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Abstract Epiphytic diatom communities on macroalgae
from Iceland coastal waters were investigated during July
2005. Ten species of seaweeds have been collected
belonging to brown, red and green algae. The analysis of
epiphytic diatom community was carried out under scan-
ning electron microscopy. The epiphytic diatom abun-
dances varied from 7 + 5 to 7524 =& 3491 cells mm 2.
Erect growth forms were the most abundant, representing
on average 50% of the total diatoms (Achnanthes cf.
brevipes var. parvula, Tabularia investiens, T. fasciculata,
Hyalosira cf. delicatula, Gomphoseptatum aestuarii,
Pseudogomphonema plinskii), followed by adnate (29%)
(Cocconeis stauroneiformis, C. scutellum) and motile
forms (21%) (Nitzschia cf. amphibia and Navicula per-
minuta). Highly branched seaweeds with articulated thallus
surface, offering a number of microenvironments to be
occupied by the epiphytes, showed a high level of colo-
nization, mainly due to erect and motile diatoms. Flat thalli
with smooth surface allowed for the growth of mainly erect
diatoms.
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Introduction

Benthic microalgae colonize a wide variety of substrata in
shallow marine environments, ranging from soft sediments
(epipelic and endopelic communities), sand grains (epip-
sammic), rock and artificial surfaces (epilithic and endo-
lithic) to marine plants (epiphytic) and animals (epizoic)
(Round et al. 1990). Living substrata represent a highly
suitable habitat for the settlement and growth of a number
of microorganisms, particularly in aquatic environments,
due to the variety of interactions that can establish between
the epibionts and their animal or plant hosts (Di Camillo
et al. 2005; Pinckney and Micheli 1998; Romagnoli et al.
2007; Wahl 1989).

Most studies dealt with the colonization and distribution
of microscopic epiphytes on seagrass hosts in marine and
brackish environments (Frankovich et al. 2006; Moncreiff
and Sullivan 2001; Novak 1984; Pinckney and Micheli
1998; Ruesink 1998; Wear et al. 1999), while there are
fewer studies focusing on epiphytic microalgae on sea-
weeds (Al-Handal and Wulff 2008; Karsten et al. 2006;
Snoeijs 1994; Steinberg and De Nys 2002; Sutherland
2008; Worm and Sommer 2000). Regardless of the type of
substrata they are associated with, benthic diatoms are
represented by different growth forms, which are com-
posed of motile forms consisting of biraphid taxa freely
moving over soft sediments or hard substrata, adnate forms
comprising biraphid and monoraphid taxa living closely
associated with the substratum and rarely colonial (e.g.,
Amphora Ehrenberg, Cocconeis Ehrenberg, Epithemia
Kiitzing, Rhopalodia O. Miiller), erect forms encompassing
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cells attached to substrata by mucilaginous stalks (e.g.,
Grammatophora Ehrenberg, Licmophora Agardh) or pads
(e.g., Cyclophora Castracane, Synedra Ehrenberg) and
tube-dwelling colonies consisting mostly of motile navic-
uloid or nitzschioid taxa living in mucilaginous tubes
(Hudon and Legendre 1987; Romagnoli et al. 2007; Tuji
2000).

The distribution of epiphytic microalgae on host plants
and, more specifically, the composition of benthic diatom
communities in terms of cell abundance and relative
importance of the growth forms, is affected by a number of
environmental variables such as light availability, hydro-
dynamic regime, salinity and nutrients (Coleman and
Burkholder 1994; Frankovich et al. 2006; Hillebrand and
Sommer 2000; Marks and Power 2001; Snoeijs 1994, 1995;
Wear et al. 1999), and biological processes such as grazing
(Hillebrand et al. 2000; Nelson 1997; Worm and Sommer
2000), adhesive strength of diatoms (Tanaka 1986), chemi-
cal interactions with the host (Amsler et al. 2005; Gross et al.
2003; Steinberg and de Nys 2002) and physiological
responses (Ruesink 1998). The role of the macroalgal thallus
morphology on the composition of epiphytic diatom com-
munities was studied by Thomas and Jiang (1986) from the
subtidal and intertidal zones off the Australian Davis Station
in Antarctica. They reported that foliose thalli hosted mainly
epiphytic diatoms with a strong attachment mode, i.e. adnate
forms, while filamentous thalli supported a higher number of
taxa, increasing in highly branched thalli. Snoeijs (1994,
1995) reported from the Baltic Sea that, although the
microepiphytic community was more affected by season and
salinity gradient than by host preference, the plant hosts
somehow affected the epiphytic taxonomic composition
because they supported different abundances of epiphytes. In
Antarctic waters, Al-Handal and Wulff (2008) suggested the
existence of a host effect because a different epiphytic dia-
tom composition occurred on seaweed species from the same
area and depth and Sutherland (2008) reported that the epi-
phytic diatom communities differed in terms of dominant
taxa on frondose and coralline red algae from the same area.

Seaweeds represent important component of benthic
communities of Icelandic coastal waters. The macroalgal
flora around Iceland has been extensively investigated over
the last 15 years (Espinosa and Guerra-Garcia 2005;
Gunnarsson 2000; Gunnarsson and Ingodlfsson 1995;
Munda 1994, 1999; Tittley et al. 2005). However, at
present no data exist about epiphytic diatom communities;
the knowledge of the benthic diatoms from Iceland is
scarce and limited to microphytobenthos associated to soft
sediments (Jiang et al. 2001). In this study, we report for
the first time the distribution of epiphytic diatoms which
are associated with some common intertidal seaweeds from
Iceland, considering the role of the host thallus morphology
in structuring the epiphytic diatom communities.
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Materials and methods
Study area and sampling

Sampling was carried out at one intertidal site in Sandgerdi
(64°02/26"N; 22°42'49"W), in the Reykjanes Peninsula on
the west coast of Iceland, on 24 July 2005 (Fig. 1). Study
site is characterized by a gentle slope with a tidal range of
2.5-3.8 m at spring tides and water temperature about
10.0-11.5°C (Ingo6lfsson 1996).

Ten species of seaweeds were collected belonging to
brown algae: Desmarestia aculeata (Linnaeus) Lamouroux
(Desmarestiales), Fucus evanescens C. Agardh, F. vesicu-
losus Linnaeus (Fucales), Alaria esculenta (Linnaeus)
Greville, Laminaria hyperborea (Gunnerus) Foslie, L.
saccharina (Linnaeus) Lamouroux (Laminariales), red
algae: Porphyra umbilicalis Kiitzing (Bangiales), De-
lesseria sanguinea (Hudson) Lamouroux, Polysiphonia
lanosa (Linnaeus) Tandy (Ceramiales) and green algae:
Ulva lactuca Linnaeus (Ulvales). Seaweeds were collected
by hand during low tide, at a depth from the bottom of
about 1-1.5 m. Small surfaces (1 cm?) of seaweed thalli
were cut in triplicates, stored in Falcon tubes with 0.45 pm
pore size filtered seawater and preserved with 4% formal-
dehyde and 1% glutaraldehyde. For Fucus evanescens,
F. vesiculosus and Laminaria saccharina, the sampling
was carried out separately from the apical (frond) and basal
(stipe) parts.

Sample treatment and analysis of epiphytes

Seaweed samples were dehydrated individually in a serial
alcohol gradient (10, 30, 50, 70, 80, 90, 95 and 100%) and
processed through critical point drying (Polaron CPD7501)
in order to preserve intact the diatom cells and their mode
of attachment to the host plant. Dried seaweed samples
were fixed on aluminium stubs with double adhesive car-
bon disc, coated with Au-Pd (Polaron SC7640), and
examined in scanning electron microscopy (SEM, Philips
515) operating at 25 kV.

The enumeration of epiphytic diatoms were performed
with the SEM by analysing between 80 and 400 visual
fields, each having an area of 2976 umz, at 1500 times
magnification, depending on the number of the epiphytic
diatom cells on the host plant. Abundances were expressed
as the number of cells per mm? of thallus surface and the
relative abundance as their proportion to the total number
of diatoms. The storage water in which samples were
preserved has been examined for the identification and
counting of detached taxa.

Epiphytic diatoms were subdivided into the following
growth forms: erect for diatoms attached to seaweeds
through mucus pads or peduncles, adnate for diatoms
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Fig. 1 Map of Reykjanes
Peninsula (Iceland) and location
of the sampling site 30"
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firmly attached to the substratum through their valve face,
and motile for biraphid diatoms freely moving on the
substratum.

The identification of diatoms to the lowest possible
taxonomic rank was made possible through an oxidation of
the organic component of their frustules. Epiphytic diatoms
were scraped from seaweed surface and cleaned following
the von Stosch’s method in Hasle and Syvertsen (1997).
Few drops of cleaned diatom material were poured on a
0.2 pm pore size Nucleopore polycarbonate filter fixed to
an aluminium stub with double adhesive carbon disc, left to
air dry and coated with Au—Pd before examination in SEM.
The identification of diatoms was made following Bérard-
Therriault et al. (1986), Compere (1986), De Stefano and
Romero (2005), De Stefano et al. (2000, 2008), Hendey
(1964), Hustedt (1931-1959, 1961-1966), Kooistra et al.
(2008), Poulin et al. (1984a, b), Snoeijs (1993), Witkowski
et al. (2000).

Statistical analysis

Macroalgal thalli were subdivided in three groups defined
on the basis of both thallus morphology and surface char-
acteristics as follows: highly branched thalli with articu-
lated surface (Fucus evanescens, F. vesiculosus,
Polysiphonia lanosa, hereafter HBT), poorly branched
thalli with flat surface (Alaria esculenta, Laminaria hy-
perborea, L. saccharina, hereafter PBT), sheet-like thalli

w 27w " 2rw 9
with smooth surface (Delesseria sanguinea, Porphyra
umbilicalis, Ulva lactuca, hereafter SST). Desmarestia
aculeata characterized by a leathery thallus with cylindri-
cal branches has not been included in any of the above
three morphotypes.

The differences in the epiphytic diatom community
structure between the 10 investigated seaweeds were tested
by a distance-based permutational multivariate analysis of
variance, PERMANOVA (Anderson 2001; McArdle and
Anderson 2001). The analysis is based on Euclidean dis-
tances of not normalized data (Anderson and ter Braak
2003) and was run using FORTRAN-written PERMA-
NOVA.exe program (Anderson 2005).

Differences in the abundance of the three growth
forms of diatoms between (i) macroalgal species and (ii)
between apical and basal parts of the same species were
assessed through a one-way analysis of variance
(ANOVA). Species and the thallus body parts (frond and
stipe) were treated as fixed factors with ten and two
levels, respectively. Differences between seaweed mor-
photypes in the abundance of the three growth forms of
epiphytic diatoms were assessed through a two-way
ANOVA, with morphotype (3 levels) and species (9
levels) as fixed and orthogonal factors. The homogeneity
of variance was tested a priori through a Cochrans’ test
and, when necessary, the data were log transformed.
When significant differences were observed, a post hoc
Student-Newman—Kuels (SNK) test was also performed.
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All ANOVA and SNK tests were carried out using the
GMAV software (University of Sydney).

Results
Epiphytic diatom communities

Diatoms represented the dominant group of epiphytes on
the investigated seaweeds, with some occasional occur-
rences of metaphyton and filamentous cyanobacteria,
which were not included in the community analysis. All
epiphytic diatom taxa observed on the surface thallus of the
10 species of seaweeds are reported in Table 1. Diatom
abundance varied from 7 + 5 cells mm™2 on Laminaria
saccharina to the maximum value of 7524 £ 3491 cells
mm > on Fucus vesiculosus (Fig. 2). The highest cell
numbers were usually measured on the damaged parts of
the macroalgal thalli. Erect diatoms were generally the
most abundant among the three diatom growth forms
observed on the macroalgal thalli accounting, on average,
to 50% of the total diatom abundance, followed by adnate
(29%) and motile (21%) forms (Fig. 3).

The epiphytic diatom community on the highly bran-
ched thalli with articulated surface (Fucus evanescens,
F. vesiculosus and Polysiphonia lanosa) is presented in
Fig. 4a—g. In F. vesiculosus, motile diatoms, mainly rep-
resented by Nitzschia cf. amphibia (Fig. 5a), with Navicula
perminuta (Fig. 5b) and other Navicula spp., were the most
abundant growth forms observed in the apical part of the
thallus, accounting for 57% of the total diatom community
(Fig. 3). In both Fucus taxa, the erect growth forms were
very frequent, with the most abundant diatoms, Achnanthes
cf. brevipes var. parvula (Fig. 5¢), Gomphoseptatum aes-
tuarii (Fig. 5d), Hyalosira cf. delicatula (Fig. 5e) and
Tabularia investiens (Fig. 5f), which represented 36% of
the total diatom community in F. vesiculosus, whereas
T. investiens alone accounted for 59% of the total diatom
abundance in F. evanescens. The adnate diatom Cocconeis
stauroneiformis (Fig. 5j) represented only 12 and 7% of the
total diatom community in F. evanescens and F. vesicu-
losus, respectively. In P. lanosa, adnate diatoms were the
most frequent growth form (48%) and were represented
mainly by C. stauroneiformis, followed by erect forms
(30%) with Hyalosira cf. delicatula, Tabularia fasciculata
(Fig. 5g) and T. investiens, and motile forms (22%) with
Navicula perminuta and Nitzschia cf. amphibia.

Diatoms epiphytic on poorly branched thalli with flat
surface (Alaria esculenta, Laminaria hyperborea and
L. saccharina) are presented in Fig. 4h—k. In A. esculenta,
the dominant adnate growth form was represented by
Cocconeis scutellum (Fig. 5k), which accounted for >90%
of the total epiphytic diatom community and mainly
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Table 1 Epiphytic diatom taxa recorded on 10 intertidal seaweeds
from Iceland

Achnanthes cf. brevipes var. parvula (Kiitzing) Cleve
Achnanthes cf. pseudogroenlandica Hendey

Achnanthes spp.

Amphora abludens Simonsen

Amphora cf. acutiuscula Kiitzing

Amphora spp.

Cocconeis costata Gregory

C. fasciolata (Ehrenberg) Brown

C. molesta var. crucifera Grunow

C. neothumensis var. marina De Stefano, Marino et Mazzella
C. scutellum Ehrenberg var. scutellum

C. scutellum var. posidoniae De Stefano, Marino et Mazzella
C. stauroneiformis (Rabenhorst) Okuno

Cocconeis sp. 1

Cocconeis spp.

Denticula neritica Holmes et Croll

Fallacia cf. tenera (Hustedt) D.G. Mann

Fragilaria sp.

Gomphonemopsis obscurum (Krasske) Lange-Bertalot
Gomphoseptatum aestuarii (Cleve) Medlin

Grammatophora angulosa var. islandica (Ehrenberg) Grunow
G. oceanica var. macilenta (W. Smith) Grunow

Hyalosira cf. delicatula Kiitzing

Isthmia cf. nervosa Kiitzing

Licmophora spp.

Navicula hamiltonii Witkowski, Lange-Bertalot et Metzeltin
N. perminuta Grunow

Navicula spp.

Nitzschia cf. amphibia Grunow

Pseudogomphonema plinskii Witkowski, Metzeltin et Lange-Bertalot
Rhoicosphenia marina (W. Smith) M. Schmidt
Rhoicosphenia spp.

Synedra commutata Grunow

Tabularia fasciculata (C. Agardh) Williams et Round

T. investiens (W. Smith) Williams et Round

T. ktenoeoides Kuylenstierna

T. waernerii Snoeijs

Tabularia spp.

settling near the frond rib, whereas erect diatoms were only
occasionally recorded and the motile growth form was
completely absent (Fig. 3). In L. hyperborea, the epiphytic
diatoms showed low abundances and a distinct patchy
distribution (Fig. 2). The erect growth form was the most
frequent (81%), mainly represented by Pseudogompho-
nema plinskii (Fig. 5h), a small Rhoicosphaenia sp. and
R. marina (Fig. 51), with adnate diatoms, Amphora sp. and
Cocconeis scutellum, and few occasional motile forms.
Laminaria saccharina showed the minimum diatom
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Fig. 3 Cumulative relative abundance of different diatom growth
forms on 10 intertidal seaweeds from Iceland. Adnate growth form:
grey bar, erect growth form: black bar, motile growth form:
ruled bar. F eva Fucus evanescens, F ves F .vesiculosus, P lan
Polysiphonia lanosa, A esc Alaria esculenta, L. hyp Laminaria
hyperborea, L sac L. saccharina, D san Delesseria sanguinea, P umb
Porphyra umbilicalis, U lac Ulva lactuca, D acu Desmarestia
aculeata

abundance, and the most abundant species was the adnate
Cocconeis scutellum.

The epiphytic diatom community on sheet-like thalli
with smooth surface (Delesseria sanguinea, Porphyra
umbilicalis and Ulva lactuca) is presented in Fig. 4l-n.
These seaweeds are usually characterized by low epiphytic
diatom coverage. In D. sanguinea, the epiphytic diatom
community was dominated by the adnate growth form,
represented by Cocconeis species (62%), with several erect
forms, but without any motile forms observed. In P. um-
bilicalis, erect diatoms were the most abundant (52%) with
Tabularia species. In U. lactuca, the epiphytic diatom
community was dominated by erect forms, mainly Tabu-
laria fasciculata and T. investiens, which altogether
accounted for 85% of the total diatom abundance.

Finally, Desmarestia aculeata was characterized by the
dominance of erect forms with Hyalosira cf. delicatula,
Rhoicosphaenia marina and Tabularia investiens, which

accounted for 50% of the total diatom abundance, and adnate
diatoms such as Cocconeis scutellum and C. stauroneifor-
mis, which represented 49% of the total diatom abundance.

The vertical distribution of epiphytic diatoms on ma-
croalgal hosts has been only investigated in Fucus vesi-
culosus, F. evanescens and Laminaria saccharina. The
diatom abundance significantly differed between the dif-
ferent thallus parts only for F. vesiculosus, irrespective of
the growth form, with the number of epiphytic diatoms of
the apical part significantly higher than in the basal one
(one-way ANOVA; P < 0.001).

Differences in epiphyte composition between seaweed
morphotypes

The composition of the epiphytic diatom community in
terms of growth forms was significantly different between
the three seaweed morphotypes (PERMANOVA;
P < 0.05) (Table 2).

The abundances of motile forms were significantly
different between morphotypes (two-way ANOVA;
P < 0.01), while no significant difference was observed for
adnate and erect forms (Table 3). In the HBT morphotype,
erect diatoms showed the highest and the lowest abundance
in Fucus vesiculosus and Polysiphonia lanosa, respectively
(Table 3). The abundance of motile diatoms significantly
differed both between morphotypes and between species
belonging to the same morphotype (Table 3). In particular,
the abundance of motile diatoms in HBT algae was higher
than in the two other morphotypes (SNK test; P < 0.01).
Among the HBT morphotype, F. vesiculosus hosted
a significantly higher number of motile diatoms than
F. evanescens and P. lanosa, while among the SST mor-
photype, Delesseria sanguinea had a significantly lower
diatom abundance of motile forms than Ulva lactuca and
Porphyra umbilicalis (Table 3).

Discussion

The number of epiphytic diatoms observed in this study
showed a wide range of variation, from 7 + 5 to 7524 +
3491 cells mm™2 in Laminaria saccharina and Fucus ves-
iculosus, respectively. Moreover, the epiphytic communi-
ties were highly heterogeneous, showing a marked patchy
distribution, with cell abundances varying up to two orders
of magnitude among the three replicates of the same sea-
weed sample. The maximum number of epiphytic diatoms
recorded in this study is comparable to those reported on
macrophytes from various areas and depths (Coleman and
Burkholder 1994; Neckles et al. 1994; Novak 1984; Thomas
and Jiang 1986). However, quantitative data are reported
only in a few studies and using different metrics, such as
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Fig. 4 Seaweed morphotypes with epiphytic diatom growth forms in
scanning electron microscopy. a—g Seaweeds with highly branched
thalli with articulated surface: a Fucus vesiculosus showing a rich
colonization of adnate (Cocconeis) and erect forms (Grammatopho-
ra), the latter attached to the substratum by the basal cell of the zig-
zag colony; b covering of Cocconeis and Rhoicosphenia marina on
F. vesiculosus, note that the erect R. marina is attached to the thallus
by a mucus pad; ¢ Fucus evanescens showing a rich colonization of
Tabularia spp. attached to the substratum by mucilaginous pad;
d F. evanescens covered by bacteria and erect diatoms; e portion of
F. evanescens thallus without algal colonization, indicating a patchy
distribution of the epiphytic community; f Polysiphonia lanosa with
high covering of erect diatoms and filamentous cyanobacteria;
g P. lanosa with Cocconeis and Tabularia settled in folds of

chlorophyll @ biomass (Nelson 1997; Pinckney and Micheli
1998), biovolume (Snoeijs 1994, 1995), weight (Ruesink
1998; Worm and Sommer 2000), cells cm 2 (Coleman and
Burkholder 1994; Neckles et al. 1994; Novak 1984; Thomas

@ Springer

branched thallus; h-k seaweeds with poorly branched thalli with flat
surface: h Alaria esculenta with scattered Cocconeis and filamentous
cyanobacteria; i—j Laminaria hyperborea with a low number of
epiphytic diatoms in the most part of thallus surface (i), while a rich
colonization of diatoms occurs in damaged parts (j); k L. saccharina
showing a low colonization with scarce occurrence of diatoms. 1-n
Seaweeds with soft and sheet-like thalli with smooth surface:
1 Delesseria sanguinea with a low number of epiphytic diatoms; a
mat consisting of bacterial and cyanobacterial filaments and fungal
hyphae is visible; m—n scattered diatom coverage on Porphyra
umbilicalis (m) and Ulva lactuca (n); o Desmarestia aculeata, part of
branch with low number of epiphytic diatoms. Scale bars: b-d, g, i,
1=10um; f, j=20 pm; a, h, k=50 pm; m, n= 100 pm;
e, 0 = 200 um

and Jiang 1986), cells mg~' dry weight (Snoeijs 1994,
1995; Tanaka 1986) or relative abundance (Main and
Mclntire 1974; Sullivan 1977, 1979; Moncreiff et al. 1992;
Siqueiros-Beltrones et al. 1985, 2005; Sutherland 2008),
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Fig. 5 Most abundant epiphytic
diatoms on seaweeds from
Iceland in scanning electron
microscopy. a-b Motile forms:
a Nitzschia cf. amphibia;

b Navicula perminuta. c¢—i Erect
forms: ¢ Achnanthes cf.
brevipes var. parvula;

d Gomphoseptatum aestuarii
attached to the substratum by a
mucilaginous stalk; e Hyalosira
cf. delicatula; f Tabularia
investiens; g colony of
Tabularia fasciculata attached
to the substratum by a mucus
pad; h Pseudogomphonema
plinskii attached to seaweed
surface by a mucus pad;

i Rhoicosphenia marina in
girdle view attached to the
substratum by mucus pad.

Jj—k Adnate forms: j Cocconeis
stauroneiformis; kK Cocconeis
scutellum var. scutellum. Scale
bars: a, b, e, h =2 um; ¢, d, f,
i-k=5um; g=10 um

Table 2 Distance-based permutational multivariate analysis of vari-
ance (PERMANOVA) carried out on the whole data set

Source df MS F P
MO 2 10937.4754 3.28 *
SP (MO) 6 3339.4364 3.16 HkE
Residual 18 1056.5438

Total 26

df Degree of freedom, MS mean square, MO morphotype, SP species
*x P < 0.001, * P <0.05

overall making data from different studies
comparable.

The differences observed in the distribution of the epi-
phytic diatoms on the investigated seaweeds can be partly
explained considering the morphological differences of
hosts, in terms of both thallus gross morphology and sur-
face characteristics. Marine macroalgae have been cate-
gorized into functional form groups having an ecological
meaning, considering factors such as production rates and
resistance to grazing and hydrodynamism (Littler 1980;
Littler and Littler 1980; Steneck and Watling 1982).
However, in this study, we do not refer to such classic
categories, as we considered a subdivision of seaweeds

hardly

based on the kind of surface available for the microepi-
phyte colonization. In this sense, we grouped together
Polysiphonia lanosa and Fucus spp., although they belong
to different ecological groups. Algal thalli of Fucus and
Polysiphonia, which offer articulated and diversified sur-
faces with a high number of microstructures (e.g., grooves,
edges, rims) hosted more abundant and richer communities
than thalli with flat and smooth surface, which due to their
flexible nature let the epiphytic attachment very hard: this
fact is stressed in a number of red algae, due to the slimy
nature of their cell walls. Wuchter et al. (2008) already
reported from the North Sea that diatoms were almost
absent from the smooth and slimy surface of Laminaria
digitata, which offers little protection against grazing and
abrasion. Round (1981) found out that the physical nature
of the host surface may affect the epiphyte selection, as
comparing the epiphyte density on the stipes of two Lam-
inaria species higher densities occurred on species having
a rough surface than smooth.

The vertical distribution of epiphytic diatoms on Fucus
and Laminaria species showed higher abundance on the
frond than on the stipe because of the optimal light avail-
ability (Cebrian et al. 1999; Miiller 1999). However, such
concept cannot be generalized to all seaweeds, because in
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Table 3 Student-Newman—Kuels (SNK) analysis carried out on the three growth forms of diatoms (adnate, erect, motile)

Morphotype Source df MS F P SNK morphotype SNK species
Adnate MO 281.9 4.02 ns na na
SP (MO) 70.2 2.34 ns
Residuals 18 30.1
Total 26
Erect MO 3347919.1 1.67 ns na
SP (MO) 1999033.1 26.16 ok HBT: Fv > Fe > PI
PBT: ns
SST: ns
Residuals 18 76422.5
Total 26
Motile MO 2 777 13.94 o HBT > [PBT, SST] HBT: Fv > [Fe, Pl
PBT: ns
SST: [Ul, Pu] > Ds
SP (MO) 6 5.6 4.57 ns
Residuals 18 1.2
Total 26

df Degree of freedom, MS mean square, ns not significant, na not applicable, MO morphotype, SP species, HBT highly branched thalli with
articulated surface, PBT poorly branched thalli with flat surface, SST soft and sheet-like thalli with smooth surface, Fe Fucus evanescens, Fv
Fucus vesiculosus, Pl Polysiphonia lanosa, Ds Delesseria sanguinea, Pu Porphyra umbilicalis, Ul Ulva lactuca

*##% P <0.001, ** P <0.01

some red algae the younger parts (i.e. the apical ones) are
the less colonized by epiphytes due to the different physical
and/or chemical nature of outer cuticle (Perrone pers. obs.).
Diatom taxa having higher adhesive strength (Cocconeis
and Achnanthes species) were more abundant on fronds
than on stipes because they can tolerate adverse hydrody-
namic conditions such as the wave action (Tanaka 1986).

Regarding the species composition in the investigated
macroalgae, although some taxa have been recorded only
in selected hosts, as Achnanthes brevipes, which has been
found only on Fucus spp., we did not point out any clear
host specificity. Sullivan (1984) reported that the most
abundant diatoms on seaweeds from jetty habitat did not
appear on adjacent seagrass bed. Nevertheless, he sug-
gested that the host specificity may be only apparent. Main
and MclIntire (1974) found in the Yaquina estuary an
epiphytic microflora composed mainly of Cocconeis,
Achnanthes, Licmophora, Melosira, Synedra and Gom-
phonema species and they stated that no evidence of host—
epiphyte specificity may be pointed out. Similar conclu-
sions have been reported by Siver (1980) in freshwater
environment which observed a similar diatom composition
in four macrophyte species.

The growth forms of epiphytic diatoms differed among
the investigated seaweeds. Adnate diatoms (Cocconeis and
Amphora) seem to be more markedly affected by the
structure of host surface, with increasing cell abundances in
thalli which offer a more complex microarchitecture for

@ Springer

colonization, while they were absent in soft thalli with
smooth surface. These results agree with those of Snoeijs
(1994, 1995), who reported that adnate diatoms were
clearly affected by the kind of available surface, showing a
lower abundance in thin filamentous thalli. In this study,
motile diatoms represented only a minor fraction of the
epiphytic communities and they occurred almost only on
highly branched thalli with articulated surface of Fucus
spp. and Polysiphonia lanosa. The dominance of motile
diatoms has been also observed in diatom communities
epibiontic on the marine Mediterranean hydroid Eudend-
rium racemosum Gmelin (Romagnoli et al. 2007), which
was explained in terms of a selective advantage by raphid
diatom taxa in moving across the substratum for optimum
nutrient supply and light availability (De Nicola and
Mclntire 1990; Hudon and Legendre 1987). Raphid
diatoms are the most frequent earlier algal colonizers of
natural and artificial substrata, where they make the con-
struction of the primary biofilm through mucilage
production (Higgins et al. 2003; Wetherbee et al. 1998).
The dominance of erect growth forms (Achnanthes and
Tabularia) on seaweeds from Iceland can be interpreted as
an expression of mature and stable epiphytic community
(Hameed 2003; Tanaka and Watanabe 1990; Tuji 2000).
In this study, we suggested that both the architecture of
the macroalgal thallus and the surface characteristics may
have a role in affecting the abundance and taxonomic
composition of the epiphytic diatom communities.
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However, any host effect on epiphytic communities which
may have been recognized in ecological studies may be
explained invoking a number of more reasons, such as
chemical interactions, different life cycles of hosts and also
the different environmental conditions that may have been
experienced by hosts, making difficult to isolate a single
major factor.
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