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The non-native solitary ascidian Ciona intestinalis (L.)
depresses species richness

Julia C. Blum ⁎,1, Andrew L. Chang 5, Marcela Liljesthröm 2, Michelle E. Schenk 3,
Mia K. Steinberg 4, Gregory M. Ruiz

Smithsonian Environmental Research Center, P.O. Box 28, Edgewater, MD 21037, United States

Received 1 September 2006; received in revised form 1 October 2006; accepted 9 October 2006
Abstract

Non-native ascidians are a dominant feature of many sessile marine communities throughout the world and may have negative
effects on species diversity. We tested effects of the non-native Ciona intestinalis on the sessile invertebrate community in San
Francisco Bay, where it occurs in dense aggregations. In particular, we compared species richness between PVC panels from which
C. intestinalis were experimentally removed to panels with naturally dense C. intestinalis growth, using fouling panels of four sizes
(between 49 cm2 and 1177 cm2) to measure the effect of C. intestinalis recruitment on species-area relationships. We initially
deployed 120 fouling panels (30 of each size) at a site known to have dense populations of C. intestinalis, assigning these to three
different treatments: (1) Experimental removal, whereby new recruits of C. intestinalis were removed on a weekly basis, pulling
panels out of the water for a short time period to do so; (2) Manipulated control, whereby panels were removed from the water each
week (as in the experimental removal) but without C. intestinalis removal; and (3) Unmanipulated control, which remained in the
water throughout the experiment. After 4 months, all of the panels were collected and analyzed to estimate species richness and
relative abundance (percent cover) of sessile invertebrates and of C. intestinalis. Across all panels, species richness was negatively
correlated with C. intestinalis abundance. The removal of C. intestinalis produced communities with significantly higher species
richness than the controls. The overall species composition of treated and control panels was also distinctly different, with many
species occurring more often in the absence of C. intestinalis, while others occurred more often on C. intestinalis-dominated
panels. These data suggest that C. intestinalis both depress local species diversity and alter community assembly processes to
fundamentally change sessile community composition.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Sessile species, such as terrestrial plants or marine
invertebrates, can exhibit dominant growth relative to
other local species. For terrestrial plants, this often in-
volves forming high-density or monospecific stands,
frequently by overgrowing and shading surrounding
competitors. While both native and introduced plant
species can exhibit dominance, it is an important factor
in an introduced plant's ability to become invasive.
Monospecific stands of both native and introduced in-
vasive plants tend to have negative consequences for
local plant diversity (Ervin and Wetzel, 2002; Silliman
and Bertness, 2004). Similar patterns have been ob-
served among invasive marine algae, most notably
Caulerpa taxifolia (Verlaque and Fritayre, 1994).
Trends in the consequences of these stands for local
animal diversity are less clear, with both increases and
decreases recorded in the literature (e.g., Burger et al.,
2003).

For sessile marine invertebrates, the mussel Mytilus
californianus is the most familiar example of the effect
of dominant growth; Paine (1966) demonstrated its
negative effects on primary species diversity (i.e. spe-
cies directly attached to the substrate) in the absence of
its sea star predator. While in this case M. californianus
was a native member of the ecosystem, similar dominant
growth patterns have been observed for the introduced
mussel Mytilus galloprovincialis in South Africa (Van
Erkom Schurink and Griffiths, 1990; Robinson et al.,
2005). Among other groups of marine invertebrates,
numerous ascidian species also exhibit dominant growth
in their introduced ranges, such as Styela clava (Lambert
and Lambert, 1998), Didemnum sp. A (USGS, 2006),
Ciona intestinalis (Carver et al., 2003), and, to some
extent, Molgula manhattensis (JCB, pers. obs.). While
these species are able to overgrow surrounding fauna or,
in the case of the solitary species, form dense mono-
specific stands (e.g., Lambert and Lambert, 1998 for
C. intestinalis), little information exists on the con-
sequences of such growth patterns for the diversity of
the surrounding community.

We selected the solitary tunicate C. intestinalis to
measure effects of a high-density ascidian invasion on
community structure. C. intestinalis has been introduced
from northern Europe into bays on both coasts of North
America, in New Zealand, the Mediterranean, Australia,
Korea, Hawaii, Chile, South Africa, and Hong Kong
(Lambert and Lambert, 1998, 2003; Castilla et al., 2005;
Robinson et al., 2005). It exhibits dominant growth
patterns in both its native range (Koechlin, 1977;
Havenhand and Svane, 1991) and much of its
introduced range, where it is often a nuisance fouling
species in aquaculture (Kang et al., 1978; Lesser et al.,
1992; Castilla et al., 2005). The striking nature of
C. intestinalis recruitment and its worldwide success as
an invader underscore the importance of understanding
its ecological effects.

In the highly invaded San Francisco Bay, we
performed a manipulative field experiment to measure
the effects of C. intestinalis dominance on the diversity
of the local community at several spatial scales.
C. intestinalis (hereafter, Ciona) was first recorded in
San Francisco Bay in 1932 (Rodholm, 1932) and a 2001
survey observed several areas with approximately 100%
cover of primary space (Ruiz et al. unpublished). Due to
the importance of free space as a resource in fouling
communities (Osman, 1977; Sutherland, 1981), we
hypothesized that Ciona would have a negative effect
on local sessile faunal species richness. A pilot study
withM. manhattensis in Chesapeake Bay suggested that
such an effect might also result in depression of the
positive species-area relationship previously observed
for marine sessile communities (Schoener and Schoener,
1981), as elsewhere (Rosenzweig, 1995).

2. Methods

2.1. Ciona recruitment at experimental site

Recruitment of new Ciona individuals was measured
at Richmond Marina Bay Yacht Harbor, in the north-
eastern part of San Francisco Bay, from February 2002 to
March 2003 by deploying five 13.7 by 13.7 cm fouling
panels at 1 m depth for 1 month periods in locations
evenly distributed around the site. Panels were retrieved
monthly for analysis and replaced with new, bare panels.
All panels used in this study were gray, 0.25 cm thick,
sanded PVC.

Panels were individually isolated and transported
between the field site and the laboratory in plastic bags
filled with seawater and stored in a cooler. At the lab,
panels were fixed in 10% buffered formalin and pre-
served in 70% ethanol. Ciona recruits were identified
and counted on each panel to determine seasonal
patterns of Ciona recruitment during the year of the
experiment.

2.2. Ciona-removal experiment

To determine the effect of Ciona's presence on
fouling community species richness, we compared
fouling panels from which we had experimentally
removed Ciona to panels with naturally dense Ciona



Fig. 1. Ciona recruitment to fouling panels. Ciona recruitment in
Richmond Marina Bay Yacht Harbor, San Francisco Bay during 2002,
measured two ways: (a) number of Ciona recruits on each of five
188 cm2 PVC panels deployed for 1 month periods (left axis, solid
bars; bar width represents the amount of time panels spent in the
water); and (b) total number of Ciona removed weekly from 104 PVC
panels ranging in size from 49 cm2 to 1177 cm2 as part of experimental
treatment regime (right axis, line). The gray shaded area represents the
duration of the experiment.
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growth. We included four different sizes of fouling
panels to examine the effect of dense Ciona recruitment
on species-area relationships.

The four sizes used were 7 by 7 cm (“small”), 13.7 by
13.7 cm (“medium”), 21.7 by 21.7 cm (“large”), and
34.3 by 34.3 cm (“extra-large”). These panel sizes rep-
resent multiples of approximately one, four, nine, and
twenty-five times the area of the smallest panel (7
by 7 cm), respectively. Each panel was individually
mounted on a brick and suspended from a floating dock
at 1 m depth with the collecting surface of the panel
facing downwards. The panels remained in the water,
allowing organisms to settle on them and creating a
community that we then manipulated.

Panels were assigned to one of three treatments:
Ciona-removal, unmanipulated control, or manipulated
control. Treatments were applied weekly for the dura-
tion of the experiment. The Ciona-removal treatment
consisted of removing a panel from the water, placing it
on the dock submerged in a tub of seawater, removing
all visible Ciona with forceps, and then returning the
panel to the water. We recorded the number of Ciona
removed from each panel. Because both C. intestinalis
and the closely related Japanese species C. savignyi
were present at this site, yet are cryptic at juvenile size
(less than 1 cm length), we did not distinguish between
them when performing the Ciona-removal treatment.
However, observations of recruitment and identifica-
tion of adult individuals showed the overwhelming
majority of Ciona present to be C. intestinalis. Manip-
ulated control panels were treated in the same manner
as Ciona-removal panels except that no Ciona in-
dividuals were removed, thus controlling for any
artifacts of the manipulation involved in the Ciona-
removal treatment. Unmanipulated control panels re-
mained in the water undisturbed for the duration of the
experiment.

The experiment took place on the docks of Richmond
Marina Bay Yacht Harbor. This site was selected based
on the high levels of Ciona recruitment observed in
surveys conducted during the summer of 2001 (Ruiz
et al. unpublished). Ten replicate panels in each size-
treatment class (10 replicates ⁎ 3 treatments ⁎ 4
sizes=120 panels) were deployed between June 24,
2002 and June 26, 2002. Panel locations and panel size-
treatment combinations were distributed throughout the
site using a stratified random scheme to ensure even
spatial distribution. However, based on previous surveys
(Ruiz et al. unpublished), we determined that the fouling
community on the large, contiguous section of docks
where we performed the experiment was fairly homo-
geneous in terms of species abundance and diversity. We
retrieved the panels after 17 weeks, between October 23,
2002 and October 26, 2002.

During the course of the experiment, 16 of the orig-
inal 120 panels were lost. Most losses resulted from the
weight of settled Ciona exceeding the tensile strength of
the plastic cable ties used to attach the panels to their
bricks. Therefore, losses were especially high among
larger panels in the manipulated and unmanipulated
control treatment classes. Due to the combination of
differential panel loss and deployment error, the final set
of 104 retrieved panels had treatment-size class
replication ranging from 4 replicate panels per class
(unmanipulated control-large) to 12 replicate panels per
class (unmanipulated control-small). However, 8 out of
12 treatment-size classes contained between 7 and 10
replicate panels, with a median of 8.5 replicate panels
across all classes.

Upon retrieval, panels were individually isolated and
transported from the field site to a nearby laboratory in
covered plastic bins filled with seawater. 79 panels were
examined live within 24 h of retrieval and the remaining
25 panels were fixed in 10% buffered formalin, pre-
served in 70% ethanol, and examined over the course of
the following 16 weeks.

To measure species richness, we recorded a compre-
hensive species list of sessile invertebrates for each
panel, with voucher specimens of each species col-
lected, fixed and preserved for identification by expert
taxonomists. We used a two-way factorial ANOVA to
test the effect of treatment and panel size on species



Table 1
Species found on experimental fouling panels set out in Richmond
Marina Bay Yacht Harbor, San Francisco Bay, between June and
October 2002

Bryozoa Porifera
Bowerbankia aggregata Ca Halichondria

bowerbanki
NIS

Bowerbankia gracilis C Halichondria sp. C
Bugula californica Nb Haliclona sp. U
Bugula neritina NIS c Mycale macginitiei N
Bugula pacifica N Scypha sp. U
Bugula stolonifera NIS Polychaeta
Conopeum osburni C Serpulidae
Conopeum seurati C Ficopomatus

enigmaticus
NIS

Cryptosula pallasiana NIS Hydroides elegans NIS
Electra monostachys C Hydroides gracilis C
Schizoporella pseudoerrata NIS Terebellidae
Scrupocellaria varians C Neoamphitrite sp. A C
Tricellaria occidentalis C Hydrozoa
Watersipora subtorquata NIS Obelia longissima C

Tunicata Anthozoa
Aplidium sp. U d Diadumene sp. C
Ascidia zara NIS Bivalvia
Botrylloides diegensis N Mytilus sp. C
Botrylloides violaceus NIS Cirripedia
Botryllus schlosseri NIS Balanus improvisus NIS
Ciona intestinalis NIS
Ciona savignyi NIS
Distaplia occidentalis N
Didemnum sp. A NIS
Diplosoma listerianum NIS
Molgula manhattensis NIS
Styela clava NIS
Styela plicata NIS

a C=species considered cryptogenic (sensu Carlton, 1996) in San
Francisco Bay.
b N=species considered native in San Francisco Bay.
c NIS=species considered nonindigenous in San Francisco Bay.
d U=unidentifiable samples; we were unable to identify these taxa

precisely enough to determine their status.

Fig. 2. Effect of Ciona removal on species richness. Mean sessile
invertebrate species richness of PVC fouling panels assigned to one of
three treatments: Ciona individuals removed from panel weekly
(Ciona removal, filled bar, n=36), panel left undisturbed (Unmani-
pulated Control, empty bar, n=35), and panel handled in the same
fashion as for Ciona removal, but with no Ciona removed
(Manipulated Control, hashed bar, n=33). Asterisk indicates a
significant difference using Fisher's LSD (P<0.05).
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richness, with multiple post-hoc comparisons performed
using Fisher's Least Significant Difference (LSD).
Analyses were conducted using the PROC GLM
procedure of the SAS® software, version 9.1.2 (SAS
Institute Inc., 2004).

As a measure of percent cover, 25-point counts were
taken by placing a 5 by 5 grid over a randomly located
Table 2
Results of the analysis of variance (ANOVA) performed on the
richness data

Source df MS F P

Treatment 2 176.9 30.63 <0.0001
Size 3 80.05 13.86 <0.0001
Treatment×size 6 6.606 1.14 0.3436
Error 92 5.776
portion of each panel and recording the species present
at each point. The total area covered by the grid was the
same as the area of the smallest panel size (49 cm2). In
order to control for edge effects and the increased
amount of non-edge-adjacent space (36%) on extra-
large panels, point counts were taken on two randomly-
chosen portions of each extra-large panel, one located
adjacent to the panel edge and the other located within
the center portion of the panel. A single point count was
then randomly selected from each pair for analysis such
that half of the extra-large panels used point counts from
the inner region and half used point counts from the
outer region.
Fig. 3. Effect of panel size on species richness. Mean sessile
invertebrate species richness of square PVC fouling panels of four
sizes: 49 cm2 (Small, n=28), 188 cm2 (Medium, n=29), 471 cm2

(Large, n=21), and 1177 cm2 (Extra-Large, n=26). Dissimilar letters
indicate a significant difference using Fisher's LSD (P<0.05).



Table 3
Incidence of species on fouling panels deployed in Richmond Marina
Bay Yacht Harbor, San Francisco Bay, expressed as the percentage of
panels from which the species was collected

Species Percent incidence on experimental
panels a

Ciona
removal b

Unmanipulated
control c

Manipulated
control d

Tunicata
Didemnum sp. A 92 ↓↓↓ ↓↓↓
Styela clava 72 ↓↓↓ ↓↓↓
Ascidia zara 64 ↓↓ ↓↓
Diplosoma listerianum 89 ↓ ↓
Molgula manhattensis 92 ↓ ↓
Ciona savignyi 6 ↓ –
Aplidium sp. 3 – –
Styela plicata 3 – –
Botrylloides diegensis 3 No change –
Distaplia occidentalis – ↑ –
Botryllus schlosseri 86 ↑ ↓
Botrylloides violaceus 61 ↑↑ ↑↑
Ciona intestinalis 56 ↑↑ ↑↑

Bryozoa
Bugula stolonifera 86 ↓↓↓ ↓↓↓
Cryptosula pallasiana 81 ↓↓↓ ↓↓↓
Watersipora subtorquata 58 ↓↓ ↓
Conopeum seurati 19 ↓ ↓
Conopeum osburni 17 ↓ ↓
Bugula neritina 100 No change No change
Bugula californica 8 – ↓
Bowerbankia gracilis 17 – –
Bowerbankia aggregata 3 – –
Bugula pacifica 6 – ↑
Tricellaria occidentalis 3 – ↑
Schizoporella
pseudoerrata

– – ↑

Electra monostachys – ↑ –
Scrupocellaria varians – ↑ –

Porifera
Halichondria bowerbanki 72 ↓↓↓ ↓↓
Scypha sp. 39 ↓↓ ↓↓
Haliclona sp. 17 – –
Mycale macginitiei – – ↑
Halichondria sp. 22 ↑ ↑

Polychaeta
Hydroides elegans 14 ↓ ↓
Ficopomatus enigmaticus 11 ↓ –
Hydroides gracilis 3 – –
Neoamphitrite sp. A 31 ↑↑↑ ↑↑↑

Hydrozoa
Obelia longissima 3 – –

Anthozoa
Diadumene sp. 6 – ↓

Cirripedia
Balanus improvisus 14 ↓ ↓

Bivalvia
Mytilus sp. 11 – ↓

Notes to table

9J.C. Blum et al. / Journal of Experimental Marine Biology and Ecology 342 (2007) 5–14
We compared community composition among the
different treatments and panel sizes using the point
count data in conjunction with multivariate routines
(CLUSTER, MDS, ANOSIM, SIMPER) from the
PRIMER-6 software package (Clarke and Gorley,
2006). A matrix of Bray–Curtis dissimilarities was
produced for all panels using square root transformed,
non-standardized point count data from which Ciona
and botryllid tunicate cover was excluded. Square root
transformation allows intermediately abundant species
to contribute to the analysis in addition to the most
abundant species, which would otherwise dominate the
similarity measure (Clarke and Warwick, 2001). Ciona
were excluded to avoid simply reporting that commu-
nities differed among the treatments because Ciona was
absent from Ciona-removal panels and present on con-
trol panels. Meanwhile, we excluded botryllid tunicates
due to concern that our sampling methods systematically
underestimated their abundance on control panels.
Examination of photos taken during panel retrieval
confirmed that on control panels, botryllid tunicates were
generally found growing on top of Ciona. This made the
botryllids difficult to capture accurately using point
counts, since the flexible Ciona tunics did not necessa-
rily occupy one specific, fixed location. In contrast, on
Ciona-removal panels, botryllids tended to attach to
the panel itself as primary cover and were probably
sampled much more accurately. With Ciona and
botryllids excluded, the data matrices for four panels
(two manipulated control panels, one size medium and
one size extra-large, and two unmanipulated control
panels, both size medium) became exceedingly sparse.
The Bray–Curtis coefficient behaves erratically under
these circumstances (Clarke et al., 2006), so we excluded
these four panels from the multivariate analyses to
prevent distortion of the results.

We classified our dissimilarity matrix with hierarch-
ical agglomerative clustering using the unweighted pair
group method with arithmetic means (UPGMA).
Ordination of the matrix was accomplished by non-
metric multidimensional scaling (nMDS) while ANO-
SIM (analysis of similarities) tested for differences
Notes to table
a Control panel incidences are expressed relative to incidence on

Ciona removal treatment panels (↑=+1–25%, ↑↑=+26–50%, ↑↑↑=
+51–75%; ↓=−0–25%, ↓↓=−26–50%, ↓↓↓=−51–75%). Dashes (–)
indicate 0% incidence.
b Ciona spp. individuals removed from panel weekly (n=36).
c Panel left undisturbed (n=35).
d Panel handled in the same fashion as for Ciona removal, but with

no Ciona sp. removed (n=33).



Fig. 4. Non-metric multi-dimensional scaling (nMDS) plot of
community composition on panels based on square-root transformed
abundance data with Ciona and botryllid tunicates excluded from the
data matrix. Symbols indicate treatment: Ciona removal (triangles),
Unmanipulated Control (open circles), andManipulated Control (filled
circles). Dashed lines indicate panels that are 40% similar according to
CLUSTER analysis, while the solid line encloses panels that are 20%
similar. Stress coefficient=0.16.

Fig. 5. Non-metric multi-dimensional scaling (nMDS) plot of
community composition on panels based on square-root transformed
abundance data with Ciona and botryllid tunicates excluded from the
data matrix. Symbols indicate panel size: 7 by 7 cm (“small”, open
triangles); 13.7 by 13.7 cm (“medium”, open circles), 21.7 by 21.7 cm
(“large”, filled diamonds), and 34.3 by 34.3 cm (“extra-large”, filled
squares). Stress coefficient=0.16.
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among treatment and panel size groups. ANOSIM is a
permutation test that can be considered as a nonpara-
metric analog to multivariate analysis of variance
(MANOVA). It produces the R statistic, an absolute
measure of the amount of separation between groups; R
generally ranges between 0, indicating complete over-
lap and 1, indicating complete segregation (Clarke and
Gorley, 2006). We used two-way crossed ANOSIM to
examine treatment and size differences independently
of each other and, where these differences were
significant at the 0.05 level, to make pairwise
comparisons between the various levels of each factor.
The pairwise α was adjusted for multiple comparisons
using the Bonferroni correction. When ANOSIM
detected a significant grouping, a two-way crossed
SIMPER (a similarity percentage procedure) was used
to determine which species were most responsible.

3. Results

3.1. Ciona recruitment

Counts of Ciona individuals from recruitment panels
showed a strong seasonal pattern, with a single peak in
August (Fig. 1). The weekly counts of Ciona removed
during the application of the Ciona-removal treatment
accorded with this general pattern, but also showed a
second, smaller peak during October (Fig. 1). This may
represent recruitment from adult Ciona growing on the
bricks and ropes associated with each panel. There
appears to have been no Ciona recruitment during the
winter months.

3.2. Ciona-removal experiment

We found a total of 40 sessile animal species across
all panels, of which 32 were either nonindigenous or
cryptogenic (of uncertain native versus non-native
status, sensu Carlton, 1996; Table 1). There were 3
taxa that could not be identified well enough to
determine their biogeographic status. The predominant
major taxa were Bryozoa (35% of all species found) and
Tunicata (33% of all species found).

There were significant differences in species richness
due to both treatment (F2,92=30.63, P<0.0001) and
size (F3,92 =13.86, P<0.0001) of panels, but the
interaction between these factors was non-significant
(Table 2). Panels from which Ciona was removed had
significantly greater species richness than controls
(Fig. 2). A positive species-area relationship was
evident across all three treatments, with small and
medium panels significantly less rich in species than
large and extra-large panels (Fig. 3). Furthermore, many
species were found more often on Ciona-removal panels
than on panels in either control treatment. There were 8
species across 3 major taxa (Tunicata, Porifera, and
Bryozoa) whose incidence on Ciona-removal panels
was more than 25% greater than on either manipulated
or unmanipulated control panels (Table 3). However,
there were also two species found more often on panels
in the control treatments: Botrylloides violaceus (>25%



Table 4
Results of the two-way crossed analysis of similarities (ANOSIM)
performed on abundance data (square-root transformed, excluding
Ciona and botryllid tunicates), with significant P-values in bold
(Bonferroni corrected α=0.0083)

Factor R P

Treatment Global ANOSIM 0.562 0.001
CRa:UCb 0.776 0.001
CR:MCc 0.872 0.001
UC:MC 0.011 0.378

Size Global ANOSIM 0.088 0.009
Small:Medium 0.035 0.217
Small:Large 0.218 0.013
Small:Extra-large 0.107 0.038
Medium:Large 0.038 0.250
Medium:Extra-large 0.016 0.349
Large:Extra-Large 0.153 0.016

a CR=Ciona removal treatment.
b UC=Unmanipulated control treatment.
c MC=Manipulated control treatment.
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more often on controls) and Neoamphitrite sp. A (>50%
more often on controls).

Community composition, as measured by point
counts, differed dramatically between Ciona-removal
and control panels, but only weakly between differently
sized panels. Superimposing the groups identified via
classification onto our nMDS results showed that
Ciona-removal panels formed a cluster that split from
Table 5
SIMPER (similarity percentage) results showing which species made the gre

Average abundance Average dissi

CR b UC c 65.55
Bare 0.10 <0.01 11.55
Bugula neritina 0.50 0.27 10.20
Diplosoma listerianum 0.05 0 7.31
Didemnum sp. A 0.03 <0.01 5.98
Ascidia zara 0.03 <0.01 5.20
Porifera 0.01 <0.01 3.86
Styela sp. 0.01 <0.01 3.74
Bugula spp. <0.01 <0.01 3.59

CR MC d 65.66
Bare 0.10 0 11.56
B. neritina 0.50 0.29 8.84
D. listerianum 0.05 <0.01 7.74
Didemnum sp. A 0.03 0 6.47
A. zara 0.03 0 6.16
Styela sp. 0.01 0 3.78
Porifera 0.01 0 3.65
Neoamphitrite sp. A <0.01 0.01 3.60

a SD=standard deviation.
b CR=Ciona removal treatment.
c UC=Unmanipulated control treatment.
d MC=Manipulated control treatment.
almost all manipulated and unmanipulated control
panels at the 40% similarity level (Fig. 4). Meanwhile,
there was a great deal of overlap among panel sizes
(Fig. 5), and visual comparison of Figs. 4 and 5 shows
that size-treatment combinations do not form distinct
groups. The size classes did differ slightly in spread,
with small and medium panels clustering more closely
together than larger panels (Fig. 5).

Two-way crossed ANOSIM (treatment and panel
size as factors) confirmed the ordination results.
Treatments differed significantly in composition; speci-
fically, Ciona-removal panels were significantly differ-
ent from both the manipulated and unmanipulated
controls (Table 4), with pairwise R-values greater than
0.75 indicating good separation (Clarke and Gorley,
2001). Meanwhile, the two control treatments were
indistinguishable (Table 4). Panel size compositional
differences were also significant, but the global R-value
was quite low, and there were no significant pairwise
size differences in composition (Table 4).

According to two-way crossed SIMPER, the most
important and consistent distinguishing factors between
the Ciona-removal treatment and the control treatments
were the percent cover of bare space, the arborescent
bryozoan Bugula neritina, the colonial tunicates
Diplosoma listerianum and Didemnum sp. A, and the
solitary tunicate Ascidia zara, all of which were
atest contribution to the dissimilarity between treatments

milarity Average dissimilarity/SD a Contribution (%)

1.66 18.18
1.45 16.05
1.22 11.50
1.10 9.40
0.91 8.18
0.89 6.08
0.79 5.88
0.79 5.64

Total 80.91

1.57 18.23
1.23 13.95
1.25 12.21
1.10 10.21
1.00 9.71
0.79 5.97
0.85 5.76
0.71 5.68

Total 81.71
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greater on Ciona-removal panels (Table 5). Together,
these five cover types accounted for nearly two-
thirds of the difference between Ciona-removal
panels and control panels (Table 5).

4. Discussion

Our results show that dense aggregations of Ciona
depress overall species richness on a local scale and also
change overall community composition, affecting both
which species are present and how common they are.
Whether measured by relative rate of occurrence or
percent cover, certain species such asBugula stolonifera,
Cryptosula pallasiana, Halichondria bowerbanki, Di-
demnum sp. A, and Styela clava were associated with
Ciona-free communities while other species such as
Botrylloides violaceus and Neoamphitrite sp. A were
associated with Ciona-dominated communities (Tables
3 and 5). Increased abundance of the universally
occurring B. neritina in Ciona-free communities was
also an important factor distinguishing these commu-
nities from Ciona-dominated ones (Table 5). Hence, the
effect of Ciona dominance was to create a community
where key species such as B. neritina were less
abundant, many species were missing or rare, and a
small number of Ciona associates became either more
common, more abundant, or both (Tables 3 and 5).
Therefore, although Ciona affected most sessile organ-
isms negatively, there is evidence for its positive
interaction with a subset of species. This implies that
Ciona's role in the community is more nuanced than
that of a simple dominant.

Likely mechanisms driving the observed decline in
species richness in Ciona-dominated communities are
(a) high recruitment and successful space occupation by
Ciona paired with (b) reduced recruitment onto or
among Ciona individuals by other species. This two-
pronged strategy appears to be an effective way of
obtaining and retaining control over space. Many
terrestrial and marine plants monopolize resources in a
similar manner, rejecting competitors by both structural
(overgrowth and exclusion of competitors from primary
space, e.g., Boylen et al., 1999) and chemical means
(allelopathy, e.g., Hierro and Callaway, 2003). Ciona
has considerable particle clearance rates that may allow
it to usurp food from competitors (Lesser et al., 1992;
Petersen and Riisgard, 1992), but we did not examine
this aspect of Ciona competitive ability, focusing more
on structural factors. We found that initial Ciona
recruitment onto bare panels was quite dense (Fig. 1)
and was likely later supplemented by local recruitment
due to this species' propensity for epibenthic settlement
and retention of fertilized eggs (Petersen and Svane,
1995). Once settled, Ciona seem to provide a poor
substrate for other settlers, augmenting the tunicates'
ability to swamp out other recruitment. Various ascidian
species have significant antifouling chemical defenses
(e.g., Davis, 1991; Hirose et al., 2001), and Ciona
produces strong anti-microbial compounds that may
restrict epibiosis (Findlay and Smith, 1995). However,
physical defenses such as mucus and surface cell
sloughing may ultimately be just as important (Davis,
1998). By and large, the tunics of the Ciona individuals
we observed were unfouled, regardless of age. Indeed,
on manipulated and unmanipulated control panels, the
most successful other taxa were those that grew
interstitially among the Ciona, such as B. neritina and
terebellid worms, as well as botryllid colonial tunicates,
which were able to grow on Ciona tunics.

Initially, we expected that severe species richness
limitation by Ciona overgrowth might also be reflected
in a flattened species-area response for Ciona-domi-
nated communities, meaning that species richness
would not increase with panel size. However, compar-
ison of species richness across different panel sizes in
Ciona-dominated (manipulated and unmanipulated
control panels) and Ciona-free communities (Ciona-
removal panels) revealed no significant interaction
between Ciona dominance and species-area relation-
ships (Table 2). Instead, larger panels continued to
support more species, regardless of the degree of Ciona
growth. Meanwhile, the results of our multivariate
analyses indicate that there was no substantial change in
community composition with size on a per-unit-area
basis. Although the global R-value produced by 2-way
ANOSIM for the four size groups was significant, it was
also very low and there were no significant pairwise
comparisons among sizes. We suggest that the differ-
ences in spread between treatment groups may be
responsible for the significant global R-value, but that
the value is so low that actual biological effects of size
on composition are likely negligible. The lack of
substantial compositional change with size supports
the idea that differences in richness among sizes resulted
from the addition of rare species, while the densities and
identities of common species within each treatment
remained the same as size increased.

In other systems, some seemingly dominant space
occupiers, such as mussels, have been shown to increase
diversity via their role as foundation species (Dayton,
1972, 1975). While mussels are able to crowd out other
species at the primary substrate level, their shell surfaces
and reef interstices provide new substrate for the
settlement of other organisms and a relatively static,
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stable habitat for mobile species (Witman, 1985, 1987;
Thiel and Ullrich, 2002). In contrast, the apparently
fouling-resistant Ciona seems to present a rather poor
substrate for other sessile organisms. Furthermore, as
compared to the decades-long lifespan estimated for
M. californianus (Seed and Suchanek, 1992), Ciona is
relatively short-lived. The maximum reported lifespan
of individuals is 2 years, but a more typical lifespan is
1 year (Jackson, 2000); lifespan at our study site was
5 months at most (ALC, pers. obs.). The effect of Ciona
cover on mobile fauna remains unexplored, although the
arrangement and diversity of structural types in a habitat
can influence habitat usage by mobile benthic fauna
(e.g., Beck, 2000). The low diversity of structural types
presented by a Ciona monolayer, as compared to a
Ciona-free community, might lower the diversity of
mobile fouling community associates. However, some
mobile organisms might derive a benefit from Ciona
cover if they were able to use the large, fleshy Ciona
bodies as a refuge from predation. Although it is more
logistically challenging to study mobile fouling com-
munity associates, we believe that this sort of work is
critical to a more integrated understanding of Ciona
effects and should be pursued.

It would also be valuable to extend future examina-
tions of this community to longer time scales than we
were able to study. While our results clearly show a
striking within-season effect of Ciona dominance, the
longer-term effects are not as obvious. At our study site,
near-surface Ciona can disappear with the onset of
winter rains and the corresponding drop in salinity.
Similar seasonal dynamics have been widely reported,
with the postulation that adults may persist at greater
depths, recolonizing the shallower sub-tidal substrate in
the spring (Lambert and Lambert, 1998, 2003). How-
ever, the dense growth pattern we described is not
necessarily repeated at a given site from year to year. In
fact, Ciona density seemed to be higher at the same site
in 2001 and lower in 2003 (ALC, pers. obs.). In other
sites in its invaded range, including Australia and New
England, initially dense Ciona populations have
declined as years passed (Kott, 1997; Hewitt et al.,
2002; McDonald, 2004).

Although it remains to be seen how the diversity
effects we documented will translate to greater spatial
scales and longer time spans, high-density non-native
ascidians clearly have the potential to cause broad
changes in community composition. Our study exam-
ines one species at a small scale, but there are several
other species of non-native ascidians reported to achieve
similarly high levels of space occupation in their
invaded ranges (Lambert and Lambert, 1998, 2003).
We hypothesize that these species may also have strong
effects on species richness and community structure.
With the growing number of tunicate invasions world-
wide (Lambert, 2002), dramatic shifts in community
richness could occur, with as yet unknown conse-
quences for ecosystem function. The challenge remains
to better understand these phenomena in order to better
predict and respond to negative effects of species
introductions.
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