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Summary: The Spanish National Advisory Board of Mariculture JACUMAR) developed an initiative to unify methodolo-
gies between the regions of Spain, in which they proposed the implementation of site-specific “Environmental Monitoring
Plans” (EMPs). In this study, we tested the feasibility of an EMP on a fish farm in the Mediterranean Sea. The methods and
tools proposed in the EMP are highly useful for environmental monitoring of aquaculture. However, spatial heterogeneity
figured prominently in a univariate analysis with environmental variables and a multivariate analysis of polychaete assem-
blages. This variability may be due to habitat patchiness, and may therefore be solved by an improved experimental design,
e.g. by adding replications for increasing statistical power. Multivariate analysis of polychaete assemblages provided accu-
rate information about the quality of the sediment. This information could also be improved using ecological data about key
polychaete families in order to avoid misleading results. Thus, the JACUMAR EMP has proved useful in providing precise
information about the ecological status of marine benthic habitats, meeting the requirements of current European Directives.
However, we suggest that some modifications may be required in order to account for possible misleading thresholds for
environmental quality standards, spatial heterogeneity and increasing power analyses.

Keywords: aquaculture; environmental management; spatial variations; abiotic parameters; polychaete assemblages; envi-
ronmental monitoring plan.

Del papel a la practica: una primera aproximacion a la implementacion del plan de seguimiento ambiental para acui-
cultura propuesto por JACUMAR

Resumen: La Junta Nacional Asesora de Cultivos Marinos (JACUMAR) desarroll6 una iniciativa para unificar metodolo-
gias entre las regiones de Espafia, en la que propusieron la implementacién de “Planes de Seguimiento Ambiental” (EMP)
especificos de cada caso. En este estudio se ha evaluado la viabilidad del EMP en una granja de peces del Mediterraneo.
Los métodos y herramientas propuestos en el EMP son de gran utilidad para el seguimiento ambiental de la acuicultura. Sin
embargo, la heterogeneidad espacial ha jugado un papel destacado en los andlisis uni-variante con variables ambientales y
multi-variante de las comunidades de poliquetos. Esta variabilidad puede ser debida a la heterogeneidad de los habitats y,
por tanto, debe resolverse mejorando el disefio experimental, p. ej. afadiendo réplicas en el muestreo para aumentar la po-
tencia estadistica. El andlisis multi-variante de las comunidades de poliquetos ha proporcionado informacién precisa sobre la
calidad del sedimento. Esta informacién también podria mejorarse utilizando datos ecolégicos sobre las principales familias
de poliquetos, con el fin de evitar resultados que pudieran inducir a errores. Por todo lo anterior, el EMP propuesto por JA-
CUMAR ha demostrado ser titil para proporcionar informacién precisa sobre el estado ecoldgico de los hébitats benténicos
marinos, cumpliendo con los requisitos de las directivas europeas actuales. Sin embargo, los resultados de este articulo
sugieren la conveniencia de realizar algunas modificaciones, con el objetivo de mejorar los umbrales para los estdndares de
calidad ambiental, la heterogeneidad espacial y la potencia de los andlisis.

Palabras clave: acuicultura; gestiéon ambiental; variaciones espaciales; pardmetros abiéticos; comunidades de poliquetos;
plan de seguimiento ambiental.
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INTRODUCTION

The identification of indicators for the monitoring
of aquaculture activities has been on the agenda of the
FAQ’s General Fisheries Commission for the Mediter-
ranean in recent decades (Massa and Bourdenet 2016).
However, the need for effective monitoring protocols
increased only when the European Water Framework
Directive (WFD 2000/60/EC) and the Marine Strategy
Framework Directive (MSFD 2008/56/EC) were pro-
posed and Member States were required to achieve a
“Good Environmental Status” in their marine waters.
It is acknowledged that monitoring protocols for ag-
uaculture, either as a mandatory or voluntary process,
are highly inconsistent between countries and regions,
ranging from very exhaustive studies to few or no
requirements (Read and Fernandes 2003, Telfer et al.
2009). Thus, the broad variation in monitoring pro-
grammes and indicators used has resulted in a range
of different approaches and conclusions about the spa-
tial extent and severity of these effects (Kalantzi and
Karakassis 2006). In Spain, specific guidelines were
developed in order to maintain the ecosystem goods
and services provided by the aquaculture activities
(FOESA 2011). These guidelines focus on aspects such
as the reduction of conversion factors, the compliance
codes of good practices in aquaculture and the imple-
mentation of Environmental Monitoring Plans (EMPs).
Because of the high legislative heterogeneity at region-
al level, the Spanish Ministry of Agriculture, Food and
Environment, through the National Advisory Board of
Mariculture (JACUMAR), developed an initiative to
unify methodologies, proposing the implementation of
site-specific EMPs (Aguado-Giménez et al. 2012).

This approach to EMPs focuses on the interactions
between aquaculture and benthic ecosystems, in par-
ticular, increases in organic enrichment (from uneaten
food and fish faeces) and the sensitiveness of benthic
assemblages to detecting environmental impacts (Pa-
pageorgiou et al. 2010, Martinez-Garcia et al. 2013,
Mangion et al. 2014). This incremental increase in
organic matter (OM) over the benthos may affect sedi-
ment biogeochemistry (Karakassis et al. 2005), causing
oxygen depletion, augmentation of nutrient efflux and
decreased benthic fauna diversity (Pearson and Rosen-
berg 1978, Hargrave et al. 2008, Martinez-Garcia et al.
2015). When oxygen concentration is reduced, aero-
bic metabolism is replaced by anaerobic metabolism,
sulphate reduction and methanogenesis, producing
sulphide and methane, which are harmful for mac-
robenthic fauna (Holmer et al. 2005, Hargrave et al.
2008). For this reason, a combination of biogeochemi-
cal variables and macrofauna are normally selected as
bioindicators of aquaculture environmental impacts.
The effect on macrofauna has been evaluated by multi-
variate analyses of the macrofauna assemblages and by
using benthic biotic indices, which simplify the com-

plex multivariate benthic assemblages up to a single
value to describe the ecological status (Karakassis and
Hatziyanni 2000, Hoey et al. 2010, Aguado-Giménez
et al. 2015).

Among all macrobenthic faunal groups, the poly-
chaete assemblages are commonly used for the analy-
sis of disturbances produced by organic enrichment,
due to their widespread distribution in the benthos,
their trophic flexibility and their quick response to dis-
turbances (Dean 2008). Differences in trophic strate-
gies among species and families can lead to different
responses to organic pollution. Some polychaetes are
regarded as pollution tolerant, because they can survive
in advanced stages of disturbance, while other species
are regarded as pollution sensitive, because they are
not able to persist under stress conditions (Pearson and
Rosenberg 1978, Giangrande et al. 2005). Some au-
thors (Tomassetti and Porrello 2005, Martinez-Garcia
et al. 2013, Aguado-Giménez et al. 2015) have tested
the use of polychaete assemblages to study disturbanc-
es originating from fish farm facilities and concluded
that these assemblages give accurate information about
the quality of the environment.

The aim of this study was to assess the feasibility
of the EMP defined by JACUMAR (Aguado-Giménez
et al. 2012) for monitoring the aquaculture effects on a
Spanish fish farm. The proposed EMP included a spe-
cific design with hierarchical sampling along a gradient
of distance from the fish cages, using physicochemical
variables [sulphides, OM, pH, redox potential (Eh) and
dN] and polychaete assemblages as bioindicators,
followed by an adjustable monitoring programme.
Thus, following the JACUMAR EMP guidelines, the
environmental impact of a Mediterranean fish farm
dedicated to seabream and seabass farming was evalu-
ated with a particular focus on identifying possible im-
provements for future EMPs and examining the spatial
consistency of the proposed variables that are neces-
sary in order to detect environmental impacts.

MATERIALS AND METHODS
Study area

The study was carried out in 2009 in a sea bream
and sea bass floating-cage farm at 25-30 m depth in
Guardamar bay, southeast Spain (Fig. 1), with a mean
annual production of around 1000 t per year. The Se-
gura River flows into Guardamar bay, so the study area
was classified as ‘a naturally-high organic concentra-
tion at a regional scale’, as described in the JACUMAR
protocol (Aguado-Giménez et al. 2012).

Sampling strategy

Samples were collected in late summer during the
period of warmest water and maximum productivity.

SCI. MAR. 82(1), March 2018, 27-34. ISSN-L 0214-8358 https://doi.org/10.3989/scimar.04607.08 A



8°w 4°W 0° 4°E

|2

44°N 38* 5'1SAS"N ; 0°35'S431°W 44°N

40°N 40°N

36°N 100 0 100 200km

8ew W 0° 4°E

36°N

Fig. 1. — Location map of Guardamar bay and the fish farm, south-
east Spain.

Four zones were sampled in the vicinity of the fish
farm according to the EMP (Aguado-Giménez et al.
2012): zone A (just below the cages); zone B (50 m
from the cages, at the edge of the farm facilities defined
by the delimitation buoys); and zones C1 and C2 (ref-
erence areas placed 1 km away from the fish farm with
a similar depth and the same type of sediment). Three
stations in each zone were selected randomly, and each
had three random replicates collected for sediment
analyses and three separate replicates for polychaete
assemblage structure. Samples were collected using
a Van Veen grab (0.04 m?). Immediately after collec-
tion, the samples for the macrobenthos analyses were
sieved with seawater through a 1-mm mesh net and
the residues were preserved in 10% buffered forma-
lin. At the laboratory, polychaetes were removed and
preserved in 70% alcohol, and were later identified to
family level. Total free sulphide content was measured
with an ion-selective electrode (silver/sulphide combi-
nation electrode 9616 BNWP) following the method
described by Wildish et al. (1999). Fractions of silt and
clay (finest fraction <0.0625 mm) were determined
by the wet-sieving method described by Buchanan
(1984). OM was measured by loss on ignition (400°C,
4 h; Buchanan 1984). pH and Eh were measured with
CRISON electrodes. 3'°N isotopic composition was
measured using an EA-IRMS (Thermo Finnigan) ana-
lyser in continuous flow configuration, combined with
a stable ratio mass spectrometer Deltaplus. The 85N
isotopic composition is expressed as:
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BISN(%O) = [(Rsample/Rstandard)_l] 10°

where R=1N/"“N. The standard was atmospheric N,
while the analytical precision was 0.1%o (Peterson and
Fry 1987).

Data analyses

Values of environmental variables were clas-
sified by the environmental quality standards
(EQS) proposed by JACUMAR (Table 1; Aguado-
Giménez et al. 2012). The data were analysed ac-
cording to a two-factor model as suggested in the
JACUMAR EMP (Aguado-Giménez et al. 2012),
using the following model of sources of variability:
Xij=pu+Zi+Sj(Zi)+Residual, where Z refers to the zone
(fixed and orthogonal with four levels: A, B, C1 and
C2) and S refers to the stations (random and nested in
Z, with three levels: Station 1, Station 2, Station 3).
Analyses of variance (ANOVA) were used to analyse
the environmental variables using the above model.
Heterogeneity of variance was tested with Cochran’s
C test and data were transformed when necessary
(Underwood 1997). Where variance remained het-
erogeneous, untransformed data were analysed and
the a-value was set at 0.01, as ANOVA is robust for
heterogeneity of variances, particularly for large, bal-
anced experiments (Underwood 1997). Where signif-
icant differences were found, data were subsequently
investigated using an SNK test (Student-Newman-
Keuls) to determine which samples were involved
in the differences. The software R (R Development
Core Team 2011) was used with the GAD package
(Sandrini-Neto and Camargo 2014) for the ANOVA
analyses. To investigate the effects on the polychaete
assemblages, the model was analysed using permuta-
tional multivariate analysis of variance (PERMANO-
VA). Pairwise tests and Monte Carlo tests were used
to detect differences between levels of the factor Z
(Anderson and Robinson 2003). Differences in poly-
chaete assemblage structure were explored using non-
parametric multidimensional scaling (MDS; Clarke
1993) and similarity percentages (SIMPER) between
zones (Clarke 1993). To assist with the interpretation
of analyses, the variability at each spatial scale was
expressed as a component of variation (sum of all

Table 1. — Summary of the environmental quality standards (EQS) proposed by the JACUMAR EMP. Zone A, inside the perimeter of the
lease-hold area physically below the facilities; zone B, area surrounding the administrative concession, no more than 50 m outside the limits.

Environmental Quality Standards (EQS)

Zone A

Zone B

Total free sulphide (TFS) <3000 uM

<3 samples over 5000 uM
Finest fraction <50% higher than zones C
Organic matter (OM) <50% higher than zones C
pH Between 7 and 9

Redox potential (Eh) Zone A

Special case: =50 and —100 mV higher than zone C

31N <6%o or <4 units higher than zones C

Polychaete assemblage <75% less families than zones C

<75% dissimilarity compared to zones C

<3000 uM
<50% higher than zones C

<25% higher than zones C
=zones C

Between 7.5 and 8.5
Special case: = zones C

Between —50 and —100 mV higher than zone C
Special case: = zones C

=zones C

<50% less families than zones C
<50% dissimilarity compared to zones C
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Table 2. — Results of ANOVA, PERMANOVA and pairwise test with two factors. Df, degrees of freedom; MS, mean square; F, F-distribution;
MC, Monte Carlo test. Levels of significance: *p<0.05, **p<0.01 and ***p<0.001. -a indicates that there was no homogeneity of variance;
the levels of significance were *p< 0.01, **p<0.001. CV, components of variation. A, fish farm; B, intermediate; C1, control 1; C2, control 2.

ANOVA TFS % Finest fraction Organic matter
Source of variation df F P (6\Y% F P CV F P Cv
Zone 3 30.78 0.000%%** 81% 1.66 0.252 10% 1,36 0.322 6%
Station (zone) 8 1.43 0.235 2% 2.65 0.031- 31% 2,29 0.055- 28%
Residual 24 17% 59% 66%
Cochran’s C test C=0.37631, P>0.05 -a C=0.35787, P>0.05
Transformation log (x+1) arc sin (x) log (x+1)
ANOVA pH Eh 3N
Source of variation F P Cv P CvV F P (6\%
Zone 3 0.95 0.461 0% 5.79 0.021 52% 0.69 0.585 0%
Station (zone) 8 0.44 0.885 0% 4.19 0.003* 25% 0.66 0.723 0%
Residual 24 100% 23% 100%
Cochran’s C test -a -a C=0.30955, P>0.05
Transformation none none none
PERMANOVA Polychaete assemblage Pairwise test P P-MC
Source of variation P Cv A-B 0.0956 0.0029%**
A-Cl 0.1034 0.0007%**
Zone 3 0.0004 %> 37% A-C2 0.0977 0.0003 %3
Station (zone) 16 0.029* 16% B-Cl 0.1019 0.06
Residual 24 47% B-C2 0.1957 0.1809
Total 35 Cl-C2 0.1 0.0538

pseudo-variance components) (Anderson et al. 2005).
Multivariate statistical analyses were performed us-
ing PRIMER-E software (PRIMER software, Clarke
and Gorley 2006) with the PERMANOV A+ package
(Anderson et al. 2008).

RESULTS
ANOVA analysis of the environmental variables

showed that total free sulphide (TFS) was the most
sensitive environmental variable to the fish farming

activity, showing significant differences for zone fac-
tor (Table 2), with zone A having significantly higher
values than the other zones (SNK: A>B>C2>C1, Fig.
2). The remaining indicators showed no significant
differences between farm and control locations. There
was high spatial variability across stations for all indi-
cators except pH, TES and 85N, for which Eh was the
most spatially inconsistent (Table 2). The components
of variation showed that TFS and Eh had the highest
variation among zones, at the scale of hundreds of
metres, while the proportion of the finest fraction, pH,
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Fig. 2. — Mean values (+ standard error) of total free sulphides (TFS), finest fraction (%), organic matter (%), pH, redox potential (mV) and 6'°N.
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OM and 85N reflected a higher proportion of variation
among replicates at a scale of metres (Table 2).

Despite the significant differences observed in the
ANOVA analysis, TFS concentration did not exceed
the permitted limits established by the EQS proposed
by JACUMAR (Table 1, Aguado-Giménez et al. 2012),
with values between 493-1269 uM at zone A and 378-
787 uM at zone B (Fig. 2). In zone A, there was no
sample above 5000 uM. However, in zone B, the TFS
concentration was 267% and 179% higher than in CI
and C2, respectively. The percentage of the finest frac-
tion did not exceed the EQS because values in zones
A and B were not 50% and 25% higher than zones C1
and C2, respectively (Fig. 2). OM did not exceed the
limit established by the EQS because values in zone A
were not 50% higher than in zones C1 and C2. The pH
values in zone A were inside the allowable range, but
those in zone B were lower than the permitted limits
(Fig. 2). This represented the special case considered
in the EMP (Aguado-Giménez et al. 2012) for areas
with a naturally high OM content (due to the outflow
of the Segura River), and no significant differences in
pH were found between zones C1 and C2 and zone B
in pH (Table 2). Eh values in all zones fell outside the
allowable range proposed by JACUMAR. Likewise,
as it was an area with a naturally high OM content,
the EMP proposed a statistical hypothesis test, which
showed that zone A was no more electronegative than
C1 and C2 (Fig. 2), and zone B did not differ signifi-
cantly from zones C1 and C2 (Table 2). "N values
were very similar across zones and did not exceed the
EQS in any samples (Fig. 2).

PERMANOVA analysis of polychaete families
showed significant differences among zones in spite of
the spatial variability among stations (Table 2). When
a pairwise test was applied, only zone A was signifi-
cantly different to zones B, C1 and C2. The composi-
tion of variance showed that the variability occurred at
a scale of metres between replicates, and at a zone scale
of hundreds of metres (Table 2).

The MDS analysis of the polychaete assemblage
structure was in agreement with the PERMANOVA re-
sults, as zones C1, C2 and B were tightly clustered, and
zone A appeared to be separated in the plot. Moreover,

2D Stress: 0.09
& A: Fishfarm

O B: Intermediate
A C1: Control 1
WV C2: Control 2

: 517 Bray Curtis similanity]

Fig. 3. — Non-metric multidimensional scaling ordination analysis
on the Bray-Curtis similarity of non-transformed abundance data of
polychaete families.
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Table 3. — Summary of SIMPER dissimilarities of polychaete as-
semblages in the four zones, A, fish farm; B, intermediate; CI,
control 1; C2, control 2. Aver. Dissim, average dissimilarity. %
n° families, percentage of the polychaete families in A and B in
comparison with C1 and C2. EQS, environmental quality standard

proposed by JACUMAR EMP.
Polychaete assemblage

Zone Aver. Dissim. % % n° families EQS
A-Cl 83.87 <64.63 <75
A-C2 83.82 <70.10 <75
B-Cl 53.97 >17.07 <50
B-C2 48.95 <1.03 <50
A-B 86.53

Cl-C2 44.4

zone A showed higher scatter between its samples
(Fig. 3). The SIMPER test indicated that the dissimi-
larities between zone A and C1 and C2 were 83.87%
and 83.82%, respectively. Zone B was less dissimilar
than the control zones, with values of 48.95% (C2) and
53.973% (C1), in the latter case slightly exceeding the
EQS (Table 3). The number of families in zone A was
64.63% and 70.10% lower than zones C1 and C2, re-
spectively, exceeding the EQS; conversely, the number
of families in zone B was 17.07% higher than zone C1
and 1.03% lower than zone C2 (Table 3).

DISCUSSION

The application of EMPs proposed by JACUMAR
(Aguado-Giménez et al. 2012) led to the detection of
an environmental impact due to fish farming, mainly
in TFS and polychaete assemblages. Therefore, we
conclude that there was a localized environmental
impact just underneath the cages, inside the Allowable
Zone of Effect. Among all physicochemical variables,
only TFS showed significant differences between the
impacted and control zones, and only TFS in zone B
exceeded the EQS proposed by the JACUMAR ap-
proach. Polychaete assemblages at family level were
the best indicator of fish farming impacts, as they were
sensitive enough to detect an environmental impact in
spite of the above-mentioned minor physicochemical
effects. However, high spatial variability observed at
different scales for several indicators could affect sta-
tistical power and increase the probability of a type II
statistical error (Underwood 1997). Natural variability
between control zones could also negatively affect an
environmental impact assessment. From these results
we can conclude that although this EMP proposal in-
cludes a complementary set of methods and tools that
seem to be appropriate for fish farming environmental
monitoring, some improvements could be made in or-
der to deal with spatial variability, increased sampling
robustness and reducing type Il errors, and thus reduce
uncertainty in interpreting the results.

The spatial variability for geochemical and bio-
logical variables is a normal consequence of benthic
assemblage patchiness and irregular disturbance of
the seabed by fish farming. This variability can affect
the sediment mostly at a scale of metres (Quintino et
al. 2006, Fernandez-Gonzalez et al. 2013), as found
in this study for some geochemical parameters (pH,
finest fraction %, OM and &'°N), and for polychaete
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assemblages. This significant variability at replicate
level confirms the well-known importance of selecting
a representative sample size in terms of the volume of
sampled sediment and the number of replicates (An-
drew and Mapstone 1987). Other variables were af-
fected at a scale of hundreds of metres (TFS, Eh and
polychaete assemblage), reflecting the interaction of
the fish farm cages with the benthic habitat. In some
uncertain situations, it may be appropriate to use a
higher level of significance (e.g. a=0.1) in order to
avoid overlooking slight environmental impacts, thus
using a precautionary approach to reduce type II errors,
e.g. when the EQS of polychaete assemblages are ex-
ceeded but not for physicochemical variables. Replica-
tion in higher spatial cases (e.g. nested stations within
zones), as performed in this EMP (Underwood 1997,
Terlizzi et al. 2005), will increase statistical power and
avoid pseudoreplication (Hurlbert 1984), and would be
necessary for detecting organic enrichment from fish
farm facilities in a naturally patchy environment.

Dissimilarity tests for polychaete assemblages con-
cluded that values in zones A and B exceeded the EQS
proposed by JACUMAR. In this aspect of sensitivity,
polychaete assemblages at family level appeared to be
a very good tool for identifying changes in the benthic
ecosystem, allowing slight differences between zones to
be detected even with high spatial heterogeneity. Poly-
chaete assemblages showed higher spatial variability
below the fish farm than in other zones. This increased
variability has been considered to be a general feature
of assemblages in stressed environments and could be
due to several scenarios: changes in total cover or total
number of taxa, changes in the variance-to-mean ratio
for particular species, or changes in taxonomic com-
position (Warwick and Clarke 1993, Chapman et al.
1995, Terlizzi et al. 2005). However, in this case, the
dissimilarity results shown in SIMPER, in which zone
B was over the limits, are quite misleading regarding
the decrease in the number of families, PERMANOVA
showed no significant differences between zone B and
zones C1 and C2, and MDS clustered all these zones
together. In borderline cases such as this, managers
may find it difficult to decide whether to apply admin-
istrative measures against the farmer. If the SIMPER
result was outside the EQS but PERMANOVA and
MDS were inside the EQS, should the manager apply
any measure? A precautionary approach could be im-
plemented and mitigation measures could be agreed in
consensus with the farmer, following a good practice
code (FEAP 2006). However, observing the natural
variability and the dissimilitude result between C1 and
C2, a revision of the EQS would be appropriate. We
would propose that the limit in zone B (50% of families
and 50% of dissimilitude compared with zone C) may
be increased to 65% without jeopardizing the achieve-
ment of EQS. In the farm studied with this new EQS,
the results would have more concordance and only
zone A would be outside the EQS.

Analysis of polychaete assemblages could be en-
hanced with ecological information from univariate
analysis of polychaete families. Polychaetes have been
well documented as bioindicators, specifically species

such as Capitella capitata or some Spionidae species
(Pearson and Rosenberg 1978, Giangrande et al. 2005,
Tomassetti et al. 2005). Moreover, studying the whole
assemblage at family level and following general pat-
terns of family abundance, as described by Martinez-
Garcia et al. (2013), provides accurate information on
the quality of the benthic environment. In this manner,
information provided by polychaete assemblages will
not be restricted to the number of families and the
dissimilarity value, which is a simplified number that
summarizes an overall ecological process, as happens
with the biotic indices (Aguado-Giménez et al. 2015).
Therefore, univariate analyses of selected polychaete
families should also be carried out in order to provide
more information on the ecological processes occur-
ring due to fish farming. Considering that classification
of polychaetes at family level is required to perform
multivariate analyses, this approach would not require
additional taxonomic effort.

Sulphide measurements, such as TFS, are able to
show variations in biogeochemical processes of the sedi-
ment due to organic enrichment (Wildish et al. 1999),
even when the input is not high enough to be detected
by OM measurements (Martinez-Garcia et al. 2015).
Thus, some authors have proposed TFS as an indicator
to be included in EMPs (Katavi¢ et al. 2005, Aguado-
Giménez et al. 2015). In these EMPs, sulphide concen-
tration from zone A and B must be compared with that in
control areas by contrasting hypotheses. By this method,
in this study, differences produced by the fish farming
were detected. Zones A and B were within the permitted
limit set by JACUMAR EQS. Again, this could cause
a controversial situation for the managers, as zone A
clearly suffered statistically significant impacts, and
this result was in line with polychaete assemblage re-
sults. By contrast, zone B was slightly altered, beyond
the limit of 50% higher than controls, but, if these data
were related to the polychaete assemblage, the MDS
and PERMANOVA showed no important biotic impact
caused by the sulphide value in zone B. The EQS limits
set by JACUMAR were probably overly high, so other
fish farm facilities may be wrongly considered to be
within the EQS. We would propose that, coupled with
the hypothesis test, an increased percentage threshold
with respect to zone C may be added. For areas with
naturally-high organic enrichment such as Guardamar
bay, the limit for zone A could be significantly differ-
ent, with double the concentration in zone C. Sulphide
concentration limit in zone B could also be revised, tak-
ing into account that there was a difference of 50% be-
tween C1 and C2. Another suggestion for the limit may
be to double the concentration of controls. If these new
limits were implemented in the studied fish farm, zone
A would clearly exceed the EQS, and zone B would be
close to the upper limit but within the EQS compared
with C2 and outside the EQS compared with C1.

After many years using Eh to add information on
the degree of organic enrichment, some authors do not
advocate its use in finfish monitoring. This is due to the
problems associated with potential “poisoning” of the
probes and the high variability in the Eh measures, and
the difficulty of obtaining a stable reading that was also
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encountered in the present study (Wildish et al. 2005,
MER 2008). $'>N has been used as a good tracer of fish
farm waste (Holmer and Frederiksen 2007, Ruiz et al.
2010), but in this study, 8'°N results showed no sign of
fish farm effect even below the cages. Considering that
it is an expensive variable to measure, we would not
propose this variable in EMPs.

A more exhaustive EMP with increased periodicity
may be required if surveys reveal significant negative
impacts. An adjustable EMP is proposed by JACU-
MAR for Spain, as has been done by Norway and
Croatia (Ervik et al. 1997, Katavi¢ et al. 2005). How-
ever, in some situations, as shown in the present study,
contradictory results could affect the implementation
of an adjustable EMP. According to the results of the
present study, following an adjustable EMP (Katavi¢
et al. 2005), it would be necessary to adapt the EMP
of the studied fish farm by increasing the sampling
periodicity of polychaete assemblages and TFS to a
survey every six months, until the values were again
within the EQS. If the environmental impact persisted
over time, mitigation measures would also be required,
such as reducing productivity or relocating facilities to
deeper waters.

Consensus about monitoring protocols is needed
to ensure that data meet defined standards of quality
with a known level of confidence, in order to be cred-
ible to external review and allow comparisons between
places, regions and agencies. The proposed EMP of
JACUMAR seems to be a very innovative approach
and a reliable tool for monitoring fish farming along a
scale of thousands of kilometres along the entire Span-
ish coast, and this kind of proposal could be considered
for implementation in other European and Mediterra-
nean countries with fish farming under similar environ-
mental conditions. Moreover, this EMP is pioneering
in adding a hypothesis test as an EQS for fish farm
monitoring, and in proposing comparisons with con-
trol locations as natural background values. However,
in some cases higher statistical power with regard to
univariate and multivariate analysis is needed in order
to accurately determine the effects of fish farming.

Therefore, before full implementation of JACU-
MAR EMP in Spain, it will be necessary to evaluate
the need to increase spatial replication at several scales,
contrasting the information obtained from various pilot
cases. A revision of EQS for environmental variables
will be recommended for TFS and polychaete assem-
blage with the addition of ecological information about
their families. The use of Eh and §!°N would be unwise.
Moreover, iterative EMP will be important in order to
trace the progression of fish farm activity in relation
to benthic environmental quality (Aguado-Giménez et
al. 2012), and long temp data series from fish farm-
ing EMPs carried out with the same methodology will
be very informative, giving more accurate informa-
tion about their environmental status, as required by
the European directives (Hoey et al. 2010). Therefore,
we encourage future steps for harmonization of EMP
at national, European or even Mediterranean scale,
such as this EMP proposed by JACUMAR for Spanish
coastlines.
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