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Ecology and distribution of Peracarida (Crustacea) in the continental
shelf of Sao Sebastido (SP), with emphasis on theamphipod community.
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Abstract

Abundance, biomass, diversity and species composition of benthic peracarid communities were
investigated in the Sio Sebastido shelf, Sao Paulo State northern coast. The summer collection was
obtained from 21 stations in a depth gradient between 10 and 74 m in February 1994 and yelded
a total of 111 species of Peracarida. Amphipoda was the most diverse group completing 58 species.
Peracaridan data show that abundance and density of all orders increase with depth, and a rich area
both in number of species and specimens was found cast to the S3o Sebastiao Island (SSI). Multivariate
analyses indicate significant site-related trends in amphipod assemblages and life style guilds, some
of which are related to geomorphological characteristics (bathymetry, topography, and substratum),
and others to hydrodynamics. Amphipod community data show that the deep stations are dominated
by Liljeborgia quinquedentata and the shallow sites by Ampelisca paria. A frontal or intermediary
zone was identified between both areas, dominated by Pseudbarpinia dentata, especially in the site
southeast to the SSI. The guild data points out that deep stations and mid-depth stations, north and
south to frontal zone, dominated by burrowers and epifaunal tubicoles, were distinct from stations
with shallow bottoms, where infaunal tubicoles dominated. The importance of the proportion of silt
and clay and organic nitrogen content to maintain the amphipod communities is discussed.

Key words: Community ecology; Peracarida distribution; continental shelf; Sao Sebastido shelf;
macrobenthic communities

Introduction

In the inner continental shelf the island influence is high. Many vital processes for the benthos,
such as primary productivity, sedimentation and resuspension, are governed by forces constantly in
change. The structure and function of benthic and pelagic communities off Ubatuba were intensively
studied (Pires-Vanin, 1993 a), and a trophic model of the ecosystem functioning was presented by
Rocha et al. (1998; 2000). However, no ecosystem-based studies were carried out to the south of
Ubatuba region, in particular Sdo Sebastido continental shelf. This region is peculiar by the presence
of many islands near the coast.

The continental shelf off Sao Sebastido receives a strong influence both from the adjacent
continent and from some islands, mainly Sio Sebastido and Buzios. The proximity of the Sio
Schastiio Island from the continent originates a narrow and deep channel, which influences the
local hydrodynamism and sedimentation (Furtado ez 4/, 1998). The characteristics of the channel,
besides the seasonal intrusion of an offshore water mass, the South Atlantic Central Water — SACW,
have a profound effect on the composition and distribution of the benthic fauna. In order to study
the consequences of the variation of the governing physical and biological processes on the southeastern
Brazilian coastal shelf system, a broad interdisciplinary research project was performed in recent
years at the Oceanographic Institute of the University of Sdo Paulo (Pires-Vanin ez al, 1997).

Some aspects of the benthic fauna were studied in the Sdo Sebastido shelf, such as species
composition and distribution, community structure and polychaete trophic structure, but mainly in

the Sio Sebastido Channel (Pires-Vanin et l, 1997; Muniz and Pires, 1999, 2000; Flynn ez af, 1999).
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Quantitative studies focusing on soft bottom Peracarida communities are scanty (Santos and
Pires-Vanin, 1999; Pires-Vanin, iz press), and the present paper is the first on the ecology and
distribution of the group on the adjacent continental shelf area, excluding the channel.

Peracarida plays an important ecological role in benthic marine systems presenting all the
trophic habits and many life styles. They are significant components of the soft bottom macrofauna
(Brandt, 1993, 1995; Pires-Vanin, 1993 b; Gambi and Bussoti, 1999). Amphipoda is by far the
dominant group among the peracarids on continental shelves throughout the world (Weisshappel
and Svavarsson, 1998; Grove and Probert, 1999). They are used for communities studies due to
their high density and diversity (Wakabara, 1972; Brandt, 1995; Weisshappel and Svavarsson, 1998).
Besides, Amphipoda is important as food for many invertebrates and demersal fishes (Wakabara ef
al., 1982; Lucato, 1997). ,

The Amphipoda was been studied on the Brazilian coast since 1940, in particular their taxonomy
(Wakabara et al., 1988, 1991; Serejo, 1995, 1997, 1998, 1999). Ecological accounts were presented
by Valerio-Berardo ez al. (2000) for the Ubatuba continental shelf communities and by Gallerani
(1997) for the Campos Basin communities, Rio de Janeiro northern shelf.

The present paper investigates the effect of the environmental factors on the composition and
spatial distribution of the peracarid crustaceans from the continental shelf off Sdo Scbastido. The
analysis of the structure and dynamics of the community was based on the Amphipoda species,
taking into account biological community indicators such as density, diversity, biomass, dominance

and frequency of occurrence of the species.

Material and Methods e

The macrofauna was sampled at 21 sites located between 15 and 74 m depth over the continental
shelf off Sao Sebastido (20°30° to 24°15°S and 45°00 to 45°45°\) (Fig. 1), by the RV “Prof. W.
Besnard” of the University of Sao Paulo, during the summer of 1994.

The benthic fauna was collected with a 0.1 m? vanVeen grab. The samples were taken in
duplicate from 21 stations placed on five transects, perpendicular to the coast, from 10 to 74 depth.
A total of 42 grab and 21 trawl samples were obtained. The samples were washed on board through
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Figure 1: Srudy area showing the localization of the sampling stations.
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a 0.5mm mesh and the sediment preserved in 70% alcohol. After clutriation (Santos ez al, 1997),
the fauna was sorted and identified under stereomicroscope. The peracarids were identified to the
species level for most of the material. At each location, the specimens of the same taxonomic group
(order) were weighed (wet weight) after blotted dried for one minute (Pires-Vanin, 1993 b). Density
data were expressed in numbers of individuals/ 0.1 m? Shannon-Wieners (H’) index for diversity
and Pielou’s index for evenness (J*) were employed only for the Amphipoda species data. For calculation
of H’ the logarithm base 2 was employed and the results are expressed in bits.

Data analysis
1. Environmental data

Bottom temperature, salinity and water oxygen concentration were measured at each station.
The salinity was measured with an inductive salinometer and the values are expressed in practical
salinity unities. Oxygen was calculated according to the Winkler method (Strickland and Parsons,
1968). Grain size was determined according to Suguio (1973). Folk and Ward parameters (Folk and
Ward, 1957) and Sheppard triangular diagram (Sheppard, 1954) were obtained for granulometric
classification. Sixteen factors were considered for multivariate analyses: depth, bottom temperature,
salinity, dissolved oxygen, percentage of gravel, coarse sand, medium sand, fine sand, very fine sand,
silt, clay, calcium carbonate, organic carbon (C), organic nitrogen (N), C/N ratio and mean diameter
of the grains.

The present work considers the two concepts of division of the shelf, the biological and the
hydrodynamic. The biological division was proposed by Pires (1992) based on the distribution of
the benthic megafauna in the area offshore of Ubatuba: inner domain, ranging from coast to nearly
50 m depth and outer domain, from 50 to 100 m isobath. The hydrodynamic concept (Castro and
Miranda, 1998) divides the shelf area according to the presence of the water masses on the bottom.
So, inner shelf is under the domain of the warm and low saline Coastal Water and medium shelf is
the area where the 18°C isotherm reaches the bortom, and the cold and high saline South Atlantic
Central Water predominates. A frontal zone, characterized by the mixing of the water masses, lays
between both areas. The width of these bands varies temporally according to the water masses
dynamics. In the present work the inner domain includes inner shelf plus frontal zone and the outer
domain includes the medium shelf.

2. Biological data

The abundance and biomass of Peracarida as a whole and of the main Amphipoda families,
were analyzed in two different ways: 1) fixing depth intervals and 2) considering the longitudinal
orientation. In the first case, four bathymetric bands parallel to the coast were fixed (A to D) according
to the limits: A = 12 to 20 m; B = 21 to 40 m; C = 41 to 50 and D = 51 to 74 m depth. In the
second case, five bands perpendicular to the coast were established, I to V, from west to east in
relation to the Sdo Sebastido Island (SSI).

The community structure was studied using the Amphipoda data. A total of 58 species was
obtained. The initial data matrix was reduced after calculation of the specific value index (SVI)
proposed in Osse (1995). The resulting matrix was 42 species x 21 stations. Cluster Analysis
(Q-mode and R-mode), Multiple Discriminant Analysis and Canonical Correspondence Analysis
(CCA) were then employed to identify and interpret the spatial changes showed by the fauna.

To investigate the occupation of the area by the Amphipoda species, according to the role they
play in the bottom system, the matrix was reorganized after grouping the species within the following
life style categories: tubicolous from the epifauna, tubicolous from the infauna, free epifauna, burrowers
and inquilines (Barnard, 1956; Biernbaum, 1979; Bousfield, 1973). Q-mode Cluster Analysis was
performed to bring together locations in function of the different behavior of the species.

The FITOPAC program (G. Sheppard, UNICAMP) was used to perform the cluster analyses,

grouping stations and species based on the similarities of faunal composition using the Weighted
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Pair-Group Method (WPGMA) and the Morisita-Horn’s similarity coefficient. The
STATIGRAPHICS® and STATISTICA® computer packages were used for the multi- dimensional
analysis and the CANOCO program (Ter Braak, 1988; 1990) for ordination.

_Resul_ts

The physical environment

Table 1 presents the environmental data obrained for the area. Higher temperature and lower
salinity water were found near the coast, indicating the presence of the Coastal Water up to 18 m
depth. The cold and dense South Atantic Central Water occurred offshore, deeper than 50 m.
Therefore, during the period of study, the inner shelf extended from the coast down to 18 m depth,
the medium shelf was deeper than 50 m, and the frontal zone lay from about 19 to nearly 49 m
depth. The bottom sediment was composed mainly by sand with a conspicuous area of silt and clay
to the southeast of the Sio Sebastido Island. The contents of organic carbon and nitrogen were low,
but tended to be slightly higher in fine grained sediments.

Table 1: Environmental data from the summer cruise - 1994. GR: gravel; CS: coarse sand; MS: median sand; FS: fine sand; VFES: very

fine sand; OC: organic carbon: ON: organic nitrogen.

Station|Depth Latitude Longitude Temp. Salin. 02 % % % % % Mean % % % % %

(m) (S) (W) (°C) (UPS)(mlN) GR_CS MS FS VFS diameter Clay Silt CaCo3 0OC NC C/N
1 15 45°a7.00  23°47.5 273 3362 328 O 0 022 500 9350 @ 3.42 0.04 107 45 0.24 002 144
2 o5 45°45.0 23°51.5 D670 3428 308 O 059 213 B08 7657 333 184 1068 923 0.67 005 149
3 30  45%42.5  923°56.0' 2643 3543 332 0 015 075 2646 6831 315 004 433 68 0.29 0.03 118
4 60  45°33.3  24°14.1' 1666 3558 347 0 0 056 1698 7312 3.3 375 558 114 0.51 0.04 115
5 20 45°34.0' 23°49.90 2694 3434 324 0 0 011 105 867 asi 004 1213 8 0.21 002 89
6 25  45°32.8°  23°52.3 2664 3503 388 0 0 0.1 083 9283 349 o 823 377 0.22 003 83
7 41  45°30.6 23°56.5 263 3503 369 O 083 208 257 6189 315 208 722 201 0.41 0.04 11
8 50  45°28.0' 24°01.0' 185 3573 342 0 015 04 244 8362 3.5 7.20 605 8.6 0.49 006 84
9 80  45°23.3  23°09.6' 1683 3565 305 O 0 046 1644 766 3.21 0.04 649 653 0.26 003 7.8
10 50 45231 23569 17.30 9567 28 O 248 326 746 3223 526 228 5165 1987 0.93 007 133
11 34 45°18.4  23°56.8' 262 3505 363 0 104 248 84 6941 3.61 821 1242 134 1.26 008 153
12 60 457138  24°05.3 1651 3566 286 01 176 267 588 21.58 295 508 851 3373 0.35 0.04 94
13 13 45°19.8  23°41.1' 2759 3369 323 966 2135 2751 1877 7.99 099 002 015 3647 0.17 003 62
14 24  45°145  23°61.5 1651 3500 339 O 0 0 0 8.17 508 1837 7346 218 0.94 0.08 125
15 39 4571300 23545 2179 357 285 0 0 0 D] 544 6.7 26 6856 267 217 011 197
16 53 45721  23350° 1683 8573 277 O 021 03 144 2580 583 2122 5083 2007 1.78 013 132
17 12 45°11.1' 23°58.8° 2843 3361 368 O 0 028 087 2872 421 004 7002 194 0.27 003 109
18 18 45°11.0 23°36.8 2121 3603 271 0 315 351 449 4816 424 674 3368 1957 0.3z 003 126
19 a7 45°06.3  23°45.5 2344 3543 412 0 o 041 083 8437 362 186 1273 1047 030 003 118
20 62 45°01.5  23°54.4 1681 3596 3 0 026 085 997 5481 442 852 2555 1657 123 0.08 158
21 74  44°58.0  23°58.8 1667 3581 35 O 01 078 1845 71.28 345 005 939 3153 03 004 7.8

Composition of the fauna

Nearly 2,000 individuals of Peracarida were obtained with the vanVeen grab. Amphipoda was
the most numerous order having 1,128 individuals and 58 morphospecies, 34 of which identified to
species level. It was followed by, Tanaidacea (298 individuals, 14 species), Isopoda (228 individuals,
22 species) and Cumacea (217 individuals, 16 species) (Table 2).

Distribution of density and biomass with depth

As a general trend among the Peracarida, an increase in density with depth was observed (Fig. 2).
It was continuous for the Isopoda and the Cumacea, but started on band C for Amphipoda (41 m
depth) and was discontinuous for Tanaidacea. In the latter, density increased from the coast to 40m
y depth, decreased in band C and increased again conspicuously in band D. Here, the increase in
.= density is striking and represents nearly twice the number of all bands summed.
g— The biomass of Peracarida increased also with depth. High medium values were located in
E band D and C (0.136 and 0.118g/0.1 m?, respectively). In the other places biomass was nearly half
of these values. Amphipods tend to present high biomass in deeper sites and Isopods tend to present
high numbers in shallower sites, from the coast to about 50 m depth (Fig.3).
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! Peracarida \

Figure 2: Abundance of the whole Peracarida and of each order of Peracarida found ar the four bathymerric bands, from the shallow (A)
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Figure 3: Biomass of the whole Peracarida and of each order of Peracarida found at the four bathymerric bands, from the shallow (A) to

the deep (D). A= 12-20m; B=21-40m; C= 41-50m; D= 51-75m.
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Among the families of Amphipoda, the Ampeliscidae dominated between 12 and 20 m depth
(band A, 60%), whereas the Phoxocephalidae dominated band C (41 to 50 m, 53%) and the
Corophiidae and the Urothoidae, band D (31 and 20%, respectively) (Fig.4).
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Figure 4: Abundance of the families of Amphipoda at the four bathymerric bands. A=2-20m; B=21-40m; C= 41-50m; D= 51-75m.

Distribution of density and biomass with longitude (west to east)

The greatest abundance of Peracarida (617ind/0.1m?* was obtained in transect V, located in
the eastern part of the area, followed by transect II in the southwest part. The lowest value (192) was
found in transect TV, to the north of Sdo Sebastido Island (Fig. 5). This tendency was followed by
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Figure 5: Abundance of the whole Peracarida and each order of Peracarida found ar each transect from west (I) to east (V) to the Sio

Sebastido Island.

Isopoda and Tanaidacea, whereas Amphipoda presented the lowest value in transect III and Cumacea

the highest in transect II.
High values of biomass were found in transects 11, III and V (0.135, 0.102 and 0.094g/0,1m?,

respectively). Lowest value was found in the westernmost transect (0.045g/0.1 m*) (Fig.6).

Regarding the Amphipoda, two or three families dominated in all areas except in the transect
IV. Ampeliscidae and Phoxocephalidae were more abundant in the western part (transects [ and II),
Corophiidac and Liljeborgidae in the middle of the area (III) and Corophiidae and Ampeliscidae in
the eastern side (transect V). In transect IV, the Phoxocephalidae widely dominated (55%).
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Figure 6: Biomass of the whole Peracarida and of each order of Peracarida found ar the five transects from west (I) to the Sio Sebastido
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Biological variables of the Amphipoda communities

Density. The most abundant species of Amphipoda were Ampelisca paria, Liljeborgia
quinguedentata, Pseudharpinia dentata and Urothoe falcata. The values of density for all species are
showed in Table 3. A. paria was more numerous in shallow places, L. guinquedmmm between 40-50
i depth, whereas P dentata and U. falcata in depths down to 50 m.

Table 3: Density of Amphipoda species (n° ind./0.1m2) ar each station from the Sio Sebatido shelf.

Depth (m) 15122130160 20] 25 |41]50] 60 [50]34]69]13 [24[39]53[12]18]37]62] 74
Stations T2 3141516 7 8| 9 [10]11]12]13[14]|15]16]17]18[19]20] 21
AMPHIPODA Total
Ampelisca brevisimulata 0o 0 1.0 0 0 3 0 O 00 0 0 OO 0O 0 0 8 0 0 12
Ampelisca cristata o 0 1 0 6 0 0 0 6 0O 1 2 0 0 000 0 0 0 2 12
Ampelisca cristoides 0o 0 0 0 0 0 0 O ¢ 0 0 1 3 0 0 0.0 0 0 0 O 4
Ampelisca indentata 0o 00 0 0O 00 O 0O 0 0 0 O0O0C 0 0 0 0 0 0 11 11
Ampelisca sp3 o 0 0 4 0 0 0 O 1 o0 2 0 0 0 0 0 0 0 0O 1 8
Ampelisca paria 30 16 0 0 2221 6 0 0 O 0 0 0 8 0 0 39 14 1 0 0 145
Ampelisca pugetica 0 0 3 1500 4 4 1 2 03 00 0 0 0 011 0 9 52
Ampelisca sp o 0 0 0 0 0 0 0 O 06 0 1.0 0 0 0 0 0 O O 0 1
Ampelisciphotis podophthalma o 00 0 0 000 0 7 01 3 0000 00 0 5|76
Amphilocus neapolitanus o 0 0 0 0 0 0 0 O 1 0 0 0 0 0 0 0 0 0 O 1 2
Atylus sp 1 31 0 0 1 00O 0 00 00 O0O0O0O0OO0O0CO0 0 6
Birubius sp 0 0o 1 0 1 0 0 1 11 0 0 0 0 0 0 0 0 0 2 O 0 16
Byblis spl o o 0 1 0 0 11 2 10 100 0®©0O0O0O0 0 7
Byblis sp2 0o 061 00 0O 3 000 O0O0O0 O 0 0 0 0 0 4
Byblis sp3 0 06 0 1 0 0 0 0 3 0 0 0 0O 0 0 0 0 0 0 0 4 8
Caprella equilibra o o 0o 0o 6 0O OO 0O OO0 1 0000000 0o 0 1
Ceradocus sp 0o o 6 0 0 0 00 0O 0010 0¢0O0UO0UO0O0O0CO0O O 1
Ceraprs rubularis o 06 0 O 0 0 OO 0 0 OO0OO0OO0OO 0 2 0 0 0 0 2
Cheiriphotis megacheles 6 0o 0 0 0 1 00 0 00 1 0 1 0 0 000 2 2 7
Cheiriphotis sp o 0 0o 0 00 0O 0O 000000 OO0 1 00 0f1
Ericthonius brasiliensis 0o 0 1 0 0 0 0 O O 0o o1 0 0 0 0 0 0 0 O 0 2
Ericthonius punctatus ¢ 06 1 0 6 00 O 0O O OS5 0 00O O0CO0 00 3 9
Ericthonius sp 0o 0 0 0 0 0 0 0 0 0 0 2 0 0 0O 0 0O O 0 O 1 3
Eudevenopus gracilipes 2 o 0 0 0 1. 00 0 0 0 O0CO0OO0CO0OO0CO0O OO0 0 3
Gammaropsis togoensis ¢ 0 0 1 0 0 0O 0 1 0 6 060 D0 000 0 0 6 14
Harpinia sp © 0 0 4 0000 06 00000000000 0| 4
Harpiniopsis galerus o o1 0 0 0O 3 6 2 3 0 0 0 0 0 O 0 0 0 0 1 16
Heterophoxus videns o0 6 7 0 0 7 16 20 1 0 1 0 1 0 © 0 1 4 1 0 65
Ischyrocerus sp o 0 0 0 0 0 0 0 1 o 0 0 001 0 0 0 0 0 1 3
Liljeborgia quinquedentata 1 2 4 1 11 914 7 s 0 1 0 2 210 15 1 0 113
Listriella titinga o 00 0O 0O O 0 0 O 0 0 0 0 0 1 0 0 0 0 O 0 1
Lystanassa sp o 0o 0 0 00O O O 0O 0 O0 0 0 00 0o 0 0 0 0 4 4
Maera sp o 0 0 0 0 0 0 0 O 001 00 0 0 O0CO0OO0O 0O 2 3
Maera hivondellei 0 0 0 0 0 0 0 © 1 o 0 © 0 0 0 0 0 0 0 0 O 1
Maera grossimana 0o 0o 0 0O O OO 0 0 000 O0CO0CO0O0O0TO0CO0 10 10
Maera sp o 0 0 0 0 0 00 0 0 OO0 O0OO0O0O0 00 0 0 2 2
M. etaphoxus sp ¢ 0 0 0 0 0 0 O 0 o o 0 0 0 0 0O O O 0 O 1 1
Microphoxus cornutus 014 0 0 4 1300 6 02 003 000 1 6 0 0 53
Netamelita sp 0o 0 0 0 0 0 0 8 0 1 06 0 0 0 1 0 0 0 0 O 10
Orchomene sp O 0 1 0 0O 0O O O O 0 0O OO0 0 0 O 0 0 0 0 1
Paracaprella digitimanus 4 1 0 0 0 0 0 1 60 0 0 0 0 0 0 0 0 1 0 0 0 7
Paracentromedon sp o 0 0 1 0 0 00 1 00O O0OO0OUO0OO0OO0OTCO0CO0O O 1 3
Ruffojassa angularis 0 6 00 0 0 0O 0O 0 0S5 00 000 0 0 0 16| 21
Parametopella ninis o 0o 0O 0 0 0O OO O 1 05 0 0000 O0O0O0 2 8
DPhotis brevipes 0 1 4 0 0 0 0 0 1 o0 0 0 0 0O 0 0 0 1 0 O 7
Photis longicaudata 0 o 0 0 0 0 2 O 0 0 1 4 00 0 0 2 1 0 0 3 13
Photis macromanus o 0 0 0 0 1 1 0 6o 0 0 3 0 0 0 0 0 0 0 0 O 5
Photis sp o0 0 2 0 1 0 0 0 ¢ 0 5 0 0 0 0 0 0 0 1 3 12
P}Jaxo&?hdlapsis sp o 0 0 0 0 0O 0 O O 0 0 0 7 0 0 0 0 0 O O 0 7
Podocerus sp 0o 0 0 0 0 0 0 O 6 0 0 0 0 0 0 0 0 0 0 0 2 2
Prachynella sp o 0 00 00 0O © 0 0O0O0OCOOUO®O®OO0O 1 O 1 1
Pseudharpinia dentata o 0 0 0 O 1 9 12 0 0 0 0 0 1 28 0 1 0 0 0 112
7 Pseudomegamphopus barnardi 2 01 1 0 1 1 O 1 0 0 3 0 0 0 0 0 1 12 42 3 68
. = Puelche orensanzi o 0 0 0 0 0 0 0O 0 0 0 01 0 0 0 0 0 00 0 11
ﬁ Syncbeﬂidium sp o 0 0 0 0 0 0 1 1 o o 0O OO 0O 0 0 O O O 1 3
3 Tiburounella viscana o 0 0 0 0 0 0 0 O 0 0 01 0 O o0 0 0 0 O 11
Tiron rmpakis o 0 0 1 0 0 1 0 O 0 00 7 0 0 0 0 0 0 O 41 50
E Urathnefa!cam 6 0 2 06 0 0O O O 8 0 0 5 0 0 0 0 0o 1 0 0 7 96
Total 50 31 28 40 28 42 41 64 143 68 4 71 42 16 6 98 43 23 50 48 195| 1131
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Diversity. Species richness (S) ranged between 3 and 28, and deeper bottoms with very fine
sand presented more species (Table 4). Diversity (H’) was very variable, ranging between 0.59
(station 16) to 4.37 (station 12). Most of the stations lay between 1.5 and 3.0 bits. It was observed
a tendency for high diversity values in stations deeper than 50 m, excepting the muddy stations 16
(53m) and 20 (62m) with H’ values of 0.59 and 0.82 respectively. The values of evenness varied
between 0.32 and 0.96 , with the lowest values concentrating in the deep southwest places near the

Sao Sebastido Island (Table 4).

Table 4: Diversity (H'), Eveness (J') and Species Richness (S) of Amphipoda ar each sampling station

Station Depht (m) Diversity (H’) Eveness (") Richness (S)
1 15 1.79 0.64 7
2 22 1.94 0.75 6
3 30 3.44 0.9 14
4 60 291 0.78 13
3 20 1.02 0.51 4
6 25 2.18 0.65 10
7 41 3.14 0.91 11
8 50 2.75 0.83 10
9 60 2.36 0.58 17
10 50 1.55 0.47 10
11 34 1.5 0.95 3
12 69 4.37 0.95 24
13 13 1.99 0.77 6
14 24 2.08 0.8 6
15 39 1.92 0.96 4
16 53 0.59 0.37 5
17 12 0.54 0.34 3
18 18 2.21 0.66 10
19 37 2.8 0.88 9

20 62 0.82 0.32 6
21 74 3.59 0.75 28
Amphipod communities

Q-mode cluster analysis showed two main groups. Group 1 with sites deeper than 30 m,
on the frontal zone and medium shelf, and groups of density and diversity and the presence of
L. guinguedentata. Two sub-groups could be recognized, the first (1.1) situated on the southern and
northern limits of the area, containing the deepest stations, and the second (1.2) placed to southwest
and southeast of Sio Sebastiao Island, between the 30 and 50 m isobaths. Group 1.1. had bottoms
of very fine sand mixed with some silt and clay where U. falcata, Ampelisciphotis podophthalma and
Pseudomegamphopus barnardi dominated. Group 1.2 assembled sites with fine grained bottoms and
high C/N ratio with high number of P denmata. Group 2, formed by the coastal sites between 13
and 25 m depth, presented low species richness and diversity and the presence of Ampelisca paria.
Stations 13 and 11 were not grouped with any other station. The first due to a quite different
bottom, composed mainly by gravel and coarse sand, and the latter due to a very low number of
amphipods (4 individuals only).

The R-mode dendrogram indicated the presence of four groups of species in the area (A to D)
(Fig. 8). The names and codes of the species are in Table 5. Group A and B comprised species which
occurred at the deepest stations from the southeast (group A, stations 21 and 12) and from the
southwest (group B, station 9). Group C assembled species with wide bathymetric range, whereas
group D clustered the shallower water species.

The multiple discriminant analysis employed for the two main groups from the Q-mode cluster
analysis revealed that two functions were sufficient to separate the groups (Table 6). The functions
account for 100% of the variance of the data, and the descriptor selected was depth (P<0.05).The
first function corresponded to 78.6% of the total variance. Depth and mean diameter of the grains
were positively correlated with axis I, and organic nitrogen and catbonates were negatively correlated.
This function separated the shallow sites of group 2 from the deeper sites of group 1. The function
2 splitted group 1 in two sub-groups. Group 1.1, with sites deeper than 60 m and group 1.2, with

g
=
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Figure 7: Dendrogram from Q-mode cluster analysis with the amphipod species from the S3o Sebastido shelf, during summer 1994.
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Figure 8: Dendrogram from R-mode cluster analysis with the amphipod species from the Sdo Sebastizo shelf, during summer 1994.

The species code is in Table 4.
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Table 5: Amphipoda species used in the R-mode cluster analysis, with their respective code.

Groups Code Species
Al 14 Ericthonius brasiliensis
Al 15 Ericthonius punctatus
Al 16 Ericthonius sp
Al 31 Parajassa angularis
Al 23 Lysianassa sp
Al 30 Paracentromedon sp
Al 7 Ampelisciphotis podophthalma
A2 3 Ampelisca indentata
A2 22 Liljeborgia quinguedentata
A2 24 Maera hirondelei
A2 25 Maera grossimana
A2 37 Podocerus sp
A2 41 Tiron tropakis
A3 4 Ampelisca sp3
A3 35 Photis macromanus
A3 33 Photis brevipes
A3 34 Photis longicaudata
A3 12 Byblis sp2
A3 39 Psetdomegamphopus barnardi
B1 9 Birubjus sp
B1 29 Paracaprella digitimanus
B1 20 Heterophoxus videns
B1 40 Synchellidium sp
B1 2 Ampelisca cristata
B1 42 Urothoe faicata
B2 11 Bybilis sp1
B2 36 Phaotis sp
c1 10 Byblis sp3
C1 19 Harpiniopsis galerus
CA 18 Harpinia sp
C1 21 Ischyrocerus sp
C1 6 Ampelisca pugetica
C1 1 Ampelisca brevisimulata
c2 13 Cheiriphotis megacheles
c2 32 Parametopella ninis

17 Gammaropsis togoensis
D1 5 Ampelisca paria
D1 26 Maera sp
D1 8 Atylus sp
D1 28 Netamelita sp
D2 27 Microphoxus cornutus
D2 38 Pseudharpinia dentata

sites of intermediate depths, between 40 and 53 m. These results confirmed the interpretation of
the division of the area based on the species distribution.

Four environmental variables were selected with the forward selection procedure and were
employed in the Canonical Correspondence Analysis (CCA). They were significant at p < 0.05. The
variables selected were: depth, gravel, biodetritic carbonate and organic nitrogen. They account for
42% of the total variance on the species dara. Two axes were significant to interprer the species
distribution, axis I explaining 23% and axis II, 19% of the variation. Axis I separated sites and
species from deep, cold water bottoms, with calcareous fragments from sites and species from medium §
and shallow depths. Axis I distinguished the cluster group of station 1.1 from groups 1.2 and 2 (Fig. 9). I~y
Station 13 was placed in group 1.1, despite its small depth, by having-a bottom with high quantity =
of biodetritic carbonate and gravel. Axis II individualized the group of stations of medium depths §
(group 1.2) from those from shallow water (group 2). The high nitrogen content linked to finer
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grained sediments of group 1.2 was the main factor responsible for this result. Species and sites in
the middle of the diagram indicate no relation with the variables analyzed.

Strategies of mobility within the Amphipoda

Q-mode cluster results showed that, considering the three groups of stations found in the area,
the burrowers predominated in group 1 and the infaunal tubicolous in group 2. In group 1.1, from
the deepest sites, the more numerous species were U. falcata (38%) and Tiron tropakis (19%)
(burrowers) followed by the epifaunal tubicolous A. podophthalma (37%). In group 1.2, from medium
depths, the burrower P dentata dominated (58%) followed by the inquiline L. guinquedentata (36%).
The shallow water group 2 was characterized by the dominance of the infaunal tubicolous A. paria
(48%). Figure 10 shows the distribution of the Amphipoda life styles in the study area.
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Discussion

The present results stressed the importance of depth, sediment type and composition and
temperature in structuring the amphipod communities from the Sdo Sebastido shelf. The first two
factors are directly dependent of both hydrologic regime and topography, whereas temperature is a
consequence of the water masses interaction.

The water' masses dynamics and the presence of the Sao Sebastido Island are the main physical
characteristics of the study area. The gradient of temperature and salinity observed was directly
related to the summer intrusion of the South Atlantic Central Water (SACW) toward the coast.
Studies on benthic communities of the Ubatuba shelf showed the ecological importance, of the
SACW for the macro- and megafaunas of the Brazilian waters. This water mass promotes seasonal
variability in species distribution (Paiva, 1993; Valerio-Berardo ez al, 2000), causes the intrusion of
cold water species in shallow depths (Pires-Vanin, 1993 b; Santos and Pires-Vanin, 1999), and
modifies the equilibrium of key-species on the inner shelf (Pires, 1992).

In the present work the influence of SACW could be analysed only in the sparial context. The
presence of the SACW contributed to divide the shelf in three main areas, based on the distribution
of the Amphipoda species. Each area presented different communities associated mainly to depth,
water masses and sediment type. In spite of macrobenthic communities are generally related to
sediment type and depth (Gray, 1974; Fresi et al, 1983; Snelgrove and Butman, 1994), the pattern
found in the Sdo Sebastido shelf is dependent also of the SACW intrusion. The water masses dynamics
is closely related to depth because it promotes a sharp thermal change on the bottom, which exposes
the fauna to quite different temperatures. However, the water masses act not only on the thermal
control of the species biological processes, but also contributes to enhance the food supply content
for the benthos (Pires-Vanin et 2/, 1993). Therefore, it helps to maintain the species both in a
thermal-depth and food-depth gradients.

The canonical correspondence analysis pointed out the importance of sediment in structuring
the amphipod community. Except by the cast-southeasten shelf area, the majority of the bottom is
composed by fine sand, which is positively correlated with biomass and diversity. The distribution
of sediments in the shelf shows that the Sdo Sebastido Island forms an important barrier to the
impact of waves and currents from the open sea, changing the pattern of deposition of sediments
over the bottom (Furtado, 1995). Consequently, finer grained sediments occur on the east-
southeastern shelf, except in the vicinities of the north mouth of the Sdo Sebastiio Channel, where
hydrodynamics is high. The presence of burrower and tubicoles amphipods, as P dentata and I
barnardi, together with high values of organic carbon and nitrogen found in the eastern area, confirm
the observed pattern of sedimentation. In general, amphipods were neither abundant nor diverse in
the muddy sediments close to the island, places where high values of dominance occurred. These
facts scem to indicate that this eastern area could function as a filter for the majority of the Amphipoda
species present in the study shelf.

The close relation obtained between sand, density and diversity point out the importance of
bottom type for the amphipods distribution. The very fine sand combined with fine sand allows the
existence of more intersticial space per area of sediment, improving the quantity of potential niches
to the species. As showed by many authors, the adequate mixture of grains is a very important factor
for the occurrence and maintenance of marine macrofaunal species throughout the world (Chevrier
et al.,1991; Brandt and Piepenburg, 1994: Santos and Pires-Vanin, 1999).

The increase in amphipod community diversity with depth observed in the Sdo Sebastido shelf
was also showed on the whole northern shelf of the Sao Paulo State (Pires-Vanin, ed., 1993; Valerio-
Berardo er «l., 2000). The causes to explain this phenomenon are related to the increase in
environmental stability with depth (Sanders, 1958; Klopfer, 1959) and or to an increase in food
supply (Grebmeier er al., 1988; Brandt, 1996). In study area, the latter scems to be a very imporrant
one, since primary productivity increases nearly 10 tdmes under the influence of the SACW (Aidar ez
al., 1993) and the benthic deposit feeders increase in number also during the summer (Rocha ez al,
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1998), period when the SACW exerts more influence. The rise in diversity observed was more
related to the species richness component than to eveness, as pointed out by Boesch (1972) and
verified by Valerio-Berardo et al., (2000).

The study of life style is important for analysing the organism-sediment relationships (Posey,
1987). Species or group of species with different types of mobility can influence the community
structure changing the characteristic of the sediments and favouring or not the establishment of new
organisms. At inner shelf, mainly in the shallower areas, the infaunal tubicole A. paria dominated
over the burrower species. After Posey (1987), an exclusion berween these two strategies of mobility
may eccurr since dense aggregations of tubes stabilizes the substrate making more difficult the
burrowing activity. The inverse situation occurred also in the study area, since in the shallow northern
coarse bottoms burrowers highly dominated.

Considering the rest of the area, in the frontal zone and medium shelf burrowers were highly
numerous, except in the area close and to the south of the Sao Sebastido Island, where they were
almost as numerous as inquilines. According to Posey (1987) the burrower species did not overlap
the inquilines or free epifauna allowing co-existence. As pointed out by Bousfield (1982) species of
both life styles can inhabit the same area since inquilines are more linked to the host than to the
substrate. The predominant inquiline species in the S3o Sebastido shelf, L. guinquedentata, is
commensal in tubes of crustaceans and polychaetes, and the high abundance of this Liljeborgidae
hardly suggests an association with the maldanid Chymenella, polychaete abundantly found in these depths,
specially in the southeastern places (unpubl. data).

Valerio-Berardo e 2l (2000) observed an annual variation in dominance between burrowers
and tubicoles at the neighbor shelf of Ubatuba, but our data agree with their summer’s data which
point out the dominance of the infaunal tubicoles, mainly of A. paria, upon the burrowers at inner
shelf.

The patterns of spatial distribution of life in coastal area can only be achieved through temporal
studies, due the high dynamyc conditions of this system. However, in the present paper the peracarid
distribution should be assessed as an important bulk of new information which will contribute to a
better understanding of the benthic communitics from shallow waters.
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