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ABSTRACT. The aim of this study is to analyze and relate the spatial-temporal variability of macrozoobenthic assemblages to bottom
characteristics and salinity fluctuations, in an estuarine shallow water region of Patos Lagoon. Monthly samples, between September
2002 and August 2003, were taken on six sampling stations (distant 90 m). Three biological samples with a 10 cm diameter corer, one
sample for sediment analysis, fortnightly bottom topography measurements, and daily data of temperature and salinity were taken from
each station. Two biotic and environmental conditions were identified: the first corresponding to spring and summer months, with low
macrozoobenthos densities, low values of salinity, small variations in bottom topographic level and weak hydrodynamic activity. A
second situation occurred in the months of fall and winter, which showed increased salinity, hydrodynamics and macrobenthos organisms.
These results which contrast with previous studies carried out in the area, were attributed to failure in macrozoobenthos recruitments
during summer period, especially of the bivalve Erodona mactroides Bosc, 1802 and the tanaid Kalliapseuses schubartii Mafie-Garzon,
1949. This results showed that recruitments of dominant species were influenced by salinity and hydrodynamic conditions.
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RESUMO. Variabilidade sazonal na estrutura da associacdo de macroinvertebrados benténicos em uma enseada estuarina
da Lagoa dos Patos, sul do Brasil. Objetiva-se analisar e relacionar a variabilidade espago-temporal de uma associagdo macrozoobentonica
com as caracteristicas do substrato e variagdes da salinidade, numa enseada da regido estuarina da Lagoa dos Patos. Amostragens mensais
entre setembro de 2002 e agosto de 2003 foram realizadas em seis pontos de coleta distantes 90 m entre si. Em cada ponto foram tomadas
trés amostras biolégicas com tubo extrator de 10 cm de didmetro, uma amostra para anélise do sedimento, medidas quinzenais da
topografia do fundo e dados didrios de temperatura e salinidade. Foram identificadas duas situagdes ambientais e biéticas bem definidas:
uma correspondente aos meses de primavera e verdo com baixas densidades do macrozoobentos, baixos valores de salinidade e pouca
variagdo no nivel do substrato, refletindo neste caso uma menor atividade hidrodindmica. A outra situagéo ocorreu nos meses de outono
e inverno, que mostrou uma situagdo oposta em relagdo as variaveis bidticas e abidticas. Esses resultados, que contrariam trabalhos
anteriores efetuados na regido, foram atribuidos a falhas nos recrutamentos do macrozoobentos durante o periodo de verdo, especialmente
do bivalve Erodona mactroides Bosc, 1802 e do tanaidéceo Kalliapseudes schubartii Mafie-Garzén, 1949. Verificou-se que os recrutamentos

das espécies dominantes foram influenciados pelas condicdes de salinidade e pela hidrodinamica

PALAVRAS-CHAVE. Variabilidade sazonal, bentos, estudrio, varidveis abidticas, habitats sublitorais.

The benthic macroinvertebrate assemblages are
structured by many species of molluscs, polychaetesand
crustaceans, among other organismswith more than 1 mm
size, which show direct relation to the bottom conditions,
resulting in an uniformity inlifestyle, despitetheir distinct
philogenetic origins (DAy et al., 1989). These organisms
have a key role in the estuary feeding web, acting as a
link between the detritus deposited on the bottom and
the higher trophic levelsin the system, so contributing
to an important resource for larger consumers, such as
birds, decapods crustaceans and fishes (BEmMVENUTI,
1997c). The structure of these assemblages includes
attributes as specific composition, distribution,
abundance, biomass, trophic relations and diversity of
theorganisms (LevinTon, 1995; PEReIRA & SoARES-GOMES,
2002).

The analysis of the structure of benthic
macroinvertebrates assemblages, from their attributes,
has been useful in diagnostic studies and environmental
monitoring (Warwick, 1986). However, problemsmay arise
from the interpretation of the data acquired during these
studies, concerning the distinction whether they are
related to pollution or the result of natural environment
variability (CLARKE & WARwIcK, 1994). Inthislatter case,

previous studies are important in order to accomplish
sufficient temporal survey of the macrofaunaassociations
and the natural variations on the environment parameters,
along the water column and substrate (WEeisBerG €t al.,
1997).
Spatial and temporal variability have beenthe object
of studies in many estuaries (Y seBaerT et al., 2003;
HoLLAND, 1985; NeTTo & LANA, 1994; QuIJON & JARAMILLO,
1993; BiLes et al., 2003). In the Patos Lagoon estuarine
area, different studies have been conducted about
benthic communities in soft bottoms, such as the
macrobenthic assemblage characterization (CariToLl et
al., 1978), tempora variability in the infralittoral and
channel area (BeEmvenuT! et al., 1978), biological
relationships (BemvenuTi, 1987; 1988; 1994) and
comparisonsto other estuarine environments of southern
Brazil (Rosa-FiLHo & BemvenuTi, 1998). However, there
isalack of studies on the effects of dynamic processes
in the water column and substrate and the consequences
on distribution and abundance of benthic macrofaunain
the Patos L agoon estuarine area. The present work aimed
to analyze the spatial-temporal distribution of benthic
macrofauna, in relation to the bottom characteristicsand
salinity variations along an annual period in that lagoon.
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MATERIAL AND METHODS

Fieldwork was performed along a transect with a
length of about 450 m in the Saco do Arraia inlet, in a
shallow plain in front of the eastern margin of Pombas
Island (32°01' S, 52°07' W) in the Patos L agoon estuarine
area(Fig. 1). Six stations 90 m apart from each other were
sampled monthly from September 2002 to August 2003.
Three biological samples were taken from each station,
witha10 cmdiameter corer, pushed 20 cminto the bottom.
In each station, a stratified sample (0-5 and 5-10 cm) of
the sediment was also collected with same corer (10 cm
diameter), and granulometric datawere obtained through
sieving and pipette analysis (Sucuio, 1973). Biological
samples were sieved in the field, using a 0.3 mm mesh
size, fixed with formal dehyde 4% and stained with Bengal
Rose. The macroinvertebrates were separated from the
sediment matter to thelower possibletaxon and preserved
in ethanol 70%, with the aid of astereomicroscopeinthe
laboratory. Daily water temperature and salinity datawere
obtained from PELD - Programas Ecol 6gicos de Longa
Duracéo, Site8—CNPg, FURG - databank.

Aiming to evaluate the hydrodynamic effects on
substrate erosion and/or accretion, and its influences
upon the benthic community, bottom topography
measurements were done forthnightly. Levelled
referenceswerefixed on every station (6) along the450 m
profile, where four bottom level measurementswere also
fortnightly taken.

The dominant species collected were measured with
the help of a stereomicroscope (0.5 mm precision).
Erodona mactroides Bosc, 1802 specimes until 1 mm
length and Kalliapseudes schubartii Mafie-Garzén, 1949
until 3 mm length were classified asrecruits.

Analysisof variance (One-way ANOVA, o.=0.05)
and Tukey’'s contrast test was applied to evaluate the
temporal variability of fine sediments(silt + clay).

The Shannon-Wiener diversity index (H), which

integrates the number of species and its abundance in
theassociation, and Pielou’ sevenessindex (CLARk, 1997),
were computated and submitted to analysis of variance
(Two-way ANOVA, o = 0.05) (local x time), like the
statistical differences of macrofauna densities too. The
biological datawastransformed (log X + 1) (UNpErRwoOOD,
1997) and tested for normality (Kolmogorov-Smirnoff test)
and homogeneity of variances (Cochran test and
standard-deviation mean plots) prior to their use in
statistical tests (Unperwoob, 1997). The contrast test of
Tukey was applied whenever significant results occurred
(MAGURRAN, 1998).

A multi dimensional scaling ordination technique
(MDS) was applied employing the Bray-Curtissimilarity
index onlog (X + 1) transformed speciesdata. A similarity
analysis (ANOSIM; o = 0.05) was performed to verify
possible differences between sample stations. Simper
analysis was used to verify the species contribution to
similarity between groups of samples (confirmed by
ANOSIM) (CLARKE & WARWICK, 1994).

RESULTS

The salinity data showed low values during the
first 4 months, previousto sampling period (Fig. 2). This
pattern was also observed after the beginning of
macrozoobenthos sampling (September, 2002) and
remained until late summer (February, 2003) (Fig. 2). In
this period, the salinity data showed low values with
fortnightly means not higher than 5, except in September,
2002. Anincreasein salinity wasverified from the second
fortnight of February, 2003, when it reached up to 28, as
well asfortnightly meansabove5 (Fig. 2). Monthly means
of temperature rised gradually from the beginning of
spring to the end of summer (14.3 to 24.8 °C), and fell
during the months of autumn and winter (23.1to 16.6 °C)

(Fig. 2).
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Fig. 1. Patos Lagoon estuarine region, southern Brazil, indicating the study area. P1 to P6, biological samples places. Hachured regions
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Topographical measurements showed homogeneous
values between spring and winter. The higher variability
wasverifiedinthelevel measurementsin February, 2003.
Thistrend was marked in stations#1, #2 and #3 (Figs. 3,
4) than in stations #5 and #6 (Fig. 5).

Grain sizeanalysis showed that sediment of stations
#1 (4.3%) and #2 (5.9%) had smaller percentages of mud
(siltand clay, < 0.064 mm), in relation to stations#3 (8.3%),
#4 (11.2%), #5 (9.6%) and #6 (10.5%). Temporal variation
of mud percentage showed significant differencesfor the
winter period (p < 0.05), when themud content was smaller
than in the other periods.

A total of 23,808 organisms were collected,
corresponding to 17 species(Tab. 1). The dominance was
of the bivalve E. mactroides (49%), the polychaetes
Nephtys fluviatilis Monro, 1937 (12.2 %) and
Heteromastus similis Southern, 1921 (12.8 %), thetanaid
Kalliapseudes schubartii (15.7 %), and theisopod Munna
peterseni Pires-Vanin, 1985 (3.7 %), that made-up 93 % of
the total macrofauna. The values of diversity (H') and
eveness (J') did not show significant variations (p > 0.05)
between sampling stations, as well as between months.
Benthic macrofauna showed significant differences of

density (p < 0.05) among seasons, when it registered very
low values of density inthe spring (2,885ind.m?) andin
the summer (3,782 ind.m?), in contrast to higher values
registered in the autumn (27,028 ind.m™) and in thewinter
(22,416ind.m”) (Fig. 6).

Most of the macrobenthic species increase
abundance since autumn (Fig. 6), among them arise the
dominant species E. mactroides and K. schubartii (Tab.
1V), that showed strong recruitments in this period.

The Ordination Analysis (MDS) (Fig. 7) showed
two major groups, composed by spring and summer
samples, and other group containing autumn and winter
samples. This results was confirmed by ANOSIM (R =
0.9; p<0.05).

Thejuveniles of E. mactroides showed significant
differences of density along the six stations, in February
and March (p < 0.05), due to the small number of
specimens found in stations #5 and #6. Recruitments of
E. mactroides were always more intense in places with
higher hydrodynamics, situated in front of the southern
extremity of Pombas Island (stations#1 and #2), then the
places with lower hydrodynamics, in an sheltered area
dueisland protection (stations #5 and #6).
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Fig. 2. Abiotic parameters (monthly temperature means, daily salinities and forthnightly salinity means) during sudy period on Patos
Lagoon estuary, southern Brazil. December of 2001 to August of 2002 correspond to previous data, registerd before the sampling period.
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Tab. 1. Values of mean density (mean) and standard deviation (Sd) (ind.m?) from samples of macrofauna groups in the Patos Lagoon
estuary, southern Brazil.

Spring Summer
September October November December January February
Mean s Mean s Mean s Mean s Mean s Mean s
POLYCHAETA
Heteromastus similis 1755 1019 906 388 580 196 856 454 488 371 1338 739
Laeonereis acuta 134 207 78 89 142 144 85 116 14 41 78 89
Nephtys fluviatilis 913 377 425 218 672 246 616 297 856 528 856 425
CRUSTACEA
Munna peter seni 234 539 57 146 85 151 7 30 42 76 28 54
Diastylis sympterigiae 92 150 42 76 149 236 92 150 163 209 21 66
Kalliapseudes schubartii 410 390 248 271 623 632 205 273 156 331 1019 780
Kupellonura sp. 99 183 7 30 85 218 21 90 21 49 28 93
Mellita mangrovi 0 0 0 0 0 0 0 0 0 0 0 0
Misidopsis tortoneri 7 30 0 0 7 30 0 0 0 0 0 0
Pseudosphaeroma sp. 0 0 14 41 28 120 21 66 7 30 0 0
Sinelobus stanfordi 290 332 64 126 71 133 7 30 21 49 7 30
Cumacea n.d. 0 0 0 0 0 0 0 0 14 41 0 0
MOLLUSCA
Erodona mactroides 0 0 0 0 7 30 0 0 0 0 4140 3857
Heleobia australis 347 504 57 90 0 0 21 66 226 308 28 70
Tagelus plebeius 0 0 0 0 7 30 14 41 0 0 0 0
NEMERTINEA 0 0 0 0 0 0 0 0 7 30 0 0
HIRUDINEA 21 49 0 0 0 0 0 0 0 0 0 0
Fall Winter
March April May June July August
Mean s Mean s Mean s Mean s Mean s Mean s
POLYCHAETA
Heteromastus similis 4968 2356 5088 2215 3241 1279 2123 871 1762 573 2442 1098
Laeonereis acuta 85 124 439 281 219 204 163 144 57 100 64 100
Nephtys fluviatilis 1897 763 4402 1357 3680 1038 4076 2738 2583 1456 3730 1825
CRUSTACEA
Munna peter seni 120 334 446 548 3022 3834 1479 1951 665 979 1224 1148
Diastylis sympterigiae 28 93 35 73 156 292 170 441 21 66 255 393
Kalliapseudes schubartii 2887 3485 5909 5437 7219 5507 4338 3647 3836 3965 2739 2606
Kupellonura sp. 14 41 28 54 14 41 14 41 0 0 21 49
Mellita mangrovi 0 0 0 0 7 30 0 0 0 0 0 0
Misidopsis tortoneri 0 0 0 0 0 0 0 0 0 0 0 0
Pseudosphaeroma sp. 21 66 28 70 7 30 35 73 7 30 7 30
Sinelobus stanfordi 14 41 156 298 1182 1160 1408 1225 835 656 948 716
Cumacea n.d. 0 0 0 0 0 0 0 0 0 0 0 0
MOLLUSCA
Erodona mactroides 11366 7466 12385 7114 11132 4642 13652 7445 8004 5651 9561 5664
Heleobia australis 219 156 177 219 488 358 488 336 219 209 318 325
Tagelus plebeius 0 0 0 0 0 0 0 0 0 0 0 0
NEMERTINEA 0 0 0 0 0 0 0 0 0 0 0 0
HIRUDINEA 0 0 0 0 0 0 0 0 0 0 0 0
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Fig. 5. Fortnightly varighility (cm) on bottom topography measurements
in stations 5 and 6, Patos Lagoon estuary, southern Brazil.

Fig. 6. Mean density (ind.m?) of macrofauna for the study period
in the Patos Lagoon estuary, southern Brazil.
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Fig. 7. Result of Multi-dimensional scaling ordination analysis
(MDS) in the Patos Lagoon estuary, southern Brazil.

DISCUSSION

Theresults showed two well defined environmental
and biotic situations: one corresponding to spring-
summer period, with low macrozoobenthos densities, low
values of salinity and little variationin bottom level, due
to low hydrodynamics, and the another corresponding
to the autumn and winter period, when an opposite pattern
occurred.

Thelow density valuesrecorded during the summer
months in the studied shallow area contrast to those
obtained in previous works conducted in Patos L agoon.
BemvenuTi (1987) found that macrozoobenthos densities
recorded in summer, above 17,000 ind.m?, were
significantly higher than those found in the winter months
(below 9,000ind.m?). Thesalinity conditionsoccurredin
that work shows lowest salinity valuesin spring, with an
increase in the summer — fall periods. Seasonal
fluctuations in the estuarine area showed that reduction
inthe salinity average, during winter and spring may affect
the abundance of benthic macrofauna assemblages, in
contrast to summer and fall periods, with high salinity
values, that increase macrozoobenthos densities, mainly
due to recruitment of the dominant species (BEmvENUTI,
1987; BemvenuTi & NEeTTo, 1998). Those high densities of
macrozoobenthosin the summer were strongly influenced
by the expressive recruitment of K. schubartii and
coincided with the higher salinity and temperature values
(Bemvenuri, 1987).

It is well known that salinity influences the
composition and the number of species in estuaries
(LitTLg, 2000). Low salinity conditions impose severe
conditions to estuarine organisms, which will therefore
demand energy at high expenses, in response to
osmoregulation (Dav et al., 1989). The maintance of this
process could cause either mortality or inhibit their
activity, limiting reproductive capacity and so itsimpact
on future recruitment. The lower values of
macrozoobenthos density coincide with low values of
salinity registered between September, 2002 and February,
2003, whenthe estuarine areawas under El-Nifioinfluence,
causing peaks of fresh water discharge, which made
exceed mean values (GaRciA, 1997; GaRrclA et al., 2003).

Kalliapseudes schubartii is an estuarine species
which can afford high levels of investment in
reproduction, so responsiblefor the intense recruitments
in summer months in the shallow water areas of Patos

Lagoon estuarine region (Bemvenuti, 19973, b). This
species decrease its activity and seems under stress in
low salinity conditions (G. Fillmann, pers. comm.
Ecotoxicology Laboratory, Oceanography Department,
FURG). The low salinity condition recorded during the
spring-summer period, in the present study may have
influenced the failuresin the species recruitment.

Thelow E. mactroides recruitmentsintensity also
influenced thelow densitiesrecorded in the present work,
during the summer. These bivalve adult stocks are in
northern portion of the estuarine area (Bemvenuti et al.,
1978) aswell along the pre-limnic and limnic area at the
extreme northern section of Patos L agoon (BEmvENUTI &
NEeTTO, 1998). The species reproduction occurs in these
areas and larvae drift along in the ebb tides colonizing
the southern estuarine area, between late spring and the
end of summer (BemvenuTi et al., 1978). Thisreproductive
pattern in which larvae arrival depends on water
transportation makesthe recruitment of E. mactroidesto
be unpredictablein time and space (BemvenuTi, 1997b).
This pattern was also observed by the authors, during
long term studiesbeginning in 1996 (PELD —Project, Site
8 — Patos Lagoon Estuary, unpublished data).

Thefact that recruitment of E. mactroides had not
ocurred in the summer, only in the autumn in the present
work, asshownintheworkscarried out by Jorcin (1996),
influenced upon the macrozoobenthos densities, which
recorded lower values than those registered in the study
carried out by BemvenuTi (1987). The coincidence
between higher levelsof recruitment in time (autumn) as
well in space (stations #1 and #2), under greater
hydrodynamics, reinforce the influence of this variable
upon the distribution and abundance of the species in
the southern area of Patos L agoon estuary. In subtropical
and temperate zones, summer periods are characterized
by the settlement of new individuals into the coastal
benthic system, due to the enhancement of the
reproductive process and recruitment of
macrozoobenthos. Therefore, environmental patterns
such as salinity changes and hydrodynamic forces, that
cause recruitment variability, add a relevant aspect on
the dynamics of the benthic associations in temperate
estuarine regions.
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