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Abstract

Settlement and competition for space of two colonial sea squirts, the non-native violet tunicate Botrylloides violaceus and the native golden 
star tunicate Botryllus schlosseri, were compared in The Netherlands. In each year, from March 2006 to March 2010, 125-150 grey, 14 14
cm, PVC plates were deployed along the Dutch coast at 13 localities, at a depth of 1 m, and checked for species after three and six months. 
New plates were deployed every three months. While comparing plates with only one species represented to plates with both species 
represented, it appeared that Botrylloides violaceus outcompeted Botryllus schlosseri for space. Botryllus schlosseri is nevertheless expected to 
remain abundant along the Dutch coast because it can inhabit places with low or fluctuating salinities where Botrylloides violaceus is at a 
disadvantage. Settlement and the interactions between these species in The Netherlands resembled the situation in North America where both 
of them are considered non-native. The interactions between the two species seemed to be independent of their being native or introduced in a 
particular area.
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Introduction

Invasions of non-indigenous species are a 
growing problem. While the number of invasive 
species is increasing (W olff 2005; Gollasch 
2006), simple, effective solutions for their 
extermination are not available (Hulme 2006). 
When an invasive species becomes established 
within an area, it will not always interact 
conspicuously with one or more of the native 
species that are present already. This depends 
upon the various specific, more or less different 
ecological niches. To investigate the impact of 
an alien species on the native species, situations 
where both species co-occur should be compared 
with those where only one of the species is

present; following Rivas (1964), this represents a 
comparison between syntopic (inhabiting the 
same macrohabitat) vs. allotopic (inhabiting 
different macrohabitats) populations that exist 
sympatrically.

Invasive species have been characterized as 
having a high growth rate, a short generation 
time, a high number of offspring (r-strategists) 
and outstanding dispersal abilities (Sakai et al. 
2001). The relative success of an invasive 
species depends on these traits in combination 
with the absence of specialized predators, 
parasites and pathogens.

In marine systems, fouling communities are 
relatively rich in invasive organisms (Gollasch 
2006). This may partly be due to the fact that
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Figure 1. Percentage of fouling plates on which Botrylloides violaceus (Bv, orange columns) and Botryllus schlosseri (Bs, blue columns) 
colonies were found. These percentages are calculated on the basis of plates that were deployed from 2006 to 2009, from March to June, 
June to September, and from September to December, n indicates the total number of fouling plates containing the target species. Salinity 
was measured in March 2009.

these communities are mostly found on artificial 
structures. The ‘selection regime modification’ 
(SRM) hypothesis states that an intensely altered 
or disturbed habitat can create a mismatch 
between traits of the native species and the 
environmental conditions to which they have 
long adapted (Byers 2002; Alpert 2006). This 
mechanism predicts that alien species may 
dominate artificial habitats (for example, PVC 
fouling plates), because the native species are 
not adapted to that kind of habitat. To test this 
hypothesis and to investigate the population 
dynamics of similar, sympatric, native versus 
introduced fouling species in both allotopic and 
syntopic populations, we have focused on two 
common, colonial, ascidian species along the

Dutch coast, the introduced violet tunicate 
Botrylloides violaceus Oka, 1927 and the native 
golden star tunicate Botryllus schlosseri (Pallas, 
1774). The settlement, spread, seasonality, and 
the role of such species during succession were 
studied from 2006 to 2010, treating PVC fouling 
plates as macrohabitats.

Methods

At 13 localities (Figure 1) along the Dutch coast, 
grey, 14 x 14 cm, PVC plates were deployed 
horizontally at a depth of 1 m. The fouling 
communities that grew on the underside of these 
plates were followed over time. This methodo
logy, including the plate material, size, and
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Figure 2. Examples of settlement plates with syntopic (Bv+Bs) and allotopic (Bv-only and Bs-only) populations of Botrylloides 
violacens (yellow arrows) and Botryllus schlosseri (blue arrows). (A) Bv+Bs; white lines indicate the 25 grids in which the 
presence/absence of the species was scored; (B) Bs-only; (C) Bv-only. Photographs by the GiMaRIS research team.

deployment depth was derived from studies on 
marine fouling communities in New Zealand, 
America and Europe (De Rivera et al. 2005; Ruiz 
et al. 2006; Templado et al. 2010). In The 
Netherlands, about 125 to 150 plates were 
checked for species and replaced by new plates 
every three months from March 2006 until 
March 2009. From March 2009 until March 
2010, the plates were checked every three and 
six months after placement. Each time the plates 
were checked, they were taken out of the water 
for a maximum of 10 seconds, and transferred 
into a water tank for analysis and photography. 
Afterwards the plates were returned to their 
original positions. The entire plate was digitally 
photographed while barely submersed in 
seawater, and a close-up photograph was taken 
of every species. The photos of the plates were 
digitally subdivided in 25 equal grids (Figure 
2A), and the presence of Botryllus schlosseri 
(Bs) and Botrylloides violaceus (Bv) on a grid 
was scored on a monitoring form as a primary 
settler (directly settling on the PVC plate) and/or 
as a secondary one (using other species for 
substrate).

Salinity at the surface was measured at all 
localities in March 2009, using a portable water 
quality meter (HI 9828, HANNA Instruments®, 
3401 MX IJsselstein, The Netherlands).

The differences in the average surface cover 
(number of grids/plate occupied) of B s and Bv 
on the plates and in the relative numbers of 
plates on which these species were found, were 
tested for significance by contingency analysis 
(Chi-squared) and analysis of variance 
(ANOVA). All localities were pooled for the

analysis. Comparisons were carried out for all 
plates combined, and for subsets of plates with 
either syntopic (Bv+Bs) (Figure 2A) or allotopic 
populations (Bs-only or Bv-only)(Figures 2B,C).

Results

Distribution

Bs was present at all localities, but Bv was absent 
from six of the thirteen localities (Figure 1). The 
localities where Bv was absent were all located near 
fresh water channels or rivers, and may be subject to 
salinity fluctuations, e.g., after heavy rains. On the 
single date that salinity was sampled, four of those 
localities had salinities in the range of 14 to 16 
(Figure 1). All other localities had salinities between 
25 and 32.

Surface cover

An analysis of Bv vs. Bs cover on only the plates 
with Bv+Bs (Figure 2A) showed that Bv covered 
significantly (p < 0.0001, ANOVA) larger surfaces 
than Bs (Figure 3). Analyses of all plates combined, 
of Bs-only, and of Bv-only (Figure 2B-C) indicated 
that the surface covers of B s vs. Bv did not differ 
significantly (p>0.05, ANOVA) (Figure 3). Bv 
covered significantly larger surfaces in Bv+Bs plates 
than in Bv-only plates (Figure 3, p < 0.05, 
ANOVA). B s instead covered significantly smaller 
surfaces where it co-occurred with Bv (Figure 3 , p <  
0.001, ANOVA).

Primary and secondary settlement

Significant differences in settlement among the two 
ascidian species were found when plates with
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Figure 3. Average fouling plate surface cover (number o f grids 
occupied, out o f 25 grids per plate) by Botrylloides violaceus 
(orange) and Botryllus schlosseri (blue) in syntopic (Bv+Bs) and 
allotopic (Bv-only, Bs-only) populations. The results are plotted 
for plates checked 3 months (open symbols) and 6 months (solid 
symbols) after deployment. The number o f plates in each 
category, used to calculate the average numbers o f grids occupied, 
is noted in the graph.

syntopic and/or plates with allotopic populations 
were analyzed separately. When all plates were 
analyzed together, no significance was detected.

Bv and Bs each occurred more often as secondary 
settlers than as primary ones in Bv+Bs populations 
after three months (Figure 4) (respectively y2 =4.08 
and y2 =4.25, df = 1, p < 0.05) and six months of 
submersion (Figure 5) (respectively % =21.33 and % 
=23.27, d f = l , p <  0.05).

After three months of submersion the occurrence 
of primary settlers of Bv did not differ significantly 
from secondary settlers on the Bv-only plates 
(Figure 4; y2 =0.02, df = 1, p>0.05), whereas primary 
settlement was found significantly more often than 
secondary settlement (Figure 4; y2 =8.50, df = 1, 
p>0.01 ) for Bs on the Bs-only plates.

Primary and secondary settlement of each species 
after three months did not differ between Bv-only 
and Bs-only populations, and the combined Bv+Bs 
population (y2=0.82, df = 1, p>0.05 and y2=0.63, df 
= 1, p>0.05, respectively) (Figure 4).

In Bv+Bs populations, primary and secondary 
settlement in Bv were equal to the percentages in Bs 
after three months (y2 =0.58 and y2 =0.06, df = 1, 
p>0.05, respectively). In Bv-only and Bs-only popu
lations, secondary settlement occurred significantly

more often in Bv than in Bs (y2 =4.26, df = 1, 
p<0.05), but the values for primary settlement were 
equal (y2 =0.63, df = 1, p>0.05) (Figure 4).

Primary settlement of Bv was found much less 
often after six months (Figure 5) as compared to 
three months (Figure 4) in Bv+Bs populations (y2 
=21.33, df = 1, p<0.01). This was also found in 
analyses of all plates combined (Bv-only and 
Bv+Bs) (y2 =17.78, df = 1, pO.Ol), but it was not 
found in the analysis of only Bv+Bs plates (y2 =0.86, 
df = 1, p>0.05). After six months, primary 
settlement of Bv was found significantly more often 
in Bv-only populations than in Bv+Bs populations 
(y2 =5.22, df = 1, p<0.025) (Figure 5). The amount 
of secondary settlement was equal (y2 =0.74, df = 1, 
p>0.05).

Primary settlement of Bs was found significantly 
less often than secondary settlement in Bv+Bs 
populations (y2 =23.27, df = 1, p<0.05) after six 
months (Figure 5). This was also found in ‘all 
populations’ (y2 =21.04, df = 1, p<0.05), but it was 
not seen in Bs-only populations alone (y2 =3.00, df = 
1, p>0.05). Primary settlement of Bs was found 
significantly more often in Bs-only populations than 
in Bv+Bs after six months (y2 =8.14, df = 1, p<0.05) 
(Figure 5). The amount of secondary settlement was 
equal (y2 =0.04, df = 1, p>0.05).

Primary and secondary settlement of Bv in both 
Bv-only (y2 =0.01 and y2 =0.20, df = 1, p>0.05) and 
Bv+Bs (X2 =0.29 and y2 =0.05, df = 1, p>0.05) 
populations were equal to the values for Bs after six 
months (Figure 5).

Primary settlement of Bv in Bv+Bs populations 
occurred significantly more often after three months 
than after six months (y2 =7.04, df = 1, p<0.05). This 
was also found for ‘all populations’ (y2 =7.56, df = 1, 
p<0.05), but was not observed in Bv-only (y2 =0.62, 
df = 1, p>0.05). The primary settlement of Bs was 
found significantly less often in Bv+Bs populations 
after three months than after six months (y2 =5.99, df 
= 1, p<0.05).

The primary and secondary settlement of Bs 
differed when comparing Bs-only populations 
after three months (Figure 4) to the six months 
settlement (Figure 5). After three months more 
primary settlement (y2 =4.12, df = 1, p<0.05) and 
less secondary (y2 =14.06, df = 1, p<0.01) 
settlement was found than after six months. The 
amount of primary vs. secondary settlement of 
Bs did not differ when ‘all populations’ were 
analyzed after three months, but much less 
primary settlement (y2 =23.93, df = 1, pO .O l) 
and much more secondary settlement (y2 =16.15, 
df = 1, p<0.01) was found after six months 
(Figure 5).
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Figure 4. The percentage of the total number of fouling plates, on 
which either Botrylloides violaceus (orange columns) or Botryllus 
schlosseri (blue columns) was recorded as either a primary or a 
secondary settler, three months after deployment, in syntopic 
(Bv+Bs) and allotopic (Bv-only, Bs-only) populations.
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Figure 5. The percentage of the total number of fouling plates, on 
which either Botrylloides violaceus (orange columns) or Botryllus 
schlosseri (blue columns) was recorded as either a primary or a 
secondary settler, six months after deployment, in syntopic 
(Bv+Bs) and allotopic (Bv-only, Bs-only) populations.

Discussion

When they occurred separately (Figures 2B-C, 3), 
Botryllus schlosseri and Botrylloides violaceus did 
not clearly differ in their average surface coverage 
of fouling plates. However, where the species co
occurred (Figure 2A) there was a conspicuous 
difference in surface cover (Figure 3) and the non
native Botrylloides violaceus most likely

outcompeted the native Botryllus schlosseri for 
space. However, the negative impact that 
Botrylloides violaceus may have had on Botryllus 
schlosseri was only evident in areas where both 
species occur sympatrically in syntopic populations. 
Botryllus schlosseri occurred in many habitats along 
the Dutch coast where it did not encounter 
Botrylloides violaceus, apparently because the 
salinity in those areas was too low or fluctuating 
(Figure 1). Under laboratory conditions both species 
could grow well at high salinities, but the lower 
limits of salinity differed; 14 for Botryllus schlosseri 
but >20 for Botrylloides violaceus (Epelbaum et al. 
2009). At some localities along the Dutch coast, like 
Den Helder and Eemshaven, the salinity measured in 
March 2009 was relatively high, but Botrylloides 
violaceus was not found. These localities were all 
situated close to a river or another source of fresh 
water and might be subject to salinity decreases, in 
case of heavy rainfall, which might explain the 
absence of Botrylloides violaceus. A recent survey 
of the Wadden Sea gave a similar result; 
Botrylloides violaceus was found only at high 
salinities in the harbours of the islands of the 
Wadden Sea, while Botryllus schlosseri was also 
present in harbours along the mainland shore of the 
Wadden Sea, with fresh water lakes, rivers and 
streams nearby (Gittenberger et al. 2010).

Many of the significant differences found in the 
present study were only found when allotopic and 
syntopic populations were analyzed separately. 
Analyzing all populations together could lead to the 
incorrect conclusion that species like Botrylloides 
violaceus and Botryllus schlosseri did not interact 
and that their average surface cover is equal (Figure 
3). It should furthermore be taken into consideration 
that although our results may seem to indicate that 
the non-native B. violaceus outcompeted the native 
B. schlosseri for space, this may not be so. 
Differences in the seasonality of these two species, 
the salinity of the water at the various localities, 
other fouling species on the plates, and predatory 
fishes swimming around the plates, may also explain 
at least part of the results found. A more detailed 
analysis of these aspects is beyond the scope of the 
present article, however.

Both species showed less primary settlement 
after six months of submersion than after three 
months (Figures 4-5). This was likely the case 
because the available surface space was
declining and competition for space was
increasing. This is a normal element in
succession and inter- and intra-specific 
competition for space (Connell et al. 1977; 
Jackson 1979). The results of the present study
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were similar to those from other studies in The 
Netherlands (Gittenberger 2007, 2009) and along 
the Atlantic coast of the USA, where areas like 
Portsmouth Harbor are dominated by 
Botrylloides violaceus at present, while they 
used to be dominated by Botryllus schlosseri 
before the introduction of B. violaceus (Dijkstra 
et al. 2007). A study in British Columbia also 
indicated that B. schlosseri is able to survive in 
lower salinities than B. violaceus (Epelbaum et 
al. 2009).

Conclusion

Botrylloides violaceus is an invasive species in 
the Netherlands. It originates from the north
western Pacific Ocean. In the more saline areas it 
has spread rapidly, and seemed to be more 
successful as a fouling species on settlement 
plates than the native ascidian Botryllus 
schlosseri. There, the non-native B. violaceus 
appeared to outcompete the native B. schlosseri 
for space, although other aspects, like seasonali
ty and the presence of predators and other 
fouling species, may also explain the results. 
These aspects were not included in the present 
study, however. Because Botryllus schlosseri 
tolerates lower salinities, environments with low 
salinities or large fluctuations in salinity may 
form refugia where Botryllus schlosseri is not 
threatened by Botrylloides violaceus. This study 
showed that in order to study competition for 
space between fouling species accurately, both 
syntopic and allotopic populations should be 
examined.
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