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Resumen.- La variabilidad temporal de la densidad de la
macrofauna y su relacién con las propiedades del agua y
sedimento fue estudiada a través de muestreos mensuales en
una ensenada estuarina de la Laguna de los Patos, Brasil, de
enero a diciembre de 2001. Las caracteristicas del agua y del
sedimento mostraron un nitido patrén estacional. Los mayores
valores de salinidad y temperatura del agua se observaron en
los meses de verano, mientras que un aumento de las
fracciones finas en el sedimento ocurri6 durante el invierno.
Durante el estudio fueron recolectadas 18 especies, con un
total de 38.827 organismos. El bivalvo Erodona mactroides, el
tanaidaceo Kalliapseudes schiibartii, los poliquetos Heteromastus
similis y Nephtys fluviatilis y el gasteropodo Heleobia
australis fueron los organismos dominantes, correspondiendo
juntos, al 90% de la abundancia total. La macrofauna también
mostrd un patrén estacional de distribucion, con las mayores
densidades registradas durante los meses de verano (enero =
62.205 ind. m) y las menores en invierno (julio = 9.410 ind.
m™). Este patron es resultante del proceso reproductivo de las
especies, el cual comienza con el aumento de la temperatura a
partir de fines de primavera. Las bajas densidades en el
invierno estan relacionadas con el efecto de una fuerte
depredacion sobre estos organismos asociada con la ausencia
de reclutamientos efectivos en los meses frios. Las
alteraciones sedimentarias también pueden haber contribuido a
la reduccion de la densidad de la macrofauna durante el
invierno.

Palabras clave: Bentos, fondos blandos, estuario, Océano
Atlantico suroeste

Abstract.- Temporal variability of the macrofauna density
and its relationship with water and sediments characteristics
were studied through monthly sampling at an estuarine
embayment of the Patos Lagoon, Brazil from January to
December 2001. Both, water and sediments characteristics
showed distinct seasonal patterns. High salinity and water
temperature values were registered in summer months.
Increase of fine fractions in the sediments occurred in cold
months. A total of 38,827 individuals represented by 18
species were collected during the study period. The bivalve
Erodona mactroides, the tanaid Kalliapseudes schiibartii, the
polychaetes Heteromastus similis and Nephtys fluviatilis, and
the gastropod Heleobia australis were the dominant
organisms, accounting for more than 90% of total macrofauna.
The macrofauna also showed a seasonal pattern, with the
highest density found in summer (January = 62,205 ind. m)
and the lowest one in winter (July = 9,410 ind. m?). This
pattern results from the species reproductive process, which
was strongly correlated to the increase of water temperature at
the end of spring. The low macrofauna densities in winter are
related to a high predation during summer along with the
absence of effective recruitment in cold months. Furthermore,
sedimentary proprieties changes due to natural climatic
disturbances could also be important factors controlling the
estuarine macrofauna of the Patos Lagoon by increasing
mortality rates.
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Introduction

The analysis of macrofauna community structure has
been an important tool in environmental monitoring
programs (Canfield et al. 1994, Clarke & Warwick

1994, Weisberg et al. 1997). However, the lack of
knowledge about temporal variability of macrofauna is
the major methodological limitation for environmental
diagnose, which makes it difficult to distinguish
between natural variability and eventual macrofauna
response to human-produced impacts (Morrisey et al.
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1992, Clarke & Warwick 1994). This problem is
aggravated in estuarine-lagoons systems, which are
considered naturally stressed environments (Wilson &
Jeffrey 1994) due to their high variability and low
previsibility of environmental conditions (Kennish
1990).

The Patos Lagoon is the largest choked lagoon in the
world (Kjerfve 1986). The choked lagoon characteristics
and the negligible tidal amplitude (0.5 m of tidal range)
make physicochemical parameters in the Patos Lagoon
estuary largely dependent on wind and rainfall (Costa et
al. 1998).

In contrast to subtidal estuarine habitats (Bemvenuti
et al. 1992, Bemvenuti & Netto 1998), information
about temporal variability of macrofauna in shallow
water areas of the Patos Lagoon is scarce. Thus, in this
work the temporal distribution pattern of macrofauna
and its relationship with variability of water and
sediment characteristics were studied in a shallow water
region of the Patos Lagoon estuary.

Material and Methods

The study was carried out in a shallow water
embayment (ca. 0.8 m of depth) located near the east
margin of Pombas Island (Fig. 1). In this region, six
sites (distant 90 m each other) were established over the
greatest linear dimension referred to south-north
direction of the island, and were monthly sampled from
January to December 2001.

At each site, three macrofauna sub-samples were
taken using a corer tube (0.008 m2 area, 20 cm depth).
Biological samples were sieved in situ through a 0.3
mm mesh size, fixed in 4% buffered formaldehyde and
vital stained with Rose Bengal. In the laboratory,
organisms were sorted under a stereo microscope,
counted and preserved in 70% ethanol. Density of
benthic invertebrates was expressed as number of
individuals per m2,

Additional samples were also taken to determine
sediment characteristics. Granulometry data were
obtained through sieving and pipetting analysis (Suguio
1973). Dried samples were combusted at 550°C for 60
min to determine organic content through weight loss
(Walkley & Black 1934). Water temperature and
salinity data were obtained from database of the Coastal

Vegetation Ecology Laboratory (Dept. Oceanography —
FURG).

Data were subjected to multivariate statistical
analysis. Environmental data were ordinated using a
correlation-based principal component analysis (PCA).
Square root transformed biological data were ordinated
by non-metric multidimensional scaling ordination
(MDS) using the Bray-Curtis similarity index (Clarke
1993).

Relationships between macrofauna structure and
environmental variables at sampling periods were
analysed with canonical correspondence analysis (CCA)
(ter Braak 1986). In the CCA, biological data were
square root transformed, and species with relative
abundance lower that 5% were not included in analyses.
Environmental variables were manually selected and
included in the analyses after testing its significance
through the Monte Carlo permutation test.
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Map of the estuarine region of the Patos Lagoon indicating
the study area in detail. SP = Sampling points

Mapa de la regién estuarina de la Laguna de los Patos
mostrando en detalle el &rea de estudio. SP = Puntos de
muestreo
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Results

Water temperature showed a clear seasonal pattern (Fig.
2a), with the highest values registered in summer
(January to March), and the lowest in winter (June-
August). Water salinity had a less marked temporal
pattern, with mean values ranging from 0.5 to 10.5 psu
(Fig. 2b), however, the highest monthly mean values
were registered at early autumn (April) and early

summer (January).
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Temporal variability of: (a) water temperature, (b) salinity, (c) mean grain size, (d) sorting, (e) fine fractions and, (f) organic
matter content in the sediment in Laguna de los Patos. Mean value (line), standard error (box) and deviation (whisker)
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The sediment was mainly composed by poorly
sorted fine sand with fine fractions (i.e., silt + clay)
ranging from 6 to 14% (Fig. 2c-e). However, an
increase of fines fractions and, consequently a decrease
in both, mean grain size and sorting of sediment during
winter months (June to September) were observed (Fig.
2c-e). Sediment organic matter content ranged from
0.09 to 3.15%, with the highest values registered in

summer (Fig. 2f).
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PCA diagram on environmental data
Diagrama del PCA sobre los datos ambientales

Ordination by PCA (Fig. 3) of environmental data
showed also a clear seasonal pattern. The first two
components explained 87.5% of the data variance (PC 1
= 50.3% and PC 2 = 37.2%). On component 1, high
negative values were associated to sediment propieties
(i.e., mean grain size, sorting and fines fractions).
Positive values on second component were associated to
water temperature and salinity, and organic matter
content (Fig. 3).

During the study period a total of 38,827
individuals, represented by 18 species were collected.
The most abundant organisms were the bivalve Erodona
mactroides, the tanaid Kalliapseudes schibartii, the
isopod Uromunna peterseni, the gastropod Heleobia
australis and the polychaetes Heteromastus similis and
Nephtys fluviatilis, accounting for more than 95% of
total macrofauna (Table 1). All dominant species
showed a clear seasonal pattern with higher densities
during summer (Fig. 4). The only exception was the
polychaete H. similis, which showed little temporal
variation along the entire study period (Fig. 4).

MDS ordination (Fig. 5) also showed a clear
seasonal pattern in macrofauna community structure;
months with higher macrofauna densities (January-
February) were clustered in the right side of this
diagram, while months with low macrofauna densities,
in the left (June-October).

In the CCA analysis, the first axis (eigenvalue =
0.031) alone modeled 65.3% of total explained variance,

showing a higher species-environment correlation
(Table 2). Water temperature, salinity and organic
matter content were strongly correlated with the first
axis, while mean grain size, sorting and fines fractions
were correlated with the second axis (Table 2).

From CCA diagrams (Fig. 6), we can infer that the
first axis corresponds mainly to seasonal pattern of
water column propieties, in which months with high
temperature and salinity were clustered at the left side
of the ordination plot, and those showing lower values
cluster at the right side. The second axis contrasts
months with lower mean grain size and sorting, and
with higher fines fractions in the sediments (upper side)
with months when mean grain size and sorting were
higher and fines fractions were lower in the sediment

(Fig. 6).

Table 1

Total of individuals (N) and relative abundance (%) of
each species collected during the study period

Total de individuos (N) y abundancia relativa (%) de cada
especie recolectada durante el periodo de estudio

Species N %
Erodona mactroides (Bi) 15,374 39.6
Kalliapseudes schilbartii (Ta) 9,604 24.7
Heteromastus similis (Po) 4,567 11.8
Heleobia australis (Ga) 3,220 8.3
Nephtys fluviatilis (Po) 2,329 6.0
Uromunna peterseni (Is) 1,976 5.1
Kupellonura sp. (Is) 822 2.1
Laeonereis acuta (Po) 389 1.0
Sinelobus stanfordi (Ta) 196 <1
Diastylis simpterigiae (Cu) 196 <1
Sphaeromopsis mourei (Is) 41 <1
Nemertina undeterminated 23 <1
Hirudinea undeterminated 23 <1
Sigambra grubii (Po) 20 <1
Tagelus plebeius (Bi) 17 <1
Melita mangrovii (Am) 12 <1
Spio gaucha (Po) 5 <1
Callinectes danae (De) 4 <1
Total 38,827

Bi = Bivalvia Ta = Tanaidacea Po = Polychaeta

Ga = Gastropoda Is = Isopoda
Cu = Cumacea De = Decapoda

Am = Amphipoda
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Mean densities of the dominant macrofaunal organisms registered in Laguna de los Patos during the study period

Densidades medias de los organismos macrofaunales dominantes en la Laguna de los Patos, durante el periodo de estudio
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MDS ordination on square root transformed biological data

Ordenacion del MDS sobre los datos biolégicos transformados por la raiz cuadrada




Both, water column and sediment propieties showed
clear seasonal patterns, characteristic of subtropical
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Results of CCA performed on macrofauna abundance and environmental variables
Resultados del CCA realizado sobre los datos de abundancia de la macrofauna y variables ambientales
AXES 1 2 3 4
Biplot scores of environmental variables
Salinity -0.646 0.090 0411 0.089
Water temperature -0.955 -0.098 0.272 0.014
Organic matter content (%) -0.764 0.514 0.092 0.164
Mean grain size (¢) 0.349 0.660 0.308 0.081
Sorting (¢) 0.160 0.683 0.322 -0.323
Fine fractions (%) 0.180 0.726 0.460 -0.222
Summary statistics for ordination axes
Eigenvalues 0.031 0.012 0.003 0.001
Species—Environment correlation 0.869 0.945 0.862 0.485
Cumulative percentage variance (%) of:
Species 429 60.1 63.8 65.8
Species- Environment relation 63.5 88.8 94.4 97.4
10 P regions. In Patos Lagoon, summer months with higher
' temperatures and lower precipitation rates favor marine
Fsigffirf]gadions (%) o water intrusion into the estuarine region resulting in
Oraan Mean grain size higher salinity values, as observed in this study. In
rganic content . . . .
Aug f:ontrast, high prempltatlor_] _durlng winter months
May . increase runoff and lower salinity values are observed.
¥ile ’
Salinity __Fep Climatic perturbations such as cold fronts are also
oIl frequently observed in the region during winter. During
these situations, the increase of wind intensity changes
Water temperature *Sep the local hydrodynamics favoring the resuspension,
NV transport and deposition of sediment in the whole
estuarine region (Calliari 1980). The winter increase of
fines fractions and consequent reduction of both grain
size and sorting in sediment are probably related to
- oo ot se_dimgntary depc_)sition processes resultants of these
10 climatic perturbations.
-1.0 1.0
Figure 6 Estuarine macrofauna also showed a clear seasonal
pattern, strongly correlated with the temporal variability
CCA ordination plot of both, water column and sediment characteristics. The
Diagrama de la ordenacién del CCA higher macrobenthic densities observed in summer are
related to recruitment processes, which in turn is
influenced by the increase of temperature and salinity
. . (Bemvenuti 1987, 1997). This temporal pattern has also
Discussion been registered in other temperate regions like

Chesapeake Bay, USA (Holland 1985), Rio Queule
Estuary, Chile (Quijon & Jaramillo 1993) and
Samborombon Bay, Argentina (leno & Bastida 1998).
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With the temperature increasing in late spring and
early summer, the reproductive activity of macrofaunal
species increases, resulting in dense recruitment in the
estuarine inlets of the region (Bemvenuti 1987, 1997b).
However, during the recruitment period these species
are subjected to strong populational control by epifaunal
macropredators (Bemvenuti 1987, 1997c). Most
macrofauna species are typical food items for marine
organisms like the fish Micropogonias furnieri, the blue
crab Callinectes sapidus and the pink shrimp
Farfantepenaeus paulensis (Bemvenuti 1987, Kapusta
& Bemvenuti 1998), which use the estuarine shallow
waters as nursery areas.

On another hand, the strong predation pressure
during the warm season and the absence of effective
recruitment rates during cold months resulted in the
lower macrofauna densities observed in winter.
However, low reproductive rates during the cold months
are somewhat compensated by the absence of most
epibenthic predators (Bemvenuti 1987, 1997a).

Furthermore, climatic perturbations such as cold
fronts displacement may also have contributed to lower
macrofauna densities in winter. Sedimentary changes
resultant of such climatic disturbances could have
significant effects on macrofauna, especially on
sedentary and superficial burrowing organisms (Grant
1983, Posey et al. 1996). In the Patos Lagoon estuary,
previous studies had already registered high mortality
rates of macrofaunal organisms (e.g., the bivalve E.
mactroides), after ressuspension and deposition
processes due to cold fronts displacements (Bemvenuti
et al. 1978, Bemvenuti 1997b, Geraldi 2002). However,
the effects of these climatic disturbances on macrofauna
are still understudied.

Among the dominant species, the polychaete
Heteromastus similis was the only one that did not show
a clear seasonal pattern. This temporal pattern had
already been registered for Patos Lagoon (Bemvenuti
1987, 1988, 1994), as well as for other estuaries in
South Atlantic (e.g., Mar Chiquita Estuary and
Samborombon Bay (leno & Elias 1995 and leno &
Bastida 1998, respectively). Studies on temporal
variability of this polychaete had shown the presence of
juveniles along the entire year, suggesting the absence
of a seasonal recruitment pattern (leno & Bastida 1998).

Along with the absence of a seasonal recruitment
pattern, low predation on these polychaetes probably

contributed to the small temporal variability observed.
Field experiments carried out in the Patos Lagoon
estuary had evidenced that H. similis is little affected by
predators’ exclusion (Bemvenuti 1987, 1988, 1994).
Additionally, the low frequency of H. similis individuals
in the stomach content of the zoobenthophagic predators
(Capitoli 1982) corroborates the low predation effects
on this polychaete.

H. similis is a sub-superficial deposit feeder
inhabiting deep galleries into the sediment (Netto &
Lana 1995, Bemvenuti 1997a). Its burrowing capacity
has been pointed as the main escape strategy from
predation, since most epifaunal predators act mainly on
superficial sediment layer (Virstein 1977, Holland et al.
1980, Bemvenuti 1988).

The subsuperficial distribution could also contribute
to low susceptibility of this polychaete to superficial
sediment disturbance due climatic alterations such as
cold fronts displacements. Field experiments in the
euhaline region of the Paranagua Bay (Netto & Lana
1994) showed that H. similis densities after artificial
sediment disturbances return to initial levels in two
days. In this way, the absence of a seasonal recruitment
pattern and the low mortality rates allowed by
subsuperficial habits may be the main factors
responsible for the low temporal variability observed for
H. similis density in this study.

Estuarine macrofauna showed a marked seasonal
pattern, strongly correlated to temporal change of water
column and sedimentary propieties. During summer, the
highest macrofauna densities are related to recruitment
processes strongly correlated to water temperature
increases. The highest predation effect during summer
along with the absence of effective recruitment in warm
months resulted in the low macrofauna densities
observed during winter. Furthermore, sedimentary
propieties changes due to natural climatic disturbances
might also be an important controlling factor of the
estuarine macrofauna of the Patos Lagoon by increasing
mortality rates.
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