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ABSTRACT

In situ application of inorganic fertilizer was used to simulate environmental eutrophication
associated with the sugar cane monoculture. Meiofauna community structure is herein used to assess
this experimental impact. Nine quadrangular areas (4m? each) were randomly defined in the
midlittoral estuarine area. Three of these areas received a high dose of sugar cane fertilizer (375 g/m?
Nitrogen-Phosphorus-Potassium), three areas received a low dose of the fertilizer (187.5 g/m?) and
the other three areas represented the control. The fertilizer was applied every week. Environmental
parameters and meiofauna were sampled using three—to-four week intervals. Six samplings were
subsequently performed maintaining this interval. Meiofauna was counted and identified to major
taxonomic groups. Meiofauna community structure varied throughout the experimental areas.
Control areas maintained their abundance values during the study period, but within the enriched
areas meiofauna abundance decreased greatly. MDS and ANOSIM analysis showed significant
variation in the meiofauna community structure among experimental areas and also along the
experimental period in the enriched areas.

REeEsumo

A aplicagdo in situ de fertilizantes inorganicos foi utilizada para simular a eutrofizacdo associada ao
cultivo da cana-de-aglicar. A estrutura da associagdo de meiofauna foi analisada com o objetivo de
avaliar este impacto. O experimento de enriquecimento do sedimento foi desenvolvido em nove areas
quadrangulares de 4m? distribuidas de forma aleatéria no mediolitoral da area estuarina. Trés areas
foram enriquecidas com alta concentragdo (375 g/m?) de NPK (Nitrogénio-Fosforo-Potassio), trés
com baixa concentragdo (187,5 g/m?) e as demais tratadas como controle. Os fertilizantes foram
aplicados semanalmente. Os parametros fisico-quimicos do sedimento e a meiofauna bentonica
foram coletados apos trés a quatro semanas da aplicagdo dos fertilizantes. Obedecendo este intervalo
foram realizadas 6 amostragens subseqiientes. As amostras foram triadas e a meiofauna contada e
identificada em nivel de grande grupo. As respostas da meiofauna variaram de acordo com a area:
enquanto a area Controle manteve sua abundancia total durante todo o experimento, as areas tratadas
apresentaram forte queda nas densidades totais. A ordenagdo MDS e a analise ANOSIM
evidenciaram mudangas significativas na estrutura da associacdo de meiofauna entre as areas e
também ao longo do experimento nas areas tratadas.

Descriptors: Estuarine Meiobenthos, Eutrophication, Sugar cane, In situ experiment
Descritores: Meiobentos estuarino, Eutrofizagdo, Cana-de-agticar, Experimento in situ

INTRODUCTION

The major external sources of the nutrients
and dissolved and particulate organic matter in coastal
waters are domestic sewage and agricultural fertilizer
input (see GRAY et al. (2002) and references therein).

In the semi-arid zone of Northeastern Brazil,
sugar cane is a significant agricultural and industrial

factor due to the historical development of the region,
as well as to the introduction of the Brazilian bio-
alcohol program (GUNKEL et al., 2006). Covering a
significant part (40.1%) of the northern coast of the
State of Pernambuco, sugar cane cultivation is the
predominant soil use in the hinterland of several cities
(CPRH, 2001). In Northeastern Brazil the demand for
N fertilization is particularly high for sugar cane (90 to
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275 kg.ha™") and much greater N and P losses are due
to this activity (26-32% for N and 6-20% for P) than
to any other. According to a study of 16 estuaries on
the Northeast Brazilian coast, agriculture was
responsible for 25% and 31%, respectively, of
anthropogenic N and P input to estuarine waters, the
contribution from natural sources being negligible
(LACERDA et al., 2008).

Eutrophication arises from an increase in
nutrient and dissolved organic matter concentrations
above natural levels, which in turn leads to a greater
production of particulate organic matter. The amounts
of organic matter produced are often too large to be
consumed and sink to the seabed along with faeces
and other particulate organic matter. The sedimenting
organic matter is degraded largely in the water
column, a process that takes up oxygen. If oxygen is
not supplied by advective and vertical mixing then
decreases in oxygen concentrations lead to hypoxia
and, in extreme cases, to anoxia (GRAY et al., 2002),
causing severe consequences within the benthic
system, including the meiofauna (HEIP, 1995).

Meiofauna is widely abundant in estuarine
sediments and was first defined as the aquatic
metazoan group retained by sieves of between 0.045
and 0.5 mm mesh (MARE, 1942). Nowadays the term
is most frequently used as a synonym of meiobentos to
include also the unicellular fauna (GIERE, 1993). The
different meiofauna groups have recently been
recognized as important components of the benthic
system since they facilitate the biomineralization of
organic matter, may be used as food by higher trophic
levels and show great sensitivity to anthropogenic
impacts (COULL, 1999). In addition to natural
variables, anthropogenic impacts including
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eutrophication, pollution and physical disturbances
exert a substantial influence on the meiofauna,
especially in coastal areas (STEYAERT et al., 1999).
According to Kennedy and Jacoby (1999), meiofauna
organisms are shown to have advantages as biological
indicators due to their sessile habit, high species
diversity, short generation time, direct benthic
development and ubiquitous distribution.
Disadvantages include their small size, high level of
spatial and temporal variability, the potential cost of
sample processing and the limited taxonomic literature
accessible to non-specialist workers.

The aim of this study is to ascertain the
response of the estuarine meiofauna assemblage to in
situ applications of the main inorganic fertilizers used
in the sugar cane monoculture.

STUDY AREA

The study area is part of the coastal estuarine
complex of the Itamaracd Island (7°46,184’S and
34°52,926°’W) on the north coast of Pernambuco State
(Brazil), about 50 km from the city of Recife (Fig. 1).
The island is separated from the continent by the Santa
Cruz Channel, connected to the Atlantic Ocean by the
Catuama Bar in the north and the Orange Bar in the
south. The Santa Cruz Channel estuarine complex is
characterized by extensive highly productive
mangrove areas with great biodiversity. As with most
estuaries, the Itamaracd ecosystem is exposed to
multiple pressures from industrial pollution, domestic
sewage discharge, urban expansion, land reclamation
and fisheries (SILVA et al. 2003), the sugar-cane
monoculture constituting the basis of various
municipalities’ economies (CPRH, 2001).

Fig.1. Localization of the Itamaracé Island and Santa Cruz Canal for study area location and arrangement of the experimental

areas (modified from Botter-Carvalho, 2007).



SANTOS ET AL.: RESPONSE OF MEIOFAUNA TO SUGAR CANE FERTILIZER 45

MATERIAL AND METHODS

Experimental work and samplings were
carried out between October 2005 and January 2006.
The experiment was performed within nine
quadrangular areas of 4m? each (replicates), 3m
equidistant, six areas being enriched weekly with the
most commonly used inorganic fertilizer in the sugar
cane monoculture of Pernambuco: the NPK TREVO
(YARA®). Thus, three of these areas received the Low
Dose - LD (750g/4m?) of fertilizer while the other
three received the High dose - HD (1500g/4m?). The
three remaining areas were maintained in natural
condition as Controls - C. Nitrogen and Phosphorous
dosages applied in the fertilization were calculated
from mean values of total-N and total-P previously
measured in the environment.

Sampling days occurred according to the
following frequency, which varied as a function of the
tides appropriate for sampling, from October 5™, 2005:
Day 0 (10/05/2005), first NPK application; Day 26
(10/31/2005), Day 43 (11/17/2005), Day 71
(12/15/2005), Day 91 (01/04/2006), Day 118
(01/31/2006). Sampling points for each area (HD, LD
and C) were previously randomly determined. All
sediment samples were stratified at two depths (strata):
0-2cm and 2-5cm.

Three replicates were sampled in each area
(High Dose, Low Dose and Control) and three pseudo-
replicates were sampled in each area for the following
environmental variables: microphytobenthic
chlorophyll-a and phaeopigments (corer area 1.13
cm?), and organic matter (corer area 16.62 cm?). A
single replicate was sampled in each area for
meiofauna (corer area 6.15 cm?) and inorganic nutrient
(corer area 16.62 cm?) analyses (total-nitrogen and
total-phosphorous) thus totalizing three units for each
treatment. A single replicate (corer area 16.62 cm?)
was also sampled in each area for sediment
composition (percentage of silt+clay) but this
parameter was analyzed only for the initial (Day 0)
and final (Day 118) samplings.

Sediment redox potential (Eh) was measured
in situ using a platinum electrode inserted deeply into
the central point of each stratum.

Microphytobenthic biomass was expressed
as chlorophyll-a concentration per unit of area (ug.cm”
2). Chlorophyll-a and phaeopigment concentrations
were determined by spectrophotometry in accordance
with Colijn and Dijkema, (1981) and calculated on the
basis of Lorenzen’s equations (1967).

Sedimentary organic matter (%) was
calculated according to the modified method of Wetzel
and Likens (1990). Sedimentary Total Nitrogen was
determined by Kjeldahl's method and Total

Phosphorus by the Mhelich method, both following
the procedure proposed by EMBRAPA (1997).

After staining with Rose Bengal, biological
samples were passed through a 0.5 mm mesh and the
animals retained on a 0.063 mm sieve were fixed in
4% Formalin (HIGGINS; THIEL, 1988). Sorting and
counting were performed under the stereomicroscope
and taxa were identified to the major taxonomic group
level.

Spatio-temporal differences in meiobenthic
community structure were evaluated using density and
relative abundance of major groups and multivariate
analyses. The Multidimensional scaling analysis
(MDS) was used to verify spatial differences among
areas (Control, Low Dose and High dose), days and
strata. Analyses of Similarity — ANOSIM - (CLARKE,
1993) were performed to test the significance of
experimental cluster configuration and detect eventual
time gradients. Relations between multivariate
components of  community  structure  and
environmental variables were assessed using the
BIOENYV routine (CLARKE; AINSWORTH, 1993).
Statistical analyses were applied according to Clarke
and Warwick (1994).

REsuLTs

The sedimentary percentage of silt-clay was
similar among treatments, with an average value for
all samples of 28.8% (Fig. 2).
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Fig. 2. Sediment silt and clay percentage at Control, Low
Dose and High Dose areas on days 0 and 118. Bars define
95% confidence intervals.

The sediment presented strongly reduced
conditions throughout the experiment. Redox potential
(Eh) always presented negative values. Results
obtained for each stratum showed more greatly
reduced conditions in the second stratum (2-5cm). The
HD area presented more negative Eh values in both
strata with a gradual increase in the reduced conditions
up to Day 118 (final experiment) (Fig. 3).
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Fig. 3. Redox potential (Eh) in the 0-2 cm (A) and 2-5 cm (B)
strata - Control, Low Dose and High Dose areas.

After one week of fertilizer application, the
LD areas presented a strong yellow-green color
(mainly diatoms) and the HD sediments already
showed a blue-green color (mainly cyanobacteria)
(ML Botter-Carvalho and PVVC Carvalho, personal
observations). In the control areas, algal patches
presented a clear brown color during the study period.
After three fertilizer applications (Day 26 sampling)
some HD areas already demonstrated signs of
decomposition with dark green coloration and gas
bubbles.

Chlorophyll-a  concentration  presented
higher wvalues at the surface (0-2cm) though with
small variations across sampling days. An increment
in the chlorophyll-a and phaeopigment concentrations
in the fertilized areas was observed on Day 91,
especially in the HD areas and in the 0-2 cm stratum
(Fig. 4) but without significant differences.
Phaeopigment concentrations were slightly lower at
the surface (0-2cm) than in the deeper (2-5 cm)
stratum (Fig. 5).

No significant differences were observed
among sampling days or strata (0-2cm and 2-5) for
organic matter. Confidence intervals were invariably
higher in the HD area (Fig. 6).

Total-N concentrations were similar for both
strata and throughout the duration of the experiment.
The HD area presented greater heterogeneity with
large standard deviations (Fig. 7).
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Fig. 4. Chlorophyll-a concentrations in the 0-2 cm (A) and 2-
5 cm (B) strata - Control, Low Dose and High Dose areas.
Bars define 95% confidence intervals.
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Fig. 5. Phacopigments concentrations in the 0-2 cm (A) and
2-5 cm (B) strata - Control, Low Dose and High Dose areas.
Bars define 95% confidence intervals.
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Fig. 6. Organic matter in the 0-2 cm (A) and 2-5 cm (B) strata
- Control, Low Dose and High Dose areas. Bars define 95%
confidence intervals.
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Fig. 7. Total-N concentrations in the 0-2 cm (A) and 2-5 cm
(B) strata - Control, Low Dose and High Dose areas. Bars
define 95% confidence intervals.

Total-P concentrations presented evident
variations linked to the fertilization process: Control
area concentrations presented no modifications while
fertilized areas presented a gradual increase in the
concentrations, this increment being more accentuated
in the HD areas for both strata (Fig. 8).
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Fig. 8. Total-P concentrations in the 0-2 cm (A) and 2-5 cm
(B) strata - Control, Low Dose and High Dose areas. Bars
define 95% confidence intervals.

The Meiofauna consisted of 9 taxonomic
groups: Nematoda, Copepoda (including Nauplii),
Ostracoda, Kinorhyncha, Polychaeta, Oligochaeta,
Foraminifera, Turbellaria and Acari. For statistical
analysis, Turbellaria and Acari were treated together
as “others” due to their low numbers and the
Copepoda was separated from the Nauplii. Nematoda
presented the highest density in all the samples as
always representing more than 70% of meiofauna.
Table 1 shows the density variations of each group for
each treatment area during the study.

Meiofauna density presented a considerable
decrease over the period of the experiment in the
sampling areas HD and LD in both strata (Fig. 9).
Despite the great differences in the meiofauna density
as between the strata, this variable shows a pattern of
variation similar for both strata throughout the
experiment. Values of meiofauna density in the HD
areas were almost 100 times lower in the final
experiment as compared to Control or to HD Day 0
(Fig. 9). Meiofauna density in LD areas also showed a
great reduction (of more than 10 times) in the final
experiment (Fig. 9).
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Table 1. Mean values of meiofaunal groups density (ind./10cm?) along the experiment period.

Day

26 43 71 91 118
C LD HD C LD HD C LD HD C LD HD C LD HD C LD HD
Nematoda 4187 8830 5492 4872 4060 706 4044 4740 1941 3882 2402 176 3090 611 79.7 5726 567 59.1
Copepoda 695 221 534 198 153 61.8 52.0 493 293 222 40.1 13.6 7.0 0.5 1.6 965 27.6 7.6
Ostracoda 328 356 369 676 151 109 787 144 44.4 285 74.8 423 541 11.9 10.3 504 217 27
Kinorhyncha 188 306 198 332 732 542 900 103 33 398 152 228 152 00 22 259 38 22
Polychacta 515 139 813 596 98 s4 737 238 163 775 119 54 105 38 22 986 190 00
Oligochacta 3.8 542 184 157 222 43 249 92 179 341 127 00 282 00 00 379 125 00
Foraminifera 217 347 396 488 8.1 125 173 49 87 168 65 LI 168 00 16 22 11 00
Nauplii 65.0 71.5 145 80.8 137 47.7 22 0.0 1.1 2.7 11.4 1.6 0.0 0.0 0.0 1.6 2.7 0.0
Others 233 28.2 19.5 17.3 22 22 0.0 0.0 1.1 233 0.5 0.0 0.0 0.0 0.0 21.1 2.2 0.0
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Fig. 9. Total Meiofauna densities in the 0-2 cm (A) and 2-5 cm (B) strata - Control, Low Dose

and High Dose areas. Bars define 95% confidence intervals.
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However, the HD areas presented a faster
decrease in the meiofauna densities than did the LD
areas, with values which were already lower on Day
26 (Fig. 9).

In the HD areas all the meiofauna groups
studied showed density decreases as early as Day 26
(Table 1). In the LD areas Nematoda and Copepoda
did not show important variations as compared to
Control until Day 71 but Ostracoda, Kinorhyncha,
Polychaeta and Foraminifera presented reduced
densities as from Day 26 (Table 1).

MDS ordination of densities (Figs 10A-C)
showed a clear separation between samples from the
0-2 cm and 2-5 cm strata in all the areas of the
experiment (C, LD and HD). Samples from the 0-2
cm stratum were slightly grouped per day for
treatments C and LD; however, they differed greatly
from their counterparts in the second stratum (2-5 cm).
When the HD area was analyzed separately samples

from the 0-2 cm stratum belonging to the end of
experiment were observed mixed with samples from
the 2-5 cm stratum belonging to the beginning of the
experiment. Thus, the MDS did not present a clear
distinction between the strata in the HD area (Fig.
100).

ANOSIM analyses presented significant
dissimilarities concerning sample distribution as
between the strata and among the days in all areas
(Table 2). Differences among days were particularly
strong in both LD and HD areas as compared to
Control (Table 2). BIOENV selected chlorophyll-a
and phaeopigment concentrations as the factors that
best structured the meiofauna community in the
Control area (rs = 0.631). Chlorophyll-a was the factor
most closely associated with the biotic patterns in the
LD areas; however, the correlation was very low (1 =
0.059). Though with a low correlation (rg = 0.222),
phaeopigment concentration and redox potential (Eh)
were the variables most closely associated with
meiofauna variation in the HD areas.
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Fig. 10. Total Meiofauna MDS ordination in each area: Control (A), Low dose (B) and High Dose (C) during experiment (0 -
Day 0, 1 - Day 26, 2 - Day 43, 3 - Day 71, 4 - Day 91, 5 - Day 118) also showing the strata (0-2 cm - circle, 2-5 cm - square).
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Table 2. Two-way crossed ANOSIM results for differences among strata and days in the Control, Low Dose and High Dose

areas.

AREAS
ANOSIM CONTROL LOW DOSE HIGH DOSE
Global R p Global R p Global R P
Strata 0.877 0.001 0.722 0.001 0.682 0.001
(0-2 cm x 2-5 cm)
Days 0.354 0.001 0.644 0.001 0.577 0.001
(0x26x43x71x91x118)

Differences among the Control, High Dose
and Low Dose areas were observed in the MDS
density ordinations performed separately for the 0-2
cm and 2-5 cm strata and total (0-5 cm) meiofauna
(Fig. 11). ANOSIM confirmed these differences as
among areas and sampling days (Table 3). Global R
values for total meiofauna and the 2-5 cm stratum

were lower than those obtained for the 0-2 cm stratum
(Table 3). This can be seen in the MDS ordination
where treatment samples are more clearly separated
from each other in the 0-2 cm stratum but seem to be
mixed, especially as regards the LD and HD samples,
in the 2-5 cm stratum and total meiofauna (Fig. 11).
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Fig. 11. Strata MDS ordination, 0-2 cm (A) and 2-5 cm (B) and 0-5 cm (C) according to Control (circle), Low Dose (gray

square) and High Dose (black triangle) areas.
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Table 3. Two-way crossed ANOSIM results for differences among areas and days in the strata (0-2 cm and 2-5 cm) and total

meiofauna.

AREAS
ANOSIM 0-2 cm 2-5 cm TOTAL
R P R P R P
Areas
(Control x Low Dose X High Dose) 0.722 0.001 0.522 0.001 0.242 0.001

Days 0.586 0.001 0.274 0.003 0.197 0.001
(0x26x43x71x91x118)
BIOENV selected chlorophyll-a,  plastic syringe. On the other hand, microphytobenthos

phaeopigment and total-P concentrations (rs = 0.497)
as the environmental factors which best explain the
meiofauna variation in the 0-2 cm stratum.
Phosphorous concentration and redox potential were
selected by the BIOENV as the environmental
parameters which best explained the community
structure in the 2-5 cm stratum (rs = 0.446) while
chlorophyll-a and redox potential (r; = 0.277) were
selected as the variables which best explain the total
meiofauna structure.

DiscussioN

Eutrophication may be defined as water
nutrient enrichment, especially by nitrogen and/or
phosphorous and organic matter, leading to an increase
in algae and superior plants, so as to cause a
disturbance in the structure, function and stability of
organisms present in the water and the quality of the
water itself (ANDERSEN et al. 2006). Nutritional
enrichment experiments are, therefore, fundamental
for eutrophication studies, to evaluate the effect of
eutrophication on the vegetal community and the
consequent animal community response.

The sediment surface coloration changes in
the areas during the experiment and sediment
examination in the laboratory indicate a great increase
in the incidence of filamentous cyanobacteria
(Microcoleus  chthonoplastes and Lyngbya  aff.
majuscula) in the fertilized areas, whereas in the
Control area diatoms predominate (ML Botter-
Carvalho, unpublished data). However, differences in
chlorophyll-a among the areas were small. Several
non-exclusive hypotheses may be listed to explain this
unusual (but see POSEY et al., 1995) result. On one
hand, the filamentous cyanobacteria observed in the
enriched area formed dense tangles in the sediment
surface which may have made sediment samplings
within dense plots difficult, especially taking into
account the very small corer used for the
microphytobenthos samplings: a 1.13cm? (1.2x5cm)

is known to present strong temporal and spatial
variation in composition and biomass, forming evident
patches on the sediment surface (AZOVSKY et al.,
2004; JANOUSEK et al, 2007; SANDULLI,
PINCKNEY, 1999). The chlorophyll-a concentration
may show significant differences among areas with
and without patches (SANTOS et al, 1995;
JANOUSEK et al.,, 2007). Great variations, both
temporal and spatial, probably determine the need for
more replication to better discriminate among the
control and treatment areas. A similar situation was
observed by Posey et al. (1995) who were unable to
discriminate  among  enrichment and control
treatments. Finally, a similar process observed by
Nilsson et al. (1991) may have occurred: they
suggested that bubbles entrapped in the mucous rich
top sediment layer in the enriching treatment may have
lifted flakes from the producing layer thereby reducing
the autotrophic biomass on their last experimental day
(Day 28). Bubbles were also seen in the HD treatment
plots as from Day 26 in our experiment.

Lyngbya  aff.  majuscula  grows  as
microscopic filaments adhering to other fibers, stones
and macroalgae, thus forming a “carpet” covering
sediments (GARCIA; JOHNSTONE, 2006). The
density increase observed for Lyngbya aff. majuscula
is related to water and marine sediment oxygen
depletion that promotes negative ecological effects and

affects the meiofauna (DENISSON et al. 1999;
GARCIA; JOHNSTONE, 2006).
The  growing increase in  total-P

concentration in the fertilized areas over the period of
the experiment and the absence of differences in the
total-N concentration during the experiment in the
same areas suggest nitrogen as a factor which limits
algal growth in the environment studied (the higher
solubility of nitrogen under field conditions cannot be
disregarded). It is not surprising, therefore, as has
already been registered by Watkinson et al. (2005), to
find the proliferation of a nitrogen-fixing organism
under potentially N-limiting conditions.
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The percentage of organic matter did not
present any clear alterations over time in any of
the experimental areas (C, LD and HD). Organic
matter results may be related to those observed
for microphytobenthos distribution seeing that
these factors are generally closely correlated.
Furthermore, the significant reduction observed for
the numbers of meiofauna (in the present study) and
macrofauna (BOTTER-CARVALHO, 2007) may
preclude the observation of increases in organic matter
due to microphytobenthic development. Garcia and
Johnstone (2006) observed that during Lyngbya
majuscula blooms in Australia the benthic fauna
presented a significant reduction in density and
suggested that the increase or maintenance of
sedimentary total nitrogen was the result of Lyngbya
biomass increases.

Eh values presented an accentuated decrease
in the HD area though not apparently related to
organic matter. The increase in the sediment reduced
conditions seems not, therefore, to be related to any
increase in organic matter degradation (by oxygen
demand), but rather to be due to a lack of oxygen
(reduction conditions). A reduction in oxygen
concentrations below L. majuscula mats has already
been suggested by Garcia and Johnstone (2006).
Moreover, variations of the redox potential were
observed by Bolam et al. (2000) for macroalgae
deposition on the sediment. Watkinson et al. (2005)
suggested that sediments may play a critical role in the
proliferation and persistence of L. majuscula blooms,
through the provision of both phosphorus and iron
under the reducing conditions created during the night,
once a threshold biomass of L. majuscula has been
attained, thus creating an environment conducive to L.
majuscula’s own survival. Data obtained from another
Pernambuco estuary (Pina Basin, Capibaribe estuarine
complex) using a gradient sampling design during an
expanding spatial development of a cyanobacteria mat
clearly indicated a significant negative correlation (r=-
0.918 p<0.05) between chlorophyll-a and redox
potential (APMC Valenca and PJP Santos,
unpublished data).

In environments with organic pollution, the
abundance of major meiofauna groups presents an
increase in some studies but a decrease in others
(COULL; CHANDLER, 1992). An increase in
meiofauna abundance has already been qualitatively
related to organic input (SCHRATZBERGER et al,
2000; DALTO et al., 2006) and to sediment redox
potential (LAMPADARIOU et al., 2005). Widbom
and Elmgren (1988) observed that only some
meiofauna groups presented a positive response to an
increase in organic input. On the other hand, according
to Heip (1995), oxygen may be a limiting factor for
infauna occupation in eutrophicated sediments;
sediment enrichment may, therefore, lead to anoxic

conditions and consequent elimination of fauna.
Sediment enrichment has already been related to
density decreases of total meiofauna and Nematoda in
several studies (MOODLEY et al. 1998; LA ROSA et
al. 2001; SANDULLI; NICOLA-GIUDICI, 1990;
GEE et al. 1985, FRASCHETTI et al. 2006;
SUTHERLAND et al. 2007). Recently, meiofauna and
Nematoda densities have been negatively related to
decreases in oxygen (TEIWES et al. 2007; HUA et al.
2006).

Meiofauna densities might increase during
initial organic enrichment (GRAY, 1992). In the
present study, meiofauna densities presented strong
reductions in fertilized areas as from Day 26 (at the
beginning of the experiment), especially in HD
areas. Such results may be related either to the high
nutrient input from each application, possibly
associated with the already eutrophicated natural
conditions in mangrove swamps that may magnify
the nutrient input, or to the time scale used.
Meiofauna  organisms are known to have
generation times on scales of from several days to a
few weeks (HEIP et al., 1982; HICKS; COULL, 1983;
SANTOS et al 1995; SOUZA-SANTOS et al., 1999),
even in temperate areas. The interval between the
initial nutrient input and the first sampling was long
enough for two or more generations to have developed
and thus for the sampling to have missed the initial
density increase.

MDS and ANOSIM analyses indicated
differences as between the strata and among the days;
this pattern was expected for the structural variation in
the meiofauna assemblage. Though weaker, the
Control area also presented variations during the
period of the experiment. Such differences are
possibly to be related to variations in the Copepoda
group and/or in the natural variability between the
strata. Generally, studies point to the sediment depth
as an important factor in infauna abundance. Moodley
et al. (1998), while studying oxygen consumption by
benthic infauna, and Sutherland et al. (2007), studying
organic enrichment in the sediment, detected the
highest benthic densities in the superficial layers. De
Jesus-Navarrete and Herrera-Gomez (2002) found the
highest Nematoda densities in the 0-2 cm stratum.
Meiofauna density variations in the experimental areas
were clearly related to chemical alterations in the
environment, led by the microphytobenthic changes
previously mentioned. The rapid meiofauna decrease
corresponded to the extreme reduced conditions in the
sediment determined by the experimental process in
the HD and LD areas. Samples presented higher
dissimilarity among days in the LD areas — a fact
related to the gradual decrease in meiofauna density —
while dissimilarity among samples in the HD area was
lower than that in the LD areas. This result is due to
the sudden decrease in meiofauna density at the first
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sampling in the HD area after fertilization.
Nevertheless, impaired species-specific  feeding
relationships (BUFFAN-DUBAU et al., 1996;

DAHMS et al. 2007; DE TROCH et al., 2005;
WICKMANS et al, 2007), due to the rapid
modification of the autotrophic community, cannot be
precluded. This last hypothesis would also explain the
different time response of the various meiofauna
groups.

Sediment redox potential was selected by
BIOENV as one of the factors structuring the
meiofauna of the HD treatment. As has previously
been mentioned, an increase in reduced conditions
does not seem to be related to the increase in the
degradation of organic matter but to result rather from
oxygen depletion due to the formation of
cyanobacteria mats, a result similar to that found by
Garcia and Jonhstone (2006), Bolam et al. (2000) and
Watkinson et al. (2005). As in the HD area, Eh values
limited the meiofauna assemblage structure in the 2-5
cm stratum. This stratum as a whole and HD samples
presented the lowest meiofauna densities due to the
low availability of oxygen, whether due to natural (2-5
cm stratum — Control area) or experimental (LD and
HD) conditions. BIOENV indicated total-P as one of
the factors that better explain the meiofauna
assemblage structure in the 0-2 cm stratum. According
to Watkinson et al. (2005) Lyngbya majuscula is
phosphorus and iron limited and thus total-P may have
had a variation pattern related to the bloom process
and its consequences. In this study phosphorus
functioned as a meiofauna assemblage modeler in the
superficial stratum.

A reduction in oxygen availability in
fertilized sediment may have been favored by the
development of cyanobacteria mats and, consequently,
modified the structure of the meiofauna assemblage,
decreasing densities of all the groups during the
experiment, with an immediate reduction in the second
stratum (2-5cm) related to the increase of reduced
conditions followed by a decrease in density in the
first stratum (0-2 cm).
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