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Fauna associated with non-native Sargassum muticum (Fucales,
Phaeophyceae) vary with thallus morphology and site type (sounds and bays)
Kjersti Sjøtuna, Caroline S. Armitagea, Mette Eilertsenb and Christiane Todtb

aDepartment of Biological Sciences, University of Bergen, Norway; bRådgivende Biologer Ltd. Bergen, Norway

ABSTRACT
The invasive brown alga Sargassum muticum was first recorded in Norway in 1988 and is
presently common in the sublittoral fringe on the sheltered coast in South Norway. Here,
results from a study on mesofauna associated with S. muticum in an archipelago on the
southwest coast of Norway are presented, with two stations placed in sounds exposed to
tidal currents and two in sheltered bays. Sargassum muticum occurred with a patchy
distribution and an estimated density of less than 7 individuals m−2 at three of the stations
(two in sheltered bays and one in a sound) and 42 individuals m−2 at the fourth station
(placed in a sound). A total of 102 distinct faunal taxa were identified, with an average of 31
taxa per sample. Crustacea and Gastropoda constituted around half of the identified taxa.
Fauna richness showed no relation to site type but had a curvilinear correlation with habitat
size (dry weight of thallus). Total and sessile fauna richness showed a significant negative
correlation with branching density. Vagile faunal density showed a curvilinear correlation
with weight of epiphytes and was significantly related to site type with higher densities in
the bays. The community composition of vagile fauna reflected this and was significantly
related to site type, but not to epiphyte weight or branching density. When including sessile
taxa in a community analysis the stations became less separated, and the community was
significantly influenced by branch density. Thus, both site characteristics and morphology of
S. muticum influenced the associated fauna community.
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Introduction

Seaweeds represent important habitats for marine
micro-, meso- and macrofauna by providing substra-
tum, shelter or food resources for the associated
fauna (e.g. Vandendriessche et al. 2007; Christie et al.
2009). While some animals are closely associated
with specific seaweeds for substratum or food, others
are generalists and can be found on several seaweed
species (e.g. Sotka et al. 1999; Viejo 1999; Armitage
and Sjøtun 2016).

An important question is whether introduced sea-
weeds can harbour a similar fauna richness and
density as native seaweeds do. In particular, intro-
duced seaweeds may lack specially adapted taxa that
are associated with native seaweeds. When comparing
the associated fauna on the introduced seaweed
Codium fragile subsp. fragile (Suringar) Hariot and the
native brown alga with a similar habit, Fucus serratus
Linnaeus, Armitage and Sjøtun (2016) found that the
native fucoid had more of some specialized mesogra-
zers. Such differences may have consequences for

local food webs. In a field experiment from a site in
Ireland, Salvaterra et al. (2013) found that substituting
or adding the introduced Sargassum muticum (Yendo)
Fensholt in native communities had a strong impact on
food web structure, probably caused by strong altera-
tions of fauna composition, including more generalists
on S. muticum. On the other hand, several studies have
shown that differences in faunal composition and
abundance between introduced and native seaweeds
are mainly caused by differences in structural complex-
ity (e.g. Veiga et al. 2014, 2016; Lutz et al. 2019),
suggesting that, for example, type of branching of
introduced seaweeds is of most significance for the
faunal composition. In a study from Helgoland,
Germany, Bushbaum et al. (2006) found that
S. muticum supported a very similar faunal community
to that of the native Halidrys siliquosa (Linnaeus)
Lyngbye, which has a morphology and branching
structure relatively similar to that of S. muticum.

The habitat architecture of seaweeds seems to be
one of the most important factors determining the
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overall faunal richness and composition (e.g. Veiga
et al. 2014; Suárez-Jiménez et al. 2017). By mimicking
different seaweed structures using different types of
artificial substratum, Christie et al. (2007) showed
that a smooth surface was particularly unattractive
for colonizing fauna, while a branched structure was
most attractive. Type of branching or degree of
branching may further influence fauna composition.
For example, Chemello and Milazzo (2002) compared
the molluscan fauna on several brown algae and
found that the branching complexity of different
species could explain the differences in the compo-
sition of associated molluscs. Eilertsen et al. (2011)
studied the amphipod fauna on three red algal
species with contrasting morphology and found that
the algal thallus organization and branching pattern
had a strong impact on the composition of the associ-
ated amphipods. Veiga et al. (2014) compared the
fauna composition and abundance associated with
three different macroalgal species and found that the
macroalgal architecture played a significant role in
shaping epifaunal assemblages. However, the most
complex macroalgae do not always have the highest
epifaunal abundances, and for example Desmond
et al. (2018) found some of the highest values of epi-
faunal abundance were associated with macroalgae
of a relatively simple morphology.

The brown alga S. muticum is one of the most well-
known and well-studied introduced seaweeds in
Europe. It is native to the Western Pacific but has

been introduced to western North America and
Europe, most likely through import of Pacific oysters
from Japan (Engelen et al. 2015). It has been present
in Norway since 1988 (Rueness 1989), whereafter it
spread rapidly along the coast of South Norway and
reached the southwest coast of Norway in 1991
(Steen 1992). Its northernmost record is at present at
62°55′N, 7°26′E (https://www.biodiversity.no/).

Sargassum muticum shows a strong seasonal vari-
ation in morphology, which is most pronounced in
the higher latitudes of its introduced areas (Engelen
et al. 2015). During the dormancy period, which is nor-
mally during winter in Europe, it is reduced to the hold-
fast and basal parts (Engelen et al. 2015). In late winter
and spring it forms long upright main axes, followed
by formation of spirally set side branches. The onset
of the main axes has been shown to be under photo-
periodic control (Hwang and Dring 2002), and the
branching organization and apical growth dominance
over lateral branch formation is most likely regulated
by phytohormone production (Chamberlain et al.
1979). In its northern range of distribution in Europe
the leaves and gas vesicles are often shed during the
last part of the summer (authors’ pers. obs.).

Sargassum muticum can grow to a relatively large
size and forms a complex thallus with a densely
branched habit and small gas bladders and leaves.
This should make it an excellent habitat for many
associated invertebrates in its introduced ranges. For
example, Viejo (1999) found between 30 and 40

Figure 1. Study area west of Bergen with localization of stations A–D, and with photos of Sargassum muticum from the different
stations included. (Photos: M. Eilertsen; maps: Kartagena, Statens kartverk and Vemaps.com).
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fauna taxa associated with S. muticum in northern
Spain, and Bushbaum et al. (2006) found a total of
around 60 taxa (fauna and macroalgae) associated
with S. muticum in the North Sea. The strong seasonal-
ity and small overwintering basal parts will on the
other hand restrict the availability of the habitat to a
relatively short period of the year for many taxa and
make it less suitable for algal epiphytes or sessile per-
ennial taxa. To what degree it represents food for
associated native fauna is not clear. Introduced
species may escape their specialized predators or para-
sites, and this may also explain the success of some
invading species (the Enemy Release Hypothesis; see
Heger and Jeschke 2014). In the areas where it has
been introduced some attempts have been made to
investigate degree of grazing on S. muticum, but the
results are pointing in different directions. While
some studies show that S. muticum is less favoured
by macro- and mezograzers than native seaweeds in
an introduced area (e.g. Britton-Simmons 2004; Mon-
teiro et al. 2009; Cacabelos et al. 2010; Engelen et al.
2011), others have found that specific native mesogra-
zers graze more on S. muticum than on native sea-
weeds, e.g. Strong et al. (2009) (Dexamine spinosa
Montagu, 1813) and Britton-Simmons et al. (2011)
(Lacuna vincta Montagu, 1803).

In southwest Norway S. muticum occurs with a
patchy distribution in the sublittoral fringe and upper
subtidal. It often grows to large plants in places with
strong tidal currents such as narrow sounds, while it
may show reduced size in more sheltered areas
(Figure 1). Strong spatial variation in abundance,
phenology and size was also demonstrated for
S. muticum in northern Spain, where Olabarria et al.
(2009) recorded size and development at six localities.
This suggests that S. muticum may in general show a
strong phenotypic variation in response to local
environmental conditions. This may in turn affect its
associated fauna composition since phenotypic
changes in size and branching are likely to influence
amount and composition of the associated fauna. In
addition, site characteristics may also influence com-
position of associated fauna. For example, Bushbaum
et al. (2006) found different fauna compositions on
S. muticum from two different types of biotopes.

We here present the results from a study on fauna
associated with S. muticum from four localities, situ-
ated in either sheltered bays or sounds exposed to
tidal currents, within 10 km along the coastal archipe-
lago of southwestern Norway. Morphological features
of each individual S. muticum sample were recorded
(size, weight, number of lateral branches and lateral
branch length). The aim of the study was to explore

how faunal composition was related to site character-
istics and morphological features of the host plant.

Materials and methods

Field collection and laboratory processing

Fieldwork was done during spring low water on 10–13
August 2010 at four stations situated in the outer archi-
pelago of southwestern Norway west of Bergen
(Figure 1). Stations A (60°35.272′N, 04°47.697′E) and B
(60°31.033′N, 04°53.454′E) were located in sounds
with strong tidal currents, while Stations C (60°
30.34′N, 04°52.802′E) and D (60°33.074′N, 04°
48.690′E) were in sheltered bays with less influence
of tidal currents. All the fieldwork was done by snorkel-
ling and skin diving.

The abundance of S. muticum at the stations was
assessed by counting the number of individuals in
sample quadrats covering 50 cm × 50 cm. At stations
B, C and D a 20 m long rope, marked for each metre,
was placed along the shore at the water level. Five
random numbers between 1–20 were selected. At
each number a 50 cm wide transect, made of sample
quadrats placed in a row perpendicular to each other
from the water level and as deep as S. muticum were
growing (2–2.5 m), was examined. Sargassum
muticum individuals were counted in each sample
quadrat. At station A the density of S. muticum was
much higher, and the S. muticum vegetation persisted
to greater depths that at the other stations. Here, five
sample quadrats were placed randomly at 30–50 cm
depth along the shore, and the S. muticum plants
counted in each sample square.

At each station, five S. muticum were sampled hap-
hazardly for fauna identification at 0.5–1.5 m depth,
with at least 1–2 m between in order not to disturb
the associated vagile fauna of the other samples.
Each sample consisted of one complete thallus. Each
sampled individual was carefully loosened at the
base and, while still submerged, transferred slowly to
a cloth bag held open nearby. The bag was thereafter
closed and removed from the water. This way of
sampling aims to cause negligible disturbance to the
associated meso- and small macrofauna and has
been used in other studies (e.g. Fredriksen et al.
2005; Armitage and Sjøtun 2016).

Each sample was thereafter put into a large tray
with clean fresh water for some minutes to stun the
vagile animals, taking care to rinse the cloth bags care-
fully for all visible animals. For each sample the fresh
water was filtered, and the fauna collected by using a
0.5 mm plankton net. The large individual S. muticum
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plants were thereafter frozen, and the smaller ones
were fixated in 4% formalin solution. The fauna frac-
tion was stored in 4% formalin solution with borax
until taxa were sorted and identified.

The frozen or formalin fixated individuals of
S. muticum were later processed in the laboratory.
Each individual was placed in a basin filled with fresh
water and gently shaken, in order to make any remain-
ing vagile fauna fall off. The S. muticum individual was
removed for further processing, and the water was
filtered again through a 0.5-mm plankton net to
collect the fauna.

The main axis length of S. muticum was measured. If
there were more than one main axis present, they were
counted, and their lengths measured. All first-order lat-
erals >5 cm long were removed and counted per main
axis, and the lengths were measured. The density of
first-order branches of the main axis or axes of each
individual was calculated as mean number of branches
per cm main axis. The thallus was thereafter examined
for sessile fauna, and samples for identification were
collected. All visible algal epiphytes were removed.
Finally, each individual and its epiphytes were dried
at 70°C until constant weight.

Fauna were identified to lowest taxon possible by
using keys and identification literature. The identifi-
cation work was done using different sources (e.g.
Sars 1895; Sars 1899; Sneli 1975; Enckell 1980;
Hayward and Ryland 1995). Approximately three-quar-
ters of the taxa was identified to species level. Acari,
copepods, ostracods and nematodes were excluded
from the dataset as they were not counted systemati-
cally in all samples (due to size and difficulty with
identifications).

Data analyses

The entire dataset of vagile fauna was used in analysis
of fauna density (individuals per g dry thallus weight).
For analysis of taxa richness, 10 indistinct taxa were
excluded, being either (a) juveniles where adults of
the same species/genus/family were also present, or
(b) unidentified members of a higher taxon where
identified members of the same genus/family were
also present in the data. For multivariate analyses, 18
rare taxa (here defined as only one individual found)
were also excluded.

Relationships between taxa richness and explana-
tory variables were analysed using generalized linear
mixed effects models with Poisson distribution
(GLMM, R-package lme4; Bates et al. 2015). Relation-
ships between vagile fauna density and explanatory
variables were analysed using a GLMM with negative

binomial distribution, due to overdispersion (R-
package glmmTMB; Brooks et al. 2017). Model selec-
tion and significance of variables was assessed by like-
lihood ratio test. Interactions were not included
because of the low number of data points, but poly-
nomial fits were considered for certain variables
based on visual inspection of the data and model diag-
nostic plots, which were made using R-package
DHARMa (Hartig 2020).

Explanatory variables included in the analysis of
taxa richness were habitat size (dry weight of the
thallus and epiphytic algae, g), branching density
(density of first-order laterals per cm of main axis),
and site type (sound or sheltered bay), with station
as a random effect. Thallus and epiphyte weight
were combined into one variable as they were posi-
tively correlated (0.65), to avoid issues with multicolli-
nearity (checked with variance inflation factor
analysis; R-package car, Fox and Weisberg 2019). For
the vagile fauna density analysis, where abundances
were standardized to individuals per g dry thallus
weight, the included variables were epiphyte abun-
dance (dry weight, g), branching density, site type
and station (random effect).

Community composition of the associated fauna
was analysed using multivariate statistics (R package
vegan; Oksanen et al. 2020). NMDS was performed
with Bray–Curtis dissimilarities of the vagile fauna den-
sities (individuals per g dry thallus weight), with den-
sities square root transformed to limit the influence
of very abundant groups (e.g. juvenile Rissoa/Pusillina).
A second NMDS including the sessile fauna was also
done, where densities were transformed to pres-
ence–absence and Jaccard dissimilarities were used.
Relationships between community composition and
explanatory variables were assessed using permuta-
tional multivariate analysis of variance (adonis in
vegan; stratified by station). Associations between
specific taxa and site type (sheltered bay or sound)
were estimated using correlation indices (phi coeffi-
cient of association and point biserial correlation in R
package indicspecies; De Caceres and Legendre 2009).

Results

Density and morphological characteristics of
Sargassum muticum

The estimated densities of S. muticum at the stations
varied from 42.4 ± 27.3 plants m−2 at station A to 1.1 ±
1.0 m−2 at station B. The remaining stations had inter-
mediate densities; at station C the estimated density
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was 6.7 ± 2.0 m−2, and at station D it was 4.8 ± 1.3 m−2

(figures represent averages ± conf. int. per station).
On average, the largest sampled individuals were

from Station A (between 95 and 153 cm maximum
length and 3.2 and 50.5 g dry weight), while the smallest
were from Station D (between 58 and 90 cm maximum
length and 0.9–9.9 g dry weight). Most of the sampled
individuals from Station B and C were intermediate
with lengths between 65 and 128 cm, and weights
between 1.5 and 20.7 g (Figure 2). Most of the sampled
individuals had 1 or 2 main axes, but at station A there
was one thallus with 3 main axes, and at station C
there was one with 4, and another with 7 main axes.
Branching density varied from 0.5 to 1.3 first-order lat-
erals per cm of main axis. Average values per station
varied from 0.7 ± 0.1 at station A to 1.0 ± 0.2 at station
D (mean ± SD). Branching density was uncorrelated
with the dry weight of the S. muticum sample (Pearson
correlation = 0.1) and was not related to site type
(sound or bay) (see Figure 2).

Stations B and D had on average the lowest loads of
epiphytic algae on the S. muticum thalli (Figure 2). This
was however variable within stations; for example, at
station C, three of the thalli had under 0.7 g dry
weight of epiphytes while another had 3.5 g. Thin,
filamentous algae dominated the epiphytes, with Cla-
dophora sp., Rhizoclonium sp. and Ceramium sp.
being the most common genera.

Associated fauna taxa richness

A total of 102 distinct faunal taxa were found associ-
ated with the 20 sampled S. muticum thalli: 63 vagile
and 39 sessile taxa, with 88 identified to species

level. The full species dataset is available in data-
verse.no at https://doi.org/10.18710/QZ1AWV. The
number of taxa per sample varied from 12–44 taxa
(average 31.3 ± 9.0 SD taxa per sample). The most
common groups were Crustacea and Gastropoda,
which together constituted around half the identified
taxa, while sessile taxa from the groups Bryozoa and
Cnidaria constituted more than 25% of the total
number of taxa identified (Figure 3). The most fre-
quently occurring sessile taxa were the bryozoans Jux-
tacribrilina annulata (Fabricius, 1780), Celleporella
hyalia (Linnaeus, 1767), Celleporina decipiens
(Hayward, 1976) and Membranipora membranacea
(Linnaeus, 1767), and the bivalves Hiatella artica (Lin-
naeus, 1767) and juvenile Mytilus edulis (Linnaeus
1758).

The number of fauna taxa present per sample
showed a significant positive correlation to the habitat
size (thallus and epiphytic algal weight; χ22= 11.0, P =
0.004), but the increase in number of taxa was only
evident up to around 25–35 g thallus dry weight, with
no increase of species richness with increasing size
above this (Figure 4). A similar relationship was visible
when only vagile (χ22= 6.41, P = 0.04) or sessile taxa
(χ22= 7.72, P = 0.02) were analysed (Figure 4).

Taxa richness was negatively correlated with the
density of first-order lateral branches of main axes
(χ21 = 8.50, P = 0.004) (Figure 5). However, when analys-
ing vagile and sessile taxa separately, the correlation
between branching density and number of taxa was
only found to be significant for the sessile component
of fauna (χ21 = 9.94, P = 0.002; Figure 5). There was no
significant relationship between taxa richness and
site type (sheltered bays or sounds; χ21 = 1.77, P = 0.18).

Figure 2. Violin plots showing thallus characteristics of Sargassum muticum (n = 5), including (left) thallus dry weight (g), (centre)
no. of side branches per cm and (right) epiphyte dry weight (g), at stations A–D. The shapes show data spread, while the black
point shows the mean for each station. Type of site shown by shading (sound = light grey, sheltered bay = dark grey).
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Associated fauna density

Of the vagile taxa, the groups Gastropoda and Amphi-
poda dominated in numbers. In terms of density

(individuals per g dry weight), the most abundant gastro-
pods were Rissoa parva (da Costa, 1778), Lacuna vincta
and Rissoella opalina (Jeffreys, 1848), while the most

Figure 3. Overview of number of faunal taxa associated with Sargassum muticum (102 taxa; this excludes juveniles or unidentified
species which had congeners present, 10 taxa). Labels indicate number of taxa within each group; the three sections without
labels are Echinodermata, Insecta and Porifera with 1 taxon each.

Figure 4. The number of associated taxa per Sargassum muticum sample related to dry weight (g) of the thallus and epiphytes
(‘habitat’). Taxa richness is shown for all taxa (a), vagile taxa (b) and sessile taxa (c). The line is the prediction of the model (at
average branch density for total and sessile fauna where this variable was significant). Type of site is shaded (sound = light
grey, sheltered bay = dark grey).
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abundant amphipods were Caprella acanthifera (Leach,
1814), Microprotopus maculatus (Norman, 1867), Dexa-
mine thea (Boeck, 1861), D. spinosa, Ampithoe gammar-
oides (Spence Bate, 1857), Crassicorophium bonelli
(Milne-Edwards, 1830) and Phtisica marina (Slabber,
1769) (See full species dataset in dataverse.no at https://
doi.org/10.18710/QZ1AWV). There were however large
differences between stations and samples. High vagile
fauna density at station C was driven by high densities
of gastropods (nearly 95 adult individuals per g dry
weight; ≤ 25 at stations A, B and D), and at station D by
high densities of amphipods (260 individuals per g dry
weight; < 45 at stations A, B and C) (Figure 6).

Density of vagile fauna was highly related to site
type (χ21 = 15.4, P < 0.001), with densities much
higher at the sheltered sites (Stations C and D) than
at the stations in the sounds (Station A and B; Figure

7). A positive but curved relationship of density of
vagile fauna to abundance of epiphytic macroalgae
was also suggested (χ22 = 11.2, P = 0.004), with an
increase in fauna density up to around 2 g dry
weight epiphytic macroalgae per thallus (Figure 7).
However, this relationship should be interpreted cau-
tiously given that few samples had high epiphyte
weights, potentially allowing the 1–2 samples with
high weights to disproportionally affect the analysis.
We have also not accounted for the potential effect
of fauna density increasing with thallus weight, and
some of the relationship to epiphyte weight could be
due to this (due to the correlation between these
two factors). An experimental design with manipulated
amounts of epiphytic algae would be needed to
confirm this result. No significant relationship to
branching density was found (χ21 = 1.98, P = 0.16).

Figure 5. The number of associated taxa per Sargassum muticum sample related to branching density (number of primary laterals
per cm main axis). Taxa richness is shown for all taxa (a), vagile taxa (b) and sessile taxa (c). The line is the prediction of the model
(at average habitat dry weight); there was no significant relationship for the vagile fauna. Type of site is shaded (sound = light
grey, sheltered bay = dark grey).

Figure 6. Abundances of gastropods and amphipods per gram thallus in each sample of Sargassum muticum, plotted by station.
‘Adult’ groups have juveniles excluded. Type of site is shaded (sound = light grey, sheltered bay = dark grey).
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Associated fauna community composition

The vagile fauna community composition was similar
at the stations in sounds, A and B, while the compo-
sition at the sheltered stations, C and D, was more

dissimilar, both from each other and from stations A
and B (Figure 8). Community composition was signifi-
cantly related to site type (R2 = 0.32, P = 0.03) but not
epiphyte weight or density of side branches. When
sessile fauna was also included, with vagile fauna con-
verted to presence–absence, the stations became less
separated in the NMDS plot but were still gathered by
site type (sound or bay) (Figure 9). Here community
composition was related to the density of side
branches (R2 = 0.08, P = 0.01), but not to site type or
epiphyte weight.

Several taxa were associated with the high-current,
sound site type; these included the bryozoans Cellepor-
ina decipiens, Membranipora membranacea, Celeporella
hyalina, and Electra pilosa (Linnaeus, 1767), juvenile
Syllidae (Polychaeta), juvenile Asterias rubens Linnaeus,
1758 (Echinodermata), and the gastropods Skenea ser-
puloides (Montagu, 1808) and Doto coronata (Gmelin,
1791) (Table I). Taxa associated with the sheltered,
bay site type were more dominated by amphipods
and gastropods; this included Pusillina sarsii (Lovén
1846), Rissoa parva and Littorina obtusata (Linnaeus
1758) from the Gastropoda, Ampithoe gammaroides,
Dexamine spinosa, Microprotopus maculatus, Phtisica
marina and Crassicorophium bonellii from the Amphi-
poda, and one polychaete, Websterinereis glauca (Cla-
parède, 1870) (Table I).

Figure 8. NMDS plot of the composition of the vagile fauna
community associated with Sargassum muticum (excluding
unsure or rare species, 49 taxa), stress = 0.09. Based on a
Bray–Curtis dissimilarity matrix on square-root transformed
species density data (individuals per g thallus dry weight).

Figure 7. Abundances of vagile fauna (individuals per gram
thallus dry weight) in each sample of Sargassum muticum,
plotted against dry weight of epiphytic algae. The lines are
the predictions of the model. Type of site is indicated by
line type and colour (sound = light grey, dotted line; sheltered
bay = dark grey, solid line).

Figure 9. NMDS plot of the composition of the sessile and
vagile fauna community associated with Sargassum muticum
(excluding unsure or rare taxa, 84 taxa), stress = 0.14,
Jaccard distance matrix on presence-absence data. The
vector shows the relationship of branch density (number of
primary laterals per cm main axis) with community compo-
sition. Samples are shaded by site type (sound = light grey;
sheltered bay = dark grey).
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Discussion

Taxa richness

We found an equal or higher number of faunal taxa
associated with S. muticum in this study compared
with earlier studies from Europe (e.g. Viejo 1999; Wern-
berg et al. 2004; Bushbaum et al. 2006; Cacabelos et al.
2010), which may reflect a fauna pool with high diver-
sity in the investigated area. The fact that complete
thalli of S. muticum were sampled in the present

study may also be of significance in the comparison
with other findings. For example, Bushbaum et al.
(2006) reported a lower number of faunal taxa associ-
ated with S. muticum than the present study. This
could be caused by subsampling of branches in Bush-
baum et al. (2006), which would exclude faunal taxa
associated with the basal parts of the thalli. In addition,
the results of the present study showed that richness
of associated fauna increased with habitat size up to
a limit, which means that only subsampling part of
S. muticum individuals could result in an underestima-
tion of the number of faunal taxa.

A curved relationship between habitat size and
vagile fauna taxa richness was found, suggesting that
increasing thallus size and/or occurrences of epiphytes
can result in an increase in fauna richness, but only to a
certain limit. This could be a sample size effect, since it
is common that species accumulate with sample size
up to a limit. This sample limit normally depends on
the scale of the study and the species pool present
(Chase and Knight 2013). However, some of the
effect could also be due to the additional effect of
the epiphytic algal component to the habitat. Epi-
phytes will add other habitat elements to the overall
habitat represented by the host alga, for example by
having a different type of thallus structure or a
different branching pattern (Christie et al. 2007). This
may provide habitats for an additional fauna com-
ponent. A somewhat similar relationship between epi-
phytes on the fucoid Fucus serratus and the
chlorophyte Codium fragile subsp. fragile and faunal
richness inhabiting the two macroalgae was found
by Armitage and Sjøtun (2016), and a significant posi-
tive correlation between epiphytic biomass and
number of species was found by Gestoso et al.
(2012). Jacobucci et al. (2009) found that the amphipod
diversity and evenness were positively influenced by
epiphytes on Sargassum filipendula C.Agardh, and
attributed this to an increase in attachment sites,
shelter and food supply by epiphytes. Further, a
curved relationship between epiphyte biomass and
density of vagile fauna was found in the present
study, underlining the importance of the epiphytic
component for the total community. In a similar way
Armitage and Sjøtun (2016) also found a correlation
between density of several fauna groups and epiphyte
weight. In further studies, manipulation of epiphytic
abundance could test the significance of epiphytes
for the fauna richness and density associated with
large macroalgae.

In addition to the variation in size of the collected
S. muticum, differences in branching density of the
first-order side branches were evident, unrelated to

Table I. Results of multilevel pattern analysis: (A) Vagile
species associations to site type, based on abundances
(point biserial correlation coefficient; pb), (B) All species
associations to site type, based on presence-absence (phi
coefficient of association; phi). Both using association
function r.g, permutations = 999. References to main food:
(1) Guerra-García et al. (2014), (2) Dixon and Moore (1997),
(3) Steneck and Watling (1982), (4) Lambert (1991), (5)
Riisgård and Manríquez (1997), – no information.
(A)

Taxa pb P value Main food

Bay
Chironomidae larvae
(Diptera)

0.666 0.001*** −

Ampithoe gammaroides
(Amphipoda)

0.663 0.001*** Macroalgae,
Polychaeta (1)

Dexamine spinosa
(Amphipoda)

0.585 0.002** Macroalgae (1)

Microprotopus maculatus
(Amphipoda)

0.472 0.001*** Detritus (2)

Phtisica marina (Amphipoda) 0.445 0.045* Detritus (1)

Crassicorophium bonelli
(Amphipoda)

0.443 0.034* Detritus (2)

Websterinereis glauca
(Polychaeta)

0.533 0.005** −

Pusillina sarsii (Gastropoda) 0.601 0.002** −
Rissoa parva (Gastropoda) 0.526 0.014* Macroalgae (3)

Littorina obtusata
(Gastropoda)

0.458 0.050* Macroalgae (3)

Sound
Skenea serpuloides
(Gastropoda)

0.365 0.001*** −

Doto coronata (Gastropoda) 0.383 0.011* Hydroida (4)

Asterias rubens juveniles
(Echinodermata)

0.362 0.028* −

(B)
Taxa Phi p.value Main food

Bay
Microprotopus maculatus
(Amphipoda)

0.704 0.008*** Detritus (2)

Sound
Celleporina decipiens
(Bryozoa)

0.734 0.005*** Particles (5)

Membranipora membranacea
(Bryozoa)

0.734 0.001** Particles (5)

Celeporella hyalina (Bryozoa) 0.612 0.021* Particles (5)

Electra pilosa (Bryozoa) 0.577 0.029* Particles 5)

Syllidae juveniles
(Polychaeta)

0.612 0.026* −

Skenea serpuloides
(Gastropoda)

0.800 0.002*** −

Doto coronata (Gastropoda) 0.655 0.012* Hydroida (4)

Asterias rubens juveniles
(Echinodermata)

0.577 0.029* −
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site type. This could be due to local light conditions
influencing the morphology of the sampled individuals
(see Arenas et al. 2002). Alternatively, it could be due to
grazers causing a more open structure through
removal of side branches. However, a significant corre-
lation between the vagile fauna density and branch
density was not observed in the present study, contra-
dicting that grazing is likely to influence branching
density. On the other hand, we found a negative corre-
lation between the sessile fauna richness and branch-
ing density, suggesting that a more open branching
was favourable for many sessile taxa. This may possibly
be connected to food availability for sessile taxa, since
dense branching may reduce water flow through the
thalli, which would consequently result in less food
for sessile filter feeders and particle feeders. Bryozoa,
a dominant component of the sessile fauna in the
present study, is very dependent on availability of
planktonic algae for growth (O’Dea and Okamura
1999).

Most studies have used different macroalgal species
when testing the potential effect of seaweed mor-
phology and branching structure on the associated
fauna composition (e.g. Veiga et al. 2014; Suárez-
Jiménez et al. 2017), or artificial substratum (e.g. Chris-
tie et al. 2007). However, other macroalgal features
than the overall habitat architecture, e.g. surface
texture or content of secondary metabolites, may
also influence the composition of the associated
fauna (e.g. Crisp and Williams 1960; Williams 1964;
Wickström and Pavia 2004). This makes it difficult to
eliminate the species component in such comparisons.
In the present study the effect of intraspecific morpho-
logical variation on fauna composition was studied in
one species, and different branching density of
S. muticum was shown to have a significant impact
on the sessile faunal component. A similar result was
found by Veiga et al. (2018) when comparing the
fauna on S. muticum to a more densely branched
species of the genus, S. flavifolium Kützing, and
where they found higher abundance of two filter-
feeding bivalves on the more open-branched
S. muticum. This could suggest that a dense branching
architecture in general could represent a particularly
unfavourable habitat for some sessile filter or particle
feeding invertebrates.

Fauna composition

Both site characteristics and morphology of the host
species seem to be important in shaping the compo-
sition of the associated fauna community, which is in
accordance with earlier findings (e.g. Bushbaum et al.

2006; Cacabelos et al. 2010; Engelen et al. 2013;
Desmond et al. 2018). The community analysis of the
vagile fauna component showed a divergence
between stations, where the two sites from the
sounds formed a unit which was partly separated
from the stations in the bays. Furthermore, the vagile
fauna composition of the two stations in the bays
were clearly separated from each other. This supports
the results from the analyses of fauna densities and
species associations, where the bays had much
higher densities of vagile fauna than the sounds, and
were somewhat dissimilar, with one station being
dominated by gastropods and the other by amphi-
pods. The difference in dominant groups at the bay
sites is difficult to explain from this study alone, as
we sampled only two stations for each habitat type.
Similarities between the faunal community in the
sounds nevertheless suggest that there was a some-
what distinct associated faunal community in the
sounds. Surveys of additional stations could confirm
if these findings can be generalized.

When including the sessile component of the fauna
and analysing data as presence–absence, the samples
from sounds and bays still formed separate clusters,
but with less separation between the two community
types. In this analysis, the most important factor
influencing the overall community structure was
branching density. That this factor only became signifi-
cant in the analysis with sessile fauna included indi-
cates that it was most relevant for this component of
the fauna, and ties with our hypothesis that more
open branching is favourable for sessile taxa. This
can be connected to a better flow of water through
thalli with more open branching, allowing a better
supply of food particles for filtrating or particle
feeding taxa. This water-flow hypothesis could also
explain why several bryozoan species were particularly
associated with S. muticum in sounds, where tidal cur-
rents are stronger.

The most abundant gastropods (Rissoa parva,
Lacuna vincta and Rissoella opaline) and some of the
abundant amphipods (Dexamine spinosa and Ampithoe
gammaroides) associated with S. muticum in the
present study are partly or fully herbivorous (Steneck
and Watling 1982; Guerra-García et al. 2014). It is
likely that these graze on S. muticum and/or its epi-
phytes. Britton-Simmons et al. (2011) found that the
gastropod Lacuna vincta was more abundant on
S. muticum than on native seaweeds at all examined
sites in the USA, and it also preferred to graze on
S. muticum. Strong et al. (2009) observed that the
amphipod Dexamine spinosa was more abundant on
S. muticum than on native seaweeds in Northern
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Ireland. They concluded that grazing together with
ectocarpoid fouling had a severe negative impact on
S. muticum at the studied site. In the present study,
the densities of gastropods and amphipods were
higher in the bays than in the sounds, possibly
causing higher grazing on S. muticum at these sites.
The potential impact of grazers on S. muticum in its
northern area of distribution in Europe is not known.
Results from a cage experiment excludingmesograzers
indicate that grazing could be an important factor
reducing the recruitment of S. muticum in this area
(Sjøtun et al. 2007).

Members of Crustacea and Gastropoda represented
more than half of the total number of faunal taxa
recorded on and associated with S. muticum. This is in
line with general findings of dominating mesofaunal
groups associated with seaweeds in Norway (Fredriksen
et al. 2005; Christie et al. 2009; Armitage and Sjøtun
2016). Small crustaceans and gastropods are important
as food for larger animals such as labrids or other small
fish in the shallow coastal zone (Norderhaug et al.
2005). The gastropods Lacuna vincta and Rissoa parva
were among the most commonly occurring gastropods
associated with S. muticum in the present study, and
according to Norderhaug et al. (2005) these were
among the most common prey of fish inhabiting a
shallow kelp forest habitat and were primarily eaten by
small labrids. This suggests that the vagile mesofauna
associated with S. muticum may sustain important
coastal food webs. On the other hand, the results of
the present study show that gastropods and crustaceans
were not equally abundant at all sites but occurred in
lower densities in the sounds than in the bays. Also,
the occurrences of S. muticum tended to be patchy
and in general not deeper than around 2 m, while
S. latissima, which S. muticum co-occurred with at the
sites, formed kelp beds to greater depths. Thus, even
though the numbers of faunal taxa associated with
S.muticum is relatively similar towhat has been recorded
for S. latissima (Christie et al. 2009), S. latissimamay occur
in much larger abundances and is for that reason most
likely more important for the coastal ecosystems than
S. muticum. In addition, the thallus morphology of
S. muticum in the North Atlantic is highly seasonal,
with the thallus fronds growing through the spring
and starting to deteriorate already in August, with the
remainder of the thallus overwintering in a very
reduced state. In addition, due to the floating ability of
the fronds much of the biomass will float away. This
will reduce the value of S. muticum as a stable habitat
for the associated fauna, and it will probably represent
a particularly unfavourable habitat for sessile and peren-
nial taxa, like many bryozoans and hydroids.

During the last decades S. latissima has shown
strong variations in abundance and in particular a
strong decline along the southern coast of Norway
(Moy and Christie 2012). Sargassum muticum toler-
ates temperatures up to 30°C (Engelen et al. 2015)
and may for that reason survive heatwaves well,
which raises the question whether S. muticum may
increase in abundance locally as the climate
changes and the sea temperature rises. If this was
the case it could partly take over the ecological
role S. latissima has in the coastal ecosystem, by pro-
viding shelter and food for associated mesofauna
during its growth season in spring and summer.
However, results from a field experiment performed
during two successive summers in southwestern
Norway and which included among others
S. latissima and S. muticum, seem to partly contradict
this. A heatwave occurred during one of the
summers, and while S. latissima was clearly nega-
tively affected by this, S. muticum was deteriorating
at the end of both summers, irrespective of tempera-
ture conditions (Armitage et al. 2017). On the other
hand, S. muticum showed significantly higher survi-
val in some of the experimental conditions during
the hot summer. This suggests that S. muticum may
increase in abundance in a future scenario of more
frequent heatwaves, but it will probably not be
able to fully replace kelp as the foundation species
along the coast of the North Atlantic.
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