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Summary

During spring Belgian coastal waters are clearlynohated by intens@haeocystidblooms
co-occurring with diatom blooms. The effect of theposition of a phytoplankton bloom on
the meiobenthic community, with special focus o& Wlematode community was investigated
in two contrasting sites in the southern North See station (station 115bis) is situated close
to the coastline and is characterised by fine gdhsediments while a more off-shore station
(station 330) had permeable sediments. These @timiss were sampled from October 2002
to October 2003 for chlorophy#l concentration in the water and sediment, bactbi@hass
and abundance, and meiobenthos. During detaileglsaptampaigns in February, April and
October, corresponding to a situation prior to,imlyrand after the spring phytoplankton
bloom, samples were collected to determine the ebattcommunity composition and
diversity, the natural carbon and nitrogen staldetapic signatures of meiobenthos,
Suspended Particulate Mater (SPM) and Particulatgaic Mater (POM) and also
macrobenthos samples were taken. Also for theseplsamdates Sediment Community
Oxygen Consumption (SCOC) was measured as welbter wemperature.

The biogeochemistry of the sediments differed aersibly. In fine sediments, there was an
accumulation of phytodetritus at the sediment s@rfafter deposition of the phytoplankton
bloom, which remained in the sediment for a longquk getting buried with time. A steep
vertical gradient of chlorophyé (as an indicator of labile organic matter (OM))swabserved
after sedimentation, with mineralisation of thesireDM leading to anoxic conditions in the
sediment. In permeable sediments chloropaydbncentration in the sediment was about 10
times lower than in finer sediments. The strongdsotwater currents and advective transport
did not allow the establishment of vertical gradéenvith sub-surface peaks of chlorophell

being reported. The sediment remained oxic thrainghwhole time at the studied depths.
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Previous studies reported bacterial-feeding nenestool be among the first to respond to the
deposition of phytodetritus. Therefore the bactec@mmunity composition and diversity
were investigated by means of Denaturing Gradieat Hectrophoresis (DGGE). Two
sediment horizons were investigated (0-1 cm andcip Bacterial community composition
appeared to be primarily dependent on the amoulatbde OM available. Stronger shifts on
food availability in fine grained sediments inducetfonger seasonal differences in
community composition when compared to coarsemsewlis. The higher food availability in
fine grained sediments supported a more diversebalccommunity. Vertical differences in
bacterial community composition were also obsereboth stations; however the probable
causes for such differences were not the samenénsediments, two different communities
could be distinguished due to strong vertical ggathi in OM and oxygen concentrations in
the sediment. Both communities showed similar divies. In coarser sediments some
bacterial populations were not able to establistm#elves at the sediment surface as a
consequence of the higher hydrodynamic stressjngad a less diverse community at the
sediment surface. Seasonal shifts in bacterialrsityewere therefore not detected for both
stations. This could not be the reason behind dawng the nematode community, as
previously hypothesised, but shifts in biomass laacterial community composition could.
Nematode samples were sliced in 1 cm thick sligestaua depth of 10 cm. Nematode
densities were higher in fine grained sedimentsresh@aximum abundance values were
about 4 times higher than the highest nematodeitdensn coarser sediments. Different
responses of the nematode community to the sedati@mtevent were observed. In coarse
sediments nematodes responded fast in terms oitidsrie deposition of phytodetritus while
in fine sediments this response was delayed watgl summer. The natural signatures of the
stable isotope$’C and™N in the nematode community and sediment POM werestigated

in two different sediment horizons (0-1 cm and da%. Changes in the nematode stable
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isotopic signatures did not reflect changes obskemeSPM or POM, indicating a certain
degree of selectivity on their feeding strategy.fime grained sedimentSabatieriaand
Richtersiashowed an opportunistic behaviour, migrating te #ediment surface to feed,
while other deep dwelling nematodes feed on OMlalvk in deeper sediment layers. The so
called “stout nematodes”, which have been previotegborted to opportunistically react first
after the arrival of phytodetritus to the coarsedisents, did not revealed any different
feeding strategies than the other nematodes. k& $iediments copepods revealed stable
isotopic signatures clearly indicating the explibata of a chemosynthetic derived food source,
which may also be exploited by deep-dwelling nemiaso

In a following experiment:*C labelledPhaeocystisind Skeletonema costatudiatoms were
supplied to both sediment types. In coarser sedsn@&ven though nematode biomass was
lower, a higher uptake of algal material per nem@toarbon unit was observed, indicating
that this nematode community is better adaptedesxtrfast to an input of OM. In both
sediments the measured carbon uptake was not neadygh to sustain the nematode
community carbon demands. Similar results have lbeparted previously, and it might be
related to methodological limitations and/or exjdton of different food sources by the
nematode community?haeocystisvas incorporated into nematode tissues at lowsiooitar
rates as the diatoms, indicating tRdiaeocystiss a potential food source for nematodes that
might had been overlooked in the past, since it hedevedPhaeocystisvould complete its
cycle on the water column.

In an attempt to determine the relative importaoickhe nematode community in the benthic
system, respiration was estimated for bacteria,atedes and macrobenthos at both sediment
types, prior to, during and after the phytoplanktdoom sedimentation event. Bacterial
respiration was estimated using a fixed bactenalvth efficiency of 20 %. Nematode and

macrobenthic respiration were estimated by meansallaimetric relations previously
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described in literature. Comparable bacterial bissnaas observed at both stations, while a
higher nematode and macrobenthic biomass was a@ubeirv fine grained sediments,
supported by a higher amount of labile OM. In peabie sediments the nematode and
macrobenthic response in terms of biomass to tip@gion event was fast while in fine
grained sediments this response was delayed. Hetehic respiration shares of SCOC
revealed a higher importance of anaerobic pathwayéne grained sediments. In fine
sediments, bacterial biomass increased fast affgosition of the phytoplankton bloom while
nematodes and macrobenthos response was delayedaiser sediments, nematodes and
macrobenthos also showed a fast response. Theatspishares of SCOC in fine sediments
were initially dominated by macrobenthos. After isgehtation occurred nematodes and
macrobenthos had similar shares, with macrobentt@a®vering their higher relative
importance later. In coarser sediments SCOC waslgldominated by bacterial respiration,
with nematodes and macrobenthic respiration reptegegenerally small shares of SCOC.
The relative importance of the nematode commumityubtidal fine grained sediments might
therefore become more significant whenever anaxlitions arise.

While in the BCS the nematode response tataral input of OM was investigated, a short
term experiment in the Tagus estuary was condudied assess the effect of
anthropogenically added carbon (dead discards from beam trawl fighim the nematode
community. Comparably to the North Sea situatiofine sediments, after settling of OM at
the sediment surface, anoxic conditions develofeithea sediment surface due to bacterial
activity. After adding shrimp carcasses to the mexdiit surface, simulating the settling of dead
discards onto the sediment, the nematode commuaitical distribution was monitored after
2, 4 and 6 h (average exposure time of an inténydal flat) in different sediment horizons
(0-0.5; 0.5-1; 1-1.5; 1.5-2, 2-3 and 3-4 cm). Twajon responses were observed: nematodes

sensitive to high sulphidic condition migrated deem the sediment away from the anoxic
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patches Chromadora and Ptycholaimelluy while Sabatieria more tolerant to such
conditions, showed an opportunistic behaviour ogouypthe left empty niche at the sediment
surface. Other nematodes remained unaffected bgxperiment, which also reveals a good
adaptation, in short terms, to the imposed conakti@®aptonema Metachromadora,and
Terschellingig.

As in the BCSSabatieriarevealed an opportunistic behaviour, migratingamig better food
conditions.

The response of the nematode community and otlrehiceorganisms to the deposition event
of the spring phytoplankton bloom on the BCS wadasala levels investigated, sediment
specific. The benthic community inhabiting coarsdisients is therefore strongly influenced

by the permeability of the sediment.
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Meiobenthosin shallow marine and estuarine sediments

In shallow marine and estuarine sediments the augyifletween the processes in the water
column and the dynamics in the sediments is wedlideented (see Graf, 1992; Ritzretual,
2000 and references therein). In marine environsethe benthic communities below the
euphotic zone are supported by primary productiomfpelagic or benthic photic areas, with
a few exceptions of hot vents and cold seeps. Tagnitude of this supply of organic matter
(OM) is determined by temporal and spatial patt§Rigzrauet al, 2000). Sedimentation
events of phytoplankton blooms represent a majarcgoof organic matter for the benthic
system (Billenet al, 1990; Graf, 1992). However, the source and tharaaof the organic
material sedimenting on the substrate are impoftarthe benthic dynamics. Also the fate of
the organic material which arrives to the sea fisalependent on the nature of the sediment
(Graf, 1992). Bentho-pelagic coupling is the transff organic matter from the euphotic zone
to the seafloor as well as the benthic reactighiinput (Ritzratet al, 2000).

The benthic system comprehends a highly diversaraamty, composed of bacteria, micro-,
meio- and macrobenthos, with the classificatiobearithic organisms generally relying on the
organisms’ size. Meiobenthos is here defined amathzoan sediment inhabiting organisms,
passing a 1 mm mesh size sieve and being retaimec 88 pm mesh size sieve.
Microbenthos is therefore the organisms smallen 8 um (e.g. flagellates and ciliates), and
macrobenthos the organisms retained in a 1 mm ggegepolychaetes, bivalves, crustaceans,
gastropods and echinoderms).

Meiobenthos is highly diverse and include organidnoesn a wide variety of taxa like
Nematoda, Copepoda, Turbellaria, Gastrotricha, f&ati Tardigrada, Kinorhynchasde
Higgins & Thiel (1988) for a complete list). Freouily, abundance values of about

10° ind m? of sediment surface, versus*18d m? for macrobenthos are found (Coull, 1988;
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Miller et al, 1996). Biomass generally varies between 1-2°gmshallow waters, with the
highest values reported for estuarine mud flatufBoan, 1987; Coull, 1988). Meiobenthos
is particularly important within estuarine systesitgce it facilitates biomineralization, support
various higher trophic levels and shows a high isgitg to anthropogenic actions, making
them excellent organisms for estuarine pollutiammionitoring (Coull, 1999).

Meiobenthic organisms exploit the interstitial nratvf marine soft sediments and their small
size and low mobility makes them very sensitivéh biogeochemical characteristics of their
environment. Since meiobenthos shows high spearessity, short generation times, a direct
benthic development and ubiquitous distributiomytlare considered a very good biological
tool to monitor changes in the benthic environn{&einnedy & Jacoby, 1999).

Free-living nematodes are the most abundant animatsst marine sediments (Hegp al,
1985; Riemann, 1988) and therefore generally domingthin the meiobenthos. Nematodes
are considered to feed mostly on bacteria, micemlgiliates and detritus with some
nematodes being predators (Moens & Vincx, 1997)eséli’'s (1953) classification of
nematodes into four trophic groups according torttephology of their buccal cavity has
been traditionally used. Wieser (1953) distinguislselective deposit feeders (1A-group,
nematodes without a developed buccal cavity that @ay ingest small particles, mainly
bacteria) non-selective deposit feeders (1B-graematodes with a buccal cavity but without
teeth, being able to ingest bigger particles iniclgddiatoms) epigrowth feeders (2A-group,
nematodes with small teeth in the buccal cavity #ilow them to break cells and suck its
content or graze surfaces) and the predators @Ni&853) or omnivores (Wieser, 1960) (2B
group, nematodes with teeth or powerful mandibled &llow them to capture preys and
ingest them or their contents). Moens & Vincx (1pproposed a new classification in six
trophic groups: microvores feeding exclusively @cteria; ciliate feeders feeding mainly on

ciliates but also on bacteria; deposit feedersifgecostly on bacteria, diatoms and other

Chapter 1: General introduction and aims



microalgae; epigrowth feeders ingesting mainly aiieg and other microalgae; facultative
predators that can feed on various items includiegitus as well as other nematodes; and
finally the predators feeding mainly on nematoded aligochaetes. This classification was
based on observations of the feeding behaviouviofl estuarine nematodes. The abundance
of each different trophic group can vary considBratccording to the study site and

prevailing environmental conditions.

Meobenthic trophic interactions

Many aspects of food web trophic interactions cainvestigated more directly and precisely
using a variety of methods currently available toolegists, as molecular methods,
biomarkers (e.g. fatty acids) and biological trader.g. stable isotopes).

A range of molecular techniques allow prey remainbe identified, often to the species and
even stage level. These techniques include enzieoe@horesis, a range of immunological
approaches using polyclonal and monoclonal antésodd detect protein epitopes, and
polymerase chain reaction (PCR)-based methodsefeicting prey DNA (Symondson, 2002;
Sheppard & Harwood, 2005).

Biomarkers are specific biochemical compounds thay be transferred conservatively to a
higher trophic position and recognized in consumeasty acids have been used as qualitative
markers to trace or confirm predator prey relatigms, becoming an important tool for
resolving trophic interactions in marine environtsefDalsgaard & St. John, 2004; Dalsgaard
et al, 2003). The principle behind the fatty acid biok&rapproach is that consumers deposit
fatty acids obtained from their food sources withmodifying their structure, providing an

integrated record of the major food items in thigét (Dalsgaard & St. John, 2004).
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Stable isotopes techniques were used to investijateneiobenthic trophic interaction in the
North Sea. Stable isotopes of carbon and nitrogemnareasingly used in marine ecosystems
for ecological and environmental studies (Lepahial, 2004). Stable isotopes are used as
tracers in food-web dynamics studies in both n#iu@curring levels and experimentally
enriched abundances. Isotopes are any forms dieareat with a different atomic mass. The
isotopes of an element have a nucleus with the saumder of protons (same atomic number)
but different numbers of neutrons and thereforeff@rdnt atomic mass. The use of stable
isotopes techniques requires a minimum of biomakgh can be a problem when working
with very small animals like meiobenthos in genenadl nematodes in particular. Dual stable
isotopic signatures of nematodes have been magtiyrted on a community level (e.g. Riera
et al, 1996, 1999; lkert al, 2001; Riera & Hubas, 2003) and detailed studegsrdining
the trophic role of different nematode taxa ark starce (Carman & Fry, 2002; Moeesal,
2005).

Stable isotopes can also be used as tracers in i@id research. A resource’s isotopic
composition is deliberately changed and thereftsetransfer along the food web can be
monitored. The incorporation of the modified isatogatio from the resource is the difference
between the new isotopic ratio from the sampletardackground isotopic ratio.

When using labelled food sources as tracers, nelmathave been mostly handled as a
community (e.g. Widboom & Frithsen, 1995; Middelpwet al, 2000; Urban-Malinga &
Moens, 2006; Van Oevelast al, 2006b) with only a few studies where some disitmcwas
made within the nematode community (Olafssbml, 1999; Carman & Fry, 2002; Moer$

al., 2002).

The nematode contribution to total sediment agtiatstill poorly quantified and limited to a
few studies. To our knowledge, no information foakkow subtidal sediments is available yet.

The nematode contribution to total carbon turnowes highest (13% at the most) at the
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shallowest station, (206 m deep) of a depth gradikmg the continental slope of the Goban
Spur in the NE Atlantic Ocean (Soetaetrial, 1997). In another study, on intertidal estuarine
sediments, only less then 1% of total respiratias attributed to nematodes, which depended
primarily on microphytobenthos as a food sourcen(@eeveleret al, 2006c¢). Hubast al. (in
press) estimated production for bacteria, meio- mradrobenthos for contrasting intertidal
sediments. The shares on total heterotrophic ptauwaried considerably between the
different components and also when comparing timérasting sediments.

Nematode communities from different environments bave different roles in the benthic
carbon cycle. Such differences might be a reflectd differences not only in the organic
matter quality and quantity but also in the biodewistry of the sediment (Hubas al, in
press).

Investigating the trophic interactions within neod# communities as well as its role in the
benthic food web can help in achieving a bettereustadnding of the overall importance of

this community on shallow subtidal benthic systems.

Sudy sites

Belgian Continental Shelf

The Belgian Continental Shelf (BCS), located in shath-eastern part of the Southern Bight
of the North Sea has an area of 3600,kwith a coastline of 67 Km (Fig. 1.1). This area i
characterized by the presence of extensive sandkarkit is a relatively shallow area, with
deepest waters of about 40 m in the northwest area.

The BCS is a well mixed nutrient rich part of thertth Sea (Brussaardt al., 1995)
characterized by high primary production and algiamass (Joint & Pomroy, 1993) with a
strong seasonality. During spring Belgian coastalens are dominated by intense blooms of

Phaeocystisolonies co-occurring with diatom blooms (Reidal., 1990; Joint & Pomroy,
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1993; Brussaardt al., 1995).Phaeocystivlooms occur between April and May and last for
20 to 40 days, while diatoms can be present throwigtine year with dense blooms occurring
as early as February and smaller blooms as laBpember (Reidt al, 1990; Rousseagt

al., 2002). The sedimentation of phytoplankton inklzeth Sea represents the bulk of organic

matter reaching sediments (see Bilétral, 1990).

51° 38 |
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51°05

Figure1l.1: Location of the sampling stations 115bis and &3@he Belgian Continental Shelf.

Two study sites were chosen on the BCS: statiorbi$1&tuated close to the coast line at
depth of ca. 13 m, and station 330, located mofghofe at depth of ca. 20 m (Fig. 1.1).
Station 115bis is a deposition station, charaatdrizy the presence of fine sediments (median
grain size: 185 um) with a small fraction of mud%4. After sedimentation of the spring
phytoplankton bloom, chlorophyl tends to accumulate at the sediment surface,ngetti

buried with time; the whole sediment column becomeeliced, remaining that way as late as
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October, which together with the low nitrite/nigatind high ammonium concentrations
indicates the importance of anoxic pathways (Steyaé al., subm.). In fine-grained
depositional sediments the mineralisation of thelperrived carbon is often associated with
oxygen stress (Graf, 1992) and breakdown of this € be retarded until late summer
(Boon & Duineveld, 1998; Provoost al, in prep.).

Station 330 consists of medium sand (median grae: s329-361 um) without mud.
Chlorophyll a concentrations in the sediment are much lower thestation 115bis and
subsurface peaks tend to occur frequently. Thexredtues of the sediment column remain
positive during a phytoplankton deposition everdrfsverbeket al, 2004a,b).

The permeability of the sediment is the capacityhef sediment to transmit fluid, controlled
by size and interconnectedness of interstitial poaiad the tortuosity of fluid flow paths; such
factors are in turn controlled by the grain-sizetrbution, grain shape, and porosity (Spinelli
et al, 2004).

Using the Carman-Kozeny relation (Rusethal, 2001; Forsteet al, 2003) it is possible to
estimate the sediment permeability:

ke =02, @ 1 800~ 9)

dso is the median grain size agdthe sediment porosity (vol/vol). However once paned to
real sediment permeability measurements, this ioelatlearly overestimates sediment
permeability (Rusclet al, 2001; Forsteet al, 2003) by a factor of ca. 5 (Rusehal, 2001).
Applying this relation to the studied areas, carddy a factor of 5, both sediment types are
considered as highly permeable sands> {0 x 10> m? Forster et al, 2003) with
permeability being twice as high in station 330wdeer sediment at station 115bis does not
behave as being permeable, since it is situatesdeeet two sand banks (Vanaverbeke pers.

com.) and it behaves as deposition sediments.
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In permeable sediments, advective water currentsitiin the sediment transport oxygen into
the sediment (Ziebiet al, 1996; Janssenet al, 2005) and induce a fast removal of
decomposition products (Huettet al, 1998), factors accelerating the mineralization of
organic carbon and the recycling of nutrients (llet Rusch, 2000; Janssen al, 2005;
Buhring et al, 2006). Moreover, the advective currents are nesipte for the observed
subsurface peaks of chlorophgl(Ehrenhauss & Huettel, 2004; Ehrenhaassl, 2004a;
Vanaverbeket al, 2004b).

Recently some research has been focusing on tlyednbemistry of permeable sediments
and the role of advective pore water transporhesé systems, mostly through experimental
studies (e.g. Huettdt al, 1996; Huettekt al, 1998; Ehrenhauss & Huettel, 2004; Precht &
Huettel, 2003; Prechdt al, 2004; Meysmaret al, 2006), but also with some subtidalsitu
studies (Ehrenhausg al,2004a; Precht & Huettel, 2004; Jansse¢rml, 2005). Even though
the transport processes of permeable sedimentgsandnsequences on nutrients exchanges
and mineralisation are now better understood (séereances above), studies concerning
functional responses of meiobenthic communitiesloimg these sediments are scarce, both
in the intertidal (e.g. Urban-Malinga & Moens, 20@&d the subtidal (e.g. Vanaverbeaital,

20044a,b; Urban-Malingat al. 2006).

Tagusestuary

The Tagus estuary (38°44’'N, 9°08'W) is the largesttuguese estuary and one of the largest
of Western Europe (Fig. 1.2). It covers an areabufut 320 Ky of which 40 % is intertidal
(mudflats and salt marshes).

The tidal amplitude is ca. 4 m. The Tagus estuas/tivo morphologically distinct areas, the

upper part, wide and shallow, with extensive indait flats and salt marshes, subjected to
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intense sediment deposition and erosion; and tverlgart of the channel, ca. 30 m deep
(Brogueira & Cabecadas, 2006).

Natural oxygen concentrations in muddy sedimentshef Tagus estuary reach already
extremely low values in the first millimetre, anédome undetectable at 14 mm deep

(Cartaxana & Lloyd, 1999).

ATLANTIC OCEAN
PORTUGAL

LISBON

ATLANTIC
OCEAN

Figure 1.2: Location of the study area in the Tagus estuargtuBal. The intertidal areas are shown in grey.

The Tagus estuary is presently the only Portugessgary where beam-trawl fishing is still
allowed and it is common fishing practice in thearlt was traditionally directed to the
shrimpCrangon crangon(Linnaeus, 1758) but due to the lowering comnarealue of this
species, other species, like the s@edea soledLinnaeus, 1758) anf. senegalensisaup,
1858, became the real target spedizscrangonis mostly discarded and the dead portion of

the discards represents an input of organic mettdgre sediment (Cabrat al, 2002).
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Framewor k

This Ph.D. research project is part of an inteiglswary biodiversity project within the
framework of the project “TROPHOS: higher trophavéls in the Southern North Sea”,
funded within the Belgian research programme “SdienSupport Plan for a Sustainable
Development Plan” (SPSD IlI, 2002-2006). TROPHO#ésfollow-up of the SPSD | project:
“Structural and Functional Biodiversity of Northé&Ecosystems: species and their habitats as
indicators for a sustainable development of thegidal Continental Shelf” (1997-2001). In
the SPSD | project, the limited knowledge on theageral variability of the benthos was
identified as a major gap in the understandinghef ¢cology of the BCS. Therefore, two
stations, one in coastal (Station 115bis) and thero(Station 330) in more offshore waters
(Fig. 1.1), were sampled weekly from February ty 1999 for all size classes of the benthos
combined with an extensive set of environmentaiabdes. Sediments at these stations were
very different: at Station 115bis sediments consigine sand with a mud percentage of 4 %
(Steyaertet al, subm). Sediments at Station 330 are classifiedeium sand devoid of mud
(Vanaverbekeet al, 2004a,b). Both sediments are considered repsenpf the sediments
prevailing at the BCS. Analysis of detailed tempatata of meiobenthos revealed different
patterns for the two contrasting sediments. Thifeidince in sedimentologic characteristics
has important consequences for the biogeochenastiynence for the meiobenthic organisms
living in close contact with their environment. Natode responses to phytodetritus
sedimentation at both sites differed significarithyading to assume that at the BCS very
different ways of ecosystem functioning prevailddoaly a relatively small geographical
distance. Quantifying and modelling these ecosysterocesses (including food-web

reconstruction) was therefore the next step toem®e the understanding of the structuring
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factors for benthic biodiversity and one of the angjoals of both this PhD project and the
TROPHOS project.

In the SPSD 1 project, massive sedimentation ofalgaePhaeocystido the seafloor was
observed for the first time, which contrasted tbemmonly accepted idea that tReaeocystis
cycle was completed within the water column onlpBseau, 2000). This indicated the need

for assessing the fate Bhaeocystisboth in the water column and marine sediments.

PhD thesis objectives

This PhD project aimed at providing an explanafemthe temporal patterns in meiobenthic

communities. Research was focussed on the meidberthmmunities’ responses to

phytodetritus sedimentations at the contrastingostss 115bis and 330. In this sense we

investigated

) a possible change in bacterial diversity and conitputomposition as a possible
cause for the changes in nematode community cotmposifter bloom sedimentation
as described by Vanaverbelt al. (2004b) and Steyaert al. (subm.). Since
nematodes are known to feed on bacteria (Moens i&»/i1997) and since there is
evidence that nematode species show preferendesedoon specific bacterial strains
(Moenset al., 1999b; De Mesett al, 2004), it was hypothesised that changes in the
characteristics of bacterial communities could dsponsible for the observed shifts in
nematode communities (Vanaverbekel.2004b);

1)) the nematode response to phytodetritus sedimensatibthe stations 115bis and 330,
studied by means of stable isotopes techniquesg usituraf**C and*®N signatures.
By comparing®>C and™N signatures in nematodes (genus or group level)cdher

meiobenthic taxa and in sediment particulate oxamatter (POM) and water
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ii)

14

suspended particulate matter (SPM), we aim atfgiag the different responses
observed at the BCS following a spring phytoplanktdoom. We also aim to
determine if there are different feeding strategie®ng different nematode genera or
groups;

the nematode response to phytodetritus sedimensatibthe stations 115bis and 330,
studied by means of enrichment experiments wil6 labelled diatoms and
Phaeocystiss a possible food sources for the meiobenthosuudByg a labelled food
source it is possible to trace its path throughfttoel web and to determine the extent
of the use of this food source by consumers. Ia fginse we try to determine the
exploitation of a food source by the different némda genera or groups and
especially to determine the trophic fate Riiaeocystis The use ofPhaeocystishy
higher trophic levels is still unknown and only eaetdy it was observed that
Phaeocystiseached the sediment in high quantities. By adtiibglledPhaeocystiso
the sediment it is possible to determine if meidbes usePhaeocystisas a food
source and to compare its importance with anothed source as diatoms;

the share of nematodes in the total mineralizagmotess, by comparing estimated
respiration of bacteria, nematodes and macrobemtftbstotal Sediment Community
Oxygen Consumption (SCOC). So far there is littivimation available on the role
of nematodes in sediment processes in subtidanssds. The nematode contribution
in total carbon turnover has been determined akbbdgpth gradient in ocean margin
sediments (Soetaest al, 1997). For intertidal estuarine sediments theatedes and
meiobenthos contribution to total respiration hise &een investigated (Van Oevelen
et al, 2006c¢). The role of nematodes in shallow subtsgaliments still needs to be
investigated since there are great differences fsballow subtidal to deep sea and

estuarine systems.
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Moreover, in estuarine systems, nematodes can diftevent reactions to an increased food
input. In a preliminary study in the Tagus estuagmatodes migrated differently towards or
away from an OM input (Franco, 2002). The springtpplankton bloom sedimentation in
the North Sea represents a natural change in figplysto the benthic system which depends
on it as a major source of OM (Billest al., 1990). In estuarine systems, nematodes depend
mostly on microphytobenthos and bacteria as a tmace (Van Oeveleet al.,2006c¢). An
anthropogenic input of OM to a system that does awdirely depend on it might trigger
different responses from the nematode community the ones investigated in the North Sea.
The nematode response to the phytoplankton bloodmseatation in the North Sea is
investigated primarily in a long term situationgoyear long, and also in relatively short term
experiments (two weeks). In intertidal sediments flematode community has to react fast
since following sediment exposure the rising tide displace the food source and/or make it
available to other consumers. In this context atsteom experiment (6 h) was conducted in
the estuarine system of the Tagus to mimic the x@otime of an intertidal flat. A set of
experiments were designed to investigate the impadead discards of beam-trawl fishing

(Crangon crangohon the nematode community from the Tagus estuary.

PhD thesis outline

In this thesis we focus on the nematode respons@anges in the food conditions, both in
contrasting subtidal coastal sediments from thettiN&ea (chapters 2-5) and in estuarine
intertidal sediments from the Tagus estuary (chra@fe Other meiobenthic organisms were
investigated as well. We further included reseanthbacteria and macrobenthos in this thesis
in order to maximise our understanding of the lmalal responses to the sedimentation of

phytoplankton. The thesis comprises five major tdap(Chapter 2-6) in which different
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aspects of this research are presented with the@rnwanclusions assembled in a final
conclusive chapter (chapter 7).

In chapter 2 we deal with the bacterial communitiem stations 115bis and 330 on the BCS.
Denaturing Gradient Gel Electrophoresis (DGGE) mégpes were used to analyse the
bacterial community composition of both stationsthinee different periods in time: prior,
during and after the spring phytoplankton bloomirseatation. Two sediment horizons were
studied, the surface layer (0-1 cm) and a deeper Igd-5 cm). Bacterial biomass was also
analysed and based on the DGGE fingerprints tharaomty diversity and composition was
studied. We tested the hypotheses that there werdifferences in bacterial community
composition, diversity and biomass (i) betweentthie stations, (ii) at the surface and at a
deeper sediment layer within a station and (iitwsen different seasons.

In chapters 3 and 4 the trophic position of theabenthic communities from stations 115bis
and 330 on the BCS was investigated by means lotesigotopes techniques.

In chapter 3 the natural abundance of the stali®pes'®C and*°N in the meiobenthic
community was measured and compared with the natiaiale isotopic values from the water
SPM and sediment POM. The meiobenthos was separatadjor taxa and some nematode
genera or functional groups were analysed sepwgral@ree different periods in time were
investigated: prior, during and after the spring/tpblankton bloom sedimentation in two
sediment horizons (0-1 cm and 4-5 cm) of both @tati We aim to clarify the responses of
the nematode community to the sedimentation osgveng phytoplankton bloom previously
observed at these stations. At station 115bis ¢émeatodesSabatieria celticaeandS. punctata
responded fast and concentrated in the top 2 crth@fsediment shortly after the peak
sedimentation event, while the deep-dwellDgptonemaiemanniandD. fistulatumshowed

a time-lagged response, coinciding with the buaiad degradation of fresh OM (Steyaett

al., subm). At station 330 nematode diversity and diessincreased drastically in a short
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time frame mainly due to the opportunistic respomde stout and short nematodes
(Vanaverbeket al, 2004a,b).

In chapter 4 two potential food sources of meiobesithe diatonSkeletonema costatuamd
Phaeocystiswvere enriched with the stable isotop€. We simulated a bloom deposition
event by incubating both algae in sediment com@® fstation 115bis while at station 330 only
diatoms were incubated. Meiobenthos was separatethdjor groups and again some
nematode genera or functional groups were picki#d.aim to investigate (i) the potential use
of Phaeocystisas a food source for meiobenthos; (ii) possibledint patterns in
incorporating algal carbon in the meiobenthic fomelb in contrasting sediments and (iii)
describe the importance of different meiobenthi@afaematode genera or functional groups
in assimilating fresh OM resulting from a phytofteon bloom sedimentation.

In chapter 5 the respiration of bacteria, nemata@led macrobenthos was estimated for
stations 115bis and 330 on the BCS at three diffgueriods in time: prior, during and after
the spring phytoplankton bloom sedimentation andted to the actual measured SCOC.
Here we aim to investigate the contribution of ntadas to the overall benthic respiration
and compare its importance with other compartmehttie benthic food web (bacteria and
macrobenthos) in different seasons and contrasgdgnents.

In chapter 6 an experiment dealing with the impgdaead discards reaching the sediment in
the nematode community was set up in a mud-flanftbe Tagus estuary in Portugal. The
response of the nematode community to the adddfatecomposingCrangon crangorwas
investigated in terms of changes of vertical disttion of the different nematode groups over
time.

We believe that the combination of field observagiand experimental work, both in the
subtidal North Sea and the intertidal estuarineirenment will lead (i) to a better

understanding of the temporal patterns observegimatode communities in shallow coastal
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seas and (ii) is an important step in the undedstgnof biological processes in subtidal

permeable sediments, further discussed in a fimgbter (chapter 7).
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Abstract

The response of benthic bacterial community contjposi diversity and biomass to
phytoplankton deposition was investigated in twatcasting sites at two different sediment
horizons in the Southern North Sea. Differencdsacterial community composition between
stations were observed. Seasonal differences inefi@c community composition were
significant as well and were stronger in fine seatits, probably related to stronger
fluctuations in food availability. Variation in camunity composition over the vertical
sediment profile was different for both stationscbarser sediment the difference was mostly
due to the absence of certain Operational Taxondmits (OTUs) at the surface, while in
fine sediment two distinct communities were pres@nRELATE test revealed that bacterial
community composition was influenced by the amoaintabile organic matter (estimated
through chlorophylla concentration in the sediment). Diversity in teraisOTUs richness
and Shannon-Weaver diversity index was higher nerfigrained sediments. In coarser
sediments diversity at the surface layer was lowkich might be related to stronger
hydrodynamic pressure at this station. These diffees were not observed at the other station.
Seasonal changes in diversity were not detectedotit stations. Bacterial biomass was
slightly higher in finer sediments. Bacterial biseawas not correlated with either
chlorophyll a or temperature. Seasonal differences in bacter@hass followed the ones

observed for community composition while no veltdifferences were detected.
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| ntroduction

Situated in a well mixed nutrient rich part of tNerth Sea (Brussaaret al, 1995), the
Belgian Continental Shelf (BCS) supports a higimgaiy production and algal biomass (Joint
& Pomroy, 1993). Phytoplankton shows clear seaspatkrn, with Belgian coastal waters
being dominated in spring by strong blooms Rifaeocystissimultaneously with diatom
blooms (Reidet al, 1990; Joint & Pomroy, 1993; Brussaaidal, 1995). During April and
May Phaeocystivlooms occur lasting for 20 to 40 days; dense bkofrdiatoms can occur
as early as February with smaller ones occurringates as September (Reé al, 1990;
Rousseaet al, 2002).

The sedimentation of the phytoplankton bloom regmés a major source of organic matter
(OM) for the benthic systens€eBillen et al, 1990; Graf, 1992). In areas with a strong
seasonal cycle of phytoplankton, as in coastalsaraacorresponding seasonality is to be
expected in the sedimentation pattern and therafotbe input of organic matter into the
benthic system.

It has previously been reported that nematodeonrekgu to a spring bloom deposition by an
increase in both density and diversity, especiaiyong the selective deposit-feeding
nematodes (1A-nematodes, Wieser, 1953) (Vanaverbekd, 2004b) and deposit-feeding
nematodes, the 1B-nematodes (Wieser, 1953) (Stegaeal, subm.). This was partially
explained by changes in bacterial diversity (Vambgkeet al, 2004b), since both 1A and 1B
nematodes feed on bacteria (Wieser, 1953) and oee®mican selectively feed on particular
bacterial strains (Moeret al, 1999b; De Mesadt al, 2004).

Bacteria have been reported to react fast on plar&mn sedimentation in terms of biomass
production (bigger cells), cell division, and adgwwhich results in an increase in biomass,

density and productivity (Gradt al, 1982; Meyer-Reil, 1983; Goedkoop & Johnson, 1996;
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Boonet al, 1998). This response of the bacterial commurmitgrt input of OM seems to be
influenced by the co-variation of both food supahd temperature (Grat al, 1982; Booret
al., 1998). Van Duyl & Kop (1994) indicated temperatuand substrate availability for
bacteria as the most important factors influen@agterial production.

Data concerning possible changes in benthic batteommunity composition and diversity
after a mass input of OM are, however, lacking ao Applying Denaturing Gradient Gel
Electrophoresis (DGGE) in microbial ecology allofes simultaneous analyses of multiple
samples, which enables monitoring the complex dycsitihat microbial communities may
undergo by diel and seasonal fluctuations or aftevironmental perturbations (Muyzer,
1999). This technique has been applied successtallgocument changes in planktonic
bacteria communities during phytoplankton bloomnesge.g. Van Hannegt al, 1999a;
Riemannet al, 2000; Fandinet al, 2001; Riemann & Winding, 2001; Van der Guehtl,
2001; Muylaeret al, 2002; Rooney-Varget al, 2005).

The present study aims to examine the bacteripbrese to a pulsed food supply in terms of
community composition, diversity and biomass on tall studied contrasting sites on the
BCS. The two study sites, station 115bis and 389 pageochemically different: 115bis is a
deposition station, characterized by the presehfeesediments with 4 % of mud (Steyaert
et al, subm.), while station 330 has permeable sediro@ntaining medium sand, devoid of
mud (Vanaverbeket al, 2004a,b). This results in strong differences emtigcal profiles of
chlorophylla, which is a proxy for the availability of labileMD(Boon & Duineveld, 1996).
Especially in depositional stations, the differenae availability of labile OM between
sediment depths during and after phytoplanktonnsediation can be striking (Graf, 1992),
creating very different biogeochemical conditioAdter sedimentation of phytodetritus the

sediment at station 115bis can become anoxic andineso until mid autumn (Steyaettal,
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subm.). As this affects metazoan meiobenthic \aristribution patterns (Steyaest al,
1999; Steyaeret al, subm.) it probably also has important consequefarebacterial life.

In this paper we therefore aim to test whetherghae significant differences in bacterial
community composition and biomass (1) betweenwmestations, (2) at the surface and at a
deeper sediment layer within a station and (3) twrethere are significant seasonal shifts

related to the spring bloom deposition.

Materials and M ethods

Study area and sampling

Samples were taken from the BCS stations 115b¢stdol close to the coast (51°09.2'N;
02°37.2°E; 13 m depth) and 330, located furtheslodfe (51°26.0'N; 02°48.5'E; 20 m depth)
(Fig. 1.1). The sampling sites were never locatedlopes or tops of sand banks.

Station 115bis is a deposition station, charaatérizy the presence of fine sediments (median
grain size: 185 um) with a small fraction of mud¥4 (Steyaeret al, subm.) while station
330 consists of medium sand (median grain size:-3&9um) with no mud content
(Vanaverbeket al, 2004a,b).

Sampling at both stations was conducted monthymfiOctober 2002 until October 2003
from the research vessels Zeeleeuw or Belgica. Bagnook place on the same days at both
stations. In December 2002 it was not possibleatoe station 330 due to bad weather and
sea conditions. In February only two box corersenatained for station 330.

The water column was sampled at 3 m depth and Joweathe sea floor for phytoplankton
analysis using 10 | Niskin bottles. To obtain pigineamples, 500 ml of water from each
depth was filtered onto GF/F glass microfibre fdt€i.d. 4.7 cm) using a vacuum pump.

Three replicate samples were obtained. Temperanfrethe water was recorded
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simultaneously. The samples were kept in the dawk areserved at -20°C on board and
stored at -80°C in the laboratory.

Sediment was sampled using a Reineck boxcoreragidrea 180 cthor another box corer
with a greater surface area (campaigns of Februgsil and October 2003). The box corer
was deployed three times at each sampling statiorizebruary only two samples were
obtained for station 330.

From each box corer 2 perspex cores (i.d. 3.6 cargwaken: one for pigment analysis and
another for bacterial counts and biomass analy$is.pigment analysis cores were sliced in
1 cm slices down to 10 cm. Pigment samples wersepved at -20°C on board and stored
at -80°C in the laboratory. Bacterial counts anoiiass samples were analysed monthly at
the 0-1 cm layer and in the months of February,ilAprd October 2003 also at the 4-5 cm
layer. The sediment samples for bacterial counts @omass analysis were preserved in a
4 % formaldehyde-tap water solution, thoroughlyk&maand stored in the fridge until further
processed.

During the February, April and October 2003 campsigdditional cores for bacterial
community composition analysis (i.d. 6 cm) wereetakThe bacterial cores were carefully
closed in order to retain the overlaying water preserved at 4°C until further processing in
the laboratory.

Laboratory treatment of samples

The sediment samples for pigment analysis werehetjand pigment contents (chlorophyll
a, phaeophytin and phaeophorbid) were analyzed byCH&ilson) following Wright and
Jeffrey (1997). The ratio of phaeopigments to tina ®f chlorophylla with phaeopigments
(PAP ratio) was calculated as an indication offtleshness of the material deposited on the

sediment (Booret al, 1998).
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Samples for bacteria counting were prepared folgwstarinket al. (1994). Milli-Q water
was added to the bacterial sample until a volum@.%iml and 0.5 ml N#&,0; (0.2 M) was
added to reach a final concentration obR&®; of 0.01 M. This mixture was sonicated five
times for 30 seconds using a Soniprep 150 (10 Watt)etween sonication pulses the sample
rested on ice for 30 seconds. Before staining sesnpiere diluted 10 to 1000 times using
TRIS. A subsample was filtered onto 0.2 um polyoadie filter and stained with Sybrgold
(Molecular Probes). Filters were then mounted oslide. Counting of bacterial cells was
performed using a Leica confocal microscope comtketd QWIN software. From every
image 16 scans were made 0.2 um vertically apam #ach other. In such a way, a 3.2 um
thick image was analysed. From each scan, allghest>0.2 um were counted and allocated
to a size class. Per slide, 50-100 images wereysatdl The volume of the bacteria was
calculated as a sphere volume #4K/3; r = radius), with a radius estimation of haiet
average of lower (L) and upper (U) diameters, aad wonverted to carbon content (bacterial
biomass) by using a conversion factor of 310 f@ain > (Fry, 1990). Biomass was therefore
calculated according to: (4x3.141593x((L+U/8)x310 where L and U are lower and upper
diameter of the bacteria. Data from station 115iése only available from January 2003
onwards.

In a flow bench two sub-samples were taken fromheddhe sediment cores using a sterile
syringe from which the tip had been removed. Fraoheof the two sub-samples the layers
between 0-1 and 4-5 cm (1 ml each) were presenve3DaC until further processing.

Although on most occasions 3 replicates per statind sediment layers were obtained,
methodological problems prevented a complete sagdbr station 115bis in February (2
replicates at 0-1 cm layer) in April (1 replicatedab cm layer) and in October (2 replicates at

4-5 cm layer).
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DNA extraction

Total DNA was extracted from about 1.5 g of seditm@Howing the procedure of Demba
Diallo (2003). Sediment (1.5 g) was mixed with tnb NaHPO, (0.1 M) and washed by
shaking for 30 min at room temperature. After auigation at 7000 g (10 min at 4°C), the
supernatant was removed. The pellet was resuspends@D pl of lysis buffer [2 % CTAB
(Cetyltrimethylammonium bromide); 0.15 M NaCl; 0L Na;EDTA (pH8); 1% PVPP
(PolyVynil PolyPyrrolidone)], and 7.5 mg lysozym&igma) was added. Samples were
incubated overnight at 37°C. 25 pl of proteinasé€8 mg ml*, Boehringer, Mannheim) was
added and the tubes were incubated at 50°C forid0The temperature was increased to
65°C for 20 min and 300 pl extraction buffer (0.2NACI; 0.1 M Tris-HCI pH 8; 2 % SDS)
was added. Then, the mixture was incubated at 86f@nother 10 min. After addition of
350 ul of 5 M NaCl the samples were cooled on @€l min. The supernatant was collected
after centrifugation (7000 g, 10 min, 4°C) and $fanred into 2 ml centrifuge tubes. To
precipitate the crude DNA, 75 pl of 5 M potassiuoetate and 250 pl 40 % polyethylene
glycol 8000 (PEG) were added and the mixture wasbated at -80°C for 1 h. The pellet,
obtained by centrifugation (13000 g for 15 min & Y¥was resuspended in 900 ul 2 x CTAB
(2% CTAB; 1.4 M NaCl; 0.1 M N&DTA) and incubated for 15 min at 68°C. After aduit

of 900 pl of chloroform, the solution was gentlyxeul and centrifuged at 13000 g for 10 min
at room temperature. The DNA was precipitated bgtitamh of 1 ml of isopropanol and
incubated for at least 15 min at 20°C. The pell80Q0 g for 15 min at 4°C) was dissolved in
450 ul 2.5 M ammonium acetate (MPAC) and subsequently, the DNA was precipitated by
the addition of 1000 pl 95 % ethanol and then iated for at least 15 min at -20°C. The
pellet of DNA was obtained by centrifugation at @8 for 15 min at 4°C and resuspended
in 200 pl sterile water (Sigma). For each sedinsample, we performed two independent

1.5 g sediment preparations, the purified DNA-sawspf which were pooled and stored in
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one single vial. A 100 ul aliquot of the crude extrwas further purified using the Wizard®

DNA CleanUp kit (Promega, Madison, WI USA).

PCR amplification of 16SrDNA

6 pl (ca 100 ng) of the purified DNA was amplifisda Genius temperature cycler. For each
sample two PCRs were performed. The PCR mixturgagwed: 6 pl of template DNA,
0.5 uM of each of the appropriate primers, 200 piMeach deoxynucleoside triphosphate,
5 pl of 10 x PCR buffer (100 mM Tris-HCI (pH9); 56tM KCI; 15 mM MgCb), 20 ng of
bovine serum albumine and 2.5 U of Tag DNA polyrseréAmpli-Taqg Perkin Elmer). Each
mixture was adjusted to a final volume of 50 plhnsterile water (Sigma). The primers are:
F357GC(5'CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCUBLCGGG
AGGCAGCAG-3) and R518 (5-ATTACCGCGGCTGCTGG-3") 0h primers designed by
Muyzeret al. (1993) are used to amplify the 16S rDNA regiorresponding to positions 341
to 534 inE. coli. Primer F357GC that contains a GC-rich clamp ec8 for most bacteria
and R518 is specific for moBiacterig Archaea andEucarya(Van Hanneret al. 1999b). In
order to improve the specificity of the amplificatiand to reduce the formation of spurious
by-products, a “touchdown” PCR (Muyzet al. 1993; Donet al. 1991) was performed
starting with 5 minutes at 94°C, followed by 20 legcof denaturation at 94°C for 1 min,
annealing at 65°C (the temperature was decreas@bb{ every cycle until the touchdown
temperature of 56°C) for 1 min, and primer extensio72°C for 1 min. Ten additional cycles
were carried out at an annealing temperature o€53he tubes were then incubated for
10 min at 72°C. The presence of PCR products a@id toncentration were determined by
analysing 5 ul of PCR-product on a 2% agarose @elmolecular weight marker

(Smartladder-Eurogentec, SA Belgium) was included.
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DGGE (Denaturing Gradient Gel Electrophoresis) analysis

DGGEs were carried out using the D-Code System fBimaRad Laboratories. The PCR
products were loaded onto 8 % (w/v) polyacrylamiggds of 1 mm thickness, in 1 x TAE
buffer [20 mM Tris-acetate with pH7.4; 10 mM acetad.5 mM Na EDTA]. The denaturing
gradient contained 35 % to 70 % denaturants (10fe¥aturant corresponded to 7 M urea
and 40 % (vol/vol) deionised formamide). The tdtale intensity was normalised between
the samples at 400 ng of DNA. Electrophoresis wafopmed at a constant voltage of 75V
for 16 h and at a constant temperature of 60°CerAdtectrophoresis, the gels were stained for
1 h in 1X TAE containing ethidium bromide (0.5 m (Muyzer et al, 1993). The bands
were visualized on a UV transillumination table ipged with a digital CCD camera.

As standards, we used a mixture of DNA from 9 ctof\éan Der Guchet al, 2001). On each
gel, three standard lanes were analyzed in parallghe samples, to facilitate comparison
between gels.

The banding patterns were then analyzed using Bienigs 5.1 (Applied Maths BVBA,
Kortrijk, Belgium). This software, through measwiof an optical density profile through
each lane (corresponding to a single sample), iftethe band positions and calculates the
contribution of the intensity of each band to tb&l intensity of the lane. This procedure

yields a matrix with the relative intensity of edwzdnd in all samples.
Bacterial Biodiversity

Ecological diversity is considered a function of thumber of different classes (richness) and
the relative distribution of individuals among theslasses (evenness) (Washington, 1984).
By treating each band as an individual “Operatiocha@konomic Unit” (OTU), the richness
(number of OTUs present) and the Shannon-Weavergity index (H’) (Shannon & Weaver,
1963) were calculated using PRIMER v.5 (Primer-H. LPlymouth, Great Britain). As rare

populations (less than 1% of the total communityyhtinot be represented in a DGGE gel
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(Muyzeret al, 1993) the bacterial community richness (total hamof OTUs detected) and
diversity (Shannon-Weaver diversity index) calceththere only refer to the dominant
bacteria populations and should be interpretechasdicator of the minimum diversity of the

bacterial community.
Statistical analysis

All correlation tests were done using Spearman RnKhe STATISTICA 6 software was
used and a confidence level of 0.05 was considarall test procedures.

The analysis of the banding profiles of the DGGIEs geas done by multivariate tests using
PRIMER v.5 (Primer-E Ltd., Plymouth, Great Britaid)l tests were carried out on log (x+1)
transformed data. The Bray-Curtis index was usesiragarity coefficient. A MDS analysis
places samples in a multi-dimensional space, bagseithe similarities between them. In the
2D ordination plots similar samples are therefdee@d together (Clarke, 1993). The relative
intensity of each band was taken into account, Wwiaippears to be more appropriate than
using only presence/absence data (Muyleeal, 2002).

One-way ANOSIM (Analysis of Similarity) was used test for statistical differences
between the community composition of the two steil15bis and 330). For each station a
two-way crossed ANOSIM was used to test for siatistlifferences between the community
composition at different depths (0-1 cm and 4-5 @nyl the sampling months (February,
April and October 2003) (Clarke, 1993). Wheneveagnsdicant differences were found,
pairwise tests were done.

The relationship between chlorophydl and the community structure was assessed by
calculating rank correlations between similarity tnec@s derived from chlorophylia
concentration in the sediment and the banding |pf{(RELATE procedure) using the

software package PRIMER v.5 (Primer-E Ltd., Plynho@reat Britain). The same RELATE
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test was used between similarity matrices derivethfbacterial counts per size classes and
bacterial biomass per size class.

One-way and two-way Analyses of Variance (ANOVA)rev@erformed in order to test for
statistical differences in the Shannon-Weaver ditelindex and OTUs richness and in the
bacterial counts and biomass for the months of @agr April and October 2003.
Homogeneity of variances was tested using Bartfe#ind data were transformed whenever
necessary (log transformed on the diversity indagsecand inverse transformed on the
bacterial counts and biomass case). Whenever signifdifferences were found post hoc
Tukey HSD tests were performed. One-way ANOVA waedito test for significant
differences between the two stations. A two-way AMOwas used to test for the effect of
depth, time and their interaction for bacterial msuand biomass at both stations and for the
Shannon-Weaver diversity index and OTUs richnesstadton 330. At station 115bis due to
the lack of replication in April at layer 4-5 cm,t@o-way ANOVA could not be performed
on the Shannon-Weaver diversity index and OTUseel. One-way ANOVA was then used
to test for significant differences between the glamy dates in layer 0-1 cm;tadest was used

to test for significant differences between the glamy dates February and October for layer
4-5 cm; and a one-way ANOVA was performed in orttertest for statistical differences
between the two sampling depths.

The STATISTICA 6 software was used and a signifiealevel of 0.05 was considered in all

test procedures.

Results

Environmental variables

At both stations the surface and bottom water slowemparable concentrations of

chlorophyll a, indicating a well-mixed water column (Fig. 2.1At station 115bis the
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chlorophyll a concentration in the water was on most occasiogiseh than at station 330.
Chlorophylla concentrations in the water at both stationsedanising in February, peaked in
April (48 mg m® at station 115bis and 32 mg°nat station 330) and decreased afterwards
(Fig. 2.1). Smaller peaks were observed in Julybioth stations and in September only at
station 330, reaching values no higher than 17 iig m

At the sediment surface chlorophyl concentrations were considerably higher at station
115bis than at station 330 (Fig. 2.2) throughoatdhmpling period, and followed the patterns
observed in the water column, with a peak in Apkil.station 330 other smaller peaks were
observed in August 2003 and October 2003 correspgntb the deposition of the late
summer and autumn blooms. For both stations chihglbm in the bottom water was

correlated with chlorophylla at the sediment surface (115bis: R =0.73; p §;03B0:

R =0.62; p < 0.05).
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Figure 2.1: Chlorophylla concentration in the surface and bottom water ififiyat stations 115bis and 330 for

the period from October 2002 to October 2003. ¢attbars represent the standard error.
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At station 115bis the PAP ratios were relatively o winter, started increasing in April, and

remained relatively stable until they reached tlghést values in October 2003. At station
330 the PAP ratios varied more abruptly: they shibwienilar values in winter, decreased
abruptly in April and peaked two months later. Frdomme onwards PAP ratio decreased

gradually (Fig. 2.2).
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Figure 2.2: Chlorophylla concentration in the sediment (m¢g)nand the ratio of phaeopigments to chlorophyll
a + phaeopigments (PAP ratio) for the 0-1 cm lagéstations 115bis and 330 for the period from ©et®002

to October 2003. Vertical bars represent the stahelaor. Note different scale on lgfaxis.

At station 115bis chlorophylh concentrations in the sediment were always higheshe
surface (Fig. 2.3). This profile was most evidenApril 2003 while deposition was occurring;
PAP ratios showed the opposite trend and increastd depth. At station 330 no clear
vertical gradient could be found for either chldmglb a concentration or PAP ratios.

Water temperature was lowest in December (4.9%)ained low until March and increased
from April onwards. Maximum values were observed Angust (22°C), after which

temperature decreased gradually.
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Figure 2.3: Vertical profiles of chlorophylh concentration (mg ) and ratio of phaeopigments to chlorophyll
a + phaeopigments (PAP ratio) in the sediment atosts 115bis and 330 in February 2003, April 2008 a

October 2003. Horizontal bars represent the stanelaior. Note different scale on tggaxis
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Bacterial biomass

Bacterial counts varied between 1490(3 SE) and 14.1+(0.9 SE) x1& m? at station 115bis
and between 2.0:(0.9 SE) and 10.6:(4.6 SE) x1& m at station 330 (Fig. 2.4). Bacterial
counts were strongly correlated with bacterial lass(R = 0.94; p < 0.001). Moreover when
taking into account the bacterial counts and bieniastributed per size class a RELATE test
revealed a strong relationship between both vaggapl= 0.90; p < 0.01). Both tests indicated
that bacterial counts and bacterial biomass vainethe same way. Therefore results are
focussed on bacterial biomass.

The bacterial biomass ranged from :20(1 SE) to 2.8% 0.8 SE) gC i at station 115bis
and from 0.2 £ 0.1 SE) to 1.9% 0.8 SE) gC 1 at station 330, showing different seasonal
patterns when comparing both stations (Fig 2.4xct&e&l biomass at station 115bis was
much more variable than at station 330. Bacteii@anbss was low in January and February
2003. Peak values were reached in March 2003 wi#trmediate values in April and May
2003. A progressive decrease towards initial valuas then observed. Bacterial biomass in
station 330 was lower compared to station 115hisfdating around 1 gC ffrom January

to July 2003. Prior to and after that period, baatdiomass values were considerably lower.
Bacterial biomass at 4-5 cm resembled that in gpe=ucm at all seasons at both stations (Fig.
2.4).

Biomass showed no correlation with either chlordphlyor temperature (p > 0.05) in any of
the stations.

Analysing bacterial biomass for the sampling dateBebruary, April and October 2003, no
statistical differences were observed between btdtions (F = 0.243; df = 1; p > 0.05). At
station 115bis significant differences were fouretween sampling dates (F = 5.24; df = 2;
p < 0.05) but not between layers (F = 0.08; df # ;0.05) nor for the interaction term time

x depth (F=0.35; df=2; p>0.05). Post-hoc cangons showed that April was
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significantly different from February and OctobAt.station 330 significant differences were
found between sampling dates (F =5.99; df =2;Q05) but not between depth layers
(F = 0.56; df = 1; p > 0.05) nor for the interaatiterm (F = 0.77; df = 2; p > 0.05). Post-hoc

comparisons showed that April and October wereifsogmtly different.
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Figure 2.4: Bacterial biomass (gC mof sediment) at the first cm layer from statiorbhis and 330 on the
period from October 2002 to October 2003. On thatimo of February 2003, April 2003 and October 2GS

values for the 4-5cm layer are also indicated. ivarbars represent the standard error.

Bacterial community composition

Each band on the DGGE represents one “Operaticmabriomic Unit” (OTU) (Fig. 2.5). In
this study 52 different OTUs were identified. Oy of these OTUs were detected at both
stations: 21 were found only at station 115bis @r@hly at station 330. 21 of the 52 OTUs
were detected on the three sampling campaignsewbilwere restricted to 1 sampling period.
16 OTUs were detected in only one of the two dégyers. Five OTUs were only detected
once.

A one-way ANOSIM considering all the samples, showbat there were significant

differences between the two sampling stations (&l&b= 0.721; p < 0.05).
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MDS for both stations separately revealed seasandl vertical differences in bacterial

community composition (Fig. 2.5). When consideristgtion 115bis a two-way crossed

ANOSIM showed that there were significant differesicbetween the sampling months

(Global R =0.991; p <0.05) and sediment deptHsl{@ R = 0.788; p < 0.05). All sampling

months were significantly different from each otk 0.05) (Table 2.1). At station 330 the

two-way crossed ANOSIM again showed significantfesldnces between the sampling

months (Global R = 0.884; p < 0.05) and depth lay&lobal R = 0.726; p < 0.05). Pairwise

tests (Table 2.1) revealed that communities in R@Etavere significantly different (p < 0.05)

from those in February and April, while no diffecess were found between the latter two

months (p > 0.05).
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Figure 2.5: Example of DGGE gels and MDS analysis of the mi@otommunity from station 115bis and 330

of the sampling campaigns on February 2003 (squatgsil 2003 (triangles) and October 2003 (cird)emt

0-1 cm (white) and 4-5 cm (black) sediment layévk.marker).
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The bacterial community composition at both statiaball times and depths was significantly
influenced by the chlorophyl concentration in the sediment as (RELATE test, 0.26;

p < 0.01).

Bacterial biodiversity

Both OTUs richness and Shannon-Weaver diversitgxngere relatively higher at station
115bis then at station 330 (Fig. 2.6). At statidbldis OTUs richness and Shannon-Weaver
diversity index were similar for both sediment lesy@nd for all the seasons, with lower
values only noticed in the 4-5 cm layer in Aprihéel OTUs richness and Shannon-Weaver
diversity index of the communities at station 33@revlower at the surface layer than at the

4-5 cm layer and showed minor changes with time.

Table 2.1: Pairwise test for bacterial community compositiorthe different sampling months for both stations

*significantly different (p < 0.05).

115bis 330

R statistics  Significance level R statistics grifficance level

FebruaryersusApril 0.958 0.010* 0.500 0.080
FebruaryversusOctober 1.000 0.025* 1.000 0.010*
April versusOctober 1.000 0.033 * 0.944 0.010 *

The sample from April 4-5 cm at station 115bis wasioved from the statistical analysis
since it had no replication. A one-way ANOVA perfaeed on the Shannon-Weaver diversity
index showed that there were significant differenbetween the two stations (F = 15.20;
df = 1; p <0.001). At station 115bis no signifitatifferences were found between sampling
dates for layer 0-1 cm (F = 0.035; df = 2; p > (,@bt-test showed no significant differences
between February and October for layer 4-5 cm I{ieva 0.071; p > 0.05); and a one-way

ANOVA showed no significant differences between twe depth layers (F = 0.129; df = 1;
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p > 0.05). At station 330 a two-way ANOVA showedatthhere were significant differences
between the depth layers (F =14.310; df = 1; p080but not between sampling months
(F = 0.540; df = 2; p > 0.05) nor when combininghbeffects (F = 1.312; df = 2; p > 0.05).
The same analyses performed on the OTUs richnesgeshthe same significant differences

as the ones shown by the bacterial Shannon-Weaxensiy index.
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Figure 2.6: Shannon-Weaver index (H’) and number of OTUs ifiedtin the bacterial community from station
115bis and 330 on the sampling campaigns on Feb2@03, April 2003 and October 2003, at 0-1cm and

4-5cm sediment layers. Vertical bars represenstiwedard error.

Discussion

Environmental variables

As described previously (Vanaverbeke al, 2004a,b; Steyaenret al, subm.) a strong
phytoplankton bloom occurred in spring as indicateg the seasonal pattern of the
concentration of chlorophyd in the water column. The higher chlorophgitoncentration in
the water column at station 115bis during the gpphytoplankton bloom was to be expected,

since primary production is higher closer to thastqJoint & Pomroy, 1993).
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Patterns of chlorophyt concentrations in the sediment also showed agtseasonal signal
(Vanaverbekeet al, 2004a,b; Steyaest al, subm.), but in contrast to the water column
values, differed considerably between the statidDBlorophyll a concentration at the
sediment surface at station 115bis was about l1@stitigher than at station 330. This,
together with the absence of clear vertical prefitethe sediment at station 330 corroborated
the idea that this station has more permeable sedimhere stronger bottom water currents
prevent the deposition of sedimenting phytodetriRrecht & Huettel, 2004) and induce sub-
surface chlorophylla peaks (Ehrenhauss & Huettel, 2004; Ehrenhaisal, 2004a). At
station 115bis vertical gradients were very obvicespecially during the deposition of the
phytoplankton bloom corroborating that 115bis gegosition station.

The pattern of the PAP ratios showed little seaseaaation at station 115bis compared to
station 330 (Fig. 2.2). The comparatively higherPPratios at station 330 following bloom
senescence indicate a rapid degradation of OM,ca&ypfor permeable coastal sands
(Ehrenhausset al, 2004b). Advective transport allows fast removdl decomposition
products (Huettekt al, 1998) resulting in an up and down fluctuationttué PAP ratios at
station 330. At station 115bis there was a carboiddup (phytodetritus derived) in the
sediment during spring and subsequent degradandnnaneralization in late summer as
previously reported in the North Sea for this tygfesediment (Boon & Duineveld, 1998;
Provoostet al, in prep. Therefore PAP ratios did not show major flucitoré but slowly
increased towards late summer and autumn.

Bacterial biomass

Bacterial counts make no distinction between deative or inactive bacteria. There is a
large fraction of dead or inactive bacteria in ¢absarine sediments (Lured al, 2002) and
the percentage of active bacteria may change sagi@réachet al, 2003). In deep

Mediterranean sediments the number of active baadepends on the organic substrate in the
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sediment derived from the photic layer (Luetaal, 2004). However according to the same
study no relationship was observed between totatiebal counts and organic content of the
sediment. In our study bacterial biomass, calcdldtem bacterial counts, also had no
correlation with either temperature or chloroplay/(las indicator of the amount of labile OM)
at any of the stations. Both temperature and fowdilability seem to be key factors
influencing the response of benthic bacterial comities to an input of OM (Gradt al, 1982;
Boon et al, 1998) and a relationship between bacterial conitjucomposition and
chlorophyll a concentration in the sediment was detected in gthusly. Bacterial biomass
and/or counts alone may not be reliable indicatdrehanges in bacterial activity; however,
coupled with other data, like DGGE banding profile®y to achieve a better understanding
of changes in the bacterial community. A signifibamigher bacterial biomass was detected
in April at station 115bis (compared to Februarg &ctober) which is probably coupled with
the seasonal shifts in bacterial community compsibbserved at this station (still discussed
further on). Also a significantly lower bacteriabmass detected in October at station 330 is
probably related to the fact of this community casifon being significantly different from
February and April (still discussed further on).

M ethodological considerations

As any PCR and DNA based techniques, DGGE of PCglitd 16S rDNA (Muyzeret al,
1993) has its own methodological limitations, likenibition of PCR amplification by co-
extracted contaminants, deferential amplificatiorioomation of artefactual PCR products or
contaminating DNA, and 16S rRNA sequence variati@tsmigration of DNA, single bands
representing more then one bacterial strain orh#jigdifferent rRNA gene sequences
resulting in multiple bands are problems that cecuoin DGGE (Nubeét al, 1996; Palyst
al., 1997; Vallaeyset al, 1997). Nevertheless PCR-mediated analysis of IE8$A is a

powerful tool for the determination of microbialvdrsity of environmental ecosystems (von
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Wintzingerodeet al, 1997) and DGGE techniques are quite effectivenwttearacterizing a
bacterial community structure, namely for monitgrichanges in occurrence and/or relative
frequency of the different bacterial populationsoffin et al, 2002). Since samples were
treated in the same way during the whole studyribéhod allows for a proper comparison of
the results beyond a mere qualitative approachnfiret al, 2002). Shannon-Weaver index
is the most common diversity index used by ecotedid/ashington, 1984) and has also been
applied to DGGE fingerprints to estimate bactediakrsity €.g.Nubelet al, 1999; Booret

al., 2002; Dilly et al, 2004; Haaclet al, 2004; Gafaret al, 2005; Xiaet al, 2005; Lagacét

al., 2006) even though in a DGGE gel populations msgreng less than 1% of the total
community may not be represented (Muyeeal, 1993).

Bacterial community composition and diver sity

Our results showed that bacterial community contmesiwas significantly different at both
stations. Only 6 of the 52 OTUs were exclusiveltedted at station 330 while 21 OTUs were
found exclusively at station 115bis (data not shov@TUs richness and Shannon-Weaver
diversity index were mostly higher at station 1E5tian at station 330, especially at the
sediment surface. This may be a reflection of highed availability at station 115bis, since
substrate availability affects bacterial commurstymposition (Van Hanneet al, 1999a;
Muylaertet al, 2002) and a high concentration of potentiallyilade substrate can sustain a
higher bacterial diversity (Lunat al, 2004). The results on the dominant OTUs (relative
density higher than 1%) indicate a relatively mdireerse community at station 115bis.

In the bacterioplankton both free-living bacteral garticle-associated bacteria can occur as
two distinct communities (Fandiret al, 2001; Riemann & Winding, 2001; Rooney-Vakga
al., 2005), although this can not be generalised (®a@b, 2007). If this would be true for
the sediment as well, one would expect that theabéshment of free-living bacteria

populations would become more difficult at stat880 due to the high bottom water currents
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and the permeability of the sediment. This woulkelly be more evident at the surface of the
sediment, where our results show the lowest battdiversity for station 330. At station
115bis, with no such currents, both free-living atthched bacteria can coexist as in the
plankton.

Due to water flow through the sediment bacteridlsaean also be transported, in fact Rusch
et al. (2001) observed a subsurface peak in bacteriditien (2-4 cm deep) as a consequence
of advective pore water flows. The coupling of Imnt bacterial communities and
bacterioplankton communities should be strongestatton 330, which would not be the case
at station 115bis. This would contribute to a sgemdifferentiation between the benthic
bacterial communities from both stations.

Another factor that could be responsible for défgrcommunity composition at both stations
Is the possible coexistence of aerobic and anaetuditeria at station 115bis. At this station
the sediment becomes reduced after a spring bl&iaydertet al, subm.) while at station
330 sediments at the depths studied here are arelleal (Vanaverbelat al, 2004a,b).
Significant vertical differences in bacterial commity composition were observed at both
stations, which may have different causes at eaahos. Only one OTU was found
exclusively at the surface layer at station 330sTOTU was also found exclusively at the
surface layer at station 115bis. All other OTUsamtered at the surface were also found at
4-5 cm, generally with relatively higher abundancg® OTUs were found exclusively at
4-5 cm at station 330, half of which were also obsé at the sediment surface at station
115bis (data not shown). The differences in comtyuromposition between the two layers
at station 330 were a consequence of the non-d&tect certain bacterial populations at the
surface of the sediment. Bacterial populationdh@&upper cm of station 330 may not be able
to deal with the high hydrodynamic stress (advectourrents through the sediment)

prevailing there (Precht & Huettel, 2004), whiclsuks in both a lower Shannon-Weaver
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diversity index, a lower number of OTUs, and aetdéint bacterial community composition
compared to deeper layers.

At station 115bis 10 OTUs were found exclusivelyttad surface and 8 OTUs only at the
4-5 cm layer (data not shown), indicating that fas tstation different communities may
develop in each layer. When omitting the samplenfAgpril 4-5 cm layer at station 115bis, no
significant differences were observed in ShannoraWe diversity and OTUs richness
between layers, even though community compositiaas wifferent. On this sampling
occasion, it was only possible to obtain one repdicfor the 4-5cm layer. The DNA
extraction and subsequent PCR was not as successfior other samples. Since bacterial
biomass was not lower this might be related to ebaimnhibition. Since there was no
replication, results referring to station 115bisApril 4-5 cm layer should be handled with
care.

Steep vertical gradients in chlorophylconcentration and PAP ratios were registered at
station 115bis. Moreover, deep sediment layerfiatdtation showed strong negative redox
potential values and a build up of WHSteyaertet al, subm.). Vertical differences in the
benthic bacterial community have previously beeporteed (Lunaet al, 2004) in
Mediterranean sediments with oxygen depletion noislin which the vertical differences in
the bacterial community were closely related tooregotential changes (Urakave al,
2000).

The bacterial community composition at both statiaiso changed with time. In the
planktonic system shifts in plankton species contjposare responsible for changes in the
attached bacterial community composition (Rooneygdaet al, 2005). Carbon-rich
mucilage sedimentation, as secreted Rlyaeocystis can be a post-bloom food source
(Riebesellet al, 1995). Experimental degradation of such compoundsgyar from different

sources and under different oxygen conditions tese very different microbial
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communities with only a few overlapping speciesiééet al, 2000). Changes in OM quality
and quantity can induce shifts in bacterial comryusiructure (Lunat al, 2004). Therefore
seasonal changes in food availability and oxygenadire likely to produce distinct bacterial
communities. This was supported by the signifid@BLATE test observed between bacterial
community composition and the concentration of iphyll a in the sediment.

Temporal differences in bacterial composition waiere pronounced at station 115bis, where
all sampling months were significantly differenbrin each other. Also the percentage of
OTUs which were present on the three sampling cagnpavas lower at station 115bis than
at station 330 (data not shown), indicating thatehwvere more pronounced temporal shifts of
the bacterial populations at this station. Bacltdriamass also showed shifts from February to
April and again from April to October. Stronger naions in chlorophylla concentration in
the sediment at station 115bis would imply highemporal differences in the bacterial
community composition at station 115bis.

Besides food availability, the oxygenation of tleglisment can also change more drastically at
station 115bis (Steyaeet al, subm.), in contrast to station 330 where the xeplatential
remains positive throughout the studied sedimenpthde and throughout the year
(Vanaverbeket al, 2004a,b).

At station 330 only October’s bacterial communigngosition was different from the other
two sampling dates, and that was also the cadeafderial biomass. Temporal variability was
also present at this station but not so strongly.

Even though the bacterial community compositionngjeal with time, such differences were
not detected in Shannon-Weaver diversity and OTitlmess at station 330, nor at station
115bis if the sample from April 4-5 cm layer is oi@d. At each station we observed that with
time OTUs were disappearing, new ones emergingoimets were always present but their

density changed. The regular seasonal environmeritahges may be responsible for
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maintenance of diversity since environmental flattons can provide temporal niche
opportunities, allowing species coexistence (Chegsdluntly, 1997). It does not mean that
the same bacteria were not always present but esamg dominance may push certain
bacteria above the detection limit (Hedratkal,, 2000).

Generaly bacterial dynamics is still considereédnsystem models as a simple consequence
of abiotic factors and nutrient availability whiaty oversimplify the true nature of microbial
ecological functions. However their distributiondaabundance is regulated not only by
abiotic factors and food availability (as discussdabve), but also by biotic factors (e.qg.,
competition with other species, predation by vig)sg-uhrmaret al, 2006). The extent to
which the interactions between abiotic and biotrocpsses govern bacterial community
dynamics remains difficult to assess in the absefdegh resolution microbial biodiversity
information.

Changes in bacterial community may also be of ingmme when considering higher trophic
levels. Changes of nematode community compositibter dloom sedimentation towards
feeding types that feed on bacteria have been widén these two stations (Vanaverbeke
al., 2004b; Steyaesdt al, subm.). Vanaverbelet al. (2004b) hypothesized that an increase in
nematode species richness could have been caused ingrease in bacteria diversity. An
increase in bacterial diversity was not observemydver, a shift in bacterial community
composition and biomass was observed and thosegebatan indeed be coupled with

changes in the nematodes communities.
Conclusions

We have shown that bacterial community compositidgfered when comparing fine with
coarser marine sediment and our results indicaiediversity in general tends to be higher in
finer sediments. Bacterial community compositicsoadiffered vertically within the sediment

but not in the same way for both sediment typeghénfine sediment two relatively distinct
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communities developed at the surface and deepeheinsediment. In coarser sediments,
vertical differences were related mostly to the-detection of certain bacteria populations at
the surface of the sediment where hydrodynamisst® stronger. Seasonal patterns in food
availability played a key role in the bacterial commity composition, which changed more

drastically within fine sediment, where the inpttOM was stronger.
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Abstract

The response of meiobenthic communities in ternmdeosities and vertical distribution to the
sedimentation of phytoplankton was investigatedwo contrasting sites in the southern
North Sea: one with fine grained sediment closeht coastline and another with highly
permeable sediments. Pigments in water column edidhent and meiobenthic densities were
measured monthly from October 2002 until Octobed30The stable isotopedC and™®N
signatures were analysed in sediment Particulagadc Matter (POM), water Suspended
Particulate Matter (SPM) and in different meiobénthaxa at three different sampling periods
(prior, during and after the spring bloom deposifiat two sediment depths (0-1 and 4-5 cm).
Differences in nematode response to the sedimentatient were obvious and related to the
different biogeochemical processes at both statiompermeable sediments the nematode
response was fast after deposition occurred, wihiléhe fine grained station, nematode
response in terms of densities was delayed in time.

In general meiobenthit®C signatures remained relatively constant with tiamel were not
coupled with changes observed on the water SPMsadanent POM. Vertical differences
were observed in meiobenthitC signatures in fine sediments. Surface-dwellinatede
species had similar signatures as the gefataatieriaand Richtersiaindependent of the
sediment horizon they were encountered in, indigatinigration of these genera to the
surface to feed. In permeable sediments such sedifferences were not presedt>C and
8N values of copepods clearly indicated a chemoengibtc food source within the fine

grained sediment, which has not been previouslgrted for such environments.
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| ntroduction

The Belgian Continental Shelf (BCS), a well mixedtrient rich area in the North Sea
(Brussaarcet al, 1995) is characterized by a high primary productnd high algal biomass
(Joint & Pomroy, 1993). Phytoplankton blooms havst@ng seasonal signal and during
spring intense blooms d?haeocystiscolonies dominate Belgian coastal waters, occgrrin
between April and May and lasting for 20 to 40 daysong blooms of diatoms also occurring
as early as February and smaller blooms as lateeptember (Reiét al, 1990; Joint &
Pomroy, 1993; Brussaaret al, 1995; Rousseast al, 2002). The sedimentation of this
phytoplankton bloom represents a major sourcegdrac matter (OM) for the benthic system
where it fuels benthic life (Graf, 1992).

The fate of the labile OM arriving at the sea flejdependent on the receiving sediment type.
In fine-grained depositional stations, sharp vattiprofiles of labile OM (measured as
chlorophylla concentrations) can emerge (e.g. Steyaied ., subm) after the sedimentation
of phytodetritus in spring. Mineralisation of thiswly arrived carbon often provokes oxygen
stress (Graf, 1992) and breakdown of this OM camelt@rded until summer or late summer
(Boon & Duineveld, 1998; Provoost al, in prep.). In coarser sediments, these sharjraert
gradients can be absent and subsurface peaksavbphyll a are regularly reported (Jenness
& Duineveld, 1985; Ehrenhauss & Huettel, 2004; Bheusset al, 2004a; Vanaverbeket

al., 2004b). Rapid degradation of OM within these swthits is often the case (Ehrenhagitss
al., 2004b; Vanaverbeket al, 2004b; Janssemrt al, 2005; Buhringet al, 2006). The
different biogeochemical conditions in such contrassediments affect the response of the
residing benthic organisms. The response of the atmie communities to spring
phytoplankton bloom sedimentation in 1999 was itigaged at such contrasting sediments at

the BCS (Vanaverbeket al, 2004a,b; Steyaedt al, subm.). At a fine-grained depositional
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station on the BCS (station 115bis), the expecetical gradients of chlorophydl developed

in association with oxygen stress shortly aftergbak sedimentation of the spring bloom in
April (Steyaertet al, subm.). Nematode densities increased graduatlyJuty and a change

in vertical profiles over time of the total nematotbmmunities and the dominant species was
reported.Sabatieria celticaandS. punctataesponded fast and concentrated in the top 2 cm of
the sediment, while deep-dwelliigaptonemariemanni andD. fistulatumshowed a time-
lagged response, coinciding with the burial andraégtion of the fresh food. At a coarser
grained station (station 330), a completely différpicture emerged (Vanaverbeke al,
2004a,b). Here chlorophydl was rather uniformly distributed and oxygen reradipresent at

all sediment depths during and after sedimentatiothe bloom. Moreover, mineralisation
was fast and peaked in May. Nematode diversitydensities increased drastically in a short
time frame, mainly due to the opportunistic resgookstout (length to width ratio < 15) and
short (adult length < 700m) nematodes (as defined in Vanaverbekal, 2004a), including
species asEpsilonema pustulatumMetepsilonema comptymMannunema annulatum
Richtersia inaequalisTricoma sp. Daptonema nanumand severaRhynchonemapecies
(Vanaverbekest al, 2004a). From May onwards, densities decreaseid aganciding with a
drastic reduction in densities of these stout drutsnematodes. These results suggest that the
response of nematode communities to sedimentafigrhytodetritus depends both on the
type of sediment and on the sediment depth.

The stable isotopes of carbol’@) and nitrogen *fN) provide powerful tools to estimate
carbon flows to consumers and their respectivehimopositions in food webssée Post,
2002). By comparing the stable isotopic signatwesarbon and nitrogen in nematodes
(genus or group level) and other meiobenthic taxéhia sediment particulate organic matter
(POM) and suspended particulate matter (SPM) weadicharifying the different responses of

nematode assemblages to the deposition of thegsphgtoplankton bloom observed at the
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BCS. Stable isotope analysis were conducted (iyvin different sediment types, (ii) at two
sediment depths, (iii) at three different momemigime, before, during and after the peak

sedimentation of phytodetritus.

Material and M ethods

Study siteand sampling

Samples were taken from the BCS stations 115b¢stddl close to the coast (51°09.2'N;
02°37.2°E; 13 m depth) and 330, located furtheslodfe (51°26.0'N; 02°48.5'E; 20 m depth)
(Fig. 1.1).

Station 115bis is a deposition station, charaatérizy the presence of fine sediments (median
grain size: 185 um) with a small fraction of mud®} (Steyaeret al, subm.), while station
330 consists of medium sand (median grain size:3&9um) without mud (Vanaverbeke
al., 2004a,b) and considered as having highly permreesddiments.

Sampling at both stations was conducted monthiy f@ctober 2002 until October 2003 from
the RV Zeeleeuw or Belgica. In December 2002 it n@ispossible to sample station 330 due
to bad weather and rough sea.

The water column was sampled 3 m below the airisieaface and 1 m above the sea floor
using 10 | Niskin bottles. To measure pigments, B00f water from each depth was filtered
onto GF/F glass microfibre filters (i.d. 4.7 cm)ingsa vacuum pump. This procedure was
repeated three times. The samples were kept imdhe preserved at —20 °C on board and
stored at —80 °C at the laboratory.

Sediment was sampled using a Reineck boxcoreragidrea 180 cthor another box corer

with a larger surface area (campaigns of Februapyil and October 2003). The box corer
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was deployed three times at each sampling staliofebruary only two box corers were
obtained for station 330.

From each box corer 2 perspex cores (i.d. 3.6 cergwaken for meiobenthos and pigment
analysis. These cores were sliced in 1 cm slicas ammaximum of 10 cm. Samples for
pigment analysis were preserved at -20 °C on baardistored at -80 °C at the laboratory.
The meiobenthos samples were preserved with aateudt 4 % formaldehyde-tap water
solution.

During three detailed sampling campaigns (Februaprjl and October 2003) extra cores
were taken for the study of carbon and nitrogehlstesotope signatures in the sediment and
in the meiobenthos. The samples were kept froze20atC until they were processed. For the
stable isotope signatures in the SPM, the watemeoll m above the sea floor was sampled

and filtered as described above.
L aboratory treatment of samples

The sediment samples for pigment analysis were heigand chlorophykh concentration in
the sediment was analyzed by HPLC (Gilson) follagywhiright & Jeffrey (1997).

Meiobenthos (the animals passing a 1 mm sieve etathed on a 38 um sieve) was extracted
from the sediment by centrifugation with a LUDOX H48 solution (Heiget al, 1985). After
staining with Rose Bengal all organisms were calir@ed sorted into higher taxa under a

binocular microscope.

Stable isotope analysis

Each meiobenthic sample was defrosted and the mpasi were hand-picked with a fine
needle under a binocular microscope. The orgamnsens rinsed, initially in filtered seawater
(0.2 um filters), then in filtered Milli-Q water @ um filters) to remove adhering particles

and transferred to tin capsules. The capsules weea dried, pinched closed and stored
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(-20 °C) until further analysis. The same procedues repeated for 10 capsules containing
no organisms for blank values (5 for carbon andrsitrogen).

Different capsules were filled for carbon and rgeo analysis respectively, with ca. 60
nematodes per capsule f6€ analysis and ca. 160 nematodes per capsutdNanalysis.

The taxonomic resolution of the samples taken fable isotope signatures depended on the
amount of biomass present. When sufficient biomaas available, nematodes from the
generaSabatieriaandRichtersiawere picked separately from the other nematodes the
samples at station 115bis. “Stout nematodes” (aatkeby Vanaverbeket al, 2004a) were
picked separately from the rest of the nematodestadion 330, and other meiobenthic taxa
(copepods, Halacaroidea, polychaetes) were alskegiseparately. When biomass was
insufficient to analyse a specific group of nematwdr a specific meiobenthic taxon
separately, these were included in the bulk nengatwdneiobenthic sample. Replicates were
not always obtained for lack of sufficient biomaBsr the same reason, it was not always
possible to estimate t°N of “stout nematodes” at station 330.

Stable isotope ratios of sediment POM, SPM (filteasd meiobenthos were measured by
elemental analyzer—isotope ratio mass spectronféifyIRMS) (Middelburget al, 2000).
Data are expressed in standardunit notation, wheré&X = [(RsampidRreferencd — 1] X 16,
where Rampleis either the'®C:**C ratio or the™N:*N ratio in the sample, andiRrenceis the
isotope ratio of the reference material. Thes@sadire reported as per mille deviations from
standards: the carbon isotope ratio of Vienna Rz Belemnite (Rps = 0.0112372) and the
nitrogen isotope ratio of airNRar = 0.0036765). As trophic fractionation is low fmarbon
isotopes (mean 0.4 %o, SD 1.3 %0) and highd6N (mean 3.4 %o, SD = 1 %o), a consumer
will have a5'3C value similar to its food source whilst t6&N value will be enriched by on

average 3.4 %o relative to its food source (Pos2220
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Data analysis

Spearman rank R tests were used to investigateconelation between the nematode
densities and the chlorophylconcentration in the sediment. Changes in nemadedsities
with time, sediment depth and time x depth in tppar 5 cm were tested by constructing a
univariate split-plot ANOVA design, following Stegd et al. (2001). Replicates were nested
within “time”, however not within depth. This analg was restricted to the upper 5 cm since
changes in quantity and quality of OM were mostiobs here (Provoostt al, in prep.;
present study). Variation in th&C signal of sediment POM with time, depth and tikngepth
was analyzed using a two-way ANOVA. Kruskal-Wal(BNOVA by ranks) tests were
conducted ond"*C and 5N values of meiobenthos to test for differencesween the
meiobenthic taxa, sediment depth and sampling datdests were performed using the

STATISTICA 6 software package.

Results

Environmental variables

Chlorophyll a concentrations in the water column at both statistarted rising in February
(day 54), peaked in April (day 111; 48 m¢’ mt station 115bis and 32 mg’mat station 330)
and decreased afterwards (Fig. 3.1). Smaller peake also observed in July (day 194) for
both stations and in September (day 258) onlyatiost 330, reaching values no higher than
17 mg m®. The sediment chlorophydl concentrations were higher at station 115bis &R
than at station 330 (Fig. 3.3) throughout the samgpperiod and generally followed the
patterns observed in the water column. At bothstatpeak values were observed in April
(day 111). At station 330 other peaks were obsemeslugust 2003 (day 229) and October

2003 (day 285) reflecting the deposition of the lstmmer and autumn blooms (Fig. 3.3).
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At station 115bis chlorophyk concentration in the sediment was highest neasdid@ment
surface and decreased with sediment depth, eslyeaitéér deposition of phytodetritus in
April (day 111; Fig. 3.2). At station 330 chlorophg concentrations in the sediment were
more homogeneously distributed with depth exceptOctober 2003 (day 285) when higher

values were observed near the sediment surface3RB
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Figure 3.1: Chlorophylla concentration in the surface and bottom water fimijjat stations 115bis and 330 for
the period from October 2002 to October 2003 (day X&t January 2003). Vertical bars represent tdwedard

error.

Temporal patternsin meiobenthic densities
In total 12 meiobenthic taxa were found (Nematddarpacticoid Copepoda and nauplii,
Cumacea, Gastrotricha, Halacaroidea, Kinorhynchbgo€haeta, Ostracoda, Polychaeta,

Tardigrada and Turbellaria) from which only Cumawes never observed at station 330.
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In station 115bis Nematoda were highly dominanthwén average density of 96 %.
Nematodes dominated in station 330 as well, but wansiderably lower values (64 %). Here
other taxa were present with relatively high deesjte.g. harpacticoid Copepoda and nauplii

(15 % and 11 % respectively).
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Figure 3.2: Chlorophyll a concentration in the sediment (hg®mat station 115bis for the period from
September 2002 to October 2003 (day 0 = 1st JarR@09) from O to 7cm deep. The upper graph shows th
chlorophyll a concentration in the sediment (m¢)in the whole vertical profile for the same datesrtical

bars represent the standard error.
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Chlorophyll a station 330
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Figure 3.3: Chlorophylla concentration in the sediment (ng&nat station 330 for the period from September
2002 to October 2003 (day 0 = 1st January 2003) fddo 7cm deep. The upper graph shows the chlghoah
concentration in the sediment (mg)rin the whole vertical profile for the same datésrtical bars represent

the standard error.

At station 115bis nematode densities were lowestiitter (1251 ind 10cifi in December;
day -12) and increased towards April (day 111; 4&4d 10cn¥) (Fig. 3.4). No clear changes
were observed in the following months until demsitincreased with highest values in
September (day 258) and October 2003 (day 285; if@B50cnt in October). Nematode
densities were not correlated with chlorophallin the sediment (R = 0.30; p > 0.05).

Vertically, the bulk of the nematode community wasnd in the upper 4 cm throughout the
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year, except for October 2003 (day 285) when redhtihigh densities (804 ind 10&éPhwere
still found down to 7 cm depth (Fig. 3.4). From duiay 166) until September (day 258)
higher densities were also found in the 9-10 creray

At station 115bis the ANOVA “split-plot” analysissdormed on the nematode densities of
the top five sediment layers showed no significafiect of time (L 4= 0.59; p > 0.05),

sediment depth ¢/ = 1.56; p > 0.05) nor of the interaction term timealepth (g 16= 0.97;

p > 0.05).
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=
é § : O\CD\ /+—¢\®/+\¢/%~¢\+/

o T o T T T T T
-50 0 50 100 150 200 250

ind 10 cm™2

1400
1300
1200
1100
1000
900

800

cm

700

600

500

400

300

200

100

Figure 3.4: Nematode densities (ind 10&jrat station 115bis for the period from October 268 October 2003
(day 0 = 1st January 2003) from 0 to 10cm deep. dpper graph shows the nematode densities (ind 0cm

summed over the vertical profile. Vertical barsresgnt the standard error.
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Figure 3.5: Nematode densities (ind 10&nat station 330 for the period from October 2002ctober 2003
(day 0 = 1st January 2003) from 0 to 10cm deep. Upper graph shows the nematode densities (ind 30cm

summed over the vertical profile. Vertical barsresent the standard error.

Nematode densities at station 330 were much lotan &t station 115bis. Lowest values
were recorded in November (day -44; 349 ind 18krfollowed by a spring peak in May (day
140; 1310 ind 10cif) (Fig. 3.5). Densities decreased towards July (t24) and increased
again in August (day 229) and October (day 285h it highest values observed in October
2003 (day 285; 1989 ind 10¢th At station 330 nematode densities were corrdlatih

chlorophylla in the sediment (R = 0.36; p < 0.05). Subsurfaegimum values were usually
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encountered, especially in October 2003 (day 28®ndensities were highest (Fig. 3.5). The
ANOVA “split-plot” analysis performed on the nemd®densities of the top five sediment
layers showed a significant effect of time (& 23.78; p < 0.05), sediment depth {E 4.14;

p < 0.05) and of the interaction term time x defdns = 2.64; p < 0.05).
Carbon and nitrogen stable isotope signatures

At station 115bis, sediment OM>C values were similar to the SPM values. Sedim@iP
8°C values showed significant differences betweeinsent depth and sampling events (Fig.
3.6 and 3.7 — Table 3.1). Lowest values-22 %0) were observed in February in both
sediment layers (0-1 and 4-5 cm). In April, valuesreased slightly and this increase was
more prominent in the upper cm of sediment. Sedin@v §'°C values in October were
similar in both layers and resembled the valuesadot April in the surface layer. In February
83C values forRichtersiaand Sabatieriafrom both sediment layers and “other nematodes”
from the upper cm were about 3 units higher thanctirresponding OM signatures, while the
deeper dwelling “other nematodes” showed more degplealues (Fig. 3.6 and 3.7). In April,
deep-dwelling “other nematodes” were more deplétad both OM values, whilRichtersia
and Sabatieria(from both sediment horizons) and surface-livimgher nematodes” showed
signatures slightly above or resembling the OM gl A similar pattern was observed in
October forSabatieriawhile “other nematodes” showed lower values comgdo the OM
signal at both sediment layers. Very depleted &afoe both**C (average value -38.5 %o; n =
2; SE = 0.003) ant’N (average value 0.78 %o; n = 2; SE = 0.484) wesenked for surface-
living harpacticoid copepods in October.

At station 3308°C values of sediment OM did not follow th&’C isotope values of SPM
(Fig. 3.8). There was a significant difference foe 5'°C values of sediment OM between

sampling dates (Fig. 3.8 — Table 3.1).
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Figure 3.6: 6°C vs.5"N values at station 115bis for the sampling dafeSebruary, April and October 2003.
Figures on the left shod#*C vs.53N values of SPM in the water (1m above the floBty) in the sediment and
meiobenthos at 0-1 and 4-5 cm deep. Grey-colouoadanges of isotopic values of SPM in the watduimn
(1 m above the floor) based on the monthly samplesoloured box: ranges of isotopic values of setinOM
(0-1 cm) based on the monthly samples. Figureshenright showd™C vs. §*°N values of the different

meiobenthic groups at 0-1 and 4-5 cm.
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Figure 3.7: 8°C (left side) and™N (right side) signatures at station 115bis for shmpling dates of February,
April and October 2003 from SPM in the water (1 Inowe the floor; grey squares), and OM in the sedtraed
different meiobenthic groups at 0-1 cm (open s)aamd at 4-5 cm (closed squares) deep. Horizdingl
mean (solid) and mean + SD (dashed) of animaltatiog 330. Cop: copepods; O.Nem: other nematdeiesi:

Richtersia SabatSabatieria
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Table 3.1: Results of ANOVA tests concerning the effects epbh (0-1 cm or 4-5 cm), Time (February, April
and October 2003) and the interaction between tivesgDepth x Time) in thé'*C values of POM from the
sediment for both station (115bis and 330). The Imytiothesis is that there were no significant diffees. ns:

not significant.

115b 330
Variable Effect F df p F df p
8*C POM Depth 5.34 1 <0.05 2.08 1 ns
8'3C POM Time 15.53 2 <0.001 32.15 2 <0.001
8'3C POM  Depth x Time  2.10 2 ns 0.52 2 ns

In October, higher values were observed for bottinsent layers when compared to February
and April. During February and April, all benthicogps from both sediment layers showed
813C values between 2 and 4 %o higher than the OM eailuehe sediment while in October
both OM and faunal values ranged between -19 %o &n&6o.

Significant differences i*°C values between sampling dates and among meidbeata
were noted at both stations (Table 3.2), while igmiBcant differences between sediment
layers were observed. When the extremely §% values for the copepods were excluded
from the analysis at station 115b&°C values of the meiobenthic taxa were no longer
significantly different and significant differencesth depth were observed.

8N values for the meiobenthos were similar for bstttions (Fig. 3.6, 3.7 and 3.8) and for
the different meiobenthic taxa, except for the qmuks at station 115bis in October (Fig. 3.6
and 3.7). This was confirmed by a Kruskal-Wallisttdhat showed no significant differences
between the meiobenthic taxa at both stationshélsé specific copepod samples were
removed (Table 3.2). No significant differenceswssn the two sediment layers were found
for both stations (Table 3.2)'°N values showed no differences with time at stafi@fbis

while such differences were present at station(3able 3.2).
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Figure 3.8: 8"°C (left side) ands™N (right side) signatures at station 330 for thmling dates of February,
April and October 2003 of SPM in the water (1 m\abthe floor; grey squares), and OM in the sedinaert
different meiobenthic groups at 0-1 cm (open s)aamd at 4-5 cm (closed squares) deep. Horizdingl
mean (solid) and mean + SD (dashed) of animalstatioal15bis (excluding copepods in October). Cop:
copepods; Hal: Halacaroidea; O.Meio: other meidibasit O.Nem: other nematodes; Pol: polychaetes 8t.Ne

stout nematodes.
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Table 3.2: Results of Kruskal-Wallis (ANOVA by ranks) testsncerning the effects of the Depth (0-1 cm or
4-5 cm), Time (February, April and October 2003) #inel different meiobenthic groups on %1&C ands™N
values of meiobenthos (Meio.) for both station {@i$5and 330). The null hypothesis is that thereewso

significant differences- with copepods’ without copepods. n.s.: not significant.

Station Variable Effect H p
115bid 31*C Meio. Group 11.47 <0.01
3C Meio. Depth 3.26 n.s.
3C Meio. Time 15.60 <0.001
115big 8°C Meio. Group 5.03 n.s.
8*C Meio. Depth 4.88 <0.05
3°C Meio. Time 13.90 <0.001
330 3°C Meio. Group 13.30 <0.05
31*C Meio. Depth 0.16E1d n.s.
3C Meio. Time 7.80 <0.05
115bis 3N Meio. Group 8.31 <0.05
3N Meio. Depth 1.46 n.s.
3N Meio. Time 9.38 <0.01
115big 5N Meio. Group 3.19 n.s.
5N Meio. Depth 3.69 n.s.
3N Meio. Time 9.07 <0.05
330 3'°N Meio. Group 1.60 n.s.
3'°N Meio. Depth 0.35 n.s.
3'°N Meio. Time 5.88 n.s.
Discussion

Environmental variables

As described previously (Vanaverbedteal, 2004a,b; Steyaedt al, subm.; Muylaertt al,
2006) the chlorophyla concentrations in the water column showed a stpmgoplankton
bloom in spring at both stations. The high chlogdbl concentrations at station 115bis can

be explained by the position of this station cldsethe coast (Joint & Pomroy, 1993).
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Although sediment chlorophyll concentrations indicated a seasonal signal as, well
considerable differences between the stations aeveus. Pigment concentrations at station
115bis were about 10 times higher than at stat@ih(Big. 3.2).

At station 115bis phytodetritus accumulated near sadiment surface during spring, until
mineralization in late summer (Provoestal, in prep) as reported before for other fine-sandy
North Sea stations (Boon & Duineveld, 1998).

In contrast, no clear vertical gradients of chldrgp a in the sediment were observed at
station 330. Relatively strong bottom water cursezan prevent the deposition of sedimenting
phytodetritus at the sediment surface of permesdiitments (Huettel & Rusch, 2000; Precht
& Huettel, 2004). Due to advective water flow, sednting phytoplankton cells can penetrate
deeper in the sediment inducing subsurface peaket{él & Rusch, 2000; Ehrenhauss &
Huettel, 2004; Ehrenhaust al, 2004a). Such peaks could be observed in at St&30.
Advective transport of oxygen into the sedimenefifset al, 1996;Janssert al, 2005) and
fast removal of decomposition products (Huettlal, 1998) accelerate POM degradation
resulting in a fast mineralization of organic carband recycling of nutrients (Huettel &
Rusch, 2000; Janssehal, 2005; Buhringet al, 2006). These processes prevent a build up of

labile OM and the establishment of clear vertigaldients as observed at station 115bis.
Temporal patternsin meiobenthic densities

Both stations also demonstrated different nematedponses to phytoplankton deposition. A
fast increase in terms of densities at station @3Acided with sedimentation of labile OM
from the water column. In 1999 at the same stakiighest densities of ca. 600 ind 10€m
were also reported in May (Vanaverbedeal, 2004b), however sampling only lasted until
summer so further responses of nematodes to latensu blooms (if present) were not
investigated. This response of the nematode contynur@is mainly due to a fast increase in

densities of short and stout nematodes (Vanaverbekg 2004a). These nematodes belong
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to the selective deposit feedessnsuWieser (1953), having bacteria as an important foo
source (Moens & Vincx, 1997). The rapid incorparatiof algal biomass into bacteria
biomass in these sediments (Bihrigtgal, 2006) allows this opportunistic response of the
nematode communities, whose densities were coecklaith chlorophylla concentrations in
the sediment. Moreover there was a nematode irecigagensities after each deposition event,
indicating rapid and independent responses byeheatode community after each event.

The significant differences in vertical distributipatterns are probably a result of an upward
migration of the nematodes towards their food seumlready reported for station 330
(Vanaverbeket al, 2004Db).

This was not the case at station 115bis: no siamti differences in total densities or vertical
distribution were detected here, although cleainsexdtation of phytodetritus occurred. In
these finer grained sediments, peak mineralisabibomewly arrived OM is retarded until
summer (Booret al, 1998, Provoostt al, in prep) allowing for a more gradual but extended
increase in nematode densities. That is why ncetairon between total nematode densities
and chlorophylla was observed at this station. At the same stafmllowing the
phytoplankton bloom of 1999 a gradual increaseamatode densities was also observed,
with a first peak in April (ca. 2500 ind 10&nand the highest densities in July, slightly
above 4000 ind 10ct (Steyaertet al, subm.). At both stations nematode densities were
lower in 1999 than in 2003, however seasonal crengee similar.

The absence of clear temporal trends in the vérdiséibution of the nematode community
as a whole was previously reported for the samiontéSteyaertet al, subm.). However,
vertical distribution patterns of dominant speaa$s show species-specific temporal patterns,
related to food source partitioning among the d@amimmematode species (Steyaetrtal,
subm.).Sabatieria celticaandS. punctatawhich were the dominant species during periods of

low food availability, increased rapidly in denegishortly after the arrival of fresh food. Both
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species concentrated at the sediment surface tapeniad. In May and June higher densities
of, respectivelyDaptonema riemanmandD. fistulatumwere encountered at greater depths.
This coincided with the decomposition and burialtted fresh OM, triggering a seasonally

timed reproduction (Steyaest al, subm.).
Carbon and nitrogen stable isotope signatures

The8™3C values of sediment POM were within the range mewloin other studies (Herma

al., 2000; Moen=t al, 2002; Moenst al, 2005; Usuiet al, 2006). Marine phytoplankton
83C values are typically near -22 %o (Boutton, 199l)ddelburg & Nieuwenhuize (1998)
reportedd™*C ~ -18 %o ands™®N ~ 9 %o for OM of marine origin in the Schelde estuéffie
Nederlands) which is near our study area. Megera. (2001) observed that*C values in
POM from the North Sea were higher in spring anchreer when the samples correspond
almost exclusively to fresh phytoplankton; wintélowed the lowess'*C values. At both
stations SPM§'3C values were lowest in February (winter) and thghést values were
registered in April, during spring phytoplanktorobdi. This pattern was reflected in sediment
POM at station 115bis, while at station 330 sedin®®M §°C values changed irrespectively
of changes in SPM as a consequence of the higheadility of the sedimen&’C values of
Phaeocystisduring spring blooms in two locations in the NoSea showed'*C values

of -17.5 0.3 %o (Van Dongeet al, 2002) which were higher than the ones observ&Piw

in April at both stations, probably due to the ranet ofPhaeocystisvith other OM present in
the water.

At station 115bis in April, higher PON™C values were observed at the sediment surface
compared with the 4-5 cm layer, indicating sediragah of phytodetritus. In October values
at both sediment layers became more similar prgbabla result of downward transport and

mineralisation during summer and late summer (Ryswyan prep. At the coarser grained
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station 330, vertical differences $h°C POM values were less obvious, since the pernigabil
of the sediment prevents the vertical separatidnesh and older OM (Huettel al, 1998).

8"°C signals observed in the meiobenthos were gepenadire depleted than previously
reported in literature (e.g. Couch, 1989; Rietral, 1996; Carman & Fry, 2002; Moeesal,
2002; Moenset al, 2005). Only Riera & Hubas (2003) showéifC values ranging
from -27.0 to -14.8 %0. All these studies have beenducted in intertidal habitats, where
microphytobenthos, which has higlfC values £ -15 %o; Currinet al, 1995; Moent al,
2005) compared to marine phytoplankton (see abisvalso available as food source. Since
meiobenthos is able to graze on microphytobentaas Moens & Vincx, 1997), organisms
feeding on this food source will have a heavienaighan organisms which are restricted to
feed on pelagically produced OM or its degradapiomducts.

Even though at both statiords’C values of meiobenthos changed significantly withe
(Table 3.2), these changes did not reflect the gbswrobserved in sediment POM or water
SPM. Excluding copepods and deep-dwelling “othanatedes” from station 115bis (still
discussed further on), the meiobenthtC signals at both stations showed little variation
with time (when compared to water SPM and sedirf€1) and did not differ much at both
stations (-18.8%0.18 %o, -19.480.34 % and -20.820.26 % in February, April and
October respectively at station 115bis; -1AD&1 %o, -18.6740.21 %o and -18.4%0.18 %o

in February, April and October respectively atistat330). If there were significant changes
on their C-sources through out the year these netreeflected on th&€C signatures.

In mesocosm experiments lasting for 5 or 6 motleplrenthic taxa has shown preference for
fresh detritus, even if not responding quantitdyivdRudnick, 1989; Widbom & Frithsen,
1995). The feeding preferences of the meiobentma tmight have also remained similar

during the studied period in the North Sea.
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At station 115bis the copepods in October showedvamages'*C value of -38.5 %o (n = 2;
SE = 0.003) which deviated considerably from ottmiobenthic signatures. Similar*C
signatures were found in macrobenthos carrying #&yteb sulphur-oxidizing
chemoautotrophic bacteria or having chemosynthessed nutrition (Robinson & Cavanaugh,
1995; Tsutsumet al, 2001; Levin & Michener, 2002). Chemoautotrophacteria generate
organic molecules from Gand energy from the oxidation of inorganic suliesgFenical &
Jensen, 1993). Generally, it has been suggestédathasotope ratio between about -12
to -24 %o indicates a photoautotrophic food souvdei|e lower values down to -45 %o reflect
a chemoautotrophic source of carbon. Carbon isotafies even lower than -45 %0 are
considered to indicate methanotrophy (Felbeck &tdDis1999). Thes*C signal of these
copepods indicates the exploitation of a chemositttierived food resource. Simila¥’C
signatures have been reported for a nematode sp&meinant in sulphidic microbial mat
sediments in a cold methane-venting seep while ewere depleteds**C values for a
copepod species indicated the exploitation of eharet-derived food source (Van Gaegéer
al., 2006). Sediments at station 115bis were genematlyced during spring 1999 (Steyastrt
al., subm.) and during our sampling period (unpublisdata based on oxygen penetration
depth data), hence may contain sulphur-oxidizingtdséa. Levin & Michener (2002)
observed for some chemosynthetic bacterial matavarage3™N of -1.50 %o. A consumer
feeding on bacteria with such6&N value would have &N signature 3.4 %o heavier (see
references above) bringing it close to the valuesalserved for copepods from station
115bis in October, confirming their chemosynthédied source.

The specificity of copepods from station 115bi©ictober for such a food source indicates its
importance, at least in a specific period of tifie.our knowledge, such a clear indication of

an exploitation of an chemosynthetic derived foodree by meiobenthic organisms, other
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than in cold seeps, as not been previously repoEeen though it can be an important food
source, at least in a certain period, its relevdoceneiobenthic organisms remains unknown.
When copepods values were excluded at station 4]16tgiobenthié™*C signatures showed
significant differences with depth. Rudnick (1988%0 suggest for muddy sediments the
existence of 2 distinct food webs, among meiobentiiganisms, segregated by depth.
Among the meiobenthic taxa, “other nematodes” rimgethe strongest vertical differences in
83C values, especially in April. Species belongingh®e genusSabatieria(e.g.S. celticaand

S. punctatpare known to migrate toward their food sourceBilevother dominant species
belonging to other genera (e@aptonema riemanmndD. fistilatum) are restricted to deep
sediment horizons (Steyaeittal, subm.). The continuous low&F’C values in deep-dwelling
“other nematodes” species indicate the existenceical segregated food webs, with deep-
dwelling nematodes exploiting other C-sourcess Hlso possible that, as the copepods, some
deep-dwelling “other nematodes” species were atptoding a chemosynthetic derived food
source, however this could be restricted only tmesmematode species and their more
depleted signal would be therefore diluted.

At station 330 no vertical differences within theiobenthics**C values or in sediment POM
were detected. This results from the permeabler@atiithe sediment, inhibiting the build up
of vertical gradients in POM quality and quantitfowever the stout nematodes, which
showed the strongest response to phytodetritussitepoat this station (Vanaverbeke al,
2004a) showed simila*>C values as the other nematodes, copepods anchpelgs, so our
results do not indicate differences in carbon sesiamd/or feeding strategy.

Except for the copepods at station 115bis in Oct@063,5"°N values showed no significant
differences between the different meiobenthic gsoap both stations. Rierat al. (1996)
reported simila*N values for nematodes. Slightly lower values tt@ones we observed

have also been reported (Couch, 1989; Carman &Z0§2) as well as slightly higher values
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(Riera & Hubas, 2003). The high&rN values reported in Moere al. (2005) coincide with
the predatory ecology of the corresponding spedibksse species, if present in our samples,
would be found within the “other nematodes”. Evlaough the relative importance of their
signal depends on the relative amount of biomassuch predators (which we have no
information about), generally predators are not idhamt (in terms of relative densities) within
the nematodes at the studied sites (e.g. Steghatt subm.; Vanaverbeket al, 2004b), so
probably their signature would be diluted in théh&r nematodes” signature.

In conclusion the nematode community response ¢odéposition of the phytoplankton
bloom differed according to the biogeochemistrytioé sediment: in fine sediments the
prolonged presence of OM in the sediment resulted gradual response of the nematode
community with highest densities long after the al#fpon of phytodetritus. Depth-related
differences in food-webs and feeding strategiesewebserved in these sediments. In
permeable sediments the whole system respondedridsOM reaching the sediment was
quickly mineralised. However in general the meidh&n'®C signatures remained similar

with time and were not coupled with changes obskméhe water and sediment OM.
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Uptake of phytodetritus by meiobenthos using **C
labelled diatoms and Phaeocystis in two contrasting

sedimentsfrom the North Sea
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Abstract

Meiobenthic uptake of*C labelled diatomSkeletonema costaturand Prymnesiophyte
Phaeocystisvas investigated in permeable and fine graineasiépnal sediments from the
Southern Bight of the North Sea at different sedimborizons. Both the diatom and
Phaeocystisderived organic matter (OM) cascaded into meidiienbiomass in low but
similar percentages and label uptake was highesthat upper cm in both stations.
Phaeocystisderived OM might be as important as diatoms asoad fsource for the
meiobenthos.

Meiobenthic biomass in the coarse sediment wasrldaan in the fine sediment, however
label uptake per unit of organismal carbon was drigihis was explained as an adaptation to
an environment where only low amounts of labile @M present. In this station, the so-
called “stout nematodes” (length to width ratio §, anaverbekeet al, 2004a) showed
lower uptake compared to the slender nematodesrefdne their previously reported
opportunistic response to a pulsed food supply mmedy then on their life-history
characteristics.

In finer sedimentsSabatieria showed the highest uptake at the 1-3cm layergctifg
migration to the sediment-water interface to feadreshly deposited labile OMRichtersia
3¢ uptake was fairly low, indicating the exploitatiof another carbon source either than the
one derived fromSkeletonema costatuor PhaeocystisEnoploidespresented the highest
uptake, indicating that these predacious nematddese another food source besides
meiobenthic preys.

Generally total uptake was low and not nearly sidfit to maintain nematodes feeding

requirements.
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| ntroduction

In spring Belgian coastal waters are dominatedchbgnise blooms dPhaeocysti€olonies co-
occurring with diatom blooms (Reiet al, 1990; Joint & Pomroy, 1993; Brussaatal,
1995; Rousseaat al, 2000).Phaeocystidlooms last for 20 to 40 days between April and
May, dominating the Belgian waters, while diatoras be present the whole year with dense
blooms occurring early in February and smaller arasstill occur in late September (Reid
al., 1990; Rousseaet al, 2002). Strong sedimentation events as a consequ#rihe settling

of these phytoplankton blooms represent a majorceoof organic matter (OM) for the
benthic system supporting benthic life (Graf, 1992)

During the spring phytoplankton bloom in the Soathidorth SeaPhaeocysti€an contribute
with more than 99 % of the autotrophic biomass (R Rousseau, 2003). It has been
suggested that most of tihaeocystisderived production in the Belgian coastal waters i
remineralised in the pelagic realm (Roussedual, 2000; Hamm & Rousseau, 2003).
However, large amounts &haeocystisolonies have been observed at the sediment surfac
of undisturbed box cores in our study area (Vartzele pers. com.). Recent modelling
revealed that 20 % of the ungrazed primary produds deposited on the sediment, and that
in spring half of the sedimentation consistsPihaeocystiscolonies while only 12 % is of
diatom origin (Lanceloet al, 2005). These observations raise the questiomwfimportant
Phaeocystisderived OM could be for the subtidal benthic foedb. So far, grazing on
settledPhaeocystiscolonies by benthic gastropods has been observéidal flats (Cadée,
1996) but we have no knowledge of observationshenttophic fate oPhaeocystisn the
subtidal benthic ecosystem and its relative impm#ain comparison with diatom-derived

OM.
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The receiving sediment type is another importactoiadetermining the fate of labile OM: in
fine-grained depositional stations, accumulatiod aharp vertical profiles of labile OM can
emerge after the sedimentation of phytodetrituspiing (e.g. Steyaeet al, subm.; Francet
al., in press a) while in coarser permeable sedimeagsl degradation of OM is often the
case (Ehrenhauss al, 2004b; Vanaverbeket al, 2004b; Janssest al, 2005; Buhringet al,
2006). The different biogeochemical processes ichscontrasting sediments affect the
response of the residing benthic bacteria (Fraetoal, in press a) and organisms
(Vanaverbekeet al, 2004a,b; Steyaesdt al, subm.; Francet al, in press b) to a pulsed
sedimentation event.

Meiobenthos is known to exploit pelagical producti@ither directly by feeding on the
sedimented microalgae or indirectly by feeding te tecaying OM and/or associated
bacteria (see Heipt al, 1985, 1995). Species-specific uptake of labetleghnic matter has
already been observed in meiobenthic feeding egadtudies (e.g. Olafssaet al, 1999; De
Trochet al, 2005).

Although isotopic tracing is now a widely appliegthnique in food web studies (Post, 2002),
it is still taking its first steps within meiobemthstudies. Due to the small individual biomass
of these organisms, picking sufficient amountsigotopic analysis remains difficult and time
consuming. Among marine benthic isotopic studiesdoated so far using a labelled food
source, only a few deal with the whole meiobentaoxmunity (Widbom & Frithsen, 1995;
Olafssonet al, 1999; Carman & Fry, 2002; Moodley al, 2002; Van Oeveleat al, 2006b;
Urban-Malinga & Moens, 2006). Most studies dealhvattaxon in particular or with a few
species within a specific group, e.g. nematodesi@&lburget al, 2000; Moenst al, 2002),
copepods (Pace & Carman, 1996; Buffan-Dubau & Carr2800; De Troctet al, 2005),
Foraminifera (Moodleyet al, 2000; Nomakiet al, 2005) or ostracods (Buffan-Dubau &

Carman, 2000; Modigt al, 2000).
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In this study we investigate the detailed respafsgubtidal meiobenthos to the addition of

13C labelled diatoms anBhaeocystisn contrasting sediments. This will allow to (fpdfy

the relative importance oPhaeocystisvs. diatoms as a food source (ii) increase the
understanding of the ecology of permeable vs. dapoal sediments and (iii) assess the

response of meiobenthic taxa to phytoplankton sediation.

Material and M ethods

Study siteand sampling

Samples were taken from the Belgian Continentalf§BES) stations 115bis, located close
to the coast (51°09;2’N; 02°37;2'E; 13m depth) 838, located further offshore (51°26;0'N;
02°48;5’E; 20m depth) (Fig. 1.1).

Station 115bis is a deposition station, charaatérizy the presence of fine sediments (median
grain size: 185 um) with a small fraction of mud®} (Steyaeret al, subm.), while station
330 consists of medium sand (median grain size:389um) with no mud (Vanaverbeke¢
al., 2004a,b).

Sampling at both stations was conducted in Aprd2@&om the RV Belgica. Sediment was
sampled using a box corer deployed several timeaat sampling station to obtain sufficient
cores to run the experiment.

At station 115bis and 330 5 and 3 intact cores {4d5 cm) respectively with overlying water
were collected. The cores were allowed to stabiliza temperature controlled room in the
dark at in situ temperature (12°C) for approximatelweek. During storage the overlaying

water was gently aerated.
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Experimental design

Skeletonema costatym pelagic diatom naturally present in the Southgight of the North
Sea (Rousseaet al, 2002), was cultured in axenic conditions at 14f@rtificial sea water
containing 30 %-C-enriched bicarbonate (Moodley al, 2002) that produced algal carbon
consisting of 19.3 %°C. Phaeocystisabelling was accomplished by addifC labelled
NaHCQ; to natural seawater, producing algal carbon ctngiof 39.1 %C. It should be
noted that culturing?haeocystisn axenic conditions was not possible.

Diatoms andPhaeocystiswere concentrated by centrifugation, washed séuarses to
remove non-incorporatedC-bicarbonate, and stored frozen until initiatidrite experiment.
The axenic state of the diatom culture was verifireitroscopically, by separate PLFA
analysis of the freeze-dried diatoms and by a €dinsent incubation experiment (Moodley
al. 2002). Prior to inoculation 1 core from each siativas sampled so natural values of
meiobenthic stable isotopes could be determine@. fBmaining cores were inoculated: 2
cores from station 330 with labelled diatoms atoamcentration of 1000 mg carbon of S
costatumm? (193 mg'*C m?); 2 cores from station 115bis with labelled diasorat a
concentration of 1000 m¢. costatumm? 2 cores from station 115bis with labelled
Phaeocystisat a concentration of 128 mg Rhaeocystisn? (50 mg**C m?). Diatoms and
Phaeocystisvere thawed and added to cores with the help lohg pipette depositing the
organic tracer gently onto the sediment surfacee€were fitted with a lid equipped with a
magnetic stirrer being continuously aerated dutirggl4 days incubation period.

After the 14 days, overlying water was carefulljnmed and sediment extracted by pushing
it up with a piston and sliced into layers of Or,cl-3 cm, 3-5 cm, 5-8 cm and 8 cm-end.
Each layer separately was gently homogenized abesampled for different components

including meiobenthos (approx. 10 Ym
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The meiobenthos sediment samples (16 ofrsediment) were fixed in a 4 % formaldehyde
solution stained with rose Bengal. Meiobenthosr(ats passing a 1 mm sieve and retained
on a 38 um sieve) was extracted from the sedimgmrehtrifugation with a LUDOX HS-40
solution (Heipet al, 1985) and kept in a 4 % formaldehyde solutioainsd with Bengal rose.

M eiobenthos sorting and isotopic analysis

Each meiobenthic sample was washed and the organvene hand picked with a fine needle
under binocular microscope. The organisms were thiesed in filtered Milli-Q water
(0.2 um filters) to remove adhering particles arahsferred to tin capsules. The capsules
were oven dried, pinched closed and stored (-20u@)l further analysis. The same
procedure was repeated for 5 capsules containimyganisms for blank values.

Nematodes from the geneB&abatieria, Richtersiaand Enoploideswere picked separately
from the “other nematodes” for station 115bis wpessent in sufficient biomass. For station
330 “stout nematodes” (length to width ratio < &§,defined by Vanaverbelet al, 2004a)
were picked separately from the “other nematodeserwsufficient biomass was available.
Other meiobenthic taxa were picked separately dswheen sufficient biomass was present.
When there was not enough biomass to analyse #ispgoup of nematodes or a specific
meiobenthic taxa separately, they were includedtha bulk “nematodes” or “other
meiobenthos” samples. Replicates were not obtasexiematically due to the lack of
sufficient biomass.

When there was not enough animal biomass preseahkineeper layers of station 330, the
organisms from the layers below 1 cm were poolezisample 1 cm-end layer.

Stable isotope ratios of meiobenthos were measwedemental analyzer—isotope ratio mass
spectrometry (EA IRMS) (Middelburgt al, 2000). Data are expressed in standardnit

notation, wheré'*C = [(RaampidRveoe) — 1] x 16, where R is thé®C:**C ratio. These values
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are reported relative to the Vienna Pee Dee Belenstandard (VPDB) with an isotopic ratio

of Rvepe = 0.0112372.
Data analysis

Incorporation of**C is reflected as excess (above backgrodf@)and is expressed as total
uptake in mg™C m?, calculated as the product of excé¥3 (E) and total biomass (organic
carbon). E is the difference between the fractii@h of the control (Ererenc) and the sample
(Fsampld, Where F =°C/(°C + '*C) = R/(R + 1). The carbon isotope ratio (R) wasivael
from the measured*C values as R =5{°C/1000 + 1) x Rpps. This total uptake was further
standardised and expressed per individual (E wiiddal biomass) and per unit of carbon.
One-way ANOVA was used to test for significant effnces between the two stations in
total uptake and total biomass. Homogeneity of ararés was tested using Bartlgft
Whenever necessary uptake data were inverse-tramsfioand biomass was log-transformed
to obtain homogeneity of variances. The STATISTI®A software was used and a

significance level of 0.05 was considered in &t fgocedures.

Results

The natural 8*3C values of the different meiobenthic groups varieetween -19.544
and -23.372 %o at station 115bis and between -19%623-25.118 %o at station 330 (table 4.1).
After incubation for 14 days with labelled diato®tations 115bis and 330) aRtiaeocystis
(station 115bis)%*°C values in meiobenthos changed in all experimezgpecially at the
surface layer of the sediment (Fig. 4.1).

At station 330°C values varied between 11.87 and 1737.58 %o (Fig)4At station 115bis
83C values ranged between -7.386 and 340.919 %. aseHanent surface of the diatom

incubated cores (Fig. 4.1b). Surface values 61C at the Phaeocystiscores were
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between -15.243 and 164.788 %o (Fig. 4.1c). At theper sediment layerd-C values were
closer to the background values exceptJabatieriain both replicates for the diatom cores at

1-3 cm depth and “other nematodes” in replicateothfthe same treatment, at the same depth.

Table 4.1: Natural 5*°C values (%o) in the meiobenthic taxa at both stati¢330 and 115bis) at different

sediment depths (cm). O.Nem.: other nematodes; {0.M#her meiobenthos.

115b 330

Taxa Depth 8%C Taxa Depth 8%C
Enoploides 0-1 -19,544 Stout Nem. 0-1 -22,910
Richtersia 0-1 -21,973 O. Nem. 0-1 -20,758
Sabatieria 0-1 -20,339 Copepoda 0-1 -21,393
O. Nem. 0-1 -21,643 Polychaeta 0-1 -19,623
Polychaeta 0-1 -23,372 0. Meio. 0-1 -20,392
O. Meio. 0-1 -20,848

Sabatieria 1-3 -20,719 Nematodes 1-3 -20,459
O. Nem. 1-3 -23,259 O. Meio 1-3 -20,336
O. Meio. 1-3 -20,307

Nematodes 3-5 -22,473 Nematodes 3-5 -
Nematodes 5-8 -22,884 Nematodes 5-8 -25,118
Sabatieria 8-end -21,109

O. Nem. 8-end -22,732

The individual uptake of carbon of the differentiofenthic taxa was highest at the surface
layer for all experimental units (Fig. 4.2). At wt& 330 the highest uptake was observed
within “other meiobenthos” at the 0-1cm layer obre& Dtl with a value of
48.9 x 10° ugC ind* (Fig. 4.2a). The other groups showed relativelyep uptake values
between 0.48 x TPand 3.23 x 18 pgC ind' at the surface layer and between 0.34 % a8d
0.81 x 10° ugC ind* for the deeper sediment. Stout nematodes showedr lindividual
uptake when compared with “other nematodes”. Tleattnent with labelled diatoms for
station 115bis sediments showed highest individydbke fromEnoploidesat the 0-1 cm

layer of core Dt2 (50.3 x 10ugC ind") (Fig. 4.2b). The other groups showed lower
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individual uptake values which decreased with sedinadepth. Apart from the comparatively
much higher value foEnoploides the highest individual uptake values were recorite
Sabatieria Richtersia being only present with sufficient biomass atsheface layer, showed
almost no uptake. Individual uptake was lower ia thcubation with labelledPhaeocystis
(Fig. 4.2c). The highest individual uptake was frenoploidesat the 0-1cm layer of core Ph2
with a value of 2.51 x IdpugC ind'. The other groups showed low individual uptakeueal
between 0 and 0.30 x $qugC ind*. Sabatieriaand “other nematodes” showed some uptake
in the 0-1 and 1-3 cm layers whiichtersiawas only present with sufficient biomass at the

surface layer where it showed almost no uptake.
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Figure 4.1: 5'C values after incubation for 14 days with the IlgokediatomsS. costatungDt) at stations 330 (a)
and 115bis (b) and labelld#haeocystigPh) at station 115bis (c) for the different meinthic taxa at different
sediment depthsS. costatunand Phaeocystisreatments are not comparable due to differentuamio *°C

added in each treatment. Note different scale fin/axis. St Nem: stout nematodes; O.Nem: other neseato

Nem: nematodes; O.Meio: other meiobenthos; RRHthtersia SabatSabatieria Enop:Enoploides
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Figure 4.2: Total uptake per individual (ugC ifil after incubation for 14 days with labelled diao®.
costatum(Dt) at stations 330 (a) and 115bis (b) and la&ldethaeocystigPh) at station 115bis (c) for the
different meiobenthic taxa at different sedimenpttie. Note different scale on leftaxis. St.Nem: stout
nematodes; O.Nem: other nematodes; Nem: nemat@ikeio: other meiobenthos; RichRichtersia Sabat:

Sabatieriag Enop:Enoploides

The uptake of carbon per unit of organismal canvas clearly higher at the surface layer for
all treatments (Fig. 4.3). Relatively higher valwesre observed at station 330 (Fig. 4.3a).
Here “other meiobenthos” presented the highestevalti the 0-1 cm layer of core Dtl
(98.2 x 10° pgC ngC). The other meiobenthic groups presented lowemkeptvalues,
ranging between 14.2 x F0and 36.6 x 18 ugC pgC for the surface layer and between
1.83 x 10° and 6.60 x 18 ugC ugC in the deeper sediment. “Other nematodes” predente
an uptake per unit of carbon twice as high as sheut nematodes”. Uptake per unit of carbon
for the incubation with labelled diatoms at statibbSbis varied between 0.83 x3and
20.5 x 10° pgC pgCat the surface layer, between 0.92 2 #did 5.29 x 18 pgC pgC for

the 1-3 cm layer and between 0.13 £1éand 2.07 x 18 pgC pugC for deeper sediment
layers (Fig. 4.3b)Enoploidesshowed slightly higher uptake values compared dther

nematodes”Sabatieriashowed lower uptake thaenoploidesand “other nematodes” at the
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surface layer, but showed the highest uptake vaitigbe 1-3 cm layeRichtersiashowed
almost no uptake. When labell@haeocystisvas added, uptake per unit of carbon occurred
almost exclusively at the surface layer (Fig. 4.8f)take values varied between 0.19 10
and 5.17 x 18 pgC ugC at the 0-1 cm layer and between 0 and 0.28%gC pgC at
deeper layersEnoploides and “other nematodes” presented the highest appa&k unit of

carbon, followed bysabatieria Richtersiashowed almost no uptake.
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Figure 4.3: Total uptake per unit of carbon (ugC pyGfter incubation for 14 days with labelled diatos
costatum(Dt) at stations 330 (a) and 115bis (b) and la&ethaeocystigPh) at station 115bis (c) for the
different meiobenthic taxa at different sedimenpttis. Note different scale on leftaxis. St.Nem: stout
nematodes; O.Nem: other nematodes; Nem: nemat@ikkeio: other meiobenthos; RichRichtersia Sabat:

Sabatieriag Enop:Enoploides

The total uptake per sediment area was highebeaeddiment surface for all incubations (Fig.
4.4). Nematodes were responsible for the majorkepexcept for station 330 at the 0-1 cm
layer of core Dtl where “other meiobenthos” wagpoesible for 84 % of the total uptake

(Fig. 4.4a). Both stations showed comparable ugpéhke values when labelled diatoms were
added. An ANOVA test for these two experiments e total uptake per area, integrated

over all sediment layers and taxa, revealed noifgignt differences between both stations
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(F=0.38; df = 1; p > 0.05). The same result watioed when only nematode uptake was
considered (F = 0.0003; df = 1; p > 0.05). Pfeaeocystisreatment at station 115bis showed

lower total uptake values compared to 8keletonemé&reatment (Fig. 4.4b,c).
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Figure 4.4: Total uptake (m@ m?) after incubation for 14 days with labelled diato®. costatum(Dt) at
stations 330 (a) and 115bis (b) and labelddeocystigPh) at station 115bis (c) for the nematodes (N amd

Other Meiobenthos (O.Meio) at different sedimenittls. Note different scale on lgfaxis.

On average, considering the whole core, 08005 SE) and 0.15 %(.02 SE) of the carbon
added was found in the nematodes in tBkeletonemaand Phaeocystistreatments
respectively at station 115bis, while at statiorD 38 was 0.06 % 0.001 SE) for the
Skeletonemareatment. This corresponds to a carbon uptak®.b44 ¢0.033 SE) and
0.014 mgC nf day® (+0.002 SE) for the nematodes in tB&eletonemaand Phaeocystis
treatments, respectively, at station 115bis, an6.646 mg C i day’ (+0.001 SE) for the
Skeletonem&reatment at station 330.

Total biomass was higher at station 115bis thastatton 330 (Fig. 4.5). At station 115bis
total biomass was higher at the surface layer aodedsed with depth while at station 330 no

vertical gradient was observed. An ANOVA test oa tbtal meiobenthic biomass per area as
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the sum of all layers showed that there were smamt differences between both stations

(F=15.8; df =1; p<0.05) also when only nematdiomass was considered (F =28.08;

df =1; p<0.01).
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Figure 4.5: Total biomass (mgC 1) after incubation for 14 days with labelled diatoB costatun{Dt) at
stations 330 (a) and 115bis (b) and labelddeocystigPh) at station 115bis (c) for the nematodes (I)emd

Other Meiobenthos (O.Meio) at different sedimerytts.

Discussion

Meiobenthic naturab*®C values (Table 4.1) were consistent with the ramiggerved in the
previous year for the same stations (Fraatal, in press b). However these values were
generally more depleted than those reported iditiv@ture (e.g. Couch, 1989; Rieea al,
1996; Carman & Fry, 2002; Moers al, 2002; Moent al, 2005). Only Riera & Hubas
(2003) showe®*C values ranging from -27.0 to -14.8%o.. All thesed##s were conducted in
intertidal habitats, where microphytobenthos is oalswvailable as food source.
Microphytobenthos shows high&t°C values # -15 %o) (Currinet al, 1995; Moenset al,

2005) compared to marine phytoplankton (typicalgamn -22 %.) (Boutton, 1991). Since
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meiobenthos is able to graze on microphytobentags Moens & Vincx, 1997) it is expected
that organisms partly feeding on microphytobenthilishave a heavier signal than organisms
restricted to feeding on pelagical production.

After two weeks of incubatiors*C values changed considerably, and this variatias more
obvious at the surface layer for both stations. @éynthtural conditions the vertical difference
in label incorporation would be expected for statibl5bis, however not for station 330.
Station 115bis is a deposition station where stepcal gradients in chlorophyd, oxygen
concentrations and nitrogen compounds occur (Stegaal, subm.; Francet al, in press a).
Natural abundance of stable isotopes also showeiicaledifferences in stable isotopic
signatures at this station, revealing differentd@ses for vertically segregated meiobenthic
organisms (Francet al, in press b). Burial and mineralisation of fredtytodetritus take a
relatively long time at station 115bis (Provoestal, in prep.). Therefore it is expected that,
in this sediment type, labelled algae are almosluskvely available for the organisms living
at the sediment surface or that are able to migoatards the surface to feed. At station 330
in natural conditions we have the opposite picturbe sediment at this station is quite
permeable and the strong water currents and agtedctinsport through the sediment result in
deep penetration of phytoplankton cells (HuettdRdsch, 2000; Ehrenhauss & Huettel, 2004;
Ehrenhauset al, 2004a). In a field situation, this results in td@sence of vertical gradients
within the sediment at station 330, where chlordipayprofiles often show subsurface peaks
(Vanaverbekeet al, 2004b; Francet al, in press b). Therefore the labelled diatoms shoul
be available to deeper sediments layers fast déposition in natural conditions. However,
our laboratory conditions did not mimic such naturanditions of strong bottom water
currents and the deep penetration of phytodetuitiosthe sediment might not occur as fast as

in the natural environment.
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After 2 weeks of the experiment 25 % of the diatonganic carbon and 10 % of the
Phaeocysticarbon had been respired at both stations (L. Mgqgokers. com.) indicating that
food availability was not limiting during the whobexperiment period. Labelled diatoms at
both stations anBhaeocystist station 115bis were incorporated into the memnthos, either
directly by ingestion or indirectly through feedimgp bacteria. Although total meiobenthic
biomass was much lower at station 330, total uptakees were comparable at both stations.
The uptake per individual was similar but the uptaler unit of carbon showed higher values
at station 330. This suggests that meiobenthicrosgss at station 330 are probably more
effective or quicker incorporating phytodetritusided OM, which might reveal an
adaptation to an environment with a low quantityGi. Urban-Malinga & Moens (2006)
reached a similar conclusion, with the specificalget"*C by meiobenthic organisms, and
nematodes in particular, being higher in coarséinsent than in finer sediment. However the
effect of dilution of the added carbon in the natUM pool present in the sediment should
also be taken into account. Even using the lowklsiraphyll a to carbon ratios reported in
literature (e.g. Redalje, 1983; Tadhal, 2000) applied to chlorophyd concentration in the
sediment at the same stations in April 2003 (Fraeical, in press b), the natural carbon
content of the sediment would exceed the carbotecownf the added algae. The sediment at
station 115bis would have higher carbon content station 330 and therefore the effect of
dilution could be higher.

At station 330 short (adult length <700um) and s{tength to width ratio <15) nematode
densities increase fast after the arrival of fresdterial, decreasing shortly after that event,
being almost absent the rest of the year (Vanakerle al, 2004a). Although stout
nematodes at station 330 might respond faster tla@r nematodes in terms of densities
(Vanaverbekeet al, 2004a) they showed lower uptake than the otheratedes both per

individual and per unit of carbon. Background staidotopic composition of the same
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organisms at the same station did not indicatedréifices in their isotopic signatures (Franco
et al, in press b). Therefore the opportunistic behavaiihese nematodes must rely then on
their life-history characteristics, as suggested/apaverbekest al. (2004a). Smaller species
have higher growth rates (Peters, 1983; Soettedl, 2002) with faster maturation and
higher reproduction rates (Kooijman, 1986) whichc@nsistent with the observations of
Vanaverbekeet al. (2004a) of higher rates of density increase amghdri contribution of
adults among the “stout nematodes” community atoste830 following the deposition of a
spring phytoplankton bloom. Stout nematodes hasteaed mobility which limits their ability
to search for food and also a lower capacity ttsténd oxygen stress which confines them
to the surface of the sediment (Soetaerl, 2002). Food availability might be a structuring
factor for the nematode communities at station 3B0e to their low mobility, stout
nematodes may not be able to compete with the mokele slender nematodes in situations
of lower food availability, but once food availatylis high, short and stout nematodes could
compete and their densities could rise faster dwmehigher growth, maturation and
reproduction rates.

Both Enoploidesand “other nematodes” showed a higher uptake pérai carbon than
Sabatieriaat the surface layer of the diatom treatment afi@mt 115bis. However at the
1-3 cm layerSabatieriashowed the highest uptake and these values wiatevedy closer to
the ones observed for this genus at the surfaes,ldycompared with the difference between
the “other nematodes” values for the same laydis ifdicates the ability to migrate towards
the surface to feed. Natural stable isotopic sigmest also revealed the same migratory
behaviour forSabatieria(Francoet al, in press b)Sabatierias ability to migrate towards
recently deposited OM in combination with its talece of unfavourable oxygen conditions
probably explains its opportunistic response totgpiankton sedimentation as described by

Steyaertet al. (subm.). Other deep-dwelling nematodes do not ategto the surface layers
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after the arrival of phytoplankton to the sea fl@érancoet al, in press b). Their increase in
densities is therefore delayed in time, as obseloyeSteyaeret al. (subm.).

In any of the experimenRichtersiadid not show a significant uptake, therefore tfesd on
another food source which is not derived, direotlyndirectly, from the labelled diatoms or
Phaeocystisadded to the experimental cores. B&8idbatieriaand Richtersiabelong to the
same feeding typsensuWieser (1953) (1B-group, non-selective depositérd) which are
nematodes able to explore broad range of food seuli&ke bacteria, ciliates, microalgae and
detritus. Previous results on dual stable isotomtues indicated that at station 115bis
Richtersiawas exploring food sources with similat®C signals asSabatieria and also
displaying the same vertical migration behaviouraf€oet al, in press b). However, the
results presented here indicated tRathtersiadid not explore the same food sources as the
other nematodes, includingabatieria from whichRichtersiadesplayed a different feeding
strategy although belonging to the same feeding.tffarman & Fry (2002) also observed
that nematodes with comparable background stabl®rds values showed differeft>C
values in experiments wit’C labelled microalgae, indicating different feedisijategies
which were not reflected on the natural stableojges signatures.

Enoploides when present with sufficient biomass at stati@Bhis, showed the highest’C
values (fig. 4.1).Enoploidesis considered as having a fairly strict predatdegding
behaviour (Moengt al, 1999c) which has been confirmed by dual staldopsc values
(Moenset al, 2005). Middelburget al. (2000) observed fdEnoploides similar uptake of°C

of labelled mycrophytobentos origin as other nem@so with a stroger delay on label
incorporation, attributed to their predatory belbavi However from our results it can be
inferred that, besides other meiobenthic pré&soploidesfed as well on a more enriched
food source, since the other meiobenthic animaddyaad at station 115bis presented lower

8'*C values thanEnoploides In fact this nematode has been reported to preyother
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nematodes, ciliates and perhaps other meio- toosim¥d benthic organisms (Moeetal,
2002; Hamel®t al, 2001a; Galluccet al, 2005; Moent al, 2005).

Total uptake of carbon was fairly low in all thedtments. Nematodes had carbon uptake
representing ca. 0.66 %Keletonemjaand 0.06 %Fhaeocystijsof nematode respiration rates
at station 115bis and 2.96 % at station 330 (netieatespiration rates estimated in Fraeto
al., in prep). Van Oeveleet al (2006a) observed th&C excess in meiobenthos was highest
after ca. 10 days, after adding labelled glucosthéosediment surface, and after 14 d4gs
excess levels did not differ much. Nematode’s carbptake per day might therefore be a
little underestimated; however it was clearly irigignt to maintain nematode’s carbon
balance.

Such low uptake of carbon by meiobenthic organidersved from experiments where"i¢
labelled food source is supplied to the sedimenbisunusual. Olafsscet al. (1999) reported
only 0.04 % of label stored in meiobenthic tissuen@nth after incubation with labelled
Skeletonema costatutdrban-Malinga & Moens (2006) reported meiobenttooscorporate
0.48 (coarser sediment) and 0.81 % (finer sedimeftpverage daily*C-losses, with
nematodes contributing only 0.5 % of the total rhermhic uptake. Meiobenthos processed
more than those percentages of labelled algae, wdieng into consideration meiobenthic
respiration, multiple gut passage times and maytadver the duration of the experiment
(Olafssonet al, 1999). Moreover assimilation efficiencies (as$amn/consumption) of e.g.
nematodes it is generally assumed to be low, c&252% (Herman & Vranken, 1988; Urban-
Malinga & Moens, 2006). Also a considerable partha label might be lost due to fixation
with formaldehyde (Moenst al, 1999d). Although methodological implications midgad

to an underestimation of meiobenthic carbon uptaiepbenthos can also be exploiting other
carbon sources not derived from the labelled omdsch are naturally available in the

sediment cores.
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The percentage of carbon uptake was similar in Bbieocysti@ndSkeletonem#reatments
at station 115bis, indicating meiobenthos wouldl@esgboth resources similarliPhaeocystis
culture was not axenic, due to methodological innpedts which did not allow culturing
enoughPhaeocystisn the same conditions as the diatSkeletonema costatutdowever in
both treatments some uptake was observed and Belgan coastal waters are dominated by
intense blooms of botRhaeocystiolonies co-occurring with diatom blooms (Reidal,
1990; Joint & Pomroy, 1993; Brussaaetl al, 1995) it was important to test both food
sources.

The role ofPhaeocystion the benthic system has been previously oveeldo&ven though
relatively high amounts dPhaeocystigderived OM can reach the sea floor (Lanceloal,
2005). Although label incorporation in the meiollergt was relatively low, mineralisation
rates in thé”haeocystisncubated cores were about half of those obsarvéte diatom cores
(Moodley et al, in prep.), suggesting th&haeocystiamay contribute substantially to the

benthic ecosystem.
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Adenddum

A carbon budget was calculated for the differentoimenthic groups at both stations (table
4.2). Based on individual biomass, individual res@on was calculated as described in
chapter 5 for the nematodes. The percentage ofithdil uptake of the different nematode
groups in relation to individual respiration wagnhdetermined. Also taken into account the

relative densities of each group in each sedimaygr| a percentage of each meiobenthic

group uptake on total uptake was calculated.
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Table 4.2. Individual respiration (ug C ihdlay'), percentage of individual uptake relation to individual
respiration (%) and percentage of of total uptakeach meiobenthic group at the different sedindepths (cm)
for both stations (115bis and 330). St.Nem: stoematodes; O.Nem: other nematodes; Nem: nematodes;

O.Meio: other meiobenthos; RiclRichtersia SabatSabatieria Enop:Enoploides

Station  Depth Meiobenthic Ind. Resp. Ratio Ind. Uptake to Ind. Percentageof Total
(cm) Group (ug C ind" day?) Resp. (%) Uptake (%)
115bis 0-1 Rict 0.0114 0.10 2
115bis 0-1 Sabat 0.0194 1.34 26
115bis 0-1 O.Nem 0.0086 1.94 72
115bis 1-3 Sabat 0.0168 0.47 40
115bis 1-3 O.Nem 0.0070 0.21 56
115bis 1-3 0O.Meio 4
115bis 3-5 Nem 0.0067 0.10 100
115bis 5-8 Nem 0.0080 0.09 100
115bis 0-1 Rict 0.0110 0.15 1
115bis 0-1 Sabat 0.0216 0.76 18
115bis 0-1 Enop 0.0968 3.71 31
115bis 0-1 O.Nem 0.0077 1.94 51
115bis 1-3 Sabat 0.0174 0.72 38
115bis 1-3 O.Nem 0.0049 0.43 62
115bis 3-5 Nem 0.0075 0.24 100
115bis  5-end Nem 0.0134 0.02 100
115bis 0-1 Rict 0.0091 0.02 2
115bis 0-1 Sabat 0.0161 0.12 20
115bis 0-1 O.Nem 0.0048 0.44 77
115bis 1-3 Nem - - -
115bis 3-5 Nem 0.0046 0.02 100
115bis  5-end Nem 0.0066 0.00 100
115bis 0-1 Rict 0.0079 0.02 2
115bis 0-1 Sabat 0.0167 0.05 9
115bis 0-1 Enop 0.0242 0.74 65
115bis 0-1 O.Nem 0.0053 0.10 23
115bis 1-3 Sabat 0.0185 0.04 22
115bis 1-3 O.Nem 0.0087 0.02 78
115bis 3-5 Nem 0.0072 0.01 100
115bis 5-8 Nem 0.0061 0.01 100
115bis  8-end Nem 0.0068 0.00 0
330 0-1 St.Nem 0.0025 1.38 3
330 0-1 O.Nem 0.0044 2.91 17
330 0-1 0.Meio - - 81
330 l-end Nem 0.0041 0.59 100
330 0-1 Nem 0.0056 4.09 100
330 l-end Nem 0.0055 0.73 71
330 1l-end 0O.Meio - - 29
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Bacterial, nematode and macrobenthic activity
following a phytoplankton bloom in two contrasting

sedimentson the North Sea
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Abstract

Respiration rates of bacteria, nematodes and mestiobs were estimated in relation to the
deposition of the spring phytoplankton bloom in teantrasting sites in the southern North
Sea: one with fine grained sediment close to tlasttioe and another with highly permeable
sediments. Sediment Community Oxygen Consumpti@QO@) was also measured. Bacterial
biomass was relatively similar at both stationsjlevhematodes and macrobenthic biomass
were higher in fine grained sediment. In fine sexhis, bacterial biomass increased fast after
deposition of the phytoplankton bloom while nemat®dnd macrobenthos response was
delayed. In coarser sediments, nematodes and neathals also showed a fast response.

The respiration shares of SCOC in fine sedimemriewnitially dominated by macrobenthos.
After sedimentation occurred nematodes and mactbbsnhad similar shares, with
macrobenthos recovering their higher relative ingooee later. In coarser sediments SCOC
was clearly dominated by bacterial respirationhwiematodes and macrobenthic respiration
representing generally small shares of SCOC. Thative importance of the nematode
community in subtidal fine grained sediments migiherefore become more significant

whenever anoxic conditions arise.
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| ntroduction

The Belgian Continental Shelf (BCS) is characterisg a high primary production and algal
biomass, supported by high nutrient loads (JoirRdnroy, 1993; Brussaast al, 1995). In
spring, the Belgian coastal waters become dominatiedntense blooms oPhaeocystis
colonies which co-occurring with diatom blooms (@Ret al, 1990; Joint & Pomroy, 1993;
Brussaarcet al, 1995).Phaeocystidlooms dominate the Belgian waters between Apiil an
May, lasting 20 to 40 days, while diatoms blooms cacur as early as February with smaller
ones occurring as late as September (Reidl, 1990; Rousseaet al, 2002). After these
blooms a high amount of phytodetritus settles dh#® sediment (e.g. Vanaverbe&e al,
2004a,b; Steyaedt al, subm; Francet al, in press b) where it represents a major source of
organic matter (OM) for the benthic system (Gr&R2).

Sediment type has a profound influence on the ging of sedimented labile OM. In fine-
grained sediments accumulation of phytodetrituterafedimentation in spring, causes steep
vertical profiles of labile OM (e.g. Steyaet al. subm). Remineralisation of newly arrived
OM can induce hypoxic/anoxic conditions (Graf 1988Y the breakdown of this OM is often
delayed (Boon & Duineveld 1998, Provoestal.in prep.). In coarser, permeable sediments,
such vertical gradients in the sediment are ofteseat and subsurface peaks of chloropayll
are common (Jenness & Duineveld 1985, Ehrenhaus$uéitel 2004, Ehrenhausg al.
2004a, Vanaverbeket al. 2004b). These sediments are typically charactkrizea rapid
degradation of OM (Ehrenhausstal. 2004b, Vanaverbeket al. 2004b, Janssegt al. 2005,
Buhringet al.2006).

The different biogeochemical processes in suchrastihg sediments can affect the response

of the resident benthos. Hubas al. (in press), for instance, observed different redat
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contributions of bacteria, meiobenthos and macrtteento total heterotrophic production in
intertidal stations with contrasting sediment co#gastics.

Nematode communities from different environments bave different roles in the benthic
carbon cycle, depending on differences in OM quadihd quantity as well as in the
biogeochemistry of the sediment (Huletsal, in press). In general, however, the nematode
contribution to benthic metabolic activity is pgoknown. Only few studies have estimated
the nematode contribution to benthic carbon cydée highest contribution of nematodes to
total carbon turnover (13 %) along a depth gradi¢ie continental slope of the Goban Spur
(NE Atlantic Ocean) was found at the shallowesi@ta(206 m deep) (Soetaat al, 1997).

In an estuarine tidal flat sediment, less than 1f%he total respiration was attributed to
nematodes, which depended primarily on microphyttiees as a food source (Van Oevelen
et al, 2006Db).

The present study aims to partition sediment conmityaxygen consumption into respiration
by bacteria, nematodes (the predominant meiobernthion) and macrobenthos in two
contrasting continental shelf sediments in the N&&a. By comparing respiration of bacteria,
nematodes and macrobenthos prior to, during aed @i major spring phytoplankton bloom,
we aim at clarifying (i) the relative importancetbé different benthic compartments (bacteria,
meio- and macrobenthos) in the mineralization ef @M that reaches the sediment, (ii) the
response in biomass and metabolic activity of tlieege major heterotrophic compartments
of the benthos to the OM input from the spring pipankton bloom deposition, and (i)
differences in the response and relative importamic®acteria, meio- and macrobenthos

between contrasting sediment types.
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Material and M ethods

Study sitesand sampling

Samples were taken from the BCS stations 115bistddl close to the coast (51°09.2'N;
02°37.2°E; 13 m depth) and 330, located furtheslodfe (51°26.0'N; 02°48.5'E; 20 m depth)
(Fig. 1.1).

Station 115bis is a deposition station, charaatérizy the presence of fine sediments (median
grain size: 185 um) with a small fraction of mud®} (Steyaeret al, subm.), while station
330 consists of medium sand (median grain size:39um) without mud (Vanaverbeke

al., 2004a,b). Sampling at both stations was conductéeebruary, April and October 2003
from the RV Belgica.

The sediment was sampled for Sediment Community gémxyConsumption (SCOC),
meiobenthos and bacterial density and biomassbantérial production using a box corer,
deployed three times at each sampling station. Feach box corer 1 perspex core (i.d.
9.5 cm) was taken for SCOC measurement; 1 perspex (€.d. 3.6 cm) for meiobenthic
density and biomass analysis; 1 perspex core3i&lcm) for bacterial density and biomass
analysis and 1 perspex core (i.d. 14 cm) for badtproduction measurements.

The SCOC and bacteria production cores were fikgth water collected 1m above the sea
floor using 10 | Niskin bottles, closed and trarm$pd to the laboratory. The meiobenthic
cores were sliced in 1cm slices down to a maximeptldof 5 cm, and the samples preserved
with a neutral hot 4 % formaldehyde-tap water solut The bacterial counts and biomass
cores were sliced in 1cm slices down to a maximeptldof 5 cm, and the samples preserved
in a 4 % formaldehyde-tap water solution, thoroygilaken and stored in the fridge.
Macrobenthos was sampled using a Van Veen grafa¢suarea 0.12 1), deployed 5 times

at each station. Macrobenthos samples were washdabard over a 1mm sieve and the
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retained organisms were stained with Rose Bengdl pneserved with a neutral 8 %

formaldehyde-tap water solution.
Laboratory treatment of samples

Sediment Community Oxygen Consumption

Measurements of SCOC were performed in two re@gaer station and sampling date. The
SCOC cores were placed in an acclimatised room-situ temperature. They were carefully
closed with a detachable lid, containing an YSI%63ygen electrode and a Teflon-coated
magnetic stirrer, which were mounted in a predeigeoh depth to ensure a fixed volume of
water. The stirrer mixed the water without any blisidisturbance of the sediment surface.
The oxygen concentration in the water was contislyomonitored. SCOC, expressed as
mmol O, m?h?, was calculated by means of linear regressiorhefdecrease in oxygen
concentration over time (Moodlest al, 1998). All measurements were done in the absence
of light. Due to methodological problems only omplicate was available at station 330 in
February.

Bacterial biomass

Samples for bacterial counts were prepared follgv8tarinket al. (1994). Milli-Q water was
added to the sample until a volume of 9.5 ml artdn@l. NaP,O; (0.2 M) was added. This
mixture was sonicated five times for 30 secondegusi Soniprep 150 (10 Watt). In between
sonication pulses the sample rested on ice for&@rgls. Before staining samples were
diluted 10 to 1000 times using TRIS. A subsampls filéered onto a 0.2 um polycarbonate
filter and stained with Sybrgold (Molecular ProbeBijlters were then mounted on slides.
Counting of bacterial cells was performed usingegcé confocal microscope connected to
QWIN software. From every image 16 scans were nfadgum vertically apart from each
other. In such a way, a 3.2 um thick image wasyaedl From each scan, all particles

>0.2 um were counted and allocated to a size dResslide, 50-100 images were analysed.
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Bacteria were assumed to be spherical and theimmlwas calculated as #%*/3 (r =
radius), with a radius estimation of half the ageraof the largest (L) and smallest (S)
diameter. Bacterial volume was converted to bion{aasbon content) using a conversion
factor of 310 fg of Gum™ (Fry, 1990). Biomass was therefore calculated atieg to:
(4x3.141593x((L+S)/4)3)x310.

Since at both stations bacterial biomass and desisltd not differ between the two sediment
layers, bacterial biomass and densities 0-5cm deme calculated as the value for the
0-1 cm layer multiplied by 5.

Bacterial production

Bacterial production was measured using ¥Hdeucine incorporation method as modified
from Van Duyl & Kop (1994) and Hametg al. (2001b). After transport to the laboratory, the
sediment cores were incubated in the dark at intsinperature and allowed to stabilize for
24h. Overlying water was then gently siphoned @it sediment was removed from the
corers by allowing it to slide down gently. The @ and 4-5 cm horizons were sliced off
and retained for bacterial production measurem@08 il aliquots of sediment were pipetted
into 2 ml eppendorf tubes using an automatic pgpeith cut-off tips, and 100 pl of a leucine
solution was added. The tubes were again incubatede dark at in situ temperature for
40-60 min, after which the incubation was stoppadugh the addition of 1.5 ml ice-cold
5 % trichloroacetic acid (TCA). Isotope dilution svdetermined using three different leucine
concentrations, containing 0.2, 0.4 and 0.6 nmatilee per 100 ul, respectively. The amount
of labelled leucine (L-[4,5-3H]leucine, 50 Ci/mmd&CN Biomedicals) was always 0.02 nmol
and thus independent of the total amount of leuanhded. We used three replicates and one
blank for each leucine concentration. Bacteriehm lblanks were killed with TCA (as above)

before leucine addition.
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Samples on TCA were stored overnight and then whsieough four consecutive
centrifugation (3 min at 8000 g) - resuspensiones/ ice-cold 5 % TCA. Macromolecules
were subsequently extracted in 1.5 ml of a soluagbiNaOH (0.3 M), EDTA (25 mM) and
SDS (0.1 %) for 24-48 h at room temperature. Sedimearticles were removed by
centrifugation (5 min at 1000 g), and the supemavgas transferred to glass scintillation
vials where it was mixed with 10 ml of a scintilat cocktail (Lumasave Plus, Lumac).
Radioactivity was measured as disintegrations pewut@ (dpm) on a Beckman LS-6000
liquid scintillation counter. Quenching was coregtt for by automatic external
standardization. After subtraction of blanks, bdateproduction (in mg C  d') was
calculated as:

60 1

Production (mgC nt h'Y) = dmpx— x x M x x C/Protx10x
(mg ) P (22x107) %Leu

total Leuadded(nmol)+ isotope dution (nmol)
SAx|*H | Leu addednmol)

wheret = incubation time (min); 1 Ci = 2.2 x ¥dpm;M = the molecular weight of leucine;
% Leu= 0.073, i.e. the fraction of leucine in prote@iProt = 0.86, i.e. the carbon to protein
ratio (Simon & Azam, 1989)5A= specific activity of the added leucine in Ci/mimo
Meiobenthos

Meiobenthos (the animals passing a 1 mm sieve etathed on a 38 um sieve) was extracted
from the sediment by centrifugation with LUDOX H®8-4dt a specific density of 1.18 (Hezp

al., 1985). After staining with Rose Bengal, nematodese counted under a binocular
microscope. Processing the meiobenthic samplesegray be time consuming so only two
replicates per station and sampling date were psastk From each sediment slice, 120
nematodes were randomly picked (following Vincx9&p and mounted on Cobb slides for

measurement of length and maximal width. When fleas 120 individuals were present, all
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nematodes were picked out. Measurements were pextbrusing an image-analyser
(Quantimet 500+).

Nematode individual biomass was calculated fromrassly’s (1956) formula:

w? x|
1.6x10°

where WW is the individual Wet Weight (ug) amdand| the nematode length (um) and
maximum width (um). We assumed a dry-to-wet-weigtio of 0.25 (Wieser, 1960) and a
carbon content of 51 % of dry weight (de Bovée,7)98

Macrobenthos

Macrobenthos samples were sorted, counted and thaniems picked up separately
according to taxa. The organisms were washed watiled water and paper dried and then
weighed to determine wet weight (WW). They wereedrat 60 °C in an oven for 4 days to
determine the dry weight (DW) and dried once a@&if00 °C in a muffle furnace for 2 h, to

determine the ash free dry weight (AFDW).
Respiration estimates

Bacterial respiration
Bacterial respiration (BR, expressed in mg € af) was estimated from bacterial production
(BP) using: (i) a fixed bacterial growth efficien(GE) of 20 % (Osingat al, 1997) and (i)
the model | regression proposed by del Giorgio &e(0d998) as the best predictor of BR
from measured BP in aquatic microbial communities:

BR =3.7 x BB*
BR was converted to oxygen units assuming a raspyrguotient (RQ) of 1 (del Giorgio &
Cole, 1998). Since at station 115bis oxygen is pngsent in the 0-1 cm layer (Steyaettal,
subm), all oxic bacterial respiration at this statwas assumed to be limited to the 0-1 cm
layer. At station 330, oxygen is present throughthg whole sediment depth studied

(Vanaverbekeet al, 2004b). Bacterial production did not differ beemethe 0-1 cm and
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4-5 cm sediment layers (data not shown). Therdaxerial respiration for the 0-5cm depth
stratum was obtained by multiplying the respiratwdthe 0-1 cm layer by 5.

When comparing the different groups respiration aattulating the respective shares in
SCOC, BR calculated using a fixed BGE of 20 %.

Nematode respiration

Total nematode respiration was estimated basett@summed individual DW following de
Bovée & Labat (1993), assuming @io expression for temperature dependence, and
extrapolated to the total number of nematodes ptesea sample:

In(Q10) 1 )

R(T) = 0.0449x DW%*** x exp 10
where R is respiration (ug C d9y DW is individual dry weight (ug C) and T is teerpture
(°C).
Macrobenthos respiration
For macrobenthos an organic carbon content of 50 A&~DW was assumed (Wijsmaat al,
1999). Respiration was estimated based on the AEBWMY the Mahautt al. (1995) formula
for shallow water macrobenthos:

R =0.0174 x W

where R is respiration (mg C dgyand W is the mean individual AFDW (mg C), valit f
the temperature range of 15-20 °C. Respirationtivas corrected for temperature assuming
aQqoof 2.
Respiration rates of meio- and macrobenthos wenmeverted to oxygen consumption
assuming an RQ of 0.85 (Hargrave, 1973).

Statistical analysis

One-way and two-way Analyses of Variance (ANOVA) reveperformed on biomass,
respiration and SCOC percentages for bacteria, togl®s and macrobenthos and also on the

length to width ratio of nematodes in order to festdifferences between sampling stations
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and dates. Whenever significant differences wersdo post hoc Tukey HSD tests were
performed. Homogeneity of variances was testedguBartletty? and data were fourth root,
inverse or arcsine (in the case of relative daem)sformed whenever necessary. Whenever
homogeneity of variances was not achieved, even tamsformation, Kruskal-Wallis (one-
way ANOVA by ranks) tests were conducted. Whenesignificant differences were found
Mann-Whitney U tests were conducted on each pagrofips and the p value adjusted with

the Bonferroni method (Salkind, 2007). The STATISAI6 software package was used.

Results

Biomass and densities

Bacterial biomass did not differ significantly betan stations (two-way ANOVA, F = 0.29;
df = 1; p > 0.05; Fig. 2), ranging from 1.6 g Cm0.6 SE to 5.9 g C th+1.2 SE at station
115bis, and from 1.2 g C'M+0.7 SE to 3.6 g C th+0.3 SE at station 330. Differences
between sampling dates (F = 11.9; df = 2; p < 00 in the interaction term station x date
(F=4.27;, df = 2; p < 0.05), however, were sigrafit. Differences between sampling dates
were most pronounced at station 115bis, where bakctdomass in April was significantly
higher than in February and October. Temporal diffees in station 330 were not
statistically significant. Bacterial densities \atiin the same way as biomass at both stations,
ranging from 12.4 cells x ¥#dm? (5.5 SE) to 59.9 cells x ¥dm? (+13.6 SE) at station
115bis and from 11.8 cells x *fam? (+5.9 SE) to 28.0 cells x ¥m? (+3.2 SE) at station
330.

Total nematode biomass was much higher at stati®hig than at station 330 (Fig. 5.1). At
station 115bis biomass was lowest in February (§.€2m? +0.02 SE), highest in April

(1.46 g C rif +0.99 SE) and again lower in October (0.62 g €+0.38 SE).
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Figure 5.1: Biomass (g C fd) and densities of bacteria (cells x40, nematodes (ind x 26n?) and

macrobenthos (ind x 0n?) from station 115bis and 330 on the sampling cagmsaof February, April and

October 2003. Vertical bars represent the stanelacd. Note the different scales of graphs.
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At station 330, nematode biomass was lowest in ter(0.018 g C i +0.003 SE) and
increased with time up to 0.079 g C:ri0.043 SE in October. Nematode densities varied in
the same way as biomass at both stations, rangerg 8.32 ind x 10m? (+0.11 SE) to
5.01 ind x 16 m? (+1.12 SE) at station 115bis and from 0.16 ind %t (+0.04 SE) to
0.87 ind x 16m? (£0.13 SE) at station 330. A two-way ANOVA on nematodiomass
revealed significant differences between both aati(F = 24.8; df = 1; p <0.01) but not
between sampling dates (F = 1.05; df = 2; p > 0dd5h the interaction factor station x date
(F=0.62; df = 2; p > 0.05).

Macrobenthos biomass (fig. 5.1) was higher at @tafil5bis than at station 330 (two-way
ANOVA, F = 134.9; df = 1; p < 0.001). At station 8dis macrobenthos biomass was
23.2 g C it (+3.70 SE) in February, reaching lowest values inilXpr83 g C nf +1.34 SE)
and increased up to a maximum of 61.3 g€ @16.1 SE) in October, with temporal
differences being significant between April and @ber. At station 330 lowest values were
observed in February (0.44 g C?m0.13 SE) and highest in October (1.18 g €+0.34 SE),
with intermediate values in April (1.10 g C’m0.69 SE); however these differences were not
significant. Macrobenthos densities followed a trety similar pattern as biomass except at
station 330 in April and October, when biomassegewsimilar while densities were
considerably higher in April (Fig. 5.1). Macrobeiattlensities varied between 723 ind m
(+130 SE) and 928 ind t(+73 SE) at station 115bis and between 173 iffd#11 SE) and

268 ind n¥ (+27 SE) at station 330.
Sediment Community Oxygen Consumption

Wtaer temperature was of 6 and 6.4°C in Februastadion 115bis and 330 respectively, of
9.3°C in April at both stations and of 15.1 and@5h October at station 115bis and 330

respectively. SCOC at station 115bis varied betwé&eh ¢0.3 SE; February) and
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18.8 mmol @ m? day* (+0.8 SE; October), with April showing SCOC valuesyvelose to
the October ones (Fig. 5.2). At station 330 SCOG@Gged between 1.2 (February) and
8.7 mmol @ m?day’ (+3.9; April), with October showing intermediate vesu Due to
absence of replication at station 330 in Februatyyo-way ANOVA was not possible for the
whole dataset. A one-way ANOVA on SCOC revealedsigmificant differences between
both stations (F=5.09; df=1; p>0.05). At miat 115bis, SCOC showed significant
differences between sampling dates (one-way ANONA,17.7; df = 2; p < 0.05). Post hoc
tests revealed that values recorded in Februarg wegnificantly lower than in April and
October (Fig. 5.2). SCOC did not differ significgnbetween April and October at either of
the stations (station 330, one way ANOVA, F = 0.8i75 1; p > 0.05; station 115bis Tukey
HSD test, p > 0.05).

Respiration and partitioning of SCOC among benthic size groups

Bacterial production and respiration were highestation 115bis than at station 330 at the O-
1 cm layer (table 5.1), however when assuming arfi-8epth, BR was higher at station 330
(Kruskal-Wallis ANOVA: H (1, N =39) = 12.4; p <@01) (Table 5.1; fig. 5.2).

Respiration values of nematodes at station 115k@se iower than those of bacteria and
macrobenthos (Kruskal-Wallis ANOVA: H (2, N =33) 11.98; p < 0.01), while the latter
two groups did not differ from each other. At stati330 bacteria showed clearly higher
respiration values than nematodes and macroberftresway ANOVA, F = 144; df = 2;
p < 0.001) (Fig. 5.2). Macrobenthos respiration &k® significantly higher than nematode
respiration. Bacterial respiration at station 1$5@1.7 to 10.0 mmol &m? day") was lower
than at station 330 (from 8.3 to 22.9 mmaelr®? day®) (H(1, N = 39) = 12.4; p < 0.001) (Fig.
5.2).

A one-way ANOVA performed on each station reveasgghificant differences between

sampling dates for both stations (station 115bis: 641; df = 2; p <0.01; station 330:
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F=61.79; df=2; p<0.001). At station 115biscteaial respiration in February was
significantly lower than in April, while at statioB30 all sampling dates were significantly

different from each other.

Table 5.1: Bacterial production (mg C?rday") and respiration (mg C fnday™) for the sediment layer 0-1 cm
and bacterial respiration (mmol,@n? day") for a sediment depth of 5cm, at stations 11%iid 330 in
February, April and October 2003. Bacterial regfwraestimated usingd:a fixed BGE of 20 % antimodel | by

del Giorgio & Cole (1998). (MeahSE).

Production (0-1 cm)  Respiratiof (0-1 cm) RespiratioA (0-1cm)

Station Date mg C thday* mg C n¥ day” mg C n¥ day”
115bis Feb 03 23.4+0.9 93.8 +3.7 13.5 0.2
115bis Apr 03 30.0£1.9 120.2 £7.4 14.9 0.4
115bis Oct 03 23.1+15 92.2 6.2 13.4 +0.4
330 Feb 03 5.0£0.7 19.8 +2.9 7.0 £0.5
330 Apr 03 9.2 £0.5 36.7 2.2 9.2 +0.2
330 Oct 03 13.7+0.3 54,9 1.3 10.8 0.1

Respiration (0-5cm)  Respiratiof (0-5 cm)

mmol O, m? d* mmol O, m? d*
115bis Feb 03 7.8£0.3 1.1 +£0.02
115bis Apr 03 10.0x0.6 1.2 +£0.03
115bis Oct 03 7.7+£0.5 1.1 +£0.03

330 Feb 03 8.3+x1.2 2.9 £0.19
330 Apr 03 15.30.9 3.8 +0.09
330 Oct 03 22.9+0.6 45 +0.04

Total nematode respiration was significantly higaestation 115bis than at station 330 (two-
way ANOVA: F=40.1; df = 1; p <0.001) (Fig. 5.2t station 115bis nematode respiration

was lowest in February (0.94 mmo}®?day’ +0.03 SE), highest in April
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(3.56 mmol @ m?day* +2.23 SE) and lower again in October (2.50 mmphG day*
+1.50 SE), but these differences were not statlticggnificant. At station 330 nematode
respiration was lowest in February (0.041 mmgh@¥ day* +0.004 SE) and increased up to
October (0.34 mmol ©m?day' +0.17 SE), differences again not being statistically
significant.
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Figure 5.2: Sediment Community Oxygen Consumption (SCOC, miaah?day’), respiration rates
(mmol O, m? day') and respiration shares (%) from SCOC of bacter@mnatodes and macrobenthos from
station 115bis and 330 on the sampling campaigiebfuary, April and October 2003. Vertical bansresent

the standard error.
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Total macrobenthos respiration was higher at stalib5bis than at station 330 (Kruskal-
Wallis ANOVA: H (1, N =30) =19.9; p <0.001) (Fi§.2). At station 115bis macrobenthic
respiration decreased from February to April (whé@n reached a minimum of
3.57 mmol Q m?day' #0.76 SE), increasing afterwards with highest valiresOctober
(53.6 mmol @ m? day* +12.8 SE) (F =28.5; df =1; p <0.001). All samglidates were
significantly different from each other. At stati880 macrobenthic respiration was lowest in
February (0.08 mmol Om? day* +0.05 SE), and highest in October (0.70 mmgh@ day*
+0.38 SE) (F =4.65; df =1; p <0.05), with sigo#nt differences only between these two
sampling dates.

The relative shares of each group in the SCOCrdiffetween the two stations (Fig. 5.2). At
station 115bis bacteria and macrobenthos had asremjar relative importance in February
(ca. 140 % and 200 % respectively) with nematotlesvsrg a much lower value (ca. 17 %).
In April nematode and macrobenthos community resipin became very similar (ca. 20 %
and 18 %, respectively) but were both largely ededeby bacterial respiration (ca. 55 %). In
October macrobenthos represented ca. 260 % of meshsBCOC, with much lower
contributions for bacteria and nematodes (ca. 48 13 %, respectively). At station 330
SCOC was dominated by bacterial respiration througkhe year. Assuming a fixed BGE of
20 %, bacterial respiration clearly exceeded meas&COC representing in February, April
and October ca. 680 %, 175% and 400 %, respegtival measured SCOC values.
Nematodes contributed very little to SCOC at staB80, with a maximum of about 6 % in
October. Macrobenthos also showed a small contobub measured SCOC, ranging from
7 % (April) to 23 % (February and October).

Summed contributions of bacterial, nematode androb&nthic respiration always exceeded
measured SCOC at both stations, except at statidbig, in April, when the sum of estimated

heterotrophic respiration reached 93 %.
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Discussion

M ethodological considerations

Summed estimates of heterotrophic respiration rateseding measured SCOC values have
been reported before (e.g. Schwinghanet¢r al, 1986) and are likely the result of
methodological shortcomings. Bacterial productiates, for instance, may have been
overestimated if leucine addition, and/or exposafretherwise anoxic sediments to oxygen
during experimental incubations, stimulated baatarietabolism. The latter explanation can
be ruled out in case of the well-oxygenated sedimeh station 330, and the former is not
supported by the results of the measured isotojpiaiii series (data not shown). Further
potential methodological biases associated withnBfasurements have been discussed by
Kemp (1990). However, our bacterial productionreates are well within the range of values
reported from 15 other North Sea stations by Hoaliket al. (1995). Another difficulty is in
the conversion of bacterial production to respimatiWhen using the model | regression
proposed by del Giorgio & Cole (1998), only the teaial respiration at sta 330 in February
exceeded measured SCOC values. However, applicatiothis regression consistently
yielded bacterial growth efficiencies between 48 &7 %, which is far above the range of
values proposed for bacteria growing on detritied @iorgio & Cole 1998, Osingat al,
1997) Bacterial respiration rates exceeding to@DS have repeatedly been reported (Van
Duyl & Kop, 1990; Cammen, 1991; Alongi, 1995). Ohetother hand, in permeable
sediments, like at station 330, advective pore ma#sport can increase sediment oxygen
uptake by a factor of 1.38 to 3 (Ehrenhauss & HilieR004; Jansseet al, 2005). SCOC
measurements were performed under hydrodynamicitgamsl different from those to which
the sediment is normally exposed. The diffusiveakptof oxygen by the sediment depends

considerably on the thickness of the diffusive amy layer, which in turn strongly depends
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on hydrodynamic conditions above the sediment sarf§Polereckyet al, 2005).
Experimental stirring can provoke advective curseintthe sediment, or not, depending on
the stirrer settings. Certain stirring speeds aaefwough to mix the overlaying water but not
to induce advective currents (Jansséeml, 2005). Although the water was stirred during our
SCOC measurements, stirring may not have beenciuftito induce advective currents,
potentially resulting in underestimates of SCOGtation 330 by a factor of up to 3. This
alone would bring our summed estimates of bactematiobenthic and macrobenthic
respiration closer to or even below measured SCQRlsastation.

It is obvious that a number of uncertainties ak®ived in the respiration estimations of both
bacteria and meio- and macrobenthos. Many assungptiave been made and allometric
relations between body mass and respiration foo+rad macrobenthos, even though based
on a wide range of species, will mostly only give idea of the order of magnitude of
respiration rates for those communities, and shaihdrefore only be used on the
impossibility of using other methods.

In addition nematodes living deeper in the sedinagrgtation 115bis occupy anoxic areas so
either they use oxic microsites or they use oxislaiher than oxygen, which would result in
an overestimation of nematode respiration ratesdéonatodes living in such conditions.

Even though our respiration estimates are basabeonse of allometric relations we are very
confident that general trends can be observed wdoenparing both sediment types and
general temporal changes.

Biomass and densities

Bacterial biomass was within the range of valugsored for other subtidal North Sea
stations (Van Duykt al, 1993; Van Duyl & Kop, 1994). Bacterial densiti@sd biomass
were fairly similar for stations 115bis and 330,contrast with the general expectation that

bacterial densities and biomass increase from epaosfiner sediments (Kdster & Meyer-
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Reil, 2001). In April, however, bacterial densitieed biomass at station 115bis were
substantially higher than at station 330. This risbpbly linked to the high chlorophyéd
concentration (as an indicator of labile OM), whishknown to stimulate bacterial growth
(Goedkoopet al, 1997; Ding & Sun, 2005). At the sediment surfatehat time and site,
chlorophylla concentration was twice as high as on the othepbag dates at station 115bis
and ca. 10 times higher than the correspondingegadi station 330 (Franeb al, in press a).
The temporal fluctuations in bacterial densitied Aromass at our stations, and their links to
sedimentary chlorophyla concentrations are mirrored by shifts in bactedammunity
composition, which differed for all three sampliegents at station 115bis, but only between
October and February + April at station 330 (Fraetcal, in press a).

Nematode biomass and densities differed considefzdtiveen the two stations. The higher
OM availability at station 115bis supports a mobeiredant nematode community. At station
330, the permeability of the sediment results iw &tanding stocks of OM (Franet al, in
press b). The nematode community at this statiepareds rapidly to inputs of OM
(Vanaverbekeet al, 2004a,b; Francet al, in press b), as illustrated by the increase in
nematode biomass and densities from February td &pd again in October, when a second
deposition event occurred at this station (Fraetoal, in press b). At station 115bis
phytodetritus accumulates at the sediment surfadesaburied gradually (Provoost al, in
prep), thus remaining in the sediment much londentat station 330. The temporal
differences in nematode density and biomass atstaison have to be interpreted carefully,
since ca. 80 % of the nematode community was fonrtle upper 5 cm of the sediment in
April (the depth stratum considered in the prestmdy), compared to only 60 % in October.
Total depth-integrated nematode densities were aigdrer in October than in April (Franco

et al, in press b).
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Macrobenthic biomass and densities were also migiehat station 115bis than at station
330. The higher food availability at station 115bisot only labile OM from deposition of
phytodetritus but also higher meiobenthic densitiesilable as potential prey (Franco et al.,
in press b) - probably supports a more abundantrabaothic community with a higher
biomass compared to station 330. At station 113fgher macrobenthic biomasses in
October indicate that macrobenthos showed a delagsdonse to the deposition of the
phytoplankton bloom, similar to the response of nkeenatode community (considering total
depth-integrated nematode densities). At statiof, 38acrobenthos already showed an
increase in biomass in April, maintaining similaiwes in October. This would imply a faster
response to the deposition of phytodetritus, agamparable to the response of the nematode
community at that station.

Even though macrobenthic densities were slightlyeloin April than in February, biomass
was considerably lower, indicating that smalleramigms were present. This might represent
some sensibility of the macrobenthic communityrioxac conditions normally present at this
station after major sedimentation events (Steyeedl, subm.). Some mortality may have
occurred and younger and therefore smaller organiare recolonising the sediment. In
October the increase in biomass was much highertti@increase in densities, representing

bigger organisms.
Sediment Community Oxygen Consumption

SCOC showed a similar seasonal pattern to othgossain the North Sea with comparable
sediment types and water temperatures (Boon & Deide 1998; Boonet al, 1998).
However, the SCOC values at both our study sitégs r@sembled those previously published
for coarse sediments and were much lower than sdhurefine grained sediments (up to 30
and 50 mmol @m?day’ in April and October, respectively) (Boon & Duiredd, 1998:

Boonet al, 1998).
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In sediments with a thin oxic surface layer, a satigal part of sediment oxygen uptake is not
caused by aerobic respiration, but rather by tb&idation of reduced inorganic metabolites
close to the oxic/anoxic interface (Kristens2@00). This is likely the case at station 115bis,
particularly after the phytoplankton bloom depasitin April (Steyaertet al, subm.), and
may explain why at this time and site not all SCaild be attributed to the heterotrophic
compartments considered here. However, not allrbietgphic benthic compartments have
been accounted for in the present study. Meioberithia other than nematodes are scarce
and relatively more important at station 330 (Fmatal, in press b), and hence could not
have contributed significantly to SCOC at statioh5dis. Densities and biomass of
microbenthos (ciliates and flagellates) were ndemeined in the present study. Modelled
respiration of microbenthos at a silty tidal flaateoon equalled or even exceeded that of
macrobenthos and was substantially higher thandhateiobenthos, but these values were
poorly constrained in the model (Van Oevedtral, 2006c).

Although oxygen penetrates deeper into the coamser more permeable sediments, the
presence of sulphate-reducing bacteria has beenmteelp indicating the presence of suboxic
to anoxic niches in these environments (Buhebgl, 2005). That may be the reason why

lower percentages of aerobic respiration were eleskein April at station 330.
Respiration rates

Bacterial production values were among (station bis)5or below (station 330) low
production values reported for several other sabstiations on the North Sea (Van Deyl
al., 1993; Van Duyl & Kop, 1994). Bacterial productiand respiration on a volume basis
were higher at station 115bis, however when consigedepth-integrated values, bacterial
aerobic respiration was higher at station 330 (big). In coastal sediments there is a large

fraction of dead or inactive bacteria (Lueial, 2002) and the percentage of active bacteria
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may change rapidly (Créackt al, 2003). Therefore, production is a better measire
bacterial activity than cell densities or biomass.

Most of the sediment column at station 115bis becaetduced after sedimentation of the
spring phytoplankton bloom and remained so untlagsas October. In combination with the
low nitrite/nitrate and high ammonium concentrasiothis illustrates that anaerobic pathways
become predominant (Steyaest al, subm.). At station 330, oxygen is available for
heterotrophic respiration throughout the upper 5oéreediment (Vanaverbelet al, 2004b).
Hubaset al, (in press) estimated bacterial production for teemtrasting intertidal sites.
Applying a fixed BGE of 20 % to the bacterial protian data from Hubast al. (in press),
and extrapolating in the same way to a 0-5 cm selirdepth stratum, bacterial respiration
for fine intertidal sediments would range from 838 mmol @ m?day* and from 0 to
120 mmol @ m? day" in coarse sediments. Our subtidal bacterial rasipit rates were
slightly lower and the difference between the ceaand fine site less spectacular, but the
emerging picture is that differences in bactergdpiration rates between fine and coarse
sediments may be quite consistent in subtidal atedtidal systems.

Nematode respiration rates at station 115bis wegk Wwhen compared to deeper subtidal
stations where nematode densities were compamlth®se at station 115bis (de Boial,
1996). Comparisons of respiration rates of nematddem station 115bis with those of
muddy estuarine sediments give variable resultsinédy (1994) reported 3 times lower
respiration rates for a nematode community witl thed density found at station 115bis; Tita
et al. (1999) estimated individual nematode respiratidmcty, extrapolated to the densities at
station 115bis, would account for values even highan the measured SCOC for station
115bis; and Warwick & Price (1979), studying a neada community about 3 times more
abundant than at station 115bis, observed neatign@&s higher respiration rates. The high

nematode respiration in April and October at stafieé5bis follows nematode biomass trends,

129
Chapter 5: Bacterial, nematode and macrobenthpreg®n



which in turn reflect shifts in both nematode daasiand average body shapes. At station
330 respiration rates of nematodes were similafataes reported at deeper subtidal stations
(0.05 to 0.39 mmol ©m? day’, de Bovéeet al, 1996) and in estuarine intertidal sandy
sediments (Kennedy, 1994).

We estimated nematode respiration rates assumipg ef 2 in the whole temperature range
covered by the present samplifggyo values can be highly species-specific for nematgeeay.
0.99 to 2.45; Kim & Shirayama, (2001)) and may sambally exceed a value of 2 in
opportunistic fast-growing species (Warwick, 1981gens & Vincx, 2000). MoreoveQio
values may vary over large temperature ranges @vigsSchiemer, 1977). Price & Warwick
(1980) regarde@; values of 2 or higher as an adaptation to fluatgaiood resources, while
Q1o values close to 1 would be associated with a sedlgcstable food supply. In view of this
argument, and for reasons of comparability witradat macrobenthic respiration, we used a
Q1o of 2 in the present study.

In our study the contribution of nematodes and wiaenthos to SCOC was much higher at
station 115bis than at station 330. Similarly, Bdrmuineveld (1998) concluded that the
contribution of macrobenthos to sediment respimatiothe North Sea is higher in silty and
fine sandy stations than at medium-coarse sandirsta Titaet al. (1999) also measured
higher nematode biomass and respiration rates iddynintertidal sediment than in sandy
sediment. The opposite apparently holds for baxtdithe contribution of bacterial production
to total benthic community production increaseshwiicreasing grain size in intertidal
(Hubaset al, in press) and subtidal (this study) sedimentac&iwhen assuming a fixed
BGE, higher bacterial production rates imply highacterial respiration rates, and since total
nematode and macrobenthic respiration is loweraarser sediments, the contribution of

bacterial respiration to SCOC will also increasehwincreasing grain size. The bacterial
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communities inhabiting sands are regarded as higttiye (Rusclet al. 2003; Ehrenhausst

al. 2004a).

Macrobenthos is frequently assumed to have a highare in benthic respiration than the
meiobenthos (e.g. Moodlegt al, 1998; Heipet al, 2001; Van Oevelert al, 2006c).
However, Schwinghameet al. (1986) estimated higher meiobenthic than macrdtent
respiration rates during most of the year in indettmuddy sediments. Hubasal. (in press)
also estimated higher meiobenthic than macrobemtoduction in both muddy and sandy
intertidal sediments. For the BCS, Hegb al. (1985) estimated that total meiobenthic
production equals or even greatly exceeds macrblmeptoduction. Our results attribute a
contribution of up to 20 % of SCOC at the fine sastation to nematodes, an estimate which
exceeds maximal estimates hitherto published (%3.De Bovéeet al.(1996), 13%: Soetaert
et al. (1997)). Even though in fine sediments macrobesttaminated SCOC in February and
October, nematodes and macrobenthos had similanlmatiions in April. Upon arrival of OM

to the sediment, in contrast to the nematodes, sbaathos densities lowered, probably as a
consequence of the anoxic conditions, and thenvesed later on. Even though the
respiration rates and relative % of SCOC canndalitectly compared due to methodological
limitations, the general trend pointed to a lowgrf the macrobenthic contribution upon
anoxic conditions while the nematode contributioser.

Conclusions

The benthic community at the BCS was highly affécby the deposition of the spring
phytoplankton bloom. In fine sediments (station Hi$h deposition of the phytoplankton
bloom results in a greater importance of anaerphtbways. Following sedimentation of the
phytoplankton bloom, nematode respiration may actdor about 44 % of the estimated
heterotrophic respiration (station 115bis in Aprllater, macrobenthic respiration becomes

more important again. In well aerated coarser sedisbacteria account for by far the largest

131
Chapter 5: Bacterial, nematode and macrobenthpreg®n



share of aerobic respiration. The importance ofatedes in carbon turnover at the BCS thus
varies considerably with sediment type; in fineiseghts it is more significant than in coarser

sediment.
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Abstract

The impact of dead discards, originating from betawl fishing, on the nematode
community from the Tagus estuary, was investigatetkrms of vertical distribution of the
dominant nematode groups. Sediment cores werectadldrom a mud-flat from the Tagus
estuary.Crangon crangor{Linnaeus, 1758) carcasses were added to the surfabe cores,
simulating the settling of dead discards on theinsedt. The vertical distribution of the
dominant nematode groups was determined up to deap at four different moments in time
post deposition (0, 2, 4 and 6h) and compared méralocores. The&C. crangonaddition to the
sediment led to the formation of black spots anerdfore oxygen depleted areas at the
sediment surface. THehromadora / Ptycholaimellugroup, normally dominant at the surface
layer, migrated downwards due to their high sefhiibtio toxic conditions.Sabatieria
presented the opposite trend and became the domgmanp at the surface layer. Since
Sabatieriais tolerant to oxygen stressed conditions and lsglphide concentrations, we
suggest that it migrated opportunistically towards unoccupied nicheDaptonema
Metachromadoraand Terschellingiadid not show any vertical migration, reflectingeith
tolerance to anoxic and high sulphidic conditio@sr study showed that an accumulation of
dead discards at the sediment surface might thereidter the nematode community vertical
distribution. This effect is apparently closelyateld to toxic conditions in the sediment,
induced by the deposition &. crangonat the sediment surface. These alterations might b
temporal and reflect an adaptation of the nematodemunity to dynamic intertidal

environments.
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| ntroduction

Since fishing activities are an important source feadd, employment and income, an
increasing number of studies focus on the sidectffef fishing activities on the marine
ecosystem (Kaiseet al, 2000; Jenning®t al, 2001). One of these side effects is the
generation of “bycatch”, which are accidentally glauspecies of no commercial interest
(Hall, 1996). This bycatch is often returned to $ka as discards (Jennirggsl, 2001).

The estimated total amount of fishery discardshie tipper part of the Tagus estuary is
approximately 1500 tonnes per year, which reprasemt90 % of the captures, corresponding
to an input of particulate organic matter of mdrart 140 tonnes of carbon and 35 tonnes of
nitrogen per year (Cabrait al, 2002). Beam trawl fishing in the Tagus estuarynainly
targeted towards the sol&slea solegLinnaeus, 1758) an8olea senegalensisaup, 1858
and discards are dominated Gyangon crangor{Linneaus 1758) (Cabrat al, 2002). Since
mortality of C. crangoncan be high and reach up to 96 % (Gamito & Cal2@03), a large
portion of the discard consists of carcasses wbérhattract different necrophageous species
such as demersal fish and benthic invertebratesk@Ni& Moore, 1992; Kaiser & Spencer,
1996; Kaiser & Ramsay, 1997; Gamito & Cabral, 20@&Jagic fishes and dolphins (Hill &
Wassenberg, 1990) or marine birds (Blabeml, 1995; Gartheet al, 1996; Oro & Ruiz,
1997).

Decomposition ofC. crangoncarcasses deposited on the sediment also creseis patches

in the sediment (pers. observation), probably assalt of the oxygen consumption of the
microbes responsible for the decomposition of thesganisms. It has previously been
reported that fine grained sediments easily becanaxic after the settling of organic matter
(OM) at the sediment surface (e.g. Olafsson, 198# Duyl et al, 1992; Bickford, 1996;

Kristensen, 2000; Steyaest al, subm).
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Since oxygen plays an important role in the veltdistribution of intertidal nematode
communities (Steyaesdt al, 2005), we investigated the effect of the addimdiC. crangon
carcasses on the surface of Tagus sediments. Neesatare known to migrate both
horizontally and vertically. Horizontal migrationaw observed in recolonisation experiments
(Schratzbergeet al, 2000a; Schratzbergest al, 2004), while vertical migrations were
described as a response to tides (Steyateal, 2001) or changing oxygen concentrations
(Steyaertet al, 2005). Here, we test the hypothesis that discafds crangon(through the
triggering of anoxic patches in the sediment duthgdecomposition process) will not affect

the vertical distribution of intertidal nematodermounities.

Material and M ethods

Study site and experimental set-up

Sampling was conducted in an intertidal mudflattted Tagus estuary (38°44’N, 9°08'W)
near Alcochete (Fig. 1.2) in March 2005 during éde. The sediment temperature was 16°C
and the salinity of the interstitial water was 28 %o

From previous local beam trawl fishing campaigrn§icdant amounts of the shrim@rangon
crangonwere kept frozen (-20°C) until the experimentC&angon crangorunits, each one
comprising 3 shrimps, were thawed and weighed ptsvio the experiment, with an average
of 2.302 g £ 0.048 SE) per shrimp unit.

In the field 3 perspex cores (i.d. 10-15 cm) weskected for shrimp incubation. The shrimp
units were placed at the surface of the sedimedtleft there for 4h until the experiment
started (time Oh) in order to initiate the deconipms of the carcasses following a
preliminary experiment (Franco, 2002). The surfaicthe sediment was sampled for pigment

analysis, grain size and Total Organic Matter (TOid water content. For each analysis
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triplicates of 5 ml of sediment was collected. Thesmples were stored in the cold in the
field and frozen (-80°C) in the laboratory untitther processing.

In addition, 21 perspex cores (i.d. 3.6 cm) werdus collected sediment to a depth of 10 cm,
closed, and transported to the laboratory togedligr the shrimp incubation cores. After 4h
of shrimp incubation, three “Reference Cores” (Tithk) were sliced in following layers:
0-0.5; 0.5-1; 1-1.5; 1.5-2, 2-3 and 3-4 cm anddamples were fixed in a 4 % formaldehyde
tap water solution. 9 of the remaining cores wérentincubated with the decomposing
shrimps (3 shrimps per core — Shrimp Cores) andr@scwere left without shrimps (Control
Cores). Since the surface of the cores was 10 dethmposing shrimp covered almost the
complete surface of the shrimp cores. The expetimanfor 6h in total, which is the average
exposure time of an intertidal flat. After 2, 4 a@dhours, 3 shrimp cores and 3 control cores
were treated as described above. Ambient room teatype was 23°C during the duration of

the experiment and resembled the outside temperatur
L aboratory treatment of samples

Chlorophyll a was analyzed by HPLC (Gilson) following Wright &ffrey (1997). Water
content was estimated comparing sediment wet weigtitdry weight measured after 24h at
60 °C. TOM content was determined by comparingvaejght and ash free dry weight after
burning in a muffle furnace (2 h at 450°C). Grairesanalysis was performed using a
Mastersizer 2000 Hydro G particle size analyser.

Meiobenthos (animals passing a 1 mm sieve andnextaon a 38 pm sieve) was extracted
from the sediment by centrifugation with a LUDOX #8 solution (Heipet al, 1985) and
kept in a 4% formaldehyde solution, stained witmgsd rose. For counting and identification
the meiobenthos samples were rinsed into a 100 &dugted measuring cylinder which was
topped with water until 100 ml. The samples wengest on a stir plate which resuspended

the organisms in the water. During stirring 10 srieml of the solution (a total of 10 ml

139
Chapter 6: Impact of discards on nematodes fronT #ggis estuary



corresponding to 10 % of the sample) was removeld avipipette at different water heights
into a counting dish. The nematodes were then eduaind identified and sorted into groups
under binocular and high power microscope. On a@erdl nematodest (3 SE) were
identified per sample. The nematodes were sortedtlire following groups: (1fhromadora
/ Ptycholaimellusgroup; (2)Daptonemagroup; (3)Sabatieriagroup; (4)Metachromadora

group; (5)Terschellingiagroup and (6) an “other nematodes” group.
Data analysis

In order to investigate if mortality occurred duyithe experiment a one-way ANOVA was
used to test for statistical differences in totahsities (sum of all layers) between the
reference, control and shrimp cores. The effedtazdtment (control and shrimp cores), time
(2h, 4h and 6h) and treatment x time on nematodsitiles in each layer was tested using a
two-way ANOVA.

A two-way ANOVA was used to test the effect of treant, time and treatment x time on the
relative abundance of each nematode group in theendore (integrating all layers) and per
sediment layer. Homogeneity of variances was tesséty Bartletty”. Data was transformed
when needed, with relative data being Arcsine faansed. Whenever homogeneity of
variances was not achieved, Kruskal-Wallis (ANOWAranks) tests were conducted for the
effect of treatment and time. The STATISTICA 6 s@fte was used and a confidence level of

0.05 was considered in all test procedures.

Results

Sediment characteristics and visual observations
The sediment had a medium grain size of 4.79 H@2 SE) with a water content of 63.4 %
(x 0.09 SE) and a TOM content of 9.23 %012 SE). The chlorophydl concentration at the

sediment surface was 29.2 iy @ 1.33 SE).
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The shrimps covered almost the whole surface ofrésment cores. When the shrimps were
removed from the sediment surface, black sedimpotsswere observed underneath the

shrimp covered area. Shrimps were decomposinglandlyssinking in the sediment.

Nematode Densities
8000

7000 ¢
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3000 ¢

Densities (ind 10cm™)

2000 r

1000

Oh 2h 4h
Time

Figure 6.1: Total nematode densities at 0-4 cm (ind 10°cfor all treatments (Ref: reference, C: contrad &

shrimp) at different times (0, 2, 4 and 6h). Vetibars represent the standard error.

Total nematode communities

Total nematode densities in the upper 4cm, ranbetiveen 1774 ind 10cm and
8103 ind 10ctd, averaging 4338 ind 10¢M(+ 302 ind 10crf SE) considering all the cores
(Fig 6.1). No significant differences were foundvieen the reference, control and shrimp
cores (one-way ANOVA, F = 1.09; df = 2; p > 0.05).

Total nematode densities were highest at the sutéaer of the sediment in the control cores,
while in the shrimp cores densities were higheghat.5-1.0 cm after 2 h, at 1.0-1.5 cm after

4 h and at 1.5-2.0 cm after 6 h (Fig. 6.2).
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Figure 6.2 Nematode densities (ind cinfor all treatments (Ref: reference, C: controt &: shrimp) at
different times (0, 2, 4 and 6h) for all the sedinéayers (0.0-0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0, 20@-and

3.0-4.0 cm). Horizontal bars represent the standamit.

142
Chapter 6: Impact of discards on nematodes frenTHgus estuary



Significant differences in nematode densities betwgeatments were only detected for the
0.0-0.5 cm layer (F =39.4; df = 1; p <0.001). Téfeect of time was only significant at the
1.5-2.0cm (F = 4.44; df = 2; p < 0.05) and 3-4(&n+ 5.02; df = 2; p < 0.05) sediment layers.
Tukey HSD tests revealed significant differencesveen 2h and 6h and between 4h and 6h
respectively. No significant differences for thdemaction term (treatment x time) were
detected for any of the layers.

The nematode community was dominated by @teomadora/ Ptycholaimellusgroup,
having an overall average relative abundance o8 28.& 1.6 % SE). The second most
abundant group weBabatieria(24.5 %+ 1.4 % SE) followed bypaptonemg14.9 %+ 0.8 %
SE) and the lowest relative abundances were ofbepsTerschellingia(9.8 %=+ 1.4 % SE)
andMetachromadorg7.3 %= 0.6 % SE) (Fig. 6.3). Other nematodes not belapginthese

groups averaged 15 % (+ 0,9 % SE) of the total nedeacommunity.
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Figure 6.3: Relative abundance (%) of the dominant nematodeupy (Chr/Pt: Chromadora and
Ptycholaimellus Dapton: Daptonema Metach: MetachromadoraSabat:Sabatieria Tersch:Terschellingid in
the Reference cores (T Oh) and in the Control anéhfp cores at times 2, 4 and 6h considering thelevbore

(sum of all layers). Vertical bars represent tlamgard error.
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A two-way ANOVA for each nematode group on the tietaabundance per core (integrating
all layers) revealed no significant differencesan®sn the treatments, times or the interaction

treatment x time.

Vertical distribution

In the reference situation (0 hours) and in therobicores theaChromadora/ Ptycholaimellus
group was highly dominant at the 0.0-0.5 cm laywoughout the experiment, with relative
densities fluctuating around 60 and 70 % (Fig..@>®eper down this dominance was shared
first with theDaptonemagroup, at 0.5-1.0 cm, with relative densities lodat 40 % each, and
also with the Sabatieria and Metachromadoragroups, at 1.0-1.5 cm, where each group
represented about 20 % of the community. At 1.5eh0deepSabatieria became the
dominant nematode group, with relative densitiestilating between 30 and 40 % of the
nematode community. In the deeper layBesschellingiaalso became dominant and at the
bottom layer (3.0-4.0 cm) dominance was shared det®abatieriaand Terschellingia with
relative densities fluctuating between 25 and 48&éh. The other nematode groups showed
low relative abundances below 5 %.

Adding decomposing shrimp to the surface of sedingenes clearly affected the nematode
community. At the surface layer significant changesdominance were mostly observed
amongChromadora/ Ptycholaimellusand Sabatierianematode groups (Table 6.1). There
was a decrease in relative densities of@heomadora/ Ptycholaimellusgroup from values
around 70% (control cores T 6h) to values aroun®e4(hrimp cores T 6h)Sabatieria
relative densities on the shrimp cores reached l8® % of the nematode community at the
end of the experiment, while in the control cotesas almost absent in this layer throughout

the experiment.
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Figure 6.4: Relative abundance (%) of the dominant nematodeupy (Chr/Pt: Chromadora and
Ptycholaimellus Dapton: Daptonema Metach: MetachromadoraSabat:Sabatieria Tersch:Terschellingid in
the Reference cores (T Oh) and in the Control amir cores at times 2, 4 and 6h for each sedirzgm@r

(0.0-0.5, 0.5-1.0, 1.0-1.5, 1.5-2.0, 2.0-3.0 artdB0 cm). Vertical bars represent the standawt.err

The Chromadora/ Ptycholaimellusgroup also showed significant differences between
treatments for layers 0.5-0.1, 0.1-1.5 and 2.0e&0due to higher relative densities in the
shrimp cores at these layers. Significant diffeesnéor Sabatieriaat layers 1.0-1.5 and
2.0-3.0 cm were due to lower relative densitieshat shrimp cores. Significant differences
between treatments were found for tdetachromadoraand Terschellingiagroups at the

0.5-1.0 cm layer as well.

Table 6.1: Results from the two-way ANOVA's performed on edalier on the relative dominance of each
nematode groupgdhr. / Pt: ChromadoraandPtycholaimellusDapton: DaptonemaMetach: Metachromadora
Sabat. Sabatieria Tersch: Terschellingia. Tr: treatment (control and shrimp cores); Ti: Ti(@&, 4h and 6h);
TrxTi: Treatment x Time interaction. * Significant difences (p < 0,05); ns: non significant. Resultkalics

refer to Kruskal-Wallis tests.

Depth Chr./Pt. Dapton. Metachr. Sabat. Tersch.

(cm) Tr Ti TrxTi Tr Ti TrxTi Tr Ti TrxTi Tr Ti TrxTi TrTi TrxTi
0.0-0.5 * ns ns ns ns ns ns ns ns * ns ns ns ns ns
0.5-1.0 * ns ns ns * ns *oox ns ns ns ns * ns ns
1.0-15 * ns ns ns ns ns ns ns ns * ns ns ns ns ns
1.5-2.0 ns ns ns ns ns ns ns ns ns ns ns nsns ns -
2.0-3.0 * ns ns ns ns ns ns ns - * ns ns ns ns ns
3.0-4.0 ns ns ns ns ns ns ns ns ns ns ns ns ns s n
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The effect of time was only noticed at the 0.5-dn® layer for theDaptonemaand
Metachromadoranematode groups, with significant differences leetw4 and 6h for both
nematode groups. No significant differences forittteraction effect treatment x time were

observed.

Discussion

Visual observations

When removing the shrimps from the sediment surfatzek sediment spots were observed
at the sediment surface, indicating reduced sedimi@na microcosm experiment with

decaying macrofauna, Olafsson (1992) also obsebl@tk spots when removing the dead
macrofauna from the sediment surface. The colodh@fsediment gives an indication of the
redox state in the sediment, with the darker caloaflecting a more negative redox potential
(Rosenberget al, 2001; Diaz & Trefry, 2006). Under decaying orgam$ oxygen is

consumed due to bacterial activity, creating anosédiment patches. Natural oxygen
concentrations in muddy sediments of the Tagusaestalt marshes reach already extremely
low values in the first millimetre, and become wedéable at 14 mm deep (Cartaxana &
Lloyd, 1999). Since the shrimps occupied almosttladl core’s sediment surface, oxygen

stress at the surface layer was probably very high.
Nematode community

There were no significant differences in total nwda densities and relative densities
between the reference, control and shrimp coreis.iticates that the experimental handling
and the treatments had no significant effect om#érmatode total densities within the studied
sediment depths (0-4 cm) and that the relativeiiea®f each nematode group remained the
same. This implies that the differences observettis study were due to vertical migration

of the nematodes.
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Heip et al. (1990) characterized muddy sediments as being ridded generally by a few
dominant genera, includingabatieria Terschellingia and Daptonema Chromadorids
become more important with increasing mean graie.dn the Oosterschelde estuary (The
Netherlands) a very similar community was foundmdated by the gener@hromadora
Daptonema Metachromadora Sabatieria and Terschellingia (Steyaertet al, 2007). The
nematode communities in the Tagus estuary aretyipiczal intertidal estuarine communities.
The nematodes were grouped according to genergptekmethe gener&Chromadoraand
Ptycholaimelluswhich were lumped. The nematodes in our sampé&mging to the genera
Chromadoraand Ptycholaimelluswere morphologically similar in terms of size anody
shape. Their similar buccal cavities, together vpithvious feeding observations place them
in the same feeding type, epigrowth feedmmsuMoens & Vincx (1997).

Nematodes from the same functional group or sanmergecan behave differently (e.g.
Moens et al, 1999b; De Mesekt al, 2003). However the vertical distribution of the
Chromadora/ Ptycholaimellusgroup generally presented a unimodal distributibmey did
not show several peaks of abundance as a resdlffefent migration directions of closely
related species. This was also true for the otmeums. Therefore grouping of nematode
species in genus groups allowed a straightforwaalyais of the response of the nematode
community to the shrimp addition.

The first and most obvious response was the geude@ease in nematode densities at the
surface layer of the shrimp cores (Fig. 6.2). Inm&rocosm experiment with decaying
macrofauna, Olafsson (1992) also observed lowerbeusnof nematodes in the patches with
dead animals, although these differences were tatistically significant. In the referred
experiment the microcosm contained a ca. 7 cm timigll layer. There was no vertical slicing

of the sediment so if the effect of decaying maamuofs was mostly felt at the surface, it
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would be partly diluted when sampling together wddeper sediment. In fact we only found
statistical differences in total densities at thdace layer.

The nematode communities normally concentrateeastrrface layer (control cores) tried to
escape probably sulphidic and therefore toxic doyts by migrating downwards. This is not
an unknown behaviour, since nematodes are ablegi@t®a actively over a wide depth range
for instance to pursue oxidised sediment layerssjrective of sediment depth (Steyasral,
2005). In fact the nematode density peak kept @mgimg with time, being at the 0.5-1.0 cm
layer after 2 h, at the 1.0-1.5 cm layer afterahd at the 1.5-2.0 cm layer after 6 h (fig 6.2).
The diffusion of toxic compounds from the surfaceeper into the sediment obliged
nematodes more sensitive to these toxins to keepigirating downwards.

The lower densities at the sediment surface angehigensities deeper down in the sediment
at the shrimp cores were mostly due to a downwaidration of Chromadora /
Ptycholaimellus Indeed dominance of this group at the 0.0-0.9ayer decreased, while at
deeper layers their relative densities became highg. 6.4; Table 6.1).

Both Chromadoraand Ptycholaimellusmostly occur naturally at the surface of muddy
sediments (e.g. Steyaest al, 2003; Steyaeret al, 2005; this study) where the highest
oxygen concentrations are found. Steyasrial. (2007) observed a total disappearing of
Chromadora macrolaimaafter being subjected to two weeks of suboxic ambxic
conditions, coinciding with a high mortality &ftycholaimellus ponticusAccording to their
buccal cavity and feeding type, these nematodesrfexstly on diatoms and other microalgae
(Moens & Vincx, 1997), therefore they would not benfrom adding decaying shrimp to the
sediment surface. Their migration deeper into gairsent therefore reflects their sensitivity
to toxic conditions, often associated with anoXNamatode migration is a known behaviour
as a reaction to oxygen deficiency and sulphidesst(e.g. Otet al, 1991; Hendelberg &

Jensen, 1993; O¢t al, 2004; Steyaest al, 2007).
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The opposite behaviour could be observed in $abatieria group. Sabatieria relative
abundance at the surface layer was significantiyén in the shrimp cores (Fig. 6.4; Table
6.1). The average density (times 2h, 4h and 6hyaifatieriaat the surface layer in the
control cores was 5.8 ind ¢+ 1.7 SE) while in the shrimp cores was 18.1 ind*dm4.4
SE). Although the peak abundances were still lacdez=per down in the sedime8gbatieria
densities at the surface layer were comparativiglger in the shrimp cores. This shows that
there was active migration &8abatieriato the surface and the increase in dominance was no
only due to the absence GhromadoraandPtycholaimellusAlthoughSabatieriais sensitive

to anoxia in the long term, it can tolerate perioflexygen depletion (Steyaest al, 2007).
Sabatieriais commonly classified as a deposit feedmméuMoens & Vincx, 1997) which
has bacteria and microphytobenthos as main foodcesuNematodes migrate towards an
“optimal” food source (Jensen, 1995; Sangbvsal, 1995; Moenset al, 1999a) and studies
with stable isotopes and labelled food sourcesaledeopportunistic vertical migration of
Sabatieriatowards food sources (Franebal, in press b; Francet al. in prep).Sabatieria
species are adapted to survive under low concerigtof oxygen and high sulphide
concentrations which are often reflected in itstigat distribution (Hendelberg & Jensen,
1993; Steyaerét al, 1999; Steyaenret al, subm.; Francet al, in press b; Francet al, in
prep; this study). The intolerance of other nemesa such conditions and also the ability to
respond fast enableghbatieriato occupy and explore this niche.

To what extenBabatieriamigration behaviour is a direct response to higbed availability

or, instead, the consequence of the absence ofatdorp at the sediment surface or presence
of competitors at the sediment horizons generabfiynidtade bySabatieria or even the
combination of both factors, is difficult to deteérma. Nematodes tend to be selective feeders,
showing different feeding preferences, between es@rgeneric species, allowing them to

partition the available food sources (Moestsal, 1999b; De Meseét al, 2004). Species
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interactions and different feeding strategies can rbsponsible by nematode vertical
segregation (Steyaest al, 2003).

DaptonemaMetachromadoraandTerschellingiawere not highly affected by the experiment.
In the study by Steyaedt al. (2007) Daptonemaspecies demonstrated high sensitivity to
oxygen stress conditions; however that experimastetl for two weeks. The shorter
observation time of our study might be responsiblethe observed differences. Moreover
identification to species level might help clarifgi this case, since more than one species of
Daptonemawas present in our samples (pers. obs.).

Metachromadora vivipardas been reported previously as highly adaptéoviaxygen and
highly sulphidic conditions (Van Gaever al, 2006; Steyaert al, 2007). Therefore the fact
that this genus was not affected was not surprisiiie same is true foferschellingia
species, reported as tolerant to suboxic and amaxiditions (Steyaesdt al, 2007). However
the whole depth distribution dferschellingiamay not have been totally sampled in our
experiment, since its vertical distribution cancled0 cm deep, becoming more dominant in
deeper sediment layers (Steyaettal, unpublished data). Even though some of these
nematodes have been reported as tolerant to loweoxyand high sulphide concentrations
conditions, they did not show an opportunistic hvehar asSabatieriadid.

Although significant differences between both tneats were noted at the 0.5-1.0 cm layer
for the nematode groupdetachromadorandTerschellingiathese were probably influenced
by the migration of th&€€hromadora/ Ptycholaimellusgroup. In theMetachromadoracase,
higher densities of th€hromadora/ Ptycholaimelluggroup at the 0.5-1.0 cm layer lowered
their relative abundance in the shrimp cores (whalseolute densities were similar to the
control cores).Terschellingiadensities at the 0.5-1.0 cm layer were indeed drigh the
control cores (after 4 and 6h), however, as meatidoefore, at this depth we were probably

sampling the very upper distribution limit dferschellingiaand, except for one case, all
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subsamples contained 0 oiT&érschellingiaindividuals. Due to calculations of densities and
relative densities (also influenced by other nemdatgroups’ densities), these differences
became significant, without really indicating aetivwigration of these nematodes or a
treatment effect.

In muddy sediments excessive organic enrichmedsléacharacteristically altered nematode
community (Schratzberger & Warwick, 1998). Nematsgecies are differently adapted to
living in low oxygen conditions and once subjectechypoxia and/or anoxia some species
might even disappear after a short period of tiBieyaeret al, 2005). An accumulation of
dead discards at the sediment surface might thereliter the nematode community or even
have a permanent damage if remaining in the sedifoelsome time, favouring species well
adapted to low oxygen conditions and high sulphidacentrations. However the most
probable situation is that the rising tide will i it all back to normal conditions, as they
would be if deposition of dead discards had notuoed. Estuaries are by nature very
dynamic systems and the organism living there rhastell adapted to such conditions. This
experiment revealed two surviving strategies tohsdlganging environment. On one hand
nematodes that cannot withstand certain conditibke, oxygen stress and high sulphide
concentrations, can actively migrate away fromdtiessed areas and on the other hand, also
through migration within the sediment, more toléramd opportunistic nematodes can

therefore exploit niches left empty by others.
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General Discussion






Nematode trophic interactions

Phaeocystisin the benthic system

As mentioned before, degradation Riiaeocystisvas accepted to happen within the water
column only (Rousseau, 2000). After observationma$sive sedimentation of this alga to the
seafloor the need for assessing the fatBraeocystisboth in the water column and marine
sediments emerged. In the water coluRitaeocystids ingested by a wide array of marine
organisms, like protozoans, bivalves, amphipodghausiids, copepods and fishes (Wegstse
al., 1994). In the benthic system our results indithst Phaeocystisvas incorporated in the
nematode tissues at similar rates as diatoms. Hawtbe consumption d?haeocystiby the
nematode community is not easy to quantify andcdumdon uptake we measured was not
nearly enough to sustain the nematode communityocalemands. That was not uncommon
and is present in other studies as well (e.g. Staffst al, 1999). In estuarine systems the
main nematode food sources are microphytobenth@s%(5and bacteria (39 %) (Van
Oevelenet al, 2006c). In the absence of microphytobenthos nedesthave to explore other
food sources in subtidal sediments and the sedingephytoplankton might be an alternative
food source. The path through whighaeocystislerived labelled OM entered the nematodes
is not yet clearly understood. Since nematodes baveral food sources as bacteria, ciliates,
diatoms and other algae, other nematodes or oleggiek and other items like detritus or
dissolved OM (Moen & Vincx, 1997; Moerst al, 1999b) it is possible foPhaeocystis
derived OM to enter the nematodes through sevatakpFurther investigation on this matter
including more controlled experimentation usingelddd Phaeocysti€ould help determining
the path through whicRhaeocystislerived OM does enter the nematodes tissues antab

extent it is important.
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Bacterial community

The bacterial communities show a fast responsentanput of OM which is only later
transferred to higher trophic levels (Buhriegal, 2006). As the first compartment to react to
an input of OM to the sediment, the bacterial comityurevealed a sediment specific
response, with higher diversity and more strikimgtical and temporal changes in bacterial
community composition in fine sediments.

Since bacteria are an important food source foratedes (Moens & Vincx, 1997) the trophic
interaction between these two compartments of thghic web has long been investigated.
Nematodes grazing on bacteria is well documentegd (eotter & Webster, 1984; Montagna
& Bauer, 1988; Epstein & Shiaris, 1992; Moextsal, 1996; Moens & Vincx, 1997; Moens,
et al, 1999c; De Mesekt al, 2004) and migration of nematodes towards speddfox
sources such as bacteria, has been observed egpdalin (e.g. Andrew & Nicholas, 1976;
Trotter & Webster, 1984; Grewal & Wright, 1992; Mt al, 1999c). Nematode attraction
to bacteria varies not only with different bactestrains (Andrew & Nicholas, 1976; Grewal
& Wright, 1992; Moenset al, 1999c; De Meseét al, 2004) but also with their density,
leading to species specific nematode responsesrtairt bacterial densities (Moees al,
1996; Moenst al, 1999c; Moens & Vincx, 2000). Changes in the nea@tcommunity may
therefore be associated with changes on the balctenmmunity, but not due to changes in
diversity, as hypothesized by Vanaverbateal. (2004b). Changes in bacterial community
that might induce changes in the nematode commanéyhen higher biomass and densities
observed in spring compared to winter values ath b&tations and/or changes in the
community composition, also present at both station

DGGE presents it self as an useful tool that casilyebe used to assess changes in total

bacterial community and can be applied on furtlesearch on this trophic interaction. The
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use of DNA tools in free-living marine nematodeestigation is also taking its first steps (e.g.

Cooket al, 2005; Deryckest al, 2005, 2006).
Nematode community

The nematode communities of both stations on th& B@ve been previously sampled in
1999. At station 115bis the nematode community sampled monthly from March to July
and again in October 1999 to a depth of 5 cm. @ntyilto our results the abundance peak was
registered not immediately after the depositionthef phytoplankton bloom, but later in July
(ca 4000 ind 10 cif) (Steyaeret al, subm.). In 2003 it was even later with the higivesues
registered in September and October 2003. Densitgzs slightly higher in 2003 compared
to the ones observed in 1999. This can be expldnyethe fact that we sampled 10 cm of
sediment, whereas in 1999 only 5 cm was examinedveder these differences become
striking in October when densities were about 3etinhigher in 2003. On this sampling
occasion, 40 % of the nematode community was fdagidw 5 cm, and therefore sampling
the top 5 cm of the sediment would only retrievew60 % of the nematode community.
This may be the reason why in October 1999 lowesities were observed when compared
to July 1999 (Steyaesdt al, subm) and to October 2003 (present study). Atosté830 the
nematode community was sampled monthly from Maocluly 1999 to a depth of 10 cm.
Densities followed the same seasonal trend as lirstgly for the same period of the year,
with the highest densities in May (ca 600 ind 10°cm 1999) (Vanaverbeket al, 2004b).
Densities were about twice as high in 2003 whenpaoed to 1999; however interannual
variability is generally higher than seasonal Vaitigy (Coull, 1985).

The first response of the nematode community falowthe deposition of a phytoplankton
bloom in both types of sediments is a change irsities and dominance towards selective
deposit-feeding nematodes (1A-nematodes, Wiesé&3)10/anaverbekest al, 2004b) and

deposit-feeding nematodes, the 1B-nematodes (Wié9&B) (Steyaeret al, subm.), both
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having bacteria as an important food source (Wjek@53). As discussed before, bacterial
community dynamics can be one of the factors intysiuch changes. This first reaction on
the nematode community in fine sediment was desdriio be initially amondsabatieria
celticaandS. punctataspecies at the sediment surface and later arBapgonemaiemanni
and D. fistulatumspecies deeper down in the sediment (Steyated, subm). Indeed, a
higher concentration of nematodes at the sedimafice was observed for fine sediments
after deposition of the phytoplankton bloom (80 #4he nematode community on the upper
5cm in April). Later, after burial of the OM, threematode community concentrated deeper
down in the sediment (40 % of the nematode commun@tow 5 cm in October).

Natural stable isotopic signatures of nematoddmtt stations indicated that changes on the
nematode signatures were not coupled with chamg8®M or sediment POM, indicating that
nematodes do not feed on bulk POM but rather seégt Since3°C signatures of the
meiobenthos at station 330 a8dbatieria,Richtersiaand nematodes inhabiting the sediment
surface at station 115bis were generally highen ttiee POM signatures, suggesting a
selective feeding on recently deposited OM. Howeafeer experimentally adding labelled
algae to the sediment surface, the total uptakeatefrom these food sources was rather low.
Several methodological limitations could be behimese low results, as discussed previously.
Rudnick (1989) in a mesocosm experiment which thfbe 6 months, during which labelled
phytodetritus were being constantly produced in\tager column, observed two different
faunal groups, within meiobenthos, in regard toghsportion of carbon assimilation derived
from the labelled phytodetritus. In one group, doated by harpacticoid copepods, specific
activities identical to that of the phytoplanktoene reached with a lag of less than 2 months
between detrital deposition and assimilation; teeoad group, which included most other
meiobenthic taxa, still had remarkably low specé#ativities of 10 to 30 % of phytoplankton

values after 5 months. Therefore these organisme @eploiting organic carbon that had
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been produced before the starting of the experirmedtstayed buried in the sediment, of silt-
clay type (Rudnick, 1989). That could easily be tlase in fine sediments on the BCS but
hardly in permeable sediments, where advectivespranh pumps oxygen into the sediment
(Ziebiset al, 1996;Jansseret al, 2005) while removing decomposition products (Heledt

al., 1998) resulting in a fast mineralization of orgacarbon and recycling of nutrients
(Huettel & Rusch, 2000; Janssenal, 2005; Buhringet al, 2006) preventing the build up of
labile OM in the sediment. These processes mighiebponsible as well by the much higher
variability observed on isotopic signatures of P@ipermeable sediments when compared to
fine ones.

Taken into account the carbon uptake from the exygarts with a labelled food supply, and
the estimated respiration for nematodes, only & serall percentage of the diary nematode
needs were supported by the carbon uptake observélte experiments. This also indicates
the exploitation of other food sources either tbarbon derived from the added algae.

Even though respiration estimations from nematomenass can involve a certain error,
major trends were distinguished. Respiration of awehes can be directly measured in
microchambers, individually, if the nematode isgarenough, or in groups of nematodes
(Moens & Vincx, 2000; Kim & Shirayama, 2001). Hovesvapplying this technique and
extrapolate individual respiration rates measured fiew individuals for short periods of time
to community level would deviate from real valuasthe field, being this deviation difficult
to quantify. A good comparison of both methods dobék interesting to determine how

accurate both are.

Stout nematodes in permeable sediments
The understanding of the dynamics of permeablensadi recently increased drastically. The

biogeochemistry of these sediments strongly diffiems finer sediments. Advective transport

161
Chapter 7: General discussion



has an important role in coarse sediments, resplendior many of the sediment
characteristics. Relatively strong bottom waterrents can prevent the deposition of
sedimenting phytodetritus at the sediment surfdgeeomeable sediments (Huettel & Rusch,
2000; Precht & Huettel, 2004) and due to advectsmdimenting phytoplankton cells can
penetrate deeper in the sediment inducing subsurfseaks (Huettel & Rusch, 2000;
Ehrenhauss & Huettel, 2004; Ehrenhaass®l, 2004a). Advective transport of oxygen into
the sediment (Ziebist al, 1996;Jansseret al, 2005) and fast removal of decomposition
products (Huetteét al, 1998) accelerates POM degradation resultingfastmineralization

of organic carbon and recycling of nutrients (Hele& Rusch, 2000; Janssent al, 2005;
Buhring et al, 2006). These processes prevent a build up del&ii and the establishment
of clear vertical gradients.

The nematode community inhabiting these sedimenist rhe adapted to such sediment
characteristics. Investigations concerning thesenconities are still scarce and the role of the
stout nematodes within these communities still Haviee determined, since they can become
dominant in certain periods of time and/or areab wermeable sediments and almost absent
in others (Willemset al, 1982; Vanaverbeket al, 2004a; Urban-Malingat al,, 2006).

This body shape implies lower mobility which resteathese nematodes to the surface of the
sediments where oxygen is available (Soeteieat, 2002). It is suggested that due to the fact
that these nematodes are stouter and normally stiitng and armoured cuticles, they are
better protected against predation (Soetaedl, 2002). Also due to its lower mobility the
probability of an encounter with a predator is low®oenset al, 2000). However no
information on the predation pressure in such sedimis available and therefore it is not
possible to understand if a better protection ajginedation is an advantage or not in those

sediments.
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Nevertheless, their densities and relative aburelatimes increases after deposition of
phytoplankton bloom (Vanaverbelet al, 2004a) with that specific nematode body shape
being somehow favoured. However natural stableopsotsignatures as well as the results
from the labelled food supply experiments revealectlear differences in feeding strategies
when compared with other nematodes. What life cyetgdure makes these stout and short
nematodes such successful colonizers is not yewhknso further research within these

nematode types may therefore also be interesting.

Sabatieria on the Belgian Continental Shelf and the Tagus estuary

Nematodes from the geneBabatieriadisplayed a quite interesting and consistent belav
on both the BCS and the Tagus estuary, migratiwagitds a potential food sourceabatieria
was among the first species to react upon arrif@M in the fine sediment station on the
BCS (Steyaeret al, subm). The study sites on the BCS and the Taguswgy differed
considerably, the first being a marine subtidatietaand the second an estuarine intertidal
mud flat, with a much higher mud content. The comnsonditions were an input of OM
which induced oxygen depletion in the sediment.t@nBCS,Sabatieriarevealed the same
ability to migrate to the surface of the sedimemffded. On the Tagus estuaBabatieria
migrated to the surface of the sediment towardstanpial food source, even though the
sediment conditions were toxic to other nematodigs. ability of Sabatieriato react fast and
opportunistically migrate towards better conditigesy. of food or oxygen) coupled with its
tolerance to low oxygen and/or high sulphidic cdtinds, enabled this genera to be
widespread and generally present with relativefjhabundances in fine sediments (e.g. Heip
et al, 1990; Vanreusel, 1990; Steyaettal, 1999; Vanhovet al, 1999; Schratzberget al,

2000b; Schratzberget al, 2006; Steyaert al, subm) which easily become anoxic after the
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settling of OM at the sediment surface (e.g. Otais4992; Van Duyet al, 1992; Bickford,

1996; Kristensen, 2000; Steyaettal, subm).

Chemosynthetic food sour ces

The exploitation of a chemosynthetic derived foodrse by meiobenthos in fine sediments
was clearly present in the copepods case and psobabsome other deep-dwelling
nematodes. Stable isotopic signatures revealing suéood source have been previously
reported for meiobenthos however in a very contrgsenvironment: for one nematode
species, dominant in sulphidic microbial mat seditean a cold methane-venting seep and
even more depleted™*C values for one copepod species indicated theogapbn of a
methane-derived food source (Van Gaesteal, 2006).

For a shallow subtidal system, stable isotopic aigres that clearly indicate the exploitation
of a chemosynthetic derived food source have n@&nbgreviously reported. Moreover
copepods demonstrated a high selectivity towargspérticular food source on a particular
sampling event, probably due to a strong dominamcehese copepods in that particular
sampling event. Therefore, identifying which cop@paare exploiting a chemosynthetic
derived food source should not be difficult. It wast possible to detect a similar feeding
strategy in deep-dwelling nematodes, since meagnenon a bulk nematode sample contain
many individuals reflecting many possible feedingategies. The eventual signal of
chemosynthetic derived food sources could be dilbtehigher isotopic values of nematodes
not feeding on these food sources.

Nematodes tend to be selective feeders, for instaneferring certain bacterial strains over
others (Andrew & Nicholas, 1976; Grewal & Wrigh92; Moenst al, 1999c; De Mesedt

al., 2004) and/or specific bacterial densities (Moehal, 1996; Moenst al, 1999c; Moens

& Vincx, 2000). Our stable isotope results alsagatke a certain degree of feeding selectivity

164 : _
Chapter 7: General discussion



by nematodes, since the nematode isotopic sigrsatlidenot follow the changes observed in
the POM in the sediment and remained relativelystamt with time. Splitting the whole
nematode community, for instance into genera leigetjetermine which nematodes exploit
which food source is a difficult task since a biemainimum is needed to perform a stable
isotope analysis. However these nematodes may aaepresentative biomass within the
nematode community since the stable isotopic sigaatof the nematode community were
deviated towards more depletéd®C values. To determine which nematodes exploit a
chemosynthetic derived food source may thereforald®possible.

Symbioses between marine nematodes and sulphuzimgdhemoautotrophic bacteria have
been reported for nematodes in two different cageshe case of mouthless nematodes
(genusAstomonemjawhich have endosymbionts living intracellularlyextracellularly in the
gut of their host and in the Stilbonematinae, iniclkh bacteria (sulphur-oxidizing
chemolithoautotrophs) cover the outside of the baeith stable isotope analysis suggesting
that these nematodes depend on the bacteria forniition (Ottet al, 1991; Ottet al,
2004 and references therein). Symbioses may therdi® a way through which nematodes
can explore a chemosynthetic derived food source.

To determine which nematodes and/or copepods éxplathemosynthetic derived food

source and how is an interesting follow up for tnistter.
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