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Abstract. Dueto their spatialcompleity anddynamicna-
ture, floodplainsprovide a wide rangeof ecosystenfunc-
tions. However, becauseof flow regulation, mary river
ine floodplans have lost their characteristicheterogeneity
Restorationof floodplain habitatsand the rehabiltation of
key ecosystenfunctions, mary of them linked to organic
carbon(C) dynamicsin ripariansoils, hasthereforebecome
a majorgoal of environmentalpolicy. The fundamentalun-
derstandingof the factorsthat drive the processe@volved
in C cycling in heterogeneouanddynamicsystemssuchas
floodplainsis however only fragmentary

We guantifiedsoil organic C pools (microbial C andwa-
ter extractableorganic C) and fluxes (soil respirationand
net methaneproduction)in functional processzonesof ad-
jacentchannelizecandwidenedsectionsof the Thur River,
NE Switzerland,on a seasnal basis. The objectve wasto
assessiow spatialheterogenejt andtemporalvariability of
thesepoolsandfluxesrelateto physicochemicakoil proper
ties on one hand,andto soil ervironmentalconditionsand
flood disturbanceon the otherhand.

Correspondencto: J. Luster (joerg.luster@wsl.ch)

Overall, factorsrelatedto seasonalityand flooding (tem-
perature water content,organic matterinput) affectedsoil
C dynamic morethansoil propertiesdid. Coarse-tetured
soils on gravel barsin the restoredsectionwere character
ized by low base-lgels of organic C poolsdueto low TOC
contents.However, frequentdisturbancey flood pulsesled
to high heterogeneitwith temporarilyandlocally increased
C poolsandsoil respration. By contrast,in stableriparian
foreststhefinertextureof thesoilsandcorrespondinghigher
TOC contentsandwaterretentioncapacityled to high base-
levels of C pods. Spatialheterogenejt waslow, but major
floodsandseasonatiifferencesn temperaturdadadditional
impactson both poolsandfluxes. Soil propertiesandbase
levelsof C poolsin thedamforelandof thechannelizedec-
tionweresimilarto thegravel barsof therestoredsection.By
contrastspatialheterogeneityseasonagffectsandflood dis-
turbanceweresimilar to theforests exceptfor indicationsof
high CH4 productionthatareexplainedby long travel times
of infiltrating water favoring reducingconditions. Overall,
therestoredsectionexhibitedbothalargerrangeandahigher
heterogeneityof organic C pools and fluxes as well as a
higherplantbiodiversity than the channelizedsection. This
suggestthatrestoratiorhasindeededto anincreasen func-
tional diversity.
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1 Intr oduction

Embracing spatial heterogendy is a major challengein
ecosystemecology The composition, spatialconfiguration
andtemporaldynamicsof habitatpatchesdeterminebiodi-
versityandecosytemprocessed=cosystemshereforeneed
to be consideredas dynamicallyinteractng mosaicsrather
thanhomogeneousgntities(Ward et al., 1999; Pinayet al.,
2002). Floodplainsare anideal modelto study spatialand
temporalheterogeneity

Floodplainsare defined as low-relief areasthat extend
from the edge of permanentwater bodiesto the edge of
uplandsand are subject to flooding. In their naturalstate,
theinteractionbetwee flood dynamicsand geomorphigro-
cessegreatea shifting mosaicof habitatpatches(Naiman
andDécamps1997;Stanfad etal., 2005). Thesehydrogeo-
morphicallydistinctpatchedliffer in age,inundationregime,
andsal propertiestherebyexpressinga differentproducti/-
ity, systemmetabolism organic matterdynamic,and biotic
community composition. Thesepatchescan be referredto
as“FunctionalProcesZones”(FPZs)asdescribedy Thorp
etal. (2008),although.in the context of the presenstudywe
applytheFPZconceptatasmallerscaleto hydrogeomorphic
patcheswithin asinglereach. Furthermoreye extend“func-
tional” to ecologicalprocessesatherthanto restricttheterm
to physicalfunctioningof geomophicandhydrologicforces.
In dynamicfloodplains the variousFPZs arearrangedalong
distinct successiomradientsNaimanand Décamps,1997),
from recently depositedsandor gravel to matue alluvial
forests.

Dueto their spatialcompleity anddynamicnature flood-
plains provide a wide rangeof ecosystenfunctionsandre-
lated services. Becauseflow alteraton is one of the most
seriousthreatsto ecologicalintegrity of river-floodplainsys-
tems (Tockner et al., 2008), the widespreadregulation of
the flow regime of large rivers,in particularin Europeand
North Americahasled to the lossof characteristierviron-
mentalheterogeneitybiodiversity andassociate@gcosystem
servicesin mary floodplains(Tocknerand Stanford,2002).
In the lastdecadestestoratiorof floodplainhabtatsandthe
consequentehabilitationof key ecsystenfunctionshasbe-
comeamajorgoalof ervironmentalpolicy, andconcurrently
scientific approacheso evaluateits successhave beenput
forward (Henry et al., 2002; Palmeret al., 2005; Woolsey
et al., 2007). Motivatedto a large extent by flood protec-
tion, restoratioris achieved,e.g.,by wideningthemainriver
channethroughtheremoval of embankmentandby the set-
backof flood levees(Rohdeet al., 2005;van Stoklkom et al.,
2005).

Ecosystenservicessuchasprovision of plantandanimal
resourcesremoval and/ordegradationof pollutants, nutri-
entretention,andcarbon(C) storagearetightly linkedto or-
ganic C dynamicsin ripariansoils (Hill and Cardaci,2004;
Wilson et al., 2011). Although the needfor a fundamen-
tal understandingf the factorsthat drive the processei-

volvedin C cycling in heterogeneouand dynamicsystems
suchasfloodplansis recognizedknowledgeisstill fragmen-
tary (Pacific etal., 2008; Zehetneret al., 2009). Therehave

beenanincreasinghumberof publicaionsin recentyearson

alundanceand community structure of microomganismsin

ripariansoils (e.g.,Rinklebeand Langer 2006;Ungeretal.,

2009),but still little informationis availableon bioavailable
andmobilesoil organiccarbon(Bishopetal., 1994;Hill and
Cardaci,2004). The heterogeneityof soil-atmosphes ex-

changeof CO, andmethanehasbeenaddressegreviously

(e.g.Pulliam 1993; Gulledgeand Schimel, 2000; Pacific et

al. 2008). However, combinedstudiesaddressingboth “ac-

tive” carbon poolsandgas exchangeas proxiesof different
aspect®f soil functionalty have beenrare.

In this studywe quantify C dynamicsin adjacenthannel-
ized and widenedsectionsof the Thur River, NE Switzer
land. This is the main test site of the interdisciplinary
project RECORD (http://www.cces.ethz.ch/pregts/nature/
Record Linde et al., 2011; Pasqualeet al., 2011; Schnei-
der et al., 2011). The site is composedof threedifferent
typesof FPZs: (i) frequently flooded, dynamic patchesin
the restoredsection, (i) mature,stablealluvial foreststhat
arefloodedonceor twice ayearin the redoredsection,and
(iii) geanorphologicallyhomogeneoupasturein the chan-
nelizedsection. The objective wasto assesspatialhetero-
geneity (amongand within FPZs)and temporalvariability
of selkctedsoil organic C pods (microbial C andwater ex-
tractableorganic C) and fluxes(soil respirationandmethane
fluxes)andhow they relateto physicochemial soil proper
ties on one hand,andto soil ervironmentalconditionsand
flood disturbanceontheotha hand.In particulay we wanted
to testthe hypotheseghat (i) frequentdisturbanceby flood
pulsesin the dynamicFPZsaffectsthe C pools andfluxes
temporarilyand locally and (ii) sucheffects are an essen-
tial preconditionto achieve a broadspectrumof conditions
and processesupportinga large variety of organismsand,
thus biodiversity Our motivation wasto betterunderstand
C dynamicsin the differenttypesof floodplain FPZs,and,
asaconsequencdyow differercesin floodplainstructure,n
particularbetweerregulatedandrestorediver sectionsmay
affectrelatedecosystenservicessuchascarbon storageand
habitatprovision.

2 Testsite

The Thur River (catchmentarea: 1750km?) originates
in the limestone formation of the Mount Santis region
(2500ma.s.l.), crossesthe Swiss Plateau,and entersthe
Rhine River at 345ma.s.l. Theriver exhibits a flashy flow
regime due to the absenceof reserwirs and naturallakes.
Maximum, meanandminimumflow ratesare1130,47,and
2m3s~1, respectiely (recording period 1904—2005:http:
/Iwww.hydrodaten.admin.ct/2044.htn). Flood eventsoc-
cur mainly duringthe snavmelt periodin spring,andheavy
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Fig. 1. Aerial view of the Thur River testsite nearNiederneunforr{North-EasterrSwitzerland)shaving the differentplots for eachof the

six functionalprocessones.

rainfall eventsin summe andautumn.Theformerly braided
river was channelizedn the 1890s to protectthe river val-
ley againstflooding. In the 1970s,a plan to concurrently
improve the flood protectionand amelioratethe ecological
stateof theriver corridor was elaborated.Since 1993, sev-
eral 1-3km long river sectionswere widenedto allow the
formation of alternatinggravel barsandto increasehydro-
logical connectity betweerthe main channelandits ripar-
ian zone. One of thesesectionsis the testsite. Basicdata
on the chemicalqudity of the Thur River andthe adjacent
alluvial aquiferscanbefoundin HoehnandScholtis(2011).

The testsite is locatedin the river corridor at Niederne-
unforn (Canta Thumau, 8°7712" E; 47°5910” N), where
a 2km long sectionwasrestoredin 2002. The main chan-
nel was widenedfrom 50m to 110m by removing the fore-
land in front of the levees. In addition, the leveeswere
loweredin someplacesto reconnectthe old alluvial for-
estwith the river during high floods. The newly exposed
bankswere partly reinforced by tree trunks, and addition-
ally by plantinga strip of willow saplings. In the widened
river channeldischagefluctuationsandsedimentatiomave
led to the evolution of a dynamicsuccessiomf gravel bars.
At the test side, this morphodynamichas beenmonitored
using innovative methodology(Pasqualeet al., 2011), and
the subsurécestructureof the gravel barswascharacterized
with the help of geoplysical methods(Linde et al., 2011,
Schneideret al., 2011). The meanannualprecipitationat
thetestsiteis 908mm andthe averagemonthlytemperature
rangesfrom 0.9°C in Januaryto 19.0°C in July (studype-
riod; http://gate.meteoswiss.claéweb).

Six FPZswereidentifiedbasedon vegetatbn, distanceto
theriver andtopograply (Fig. 1): five in therestoredsection
andonein anadjecentchannelizededion upstreamAs are-

sult of their topographigosition,theseFPZsarefloodedat
differentriver dischage levels and are exposedto different
floodingfrequenciegnddurationgTablel, Fig. 2). Starting
from the riverbed,the first FPZ (GRAVEL) is a mosaic of
baregravel andpatcty vegetationcovering on average33%
of the ground. It is frequentlyinundatedand hasvery lit-
tle fine soil. The secondFPZ (GRASS)is gravel covered
by up to 1 m of fine sedimentdhat weretrappedmainly by
the dominantgrassPhalaris arundinacea This planttoler
atesboth wet and dry conditions characteristiocof soils in
pulse-floodedriparian systems(Foster and Wetzel, 2005).
Thethird FPZ(WILLOW BUSH) compriseghe bankscom-
posedof oldersedimentsvith shrubbyvegetationdominated
by plantedSalix viminalis Otherwillow speciesverealso
presentandthe relaively denseunderstorywas dominated
by Rulus sp. andvariousgrassspecies.This strip variesin
width from 5 to 10m, andthe study plots were selectedin
the middle of the bankslope. The lasttwo FPZs,MIXED
FORESTand WILLOW FOREST are forest communities
characteristiof floodplainswith a deepand shallov aver
agegroundvaterlevel, respectrely (Schmickr et al., 2003).
MIXED FORESTis dominatediy Acerpseudoplatanuand
Fraxinusexcelsior treesandthe understorywas dominated
by Allium ursinum and Ranunculusficaria in spring and
Carex pendula and Rukus spp.later in the year The North
sideof this FPZis bordereduy a sidechannekhatdrainsthe
neighbouringagriculturalhill slope. The WILLOW FOR-
EST FPZ at the downstreamend of the restoredsectionis
dominatedby matureSalix alba trees. The understorywas
dominatedby R. ficaria in spring, and by very denseand
monospecifipatchef Urtica dioica laterin theyear. The
northernborder of this part of the forestis formed by an
old side chamel that has partly silted up, but still drains
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Table 1. Hydro-geologicatharacteristicef the six functional proceszonesof thetestsitein the Thur River floodplain,Switzerland.

GRAVEL GRASS WILLOW MIXED WILLOW PASTURE
BUSH FOREST FOREST
Maximum elevation within the plofs ma.s.l. 373.0 373.4 373.6 374.9 3725 374.7
Minimum elevation within the plofs ma.s.l. 371.8 3725 3725 373.6 371.6 374.2
Minimum river discharge for flooding
lowest lying plot m3s~t 75 125 150 650 400 400
Minimum river discharge for flooding
highest lying plot m3s-1 180 250 270 > 800 400 400
Flooding frequency times year! > 10 >10 4-6 1-2 1-% 1-2
Flooding duration per eveht days <1ltol4 <1tol4 <1 <1 <14 <1
1 As measuredn May 2010.
2 Estimatedrom inundationmapsproducedy digital terrainmodelingbasedon river crosssectionmeasurements.
3 Approximatedusingtheriver dischage datafor theyears2007to 2009andthe minimumriver dischagefor floodinghalf of the plotswithin anFPZ.
4 In WILLOW FORESTmoreandlongerinundaton eventscanoccurdueto pondingof precipitationor delayeddrainage.
the hill slopeandcadllects backflow waterfrom River Thur. W Daly average
The PASTURE FPZ lies in the channelizedsectionand is B o ot o 28 .
usedby farmersfor grazing and grassfodder production.
Theplantcommunitywastypical of managedjrasslandand oo MR ToREST
dominatedby grassspecie{mainly Elymusrepenspactylis o
glomeata, and Arrhenatherumelatiug and forbs sud as i 00 s o WLLOW FOREST
TaraxacumofficinaleandTrifolium repens g x Xy
In this study we have consideredhefirst threeFPZsin the & . 1 x HiLLow s
restoredsectionas“dynaric” FPZs,andthetwo forestFPZs W02 i X i Jemss
as“stable” FPZs. In eachFPZ,four plots of eight-meterdi- Dk M X re kX
ametemwereselected The upstreamhalf-cirde wasusedfor 0
1.9.08 1.11.08 1.1.08 1.3.09 1.5.09 1.7.08

vegetationmappingandgassamplingwhile the dowvnstream
half-circlewasusedfor destrictive soil sampling.

3 Methods
3.1 Vegetation

In eachplot, all vascularplant species were recorded,and
cover was estimatedusing Braun-Blanquetcodes(Braun-
Blanquet,1964). Obsenationswererepeatedix timesdur-
ing the2008growing seasorandspeciesichnes wascalcu-
latedfrom the combineddataset.

3.2 Soil sampling

Topsoilsanpling wascarriedoutin April andOctobe 2008,
andin January April and August2009. The first sampling
sened to obtain basicbackgroundnformationon physico-
chemicalsoil propertieswhile theotherfour samplhgswere
usedfor detailedmeasurementsf C pools and fluxes. In
eachplot, threecores(6.5cm diameterx 10cm depth)were
pooled.In GRAVEL plots, soil wascollecedfrom pits. One
half of the field moist soil was sieved (2 mm) and storedat
4°C while the other half was dried (40°C, 48h) ard then
sievedat2mm. In May 2008,two 1m long soil coreswere

Fig. 2. Daily averageandmaximumdischage of the Thur River at
thetestsite. Minimum dischagerequiredfor inundationis different
for eachfunctionalproceszone(FPZ)andthefloodinglevel shavn
hereis the averageelevation of thefour plotsfor eachFPZ.

taken with a drill corerfrom two plots of eachFPZ except
GRAVEL wherecoarsegravel preventedtheuseof theequip-
ment.Eachcorewassplitinto 20cmlong sggmentsandthe
samplesveredriedandsieved asdescribedefore.

3.3 Basicsoil properties

Soil texture of driedsamplesvasmeasuredisingthe pipette
method(GeeandBauder 1986)afterremoving organicmat-
terwith hydrogenperoxideanddispersingwith sodiumhex-
ametaphosphate Grain size classeswere definedas clay
(< 2um), silt (2-63um) and sand(63um—-2mm). Soil pH
wasmeasuredn a 1:2 slurry of driedsoil in 0.01M calcium
chlorideafter 30min equilibration. Total N andorganicand
inorganic C contentof finely ground,dried soilsweredeter
minedasdescribedy Walthertetal. (2010). For OlsenP as
a proxy of available P, dried soil wasextractedfor 30min at
25°C with 0.5M sodiumhydrogencarborateat pH 8.5 with



a soil to extractantratio of 1:20. The extractswerefiltered
through Schlether and Schuell 0790/, and the extracted
phosphateneasureatolorimetricallyusingthe molybdenum
blue method(Kuo, 1996).

3.4 Soil ervironmental conditions

Soil temperatur€?’) at5cm depthwasmeasiredin thecen-
tre of eachplot during the entire obsenation period (30 min
resolution; TidBit v2 temperaturdoggers, onset, Bourne,
MA, USA). Thetemperaturesecordedatthetime of thesoil
samplingswereusedin this study Gravimetric WaterCon-
tent(WC) wasdeterminedasweightlossupondrying 209 of
freshsoil at 105°C for 24h. The elevation of the plotswas
measuredn May 2010by triangultion. The minimum river
dischage requiredfor flooding a plot was estimatedfrom
inundationmapsfor differentriver dischage levels as pro-
ducedby a 2-D hydrodynamicmodel (detailsseePasquale
etal., 2011). The estimateof days afterlastinundation(LI)
wasbasedon the minimum dischaige valuefor a given plot
andthedateatwhich dischagefell belaw this threshold.

3.5 Carbon pools

Water extractable organic carbon (WEOC) was extracted
from dried soils with 10mM calcium chloride at a
soil:extractantratio of 1:2 for 10min on an end-o/erend
shaler (Embache et al., 2007). The soil slurries were
then centrifugedfor 10min at 1335 g andfiltered through
a 0.45um membrandilter. The filtered extractswere mea-
suredfor non-pugeale organicC (NPOC)usinga TOC an-
alyzer(FormacsHT, SkalarAnalytical, Breda, The Nether
lands). Water extractableorganic matterof soils, measured
as WEOC, is an operationallydefinedproxy of dissohed
organic matterin the soil solution, playing importantroles
assubstrateof microorganismsandastransportagent(Em-
bacheretal.,2007). AlthoughWEOC alsorepresentpartof
the microbial biomassvhenextractedfrom dried soilsasin
the presentstudy (Embacheret al., 2007) we considerthis
pool mainly asproxy of available substrate.

Microbial biomassC (MC) was determinedy the chloro-
form fumigationextractionmethod(Becketal.,1997).Fresh
soil samplescorrespondingo 10g dry masswere placed
in a desiccatorcontainingchloroform. The desiccatomwas
evacuatedand left in the dark for 24h. Thesefumigated
soil samplesand anothersetof freshsoil sampleswere ex-
tractedfor onehourwith 0.5M potassiunsulphateata 1:5
soil to extractantratio. The extractswerefiltered(0.45-um)
andfrozen. The NPOCin thesesamplesvas measuredis-
ing a TOC analyzer(TOC-V CPH/CPN,Shimadzu Kyoto,
Japan)Microbial C wascalaulatedas

_ (Cfumigated— Cunfumigated)

MC
kec

1)

where Ciymigated and Cunfumicated are the NPOC contentsof
chloroform-fumigatedandunfumigatedsamplesandkgc =
0.45 correctsfor extractionefficiency (Becketal., 1997).

3.6 Carbon fluxes

For soil respiration(SR) and methaneflux (MF) measure-
ments, PVC rings with 30cm diameterand 30cm height
(20cm belonv and 10cm above surface) were installedin

eachplot. Immedidely beforesampling,vegetationwithin

the rings was clipped and the chamberclosedwith an air-

tight lid. Headspacesir sampleswere collectedafter 5, 25

and45min, injectedinto pre-ezacuatedexetainers,and an-

alyzedfor CH4 and CO; usinga gaschromatograplhwith a

flameionizationdetector(Agilent 6890, SantaClara,USA).

Soil-atmosphereCH; and CO, exchangewere calculated
by linearregressionof concentratioragainstsanpling time.

Temperaturalependencef SR was modeledfor eachFPZ

usinganexponentialequatian (Buchmann2000)

y=a-e®" @)

wherea andb areregressioncoeficients,andT is thetem-
peratureatthetime of gassampling.Q10 valueswerecalcu-
latedas

Q10=e10? 3)

Soil respiation normalisedto a referencetemperatureof
10°C (SR.T10) was calculatedaccading to Doering et
al. (2011)as

SRT10=SR. #1017 4

Soilrespirationis anindicatorof theactualbiologicalactivity
atthe samplingsite including both microbialandroot respi-
ration. Positve methandlux indicatesnet methaneproduc-
tion while negative flux indicaesnet methaneconsumption
in the soil.

3.7 Statistical analyses

Differencesin the soil physicochemicalpropertiesamong
the sites were testedusing one-way analysisof variance
(ANOVA, SPSS17, SPSSInc.). Interactive effectsof time
andFPZweretestedby one-vwayrepeateaneasure ANOVA.
Posthoc testswere carriedout using Tukey HSD if homo-
geneityof variance could be assumedr else using Games
Howell (Field, 2005). Principalcomponentanalysis(PCA)
wascarriedoutfor soil physicochemicalpropertiesneasured
in the soil profile samples. Redundang analyses(RDA)
were carriedout for C pods and fluxes as multivariatere-
sponseo soil propertiesandervironmentalcondtions. The
RDA triplot wasprojectedusingscalingmethod? (Kindt and
Coe, 2005). The programR (R DevelopmentCore Team,
2010)with packagevegan (Oksaneret al., 2010)wasused
for PCAandRDA.



Table 2. Mean+ standarddeviation of vegetationcharacteristicand physicochemicakoil propertiesin the six functional processzones
(n =4) of thetestsitein the Thur River floodplain,Switzerland.Soil propertiesarefor thetop 10cm of soil. Valueswith differentsuperscript
lettersin the samerow aresignificantlydifferert (P < 0.05; Tukey post-hodest).

Units GRAVEL GRASS WILLOW MIXED WILLOW PASTURE
BUSH FOREST FOREST
Species richness 55413.6°C 41.5+11.2° 79.848.82 50.8+4.5°C 415+31°¢ 67.7+3.530
pH 7.6+£0.12 7.440.12 7.540.02 75+0.02  7.4+0.02  7.5+0.02
Sand gkg? 806522  660+£173PC  4424+90P¢ 3784 57¢  245+40°  651+692P
Clay gkgl 534134 83+36Pcd  1174183PC 14841830  177+242 78+ 16
Inorganic C gCaCg@kg!l 355+ 25P 385+ 183 408+52 390+ 62 390+32 382+ 7aP
Organic C gkgl 10.143.7°¢  16.3:5.8P¢ 17.143.28¢ 21443630 24.8+152 12.9+2.9bC
Total N gkg! 0.7+£0.2¢ 1.0+£0.4P¢  114+03P¢ 164032 18+012  0.9+0.2°
C:N gg! 1524052  16.2+1.62 152+0.78P 13.4+06P 14.04£0.2° 14.0+04P
Available P mgkg?! 24.6+11.128° 359+10.128 16.7£55° 142445 2234763 8.3+45P
4 Results W GRrass
& @ WILLOW BUSH
4.1 Vegetation A e & T
Meanplantspeciesichnessvaslowestin GRASSandWIL- BN \ > . i
LOW FOREST andhighestin WILLOW BUSH (Tabe 2). @ ek | @ s B ot
Spatialvariability washigherin GRAVEL andGRASSthan c': A o) O o020m
in the otha FPZs(Table3). A principalcommpnentanalysis ] ,ﬂ ®
of plantspeciezompositiorandcover revealedthatthe veg- m" O 20-400m
etationin PASTURE andin both forestedFPZs was rather O  40-60cm
similar, while it exhibited completelydifferentcharacteris- = O  60-80cm
ticsin thethreedynamicFPZs(datanot shawvn). =] | ° 80-100cm
Axis 1: 64.0%

4.2 Basicsoil properties

All soilswererich in carbonateand,accordingly hada pH
of abaut 7.5 (Table2). In the resbredsection,soils became
morefinely texturedalongagradienfrom GRAVEL to WIL-
LOW FOREST Total organic carton (TOC) andtotal nitro-
gen(TN) contentincreasedlongthe samegradient,while
the C/N was around15 in all FPZs. Available P was sig-
nificantly higherin GRASSthanin WILL OW BUSH and
MIXED FOREST Soil propertiesof PASTURE were sim-
ilar to GRASSexceptfor a significantly lower available P
content.Spatia variability of textureand TOC contentwere
highestin GRAVEL andGRASS,andlowestin the two for-
estFPZs(Table3).

Soil texture did not vary muchwith depthin ary of the
FPZs (datanot shavn). TOC and TN contentswere also
homogenouslylistributedwithin the soil profilesexceptfor
WILLOW FOREST There, TOC and TN decreasedvith
depthto 15gCkg~! and1.1gNkg~?! respectiely. Avail-
ableP decreasedraduallywith depthto 7mgkg= in WIL-
LOW FOREST andto about5mgkg—! in MIXED FOR-
EST andWILLOW BUSH. In GRASSavailable P did not
vary with depthandin PASTURE it first decreasedo less
than 5mgkg~! at 20-40cm depth and then increasedto

Fig. 3. Five functional processzonesat the testsite in the Thur
River floodplain,Switzerland with two replicateseachrepresented
on the two first axesof a PCA performedon soil physicochemical
properties(total organic carbonTOC, total nitrogenTN, available
phosphorufAv P, sandandclay content)measuredn the soil pro-
files. The decreasingizeof the symbds representincreasingsoil
depth.

12mgkg~! at 80-100cm depth. The PCA (Fig. 3) shaved
soil texture asthe mainfactorseparatinghe differentFPZs,
anddemonstreeda generallylargerlateralthanverticalvari-
ation of the soil properties. It alsoshaved that PASTURE
soils wererelatively homogeneouand overall mostsimilar
to the soil in WILLOW BUSH.

Accordingto the world referencebasefor soil resources
(IUSS Working Group WRB, 2006) the soils in GRASS,
WILLOW BUSH, MIXED FORESTandPASTURE canbe
classifiedas haplic Fluvisds (calcaric,humic) andthosein
WILLOW FORESTas haplic or gleyic Fluvisols (calcaric,
humic,siltic).



Table 3. Coeficientsof variation(CV) for speciesichnessandsoil propertiegclay contentClay, totd organiccarbonTOC)within different
functionalproceszoneqFPZs)of thetestsitein the Thur River floodplain,Switzerland(n = 4); meanCV for soil ervironmentalconditions
(temperaturel’, gravimetric water contentWC), carbonpools (water extractableorganic carbonWEOC, microbial carbonMC) and soil
respiration(SR as measuredSR T10 normalisedto referenceT of 10°C) within differentFPZs(n = 4) at the differentsamplingtimes

(n=24).
GRAVEL GRASS WILLOW MIXED  WILLOW PASTURE
BUSH FOREST FOREST

Species richness 0.25 0.27 0.11 0.09 0.07 0.05
Clay 0.23 0.43 0.16 0.12 0.14 0.20
TOC 0.37 0.35 0.19 0.17 0.06 0.22
WC 0.36 0.20 0.11 0.09 0.08 0.08
T 0.005 0.004 0.002 0.001 0.002 0.001
WEOC 0.33 0.38 0.19 0.17 0.22 0.18
MC 0.41 0.42 0.31 0.24 0.31 0.16
SR 0.50 0.42 0.49 0.17 0.30 0.37
SRT10 0.49 0.47 0.49 0.17 0.33 0.38

4.3 Soil ervironmental conditions

Temperaturemeasuredn GRAVEL was significantly dif-
ferent from all other FPZs at all seasongTable 4). At
eachsamplingdate eitherthelowestor highestemperatures
weremeasuredhere,including the extremes(—0.7°C, and
20.2°C). Overall, therewas no significantdifferencein T
amongthe FPZs,but in August all non-forested-PZsexhib-
ited distinctly higher temperatureshan the forestedFPZs.
WILLOW FORESTand GRAVEL representedhe wettest
anddriestcondiions, respectiely. The spatialvariability of
soil moisturewashighesin GRAVEL andGRASS(Table3).
Particularly high WCs were measuredn Augustsampling,
which wascarriedout two weeksaftera majorflood (seeLl
in Table4), andin Januarywhenthe soils were coveredby
snav andpartially frozen.

4.4 Carbon pools

Onaveragethe WEOC-contentincreasedrom GRAVEL to
WILLOW FOREST and PASTURE exhibited low WEOC
contents(Table 4). WEOC was significantly higher (P <
0.05) in August,andlowerin April, comparedo othersam-
plings. Spatialvariability of WEOCwaslargestin GRAVEL
and GRASS(Table 3), with particularly high variability in
GRASSIn April andAugust.

Microbial C was higherin WILLOW FORES thanin
other FPZs(Table 4). In October MC contentswere sig-
nificantly lower thanat the othersamplings(P < 0.05) and
highly variable. With the exceptionof PASTURE, spatial
variability of MC waslarge (Table3).

4.5 Carbon fluxes

Soil respiration(SR and SR.T10) was lowestin GRAVEL

andhighestin GRASSandWILLOW BUSH at mog of the
samplings,but differenceswere statistically not significant
(Table4). Within-patchvariability of SRwasgenerallyhigh

in all dynamicFPZs(Table 3) with hot spotsin GRASSIn

April and Augustandin WILLOW BUSH in Octoberand
August.While SRvalueswerelowestin Januaryandhighest
in August, SR T10 valuesvariedonly little with time. The
010 valuewashighestfor GRAVEL, while it wassimilarfor

all otherFPZs(Tableb).

All FPZstook up methar exceptfor August. Thenup-
take was obsened only for WILLOW BUSH and MIXED
FOREST while the otherFPZsemittedmethandnto the at-
mosphereAt all samplingsplotsin GRAVEL shavedvery
low uptale or evenlow emissionswhile MIXED FOREST
exhibitedthe highestuptale ratesof all FPZs.

4.6 Carbon poolsand fluxes asmulti variate proxy of
soil C dynamics

Carbon dynamics are presenéd as multivariate response
comprisingC pools(WEOC, MC) andfluxes(SR MF), ex-
plainedby soil propertiesandervironmentalconditions(LI,
T, WC, TOC, clay). Datawere clearly distributed accord-
ing to samplingdate(Fig. 4). The modelexplained38.0%
(adjustedr?) of thevarianceof the responselataseindthe
two first canonicalaxes were significant(P = 0.001, 1000
permutations).Overall, WC and T explainedthe main gra-
dient of C pools and fluxes along axis 1, which separates
samplef Augustfrom all others.Soil respirationwaspos-
itively correlatedwith 7 and negatively correlatedwith the
numberof dayssincethe lastinundation. WEOC correlated
mainly with WC, whereadMC wasstronglylinkedwith clay
andTOC content.



Table4. Mean+ standardlieviation of soil environmentalconditions(dayssincelastinundationLl, temperaturd’, gravimetricwatercontent
W(C), carbonpools(waterextractableorganiccarbonWEOCandmicrobialcarbonMC), andfluxes(soil respirationrSRasmeasuredSR T10
normalisedo referencel’ of 10°C, andmethandlux MF) in the six FPZs(n = 4) of thetestsitein the Thur River floodplain,Switzerland.
Samplingswere repeatedour timesfrom autumn2008to summer2009 Also shavn areresultsof repeatedneasureANOVA over all

samplingsgifferentlower caseettersin the same row indicatesignificantdifferenceq P < 0.05; Tukey or Games-Huwell post-hodest).

GRAVEL GRASS  WILLOW MIXED  WILLOW PASTURE
BUSH FOREST FOREST
October 2008 LI days 21 21 21 49 49 49
T °C 16.0£1.9 145:29 137404 13.4:03 13.0£0.6 13.5:0.2
wC gkg! 171+48  268+37 220434 251419  302+17  210+11
WEOC mgkg? 127437 141424  82+15 1604+27  164+37  80+18
MC mg kg1 132492  168+131 158+119 132+100 2274161 73+12
SR mmolnT2day-l 43+22 327439 3224117 19422  214+47  228+86
SRT10 mmolntT2day !l 17+3 224+24  203+74  144+16  150+26  144+55
MF pmoln2day-l —2+1 —1543  —254+9  —58+11 -—22+9 —6+6
January 2009 LI days 14 14 14 140 140 140
T °C —0.1+04 05+0.3 0.3+04 0.0+£0.2 0.2£0.3 0.5+0.1
WC gkg! 325+57  296+50 255+33  257+26  347+35  252+29
WEOC mgkg!? 85+29 143+22  123+19 155+38  147+50 116+11
MC mg kg1 208+99  178+71 297+56  231+42  471+58  331+49
SR mmolm2day 1 8+5 50+ 28 58+ 37 41+9 55+ 36 37+14
SRT10 mmolnT2day ! 52434 172498  251+169 128+30 170+111 120+44
MF pumolm2day ! —1+3 —6+7 —184+13 35419 —17+9 —6+5
April 2009 LI days 5 21 112 240 240 240
T °C 15.2+2.8 11.4-0.7 11.0:0.7 10.3:05 11.740.5 10.7£0.8
WC gkg? 169+99  204+43  248+7 219+26  276+23  152+13
WEOC mgkg? 84428 96+ 67 117420 98+16 139+ 15  94+28
MC mg kg1 148+30  135+49 210428  223+29 445472  208+15
SR mmolm2day 1 91440 304+ 143 134447 130410  178+25  139+43
SRT10 mmoln2day ! 72+46 303+179 147+49  135+8 144+ 42  118+46
MF pumolnm2day-l  7+23 —9+2 —1545 5545  —214+5  —18+3
August 2009 LI days 2 7 14 14 14 14
T °C 19.3+1 18.4+0.8 16.6£0.2 16.3:0.1 16.6:0.6 18.8:0.2
wC gkg! 181+70  388+117 348+41  365+30  493+44  276+15
WEOC mgkg? 155+ 60  324+168 418+103 480+44  608+131 297+ 34
MC mg kg1 334+90  351+48 306+46 361+36  263+66  190+47
SR mmolm2day 1 283+127 432£237 654£390 260+67 315+48  345+145
SRT10 mmolnT2day ! 50+18 152490 246+148 124+31  147+29  115+46
MF pmolnm2day 1 8+8 17+43 —23+10 -27+9 52479 151+ 236
ANOVATresults T a b b b b b
WC c ab bc b a bc
WEOC c bc bc ab a bc
MC b b b b a b
SR b a a ab a ab
SRT10 a a a a a a
MF b b b a b b




Table 5. Modeledrelationshipbetweersoil respiation (y, mmolCO, m~2 day1) andsoil temperatue (T, °C) in differentFPZsof thetest

sitein the Thur River floodplain,Switzerland.

FPz y=ae®T) SE, SE, Qip n F R? P

GRAVEL y=6.85¢0179) 002 21 6.0 13 547 0.83 <0.0001
GRASS y=51.09¢0128) 002 151 36 16 286 0.67 <0.0001
WILLOW BUSH y=43.02¢01480) 002 986 44 16 558 0.80 <0.0001
MIXED FOREST  y=40.84¢0117) 001 353 32 16 2357 0.94<0.0001
WILLOW FOREST y=44.83.0116) 002 846 32 16 56.1 0.80 <0.0001
PASTURE y=33.96¢0124) 001 618 34 16 77.9 0.85<0.0001

a andb: regression coefficients.
SE, and Sk, standard errors af andb.
Q10: relative increase in soil respiration uporancrease of 10C.

n: number of individual measurements, R, P: F-value, coefficient of determination, and level of significance of the regression, respectively.
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Fig. 4. RDA triplot for carbonpoolsandfluxesin thesix functional
proceszonesat thetestsitein the Thur River floodplain, Switzer
land (water extractableorganic carbonWEOC, microbial carbon
MC, soil respirationSR,methaneflux MF) asmultivariateresponse
variablegredfont), constrainedy soil propertiesandervironmen-
tal conditions(dayssincelast inundationLl, soil temperaturer,
gravimetric watercontentWcC, clay contentClay andtotal organic
carbonTOC) asexplanatoryvariables(blue font). Four soil sam-
pling datesarerepresentedvith differentsymbols.Axis 1 explains
35.4% andaxis2 11.3% of thevariance Datawereprojectedusing
scalingmethod2.

5 Discussion

Ourdataallow us(i) to relatedifferencesetweersoil C dy-
namicsin different functional processzones(FPZs) of the
Thur River floodplainto difference in physicochemicakoil
propertieson one handandto effects of flood disturbance
asdriving force of a geomorphicallydynamicsystemon the
otherhand,and(ii) to evaluatetherelative magnitude of tem-

poralvariability aswell asamongandwithin-FPZspatialhet-
erogeneityof C dynamics.Basedon this, conclusionsabout
the effectsof river restoraion on C dynamicscanbedrawn.

5.1 Soil properties,environmental conditions and
degreeof disturbancein different FPZs

With their high carbonatecontentthe soils at our test site
arerepresentatie of young,weakly developedalluvial soils
(Guenatet al. 1999). The mostly homogeneousdistribution
of soil propertieswith depthandthe strongcorrelationbe-
tweenTOC and TN contentsand soil texture indicatessoil
formation by fluvial sedimeatation of homogeneousource
material(Cakezasand Comin, 2010). Further homogeniza-
tion canbe attributedto bioturbationby earthworms. This
was especiallyclearin the forestedFPZswhereearthworm
biomasswvashighes (Fournieretal., unpublishedlata) most
likely becausef thelower frequeng of inundationandflu-
vial dynamic (Guenatet al. 1999). On the otherhand,the
depthgradientof TOC andTN in WILLOW FOREST rep-
resentingan advancedstableFPZ, indicatesin situ pedoge-
nesis. Soil texture, the main factordifferentiatingthe FPZs
accordingto the PCA (Fig. 3), refleds the averagesedimen-
tation conditionswith texture becomingfiner with decreas-
ing streamenepgy (Nansonand Croke, 1992). The TOC
contentsarewithin the rangefoundin floodplainsediments
of other large riversin Europe (Graf et al., 2007; Pies et
al., 2007). Thelow C/N ratios and high available P con-
tents(Morel et al., 1992)indicatehigh nutrientavailability
in all FPZs,whichis characteristiof mary river floodplains
(TocknerandStanford,2002). The particulary high P avail-
ability in GRASS can be explainedby high sedimentation
rates(Steiger and Gurnell, 2003). Low C/N valuesalsoin-
dicatefavourableconditionsfor organic matterdegradation,
which is confimedby the obsenation of fastmineralisation
of leaf litter in most FPZsand by the humusmorphology
(carbonate-rictMull; datanotshawn).



The high variahlity and extremevaluesof T measured
in GRAVEL are consistenwith the generalfinding of bare
gravel bars asextreme ervironments. The absencef stable
vegetationcover to buffer temperéure variationsaccompa-
nied by high thermalcondctivity dueto low watercontents
explainthis harshnesgTonollaet al., 2010). Thedifferences
in WC amongFPZscanbe explainedmainly by a combined
effectof precipitationjnundationfrequeng/ andwaterreten-
tion capacityof the soils. In particular the maximumwcC
in WILLOW FORESTcanbe attributedlargely to thefinely
texturedsoil thatretainswaterefficiently. The additionalef-
fectsof shadingandwateruptale by the plantson WC via
evapotranspiratiomrenot obviousfrom thedata.

Consideringthe days after the last inundation(Ll), the
samplingscarried out over the courseof this study repre-
sentconditionsthataretypical for this site (Table1, Fig. 2),
i.e. inundaton of the low-lying dynamicFPZson a regular
basis,and flooding of the entire floodplainonceor twice a
year Thehigh spatialheterogenejt of physicochemichsaoill
propertiesgrvironmentalconditions,andplantspeciegich-
nessin GRAVEL and GRASS(Table 3) reflectsthe patcty
anddynamicgeomorphabgy dueto thefrequentdisturbance
by flooding, while the low variability in the forestedFPZs
canberelatedto stableconditiondeadingto homogenization
of propertiesconditionsandcommunities.Thelow variabil-
ity in PASTURE canin addition be explainedby its partic-
ularly homogeneougeomorphologystrongly reducingero-
sionandsedimentdeposition.ln agreemenivith the hypoth-
esisof maximumbiodiversityatintermediatdevelsof distur
banceor conrectivity (Wardetal., 1999),the patternof plant
speciegichnessn therestoredsectionFPZsreflectsthe de-
greeof disturbanceThis hypothesigpredictshighestspecies
richnessn habitatscharacterisetdy intermediaténundation
frequeng (i.e. WILLOW BUSH), ard lower diversity un-
derhigh or low degreesof disturbancdi.e., GRASSandthe
two forestedFPZs, respectiely) whereruderalor compet-
itive speciesdominate,respectiely (in particular Phalaris
arundinaceaasflood tolerantspeciesn GRASS,Fosterand
Wetzel, 2005). Consideringthe low inundationfrequeng,
the relatively high spedes richnessobsered in PASTURE
canbeexplainedmainly by theregularhanesting,whichre-
ducegheeffect of competition.

5.2 Carbon poolsand fluxesasrelatedto soil properties,
environmental conditions and disturbancein
different FPZs

The strong correlatbn betweenMC and TOC suggestsC-
limitation of microbes,which is especiallycommonin nu-
trient rich soils (Wardle,1992). The patternof WEOC sug-
gestsaninfluenceof both TOCandWC. Thecorrelationwith
TOC indicatessimilar solubility of soil organicmatteracross
FPZs. The influenceof WC is mainly a flooding effect as
demonstratedly the highestWEOC contentsn Augustafter
themajorflood. Ononehand thispatternsuggestsemporas
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ily increasedolubleC poolsdueto input of non-structured
fine soil and fresh litter along with the decreasederation
in the waterloggé soils. During soil saturaion, dissohed
organic mater productionis expectedto increase (Kalbitz
et al., 2000). On the other hand, flooding has also been
shown to increasehe ratesof enzymaticsoil organic matter
degradation(Wilson etal., 2011). Theflood-relatedncrease
in available C is alsoreflectedby increasd MC, exceptin
WILLOW FORESTwherethe almostcompletelysaturated
soil suggestslonger unfavourable conditionsfor microbial
grownth (RinklebeandLange, 2006;Ungeretal., 2009).

The measuredange of SR, which includesroot and mi-
crobial respiration,was similar to resultsfrom other flood-
plains (Pulliam, 1993; Gulledgeand Schimel,2000; Pacific
et al., 2008; Doering et al., 2011). The strongcorrelation
of SRwith T hasbeencommonlyobseved (Lloyd andTay-
lor, 1994;Buchmann2000)andexplainsthe differencede-
tweenthe samplingsto a large extent. The temperatureale-
pendencen termsof Q19 valuesin mostFPZsis similar to
ripariananduphill forests(Buchmann2000;Doeringetal.,
2011),while the Q19 valueof GRAVEL is muchhigherthan
in similar systemgDoeringetal., 2011). Accordingto Pa-
cific et al. (2008)soil CO, efflux is determinedothby CO,
productionanddiffusive transportin the entiresoil, andsaoil
moisturelevelsobsenedin ourstudywould supporthighres-
pirationin all FPZsmostof the time. Consideringthis, the
often highestCO, efflux in GRASSand WILLOW BUSH
canbe explainedon one handby the coarsesoil texture al-
lowing optimal gasdiffusion, on the otherhandby the fre-
guentandlargeinput of availableorganic C duringflooding
(Doeringetal., 2011). In addition, the sedimentrransloca-
tionsduringhigh floodsmayincreasehecortentof available
organic C alsoat greaterdepths.Togethemwith the high spa-
tial variability in sedimentatiornthis canexplainthehotspots
of SRobsenedin thesetwo FPZs.Thelow SRin GRAVEL
is likely dueto thelow fine soil content.

Consumptionof atmosphericmethaneis largely deter
mined by CH, diffusionin the soil (Dorr et al., 1993),and
CH, producedn watersaturatedoil layerscanbeconsumed
in upperaeraté soil layers(BoonandLee,1997). Net CHy4
productioncanthereforebe considerecsanindicatorof the
balancebetweenoverall soil aerationand underlying CH4
production. The obsered decreasef net CH4 production
alongtheelevation gradientfrom GRAVEL to MIXED FOR-
ESTis in line with the aerationincreasingwith the average
thicknessof unsaturatedsoil, and confirms earlier studies
shawving a stronginfluenceof landscapeposition on CHy
consumption(Burke et al., 1999; Gulledge and Schimel,
2000). This intempretationis supportedby an increasein
earthworm diversity (Fournieret al., unpublisheddata). In
WILLOW FOREST net CH4 productionwas higher than
expectedat that elevation, which suggets a relatively weak
aeration,confirmedby hydromorphicfeaturesin uppersoil
layers(datanot shavn) and/orhigh CH4 production. These
obsenrationsare both congruenwith the maximumwC and



finestsoil texture foundin this FPZ (Dorr etal., 1993). The

high net CHy productionin the relatively high laying PAS-

TURE, characterizethy a sandysoil texture, suggestgiener

ally high CHy4 productionin thewatersaturatedayersof this

FPZ.This canbeexplainedby therelatively long travel time

of infiltrating waterin the channelizedsectionof the river

(Vogtetal., 2010),favouring reducirg conditionsin deeper
soil layers.

In summary microbial and available C pools are deter
minedmainly by physicochemicakoil propertieswith some
additionaleffectsof floodingvia WC. By contrast,C fluxes
are strongly influencedby flood disturbanceand either T
(SR)or geomorphologynetCH,4 production).

5.3 Temporal variability and within-FPZ heterogeneity
of soil C poolsand fluxes

Carbonpoolsandfluxesasmultivariateproxy of soil C dy-
namics differed more among sampling datesthan among
FPZs.Thisindicatesthatoverall factorsrelatedto seasonal-
ity andflooding (7', WC, andorganicmatterinput) influence
soil C dynamicsmorethandifferencesn soil physicochemi-
cal propertiesn thetestsite.

The high spatialheterogeneityf all C pools and fluxes
within GRAVEL andGRASScanberelatedto thevariability
in both soil propertiesand ernvironmentalconditionscaused
by frequentflooding disturbance. The high variability of
MC in all FPZsof the restoredsectioncannotbe explained
exclusively by the large-scalevariability betweenreplicate
plots but might in addition be due to small-scalevariabil-
ity atthe soil aggreyatelevel aswell asto additionalhetero-
geneitybroughtby therooting patternandrelatedexudation
of plants. Similarly, it can be speculatedhat hot spotsof
CO, and CH,4 emissionsin otherwisehomogeneou$PZs
(WILLOW BUSH, PASTURE) are due to small-scalehet-
erogeneitiesn substrateavailability andwatersaturationin
thesubsoil(Ramakrishnamtal., 2000;Sey etal., 2008).

6 Conclusions

This study of organic C dynanics in the Thur River flood-
plain revealedthatin the dynamtc FPZsof the restoredsec-
tion characterisedy low TOC contentsandcoarse-tetured
soils, frequentdisturbanceby flood pulsestemporarilyand
locally increasedsRandthe otherwisdow base-lgelsof or-
ganic C pools. By contrast,n the stableforestedFPZs,the
finertextureof thesoilswasresponsibldor higherTOC con-
tentsandwaterretentioncapacitybothleadingto high base-
levels of C pools. Spatial heterogenigy was smallerthan
the effects of majorfloodsandseasonal’ differenceson C
poolsandfluxes. The PASTURE FPZ stoodout by (i) low C
poolsdueto coarse-teturedsoilslow in TOC, asin the dy-
namic FPZs,(ii) spatialheterogeneityseasonaéffectsand
flood disturbance,similar to the forestFPZs,and (iii) high
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CH, productionthat canbe explainedby slow travel times
favouringreducingconditiors.

Irrespectve of the FPZ, the input of non-structuredal-
lochthonoussoil materialandpossiblythe destructiorof lo-
cal aggregatesduringflood pulsesappeato bethedriver for
atemporaryand,in dynamicFPZs,local increaseof micro-
bial actvity. The relatedvariability in available carbonor
soil respirationcannotbe explainedby the spatialandtem-
poral heterogeneityf bulk soil propertiesor the variability
of ervironmentalcondtions. Our resultsthus confirm our
first hypothesighatspatialandtempral C variability areaf-
fectedmainly by flood disturbanceHowever, they alsoshav
thatthetemporaleffectsarenot restrictedto dynamicFPZs.
The strong increasein plant biodiversity broughtaboutby
the recurrentrejuvenationof the habitatsseemsto support
our secondhypothesisthatfrequentdisturtance- definredas
temporaryand strongchangs in ervironmentalconditions
andsubstratewvailability- createslargefunctionaldiversity.
Our resultsthereforesupportrecentfindingsthat short-term
inundationsareimportantdriversof microbial habitatstruc-
ture andfunctionin floodplains(Wilson et al., 2011). Fur
ther comprehensk studiesin similar aswell ascontrasted
sitesarerequiredfor generalisatiomf theresults.In particu-
lar, sincesoil organic matterturnover differs betweenracidic
and carbonat-containingsoils (Walseet al., 1999, studies
in siteswith carbonate-frefluvial sourcematerialwould be
of greatinterest.

Basedon ourresultswe recommendhatriver restoration,
in orderto achieve maximumrecovery of ecosystenfunc-
tions, shouldaim at creatingnea-naturalfloodplainscom-
prisingbothdynamicgravel barsandstablealluvial systems.
Ononehand thisensuresheprovision of alargediversityof
habitats.Ontheotherhand,the comple interplayof organic
matterinput and hot spotsof bothmineralistionandincom-
pletedegradatiorstronglyaffectsthe potentialof floodplains
to storecarbon,an ecosystenservice of greatcurrentinter-
est(Cierjackset al., 2010). River widening combinedwith
hydrologicalreconnectiorwith formerfloodplains(from the
time beforechannelizationpasin theexamplepresentedhere,
is likely to bea successfutecipeto achieve this goal,atleast
for ariver characteried by pulseflooding. The Thur River
examplealsoshaws tha doing so on arathersmall scaleis
sufficientto achieve ahigh heterogeneityf carbo poolsand
habitats.In caseswvhere,in contrastto the Thur, theriveris
dammedupstreamthis may have to be combinedwith con-
trolled outflov mimicking the naturaldischage regime in-
cludingafew largerfloods.
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