Thanh Thuy 
  
Nguyen Tu 
  
Céline Egasse 
  
Christelle Anquetil 
  
Florent Zanetti 
  
Bernhard Zeller 
  
Sylvain Huon 
  
Sylvie Derenne 
  
Thanh Thuy Nguyen Tu 
email: thanh-thuy.nguyen_tu@upmc.fr
  
Céline Egasse b , Chr ist Elle Anquet 
  
Flor Ent Zanet 
  
Thuy Nguyen 
  
Leaf lipid degradation in soils and surface sediments: A litterbag experiment

Keywords: diagenesis, biomar ker, lit t er bag, leaf lipids, soil, sur face sediment, GC-MS

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

1. I nt r oduct i on L ipid biomar ker s const it ut e efficient t ools for t r acing t he sources of organic mat t er (OM) in mar ine [START_REF] Fukuchi | Source of hydr ocar bons in mar ine sediment s in L üt zow-H olm bay, Ant arct ica[END_REF][START_REF] Aquilina | Biomar ker indicat or s for anaer obic oxidizer s of methane in br ackish -mar ine sediment s wit h diffusive methane fluxes[END_REF], fluvial [START_REF] Jaffé | The biogeochemist r y of t he r iver s of the Or inoco Basin[END_REF][START_REF] Scheffuß | Mult iple plant -wax compounds r ecor d different ial sour ces and ecosyst em st r uctur e I lar ge r iver cat chment s[END_REF] or lacust r ine envir onment s [START_REF] Rieley | The biogeochemist r y of Ellesmer e L ake U.K . -I : sour ce corr elat ion of leaf wax input s t o t he sediment ar y lipid recor d[END_REF][START_REF] Jacob | Cont r ast ed dist r ibut ions of t r it er pene der ivat ives in t he sediment s of L ake Caço reflect paleoenvir onment al changes dur ing t he last 20,000 yr s in NE Br azil[END_REF].

Quant ifying biomar ker var iat ion through sediment ar y sequences facilit at es r econst ruct ion of past envir onment al var iabilit y over var ious t imescales, fr om cent ur ies [START_REF] Farr Ingt On | The or ganic geochemist r y of Peru mar gin sur face sediment s: I I . Paleoenvironment al implicat ions of hydr ocar bon and alcohol pr ofiles[END_REF][START_REF] Sánchez-Palencia | L ipid biomar ker s in L ake Enol (Ast ur ias, Nor t her n Spain): Coupled natur al and human induced envir onment al hist or[END_REF] t o millions of year s [START_REF] Pear Son | Onocer ane and ot her tr it er penoids in L at e Cr et aceous sediment s fr om t he Upper Benue Trough, Niger ia: t ect onic and palaeoenvir onment al implicat ions[END_REF][START_REF] Tzor T Zaki | Biomar ker evidence for int er mit t ent phot ic zone euxinia in t he Apt ian-Albian or ganic sedimentar y r ecor d from t he I onian Zone (Epir us, Gr eece)[END_REF]. H owever , t he diagenet ic fat e of biomar ker s must be assessed befor e their dist r ibut ion and abundance can be used as quant it at ive pr oxies. Fr om their st r uct ur es, it would be ant icipat ed t hat differ ent biomarker s would exhibit var ying degr ees of suscept ibilit y t o degr adat ion, which would ult imat ely affect t heir pr eservat ion in sediment s (M eyer s and I shiwat ar i, 1993). Sever al st abilit y scales have been est ablished for lipids in sediment s; n-alkanes ar e gener ally considered as t he most st able component s, while funct ionalized compounds such as pigment s or n-alkanols as t he most r eadily degr aded [START_REF] Cr Anwell | Diagenesis of fr ee and bound lipids in t err est r ial detr it us deposit ed in a lacust r ine sediment[END_REF][START_REF] Colombo | L ipid biogeochemist r y in the L aur ent ian Though-I I . Changes in composit ion of fat ty acids, st er ols and aliphat ic hydr ocar bons dur ing ear ly diagenesis[END_REF]. St er ols and fat t y acids (FAs) exhibit int er mediat e st abilit y t hat var ies accor ding t o funct ionality and degr ee of unsat ur at ion [START_REF] Cr Anwell | Diagenesis of fr ee and bound lipids in t err est r ial detr it us deposit ed in a lacust r ine sediment[END_REF] M eyer s and I shiwar at i, 1993; [START_REF] Colombo | L ipid biogeochemist r y in the L aur ent ian Though-I I . Changes in composit ion of fat ty acids, st er ols and aliphat ic hydr ocar bons dur ing ear ly diagenesis[END_REF]. Environment al par amet er s in t he wat er column, at t he wat er -sediment int erface and wit hin t he sediment also influence lipid degr adat ion/pr eservat ion [START_REF]Or ganic geochemical pr oxies of paleoceanogr aphic, paleolimnologic, and paleoclimat ic processes[END_REF][START_REF] Ront Ani | Phyt ol degr adat ion pr oduct s as biogeochemical tr acer s in aquat ic envir onment s[END_REF].

Vascular plant s ar e major cont r ibut or s t o sediment ar y OM and plant biomar ker s oft en ser ve as proxies for cont inent al OM in mar ine sediment s [START_REF] Volkman | A r eview of st erol mar ker s for mar ine and t er r igenous organic mat t er[END_REF][START_REF] Oades | Compar at ive organic geochemist r y of soils and mar ine sediment s[END_REF]. The plant biomar ker signat ure in sediment s can be biased by differ ences in pr oduct ivit y among t axa, and biomar ker solubilit y or t r anspor t mode [START_REF] Diefendor F | A compar ison of t er penoid and leaf fossil veget at ion pr oxies in Paleocene and Eocene Bighorn Basin sediment s[END_REF]. Among polycyclic t er penoids, Gir i et al. (2015) showed t hat t hese pr e-sediment at ion pr ocesses t end t o favor dit er penoids at t he expense of t r it er penoids, leading t o an overest imat ion of conifer input vs. angiosper m input in paleoveget at ion r econst r uct ion.

Befor e deposit ion in mar ine sediment s, plant detr it us may remain for varying ext ent s of t ime in soil and/or in fr esh wat er. The cont r ast ing degr adat ion condit ions in these envir onment s may in t ur n affect t he plant biomarker signat ure. Sur face degr adat ion of a given plant on land was shown t o modify bulk leaf chemist r y t o a differ ent ext ent t han degr adat ion in bur ied condit ions [START_REF] Webst Er | Vascular plant br eakdown in fr eshwat er ecosyst ems[END_REF][START_REF] St Ear T | The chemical const r aint s upon leaf decay r at es: Taphonomic implicat ions among leaf species in Aust r alian t err est r ial and aquat ic environment s[END_REF]. Alt hough t he fat e of molecular biomar ker s was independent ly st udied in sever al envir onment s via var ious appr oaches (e.g. soil lit t er bags, soil/sediment pr ofiles/sect ions, labor at ory incubat ions; [START_REF] Cr Anwell | Diagenesis of fr ee and bound lipids in t err est r ial detr it us deposit ed in a lacust r ine sediment[END_REF]M eyer s and I shiwar at i, 1993;[START_REF] Rieley | L abor at or y st udies on sediment ary lipids pr eservat ion: differ ent pr eservat ion pot ent ial infer r ed for leaf and algal lipids[END_REF][START_REF] Zech | Effect of leaf lit t er degr adat ion and seasonalit y on D/H isot ope r at ios of nalkane biomar ker s[END_REF][START_REF] Wiesenberg | Use of molecular r at ios t o ident ify changes of M iscanthus  gigant eus (Greef et Deu.) soil dur ing a labor at ory exper iment[END_REF][START_REF] Wang | Chemical and car bon isot opic dynamics of gr ass or ganic mat t er dur ing lit t er decomposit ions: A lit t er bag exper iment[END_REF]), compar at ive st udies addr essing t he fat e of biomar ker s in diver se nat ur al envir onment s are r ar e. H owever, the plant biomar ker s r ecover ed fr om sediment ary OM may have undergone different pr e-bur ial hist or ies t hat may have influenced their r obust ness as a quant it at ive pr oxy.

As t he compar at ive fat e of plant lipids in differ ent envir onment s is not fully document ed, t he aim of t he pr esent st udy was t o compar e t he degr adat ion of lipids fr om a given plant species in two differ ing environment s: soil and t he wat er -sediment int er face.

The invest igat ion focused on leaf lipids, as epicut icular wax is the main sour ce of t he fat t y lipids commonly used as cont inent al biomarker s in mar ine sediment s. The st udy was based on a lit t er bag exper iment , in or der t o (i) allow the r ecovery of t he small leaf debr is gener ally obt ained aft er sever al months of degr adat ion and (ii) pr ecisely monit or t he ch anges undergone in t he leaves init ially int r oduced into t he bags, wit hout pot ent ial bias due t o cont aminat ion by ot her plant mat er ial. Eur opean beech (Fagus sylvatica L.) was chosen because it commonly occur s in t emper at e for est s. The lipid composit ion of t he leaves fr om two lit t er bag exper iment s conduct ed simult aneously in a soil and in a near by pond was invest igat ed t o t est whet her t hese differ ent envir onment s might lead t o differ ent biomar ker signatur es. The key quest ions wer e: Do differ ent lipid classes degr ade similar ly in t hese t wo environment s? I s the dist r ibut ion of fat ty li pids modified similar ly in the t wo envir onment s? 2. M at er i al and met hods 2.1. Exper imental site The exper iment was set up in the "Breuil -Chenue" exper iment al for est sit e, in Burgundy, Fr ance (47°18'10"N, 4°4'44"E). The for est is par t of the "Par c Nat ur el Régional du M orvan", a pr ot ect ed area wher e ur ban pollut ion is minimal. The exper iment al ar ea is on a shelf 650 m above sea level and exhibit s a slight nor t hwest facing slope. M ean annual t emper at ure and precipit at ion at the sit e ar e 9 °C and 1,280 mm, r espect ively. The bedrock is t he alkaline gr anit e of "L a Pierr e qui Vir e", cover ed by a t hin layer of eolian silt . The incubat ions t ook place in a 30 yr old Eur opean beech (Fagus sylvatica L ) st and plant ed aft er a clear -cut in 1976, and in a ca. 300 m 2 adjacent pond, r espect ively. The soil is classified as a dyst r ic cambisol (WRB, 2006) wit h moder -t ype humus. I t is acidic wit h pH 4-4.5 and has a poor ly sat ur at ed cat ion exchange complex. M or e infor mat ion on the sit e is available elsewher e [START_REF] Unier -L Amy | Effect of t r ee species subst it ut ion on organic mat t er biodegr adabilit y and miner al nutr ient availabilit y in t emper at e t opsoil[END_REF]Andr ianar isoa et al., 2010). The pond had a maximum dept h of 1.5 m. The main char act er ist ics wer e det er mined using a CTD (conduct ivit y -t emper at ur e -dept h) pr obe equipped wit h addit ional sensor s and ext ernal fluor omet er s (ASD sensor s). Dur ing t he cour se of th e st udy t he wat er column displayed near ly const ant t emper at ur e, electr ical conduct ivit y and pH with wat er dept h (Supplement ary Table A.1). The wat er had a slight ly acid pH (ca. 6.1), low dissolved ion load (low electr ical conduct ivit y, ca. 25.7 µS/cm), low t ur bidit y (FTU < 20), high CDOM cont ent (chr omolenic dissolved OM, > 200 µg/l) and sat ur at ed or close t o sat ur at ion dissolved O 2 concent r at ion (ca. 98%). Over all, t his is over all typical of sur face and subsur face wat er s of forest s soils on gr anit ic subst r at um (Beaucair e and M ichard, 1982).

Ther mal st r at ificat ion only occur s dur ing summer , when phot osynthet ic act ivit y is enhanced (high chlor ophyll -a concent r at ion and oversat ur at ion for dissolved O 2 ; Supplement ary Table A .1 and Fig. A.1).

L itter bag incubations

At t he end of Oct ober 2004, senescent leaves wer e collect ed fr om t he beech st and wher e the soil incubat i on t ook place. The soil lit t er bag exper iment has been descr ibed elsewher e [START_REF] Nguyen Tu | Ear ly degr adat ion of plant alkanes in soils: A lit t er bag exper iment using 13 C-labelled leaves[END_REF]. The leaves wer e collect ed fr om t he same height (ca.1.5 m) fr om t he br anches of sever al differ ent t r ees in or der t o pr ovide an aver aged composit ion and t o minimize bias linked t o int r apopulat ion var iabilit y. Aft er har vest ing, t he leaves wer e r insed wit h dist illed wat er t o remove ext r aneous par t icles and dr ied at 45 °C to const ant weight . Each bat ch was composed of 10-15 leaves and corr esponded t o ca. 1 g OM .

Bat ches wer e assembled using leaves fr om as many differ ent t r ees as possible t o provide equivalent bat ches.

L it t er bags (9.5  14.5 cm) wer e made of Al wir e; mesh size was 1.4  1.8 mm, i.e. sufficient t o ret ain small leaf lit t er debr is but sufficient ly large t o per mit fr ee ent ry of mesofauna (main funct ional group at t he sit e) and micr obial act ivit y (bact er ia and fungi).

Pond lit t er bags wer e ballast ed wit h glass st icks t o maint ain t hem at t he bot t om of the pond. Befor e being enclosed in lit t er bags, leaves were weighed and t hen r e-moist ened wit h dist illed wat er t o r ecr eat e nat ur al condit ions. The litt er bags wer e placed in t he field in December 2004. L it t er bags (in duplicat e) wer e then regular ly r et r ieved over 2.5 yr: aft er 5, 10,15,20,30,40,52,79 and 129 weeks for t he soil, and 9, 27, 66 and 100 weeks for t he pond. The soil lit t er bags cor r espond t o t he unlabeled leaves analyzed before for their specific alkane isot ope composit ion [START_REF] Nguyen Tu | Ear ly degr adat ion of plant alkanes in soils: A lit t er bag exper iment using 13 C-labelled leaves[END_REF].

L ipid extr action and fr actionation

The r ecover ed mat er ial was fir st r insed wit h dist illed wat er t o r emove obvious ext r aneous par t icles such as moss, r oot s or ar t hropods. L eaves wer e t hen dr ied at 45 °C t o const ant weight and weighed. Samples wer e st or ed dar k in Al foil at 5 °C unt il analysis. All t he leaves for each lit t er bag were combined and gr ound fine enough t o pass t hr ough a 500 m mesh. L eaf powder was ult r asonically ext r act ed for 20 min wit h CH 2 Cl 2 /M eOH (2/1; v/v).

The mixt ur e was cent r ifuged (10 min, 4,000 r pm) and t he lipids wer e r ecover ed in the supernat ant . The extr act ion procedure was r epeat ed 6 wit h t he cent r ifugat ion residue.

The combined ext r act s wer e concent r at ed via rot ar y evapor at ion and dr ied under N 2 . The ext r act was fr act ionat ed using column chr omat ogr aphy on alumina (Sigma-Aldr ich 507C, ca. 150 mesh) deact ivat ed t o Br ockmann gr ade I V by adding 0.1 wt % dist illed wat er . The non-polar fr act ion (1) was r ecover ed wit h hept ane. The slight ly polar fr act ion (2) was r ecover ed wit h t oluene. The medium polar it y fract ion (3) was r ecover ed wit h CH 2 Cl 2 and CH 2 Cl 2 /M eOH (9/1; v/v). Each fr act ion was concent r at ed via r ot ary evapor at ion and dissolved in ca. 3 ml hept ane, t oluene, and CH 2 Cl 2 , respect ively. The main component s of t he t hr ee fr act ions wer e quant ified using int er nal standar ds: t etr at r iacont ane for fr act ion 1 and t r icosan-1-ol for fr act ions 2 and 3.

Analysis

The hydr ocar bon fr act ion was analyzed as such, while t he ot her two fr act ions wer e conver t ed t o tr imet hylsilyl der ivat ives pr ior t o analysis. Aliquot s (30 µl) of the fr act ions wer e dr ied under N 2 and t hen silylat ed with 30 µl N,O-bis-(t r imet hylsilyl)tr ifluor oacet amide (BSTFA) for 1 h at 80 °C. Aft er cooling, t he aliquot was dr ied under a gent le st r eam of N 2 and dissolved in 30l of appr opr iat e solvent (t oluene for fr act ion 2 and CH 2 Cl 2 for fr act ion 3). Assignment and quant ificat ion of lipids wer e carr ied out using gas chr omat ogr aphy coupled-mass spect romet r y (GC-M S) and GC wit h flame ionizat ion det ect ion (FI D, 350 °C), r espect ively. Separ at ion was with an Agilent 6890N gas chr omat ogr aph equipped with a split /split less inject or (350 °C) and fit t ed wit h a fused silica column, coat ed wit h VF5-M S (50 m  0.32 mm i.d., 0.12 µm film thickness). The GC condit ions wer e: 80 °C t o 100 °C at 10 °C/min, and t hen t o 325 °C (held 30min) at 4 °C/min. He was the carr ier gas at a const ant 2 ml/min. For GC-MS an Agilent 5973N electr on impact mass spect r omet er (70eV, scan r ange m/z 35-800) was used. Component s wer e assigned accor ding t o libr ary and published mass spect r a. Quant ificat ion was achieved fr om the r esponse fact or in GC-FI D of the measur ed component s and compar ison of GC-FI D peak ar eas wit h t hose of t he int er nal st andar ds, int roduced to the fr act ions in known amount . Response fact or s wer e obt ained fr om calibr at ion curves of t he st andar d and t he component , or compound wit h similar st r uct ur e, polar it y and molecular weight , if no r eference compound was available. Coelut ion in GC-FI D occasionally pr event ed quant ificat ion of some lipid component s. Biomar ker cont ent was quant ified as µg/g dr y biomass and fur t her expressed in % r elat ive t o init ial cont ent in Fig. 1 The lipid fingerpr int of degr ading beech leaves r evealed no major qualit at ive changes dur ing 2 yr of diagenesis in t he soil or at t he wat er -sediment int er face. M ost of t he init ial component s were st ill pr esent at t he end of t he experiment and no degr adat ion product s wer e evidenced. Quant ificat ion of t he main component s of each lipid class for each degr adat ion st age showed that t he concent r at ion of all t he biomarker s st udied was (i) ver y var iable but (ii) subst ant ially r educed at t he end of the exper iment , alt hough t o var ying ext ent (Fig. 1).

Var iability in biomarker concentr ation

I n t his 2 yr exper iment, t he biomar ker cont ent of degr ading leaves exhibit ed subst ant ial var iabilit y among lit t er bags, even for a given t ime st ep wit hin a given envir onment al condit ion (Fig. 1). Ther efor e, we address t he pot ent ial or igin of such var iabilit y befor e discussing degr adat ion pat t erns. The differ ence in biomar ker cont ent bet ween r eplicat e lit t er bags maximized in soil at 70% and 100% of init ial leaf cont ent , for oleanolic acid and C 16 phyt yl est er , r espect ively. Ot her quant ified compounds (-Sit ost er ol, C 16 acid, C 28 alcohol and C 27 alkane) exhibit ed maximum differ ences between r eplicat e lit t er bags of around 40%. Such var iabilit y may r elat e t o (i) init ial var iabilit y of leaf lipid cont ent and/or t o (ii) var iabilit y in microenvironment al condit ions. The concent r at ion of leaf lipids is known t o vary subst ant ially between species, wit hin species, wit hin individual s and even wit hin a given leaf (H er bin [START_REF] Robins | Pat t erns of leaf variat ion and development in leaf wax alkanes[END_REF][START_REF] Gülz | Development al and seasonal var iat ions in t he epicut icular waves of Tilia tomentosa leaves[END_REF][START_REF] Gao | M ajor tr ends in leaf wax abundance, δ 2 H and δ 13 C values along leaf venat ion in five species of C 3 plant s: Physiological and geochemical implicat ions[END_REF]. I n agr eement wit h the lower var iabilit y of in vit ro exper iment s vs. field st udies, the var iabilit y in lipid decay is higher her e than r epor t ed for beech lipids in a labor at or y exper iment [START_REF] Rieley | L abor at or y st udies on sediment ary lipids pr eservat ion: differ ent pr eservat ion pot ent ial infer r ed for leaf and algal lipids[END_REF]. Soils, and especially for est soils, ar e r ecognized as highly het er ogeneous environment s (H edges and [START_REF] Oades | Compar at ive organic geochemist r y of soils and mar ine sediment s[END_REF][START_REF] Bélanger | Sampling for est soil . I n[END_REF][START_REF] L Ehmann | Spat ial complexity of soil or ganic mat t er for ms at nanomet re scales[END_REF]. A number of biogeochemical char act er ist ics of soils commonly vary wit hin a few decimet er s, so that differ ent decay pr ofiles bet ween lit t er bags separ at ed by ca. 20 cm is not unexpect ed (Wit kamp [START_REF] Olson | Energy st or age and t he balance of pr oduct s and decomposer s in ecological syst ems[END_REF][START_REF] Coe-K Lopat Ek | The effect s of lit t er qualit y and climat e on decomposit ion along an elevat ional gr adient[END_REF][START_REF] Suchewabor Ipont | Zonal var iat ion in leaflit t er decomposit ion in a secondar y mangr ove forest[END_REF]. Addit ionally, t he main dr iver s of lit t er decomposit ion in Br euil -Chenue exper iment al for est ar e sapr ophyt ic fungi , which are r epr esent ed mainly by thr ee species (M ycena inclinata, Mycena galopus and Phallus impudicus) t hat gener ally exhibit a het er ogeneous spat ial dist r ibut ion (Zeller et al., 2007). Decay condit ions within sediment s ar e believed t o exhibit smaller spat ial var iabilit y, alt hough leaf degr adat ion at the wat ersediment int er face under a subst ant ial wat er column has seldom been invest igat ed in t he field. Never theless, leaf decomposit ion in seawat er and st r eam wat er was shown t o be var iable over a few mont hs monit or ing and/or wit hin small ar eas [START_REF] Suber Kr Opp | Changes in t he chemical composit ion of leaves dur ing pr ocessing in a woodland st r eam[END_REF][START_REF] Rublee | Decomposit ion of t ur t legr ass (Thalassia testudinum K onig) in flowing sea-wat er t anks and lit t er bags: composit ional changes and compar ison with nat ur al par t iculat e mat t er[END_REF][START_REF] Webst Er | Vascular plant br eakdown in fr eshwat er ecosyst ems[END_REF][START_REF] Boult On | A r eview of met hodology used t o measur e leaf lit t er decomposit ion in lot ic envir onment s: Time t o t urn over an old leaf? M ar ine and Fr eshwat er Resear ch[END_REF][START_REF] Sant Os | Element al and st able isot ope composit ion of Zoster a noltii (H or neman) leaves dur ing t he ear ly phases of decay in a t emper at e mesot idal lagoon[END_REF][START_REF] Gonçalves | L eaf br eakdown in two tr opical st reams: Differences bet ween single and mixed species packs[END_REF]. H ydr ocar bon and FA cont ent of deciduous leaves degr ading in a blackwat er st r eam were shown t o vary subst ant ially over thr ee mont hs (M ills et al., 2001).

Occasional incr ease in biomar ker concentr ation

The lipids occasionally exhibit ed a higher cont ent in degr ading leaves t han in init ial senescent leaves. That was the case for 4 of t he 6 classes invest igat ed: -sit ost er ol r eached 112% of it s init ial cont ent in pond leaves aft er 27 weeks of degr adat ion, oleanolic acid had a cont ent of bet ween 114% and 141% for some lit t er bags in t he soil and in the pond bet ween 9 and 40 weeks of degr adat ion, 123% of t he init ial C 16 phytyl est er was det ect ed aft er 5 weeks in a soil lit t er bag, and the n-C 27 alkane reached 124% and 103% of it s init ial cont ent in pond lit t er bags aft er 27 and 103 weeks, r espect ively. L abor at or y incubat ion of beech leaves by an est uar ine microbial communit y [START_REF] Rieley | L abor at or y st udies on sediment ary lipids pr eservat ion: differ ent pr eservat ion pot ent ial infer r ed for leaf and algal lipids[END_REF] also showed an init ial st er ol incr ease t hat was at t r ibut ed t o t he release of fr ee compounds fr om a bound st at e. Gr ass degr adat ion in soil lit t er bags similar ly exhibit ed an occasional incr ease in n-alkane cont ent over 10 mont hs, r eaching up t o 230% of t he init ial cont ent [START_REF] Wang | Chemical and car bon isot opic dynamics of gr ass or ganic mat t er dur ing lit t er decomposit ions: A lit t er bag exper iment[END_REF]. I nit ial incr ease in alkane cont ent was also not ed in maple, ash and beech leaves dur ing a 2 year lit t er bag degr adat ion, and their deut er ium cont ent suggest ed a micr obial contr ibut ion [START_REF] Zech | Effect of leaf lit t er degr adat ion and seasonalit y on D/H isot ope r at ios of nalkane biomar ker s[END_REF]. I sot ope char act er izat ion ( 13 C) of t he alkanes from t he soil lit t er bags of t he pr esent st udy showed t hat micr obial alkanes also cont r ibut ed t o t he alkane pool in degr ading leaves [START_REF] Nguyen Tu | Ear ly degr adat ion of plant alkanes in soils: A lit t er bag exper iment using 13 C-labelled leaves[END_REF]. The occasional incr ease in some of t he biomarker s may thus r eflect eit her an ext ernal cont r ibut ion, especially for r at her ubiquit ous compounds such as fat t y lipids, and/or moiety release from bound st r uct ur es.

Biomarker degr adation pr ofiles

Degr adat ion at t he wat er -sediment int er face would be expect ed t o be less ext ensive t han in a soil. H owever, in t he present exper iment t he high var iabilit y in biomar ker concentr at ion pr ecludes such a conclusion (Fig. 1). I ndeed, this high var iabilit y pr event ed calculat ion of r epr esent at ive decay r at es for most biomar ker s. Consequent ly, no differ ence in degr adat ion r at es could be evidenced bet ween t he soil and t he pond lit t er bags. This lack of slower degr adat ion in t he pond than in the soil may also be par t ly due t o the oxic condit ions at t he bot t om of t he pond (Sect ion 2.1), which ar e known t o be mor e favor able for degr adat ion t han anoxic ones. The var iabilit y of t he pr esent r esult s calls for caut ion when compar ing decomposit ion pat t erns, but t he quant ified lipids seemed t o degr ade accor ding t o t hr ee main pr ofiles, at least dur ing t he fir st 6 months (Fig. 1).

-Phyt yl est er s were r apidly ext ensively degr aded, as shown by the phytyl hexadecanoat e cont ent , which dropped t o ≤ 10% aft er 15 weeks in t he soil, as well as in t he pond.

-Fat t y lipids (n-alkanes, n-acids and n-alcohols) under went exponent ial -like decr ease, r eaching ca. 7% of the init ial cont ent at t he end of the exper iment . M ass loss of bulk leaves is oft en appr oximat ed by an exponent ial decay model in soils and st r eams, as the r at e of mass loss is assumed t o be a const ant fr act ion of t he amount of mat er ial r emaining [START_REF] Olson | Energy st or age and t he balance of pr oduct s and decomposer s in ecological syst ems[END_REF][START_REF] Webst Er | Vascular plant br eakdown in fr eshwat er ecosyst ems[END_REF]. The pr esent r esult s may t hus suggest similar degr adat ion kinet ics for fat t y lipids.

-Polycyclic t r iter penoids exhibit ed a var iable degr adat ion pat t er n and r emained at  15% of t he init ial cont ent aft er 2 yr, as shown by t he -si t ost er ol and oleanolic acid profiles (Fig. 1). These r esult s mainly mat ch those repor t ed for a thr ee month labor at or y incubat ion of beech leaves, alt hough t he ment ioned labor at or y exper iment was mor e favor able for phytyl est er pr eservat ion and less for alkanes [START_REF] Rieley | L abor at or y st udies on sediment ary lipids pr eservat ion: differ ent pr eservat ion pot ent ial infer r ed for leaf and algal lipids[END_REF]. The pr esent r esult s also differ slight ly fr om t he st abilit y scales oft en deduced fr om sediment st udies since n-alkanes ar e gener ally consider ed as t he most st able lipid component s and funct ionalized polycyclic t er penoids as being moder at ely st able [START_REF] Cr Anwell | Diagenesis of fr ee and bound lipids in t err est r ial detr it us deposit ed in a lacust r ine sediment[END_REF][START_REF] Colombo | L ipid biogeochemist r y in the L aur ent ian Though-I I . Changes in composit ion of fat ty acids, st er ols and aliphat ic hydr ocar bons dur ing ear ly diagenesis[END_REF]. Our r esult s t hus emphasize t he complexit y and var iabilit y of l ipid degr adat ion in nat ur al envir onment s.

Distr ibution patter n of fatty lipids

Despit e t he subst ant ial degr adat ion of fat t y lipids, their main dist r ibut ion pat t ern at t he end of t he exper iment was similar t o the st ar t ing one ( [START_REF] Bol | Post -glacial var iat ions in dist r ibut ions, 13 C and 14 C cont ent s of aliphat ic hydr ocar bons and bulk or ganic mat t er in thr ee t ypes of Br it ish acid upland soils[END_REF][START_REF] Celer Ier | Dept h-r elat ed var iat ions in or ganic mat t er at t he molecular level in a loamy soil: r efer ence dat a for a longt er m exper iment devot ed t o t he car bon sequest r at ion r esearch field[END_REF][START_REF] Zech | Effect of leaf lit t er degr adat ion and seasonalit y on D/H isot ope r at ios of nalkane biomar ker s[END_REF][START_REF] Wiesenberg | Use of molecular r at ios t o ident ify changes of M iscanthus  gigant eus (Greef et Deu.) soil dur ing a labor at ory exper iment[END_REF], which wer e at t r ibut ed t o var ious causes, including cont r ibut ion from micr obial lipids, r oot lipids or else ant hr opogenic pollut ion. Never t heless, n-alkanes from sever al gr ass species in soil lit t er bags showed var iable degr adat ion pr ofiles but no change in ACL and CPI [START_REF] Wang | Chemical and car bon isot opic dynamics of gr ass or ganic mat t er dur ing lit t er decomposit ions: A lit t er bag exper iment[END_REF], similar ly t o the pr esent st udy. Nguyen Tu for t echnical assist ance. The wor k was funded by a gr ant fr om the Fond Nat ional pour la Science of Fr ance (ACI JC 10051 -not ificat ion 035214). Thanks ar e also due t o S. Feakins and an anonymous r efer ee, who provided const r uct ive r eviews.
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Fi gur e capt i ons 

  for compar ison pur poses. 3. Resul t s and di scussi on 3.1. Biomarker behaviour The composit ion of lipids fr om senescent leaves of Fagus sylvatica has been descr ibed by Nguyen Tu et al. (2007). The lipids were dominat ed by st er ols, the most abundant being -sit ost er ol, and t o a lesser ext ent , by acyclic isopr enoids, including phyt adienes and phyt yl est er s (C 6 -C 20 , max. C 16 ). Oleanolic tr it er penoids, mainly oleanolic acid, and fat t y lipids wer e also abundant . The lat t er compr ise an homologous ser ies wit h even chain lengt h pr edominance: mainly n-alkan-1-ols (C 14 -C 30 , max. C 28 ), n-acids (C 8 -C 28 , max. C 16 , C 28 ) and, t o a lesser ext ent , n-aldehydes (C 20 -C 32 , max. C 28 ). Predominant ly odd number ed ser ies also occurr ed in subst ant ial amount s: mainly n-alkanes (C 12 -C 33 , max. C 27 ), and t o a lesser ext ent n-alkan-2-ols (C 23 -C 29 , max. C 27 ) and n-alkan-2-ones (C 25 -C 29 , max. C 27 ).

Fi g. 1 .

 1 Figure1

Table 1 ,

 1 Fig.2): they remained mar kedly dominat ed by a single homologue (n-C 28 for alcohols, n-C 16 for acids, and n-C 27 for alkanes), wit h a slight narr owing of t he dist r ibut ion r ange. Chain lengt h dist r ibut ion indexes r emained similar t o t he init ial values (Table1): t he aver age chain lengt h (ACL ) cent er ed ar ound the dominant homologue and the car bon pr efer ence index (CPI ) close t o zer o for acids and alcohols, and mar kedly >1 for alkanes. The only not iceable change in lipid ser ies dist r ibut ion concerns FAs, for which the long chain homologue (n-C 28 ) is r apidly degr aded (i.e. no longer det ect able aft er 5 weeks). H owever , such degr adat ion did not modify chain length dist r ibut ion indexes (Table1). On t he cont r ary, sever al st udies have r epor t ed ACL and CPI modificat ions t hr ough degr adat ion(Meyer s and I shiwar at i, 1993; 

  Taken t ogether, t he r esult s suggest t hat, in spit e of degr adat ion and pot ent ial cont r ibut ion fr om ext ernal lipids, t he or iginal plant lipids can r emain the main sour ce of lipids in degr aded plant debr is and can t ypically r et ain their chain lengt h char act er ist ics. The result s t hus t end to validat e t he use of chain lengt h char act er ist ics of aliphat ic ser ies for source and pal eoenvir onment r econst ruct ion, at least on t he mid-t er m scale (i.e. a few year s). ant ial differ ence bet ween the soil and the pond could be det ect ed in biomarker degr adat ion pat t er ns dur ing t he 2 yr lit t er bag decay. All t he const it uent s init ially pr esent in the senescent leaves wer e degr aded, alt hough t o var iable ext ent. Phytyl est er s wer e the most ext ensi vely degr aded, while polycyclic t r it er penoids appear ed relat ively bet t er pr eser ved, wit h fat t y lipids exhibit ing int er mediat e degr adat ion pat t erns. Never t heless, t he main lipid const it uent s of init ial senescent leaves wer e st ill det ect ed aft er two 2 yr degr adat ion in bot h envir onment s. Dur ing t he exper iment , an occasional incr ease in t he abundance of sever al biomar ker s was not ed, implying moiet y r elease from bound st r uct ur es and/or an ext er nal cont r ibut ion. Alt hough fat t y lipids concentr at ions were markedly r educed, t he dist r ibution pat t erns wer e not subst ant ially affect ed, validat ing t heir use as source and envir onment al biomar ker s in ancient OM . The r esult s suggest that , for the mid-t er m, a plant biomar ker signat ure is not subst ant ially affect ed by differ ent ial degr adat ion in soil and at the wat er -sediment int er face under oxic condit ions, at least for a qualit at ive approach.

	4. Concl usi ons
	Compar at ive degr adat ion of leaf lipids in a soil and at t he wat er -sediment int er face
	of a well oxygenat ed pond r evealed that most of the biomar ker s exhibit ed highly var iable

cont ent , likely r eflect ing nat ur al microenvir onment al var iabilit y. Due t o t his var iabilit y and t he oxic condit ions in t he pond, no subst
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Table 1

 1 Distribution pattern of main fatty lipid series in F. sylvatica leaves.

		n-Alkanes		n-Acids		n-Alcohols
		C range (C max )	ACL a	CPI b	C range (C max C submax ) ACL a CPI b	C range (C max )	ACL a CPI b
	Initial leaves	C 12 -C 33 (C 27 )	26.4	9.9	C 9 -C 28 (C 16 , C 28 ) 16.1 0.0	C 14 -C 30 (C 28 )	25.3	0.0
	Pond	C 25 -C 29 (C 27 )	27.0 54.5	C 9 -C 24 (C 16 )	15.8 0.0	C 16 -C 30 (C 28 )	26.4	0.1
	Soil	C 12 -C 33 (C 27 )	26.9 14.7	C 9 -C 24 (C 16 )	16.6 0.1	C 16 -C 30 (C 28 )	26.2	0.0
	a n[C n ]) / [C n ]						
	b [C 17+19+21+23+25+27+29+31+33 ]/[C 16+18+20+22+24+26+28+30+32 ]			

Appendi x A. Suppl ement ar y dat a

Geochemical char act er ist ics of the wat er column ar e given: t he r ange of values measur ed in the wat er column (Table A.