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AQUACULTURE
 A worldwide fast-growing industry, with predicted further

increase
 Floating cages: the most common forms of aquaculture
technology
 Croatian aquaculture: over 40 firms for finfish farming
 Aquaculture
Monitoring

FISH FARM IMPACT
 Impact of faeces and food pellets on






surrounding area (organic enrichment)
Chemical characteristics of sediment and
water column
Plankton and benthos organisms (biodiversity
and abundance changes)
Biodeposition: decrease of impact with the
increasing distance from the farm cages
Monitoring
Croatia: obligated monitoring is farm-specific
(macrobenthos, plankton and chemical
parameters of water and sediment)

AIM OF THE STUDY
 A part of national research project Impact of fishing and

aquaculture on ecosystem of Adriatic (Project no. 2580000000-3596) supported by the Ministry of Science,
Education and Sports of the Republic of Croatia
 Despite the observed influence of fish farms on
meiobenthos communities and wild fish populations
aggregated around the farms, these organisms are not
included in monitoring parameters
 Meiofauna and changes in wild fish populations
aggregated around the cages => potential indicators and
methods of assessing the impact of fish farms structures
on the marine environment

MEIOFAUNA





Small benthic invertebrates (30 μm – 1 mm)
High density 100-1000 ind. 10 cm-2
High biodiversity, large range of habitats
Good environmental indicator (lack of larval
dispersion, wide distribution, high turn-over
and fast response to environmental changes)
 Crucial role in nutrient cycling and in energy
flow of benthic division
 Biodeposition - changes in abundance,
community structure, distribution and
biodiversity

WILD FISH ASSEMBLAGES
 Super-FAD (Super-Fish Attraction Device): aquaculture








installations as artificial fish aggregation devices that attract a
great number of wild fish species
Alternated behaviour (feeding habits and swimming activity) and
physiology
Bogue (Boops boops, L.) one of the most abundant fish species
around the farm cages in Mediterranean and Adriatic Sea, always
present, with high abundance and biomass
Freshness and spoilage are the most important criteria to
determine the overall quality of food products
Changes in wild fish lipid/moisture content, as well as
organoleptic and other quality parameters

MATERIALS AND METHODS
Meiofauna
 March 2009
 Sediment samples
 2 stations: fish farm station (F)






referent station (R)
3 replicates
3 layers: 0-1cm, 1-5cm, 5-10cm
Laboratory analyses
Number of organisms and the most
important taxa of meiofauna in sediments

R
F

MATERIALS AND METHODS
Bouges
 March 2009
 100 individuals:









50 around fish farm (F)
50 not influenced area (W)
lipid and moisture content
dielectric properties by means of Torrymeter
pH value
thiobarbituric acid index (TBA)
volatile amine content: - total volatile base nitrogen (TVB-N)
- trimethilamine nitrogen (TMA-N)
quality index (QI)
Proximate composition (lipid/moisture content) of bogues and changes in
their quality parameters during shelf life

MATERIALS AND METHODS
Statistical analysis
 Differences between farm affected organisms and

referent posts using multivariate principal component
analysis (PCA)
 All variables were submitted to multivariate analyses:
importance of each studied parameter
the relationship of data and results
separate variables that describe cage affected changes

RESULTS: Meiofauna
 Location (PC1) and depth (PC2) affected the
distribution and abundance of meiofauna with
proportion of variance 85.33%
 PC1 was found the most significant (71.90%) :
total meiofaunal organisms and total number of
taxa organisms showed high correlation with
sampling location

 Nematoda, Copepoda, Gastrotricha,
Foraminifera and Rotifera resulted lower,
Kinorhyncha and Tardigrada absent in F
sediment; Ciliophora was the only taxon more
abundant in the F sediment
 Vertical distribution of most meiofaunal
organisms, with exception of taxa Foraminifera
and Rotifera, showed higher variable
contribution to PC1 (influence of the location)

The correlation loading plot: Relationships
between the total number and community
structure of meiofauna in F and R
sediments

RESULTS: Meiofauna
 Clear separation of the samples according






to PC1 (location)
Total number of organisms found in F
sediment significantly lower compared to
referent point (F=362/cm2, R=1326/cm2)
A decreased number of taxa at the farm
station: decreasing biodiversity in F
sediments
Strong influence of fish farm ipact on
vertical distribution of meiofaunal
organisms: F samples showed no such
differences with the depth of sampling,
thus less difference in vertical distribution
(according to PC2) than the R samples
Clear separation: differences in total
number of organisms, number of taxa,
community structure and vertical
distribution of meiofaunal organisms

The score plot: Relationships between the
total number and community structure of
meiofauna in F and R sediments

RESULTS: Bouges
 The correlation loadings of the first two PCs
(storage time and catching ground) showed high
correlations of all parameters, with the
proportion of variance 95.65%
 Storage time, sensory assessment (QI and Torry
score) and volatile amine content showed the
highest variable contributions (between 0.16 and
0.10) to PC1

 The lipid/moisture content and changes in
physical parameters (pH value and dielectric
properties) had the highest contribution
(between 0.22 and 0.12) to PC2
 Sensory evaluation, lipid oxidation index and

volatile amine content showed high correlation
with storage time; fat and moisture content,
together with physical properties underwent the
influence of the catching ground

The correlation loading plot: Relationships
between the quality parameters during
post-mortem changes and the
determination of the most important
variables and their influence on postmortem quality changes of bogue

RESULTS: Bouges
 Strong impact of fish farms: distinct separation

of wild and farm affected samples
 Changes in the proximate composition
(lipid/moisture content), organoleptic and
other quality parameters, with a different shelf
life (F= 17 days; W= 12 days)
 Statistically significant difference observed
between lipid (F >19%; W <2%) and moisture
content (F = 55%; W = 77%)
 Significant increase in the TBA (mg MA/kg)
values in both F and W, however the influence
of catching ground was not observed which
could be a result of observed difference
between fatty acid composition of wild and
farmed samples of the same species

The score plot: Relationships between the
quality parameters during post-mortem
changes and the determination of the most
important variables and their influence on
post-mortem quality changes of bogue

CONCLUSIONS
 The principal component analyses showed distinct separation of wild

and farm affected samples, placing the sets of data opposite to each
other in both meiofauna and bogue analyses
 Changes in total number of organisms, taxa, community structure and
vertical distribution of meiofauna were detected affected by 2 main
factors (farm impact and depth), where farm impact was found the
most significant
 The impact of fish farms on wild populations of bogues was strong,
altering the proximate composition (lipid/moisture content) of the
fish, organoleptic and other quality parameters over time
 Utility of meiofauna and wild fish as additional indicators for the
assessment of fish farms structures influence on the marine
ecosystem and the importance of use in regular monitoring
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