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Abstract. Human activities, among which dredging and lanel cisange in river basins, are altering estuarine
ecosystems. These activities may result in chamgesdimentary processes, affecting biodiversitgediment
macrofauna. As macrofauna control sediment cheynistd fluxes of energy and matter between wataranl
and sediment, changes in the structure of macrblweobmmunities 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 frar&bheldt river estuary (SW Netherlands). The sasnpkre
subjected to four sedimentation regimes: one cbatid three with a deposited sediment layer of &r 3 cm.
Oxygen consumption was measured during incubattoan@ient temperature. Luminophores applied at the
surface, and a seawater-bromide mixture, serveghesrs for bioturbation and bioirrigation, respeslly. After
incubation, the macrofauna was extracted, idedtiéied counted, and classified into functional geobased on
motility and sediment reworking capacity. Total mudaunal densities dropped already under the tlsinne
deposits. The most affected fauna were surficidllaw-motile animals, occurring at high densitieshe control.
Their mortality resulted in a drop in SCOC, whickctkased steadily with increasing deposit thicknebsle
bioirrigation and bioturbation activity showed irases in the lower sediment deposition regimesgdécrteases

in the more extreme treatments. The initial incegaactivity likely counteracted the effects of thep in low-
motile, surficial fauna densities, resulting inteagly rather than sudden fall in oxygen consumptéa conclude
that the functional identity in terms of motilithe sediment reworking can be crucial in our unéeding of the

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

Key words: biogeochemical cycling, bioirrigation, bioturbat ecosystem functioning, functional traits,
macrobenthos, SCOC, sediment deposition
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1 Introduction

It is widely accepted that biodiversity plays amportant role in ecosystem functioning. A higherdiersity can
convey a higher resilience and a more efficiencfiaming of ecosystems in terms of, among otheusgrient
cycling and primary productivity (Cardinale et a2012; Hooper et al., 2005). Since biodiversity-ratst
ecosystem functioning depends on the functionattides of the species present in the community toeir
densities (Braeckman et al., 2010; Van Colen et24113), functional community descriptors often dice
functioning better than taxonomic diversity (WongldDowd, 2015). Functional traits, e.g. in termsnaftility or
sediment reworking rate, can be an indication f@pacies’ behaviour. By being able to rework mardess
sediment, species can differentially influence kimghemical cycling (Wrede et al., 2017). Furtheremwariations
in population densities of individual species caffuence the ecosystem functioning as well (e.@eBkman et
al., 2010). Habitat changes that alter densitiedarinduce behavioural change of specific funaiagroups of
organisms, e.g. top predators or key players igdnohemical cycling (Allen and Clarke, 2007; Viknét al.,
2012), are therefore likely to change the functignof ecosystems. Natural disturbances occur fratuén
coastal and estuarine ecosystems, and recentér@tisropogenic activities often significantly redecosystem
resilience (Alestra and Schiel, 2015). An importarample of such a human-induced change in coasthl
estuarine habitats is sediment deposition. Nagegdimentation is caused by surface runoff fromctitehment
area or by tidal movements; the former can be sified by land use change (Thrush et al., 2004jthiéamore,
dredging and dumping activities also contributes¢édiment deposition, either directly or by creatsegliment
plumes that subsequently settle down on the se@tsdLancker and Baeye, 2015). Such deposition teveme
expected to alter the productivity of coastal saftiment habitats via direct and indirect mechasitmt affect
biogeochemical cycling. Firstly, the deposition fsfe sediments reduces aerobic mineralisation tnotne
formation of a physical barrier at the sedimentexatterface that inhibits re-oxidation of reducedbstances in
the sediment (Colden and Lipcius, 2015; Hohaia lget28©14). Macrofauna plays an important role ie th
biogeochemical cycling of soft sediments througtiisent particle mixing (i.e. bioturbation) and tassisted
transfer of solutes through the sediment (i.e.rbgition) (Braeckman et al., 2010, 2014; Van Cadéal., 2012;
Thrush et al., 2006). Both processes can be sigmifiy altered under increased sediment depositioough
changes in macrobenthic densities (Alves et alL72®r behavior (Rodil et al., 2011). For examessile
organisms that live attached to the substratummdulbes, often have a limited capacity to escap@bwand
suspension feeders risk clogging of their feedipga@atus (Ellis et al., 2002; Lohrer et al., 20(8¢condly,
macrofauna activities can interfere with the degmsiinduced physical barrier at the sediment-watrface.
Sediment deposition induced loss of macrofaunaispéeensity and behaviour therefore representsangdemore

indirect pathway of how deposition events can atarsystem functioning.

The effects of sediment deposition on taxonomiexiity (Thrush et al., 2003), behaviour (Hohaialgt2014;
Townsend et al., 2014), and ecosystem functionirgspn and Sundbéack, 2012; Montserrat et al., 20&ate
recently received considerable attention. Howeteethe best of our knowledge, no integrated studhe effect
of sediment deposition on the benthic processet dhige biogeochemical cycling (i.e. bioturbatiomda
bioirrigation) has hitherto been published. Thisdgt therefore aims to obtain a mechanistic undedstg of
sediment deposition effects on ecosystem funct@hinexperimentally assessing the impacts of dépasvents
of different magnitude (i.e. thickness of the defeas sediment layer) on benthic community diversityd
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biological traits (i.e. diversity, densities), bkist processes (i.e. bioturbation and bioirrigatioahd
biogeochemical cycling in an intertidal soft-sedithfabitat. We hypothesize that sediment depositoiuces
oxygen availability in the ecosystem underneatmsequently affecting the survival of the macrobesatand
inducing escaping behaviour (Riedel et al., 2008n&s et al., 2012). This may influence biogeocheicycling,
by affecting bioturbation or bioirrigation (Van @ul 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 alomg t
southern shore of the polyhaline part of the Sahedtuary (51 ° 21.02 ' N 3 ° 43.78 ' E). The Sdhestuary
experiences a number of human-induced processesathancrease sediment deposition on tidal fatsong
which dredging, and the local deposition of dredgediments at the edges of tidal flats, are sontieeofnost
important examples (De Vriend et al., 2011; vanWeat et al., 2011). The Paulina mudflat harbours a
functionally rich benthic macrofaunal communityttlmnumerically dominated by polychaetes (Van @ae
al., 2008).

Twenty-four cylindrical sediment corers (10 cm inde@ameter, 29 cm length) were used to randomliecbl
cores within a 5 x 5 m patch of sediment, congistin46 + 0.9 % mud (<63 um), 22.9 + 0.4 % verefsand
(63 — 125 um), 21.7 £ 0.6 % fine sand (125 — 250 @amd 9.4 + 0.2 % medium sand (250 pm — 500 pm).
Additional sediment for the experimental depositi@atments had been collected at the same site ddys
before the start of the experiment. This additieliment was sieved over a 1 mm mesh, dried itathat 60
°C, heated in a muffle furnace at 500 °C to remalVerganic matter (so that treatment effects cdodd
unambiguously assigned to the physical smotheffiiegt}, rinsed with demineralized water, and subsedy

sieved again.

All cores were cut to 9 cm, and each core was splesgly subjected to one of four treatments, eath six
replicates. Each treatment except the control ¢bdsisted 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 tadgming
“Magenta” luminophores (Environmental Tracing Sysseltd., Helensburgh, UK; median grain size 65 pm)
and pre-treated sediment in a 1:1 volume:volunie tatmeasure bioturbation activity. The contrelaiment
only received a luminophore cake on top of the rgtsediment surface. Seawater from the samplioation
(10 °C and a salinity of 20.3, kept still in bagr@ the lab for half a day to allow suspendedrsedt to sink
down) was carefully added on top of each corepupé top edge of the corer. After addition of weger, the
added sediment layers compacted to an averag@®f10.18 (T1), 1.52 £ 0.10 (T2) and 3.75 + 0.11(d@®),
respectively. The cores were incubated in two tamder ambient temperature and salinity conditifiied
until half the corer height to buffer for small ciuges in temperature, and provided with a constasuaply
through bubbling underneath the water surface ah eare. Each tank had a total capacity of 12 speerd
contained three replicates of each treatment. Qxyig not penetrate deeper than the lower bounafattye
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deposited sediment layers in the deposition treatsn@ence the sediment deposition created a fgiysacrier
at the sediment-water interface prohibiting (paessaxchange of dissolved oxygen between the sampled
community and the water column at the onset oettperiment. The experiment ran for 15 days, wiffedent
measurements taking place during this period. Aétting the cores rest to regain biogeochemicalliggia,
sediment oxygen profiles were measured on daysi Baaxygen fluxes on day 12, followed by two dajs
measuring bioirrigation and a final day on which tores were sliced for further analysis.

2.2 Biogeochemical cycling

For the SCOC measurements, all cores were equigfibda magnetic stirring ring and sealed with antight
lid, fitted with two luer stopcocks enabling thergaing of the overlying water for the measuremdrgesliment-
water column exchange of oxygen. During five ho@sproximately one-hour intervals), 40-ml water ptes
were collected through one of the stopcocks usiglass syringe. Replacement water was added byirapére
second stopcock and allowing tank water to flowThe water samples were treated with Winkler retggen
(Parsons et al., 1984) and stored at 4 °C untill¥&mtitration (Mettler Toledo G20, DGi 101-Mini ggen
electrode, LabX Light Titration software, Columb@#i, USA). Sediment community oxygen consumptidasa
(SCOC) were then calculated from the linear dedlinexygen concentration, according to Eq. (1):

scoc = —%r (1)
dat A

where% is the change in oxygen concentration in the gusglwater (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 (PpQ#¥rtical sediment oxygen profiles were measuvitd a
Unisense OX100 Clark-type needle electrode (Unisefarhus, Denmark). Three profiles were measureéch
core and the result was averaged, to account faiadpsariability 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 thaildde 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 towate respiration rates:

R = 0.0174 wooss )

where R is the respiration rate in mg €ahd W the mean individual AFDW in mg C. The amoefitarbon was
estimated to be 50 % for all species (Wijsman ¢t18199). Since this formula is only valid for tteenperature
range of 15 to 20 °C, a:;Qof 2 was then assumed to correct the bias, aedpratory quotient of 0.85 was used
to calculate the oxygen consumption, here charigettas faunal uptake (FU; Braeckman et al., 2DEhaut et
al., 1995). The remaining part of SCOC, after saditon of DOU and FU, is the biologically-mediatexiygen
uptake (BMU), caused indirectly by stimulation afrabic remineralisation by macrofaunal bioturbatamd

irrigation.
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2.3 Bioirrigation and bioturbation

One day after the oxygen flux measurements, wassr siphoned off from each core and replaced byBrNa
seawater mixture to assess bioirrigation. The Nafirtion had the same density as the seawater vzt mixed
to obtain a solution with a final concentrationlof M NaBr. The solution was added with 100 mL rsgeis on
all cores until as close as possible to the edggghwamounted to 700 ml for TO, T1 and T2, and 60@or T5.

A first sample of 2 ml was taken immediately afselding the mixture and subsequently after 1, 2ai@® 21
hours. The bromide concentrations were measurdd iait-chromatography and used to calculate bigitiam
rates:

— _ _Vow dCow
Q= Cow—Cpw dt ®)

where Q is the bioirrigation rate oW is the volume of the overlying water in Lo is the initial concentration
of bromide in the overlying water (motY), Cow the bromide concentration in the pore Waterf'écﬁéﬁ the change

of bromide concentration in the overlying water otime (in mol ! d?). For Gw, an estimation was made by
measuring the background concentration in untresgéasvater.

On the 14 day of the experiment, the remaining water waaied 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® ahth. The
sediment in each slice was thoroughly homogeniafelr which 5 to 10 mL was sampled and frozen at°@,

awaiting further processing for the quantificatfrbioturbation.

The samples were subsequently dried for 48 hous8 &€; water was then carefully added again, aftéch the
sediment was spread open in a 55 mm inner diarRetier dish. Each sample was photographed underigh |
(365 nm peak wavelength) and luminophores were teduwith computer scripts in Matlab v8.1 (MathWorks
Inc., 2013) and R (R Development Core Team, 20A3Yyertical profile of luminophore pixel counts was
constructed for each sediment core and additiorsgiripts were used to fit the profiles to a noraldzoturbation
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 disnwre of
the surface by bioturbating fauna, rather than idiog a total picture of the sediment mixing undsath the

surface.

2.4 Macrofauna

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

to species level, except for Oligochaeta 8pid sp. After identification, all animals were weighedassess their
biomass. The ash-free dry weight (AFDW) was deteeahi by using conversion factors from wet weights
(Sistermans et al., 2006). Biomasses were usegltalate the faunal respiration (Mahaut et al.,5)99
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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 groupssolasn their
motility (from M1 — living fixed in a tube — till M — free three-dimensional movement through a busystem)
and sediment reworking activity (surficial modifiebiodiffusors, upward conveyors and downward egovs),
according to Queiros et al. (2013). All downwardeeyors in our study were also classified as upwareyors,

since they can perform both sediment reworkingviiets

Differences between the treatments for all biotid abiotic variables, including all species’ deiesit were first
tested by a 2-way ANOVA, where “Tank” and “Treatrtiewere used as factors. Since these analyses
demonstrated that there were no interaction effefciank and treatment, a blocked-design ANOVA apglied,
with “Tank” as the blocking factor. A Tukey HSD tegas used for pairwise comparisons in case ofaifgiant
treatment effect. In case the assumptions of naynéiested with a Shapiro-Wilk test) and homogéneif
variances (assessed with Levene’s test) for ANO\&emot met, a fourth-root transformation was pented on
the data. Differences in community composition wesged with multivariate two-way permutational lges of
variance (PERMANOVA; Anderson et al. 2008). A Semity Percentages analysis (SIMPER), based on @ Bra
Curtis similarity matrix, was used to determine fpecies which contributed most to the differeroetsveen
treatments. When a significant treatment effect foaad, 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 relatiopstietween the different response variables. Mogobitantly,
relationships were identified between ecosystemctfaning (SCOC), benthic processes (bioturbation,
bioirrigation) and the various biotic variables;liding densities of all individual species. Furthegression tests
investigated the contribution of individual specieshe density — ecosystem functioning relatiopshy using
the densities of all taxa as predictor variabldse ®ptimal model was selected via stepwise comhiaettward
and forward selection. The variance inflation fagWlF) was used to determine multicollinearitytbé predictor
variables. All assumptions for linear regressiorremested on the residuals and met (no outliersremmchal

distribution).

All statistical analyses were performed with R v3.QR Development Core Team, 2013), except the
PERMANOVA and SIMPER tests, for which Primer v6wlith PERMANOVA+ add-on was used (Clarke and
Gorley, 2006).

3 Results

3.1 Macrofauna

Sediment deposition affected community structura wWie community present in T5 differing signifitlgrfrom

the control (2-factor Permanova pseudo-F = 2.45%, 0.013; pair-wise comparisons T04:= 0.010). The
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PERMDISP test was not significant for either theémast or the pair-wise comparison (main test@858,P =
0.5795; TO-T5P = 0.6282). Species that contributed most to tissiuilarity in community structure between
these treatments wefghelochaeta marioni and Oligochaeta spp. (Table 1). DensitiePdfydora cornuta (TO:
381.97 +131.50ind ) T1: 169.77 +53.68 ind M T2: 42.44 + 26.84 ind % T5: 0 = 0 ind 17f) andScrobicularia
plana (T0: 403.19 + 60.77 ind ¥ T1: 381.97 + 80.53 ind ¥ T2: 106.10 + 51.11 ind ¥ T5: 106.10 * 83.28
ind nT?) were significantly lower in TSR, cornuta TO-T5: P = 0.003, T1-T5P = 0.014;S plana TO-T5: P =
0.039). The control community had significantly lnég total densities than the other communities TIOP =
0.011, TO-T2:P = 0.043, TO-T5P = 0.001) while lowest Shannon-Wiener diversity apeécies richness were
found for the T5 community (Fig. 1, Table 2). Conmity evenness did not differ significantly amonegatments.

In general, changes in macrobenthic community caitipo mirrored differential responses of specifiotility
and sediment reworking traits (Fig. 2, Table 2)nfiges of the two groups of organisms with lowesitility
were negatively affected by the applied treatmeuritée densities of more motile species were noniigantly
different among treatments (Fig. 2a). The densitiube-building organisms (M1) decreased graduaity the
thickness of the deposited sediment, whereas densit species with limited movement (M2) were iinga by

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

All sediment reworking groups were affected by deposition (Fig. 2b). For surficial modifiers, &iéatments
showed lower densities compared to the control,fandipward conveyors T5 was significantly loweathall
other treatments (Surf. Mod. TO-TR:= 0.033, TO-T2P = 0.013, TO-T5P = 0.006; Upw. Conv. TO-T5 <
0.001, T1-T5:P = 0.009, T2-T5P = 0.006). The density of biodiffusors was onlyrsfigantly reduced in T5
compared to the contraP(= 0.024)(Fig. 2b).

Activity of the macrofauna (bioturbation and biggation) was significantly affected by the depasitireatments
(Table 2). Bioturbation activity was significanttygher in T1 than in all other treatments (TO-P1= 0.016, T1-
T2:P =0.048, T1-T5P = 0.032), and was lowest in T5. While the biodifin coefficientD)’* reached average
values in the control treatment, it rose signifitain T1 and dropped again in T2 and T5 (Fig. 3a)similar
pattern was observed for bioirrigation, but hereamty found a significant difference between T1 ard(P =
0.019) (Fig. 3b).

3.2 Ecosystem functioning

Sediment community oxygen consumption (SCOC) deeegtavith increasing thickness of the applied sedime
layer, ranging from 54.68 + 5.35 mmol?nd* in the control, over 46.79 + 3.53 mmoi?rd? in T1 and 44.37 +
3.52 mmol n? d* in T2, to 40.68 * 3.60 mmol Fdt in T5. Only T5 differed significantly from the ctal (P =
0.030)(Fig. 3c, Table 2). Faunal respiration (Feaunted 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 mmd] @t in

TO, 13.71 + 1,80 mmol thdin T1, 11.56 + 1.79 mmol thd! in T2, and 16.37 + 1.84 mmol#af!in T5. Neither
DOU nor FU showed any significant changes betweeatrnents (Table 2), demonstrating the importarice o

biotic-mediated oxygen consumption (BMU) in thetpats of total SCOC.
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Multiple linear regression showed that the varigpiin SCOC was significantly related to total mafeunal
density and}t, explaining together 54.4% of the variability i6SC P < 0.001). When total density was divided
over the functional groups, we found significartatienships withD): and motility groups M2 and M3P(=
0.001; R = 0.53), and with surficial modifiers and biodifurs P < 0.001; R = 0.56). Other variables of
community diversity (Shannon-Wiener diversity, dpsaichness, and Pielou’s evenness) were notfiigni
predictors of ecosystem functioning. While no singpecies was found to contribute significanthydf, a
combination of several species contributed sigaiftty to the variability in SCOCP(< 0.001; R = 0.56). The
taxa with a significant contribution were marioni andCyathura carinata (Table 3). The statistically optimal
model for bioirrigation includetHediste diversicolor andP. cornuta as positive contributors to this proceBs<(
0.001; R=0.73)(Table 3).

4 Discussion

Tidal flats are dynamic, sedimentary environmehés haturally undergo processes of erosion andsiepa Per
tidal cycle, different elevation changes have beeserved, e.g. from decreases of 3.3 mm in the t¢arestuary
(China) to increases of 0.6 cm in the estuary ef$kine (France) (Deloffre et al., 2007; Shi et2012). The
Scheldt estuary is characterised by its meso- wangdal regime and well-mixed water column. Seelininput
from the river basin is relatively low and sandragtion and sea level rise lead to a net exposedfment from
the estuary (De Vriend et al., 2011). Sedimentegtamm on the estuary’s tidal flats can amount foowt 2 cm yr
1 (Weerman et al.,, 2011; Widdows et al., 2004), whsciggests that natural sedimentation on the idédrt
mudflats is unlikely to exceed even a few millinestiper tidal cycle. More extreme changes in theléeel of
mudflats can happen during storm events, eitherbgion of the top centimetres of the sedimentyatdposition
of new sediment (Hu et al., 2015; Marion et alQ@0 Besides natural processes, anthropogeniafactituencing
sedimentation are prominent in the estuary, amomigiwdredging in the main channels to ensure adcete
port of Antwerp, and dumping of the dredged maté¢oiaetain sediment within the estuary, are thetnmportant
(Jeuken and Wang, 2010; Meire et al., 2005). Mbhis dredged sediment is disposed of near shaalstidal
flats, and can as such affect the intertidal edesy$Bolam and Whomersley, 2005; De Vriend e24l1,1; Zheng,
2015). Our results show that even thin sedimenbsiépcan cause a drop in total macrofaunal demsigynly by
impacting the highly abundant surface-dwelling aadsrwith low motility (Figs 1-2a,b). These animalgich
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 thickneseafdposited sediment layer, we can assume thgeaxstress
was a major driver for the observed decrease indladensities. In treatments T1 and T2, oxygersstieas
possibly reduced by the increased activity of trecmfauna, due to the animals still being ableistudb the
surface and oxygenate the underlying sediment. kgpcan induce escaping behaviour in benthic faasa,
observed in our intermediate treatments, and iserezortality when more severe (Riedel et al., 200/has et
al., 2012).

Being identified as significant contributors to obas in SCOC, surface-dwelling and low-motile angvare
expected to show density patterns similar to tteds@COC itself. However, SCOC only gradually deetirwith

9



Biogeosciences Discuss., https://doi.org/10.5194/bg-2017-417
Manuscript under review for journal Biogeosciences
Discussion started: 25 October 2017

(© Author(s) 2017. CC BY 4.0 License.

increasing thickness of the deposited sediment,thisddecrease became significant only in the reasteme
treatment (T5). Since DOU proved to be constant alldreatments and macrofaunal respiration wagigiéle
compared to the total oxygen consumption, the eleskechanges in SCOC could be attributed to oxygeake
caused indirectly by activity of the benthos (bmturbation and/or bioirrigation). However, botbibrigation and
5 bioturbation, the latter of which was linearly tteléto SCOC, showed that activity increased irtineats T1 and

T2. This activity was likely caused by animals fehich we found a linear relationship with bioturibat or
bioirrigation, likeH. diversicolor, that are highly mobile and can bury upwards tasahe surface, thereby partly
irrigating the sedimentlediste diversicolor is a ‘gallery-diffusor’, which combines biodiffumi in a dense gallery
system with biotransport to the bottoms of the suff&ancois et al., 2002; Hedman et al., 201 1yedkas a well-

10 known bioirrigator (Kristensen and Hansen, 1999sdriard and Larsen, 2005). Its activity can be etqubto
result in the oxygenation of deeper sediment laymus this effect was probably not sufficient taunteract the
loss of less mobile, surface-dwelling fauna. Consedly, we observed a gradual and significant dedhh SCOC,
caused by the disappearance of an abundant groamafisms. Upon addition of the thick sedimenetain
treatment T5, species richness dropped signifigaatid the densities of upward conveyors decreased

15 considerably, hence preventing the transport cdioiclly rich deep sediment to the surface, thrahgtdeposited
layer. As a result, the deposited sediment esdlgriiimctioned as a barrier, preventing contactestn sediment

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

Through alterations in functional trait abundaneesl community composition, natural and anthropageni
disturbances can affect the entire ecosystem fumiciy (Bolam et al., 2002; Rodil et al., 2011).the case of
20  burial by sediment deposition, our experiment réagtghat SCOC can be affected by causing mortalipng
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 magnitudelate
fluxes across the sediment-water interface (Heraah, 1999; Thrush et al., 2006). Furthermoreyjous studies
have shown that functional traits of species caofbgreat importance to explain ecosystem functignrather
25  than or additional to taxonomic diversity (Braeckn® al., 2010; Hooper et al., 2005). Our resufghlight the
importance of both macrofaunal densities, anduhetfonal identity of species. It is clear thatdagmic diversity
alone was not sufficient to explain the changegdnsystem functioning in our experiment, whereasesl

inspection of the functional identities providedmneealistic insights.

It should be noted that the sediment we used fposidon was completely defaunated and did notaiordgrganic
30 matter. Whereas the aim of using defaunated sedimas to allow a better mechanistic understandinthe

consequences of sediment deposition, it does fiettaatural conditions. Dredged material from Hwgtom of

the estuary is much richer in organic material amght lead to different results in a similar expegint. Cottrell

et al. (2016) showed that benthic species can havariable tolerance for changes in the enrichnoérihe

sediment, with higher mortalities under high orgadpading (and hence likely stronger impacts onnofacina-
35 mediated biogeochemical cycling).

5 Conclusion

10
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Our experiment revealed new insights into the ¢ffe¢ sediment deposition on the intertidal benddosystem.
We found a negative effect on ecosystem functionivith alterations in macrofauna community struetand
activity as the underlying mechanisms. With inchegshickness of the deposited sediment layer jfatshower

densities of low-motile and surface-dwelling anisnad¢sulted in decreased functioning, even thoughwas
initially dampened by an increased activity of maretile and deeper-living fauna. The latter wergpmnsible
for a sustained oxygen penetration through the sitggmb layer under intermediate treatments, buedatio

efficiently do so under more extreme circumstanitegas clear that taxonomic diversity did not séfto explain
changes in functioning, while the functional identf species did give us important additional ghss.
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TABLE 1: Results from a SIMPER analysis, indicatitige contribution of species to the total dissinitija

between treatments. The three species with higbestribution were selected, to achieve a cumulative

contribution of over 50 % in all treatment companis.

Treatments Average Species Contribution ~ Cumulative contribution
dissimilarity
Aphelochaeta marioni 37.61% 37.61 %
TO-1 42.14 Oligochaeta spp. 22.36 % 59.97 %
Polydora cornuta 5.85 % 65.83 %
Aphelochaeta marioni 37.86 % 37.86 %
TO-2 36.49 Oligochaeta spp. 16.90 % 54.76 %
Polydora cornuta 7.24 % 62.00 %
Aphelochaeta marioni 35.25% 35.25 %
TO-5 48.60 Oligochaeta spp. 22.35% 57.60 %
Polydora cornuta 6.79 % 64.39 %
Oligochaeta spp. 26.49 % 26.49 %
T1-2 38.74 Aphelochaeta marioni 25.53 % 52.01 %
Hediste diversicolor 8.02 % 60.03 %
Aphelochaeta marioni 24.20 % 24.20 %
T1-5 42.42 Oligochaeta spp. 21.90 % 46.10 %
Scrobicularia plana 10.44 % 56.55 %
Oligochaeta spp. 31.12% 31.12%
T2-5 41.15 Aphelochaeta marioni 25.61 % 56.73 %
Hediste diversicolor 8.64 % 65.37 %
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TABLE 2: Results for the factor ‘Treatment’ from2afactor blocked ANOVA tests with ‘Treatment’ (4vids)

and ‘Tank’ (2 levels) as factors. M1 till M4 stafat motility classes, as defined by Solan et 0042 (M1.: living

fixed in a tube, M2: sessile, but not fixed in BeuM3: slow movement through the sediment, M4e frevement

in a burrow system). Significant pair-wise diffeces between treatments are given in the tablease of
5 heterogeneity of the variances, a fourth root fiamsation was applied on the data.

Source df SS MS Fvalue P Pair-wise Transformation
significance

M1 3 74.68 24.90 12.221  <0.001* 0-5, 1-5, 2-5 Foudot

M2 3 256x10 8.53x16  7.013 0.002*  0-1, 0-2,0-5

M3 3  4.84x16 1.61x16 3.05 0.054

M4 3  4.89x16 1.63x16 2.284 0.112

Surficial modifiers 3 2.00x10 6.68x16  6.087 0.004*  0-1, 0-2,0-5

Biodiffusors 3 8.64x1D 2.88x16  4.336 0.017* 0-5

Upward conveyors 3 266x40 8.87x16 10.112 <0.001* 0-5,1-5,2-5

Downward conveyors 3 86.29 28.77 24371 <0.001* , 0-5,2-5 Fourth root

Polychaeta

Aphel ochaeta marioni 3 159x163 5.31x16 4.648 0.013* 0-1, 0-5

Eteone longa 3 1.82x168 6.08x1d 1.103 0.372

Hediste diversicolor 3 4.89x16 1.63x16 2.284 0.112

Heteromastusfiliformis 3 1.38x16 4.59x10  1.154 0.353

Polydora cornuta 3 53.51 17.770 7.254 0.002*  0-2,0-5,1-5 Foutbt r

Pygospio elegans 3 44.13 14.709 5.155 0.009* 0-5, 2-5 Fourth root

Spio sp. 3 2.03x18 6.76x16 1 0.414

Streblospio benedicti 3 1.82x16 6.08x16 1.879 0.167

Oligochaeta spp. 3 5.99x16 2.00x16 3.873 0.026* None

Bivalvia

Cerastoderma edule 3 1.08x10 3.60x1G 1.583 0.226

Limecola balthica 3 8.84x10 2.95x10  1.939 0.158

Scrobicularia plana 3  4.94x16 1.65x16 5.337 0.008* 0-2, 0-5

Gastropoda

Peringia ulvae 3 351x10 1.17x16  0.329 0.804

Crustacea

Bathyporeia pilosa 3 270x18 9.01x16 0.704 0.561

Cyathura carinata 3 1.64x16 5.47x10 1.055 0.391

Dy* 3 1.68x100 5.61x1¢* 4.826  0.012* 0-1,1-2,15 Fourth root

Q 3 3.84x16 1.28x16° 4.177 0.020* 1-5

SCOC 3 632.4 210.8 3.358 0.041* 0-5

DOU 3 167.6 55.85 2.178 0.124

FU 3 3.50 117 0.869 0.475

Total density 3 7.18x¥0 2.39x1G  8.346 0.001*  0-1,0-2,0-5
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H 3 5.01x10" 1.67x1G 4.983 0.010*
J 3 4.02x1¢ 1.34x1¢ 2.594 0.083
Species richness 3 36.83 12.28 6.697 0.003*

1-5

05,25

Sgnificant P-values (P < 0.05) are indicated with *
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TABLE 3: Results of linear regression analyses. SGas tested against sets of species (or functignoaip)
densities, and ecosystem processes (bioirrigatidrb@turbation). The optimal model was selectedstepwise

combined backward and forward selection, basedafehAICs. Only significant model®((slope) < 0.05) were

considered.

Response/predictor Regression equation 2 R P
SCOC

x1: Total density 0.0001

y = 3.35x10x; + 1.03x16x, + 25.6 0.544

X2: DY 0.0224
SCOC

X1: M2 0.0176

X2: M3 y =3.16x10Fx + 5.43x10x, + 1.02x16x3 0.529 0.0404

Xa: DNE 0.0260
SCOC

x1: Surficial modifiers 0.0359

X2: Biodiffusors y = 2.92x10x + 5.63%x10x; + 1.05x16x; 0.557 0.0135

x3: DYV 0.0196
SCOC

x1: A. marioni 0.0008

) y = 4.53x10Fx; + 2.52x1Fx, + 25.9 0.556

X2: C. carinata 0.0016
Q

x: A. marioni 0.0330

X2 H. diversicolor 0.0002

y=-5.76x10Fx; + 5.00x1CPx; + 3.81x10x3 —
Xs: P. cornuta 0.730 0.0306
6.33x10°xs — 1.60x10xs + 2.78x10
x4: 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.

20



Biogeosciences Discuss., https://doi.org/10.5194/bg-2017-417
Manuscript under review for journal Biogeosciences
Discussion started: 25 October 2017

(© Author(s) 2017. CC BY 4.0 License.

Biogeosciences

Discussions

(a)
6000' d,e,f
=
T 4000 , m;
= d
z i 3 YE
S 2000- /Im4
o a a
b . b
0 = : ——
0 1 2 5
Treatment
6000-(b)
a,b,c
£ 4000- s
£ d a B
= > 5 uc
:‘5
c 2000- d DC
2 e € h
o h ;o
f i g " 1
J g j
0- T T T T
0 1 2 5
Treatment

Figure 2: (a) Bar chart showing the densities of th 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 organismsivi4 =
free movement through a burrow system. (b) Bar chdrshowing the densities in, ind i, of the four main
5  functional groups, based on sediment reworking actity. S = Surficial modifiers, B = biodiffusors, UC=
upward conveyors, DC = downward conveyors. Error bes represent mean + standard error, letters above

the error bars indicate pair-wise significant differences.

21



Biogeosciences Discuss., https://doi.org/10.5194/bg-2017-417
Manuscript under review for journal Biogeosciences
Discussion started: 25 October 2017

(© Author(s) 2017. CC BY 4.0 License.

Biogeosciences

Discussions

$$900y uadQ

0.100(a)

a,b,c

0
Treatment

-~ 0.075-
-
N
g 0.050-
Z .
0 0.025-
b
a c
1 2 5

(b)

g
o
o

o
o
=

Q (mL min'1)

=
o
(¥

o
o
o

a
ﬁm a
1 2 5

/|oou llFulJBMmu

22

F'-c Treatment
o

'E

E

£ 601

c —— 7
= 40 p——
o

£

§ 20+ -

S —

g o ] B
§ 0 1 2 5
c><) Treatment

(Esv



Biogeosciences Discuss., https://doi.org/10.5194/bg-2017-417
Manuscript under review for journal Biogeosciences
Discussion started: 25 October 2017

(© Author(s) 2017. CC BY 4.0 License.

Figure 3: (a) Bar chart representing the mean biottbation activity (by means of the biodiffusion coeficient
DN, in cn? dY) per treatment + standard error. (b) Bar chart representing the mean bioirrigation (in mL
minY) per treatment + standard error. (c) Bar chart representing the mean oxygen consumption (in mmol
m2 d?) per treatment + standard error. The different conmponents of total sediment community oxygen
consumption (SCOC) are represented in the chart: fiusive oxygen uptake (DOU), with error bars, fauna
uptake (FU), with error bars, and the remaining berhic-mediated oxygen uptake (BMU). The topmost
error bars represent the mean + standard error of he total SCOC (= DOU + FU + BMU). Letters above the

error bars indicate pair-wise significant differences.
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