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ABSTRACT
The structural, trophic and element accumulatiangles in the biofilm community due

to organic matter enrichment, eutrophication anthfreontamination derived from fish

. { Eliminado: as

element accumulation was quantified along an enwirental gradient of fish farm
wastes in two seasons. Biofilm structure and troplversity was influenced by
seasonality as well as by the fish farm waste 1&&h farming enhanced the
accumulation of organic carbon, nutrients, selenanth metals by the biofilm
community. The accumulation pattern of these elésneas similar regardless of the

structure and trophic niche of the community. TSiggests that the biofilm

B { Eliminado: y

wastes. Due to the ubiquity of biofiand its wide range of consumers, its role as a
sink of dissolved wastes may have important imfilices for the transfer of aquaculture

wastes to higher trophic levels in coastal systems.

Keywords: metal accumulation, aquaculture dissolvaesdtes, organic matter
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enrichment, community trophic niche, biofilm, j on. .~ { Eliminado: |
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nutrients, selenium and metals, regardless oftthietare and trophic niche of the

community.



INTRODUCTION

. { Eliminado: is a

exposed to aquatic environments (Allison and GiliE992; Rao et al., 1997), where it

_{ Eliminado: is

represents most of the natural microbial populat@osterton et al., 1995). Biofilsare .~
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Aggregateof heterogeneous organisms that are attachedboather and/ortoa o
surface. This community is principally constituteglbacteria and microalgae which
secrete an extracellular polymeric substance matrainly formed of polysaccharides,

which facilitates the attachment of the communitaihy surface (Characklis and

Marshall, 1990). The dissolved fraction of the migacarbon constitutes the main

p { Eliminado: so

assimilate nutrients and metals in their dissoliaeth (Das et al., 2009). The
exopolymers of biofilrg, due to their physical nature, have a great adiserpapacity
and so a great binding affinity for nutrients anetats (Quigley et al., 2002; van Dam et
al., 2002; Aldridge et al., 2010), a characteri#itiat confers biofilra an important

accumulation capacity.

Moreover, biofilm communities are the food sourEenany types of organisms in
aguatic systems such as, invertebrates, includisgimg grazers, deposit, planktonic

and subdeposit feeders, fish and higher verteb(Beisd and Thistle, 1986; Decho and

_{ Eliminado: is

to represent a trophic link between dissolved camgs in the water column and the

higher trophic levels of the ecosystem (Hynes, 1970

In addition, biofilms can contribute substantially to energy flow anttieat cycling

(Battin et al., 2003)gspecially in the nitrogen cycle (Baldwin et aDPB), since in



aguatic ecosystems, bacteria play an essentialrroféneralization and nutrient cycling

(Azam et al., 1994; Azam, 1998).

Marine fin fish farming releases substantial amsuritallochthonous organic matter,
nutrients and metals to the environment, an effeattcan be noticed up to tens or
hundreds of metres (Pitta et al., 1998; Karakass#., 2000; Morrisey et al., 2000;
Pusceddu et al., 2007; Dean et al., 2007). Thedtrgfdin fish aquaculture has been
widely reported in the benthos, where common degjiawl patterns have been observed
(Kalantzi and Karakassis, 2006), since the seabable to record possible detrimental
effects to the environment over long periods oktifpanovaro, 2003). In the water
column however, the effects are less obvious (N@ofand Klaoudatos, 2008), and any
differences in the measured parameters are ugnaltg influenced by seasonality than
aquaculture wastes (Pitta et al., 1998; Yucel-@ia., 2008). Indeed, water column
parameters are often not correlated with the exiebéenthic impact. This negligible
effect in the pelagic system has been attributetegomportant diluting effect of the sea
(Pitta et al., 2006), to the rapid grazing of plamic ciliates (Pitta et al., 2009) or to the

importance of heterotrophic over the autotrophictéx@a (Navarro et al., 2008).

Biomonitoring is a more powerful tool for assessaggiatic ecosystem health than

_{ Eliminado: The b

physical and chemical analyses (Morin et al., 20BB)film communiies has been { Etiminado: y

shown to be sensitive to anthropogenic disturbasgel as organic matter enrichment,
eutrophication and metal pollution (Vis et al., 898dmiraal et al., 1999; Ivorra et al.,
1999; Barranguet et al., 2002; Khatoon et al., 2003tin et al., 2008). Using these
communities on artificial surfaces facilitates theect comparison between sites

without confounding environmental and physical &alés (Webster and Negri, 2006).



The analysis of biofilrmenables medium term rather than momentary statbe o
studied ecosystem (Brummer et al., 2003). Therefwadilms could provide the
“memory” of disturbance that the water column se#wriack. Fish farming provides an
appropriate scenario to study the effects of sohtlkeeomost common forms of aquatic
pollution (organic enrichment, eutrophication anetahpollution) in biofilm

communities in open sea environments.

In ecological studies, stable isotope analyses bawerged as reliable tools for
elucidating the trophic niche and inferring patheay energy flow in food webs
(Cifuentes et al., 1988). This method involvesdbmparison of stable isotope ratios
between consumers and food supplies (Deegan anidtGE#97). Whiles'*C allows

the carbon source to be differentiatétN permits the relative trophic position of an
organism to be assessed. Thus, as in the casgasfisms3*>C ands**N analyses can
be applied to whole communities (Kuwae et al., 2008rin-Guirao et al., 2008),
providing information on changes in the trophich@of the community. Recently, new
metrics have arisen which allow ecologists to guaintely characterize community-
wide aspects, providing new perspectives on food steicture, function and dynamics
at a community level (Layman et al., 2007). Thesgrits, which will be detailed in the
Materials and Methods section, have already bepliegipdemonstrating changes in

niche variation due to a different number of foodrees (Darimont et al., 2009).

The aim of this work was to study the structunaphic and element accumulation
changes in the biofilm community due to organicteraénrichment, eutrophication and
metal contamination derived from fish farming. Tattis, we measured biofilm

biomass, polysaccharide content, trophic nicheed@ishent accumulation along an



environmental gradient of fish farm wastes in twasons with differing waste load

intensities.

MATERIALS AND METHODS

Experimental design

The study was conducted in the surroundings of @nméish farm located in Aguilas,
SE Spain, (western Mediterranean; 37° 24’ 56.21MN32’ 4.0" W), which produces

gilthead sea breansparus auratpand European sea baBsdentrarchus labrax The
fish farm consisted of two groups of 12 fish cagéts an annual production of 1000

tonnes.

The field assays were performed using glass séiddghle artificial substrate for the

. { Eliminado: get

The slide holders, in turn, were maintained 3 nowehe water surface by an anchoring
system and a buoy. Slides were deployed from acfigfe located at the edge of the fish

farm facility along a horizontal transect at 0, 80, 120, 350 and 600 m from the fish

_{ Eliminado: In

depth at all stations meant that the biofilm comityuinat developed on the glass slides
were homogeneously affected by physical factogs (emperature and irradiance) and

avoided resuspension episodes. The main sourte @ffjanic matter and pollutants



accumulated by the biofilm community were therefm@nly from the dissolved

fraction.

Glass slides were deployed in two seasons (Jun&epigmber) and in each season for
16 days. These seasons were chosen because @feéhaglamounts of fish feed used
and, so different amounts of waste input. Watempenature at the surface were 19-23
°C and 23-24 °C for June and September, respactiating both surveys the currents
had a mean value of 0.05 i and the main direction of the current was NE (Wale

106 current meter, Valeport Limited, Dartmouth, UsGated in the fish farm next to

the fish cage at a depth of 15 nihe horizontal transect, along which the glastesli

were deployed, was upstream of the prevailing wederent. For a more detailed

description of the current regime and the horiziainéasect see Sanz-Lazaro et(al.

2010).In the water column 3 m below the water surfadbafiish cage, total ammonia

nitrogen and nitrite annual mean values were <@r@60.007 mq’, respectively:

while at a site with no influence from the fishrfatotal ammonia nitrogen and nitrite

annual mean values were <0.06 and 0.003 mmebpectively (unpublished dafEhe

average feed supplied to each fish cage was 426&@ég day in June and
September, respectively. During the September sagyhe slides placed 20 m from

the fish farm were not found and so could not lheened.

After retrieval of the slides, they were storedzfn at -20°C, and, before each analysis,
the biofilm community was scraped off using cletasg slides. The parameters
measured were: dry weight biomass, polysacchaodeeant, the concentration of stable

isotopes §°C and3*°N), total organic carbon (TOC), nutrients [totagj@nic nitrogen



(TON) and total phosphorous (TP)], selenium (Se) metals (Fe, Mn, Cu, Zn, Cd, Pb,

Ni, As, Cr, TI).

During the first survey water samples were takesaah sampling station and TP, Se,
Fe, Mn, Cu, Zn, Cd, Pb, Ni, As, Cr and TI, werelgned to compare the accumulation
capacity of biofilm compared to the concentratiorhie water column. Water samples
were filtered (0.4wm GF/C Whatman filter) and stored frozen at -20fGrpo

analysis. The main input of contaminants in thelisil aquaculture system is feed

pellets, which were analyzed in the same way adrnisamples.

Biofilm structure

Biofilm structure was analyzed by quatifying therbiass and polysaccharide content.
In order to calculate biofilm community biomassngdes were dried at 60°C until
constant weight. Because the extracellular polyorsrbstances are composed of
polysaccharides (Smith and Underwood, 1998; S@43}, the polysaccharide content

was measured using the modified phenol-sulfurid awéthod (Pacepavicius et al.,

p { Con formato: Inglés (Reino

1997).Briefly, this method is based on the change of gatgharides to 5- Unido)

(hydroxymethyl)-2-furaldehyde (HMF) by means ofi@sqg acid and the subsequent

development of colour chromogen between phenoHiviE. Then, the colour

absorbance is scanned through spectrophotmetry.

Biofilm trophic niche



For TOC, TON and the stable isotope concentratdas®C ands'®N, samples were
previously freeze dried and ground. The carbonratndgen isotope ratios of the
samples were measured with an elemental analyashHA1112 (ThermoFinnigan)
connected with a mass spectrometer of isotopitioethips Deltd"s

(ThermoFinnigan).

All the isotopic data are reported in the converdié notation as follows:

§1%C ord™N = (Rsample/ Rstandar— 1) 1000 (%)

whereR represents th&C/*°C or N/*N ratio for 5'* C ands™® N, respectively. All
83C values were reported as the deviation relativehéoVienna Pee Dee Belemnite
Limestone Standart (v-PDB). Th&#°N standards were calibrated and results were

reported relative to atmospheric nitrogen.

Biofilm elemental analysis

For TP, Se, Fe, Al, Mn, Cu, Zn, Cd, Pb, Ni, As,&d Tl analysis, samples were freeze
dried and then ground. Afterwards, 0.2 g of samyae weighed and placed in a Teflon
reactor. After the addition of 3 ml ultrapure wateml of concentrated HN{Merk,
Suprapur) and 2 ml of 30%,8., (Merk, Suprapur), the reactor was maintained in a
microwave digester for 20 minutes at a maximum &apire of 210 °C. Following the

acid digestion, the content of each vessel wasgobimto volumetric flasks and

10



ultrapure water was added to make up the finalmelto 25 ml. Then samples were

. { Eliminado: mentioned
stored at 4 °C until quantification. Thegetelements were determined by an L

inductively coupled plasma-mass spectrometer (ICRPAWilent 7500 ce, with
Octopole reaction system). The detection limitthefICP-MS (calculated as three
times the standard deviation of the blanks) weficgently low to analyse the sample
concentrations. Element recovery was verified usengfied reference material

(Lagarosiphon major, CRM 60; Community Bureau ofdRence, Commission of the

European Communities).

Data analysis

Pearson correlation analysis was performed betwreehiofilm polysaccharide content
of June and September, and between the polysadehamtent and biomass of biofilm
in each season independently. If data did not p&etmetric assumptions, a Spearman

correlation analysis was used.

A two-way ANOVA was performed for the biofilm biomsand polysaccharide, TOC,
TON, TP,5%C ands™®N content to detect significant differences betweeatments in
each factor (season and distance from the fish)fanu the interactions between the
two factors. When significant differences were foutine Bonferroni post-hoc test was
performed. To compare the trend of the measureghpeters along the transect from
the fish farm between both seasons, the slopeeafetfiressions was compared by the

method described in Zar (, 1984), which is equivbte an analysis of covariance.
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Niche variation in the biofilm community was assgbkasing stable isotopes under a
similar conceptual basis as Bolnick et al. (, 200/)e used six community-level
metrics described by Layman et al. (, 2007), byief) §*°C range (CR), which

indicates the quantity of basal resources and rdorersification at the base of the food
web, 2)§"N range (NR), which shows the degree of trophiewiity, 3) total area

(TA), which reflects the amount of niche space @iéed by a community, 4) mean
distance to centroid (CD), which shows the ovetaliree of trophic diversity, and is
specially useful in cases with outlier speciesn®gan nearest neighbour distance
(NND), which is a proxy of trophic redundancy and&ndard deviation of the nearest
neighbour distance (SDNND), which indicates theneess of the distribution of
trophic niches in a community. For a descriptiothaf calculations of each metric and a

more thorough explanation see Layman (, 2007).

In order to integrate the several parameters medsue used multivariate analyses
technigues using the program Primer (v. 6) anddtaplementary statistical package
PERMANOVA+ (v. 1). A PERMDISP (Distance-based tiesthomogeneity of
multivariate dispersions) analysis was used to oreafe dispersion &f°C ands™*N,
considered together, in all the stations for betlssns. Before the PERMDISP routine,
a resemblance matrix was calculated using Euclidesances following the
recommendations of Clarke and Gorley (, 2006) firenmental samples. The
analysis comprised 9999 permutations, using asumesslistances to centroid and
obtaining p-values from permutations. PERMDISP waemsat different levels in the
design to clarify dispersion effects following tteeommendations of Anderson et al. (,

2008). First PERMDISP was run within each sampéitagions individually without

12



considering seasonality (i.e. combining the twddes; station and season). By doing
this, we analysed the homogeneity of multivariagpersion within sampling stations
for both seasons. Then, PERMDISP was run betweapls®y stations considering
each season (taking season as a higher factot).tWétlatter analysis, we used
multivariate dispersion as a test for similaritytriophic diversity between the two

seasons.

For each season, stations (samples) were ordiaateEntding to the following variables:
TOC, TON, TP, Se, Fe, Al, Mn, Cu, Zn, Cd, Pb, Ns, £r and Tl concentrations using
a Principal Component Analysis (PCA) routine. Thtachad been previously
normalized to avoid skewness in the analysis dukfferent element concentration
ranges. The obtained eigenvectors, PC1 and PCgafdr variable were plotted to see
the accumulation patterns of the analyzed elemeititsdistance from the fish farm.
Then, a resemblance matrix using the normalizea was obtained using Euclidean
distances following Clarke and Gorley (, 2006) rearendations for environmental

samples. All statistical tests were performed wigignificance level od = 0.05.

RESULTS

During the retrieval of the glass slides in all gtation for both seasons, no

macroscopic grazers were observed, indicatingtiieapossible effect of these

. { Eliminado: um

organisms on modifying the biofilm community wasimal, L

13



Biofilm structure

Dry weight biomass of the biofilm community randeaim 0.029 + 0.004 to 0.061 +
0.008 g and from 0.032 + 0.006 to 0.071 £ 0.018rgltine and September samplings,
respectively (values expressed like this are alwagan + SE). Biomass was
significantly higher in the station at 0 m compavéth the station at 600 m from the
fish farm only in September. The trend of the Bimfcommunity biomass with distance
differed significantly between both seasons (Tdbldn the June sampling, biomass
decreased with distance from the fish farm up @ ri?and then increased, while in
September the biomass showed a continuous deaxgthsgistance from the fish farm

(Fig. 1 A).

The polysaccharide content of the biofilm commumigs much higher in June, when it
ranged from 0.26 + 0.01 to 0.42 + 0.02 % than iptSmber (0.08 + 0.02 to 0.13 + 0.02
%). The polysaccharide content was significantgghler at O than at 600 m in June,
while there were no significant differences betwdensame stations in September. In
both seasons the polysaccharide content showedlartey to decrease with distance
form the fish farm. The differences were more mdrikeJune (Fig. 1 B), although not

to a statistically significant extent (Table 1).

The biofilm polysaccharide content in both seagdnge vs September) was not
correlated (R=0.787 ,n = 16, p = 0.113, Fig. 1 A); nor was polysaccharide
content and biofilm biomass (polysaccharide vs laiss) for either season (Juné:=R

0.020,n =18, p =0.803; Septembezr:=R).04 ,h=12,p=0.917, Fig. 1).
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Biofilm trophic niche

The isotopic signatures clearly differentiated biilm community from the fish feed
(Fig. 2 A). In fish feed§*>C, was -22.2 + 0.06 %o, the lowest value of all saenples,
and showed a significantly different accumulatinrbie biofilm community during both
seasons (Fig. 2 B, Table }°C variation in the biofilm community ranged fron0-g

to -17.9 %o, and from -18.9 to -17.3 %o for June &eghtember, respectively (Fig. 2 A).
Thed™*C content was significantly lower at 0 than at 80@om the fish farm in both
seasons. Similarly, there were significant diffeesbetween the stations placed 0 m
from the fish farm in the two seasons, but not leetwthe sampling stations at 600 m

(Table 1).

In fish feed 5'°N was 5.4 + 0.04 %o which was the highest value nae of all the
samples. In the biofilm community, it varied litthetween sampling stations being in
most cases close to 5 %o, except in the stationfi@m the fish farm in June, when the
values were markedly lower (3.3 + 0.1 %o). Thus, ttead in'°N accumulation with
distance was significantly different between bathsons (Table 1). The variation in
8'°N was between 3.1 and 5.1 %. and between 4.3 af@ fo0June and September,
respectively (Fig. 2 A). Th&"™N content was significantly lower at 0 than at 690
from the fish farm in both seasons. There were sitzaificant differences between the
stations placed at 0 m from the fish farm in baasons, but no significant differences

between the sampling stations located at 600 fndriwo seasons (Table 1).
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In the biofilm community, thé**C range (CR) and, especially, &N range (NR) for
the biofilm community was much wider in June tharSeptember. According the
total area (TA), the trophic niche of the biofilmmamunity was four times greater in
June than in September. The mean distance to ttoe(CD) was greater in
September than in June, while the mean nearedtlaig distance (NND) and the
standard deviation of the nearest neighbour disté8DNND) showed similar values:
0.179 and 0.128, and 0.186 and 0.103, for Jun&Saptember, respectively (Table 2).
Data fors**C ands™N indicated that the changes in the trophic nidhta biofilm

community were influenced by fish farming as wallgy seasonality.

PERMISP analysis of all the sampling stations réigas of the season indicated that
the homogeneity of multivariate dispersion wassighificantly different within
stations (p=0.794), while the same routine betwihersampling stations as regards
season indicated that multivariate dispersion wgsfecantly higher in June than in

September.

Biofilm elemental analysis

With the purpose of studying element accumulatiohiofilm, all the elements
measured were analyzed using a PCA routine. PChiergd 51 % of the variation and
grouped TOC, TON, TP, Cu, Cd, Se and Zn on thehamel and the rest of the
elements on the other hand. PC2 explained 27 %teofdriation and gathered Fe and
Zn in one group and the rest of the elements ittemoTaking into consideration both

axes of the PCA, TOC, TON, Cu, TP, Se and Cd geth&rgether, while Pb, TI, Ni, Cr,
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Al, Mn and As formed another group. Fe and Zn veenesiderably distant from the rest

of the elements (Fig. 3).

The TOC content of the biofilm community rangedfir@3.4 + 0.2 to 23.2 = 0.6 % and
from 14.2 £ 0.2 to 24.3 + 1.2 % for June and Sepmrespectively (Fig. 4 A). There
was a significant diminution of TOC with increasigigtance from the fish farm, but
there were no significant differences between sargpimes. Neither were there
significant differences in TOC concentrations betwseasons in the biofilm
community placed at 0 m, but there were signifiadfierences for the one placed at

600 m (Table 1).

TON concentration of the biofilm community was beem 2.1 + 0.09 and 3.9 £ 0.08 %
and 2.8 £ 0.05 and 5.3 + 0.29 % for June and Sdpesampling, respectively (Fig. 4
B). As with TOC, there were no significant diffecers in the trend of the TON content
between both seasons. In both seasons there wgsfecant decrease in TON with
distance from the fish farm, although, in this ¢ake September values were always

higher compared with June (Fig. 4 B, Table 1).

The TP content of the biofilm community ranged bew 0.11 + 0.004 and 0.18 +
0.008 % and between 0.40 + 0.025 and 0.77 £ 0.01ar Yune and September,
respectively. The accumulation trend of TP wasifigantly different along the spatial
gradient between both seasons. There was a s@miifitecrease in the TP content
between the sampling stations placed at 0 and 6@fimthe fish farm in both seasons,
although the values were much higher in Septemietsa the decrease between the

stations furthest from each other were more ma¢kag 4 C, Table 1).
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The POC, PON and TP ratios in the fish feed werdlai to those found in biofilm in
both seasons. Of all the elements measured inghdéeled, TOC was the most abundant
while Tl was the least abundant. The most abunchetal was Fe, followed by Zn, Al,

Mn, Cu and As. The rest of the elements had a carate®on below Jug g* (Table 3).

A comparative water analysis showed that only T®,AS Cr, Mn, Ni, and Tl were
above the detection limits, ranging between 518%$7, 0 and 2.5, 2.9 and 3.6, 1.0
and 1.5, 0 and 0.5, 0 and 0.9, 0.01 and ngﬂ,'l, respectively. In most of the cases,
the concentrations were at least four magnitudersribwer than the concentrations in
biofilm. Of these elements, only TP, Mn and Tl cemnications in the water column

showed to some extent a decreasing trend withasarg distance from the fish farm.

DISCUSSION

According to the biofilm structure, the biofilm loiass showed quite constant values
along the environmental gradient from the fish famrboth seasons. Only the station at
0 m in September showed a higher value, beingfsignily greater than the station
located at 600 m in the same time period (Fig. 1TAjs suggests that biomass only
responds significantly at high organic matter loadsich agrees with previous works
that shows than eutrophication enhances biofilnmbigs (Dodds et al., 2000 and

references therein).
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The polysaccharide content, as an indirect measufee extracellular polymeric
substances, seemed to be quite constant with destarm the fish farm, indicating that
the polysaccharide content was little influencedhwyfish farm load (Fig. 1 B).
However, the polysaccharide content of biofilm sbdwa seasonal behaviour and
greater values were observed in June than in Septemhis could be due to the high
variability in the composition, structure and ambaiithe extracellular polymeric
substances in different microorganisms that prodtgég 1 B Tago and Aida, 1977,
Decho, 1994). The seasonally different species oaitipn of the biofilm community
may have led to different polysaccharide conteRisdel et al., 2007; Yucel-Gier et al.,

2008).

The analysi$**C ands"*N clearly separated fish feed from the biofilm coomity
samples (Fig. 2 A). The biofilm isotopic C and greature was within as similar range
to that recorded in other studies (Kuwae et alD82Marin-Guirao et al., 2008). Fish
feed showed the lowest°C values, indicating a more terrestial source, tvisiould be
due to the terrestrial components of the fish fémdoth seasons, t#&°C signature in

the biofilm community was more influenced by figeél in the stations at 0 m than at

. { Eliminado: showing
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Biofilm s arecomplex communiés composed of autotrophic and heterotrophic ﬁ;f/ [ Eliminado: s
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organisms with different trophic levels. Thus, 818N content of biofilng is an average *{ Eliminado:

— J

of the trophic levels of the predominant organismisiomass. In the present study, the
8'°N content was similar for all the samples except #1 0 m in June, which was
markedly lower (Fig. 2 A). The low&™N content in the station at 0 m in June could be

due to the presence of more autotrophic organibarsin the rest of the stations.
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and the similar values between fish feed and bioéis regardg"°N confirmed that the
biofilm community does not directly assimilate figed in its particulate and

untransformed form.

As regards isotopic metrics, the total area (TAJ e mean distance to the centroid
(CD) were notably greater in June than in Septenibdicating that the trophic
diversity of the biofilm community along the spati@nsect was higher in June than in
September. PERMISP analysis of all the samplingopsis, regardlessf the season,
indicated that the homogeneity of multivariate dispon was not significantly different
within stations, but was significantly different aithe season was considered as a
factor. This fact indicated that the variabilitytbk trophic diversity was consistent
within stations but was significantly different beten stations of the different seasons.
So the differences in the total area (TA) and tleamdistance to centroid (CD), in both
seasons, were due to a significantly higher troghiersity between stations in June

than in September, and not to a high dispersioemfcates within each station.

The similar values of the mean nearest neighbatace (NND) and the standard
deviation of the nearest neighbour distance (SDNbf2he biofilm community for
both seasons showed that trophic redundancy waparate, as was the evenness of
the distribution of trophic niches in both timestlo¢ year (Table 2). According to the
results of this study, both season and the figi faaste load influenced the trophic

niche of the biofilm community.

20

. { Eliminado: y




As regards element accumulation by biofilm, the PiDalysis grouped stations
following the environmental gradient in both seasandicating that the accumulation
pattern in biofilm (either positive or negative) sveonsistent along the fish farm
influence for each season. Cu, Zn and Cd seem tiocb@main metals released to the
environment due to fish farm activities (Dean et 2007; Basaran et al., 2010). In the
present work, according to PCA, Cu, Cd, Se, andpine extent Zn, seem to have a
similar accumulation dynamics as TOC, TON and T @lthe distance gradient (Fig.
3). Cu, Zn and Se are micronutrients which carokitat high levels, while Cd is a
non-essential element that competes for calciugraatic locations (Friberg et al.,

1979).

TOC, TON and TP content in the biofilm communitpgled a trend of exponential
decay with distance, although the magnitudes wezatgr in September than in June, in
agreement with the high production in Septemberpared to June due to higher sea
water temperatures at this time of the year. Thferénce between both periods was
especially marked for TP (Fig. 4). Fish farm inpotslissolved organic matter and
nutrients were clearly reflected in the TOC, TON di° contents in the biofilm
community. According to the results, the effectisfsolved aguaculture wastes could
be noted from 0 up to a point of 120-350 m fromftkle farm. The element
accumulation pattern seemed to follow the samaltieiboth seasons, and was
consistent with the organic matter load, the acdatian in the biofilm community

being higher in September, when the fish farm wiastd was higher.

Studying natural biofilms can be problematic, esgdcwhen the investigation requires

measuring biofilms at a variety of sites. Artificebstrates made of the same material
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allow us to increase the reproducibility betwedassand minimize confounding
influences. Similarly, as biofilms are freshly gmowhe results are not confounded by
different ages of the biofilm community at the di#nt sites, nor difference in

antecedent conditions (Baldwin et al., 2006).

The studied biofilm community showed a high capetttconcentrate elements from
the water column released from fish farm activithis may be attributed to the
extracellular polymeric substances and the compgsradrbiofilm, which, due to their
physical nature, have great adsorptive capabilfidlexho, 1990). According to the
results of the present study, element accumuldtydoiofilm was not correlated with
the polysaccharide content of the community, sutijggeghat the capacity to
concentrate these elements was independent ofrtberd of the extracellular

polymeric substances.

_{ Eliminado: the

This work also shows that biofilm commuggcan account for the capacity “to .~ { Eliminado: y

memorize” a disturbance effect, which the pelagicinunity lacks (Brummer et al.,
2003). Furthermore, even though both, season anfisthnfarm waste load, influenced
the biomass, polysaccharide content and the trapbie of the biofilm community, the

element accumulation pattern seemed to follow #meestrend in both seasons being the

. { Eliminado: y

accumulation consistent with the fish farm wastedldHence, the biofilm commuigt -
can be considered a reliable tool for assessingetheh and extent of dissolved
aquaculture wastes. Due to the ubiquity of biofjlits adsorptive capacity and its wide
range of consumers, the role of bioflies a sink of aquaculture dissolved wastes may
have important implications for the transfer ofsbevastes to higher trophic levels in

coastal systems.
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CONCLUSIONS

B { Eliminado: y
This work demonstrates that the biofilm commiggitire sensitive to fish farm { Eliminado: is

B { Eliminado: es

L

trophic diversity was influenced by seasonalityvad as by the fish farm waste load.
Fish farming enhanced the accumulation of TOC, TOR, Se and metals by the
biofilm community. The accumulation pattern of thetements was similar regardless

of the structure and trophic niche of the communityis suggests that the biofilm

. { Eliminado: y

wastes and may have important implications fortthesfer of aquaculture wastes to

higher trophic levels in coastal systems.
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FIGURE CAPTIONS

Fig. 1. A) Dry weight biomass and B) polysacchaidatent (mean + SE; n=4) in the
biofilm community in June(®) and Septembe®() along the spatial gradient from the

fish farm.

Fig. 2. A)5™%C and3™N in the fish feed %) and the biofilm community at June (empty
symbols) and at September (solid symbols) )9 20 (V), 60 (2), 120 (1), 350 ()
and 600 m {¢) from the studied fish farm. Lines show the isatagche widths of the
biofilm community in all the sampling stations fiune (dashed line) and September
(solid line) as total area. BJ°C in the fish feed %) (n=3, mean + SE) and the biofilm
community (n=4, mean + SE) in Jur®)(and Septembe®() along the spatial gradient

from the fish farm.

Fig. 3. Principal Component Analysis (PCA) ordinatplot of PC1 and PC2 based on
the concentration of the analyzed elements in & community in June and

September.
Fig. 4. A) Total organic carbon (TOC), B) total anic nitrogen (TON) and C) total

phosphorous (TP) concentration (n=4, mean + SH)drbiofilm community in June

(©) and Septembem) along the spatial gradient from the fish farm.
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TABLES

Table 1. Results of the two-way ANOVA and analyffishe slope (June vs September
sampling) of the regressions of dry weight biomas$ysaccharide content, total
organic carbon, total organic nitrogen, total plmsps,5-*C ands**N of the biofilm
community along the spatial transect from the fasim in June and September. All

values are expressed as P values.
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ANOVA (main test)

ANOVA (pair wise test)

Slope differences
(June vs

Parameter Distance Season Interaction OvsOm 600 vs 600 m ion\f]suggo m gg;tgsn%:f n September)
Biomass <0.05 n.s. n.s. n.s. n.s. n.s. <0.05 <0.01
Polysaccharide <0.0001 <0.0001 <0.001 <0.001 <0.001 <0.001 n.s. n.s.

TOC <0.0001 < 0.0001 <0.0001 ns <0.05 <0.001 <0.001 n.s.

TON <0.0001 < 0.0001 <0.0001 <0.001 <0.001 <0.001 <0.001 n.s.

TP <0.0001 < 0.0001 <0.0001 <0.001 <0.001 <0.05 <0.001 <0.0001
8c <0.0001 < 0.0001 <0.0001 <0.001 n.s. <0.001 <0.001 <0.05

3N <0.0001 n.s. <0.0001 <0.001 n.s. <0.001 <0.05 <0.01

n. s. = non-significant
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Table 2: Isotopic metrics for feed and the sampditagions in June and SeptemtaerC range (CR)S™N (NR), total area (TA), mean distance

to centroid (CD), mean nearest neighbour distaNt) and standard deviation of the nearest neighmiance (SDNND).

CR NR TA CD NND SDNND C centroid N centroid
June 2.700 2.050 2.810 0.719 0.179 0.128 -19.59 4.55
September 1.621 0.807 0.885 0.460 0.186 0.103 -18.15 4.63
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Table 3. Element concentrationg(g?) in the fish feed supplied to the cultured fish in

the studied fish farm. The values are in dry we{ghtan + SE; n=3).

Element Feed concentration
C 489833 + 4667
N 68667 + 1014
P 9447 +27.1
Fe 286.9 £8.7
Zn 83.71+0.16
Al 57.80 + 3.63
Mn 29.74 £ 2.66
Cu 8.41 +0.06
As 1.63 £ 0.004
Ni 0.94 +0.016
Se 0.46 + 0.006
Cr 0.33+0.018
Cd 0.32 +£0.007
Pb 0.11 £ 0.008
Tl 0.01 £ 0.0003
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Fig. 2.
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Fig. 3.
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Fig. 4.
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