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Low-cost tool to reduce biofouling in oyster longline culture
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1. Introduction

Aquaculture in eutrophic waters can result in the development
of large biomass of sessile filtering organisms, e.g., mussels
(Mytilus galloprovincialis) and oysters (Ostrea edulis and Crassostrea

gigas), which may be directly utilized for human consumption.
This allows the utilization of a large amount of energy (e.g.,
phytoplankton, zooplankton and suspended organic matter) not
fully recycled by the marine ecosystem.

Throughout the world, the landings of mollusc species of
commercial importance from aquaculture activities are high.
Italian oyster production, less than 500 t/year (Prioli, 2001), does
not satisfy internal market requirements, estimated at 5–10,000 t/
year. It is very difficult to identify the reasons for the lack of
development in the oyster culture industry, however biofouling
represents one of the main problems for the mollusc longline
systems.

Many species of invertebrates (e.g., mollusca crustaceans,
annelids, cnidarians) can produce planktonic or free swimming
larvae carried by tides, currents and waves. The larvae at a certain
point of their life cycle are able to settle on some suitable surface
and grow onto their next stage of development. In the case of
molluscan aquaculture, biofouling affects both the structure of the
sea culture system and the breeding species (Enright, 1993;
Lodeiros and Himmelman, 1996; Ross et al., 2004). If the
abundance of these organisms becomes too high, there is
competition for space and food between the cultivated shellfish
and the biofouling species, which can reduce the growth of the
oysters. Moreover, the weight of biofouling could increase the
weight of the shellfish culture system, which can cause damage
and loss of product and increase costs for maintenance of the
underwater structures.

Juvenile oysters, clams, scallops or mussels put out in the spring
or early summer for nursery rearing can be particularly vulnerable
to the settlement of fouling organism. Furthermore, there are other
organisms in the marine environment that specifically target
shellfish for food as predators or as parasites.

Longlines are widely used, highly productive and efficient,
flexible enough to handle a variety of shellfish species and various
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A B S T R A C T

In oyster longline aquaculture, biofouling leads to additional labour demands in order to clean the oyster

containers and therefore an increase in time and costs for the maintenance of the longline system. To deal

with these problems a low-cost prototype tool, named Wave-Brush, was developed, patented and tested

for a short period of time on longlines positioned in an area of the Central Adriatic Sea protected by an

artificial reef.

The tool is mounted outside the traditional stack of oyster containers. Under the effect of sea currents

and waves, it can freely and independently move around the external surface of the stackable containers.

This results in the effective removal of biofouling without influencing the water flow inside the oyster

trays. This device is applicable to many different types of underwater structure where a reduction of

biofouling is required.

Growth of the Pacific oyster spat, Crassostrea gigas (Thunberg, 1793), was studied over seven months.

The oysters were cultured both in the traditional stacks and those treated by Wave-Brush.

To test the effect of the Wave-Brush treatment on biomass of fouling taxa, a mixed-model

permutational multivariate analysis of variance (PERMANOVA) was carried out. All test results from

PERMANOVA analyses indicated unambiguously that faunal fouling assemblages on experimental

containers were dissimilar to traditional ones even after few months. The Wave-Brush tool proved to be

an easy, inexpensive and useful tool to improve performance and allow oyster culture in eutrophic

waters. In particular, Wave-Brush substantially reduced the biofouling and mussel settlement on the

oyster containers.
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grow-out and harvest methods. Longlines are also used worldwide
to grow a wide variety of species, ranging from scallops to
seaweed.

The main aim of the present study was to develop a low-cost
technology for the reduction of biofouling in the longline oyster
culture system and diversifying the existing monospecific mussel
culture in the Adriatic sea. The most important step is managing
fouling early in the culture cycle when the shellfish are more
vulnerable. This might involve a monitoring plan and practices that
include correct setting time. Starting with good spat quality, and

maintaining a high growth-rate production system from nursery to
grow-out is essential. In intertidal areas it is sometimes possible to
prevent the predation and fouling problems by daily exposure to
air: starfish and crabs cannot tolerate drying. In deep water oyster
culture systems the containers are regularly pulled up in order to
manually remove the biofouling.

Another way out consists of dipping the stock in a solution (e.g.,
fresh water, saturated saline solution or lime solution), which kills
the fouling organisms without having a negative effect on the
shellfish stock (Hidu et al., 1981; Enright et al., 1983). Finally, it

Fig. 1. Technical characteristics of the Wave-Brush system and the traditional oyster containers.
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may be possible to spray chemicals on the culture container
surfaces to avoid fouling and predation (Davies and Paul, 1986;
Paul and Davies, 1986). However, this may cause problems for the
stock and is probably an unsuitable solution for shellfish culture. It
should be noted that all of the above-mentioned solutions would
lead to economic losses in terms of time and maintenance work.

To deal with these problems, in the current work, a prototype
tool named Wave-Brush was developed and tested at sea for a
short period of time. No other type of mechanical cleaning tools
have been tested earlier, hence Way-Brush may represents an
innovation in its field.

2. Materials and methods

2.1. Oyster containers and Wave-brush

This study was undertaken to analyze the effect of mounting an
experimental frame structure outside traditional oyster containers
on reducing biofouling in the oyster longline. The traditional stacks
of oyster containers are comprised of five stackable plastic trays,
commonly used in the Italian longline oyster cultures (Fig. 1). The
trays are round and made of rigid plastic divided into five
compartments. Trays measure 60 cm diameter by 12 cm high, with
a surface area of 0.188 m2 per tray (Fig. 1). The lateral surfaces of
the stacked trays have vertical openings, while the horizontal
surfaces have square openings to allow free inflow of water. The
frame of the Wave-Brush consisted of two PVC hoops, having a
diameter of 62 cm, mounted at the level of the topmost and
bottommost trays, with six polyethylene (PE) ropes joining the
hoops (Fig. 1). All the structure is free and independent from the
stack of containers and, under the effect of currents and waves, the
ropes can move around the stack (Fig. 1).

2.2. Experimental phase

A total of four different longlines, two with traditional stacks of
containers and two with Wave-Brush structures (experimental),
were tested at sea from 23/03/07 to 29/10/07. The longlines were
positioned at about 6 m of depth in an area of the Central Adriatic
Sea protected by an artificial reef.

A total of five stacks were suspended from each longline, fixed
at approximately 4 m above the bottom. The artificial reef is
located approximately 0.5 miles from the coast, in the Portonovo
Bay (Ancona, Italy) at a depth of about 10 m on a sand-rocky
bottom.

The Pacific oyster spat (C. gigas) from nursery were placed
inside the trays in March 2007, when the cold winter temperature
of water (about 6 8C) was changing towards warmer spring
conditions. Monthly sampling of the four longlines was performed.
Two traditional and two experimental containers were collected to
measure the shell length (SL, maximum length of the valve to the
nearest 0.1 mm below) and the individual weight (Wt, measured to
the nearest 0.1 g below) of all oysters. The oysters were than
repositioned in the trays once they were measured.

At the end of the experiment, analysis of the biofouling, in terms
of species composition and biomass of the main species were
carried out. The fouling species collected on the internal and
external surfaces of the containers were identified to lowest
possible taxon, enumerated and weighed.

2.3. Data analysis

Principal Component Analysis (PCA) was used to select the taxa
(Table 1) which contributed most to explaining overall differences
in taxa biomass (e.g., Johnson and Wichern, 1998; Khattree and

Naik, 2000). The dataset covariance matrix was analyzed with PCA,
non-rotated factors explaining a reasonable percentage of the
overall variation (typically >90%) identified, and taxa with greater
factor loadings (non-standardized values >1) were selected
(Walters and Coen, 2006).

Changes in faunal fouling composition on traditional and
treated containers were analyzed using the taxa biomass approach
of Multivariate Analysis of Variance (MANOVA), (SPSS, 1999). Data
characteristics and model assumptions were first examined, the
appropriate ln (x + 1) transformation were selected and applied to
the raw data for the reported analyses and results.

Differences in faunal fouling compositional similarity on
traditional and experimental stacks of containers were analyzed
using PERMANOVA of PRIMER v6 (Clarke and Warwick, 2001;
Anderson, 2001, 2005; McArdle and Anderson, 2001). PERMA-
NOVA relies on comparing the observed value of a test statistic
(pseudo F-ratio) against a recalculated test statistic generated from
random re-ordering (permutation) of the data (Anderson, 2001).
The stated advantage of the permutation approach is that the
resulting test is ‘‘distribution free’’ and not constrained by many of
the typical assumptions of parametric statistics.

The PERMANOVA approach for taxa by sample data begins by
calculating a similarity or distance matrix. The Bray–Curtis
dissimilarity index was used for all analyses, and all p-values
were calculated using 9999 permutations of the residuals under a
reduced model (Anderson, 2001). Differences between traditional
and experimental stack were graphically examined in more detail
using an analysis of Principal Coordinates (PCO) (Gower, 1966;
Anderson and Willis, 2003).

2.4. Video analysis of biofouling

The external surfaces of four stacks (two traditional and two
experimental), colonized by encrusted biofouling, were randomly
sampled by each longlines and evaluated using the video analysis
software (Image Pro Plus, 2005). The software allows spatial
measurement operations in terms of number of screen pixels.
Images of the external surfaces were previously processed in order
to make it more useful. The pre-processing procedure allowed the

Table 1
Taxa of fouling sampled during the current study

Code Scientific name TR WB

alp Alpheus macrocheles X X

ana Anadara demirii X

ano Anomia ephippium X

asc Ascidiaceae X X

ath Athanas nitescens X X

bot Botryllus schlosseri X X

bri Briozoa X X

cla Clamys varia X X

cor Corophium acherusicum X X

hex Hexaplex trunculus X X

lim Lima exilis X X

mac Macropodia rostrata X

mod Modiolarca subpicta X X

myt Mytilus galloprovincialis X X

ner Nereide X X

oph Ophiotrix fragilis X

pap Paphia aurea X

par Parablennius sanguinolentus X X

pil Pilumnus hirtellus X X

piu Pilumnus spinifer X

pis Pisidia longimana X X

pol Polycladida X X

ser Serpulidae X X

Identification code used and correspondent scientific name, presence in the

traditional (TR) and experimental (WB) stacks of containers indicated.
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removal of all image traces except the biofouling components of
the image so that the software was able to automatically evaluate
the percentage of the total external surface covered by biofouling.

3. Results

3.1. Oyster growth

The total amount of oyster spat was estimated at around 14,000
specimens. Oyster culture success strongly depends on the quality
and time setting of the seeds (Cano and Rocamora, 2004). In the
present project the starting mean size and weight of the spat were

14.3 � 2.7 mm and 0.3 � 0.1 g respectively. After seven months the
oysters of the traditional stacks reached a mean size and weight of
62.4 mm and 25.6 g respectively, while those cultured in the
experimental stacks attained 60.7 mm and 26.0 g.

Absolute values of growth from the curves of Fig. 2 provide a
reasonable estimate of relative growth rates. Growth curves
obtained for each type of containers were compared by General
Linear Model (GLM) and no significant differences (p = 0.799) in
the growth curves were found (F0.05(1, 18) = 0.067). Mean shell
length–weight relationships were calculated for each type of
stacks of containers using whole (live) weight and maximum shell
length of oysters. Plots of the data and equations of best fit for each
type of stacks and pooled data are shown in Fig. 2.

3.2. Biofouling analysis

No evident biofouling component was observed on the surface
of trays during the first month of study. From May some pioneer
species of tunicates, mussels and amphipod crustaceans (Cor-

ophium acherusicum), which competed with oysters for space and
resources, appeared mainly in the traditional stacks of containers.

In August the presence of tunicates and mussels was very
high in the traditional stacks. Moreover the highest sea-water
temperatures (more than 26.5 8C) favoured some opportunist
species, such as Plathelminthes Polycladida and ascidians
(Botryllus schlosseri). Table 1 refers to the fouling taxa collected
for both the stacks. It was noted that 23 taxa were found in the
traditional stacks while only 17 were observed on the stacks
treated by Wave-Brush.

Fig. 2. Shell length (SL)-live weight (Wt) data and Regression models for

traditional (TR), experimental (WB, treated by Wave-Brush tool) containers and

pooled data (PD).

Fig. 3. Principal Component Analysis (PCA) with the main taxa of the faunal fouling composition employed. The selected taxa (dashed rows) are those that contributed most to

explaining overall differences in taxa biomass with greater factor loadings (non-standardized values >1). Taxa Abbreviations identifying fouling taxa as in Table 1. TR:

traditional and WB: experimental stack of containers.

Table 2
MANOVA analysis: tests of between subjects effects

Effect Dependent variable Abundance TR/WB F Significant values

TR WB

Mean CV Mean CV

Stack Ascidiaceae 368.77 2.0% 824.13 2.8% 0.45 66.834 0.000**

Lima exilis 42.59 4.2% 25.77 5.4% 1.65 21.153 0.002**

Clamys varia 32.03 4.7% 50.94 6.2% 0.63 11.829 0.009**

Anadara demirii 1.06 8.8% – – – 650.242 0.000**

Mytilus galloprovincialis 3259.97 1.7% 317.91 3.6% 10.25 436.732 0.000**

Pilumnus hirtellus 10.24 6.9% 37.78 5.4% 0.27 114.472 0.000*

Alpheus macrocheles – – 0.91 16.0% – 195.066 0.000**

Mean abundance (number of specimens) and coefficient of variation (CV) reported for the traditional (TR) and experimental (WB) stacks of containers indicated.
* 0.01 < Significant values < 0.05.
** Significant values < 0.01.
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Use of PCA appreciably reduced the number of taxa considered
in compositional analysis of fouling taxa (53% reduction). The first
two axes explained 99.7% of the overall variation. The inclusion of
the 3rd axis did not alter taxa selection (Fig. 3). Significant
differences (p < 0.001) in taxa composition between oyster
containers were indicated by the MANOVA analyses.

Traditional and experimental stacks differed significantly as
regards all selected taxa (MANOVA, p < 0.001, Table 2), the
biomass of three taxa (Ascidiaceae, Chlamys varia, Pilumnus

hirtellus) being lower in traditional stacks while four others were
significantly higher (Lima exilis, M. galloprovincialis, Anadara

demirii, Alpheus macrocheles). Among them, M. galloprovincialis

represented the most abundant taxa, accounting for approximately
90% of the fouling biomass in the traditional containers.

As regards the compositional differences between containers,
there were significant differences in fouling communities between

the two containers as evidenced by the PERMANOVA results
(p < 0.001, Table 3). The influence of the Wave-Brush treatment on
the fouling biomass is more clearly seen in the scattergram based
on the first two axes of the PCO (Fig. 4).

At the end of the experiment, the accumulation and deposition
of living organisms on the surface of traditional stacks became very
consistent. In particular, mean fouling coverage of 64% and 4% were
estimated by Video analysis for the external surfaces pictures of
the traditional and experimental stacks respectively (Fig. 5).

Table 3
Mixed-model permutational multivariate analysis of variance (PERMANOVA) on

the basis of Bray–Curtis dissimilarities carried out for comparing faunal fouling

composition among levels of the factor Stack, considering 10 plots (n = 5 per class)

Source df SS MS Pseudo-F P(perm) Unique

perms

P(MC)

Stack 1 461.11 461.11 119.75 0.0091 126 0.0001**

Residual 8 30.81 3.85

Total 9 491.92

Data were transformed to ln (x + 1); no standardization.

Fig. 4. Principal coordinates (PCO) ordination on the basis of Bray–Curtis

dissimilarities carried out for comparing total biomass for seven selected species

among traditional and experimental stack of containers. Percentage variabilities

explained by the principal coordinate axes are given on the plot. The results of using

cluster analysis prior to PCO are reported in the graph. Taxa abbreviations

identifying fouling taxa as in Table 1. TR: traditional and WB: experimental stacks.

Fig. 5. From top to bottom: details of the external surface of the oyster stacks of containers at the end of the experiment (October, 2007). Images processed by Video analysis

software for the identification of the biofouling coverage in the experimental oyster stack treated by Wave-Brush (WB) and in the traditional stack (TR).
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4. Discussion and conclusions

In the current study a low-cost tool, named Wave-Brush was
developed to reduce the biofouling in oyster culture. It was tested
at sea for a short period of time. The frame structure mounted
outside traditional oyster stacks of containers proved to be an easy,
inexpensive and highly effective in mechanically removing
biofouling without influencing the water inflow. Wave-Brush
improved the performance of oyster culture in warm eutrophic
waters and substantially reduced the biofouling and mussel
settlement on the oyster containers.

This would imply additional operations for the maintenance of
traditional longlines, increasing time and costs. Furthermore, the
whole traditional structures were made heavier by the accumula-
tion of fouling with the risk of loosing the stacks during rough sea
conditions.

A strong reduction of mussel settlement in the experimental
stacks was observed. The mussels compete against oysters for
space and resources so it is possible to expect that in the long term
the experimental structure should positively influence the growth
rate of oysters.

Both the traditional and experimental stacks exhibited the
same oyster growth rate, which was probably due to the short
length of the experiment. Probably, in the longer term, the water
inflow in the traditional stacks would have been lower due to the
larger quantity of benthic biomass settled on the stack surfaces and
the oysters could receive a lower amount of particulate organic
matter and oxygen with negative consequences on the growth.

The experimental structure represents an easy, inexpensive and
useful tool to diversify the typically monospecific mussel longline
culture and to improve performance of traditional longlines. Every
two months, the traditional stacks are usually pulled up, stacks
taken apart, oysters put through a hand or mechanical grading
process, stacks restocked, rebuilt manually de-fouled before
returning to the sea.

The cleaning mechanical principle of Wave-Brush can be
applicable to many different types of underwater structures were
biofouling is a problem. We would expect these conclusions to stir
up great interest in the oyster sector, as this culture has only been
introduced on a limited basis (Pellizzato et al., 2005) on the Venice
lagoon.
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