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Abstract

The role of epiphytes in an intertidal Zostera ingkkagrass bed in Marennes-Oléron Bay
was assessed in comparison with the other mainhigetrimary producers_(Z. noltii,
microphytobenthos) at two bathymetric levels and aoseasonal basis. Assemblage and
biomass of epiphytes were studied using Scanniagti®in Microscopy (SEM). Zostera noltii
and its detrital matter followed a typical seasquattern: microphytobenthos was present in
large quantities throughout the year representibhd® of the total biomass while detrital
matter, above-ground parts and below-ground padsumted for 65, 9 and 5% respectively.

Only two species of epiphytic diatoms, Cocconeigedtum and Cocconeis placentula, were




observed on seagrass leaves. Epiphyte biomass evgdow, representing on average less
than 0.001 % of that of microphytobenthos or leavédss low epiphyte biomass is linked
with the absence of macroalgae and also with twebiovolume of Cocconeis, which formed
a monolayer of cells on leaves. This can be expthlyy the severe conditions of the intertidal

and the high leaf turn-over of Zostera noltii leawve
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1. Introduction

Because of its low palatability, seagrass mataesigjenerally not directly consumed by
invertebrate grazers but mostly enters the detfaad web (Cebridn and Duarte, 1998;
Cebrian, 1999). Invertebrate grazers thus depemnmé o micro- and macro-algae present in
these systems. From the many studies done on ssaigad webs, on numerous seagrass
species and locations, the paradigm has emergedeph@hytic algae constitutes the most
important primary producer supporting the inversgdrfood web in seagrass beds (Kitting et
al., 1984; Moncreiff et al., 1992; Moncreiff and IB@an, 2001; Borowitzka et al., 2006;
Hoshika et al., 2006).

Zostera noltii (Hornemann, 1832) is a mono-meristéerieaf-replacing and fast-growing
seagrass species (Duarte, 1991; Short and Du&®@&) &ccurring along European coasts. It

inhabits the upper parts of mudflats, generallyahdostera marina (Linné, 1753) when both

species are found in the same seagrass bed (Magda £996; Moore and Short, 2006). Z.

noltii is frequently found in intertidal areas wkeit can be exposed to long periods of

emersion and to strong tidal currents. Many studli@ge been conducted to measure the



biomass, the growth and the production of Z. naitiintertidal areagVermaat et al., 1987,
1993; Pérez-Lloréns and Niell, 1993; Philippart93&; Auby and Labourg, 1996; Marba et
al., 1996; Vermaat and Verhagen, 1996; Brun ek@D3). But few authors have attempted to
compare_Z. noltii biomass with the other compon@ftthe seagrass ecosystem (Asmus and
Asmus, 1985; 2000). Doing so, it turns out thatepghytic biomass associated with Z. noltii
leaves in intertidal areas is low (Hootsmans et E)93; Philippart, 1995b; Schanz et al.,
2002) compared to what is usually observed in sesgeds from subtidal habitats
(Borowitzka et al., 2006). In these ones, epiphgtgae contribute on average more than 30
% of the total above-ground biomass.

The present study was undertaken to check wheligetoiv epiphytic biomass can be
considered as a specific feature of the intertidditat and also to identify the possible causes
of this observed feature. We quantified and contp#ne different benthic primary producers
in an intertidal seagrass bed, focusing on thecttra and the biomass of epiphytes. An
annual survey of the biomass of the three benthit@phic components_(Z. noltii,
microphytobenthos and epiphytic algae) and of wétnmatter was carried out at two
bathymetric levels of a seagrass bed situated ireiiees-Oléron Bay (France). A surficial
mapping of epiphyte distribution on shoots was qrened seasonally using SEM to estimate

epiphytic biomass.

2. Materials and methods
2.1. Study site

The study was conducted in a Z. noltii meadow irrdviaes-Oléron Bay, a semi-enclosed
system along the French Atlantic coast (45°54’'N,21W). This macrotidal bay (tidal range
2.4-5.1 m), located between Oléron Island and thmland, receives continental water inputs

mainly from the Charente River whose flow rangesnfrl5 to 500 rhs* (Ravail et al., 1988).



Due to the heavy particulate matter load of themiannual mean 1 g'), suspended matter
concentrations are generally high in the bay, asan above 50 mgL(Struski, 2005). The
seagrass bed is located on the western side dbaihealong Oléron Island, more strongly
influenced by offshore marine waters (Dechambertogl.e 1977). In the bay, tidal current
speeds range from 0.04 to 0.27 t(Struski, 2005). Th&ostera bed extends over 15 km
along the shore and is 1.5 km wide in the upper giathe flat, limited in its lower part by
extensive oyster farm structures (Guillaumont, 3991

Two sampling stations have been studied: a highstition (HFS) and a low flat station
(LFS), located at about 250 m from the upper andefolimits of the seagrass bed,
respectively, and 1 km apart from each other. Bsation was a homogeneous area of 160 m
(50 m x 2 m, i.e. 100 plots of 13nparallel to the coastline. Both stations emerdedng

every low tide, but there were about 5 additioralrs of emersion at the upper station.

2.2. Sampling of Zostera noltii and detrital matter

Zostera noltii and detrital matter were sampledrg\& months from January 2006 to
January 2007. On both stations, four cylindricakso(280 crfy 15 cm deep) were randomly
collected. The core surface area was determinent@iog to the study of Pérez-Llorenz and
Niell (1993), and the number of replicates was mheiteed during a preliminary sampling
following the method of Sfriso and Ghetti (1998)att aims at assessing the accuracy and the
precision of the mean as a function of the sampiwsg.

The sediment was gently sieved through a 500 punirnmethe laboratory with tap water
and whole sieve retained by the mesh was frozen 261°C until further analysis. After
thawing, shoot density was estimated for each sampit. Leaves of 60 randomly selected
shoots were measured to the nearest mm (Auby abdukg, 1996) to estimate total leaf

length and total leaf surface per square metef @esa index, LAI, i m?), by using leaf



width measured by SEM (see Section 3.2). The ssagnaterial was then sorted and divided
into above-ground parts: all green leaves, andvwgl@und parts: rhizomes and associated
roots. Rhizomes were considered alive when crispg &aght brown or ivory white

(Philippart, 1995a). All other material was consetkas detrital matter. Samples were then

freeze-dried and weighed.

For both above-ground and below-ground biomasses emth sampling period, three
aliquots were ground to a powder using a ball amill an accurate mass (0.4-1.2 mg + 0.001
mg) was packed in tin capsules. Sample carbon cbmtas determined using an elemental

analyzer (Euro EA 3024, EuroVector, Milan, Italy).

Non-parametric tests were used because of the depee of data (temporal data) and of
the small size of samples: Wilcoxon bilateral tvemaple tests for paired samples to compare

station data and Kruskal-Wallis tests to compangpteral data.

2.3. Observation and quantification of epiphyteZostera leaves

To quantify the relationship between epiphytes Zodtera leaves, we decided to avoid
methods that could affect epiphyte distribution abdndance on leaves, such as scraping or
chemical extraction (Dauby and Poulicek, 1995)lifrrary tests of epiphyte scraping were
attempted but this method appeared not feasibleutosamples, mainly because of the
slimness of leaves (Moore and Short, 2006). Theeefepiphytic diatoms were directly

studied on Z. noltii leaves using scanning electroaroscopy (SEM) according to Borum et

al. (1984) and Mazzellet al.(1995).

At both stations, Z. noltii shoots were sampled3atates, at the beginning (31/05/2006,

spring), the middle (6/09/2006, summer) and the €1d1/2006, fall) of the vegetative

period. No sampling was done in winter becauséefaimost complete absence_of Z. noltii

shoots. In the field, entire shoots of Z. noltiireecollected randomly and fixed in a 4%



formaldehyde-seawater solution (Jacobs and Not®80;1Reyes et al., 1998). In the
laboratory, 2 shoots with intact leaves were rangaalected for each station. As the growth

rate of Zostera leaves is likely to affect theristtion and abundance of epiphytes (Borum et

al., 1984), 3 leaves per shoot were observed, whsaible: the smallest one (youngest), the
longest one (oldest) and the medium one. For ezaf $urficial mapping of epiphytes was
performed along transects corresponding to the hwait the leaves at 4 levels equally
distributed between the point of insertion of thade-sheath (transect 1) and the leaf apex
(transect 4), adapted from Borum et al. (1984) Rages et al. (1998). Since the leaf growth
occurs at the blade-sheath, transect 1 repredamtgoungest part of the leaf, and transect 4
the oldest.

Leaves were rinsed in distilled water (Mazzellaakt 1995), slightly dried on one face
using a filter paper and glued directly to the spen holder using a double-face carbon
sticky ribbon, without metallization. Observatiomgere carried out using a Philips/FEI
microscope Quanta 200 ESEM/FEG equipped with an XBystem. It was operated at 20
kV in environmental mode at a water vapor pressfifembar in the specimen chamber.

Each transect was fully examined to account for assiply irregular transversal
distribution of epiphytes (Jacobs et al., 1983)ndltii leaves are characterized by the same
structure on both faces (Kuo and Den Hartog, 2084 )we observed only one face per leaf
assuming that there was no difference in epiphyiecsire between both faces such as

demonstrated with_Zostera marina (Jacobs et aB3)19%Cymodocea nodosa (Reyes and

Sanson, 1997) and Posidonia australis (TrautmarBanowitzka, 1999). For each transect,

the width and the height were measured (um).
Epiphytes were counted and measured (length anthadbng the whole transect using
an image analysis software. Four cell types werneld “intact cells”, “broken cells”,

“‘intact hypovalves” and “broken hypovalves”. Eacitaict cell was identified at the species



level when feasible (Round et al., 1990; Rincé,3)9%or biomass estimations, a length to
height ratio of 10:1 was used (Van den Brink etE)97) and the biovolume (V) of each cell
was estimated using the formula: ¥4 xL xW xH, depending on length (L), width (W) and
height (H) (Hillebrand et al., 1999). The biovoluif\d to carbon biomass per cell (pgC cell

) ratio was determined using the relationship PgeE 0.288x V8

(Menden-Deuer and
Lessard, 2000). Epiphyte biomass was estimatedgasson and per station using these carbon
biomass values, epiphyte densities and total kafths per square meter (see Section 2.2),
that have been multiplied by 2 to consider bot $edes.

Distribution of epiphytes (intact cells, brokenlsednd intact hypovalves) among leaves
(oldest, medium and youngest) and among transeadsstudied using density data. Kruskal-
Walllis tests were applied to compare distributi@msong transects on oldest leaves and

among leaves on oldest transects (transect 4)er@iites between means were determined

with the Dunn procedure for multiple comparisongwBBonferroni correction.

2.4. Sampling of microphytobenthos

Microphytobenthos samplings were carried out ex&nmyonths from July 2006 to May
2007 on both stations, using a sampling stratednet® in a former local study (Guarini et
al., 1998). Accordingly, five cores of 181 tmvere randomly taken, and the top 1 cm of the
sediment was collected. The sediment was carefiuitked and an aliquot was gently sieved

through a 500 pm-mesh to separate Z. noltii andtaletnaterial from the sediment. The

sieved sediment was then freeze-dried and kephandark at -20°C until further analysis.
Pigment content of the sediment was extracted ifS8cetone during one night in the dark
with agitation at 4°C ; chlorophyll a was then meas using the fluorometric method

(Lorenzen, 1966). Chlorophyll a values were corecrinto carbon biomass using the



conversion factor (47.63) established by De Joa§8(). The same non-parametric statistics

were applied to compare stations and temporalattdbove.

3. Results
3.1 Annual cycle of Zostera noltii, microphytobemghand detrital matter biomass

Z. noltii biomass was characterized by a high \mliig (Fig. 1), which suggests
considerable patchiness in the field. We found ifi@erénce in above-ground part biomass,
below-ground part biomass and detrital matter betwdFS and LFS (Wilcoxon tests, above-
ground parts: V-value: 207, p-value: 0.107 ; belgnwund parts: V-value: 170, p-value:
0.584, detrital matter: V-value: 193, p-value: @R2We did find a significant difference for
microphytobenthos with a higher biomass at HFS ¢@&%bn test, V-value: 109, p-value:
0.010). Detrital matter was the main organic matein the seagrass bed accounting on
average for 65 % of the organic mass. Microphyttes) above-ground and below-ground
parts on average accounted for 21, 9 and 5 % affba@mass, respectively (Fig. 1).

Above-ground parts biomass was characterized Iynifisant seasonal pattern (Table 1).
lts mean biomass ranged from a minimum of 0.2 g QLRS, January 2007) to a maximum
of 8.1 g C nf (HFS, July 2006). The growth phase of above-gropads occurred mainly
between March and May, with a ca. 6- to 7-fold @ase in HFS and LFS, respectively. Then
above-ground parts biomass was steady between Kayuway and slightly decreased from
September to January (Fig. 1). Leaf surface wamgly correlated with above-ground parts
biomass ( HFS = 0.82, ¥ LFS = 0.84) and followed the same seasonal paierboth
stations. Between winter and summer, leaf surfaga imcreased by a factor of 15.9 and 51.3
at HFS and at LFS, respectively. Z. noltii leafaanedex was higher than the sediment surface

area at HFS in July with 1.0%of leaves per fof flat (Fig. 1).



Below-ground parts biomass showed less seasonakemde than above-ground parts
biomass. It was much more constant throughout ¢lae with mean values ranging from 0.4 g
C m?(LFS, November 2006) to 4.6 g CH(LFS, July 2006) (Fig. 1). A seasonal significant
variation occurred only at LFS (Table 1).

Detrital matter, mainly composed of dead rhizomed Bots, showed a strong seasonal
pattern (Table 1) with the highest biomass in Seper (50.4 g C i at HFS), representing
the ending period of seagrass growth, and the lbime¥anuary 2006 (10.2 g CTat HFS)
(Fig. 1).

For microphytobenthos biomass, there was no sebpattarn at HFS (Table 1) with a
mean biomass ranging from 8.0 g C ifNovember 2006) to 14.5 g C{January 2007)
(Fig. 1). At LFS, values were comprised between (Bl@vember 2006) and 10.3 g C’m

(September 2006) (Fig. 1).

3.2 Diversity and biomass of epiphytes
For the three seasons (spring, summer and fall) aarabth sampling stations, neither
animals nor macroalgae were observed attachedriolffi. leaves, but only epiphytic diatoms

belonging to two species: Cocconeis scutellum (Bbeeg) and_Cocconeis placentula

(Ehrenberg) (Fig. 2). A total of 16, 909 diatonmiewas counted and measured from 112 leaf
transects: 48 in spring and summer, 16 in fall (eaé per shoot).

All cells were adherent to the leaves by the hypa/&aphe valvar side) and thus formed
a homogeneous unicellular layer on the leaf. Du¢hi® type of attachment, many single
hypovalves were found alone on Zostera leaves. [Bysr could also include sediment or

detrital matter stuck on exopolysaccharides anddcfaum a crust covering the leaf entirely

(Fig. 2).



Most items were intact diatoms (from 54 to 72 % atepng on station and season),
identified from 70 to 94% of them, depending onirtip@sition on the leaves. From 70 to 94
% of intact cells were identified. Other items wentact hypovalves (5-26 %), broken
hypovalves (4-19 %) and broken cells (2-14 %) (€&l

In spring,_C. scutellum was the only species foand it was observed in large densities
on Z. noltii leaves (Table 2). Both species werenidied in summer:_C. scutellum, which
was dominant, and C. placentula (Table 2). Thedsghbell densities on leaves were observed

in summer, with 5025 (HFS) and 1913 (LFS) cells frofhleaf (Table 2). In fall, C. scutellum

again represented almost the entire epiphyte pbpnlan_Zostera leaves.

The mean cell biovolume was highly variable depegdin seasons and stations; standard
deviations were also very high (Table 3). Cell blovnes ranged from 46.37 {nHFS,
summer 2006) to 168.37 IfHFS, fall 2006). The biomass of epiphytes was Vew with
values ranging from 0.09 (fall, LFS) to 3.97 mg C (summer, HFS) (Table 3). Epiphytic

biomass was always lower than 0.001 % of that afophytobenthos or leaves (Table 3).

3.3 Microdistribution of epiphytes along Zosterdtinteaves

Microdistribution of cell densities was studied radothe oldest leaf (all transects) and
among oldest transects (transects 4 on oldest,umednd youngest leaves) (Fig. 3). Data
from the 3 seasons were pooled and the single desampled in fall were considered as the
oldest ones.

On the oldest leaf, mean densities ranged fromtr@higect 1) to 1234 (transect 3) cells
mm? (Fig. 3A) and a significant difference was obsedrbetween transect 1 (youngest) and
the three oldest ones (Kruskal-Wallis test, K-vall@776, p-value: 0.001). The same pattern
of distribution was observed among leaves on thlestltransect (Fig. 3B). Mean densities

ranged from 238 cells mif(youngest leaves) to 994 cells Mnfmedium leaves) and a
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difference was observed between densities on ystiragel on oldest leaves (Kruskal-Wallis

test, K-value: 5.699, p-value: 0.058).

4. Discussion
4.1. Seasonal variation of Zostera noltii biomass

Above-ground and below-ground parts biomass of dtiirshowed a strong patchiness
due to_in-situ microtopography and clonal patchsng®ssibly (Laugier et al., 1999; Brun et
al., 2003). At a larger scale, no difference waseoled between HFS and LFS, showing no
influence of emersion time on the biomass dynamics noltii.

Above-ground parts biomass measured in Marennes®IBay was very low, such as
previously found by Pigeot (2001), with maximumues between 2.5 and 6.1 times lower
than what is usually observed on European coast®véewed by Auby and Labourg (1996).
This is likely due to the high turbidity of water the bay (Héral et al., 1983).

Temporal variations of above-ground parts biomdssved a strong seasonal pattern,

typical of temperate seagrasses (Duarte, 1989paAdnoltii (Pérez-Lloréns and Niell, 1993;

Philippart, 1995a; Auby and Labourg, 1996; Vernaad Verhagen, 1996; Sfriso and Ghetti,
1998; Pergent-Matrtini et al., 2005). It might havestrong influence on epiphytes biomass
because it directly determines the leaf surfacéahibity for epiphytes colonization; the leaf
surface area was thus multiplied by 51.3 at HFS land 5.9 at LFS between winter and
summer. However, the maximum leaf surface availggle m? stays relatively low for Z.
noltii as shown by the maximum leaf area index eda®y 1 i m? only in July at HFS,
whereas LAl could range from around 0.3 to 6.6 fimZ. noltii (Van Lent et al., 1991, Plus

et al., 2001; Pergent-Martini et al., 2005) andrfraround 1 to 5 and 4 to 8°m? all year

long in Z. marina and Posidonia oceanica, respegtiGuidetti et al., 2002).
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In fall, the biomass loss of above-ground parts vedated to the slowdown of Z. noltii
growth (Duarte, 1989; Philippart, 1995a; Marbalet096), to leaf shedding (Cebrian et al.,

1997), but also to the heavy grazing by the migrBrént geese (Branta bernicla L.)

(Poisbleau, 2005).

Below-ground parts biomass exhibited a weak seagattern in Marennes-Oléron Bay.
As for above-ground parts, maximum biomass valuesezviower (from 1.6 to 13.1 times)
than in other European seagrass beds (Auby andukgbb996). Below-ground parts biomass
mainly accumulated in the sediment after death l{B#cal., 1986; Cebrian et al., 1997), thus
explaining the increase in detrital matter obseruatl September. The amount of detrital
matter in the sediment was ten times higher thaavexdground parts biomass, thus
constituting a large stock of organic matter addafor detritivores and decomposers
(Harrison, 1989). The decrease in detrital matteseoved in fall can be explained by
decomposition processes and the decrease of Hatptg due to the slowdown of seagrass

growth.

4.2. Importance of microphytobenthos

The maximum microphytobenthic biomass was obseirvéide upper part of the intertidal
flat, in agreement with previous observations angame site (Guarini et al., 1998), but there
was no seasonal pattern. Recorded values of biomess among the highest reported in
several reviews (Colijn and De Jonge, 1984; Dadhaial., 1992; Macintyre et al., 1996) on
subtidal and intertidal sandflats, mudflats andgs@ss beds (Table 4). Most importantly,
microphytobenthic biomass exhibited values of du@e order of magnitude as above-ground
parts biomass in summer, thus representing an tamosource of organic matter all year

long.
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High rates of microphytobenthic production are ligdaund in seagrass beds (Mateo et
al., 2006), but only few comparisons with othernmary producers are available. On an

intertidal Zosterabed in the Wadden Sea, Asmus and Asmus (1985; 28€i0hated that

microphytobenthos production contributes to 19 amd54 %, respectively, of the total
primary production. Asmus and Asmus (2000) estichatéhat production of
microphytobenthos was dominant with 347 g € yn* vs. 258 g C M yr* for Zostera. On

other subtidal seagrass beds, relative contribsiianged from 5 to 42 % (Table 4).

4.3. Epiphytes: comparison with other seagrasscbatponents

Comparison between the biomass of epiphytes and ahather components of the
seagrass bed shows that epiphytes represent aloxerpiomass all year long, less than
0.001 % of above-ground parts or microphytobenthamass. Only diatoms of the genus
Cocconeis were observed during our annual survdyttaey usually colonize only a fraction
of the leaf surface area, with a biomass rangiom®.09 to 3.97 mg C Ta

In other intertidal_Z. noltii beds, reported epiphybiomasses are always at least one

order of magnitude higher than those found in MaesrOléron Bay. Thus, in the Wadden
Sea, Asmus and Asmus (1985) showed that epiphyéitords can represent in summer
approximately 0.01 % of the leaf biomass_of Z. ihadind can reach a higher biomass than
microphytobenthos. However, on an annual basiy, ¢ésémated that epiphytes represent 2.7
% of the total biomass of primary producers. In Wadden Sea, Philippart (1995b) showed
that epiphyte biomass represented approximatelywdsst 0.05 and 0.20 % of the leaf
biomass.

Based on these data, there is evidence that eppipfy a minor role in intertidal Z.
noltii beds, a conclusion that is strongly in ogpoa with most studies dealing with subtidal

habitats (Morgan and Kitting, 1984; Moncreiff et,d992; Lepoint et al., 2000; Moncreiff

13



and Sullivan, 2001; Hoshika et al., 2006) whergleyic algae contribute to more than 30 %
of the total above-ground biomass (Borowitzka et 2006) and are as the main source of
organic matter for primary consumers, particulaniyertebrate grazers (Kitting et al., 1984;

Moncreiff and Sullivan, 2001; Hily et al., 2004).

4.4. Why is epiphyte biomass low?

The first reason for a low epiphytic biomass i thaither animals nor macroalgae were
found on_Z. noltii leaves, but only two speciesdadtoms, C. scutellum and C. placentula.
Our study is thus strongly in opposition with mastidies on epiphytes diversity, which
generally report a high species richness for seagepiphytes, from unicellular algae to large
macrophytes (Jacobs and Noten, 1980; Jacobs €t983; Heijs, 1985; Borowitzka et al.,
1990; Mazzella et al., 1995; Reyes et al., 1998fddzka et al., 2006). This absence of
macroalgae on Z. noltii leaves could explain whg #piphytic biomass is low compared to
other seagrass species on which macroalgae are @omrhis is confirmed by the study of

Schanz and Asmus (2003) on Z. noltii where epiplytenass was 22-fold higher on leaves

with macroalgae compared to leaves without macesalg

The second reason is that Cocconeis are smallndsatath a length ranging from 5 to 25
um. These cellare strongly adherent to the leaves by the hypev@Round et al., 1990;
Mazzella et al., 1995) and our observations base®&BM clearly show that they form a
biofilm at the surface of Zostera leaves. This iiofvas always composed of a monolayer of
cells with a maximum thickness of 2.5 um - Coccsr®ve a length to height ratio of 10:1,
(Van den Brink et al., 1997) — when Van Montfrartsak (1982) found a biofilm with a

thickness of 15 um and 3 to 4 layers of diatomZ.omarina.

4.5. Why only Cocconeis?
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The Z. noltii bed in Marennes-Oléron bay is locatadthe intertidal only probably
because of the high turbidity of the water colurAs. a consequence, the seagrass bed is
subject to large variation in environmental pararsetDuring high tides, the high water

turbidity largely limits light penetration for phmgynthesis. During low tides, Z. noltii

epiphytes are exposed to desiccation and to rapidations and extreme values of
temperature, light intensities or salinity. Thisres® environment can negatively affect the
diversity and biomass of epiphytes found on indattiseagrass leaves (Main and Mclintire,
1974; Hootsmans et al., 1993). The impact of erorraias partially confirmed because, in

the very rare tidal pools in the field, the develgmt of Licmophora sp. or Pylaeilla littoralis,

was observed sometimes on _Zostera leaves, whemses was observed on leaves from
emerged areas.

The fast turn-over of Z. noltii leaves, as shownabieaf production rate of 107 leaves
shoot' year! and a leaf plastochrone interval of 3.4 days i¢Bfiarte, 1991), is also likely to
have an influence on the very low epiphytic divigrsuch as demonstrated by Borowitzka et
al. (2006). These authors showed that the moraspems seagrass species tend to have a
greater epiphytic biomass with a more diverse abkaga. The short life span of Zostera
noltii leaves would thus prevent more species torire and thus would select for pioneer
species such as the genus Cocconeis (Sieburthfamdak, 1973; Borum et al., 1984; Kitting

et al., 1984; Lethbridge et al., 1988), particylatie species Cocconeis scutellum which is

widespread (Harlin, 1980; Jacobs and Noten, 19&01 Montfrans et al., 1982; Mazzella et
al., 1995). Sieburth and Thomas (1973) indeed tegahat_C. scutellum form a leaf crust
that could be a necessary step prior to the attanhmwf other epiphytes on leaves. In the
present study, we can thus interpret the monospa&pfphytic biofilm as the result of the leaf

turn-over rate of Z. noltii, which is too fast fibre development of a species succession.
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The rapid growth of Zostera leaves and its infleean epiphyte diversity and biomass is
also supported by the analysis of the microdistitiouof cells on leaves which clearly shows
that cell density tends to increase with the agea¥es on individual shoot. This trend is in
agreement with previous observations (Jacobs ,e1283; Borum, 1987; Reyes et al., 1998;
Borowitzka et al., 2006).

Another explanation of the exclusive presence ofdBoeis could be grazing pressure.
Epiphyte communities are subject to a top-down robity herbivores which have an effect
not only on biomass but also on the structure gflepe assemblages (Van Montfrans et al.,
1982, 1984; Orth and Van Montfrans, 1984; Jernakb#l., 1996; Sommer, 2000; Schanz et
al., 2002). Diatoms of the genus Cocconeis, thatfiamly attached cells, reportedly resist

grazing and are less consumed than other diatangs,Mitzschia, Amphora (Van Montfrans

et al., 1982) or macroalgae (Mazzella and Russ89)1%hus increasing their frequen@fan

Montfrans et al., 1982). Despite of the presencgrakers, such as Hydrobia ulvae (6561-

18,328 ind. rif), Littorina littorea (17-123 ind. if) and Idotea chelipes (13-103 ind?)nin

the seagrass bed of the Marennes-Oléron Bay, gragassure seems to be low. Indeed, on

the few tidal pools present in the study area, wlitydrobia ulvae densities were even higher

(Lebreton, pers. obs.), development of other egiptgpecies (Licmophora sp., P. littoralis)
was sometimes observed. Influence of grazing ophge assemblages was likely limited
compared to the effect of intertidal conditions &mel fast growth of Z. noltii.

So, this intertidal seagrass bed is characteriyethd very low quantitative importance of
epiphytes, compared to the other primary produ@ard,by their very low diversity. Indeed,
epiphyte biomass observed in the Marennes-Olérgntias out to be the lowest recorded
value. The very low epiphyte diversity and biomassasured in this study are therefore likely
due to the severe physical characteristics fromirttextidal mudflat and seagrass biological

characteristics. Disentangling physical from biatad) parameters that control epiphytes
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development would need more work, for instanceugghocomparisons between intertidal and

subtidal environments
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Table 1. Summary of Kruskal-Wallis tests between samplinghthe for above- (AGP) and

below-ground parts (BGP) of_Zostera noltii, detritanatter (DM) and

microphytobenthos biomass at high (HFS) and lowsflations (LFS).

Parameters Stations Computed K parameters p-values
AGP biomass HFS 19.54 0.003
LFS 16.05 0.007
BGP biomass HFS 3.65 0.724
LFS 12.99 0.023
DM mass HFS 18.83 0.004
LFS 15.86 0.007
Microphytobenthos biomass HFS 8.29 0.141
LFS 12.47 0.029
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Table 2. Number and percentage of diatom items counted agasured on Zostera noltii

leaves by season at high flat station (HFS) andflatwstation (LFS). Percentage of species

and densities + standard errors (SE) are addedttmt cells.

Spring 2006 Summer 2006 Fall 2006
Parameters

HFS LFS HFS LFS HFS LFS
n total 2970 1744 9430 1980 592 193
Intact cells (%) 66 65 72 56 67 54
Cocconeis scutellum (%) 79 73 59 84 91 93

Cocconeis placentula (%) 11 5 1

Not identified (%) 21 27 30 11 9 6

Mean density + SE (cells mm?) 505 + 399 381 +435 1641 +1778 507 + 598 586 + 899 242 +308

Highest density (cells mm™2) 1256 1287 5025 1913 2066 849
Broken cells (%) 2 3 12 8 9 14
Hypovalves (%) 24 26 12 26 5 23
8 6 4 9 19 9

Broken hypovalves (%)
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Table 3. Mean biovolumes + standard errors (SE) of diatdpst’) and biomass of epiphytes
(mg C m?) at the high (HFS) and low flat station (LFS) ipring (31/05/2006), summer
(06/09/06) and fall (09/11/06). Comparison (%) piplyte biomass with microphytobenthos

and Zostera noltii leaf biomass.

Spring 2006 Summer 2006 Fall 2006
Parameters
HFS LFS HFS LFS HFS LFS
Diatom biovolume + SE (um®) 62.64 +24.30 72.55+31.01  46.37 +67.49 93+120.8 168.37 +69.15  142.1+70.9
Epiphyte biomass (mg C m?) 2.59 1.56 3.97 0.48 0.98 0.09
Comparison with microphytobenthos biomass (%) 2.40 x 10™ 2.11x10™ 3.92 x10™ 4.71x10° 1.23x10* 1.54 x 10®
Comparison with leaf biomass (%) 3.78 x10* 2.02x 10* 6.42 x 10* 1.24x10° 3.25x10* 6.86 x 10°
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Table 4. Microphytobenthos biomass, productions and percemtributions derived from literature.

Seagrass Mean Mean gross Mean net % Ecosystem

Seagrass species Location Climate characteristics Measurement Methods biomass production production production Ref.
Sub. / Int. Bel. /Ad]. (gCm? flaty (mgCm?dy) (mgCm?d?

Syringodium filiforme Indian River Lagoon, USA  Tropical Sub. Bel. “c - 17° - 33 %° 1
Zostera noltii Island of Sylt, Germany Temperate Int. Adj. O, 0.147° 233 183 19 % 2
Thalassia testudinum Tampa Bay, USA Tropical Sub. Bel. e - 180° - 10 % 3
Syringodium filiforme Indian River Lagoon, USA Tropical Sub. Bel. *c - 60" - 5% 3
Ruppia maritima Cheasapeake Bay, USA  Temperate Sub. Adj. 0, - 290 219 26 % 4
Zostera marina Cheasapeake Bay, USA  Temperate Sub. Adj. 0, - 616 238 15 % 4
Halodule wrightii Gulf of Mexico, USA Tropical Sub. Bel. “c 2.096° 924 - 17 % 5

Thalassia testudinum Laguna Madre, USA Tropical Sub. Adj. 0O, & computation - - 276 810 36 % 6,7
Zostera noltii Island of Sylt, Germany =~ Temperate Int. - Computation - - 950 54 %° 8

 computed values (based on 12 hours of produgorday),”; estimated from a figuré; computed using a C/Chla ratio of 47.63 (de Jof§8&p),

d computed using a g C/Kj ratio of 42 (McLusky, 898Sub.: subtidal bed, Int.: intertidal bed, Beheasurement done below the canopy, Adj.:
measurement done adjacent to the canopy. Referehddsffernan and Gibson, 1983 ; 2. Asmus and Asrh85 ; 3. Jensen and Gibson, 1986 ; 4.
Murray and Wetzel, 1987 ; 5. Daehnick et al., 1982Ziegler and Benner, 1999 ; 7. Kaldy et alQ208. Asmus and Asmus, 2000.
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Fig. 3.
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Figures captions

Fig. 1. Seasonal variation at high (HFS) and loat fitation (LFS) of the mean biomass of
above- and below-ground parts _of Zostera noltitritéé matter and microphytobenthos (left
axis), and Zostera noltii leaf area index (rightsaxError bars represent S.E. and stars lacking

data. For microphytobenthos, March and May valueisevneasured in 2007.

Fig. 2. (A) Transect of a Zostera noltii leaf coa@iby_Cocconeis scutellum. E: Entire cells,

H: hypovalves. Cells were in a large range of sité lengths from 20 um (a) to 9 um (b).

(B) Cocconeis scutellum. (C) Cocconeis placentula.

Fig. 3. Box plots of cell densities (cells ifjnon all transects for oldest leaves (A) and on
transects 4 (oldest) from youngest, medium andsplteaves (B). Data from seasons and

stations are gathered. Crosses represent meammenepresent medians.
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