the temperature range and foorklated the fact to the species' feeding habitlelis
availability, as shown in Corbera et al., 2000. known about the feeding of cumaceans but, dedpite t
species' not presenting a uniform feeding method
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(CORBERA, 2006; MARTIN et al.,, 2010), it may (VENTURINI et al., 2011b; RODRIGUES; PIRES-
be assumed that shallow water species consunvANIN, 2012), and water column stability and
mainly epipelic food while deep water species feedontinuous input of phytoplankton through altemngti
mostly on pelagic sedimented particlesnew and regenerated production (AIDAR et al., 1993;
(BLAZEWICZ-PASZKOWYCZ,; LOGOWSKI, METZLER et al., 1997) have been evoked to explain
2002). Thus, for shallow water species the idettias these findings. As has been thoroughly documented,
the grains should be of moderate size, neither vemyepth is a driving factor for the distribution ofirime
coarse nor very fine, allowing their handling bye th benthos, as it generates an environmental gmadi
animals’ mouth parts (WIESER, 1956). However, aof temperature, light and velocity of tidal curte
detailed study of the morphology of theand wind, among others (ELLINGSEN, 2002;
cumaceans' mouthparts is necessary to confirm tHg@RAY; ELLIOTT, 2009). Consequently, the
feeding habit of those of the Santos shelf. biological variables of the community reflect this
Five species with high  average gradient. Studies of  continental shelves of
densities were highly abundant in the area. Thé higsubtropical and temperate seas around the world hav
abundance of Diastylis sympterygiae on both shown that density and diversity tend to increase
campaigns might be related to its euryhaline capaci seawards, since offshore environments are usually
since it tolerates salinity ranging from O to 34.7more stable and favorable for species diversity
(BEMVENUTI et al., 2005; CRISTALES et al.,, enhancement (CARTES; SORBE, 1997; GRAY;
2010). The species is capable of tolerating plagds ELLIOTT, 2009).
high saline instability, as is the case of the laagos Sediment is among the most important
Patos in southern Brazil, it being the only cumaceafactors related to species settlement in the benthi
reported in the area (ROSA; BEMVENUTI, 2007).environment, and frequently best explains the
This capacity is an adaptive advantage for theispec distributional patterns of macrofauna on many
favoring the occupation of estuarine areas, and intinental shelves worldwide (GRAY; ELLIOTT,
exemplified by the southern coastal station 18hef t 2009), consequently, it has been considered a super
present study, situated near the mouth of the Peruiparameter (MUNIZ; PIRES, 2000). Capitoli &
River, whereD. sympterygiae presents great numerical Bemvenuti (2004, 2006) showed the distribution of
dominance. Modlin (1992) considered salinity as amnacrofauna species on a sedimentary and depth
important factor in the structuring of the cumaceamgradient on the continental shelf and slope in the
community in the coastal waters of the Gulf ofsouthern Atlantic and observed that faunal changes
Mexico, and discovered that low values of salinitywere mainly related to variations in the substtgpe.
tended to affect macrofauna negatively for moghef In a study carried out in the North Carolina region,
species. very fine sand and the amount of silt and clay whee
Cumaceans were distributed in well-definedmost important variables for benthic communities on
vertical zones in the substrate, with a massivéhe inner shelf (WESTON, 1988), and similar patsern
concentration in the upper layer (0-2.5 cm). Thiooccur on other shelves in various oceans (LU, 2005;
reflects the group’s lifestyle, by reason of whitte MARTIN et al., 2010).
organisms remain part of the time partially coveted Mixed sediments have been reported as most
produce the respiratory and feeding current thatavorable for the occurrence of cumaceans. Find san
depends on water with high oxygen concentratiomith the addition of small amounts of silt and
(CORBERA et al., 2002). Generally, highercalcareous fragments constituted the most adequate
macrofauna density has been observed in the uppsubstratum for the settlement of cumacean
layer of sediments (GAMBI; BUSSOTTI, 1999; communities on the southeastern and southwestern
FILGUEIRAS et al.,, 2007). Corbera et al. (2002)coastal areas of India (RADHADEVI; KURIAN,
pointed out that most species sampled in the Canafyp89). The negative correlation found in our
Islands were obtained in the upper layer (0-5 cnt) a study betweelCyclaspis reticulata and the amounts of
few organisms, less than 10%, were found in deepsilt and clay,Cumella sp. A and very fine sand, and
strata. A similar result was reported for amphipodshe positive correlation betwedbxyurostylis salinoi
(RODRIGUES; PIRES-VANIN, 2012) and and fine sand seem to reinforce the importancé®f t
polychaetes (M. SHIMABUKURO, pers. comm.) onsediment particle size composition for cumacean
the Santos shelf. occurrence. Morphological characteristics, suckhas
Regarding diversity, richness, and densityspace between the bristles on the third maxilliped
the values were higher in the area near the 50rmetmight explain the presence of cumaceans on a given
isobath in both the seasons sampled. Several stud®ort of bottom. The third maxilliped has small
on the diversity of benthic macrofauna of thebristles at its base that work as a fine sieve drtle
southwestern Atlantic have reported the occurraice orifice between these structures is not fine enpugh
significantly higher values on the middle shelfsuspended debris can enter the gill chamber argkcau
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asphyxia and death. The size of the space between marine sediments, with suggestion for a standard
these setae, therefore, is very likely a deterrginin  methodHydrobiologia., v. 58, p. 43-57, 1978.
factor of the type of substrate on which the anicsad CAPITOLl, R. R.; BEMVENUTI, C. E. Distribuicdo
live (DIXON, 1944). Such a combination of different ~ Batimeétrica e Variages de Diversidade = dos

fi . tat stati 3 d 20 b Macroinvertebrados  Bentbnicos da  Plataforma
IN€ grains, as presentat stations an » @n Continental e Talude Superior no extremo sul desiBra

specific for the dominance @inchistylis notus and/or Atlantica, Rio Grande., v. 26, p. 27-43, 2004.

for the high diversity found. CAPITOLI, R. R.; BEMVENUTI, C. E. Associagbes de
macroinvertebrados bentdnicos de fundos inconsiiglia
da plataforma continental e talude superior noeextr
sul do Brasil Atlantica, Rio Grande., v. 28, n. 1, p. 47-
59, 2006.
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