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Abstract The microalgal community associated with
Eudendrium racemosum, a marine hydroid widely dis-
tributed in the Mediterranean Sea, was studied during
an annual cycle, at monthly frequency, in a coastal sta-
tion of the Ligurian Sea. Microalgae were represented
mainly by diatoms, which exhibited higher abundance
and biomass values between autumn and spring (max
46,752 cells mm~2 and 1.94 pg C mm™2, respectively),
while during summer a significant decrease was
observed (min 917 cells mm~2 and 0.013 pg C mm2).
High levels of abundance of filamentous cyanobacteria
were observed in summer. Spatial distribution of epibi-
ontic microalgae showed a markedly increasing gradi-
ent from the basal to the apical part of hydroid
colonies. Considering the growth forms of diatom com-
munities, motile diatoms (mainly small naviculoid
taxa) were the most abundant in all the periods.
Adnate (Amphora and Cocconeis spp.) were distrib-
uted mainly in the basal and central part of hydroid
colonies and showed two peaks (autumn and summer).
Erect forms (mainly Tabularia tabulata, Licmophora
spp., Cyclophora tenuis) were mainly distributed in the
apical part of the colonies and showed their maximum
densities in spring-summer. Tube-dwelling (Berkeleya
rutilans, Parlibellus sp.) were observed at low densities
throughout the study period, without any significant
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temporal or spatial variability. Comparing the microal-
gal communities on marine hydroid to those grown on
mimic substrata placed in the sampling station during
summer, significantly higher values of abundance were
observed in the hydroid, suggesting that microalgae
may benefit from the polyp catabolites. This fact was
particularly evident for the adnate diatoms, whose
temporal trend paralleled the cycle of hydroid host.

Introduction

Microphytobenthos represent an important component in
the ecology of aquatic ecosystems, both for their contri-
bution to primary production and for their role in mediat-
ing oxygen and nutrient fluxes between substrate and
water column, as well as for their role in the trophic chain
(Mac Intyre et al. 1996). Among benthic microalgal com-
munities sensu Round (1971, 1981), the most closely stud-
ied are those associated with soft bottom sediments
(epipelon), for which abundance, composition, biomass
and productivity values have been reported for many
areas of both intertidal and subtidal habitats (de Jonge
and Colijn 1994; Barranguet et al. 1997; Sundbéck et al.
2000; Welker et al. 2002; Totti 2003). On the other hand,
microalgae associated with hard substrata, such as rocks
(epilithon), macrophytes (epiphyton) and animals (epi-
zoon) are poorly known, and most data refer to freshwa-
ter habitats. In the specific case of epizoic communities,
knowledge is largely descriptive (Bodeanu 1987-1988;
Cerrano et al. 2000, 2004a, b; Gillan and Cadée 2000; Patil
and Anil 2000; Di Camillo et al. 2005; Totti et al. 2005).
Sessile invertebrates offer an excellent substratum
for benthic microalgal growth because (1) they provide
additional substrata to be colonized, beside the hard
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rocks, or (2) microalgae benefit from a raised position
avoiding covering by sediment, or (3) microalgae may
take advantage of the host’s metabolic products, or (4)
they are better protected against grazing, which occurs
more rarely on live animals (Round 1981). The first
reports on the colonization of animals by benthic mic-
roalgae date from 1949, when a rich diatom flora was
reported on the bivalve Pinna nobilis (Round 1971 and
references therein). Today, several animal phyla are
known to host diatoms as epibionts: ciliates, sponges,
hydrozoans, molluscs, crustaceans and also vertebrates
(Round 1981; Round et al. 1990).

Sedentary animals with hard shells are the best hosts
for epibiontic microalgae, while more vagile animals are
less frequently colonized (Round 1981). It has been
noted that the epizoic microflora often reflect those of
the substrata where the animal host lives (Bodeanu
1987-1988). However, a number of associations
between algae and animals show a high degree of speci-
ficity: e.g. the diatom genus Pseudohimantidium is
known to occur only in association with a few marine
Crustaceans, whereas Synedra cyclopum lives in associa-
tion with freshwater ones. A specialized diatom microfl-
ora (Bennettella and Epipellis) grow over the whale skin,
and marine birds bear dense populations of diatoms on
their ventral body (Round et al. 1990). The diatom Por-
annulus contentus has been reported only in association
with a few Antarctic sponges (Hamilton et al. 1997,
Cerrano et al. 2004b), where it forms dense mats over
the sponge surface. The relationships between algae and
animals are not restricted to the epibiosis only. A num-
ber of Antarctic sponges have been found to host rich
diatom communities, due to their ability to incorporate
planktonic diatoms through the exopinacocytes of the
sponge surface or the endopinacocytes of the inhalant
canals. Diatoms remain alive for a long time inside the
sponge tissues before being utilized as a food source
(Cerrano et al. 2004a; Totti et al. 2005).

It has long been known that marine hydrozoans rep-
resent a highly suitable substratum for diatom coloniza-
tion. Round etal. (1961) described diatom species
grown on the hydroid Amphisbetia (formerly Sertularia)
operculata and reported that different communities
developed, depending on the current and sedimentation
regimes. In several cases, a specificity for the host parts
was also reported: Siqueiros-Beltrones etal. (2001),
describing diatom colonization on the hydroid Cam-
panularia integra (formerly FEucopella caliculata),
reported that monospecific communities of Cocconeis
notata occurred inside the hydrotheca, while small navic-
uloids diatoms lived inside the gonophores. Recently, Di
Camillo et al. (2005), investigating the diatom communi-
ties associated to several species of marine hydroids,
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highlighted the existence of specific associations: Clytia
linearis hosted Cylindrotheca sp. in the internal side of
the theca, while Cocconeis pseudonotata in the external
side and in the pedicels. Campanularia hincksii was colo-
nized by the diatom Cocconeis notata exclusively inside
the theca. Synthecium evansi hosted Navicula sp. inside
the theca, and several Cocconeis spp. outside. The dispo-
sition of diatoms on hydroids shows that, even at an
extremely reduced spatial scale, a marked selection for
the microenvironment occurs: diatoms living in the
intrathecal space seem to gain some specific advantages,
such as protection and availability of metabolic products
from the host, while the disposition of diatoms in the
grooves of theca and pedicels seems to be related to an
“edge” effect reported for epilithic communities as well
(DeNicola and McIntire 1990).

Eudendrium racemosum is a common Mediterra-
nean hydroid characterized by large colonies and
widely found in both natural environments and pol-
luted ones. While this species appears in natural envi-
ronments only during the summer period, in harbours
it occurs year-round, with a series of shortened life
cycles (Bavestrello et al. 2006). Previous observations
pointed out that they were richly epibionthed by dia-
toms (Di Camillo et al. 2005). In this study, our aim is
to describe the diatom communities associated with E.
racemosum throughout an annual cycle in the Ligurian
Sea, considering their seasonal and spatial variability
(i.e. distribution along hydroid colonies) in terms of
abundance, biomass and community structure. We also
set out to test the existence of host specificity by com-
paring communities observed on FEudendrium with
those grown on artificial mimic substrata.

Materials and methods
Sampling

Eudendrium racemosum 1is an athecate hydroid
(Fig. 1a) characterized by polyps bearing a long cnido-
phore (Fig. 1b, ¢). The gonophores are styloid, com-
posed by several series of spherical chambers in the
male (Fig. 1d) and by groups of eggs enveloped in bifid
spadix in the females (Fig. 1e). Hydroid samples were
collected on a concrete quay of the Santa Margherita
Ligure harbour (Ligurian Sea), at a depth of 0.5 m,
from October 2002 to October 2003, at monthly fre-
quency. For each sampling, ten colonies of hydroid
were collected and preserved in filtered seawater (on
0.45 pm porosity GFF filters) and formalin 4%.

In April 2003, 15 mimic substrata (Teflon) having a
similar shape and height of hydroid colonies were
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Fig. 1 a Colony of Eudendri-

um racemosum showing the

apical (Ap), central (Cen) and Ap
basal (Bas) portions; b partic-
ular of a branch: 4y hydranth,
cn cnidophore, pe pedicel; ¢
hydranth with cnidophore; d
male gonophore; e female
gonophore. Scale bars:a 1 cm;
b, d, e 500 pm; ¢ 200 pm

Cen

Bas

placed in the same quay after sterilization by boiling.
They were left there and collected every month from
May to October 2003.

After collection, both natural and artificial samples
were treated for the following purposes: (1) taxonomic
determination and counting of epibiontic microalgae
for an estimate of their abundance and biomass; (2)
observation of the most relevant diatom species under
the Scanning Electron Microscope (SEM) after clean-
ing procedure; (3) SEM study of hydroid samples for in
situ observation of the diatom community.

Density and biomass of epibiontic microalgae
Hydroid colonies (three replicates) were cut in three

parts (basal, central and apical), using a lancet (Fig. 1a).
Each part was measured using a stereomicroscope, in

terms of length and width of main stem and of all pri-
mary and secondary branches. Then, each colony part
was placed in glass tubes filled with filtered seawater
and treated in an ultrasonic bath to allow detachment
of epizoic diatoms: samples were sonicated for 10’ a
number of times, with 5’ intervals between successive
treatments to avoid excessive heating. A maximum of
2h were required for complete detachment of algal
cells from the hydroid colony.

The suspension containing algal cells was adjusted
to a final volume of 20 ml with filtered seawater and
2% neutralized formalin in Falcon tubes. These sam-
ples were then analysed for the microalgae count with
the Utermohl method, modified in accordance with
Totti et al. (2004). Counting has been effected at the
inverted microscope at 400 x magnification, on 1-2
transects or on 30 casual fields, to count a minimum of
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300 cells. This count was integrated with the count on
the whole sedimentation chamber at 200 x magnifica-
tion, with the aim of obtaining a more correct estimate
of less frequent taxa with higher biovolume. Finally,
microalgae abundance were expressed as number of
cells per mm? of hydroid. During counting, cells were
measured to estimate cell biovolumes. Biomass was
calculated following Strathmann (1967) and expressed
as pg C mm~2 of hydroid.

Epibiontic diatoms were subdivided into the growth
forms identified by Round (1981): erect (i.e. species
attached to the substrate through mucus pads or
peduncles), adnate (species lying on the substratum
through the valve face and having a limited motility),
motile (biraphid diatoms that can move freely on the
substrata), tube-dwelling (i.e. naviculoid and nitzschi-
oid diatoms living in mucilage tubes of their own mak-
ing) and planktonic (i.e. true plankton species that
settle on the substratum and remain healthy).

Cleaning procedure

The taxonomic determination of diatoms at species
level is generally possible only after observation of the
ultrastructural details of their frustules by SEM analy-
sis, previous removal of organic matter. For each sam-
pling, one hydroid colony, previously cut in three parts
(basal, central and apical), was treated with the clean-
ing method of von Stosch (Hasle and Syvertsen 1997).
Before SEM observation, one or more drops of
cleaned material were poured on a Nucleopore poly-
carbonate filter fixed on a stub and left to air dry com-
pletely. Then, the stub was sputter coated with a thin
layer of gold-palladium.

SEM observation of hydroid samples

Both the counting and the cleaning procedures result
in a complete detachment of diatoms from hydroid col-
onies. To observe the diatom communities as they
were originally settled on the substratum, one colony
for each sampling was treated as follows: small pieces
(~10 mm) were cut from basal, central and apical part
of hydroid colony, dehydrated by immersion in alcohol
at increasing gradations, and treated in a Critical Point
Dryer. Then, each hydroid piece was placed on a stub
and sputtered with gold-palladium for observation
under the SEM (Philips EM 515, 25 kV)

Statistical analysis

Differences in terms of microalgae abundance and bio-
mass among different hydroid parts, seasons and

@ Springer

between natural and artificial substrata were tested by
analysis-of-variance (MANOVA), using Statistica
(StatSoft, Tulsa, OK, USA) software. When significant
differences for the main effect were observed
(p <0.05), a Tukey’s pairwise comparison test was also
performed.

Results

Microalgal communities grown on Eudendrium racemo-
sum mainly consisted of diatoms throughout the period
studied. On the hydroids, the diatoms colonized only
the portion covered by perisarc, while they were never
recorded on the hydranth (Fig.2a). Among diatoms,
also a rich bacterial mat covered the perisarc (Fig. 2b).
Recorded taxa are listed in Table 1. Higher values of
diatom abundance and biomass were observed between
October 2002 and April 2003, with two peaks in winter
and in spring, whereas there was a sharp decrease in late
spring-summer (Fig. 3a, b). Diatom abundance values
ranged from 46,752 + 24,684 cells mm~2 in February
2003 to 917 & 331 cells mm~2 in October 2003, while
biomass ranged from 1.94 £+ 1.94 to 0.013 £ 0.003 pg
C mm~2 for the same periods. In contrast, filamentous
cyanobacteria appeared with high densities between
late spring and summer (Fig. 4a, b), with maximum
abundance of 29,872 + 4,482 cells mm ™2 and biomass
of 0.32 +0.18 ug C mm~2 Algae belonging to other
groups (dinoflagellates, silicoflagellates, unicellular
chlorophyceans and cryptophyceans) occurred only
occasionally. On average, abundance of cyanobacteria
was lower than that of diatoms by 1-2 orders of magni-
tude, except in summer, when diatoms decreased
markedly and cyanobacteria reached their annual max-
imum. Regarding the spatial distribution along the
hydroid colony, diatom abundance and biomass values
were significantly higher in the apical part of hydroid
colonies.

On average, motile diatoms represented the most
abundant fraction of diatom communities (73%), fol-
lowed by adnate (17%), erect (7%) and tube-dwelling
growth forms (3%). Considering biomass, motile dia-
toms represented 48% of the total biomass value, fol-
lowed by erect (25%), adnate (18%) and tube-dwelling
diatoms (9%).

Temporal variability of epibiontic communities

Mean abundance and biomass values were calculated
for each season (Table2). Mean diatom abundance
was higher in winter (21,612 + 18,482 cells mm~2) than
in any other period, while summer abundance (3,636 +
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<« Fig. 2 Epibiontic microalgal communities on Eudendrium rac-

emosum 1. a Portion of a colony of E. racemosum showing a com-
pletely developed polyp: a rich assemblage of microalgae
dominated by Licmophora spp. cover the pedicel under the pol-
yp- b Bacterial mat on the perisarc of the hydroid colony. e-d Mo-
tile diatoms: ¢ Plagiotropis sp. and d Tryblionella constricta lying
on the surface of the colony. e-i Adnate diatoms: e specimens of
Cocconeis convexa colonizing a clean surface of E. racemosum; a
colony of erect diatoms (Opephora sp.) is also present; f speci-
mens of Amphora spp., bacteria and filamentous cyanobacteria
colonizing a clean surface of E. racemosum.; g dense population
of Amphora spp. growing on macroalgal filaments over the hy-
droid; h cells of Amphora spp. and Cocconeis neothumensis var
marina settled in the grooves between annuli; i Amphora sp. par-
tially covered by bacteria. Scale bars (um): a 200; b, h 20; ¢, f 10;
e, g50;d,i5

3,467 cells mm~2) was significantly lower than that
observed in winter (p <0.0005) and in the other sea-
sons (p < 0.005). Diatom biomass showed a trend com-
parable to that of density: the values observed in
summer (0.079 4 0.097 ug C mm~2) were significantly
lower than those observed in winter (0.751 + 0.654 pg
Cmm~2, p<0.0005) and spring (0.654 4 1.003 ug
C mm~2, p < 0.005).

In terms of the composition of diatom communities,
a marked seasonal variability was observed, with each
growth form following a different trend. Motile dia-
toms consisted mainly of small-undetermined navicu-
loid forms, followed by Navicula cf. consentanea,
Psammodictyon mediterraneum, Plagiotropis  sp.
(Fig. 2¢), Caloneis alpestris, Campylodiscus spp., Dipl-
oneis spp. Tryblionella constricta (Fig.2d) and Nitzs-
chia spp. They showed their maximum abundance
between October and April, with a decrease in March
(Fig. 5a). Mean seasonal abundance was highest in
winter, while the minimum values were observed dur-
ing the summer months. Abundance values observed
in summer were significantly lower than those
observed in the other seasons (p < 0.0001, Table 2).

Adnate diatoms mainly belonged to the genera
Amphora (A. cf. ovalis var. pediculus, A. coffeaeformis
and other Amphora spp.) and Cocconeis (C. scutellum,
C. stauroneiformis, C. neothumensis var. marina, C.
convexa) (Fig.2e—i). They showed two maxima, in
autumn-winter and in spring—early summer, while a
decrease was observed in late winter (Fig. 5b). Mean
seasonal abundance values were significantly higher in
autumn than in summer (p < 0.05, Table 2).

Erect diatoms showed their maximum develop-
ment between autumn and spring, with a marked
decrease in summer (Fig. 5¢). On average, abundance
values observed in summer were significantly lower
than those recorded in winter and in spring
(p <0.0005, Table 2). Erect diatoms showed a higher
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species diversity compared to the adnate: the most
important were Licmophora spp. (e.g. L. abbreviata,
L. oedipus, L. flabellata), Tabularia tabulata, Ope-
phora cf. pacifica, Grammatophora marina, Cyclo-
phora tenuis, Synedra spp. and Neosynedra sp.
(Fig. 6a—f). In April, when erect diatoms reached
their annual maximum, Licmophora spp. represented
85% of this growth form. Due to their large size, erect
diatoms made a significant contribution to total bio-
mass (Fig. 7).

Tube-dwelling diatoms were observed throughout
the study period (Fig. 5d), with two species: Berkeleya
rutilans and Parlibellus sp. (Fig. 6g, h). Maximum val-
ues were observed in summer, with peaks occurring in
June and September, but no significant differences
among seasons were observed in terms of either den-
sity or biomass (Table2). Planktonic species were
observed occasionally only during winter, at very low
densities.

Cyanobacteria consisted mainly of filamentous
forms attributed to Oscillatoria lutea, followed by
Spirulina subsalsa and cf. Borzia sp. (Fig. 6i, j). Cyano-
bacteria showed markedly seasonal behaviour (Fig. 4a,
b). A rapid increase was observed in spring, and maxi-
mum abundance values were recorded during summer.
On average, summer abundance (9,610 & 10,266
cells mm~2) was significantly higher than that observed
in autumn and winter (p < 0.0001). The temporal trend
of biomass followed that of density, and the summer
values (0.081 4 0.116 pg C mm~2) were significantly
higher than those observed in the other periods
(p <0.0001, Table 2).

Spatial distribution of epibiontic communities

Mean abundance and biomass values for each portion
of hydroid colonies are shown on Table 3. Comparing
microalgal density among the apical, central and basal
parts of hydroid colonies, the abundance values
observed in the basal part (6,521 & 7,860 cells mm2)
were significantly lower than those of the central
(15,373 & 19,239 cells mm ™2, p < 0.05) and apical parts
(17,759 £ 17,926 cells mm~2, p < 0.01). A similar distri-
bution was observed for the biomass, with the values
recorded in the apical part (0.42 +0.71 ug C mm~?)
being significantly higher than those of the basal por-
tion (0.16 + 0.2 pg C mm 2, p < 0.005).

Looking at the spatial distribution of diatom growth
forms, a different pattern of distribution was observed:
while motile and erect diatoms were significantly more
abundant on the apical part, adnate and tube-dwelling
diatoms were distributed in a uniform pattern (Table 3).
On the average, the abundance values of cyanobacteria
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Table 1 List of microalgal taxa recorded on Eudendrium racemosum during the study period

Diatoms

Achnanthes brevipes Agardh

Achnanthes cf. minutissima Kiitzing

Achnanthes longipes Agardh

Amphora cf. coffeaeformis (Agardh) Kiitzing
Amphora cf. ovalis var. pediculus Kiitzing
Amphora spp.

Asterionellopsis glacialis (Castracane) Round
Bacillaria paxillifera (O.F. Miiller) Hendey
Berkeleya rutilans (Trentepohl) Grunow
Biddulphia sp.

Caloneis alpestris (Grun.) Cleve

Campylodiscus cf. clevei Peragallo

Campylodiscus cf. decorus var. eudecora Peragallo
Campylodiscus cf. decorus var. pinnata Peragallo
Campylodiscus cf. fastuosus var. fastuosus Ehrenberg
Campylodiscus cf. thuretii Bréb.

Chaetoceros spp.

Climacosphenia sp.

Cocconeis convexa Giffen

Cocconeis molesta Kiitzing

Cocconeis neothumensis var. marina De Stefano, Marino et
Mazzella

Cocconeis scutellum var. parva Grunow in Van Heurck
Cocconeis scutellum var. posidoniae De Stefano, Marino et
Mazzella

Cocconeis scutellum var. scutellum Ehrenberg
Cocconeis stauroneiformis (W.Smith) Okuno
Cyclophora tenuis Castracane

Cylindrotheca closterium (Ehr.) Lewin et Reimann
Diatoma vulgare Bory

Diploneis cf. oestrupii Hustedt

Diploneis crabro Ehrenberg

Diploneis crabro var. excavata Hustedt

Diploneis oculata (Breb.) Cleve

Diploneis smithi var. constricta Heiden, Heiden et Kolbe
Diploneis sp.

Entomoneis ornata (J. W. Bail.) Reim.
Entomoneis sp.

Fragilariopsis sp.

Grammatophora angulosa Ehrenberg
Grammatophora marina (Lyngbye) Kiitzing
Gyrosigma sp.

Haslea sp.

Licmophora cf. abbreviata Agardh

Licmophora cf. dalmatica (Kiitzing) Grunow
Licmophora cf. inflata Mereschkowsky

Licmoph ora cf. gracilis (Ehrenberg) Grunow
Licmophora cf. juergensii Agards

Licmophora flabellata (Carm.) Agardh
Licmophora oedipus (Kiitzing) Grunow
Licmophora reichardtii Grunow

Licmophora sp.

Licmosphenia sp.

Mastogloia undulata Grunow

Melosira sp.

Microtabella sp.

Navicula cf. consentanea Hustedt

Navicula cf. distans (W.Smith) A.Schmidt
Navicula sp.

Neosynedra sp.

Nitzschia cf. plana W. Smith

Nitzschia cf. romana (Grunow) Grunow

Nitzschia cf. sigma (Kiitz.) W.Smith

Nitzschia longissima (Bréb. in Kiitzing) Ralfs in Pritchard
Nitzschia “sigmoideae group”

Odontella sp.

Opephora cf. pacifica (Grunow) Petit

Parlibellus sp.

Pinnularia sp.

Plagiotropis sp.

Pleurosigma sp.

Psammodictyon mediterraneum (Hustedt) Mann
Pseudo-nitzschia cf. fraudulenta (Cleve) Hasle
Pseudo-nitzschia sp.

Rhabdonema adriaticum Kiitzing

Rhabdonema cf. minutum Kiitzing

Rhabdonema cf. hyalinum Meunier
Rhizosolenia sp.

Skeletonema marinoi Sarno et Zingone
Stauroneis sp.

Striatella unipunctata (Lyngbye) Agardh
Surirella ovata Kiitzing

Surirella sp.

Synedra fulgens var. mediterranea Grunow
Synedra sp.

Tabellaria cf. fenestrata (Lyngbye) Kutzing
Tabularia tabulata (Agardh) Snoeijs
Thalassionema bacillare (Heiden in Heiden et Kolbe) Kolbe
Thalassionema frauenfeldii (Grun.) Hallegraeff
Thalassionema nitzschioides (Grun.) Mereschkowsky
Thalassionema sp.

Toxarium hennedyanum (Gregory) Pelletan
Trachyneis aspera Ehb.

Trachyneis sp.

Tryblionella constricta (Kiitzing) Poulin

cf. Cymbella cistula (Hemprich) Grunow

cf. Epithemia sp.

cf. Glyphodesmis sp.

cf. Gomphonema sp.

cf. Opephora gemmata (Grun.) Hustedt

cf. Rhabdonema sp.

Und. pennate diatoms

Dinoflagellates

Alexandrium spp.

Oxytoxum crassum Schiller

Oxytoxum spp.

Prorocentrum compressum (Bail.) Abé
Prorocentrum lima (Ehr.) Dodge
Prorocentrum micans Ehr.
Protoperidinium diabolus (Cl.) Bal.

Chlorophyceae
Scenedesmus spp.

Silicoflagellates

Dictyocha fibula Ehr.

Dictyocha staurodon Ehr.
Octactis octonaria (Ehr.) Hovasse

Cyanobacteria

cf. Borzia sp.

Oscillatoria lutea C. Agardh ex Gomont
Spirulina subsalsa Oersted

Others
Coccoids
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were higher at the central (6,606 & 10,262 cells mm~2)  Epibiontic microalgae on mimic substrata
and apical parts (5,726 + 9,873 cells mm~?2) than at the

basis (2,834 + 4,416 cells mm~2), but these differences  The analysis of epibiontic microalgae on the mimic
were not significant. substrata showed a markedly increasing gradient from
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Table 2 Mean abundance (cells mm~2) and biomass (ug C mm~2) + SD of epibionthic microalgae calculated for each season and re-

sults of the ANOVA and Tukey’s tests

Autumn Winter Spring Summer ANOVA  Tukey’s test (p < 0.05)
p-level
Total diatoms
Abundance 17,441 £17,750 21,612 + 18,482 18,246 + 19,980 3,636 + 3,467 <0.0001 Summer <
(autumn, winter, spring)
Biomass 0.373 £ 0.374 0.751 £ 0.654 0.654 £ 1.003 0.079 £ 0.097 <0.0001 Summer <
(winter, spring)
Motile
Abundance 14,106 + 15,128 17,250 + 16,880 14,189 £ 15,934 2,292 £+ 1,990 <0.0001 Summer <
(autumn, winter, spring)
Biomass 0.182 £ 0.192 0.344 £ 0.344 0.181 £ 0.174 0.024 £+ 0.019 <0.0001 Summer <
(autumn, winter, spring)
(autumn and spring)
< Winter
Adnate
Abundance 2,040 + 1,664 1,581 + 1,502 1,599 + 1,127 1,006 + 1,332 <0.05 Summer < autumn
Biomass 0.040 £ 0.029 0.033 £ 0.031 0.034 £ 0.018 0.029 £ 0.043 ns
Erect
Abundance 1,155 +1,121 2,487 £ 2,312 2,281 + 3,674 130 + 186 <0.0001 Summer <
(winter and spring)
Biomass 0.139 £+ 0.190 0.349 £ 0.491 0.421 £ 0.831 0.008 £+ 0.010 <0.001 Summer <
(winter and spring)
Tube-dwelling
Abundance 133 £217 198 £+ 310 164 + 217 205 + 458 ns
Biomass 0.011 £+ 0.019 0.020 £ 0.031 0.017 £ 0.025 0.019 £ 0.050 ns
Cyanobacteria
Abundance 1,041 2,618 812 +2,773 6,056 £ 10,468 9,610 £10,266  <0.0001 (autumn and winter)
< Summer
Biomass 0.008 + 0.016 0.006 £+ 0.018 0.023 £+ 0.030 0.081 £ 0.116 <0.0001 (autumn, winter and spring)
< Summer

the basal to the apical part. On average, the values for
abundance (4,014 & 1,531 cellsmm™2) and biomass
(0.056 £ 0.030 pg C mm~2) on the apical part were
significantly higher than those observed at the basis
(respectively, 1,374 1,150 cellsmm~2 and 0.017 +
0.013 pg C mm~2, p < 0.005). Abundance and biomass
values observed in the apical part of artificial substrata
were higher in May (6,175 cells mm~2 and 0.1097 pg
C mm~2, respectively), while minimum values were
observed in June (2,460 cellsmm™2 and 0.0243 pg
Cmm™2).

Epibiontic microalgae grown on artificial substrata
were compared to those that settled on E. racemosum
in the same period (May-October 2003). On average,
diatom abundance values were significantly lower on
artificial substrata (2,521 & 1,784 cells mm~2) than on
the hydroid (4,737 & 3,919 cells mm~2, p <0.01). The
same pattern was observed for diatom biomass, which
showed significantly lower values on mimic substrata
(0.033 £0.027 uig Cmm~2) than on E. racemosum
(0.093 £+ 0.088 ug C mm~2, p < 0.005). Cyanobacteria
exhibited higher values on E. racemosum than on arti-
ficial substrata only in terms of biomass, due to a differ-
ent species composition.

Considering the temporal trend of microalgae in both
the hydroid and artificial substratum, diatom biomass
values on E. racemosum were higher than those on
mimic substrata only in the first period (May—August),
while this difference was not recorded afterwards
(Fig. 8a). The same trend was observed for all the dia-
tom growth forms, as well as for cyanobacteria (Fig. 8b).
It is interesting to note that, when the decrease of dia-
tom abundance in E. racemosum occurred, the hydroid
colonies had died (no polyps were observed).

Hydroid life cycle

On the studied substratum, colonies of E. racemosum
were present all year around. This species shows peri-
ods with living polyps arising from the hydrocauli and
periods characterized by polyp lacking; in the latter
condition, the hydrocauli remain empty for a long
time, continuing to serve as substrata for epibiontic
microalgae.

The height of each colony of E. racemosum was
measured, and the presence/absence of polyps and
gonophores was recorded (Fig. 9). During the periods
studied, the average height of the colonies decreased
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Fig. 5 Trend of abundance
values (cells mm~2) of diatom
growth forms on Eudendrium
racemosum from October
2002 to October 2003: a mo-
tile; b adnate; ¢ erect; d tube-
dwelling: mean £+ SD
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from 8 to 4 cm between October and January. After-
wards, values increased once again, until July, reaching
8 cm in height. In late summer and autumn the height
decreased to about 4 cm. The polyp density showed
two peaks, one in winter and one in summer 2003, with
little or no polyp presence in spring and autumn.
Unlike the hydrozoans population recorded in unpol-
luted waters, we observed the presence of gonophores
four times during the period studied, in October 2002
and in January, May and August 2003.

Discussion

This study presents the first quantitative data set for
microphytobenthos associated with a marine inverte-
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brate during an annual cycle. Our results show that an
abundant and diversified microalgal community lives
on the surface of the marine hydroid FEudendrium
racemosum, exhibiting markedly seasonal behaviour.
In addition, a “host-effect” on the epibiontic communi-
ties was highlighted.

Most studies on microalgal communities of hard sub-
strata (i.e. epilithic, epiphytic and epizoic), both in
freshwater and marine environments, report only
either relative abundance (Moncreiff et al. 1992; Sher-
wood and Sheath 1999; Michelutti et al. 2003; Comte
et al. 2005), or biomass (DeNicola and Mclntire 1990;
Goldsborough and Hickman 1991; Nelson 1997; Pinck-
ney and Micheli 1998; Ruesink 1998; Ortega-Morales
et al. 2005; O’Reilly 2006) or biovolume (Miiller 1999;
Hillebrand et al. 2000; Busse 2002; Albay and Akcaalan
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<« Fig. 6 Epibiontic microalgal communities on Eudendrium rac-

emosum 1l.a—f Erect diatoms: a Licmophora flabellata colonies
associated with a rich assemblage of other microalgae covering
the stem of hydroid colony; b colonies of Licmmophora flabellata
rising from the organic mat covering the hydroid perisarc through
mucilage stalks; ¢ dense colonies of Licmophora oedipus and L.
abbreviata; d Achnanthes longipes attaching to the substrate
through a mucilage peduncle; e Tabularia tabulata attaching to
the substrate through mucilage pads; f colony of Cyclophora ten-
uis. g=h Tube-dwelling diatoms: g specimens of Berkeleya rutilans
outside their tube; h tube-dwelling diatoms inside their tube. i-j
Cyanobacteria: i filamentous cyanobacteria (Oscillatoria lutea); j
Spirulina subsalsa and bacteria. Scale bars (pm): a 200; b 100; d—
e, h-i20;£10;¢50;g,j5

2003), with only a few reporting density values. Com-
paring diatom densities on E. racemosum to those
observed in other epizoic communities, values were 1-5
orders of magnitude higher than those reported on gas-
tropod Hydrobia ulvae (Gillan and Cadée 2000), mus-
sel shells (Bodeanu 1987-1988) and horseshoe crab
(Patil and Anil 2000). Diatom abundance values
observed in this study were even 1-2 orders of magni-
tude higher than those observed on hard substrata of
temperate marine areas (Hudon and Bourget 1981;
Brandini et al. 2001; Franco 2004), and were compara-
ble to density values of soft sediment intertidal areas,
considered to be the most productive (Admiraal et al.
1982; Delgado 1989; Delgado et al. 1991; Peletier 1996).

Looking at the spatial distribution of microphyto-
benthic communities on the colonies of E. racemosum,
diatom abundance was significantly higher in the cen-
tral and apical parts of the colonies than at their basis.

This pattern of distribution was particularly evident for
motile and erect diatoms, while adnate and tube-dwell-
ing were more abundant in the basal parts. A biomass
increase in the apical parts of the host has frequently
been reported and interpreted as a direct response to
the availability of light (Miiller 1999; Albay and
Akcaalan 2003). However, a host effect may also be
hypothesized, considering that the microalgae in the
apical part of the colony are more directly affected by
the polyp presence (see below).

The microalgal community on E. racemosum was
complex and diversified, showing the presence of all
the growth forms. The presence of a well-developed
assemblage of erect, long-stalked forms indicates that
the communities were in a mature stage. In fact, most
studies about the succession of microalgal communities
on hard substrata demonstrated that a mature commu-
nity, characterized by the development of erect forms,
occurs after 3-5 weeks (Hoagland 1983; Hamilton and
Duthie 1984; Kusakabe 1988; Tanaka and Watanabe
1990; Tuji 2000a; Hameed 2003).

Diatom communities were dominated by motile
forms, followed by adnate, erect and tube-dwelling.
The dominance of motile diatom taxa throughout the
study period suggests that they are the most favoured
of the growth forms under all environmental condi-
tions. The selective advantage of biraphid taxa is tied
to their ability to move into mature mats, making them
superior competitors for nutrients and light (Hudon
and Legendre 1987; DeNicola and Mclntire 1990), while
erect diatoms benefit from a better light exposition
(Tuji 2000b; Wellnitz and Ward 2000), and several

Table 3 Mean abundance (cells mm~2) and biomass (ug C mm~2) + SD of epibionthic microalgae calculated for each hydroid part and

results of the ANOVA and Tukey’s tests

Basal Central Apical ANOVA Tukey’s test (p < 0.05)
p-level
Total diatoms
Abundance 6,521 + 7,860 15,373 £ 19,239 17,759 £+ 17,926 <0.01 Basal < (Central and Apical)
Biomass 0.162 £+ 0.203 0.419 £ 0.707 0.590 £+ 0.673 <0.01 Basal < Apical
Motile
Abundance 4,557 £+ 6,339 12,208 + 16,101 14,136 £ 15,662 <0.01 Basal < (Central and Apical)
Biomass 0.078 £ 0.125 0.179 £ 0.237 0.219 £ 0.290 <0.05 Basal < Apical
Adnate
Abundance 1,384 +£ 1,125 1,685 + 1,657 1,337 £ 1,574 ns
Biomass 0.031 £ 0.024 0.037 £ 0.038 0.031 £+ 0.040 ns
Erect
Abundance 346 £+ 472 1,284 + 2,360 2,095 £ 2,513 <0.001 Basal < Apical
Biomass 0.028 £+ 0.045 0.187 +0.549 0.326 +0.484 <0.01 Basal < Apical
Tube-dwelling
Abundance 218 + 426 177 £ 241 147 £ 351 ns
Biomass 0.024 £+ 0.053 0.015 £ 0.023 0.011 £ 0.024 ns
Cyanobacteria
Abundance 2,834 + 4,416 6,606 + + 10,262 5,726 + 9,873 ns
Biomass 0.017 £ 0.030 0.051 +0.088 0.047 £ 0.105 ns
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species may even regulate the length of their stalks
(Lewis et al. 2002), growing over the underlying mat
and becoming competitors for light in conditions of
dense mat development. The growth of epiphyte mic-
roalgae is generally favoured by a nutrient increase in
the water column, and the response of epiphytes to the
nutrient supply may depend on their position in the
matrix (Burkholder et al. 1990; Hillebrand et al. 2000).
Pringle (1990) demonstrated that adnate taxa, which
lie on the substratum with their valve face and have a
limited motility, may be hampered, in terms of nutrient
supply, by a massive development of erect taxa, being
relatively isolated from the overlying medium when
overgrown by a thick algal matrix. These observations
are in line with our results, which show that adnate and
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Fig. 8 Comparison of diatom (a) and cyanobacteria (b) biomass
(ug C mm~2) on Eudendrium racemosum and on mimic plastic
substrata from May to October 2003

erect taxa develop according to an inverse pattern of
distribution in terms of both space (adnate diatoms
grew preferentially in the basal parts of hydroid
colony, whereas erect forms colonized the apical part)
and time (adnates increased their density in the spring—
summer period, while erect diatoms abruptly decreased
during the same period).

The temporal trend of microphytobenthic communi-
ties during the study period showed a marked seasonal
variability: diatoms showed several peaks during the
year, with the highest densities in winter and the lowest
in summer. Among diatoms, the motile and erect
growth forms reached maximum abundance values in
autumn and winter, with a marked decrease in sum-
mer, while adnate diatoms exhibited two peaks, one in
winter and another in summer. A seasonal pattern of
behaviour by benthic microalgae has been already
described in temperate waters. Microphytobenthic com-
munities exhibit different temporal trends, depending on
latitude and environmental conditions. Unfortunately,
no data exist on the annual variability of epizoic com-
munities. Generally speaking, peaks have been
reported in spring—summer for the epipelic and epi-
lithic communities, due to the increase in the period of
light for both marine (Bodeanu 1987-1988; Barranguet
etal. 1997; Staats et al. 2001) and freshwater areas
(Goldsborough and Hickman 1991; Sherwood and
Sheath 1999; Kahlert et al. 2002). In the Adriatic Sea,
Franco (2004) reported a high-seasonal variability in
the abundance and biomass of epilithic communities,
with maxima in spring and minimum values in winter.

The sharp summer decrease of diatoms observed in
this study may be interpreted in several ways. The
meteomarine conditions of the study area greatly affect
the microalgal communities: during the summer of
2003, exceptionally high-temperature values were
recorded throughout the Mediterranean Sea. In the
Ligurian Sea, during the summer of 2003, surface
temperatures were 2-3°C higher than mean values for
this area (Bozzano et al. 2004). Moreover, these anom-
alous conditions persisted until the end of October,
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and we hypothesize that they may be involved in the
observed decrease of benthic microalgae on E. racemo-
sum. The summer decrease could also be interpreted as
an effect of the grazing pressure. Grazing may remove
a significant part of epiphyte biomass (Mazzella et al.
1992; Nelson 1997; Miiller 1999; Hillebrand et al. 2000),
and a summer increase in grazing pressure has fre-
quently been reported (Galanti and Romo 1997; Miil-
ler 1999; Worm and Sommer 2000). Although the
influence of grazing on microalgae populations has not
been specifically addressed in this study, potential graz-
ers of epizoic communities, such as amphipods and
polychaetes, were often observed in our samples dur-
ing the summer. Moreover, grazing had a selective
effect on the growth forms, being especially intense on
the stalked diatoms, such as Licmophora, which almost
disappeared in summer, while those attached to the
substrata through the entire valve face were less sensi-
tive to the grazers (Underwood et al. 1992; Hillebrand
et al. 2000; Jones et al. 2000).

While diatoms showed their maximum abundance
values in winter, cyanobacteria presented high densi-
ties in spring—summer, with these levels not being
observed during the rest of the year. The summer
increase of cyanobacteria has been often reported in
the literature data for epilithic, epiphytic and epipelic
communities from freshwater, seawater, and even from
hypersaline lagoons, being generically related to their
tolerance for high temperature (Whitton and Potts
1982; Jgrgensen et al. 1983; Pinckney et al. 1995; Miil-
ler 1999; Hillebrand et al. 2000; Albay and Akcaalan
2003; Totti 2003; Ortega-Morales et al. 2005). More-
over, looking at the effect of grazing, Jones at al. (2000)
reported that filamentous cyanobacteria are not easily
grazed.

Diatom communities showed significantly higher
abundance and biomass values on E. racemosum than
on artificial substrata when polyps were living, while
the values were very similar when the polyps were
absent. These results suggest that microalgae, and dia-
toms in particular, obtain some benefits from the
hydroid host. The relationships between epibiontic
microalgae and their hosts have been interpreted in
several ways. Round (1981) observed that the develop-
ment of epibiontic microalgae was enhanced by waste
products of host, while Cognie and Barillé (1999)
pointed out that oyster pseudofaeces stimulated micro-
algal growth. Regarding the epiphytic communities,
several authors hold that macrophytes are used by dia-
toms merely for the purpose of attachment, as they
simply increase the available surface area (Sullivan
1979). The existence of a host specificity was suggested
by Sullivan (1984), as certain epiphytic diatoms were
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distributed only on particular macrophytes, but these
have also been interpreted as a response to different
physical conditions (Sullivan 1981). In contrast, many
authors hypothesized that a nutrient exchange between
the hosts and periphyton would occur (Pinckney and
Micheli 1998; Acs et al. 2003; Albay and Akcaalan
2003). Microalgal communities growing on aquatic
plants are often more abundant and diversified than
those on experimental artificial substrata. Acs et al.
(2003) reported a stimulation of epiphytic microalgae
growth through the secretion of nutrients or organic
compounds by macrophytes. The degree of host speci-
ficity has been related to the trophic conditions of
water column, as the differences between epiphytic
communities on macrophytes and artificial substrata
decrease under eutrophic conditions (Eminson and
Moss 1980; Burkholder et al. 1990; Jones et al. 2000).

Epibiontic microalgae on E. racemosum appear to
be influenced by the host, suggesting that diatoms may
benefit from the polyp catabolites. The hypothesis of
such trophic relationships is enforced by the marked
oligotrophy of the study area (Goffart et al. 2002) and
by the observation that the differences in terms of dia-
tom abundance between hydroid and mimic substrata
were high in the first period, while they decreased at
the end of summer, when polyps died. Further backing
for the hypothesis is provided by observation of the
trend of adnate diatoms in relation to the height of
hydroid colonies (Fig.9), which we can interpret as a
sign of animal health. The trend of adnate diatoms ran
parallel to the cycle of the hydroid host, except in
spring, when the polyps decreased in number and a
rich community of erect diatoms developed (see
above). Adnate growth forms, which live attached to
the substratum and have limited motility, whereas are
hampered in terms of nutrient supply from the water
column, may easily benefit from the nutrient exchange
with the host because of their intimate association with
the latter (Round 1981; Sullivan 1984), especially in
light of the fact that they mainly consist of Amphora
spp., for which facultative heterotrophy has been
reported (Ricard 1987).
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