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Abstract: Mediterranean seagrass ecosystems are endandeyedincreased
colonization of Caulerpa species, which may replace them, affecting key ystem
processes. The fisBarpa salpa(L.) is one of the main macroherbivores in the west
Mediterranean seagrass meadows which is knowretbda a wide range of macroalgae such
as Caulerpaspecies. In order to elucidate if this consumptionld minimize the spread of
invasive species, during summer-autumn 2012, wesinyate the importance &. salpa
herbivory pressure o@. proliferaandC. cylindraceacompared td?osidonia oceanicand
Cymodocea nodosan a mixed meadow. A combination of field experimseand dietary
analyses were used to investigate consumption, raiesary contributions, and feeding
preferences for the different macrophytes, inclgdihe role of epiphytes and nutrient
contents in mediating fish herbivoryn summer, C. nodosawas the most consumed
macrophyte (12.75 + 3.43 mg W), probably influenced by higher fish densitiegher
nutritional quality of leaves and epiphytes, and differences in epiphyte composition.
Feeding observations suggest that fish may havariable diet, although with a consistent
selection of mixed patches wi@. nodosaandC. prolifera Indeed, food choice experiments
suggest that when seagrass leaves are not epigthytigh prefer feeding o@. prolifera. Gut
content and stable isotopic analyses supportediigtary importance of epiphytes ai
prolifera but also suggested th@t cylindraceacould occasionally be an important food item
for S. salpa Our results highlight the role of epiphytesSnsalpafeeding decisions but also
suggest tha€. nodosaandC. proliferamay have an important contribution to fish digteT
variability in S. salpadiet confirm the need to carry out multiple apptoatudies for a better
understanding of its potential influence over dif®@ macrophytes species.

Key words. Food choice,Sarpa salpa Cymodocea nodosaPosidonia oceanica

Caulerpa prolifera, Caulerpa cylindraceapiphytes, nutrients
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INTRODUCTION

Mediterranean seagrass meadows are dominate@lobiglonia oceanicdL.) Delile
(Den Hartog 1970, Thayer et al. 1984), whilzmodocea nodos@Jcria) Ascherson is
commonly found in small patches within these mead{erés & Picard 1964). Herbivory
rates on these seagrass species are extremelpleaacording to the available literature (2—
57 % ofP. oceanicdeaf productivity, Cebrian et al. 1996a, Pradole2@07; 1-50 % of.
nodosaleaf productivity, Cebrian et al. 1996b). This wadnility in estimated herbivory has
been suggested to be partly a consequence of tlfieredt methods employed for
quantification (Tomas et al. 2005a). Previous estéa® of leaf consumption rates were
assessed using indirect methods, such as quagtify@nbivore bite marks, which are now
known to underestimate seagrass consumption (elyidd et al. 1996a) compared to the less
frequently-used estimates provided by tetheringegrents (e.g. Tomas et al. 2005a, Prado
et al. 2007). Direct methods have shown that, mesanstances, grazing can be heavy and
determine the structure and distribution of temigeraacrophyte assemblages (e.g. Tomas et
al. 2005a, b, Taylor & Schiel 2010). In additiohgese works also provide evidence that
herbivory can be highly variable through space &g, displaying different patterns of
defoliation between meadows and/or seasons (Pradb 2007, 2010, Steele et al. 2014).
Nevertheless, further studies are required to coeng@erbivore impacts on different
macrophyte species, including the two main seagpasies and abundant macroalgae, and to
determine the role of food preferences in the egoéd functioning of mixed Mediterranean
seagrass meadows.

Mediterranean seagrass ecosystems are endangerducregsed colonization by
Caulerpaspecies, which may replace them; consequently tafte&ey ecosystem functions
and services (Hendriks et al. 2010). Among the n@anlerpaliving in the Mediterranean,

only the chlorophyteCaulerpa prolifera(Forsskal) J.V. Lamouroux, is endemic. It develops
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in shallow subtidal waters, co-ocurring with theagessesC. nodosaand P. oceanica
(Vergara et al. 2012, Marco-Méndez et al. 2015)e Tneen algaCaulerpa cylindracea
(Sonder) [formerlyCaulerpa racemosaForsskal) J. Agardh varcylindracea (Sonder)
Verlaque, Huisman et Boudouresque; (hereina@ermylindracea according to Belton et al.
2014, Marin-Guirao et al. 2015)], originally deberd from southwestern Australia, has
rapidly spread throughout the western Mediterrarteaimg the last 20 years (Verlaque et al.
2000, 2003). The alga has successfully colonizedda variety of soft and hard substrata,
including dead”osidonia oceanicahizomes or “matte” (tough, lignified roots amtdizomes
admixed with sediment; Boudouresque & Meisnez 1282)C. nodosameadows (Vazquez-
Luis et al. 2008).

Common chemical components such as phenolics (Mai@lcoverro 1999; Verges
et al. 2007, 2011) are known to deter feeding ga@land terrestrial plants mediating plant—
herbivore interactions (Orians et al. 2002; Taybral. 2002; Vergés et al. 2007; 2011). In
particular, Caulerpa species contain different levels of caulerpenyheng et al. 2002), a
secondary metabolite that acts as a feeding datertigat inhibits the growth of
microorganisms and is toxic to larvae and adultpaitntial herbivores (Lemée et al. 1996,
Ricci et al. 1999). This chemical deterrence areddbnsequential lower palability has been
often considered one of the main causesCtaulerpaspecies invasion success (Sant et al.
1996). However, recent studies suggest that Meditean herbivores have evolved the
capability to tolerate this secondary metaboliter(@Il & Hawkins, 2003), allowing them to
consume large quantities Gaulerpaspp(Cebrian et al. 2011; Tomas et al. 2011a,b, Marco-
Méndez et al. 2015). Since fish generally have énighobility and greater consumption rates
than invertebrate herbivores, they have been hgsatbd to be able to limit the spread of
introduced algae (e.g.Weijerman et al. 2008, Vegrraeial. 2009). According to this, fish

herbivory pressure oBaulerpaspecies could eventually benefit seagrass spbygiesducing
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the proliferation of these species and their nggdthpact on the dynamics of Mediterranean
seagrass meadows (Ruitton et al. 2005).

The fish Sarpa salpa(L.) is one of the main macroherbivores in the wast
Mediterranean, and is commonly observed in shalleagrassneadows and rocky bottoms
(Verlaque 1990) feeding on a wide range of macamlgnd seagrasses (Havelange et al.
1997). This species has been reported to accouOféo of the total leaf consumption Bf
oceanica(Prado et al. 2007) and is known to ingest langgntjties ofCaulerpaspecies such
as C. prolifera (Marco-Méndez et al. 2015) ard. cylindracea providing at least some
resistance to invasion of native assemblages (Tanhak 2011b). In general, studies point to
higher feeding activity o5. salpain summer to accumulate reserves for the winteiogder
when fish eat less and adults prepare for repramtu¢Peirano et al. 2001). Howev&, salpa
herbivory pressure seems to vary greatly over spadeime (Prado et al. 2007, 2010, Steele
et al. 2014). It is also influenced by other fast@uch as macrophyte availability and
accessibility, habitat heterogeneity, nutritionabiatity, human pressure on herbivore
populations, herbivore recruitment, predation aatlgons of movement (Prado et al. 2008 a,
b, 2011).

Preferences and feeding rates of marine herbivarag be driven by enhanced
nitrogen and protein content, epibiotic load, owéo amounts of chemical and structural
components (Mariani & Alcoverro, 1999, Vergés et 2007, 2011). Varying levels of
structural carbohydrates in seagrass leaves (os#yul may affect food digestibility and
absorption (e.g. Klumpp & Nichols, 1983) and diffleces in nutritional quality among
seagrass species or between seagrasses and epipbytd result in different levels of
herbivory (Alcoverro et al. 1997b, Cebrian & Duart®98, Prado et al. 2010). Furthermore,
it has been shown that secondary metabolites d&f imatcroalgae and seagrasses chemically

deter herbivores, although inhibition varied betweensumers (Vergés et al. 2007, 2011).
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Given that several factors could be involved in ttemplex seagrass—herbivore
interactions, studies require combined experimergpproaches and dietary analyses
integrating temporal variability in resource acdfios. Among methods used to quantify
dietary contributions, stomach content analysighés most accurate, although it applies to
very short time periods and requires extensive fagpLegagneux et al. 2007). In contrast,
more recent techniques, such as stable isotopevWed in Kelly 2000), provide useful
complementary and time-integrative methods in dyestudies (Marco-Méndez et al. 2012),
based on the premise that consumers’ tissues wikemble the long-term isotopic
composition of the diet (Fry & Sherr 1984, Minaga&v&Vada 1984).

The aims of this study were to compare the impedaaf S. salpaherbivory on
Caulerpaspecies vs. seagrasses in a mixed meadow, andddate if this consumption
could eventually control the spread of invasivecsge With these aims we investigated
summer and autumn abundances and consumption gatBs salpaon P. oceanica C.
nodosa C. proliferaandC. cylindracea as well as their potential relationship with terg
changes in the abundances of those macrophytew@st@rn Mediterranean mixed meadow.
In addition, we investigated wheth&r. salpafeeding preferences, epiphytes presence and
nutrient content in macrophytes could explain harty pattern observed in the field. To this
end, a combination of field experiments and dietanalyses were used to investigate
consumption rates, dietary contributions, and feggreferences for the different macrophyte
species, including the role of epiphytes and notr@ontents in mediating herbivory I8/
salpa.We hypothesize that: 5. salpaabundances and consumption rates will be higher in
summer than in autumn influenced by higher fishralamnces and macrophytes availability;
2) Epiphytes and macroalgae will have lower C:Nogthan seagrasses which will trigger
higher herbivory pressure and Gpulerpaspecies abundance could being responding not

only to seasonal changes buStosalpaherbivory pressure.
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MATERIAL AND METHODS

Study site

The study site was located at Cabo de Santa P8fal334.56"N, 0° 30'31.55"W,
western Mediterranean) in a mixed habitat (deptiyea2-4 m; study areed.75 knf) formed
by intertwined patches of variable sizeRdsidonia oceanica, Cymodocea noddSaulerpa
prolifera, unvegetated sandy substrate, and rocky substwat¥ed byCaulerpa cylindracea
and, other macrophyte species to a lesser extapt@gstoseira compress®ylophus sp;
Enteromorpha compressalania rubens Padina pavonicaand Halopteris scoparia C.
cylindraceawas first recorded in 2002 at a site located alden km north of the study area,
where it colonized soft sediments and dead matte. aiceanica.Two months later, it was
detected on the rocky platform of our study areenéPMartin et al. 2003). Currently, this
nonindigenous alga occurs in extensive areas dbgically important rocky bottoms, as well
as on sandy and muddy substrates, and on dead ofdteoceanica(Marin-Guirao et al.
2015). It also occurs intermixed wit6. nodosain seagrass meadows, with a patchy
distribution (Vazquez-Luis et al. 2008).

The main aims of this study were to compare theomamce ofS. salpaherbivory on
Caulerpaspecies vs. seagrasses in a mixed meadow, tofydergdiating factors influencing
herbivory and to elucidate if this consumption cbeVventually control the spread of invasive
species. To achieve these goals, we investigateshlpaabundances and consumption rates
on P. oceanicaC. nodosaC. prolifera andC. cylindraceaand their potential relationship
with temporal changes in those macrophytes abumrdaimca western Mediterranean mixed
meadow. The study was carried out in two randomelgded locations (A and B) 2-3 km
apart (Fig. 1) and in two different times duringl120 summer (July-August) and autumn

(September-October). In summer macrophytes bioreasse expected to be higher in
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response to temperature, nutrients and light camdit (Alcoverro et al. 1997b) and the
feeding activity ofS. salpato be more intense in order to accumulate resdorethe winter
period (Peirano et al. 2001). In autumn (September-Ocjolibath macrophytes biomasses
(Alcoverro et al. 1997b) and. salpaeeding activity are expected to decrease befaehing
their minimum in winter, when fish eat less andledprepare for reproduction (Peirano et al.

2001).

Bottom characterization

At each location (A and B) and study time (hereaftel: summer; T2: autumn)
seagrasses shoot density (number pdrwas measured by counting shoots in a 40 x 40 cm
quadrant placed in three haphazardly selected gatoithin the mixed habitat. Percentage of
bottom covered was estimated visually by scubargliusing a 25 meters tape measure (n = 3)
and recording the length covered by the seagramsdsother substrates or macrophytes
species (rock, sandCaulerpa prolifera etc.). Subsequently the data were expressed as
percentages of bottom coverage (Sanchez-Lizaso)1B88ause of the heterogeneity of this
mixed habitat three additional 20 x 20 cm quadvetse haphazardly selected at each study
location and all macroalgae and seagrass withim tterefully removed and placed in plastic
bags. In the laboratory, all macrophytes were dart species, dried for 24 h at 80 °C, and
weighed. Accordingly to standardized methods (Re@m€&85, Alcoverro et al. 1995, Ruitton
et al. 2005), we estimated the percent cover bi eamcrophyte species relative to the total
weight of sample scraped off the rocky substra¥®hen during visual characterization two
species were highly mixed in the same patch, werded it as: e.gC. nodosaand C.

prolifera.

Fish abundances and feeding observations
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Individuals ofS. salpawere counted by scuba divers using the visuak&eincensus
method (Harmelin-Vivien et al. 1985, Francour 199&) each time and at each study
location, visual censuses were carried out in twitereént days (T1: one day in July and
another in August; T2: one day in September andhandOctober) recording 16 censuses
each day (n = 32 total censuses per time and twvatAll S. salpaencountered along
haphazardly located 507tine transects were counted (ind?ynand their average size (total
length, TL) estimated. All fish counts were perf@esnat the same time of the day
(approximately between 10:00 and 13:00 h) to minénipossible variability due to
differences in fish behaviour (Spyker & Van Der e 1995).

The feeding activity of. salpawas also recorded through visual observationghifn
case, scuba divers recorded a total of 18 schdofssto feeding at each time and study
location (each ca. 7 min in duration). On each sicca we followed a school of fish and
recorded the number of individuals within the sdhdleir average size, and if they were
swimming or feeding, in which case the food iteraesumed were recorded. The percentage
of individuals swimming or feeding on the differatdms was estimated relative to the total

of individuals observed.

Tethering experiments

Consumption rates df. prolifera C. cylindracea C. nodosaandP. oceanicaby S.
salpawere estimated with tethering experiments deplayekin monospecific patches at the
two different times and locations of study (ondnéeing line per species, time, and location;
l.e., a total of 4 tethering lines per macrophytery the study). Each tethering line consisted
of 18 replicates, with similar amounts of freshbllected macrophyte biomass (collected the
morning of the experiment). Tethering lines cormglsof floating replicates (by using small

buoys) to avoid benthic invertebrate herbivoreg.(sea urchins). Floating replicates were
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tied to a thin cord and deployed in the field fowaek; the lines were elevated a few
centimeters from the bottom but integrated at iglit of the surrounding vegetation, mixing
them within the monospecific macrophyte patcheshbEend of the line was secured to the
bottom with rebar stakes. Controls for changes @t weight unrelated to herbivory were
simultaneously made to each of the tethering erpart performed during the study. For
each species, 18 control replicates of identicdiqus of macrophyte (individually protected
from herbivores by 0.5 chrmesh cages) were deployed in the field duringséme period
(see Tomas et al. 2011b). To avoid any interferénhaefouling organisms could cause in the
light entering the mesh, cages were checked evagy ahd cleaned when needed. All
replicates were cut down to remove previous hereivoarks and blotted dry of excess water
before measuring initial and final wet weight (3vgt weight per replicate). After a week,
tethering and control replicates were collected biodnass consumption . salpawhose
bite marks are easily distinguishable (e.g. Tomad. 2005b), was estimated as [(Hi X Cf/Ci)
- Hf], where Hi and Hf were initial and final weteights of tissue exposed to herbivores, and
Ci and Cf were initial and final weights in consdCronin & Hay 1996; Parker & Hay 2005;
Tomas et al. 2011a, b). Macrophytes consumption &qgsessed as mg of wet weight

consumed per day.

Food choice experiments

Given the high consumption &@aulerpaspp byS. salpashown in previous studies
(Tomas et al. 2011b, Marco-Méndez et al. 2015),thrdeported importance th@t nodosa
and P. oceanicacan have in its diet (Prado et al. 2007a; Marcaowiiéz et al. 2015), we
conducted paired feeding experiments to examinedlative palatability ofC. prolifera C.
cylindracea C. nodosaand P. oceanica In addition, since epiphytes can have a large

influence on herbivore feeding choices (Marco-Ménedeal. 2012), paired experiments were

10
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carried out with epiphytized and non-epiphytizedgsass leavesaulerpaspecies were not
epiphytized). These experiments did not only test electivity for seagrass @aulerpa
species but also helped to elucidate whether thaifeséed selectivity is consistent in
presence and absence of epiphytes in seagrasss.leBespite seagrass are naturally
epiphytized, these experiments will help to unagerdtwhethelS. salpaconsumption rates
and feeding behavior observed in the field couldddated to food preferences and epiphytes
presence. Food choice experiments were conductedummer, when macroalgae and
epiphyte biomasses have maximum values and thegrgodhe highest pressure frd
salpa(Alcoverro et al. 1997a). Experiments were depibiyelarge sandy patches (ca. 2-4 m
depth; at least 5 m away from rocks, seagrassemamroalgae) to ensure that no other
macrophytes could interfere with fish feeding clesiand that invertebrate herbivores did not
have access to experimental setups. A total ofi@gdloating tethering experiments were
carried out with the following paired combinatiori3:C. nodosaepiphytized vsC. prolifera

; 2) C. nodoseepiphytized vsC. cylindracea;3) P. oceanicaepiphytized vsC. prolifera ; 4)

P. oceanicaepiphytized v<. cylindracea 5) C. nodosanon-epiphytized vsC. prolifera ;6)

C. nodosanon-epiphytized vsC. cylindracea ;7) P. oceanicanon-epiphytized vsC.
prolifera; 8) P. oceanicanon-epiphytized vsC. cylindracea and 9)C. prolifera vs. C.
cylindracea.For each experiment, similar amounts of freshlyleodéd algal and seagrass
biomass were offered in pairs (ca. 3 g wet weigR@plicate pairs (n = 18) and their
respective controls (individually protected fromrtfigores by 0.5 cfmesh cages) were
deployed at least 1 m apart and collected after dlays. Consumption was estimated as for
tethering experiments and expressed as mg wet WejhbyS. salpabite marks. Despite the
amount of epiphytes was not quantified before dtet axperiments, we used control leaves
to make some calculation in order to estimate theumt of epiphytes potentially growing in

C. nodosaandP. oceanicdeaves offered in food choice experiments. Esesatf epiphytic

11
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loads growing orP. oceanicdeaves offered witlC. proliferawere 219.02 + 8.22 mg DW
per shoot and witlC. cylindraceawas 279.51 + 8.17 mg DW per shoot. Eomodosdeaves
offered withC. prolifera estimated loads were 100.46 + 3.46 mg DW per shondtwithC.
cylindraceal38.36 + 5.57 mg DW per shoot. Differences indheount initially offered with
leaves possibly respond to natural differences éetwshoots collected. We considered that
the most important changes in the epiphytic comtgwgcurring during four days would be
in terms of biomass, which is also related withpégtic coverage, so using control leaves for
weight correction would resolve this issue. Despite did not analyzed the epiphytic
community before and after the experiments, wekthivat giving the short duration of the
experiments, changes in the community compositioterms of taxa composition would

possibly be small.

Gut contents, stable isotope analyses and nutrienbntents

A total of 26 individuals ofS. salpa(average length: 23.12 + 0.62 cm) were
haphazardly collected within the area for a diestygly. Since individuals were caught at two
different moments, we studied them separately (18 34ndividuals per group or school). We
used all individuals for gut content analyses a@dntlividuals (n = 5 from each school) for
nutrient content and stable isotope analyses (ShAthe laboratory, fish muscle was isolated
for SIA and nutrient content analysis. Gut contemése extracted and food items separated
under the microscope (ed?. oceanicaleaves,C. prolifera C. cylindraceaand epiphytic
macroalgae). Each fraction was dried to constaigiwet 60° C.

Samples ofCaulerpaand seagrass species were haphazardly collectedtifre study
area for SIA and nutrient content analyses. Themmptes included:C. prolifera C.
cylindracea P. oceanicaandC. nodosaepiphytized leaves with and without epiphytes (B =

of each type), as well as epiphytes themselves rofeach type). The latter included both

12
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epifauna (heterotrophic metazoans) and epiflorac(osdgae). Samples from schools and
food resources were dried to constant weight at ®0&nd ground to fine powder for
determination of nutrient contents (C:N) and isatogignatures ¥°N and §'%C). Analyses
were carried out with an EA-IRMS (Thermo Finnigaahalyzer in continuous flow
configuration at the Technical Unit of Instrumentahalyses (University of La Corufa,
Spain). The average difference in isotopic compmwsibetween the sample and reference
material fsample-standar@Xpressed in %o) corresponds to:

[(Rsample R standard)R standard] x 10008sampie-standard
whereR sample is thé’C/*°C or **N/*N ratio in the sampleR standard is thé’C/*°C or
>N/“N ratio for the reference material (i.e. CaCfiom belemnite (PBD) fo**C and
atmospheric nitrogen fo8'>N measurements), calibrated against an internaldatd (i.e.

atropine, IAEA and/or UGS).

Epiphytic community

The epiphytic community of botP. oceanicaand C. nodosawas investigated in
shoots (n = 10) collected at the two study timesnfmer and autumn 2012). For each shoot
the oldest leaf was selected as representatitfeeadpiphyte community during the entire life
span of the shoot (Prado et al. 2008a). Epiphyiiec (%) on the leaf surface was estimated
visually, and then organisms were scraped off gefotl identification to genus level under
the microscope. Finally, epiphytes were dried tooastant weight at 60° C for biomass

determination (mg DV¢m?)

Data analyses
The significance of differences in the cover offeatacrophyte species (percentage of

bottom covered and rocky substrate covered) betWEere” (fixed factor with two levels)

13



314 and “Location” (random factor with two levels) wiasestigated using the PERMANOVA+
315 B20 software package (Anderson and Gorley, 2007).

316 Differences in consumption rates By salpaamong macrophyte species, times (T1:
317 summer; T2: autumn) and locations (A and B) wekestigated with a three-way ANOVA
318 design with two fixed factors (“Macrophyte” and fiie”) and a random orthogonal factor
319 (“Location”). The factor “Macrophyte” had four lelge(C. prolifera C. cylindracea C.
320 nodosaP. oceanica Factors “Time” and “Location” both had two leseh all analyses.

321 Differences in the abundances&fsalpaduring the study were analyzed with a two-
322 way ANOVA with “Time” and “Location” as fixed andandom factors, respectively.

323 A two-way ANOVA was also used to analyze differenae the number of epiphyte
324 taxa, cover and biomass betwdenoceanicaandC. nodosdeaves during the two times of
325 study. Factors “Macrophytes” and “Time” were battetl and had two levels.

326 Differences in isotopic signature$ (°N and 6 *3C) and nutrient content (C: N molar

327 ratio) among food resources were tested througmeway ANOVA with 8 levels .
328 prolifera, C. cylindraceaP. oceanicaepiphytized,P. oceanicanon-epiphytizedC. nodosa
329 epiphytized, C. nodosanon-epiphytized, epiphytes dof. nodosaand epiphytes ofP.

330 oceanica. Differences in the mean isotopic signatures betwthe two different schools of
331 fish were subjected to standard t-tests. The Ism®oiPhillips & Gregg 2003) isotope mixing
332 model was used to identify the contributions offefood source to the diets of school 1 and 2
333 separately. Since results by Prado et al. (2018¢laded that there is a strong dietary effect
334 on fractionation (i.e. seagrass, macroalgae, amuvarous diet fractionations were different)
335 and both schools db. salpawere collected where all those diets were avalathle model
336 was run with the means of the fractionation valfeesd for seagrass and macroalgae diets
337 (0.63 +0.29 %o foB™N and 2.49 + 0.25 %o fo§-°C, means + SE). Since seagrasses have very

338 low digestibility, those mean values were considemsore accurate than assuming the

14



339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

theoretical 3.4%. enrichment between trophic levEle input parameters for the model were
the isotopic values of the consumer and trophiouess (measured in this study) and the
overall fractionation rates (Mean + SE). Since mgmisicant differences were found between
epiphytes ofC. nodosaand epiphytes oP. oceanicand this prevents the detection of
differences by the model (Phillips & Gregg 2008YN ands**C values were averaged to run
the model. We also used averag¥dN and §*°C values forC. cylindraceaand for C.
prolifera, since no significant differences were found bemveheirs™N values, despité™>C
values differed.

ANOVA assumptions of normality and homogeneity afignce were assessed with
the Kolmogorov-Smirnov and Cochran’s C- tests, eeipely. When necessary, an
appropriate transformation was performed beforéh@&uranalysis. When assumptions were
not met, the level of significance was set at @dfeduce the possibility of committing Type
| errors (Underwood 1997). Student-Newman-Keulst-pos tests were used to single out
significant groupings. The statistical tests weomel using PASW software and GMAV 5
software (University of Sydney, Australia).

The n-MDS ordination (Bray-Curtis similarity index ANOSIM and SIMPER
(available in the PRIMER-E v.6 software packagerkd & Warwick 1994) were applied to
stomach contents (percentage) and epiphytic asaged(presence-absence transformation).

Wilcoxon signed-ranks paired test was applied tmfohoice experiments, due to lack
of normality and homoscedasticity of data.

Pearson's product-moment correlation coefficient wgs used to test how fish
densities correlate with feeding rates and wedthisrtwo variables correlate negatively with

macrophytes cover.

RESULTS
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Bottom characterization

No significant differences were found in the shdehsity ofPosidonia oceanicand
Cymodocea nodosgither between times or between locations (Sum@enpdosal029.2 +
217.4 shootsn’®; P. oceanica478.1 + 66.6 shoot®; Autumn, C. nodosa875.0 + 219.7
shootsm; P. oceanica367.7 + 45.1 shoots™).

PERMANOVA analyses for bottom coverage did not sbdwsignificant effects
between “Times” (P = 0.5296) or “Location” (P = 073. The highest percentages of cover
were recorded foP. oceanicaSummer: 46.2 + 6.6 %; Autumn: 34.6 + 8.4 %; ageraf A
and B) andCaulerpa prolifera(T1: 19.7 £ 6.8 %; T2: 27.5 + 5.3 %, average adufd B). On
rocky substrates, no significant effects were fouretween “Times” (P = 0.992) or
“Location” (P = 0.988). The highest percentage aifkiy substrate covered was recorded in
summer forC. prolifera (48 = 22.2 %).Caulerpa cylindraceaand P. oceanicarecorded
similar percentages during the study, with valdeghly higher in summer (8.65 £ 1.74 %
and 8.98 + 5.28 % respectively) than in autumn55t93.54 % and 4.6 = 4.6 %). The
remaining percentages corresponded to other mge®aspecies identifiedCystoseira
compressa Dylophus sp; Enteromorpha compressknia rubens Padina pavonicaand

Halopteris scoparia

Herbivore densities and feeding observations

There was a significant “Time x Location” interactiin the abundance &. salpa
The highest abundances reported during the studg wese recorded in summer and
location A (0.56 + 0.15 inch®) (Two way ANOVA; p < 0.01; Fig. 2A).

Feeding observations showed that individuals fedaomariety of species during

summer P. oceanicaC. nodosa, C. proliferaand other algae) but mainly @h proliferaand
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C. nodosaduring autumn (Fig. 2B). The average fish sizesmed for the schools observed
during the study were in summer: 15.72 + 1.14 cnhogation A and 17.78 £ 1.22 cm in
location B; while in autumn: 13.05 + 2.25 cm indtion A and 12.5 + 2.58 cm in location B.
These sizes were considered small-medium sizeithdils (small < 17cm and medium 17-29

cm), based on Francour (1997),

Tethering experiments

There were significant differences for the intei@ct'Macrophyte x Time” (Fig. 2C;
Table 1). Consumption rates d€. nodosawere only significantly higher than the
consumption recorded for the other macrophyte sgdai summer. In addition, consumption
rates ofC. nodosan summer were also significantly higher than uuann (0.51 £ 0.13 % of
wet plant biomass per day). Despite SNK analyseb riit detect further significant
differences between the rest of macrophyte spemigimes, consumption of. prolifera
tended to be higher in summ&; oceanicadisplayed low but consistent consumption rates,

andC. cylindraceashowed no herbivory (Fig. 2C; Table 1).

Correlations between bottom coverage, herbivore almdances and consumption
rates

No significant correlations were found between ahthe variables analyzed. Bottom
coverage ofc. nodosaandP. oceanicadisplayed a tendency to correlate negatively fsh
abundances (r = -0.70; -0.550 respectively) dbd prolifera and P. oceanica with
consumption rates (r = -0.350; -0.068 respectiveBonsumption ofC. nodosashowed a

tendency to correlate positively with fish abundasr = 0.070).

Food choice experiments
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Sarpa salpadisplayed higher consumption rates@f prolifera relative toC. nodosa
non-epiphytized (NE) (Fig. 3A) but not &f. cylindraceavs.C. nodosanon-epiphytized (NE)
(Fig. 3B). RegardingP. oceanicag significant higher consumption &. prolifera was
recorded vs.P. oceanicanon-epiphytized (NE) (Fig. 3C) but no consumptioh C.
cylindracea or P. oceanica(NE) was detected (Fig. 3D). In presence of epighyno
significant differences were found either in th@somption ofC. nodosaE) vs.C. prolifera
or in that ofC. nodosavs. C. cylindracea(Fig. 3E, F). Similarly, no significant differerxe
were found either in the consumptionRfoceanicaepiphytized (E) vsC. proliferaor in P.
oceanica(E) vs.C. cylindracea(Fig. 3G, H). Finally, the consumption Gf prolifera was
significantly higher tharC. cylindracea(Fig. 31). The highest consumption rates for
prolifera were observed v<C. nodosanon-epiphytized (2.58 + 0.91 mg Wu), followed
by those observed V€. cylindraceaandP. oceanicanon-epiphytized (1.07+ 0.49 mg WW

d': 0.34+ 0.17 mg WWAd™* respectively).

Gut contents

Gut contents ofs. salpaindividuals from school 1 comprised epiphytes (%Y, P.
oceanica(39.7 %) andC. prolifera (53.5 %), while school 2 samples showed a diel.of
oceanica(0.5 %),C. prolifera(31.8 %) andC. cylindracea67.7 %).

n-MDS ordination of the gut items showed differembgpings between individuals
from schools 1 and 2. ANOSIM results confirmed tipait contents of these two schools were
significantly different (Global R: 0.48; p = 0.00T)he average similarity among school 1 gut
contents was 42.87% and school 2 was 59.85 %. Tékage dissimilarity between the two
schools of fish was 80.81 %, mostly dueCtocylindracea(41.89 %),C. prolifera (29.44 %)

andP. oceanicg24.52 %).
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Stable isotope analyses

Both **C ands™N signatures showed significant differences amamgl fitems (one-
way ANOVA, p < 0.001; Fig. 4A; Table 2). The highé$°N values were recorded f@.
prolifera andC. cylindracea(7.25 + 0.27 %0 and 7.59 £ 0.07 %o respectively) #nallowest
for P. oceanicaepiphytized and non-epiphytized (4.49 £ 0.07 %o ahd6 = 0.09 %o
respectively). Fol*C, the highest values were recorded @rnodosanon-epiphytized (-
9.58 + 0.01 %o0) and the lowest f@. cylindracea(-16.67 + 0.11 %0), and the epiphytes from
P. oceanicaand C. nodosaleaves (-17.06 £ 0.17 %o; -15.93 + 0.23 %o respetyiv
Regarding consumers, significant differences wermd in the3'°N values between the two
S. salpaschools (t = 5.004; df = 7.527; p = 0.001) ands¢healues (school 1: 12.85 + 0.46
%0; school 2: 9.95 + 0.35 %0) were closer @ cylindraceaand C. prolifera values. In
contrast, no significant differences were found&5iC signals between the two schools (t =
2.620; df = 7.824; p = 0.31) and values (schooll6:23 + 0.42 %o; school 2: -17.90 £ 0.35
%0) lay much closer to Ccylindracea C. prolifera and epiphytes (including both
‘macroalgae’ and metazoans), than to seagrasssvéifige 4A; Table 2).

Results from the IsoSource model indicated thatthan long term, the diet of both
schools ofS. salpaconsisted ofCaulerpa spp, epiphytes and seagrasses (schodP.l,
oceanica 20 %; C. nodosa 12 %; epiphytes: 28 %Caulerpaspp: 32 %; school 2P.
oceanica 10 %;C. nodosal6%; epiphytes: 38 % aulerpaspp: 30 %; both at the percentile

50%).

Nutrient contents in seagrass leaves and epiphytes
There were significant differences among C:N maoéios of food items, with the
highest values found fd?. oceanicanon-epiphytized and epiphytized (34.06 + 0.4593%

1.48 respectively) and the lowest for both typesmphytes (epiphytes &. nodosal4.66 +
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0.33; epiphytes dP. oceanical0.06 = 0.98; one-way ANOVA, p < 0.001; Fig. 483ble 2).
For S. salpano differences were found in the C:N molar rabeswveen the two schools (3.47

+ 0.01 for both; t =-0.188; df = 7.957; p = 0.855)

Epiphytic community

Significant differences were found in the epiphyiomass due to the interaction
“Macrophyte x Time” (Two way ANOVA,; Table 3)C. nodosasupported the highest
epiphytic biomass in autumn (6.233 + 0.284 mg -DWF; Table 3) but no differences were
detected between the epiphytic biomassCofnodosain summer and the recorded kh
oceanicaleaves, which epiphytic biomass was similar betwd#entwo seasons (two-way
ANOVA; Table 3). We found significant differences lieaf epiphytic cover with respect to
“Macrophyte” and “Time” (two-way ANOVA; Table 3). ring the study, the recorded
values were consistently higher f@. nodosavs. P. oceanicaleaves and in autumn vs.
summer (Table 3). Concerning the number of epiphidka, significant differences were
found for the interaction “Macrophytes x Time” (tway ANOVA, p < 0.01; Table 3). The
highest number of epiphytic taxa was found@nnodosdeaves at both times of study and
the lowest was recorded & oceanicdeaves in autumn.

n-MDS ordination of epiphytic taxa displayed foustthctive groupings considering
times (T1: summer; T2: autumn) and seagrass spéCieaodosa P. oceanica (one-way
ANOSIM, four levels: Global R = 0.749, p = 0.00BIMPER analyses indicated that the
epiphytic community orC. nodosdeaves displayed an average similarity of 70.18t%me
and 82.97 % at time 2. The epiphytesRoroceanicahad an average similarity of 63.14 % at
time 1 and 65.33 % at time 2. The average dissiityilaetweenC. nodosaandP. oceanica
was 64.50 % at time 1 (R = 0.85; p = 0.001) and®%26 in time 2 (R = 0.99; p = 0.001),

mainly due taMlyrionema magnusiCeramiumsp,Lyngbyasp andSphacelaria cirrhosalhe

20



489

490

491

492

493

494

495

epiphytic community oi€. nodosdeaves showed an average of dissimilarity betvieea 1
and time 2 of 53.79 % mainly due t®phacelaria cirrhosa,Myriactula gracilis and
Cladophorasp. (R = 0.90; p = 0.001) whik. oceanicaepiphytic community did not display
significant dissimilarity between times (32.55 %; R-0.092; p = 0.99). The average
dissimilarity between T1-Sum-CE and T2-Aut-PE w89& % and between T2-Aut-CE and
T1-Sum-PE was 63.54 %, due in both cases mainMymwonema magnusi{R = 0.85; p =

0.002 and R = 0.92; p = 0.001 respectively).
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DISCUSSION

This study points to seagraSgmodocea nodosand green alg&aulerpa proliferaas
the “most consumed” and the “most preferred” foodecses, respectively, by the
Mediterranean fistSarpa salpa In summer,C. nodosarecorded the highest consumption
rates in the mixed meadow, which seems to be rktatdigher fish abundances. prolifera
was the most prefered macrophytes in food choigeerxents but different nutritional
content and epiphyte presence likely explains Wieygreference ob. salpafor C. prolifera
was not sustained vs. epiphytized leaves and trerefid not deflect herbivory pressure on
the most epiphytized and nutritious seag@ssodosathe “most consumed” macrophyte in
the mixed meadow. Our results highlight the possibédiating role of epiphytes and nutrient
contents irS. salpaselectivity. However, results also show the highability in S. salpadiet
and herbivory pattern as a consequence of the ptaufactors potentially involved.

Tethering experiments showed tl@t nodosawas the most consumed macrophyte,
recording in summer consumption rates significahilygher than the reported for the other
macrophytes species during the whole study. Despitalyses did not detect further
significant differences among the rest of the smecthe consumption df. prolifera in
summer tended to be higher than in autun25(times), while consumption . oceanica
was consistently low and no consumption®fcylindraceawas detected during the study.
Our results evidence that herbivory @Gnnodosacan even exceed some previous estimates on
P. oceanica(ca. 2 times higher in our study than in PradaleR007). The high variability
observed during the study concurs with the highp@ma and spatial variability in the
previous estimates db. salpaherbivory onP. oceanica(Prado et al. 2007, Tomas et al.
2005a). In addition, results also suggest GgproliferaandC. nodosabottom coverage tend
to decrease with higher consumption and fish aboeelg reinforcing the idea that herbivory

on these macrophytes species can also be impddeatalso Marco-Méndez et al. 2015,
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Tomas et al. 2011b) and should be considered whetyiag herbivory in Mediterranean
seagrass meadows.

The high variance in herbivory has been partiattyituted to changes in herbivore
abundance and distribution, which can be a conseguef the interaction among recruitment
rates (Camp et al. 1973), predation effects (Mc@ham et al. 1994) or fishing pressure
(Klumpp et al. 1993; Prado et al. 2008). In additithe fishS. salpadisplays seasonal
mobility patterns according to nutritional and liégcle needs. This accounts for massive
schools of fish feeding actively in summer on saagrmeadows in order to accumulate
reserves for the winter period, when fish eat lesigrate to greater depths and prepare for
reproduction (Peirano et al. 2001). This seasonigration explains the high temporal
variability in the abundances &. salpaindividuals detected in our study, with the highes
fish densities during summer (up to 0.56 + 0.15rndin location A) but decreasing during
autumn (Tomas et al. 2005a, Prado et al. 2007¢eSime significantly higher fish abundance
in location A was recorded in summer, it was pradypablated to variability in the mobility
pattern within the home range of the species (&ah4; Jadot et al. 2002, 2006), rather than
to spatial differences in recruitment rates, priedabr overfishing. Accordingly, temporal
variability in fish abundance strongly influenceaetmore intense herbivory in summer,
especially orC. nodosaand the low consumption rates of all macrophpecges during the
autumn (Ruitton et al. 2006, Tomas et al. 2011¥att, our results suggest th@t nodosa
consumption tend to increase and its coverage twedse with higher fish densities.
Nevertheless, these results contrast with a prevebudy carried out in a differently located
mixed meadow (Marco-Méndez et al. 2015), whereitaerp by S. salpaon C. nodosan late
summer was not detected despite similar fish dessiind habitat features. Furthermore, the
lack of consumption ofC. cylindraceadetected by the tethering experiment, feeding

observations, and food choice trials contrasts visttpresence in gut contents and with the
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546 findings of Tomas et al. (2011b), whe®e salpaconsumed large quantities of that invasive
547 alga This apparent contradiction between studies retefo the idea that herbivory varies
548 strongly both spatially and temporally (Tomas et2@l05a, Prado et al. 2008b). It is not only
549 influenced by temporal changes in fish abundancgsplobably also by their home-range
550 size, habitat selection or variability in individuaehavior (Jadot et al. 2002, 2006). Plant
551 availability and accessibility or feeding prefereador some macrophyte species could also
552 be mediating herbivory on Mediterranean seagrassssdows (Prado et al. 2008b, 2009,
553 2010).

554 Food choice experiments recorded the highest copsoimon C. prolifera vs. C.
555 nodosanon-epiphytized leaves (2.58 + 0.92 mg VéWoot-d™') and showed thab. salpa
556 individuals only preferred to feed o@. prolifera vs. P. oceanicaand C. nodosawhen
557 epiphytes were removed, pointing to the mediatwlg of epiphytes in herbivore selectivity
558 (Tomas et al. 2005b, Marco-Méndez et al. 2012, PO1% addition, their consistent
559 preference folC. proliferavs. C. cylindraceasuggestother factors inherent to macrophyte
560 features could also be involved. Even though soxperaments showed no preferences@or
561 cylindraceavs. seagrasses (epiphytized or non-epiphytizeceathe strong preference for
562 C. proliferaand the lack of consumption detected by tetheggesst thaS. salpamay prefer
563 feeding on native species. In fact, a large nunolbestudies have evidenced that preferences
564 and feeding rates of marine herbivores may respgoral combination of high nitrogen and
565 protein content, enhanced epibiotic loads, or Watlh amounts of chemical and structural
566 components (Cebrian & Duarte 1998, Mariani & Alcowee 1999, Verges et al. 2007).

567 In our study, differences in C:N ratios amao@igulerpaspecies, seagrass species and
568 epiphytes are likely to have influenced the obsgrpatterns of herbivory and selectivity.
569 However, although botlCaulerpa species recorded lower C:N ratios than seagrasses,

570 preferences were only manifested €@r prolifera On the one hand, lower C:N ratio values
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are consistent with. salpas preferencéor C. proliferavs.C. cylindracea On the other, the
preference foC. proliferavs. seagrasses, which was dissipated in the pres#repiphytes
suggest that epiphytes and macroalgae sustain pacatively higher herbivore pressure than
seagrass leaves (Duarte & Cebrian 1994), due fo ty@cally lower C:N ratios (Duarte
1992). In fact, C:N ratios values were ca. 2 tirhagher in non-epiphytized leaves of both
seagrasses than @. prolifera These nutritional differences were slightly regldiovhen
seagrasses were epiphytized. Together with thefisamtly lower C:N ratios and higher
nutritional content of epiphytes comparedoprolifera(% N was ca. 3 times higher and %
C ca. 4 times higher), such differences could emrplehy preference focC. prolifera vs.
seagrasses is dissipated in the presence of epgplaytd also the higher herbivory Gn
nodosarecorded in the mixed meadow (i.e. tethering teyult also confirms that epiphytes
and their higher nutritional value (e.g. Alcoveebal. 1997a, 2000) can mediate herbivore
preferences and consumption rates (Marco-Méndeal.eR012). Furthermore, it seems
plausible that higheconsumption ofC. nodosacompared td°. oceanican mixed meadows
(Marco-Méndez et al. 2015) is explained by the loweN ratio of its leaves, plus the
increased nutritional value resulting from the pres of epiphytes.

Variability in epiphyte composition has also be@&parted to influence herbivore
consumption and preferences (Marco-Méndez et dl2,20015). In the present study, the
epiphytic community structure revealed importarftedences between seagrass species and
times. Such differences were probably influencedliffgrences in light shading (Carruthers
1994), and the effects of shoot morphology and & on the surface area and timing of
epiphytic colonization (Lavery & Vanderklift 2002&}.. nodosdeaves were found to support
the highest epiphytic biomass, cover and taxa duifre study, which may account for the

undergoing of more intense grazing rates thdh ateanica
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595 Although they were not measured in this study, &enot rule out the influence of
596 other macrophytes features in plant—herbivore attégons and feeding preferences (Orians
597 2002, Taylor et al. 2002; Vergés et al. 2011). kwtance, high levels of structural
598 carbohydrates in seagrass leaves, which make diggstion less effective (Thayer et al.
599 1984, Cebrian & Duarte 1998), could have also erilted selectivity fo€. proliferavs. non-
600 epiphytized seagrass leaves. Despliaulerpa species cansynthesizecaulerpenyne, a
601 secondary metabolite that plays a major role iir ttieemical defense (Pohnert & Jung 2003)
602 against epiphytes and herbivores (Erickson et@)6p the observed preferenceXfsalpa
603 for C. proliferarelative to seagrasses (without epiphytes) suggest this fish could have
604 evolved some tolerance to this compound.Yet, sioaer levels of caulerpenyne have been
605 reported (Jung et al. 2002) for the invastvecylindraceacompared to the non-invasiva
606 prolifera (which was the preferre@aulerpaspecies in this study), chemical deterrence was
607 unlikely to be a factor determining the patternsSofsalpaherbivory observed in the mixed
608 meadow. From such evidence, it seems that the mtmese herbivory o€. nodosaand the
609 selectivity for C. prolifera must have been mostly influenced by differencesutritional
610 content rather than in chemical compounds, whigmseot to inhibitS. salpaherbivory.
611 Although this could theoretically also trigger heghselectivity for C. cylindraceavs.
612 seagrasses, our results evidence $haalpaprefers feeding on native species.

613 During the whole study period, feeding observatiomngealed that althoug8. salpa
614 individuals were feeding on a mix of species, fagdactivity on mixed patches .
615 prolifera andC. nodosawas reiterativewhich concur with tethering results and food choic
616 experiments. FolC. prolifera gut content analyses were consistent with previasults,
617 confirming it as a “preferred food item” in the tief the two schools of fish sampled. In
618 contrast, the absence Gf nodosacoupled with the presence Gf cylindracean gut samples

619 did not agree with tethering results. Since cowerag P. oceanica C. prolifera C.
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cylindracea and mixed patches off. nodosa-C. proliferawere consistently present
throughout the study without temporal variatiortlie mixed meadow, different availability
could not explain gut content analyses. We hypdatkethat spatial variability may be
involved and thaS. salpamobility across other sites with lower abundant€ onodosaor
higher abundance &. cylindraceawithin its home range (ca. 4.3 ha according to tlatial.
2002, 2006), could account for the absence or aexdthpresence of these species within gut
contents, also explaining the dietary differencesvieen the two schools. IsoSource mixing
model results showed that both seagrasses as sv€halerpa species and epiphytes all
contribute to the long-term diet 8f salpaandhighlights the importance @aulerpaspecies
(which seems to be mainly attributed to the highstwnption ofC. prolifera) and epiphytes

in their diet. This analytical contribution ultinedy reflects preferences and consumption
patterns observed during the study and supportsptleiously reported importance of
epiphytes (Marco-Méndez et al. 2012, 2015) &wallerpa species inS. salpaherbivory
(Ruitton et al. 2006, Tomas et al. 2011b).

In conclusion, our study highlights the importa¢€. nodosaandC. proliferain the
diet of S. salpaand also that herbivory in Mediterranean meadowsbeahighly variable and
mediated by multiple factors. In summer, when desssiof S. salpaare higherC. nodosa
was the “most consumed” macrophyte, likely influethdy the higher nutritional quality of
its leaves and epiphytes, as well as by differemedbe epiphytic community composition
(Marco-Méndez et al. 2015). Food choice, feedingeobations and gut content analyses
pointed toC. proliferaas a food consistently selected®ysalpaln contrast, preference 8f
salpafor C. proliferawas not sustained vs. epiphytized leaves, whiggests that epiphyte
presence and nutritional contents explain the kerpipatterns in the mixed meadow. In fact,
the IsoSource mixing model confirms the importan€€aulerpaspecies, which from our

results, seems to be mostly attributable to thla ba@nsumption o€. proliferaand the role of
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epiphytes in the long-term diet &. salpa Although C. cylindraceaconsumption was not
observed, the fact that it was found within stomeahtents suggests that they may eventually
adapt to feeding on this new resource. Our resudtg suggest thad. salpaselectivity forC.
nodosaandC. prolifera could eventually influence their abundances inrtiieed meadows.
However, macrophyte—herbivore interactions are dexpnd final consumption rates and
dietary differences are not only determined by fqudferences, but also by home-range
mobility, as well as by temporal and spatial diéieces in the availability of food resources.
This study confirm the need to carry out a multipiethodological approach for a better

understanding of herbivory patterns on heterogesbabitats subjected to seasonal variation.
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Figure 1. Map of the study area, Cabo de Santa Pola (Sginyying the two study locations

(A and B).

Figure 2. A. S. salpacensus (indn®); B. Feeding observations (%): swimming (SW):
feeding on mixedC. prolifera and P. oceanica(; mixed C. prolifera and C. nodosa C.
prolifera and other algaand C. Macrophyte consumption b§. salpa(mg WW.d?) at both
locations (A and B) and both times of sampling ($dmmer 2012; T2: autumn 2012). Mean

+ SE (in SNK, a and b indicate significant grou@hg

Figure 3. Consumption bys. salpaduring paired food preference experiments (mg Wi
A. C. nodosanon-epiphytized (NE) v<C. proliferg B. C. nodosanon-epiphytized (NE) vs.
C. cylindracea C. P. oceanicanon-epiphytized (NE) vsC. proliferg D. P. oceanicanon-
epiphytized (NE) vsC. cylindracea E. C. nodosaepiphytized (E) vsC. proliferg F. C.
nodosaepiphytized (E) vsC. cylindracea G. P. oceanicaepiphytized (E) vsC. prolifera;
H. P. oceanicaepiphytized (E) vsC. cylindraceaand|l. C. prolifera vs C. cylindracea
Percentage of the different food items found inghecontents oP. lividusandS. salpa(%).

Mean + SE. *p < 0.05; **p < 0.01; **p < 0.001; NSnon-significant results.

Figure 4. A. 6N and 6'°C signatures ofs. salpaindividuals from the two schools and
collected food items, including epiphytized and +emiphytized seagrass leaves and their
respective epiphyte€( cylindraceaC. prolifera C. nodosapiphytized (E)C. nodosanon-
epiphytized (NE)P. oceanicaepiphytized (E)P. oceanicanon-epiphytized (NE), epiphytes
from C. nodosdeaves (Epif€. nodos® and fromP. oceanicdeaves (EpifP. oceanicy B.
C:N molar ratios in consumers and food items.. Me&BE. *p < 0.05; **p < 0.01; ***p <

0.001; NS = not significant results.
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905 Table 1 Three-way ANOVA showing differences in macrophgtmsumption bys. salpa(mgWW -d*) between macrophyte species (CP; CC;

906 CE; PE), times (T1: Summer; T2: Autumn) and logaidA; B). Labels:C. prolifera (CP); C. cylindracea(CC); C. nodosa(CE) andP.

907 oceanica(PE). Significant differences are indicated: * @905, ** p < 0.01, *** p < 0.001, NS: not signiaat, NT: no transformation was

908 carried out. In SNK, significant differences betweaevestigated groups are indicated.

Source of variation Consumption (mg WW-d")

df MS F p
Macrophyte (M) 3.00 694.95 31.35 *
Time (T) 1.00 749.47 56.05 NS
Location (L) 1.00 13.79 0.51 NS
MxT 3.00 718.19 29.67 *k
M x L 3.00 22.17 0.83 NS
TxL 1.00 13.37 0.50 NS
MxTXxL 3.00 24.20 0.90 NS
RES 272.00 26.85
TOT 287.00
SNK CESum>CEAut=CPSum=CPAut=CCSum=CCAut=PESum=PEAut
Transformation NT
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Table 2 Differences ins*°N and&™ C signatures and nutrient contents (C:N ratios)ragrfood itemsC. cylindracea(CC); C. prolifera (CP);
C. nodoseaepiphytized (CE)C. nodosanon-epiphytized (CNE). oceanicaepiphytized (PE)P. oceanicanon-epiphytized (PNE) and epiphytes
of C. nodosgEC) andP. oceanicgEP). Significant differences are indicated: * .85, ** p < 0.01, *** p < 0.001, NS: not signifiog NT: no

transformation was carried out. In SNK, significdifferences between investigated groups are ihelica

Source of variation 8N oC C:N

df MS F p df MS F p df MS F p
Food item 7 7.2754 48.01 ook |7 35.1677 87.69 wt 7 345571 133.12 ok
Residual 32 0.1515 32 0.401 32 2.596
Total 39 39 39
SNK CC=CP>EC=EP=CE=CNE>PE=PNE CNE>CE>PE=PNE>=CP>EP=CC=E  PNE>PE=CNE>CE>CC>CP>EC>EP
Transformation NT NT NT
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912

Table 3 Differences in biomass (mg DWm?), coverage (%) and number of taxa (tar&’) between epiphytes of two macrophyte spedes,

nodosa(EC) andP. oceanica EC) and times (T1: Summer; T2: Autumn). Significdifferences are indicated: * p < 0.05, ** p 9D, *** p <

0.001, NS: not significant, NT: no transformatioasacarried out. In SNK, significant differencesviletn investigated groups are indicated.

Source of variation Biomass (mgWW.cn¥) Coverage (%) Taxa.cnf

df MS F P df MS F D df MS F P
Macrophyte (Ma) 1.000 1.901 12.400 * 1.000 8298.03 40.500 rxk 1.000 19.250 138.110 rkk
Time (Ti) 1.000 1.856 12.110 *x 1.000 2609.269 w7y o+ 1.000 0.109 0.780 NS
MacXTi 1.000 3.381 22.060 rxk 1.000 41.103 0.200 NS 1.000 1.371 9.830 *k
Residual 36.000 0.153 36.000 204.750 36.000 0.139
Total 39.000 39.000 39.000
SNK ECAut>ECSum=EPSum=EPAut Aut>Sum; EC>EP ECSum=ECBRSum>EPAut
Transformation Ln(X+1) NT Ln(X)
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