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The present paper assessed the dynamics of the fine sediments under blue mussel aquaculture plots in the Armação
do Itapocoroy bight. This system was at former times a shelter for fishermen boats, and now become the major blue
mussel producer of Santa Catarina, presenting now several changes in its environmental characteristics. An
experiment was carried out from 13 to 27 July of 1999, when a current meter was moored fixed at a tripod, with the
sensors about 1 m above de bed. The instrument recorded current speed and direction, and particulate suspended
matter (PSM) concentration every half-hour, and data for wave analysis every 1.5 hour. The effect of currents and
waves on the bed were interpreted by the respective yield shear stress. Pairs of sediment traps were fixed to a rod and
attached to the tripod. The traps were at 0.5, 1.0 and 1.5 m above the bed. The traps were exchanged every day by
scuba diving. The content of the traps were sub-sampled, from were analyzed the potential sedimentation rate (PSR),
organic matter, carbonates, carbon, nitrogen and trace metals. The results pointed out that the wave yield shear stress
is about one order of magnitude higher than that produced by currents. The PSR agree reasonably with the wave
action, but there are some features on the PSR time series that are not clearly related. Ressuspension appears to be the
dominant process of increase of PSM concentration, and the current advection play an important role to remove fine
sediments retained under the aquaculture plots. The relationship between all analyzed variables using PCA suggest
the organic matter is diluted by ressuspension, meanwhile trace metals presented more complex relationship.
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ABSTRACT

Fine Sediment Dynamics Under Blue Mussel Aquaculture Plots in a Semi Sheltered
Bight: TheArmação do Itapocoroy, SC, Brazil

C.A.F. Schettini†; C.A. D´Aquino‡ and C.E.V. de Carvalho �

INTRODUCTION

The blue mussel aquaculture is a recent activity along the
Santa Catarina State coastline. The early undertakings were in
the beginnings of the 1990´s, growing and spreading quickly as
it was saw as an economic alternative for fishermen
communities. Most of the chosen sites to implement the activity
were nearby the fishermen colony, which are mostly semi-
sheltered bights. In spite of being a good alternative for the extra
income for the fishermen and also preserve some cultural
aspects, the intensive culture of filtering organism in low energy
environments can rise particular problems for its sustainability,
such as changes in its sedimentology.

The feeding behavior of the mussel is the filtration of the
particulate suspended matter, assimilating only those of organic
nature. There is some sort of size selection, but practically all
particles in the water are ingested, and those of inorganic nature
are expelled back to the environment together with metabolic
products. In this processes, the inorganic particles are glued
with mucus and expelled as fecal pellets, with their size order of
magnitudes larger than the ingested ones.

The particles are kept in suspension as result of a force
balance between their weight and the upward forces caused by
the flow turbulence 1975). After pass through the
organism intestines and transformed in fecal pellets, they settle
very fast as the upward forces are not enough anymore. The
majority of inorganic particles in suspension in coastal waters
are clay minerals forming aggregates in micro flocs about 10
mm of size 1986). The flocs are formed and kept as it
because the cohesiveness of the clay minerals, amplified by the
presence of dissolved organic matter (K , 1984). Despite
the flocs can reach larger sizes, the flow turbulence break them
to smaller ones again. The fecal pellets are much stronger
because the organic glue and the cohesive properties of clays,
and can last for weeks before they are disintegrated to smaller

particles again 1980). The fecal pellets can present a
hydraulic behavior similar to quartz grains, with a organic
content of 5-10% 1975), which can lead to an
enrichment of fine sediment in sand beds.
The vertical mass transfer by the settling of fecal pellets is an
important process to energy transfer to the oceanic euphotic
layer 1981). Although, in shallow seas, where the blue-
mussel aquaculture take place, such vertical fluxes can lead to
an excessive increase of organic matter and fine sediment,
causing ecological changes, sometimes positive
1980), but mostly negative , 1995; and

1995). and (1980), reported
extreme sedimentation rates about 0.7 m per year is some
French sites. During neap tide periods, with minor water
exchanges of coastal water bodies, the mineralization of the
organic matter can depletes the dissolved oxygen and produces
sulfidric gas, which can be lethal ( and , 1980;

and 1981).
The blue-mussel aquaculture begun at the Armação do

Itapocoroy Bight (Figure 1) in the early 1990´s, and rapidly
grow to be the largest producer of the Santa Catarina State and
of Brazil, with 5.000 ton.year . Despite the production is
modest compared with European and Canadian ones, it presents
great potential for growing. (1998), assessed
preliminarily the vertical mass fluxes in the bight under the
aquaculture plots and at a reference site, finding great
differences, with a potential sedimentation rate of 118 ± 65 g.m
.day under the aquaculture plots. Further assessment

following the same sampling strategy showed high temporal
variation (P and 1998), suggesting a strong
hydrodynamic control on the vertical fluxes. The objective of
this study was to assess the role of the hydrodynamic driving
agents in the sedimentation and ressuspension of fine
sediments, through the intensive monitoring of potential
sedimentation rate and oceanographic variabl
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THE STUDY SITE

The Armação do Itapocoroy bight is a small embayment
formed by an ellipitc beach limited by two rocky headlands,
oriented nearly East-West (Figure 1). The hook shape of the east
end and the adequated water depth make it a natural shelter for
fishermen boats, allowing the developmnet of a fisherment
community there at former times, which nowadays are
dedicated to blue mussel aquaculture.
The physical characteristics of water and sediment has been
subject of several studies since 1990, when the aquaculture
activity begun with support of a local university laboratory. The
bottom is dominated by fine and coarse sands, although the
content of fine materials, organic matter and carbonates has
increased. This phenomena has been attibuted to the
aquaculture activity.

The hydrodynamics of the bight is primarily driven by
regional wind patterns. The local dominant wind is from NE all
year long, but during the winter winds from SW becomes more
intense because the displacement of the wintertime cold fronts
through the region. The currents are usually of low magnitude,
with maximum values of the order of 0,20 m.s associated with
strong winds. The regional tide ranges between 0.4 to 1.2 m
during neap and spring tide periods, respectivelly, and play
small role on the currents.

Wave activity is dominated by locally generated waves of
small periods ~ 4 s from NE, although once or twice per year
occur the 'lestadas', which is intense storms that produces waves
from east with highs up to 4 m in the open shores. This waves
refract at the Vigia point and enters in the bigth with
considerable energy.

The physical characteristics of the water in the bight is
influenced by local formed coastal waters, originated of the
shelf water dillution by the Itajaí-Açu river discharge, 20 km
South. The coastal water salinity is about 33-34, and it
temperature ranges between 18 to 28 °C at Winter and Summer,
respectivelly. During periods of higher river discharge, the river
plume spreads towards northeast, and can enter in the bight. The
plume waters usually presents higher content of particulate
suspended matter, and salinity as low as 25 ,
1999).

To assess the relationships between the hydrodynamics and
the vertical mass fluxes under the blue mussel aquaculture plots,
an experiment was carried out to monitor the oceanographic
conditions and the potential sedimentation rates. The

experiment was carried out from 13 to 27 July of 1999 at the
Armação do Itapocoroy aquaculture site (Figure 1), where was
moored an acoustic current meter Falmouth 3D-ACM-
Wave® fixed at a tripod, with the sensors about 1 m above de
bed. The local water column was 5 m on average.The
instrument recorded current speed and direction every half-
hour from bursts of 120 seconds at 5.5 Hz. The instrument also
recorded by the same way the hydrostatic pressure,
conductivity, temperature and turbidity. The later was measured
with and optical backscatter sensor Seapoint , and converted to
concentration of particulated matter using a calibration curve
previously assessed and 1998). Bursts
of 10 minutes at 5.5 Hz of current speed and direction and
pressures were also recorded every 1.5-hour for wave analysis.
The bed shear stresses generated by currents were estimated by
the quadratic stress law (e.g., 1986), and by waves using
the approach described in and (1991;

)
Pairs of sediment traps were fixed to a rod and attached to the

tripod. The traps were at 0.5, 1.0 and 1.5 m above the bed
(Figure 2). The sediment traps were PVC pipes with their
bottom extremity closed. The idea is to create and rested
medium isolated from the environment hydrodynamics, which
allow the settling of the suspended particles, and keep them
there and 1995). The shape of a
sediment trap interferes on its efficiency in trapping materials,
and different designs were reported to cope with different
hydrodynamic conditions. The sediment traps used in this work
had mouth of 4 cm of diameter, with length of 25 cm, giving an
aspect ratio length/diameter of mouth about 5, which are
acceptable for moderate to low currents and

1979).
During the experiment the sediment traps were exchange

every day for empty ones by scuba diving, nearly at 16:00 hour.
During this processes the top of the traps were close with screw
caps, with care to avoid major disturbance of the settled
material. The traps were stored in a refrigerator for one-hour to
settle possible ressuspended material during the recovery. After
that, the water excess was drained and the material, about of 30-
50 ml, was transferred to a becker and complete to 300 ml with
filtered tap water. Next, using a magnetic stirrer to homogenize
the becker content, aliquots were extracted using a syringe and
stored refrigerated. The quantification of the material was
obtained filtering the aliquots in pre-weighted Whatmann
GF/F filters, and extrapolated for the total volume. Before the
filtering, the aliquots were put in a petri dish and photographed
for morphoscopic analysis. This quartering method was
previously assessed to verify its accuracy to estimate the total
content captured in a trap 1998), and allow use
different aliquots for destructive analysis. The potential
sedimentation rate , defined as the downward flux of
particulated suspended matter, was then obtained by ,
where is the total mass retained by a trap, is the trapping
area and is the time of trap deployment.

-1

th th

TM

TM

TM

(SCHETTINI

(D'AQUINO SCHETTINI,

DYER,
DEAN DALRYMPLE

D'AQUINO

(LANGE BOLTOVSKOY,

(HARGRAVE
BURNS,

(SCHETTINI,

et al.

et al.,submited

Q

M /A .DT

M A

DT

MATERIAL AND METHODS

S

T T

T T

çã
N

3 m
5 m

10 m
Vigia Point

Doca Rock

Atlantic Ocean

+

+ +
+ +++

++

++++

+

+

+++

++

+
+

+

+
+ +

+
+

+

....

............... .... ............ ........ .... ........ .... .... .....

....

... ..... ... . ... . ... . ... . ... . .... .... .... .... ... . .... .... . .. . . .. . .
.. . .
.. .

. .. .
. .. .

. .. .
. .. .

. .. .
. .. .

. .. .
. .. .. .. .. .. .... ........ .

... .
... .

1 Km

Largo Rock

Aquaculture sites

Samplimg site

+
26° 36´ S

048° 36´ W

Figure 1. The Armação do Itapocoroy bight, indicating the
sampling site.

Figure 2. Schematic representation of the mooring of the data
acquisition system with the sediment traps.
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From the aliquots were determined the organic content by
combustion of the organic matter in an oven heated at 700 C for
four hours. The total carbon and nitrogen content was analyzed
with a CHNS/O analyzer Perkin Elmer 2400 Series II®. The
samples were oxidized in a combustion column temporarily
enriched with ultra pure oxygen at 925 C. The combustion
products, a mixture of CO , NO and H O, are carried by ultra
pure helium gas to a reduction column heated at 640 C. In other

compartment, the mixture constituents are separated through a
chromatographic column and detected as function of their
thermo-conductivity.

The filters digestion methodology followed a modified
version of the procedure used by and (1994). The
filters were placed in Teflon bombs, with concentrated acids
(HNO + HF) in oven (100°C / 12h), after the digestion of the
sample; the acid was evaporated to almost dryness, and
redissolved with HNO 0,5N (20 ml). The extracts were then
analyzed by atomic emission spectrophotometry with induced
coupled plasma (ICP/AES, Varian, Liberty II) for iron (Fe),
aluminum (Al), manganese (Mn), copper (Cu), zinc (Zn),
chromium (Cr), cadmium (Cd), nickel (Ni) and led (Pb).
Analytical blanks were performed during each extraction;
standard reference sediment samples from the Buffalo River
(SRM 2704) supplied by the National Institute
of Standard and Technology (NIST) were also analyzed in order
to test the accuracy of the methodology.

The Figure 3 presents at the top the time-series of yield shear
stressess produced by currents and waves, and at the bottom the
time series of the potential sedimentation rate (PSR) at 0.5, 1.0
and 1.5 meters above the bed. The Table 1 presents the daily
averaged results of current speed, significative wave height,
currents and wave yield shear stresses, concentration of
particulate suspended matter and PSR at the three levels.

Comparing the wave and current yield shear stress, is evident
the dominance of the wave effect on the bottom sediments. The
averaged current velocity was of about 0.04 m.s , with peak of
maximum velocity of about 0.12 m.s , producing yield shear
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Table 1. Daily averaged results of current speed (cm.s ), current
yield shear stress ( , mPa), significative wave height (H ,

cm), waves yield shear stress ( , mPa), particulate suspended

matter (PSM, mg.l ), and potential sedimentation rate (kg.m
.day ) at 1.5, 1.0 and 0.5 meter above the bed.
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Currents 1/3

waves

Day Speed H PSM PSR PSR PSR
13 3.94 2.54 8.1 58 12.01 0.10 0.12 0.27
14 4.87 2.46 10.6 77 12.01 0.23 0.58 0.60
15 5.73 3.38 13.9 99 11.56 0.26 0.32 0.76
16 5.75 4.19 17.5 121 18.52 0.31 0.37 0.79
17 4.80 4.55 16.2 112 38.33 0.36 0.39 0.64
18 3.37 3.25 11.3 76 41.92 0.21 0.21 0.26
19 3.48 1.42 9.9 64 43.08 0.10 0.13 0.17
20 5.69 1.69 7.1 45 26.02 0.15 0.16 0.26
21 5.58 3.78 9.0 58 12.39 0.42 0.50 1.05
22 5.90 3.59 10.6 69 15.58 0.15 0.18 0.36
23 6.22 4.10 10.8 71 22.22 0.12 0.11 0.14
24 5.37 4.62 9.5 61 17.66 0.08 0.08 0.16
25 4.38 3.78 9.9 66 13.47 0.06 0.08 0.09
26 4.71 2.49 9.1 61 12.08 0.10 0.06 0.07
27 4.04 2.90 7.1 49 10.95 0.07 0.07 0.08
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Figure 3. (Top) Bed shear stresses produced by currents and waves and (Bottom) the temporal variation of potential sedimentation rate, in
kg.m .day , at 0.5, 1.0 and 1.5 m above the bed.-2 -1
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stresses of 0.005 Pa, with maximum of 0.05 Pa. The currentes
presented poor relationship with tidal patterns, what indicated
the dominance of winds on it. The significative wave height
during the experiment range between 0.07 and 0.25 m. Despite
relativelly small, the wave condition produced yield shear
stresses of 0.05 and 0.16 Pa, about one order of magnitude
higher than the stresses caused by currents. During the first four
days of the experiment the wave stress increased, reaching the
maximum at July 15, and decreasing after that util the
minimum wave action observed, at July 18. Two other increase
of the wave action occurred, although smaller the first one. The
instrument were recovered at July 21 to download the data, and
a period of wave and currents data were lost before this day.
Coincidently with this missing data probably occurred a peak of
wave action, as there is a coicident peak of the PSR at all levels.
This peak was not caused by contamination of the traps with
mechanical perturbation caused during the operation of
instrument recovery, because the traps were recovered before
the instrument retrival, and deployed after its installation.

The time variation of the PSR at 1 and 1.5 meter above the bed
presented similar behavior, with exception of July 14, when the
value of 1 m was similar of the value observed at 0.5 m. During
all period of the experiment the PSR at 0.5 m was higher than the
observed in the other levels. In general terms, the PSR
responded to the wave action, but the relationship between them
are not very clear. During the period of July 12 until 18 the
variation of PSR was well related with the wave action. The
wave yield shear stress increased with direct response of the
PSR, although the peak of maximum PSR occurred at July 16, a
day later than the peak of wave action. On the other hand, de
PSR at 1 and 1.5 m above the bed showed a progressive
increasing until July 17, when the PSM at 0.5 m was already
decreasing, excluding July 14, when occurred a peak of the PSR
at 1 m. The maximum PSR values at 0.5 and 1.5 m occurred at
July 21, being 1.1 and 0.4 kg.m .day , respectively, with rapid
decrease at all levels from July 22 until the end of the
experiment. At the last day, the PSR at 0.5 m increased again,
but only to 0.25 kg.m .day .

-2 -1

-2 -1

Figure 4. Photographs of the trap content. The samples identification are in the black box at the left and bottom.At the top of identification
box is the day, and the 'b' reffers to the trap at 0.5 m above the bottom. The number bellow is the potential sedimentation rate in kg.m .day .-2 -1
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The Figure 4 presents pictures of the trapped material for
differents PSR. At low energy action periods, the trapped
material is mainly fragments of fecal pellets of the order of few
milimeters. With the increase of the PSR, increase the content of
non aggregate fine materials.

The results of the organic matter, carbon, nitrogen and metal
concentration will be not detailled in this paper, however, the
principal component analysis (PCA) applied on the data
obtained at 1 m is presented in Figure 5. The PCA was
performed using the normalized data in Matlab environment
(MathWorks Inc. ). The first factor explain of about 40% of
the variance, and the second factor explain of about 18%. The
Factor 1 can be attributed to oceanographic agents such waves
and currents, which are clustered together with the PSR,
magnesioum and niquel, and inversely related to the organic
matter, carbon, nitrogen, zinc and led. The another factor can be
attributed to the MPS concentration, directed related to iron and
aluminium, and inversely to cadmium. Cupper and cromium
did not present obvious relationship with neither factor.

The Figure 6 presents the polar distribution of currents and
transport. The latter was calculated by the product of the current
speed by the MPS concentration, with the same direction of the
speed. The result is in kg.m .s . The dominant current during
the experimnet was towards north-east, of about 0.05 m.s , with
transport of the order of 0.5 x 10 kg.m .s .

The fine sediment dinamics under blue mussel plots are
subject of a variety of driven agents, where the waves and
currents are the main hydrodynamic ones, meanwhile the nature

of fine materials, filtration capacity of the organism and
epiphauna as well also play important roles. The biomass of
filtering organisms concentrated in a semi-sheltered
environment has the capability to filter a non-negligible volume
of water, which can be comparable with the turn over time of the
environments. This is observed in the Armação do Itapocoroy
bight.

The environmentar effects of intensive aquaculture have
been widely repported.Although, every coastal system presents
particular characteristics which will weight in its capability to
sustain the activity for longer periods. The results obtained
during the 15-day intensive experiment allowed us to ellaborate
a more complex picture about what occur under blue-mussel
aquaculture plots. It is very clear that currents are weak and not
produce significative sediment displacements. On the other
hand, wave action can produce yield shear stresses of one order
of magnitude higher than the currents. Both processes together
play a role to mobilize the accumulated fine sediments under the
aquaculture sites. The wave action desintegrates the fecal
pellets fragments and ressuspends the desagregated material.
The currents, by its way, do not produce yield shear stress
enough to ressuspend sediments, however, acts transporting the
material out of the aquaculture area.

The fecal pellets are formed basically by inorganic clayey
sediments glued by organic mucus after pass through the
intestines of the mussels. When the fecal pelllets are expeled,
they size about several milimeters, reaching up to 1 centimeter.
They have an alongated shape forming a symetrical double
tube. Once in the environment, they are rapidly breaked in
smaller pieces, presenting a general shape of a thick plate of
about 1 mm of length and width. This smaller pieces are
resistent enough to endure in more energetic environments.
Their resistence to disruption allow them to accumulate under
the blue mussel plots, and can be considerated a major
impactant factor for this activity. The impact caused by the
accumulation of fine sediment is not only the change in the
mean grain size of the bed, but all effects attributed to the clay
minerals, such as biogeochemical and pollutant exchanges.

Unfortunatelly there is few information about the
characteristics of the bed under the blue mussel plots before the
beginning of the activity. Nevertheless, early observations in
that region when the acitivity was still recent point out for the
dominance of coarse sand and gravel. Nowadays, is evident the
increase of fine materials, although its content varies greatly in
space and time. Patches of mud between coarse sand has been
observed by scuba dive. Though, the complex relationships
obtained by the PCA (Figure 5) would be not found in the
environment before the aquaculture activity.

Longer observations of wave, currents and particulate
suspended matter should be available to permit a more
conclusive model. Nevertheless, the results obtained showed in
the Figure 3 and 4 allow us to suppose that there is a background
PSR of about 0.08 kg.m .day . This rate is justified by the
smallest values of PSR observed, and because the content of the
traps consisted of only fecal pellets fragments. Though, values
higher than this can be attributed to PSM advection or
ressuspention. Despite the bight can be influenced by the Itajaí-
Açu river plume, when the later is observed in the region its
PSM concentration is quite low, not enough to generated the
PSR values observed. Also, advective processes would be
associated with an homogeneous distribution in the water
column, and similar values of PSM would be found at the three
levels. These facts suggest that the majority of the PSR
subtracted by the background value can be attributed to local
ressuspention.

Considering the ressuspention hypothesis, there is no doubt it
is cause by wave action, and even smal wave height can produce
enougth yield shear to ressuspend materials, and short events
can produce very high values of PSR. Lag effects are clear
during the period of July 15 to 17, when the PSR at 1 and 1.5
meter levels increased linearly, meanwhile the PSR at 0.5 meter
stand and start to decrease, responding more directly to the
wave yield shear stress. The lag effects point out for that when
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the wave action acts for longer periods, allow the currents play
its role transporting the material. This was not observed in the
second ressuspension event, because it last shorlty, not allowing
to keep a sediment population moving to cause its gradual
settling associated with absence of local advection.

Local advection may be particularly important at the
sampling station. It was located at the north extremity of the
main aquaculture cluster. The Figure 6 shows that the dominant
currents during the experiment was to north-east, as the same
for the residual PSM transport. Though, if wave action last for a
while and currents play its role, the station was more suceptible
to receive the ressuspeded materials coming from south-west.
This observation also point out for the cleaning effect of the
associated wave-current action, as it indicates the outcoming
sediment flux form the region under the blue mussel plots.

The averaged horizontal transport was 84 kg.m .day , and
the averaged vertical transport was 0.26 kg.m .day downward.
Considering the ressuspention hypothesis and excluding the
background PSR, it is 0.18 kg.m .day upward. At first sight,
appears that there is a great discrepancy between the values,
which may be explained by the different methods of
observation. Although, the difference can also be attibuted to
the diferent time-scales of the vertical and horizontal transport.
The uplift of particles against the weight, despite unkown, is
order of magnitudes smaller than the averaged drift currents, of
0.05 m.s .

The blue mussel aquaculture is an activity that has grown
quickily during the last decades along the Santa Catarina coast.
Because its newelty, there are few managing tools regarding the
environmnet.

This study assessed the dynamics of fine sediments
accumulated under the blue mussel plots, with a 15-day
intensive experiment. The main findings, rather expectd,
indicated that the waves are the main agent to desintegrate the
fecal pellets fragments and ressuspend the materials,
meanwhile the currents are reponsable for removing these
materials from the aquaculture site. The results indicated that
there is background potential sedimentation rate of 0.08 kg.m
.day , although it may be different considering other plot

density and organism size. The local advection of ressuspended
material is order of magnitudes higher than the vertical particle
uplift, and is an indicative of the cleanning rate of the
aquaculture site.

The changes caused in the aquaculture sites goes beyond the
changes in the grain size distribution. Complex interactions
were explicit by the PCA results. In general terms, organic
matter, carbon and nitrogen are dilluted by ressuspension. Some
trace metals are directly related and other are inversely related
with PSR. Further dettailed analysis must clear these
relationships.

: 507-514.
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