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A B S T R A C T 
 

Spatial and temporal patterns of meiofauna community from a Brazilian sandy beach were 
investigated.  The objective of this work was to analyze the meiofauna distribution using a statistical 
model that considers the biological data as variables, and granulometric characteristics, organic 
matter, and temperature as covariables. Four zones were sampled throughout  one year in a Brazilian 
sandy beach and three sediment cores were taken monthly from each zone.  The meiofauna was 
composed by 12 taxa, with tardigrades and nematodes comprising 92% of the total fauna. The 
meiofauna mean density varied from 1556.25 to 13125.25 ind.10 cm-2, with the highest densities in 
December. The results of multiple regression showed that the mean effects of zones, vertical layers, 
and months on the organisms were significantly correlated with the principal taxa of meiofauna. The 
retention zone and the 0-10 cm layer presented the highest densities. The temporal distribution 
showed different patterns and some taxa were more abundant in the dry season, and others in the 
rainy season. Sedimentological variables had strong and significant effects on the meiofauna taxa. 
According to the results, physical variables at the retention zone create optimal living conditions for 
the meiobentos, making this zone an area that favors the basic and applied ecological studies. 

 
R E S U M O 

 
Os padrões de distribuição espacial e temporal da meiofauna em uma praia arenosa do Brasil foram 
analisados usando um modelo estatístico que considerou os dados biológicos como variáveis e as 
características granulométricas, % de matéria orgânica, temperatura como covariáveis. Quatro zonas 
litorais foram amostradas durante o período de um ano e três cores de sedimento foram coletados em 
cada zona.  A meiofauna foi composta de 12 taxa principais e os Tardigrada e Nematoda 
representaram 92% da fauna total.  A densidade média da meiofauna variou de 1.556,25 a 13.125,25 
ind.10cm-2, com as mais altas densidades em dezembro.  Os resultados da regressão múltipla 
mostraram que os efeitos médios das zonas, estratos e meses nos organismos foram 
significativamente correlacionados com os principais grupos da meiofauna.  A zona de retenção e o 
estrato de 0-10 cm apresentaram os mais altos valores de densidade.  A distribuição temporal 
mostrou diferentes padrões, onde alguns taxa foram mais abundantes na estação seca e outros na 
estação úmida.  As variáveis sedimentológicas tiveram um forte efeito significante sobre os grupos 
meiofaunísticos.  As ótimas condições de vida da zona de retenção para o meiobentos  fazem desta 
região uma área favorável para estudos de ecologia básica e aplicada. 

 
Desxriptors: Meiofauna, Interstitial, Sandy beach, South America, Spatial  distribution. 
Descritores: Meiofauna, Intersticial, Praias arenosas, Distribuição espacial, América do Sul. 

 
INTRODUCTION 

 
Sandy beaches are examples of simple 

ecosystems driven principally by the interacting 
physical forces of waves, tides and sediment 
movements (Gheskiere et al., 2005b). The meiofauna 
communities of sandy beaches are diverse and the 
different taxonomic groups have complex distribution 
patterns.  
__________ 
(*) Paper presented at the 1st Brazilian Congress of Marine 
Biology, on 15-19 May, 2006. Rio de Janeiro, Brazil. 

In an exposed sandy beach the communities 
distribution and abundance have been assumed to be 
primarily controlled by species specific responses to 
swash climate and sediment characteristics, a scenario 
where biological interactions do not play a critical role 
(McLachlan, 1983; McLachlan et al., 1993). 
Hydrodynamic stress plays an important role in 
controlling spatial patterns of meiofauna density and 
community structure (Covazzi et al., 2001). Exposed 
marine beaches have been defined as physically 
stressful environments (McLachlan, 1983; Rodil & 
Lastra,  2004)  and  thus  the  best  way  to  understand 



population variability in these ecosystems is by 
documenting responses to abiotic factors (Jaramillo & 
McLachlan, 1993; Brazeiro, 2001). 

The meiofauna is horizontally and vertically 
variable and the median grain size and the degree of 
sorting of the sand grains determine  the available 
space for the interstitial meiofauna (Coull & Bell, 
1979). 

The vertical distribution shows seasonal 
fluctuations marked by the instability of the physical 
and chemical conditions, accentuated by the rhythms 
of immersion and emersion (Coull & Bell, 1979) and 
it is determined by the degree of drainage and 
sediment oxygenation.  Vertical movements of 
meiofauna have also been correlated with disturbances 
by waves and rain (Brown & McLachlan, 1990).  

In the intertidal zone of sandy beaches, 
temperature and salinity are highly variable and can 
also influence the distribution and faunal composition 
(Olafsson, 1991). 

The faunal distribution varies according to  
the season of the year (Hicks & Coull, 1983) and 
animals can also make daily or tidal migrations (Joint 
et al., 1982).  

Generally it is very difficult to separate 
temporal from spatial variability (Fleeger & Decho, 
1987). In this context, analyses should include models 
which take into consideration the factors which 
influence distribution, evaluating the partial 
contribution of each one.  

There are many studies on the ecology of 
interstitial meiofauna in the world (Dye et al., 1981; 
Harkantra & Parulekar, 1989; Olafsson, 1991; 
Armonies & Reid, 2000; Rodriguez et al.,  2001; 
2003; Menn et al.,  2002, Gheskiere et al.,  2004; 2005 
a; b; Moreno et al.,  2005; 2006).  In Brazil, the 
interest in sandy-beach meiofauna has been intensified 
in recent decades (Medeiros, 1984; 1992; Silva et al., 
1991; 1997; Bezerra et al., 1996; 1997; Corbisier et 
al., 1997; Esteves et al., 1997; 1998; Esteves & 
Fonseca-Genevois, 1997; Wandeness et al., 1997; 
Esteves & Silva, 1998; Albuquerque & Genofre, 1997; 
Netto et al.,  1999).  

The objectives of this study were: (1) to verify 
the spatial and temporal variations in the abundance of  
the meiofauna community in an  exposed sandy beach 
on the southeast coast of Rio de Janeiro, Brazil; (2) to 
determine the role of the environmental variables in 
explaining the observed patterns.  

 
Study Area 

 
The Marambaia Restinga (Fig. 1) is situated 

on the southeast coast of Rio de Janeiro, Brazil at 
23003'S and 043034'W. It is formed by a sandbar about 
40 km long and up to 5 km wide. The beach is long 
and morphodynamically intermediate (Veloso et al., 
2003). This area, controlled by the Brazilian Armed 
Forces, is not subject to urban or industrial occupation 
and has undergone little anthropogenic impact (Costa, 
1998).  

 
 

Fig. 1. Sepetiba Bay and Marambaia Restinga. 
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MATERIAL AND METHODS 
 

Samplings were carried out from July 
1998 to June 1999 in four zones: the saturation zone 
(level 0), resurgence zone (level 4), retention zone 
(level 7), and dry-sand zone (level 9) (Salvat, 1964). 
At each level three replicate samples were collected 
using plexiglass corers (inner diameter =3, 5 cm) and 
each core sample was divided into three layers: 0-
10cm (layer A), 10-20 cm (layer B), and 20-30 cm 
(layer C).  The sediment was preserved with 4% 
formaldehyde and stained with Rose Bengal.  

In the laboratory, the meiofauna was 
extracted from the sediment by elutriation.  The 
animals retained on a 45µm sieve were sorted and 
counted to major taxa using a stereomicroscope and 
the density was expressed as abundance in 10 cm2. 

Two additional samples were taken for 
analysis of organic matter and granulometry.  
Granulometric analysis was done according to Suguio 
(1973). The sediment organic matter content was 
measured by incineration at 450ºC in a muffle.  
Temperature and redox potential of the sediment were 
measured with electrodes inserted into each sediment 
layer.  

A regression model was employed including 
the effects of month, zone, and stratum about the 
meiofauna density and as covariables, the 
granulometric variables, organic matter and sediment 
temperature. The density data transformed in log (x+1) 
were used as the response variables in Gaussian 
regression models.  For all responses, the models fit 
quite well, the R1 2 varying from 0.8057 for Copepoda 
to 0.9317 for total meiofauna. Simulated envelopes for 
residuals showed the points well inside the confidence 
band indicating the appropriateness of the Gaussian 
assumption. 

The mean effects were used to analyze the 
spatial and temporal distributions of the principal 
taxonomic groups. 

Because months, depths and zones were 
considered as factors, and both month/depth and 
month/zone interactions were significant for all 
responses, the mean effects and the difference between 
the mean effects must be interpreted with care. The 
simultaneous confidence intervals for the difference 
between mean effects were constructed by the Sheffe 
method. The ANOVA tables were constructed by 
adding the effects sequentially. 

 
RESULTS 

 
Sediment temperature varied from 21.6 (in 

July) to 34.5ºC (in December). The granulometric 
results showed a high percentage of fine sand in 
almost all samples, and the mean grain diameter varied 

from 2.51 to 1.63 mm. The sediment was well to 
moderately sorted. The organic matter of sediment 
varied from 0.01% (December) to 0.39% (September). 
The largest precipitation indexes occurred between 
September and March.  

Twelve meiofauna taxa were found and 
tardigrades (71.35%), nematodes (20.65%), copepodes 
(4.5%), turbellarians (2.30%) and oligochaetes 
(0.29%) were the most frequent and abundant (Fig. 2). 
Oligochaetes, polychaetes, halacarines, collembolans, 
ostracods, gastrotrichs, isopods, and cnidarians were 
present in low densities and occurrence frequency.  
 

20,65%4,50%

2,30%0,29% 4,88%

71,35%

Turbellaria Nematoda Tardigrada
Copepoda Oligochaeta Others

 
 
Fig. 2. Relative abundance (%) of meiofauna taxa during the 
sampling period. 
 

Tardigrades were the most abundant group 
throughout the year, except in June when nematodes 
were present with highest density (Table 1).  

The mean density of meiofauna ranged from 
1556.25 ind.10 cm-2 to 13125.25 ind.10 cm-2. The 
maximum density occurred in December and the 
minimum in October. 

The effect of different zones was strongly 
and significantly correlated with the density of total 
meiofauna, tardigrades, nematodes, copepods, and 
turbellarians (Table 2). 

The retention zone (level 7) contained the 
highest densities of total meiofauna and tardigrades in 
most months (Figs 3A, B). The highest densities of 
nematodes (Fig. 3C) occurred over most months in 
both the dry-sand zone and the retention zone. 
Copepods showed higher densities in the saturation 
zone in most months (Fig. 3D). Turbellarians (Fig. 3E) 
were more abundant in the retention zone during the 
dry season (except August), whereas in the rainy 
season, they were more abundant in the resurgence 
zone (level 4). The saturation zone (level 0) contained 
the lower densities of tardigrades (Fig. 3B) and 
nematodes densities (Fig. 3C), whereas turbellarians 
(Fig. 3E) and copepods (Fig. 3D) had lower densities 
in the dry-sand zone. Oligochaetes were more 
abundant in December in the saturation zone, but in 
February, March, and June their abundance was higher 
in the retention zone (Fig. 3F).  
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Table 1. Relative abundance (%) of the meiofauna taxa of Marambaia Restinga during the sampling period. 
 

Months Turbellaria Nematoda Tardigrada Copepoda Others 
July/98 7.16 23.73 50.15 15.54 3.42 
August/98 0.71 8.82 87.64 2.68 0.16 
September/98 4.09 13.14 75.63 5.87 1.27 
October/98 6.23 36.01 51.97 4.70 1.09 
November/98 5.01 19.76 71.26 3.43 0.55 
December/98 0.57 5.01 93.11 0.39 0.92 
January/99 4.77 16.16 77.20 0.95 0.91 
February/99 1.74 35.74 54.26 5.86 2.40 
March /99 0.77 19.44 75.01 4.20 0.58 
April/99 2.27 24.24 62.77 9.51 1.21 
May/99 2.46 37.70 56.55 1.45 1.84 
June/99 2.91 59.98 25.71 9.87 1.53 

 
 

Table 2. Analysis of Variance of biotic and abiotic variables of Marambaia Restinga. 
ns= not significant; *= significant; **= very significant; ***= highly significant; MS=mean square 

 

 
The mean effects of the profundity on the 

organisms were highly significant for total meiofauna, 
tardigrades, copepods, turbellarians, and oligochaetes 
but only significant for nematods because their their 

distribution in the strata varied among the months 
(Figs 4E, F, G, H (Table 2). Tardigrades were most 
abundant in layer A, in almost all the zones (Figs 4B, 
C; D).(Table 2). 

Source MS F p MS F P MS F p
Months  10.9865 64.38 *** 47.7488 69.90 *** 11.3438 73.46 ***
Profundity 18.2621 107.01 *** 92.0508 134.76 *** 0.5834 3.77 *
Zones 83.8058 491.08 *** 453.7306 664.28 *** 29.6706 192.16 ***
Silt 2.8983 16.98 *** _ _ ns 2.4910 16.13 ***
Organic matter 0.6698 3.92 * _ _ ns 5.1644 33.44 ***
coarse sand _ _ ns 17.6900 25.89 *** _ _ ns
sorting _ _ ns 7.0308 10.29 ** 4.0062 25.94 ***
Xmdf _ _ ns _ _ ns 6.2811 40.67 ***
Temperature _ _ ns _ _ ns 1.4143 9.16 **
Months X profundity 2.0636 12.09 *** 4.7410 6.94 *** 1.2298 7.96 ***
Months X Zones 8.6337 50.59 *** 21.8056 31.92 *** 4.6552 30.14 ***
fine sand _ _ ns ns ns ns 1.8472 11.96 ***
Residual 0.17065 0.6830 0.15441 

Source MS F p MS F p MS F p
Months  21.8492 18.97 *** 5.7502 10.12 *** 22.1174 33.61 ***
Profundity 66.3125 57.58 *** 5.2100 0.17 *** 4.7549 7.22 ***
Zones 245.0802 212.83 *** 155.1156 272.69 *** 2.5178 3.82 *
Silt _ _ ns _ _ ns _ _ ns
Organic matter 2.1051 1.82 ns _ _ ns 7.5940 11.54 ***
coarse sand 3.8331 3.32 ns. _ _ ns _ _ ns
sorting _ _ ns _ _ ns 12.8296 19.49 ***
Xmdf _ _ ns 11.0206 19.37 *** _ _ ns
Temperature 10.9345 9.49 * _ _ ns _ _ ns
Months X profundity 4.4575 3.87 *** 1.0494 1.8449 ** 2.8977 1.10 ***
Months X Zones 8.9557 7.77 *** 6.0288 10.59 *** 9.4008 14.28 ***
fine sand _ _ ns 8.6003 15.11 *** 7.7943 11.84 ***
Residual 1.1515 0.5688 0.6580 

Copepoda Turbellaria Oligochaeta 

Total meiofauna Tardigrada Nematoda 

124                                                    BRAZILIAN JOURNAL OF OCEANOGRAPHY, 55(2), 2007 



A-  Total meiofauna
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B-  Tardigrada
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C-Nematoda 
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E-Turbellaria 
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F- Oligochaeta 

0

50

100

150

200

250

ju
l/9

8

au
g/

98

se
p/

98

oc
t/9

8

no
v/

98

de
c/

98

ja
n/

99

fe
b/

99

m
ar

/9
9

ap
r/9

9

m
ay

/9
9

ju
n/

99

M
ea

n 
de

ns
ity 9

7
4
0

 
   

Fig.3. Horizontal distribution of different taxonomic groups of meiofauna during the sampling period.9= dry sand zone; 7- 
retention zone; 4= resurgence zone; 0= saturation zone. 
 

 
Copepods reached higher densities in layer A 

in the saturation and resurgence zones (Figs 5 A, B), 
except in February and March, when  they were most 
abundant in layer B (Fig. 5A).  However, in the 
retention zone they were more abundant in the lower 
layer (C), except in July and April (Fig. 5C).  
Turbellarians were distributed in layers A and B in 
most months and zones (Figs 5E, F, G, H).  

The statistical analysis showed that the mean 
effects of months on the density of organisms were 
highly significant for total meiofauna and for all the 

taxonomic groups.  The total meiofauna presented 
abundance peaks in August and December, coinciding 
with the high densities of tardigrades and the 
nematodes were more abundant from February to June 
(Fig. 6A). Turbellarians had highest densities in July, 
September, November and May, and lowest densities 
in August, October, December and March.  Copepods 
were more abundant in July, August, September, 
February, March, April, and June. Oligochaetes were 
more abundant in December, February, March and 
April (Fig. 6B).  
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A- Tardigrada- zone of saturation
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B- Tardigrada- zone of resurgence
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C- Tardigrada- zone of retention
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D- Tardigrada- zone of drying
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E- Nematoda-zone of saturation
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F- Nematoda-zone of resurgence
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G- Nematoda-zone of retention
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H- Nematoda-zone of drying

0

1000

2000

3000

4000

5000

6000

7000

8000

ju
l/9

8

au
g/

98

se
p/

98

oc
t/9

8

no
v/

98

de
c/

98

ja
n/

99

fe
b/

99

m
ar

/9
9

ap
r/9

9

m
ay

/9
9

ju
n/

99

M
ea

n 
de

ns
ity

C
B
A

   
Fig. 4. Vertical distribution of Tardigrada and Nematoda during the sampling period. 
A= 0-10 cm; B= 10-20 cm; C=20-30cm. 
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A-Copepoda - zone of saturation
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B-Copepoda - zone of resurgence
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C-Copepoda - zone of retention
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D-Copepoda - zone of drying
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E-Turbellaria- zone of saturation
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G-Turbellaria- zone of retention
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H-Turbellaria- zone of drying
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Fig. 5.Vertical distribution of Copepoda and Turbellaria during the sampling period. 
A=0-10 cm; B=10-20 cm; C=20-30 cm. 
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Fig. 6. Temporal distribution of different groups of meiofauna on Marambaia Restinga 

 
Besides the highly significant effects of 

zones, layers and months on the density of interstitial 
meiofauna taxa, the interactions between months and 
zones and months and layers were also highly 
significant. The variance analysis (Table 2) showed 
that fine sand had a highly significant effect on 
nematodes, turbellarians and oligochaetes, whereas 
coarse sand had a significant effect only on the density 
of tardigrades. Temperature was significant only for 
copepod and nematode density, while organic matter 
had a significant effect on nematode and oligochaete 
densities. Finally, the degree of grain sorting was 
significant for tardigrades, nematodes and 
oligochaetes.  

Because the statistical analysis used the mean 
effects among the zones, layers and months, the results 
should be interpreted with caution, because the effects 
on density between Month X Layer and Month X 

Zone were highly significant for the total meiofauna 
and for the majority of taxonomic groups. 

 
DISCUSSION 

 
Meiofauna density was high compared with  

that of other  Brazilian beaches. Medeiros (1992) 
found maximum densities (9974 ind.10 cm-2) on the 
beaches of Anchieta Island (São Paulo) and in the 
Marambaia Restinga we found densities of 13125 
ind.10 cm-2.  These results are probably due to the high 
density of tardigrades. This group is correlated with 
very well-oxygenated sands (Renaud-Mornant & 
Pollock, 1971) and is not abundant in polluted beaches 
(Margulis & Schwartz, 2001). The extreme dominance 
of tardigrades in the Marambaia Restinga indicates the 
good oxygenation of the sediment and the good state 
of preservation of the beach.  
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A biological or physical factor, by itself, 
does not explain the distribution of a given taxonomic 
group, because the sediment-water interface is a highly 
dynamic atmosphere that undergoes constant 
chemical, physical, and biological processes, affecting 
the meiobenthic communities (Snelgrove & Butman, 
1994; Giere, 1993).  

The simple determination of mean grain 
diameter does not adequately indicate the complexity 
of the habitat. The available interstitial space is the 
most important factor and many studies have used the 
degree of grain sorting to indicate the interstitial space 
(Jansson, 1966).  The Marambaia Restinga has fine, 
moderately sorted sand, which probably favors the 
meiofauna abundance and richness. 

Large-scale heterogeneity is a factor of 
changes in physical factors, especially associated with 
the sediments (Findlay, 1981).  Sedimentological 
variables have significant effects on the distribution of 
different taxa, because the size and the degree of 
sorting of the sand determine the space available for 
the interstitial meiofauna (Coull & Bell, 1979). The 
granulometric variables were the most significant 
factor for the horizontal distribution of principal 
taxonomic groups in the Marambaia Restinga and had 
strong and significant effects on the meiofauna 
distribution. 

The total organic matter concentrations, by 
ignition loss, do not indicate the real fraction available 
to consumers (Fabiano et al., 1995). It is possible that 
temporary changes in meiofauna density are dependent 
on changes in the concentration of plant detritus and 
other organic compounds (Danovaro, 1996). In this 
work the organic matter had significant effect only on 
the nematodes and oligochaetes densities.  

The statistical model showed that in the 
Marambaia Restinga, there were significant 
differences in meiofauna density among the coastal 
zones, months, and layers. Bezerra et al. (1996) did 
not find significant differences in the meiofauna 
density among coastal zones, but they found 
differences among months, layers, and transects. 
Bezerra et al. (1996) found higher meiofauna densities 
in the dry-sand zone, but in the present study, the 
retention zone presented the highest densities. This 
zone may provide the best conditions for interstitial 
life, because it has good water circulation, high 
dissolved oxygen content, abundant food, and physical 
stability (McLachlan, 1983; Brown & McLachlan, 
1990). In the Marambaia Restinga, tardigrades were 
distinctly more abundant in the retention and dry-sand 
zones, and Medeiros (1992) observed the same 
distribution on Anchieta Island. These animals usually 
occur far from the waterline (De Zio & Grimaldi, 
1966) and their preference for dry sands can be 
explained, according to these authors, because these 
animals resist well to the lack of water, reducing their 

metabolism and surviving in high temperatures 
(Margulis & Schartz, 2001).  The oligochaetes were 
found in the three zones but they were more abundant 
in the dry-sand zone in several months. The 
dominance of oligochaetes in the driest layers reveals 
their terrestrial origin (Jansson, 1968). To the 
opposite, harpacticoid copepods are very sensitive to 
the decrease in interstitial water (Moore, 1979) and 
their high abundance in the saturation zone of the 
Marambaia Restinga is probably related to this.  

The physical variables are also the ultimate 
factors controlling vertical distribution of meiofauna in 
macrotidal beaches (McLachlan, 1978).  Meiofauna is 
known to respond to these important factors, for 
example, by migrating down into deeper layer away 
from desiccated areas (Jansson, 1968). Vertical 
migration of meiofauna has been reported in several 
works, mainly in temperate areas, where some groups 
such as turbellarians, copepods, nematodes, 
gastrotrichs, and tardigrades migrate to the deepest 
layers in winter. Great reductions of meiofauna 
abundance have also been recorded during periods 
with reduced salinity, after heavy rain (Govindankutty 
& Nair, 1966). Similar vertical movements were 
noticed in relation to rainfall and wave disturbance by 
Boaden (1968).  In tropical beaches, although the 
seasons are not very marked, these same factors are 
related to periods of "good weather” and “storms” 
influencing the vertical migration (Silva et al., 1991).  
In the Marambaia Restinga, the meiofauna taxa 
presented different vertical distributions during the 
sampling period, but the highest densities were almost 
always found in the uppermost layer.  However, 
tardigrades, nematodes and turbellarians were more 
abundant in layers B and C in October and November, 
probably because  of the strong rains that occurred in 
these months.  

Vertical distribution is a very important 
factor in designing a sampling plan.  The 
determination of the depth, without previous sampling, 
can lead to errors on the estimating of meiofauna 
density. The temporal variability of vertical 
distribution in the taxonomic groups should also be 
observed before a sampling depth is selected for the 
study period.  

Temporal distribution of meiofauna taxa 
showed different patterns but the highest densities of 
total meiofauna were found in a rainy season when 
temperatures are usually higher. The sediment 
temperature affected significantly the nematodes and 
copepods distribution in the Marambaia Restinga and 
according to Harris (1972) temperature can also affect 
indirectly the population increase, by controlling 
growth of bacteria and the number of diatoms.  In 
tropical areas, the seasonal changes are less defined, 
but most meiofauna organisms show some seasonality, 
with greater abundance in the warmest months  (Coull,  
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1988). In the Marambaia Restinga, tardigrades, 
nematodes, and oligochaetes, showed higher densities 
in the rainy season. Wandeness et al. (1997) also 
observed that tardigrades were more abundant in the 
rainy months. 

The ecological studies of meiofauna are 
important for the understanding of trophodynamic 
processes of a sandy beach.  Furthermore, the 
assessment of ecological role and the spatial and 
temporal changes of meiobenthos can be used in 
environmental monitoring programs whose main goal 
is often to identify patterns in community structure 
and to relate them to measured environmental 
variables including pollutants (Moreno et al., 2006). 

According to the results obtained, physical 
variables at the retention zone create optimal living 
conditions for the meiobenthos, making this zone an 
area that favors basic and applied ecological studies. 
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