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Abstract

Fucus evanescens is a brown alga of arctic origin that has invaded European coasts. The epiphytic community of
FE. evanescens in southern Sweden was compared with that of the native Fucus vesiculosus, to examine to what
extent an invading seaweed can modify local biodiversity. F. evanescens was much less fouled than F. vesiculosus,
supporting both less biomass and fewer species of epiphytes. Multivariate analysis of the most common epiphyte
taxa showed that the epiphytic community composition of F. evanescens was not entirely separated from that
of F. vesiculosus, but host species contributed significantly to explain the variation in community composition.
The biomass of free-living invertebrates was also lower on F. evanescens, although the pattern differed between
taxonomic groups. While the biomass of amphipods was lower on F. evanescens, there was no significant difference in
biomass of isopods or gastropods between the Fucus species. The good correlation between biomass of epiphytes and
free-living animals suggests that the epiphytes play an important role in providing a suitable habitat for many species
of free-living epifauna. The study shows that the invasion of F. evanescens affects the environmental conditions for

many species associated with the Fucus community but that the direct effect on biodiversity is probably low.

Introduction

The increasing rate of species invasions in most ecosys-
tems has become a common concern and is regarded as
one of the major agents of global environmental change
(Vitousek et al. 1996; Mack et al. 2000). One of the
central questions in invasion research is to what extent
an invader may modify biodiversity and ecosystem
processes in the native community. Several studies
in terrestrial systems have shown that the invasion
of key-stone species, e.g. habitat-forming or habitat-
modifying species, may have a dramatic effect on the
recipient biota (e.g. Braithwaite et al. 1989; Vitousek
and Walker 1989). In contrast, there are very few stud-
ies on effects of invaders, especially invasive plants, in
marine coastal systems (Grosholz 2002).

The large brown macroalgae, e.g. members of
Fucales, are ecologically dominant species in temper-
ate coastal hard-bottom communities. These perennial

seaweeds are believed to contribute importantly to the
biodiversity of the littoral community by providing
substratum for a diverse epiphytic community (Seed
and O’Connor 1981; Hay 1986). Primary space is
often the limiting resource in marine hard-substrate
communities (Dayton 1971; Sutherland and Karlson
1977) and epiphytism on macroalgae is a common
strategy both for algae and sessile invertebrates. The
macroalgae and their epiphytes also provide food and
shelter for a diverse fauna of free-living invertebrates,
e.g. small herbivorous crustaceans and gastropods
(Brawley 1992). The role of seaweeds as substratum
for epiphytes distinguishes them from most terrestrial
plants (except perhaps trees) and indicates that changes
associated with the introduction and establishment of
a dominant seaweed may have great impact on bio-
diversity and ecosystem processes in the coastal zone.

The magnitude of this effect depends in part on the
ability of epiphytic organisms and free-living epifauna
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to colonise the introduced species. Most marine epi-
phytes are believed to be relatively unspecific in
their host choice, although a high host specificity
has been found in a few epiphytic algae (e.g. Correa
and McLachlan 1991; Lining and Garbary 1992)
and invertebrates (reviewed by Seed and O’Connor
1981). Despite the proposed low host specificity, the
patterns of distribution and abundance of epiphytes dif-
fer among algal species. Factors suggested to influence
the attractiveness of an alga to epiphytic organisms
include plant size (area available for establishment),
plant longevity, cell-wall structure, surface texture,
and the presence of allelopathic substances (Seed and
O’Connor 1981; Schmitt et al. 1995; Hay 1996;
Steinberg et al. 1998; Dawes et al. 2000).

Distribution of free-living epifauna on different
macroalgae is generally attributed to an active choice of
the animals, based on either food or habitat preferences
(e.g. Hacker and Steneck 1990; Duffy and Hay 1991;
Martin-Smith 1993). The free-living invertebrates are
generally believed to be rather unspecific in their
choice of macroalgal host (reviewed by Arrontes 1999),
although a few species show high host specificity (Hay
et al. 1990; Poore et al. 2000). Studies on macroalgal
invasions have produced conflicting evidence for the
ability of motile epifauna to colonise new species. In
the Mediterranean, the introduced Caulerpa taxifolia
had fewer species and individuals of associated inver-
tebrates than native algae (Bellan-Santini et al. 1996).
In contrast, the invasive Sargassum muticum Yendo
(Fensholt) on the Atlantic coast of Spain have an asso-
ciated fauna very similar to that of the native seaweeds
it replaces (Viejo 1999).

The brown alga Fucus evanescens C. Ag. is an
arctic species, originally found in North America
and the arctic regions of Europe (Powell 1957a). It
was first recorded outside the native range in the
Oslofjord in southern Norway in 1894 (Simmons 1898)
and since then it has spread southwards in northern
Britain (Powell 1957b) and Scandinavia (Hylmo 1933;
Lund 1949; Wikstrom et al. 2002). The recent
record of F. evanescens in the western Baltic Sea
(Schueller and Peters 1994) suggests that the species
is still expanding its range. In the inner parts of the
Oslofjord F. evanescens has become the most common
fucoid, locally replacing the native congeners Fucus
vesiculosus L., Fucus serratus L. and Ascophyllum
nodosum (L.) Le Jol. (Bokn and Lein 1978; Bokn
et al. 1992). In other areas, the invader has principally
established in eutrophicated or otherwise polluted areas

where other fucoids are scarce (e.g. Powell 1957b;
Schueller and Peters 1994).

As F evanescens is functionally and morpho-
logically similar to the native congenerics, it could be
expected to house a similar epibiota. Other authors have
however observed that in its new range, F. evanescens
is less overgrown by epiphytic algae than native fucoids
(Bokn et al. 1992; Schueller and Peters 1994). In the
Baltic Sea, one of the most abundant grazers, the isopod
Idotea baltica Pallas, was shown to prefer the native
F. vesiculosus to F. evanescens in laboratory grazing
experiments (Schaffelke et al. 1995).

The aim of this study was to investigate how the
invasion of F. evanescens affects the littoral commu-
nity in a newly invaded area, by comparing the asso-
ciated flora and fauna of the invader with that of the
native F. vesiculosus. We chose to work purely men-
suratively, since the long time required to build up
a natural epiphytic community makes manipulative
experiments less tractable. Specifically, the follow-
ing questions were addressed: (1) does F. evanescens
support less epiphytes (in terms of biomass and/or
species richness) than the native F vesiculosus?
(2) similarly, is the biomass of free-living epifauna
lower on F. evanescens? (3) does the epiphytic species
composition of F. evanescens differ from that of the
native fucoid? (4) does substratum species interact
with abiotic factors (salinity and wave exposure) in
structuring epiphytic community composition?

Materials and methods

Sampling of F. evanescens, F. vesiculosus and their
associated biota was carried out in Oresund, southern
Sweden, during June 2000. Oresund is one of the
straits connecting the brackish Baltic Sea with the
more marine Kattegat. The salinity in the area is
very variable but there is generally a salinity gra-
dient, from on average 9 to 15%o0 S, along the
100 km coastal stretch (Oresunds vattenvardsforbund,
Sweden). F. evanescens was first recorded in this area
in 1948 (Lund 1949) and has since then spread and
established throughout the strait. In a recent study of
the distribution of F. evanescens in Oresund, the species
was present at half of the investigated sites, mostly in
areas subjected to anthropogenic influence (Wikstrom
etal. 2002). It dominated the algal vegetation at several
sites, the native F. vesiculosus being scarce or absent.
In the present study we included all 14 sites at which



F. evanescens and F. vesiculosus occurred together
according to Wikstrom et al. (2002). F. evanescens
dominated the algal vegetation (> 50% cover) at 9 sites,
E vesiculosus being scarce (< 5% cover) at 7 and
more common (5-50% cover) at two of the sites.
F. vesiculosus dominated at one site, F. evanescens
being scarce, and at the four remaining sites the two
Fucus species were equally abundant. At each site, 5
plants of F. evanescens and F. vesiculosus, >10cm in
length, were randomly collected at 0.5 m depth, using
a fine-meshed bag to catch the motile fauna.

In the laboratory, the length of the Fucus plant
was measured and the macroscopic epiphytes were
carefully scraped off using a scalpel and identified.
Specimen of the genus Enteromorpha were identified
to species when possible but the genus was analysed as
one taxon in subsequent analyses. Motile animals were
removed and identified. Epiphytes and motile animals
were then dried at 70 °C to constant weight, together
with the cleaned Fucus fronds. Animals from the three
most abundant taxonomic groups, amphipods, isopods,
and snails, were dried separately. In all analysis, the
biomass (mg dry wt) of associated biota was related to
gram biomass of Fucus.

The effective fetch (Hakanson 1981) was calculated
for each sampling site as a measure of wave exposure.
The effective fetch value (Ly) is calculated from the
formula L¢ = (X xj cos y;) /(X2 cos y;), where y; is the
distance in kilometres to nearest land, measured in 15
directions with deviation angles (y;) & 6, &= 12, & 18,
+ 24, + 30, & 36, and £ 42 from a central radius.
The central radius was put in the direction giving the
highest value of L¢. The calculated L¢-values varied
between 0 and 7.6. We obtained a relative measure of
the salinity gradient by measuring the salinity at each
site at one occasion (within 4 h) during the sampling
period with a hand refractometer (measure accuracy
0.5%o0). The relative salinity differences between sam-
pling sites in our study were comparable to the differ-
ences in median salinity from monthly measurements
during four years at four near-shore sites along the coast
(Oresunds vattenvardsforbund, Sweden).

The epiphytic species composition of the two Fucus
species was analysed with ordination and canonical
ordination using CANOCO 4.0 (ter Braak and Smilauer
1998). In the analyses, the 5 plants collected from each
Fucus species and site were treated as one entity and the
abundance of an epiphytic species was measured as the
number of Fucus plants (0-5) where it occurred. The
analyses were done on the 14 commonest taxa (total

143

frequency > 3 Fucus plants). Detrended correspon-
dence analysis (DCA, Hill and Gauch 1980) was used
to examine the epiphytic assemblages on the different
Fucus species and sites, and which epiphytic species
discriminated best between the two Fucus species.

In addition, canonical correspondence analysis
(CCA) was performed to assess how much of the
variation in epiphytic community composition could
be explained by the measured environmental factors
(Fucus species, salinity and wave exposure). Firstly,
CCA was performed using each environmental fac-
tor separately and all factors together. Secondly, the
unique explanatory power of host species was assessed
by eliminating the effects of salinity and exposure
covariables with partial CCA (ter Braak 1988). The
epiphytic community of the two Fucus species was
also analysed separately with CCA, using salinity and
wave exposure as constraining variables. The hypoth-
esis of non-significant deviation of variation explained
by the variables from that explained by a random vari-
able was tested with Monte Carlo randomisation test
with 999 unrestricted permutations of the constrain-
ing variables. In both the indirect and direct ordi-
nation analysis, species data were root transformed
to reduce influence of species with very high abun-
dance. Effective fetch was log,, transformed to obtain
linearity.

Results

The biomass of epiphytes on F. vesiculosus was highly
variable between sites, while F. evanescens was gen-
erally very little epiphytised (Figure 1). Epiphytic
biomass consisted mostly of filamentous algae, ses-
sile animals constituting only a small part (Figure 2a).
Two-way analysis of variance (ANOVA) showed that
both site, Fucus species and the interaction had signif-
icant effect on epiphytic biomass (Table 1). The dif-
ference in epiphytic load between species was largest
at sites where F. vesiculosus was heavily overgrown.
Tukey’s post hoc test showed that the biomass of epi-
phytes was significantly lower on F. evanescens than
on F vesiculosus at 11 of the 14 sites. The ratio of epi-
phytic animals to epiphytic algae did not differ between
sites or Fucus species.

The sampled F. vesiculosus plants were on average
larger than the F. evanescens plants (¢-test, P < 0.001),
the mean plant length was 240 &+ 11 and 166 4+ 6 mm,
respectively. This difference in size may reflect a
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different age structure in populations of the two species
which may be important for the epiphytic community.
However, the biomass of epiphytes per Fucus biomass
was not significantly correlated with plant length for
either of the Fucus species, indicating that the large
differences in epiphytic load cannot be explained by

plant size.
The biomass of motile animals also differed both

between sites and Fucus species, F. vesiculosus

1.6 4
1.4+ O F. vesiculosus
1.2 W F. evanescens

epiphytic biomass (mg g-'Fucus)

1 2 3 45 6 7

8 9
site

10 11 12 13 14

Figure 1. Biomass (mg dry weight) of epiphytes (per gram dry
weight of Fucus) on Fucus vesiculosus and Fucus evanescens from
the different sites. Error bars show 95% confidence limits (n = 5).
A line above a species pair indicates that the species were not
significantly different due to Tukey’s post hoc test.
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supporting more animals than F. evanescens (Table 2,
Figure 2b). There were significantly more amphipods
on F. vesiculosus, while the biomass of isopods did
not differ between the two species. Gastropods, that
constituted the largest part of the animal biomass, also
tended to be more abundant on F. vesiculosus although
the difference between species was not significant due
to large between-plant differences. Biomass of motile
epifauna was positively correlated with epiphytic algal
biomass (R? = 0.24, P < 0.001).

Table 3 presents all taxa of epihytes (epiflora
and epifauna) and motile fauna, and the percentage
of Fucus plants where they were found. In total,
33 epiphytic taxa were documented, 28 algae and

Table 1. Two-way ANOVA of the biomass of epiphytes and the ratio
of epifauna to epiflora at Fucus evanescens and Fucus vesiculosus
from different sites. Data were fourth-root transformed to obtain
homogeneity of variances.

Source of variation ~ df All epiphytes Ratio epifauna/
MS F epiflora
MS F
Fucus species (F) 1 403 22228 025 1.57ns
Site (S) 13 0.17 9.40** 023  1.46ns
FxS 13 0.05 2.71% 024 148ns
Residual 112 0.02 0.16

P < 0.01;**P < 0.001; ns = not significant.

100 - b
isopods
90 Oisop
| amphipods
80 -
[] 9astropods
70 A H remaining
60 -
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40 -
30 A
20 A -‘V
10
o NN e
Fv Fe

Figure 2. The biomass (mg dry weight) of epiphytes (a) and associated free-living fauna (b) of Fucus vesiculosus (Fv) and Fucus evanescens
(Fe), per gram dry weight of the Fucus plant. Error bars show 95% confidence limits (n = 70).
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Table 2. Two-way ANOVA of the biomass of free-living fauna in plants of Fucus evanescens and
Fucus vesiculosus from different sites. Data were fourth-root transformed to obtain homogeneity of variances.

Source of variation  df All animals Isopods Amphipods Gastropods

MS F MS F MS F MS F
Fucus species (F) 1 0.59 18.45%*  0.02 2.07ns 045 5930  0.01 0.33 ns
Site (S) 13 0.14 4329 0.02  2.34* 0.05 7.19%* 0.15  3.93%*
FxS 13 0.02 0.53ns 001 1.48ns  0.02 2.04* 0.01  0.38ns
Residual 112 0.03 0.01 0.01 0.04

*P < 0.05;*P < 0.01; **P < 0.001; ns = not significant.

Table 3. Percentage
Fucus vesiculosus where
found (n = 70).

of plants

of  Fucus

the different epiphytic

evanescens
taxa were

and

F. evanescens

F. vesiculosus

Epiflora
Rhodophyceae
Callithamnion sp.
Ceramium nodulosum
(Lightf.) Ducluz.
Ceramium tenuicorne
(Kiitz.) Waern
Dumontia contorta
(S.G.Gmel.) Rupr.
Membranoptera alata
(Huds.) Stackh.
Phycodrys rubens
(L.) Batters
Polysiphonia fucoides
(Huds.) Grev.
Polysiphonia stricta
(Dillwyn) Grev.
Porphyra purpurea
(Roth) C. Agardh
Rhodomela confervoides
(Huds.) P.C. Silva
Stylonema alsidii
(Zanardini) K.M. Drew**

Phaeophyceae
Dictyosiphon foeniculaceus
(Huds.) Grev.
Ectocarpus sp./Pilayella
littoralis (L.) Kjellm.
Elachista fucicola
(Velley) Aresch.**
Spongonema tomentosum
(Huds.) Kiitz.*
Chlorophyceae
Chaetomorpha aerea
(Gooden. ex Dilwyn) Kiitz.
Cladophora sp.?
Cladophora rupestris (L.) Kiitz.
Enteromorpha spp.®
E. clathrata (Roth) Grev.
E. compressa (L.) Nees
E. flexuosa (Wulfen)
J. Agardh

50

53

14
14
16

3

73

83

16
17
69
(1
(€]
3

Table 3. Continued.

F. evanescens F. vesiculosus

E. intestinalis (L.) Nees
E. linza (L.) Agardh
E. prolifera (O.F. Miill.)
J. Agardh
Spongomorpha aeruginosa
(L.) C. Hoek*
Ulotrix sp.
Ulva sp.
Ulvopsis grevillei (Thur.) Gayral

Epifauna
Hydrozoa
Clava multicornis Forskal
Laomedea flexuosa Alder
Crustacea
Balanus improvisus Darwin
Bryozoa
Electra pilosa L.*
Membranipora
membranacea L.**
Motile fauna
Isopoda
Idotea sp.
Jaera sp.
Amphipoda
Gammarus sp.
Corophium volutator
Gastropoda
Hydrobia sp.
Littorina littorea L.
Littorina obdusata L.
Theodoxus fluvatilis L.
Bivalvia
Cardium sp.
Oligochaeta

Insecta
Chironomidae

©) 19)
1 @
(» (1
1
1 3
1 1
3 7
3
17 16
6
17 10
3
14 28
34 46
31 84
1 6
11 11
9 14
3 10
1 3
1 3
6
24 57

2Only Cladophora rupestris was extinguished.

bSpecimen of the genus Enteromorpha were only identified to
species when possible, why the figures for the particular species are
underestimated. Species most often growing epiphytic are indicated
with * and obligate or near-obligate epiphytes are indicated with **
(information from Rueness 1977; Hayward and Ryland 1995).
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5 animals. Of these, only three are regarded as obligate
epiphytes. All taxa were present on F. vesiculosus but
only 18 were found on F. evanescens plants. The mean
number of taxa found on a single F. vesiculosus plant
was 3.7 2.0 compared to 2.2 & 1.6 on F. evanescens,
the difference being highly significant (U-test, P <
0.001). It was consistently the rare species that were
absent from F. evanescens. Almost all taxa of motile
animals were more commonly found on F. vesiculosus
plants, but all taxa except Oligochaeta were found on
both Fucus species.

Detrended correspondence analysis of the 14 most
common epiphytic taxa showed a clear tendency of
the samples from F evanescens and F. vesiculosus
to separate along the first canonical axis, which
explained 24.6% of the total variation (Figure 3).
The species mainly responsible for this pattern
were Enteromorpha spp., Ceramium nodulosum,
Polysiphonia fucoides, Polysiphonia stricta, and
Spongonema tomentosum, that occurred relatively
more often on F. vesiculosus.

Canonical correspondence analysis showed that
20.6% of the total variation (total inertia) was explained
by the three constraining variables (Fucus species,
salinity and wave exposure). Fucus species alone
explained 10.3% and was the only variable that was
significant according to the Monte Carlo test, although
wave exposure was almost significant (Table 4). When

the effects of salinity and wave exposure were removed
using a partial CCA, Fucus species still explained 9.3%
of the total variation.

Canonical correspondence analysis with only
F. vesiculosus showed that salinity explained as much
as 20.0% of the variation in epiphytic community
(P < 0.01), while the effect of wave exposure was non-
significant. In contrast, neither salinity nor exposure
had significant effect on the epiphytic community of
F. evanescens, when analysed separately.

Discussion

Our study demonstrated that the two closely related
species F. evanescens and F. vesiculosus differ in sub-
strate quality for epiphytic organisms even when grow-
ing at the same site. While the native F. vesiculosus
is heavily overgrown by epiphytes at some sites,
F. evanescens rarely has much epiphytes. The number
of associated epiphytic species also differed between
the Fucus species. F. evanescens plants had consis-
tently lower species richness and half of the species in
the material were not found on this species at all. The
epiphytes that were absent from F. evanescens were
all among the rarest species. It is thus unclear whether
these species are completely unable to grow epiphytic
on F. evanescens, or if they only are more likely to
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Figure 3. Plot of the first two ordination axes from DCA of the epiphytic species composition, using the 14 most common taxa; (a) Plot of Fucus
species and sites. Filled quadrats represent Fucus vesiculosus at different sites and empty represents Fucus evanescens. Percentage of the total
variation explained by the canonical axes is also indicated. (b) Plot of species scores. The species names are abbreviated to the part in italics as
follows: Balanus improvisus, Ceramium nodulosum, Ceramium tenuicorne, Cladophora spp., Cladophora rupestris, Ectocarpus spp./Pilayella
littoralis, Elachista fucicola, Electra pilosa, Enteromorpha spp., Laomedea flexuosa, Polysiphonia fucoides, Polysiphonia stricta, Spongonema

tomentosum, Ulvopsis grevillei.
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Table 4. The percentage of total variation in epiphytic species composition (% inertia) explained by
the different environmental factors according to CCA and partial CCA with the 14 most common taxa.
The constraining variables were host species (Spe), salinity (Sal) and wave exposure (Exp). P-values of
the constraining variables from Monte Carlo test with 999 unrestricted permutations are indicated.

Both Fucus species

F vesiculosus

F evanescens

% inertia P % inertia P % inertia P
All factors 20.6 0.001 26.6 0.015 14.1 0.136
Spe 10.3 0.006 — — — —
Sal 5.9 0.092 20.0 0.007 6.7 0.072
Exp 6.6 0.051 9.3 0.261 13.9 0.062
Spe/(Sal x Exp)? 9.3 0.003 — — — —

4The effect of host species when effects of salinity and wave exposure are partialled out.

be found on F. vesiculosus due to its larger epiphytic
biomass and possibly higher age.

The mechanism behind the low epiphytic growth on
F. evanescens is not clear. Differential fouling on other
macroalgal species has in several cases been attributed
to morphological features, e.g. thallus morphology,
thickness of cell-wall and surface texture (Hayward
1980; Correa and McLachlan 1991; Jennings and
Steinberg 1997; Dawes et al. 2000). F. evanescens is
morphologically similar to F. vesiculosus, but lacks air
bladders and consequently does not stand up in the
water column. This may influence settlement of spores
or larvae and may affect growth or survival of algal
epiphytes by shading them to a larger degree. Jennings
and Steinberg (1997) found that thallus pieces of the
kelp Ecklonia radiata suspended higher in the water
column became more overgrown by epiphytes than
pieces placed near the bottom. The relatively smoother
surface of F. evanescens fronds may also inhibit
settling.

Another explanation of differences in epiphytic
load between macroalgal species is the presence of
an antifouling defence. Several studies have shown
that epiphytes may have a negative impact on the
marine macrophytes, e.g. by shading the plant and
competing for limited nutrients (Sand-Jensen 1977;
Worm and Sommer 2000). These processes could
select for seaweed characteristics that inhibit coloni-
sation of epiphytic organisms. Regular shedding of
the outer epidermis has been evoked as a defence
mechanism for fucoids (Filion-Myklebust and Norton
1981; Moss 1982) and crustose algae (e.g. Johnson and
Mann 1986). Several studies have also demonstrated an
effect of algal secondary metabolites on establishment
or survival of epiphytic species (Sieburth and Conover
1965; Schmitt et al. 1995; Steinberg et al. 1998; but see
Jennings and Steinberg 1997). The possible presence

of an effective antifouling mechanism in F. evanescens
will be experimentally tested.

Despite the considerable difference in species rich-
ness between the Fucus species, CCA showed that only
some part of the variation in community composition
could be explained by substratum species. A few taxa,
e.g. Enteromorpha spp., P. fucoides and P. stricta,
were relatively more common on F. vesiculosus than
on F. evanescens, but the two species did not have
distinctly different epibiotas. Some populations of
F. evanescens had an epiphytic community that more
closely resembled certain F. vesiculosus populations
than other populations of the same species, and vice
versa. The similarity of community composition sug-
gests that most epiphytic species show low host speci-
ficity. This is not surprising, since most species found
epiphytic on the two Fucus species are not obli-
gate epiphytes but can grow also on rocks and other
hard-substrata. Whatever restricts the establishment or
survival of epiphytes on F. evanescens, it seems to
influence all epiphytes to a similar degree.

While the differences in epiphytic community
composition could be partly explained by Fucus
species, neither wave exposure nor salinity had any
significant effect. The small influence of exposure was
unexpected, since wave exposure has been identified
as one of the most important single factors influencing
intertidal rocky shore communities (Lewis 1964; Jones
and Demetropoulos 1968). The exposure gradient in
our material is however very short, since F. evanescens
is only present at sheltered sites in this area (Wikstrom
et al. 2002). Since the study was performed in the
transition zone between a marine and a brackish
area with partly different biota, where many species
have their distribution limits due to salinity tolerance
(Wallentinus 1991; Nielsen et al. 1995), the salinity
gradient would also be expected to influence species
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composition. While salinity had no significant effect
when F. evanescens and F. vesiculosus were analysed
together, it did explain much of the variation in com-
munity composition for F. vesiculosus alone. It seems
as if the epiphytic community of F. evanescens is too
species-poor to show this gradient.

As with the epiphytes, the biomass of free-living
animals associated with the seaweed was consider-
ably lower on F. evanescens than on F. vesiculosus,
suggesting that F. evanescens is a less suitable host also
for free-living animals. Most of the epifaunal biomass
consisted of herbivorous crustaceans and gastropods
(mesograzers sensu Brawley 1992), grazing on the
host seaweed or its epiphytes. The macroalgae thus
serve both as food and habitat for the motile epifauna
and F. evanescens may be avoided either because it
offers less-suitable substratum or is a less-preferred
food source than the native F. vesiculosus.

Laboratory grazing experiments show that
E evanescens is a less-preferred food source than
the native F. vesiculosus, both for the common iso-
pod I baltica Pallas (Schueller and Peters 1994) and
the periwinkle Littorina obdusata (S.A. Wikstrom,
unpubl. data). If this is a general pattern, a lower
palatability may explain why F. evanescens is avoided
by species that forage directly on the Fucus plant. As
expected, we found Idotea sp. and L. obdusata on
fewer F. evanescens than F. vesiculosus plants. How-
ever, the mean biomass of isopods (including the genus
Idotea) did not differ significantly between the Fucus
species, suggesting that the preference demonstrated
in the laboratory may have less importance in the field
situation.

While Idotea species and L. obdusata are known to
graze directly on the Fucus plant (Watson and Norton
1987; Pavia et al. 1999; Jormalainen et al. 2001), many
mesograzers, as Littorina littorea (Watson and Norton
1985) and gammarid amphipods (D’Antonio 1985;
Pavia et al. 1999) prefer feeding on epiphytic species.
Macroepiphytes may also favour the free-living epi-
fauna by increasing the substrate complexity, offering
shelter from predators and physical stress (e.g. Nicotri
1980; Brawley 1992). Earlier studies have demon-
strated a positive correlation between the biomasses
of seaweed epiphytes and free-living epifauna, show-
ing that the epiphyte cover may affect the amount of
free-living epifauna that can be supported by a sea-
weed (Martin-Smith 1993; Worm and Sommer 2000).
We found a similar correlation in our study, indicating
that the observed preference for F. vesiculosus may, at

least partly, be an indirect effect of the larger abundance
of epiphytes on this species. However, experimental
studies of the food and habitat choice of different epi-
faunal species are needed to elucidate the mechanism
behind the low colonisation of F. evanescens.

The low epiphytic growth on F. evanescens is a pos-
sible explanation to the observed success of the species
in eutrophicated areas (Powell 1957b; Bokn et al. 1992;
Wikstrom et al. 2002). Increased nutrient load has been
shown to favour the growth of filamentous epiphytic
algae on F vesiculosus, resulting in lower growth
rate of the seaweed (Worm and Sommer 2000). If
F. evanescens is better at resisting heavy epiphytic over-
growth, eutrophication may induce a change in the sea-
weed community by affecting competitive interactions
between the Fucus species. In this case, a human-
driven change in coastal water quality may actually
have promoted the invasion of F. evanescens, support-
ing the notion (e.g. Elton 1958; Burke and Grime 1996)
that anthropogenic disturbances may render a biotic
community more susceptible to invasion.

In conclusion, our study indicates that most epi-
phytic species show low host specificity among Fucus
species. In addition, most of the species found on the
Fucus plants are not obligate epiphytes and do not
depend on seaweeds for their presence in the littoral.
The only obligate epiphytes absent from F. evanescens
were the red alga Stylonema alsidii and the bryozoan
Membranipora membranacea, that were overall very
rare in the material. Thus, although F. evanescens con-
stitutes a less favourable substratum for epiphytes than
F. vesiculosus, the species richness of algae and sessile
invertebrates in the Fucus belt is probably little affected
by the invasion. By supporting comparatively little
epiphytic growth, F. evanescens provides less living-
space for free-living animals dependent on epiphytes
for food or habitat. However, further studies compar-
ing the abundance of free-living fauna between sites
with different degree of F. evanescens dominance are
needed to conclude that the shift from F. vesiculosus
to F. evanescens has actually affected the epifaunal
populations in the invaded region.
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