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Abstract

Invasive seaweeds threaten biodiversity and scmo@mics values of worldwide marine
ecosystems. Understanding to what extent invaseg/eeds can modify local biodiversity is one
of the main priorities in conservation ecology. Wempared the molluscan assemblage of the
invasive Asparagopsis taxiformis with that of the nativeEricaria brachycarpa and explore if
variation in the molluscan assemblage diversity veteted to the substrate attributes (biomass, and
thallus, canopy, and interstitial volumes) of thgaa. Results showed that taxiformis harboured
lower diversity and trophic structure of the motlas assemblage comparedBobrachycarpa.
Biomass was the variable that better explained/éination of abundance and number of species as
well as the multivariate structure of the mollus@msemblage. Overall, our results suggest that a
complete habitat shift from native to invasive spgcan potentially trigger bottom-up effects in

rocky shores habitats, reducing the biodiversity e services provided by the invaded habitat.
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1. Introduction

Invasive seaweeds are one of the major threatsiddiviersity and human livelihoods of
worldwide marine ecosystems (Williams and SmithQ20Maggi et al., 2015). The causes of
seaweeds introductions have been mainly attribtdednthropogenic activities related to global
marine trade (introduction through ballast waterd hull fouling, but also other activities such as
aquariology, aquaculture, fishing gear, the buddiof artificial channels connecting different
environments), that in the last century have expbaky increased the introduction of invasive
species (Bax et al., 2003; Williams and Smith, J0@Z the same time, the increase of seawater
temperatures, caused by global warming, may enhiecability of invasive species to overcome
environmental and geographical barriers faciligtineir spread, while simultaneously eroding the
resistance of native communities (Occhipinti-Ambraxgd Galil, 2010).

At the population level, the ecological impact of mvasive species can be perceived as
“harmful” or “useful” depending on the stakehold®ron the effects that an invasive species can
have on a particular ecosystem service (Simbeelpél., 2013). Different studies have highlighted
that invasive seaweeds can modify the biodiversitgrgy and nutrient flows along the food chain,
compromising the functioning pattern of the ecosys (Boudouresque et al., 2005; Streftaris and
Zenetos, 2006; Geburzi and McCarthy, 2018). Howestedies on the effects of the same invasive
species on native habitats have highlighted cotimigasesults. For example, Veiga et al. (2018)
found that the invasiveésargassum muticum (Yendo) Fensholt hosted a low diverse faunal
assemblage compared to the natBaegassum flavifolium Kiitzing. These results were in contrast
with previous studies which suggested only a wegbaict of the introduction d& muticum upon
native faunal diversity (Wernberg et al., 2004; éhsaum et al., 2006; Gestoso et al., 2010;

Engelen et al., 2013; Bedini et al., 2014; Veigalet2014; Rubal et al., 2018). This suggests that



52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

the effects of the same invasive seaweeds couldgehdepending on the invaded habitat or the
location investigated.

The Mediterranean basin is among the world’'s magherable areas to the introduction of
seaweeds, which pose a growing threat to biodiyersiodifying ecosystem functioning (Ribera
Siguan, 2002; Streftaris et al., 2005; Streftan&l &enetos, 2006; Piazzi and Balata, 2009;
Giangrande et al., 2020). Among invasive seaweggmragopsis taxiformis (Delile) Trevisan de
Saint-Léon has been recognized among the 100 wwwasive seaweed in the Mediterranean Sea
(Streftaris and Zenetos, 2006). First claims ofpitesence in this area date back 1798-1801 at
Alexandria (Egypt) as a consequence of shippingviaes and the opening of the Suez Canal
(Delile, 1813). Along the Italian coasts, it wassfireported on May 2000 at the western shore of
Sicily, near the city of Trapani (Barone et al.03Q Although the presence #f taxiformis has
been related to negative effects on native commufat example by replacing habitats previously
occupied by species @ystoseira C. Agardh (Barone et al., 2003), to our knowledegdy one
study has evaluated its effects on biodiversitycomparing the mobile macrofauna inhabiting this
species to the dominant native speckéalopteris scoparia (Linnaeus) Sauvageau (Navarro-
Barranco et al., 2018). The results of this studgws thatA. taxiformis hosted a lower diverse
epifaunal assemblage in comparison to that associaith the native seaweed (Navarro-Barranco
et al.,, 2018). Understanding the effects of invasseaweeds on the epifaunal assemblage
associated with recipient habitats can allow toeusthnd the possible consequence of changing
habitats and predict potential bottom-up effectsamky shores.

Along the Italian coasts, gametophytesfotaxiformis can colonize coastal areas dominated by
important habitat-forming seaweeds of the ge@ysoseira. Recently this genus was divided into
three gener&ystoseira, Carpodesmia (transferred to the genusricaria according to Molinari
Nova and Gury, 2020andTreptacantha (Orellana et al., 2019). In this paper, we decittecefer
to asCystoseira sensu lato to include all the three geneRystoseira speciesensu lato are essential

ecosystem engineers, significantly enhancing thetdtasurface, complexity, and productivity of
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coastal communities from the infralittoral zone aoww the upper circalittoral zone (Giaccone et al.,
1994; Bulleri et al., 2002; Falace and Bressanp28@llesteros et al., 2009; Mancuso et al., 2021).
By providing habitat,Cystoseira speciessensu lato increase the biodiversity of their associated
assemblages, creating well-structured food webki¢band Foster, 2006; Cheminée et al., 2013;
Mineur et al., 2015; Mancuso et al., 2021). They aso considered useful indicators of ecosystem
quality according to the Water Framework Direct{2600/60) (European Commission, 2000).

Decline or loss ofCystoseira populationssensu lato has been reported from many rocky coasts
particularly close to urban areas due to combirféetts of anthropogenic impacts and climate-
change (Benedetti-Cecchi et al., 2001; Thibaut.e2805; Arevalo et al., 2007; Mangialajo et al.,
2008; Strain et al., 2014; Mineur et al., 2015; B0 et al., 2018; Blanfuné et al., 2019). In this
context, the introduction of invasive seaweeds @y further stress on these vulnerable habitats
facilitating their shift towards less diverse apdd structured assemblages (Navarro-Barrancg et al.
2018). Thus, facilitating the decrease in esseatiabystem services (Mineur et al., 2015; Buonomo
et al., 2018) and the economic value of coasta@lsafPe La Fuente et al., 2019).

Macroalgal complexity together with the seasonaiat@n of the alga and presence of chemical
defences can critically shape the diversity of tlasisociated assemblage (Chemello and Milazzo,
2002; Jormalainen and Honkanen, 2008; Pitacco.eR@l4; Veiga et al., 2014; Chiarore et al.,
2019). Algae with high structural complexity exmed as a combination of substrate attributes
(such as degree of branching, thallus width anghteand wet weight), can support well-structured
molluscs communities (Hacker and Steneck, 1990;n@He and Milazzo, 2002; Bitlis, 2019).
Macroalgal complexity is one of the main driversttitan explain the variation in the fauna
associated with native and invasive seaweeds (Veigal., 2014, 2018; Dijkstra et al., 2017).
Comparisons between invasive and native seawegdaleel that, when the invasive species have
lower structural complexity than native specieg ifvasive species alga show a low abundance,
richness and structure of epifaunal assemblage amdpo native one (Navarro-Barranco et al.,

2018; Veiga et al., 2018). Conversely, when natmaeroalgae are less complex, the abundance and
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diversity of epifauna is higher in the invasive weads (Veiga et al., 2014, Dijkstra et al., 2017).

These results suggest that the effects of invaseaveeds would also change according to the
morphological differences between invasive andveateaweeds. However, other studies have
shown that native and invasive seaweeds with similarphologies can host either similar (Suarez-

Jiménez et al., 2017) or different epifauna diwgrgNavarro-Barranco et al., 2019). These

contrasting results suggest that apart from seasveemphology, other factors can be involved in

such ecological process.

Among the different taxa inhabiting macroalgae, losums represent one of the main groups,
usually characterized by high numbers of specidgr@phic guilds (Milazzo et al., 2000; Chemello
and Milazzo, 2002; Urra et al., 2013; Pitacco et 2014; Lolas et al., 2018; Piazzi et al., 2018;
Bitlis, 2019; Chiarore et al.,, 2019; Poursanidisaét 2019; Mancuso et al., 2021). Molluscs
associated with seaweeds have an important rodgumtic ecosystems as consumers as well as
prey and are considered an important food sourcdiffher trophic levels (Martin et al., 1992;
Heck et al., 2003). Thus, studying how invasivenssals affects the molluscan assemblage in the
invaded habitats can contribute to understandiagotissible consequence of changing habitats and
their potential trigger bottom-up effects in rocityores habitats.

In this study, we investigated the effects of theasiveAsparagopsis taxiformis in shaping the
diversity of their associated molluscan assemblagmpared to the nativé&. brachycarpa
(J.Agardth) Molinari & Guiry. In particular, we cracterized the diversity (in terms of
composition, structure and trophic guilds) of the/tal molluscs associated with the frondskEof
brachycarpa andA. taxiformis. Moreover, we explored if the variation of the meltan assemblage
diversity was related to the substrate attributeshe algae (biomass, thallus volume, canopy

volume, and interstitial volume).

2. Materials and Methods

2.1. Study area and species
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The study was carried out at the southwest shalbmky shore of the Favignana island (Egadi
Islands MPA, Sicily, Italy) in June 2011 (Fig. I)he area consists of gently sloping (5°-10°)
carbonate rock platforms and scattered bouldense(Beal., 2018) that provide substrates for well-
developed macroalgal vegetation. Previous surveyise area allowed us to identify two sites with
distinctive habitats. The site Scoglio Corrente °(®5' 2.0778" N, 12° 17' 6.0432" E) is
characterized by the presence of stands. tfachycarpa (100 % coveragewhile the site Scoglio
Palumbo (37° 55' 10.4226" N, 12° 18' 41.097" E)thietands of\. taxiformis (100 % coverage)
(Fig. 1).

Ericaria brachycarpa is a brown seaweed (Fucales) characterized bi thgh up 20-25 cm,
with multiple perennial axes (caespitose) up to @6in height, attached to the substratum by a
more or less compact discoid base formed by hapfgraes of the axes are not very prominent,
flattened and smoothed, from which primary brandmesich off. Branches are cylindrical with
smooth bases or covered by small spinose appendageare usually fertile in spring-summer
(Gémez-Garreta et al.,, 2002; Mannino and Mancu€892 Cormaci et al., 2012). Like other
Cystoseira speciessensu lato, E. brachycarpa exhibits seasonal variations in the vegetativevgio
(Gomez-Garreta et al., 2002). At the study sitesy branches oE. brachycarpa grow from the
perennial axes in spring (May-June) providing newsssratum and shelter for colonizing fauna,
while in autumn (September-Octobé&r)brachycarpa starts to become quiescent losing almost the
totality of their branches leaving perennial axes persists during the cold winter season.

Asparagopsis taxiformis is a red alga (Bonnemaisoniales) widespread intribygics and the
subtropics around the globe. The species exhibiteetaromorphic life cycle, where the erect
gametophyte alternates with a filamentous spora@phyferred toFalkenbergia hillebrandii
(Bornet) Falkenberg (Andreakis et al., 2004; Ni &lain et al., 2004). The gametophytes are
characterized by sparsely branched, creeping sadon erect shoots from which numerous side
branches develop in all directions. The latter fgnoiver and over again giving the thallus a

plumose appearance. At the study area, thali. ¢hxiformis grow in the upper sublittoral zone on
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the rocky substrate or as epiphyte of other algat®es. The gametophytes are present during all

seasons with a maximum occurrence in spring (Baeviag, 2013).

f\
H;\//
% Favignana
i’) gm\\

:
e

Fig. 1. Location of the two study sites (red dots) at teky-shore of the Favignana island (MPA),

Trapani, Sicily, ItalySC = Scoglio CorrenteSP = Scoglio Palumbo.

2.2. Sampling and molluscan analysis

Samples were collected by scuba diving at a depfiom. For each habitat, two areas (5 x 5
m) were haphazardly selected. Then, 10 thalliEoforachycarpa and 10 gametophytes &
taxiformis were collected (n = 20 per habitat). Underwatachethallus and associated fauna were
enveloped with a 50Am nylon mesh bag, to prevent the escape of mohled, then the alga was
carefully scraped off the substratum using a hamaner chisel. At the surface, each sample was
drained from seawater and stored at -20°C untoraiory analysis. In the laboratory, each thallus
of E. brachycarpa and A. taxiformis were rinsed under tap water and the associatethfaas
sieved through a 1 mm mesh. Molluscs were sepafaigdthe other fauna and stored in a solution

of 70% ethanol and seawater. Molluscs were sor¢dmder a stereomicroscope and determined to
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the lowest possible taxonomic level. They were sgbently counted, listed according to the
updated taxonomy and nomenclature of the World ®egiof Marine Species database (see
http://www. marinespecies.org, accessed Novemb20)20

Each species was classified into trophic guilddraphic guild can be defined as a group of
species with similar size, mobility, and structofeheir feeding apparatus able to use the sane typ
of resource (Steneck and Watling, 1982; Chemellal.et1997; Arruda et al., 2003; Rueda et al.,
2009). Analysis of the trophic structure provide®rmation about the dominant energy pathways
in a habitat. Moreover, the trophic structure camn rblated, to some degree, to the physical
characteristics of the alga, because algae with $tigictural complexity can provide a high number
of micro-habitats increasing the availability obtbfor different molluscs (Chemello et al., 1997).
The following trophic guilds were assigned accogdio Rueda et al. (2009): carnivores (C),
feeding on other mobile organisms; scavengers ($&ying on remains of dead organisms;
ectoparasites or carnivores on sessile prey (Efifig on much larger organisms on which they
live during their adult stage; filter feeders (Eqpturing the seston particles with their gills /and
with mucous strings; microalgal grazers (MG), fegdon microalgae (e.g. diatoms) that cover the
branches ofE. brachycarpa; macroalgae grazers (AG), feeding on macroalgappsit feeders

(D), feeding on organic particles contained ingbdiment trapped by seaweeds.

2.3. Algal substrate attributes

For each thallus oE. brachycarpa and A. taxiformis collected, we measured four substrate
attributes (thallus volume, canopy volume, intéedtivolume, and biomass), to explore their
relationships with the diversity of the molluscas@emblage. Thallus volum&\) was measured as
the variation of volume, in mgfter the immersion of a thallus into a graduatender filled with
seawater. Canopy volumeC\: the volume, in ml, created by the overall dimensiof a
thallus submerged in seawater) and the interstiblme (V: the volume, in ml, of water among

the fronds of the alga) were estimated accordingdéaker and Steneck (1990). The Canopy
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volume was defined as the volume of a theoretigihder CV = © x r? x h), wheren = 3.14,

h is the length of thallus from the base to the @pgportion of the frond, including epiphytes, and
is the radius calculated as the average of theisaafi the thallus measured with a ruler (+/- 1 mm)
at the apical, median and basal parts.

The interstitial volumell{) was obtained by subtracting the thallus volum¥)(and the axis
volume €aV, estimate as the volume of cylinder obtained meaguhe height and the radius of the
perennial axis) to the canopy volul@¥ (IV = (CV —TV) — caV).

Finally, the biomass of macroalgae was calculasedrg weight DW, gr) drying them at 60 °C
for 48 h (Stein-Taylor et al., 1985). Biomass wk® aised as a proxy of the primary production of

each habitat.

2.4.Data analysis

The total abundance (N), the Frequency (F%; thegmage of samples in which a particular
species occurred) and the Dominance index (D%péneentage of the rate between the percentage
of individuals of a particular species and the ltotamber of individuals within the sample) was
calculated for each molluscan species identifieddiMran, 1988). The molluscan assemblage was
characterized according to the total abundancadi¥iduals (N), the total number of species (S),
Shannon-Wiener diversity (H’) and Pielou's Evenné3¥s The hierarchical structure of the
taxonomic classifications of the molluscan asseg®laf bothE. brachycarpa and A. taxiformis
was visualized using the “heat_tree” function ia tMetacoder” R- package (Foster et al., 2017).

A two-way analysis of variance (ANOVA) was usedtést differences in the malacofauna
indexes (N, S, H’, J) between habitats (fixed arttiagonal with 2 levelsE. brachycarpa andA.
taxiformis) and area (random and nested within habitat wigwv@ls: area 1 and area Zpchran’s
test was used to check for the homogeneity of maga (Underwood 1997). Tukey's HSD
procedure was used to separate meana @0.05) following significant effects in the ANO\SA

(Underwood, 1996). Moreover, we used the non-panm@n€haol and Chao2 methods (Chao,
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1987; Cowdell and Coddington, 1994) to estimatetthe species richness in the two habitats and
compared them with the accumulation curve of thenlmer of taxa observed. Chaol is an
abundance-based estimator whereas Chao2 is basegpenmies presence/absence. The Chao2
method avoids possible confounding effects of laajmindances of species in certain samples. It
rests on the hypothesis that non-observed taxeaagespecies, and considers that a species is rare
when the taxon occurs at only 2 samples. The adgandf Chaol and Chao2 indexes is that the
estimated diversity of samples can be comparedn evieen the true diversity of the whole
population is not known.

SIMPER analysis (Clarke, 1993) was performed totifle those taxa that contributed to the
dissimilarity of the molluscan assemblage betweaithts §i%). The ratiodi/SDgy was used to
guantify the consistency of the contribution ofatular taxon to the average dissimilarity in the
comparison between habitats. A cut-off value dfoA@as used to exclude low contributions.

Differences on malacofauna community structure ¢whakes into account species identity and
relative abundance) and composition (presence/absemhich only takes into account species
identity) between habitats and areas were assdsgqubrforming a multivariate Permutational
Analyses of Variance (PERMANOVA). The analyses wieased on a zero-adjusted Bray-Curtis
distance matrix of square-root transformed relasibeandances (structure) or on Jaccard distances
(species presence/absence data) with 9999 perongatNon-metric Multidimensional Scaling
(nMDS) plots was generated to visualize the vamabf malacofauna community structure (based
on a Bray-Curtis distance matrix) and compositioeised on the Jaccard distance matrix).

For each trophic guild identified we calculated radbance and tested differences between
habitats and areas by two-way ANOVAs accordindgheodesign described before.

Differences in each of the substrate attributes,(GN TV, DW) between habitats and area
were analysed by ANOVAs according to the two-wagigie described before. Cochran’s test was

used to check for the homogeneity of variances @dndod, 1996).
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Linear regression (LM) analysis was used to testlvbBubstrate attributes explained better the
variation of the abundance (N), species richne3s§Bannon-Wiener diversity (H’) and Pielou's
Evenness (J) of the molluscan assemblage. Moreatker distance-based redundancy analysis
(dbRDA, Legendre and Anderson, 1999) was used pboex the relationship between substrate
attributes and the multivariate structure of malars assemblage. Because dbRDA is sensitive to
multicollinearity (i.e. a high correlation betweenvironmental variables), draftsman plots were
done to check skewness or detect strong correfati@tween substrate attributes. A log(x + 1)
transformation was applied to thallus volume (TWidaiomass (DW) to correct right-skewness.
Due to the high correlation between canopy volu@¥)(and interstitial volume (IV) we removed
CV from the subsequent analyses. Then, substratbus¢s were normalized using a z-score
transformation because of their different measurgrseales. Finally, performed forward selection
was used to retain the substrate attributes thgnifeiantly explained the variation of the
multivariate structure of the molluscan assemblage.

Statistical analyses were performed in R softwafel3(R Core Team, 2018). See th2ata

availability and reproducible research” section for further details.

3 Results

3.1Molluscs

A total of 790 individuals belonging to 55 taxa readp the molluscan assemblage. Of
these, 34 taxa were unique of the nativéorachycarpa and 6 of the invasivA. taxiformis, while
15 taxa were shared between habitats (Fig. 2, Tabi82). Gastropods were the most represented
class (92.7%), followed by Bivalvia (3.6%) and Ra&cophora (3.6%). The molluscs belonged to
35 different families, of which Rissoidae displaye highest number of species (35%) followed
by Buccinidae, Pyramidellidae and Trochidae at Hg.(S1, Table S1-S2). At the species level,
Eatonina cossurae (Calcara, 1841) was the most dominant taxa on Botbrachycarpa and A.

taxiformis with 25% and 28% respectively (Table S1-S2).
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279 Fig. 2. Differences in the

280 Heat trees showing the total abundances of taxssifled at the lower taxonomic level d&h

- 30.20
43.00

molluscan assemblage beten native (a) and invasive (b) seaweeds.
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Abundance ), species richnes$), Shannon-Wiener diversityd() and Pielou’s evenness
(J) differed significantly between habitats with vaduthat were higher iB. brachycarpa compared

to A. taxiformis (Fig. 3, Table S3).
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Fig. 3. Comparison of alpha diversity indexes betwsn native and invasive seaweeds.
Abundance (a), species richness (b), Shannon-Wawersity (c), and Pielou’s evenness index (d)
of the molluscan assemblage associated Withrachycarpa and A. taxiformis. Bar plots show

mean +/- 1 standard error (n = 20). See Table S8rrakfor more details.

Species accumulation curves estimated by the noampric Chaol and Chao2 indexes
showed a similar pattern but with higher values jgarad to the observed richness on bigth

brachycarpa andA. taxiformis. Chaol index reached a maximum value of 70 spéaidgbe native
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seaweed and 73.5 species for the invasive (Figddyever, Chao2 (that minimizes the effects of
larger abundances of species in certain samplesyexh a lower maximum value compared to
Chaol with 66 species for the native seaweed amdl &ecies for the invasive (Fig. 4). These

values were respectively 35% and 170% higher coeapi@r the observed richness.
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Fig. 4. Observed and estimated species richnesSpecies accumulation curves based on the
Chaol (long dashed lines) and Chao2 (dot-dashed)lgstimators and for the observed taxonomic

richness (solid lines) fdE. brachycarpa andA. taxiformis.

The number of feeding guilds differed between reatand invasive seaweeds (Fig. 5).
Molluscs onE. brachycarpa were classified into 6 trophic guilds (MG, C, B, E and AG), while
on A. taxiformis only 3 trophic guilds (MG, C and FF) were idemdi Microalgal grazers (mainly

Rissoidae) was the most represented group on batilren(27 spp.) and invasive (18 spp.)



311 seaweeds (Fig. 5, Table S1). Carnivores and fidteders were also present of b&thorachycarpa
312 (C =12 spp., FF =2 spp.) aAdtaxiformis (C = 2 spp., FF = 1 spp.) (Fig. 5, Table S1). Mgz,
313 onE. brachycarpa we found six taxa of ectoparasites or carnivoresessile prey (Bylarshallora
314 adversa (Montagu, 1803)Parthenina sp. (Bucquoy, Dautzenberg & Dollfus, 1883Yjtreolina
315 incurva (Bucquoy, Dautzenberg & Dollfus, 1883Rarthenina interstincta (J. Adams, 1797),
316 Odostomella doliolum (Philippi, 1844) andCerithiopsis minima (Brusina, 1865)), one deposit
317 feeders (D;Snezona cingulata (O.G. Costa, 1861)) and one macroalgae grazers Aplysia sp.)

318 (Fig. 5, Table S1).
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320 Fig. 5. Variation of the trophic guilds between native andinvasive seaweedsBar plots show
321 relative percentage (mean +/- 1 standard error26)=based on total abundance (a) and number of
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species (b) of each trophic group on b&hbrachycarpa and A. taxiformis. MG = microalgal



323

324

325

326

327

328

329

330

331

332
333

334

335

336

337

338

339

340
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PERMANOVA analysis showed that the structure andnposition of the molluscan
assemblage differed significantly between the tabitats (Fig. 6, Table S4). PERMDISP analysis
was not significant (structure: F = 0.187, p = Q&mposition: F = 0.349, p = 0.56), indicatingttha
the dispersion of samples did not provide a sigaift contribution to the differences detected by

PERMANOVA (Fig. 6).
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Fig. 6. Structure (a) and composition (b) of the molluscarassemblage associated witk.
brachycarpa and A. taxiformis. Non-metric Multidimensional Scaling (nMDS) based pero-
adjusted Bray—Curtis measure of square-root trams&fd molluscan abundances (structure) or

Jaccard measure (composition). Circles show tH @nfidence of interval for each seaweed.

When we looked at the taxa that contributed todifferences between native and invasive
seaweeds, SIMPER analysis revealed that 6 tBasrfina cossurae (Calcara, 1841)Rissoella

inflata (Alder, 1848),Rissoella diaphana (Monterosato, 1880),.amellaria perspicua (Linnaeus,



341 1758),Snezona cingulata (O.G. Costa, 1861) arfsetia ambigua (Brugnone, 1873)) contributed to
342 70% of the dissimilarity betweel. brachycarpa and A. taxiformis (average dissimilarity 96%),
343 with their average abundance was largeE.ibrachycarpa compared tcA. taxiformis. E. cossurae
344  contributed alone to the 23% of the differencesvbeh native and invasive habitats, white
345 inflata was the species that contributed consistentlyh@igi/SD(6i) value) to that differences
346 (Table 1).

347

348 Table 1. Taxa contributing to 70% of the dissimilaity between native and invasive
349 seaweedsResults of SIMPER analysis showing the average ddmces, consistencyifSDs)
350 and cumulative contributions (cuii%).

Average abundance

Species E. brachycarpa A.taxiformis 8i/SD(8i) cum.di%
Eatonina cossurae 9.30 0.60 1.89 23
Rissoella inflata 6.70 0.10 2.08 41
Rissoella diaphana 6.15 0.05 0.82 55
Lamellaria perspicua 2.95 0.00 0.99 63
Snezona cingulata 1.40 0.00 0.78 67
Setia ambigua 0.90 0.20 0.67 71
351
352
353 3.2 Seaweeds substrate attributes and relationshipstigtmolluscan assemblage
354 Canopy volume (CV) and interstitial volume (IV) wesignificantly higher in the invasiv&.

355 taxiformis compared to the nativie. brachycarpa (Fig. 7 a-b, Table S5). However, biomass (DW)

356 and thallus volume (TV) were significantly higher the native habitat compared to the invasive
357 (Fig. 7 c-d, Table S5).

358 Linear regression analysis revealed that the bisrl@ag/) was the substrate attribute that better
359 explained (R-squared > 0.5) the variation of thenalance and species richness of the molluscan

360 assemblage (Table 2). Otherwise, canopy volume ([@¥)stitial volume (IV) and thallus volume
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(TV) explained less variation of the molluscan asisege (R-squared < 0.5), although highly
significant (p < 0.001, Table 2).

Biomass (DW) was also the substrate attribute tadefor constrained db-RDA, explaining
24.7% of the variation of the structure of the mstlan assemblage (Table S6). The first two axes
of the dbRDA plot explained the 32.2% of the totatiance of the multivariate structure of the

molluscan assemblage, with 29.2% for axis 1 and@%xis 2 (Fig. 8).
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Fig. 7. Differences in the substrate attributes beteen native and invasive seaweed8anopy
volume (CV), Interstitial volume (1V), thallus vatee (TV) and biomass (expressed as dry weight,
DW) of the molluscan assemblage associated Withrachycarpa and A. taxiformis. Boxplots
show extreme and lower whisker (vertical black )jdewer and upper quartile (box), and median

(horizontal black line). Grey dots are raw data (20). For more details see Table S5.
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Table 2. Relationship between substrate attribute@nd molluscan diversity. Results of the

linear regression analysis (LM) between each sates@ttributes and the abundanbB, (species

richness §), Shannon-Wiener diversityH) and Pielou's Evennes$) (of the molluscs associated

with E. brachycarpa andA. taxiformis. R-squared values major than 50% are in bold.

N S
Structural features
CVv 0.38 *** 0.33
[\ 0.4 *** 0.35
TV 0.37 *** 0.44
DW 0.66 *** 0.56
Note:

CV = Canopy volume, IV = Interstitial volume,
Signif. codes: *** p <0.001, nsp > 0.5

i 0.34 *** 0.08 ns
e 0.35 *** 0.08 ns
e 0.4 *** 0.1 ns

ok 0.46 ** 0.1 ns

TVEhallus volume, DW = Biomass
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better explained the multivariate structure of thebrachycarpa and A. taxiformis. DW.log =

seaweeds biomass (log + 1).

4 Discussion

Invasive seaweeds threaten the biodiversity antb-smonomics values of marine ecosystems
around the world. Currently, sea warming causedlipyate change as well as human activities are
increasingly facilitating the introduction and cdw invasive species increasing concerns about this
phenomenon. The Mediterranean basin provides a gaadple of biological invasion hosting
some of the worst invasive seaweeds able to maudifynal ecosystem functioning. Although the
majority of studies have focused on the interadi@g. space competition) between invasive and
native species, the effects of invasive seaweedsaiive fauna still deserve more attention.
Knowing how invasive seaweeds change the biodiyedsithe recipient habitats can allow us to

predict bottom-up impacts of non-native macroalgadigher trophic levels.
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In this study, we investigated the effects of theasive A. taxiformis by comparing the
abundance, diversity and multivariate structuret®imolluscs assemblages with those associated
with the native canopy-forminde. brachycarpa. Our results pointed out that the invasiie
taxiformis hosted a lower diverse and less trophic structarelluscan assemblage compared to the
native E. brachycarpa. This result is in accordance with other studigsctv found that invasive
seaweeds exhibit a lower diverse associated fanmgpared to native seaweeds (Navarro-Barranco
et al., 2018; Veiga et al., 2018). In particulag feund thatA. taxiformis hosted almossix times
lower diverse molluscan assemblage comparéd lboachycarpa, with Gastropoda representing the
dominant class and Rissoidae the main family. itriportant to note, however, that although
taxiformis hosted a less diverse molluscan assemblage, tmeinaot species Hatonina
cossurae) was the same as that in the native seaweed. Spédtes genugatonina, where present
are largely distributed between shallow seaweedbi(Rand Rodriguez Babio, 1995). This, led us
to hypothesize th&t. cossurae does not perceived differences (e.g. substrateydaes native and
invasive seaweeds, but that probably the uniforstridution of this mollusc on the two algae
depends on other factors (e.g. environmental cromdi).

Contrary toA. taxiformis, the nativeE. brachycarpa hosted a diverse molluscan assemblage.
Gastropoda was the dominant class, followed bylBi&and Polyplacophora, being represented at
the family level mainly by Rissoidae. These resalts consistent with what observed in other
studies, wher€ystoseira sensu lato supported rich and diverse molluscan assemblagazab et
al., 2000; Chemello and Milazzo, 2002; Pitaccolet2914; Chiarore et al., 2017, 2019; Lolas et
al., 2018; Piazzi et al., 2018; Bitlis, 2019; MasaLet al., 2021). At the species level, most of the
taxa were equal to those found in other specigSystoseira sensu lato (Chemello and Milazzo,
2002; Pitacco et al., 2014; Chiarore et al., 2@D2,9; Lolas et al., 2018; Piazzi et al., 2018;i8itl
2019; Mancuso et al., 2021), confirming the keyerof these seaweeds in supporting rich and

diverse molluscan assemblage.
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Moreover, A. taxiformis showed a less-structured molluscan community coedpdo E.
brachycarpa, as evidenced by the lack of some trophic guilde frophic guilds ofA. taxiformis
were represented by microalgae grazers, carnivaed, only one species of filter feeders.
Conversely, consistent with other studies (Pitastcal., 2014; Chiarore et al., 2017, 2019; Lolas et
al., 2018; Mancuso et al., 2021) the molluscan rabtge inhabitinge. brachycarpa was well-
structured being represented by six trophic gu{ldgroalgal grazers, carnivores, filter feeders,
ectoparasites or carnivores on sessile prey, defeeslers, and macroalgae grazers). Microalgal
grazers was the main group on both native and meapecies. Taxa belonging to this group feed
mainly on diatom film, small microalgae, crustoskyaa, articulated calcareous algae and
filamentous algae that grow on the surface of sedwe(Steneck and Watling, 1982). The
differences in trophic structure betweé&n brachycarpa and A. taxiformis could be related to
variation in the micro-habitats provided by natawed invasive algae, which are in some extent
related to the structural complexity of the alg@bkalli of E. brachycarpa are more strength and
complex compared t@d. taxiformis, providing a larger number of micro-habitats atderetain
sediment with organic matter and promote the gravita large number of epiphytes, sponges and
sessile invertebrates (Chemello et al.,, 1997; Beticet al., 2002; Ma¢ and Svitev, 2014),
increasing food supply for grazers and carnivoeeg.l(amellaria perspicua, Granulina marginata
and Cerithiopsis minima that were exclusive dt. brachycarpa). Other studies have suggested a
main role of epiphytes in shaping the fauna assediaith native and invasive seaweeds (Viejo,
1999; Wikstrom and Kautsky, 2004). For exampleharg have been suggested that the amount of
epiphytes could explain the higher species richf@ssd in the invasiv& muticum compared to
native seaweeds (Viejo, 1999; Cacabelos et alQ204 our study, we observed thattaxiformis
had null or fewer epiphytes comparediobrachycarpa (data not formalized). Since most of the
epifauna species were microalgal grazers (thataelsnicroalgae for obtaining their food) we think
that differences in epiphytes abundances betwedaxiformis andE. brachycarpa can be another

factor that can explain the variation of the epifawbserved. We hypothesize thataxiformis can
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provide less habitat complexity supporting less amoof epiphytes, and reducing suitable
resources for many free-living epifauna speciesalfy generating a less structured associated
molluscan assemblage compared to the n&iveachycarpa.

Differences in the molluscan assemblage diversity multivariate structure were related to the
variation of substrate attributes of the algae.okding to other studies, biomass was the variable
that better explained the variation of the abundatice number of species and the multivariate
structure of the molluscan assemblage (Janiak amidatéh, 2012; Veiga et al., 2018). The role of
the algal substrate attributes in shaping theio@aged biota has been highlighted in many studies
(Chemello and Milazzo, 2002; Pitacco et al., 20%diga et al., 2014, 2018; Lolas et al., 2018;
Bitlis, 2019; Chiarore et al., 2019; Poursanidislet2019; Mancuso et al., 2021). Previous studies
highlighted that invasive seaweeds host either(lBuerra-Garcia et al., 2012; Navarro-Barranco et
al., 2018; Rubal et al., 2018; Veiga et al., 20@Bhigh (Veiga et al., 2014) abundance, species
richness and diversity compared to native macrealgath this depending on their structural
complexity being respectively low or higher withspect to native seaweeds. For example,
Navarro-Barranco et al. (2018) showed thataxiformis had low fractal complexity and hosted an
impoverished faunal assemblage compared to theenagaweeds. Other authors found that the
congenericA. armata had low algal volume and showed lower abundangeciss richness and
diversity of its associated fauna compared to thtva Corallina elongata (Guerra-Garcia et al.,
2012). Moreover, dry weight and fractal dimensioerev lower in the invasiveésargassum
muticum (Yendo) Fesholt compared to native seaweeds, amd bhown to play a main role in
shaping the faunal assemblage associated with adgee (Veiga et al., 2014, 2018). According to
other studies (Janiak and Whitlatch, 2012; Veigaalet 2014; Rubal et al., 2018), our results
indicated that habitat size (as biomass) was teegredictor explaining variation in abundance and
richness as well as the multivariate structure ofluscs.

Apart from structural complexity, other indirectctars such as the presence of chemical

defences can potentially explain the differencesnolluscan assemblage between invasive and
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native seaweedSecondary metabolites released by algae have bigad to the ability of habitat-
forming seaweeds to shape their associated fauag €Hal., 1987; Viejo, 1999; Paul et al., 2006;
Cacabelos et al.,, 2010; Maximo et al., 2018; Gaeheal., 2019). For example, secondary
metabolites released By taxiformis have been responsible for the survival of fisthim post-larval
stages, eventually lead to an alteration of theiggapressure on coral reefs (Gache et al., 2019).
Although our study lacks information about metateslireleased b#. taxiformis and their possible
consequences on the molluscan assemblage. Wethia@nfurther studies could focus on the effects
of metabolites released b4. taxiformis in shaping its associated molluscs, especiallythan
molluscan juvenile stages which may results modeerable. This would allow to better clarify
how invasive seaweeds shape their associated rosllus

In summary, our study provides evidence that thrasiveA. taxiformis threaten the biodiversity
in coastal areas, reducing the diversity of thelmschn assemblage in native stands of the habitat-
forming E. brachycarpa. This suggests that a habitat shift from natiwgai@s invasive seaweeds
could have strong negative effects decreasing loicaliversity, which may have negative impacts
on the higher trophic levels (Martin et al., 198f&ck et al., 2003), potentially triggering bottomp-u
effects in rocky shores habitats. Moreover, the ldemass provided from the invasive species also
suggests that a large habitat shift towards ines&ivtaxiformis would reduce the overall primary
productivity of coastal areas.

The process of biological invasion in the maringiemment is difficult to contrast because of
the high environmental connectivity and dispersaapacity of species. Possible solutions have
been proposed, including the eradication of snralasive populations where feasible (Secord,
2003).

However, since the impacts of invasive species esident diversity are highly invader- and
species-specific, due the complex pathways thravghh bottom-up effects can take place (Maggi
et al., 2015), we think that assessing the effeztssed by invasive seaweeds should be posed as the

first step before taking any action (Olenin et2011).
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Data availability and reproducible research
The repository with all the data and the scripesdu® reproduce the research in this paper is

available at http://dx.doi.org/ 10.17632/xs4t3ddfigdancuso, 2021)
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Highlights:

» A taxiformis hosted lower diverse molluscan assemblage compared to E. brachycarpa
* Molluscan abundance and diversity changed with variation in algal biomass

» A taxiformis undermine the biodiversity and the services provided by E. brachycarpa
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