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Three exposed sandy beaches were selected to compare fluctuations in density of the most abundant
species, and to verify the influence of spatial and temporal variations on the community structure. Sampling
was carried out every three months, from June 1993 to May 1995, on Fora, Prainha, and Boqueirdo Beaches.
The first two beaches were classified by Dean’s morphodynamic index (£2) as intermediate, and the last as
reflective. Slope, beach width and median grain size were significantly different among the beaches. Two-way
analysis of variance revealed significant differences in species richness only among the beaches. No signifi-
cant differences in density of the macrofauna between beaches and season were observed. However,
Prainha Beach showed a higher temporal variation of the density of the macrofauna (and higher standard
deviation) than the other two beaches. Emerita brasiliensis (Crustacea: Decapoda), Excirolana braziliensis
(Crustacea: Isopoda), and Pseudorchestoidea brasiliensis (Crustacea: Amphipoda) were the most abundant
species. Canonical correspondence analysis calculated the influence of the temporal variation as 27.5%;
the influence of the environmental variation on community structure was 20.9%. The results suggest that
in spite of the long-term fluctuations in species density, the beaches did not have temporal differences in the

species richness and total density macrofauna during the study period.

INTRODUCTION

Variation in distribution, composition and structure of
sandy beaches communities have been related to changes
in environmental parameters, e.g. precipitation and
temperature (Ansell et al., 1972; Croker, 1977; Dexter,
1979; Leber, 1982) and to the beach morphodynamics,
e.g. slope, grain size, waves (Dexter, 1992; McLachlan,
1990,1996; McArdle & McLachlan, 1992; McLachlan
etal., 1993; Jaramillo et al., 1993; McLachlan & Jaramillo,
1995). These studies have shown that there is an increase in
species richness, abundance, and biomass of the macro-
benthos from reflective (coarser sand, stepper slope) to
dissipative beaches (finer sands, flatter slope), and also
from micro/mesotidal to macrotidal beaches. McLachlan
et al. (1993, 1995) have shown that the sediment para-
meters, wave height, and beach slope regulate the inter-
tidal macrofauna of the sandy beaches.

Many studies about physical influences on the commu-
nity structure do not consider temporal variations
(Borzone et al., 1996; Defeo et al., 1992; Jaramillo et al.,
1993; McLachlan et al., 1993; McLachlan, 1996). These
studies cannot be used to form generalizations because
they are easily misinterpreted (Brazeiro & Defeo, 1996).
Moreover, studies using monthly samples have sampled
only at one beach and only point which does not allow
appropriate temporal comparison between communities
(Santos, 1994; Souza & Gianuca, 1995; Brazeiro & Defeo,
1996; Giménez & Yannicelli, 1997; Veloso et al., 1997).

Seasonal changes in community density have been
related too with the population biology of dominant
species more than the physical parameter (Boesh, 1973;
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Dexter, 1976, 1984, 1990; Holland & Polgar, 1976;
Gianuca, 1983; Shimizu, 1991; Bamber, 1993; Veloso et al.,
1993, 1997; Stecher & Dorjes, 1993; Souza & Gianuca,
1995; Cardoso & Veloso, 1996; Borzone & Souza, 1997,
Veloso & Cardoso, 1999; Fonseca et al., 2000).

Studies about macrofauna life histories suggested that
the beach morphodynamics might affect abundance,
biomass, and maximum length (Jaramillo & McLachlan,
1993; Dugan & Hubbard, 1996). Besides, Gomez & Defeo
(1999) evaluated the effect of the morphodynamics on the
population biology of Pseudorchestordea brasiliensis (Dana,
1853) and observed more abundance in reflective beaches.
This observation contrasts with what has been verified for
sandy beach communities, i.c. the dissipative beaches are
more abundant (McLachlan 1990, 1996; McLachlan
et al., 1993; Jaramillo et al., 1993; McLachlan &
Jaramillo, 1995).

Even after several studies describing communities (cf
McLachlan, 1990; Defeo et al., 1992; McLachlan et al.,
1993; Jaramillo et al., 1993; McLachlan & Jaramillo,
1995), many questions are still unclear. For instance, how
does the morphodynamic parameter affect the structure of
communities; whether communities and populations do
show different responses to physical characteristics, and
whether communities which have the same species compo-
sition do have the same temporal variations.

Exposed beaches on the coast of the state of Rio de
Janeiro have same communities, in which FEmerita
brastliensis  Schmitt, 1935, P brasiliensis and Excirolana
braziliensis Richardson, 1912 are the dominant species
(Veloso et al., 1997; Veloso et al., unpublished data). This
common occurrence provides the opportunity to compare
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Table 1. Geographical location and physical characteristics of the beaches. Overall means values calculated from each stratum at each

beach. Standard deviation in parentheses.

Beaches characteristics Fora Beach Prainha Beach Boqueirdo Beach
Longitude 43°11'W 43°25'W 42°29'W
Latitude 22°57'S 23°05'S 22°56'S

Length (m) 800 500 4000

Tidal regime Microtidal microtidal Microtidal

Dean parameter (£2)? 1.87 (intermediate) 1.13 (intermediate) 0.87 (reflective)
Exposure® sheltered exposed very exposed
Textural group® medium medium medium to coarse
Width (m) 37.80 (5.07) 57.16 (8.16) 63.23 (13.18)
Grain size (mm) 0.36 (0.06) 0.43 (0.04) 0.58 (0.10)
Sorting (mm) 0.69 (0.06) 0.40 (0.03) 0.50 (0.08)

Sloped 1/12.43 (0.02)

1/7.86 (0.02) 1/6.55 (0.03)

2 Q = breaker height/sand fall velocity x wave period; ", after McLachlan (1980); ¢, type of sand after Folk & Ward (1957); ¢, slope=1
mean gradient from above the drift line to the low tide swash region after McLachlan et al. (1993).

the communities and populations of these species on
distinct type of beaches with temporal variations.

The rationale for the present work was that, if
community and population have the same pattern
temporal variation in density, beaches with the same
species composition will show the same pattern of
variation regardless of the different morphodynamic
states. Three exposed sandy beaches were studied. The
composition of the communities and differences in abun-
dance of the dominant species were compared and
discussed. Two null hypotheses were tested. The first was
that the physical parameters (grain size, width and beach
face slope) do not affect community structure and popula-
tion density in the sandy beaches studied. The second was
that time (represented as samples taken in different
seasons) does not affect community structure and popula-
tion density.

MATERIALS AND METHODS
Sampling design

Prainha Beach, TFora Beach, and Boqueirao Beach are
microtidal beaches located in the state of Rio de Janeiro,
on the south-eastern coast of Brazil. The beaches were

sampled during the spring low tides, every three months
from July 1993 to May 1995 (Table 1). The sampling area
(1.6m?) was determined through a species-area curve.
According to Cardoso & Veloso (1997), this sample area
is sufficient to capture at least 90% of the intertidal
macrofauna present on exposed sandy beaches.

Two transects (20-m length each) were extended from
above the drift line to below the swash line, and five
sampling strata parallel to the water line were sampled
according to a stratified random design, defined: (1) the
supralittoral zone, which corresponds to the subterrestrial
fringe described by Dahl (1952) and to the zone of drying
or dry sand (Salvat, 1964) above the normal high tide
mark (stratum 5); (ii) the intertidal zone, which corre-
sponds to Dahl’s midshore, located between the drift line
and the water line—this zone was divided into upper
intertidal (stratum 4), middle intertidal (stratum 3), and
lower intertidal (stratum 2)—; and (ii1) the upper sub-
littoral zone, which corresponds to Dahl’s sublittoral,
where the sand is permanently saturated with water
(stratum 1) (30-cm water layer). The distance between
strata varied with the beach’s width.

From each stratum, four replicates were randomly taken
with a 0.04 m? quadrat sampler to a depth of 25 cm. The
collected sediment was washed through a 0.71-mm sieve

Table 2. Species richness and overall mean density of species (ind m=2). Standard deviation in parentheses (Fora Beach, N=8;

Prainha Beach, N=8; Boqueirdo Beach, N=7).

Species

Fora Beach

Prainha Beach

Boqueirdo Beach

Macrofauna species
Macrofauna density

6.75 (0.89)
440.38 (313.17)

5.25 (0.89)
421.85 (415.53)

5.00 (0.58)
301.31 (161.90)

Emerita brasiliensis Schmitt, 1935
Pseudorchestoidea brasiliensis Dana, 1853

240.95(272.30)
130.31(99.97)

963.27(443.20)
85.53(49.78)

35.58(24.77)
114.94(57.68)

Excirolana braziliensis Richardson, 1912 46.71(26.67) 63.43(36.30) 223.19(215.20)
Phaleria testacea Say, 1824 10.17(6.94) 7.33(7.61) 1.86(1.94)
Donax hanleyanus Phillipi, 1847 5.35(4.66) — 0.09(0.24)
Hemipodus olivier: Orenzans & Gianuca, 1974 0.10(0.28) 2.11(2.05) 13.66(16.45)
Pistonidens indica Aiyar & Alikunhi, 1940 — 0.29(0.66) 0.92(1.95)
Excirolana armata Dana, 1853 1.07(1.38) — —

Lepidopa richmondi Benedict, 1903 0.27(0.38) 0.16(0.44) —
Macrochiridothea lilianae Moreira, 1973 4.17(4.30) — —
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Figure 1. Macrofauna community during the study period at Fora, Prainha, and Boqueirdo beaches.(A) Total density (ind m~2);

(B) species richness (number).

and the retained material was taken to the laboratory,
where the organisms were sorted by species, counted, and
fixed in 5% formaldehyde. Density values per square
metre were calculated at each beach by averaging all repli-
cates. Species richness was also calculated pooling all
replicates at each beach.

Physical characterization

Sediment samples for particle size analysis were taken
with a plastic corer of 3.5 cm diameter to a depth of 10 cm
at strata 5 (supra), 3 (middle), and 1 (water line). Samples
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were dried in the oven at 70°C and sieved through graded
screens in order to determine mean particle size and sorting
parameters for each stratum (Folk & Ward, 1957). After-
wards it was calculated the mean particle size between
these three strata. The beach face slope of each transect
was measured by the height difference (Emery, 1961)
between drift line and water line. The rating system
proposed by McLachlan (1980) was used to categorize the
three sandy beaches in relation to exposure. The morpho-
dynamic state was described by Dean’s € parameter
(Wright & Short, 1984), which was previously estimated
for these beaches by Cardoso & Veloso (1997).
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Figure 2. Diagram of the first factorial plan of the partial canonical correspondence analysis of the biological matrix conditioned
by the spatial matrix, using the temporal matrix as the covariables matrix. S, Boqueirdo Beach; U, Fora Beach; and P, Prainha
Beach. 1-8 are the eight successive samplings. Eme, Emerita brasiliensis; Pse, Pseudorchestoidea brasiliensis; Ebz, Excirolana braziliensis;
Ear, Excirolana armata; Pha, Phaleria testacea; LPh, larva de Phaleria testacea; Don, Donax hanleyanus; Pis, Pisionidens indica; Hem,
Hemipodus oliviert; Lep, Lepidopa richmondr; Mac, Macrochiridothea lilianae.

Statistical analysis

Two way analysis of variance (ANOVA) (beachx
season) was used to test for temporal and spatial differ-
ences in the physical parameters (grain mean size and
beach slope) and biological parameters (total abundance,
species richness, and in the density of Excirolana braziliensis,
Pseudorchestoidea brasiliensis, and Emerita brasiliensis). Tukey’s
test was used a posterior: to assess significant differences
between beaches and/or seasons. The significance level
adopted was 5% (Zar, 1984).

Canonical correspondence analysis (CCA) was used to
explore the structural variation of the macrofaunal
community. Three constructed. The
temporal matrix was composed of eight binary variables,
which represent the eight sampling periods, three months
apart. The spatial matrix was composed of two physical
variables (grain mean size and beach slope). The biolo-
gical matrix was composed of 23 seasons (sampling
periods) and eight species. The multivariate analysis was
performed on square-root transformed data. The variables
were selected by Monte Carlo permutation.

matrices were

RESULTS
Habitat characterization

In Table 1 are shown the physical characteristics of the
beaches. Physical parameters between the beaches were
markedly different; Boqueirdo was the longest beach.
Significant differences among the beaches in grain size
(Fheach=16.93; df=2/11; P<0.05), width (F}.4,=13.07
df=2/11; P<0.05) and beach slope (Fy,,,=6.26; df=2/11;
P<0.05) were observed. Tukey test showed significant
differences in mean grain size and width of beach
between the three beaches. Boqueirdo Beach was signifi-
cantly the wider beach which also had the coarser sedi-
ment (Table 1). Slope of the Fora Beach was significantly
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lower than the slopes of the Boquerdo and the Prainha
beaches. However, there were no significant temporal
differences in mean grain size (F,,,=0.83; df=3/11;
P>0.05), width (F,,,=1.47; df=3/1; P>0.05) and in
beach slope (Fi.,on=0.38; df=3/11; P>0.05). Physical
parameters did not show significant interaction effects
(seasonxbeach).

Community composition

The main species were Emerita brasiliensis (Decapoda:
Hippidae), Excirolana braziliensis (Isopoda: Cirolanidae),
and Pseudorchestoidea brasiliensis (Amphipoda: Talitridae),
which together represented 92.6% of the Fora Beach
community, 97.2% of the Prainha Beach community, and
95.3% of the Boqueirao Beach community (Table 2).

Two-way ANOVA revealed significant differences in
species richness only among the beaches (F}.,.,=10.66;
df=2/11; P<0.05). No significant differences in density of
the macrofauna between beaches and season (F.,,=0.25,
df=2/11, P>0.05 F,,0.83, df=3/11, P>0.05) were
observed. Also, density of Emerita brasiliensis (F.,5,=0.95,
df=2/11, P>005 F,,,,=069, df=3/11, P>0.05),

season

P brasiliensis (Fy,,=0.81, df=2/11, P>0.05; F.,;,n=0.1.77,
df=3/11, P>0.05) and Excirolana braziliensis (Fy,q,=2.57,
df=2/11, P>0.05; F,.,,=0.73, df=3/11, P>0.05) did not
show significant differences. However, Prainha Beach
showed a higher temporal variation of the density of the
macrofauna (and higher standard deviation) than the
other two beaches (Figure 1A, Table 1). Species richness
was usually higher at Fora Beach than and at Boqueirao
Beach (Figure 1B).

The physical parameters (slope and width beaches) were
not related to total density and species richness. However,
there was a significant inverse linear relationship
r=—0.53; F=842; P<0.05; N=23) between grain size

and number of species. Grain size was not significantly
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Figure 3. Diagram of the first factorial plan of the partial canonical correspondence analysis of the biological matrix, conditioned
by the temporal matrix, using the spatial matrix as the matrix of covariables. Temporal variables 1, 2, 3, 4, 5, and 7 were plotted,
although there was no significant relationship between them and the biological matrix. S, Boqueirdo Beach; U, Fora Beach; and P,
Prainha Beach. 1-8 are the eight successive samplings. Eme, Emerita brasiliensis; Pse, Pseudorchestoidea brasiliensis; Ebz, Excirolana
braziliensis; Ear, Excirolana armata; Pha, Phaleria testacea; LPh, larva de Phaleria testacea; Don, Donax hanleyanus; Pis, Pisionidens indica;
Hem, Hemipodus oliviers; Lep, Lepidopa richmondi; Mac, Macrochiridothea lilianae.

linearly related to the density of Emerita brasiliensis (F=0.44;
P>0.05 N=23), or to the density of P, brasiliensis (F=0.92;
P>0.05 N=23). However, the density of Excirolana
braziliensis was positively and linearly related to grain size
r=0.65; F=15.64; P <0.05; N=23).

Multivariate analysis

The three beaches were discriminated by CCA. Of the
two physical variables analysed (beach slope and mean
grain size), only the mean grain size contributed signifi-
cantly to explain the structural variation of the commu-
nity (20.9%), regardless of the temporal variation. The
three beaches were discriminated along the principal axis
by grain size. In Figure 2, the Boqueirdo Beach samples
(the coarsest grain) lie to the left of the main axis,
whereas Prainha Beach samples are near the origin, and
Fora Beach samples (the finest grain) lie to the right.

Temporal variation, regardless of physical variation,
explained 27.5% of the structural variation of the commu-
nity. Two of the eight temporal variables (samples from
periods six and eight) were significantly related to the
biological (Monte Carlo permutation). The
beaches were grouped by sampling period (season). The
distances between groups increased with the time interval
between the samples. In Figure 3, the values of the first
year of sampling are to the left of the main axis, whereas
the values of the second year of sampling are to the right of
the origin.

matrix

DISCUSSION

Studies about communities have shown that species
richness, density, and biomass are inversely related to
grain size and slope (Dexter, 1979,1983; McLachlan
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et al., 1981, 1993, 1995; Jaramillo, 1987; Defeo et al., 1992).
In the present study, grain size and beach slope were
significantly different among the beaches and no signifi-
cant temporal differences were observed. The grain size
was correlated with richness. Fora Beach, which has finer
sand and flatter slope, has the highest number of species.
No correlation between total abundance and grain size
was observed. Grain size seems to affect species richness
to a greater extent. However, width and slope of beach
did not show correlation with richness nor with total abun-
dance. The physical influence on community structure
(20.9%) showed that sediment parameters and beach
slope might not be considered as the main factors affecting
the dynamic of the macrofaunal communities.

Canonical analysis showed that beaches of the same
sampling period formed clusters, which became separated
as the time between samples increased. This suggests that
density varies more between months, than between
beaches at the same period. However, no statistical differ-
ences in total abundance between the beaches and
sampling period (secason) were found.

Physical variables were not the main factor affecting
fluctuations in the densities of Emerita brasiliensis and
Pseudorchestoidea brasiliensis. Dugan & Hubbard (1996), on
the coast of California, did not observe any relationship
between the abundance of Emerita brasiliensis and beach
morphodynamic states but this study did not consider the
temporal variation. Gomez & Defeo (1999), evaluating the
effect of the morphodynamics on life history of
P, brasiliensis, did not find correlation between abundance
and beach morphodynamics. However, the density of
Excirolana braziliensis was positively related to grain size.
Defeo et al. (1997) previously reported higher abundances
of E. braziliensis on reflective beaches than on dissipative
beaches. According to Defeo et al. (1997), E.braziliensis
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has the highest densities on reflective beaches because of
the absence of competition with FE.armata Dana, 1853,
which is a related species observed on dissipative (finer-
grained) beaches. This is a possible explanation, given
that the lowest abundance of E. braziliensis was observed
on Fora Beach, the only beach where E. armata occurred.

The results show that the abundance of the commu-
nities was not related with grain size, beach width and
slope, but the number of beaches sampled may have
affected the analysis. Moreover, the abundance of a popu-
lation may result from the interaction between many
factors (which were not assessed in this work) such as,
food source, recruitment, predation, and competition
which cause large variability between beaches. Thus,
variation of the abundance 1s probably related to these
interactions and few isolated factors are not enough to
describe it. Therefore, population studies are needed to
clarify the effect of beach morphodynamics on species
biology and communities.

We wish to thank Dr D.B. Fonseca and two anonymous referees
for English language revision and for critically reading the
manuscript. Thanks to all participants in the field work.
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