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Introduction

Though communities are composed of many species, 
a persistent challenge for ecologists is determining which 
species have the greatest influence on community structure 
through direct and indirect cascading effects. Furthermore, 
understanding how the presence and abundance of influential 
species affects the interactions with other community mem-
bers is vital to characterizing the net impact on the communi-
ty. Three examples of species that can greatly influence com-
munities include keystone species, foundation species, and 
invasive species. While keystone species can have relatively 
little biomass in a community relative to their disproportion-
ately large impact (Power et al. 1996), foundation species and 
invasive species typically comprise a larger biomass relative 
to their effects on the community. Though foundation spe-
cies and invasive species can both dominate the communities 
they inhabit, where they may differ is in their net effects on 
communities that result from positive and negative interac-
tions with its members (Rodriguez 2006, Hughes 2010). 
Foundation species, such as corals (Holbrook et al. 2008), 
trees (Rohr et al. 2009, Angelini and Silliman 2014), and 
kelps (Graham 2004, Hughes 2010), which can dominate the 
landscape, generally have positive effects on species diversity 
by increasing habitat complexity (Stachowicz 2001, Bruno et 
al. 2003). Through their net positive interactions with other 

species, foundation species increase structural habitat hetero-
geneity and complexity, facilitate greater community diver-
sity, and increase ecosystem function (Dayton and Hessler 
1972, Stachowicz and Byrnes 2006). 

Invasive species, by definition, overcome biotic and abi-
otic filters to survival, spread and establish populations, and 
have some measurable effect on the communities they inhabit 
(Lockwood et al. 2013). Either directly via competition or 
predation, or indirectly by altering the physical or biotic envi-
ronment (Bax et al. 2003, Sorte et al. 2010), invasive species 
can cause a net decline in species diversity, though these ef-
fects may vary across established populations in their invasive 
range (Colautti and MacIsaac 2004). Invasive species such 
as the macroalga Gracilaria vermiculophylla (Willette and 
Ambrose 2012, Thomsen et al. 2013) and salt cedar Tamarix 
spp. (York et al. 2011) can displace native species and reduce 
diversity to a few species with high biomass relative to non-
invaded communities. In marine communities where avail-
able settlement substrate is at a premium, fast-growing spe-
cies like Didemnum sp. have invaded and outcompeted native 
fouling invertebrate species for space, decreasing commu-
nity diversity and negatively impacting the mussel industry 
(Gittenberger 2007, 2009). Traits linked with invasiveness, 
such as fast growth rates (Van Kleunen et al. 2010, Graebner 
et al. 2012), high colonization potential (Lord et al. 2015), 
and adaptability to different environments (Sorte et al. 2010), 
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also increase the ability of invasive species to displace native 
species. However, in some cases, invasive species can cre-
ate or modify habitat for other species, serving as foundation 
species that increase habitat complexity and species diversity. 
For example, Zostera japonica—a widely-introduced east 
Asian seagrass along the western North American coast—is 
associated with higher invertebrate abundance and facilita-
tion of species diversity as its shoot density and morphology 
create greater structural complexity relative to the native 
congener, Zostera marina (Posey 1988, Knight et al. 2015). 
This and other algal species have been found to have negative 
effects on other algal species in the community, but neutral 
or positive effects on animal communities through habitat 
formation, food provision, and cascading habitat formation 
(Thomsen et al. 2016). 

Invasive species often occupy wide ranges and encoun-
ter different environments and community members during 
their range expansion. Since species interactions strengths 
are often dependent on the environmental context in which 
the interactions occur (Bertness and Callaway 1994), the net 
effect of invasive species on the community may be context-
dependent. The success of an invader depends on its ability 
to pass through ecological filters of both abiotic factors and 
biotic interactions (Crowl et al. 2008). The successful settle-
ment and growth of invaders may vary across environmental 
gradients of temperature (Stachowicz et al. 2002), resource 
availability (Stachowicz and Byrnes 2006), or intensities of 
competition and predation (Levine et al. 2004, Lord 2016). 
Habitat provided by foundation species, while beneficial for 
species that use the biogenic habitat as refuge from preda-
tion, may increase competition for space among other spe-
cies, and invaders that provide novel habitat within a com-
munity may have cascading indirect effects on composition 
and diversity (Simberloff 1995, Parker et al. 1999, Crooks 
2002). Therefore, the net balance of positive and negative in-
teractions between the invader and its community members 
depends on the strength of ecological filters, its response to 
these filters, and the response of other species in the com-
munity to the invader.

Invasive species in invertebrate marine fouling communi-
ties often spread across wide ranges because of long dispersal 
by larvae, commonly aided by global anthropogenic trans-
portation of propagules. Introductions occur frequently (Lord 
2016), but communities vary in the timing of seasonal peaks 
in propagule supply (Cifuentes et al. 2010) and the degree of 
competition for space (Edwards and Stachowicz 2012). As 
such, fouling communities are useful systems for studying 
species interactions and diversity since the limited resource 
of settlement substrate promotes a colonization-competition 
tradeoff in life history traits of community members (Edwards 
and Stachowicz 2010). Bryozoans are common invertebrate 
invaders in fouling communities largely due to their abun-
dance in ship ballast water and ability to settle and grow on 
ship hulls (Mackie et al. 2012), marine debris such as crates 
or totes (McCuller and Carlton 2018), and other artificial sub-
strates (Miranda et al. 2018), and transport via the movement 
of commercial shellfish (Carlton 2009). Their shared charac-
teristics (e.g., introduction vector, brooded offspring, vegeta-

tive asexual growth, global distribution) with other invasive 
fouling species of harbors and bays such as Bugula neritina 
(Bryozoa, Linnaeus, 1758), Botrylloides violaceus (Chordata, 
Oka, 1927), and Didemnum vexillum (Chordata, Kott, 2002) 
make them useful model organisms for generalizing results to 
other colonial invertebrates (Mackie et al. 2006, Mckenzie et 
al. 2012). Byrozoans start as brooded larvae that, once settled 
onto substrate, metamorphose into the first zooid (i.e., ances-
trula), and grow asexually, budding zooids to form colonies 
with varying morphology and complexity. Colonies can ei-
ther be flat and encrusting with little structural complexity, or 
upright and foliose or branching, which have higher complex-
ity and heterogeneity (Ryland and Hayward 1991). 

Watersipora subtorquata (d’Orbigny, 1852) is an invasive 
bryozoan with cryptogenic origins in the eastern Atlantic that is 
found on the West coast of the United States, Hawaii, Australia, 
New Zealand, Europe, and South Africa (Vieira et al. 2014). 
This colonial invertebrate may serve as a foundation species 
for small (≤ 2 cm) invertebrates (Floerl et al. 2004, Stachowicz 
et al. 2007), but also competes strongly with other fouling spe-
cies (e.g., cnidarians, ascidians, sponges, bivalves) for space 
(Sellheim et al. 2009) and has a strong overgrowth capability 
relative to other fouling community members (Edwards and 
Stachowicz 2010). Traits such as metal tolerance (McKenzie et 
al. 2011), fast growth (Vieira et al. 2014), and successful set-
tlement across different environmental conditions (Mackie et 
al. 2006) have allowed W. subtorquata to successfully invade 
a broad range of temperature and salinity environments (Wyatt 
et al. 2005, Zerebecki and Sorte 2011). 

W. subtorquata has been associated with increased diver-
sity of polychaetes and crustaceans within Bodega Harbor, 
CA (Sellheim et al. 2009), partly due to its greater hetero-
geneity compared to other habitat providers (e.g., mussels, 
tunicates, sponges), but may exhibit spatial variation in its 
interactions with the community as growth and temperature 
can covary and influence competitive outcomes (Lord 2016). 
Ecological studies in California have been spatially limited 
to single locations, making it difficult to generalize the rela-
tionship between W. subtorquata abundance and community 
diversity and composition across environmental contexts. 
Considering these community patterns across broader spa-
tial scales would improve our understanding of spatial vari-
ation of ecological effects of widespread influential species 
(Legendre et al. 2005). In this study, we ask: (1) What is the 
variance in diversity and community structure between re-
gions within the California range of W. subtorquata? (2) How 
does W. subtorquata abundance differ between these envi-
ronmental contexts? (3) Is W. subtorquata abundance related 
to patterns in community diversity and composition? and (4) 
Does the relationship between W. subtorquata abundance and 
community diversity differ between environments?

Materials and methods

We conducted surveys in marinas within two protected 
bays—Bodega Harbor, CA (38°19’21.0”N) and Alamitos 
Bay, CA (33°44’58.4”N)—in the northern and southern 
sea surface temperature regimes of California (8–15°C and 
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13–23°C, respectively; https://www.noaa.gov/). These two 
locations have documented presence of Watersipora subtor-
quata, and represent the cooler and warmer thermal regimes 
it experiences in its California range (Mackie et al. 2012). 
Bodega Harbor is mainly used for commercial fishing and 
research, while Alamitos Bay experiences heavy recreational 
boat traffic. 

In July and August 2015, we used underwater photo 
surveys to examine public access docks (at least 90 m be-
tween dock sites in a harbor) in Alamitos Bay (n = 4) and 
Bodega Harbor (n = 5) to determine the percent cover of W. 
subtorquata and characterize the fouling communities within 
harbors and between harbor environments. To conduct photo 
surveys, an underwater camera was attached to a polyvinyl 
chloride (PVC) frame to take digital photographs 0.2 m (lens 
to subject) from the underside of the dock at approximately 
0.5 m depth below the water’s surface. This allowed for equal 
area to be captured in each photo (0.08 m2 of the surface), 
and thirty photos were taken at each dock along a transect 
on the underside of the dock. These photosurveys are an ef-
ficient method for estimating species richness and abundance 
(Preskitt et al. 2004), and allow for consistent sampling 
among sites. Surveys initially included 5 sites per harbor, but 
one site in Alamitos Bay had to be dropped from analysis as 
the photos were insufficient for identifying species.

We analyzed photos using Coral Point Count with Excel 
extensions software (CPCe), which overlaid 75 points onto 
each image using the stratified random method (Kohler and 
Gill 2006). The stratified random method reduces the clump-
ing of randomly distributed points by dividing the bordered 
area into rows and columns and populating each cell with an 
equal number of randomly distributed points (Kohler and Gill 
2006). Each point in the photo was assigned to the species 
that it covered, a list of which was generated by keying out 
all organisms to the lowest possible taxonomic level using 
voucher specimens collected from the field and a taxonomic 
key (Carlton 2008). We used the data created by CPCe to 
quantify percent cover of each taxon, richness, and diversity 
(Shannon diversity index, H′) for each quadrat within each 
site. Since some organisms could only be identified to genus, 
we consider richness as a measure of taxonomic richness; 
likewise, diversity was considered at the taxonomic level, 
which is likely an underestimate of species diversity. 

Analysis

We examined the variance in W. subtorquata abundance 
and community diversity between harbors and among sites 
using generalized linear mixed models (GLMM) in SAS ver-
sion 9.2 (SAS Institute Inc. 2008, Cary, NC). We included 
Harbor (Bodega vs. Alamitos) as a fixed factor and sites 
nested within harbor as a random effect. The significance 
of the random effect was tested with a likelihood ratio test. 
For each dependent variable, we used the error distribution 
with the lowest Akaike Information Criterion (AIC) value; 
this was Gamma distribution for percent cover, and Gaussian 
Distribution for diversity. The first GLMM tested the effects 
of harbor and sites on the abundance (percent cover) of W. 

subtorquata. The second GLMM examined the same effects 
on taxonomic diversity. To examine whether W. subtorquata 
abundance was associated with changes in community diver-
sity, and whether that relationship differed between harbors 
or sites, we included W. subtorquata abundance as a covari-
ate. AIC determined that a polynomial fit between the covari-
ate and the dependent variable was better than a linear fit. 

With the adonis function from the vegan package (Oksanen 
et al. 2015) in R (version 3.1.2, R Core Team 2016), we used a 
permutational analysis of variance (PERMANOVA) to com-
pare dissimilarities in community composition both within 
and between harbors. Bray Curtis dissimilarities of square-
root transformed species proportion abundances were used in 
a similarity percentage analysis (SIMPER) to determine the 
extent to which the abundance of W. subtorquata and other 
community members contributed to the average dissimilarity 
in community composition between environments. Then, the 
compositional differences among communities were visual-
ized using nonmetric Multidimensional Scaling (nMDS). 

Results

In total, we identified 35 taxa of ascidians, bryozoans, 
sponges, algae, and gastropods at our sites. Most species on 
this list are sessile taxa, but we included three slow-moving 
gastropod species. In our photos, we could identify 20 taxa 
to species, and 14 to genus (Appendix 1); all turf algae were 
pooled into a single taxon. Watersipora subtorquata percent 
cover differed significantly across sites within harbors (G = 
285.43, P < 0.001), and there was no statistical difference in 
W. subtorquata cover between harbors (F1,7 = 0.3, P = 0.60; 
Fig. 1A). In Alamitos Bay, W. subtorquata average percent 
cover (±SE) across all sites was 32.6 ± 3.9%, while the aver-
age percent cover among sites in Bodega Harbor was 17.8 ± 
3.0%. Diversity differed significantly between harbors (F1,7 
= 8.06, P = 0.025; Fig. 1B), with Bodega Harbor exhibit-
ing a greater average (±SE) diversity (H′ = 1.0 ± 0.05) than 
Alamitos Bay (H′ = 0.81 ± 0.05). Sites within harbors differed 
significantly (G = 4.23, P = 0.040) and explained 10.1% of the 
variance in diversity.

The relationship between W. subtorquata abundance and 
community diversity differed significantly between harbors 
(F1,158 = 7.2, P = 0.008; Fig. 2). In Bodega Harbor, there was 
a significant polynomial relationship between W. subtorquata 
cover and diversity (F1,113 = 20.4, P < 0.001; Fig. 2A), whereas 
there was no statistical relationship in Alamitos Bay (F1,45 = 
0.53, P = 0.47; Fig. 2B). W. subtorquata abundance explained 
25% of the variance in diversity in Bodega Harbor (Fig. 2A), 
and otherwise less abundant taxa such as bryozoans and tuni-
cates exhibited greater richness in sites with a greater abun-
dance of W. subtorquata (Appendix 1). In Alamitos Bay, sites 
with greater W. subtorquata abundance were associated with 
shifts in abundance of several bryozoan and tunicate species 
(Appendix 1).

PERMANOVA revealed that communities were sig-
nificantly dissimilar between harbors, (F = 15.6, P < 0.001; 
Fig. 3). A test of homogeneity of multivariate dispersions 
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Figure 1. Mean (± SE) A) W. subtorquata percent cover and B) taxonomic diversity (Shannon, 

H′) at sites within Alamitos Bay (AB) and Bodega Harbor (BO)  

Figure 1. Mean (± SE) A) W. subtorquata percent cover and B) 
taxonomic diversity (Shannon, H′) at sites within Alamitos Bay 
(AB) and Bodega Harbor (BO)

 

 

 

 

 

 

 Figure 2. Relationship between W. subtorquata percent cover and taxonomic diversity 

(Shannon, H′) for A) Bodega Harbor and B) Alamitos Bay. R2 and P values indicated on graphs. 

Figure 2. Relationship between W. subtorquata percent cover 
and taxonomic diversity (Shannon, H′) for A) Bodega Harbor 
and B) Alamitos Bay. R2 and P values indicated on graphs.

 

 

 

 

 

 

Figure 3. Nonmetric multi-dimensional scaling (nMDS) plot showing differences in community 

composition among sites within harbors. Each point represents a community (one photo quadrat), 

shapes represent sites, colors represent harbor environments. 

Figure 3. Nonmetric 
multi-dimensional scal-
ing (nMDS) plot showing 
differences in commu-
nity composition among 
sites within harbors. Each 
point represents a com-
munity (one photo quad-
rat), shapes represent 
sites, colors represent har-
bor environments.
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confirmed that the average distances of communities to the 
median in both environments were not significantly different 
(F = 2.4, P = 0.12). Alamitos Bay communities were primar-
ily composed of bryozoans and tunicates, whereas Bodega 
Harbor communities were also dominated by bivalve taxa. 
Of the 35 taxa surveyed, only eight were present in both 
harbors, some of which were found in very low abundances 
(Appendix 1). Halichondria sp. (Porifera, Fleming, 1828) 
and Mytilus californianus (Mollusca, Conrad, 1837) were 
found in both harbors, but Halichondria sp. was more abun-
dant in Bodega Harbor and M. californianus was more abun-
dant in Alamitos Bay. W. subtorquata was the most common 
(present in ≥ 50% of quadrats) species across all sites, and 
SIMPER analyses revealed that W. subtorquata abundance 
had the highest percent contribution to dissimilarity among 
communities between environments (Table 1). Two invasive 
tunicates in Bodega Harbor, Didemnum lahillei (Hartmeyer, 
1909) and Botrylloides violaceus (Oka, 1927), were among 
the top five contributors to community dissimilarity, as well 
as another invasive bryozoan, Bugula neritina (Linnaeus, 
1758). While more commonly found in Alamitos Bay than in 
Bodega Harbor, Mytilus californianus (Mollusca) was also a 
top contributor to differences among communities. 

Discussion

Within the California range of Watersipora subtorquata, 
communities both within and between the harbor environ-
ments differed in diversity and community composition, with 
Bodega Harbor exhibiting greater diversity and dissimilarity 
among communities. W. subtorquata was common in both 
harbors surveyed but exhibited significant variation in abun-
dance (i.e., percent cover) among sites within harbors, though 
the two harbors did not differ in W. subtorquata abundance. 
However, the relationship between W. subtorquata abundance 
and diversity varied between harbors, suggesting that interac-
tions between W. subtorquata and the community may differ 
between environments or community contexts. W. subtorqua-
ta abundance had the highest percent contribution to com-
munity dissimilarity relative to other community members. 
This suggests that the growth and spread of this species may 
have effects on the native community throughout its range as 
it competes for space on the substratum, especially as it has 
a strong overgrowth capability relative to other fouling com-
munity members (Edwards and Stachowicz 2010). However, 

this does not preclude that a correlation with an unmeasured 
variable and these variables may drive this association. 

The significant nonlinear relationship between W. sub-
torquata abundance and community diversity in Bodega 
Harbor—but not in Alamitos Bay—suggests that W. sub-
torquata may have indirect or direct effects on species diversity 
or community structure in some environments, but not others 
(Fig. 2). As the dissimilarity of community composition be-
tween harbors is primarily driven by differences in the abun-
dance of W. subtorquata, the effects on the community may 
be more at the level of taxonomic composition rather than 
diversity. This invader may be displacing some species while 
providing novel habitat or substrata for others, but the balance 
between facilitative and inhibitive effects differs between en-
vironments and across communities. At high abundances, W. 
subtorquata occupied space where other sessile species would 
have otherwise settled, and this trend was more apparent in 
Bodega Harbor where there was a low diversity of dominant 
species that compete for space. In comparison to other sessile 
colonial invertebrates in Bodega, W. subtorquata has a high 
overgrowth rank, as the live zooid modules may prevent settle-
ment of other species (Edwards and Stachowicz 2010).  

In Alamitos Bay, higher percent cover of W. subtorquata 
is associated with decreased percent cover of sessile tuni-
cate species such as Botrylloides diegensis (Ritter & Forsyth, 
1917), Botrylloides violaceus, and Botryllus schlosseri (Pallas, 
1766), and increased percent cover of bryozoans Cellaria spp. 
and Crisulipora occidentalis (Robertson, 1910, Appendix 1). 
A possible explanation for the lack of correlation between W. 
subtorquata percent cover and diversity in Alamitos may be 
that in this environment, W. subtorquata interacts with a greater 
diversity of species than in Bodega, so changes in its abun-
dance, while appearing to not affect diversity, may in fact alter 
the composition. The positive effects on some species appear 
to be balanced by negative effects on others. In Bodega Harbor, 
low W. subtorquata percent cover is associated with increased 
diversity, where it may still provide important settlement sub-
strate, but is associated with declining diversity at higher abun-
dances, where competition for space is more likely among the 
few dominant species. These results, however, represent rela-
tively short-term dynamics, and more long-term monitoring 
studies of fouling communities have found evidence of greater 
variation in both W. subtorquata cover and community diver-
sity (Marasinghe et al. 2018).

Table 1. Results from the SIMPER analysis performed with multivariate data from both Bodega (BO; n = 5 sites) and Alamitos (AB; n = 
4 sites) to identify species contributing the most (≥ 5%) to observed changes in community composition between harbor environments. 
Pooled across sites, means ± SE for percent cover per species in each harbor environment are presented.

Phylum Species Percent Cover (%): BO Percent Cover (%): AB Contribution (%)

Bryozoa Watersipora subtorquata 19.83 ± 1.67 18.82 ± 2.35 10.06

Chordata Didemnum lahillei 11.06 ± 1.86 0 9.33

Mollusca Mytilus californianus 2.33 ± 0.85 34.58 ± 2.08 8.16

Chordata Botrylloides violaceus 9.50 ± 0.32 0.98 ± 0.32 6.18

Bryozoa Bugula neritina 5.68 ± 0.91 0.16 ± 0.089 5.64
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W. subtorquata can serve as a non-toxic settlement sub-
stratum for bryozoans, polychaetes, and amphipods that are 
sensitive to antifouling paints (Floerl et al. 2004), and thus 
may act as a foundation species and have a net positive ef-
fect on many species. Additionally, the structural complex-
ity of larger, foliose colonies of W. subtorquata may provide 
additional attachment sites for sessile species, compensat-
ing for the space occupied on the substratum (Stachowicz 
and Byrnes 2006). Though there are few examples of sessile 
invertebrates settling directly on W. subtorquata (Sellheim 
et al. 2009, Davis and Marshall 2014), a demosponge, 
Halichondria sp. (Porifera) was found to grow directly on 
W. subtorquata colonies in Bodega Harbor (pers. obs.), sug-
gesting it has the potential to serve as novel habitat for other 
species. While W. subtorquata is a weaker competitor in 
the short time after recruitment to the substratum, it grows 
into larger foliose colonies through time and may be more 
competitive in these older, more dense stands (Edwards and 
Stachowicz 2010). 

Though these results highlight a relationship between W. 
subtorquata abundance and diversity in some contexts, the 
low explanatory power of W. subtorquata abundance for dif-
ferences in diversity—especially in Alamitos Bay—indicates 
that other important factors may explain more of the variance 
in diversity. Alamitos Bay communities were dominated by 
tunicate and bryozoan species (Appendix 1), several of which 
were not present at sites with high W. subtorquata abundance, 
suggesting that W. subtorquata may compete strongly for 
space with other colonially-growing organisms. However, 
the increased abundance of some bryozoan and algal taxa 
suggests indirect or direct facilitation by W. subtorquata 
(Appendix 1). Thus, the net effect on diversity with relation 
to W. subtorquata cover did not differ from zero. 

Other factors such as resource and nutrient availability, 
flow patterns (Palardy and Witman 2014), and temperature 
(Lord 2016) can substantially influence community structure 
and diversity, and may better explain the observed patterns 
than differences in W. subtorquata abundance across sites 
surveyed within the harbor environments. These variables 
were not monitored during the present study, but would cer-
tainly improve explanation of the presented findings. Bodega 
Harbor and Alamitos Bay represent different thermal regimes 
(12–13°C and 17–18°C, respectively) that W. subtorquata ex-
periences within its range along California’s coast, and the 
seasonal variability in temperatures may contribute to differ-
ences in diversity and community structure both within and 
between harbors. 

Furthermore, the two harbors differ in their primary uses 
and activities. Bodega Harbor is primarily used for commer-
cial and recreational fishing vessels, and live-aboard boats at 
their docks, both of which can have longer residence times in 
the harbor and could increase competition for space among 
fouling invertebrates. Alamitos Bay has more recreational 
activities such as kayaking, stand-up paddle boarding, and 
publicly-accessible docks, which may contribute to increased 
disturbance of the docks and settlement substrate. This in-
creased level of disturbance may contribute to greater diver-
sity as open patches of space are created that promote high 

diversity because of a reduction in the likelihood of competi-
tive exclusion (Willig and Presley 2018). Though these fac-
tors were not surveyed or included in analyses for the present 
study, they could help explain the variance in community 
parameters between harbors in addition to the abiotic factors 
mentioned above.

The importance of foundation species in ecosystems has 
been well established in ecology (Dayton 1972, Stachowicz 
2001), but the concept of an invasive species exhibiting the 
same positive effects associated with foundation species on 
a community is less well studied (Rodriguez 2006). Though 
invasive foundation species may provide novel habitat in 
comparison with native foundation species, they should be 
less important than native foundation species since they did 
not coevolve with others in the community. Communities 
without the invader should have greater diversity, though we 
were not able to test this hypothesis in our study. Historically, 
invasive species and foundation species have been thought to 
have opposing effects on communities, but only recently have 
ecologists considered species that might fulfill both roles si-
multaneously (Rodriguez 2006). Examples of invasive foun-
dation species exist in mixed Eastern Caribbean seagrass-
mollusc and seagrass habitats (Willette and Ambrose 2012, 
Thomsen et al. 2013) and fouling communities on docks in 
Bodega Harbor, CA (Sellheim et al. 2009). Our study sug-
gests that W. subtorquata has the potential to interact with 
the community as a foundation species by influencing both 
the diversity and community composition of sessile fouling 
invertebrates throughout its California range. The complex 
morphology of these colonies may act as settlement substrata 
for species that prefer complex habitat. These surveys did not, 
however, include mobile species that may show different pat-
terns of abundance and diversity (Sellheim et al. 2009), as 
the structurally complex colonies create many crevices and 
spaces that can serve as important and novel habitat or refuge 
from mobile predators for smaller (≤ 2 cm) invertebrates such 
as polychaetes and crustaceans. Considering the variation in 
the effects of invasive foundation species not only across en-
vironments in their invasive range, but also across communi-
ties with different compositions, can provide insights into the 
complex processes and species interactions that shape diverse 
communities over spatial scales.
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Appendix 1. Cumulative list of taxa found at sites across 
harbor environments. The file may be downloaded from 
www.akademiai.com.


