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ABSTRACT: Twelve survey cruises on the continental shelf offshore of Ubatuba, southeastern Brazil,
were conducted during 1985 to 1987 as a part of a broad oceanographic investigation on the tropical
Atlantic shelf ecosystem. Two different water masses influence the seabed: South Atlantic Central
Water (SACW) and Coastal Water (CW). The first penetrates towards the coast during summer months,
and retreats offshore in the winter. Distribution, density and biomass of the benthic megafauna show
2 domains: inner shelf and outer shelf, both separated by a front. High abundance of the brachyuran
crab Portunus spinicarpus characterizes the frontal system and occasionally changes the structure of the
inner and outer shelf assemblages. Multivariate analyses showed that water masses and sea depth are
the main factors structuring the benthic megafauna communities. Clustering analysis disclosed 4 dis-
tinct faunistic assemblages: (1) coastal communities within the CW domain, (2) inner shelf communities
influenced by a mixed zone with CW predominant, (3) frontal zone communities where SACW was
predominant, (4) outer shelf communities within the SACW domain. Species diversity was almost
homogeneous on the entire shelf except in the frontal zone where it sharply decreased. The common
species, both perenial and seasonal, showed a consistent pattern of dominance through the study
period. Adjustments occur within the community whereby some species increase in abundance when
others decrease, maintaining a stable pattern. A ‘cyclic’ stability-adjustment mechanism is proposed to

explain the dynamics of the megabenthos in the Ubatuba region.

INTRODUCTION

Studies of continental shelf ecosystems began nearly
50 yr ago. Since then, much effort has been spent in
describing benthic assemblages. In recent years inter-
est in dynamic processes within benthic communities
has developed, mainly for temperate and high-latitude
regions. In these ecosystems the spatial patterns of the
communities are well known (e.g. Hughes et al. 1972,
Maurer & Leathem 1980, Grebmeier et al. 1988, 1989).
In contrast, tropical shelf ecosystems are less under-
stood despite their quantitative significance — they
comprise nearly one-third of the sea shelf. As pointed
out by Wiebe (1987), tropical marine systems have
been inadequately studied and frequently sampled at
only a few sites by short-term expeditions.

The present study was a part of a broader interdisci-
plinary research program designed to understand the
structure and function of a tropical coastal ecosystem in
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Ubatuba, southeastern Brazil. A particularly important
aspect of the area investigated is its hydrographic
structure. Three water masses are present on the shelf
with different distributional patterns in summer and
winter. Coastal Water (CW) has a high temperature
and low salinity (T > 20 °C, § <36.0 %o}, Tropical Water
(TW) has both a high temperature and salinity
(T>20°C, S >36.0 %), and South Atlantic Central
Water (SACW) shows both low temperature and salin-
ity (T<18°C, S <36.0 %c) {Castro Filho et al. 1987).

During austral summer the SACW strongly pene-
trates into the bottom layer of the coastal region and
forms a strong thermocline in midwater. By winter, the
SACW retreats to the shelf break and is replaced by
CW. As a result, no stratification is present over the
inner shelf months. To complete the
hydrological structure of the area frontal eddies occur
in both seasons on the outer shelf.

The SACW is rich in nutrients (N and P) and, when it

in winter
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reaches shallow areas in summer, promotes intense
eutrophication, which increases the local primary pro-
duction by 7 to 10 times (E. Aidar, Instituto Oceano-
grafico da U.S.P., pers. comm.). Consequently, more
food should be channeled to the benthos in summer,
resulting in a seasonal variation in its biomass.

Knowledge of the dynamics of the couplings
between the benthic subsystem and hydrography of a
region, together with the nutrient load of the water, is
crucial to our understanding of the structure and func-
tion of shelf systems (Longhurst 1978, Smetacek 1984,
Soberdn-Chavez et al. 1988).

The benthic megafauna from the Ubatuba region
had received little attention until the present investiga-
tion, even though the inner shelf has been subjected to
intensive trawling for penaeid shrimps since 1965
(Neiva 1969). Sartor (1990) and Petti (1990) were the
only authors to present detailed studies on distribution
and feeding habits of brachyuran crabs, respectively.
The present report describes the species composition,
structure and variability of the soft-bottom megafauna
over the continental shelf in Ubatuba, and explains the
occurrence and maintenance of the megafauna com-
munities in relation to the dynamic interactions among
several biotic and abiotic components present in the
system.

MATERIAL AND METHODS

Megafauna communities were sampled at 18 sites
located between 10 and 120 m depth over the continen-
tal shelf off Ubatuba in the southeastern Brazilian Bight
(Fig. 1). Sampling was carried out seasonally on the
inner shelf (10 to 50 m depth, Sites 1 to 9) with the
research trawler ‘Veliger II' and biannually (summer
and winter) on the outer shelf (50 to 100 m depth, Sites
10 to 18) with the RV 'Prof. W. Besnard’, of the Univer-
sity of Sdao Paulo. A total of 12 survey cruises were
performed from October 1985 to July 1987, obtaining
108 samples.

The benthic fauna was collected with otter trawl
bottom nets of 20 and 24 mm mesh-size having, respec-
tively, 6 and 9 m mouth width when expanded. The
smaller net was employed on board the "Veliger II' and
the other on board the ‘Prof. W. Besnard'. The perform-
ance of the 2 nets was compared by trawling them
simultaneously 3 times at the same place. As the
catches showed no significant qualitative or quantita-
tive differences, it was assumed that both nets were
equally efficient. The areas trawled by the nets were
22 236 m? for the smaller and 33 354 m? for the larger
one. The nets were towed at 6 km h ™! over the bottom,
perpendicular to the coast, at the stations shown in Fig.
1, for 60 min. A total of 108 trawls (unity samples) were
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Fig. 1. Study area in the southern Brazilian shelf showing
sampling stations (1 to 18) and bathymetry

completed, 72 for the inner shelf and 36 for the outer
shelf. Each sample was numbered according to its
original site (1 to 18) plus a letter indicating the season
of the year when it was obtained (e.g., 1P = Site 1,
spring; 1S = Site 1, Summerj. Upon retrieval, the inver-
tebrates from each catch were frozen in plastic bags.
When the number of animals exceeded several
hundred, 300 specimens were sub-sampled at random
from the catch.

In the coastal laboratory organisms were identified to
species level for most taxonomic groups (except for
Porifera), counted and weighed (wet weight, mollusc
shells included). Data for each species were standard-
ized for both nets and are expressed as number of
individuals per area of trawling (33354 m? and
number and wet weight of individuals per m?. Temper-
ature, salinity and bottom water oxygen concentration
were measured and sediment was collected at each
sample unit. The oxygen saturation level was calcu-
lated based on oxygen concentration data (Riley 1971,
UNESCO 1973).

Sediment samples were obtained with a 0.1 m? van
Veen grab for textural analysis. Grain size was deter-
mined using sieving and pipetting techniques (Suguio
1973). Folk and Ward parameters (Folk & Ward 1957)
and a Shepard triangular diagram (Shepard 1954)
were obtained for granulometric classification.
The quantity of carbonates and total sedimentary
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organic matter in the sediment was measured by acid
dissolution and oxidation on H,O,, respectively (Gross
1971).

To obtain a general distribution of sediment varia-
bles (mean diameter, percent of sand, clay and organic
matter) we employed surface trend analysis (Fulfaro &
Amaral 1970, Landim 1988). A microcomputer statisti-
cal program written by P. M. Landim (Universidade
Estadual Paulista) was used.

A total of 195 species was obtained. In order to bring
the database to a more workable size, the initial data
matrix (54 station-points X 195 species) was reduced
by eliminating species if less than 2 individuals per
sampled period were collected (Jackson 1972). The
resulting matrices (54 x 39 and 54 X 45 for the first and
second years of study, respectively) were analysed
after the log transformations of abundance data, y =
In(x+1) (Cassie & Michael 1968). Principal component
analysis (PCA), stepwise multiple linear regression
(SMLR) and cluster analysis (Q-mode and R-mode)
were then employed to identify and interpret the spa-
tial and temporal changes presented by the mega-
fauna. The BMDP statistical package was used in a
Burroughs 7400 computer. Cluster R-mode considered
the average linkage measure for similarity between
species based on their distributions. Cluster Q-mode
grouped stations based on the similarities of faunal
composition using the weighted pair-group method
(Davis 1973) and Morisita’s similarity coefficient. Shan-
non'’s diversity index (H') and evenness (J) were calcu-
lated for each sample using naperian logarithms (loge).

RESULTS
Physical environment

Nine physical parameters were analysed for the area
studied: depth, temperature, salinity, dissolved oxy-
gen, organic matter, carbonates, median diameter of
sediment, sand content and clay content.

T-S diagrams (temperature and salinity) verified the
presence of 2 water masses near the bottom: Coastal
Water and South Atlantic Central Water (Fig. 2). These
water masses interact, forming a mixing zone variable
in time and space according to the range of SACW
penetration. Maximum summer temperature observed
was 25.7°C and minimum winter temperature was
14.1°C, both values in the first year. A third water
mass, Tropical Water, occurs on the upper layer of the
outer shelf, without interacting with the bottom
stratum.

SACW penetration has a strong influence on the sea
temperature near the bottom. This influence is stronger
on the inner shelf in summer months. Here the differ-

ence between maximum and minimum temperature
values was 11.6°C for the first year and 10.5°C for the
second year.

The results also show a seasonal thermal gradient
perpendicular to the coast, very conspicuous in
autumn. The northernmost part (Stn 7) was the coldest
except in summer, when SACW flows over the inner
shelf (Fig. 3). Salinity showed small variation (34.96 to
35.93 %) and lower values were found near the coast.
Oxygen saturation varied from 42 to 111 % but was
frequently over 70 %. The inner shelf values showed
higher variation, encompassing all the oversaturated
values. The outer shelf was more stable, with 3/4 of the
values near 75 %.

A heterogeneous sediment texture is present in the
area. There is, however, a general pattern of mean
particle size distribution (Fig. 4). The fine-grain frac-
tion (silt) deposits are in 2 areas. The first is situated
south of the region, from the coast to near 70 m depth;
the second area is centrally placed, close to the 100 m
isobath. Very fine sand occupies most of the remain-
ing sites. Coarser-grained sand is deposited both near
the shelf break (fine sand) and northward of the area
(medium sand). The northern part of the area, from
the coast to 75 m depth, has well-sorted sands, i.e.
almost all grains of each type of sand are of the same
dimension.

Megafauna

From the 108 trawls completed, 195 species were
obtained. Crustacea (Brachyura, Dendrobranchiata,
Caridea, Anomura and Stomatopoda) were the most
diverse group, with 75 species (38.5 %). Mollusca fol-
lowed with 64 species (33 %), Echinodermata with 30
(15.5%), Polychaeta with 20 (10 %), Cnidaria with 3
(1.5 %) and Ascidiacea with 3 (1.5%). In all, 99664
specimens were sampled from an area of 33 354 m?, in
108 hauls. Two species, Portunus spinicarpus (Brachy-
ura, Portunidae) and Xiphopenaeus kroyeri (Dendro-
branchiata, Penaeidae), contributed 67 % to the total
number of specimens, while all the others represented
individually less than 3.1 % (Table 1). P. spinicarpus
and X. kroyeri were the main contributors to biomass,
with about 43 % of total wet weight (Table 2).

The most frequently occurring species are shown in
Table 1. Of these species, 39 occurred during 1985-86,
and 45 during 1986-87.

Species distribution also reflected the different
features of the inner shelf. A higher number of species
tolerant to low temperatures was found on the northern
shelf. Here, the most abundant species were Luidia
ludwig scotti, Siratus tenuivaricosus, Zidona dufresneli,
Leurocyclus tuberculosus and Portunus spinicarpus,
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which are common on sandy bottoms with water colder
than 17°C (Williams 1984, Rios 1985, Bordin 1987).

The mid-southern area contained a higher number of
species with tropical affinities: Luidia senegalensis,
Astropecten marginatus, Buccinanops gradatum,
Pleoticus mulleri, Artemesia longinaris and Penaeus
schimitti. Although these warm-water species were
present at some places on the outer shelf, they were
more abundant on the central and southern inner shelf,
where Coastal Water predominated.

There were seasonal and inter-annual fluctuations in
megafauna abundance and biomass (Table 3). Abun-
dance was 1.3 times higher in summer than winter in

1985-86. However, in 1986-87 this parameter
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Fig. 4. Distribution of sediment grain sizes (¢) in the studied
area, according to surface trend analysis for the 4th degree

increased sharply in winter, reaching values about 2.3
times higher than in summer. Biomass followed the
same distribution as abundance for both periods.

Abundance and biomass also displayed a spatial
difference. In 1985-86 the megafauna was nearly 3.6
times more abundant and had nearly 4.5 more biomass
on the inner than the outer shelf. In contrast, during
198687 higher values of abundance and biomass were
found on the outer shelf.

Regarding seasonal fluctuations in abundance du-
ring the first year, peaks occurred in summer and
winter on the inner shelf and in summer on the outer

Table 2. Total biomass (wet weight in g m™?2

23°15'S

23°30°

24°00

24°25'

one (Table 3). Higher coastal values in summer
reflected the presence of the decapods Artemesia lon-
ginaris, Portunus spinicarpus and Libinia spinosa. The
winter values were mainly attributable to the shrimps
Xiphopenaeus kroyeri and Pleoticus mulleri. On the
outer shelf Portunus spinicarpus was the major species
responsible for the summer abundance values (Table
1). For the second year fluctuations on the inner shelf
were smaller, with an autumn peak attributed mainly
to X. kroyeri. Conversely a high abundance value was
present in winter on the outer shelf. The striking winter
increase was due to P. spinicarpus, which was present
in large numbers at Stns 15 and 18.

Spatial and temporal distribution of faunal
assemblages

Principal component analysis was applied to the
megabenthos abundance data from the first year of the
study. Coordinates (loadings) of the first 4 components
accounted for 49.11 % of the variance and axis I and II
corresponded to 35.6 %. High positive loadings on axis
I (23.06 % of the total variance) corresponded to high
mean densities of Astropecten brasiliensis, Persephona
mediterranea, Dardanus arrosor insignis, Hepatus
pudibundus and Callinectes ornatus (Fig. S5A) (see
Table 4 for taxa code references).

Axis I clearly separates shallow and warm samples
on the inner shelf (with highest positive scores) from
deeper and colder samples on the outer shelf (with
highest negative scores) (Fig. 5B). This last group also
encompasses few sites from the central and northern
part of the inner shelf, in springtime.

Factor scores for the first axis were related to several
environmental variables according to the stepwise
multiple linear regression employed. The fitted model
indicates that 63.7 % of the variation in factor scores is
explained by 3 variables which presented significant t-
values (Table 5). The variable most highly correlated

, considering 9 hauls per sampled period) of Xiphopenaeus kroyeri, Portunus

spinicarpus and all megafauna species collected during the survey cruises

Species Inner shelf Outer shelf Total %
Oct 1985  Jan 1986  Apr 1986  Jul 1986 Dec 1985  Jul 1986

X. kroyeri 0.07 0.00 0.05 1.08 0.00 0.00 1.2 4.76

P. spinicarpus 0.00 1.67 0.04 0.01 3.38 0.31 5.41 21.46

All species 2.84 5.89 6.20 5.66 3.61 1.01 25.21 100
Oct 1986  Jan 1987  Apr 1987  Jul 1987 Dec 1986  Jul 1987

X. kroyeri 0.18 0.03 0.98 0.04 0.00 0.00 1.23 4.37

P. spinicarpus 0.92 1.24 0.25 0.00 3.06 10.26 15.73 55.92

All species 343 3.18 3.44 2.36 4.03 11.69 28.13 100
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Table 3. Number of individuals per 9 trawls (n), density (D, 10 X no. m™

%) and biomass (B, g m~?) of the benthic megafauna

Inner shelf Outer shelf
n D B n D B

1985-1986

Spring 2 853 12.83 2.84

Summer 10 212 45.93 5.89 6 034 27.13 3.61

Autumn 5749 25.85 6.2

Winter 10 790 48.52 5.66 2184 9.82 1.01

Total 29 604 133.13 20.59 8218 36.95 4.62
1986—-1987

Spring 5296 23.82 3.43

Summer 3627 16.31 3.18 11 331 50.9 4.03

Autumn 7222 32.48 3.44

Winter 2 750 12.37 2.36 31616 142.18 11.69

Total 18 895 84.97 12.41 42 947 193.08 15.72

with axis I is depth, followed by temperature and clay.
Depth and clay are inversely related with axis I scores.
Axis I also separates deeper places with a high amount
of fine sediment from medium depths (30 to 40 m) with
coarser sediments.

In summary, axis I isolates species abundant in shal-
low depths at high temperatures from those species
abundant in deeper water at low temperatures.

Axis II corresponds to 12.5% of the total variance.
The variance explained by each factor is the eigen-
value for that factor. High positive loadings on axis II
corresponded to high densities of Xiphopenaeus kroy-
eri, Buccinanops gradatum, Astropecten marginatus,
Luidia senegalensis. High negative loadings are
related to a high abundance of Hemisquilla brazilien-
sis, Crepidula protea, Siratus tenuivaricosus and
Zidona dufresnei (Fig. 5A).

Axis Il separates samples on the inner shelf. The
warmer (> 23°C) and shallower (15 to 20 m) samples
had higher positive scores on axis II and the colder
(15.3 to 15.7°C) and deeper (35 to 45 m) ones presented
higher negative scores (Fig. 5B).

Table 5 shows the environmental variables most
closely related to axis II scores. 32.6 % of the variation
in axis II is explained by 2 variables. The variable most
highly correlated is temperature, followed by sand con-
tent; the latter variable is inversely related to the
scores. Axis II isolates species associated with high
temperatures and muddy sediments from species
characteristic of lower temperatures and sandy bot-
toms. Spatially it separates the southern muddy and
warm inner shelf from the northern sandy and colder
inner shelf.

Cluster analysis was employed for grouping sample
unities (Q-mode) and species (R-mode). For the first
year of the study the dendrogram of similarities among

sample unities shows 4 main groups (Fig. 6A) directly
related with both the presence of water masses and
depth, i.e. with axis I of the principal component analy-
sis. The first branching of the dendrogram clearly dis-
criminates the samples under SACW dominance. The
second branch groups samples in the CW domain,
which form Groups 2 to 4 of the dendrogram. Group 2
contains samples exclusively in the CW domain and is
dominated by Xiphopenaeus kroyeri, Astropecten mar-
ginatus and Callinectes ornatus. Group 3 contains
samples influenced by mixing warm waters and is
dominated by Hepatus pudibundus and Libinia spin-
osa. Finally a fourth cluster encompasses sites within
the mixing cold water domain, with Leurocyclus tuber-
culosus and Litechinus variegatus dominant (see Fig. 2
for the distribution of water masses).

The first group corresponds to the whole outer shelf
and includes a few summer stations of the inner shelf.
The second group includes the shallower and warmer
samples and the third group corresponds to inner shelf
stations, mainly in autumn and winter, plus boundary
sites situated on the outer shelf in the winter. Finally
the fourth group is related to the inner shelf samples in
spring and summer. Each group of stations is domi-
nated by characteristic species (Fig. 6A).

The dendogram of similarities among species (Fig.
7A) shows 3 main groups. The first contains species
occurring up to 75 m depth, under SACW influence
during most of the year. This group encompasses 2
sub-groups: one with species distributed around 75 m
depth (Scyllarides brasiliensis, Eunice sp., Aphrodita
longicornis and Ophioplocus januarii), the other with
species at about 100 m depth (Parapenaeus ameri-
canus, Stenocionops spinosissima and Neocomatella
pulchella).

Warm-water species form the second group, which is
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under the permanent influence of Coastal Water.
Astropecten marginatus and Buccinanops gradatum
are typical of this group. Sediment type (sandy, muddy
and mixed bottom) defines sub-groups. Muddy and
mixed bottoms are dominated by Xiphopenaeus kroy-
eri in winter and by Astropecten marginatus and Cal-
linectes ornatus in the other seasons. Associated
species are Penaeus schimitti, Pleoticus mulleri, Exhip-
polysmata oplophoroides, and Luidia senegalensis. On
the other hand, sandy bottoms are occupied mainly by
the shrimps Penaeus brasiliensis, Artemesia longinaris
and Sicyonia dorsalis.

Finally the third and largest group contains species
living between 20 and 70 m depth under the influence

of the mixing water zone. Here 2 sub-groups exist. The
first is primarily influenced by CW and corresponds to
the innermost shelf. The second is primarily influenced
by SACW and corresponds to the intermediate shelf.
Libinia spinosa is typical of first group, Litechinus var-
iegatus of the second.

The same analyses (PCA, SMLR and cluster) were
carried out with the second year data set. The results
were basically the same as those of the first year,
strengthening the interpretation of the results (Figs. 6B
& 7B, Table 5}.

There was little variation with respect to species
composition in the 2 years of data. The bulk of the

species remained in the same ecological group
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Table 4. Species included in pricipal component analysis and
cluster analysis, with their respective code numbers

1 Hemisquilla brasiliensis
2 Penaeus brasiliensis
3 Penaeus paulensis
4 Penaeus schmitti
5 Parapenaeus americanus
6 Xiphopenaeus kroyeri
7 Pleoticus mulleri
8 Artemesia longinaris
9 Sycionia dorsalis
10 Sycionia typica
11 Exhippolysmata oplophoroides
12 Plesionika longirostris
13 Scyllarides brasiliensis
14 Dardanus arrosor insignis
15 Porcellana sayana
16 Callinectes ornatus
17 Portunus spinicarpus
18 Portunus spinimanus
19 Hepatus pudibundus
20 Persephona mediterranea
21 Leurociclus tuberculosus
22 Libinia spinosa
23 Stenocionops spinosissima
24 Chaetopleura angulata
25 Crepidula protea
26 Crepidula plana
27 Siratus tenuivaricosus
28 Buccinanops gradatum
29 Zidona dufresnei
30 Chlamys tehuelchus
31 Aphrodita longicornis
32 Eunice sp.
33 Astropecten brasiliensis
34 Astropecten marginatus
35 Luidia ludwigi scotti
36 Luidia senegalensis
37 Litechinus variegatus
38 Ophioplocus januarii
39 Neocomatella pulchella
40 Aranaeus cribrarius
41 Crepidula aculeata
42 Lunarca ovalis
43 Pherusa parmata
44 Luidia clathrata
45 Amphiura joubini
46 Comactinia meridionalis
47 Ophioderma januarii

throughout the study period. However, the limits of
the groups were not fixed. Some species placed in
the large mixing zone in one year could occur in
CW or SACW zones in the other year, depending on
their temperature preference. Sicyonia typica,
Callinectes ornatus, Portunus spinimanus and Perse-
phona mediterranea illustrate the first case (mixing
zone to CW), Leurocyclus tuberculosus and Hemi-
squilla brasiliensis the latter (mixing zone to SACW)
(Fig. 7).

Structure of the benthic megafauna

Mean diversity and mean evenness were calcu-
lated for the 4 assemblages defined by cluster analysis.
Values were almost homogeneous on the inner and
outer shelf but significantly lower on the frontal zone
(Table 6).

The low value of average diversity from the frontal
zone was tested using a Mann-Whitney U-test (Siegel
1956). For the first year of the study comparison
between the values of the frontal zone and those of the
SACW zone showed U = 11 for p = 0.01, indicating that
mean diversity was significantly lower on the frontal
zone. A comparison was also made between the frontal
zone and the contiguous mixed zone dominated by
CW. The analysis showed U = 1 for p = 0.0001, indicat-
ing a significantly lower mean diversity for the frontal
Zone.

For the second year of the study the results were
similar, thus pointing out that the frontal zone is
significantly different from the other zones considered
(Table 5).

DISCUSSION

The results provide considerable information about
the composition, structure and dynamics of the benthic
megafauna on the southeastern Brazilian shelf. They
also disclose important ecological characteristics gov-
erning the distribution of the species, besides revealing
the influence of seasonal phenomena on the mainte-
nance of the assemblages.

Principal component analysis reflected the spatial
structure defined by the correlation matrix among the
variables (R-mode) or among the sample unities {Q-
mode) (Sneath & Sokal 1973). Flos (1979) suggested that
the area sampled is homogeneous if the first main axis
presents a distinctly higher value than the other axes.
However, if this same universe is heterogeneous and
variable, the values are more similar and the explained
variance is divided among the first 3 or 4 axes. This latter
situation was the case for our data, which for 1985-86
displayed 49.11 % of the variance in the first 4 axes and
an accentuated importance of the first 2 axes (35.6 %).
Application of PCA to the 1986-87 data set supported
these results, showing 54.41 % of the total variance in
the first 4 axes, with axes I and Il accounting for 41.27 %.

Thus, PCA pointed out the heterogeneity of the sys-
tem investigated, and the factors responsible for its
structural changes. The SMLR model aided interpreta-
tion of the causes of variability.

The results suggest that the depth variation and the
influence of water masses, in addition to the well-
defined frontal system, are the most important agents
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Table 5. Significant relationships identified from stepwise multiple regressions between axis scores and environmental variables
for 54 complete cases

1985-1986 1986-1987
Axis Variable t-value p Axis Variable t-value p
I Intercept —0.77 I Intercept 2.11 .
I Depth -5.14 e I Depth —7.68
I Temperature 2.85 e I Sand —6.84 ot
I Mud -1.88 ' I Oxygen 3.06 N
I Salinity -2.01 *
I ? 0.637 I r? 0.801
1I Intercept 1.02 * I Intercept —3.07 h
I Temperature 2.51 . I Depth —4.29 e
II Sand —3.47 te 11 Mud 2.88 .t
I Sand 4.04 rer
I r? 0.326 I r 0.353
*p<0.5 " p<0.07, " p<0.001

Table 6. Average species diversity (H'), average evenness {J) and number of samples (n) for each assemblage distinguished by
cluster analysis during the study period. Mann-Whitney U-test results are shown for mean diversity values of the 4 zones

considered. CW: Coastal Water; SACW: South Atlantic Central Water

Groups (zones) 1985-1986 1986-1987
n H' J n H J

CW zone (I) 20 1.70 0.67 12 2.05 0.63
Mixed zone with CW dominance (II) 15 1.91 0.76 25 2.20 0.76
Mixed zone with SACW dominance (I} 12 0.73 0.36 12 0.65 0.21
SACW zone (IV) 06 1.34 0.66 05 1.62 0.56
Zones 1985-1986 1986-1987

U-test p Result U-test p Result
-1V U= 11 0.01 I < IV U= 7 0.01 o< Iv
1111 = 1 0.0001 <1 z = 4.25 <0.0001 I <11
1-11 U= 134" 0.01 I=1I z 0.56° 0.01 [ =1
-1V U= 29 0.01 I=1V U=19" 0.01 I=1v
* Not significant

responsible for the structure and maintenance of
benthic megafauna dynamics in this area. The
sedimentological parameters contribute, but on a sec-
ondary plane.

Depth was the main first factor shown by PCA and
SMLR. There is a clear separation between places
shallower than 50 m and those deeper than 50 m. In the
first case temperatures were > 17 °C, and in the second
they were < 17°C. These 2 domains, as stated before,
are dominated by distinct water masses separated by a
frontal zone. This frontal zone presents a strong gra-
dient in temperature and salinity, and shifts its position
cyclically over time. Its presence was responsible for
the inclusion in the outer shelf group of few samples
from the central and northemn parts of the inner shelf.

Among the 3 variables most influencing axis I, the first
2 were related to the water masses present in the area,
the colder and deeper SACW and the shallow and
warmer CW.

The seasonal entrance of SACW causes movements
of water and organisms and reflects a marked change
in water temperature. According to PCA and SMLR,
temperature was the second main factor influencing
megafauna dynamics.

In addition, both seasonal SACW penetration over
the inner shelf and depth were the main factors for
grouping the species and the sample units in cluster
analysis. The dendrogram of sample unities (Fig. 6)
revealed that each of the 4 sub-systems forming the
large bottom ecosystem is governed by a distinct water
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Fig. 6. Dendrograms showing groups of sample unities formed by cluster analysis (Q-mode). (A) Data from first year of study

(1985-86); (B) data from second year (1986-87). A characteristic dominant species is associated with each cluster that has > 50 %

similarity among the stations. SACW: South Atlantic Central Water; CW: Coastal Water; P: spring; S: summer; A: autumn;
W: winter

mass or by a different degree of mixing between the 2
water types.

Cluster analysis among species showed associations
closely related to specific environmental conditions.
Astropecten marginatus and Buccinanops gradatum
were found on muddy bottoms within the shallower
coastal zone, and Syllarides brasiliensis, Aphodita lon-
gicornis and Ophioplocus januari were linked to
muddy bottoms and depth around 75 m. In contrast,
some species were primarily influenced by SACW or
CW water conditions. Stenocionops spinosissima and
Neocomatella pulchella were found exclusively in the
SACW domain; Xiphopenaeus kroyeri, Pleoticus mul-
leri, Penaeus schimitti and Luidia senegalensis were
very numerous only in the CW. Finally, Portunus

spinicarpus occurred in the coldest area of the frontal
zone. In the benthic system investigated, all these
species are good indicators of the presence of a specific
water mass. Similarly, other authors such as Bowman
(1971) and Valentin et al. (1987) have found species
that indicate water-mass types in planktonic systems
elsewhere.

Besides depth and water masses, another important
factor responsible for megafauna structure is the north-
south geographical difference. Due to the presence of
the Sao Sebastido Channel and the large S. Sebastiao
Island, as well as other islands, the southern inner shelf
is more sheltered and is strongly influenced by the
continent. Thus, larger amounts of fine-grained parti-
cles and organic matter are deposited on the bottom
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toward the south. In contrast, coarser particles settle on
the northern inner shelf and in offshore areas. As a
consequence of topography the hydrological charac-
teristics of the sub-areas also differ, the northern part
being directly influenced by the open sea. This habitat
is under the influence of SACW most of the year. The
present results also indicate a warmer situation in the
southern part of the area (Fig. 3), since it is frequently
filled with CW.

In addition, results on species composition, density
and biomass reflect the differences existing on the
inner shelf, since they present a distinct distribution in
relation to distance from the coast and latitude. These
data reflect higher values for the central area, followed
by the southern part. So, the mid-southern and north-
ern areas can be considered zoogeographically distinct.

The present study identified 47 dominant species in
the benthic megafauna. The high number of dominant
species present in the Ubatuba region suggests that it is

a tropical system or a system with tropical affinities.
These results, compared with those of Abelld et al
(1988), show that the Ubatuba shelf contains twice as
many decapod species than the subtropical Catalan
coast, when the same sampling depth range (20 to 100
m) is considered.

The temporal variation in species composition,
density and biomass is directly related to 2 crustacean
species, Portunus spinicarpus and Xiphopenaeus kroy-
eri. Their presence strongly contributes to the existence
and maintenance of the benthic communities, and their
occurrence is linked to the different water masses pre-
sent in the area.

The peaks of abundance observed for megafauna on
the inner shelf during summer 1985-86 and on the
outer shelf during winter 1986-87 were due to Portunus
spinicarpus. In these periods and places the cold
SACW dominated. On the other hand, Xiphopenaeus
kroyeri was responsible for the peaks of abundance in
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winter 1986 and autumn 1987 on the inner shelf, where
Coastal Water was present in these periods. X. kroyeri
enters the area as SACW retreats to the outer shelf and
bottom temperature is raised to 23-25°C. During the
second year of the study SACW retreated early in
autumn instead of in winter as during the first year;
thus, the number of X. kroyeri varied accordingly.

These 2 species alternate in density and biomass
dominance, following the seasonal variation of water
masses. Fig. 8 illustrates the adjustments observed
between these highly dominant species. Both Portunus
spinicarpus and Xiphopenaeus kroyerl presented,
respectively, large negative and positive loadings in
PCA axis I (Fig. 5A, C). According to Cassie & Michael
(1968) this fact indicates they belong to 2 negatively
correlated communities, the one tending to replace the
other in space.

The number of species and their relative abundance
play an important role in defining the complex interac-
tions existing within the communities. According to
Levinton (1982) species richness reflects both evolutio-
nary and ecological processes ocurring in a community,
thus mirroring its structure.

In the present study the benthic megafauna showed
relatively homogeneous diversity values for the whole
area, except the frontal zone. The low values found
here signalise the state of disturbance characteristic of
such a system. As suggested by Owen (1981), since
frontal systems reflect mixing conditions due to physi-
cal processes, they can both initially determine and
change patterns of biological distribution in the sea.

In this study the frontal zone presented quite low
diversity and evenness values, indicating the presence
of few species. Portunus spinicarpus was widely
dominant here, frequently representing up to 90 % of
the megafauna. The null value for diversity found at
Stn 13 in summer reflects the total occupation by Por-
tunus spinicarpus of this place at that time.

The inner shelf had high diversity and evenness
values. However, when invaded by the frontal system it

5
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Fig. 8. Portunus spinicarpus and Xiphopenaeus kroyeri. Sea-
sonal variation in density on the inner shelf during the study
period. Sp: spring; S: summer; A: autumn; W: winter

undergoes an abrupt change in environmental condi-
tions. As a result, Portunus spinicarpus is successful in
dislodging other species which are very abundant
there otherwise. The species discriminated against by
the new frontal conditions were Callinectes ornatus at
Stns 2 and 4 and Astropecten marginatus, Luidia lud-
wigl scotti and Tethyaster vestitus at Stn 7; they disap-
peared from these locations, returning only after the
front had retreated.

Species diversity increases again on the outer shelf, at
placeswhere SACW isalwayspresent. Inaddition, all the
species from this zone are stenothermic, agreeing with
the observations of Sanders (1968) and Bowman (1971).

The benthic megafauna from the Ubatuba region
showed high stability in relation to the total number of
species and individuals. The high evenness values cor-
roborate this finding. The observed stability is unusual
for coastal areas, occurring most commonly at depths
over 100 m (Gray et al. 1985).

The general pattern of stability seems to be main-
tained by adjustments within the community. They
occur when an increase in abundance of one species is
followed by a decrease of another. These adjustments
in density are due to the frontal system penetration
over the shelf. The results presented here on structure
and dynamics of the benthic megafauna reflect a
dynamic steady state existing within the community.
According to Gray et al. (1985), this stability charac-
terizes the major part of communities from natural and
undisturbed environments.

In conclusion, the continental shelf offshore of
Ubatuba seems to constitute a natural environment not
yet disturbed by anthropogenic action, and strongly
influenced by foreseeable cyclic variations of a frontal
system.
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