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Abstract

Biofouling refers to accumulation of organisms on
submerged surfaces. In case of open water cage
culture, fouling organisms attached to cage nets
block water flow and reduces waste removal
resulting in increased stress levels on stocked fishes
and reduces the rate of intake of feed and growth.
It also increases weight of the nets leading to its
damage. The quantity and diversity of biofouling
organisms and their effects on the growth and
survival of stocked fishes were studied. The study
was conducted at Moothakunnam, Ernakulam, Kerala.
In the present investigation the data is of one culture
period (10 months February - November 2017). The
water quality parameters observed are: temperature
(24.1°C to 31.7°C), Ph (6.81-7.87), salinity (0-29),
light penetration (31.8 cm to 162.475 cm), DO (4.94-
10.528 mg L), nitrate (0.016-4.521 mg L), nitrite
(0 to 0.954 mg L7), orthophosphate (0.011-0.771
mg L) and ammonia (0 to 0.031 mg L!). Biofouling
was found initiated with filamentous algae followed
by molluscs dominated by modiolus and other
invertebrate organisms. Majority of the fouling
organisms observed were molluscs and filamentous
algae. Biofouling was highest in areas near the water
surface and found reduced with depth. Almost
44.44% of the total net area was affected by
biofouling. The total weight of the attachment with
net was 3354.88 kg. Macrobiofoulers itself shared a
total weight of 658.56 kg and modiolus (90.53%)
alone contributed 588.8 kg. Apart from these
associated animals like Arthropods, Annelids etc.
were also found. Infestation was found increased
with salinity and peaked during April-May (29 psu).
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Introduction

Biofouling is the accumulation of living organisms
on submerged surfaces by adhesion and its further
growth and reproduction. Biofouling is a problem
in finfish cage aquaculture world wide. In cage
farming, biofoulers can cause degradation of cage
accessories such as cage frame, nets, barrels, ballast
and ropes. The growth of fouling organisms on the
nets restricts water exchange by net occlusion. The
open waters where net cages located are highly
favourable for rapid fouling development. The
reasons for this rapid fouling are increased nutrients
and organic loads inside the cages from feed wastes
and fish excretion. These make the system condu-
cive for the growth of filamentous algae (Ruokolahti,
1988, Madin et al., 2010). The growth of the
filamentous algae along with the suspended mud on
it atracts other biofoulers and finally forms thick
beds on the net. These communities compete with
the cultured fishes for food, space and oxygen. The
accumulation of excess feed and waste is another
problem which leads to poor water quality and fish
growth and sometimes it may cause mortality of the
farmed stock. Apart from these, the fouling commu-
nities act as reservoirs for pathogenic microorgan-
isms and increase the risk of diseases in farmed
fishes (Alagarswami & Chellam, 1976; Pit &
Southgate, 2003; Kripa et al., 2012).

Braithwaite & McEvoy (2005); de Nys & Guenther
(2009); Durr & Watson (2010) and Fitridge et al.
(2012) reported in their studies that the develop-
ment of biofouling communities may be influenced
by factors such as seasonality, succession, depth,
physical and chemical water properties, hydrody-
namic conditions and substrate orientation and
material. Stress level of fishes increases due to the
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reduction in dissolved oxygen levels if there is
excess fouling. As a result of this, immunity of caged
fish get lowered and it increases the vulnerability
to diseases (Fitridge et al., 2012). The occlusion and
increased weight of the net imposed by fouling
cause cage deformation and structural fatigue and
it negatively influences cage structure and stability.
The aims of this study are to assess (1) the seasonal
diversity and quantification of macrobiofoulers and
(2) assessment of biofouling and associated prob-
lems.

Materials and Methods

The site selected for this study is the cages moored
in the estuarine delta formed by the Periyar River
at Moothakunnam (N10°11.478'E076°11.901"+4m), a
coastal village in Vadakkekkara panchayat, Ernakulam,
Kerala. In cage fish farming biofouling on nets and
other structures of cage is the major problem in this
area during summer season (high saline phases).
The present study was conducted in where 3 GI
cages stocked with Asian Seabass (Lates calcarifer)
and Pearl spots in a fish farm. Samples were
collected every month (from February 2017 to
December 2017) for water quality analysis and
assessment of biofouling on net.

The study was conducted since February 2017 at
Moothakunnam where Sea bass culture is progressing
in three cages (8 x 4 m). The study started
immediately after the stocking of fishes in the cages.
The depth of site varied from 4-5 m depending on
tides and cages were moored approximately 4 m
depth at low tide. Water samples were collected
from both cage site (inside the net) and reference site
(5 m away from the cage site).

Water quality parameters such as temperature,
salinity and pH of the culture site were tested in situ
using digital thermometer, hand refractometer and
pH meter, respectively, from the -culture site
monthly. Water transparency (light penetration) was
measured using standard secchi disc. Orthophos-
phate, nitrite, nitrate and ammonia were estimated
by standard spectrophotometric methods by follow-
ing APHA, 2005. Dissolved Oxygen content was
determined using Winkler’s titrimetric method.

In order to study the biofouling intensity, monthly
samples were collected from four randomly selected
areas (50 cm? area) of all the four panels of the net.
Samples were collected every month from 10% area
of the net. For collecting biofoulers from different
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depths (1 m each) the net was marked with ropes.
The total collected samples were brought to the
laboratory and weighed. The fouling organisms
were sorted and washed with sterile water. Total and
individual weights of sorted biofoulers were taken
separately. The fouling organisms were preserved in
5% formaldehyde solution for further identification
and studies.

Percentage of affected net area =

Area of net affected by biofouling x 100

Total area of the net

Results and Discussion

The observations revealed that the physico-chemical
parameters of water inside the cages were higher
than those at the outside control site except
temperature, salinity, pH, transparency and nitrate.
Statistical analysis of the results indicated that there
were significant differences in parameters (p<0.05)
like ammonia, orthophosphate and nitrite between
reference site and cage site. Beveridge (1984); Philips
et al. (1985); Wisniewski & Planter (1987); Stirling
& Dey (1990); Pitta et al. (1999) reported that during
cage farming nutrient levels, turbidity and organic
matter in water inside the cages as well as in the
bottom sediments increased whereas light penetra-
tion, dissolved oxygen levels and pH levels de-
creased. The observations from the present study
revealed that there were only seasonal fluctuations
in the case of water temperature, salinity and pH;
and the parameters were found similar in the
reference site as well as cage site. Water tempera-
tures in both sites were same as the cage was in the
open water systems where there was continuous
water flow (Fig. 1a). Salinity was the highest during
summer and became zero in monsoon due to influx
of rain water in both the sites (Fig. 1b). In monsoon
the pH was close to neutral due to the addition of
large quantity of rain water and it was slightly
alkaline during the summer months (Fig. 1c). Cornel
& Whoriskey (1993) also made a similar observation.
On the contrary Beveridge (1984); Pitta et al. (1999)
reported drop in pH in fish cage culture because of
waste deposits. However, in the present study no
such pH drop was observed which may be due to
the sufficient water flow. Transparency of the water
at the reference site and cage site was high during
summer season and low during rainy season (Fig.
1d). The main reason for the reduction of the
transparency was the presence of dissolved and
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suspended organic and inorganic matters during
monsoon. Triyuang et al. (2009) also reported
similar observations.
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Fig. 1. Graphs showing the physico- chemical param-
eters of water in Reference site and Cage site
during February to December; a. Temperature, b.
Salinity, c¢. pH, d. Transparency, e. Dissolved
Oxygen, f. Ammonia, g. Nitrite, h. Nitrate, i.
Orthophosphate.

Mrcelic & Sliskovic (2010); Cornel & Whoriskey
(1993) observed that there was low oxygen content
in water inside the cages due to the oxygen
consumption by fish. They emphasized that the
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depletion of oxygen was associated with higher
summer temperature and reduced water exchange.
Low DO level in aquaculture systems is the major
water quality parameter that affects the growth
negatively. Similary in the present study the
dissolved oxygen (DO) levels varied at cage and
control sites (Fig. 1e). The DO levels in both sites
were found to be high during summer which may
be due to the high productivity due to increased
phytoplankton (Krishnamurthy, 1990 and Patil et al.,
2012). Aarsnes et al. (1990); Madin et al. (2009 &
2010) reported that biofouling reduced the water
exchange resulting in reduction of supply of
dissolved oxygen to the caged fishes. In the present
study high rate of biofouling was observed from the
month of March to May. DO level in cage site during
this time was slightly lower than the reference site
but not statistically significant. It is observed that
good mixing, water exchange and flushing by
proper currents, tides and wind are required to
maintain DO. Even though the fouling intensity was
high, there was no drastic depletion in the DO
levels. This may be due to the availability of proper
currents and water flow at the site.

Values of ammonia, nitrite, nitrate and orthophos-
phate varied in both sites and with months.
Ammonia levels in cage and control site differed
statistically (p<0.05) with a range of 0 to 0.031 mg
L' and 0 to 0.029 mg L respectively (Fig. 1f). It
might be from the excess feed as well as faecal waste
of the fishes in the cages. Nitrite level ranged
between 0 to 0.954 mg L in cage site and in
reference site it was 0 mg L' to 0.183 mg L! which
was statistically significant (p<0.05) (Fig. 1g). The
nitrate levels in cage and reference site were found
almost similar throughout the culture period (Fig.
1h). Orthophosphate concentration in the cage site
(0.011-0.771 mg L') was higher than in the reference
site (0.01-0.11 mg L"), and the p-value indicated that
the difference was significant (p<0.05) (Fig. 1i).
Phillips et al. (1985); Stirling & Dey (1990); Pitta et
al. (1999); Demir et al. (2001) have made similar
observations and reported that nutrient levels might
be increased by fish cage culture depending on the
site and size of farms, water exchange rates and
other characteristics of the water body. Whereas,
similar levels of ammonia, nitrate and orthophos-
phate in both cage and control sites were reported
by Cornel & Whoriskey (1993).

Madin et al. (2009 & 2010) conducted a study on
macrofouling assemblages and found that it can
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reduce water flow through the net and affect oxygen
supply as well as waste removal. Aarsnes et al.
(1990) and Loland (1993) in their studies found that
biofouling occludes the openings of pen or cage nets
causes’ serious oxygen and water quality problems
which lead to the death of fishes. Apart from them
Beveridge (2001); Cornel & Whoriskey (1993);
Clottery et al. (2016) have reported that fish cage
culture systems chiefly make use the artificial feed
and the wastes comprise uneaten food, fish wastes
(urine and faeces) as well as chemicals, microorgan-
isms, parasites and feral animals associated with it
become important sources of organic matter and
nutrient enrichment in the water and sediments.

Biofouling on cages is a serious problem in cage
farms of Moothakunnam area as it is very nearer to
the sea and the long high saline phase prevailing in
that area. In the present study biofouling started
exactly after one month of culture and it became
noticeable after 45-50 days. Succession of commu-
nities initiated with filamentous algae followed by
molluscs, mainly modiolus and other invertebrate
organisms. Heavy attachment of these organisms
lead to settlement of large quantity of mud in
between and finally formed a thick bed-like
structure on the nets preventing the water flow
through the nets resulting in poor water quality and
increased net weight (Fig. 2). Braithwaite & McEvoy
(2005) reported that the development of biofouling
communities may be influenced by the factors such
as seasonality, succession, depth, physical and
chemical water properties, hydrodynamic condi-
tions and substrate orientation and material. Shan
et al. (2011) observed that within minutes of
immersion, a surface becomes ‘conditioned” through
the adsorption of macromolecules such as proteins
present in the water. Bacteria colonize within hours
followed by unicellular algae, protozoa and fungi.
These early colonizers form a biofilm, which is an
assemblage of attached organisms that is often
referred to as micro-fouling or slime. Finally, a layer
of macro-fouling organisms colonises on the surface
consisting of larger algae such as brown and green
algae or seaweed, and invertebrates such as bar-
nacles, mussels, ascidians and hydroids. de Nys &
Guenther (2009); Durr & Watson (2010) and Fitridge
et al. (2012) also reported that biofouling seriously
affects the cage culture by reducing water flow
through the nets.

The present study showed that biofouling increased
with salinity and peaked at 29 psu which was the
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Fig. 2. Biofouling on cage net after 3 months of fish
culturing

maximum salinity observed. During summer season
decreased water movement, along with increased
salinity accelerated the biofouling. 44.5% of the total
net area was found affected by biofouling increasing
the total weight of net from 33.56 kg to 3354.88 Kg
(100 times increase) at the peak fouling time.
Macrobiofoulers altogether contributed a total weight
of 658.56 Kg (19.63%) (Fig. 3). A total of 6 groups
of macro-fouling organisms (mainly from 3 phyla)
and filamentous algae were identified on the cage
nets. Dominant fouling organisms included filamen-
tous algae, Molluscs (Gastropods, Oysters and
Bivalves, mainly Modiolus), Annelids (polychaetes)
and associated Arthropods (Crabs, Amphipods,
Isopods, Barnacles and Shrimp larvae). Among the
molluscs modiolus alone contributed the lion share
of 588.8 Kg (90.53%). Dominance of modiolus was
observed maximum during summer season, which
became a serious problem in the study site (Fig. 4).
Biofouling problems were not observed during
monsoon and post-monsoon periods. A few number
of small annelids and arthropods were observed on
the cage nets during monsoon season; however, the
numbers observed were very negligible. Whereas,
during post monsoon arthropods dominated; within
the associated animals on cages and nets.
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Fig. 4. Quantity (Kg) of Modiolus at different depths
from February to December

The study revealed that the occurrence of biofouling
communities on cage nets varied significantly in
accordance with the change of depths and months.
Another important observation made in the present
study was the maximum density of biofoulers
occurred at the middle portion of net (1-2 m depth
from the water surface). Intensity of fouling was
found increasing up to 2m from the water surface
and then found less up to 4m (Fig. 5a, 5b & 5c).
Maximum biofouling (by weight of the samples)
occurred at 2 m depth and then it gradually
decreased according to the change of depth (p<0.05).
This was mainly due to the occurrence of filamen-
tous algae depending on the light availability.
Mathieson et al. (1991) explained the role of light
in the development of filamentous algae as biofouler.
Reports of Nellis et al. (1996); Svane et al. (2006);
Mhaddolkar et al. (2017) also showed a significant
variation in the assemblage of fouling organisms on
the net panels with the depth. Similarly, Moring &
Moring (1975); Heath et al. (1992); Cronin et al.
(1999); Chinnadurai et al. (2018) observed difference
in the settlement of fouling organisms at different
depths. This variation may be due to a series of
factors such as temperature, salinity, light intensity,
nutrient availability, dissolved oxygen and water
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current. Cronin et al. (1999); Howes et al. (2007);
Guenther et al. (2010) reported, variation in
biofouling is predominantly driven by the availabil-
ity of light and water flow and is often related to
the depth and orientation of infrastructure.

Feh Mar Apr May  June July Aug Sept Oct Nov Dec

Months
—8—MB & AO —#—Modiolus

Fig. 5a. Quantity of Macrobiofoulers and associated
organisms (including Modiolus) and Modiolus
alone at a depth of 1Im- 2m from February to
December. (MB & AOQO: Macrobiofoulers and
associated organisms)
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Fig. 5b. Quantity of Macrobiofoulers and associated
organisms (including Modiolus) and Modiolus
alone at a depth of 2m- 3m from February to
December. (MB & AO: Macrobiofoulers and
associated organisms)
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Fig. 5c. Quantity of Macrobiofoulers and associated
organisms (including Modiolus) and Modiolus
alone at a depth of 3m- 4m from February to
December. (MB & AOQO: Macrobiofoulers and
associated organisms)

The main reasons for this rapid fouling develop-
ment are nutrient and organic load from feed
wastage, fish excretion and faecal production
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(Ruokolahti, 1988). It increases the growth of algae
and is eventually colonized by a variety of micro
and macro organisms. Fish stocking density and
feed input also contribute to the development of
biofouling (Madin et al., 2010). Retarded water flow
and inorganic and organic enrichment (via fish feeds
and faecal matter) as a result of fish culture enhance
the macro-fouling assemblage on fish nettings.
Alagarswami & Chellam (1976); Pit & Southgate
(2003); Kripa et al. (2012) concluded in their studies
that biofouling reduces growth rate or causes
mortality of the farmed stock. As these fouling
communities chiefly act as reservoirs for pathogenic
microorganisms, they increase the risk of disease in
farmed fish. Stress levels of caged fishes get
increased due to the reduction in DO levels and this
lowers the immunity of caged fish and increases
vulnerability to diseases (Fitridge et al., 2012).

The most important impact of bio-fouling was the
severe economic loss to the farmer due to heavy
management charges and decreased growth of
fishes. In the present study it was observed that
biofouling seriously affected the total infrastructure
of the cage especially due to heavy weight. The nets
used in the cages got damaged seriously and the
farmer discarded it. Braithwaite & McEvoy (2005);
de Nys & Guenther (2009); Durr & Watson (2010);
Fitridge et al. (2012); Bloecher et al. (2013) reported
the negative impacts of increased weight of nets by
biofouling on cage structure and stability. Biofouling
can rapidly occlude mesh and necessitate frequent
and costly cleaning of nets (Hodson et al,
1995&1997). Net cleaning and changing incur heavy
financial burden to the farmer. Frequent net
changing may cause damage and loss of the stocks.
Strength of the cage structures found reduced due
to biofouling and recurrent maintenance adversely
affected the profit. However, as monsoon started it
was observed that a reduction in salinity led to
sudden death and gradual detachment of the
biofoulers initiated by modiolus and followed by
the total detachment of the bed that became another
problem as it fell inside the cage. This again led to
poor water quality, increased stress conditions and
sometimes wound to the farmed fishes inside.

The effect of biofouling is highly detrimental to
aquaculture as it increases the burden of the farmer
in terms of labour and money during the culture
management. The issue should be treated carefully;
otherwise it may lead to unprecedented damage to
the cage culture and subsequent economic loss. So
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interference on this matter is an urgent need of the
hour as it is a very useful, farmer friendly and highly
adopted technology forming a major livelihood for
many coastal people in Kerala. Therefore, it is
suggested that frequent and/or regular inspection of
cage and nets are inevitable during culture period
especially in the summer months. Proper manage-
ment is the first and foremost thing needed in which
net cleaning is the first step to control the fouling
and associated damage to the farmer. Awareness of
farmers about biofouling, its nature and the
organisms cause it, is needed to decide the
management practices. Care should be taken to give
only adequate amount of feed to limit the release
of excess nutrients to the surroundings. Algal
fouling can be controlled by using grazing fishes in
the cages like pearl spots, rabbit fishes etc. If the
fouling is with molluscs the best method of
management is the net exchange as soon as the spat
settlement. Antifouling nets can be tried in these
areas during the summer months.
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