We wish to thank Anonymous Referee #1 for his thorough and useful comments. We have now revised

our manuscript in accordance with the comments raised by the referee. We believe that this revision
has substantially improved the quality of the manuscript. Please find below how we have addressed
each comment, point by point.

Comment 1

Comment 2

Comment 3

Page 3, line 22: | understand that a deposit of fine, cohesive sediment will decrease
the supply of dissolved oxygen to the deposit-underlying sediment and so decrease
the decomposition of organic matter in this sediment with oxygen as electron
acceptor. If so, the contribution of anaerobic pathways to the overall decomposition
will increase and the upwards diffusing reduced soluble end-products of this
decomposition will likely be oxidised with oxygen at the oxic—anoxic boundary
somewhere inside the deposit or in the deposit overlying seawater. That is, the re-
oxidation of reduced substances (line 24) is not inhibited but simply relocated. Of
course, this would not apply for reduced solid phases, but this perhaps needs to be
clarified.

Indeed, this is correct and we have therefore rephrased this part to clarify better how
a physical barrier alters the contribution of anaerobic pathways:

Page 3, line 22: “Firstly, the formation of a physical barrier increases the contribution
of anaerobic pathways to the overall decomposition and relocates the re-oxidation of
reduced solutes upwards (Colden and Lipcius 2015; Hohaia et al. 2014). Under these
circumstances, reduced solid phases would only oxidise when sediment reworking or
irrigation of large burrows by macrofauna brings them to the oxic layer.”

Page 4, line 5: In my book, bioturbation includes the displacement of particles and
the irrigation of burrows. In line 5, it reads ‘bioturbation or bio-irrigation’, so |
assume that the authors do not consider burrow irrigation as a form of bioturbation.
Perhaps this needs to be clarified as well.

Kristensen et al. (2012) proposed to use bioturbation as an umbrella term,
incorporating both burrow ventilation and particle reworking. Indeed, burrow
ventilation is a mechanism evolved by infauna to enable a constant supply of fresh
nutrients and oxygen by pumping overlying water into their burrows, and as a
transport process clearly associated with bioturbation. However, since we aimed at
disentangling the mechanisms of deposition-induced alteration of SCOC (burrow
ventilation, macrofauna respiration or particle mixing into oxic layers) we preferred to
distinguish between bioturbation (i.e. particle reworking) and bio-irrigation (i.e.
burrow ventilation). We incorporated this rationale in the manuscript:

Page 3, line 27: “Though both processes are interrelated and sometimes grouped under
the umbrella term ‘bioturbation’ (Kristensen et al., 2012), we opted to use them as
separate concepts, in order to clearly distinguish between particle reworking and solute
transfer. Bioturbation and bio-irrigation can be significantly altered under...”

Page 4, line 27. The authors state that their control (T0) did not receive a layer of pre-
treated sediment. In line 30, however, they explain that the control did receive a 0.5
cm frozen mud cake, which consisted of pre-treated sediment and luminophores.



Comment 4

How did this layer affect the mud—seawater solute exchange and the behaviour of
macroinfauna? | feel the authors should discuss this.

Our objective to disentangle the different mechanisms of altered oxygen consumption
necessitated the application of a luminophore-spiked mud cake on all treatments
(including the control sediments). Without such thin cake on the control the
importance of particle mixing and disturbance of the sediment matrix at the sediment-
water interface for deposition-altered functioning would have been impossible to
investigate. Moreover, though luminophores are in essence inert particles, the
absence of such a luminophore mud cake on the natural sediment in the control could
potentially have introduced bias between treatments due to species specific responses
to e.g. small modifications in physico-chemistry of the sediment matrix, hence creating
an experimental artefact. The high survival and appearance of clear bioturbation signs
at the sediment surface, already the day after application of the mud cake in the
control (photos are included in Supplementary material Annex 2), indicate that the
application of the thin deposit evoked fast migration to the sediment-water interface
in the control. However, we do not believe that this thin deposition and subsequent
fast disturbance related to benthos migration significantly altered functioning at the
longer term, i.e. at the end of the experiment 14 days after addition of the mud cakes.
This hypothesis is supported by the high survival but lower bioturbation and bio-
irrigation in the control as compared to the T1 treatment. Collectively, this suggests a
fast recovery of the sediment-water solute exchange following the deposition of the
thin mud cake in the control. Indeed the measured oxygen penetration depth and
SCOC in the control are comparable in magnitude to the diffusive and sediment
community oxygen fluxes measured in the same habitat and season in previous studies
(Van Colen et al. 2012; see manuscript for full reference). We have added this rationale
in the revised manuscript:

Page 4, line 31: “... on top of the natural sediment surface. The addition of this mud
cake ensured the quantification of particle mixing in these treatments and avoided
potential bias between treatments due to species specific responses to the physico-
chemical environment created by the mud cake. The addition of a luminophore mud
cake on top of the sediment surface in the control treatment did not profoundly affect
the natural oxygen fluxes or oxygen penetration depth. Our measured values were
comparable in magnitude to those of previous studies in the same habitat and season
(Van Colen et al. 2012; Annex 1), and clear bioturbation signs on the sediment surface
soon after deposition indicate fast migration to the sediment-water interface (Annex
2).”

Page 5, line 3. The deposit was free of organic matter, so its oxygen demand must
have been low increasing the penetration of oxygen into the layer. How do the
authors know that this deposit ‘prohibited (passive) exchange of dissolved oxygen
between the sampled community and the water column’? Did you measure the
penetration of oxygen into the freshly deposited layers with microelectrodes and did
you find the oxic-anoxic boundary somewhere inside the layer? If so, how did the four
different deposits (0.5, 1, 2, 5 mm) perform in regard to this penetration?

The oxygen penetration depth varied from shallower in the control to deeper below
the sediment-water interface in the more extreme deposits (that were largely
depleted in organic matter as compared to the control). However, oxygen penetration



Comment 5

Comment 6

Comment 7

Comment 8

Comment 9

Comment 10

depth remained restricted to the deposited layer for all treatments. Thus, oxygen did
not diffuse below the deposited layers into the natural community. The vertical
profiles of oxygen penetration are submitted as supplementary material to the
manuscript, to which we now refer in the text (Page 5, line 3; Page 9, line 32; See
comment 3).

Page 5, line 33. Here, BMU is defined as ‘biological-mediated oxygen uptake’. | found
this misleading because biological mediated oxygen consumption is also included in
estimates of DOU, that is, the consumption by bacterial processes, micro- and meio-
fauna. I believe that this contribution to the overall sediment oxygen consumption
should be termed ‘macrofauna mediated oxygen uptake’.

We agree that the terminology we used was potentially confusing and have therefore
followed the suggestion by this referee to change this term to ‘macrofauna-mediated
oxygen uptake’ in the revised version of the manuscript.

Page 8. Please consider moving numbers in parentheses to a table; this would
improve the readability of your text.

We have accepted this comment. We now refer to Tables 2 and 4 in the revised
manuscript which contain the results of the statistical test.

Page 8, line 37. ‘biotic-mediated oxygen consumption’. See comment above and
please use terms consistently.

This inconsistency apparently remained unnoticed by me and the co-authors, and we
have now corrected this throughout the revised manuscript.

Page 9, lines 14-28. | recommend moving this section to the introduction, so the
discussion starts with your results.

We have adopted this comment.
Page 9, line 31. Please show the oxygen penetration data in the Results section.

See also reply to comment 4. Oxygen penetration depths are now provided as
supplementary material to the manuscript.

Page 23, line 6. ‘benthic-mediated oxygen uptake (BMU)’. See comment above and
please use terms consistently.

Complied with this comment; see also reply to comment 7.



We are thankful for the useful comments of Anonymous Referee #2. We have revised the figure and
table captions accordingly:

The current table legend is more like discussion, and a mere descriptive of data is preferred. It would
be more appropriate that the authors simply provide the objective data, and let the readers to judge
whether your conclusion or interpretation are reasonable or not.

Comment 1

Comment 2

Comment 3

For example, in Table 1 (page 16) (1) Table legend. The top 3 species with the
cumulative contribution (>50%) to the total dissimilarity between treatments. The
SIMPER analysis, and the cumulative contribution can be described as footnote. (2)
Treatment. Please explain what these treatment mean. For example. What does TO-
1 refer to. Please simply state what these data represent. In addition, the cumulative
contribution column is redundant and can be deleted, or the contribution column can
be deleted because these two column are essentially the same.

We deleted the ‘Contribution’” column from the table and rewrote the caption as
follows, according to the referee’s suggestions:

“The three species with highest cumulative contribution (> 50 %) to the total
dissimilarity between treatments. The first column shows the treatments being
compared (e.g. TO-1: a comparison between treatments TO and T1).”

We added a footnote to the table:
“Results from a SIMPER analysis.”

As for Table 2 (page 17) (1) In table legend, Please do not start with “Results ...”.
Please go straight forward what you want to present. For example, statistical factors
(2) Is it necessary to show all these factors?

We agree that a mere representation of F- and p-values could be sufficient for a decent
understanding of our results. All unnecessary columns (i.e. df, SS and MS) were
therefore deleted in the revised manuscript. We suggest the following caption, based
on the referee’s comment:

“Statistical factors from 2-factor blocked ANOVA tests with ‘Treatment’ (4 levels) and
‘Tank’ as factors. M1 till M4 stand for motility classes, as defined by Solan et al. (2004)
(M1: living fixed in a tube, M2: sessile, but not fixed in a tube, M3: slow movement
through the sediment, M4: free movement in a burrow system). Significant pair-wise
differences between treatments are given in the table. All results for species and
functional groups are given for densities.”

As for Table 3 (page 19). Please consider whether all these equations need to be
shown in a table. Maybe the equations could be placed in the supplementary
materials.

We opted to present the results of the linear regressions entirely in the main
manuscript, as it provides a complete understanding of the strength and direction of
the relationship between the response and predictor variables. Therefore, we would
prefer to keep the results as they are currently presented in the table.

In accordance to Comment 2, we opted to rewrite the caption of this table:



Comment 4

“Linear regressions of sediment community oxygen consumption (SCOC) against sets of
species (or functional group) densities, and ecosystem processes (bio-irrigation - Q -
and bioturbation - D)), and of bio-irrigation against the densities of species. Only
significant models (P (slope) < 0.05) were considered. M2 and M3 are motility classes
as defined by Solan et al. (2004) — M2: sessile, but not fixed in a tube, M3: slow
movement through the sediment.”

Figure 1. please explain the x axis, i.e., what the treatment of 0, 1, 2 and 5 mean.
We added the next sentence to the figure caption of this and the next two figures:

“The four treatments represent the thickness of the applied sediment layer (in cm).”
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Abstract. Human activities, among which dredging and lané cisange in river basins, are altering estuarine
ecosystems. These activities may result in chaimgesdimentary processes, affecting biodiversitgediment
macrofauna. As macrofauna control sediment cheynéstd fluxes of energy and matter between watarnsol
and sediment, changes in the structure of macrblmeabmmunities could affect the functioning of antire
ecosystem. We assessed the impact of sedimentitiepas intertidal macrobenthic communities andrates

of an important ecosystem function, i.e. sedimemmunity oxygen consumption (SCOC). An experimeas w
performed with undisturbed sediment samples fraar&ttheldt river estuary (SW Netherlands). The sasnpkre
subjected to four sedimentation regimes: one coatnd three with a deposited sediment layer of &r 3 cm.
Oxygen consumption was measured during incubatioansient temperature. Luminophores applied at the
surface, and a seawater-bromide mixture, servéxhesrs for bioturbation and bio-irrigation, resipesly. After
incubation, the macrofauna was extracted, idedtiéied counted, and classified into functional geobpsed on
motility and sediment reworking capacity. Total mwaunal densities dropped already under the tlsinne
deposits. The most affected fauna were surficidllaw-motile animals, occurring at high densitiestie control.
Their mortality resulted in a drop in SCOC, whigttkased steadily with increasing deposit thicknekae bio-
irrigation and bioturbation activity showed increasn the lower sediment deposition regimes, batedses in
the more extreme treatments. The initial increasidity likely counteracted the effects of the plin low-motile,
surficial fauna densities, resulting in a steadggathan sudden fall in oxygen consumption. Wechate that the
functional identity in terms of motility and sedintereworking can be crucial in our understandingthaf

regulation of ecosystem functioning and the immddtabitat alterations such as sediment deposition.

Key words: biogeochemical cycling, bio-irrigation, bioturlat, ecosystem functioning, functional traits,

macrobenthos, SCOC, sediment deposition
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1 Introduction

It is widely accepted that biodiversity plays arportant role in ecosystem functioning. A higherdiersity can
convey a higher resilience and a more efficiencfiaming of ecosystems in terms of, among otheu$;ient
cycling and primary productivity (Cardinale et a012; Hooper et al., 2005). Since biodiversity-ratstl
ecosystem functioning depends on the functionattiies of the species present in the community doedr
densities (Braeckman et al., 2010; Van Colen et2413), functional community descriptors often dice
functioning better than taxonomic diversity (Wonmgldbowd, 2015). Functional traits, e.g. in termsnaitility or
sediment reworking rate, can be an indication f@pacies’ behaviour. By being able to rework mardess
sediment, species can differentially influence bimghemical cycling (Wrede et al., 2017). Furtheemeariations
in population densities of individual species caftuence the ecosystem functioning as well (e.gqeBkman et
al., 2010). Habitat changes that alter densitiekarinduce behavioural change of specific funaiagroups of
organisms, e.g. top predators or key players igdnchemical cycling (Allen and Clarke, 2007; Vilinét al.,
2012), are therefore likely to change the functignbdf ecosystems. Natural disturbances occur fratyuén
coastal and estuarine ecosystems, and recentémd@itisropogenic activities often significantly redwecosystem
resilience (Alestra and Schiel, 2015). An importarample of such a human-induced change in coasthl
estuarine habitats is sediment deposition. Nagedimentation is caused by surface runoff fromcditehment
area or by tidal movements; the former can be sified by land use change (Thrush et al., 2004jthéumore,
dredging and dumping activities also contributesédiment deposition, either directly or by creatisegliment
plumes that subsequently settle down on the se@tmtlLancker and Baeye, 2015). Such deposition tevene
expected to alter the productivity of coastal s&ftliment habitats via direct and indirect mechasiimat affect
biogeochemical cycling. Firstly, thesrmation of a physical barrier increases the dbuation of anaerobic
pathways to the overall decomposition and relocagesxidation of reduces solutes-depesition-of Brdiments

ah the formmatiba nhy h a he sediment-water fat that

{Colden and Lipcius, 2015; Hohaia et al., 201)der

these circumstances, reduced solid phases wouldoomiise when sediment reworking or irrigation lafge

burrows by macrofauna brings them to the oxic laytacrofauna plays an important role in the biogeaubal

cycling of soft sediments through sediment partiolging (i.e. bioturbation) and the assisted transff solutes
through the sediment (i.e. bio-irrigation) (Brae@met al., 2010, 2014; Van Colen et al., 2012; Shret al.,
2006).Boeth-processesThough both processes are intededai® sometimes grouped under the umbrella term

‘bioturbation’ (Kristensen et al., 2012), we opteduse them as separate concepts, in order tdyctiatinguish

between particle reworking and solute transfertlBlmation and bio-irrigatiolgan be significantly altered under

increased sediment deposition through changes anabanthic densities (Alves et al., 2017) or betvav{Rodil
et al., 2011). For example, sessile organismslitteatittached to the substratum or in tubes, dfi@ve a limited
capacity to escape burial, and suspension feeidérslogging of their feeding apparatus (Ellis let2002; Lohrer

et al., 2004). Secondly, macrofauna activities ica@rfere with the deposition induced physical lmrat the

sediment-water interface. Sediment deposition irdutbss of macrofauna species density and change of

behaviour therefore represents a second, moreettdrathway of how deposition events can alter ystem

functioning.
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Tidal flats are dynamic, sedimentary environmelnés baturally undergo processes of erosion andgiéga Per
tidal cycle, different elevation changes have baeserved, e.g. from decreases of 3.3 mm in the t¥arestuary

(China) to increases of 6 mm in the estuary ofSbime (France) (Deloffre et al., 2007; Shi et2012). Our study

was performed on a mudflat in the estuary of therrScheldt (Belgium, the Netherlands), which iarelcterised

by its meso- to macro-tidal regime and well-mixeatev column. Sediment input from the river basirelatively

low and sand extraction and sea level rise leaal net export of sediment from the estuary (De \iehal.,

2011). Sediment accretion on the estuary’s tidatsfican amount to about 2 cm'yiWeerman et al., 2011;
Widdows et al., 2004), which suggests that natsedimentation on the intertidal mudflats is unliked exceed
even a few millimetres per tidal cycle. More exteenohanges in the bed level of mudflats can howkagpen

during storm events, either by erosion of the temticnetres of the sediment or by deposition of sediment (Hu

et al., 2015; Marion et al., 2009). Besides natpratesses, anthropogenic factors influencing sedtiation are

prominent in the estuary, among which dredgindnérhain channels to ensure access to the porttefelp, and

dumping of the dredged material to retain sedimétttin the estuary, are the most important (Jeukath\Wang,
2010; Meire et al., 2005). Most of this dredgediseaht is disposed of near shoals and tidal flatd,@n as such
affect the intertidal ecosystem (Bolam and Whonegrs?005; De Vriend et al., 2011; Zheng, 2015).

The effects of sediment deposition on taxonomieiity (Thrush et al., 2003), behaviour (Hohaialet2014;
Townsend et al., 2014), and ecosystem functioniragspn and Sundbéack, 2012; Montserrat et al., 26ate
recently received considerable attention. Howetethe best of our knowledge, no integrated studhe effect
of sediment deposition on the benthic processesdtige biogeochemical cycling (i.e. bioturbationdabio-
irrigation) has hitherto been published. This stubgrefore aims to obtain a mechanistic understenadif
sediment deposition effects on ecosystem functphinexperimentally assessing the impacts of dépastvents
of different magnitude (i.e. thickness of the défmok sediment layer) on benthic community diversityd
biological traits (i.e. diversity, densities), bliat processes (i.e. bioturbation and bio-irrigatioand
biogeochemical cycling in an intertidal soft-sedithbabitat. We hypothesize that sediment deposréoluces
oxygen availability to the community underneathnseguently affecting the survival of the macrobestand
inducing escaping behaviour (Riedel et al., 2008n&s et al., 2012). This may influence biogeocheicycling,
by affecting bioturbation or bio-irrigation (Van @a et al., 2012; Renz and Forster, 2014).

2 Materials and Methods

2.1 Sample collection and experimental set-up

Samples were collected in March 2015 at the Pautindflat (SW Netherlands), which is located alome t

southern shore of the polyhaline part of the Sdtedtbary (51 ° 21.02 ' N 3 ° 43.78 ' E). The Sdhestuary
experiences a number of human-induced processesahancrease sediment deposition on tidal feEtspng
which dredging, and the local deposition of dredgediments at the edges of tidal flats, are sontieeofmost

important examples (De Vriend et al., 2011; van\Weat et al., 2011). The Paulina mudflat harbours a
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functionally rich benthic macrofaunal communityttinumerically dominated by polychaetes (Van Gaée
al., 2008, 2010).

Twenty-four cylindrical sediment corers (10 cm indeameter, 29 cm length) were used to randomliecol
cores within a 5 x 5 m patch of sediment, congistifi46 = 0.9 % mud (<63 pm), 22.9 + 0.4 % verefsand
(63 — 125 um), 21.7 £ 0.6 % fine sand (125 — 250 ama 9.4 + 0.2 % medium sand (250 um — 500 pum).
Additional sediment for the experimental depositi@atments had been collected at the same site ddys
before the start of the experiment. This additigealiment was sieved over a 1 mm mesh, dried ifathat 60
°C, heated in a muffle furnace at 500 °C to remal’erganic matter (so that treatment effects cdndd
unambiguously assigned to the physical smotheffifegt}, rinsed with demineralized water, and subsedly

sieved again.

All cores were cut to 9 cm, and each core was sjules#ly subjected to one of four treatments, eaitth six
replicates. Each treatment except the control b@)isted of the application of a layer of the peated
sediment with a thickness of 1 (T1), 2 (T2) or 5@r8), including a 0.5 cm thick frozen mud cake tadming
“Magenta” luminophores (Environmental Tracing Sysseltd., Helensburgh, UK; median grain size 65 pum)
and pre-treated sediment in a 1:1 volume:volume tatmeasure bioturbation activity. The contrelaiment

only received a luminophore cake on top of the nratsediment surfac&he addition of this mud cake ensured

the guantification of particle mixing in these tmants and avoided potential bias between treasrd to

species specific responses to the physico-chemmatonment created by the mud cake. The additi@n o

luminophore mud cake on top of the sediment surifatiee control treatment did not profoundly afféod

natural oxygen fluxes or oxygen penetration de@ilr. measured values were comparable in magnitutd®se

of previous studies in the same habitat and se@&mColen et al., 2012; Annex 1), and clear bio#tion

signs on the sediment surface soon after depositioate fast migration to the sediment-water riiaiee

(Annex 2).

Seawater from the sampling location (10 °C andiaigaof 20.3, kept still in barrels in the labrfbalf a day to
allow suspended sediment to sink down) was cagefdtied on top of each core, up to the top eddleeotorer.
After addition of the water, the added sedimen¢faycompacted to an average of 1.09 £ 0.18 (T2, £.0.10
(T2) and 3.75 £ 0.11 cm (T5), respectively. Theesowere incubated in two tanks under ambient teatyer
and salinity conditions, filled until half the coreeight to buffer for small changes in temperatare provided
with a constant air supply through bubbling undathehe water surface in each core. Each tank lhathia
capacity of 12 corers, and contained three regicaf each treatment. Oxygen did not penetratesiidban the
lower boundary of the deposited sediment layethérdeposition treatments, hence the sediment diepos
created a physical barrier at the sediment-waterface prohibiting (passive) exchange of dissolvegben
between the sampled community and the water cohintime onset of the experimgitnnex 1) The experiment
ran for 15 days, with different measurements takilage during this period. After letting the corest to regain
biogeochemical equilibria, sediment oxygen profiese measured on days 7 and 8, oxygen fluxes pi2la
followed by two days of measuring bio-irrigationdaa final day on which the cores were sliced fathfer

analysis.
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2.2 Biogeochemical cycling

For the SCOC measurements, all cores were equigjitech magnetic stirring ring and sealed with antigiht
lid, fitted with two luer stopcocks enabling thergaing of the overlying water for the measuremergesliment-
water column exchange of oxygen. During five haaqgproximately one-hour intervals), 40-ml water pbea
were collected through one of the stopcocks usigiass syringe. Replacement water was added byirgpére
second stopcock and allowing tank water to flowThe water samples were treated with Winkler retmgen
(Parsons et al., 1984) and stored at 4 °C untilk&mtitration (Mettler Toledo G20, DGi 101-Mini ggen
electrode, LabX Light Titration software, Columb@l, USA). Sediment community oxygen consumptidasa

(SCOC) were then calculated from the linear dedlingxygen concentration, according to Eq. (1):

scoc = —%~ (1)

dat A

where% is the change in oxygen concentration in the gumglwater (in mmol £ d?), V is the volume of the

overlying water (in L), and A is the sediment sugarea (in ).

For the measurement of diffusive oxygen uptake (pQ@#¥rtical sediment oxygen profiles were measuwvid a
Unisense OX100 Clark-type needle electrode (Unisefarhus, Denmark). Three profiles were measurea@ch
core and the result was averaged, to account fatiadprariability in the sediment. The DOU coulcethbe
calculated by multiplying the negative slope of thiial decrease in oxygen concentration, by iiffudion
coefficient (Glud, 2008). The oxygen uptake thatlddoe attributed to macrofaunal respiration wdsutated by
the formulae described in Mahaut et al. (1995)which ash-free dry weights (AFDW), calculated frovet

weights of the animals (see further) is used toutate respiration rates:
R = 0.0174 w0844 (2)

where R is the respiration rate in mg €ahd W the mean individual AFDW in mg C. The amanintarbon was
estimated to be 50 % for all species (Wijsman et1899). Since this formula is only valid for tteamperature
range of 15 to 20 °C, aigof 2 was then assumed to correct the bias, ardmratory quotient of 0.85 was used
to calculate the oxygen consumption, here charaetbas faunal uptake (FU; Braeckman et al., 2Mehaut et
al., 1995). The remaining part of SCOC, after aaditon of DOU and FU, is tHaelegicallymacrofaunanediated
oxygen uptake EMUMMU), caused indirectly by stimulation of aerobic reeralisation by macrofaunal

bioturbation and irrigation.

2.3 Bio-irrigation and bioturbation

One day after the oxygen flux measurements, waéer siphoned off from each core and replaced byBrNa
seawater mixture to assess bio-irrigation. The Nartion had the same density as the seawatdr Wt mixed
to obtain a solution with a final concentrationGof M NaBr. The solution was added with 100 mL isgés on
all cores until as close as possible to the edgghwamounted to 700 ml for TO, T1 and T2, and 80@or T5.

A first sample of 2 ml was taken immediately afseiding the mixture and subsequently after 1, 2ai@ 21
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hours. The bromide concentrations were measurddiantchromatography and used to calculate bigation
rates:

— _ _Vow dCow
Q - Cow—Cpw dt (3)

where Q is the bio-irrigation rate oW is the volume of the overlying water in Lo is the initial concentration
of bromide in the overlying water (motY), Cew the bromide concentration in the pore Water%cﬁéi the change

of bromide concentration in the overlying water otime (in mol L* d). For Gw, an estimation was made by

measuring the background concentration in untreseegvater.

On the 14 day of the experiment, the remaining water wasaigd off the cores, which were subsequently sliced
per 5 mm from the top until 2 cm into the naturdisnent. Deeper slices were cut at a thicknes® hith. The
sediment in each slice was thoroughly homogeniaftely which 5 to 10 mL was sampled and frozen at°@,

awaiting further processing for the quantificat@frbioturbation.

The samples were subsequently dried for 48 hou6® &C; water was then carefully added again, aftéch the
sediment was spread open in a 55 mm inner diarReter dish. Each sample was photographed underidg |
(365 nm peak wavelength) and luminophores were teduwith computer scripts in Matlab v8.1 (MathWorks
Inc., 2013) and R (R Development Core Team, 20A3yertical profile of luminophore pixel counts was
constructed for each sediment core and additiorsalripts were used to fit the profiles to a noraldzioturbation
model from which the biodiffusion coefficienb}*, in cn? d') was calculated (Wheatcroft et al., 1990). Since
luminophores were only applied on the sediment-wiaterface, the measured profiles represent diahre of
the surface by bioturbating fauna, rather than igiiog a total picture of the sediment mixing undsath the

surface.

2.4 Macrofauna

The remaining 85 to 90 % of the sediment was rirsezt a 500 pm mesh-sized sieve to collect the ofacna.
The animals were stained with a Rose Bengal dgeder to facilitate the identification. Organismsre identified

to species level, except for Oligochaeta &pidb sp. After identification, all animals were weightedassess their
biomass. The ash-free dry weight (AFDW) was deteeahi by using conversion factors from wet weights

(Sistermans et al., 2006). Biomasses were useald¢alate the faunal respiration (Mahaut et al.,5)99

2.5 Data analysis

Diversity indices (Shannon-Wiener diversity H' (bas), Pielou’s evenness J' and species richnesse®)
calculated with Primer v6.1 (Clarke and Gorley, @0\l taxa were assigned to functional groupsdolasn their
motility (from M1 — living fixed in a tube — till M — free three-dimensional movement through a buaystem)

and sediment reworking activity (surficial modifebiodiffusors, upward conveyors and downward egovs),
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according to Queiros et al. (2013). All downwardweeyors in our study were also classified as upwart/eyors,

since they can perform both sediment reworkingvaies.

Differences between the treatments for all biotid abiotic variables, including all species’ deiesit were first
tested by a 2-way ANOVA, where “Tank” and “Treatrtfiemwere used as factors. Since these analyses
demonstrated that there were no interaction effefi@nk and treatment, a blocked-design ANOVA wapglied,
with “Tank” as the blocking factor. A Tukey HSD temgas used for pairwise comparisons in case afj@ifgtant
treatment effect. In case the assumptions of ndatyngksted with a Shapiro-Wilk test) and homogéneif
variances (assessed with Levene's test) for ANO\&emot met, a fourth-root transformation was pentad on
the data. Differences in community composition wested with multivariate two-way permutational lgess of
variance (PERMANOVA,; Anderson et al., 2008). A Samity Percentages analysis (SIMPER), based oreg-Br
Curtis similarity matrix, was used to determine #pecies which contributed most to the differerfoetsveen
treatments. When a significant treatment effect fwaad, pairwise PERMANOVA tests were performeaider

to detect differences between the treatments. HRMANOVA tests were followed by a PERMDISP test to

define whether the found effects are influencedéterogeneity of multivariate dispersions.

Linear regressions were applied to find relatiopshhetween the different response variables. Mogbitantly,
relationships were identified between ecosystenttfaning (SCOC), benthic processes (bioturbatioio- b
irrigation) and the various biotic variables, indilog densities of all individual species. Furthegnession tests
investigated the contribution of individual specieshe density — ecosystem functioning relatiopsby using
the densities of all taxa as predictor variabldse dptimal model was selected via stepwise combliaetward
and forward selection. The variance inflation fa¢lF) was used to determine multicollinearitytbé predictor
variables. All assumptions for linear regressiorremested on the residuals and met (no outliersramdhal
distribution).

All statistical analyses were performed with R v3.QR Development Core Team, 2013), except the
PERMANOVA and SIMPER tests, for which Primer vewlith PERMANOVA+ add-on was used (Clarke and
Gorley, 2006).

3 Results

3.1 Macrofauna

Sediment deposition affected community structurid wWie community present in T5 differing signifitignfrom
the control (2-factor Permanova pseudo-F = 2.45% 0.013; pair-wise comparisons TO:= 0.010). The
PERMDISP test was not significant for either thenmast or the pair-wise comparison (main test858,P =
0.5795; TO-T5P = 0.6282). Species that contributed most to tlssidtilarity in community structure between
these treatments wefgphelochaeta marioni and Oligochaeta spp. (Table 1). DensitiePdfydora cornuta {0:
38197+ 131 50ind-H 116977+ 53.68ind 24244+ 26.84ind HF5-0=+=0-ind-wf) andScrobicularia
plana (F0:-403.19 + 60.77-ind-H-T1: 381.97 + 80.53 ind ™ T2:-106.10 + 51.11 ind h T5:-106.10 + 83.28
ind-nr?)(Table 2)were significantly lower in T-
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P=0.039) (Table 3,4)The control community had significantly highetatiodensities than the other communities

) while lowest Shannon-Wiener diversity and species
richness were found for the T5 community (Fig. &blE23,4). Community evenness did not differ significantly
among treatments.

In general, changes in macrobenthic community caitipo mirrored differential responses of specifiotility

and sediment reworking traits (Fig. 2, TaBl. Densities of the two groups of organisms witlvdst motility
were negatively affected by the applied treatmertitde densities of more motile species were nonificantly
different among treatments (Fig. 2a). The denditjube-building organisms (M1) decreased graduaity the
thickness of the deposited sediment, whereas densit species with limited movement (M2) were iinpa by

all sediment deposition treatments, irrespectiviheir magnitude (Fig. 2a).

All sediment reworking groups were affected by tleposition (Fig. 2b). For surficial modifiers, &katments
showed lower densities compared to the control,fandipward conveyors T5 was significantly lowearhall
other treatment§
0-001,F1-F5P=0.009, 12-T5P=0.006) (Table 3.4)The density of biodiffusors was only significanttduced
in T5 compared to the contrgb=0-024)(Fig. 2b).

Activity of the macrofauna (bioturbation and bioigation) was significantly affected by the depiasittreatments
(Table24). Bioturbation activity was significantly highar T1 than in all other treatmenrfg0-F1-P=0.016T1-
T2:P=0.048,T1-T5P=0.032) (Table 3,4)and was lowest in T5. While the biodiffusion daaént D)’ reached
average values in the control treatment, it rogaiicantly in T1 and dropped again in T2 and Tig(RBa). A

similar pattern was observed for bio-irrigationt bare we only found a significant difference besaw&1 and T5
P=

0-019)(Fig. 3b).

3.2 Ecosystem functioning

Sediment community oxygen consumption (SCOC) dsecbavith increasing thickness of the applied sedtme
layer, ranging from 54.68 * 5.35 mmot?d? in the control, over 46.79 + 3.53 mmot?rd™ in T1 and 44.37 +
3.52 mmol n? dtin T2, to 40.68 + 3.60 mmol Ad? in T5. Only T5 differed significantly from the cwal (P =
0.030)(Fig. 3c, Table 4). Faunal respiration (Fthaunted for 2.67 £ 1.01 % of the total SCOC in3.64 + 1.64
%inT1,1.75+0.30 % in T2 and 1.99 + 0.41 % &) While the DOU amounted for 18.55 * 2.64 mmadl d in

TO, 13.71 +1,80 mmol rhdin T1, 11.56 + 1.79 mmol thd! in T2, and 16.37 + 1.84 mmolfat in T5. Neither
DOU nor FU showed any significant changes betweeatrnents (Table 4), demonstrating the importarice o
bietiemacrofaunamediated oxygen uptak&JMMU) in the patterns of total SCOC.

Multiple linear regression showed that the varigbiin SCOC was significantly related to total mafaunal
density and)*, explaining together 54.4% of the variability i6SC P < 0.001). When total density was divided
over the functional groups, we found significantatienships withD}'* and motility groups M2 and M3P(=
0.001; R = 0.53), and with surficial modifiers and biodifars P < 0.001; R = 0.56). Other variables of

community diversity (Shannon-Wiener diversity, dpsaichness, and Pielou’s evenness) were notfiigni
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predictors of ecosystem functioning. While no singpecies was found to contribute significantlyD§¥, a
combination of several species contributed sigaiftty to the variability in SCOCP(< 0.001; R = 0.56). The
taxa with a significant contribution wefe marioni andCyathura carinata (Table 5). The statistically optimal
model for bio-irrigation include#iediste diversicolor andP. cornuta as positive contributors to this proceBs(
0.001; R = 0.73)(Table)5).

4 Discussion

Our results show that even thin sediment deposits gGause a drop in total macrofaunal density, mady

impacting the highly abundant surface-dwelling aadsrwith low motility (Figs 1-2a,b). These animalghich
belong to reworking and motility class 2 due tdrtkessile lifestyle (Solan et al., 2004), lack thpacity to escape
the deposited sediment and are not adapted t@lininleeper sediment layers (Essink, 1999). Sineeokygen
penetration depth never exceeded the thicknedseofi¢posited sediment lay@nnex 1) we can assume that
oxygen stress was a major driver for the obsenamledise in faunal densities. In treatments T1 &dbdygen
stress was possibly reduced by the increased tgctifithe macrofauna, due to the animals still heable to
disturb the surface and oxygenate the underlyimiyrsent. Hypoxia can induce escaping behaviour inthie
fauna, as observed in our intermediate treatmants,ncrease mortality when more severe (Riedal.e2008;
Villnas et al., 2012).

Being identified as significant contributors to olgas in SCOC, surface-dwelling and low-motile argrae
expected to show density patterns similar to tledse@COC itself. However, SCOC only gradually deetirwith
increasing thickness of the deposited sediment,thisddecrease became significant only in the reateme
treatment (T5). Since DOU proved to be constant alldreatments and macrofaunal respiration wagigiele

compared to the total oxygen consumption, the elesiechanges in SCOC could be attributed to oxygeake

10



10

15

20

25

30

35

caused indirectly by activity of the benthos (b&aturbation and/or bio-irrigation). However, bdito-irrigation
and bioturbation, the latter of which was lineadiated to SCOC, showed that activity increasddeiatments T1
and T2. This activity was likely caused by animfalswhich we found a linear relationship with bidtation or
bio-irrigation, likeH. diversicolor, that are highly mobile and can bury upwards talsahe surface, thereby partly
irrigating the sedimentediste diversicolor is a ‘gallery-diffusor’, which combines biodiffusi in a dense gallery
system with biotransport to the bottoms of the suffgancois et al., 2002; Hedman et al., 201 1edkas a well-
known bioirrigator (Kristensen and Hansen, 1999sdriard and Larsen, 2005). Its activity can be etgueto
result in the oxygenation of deeper sediment lgymus this effect was probably not sufficient taunteract the
loss of less mobile, surface-dwelling fauna. Consedjy, we observed a gradual and significant dedhh SCOC,

caused by the disappearance of an abundant groamafisms. Upon addition of the thick sedimentfaip

treatment T5, species richness dropped signifigaatid the densities of upward conveyors decreased

considerably, hence preventing the transport cdically rich deep sediment to the surface, thrahghdeposited
layer. As a result, the deposited sediment esdlgrilimctioned as a barrier, preventing contactisetn sediment

organic matter and oxygen in the water column,thrdefore reducing microbial degradation and resioin.

Through alterations in functional trait abundane@esl community composition, natural and anthropageni
disturbances can affect the entire ecosystem fumici (Bolam et al., 2002; Rodil et al., 2011).the case of
burial by sediment deposition, our experiment réagtdhat SCOC can be affected by causing mortalityng
surface-dwelling and low motile animals, forming tmost abundant functional groups of macrobenthasur
system. Macrobenthic diversity and abundance haee Bhown to exert some control on the magnitudelote
fluxes across the sediment-water interface (Heraah, 1999; Thrush et al., 2006). Furthermoreyjmus studies
have shown that functional traits of species caoftgreat importance to explain ecosystem functignrather
than or additional to taxonomic diversity (Braeckma al., 2010; Hooper et al., 2005). Our resulghlight the
importance of both macrofaunal densities, anduhetfonal identity of species. It is clear thatdagmic diversity
alone was not sufficient to explain the changegdosystem functioning in our experiment, whereasesl

inspection of the functional identities providedmnoealistic insights.

It should be noted that the sediment we used fpositon was completely defaunated and did notaiardrganic
matter. Whereas the aim of using defaunated sedimas to allow a better mechanistic understandinthe
consequences of sediment deposition, it does flett@atural conditions. Dredged material from Hogtom of
the estuary is much richer in organic material amght lead to different results in a similar expagnt. Cottrell
et al. (2016) showed that benthic species can havariable tolerance for changes in the enrichnoérihe
sediment, with higher mortalities under high orgdoiading (and hence likely stronger impacts onnafacina-

mediated biogeochemical cycling).

5 Conclusion
Our experiment revealed new insights into the éffe¢ sediment deposition on the intertidal benddosystem.
We found a negative effect on ecosystem functignivith alterations in macrofauna community struetand

activity as the underlying mechanisms. With inciregghickness of the deposited sediment layerjfatshlower
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densities of low-motile and surface-dwelling anisnaésulted in decreased functioning, even thoughwlas
initially dampened by an increased activity of maretile and deeper-living fauna. The latter wergpmnsible
for a sustained oxygen penetration through the sitgab layer under intermediate treatments, buedatio
efficiently do so under more extreme circumstanttegas clear that taxonomic diversity did not séfto explain

changes in functioning, while the functional idgntif species did give us important additional gigs.
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TABLE 1: The three species with highest cumulative contigiout> 50 %) to the total dissimilarity between

treatments*. The first column shows the treatméeiag compared (e.q. TO-1: a comparison betweenents

TOand T1).

Treatments Average dissimilarity Species Cumulatiwetribution
Aphelochaeta marioni 37.61%
TO-1 42.14 Oligochaeta spp. 59.97 %
Polydora cornuta 65.83 %
Aphelochaeta marioni 37.86 %
TO-2 36.49 Oligochaeta spp. 54.76 %
Polydora cornuta 62.00 %
Aphelochaeta marioni 35.25 %
TO-5 48.60 Oligochaeta spp. 57.60 %
Polydora cornuta 64.39 %
Oligochaeta spp. 26.49 %
T1-2 38.74 Aphelochaeta marioni 52.01 %
Hediste diversicolor 60.03 %
Aphelochaeta marioni 24.20 %
T1-5 42.42 Oligochaeta spp. 46.10 %
Scrobicularia plana 56.55 %
Oligochaeta spp. 31.12%
T2-5 41.15 Aphelochaeta marioni 56.73 %
Hediste diversicolor 65.37 %

* Results from a SIMPER analysis
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TABLE 2: Densities (in ind M) of all identified taxa in the macrobenthic comriti@s. All values are means *

standard errors.

Species TO T1 T2 T5

Polychaeta

Aphelochaeta marioni 3225.54 +724.49 1379.34 +388.17 1570.33 + 358.12 1167.14 + 267.92
Eteone longa 21.11 £21.22 84.88 + 42.44 63.66 + 28.47 21.11 £21.22
Hediste diversicolor 594.18 +107.37 551.74 +121.53 530.52 +£129.08 233.43 +60.77
Heteromastusfiliformis 254.65 + 73.51 127.32 + 46.49 254.65+131.50 84.88 +26.84
Polydora cornuta 381.97 +131.50 169.77 +53.68 42.44 + 26.84 0.00 + 0.00
Pygospio elegans 297.09 £102.21 148.54 +76.51 169.77 +42.44  0.00 +0.00

Spio sp. 21.22 +£21.22 0.00 +0.00 0.00 +0.00 0.00 £ 0.00
Streblospio benedicti 63.66 + 43.49 0.00 +0.00 42.44 + 26.84 0.00 £ 0.00

Oligochaeta spp.
Bivalvia
Cerastoderma edule

Macoma balthica
Scrobicularia plana
Gastropoda

Hydrobia ulvae
Crustacea

Bathyporeia pilosa

Cyathura carinata

2058.40 + 343.88

997.37 £271.92

1846.20 + 251.98

933.71 + 295.26

42.44 + 26.84

42.44 + 26.84

63.66 + 43.49

233.43 £ 76.51

0.00 +0.00
127.32 + 32.87

0.00 £ 0.00
148.54 + 51.11

403.19 £ 60.77

381.97 + 80.53

106.10 +51.11

106.10 + 83.28

106.10 £51.11

169.77 +£ 53.68

148.54 + 60.77

212.21 +117.00

0.00 + 0.00

636.62 + 103.96

21.22 +21.22
424.41 + 78.26

0.00 £ 0.00
445.63 + 107.79

21.22 +21.22

509.30 * 65.75
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TABLE 3: Statistical factors from 2-factor blocked ANOV&sts with ‘Treatment’ (4 levels) and ‘Tank’ (2 &s)
as factors. M1 till M4 stand for motility classes, defined by Solan et al. (2004) (M1: living fixeda tube, M2:
sessile, but not fixed in a tube, M3: slow moventBrdugh the sediment, M4: free movement in a buggstem).

Significant pair-wise differences between treatmmert given in the table. All results for specied functional

groups are given for densities-2:-—F

Source Fvalue P Pair-wise  Transformation
significance

M1 12.221 <0.001* 0-5,1-5,2-5 Fourth root

M2 7.013 0.002* 0-1, 0-2, 0-5

M3 3.05 0.054

M4 2.284 0.112

Surficial modifiers 6.087 0.004* 0-1, 0-2, 0-5

Biodiffusors 4.336 0.017* 0-5

Upward conveyors 10.112 <0.001*  0-1, 0-2, 0-5

Downward conveyors 24.371 <0.001* 0-5,1-5,2-5 rHowot

Polychaeta

Aphelochaeta marioni  4.648 0.013* 0-1, 0-5

Eteone longa 1.103 0.372

Hediste diversicolor 2.284 0.112
Heteromastus filiformis  1.154 0.353

Polydora cornuta 7.254 0.002* 0-2, 0-5, 1-5  Fourth root
Pygospio elegans 5.155 0.009* 0-5, 2-5 Fourth root
Spio sp. 1 0.414

Streblospio benedicti 1.879 0.167

Oligochaeta spp. 3.873 0.026*  None

Bivalvia

Cerastoderma edule 1.583 0.226

Limecola balthica 1.939 0.158

Scrobicularia plana 5.337 0.008* 0-2, 0-5

Gastropoda

Peringia ulvae 0.329 0.804

Crustacea

Bathyporeia pilosa 0.704 0.561

Cyathura carinata 1.055 0.391

D" 4826  0.012* 0-1,1-2,1-5 Fourth root
Q 4177 0.020* 1-5
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SCOC

DOU

FU

Total density
Hr

3

Species richness

3.358
2.178
0.869
8.346
4.983
2.594
6.697

0.041*
0.124
0.475
0.001*
0.010*
0.083
0.003*

0-1, 0-2, 0-5
1-5

0-5, 1-5, 2-5
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TABLE 4: Overview of the p-values for all pair-wisests (Tukey post-hoc test), performed when thia nest

provided significant results. All results for spesiand functional groups represent densities.

Source T0-T1 T0-T2 T0-T5 T1-T2 T1-T5 T2-T5
M1 0.466 0.312 <0.001* 0.990 0.0028 0.004*
M2 0.017* 0.015* 0.002* 1.000 0.805 0.838
Surficial modifiers 0.033* 0.013* 0.006* 0.974 0.850 0.980
Upward conveyors 0.016* 0.036* < 0.001* 0.982 0.186 0.095
Downward conveyors 0.102 0.289 < 0.001* 0.927 <0.001* <0.001*
Biodiffusors 0.156 0.959 0.024* 0.344 0.780 0.067
Aphelochaeta marioni 0.035* 0.065 0.017* 0.989 0.986 0.913
Polydora cornuta 0.896 0.044* 0.003* 0.167 0.014* 0.611
Pygospio elegans 0.463 0.981 0.010* 0.687 0.194 0.023*
Scrobicularia plana 0.997 0.039* 0.039* 0.060 0.060 1.000
DNt 0.016* 0.949 0.087  0.048* 0.032* 0.997
Q 0.104 0.705 0.794 0.541 0.016* 0.222
SCocC 0.338 0.145 0.030* 0.951 0.552 0.850
Total density 0.011* 0.043* 0.001* 0.921 0.560 0.240
H 0.430 0.721 0.171 0.076 0.007* 0.691
Species richness 0.973 0.918 0.009* 0.714 0.003* 0.035*

Sgnificant P-values (P < 0.05) are indicated with *
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TABLE 5: Linear regressions of sediment community oxygemsumption (SCOC) against sets of species (or

functional group) densities, and ecosystem prosefsie-irrigation - Q - and bioturbation B}'*), and of bio-

irrigation against the densities of species. Odpificant models (P (slope) < 0.05) were consideM2 and M3

are motility classes as defined by Solan et al0426- M2: sessile, but not fixed in a tube, M3vslmovement

through the sediment.

Response/predictor Regression equation 2 R P
SCOC
x1: Total density 0.0001
y = 3.35x10%; + 1.03x16x; + 25.6 0.544
Xo: DY* 0.0224
SCOC
x1: M2 0.0176
X2: M3 y =3.16x10x + 5.43x10%; + 1.02x16x3 0.529 0.0404
xs: D" 0.0260
SCOC
x1: Surficial modifiers 0.0359
Xo: Biodiffusors y = 2.92x10x; + 5.63x10x; + 1.05x16x3 0.557 0.0135
xa: Dj* 0.0196
SCOC
x1: A. marioni 0.0008
) y =4.53x10x + 2.52x10%; + 25.9 0.556
x2: C. carinata 0.0016
Q
x1: A. marioni 0.0330
x2: H. diversicolor 0.0002
y = -5.76x10x; + 5.00x1Px, + 3.81x10x3 —
Xs: P. cornuta 0.730 0.0306
6.33x10°xs — 1.60x10xs + 2.78x16P
xa: P. elegans 0.0030
xs. S. benedicti 0.0068
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Figure 1: Bar charts representing total macrofaunal densitiegind m), species richness, Shannon-Wiener
diversity, and Pielou's evenness per treatment. Ear bars represent mean + standard error, letters abve

the error bars indicate pair-wise significant differences.The four treatments represent the thickness of the

applied sediment layer (in cm).
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Figure 2: (a) Bar chart showing the densities of tb four motility classes per treatment, in ind m?. M1:
organisms living fixed in a tube, M2: sessile, butot fixed in a tube, M3: slowly moving organisms, M: free
movement through a burrow system. (b) Bar chart shwing the densities in, ind n?, of the four main
functional groups, based on sediment reworking actity. S: Surficial modifiers, B: biodiffusors, UC:
upward conveyors, DC: downward conveyors. Error bas represent mean * standard error, letters above

the error bars indicate pair-wise significant differences.The four treatments represent the thickness of the
applied sediment layer (in cm).
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Figure 3: (a) Bar chart representing the mean biottbation activity (by means of the biodiffusion coeficient
DY in cn? d) per treatment + standard error. (b) Bar chart representing the mean bio-irrigation (in mL
mint) per treatment + standard error. (c) Bar chart representing the mean oxygen consumption (in mmol
m2 dY) per treatment + standard error. The different conponents of total sediment community oxygen
consumption (SCOC) are represented in the chart: iusive oxygen uptake (DOU), with error bars, faun&
uptake (FU), with error bars, and the remainingbenthicmacrofaunamediated oxygen uptake BMUMMU ).
The topmost error bars represent the mean + standar error of the total SCOC (= DOU + FU + BMU).

Letters above the error bars indicate pair-wise sigificant differences. The four treatments represent the

thickness of the applied sediment layer (in cm).

27



