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Abstract
Aim: Biological invasions and changes in land and sea use are among the five major 
causes of global biodiversity decline. Shipping and ocean sprawl (multiplication of 
artificial structures at the expense of natural habitats) are considered as the major 
forces responsible for marine invasions and biotic homogenization. And yet, there is 
little evidence of their interplay at multiple spatial scales. Here, we aimed to examine 
this interaction and the extent to which the type of artificial habitat alters the distri-
bution of native and non‐indigenous biodiversity.
Location: Southeast Pacific—Central Chilean coastline.
Methods: Settlement plates were deployed upon two types of artificial habitats 
(floating and non‐floating hard substrates) at a total of ten study sites, exposed to 
either international or local traffic. After colonization periods of 3 and 13 months, 
plates were retrieved to determine their associated fouling sessile assemblages at 
an early and late stage of development, respectively. Putative confounding factors 
(temperature, metal concentrations) were taken into account.
Results: While traffic type had no detectable effect, there were strong differences 
in community structure between habitats, consistent across the study region. These 
differences were driven by non‐indigenous species which contributed to 58% and 
40% of the community structure in floating habitats after 3 and 13 months, respec-
tively—roughly 10 times greater than in their non‐floating counterparts. Assemblages 
on floating structures also displayed a lower decline in similarity with increasing dis-
tance between sampling units, being thus more homogenous than non‐floating habi-
tats at the regional scale.
Main conclusions: With the absence of international traffic effect, the colonization 
success by non‐indigenous species appears to be mainly habitat‐dependent and 
driven by local propagules. Floating structures not only provide specific niches but 
characteristics shared with major introduction and dispersal vectors (notably hulls), 
and in turn constitute important corridors to invasions and drivers of biotic homog-
enization at multiple scales.
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1  | INTRODUC TION

Biodiversity is declining at an unprecedented rate, over multiple spa-
tial scales, in response notably to climate change, pollution, direct 
exploitation of biota, changes in land and sea use, and bioinvasions 
(Catford, Bode, & Tilman, 2018; IPBES, 2019; Nowakowski, Frishkoff, 
Thompson, Smith, & Todd, 2018; Pecl et al., 2017). Biological inva-
sions are among the most pervasive changes in the Anthropocene 
(Anton et al., 2019; Chan et al., 2019; Simberloff et al., 2013): the 
number of emerging non‐indigenous species (NIS) rose particularly 
over the last five decades along with the intensification and multipli-
cation of dispersal pathways (sensu Lockwood, Hoopes, & Marchetti, 
2013; Sardain, Sardain, & Leung, 2019; Seebens et al., 2018; Wilson, 
Dormontt, Prentis, Lowe, & Richardson, 2009). Human‐mediated 
species introductions redefine biogeographic boundaries (e.g. 
Wallace realms, Elton, 1958) and contribute substantially to biotic 
homogenization at multiple spatial scales (Capinha, Essl, Seebens, 
Moser, & Pereira, 2015; McKinney & Lockwood, 2005). In this con-
text, there are urgent needs to determine the ecological and evolu-
tionary mechanisms promoting the establishment and spread of NIS 
in order to help building up appropriate management and conserva-
tion strategies from local habitats to landscapes (Caselle, Davis, & 
Marks, 2018; Fitzgerald, Tobler, & Winemiller, 2016; Fridley & Sax, 
2014; Kalusová et al., 2017).

Habitat invasibility is expected to depend on the interplay among 
habitat attributes (e.g. environmental conditions, resource level and 
heterogeneity), the invader traits and dispersal limitations, as well 
as interactions with the recipient communities (Byers, 2002; Davis, 
Grime, & Thompson, 2000; Fridley et al., 2007; Pyšek et al., 2015). 
Anthropogenic activities are susceptible to alter each of these as-
pects. Of particular concerns are alterations to biodiversity with 
respect to the biotic resistance paradigm which predicts that the 
probability of NIS establishment at the local scale diminishes as the 
interactions with native species increase (Elton, 1958; Lockwood et 
al., 2013). This paradigm may partially explain why many NIS are usu-
ally more frequent in disturbed and/or less diverse artificial (semi‐
natural to human‐made) habitats, than in their natural counterparts, 
across all ecosystems (e.g. Chytrý et al., 2008; Fitzgerald et al., 2016; 
Mineur et al., 2012). In addition, artificial habitats present attributes 
(see above) hardly found in the wild, and in turn constitute unique 
ecological filters for community assembly, through which a series 
of traits from the local pool of species and incomers are selected 
(Aronson et al., 2016; Bulleri & Chapman, 2010; Johnston, Dafforn, 
Clark, Rius Viladomiu, & Floerl, 2017; Nowakowski et al., 2018). The 
same is true for transport vectors which constitute transition habi-
tats for hitchhiking species, at multiple stages of their life cycle (Briski 
et al., 2018). In this context, it can be hypothesized that invasibility 
would be exacerbated in artificial habitats showing environmental 

similarities with transport vectors. In the marine realm for instance, 
fouling taxa with traits favouring colonization of floating vectors (e.g. 
hulls and marine debris) may be more likely to invade similar niches, 
namely floating artificial habitats (e.g. floating pontoons, buoys and 
aquaculture lines), as compared to fixed (e.g. pilings and seawalls) 
ones (Dafforn, Johnston, & Glasby, 2009; Johnston et al., 2017). The 
more the suite of ecological filters acting on community assembly in 
a given habitat tend to be similar with increasing spatial scales, the 
more it will be prone to biotic homogenization (Aronson et al., 2016; 
Nowakowski et al., 2018).

Because habitat invasibility is expected to depend partly on dis-
persal limitations, both the colonization pressure (number of species 
introduced) and the propagule pressure (number of individuals of a 
given species) are key determinants (Fridley et al., 2007; Lockwood, 
Cassey, & Blackburn, 2009; but see Nuñez, Moretti, & Simberloff, 
2011). Insights about the relative importance of dispersal limitations 
over habitat resistance have come from small‐scale experiments in 
which propagule pressure can be relatively easily manipulated for 
a single species (Clark & Johnston, 2009; Von Holle & Simberloff, 
2005). Manipulating and measuring both propagule and colonization 
pressures, even at local scales, are however challenging and subject 
to bias (Clarke Murray, Pakhomov, & Therriault, 2011; Leclerc et al., 
2018; Stachowicz & Byrnes, 2006; Sylvester et al., 2011). Indirect 
methods are thus often necessary. The use of semi‐quantitative prox-
ies (e.g. human population size and distance to the nearest conurba-
tion) has been proven particularly efficient to determine the most 
relevant drivers of invasiveness among terrestrial habitats (Aikio, 
Duncan, & Hulme, 2012; Chytrý et al., 2008; Pyšek et al., 2015). 
Likewise, shipping traffic across locations could give insights into 
colonization and propagule pressures (Sardain et al., 2019; Seebens, 
Schwartz, Schupp, & Blasius, 2016), which can be hypothesized to be 
lower in local than international ports—the latter being fuelled by a 
higher diversity of putative dispersal pathways (e.g. interoceanic and 
intercontinental maritime routes) and vectors (hulls, ballasts). In that 
context, it is worth noting that recent progress in risk assessment 
of marine bioinvasions came from modelling using global shipping 
movements and environmental conditions which could filter specific 
taxa or traits (Sardain et al., 2019; Seebens et al., 2016). Whether 
shipping traffic could produce contrasting patterns among habitats 
and across diversity gradients is however still an open question.

In a way similar to landscape urbanization in the terrestrial realm, 
“ocean sprawl” (i.e. multiplication of artificial structures along nat-
ural shores) is recognized as a major threat to marine biodiversity 
and ecosystem functioning (Bishop et al., 2017; Bulleri & Chapman, 
2010; Duarte et al., 2012). Because ocean sprawl affects the con-
nectivity of both natives and NIS (Bishop et al., 2017; Dafforn, 2017), 
there are urgent needs to compare the invasibility of habitats at mul-
tiple spatial scales. The present study aimed to determine whether 
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