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ABSTRACT: Inland waters play an important role for the stora 050 P 3
of chromophoric dissolved organic matter (CDOM) and outgassing """ e roes |
of methane (Ck). However, to date, linkages between the opticg ﬂ 4 %J 52

dynamics of CDOM and dissolved ,Clevels remain Iargely,:
unknown. We used multi-year (282Q@14) seasonal data serigs %
collected from Lake Taihu and 51 connecting channels t§™~
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investigate how CDOM optical dynamics may impact dissolved s i ke C2 (.U Chi-a (ug ™)

CH, levels in the lake. High dissolved, @Hthe northwestern —

in owing river mouths coincided with high underwatesvidV B Mism s e DN 2

light availability, dissolved organic carbon (DOC), chemical oxygen, 30;4‘@@ “D”‘;“;C- Rl §

demand (COD), DOM aromaticity, terrestrial humic-righ- ,
rescence, in situ measured terrestrial CDOM, depleted dissolved
oxygen (DO), stable isotopitH, and % compared with other

lake regions. Our results further revealed positive relationships
between dissolved ¢Hnd CDOM absorption at 350 nm, &@850), COD, DOC, terrestrial humic-rialorophores, and

DOM aromaticity, and negative relationships between dissoja®i@HD, 2H, and 0. The central lake samples showed

a major contribution of terrestrial-sourced molecular formulas to the ultrahigh resolution mass spectrometry data, suggesting the
presence of allochthonous DOM sources even here. We conclude that an elevated terrestrial CDOM input likely enhances
dissolved CKllevels in Lake Taihu.

OMe-rich layer

INTRODUCTION decomposition of dissolved organic matter (DOM) has

Inland waters (rivers, lakes, ponds, etc.) play an important rdf@ditionally been co_nS|d7ered as the primary pathway of
for the storage and outgassing of greenhousé’gasks. b!ologlcal CH productiort: Hoyvever, recent studlgs h_ave
ecosystems, especially the most common shallow lake typighlighted that a large fraction of GbVersaturation in

are hot spots of organic carbon transformation and methagguatic environments can be produced in oxygenated surface
(CH,) emissiori.Globally, lakes cover 3.7% of the Eaté- water$:® The paradoxical supersaturation of, @Hoxy-

free land surface area and contribute approximately 20% of g&nated surface waters has been suggested to be a result of
CH, outgassing from all natural ecosystdfnsrophication microbial transformation of DOMRecent studies have also

and climate warming have together fueled the outgassingsoiggested that photochemical degradation may be more
CH, from lake ecosysteftsThe net outgassing of Gfiom
lakes to the atmosphere is theedince between methano- Received: April 23, 2018
genesis and oxidation of £H Anaerobic fermentation of Revised: August 14, 2018
acetate by certain archaea (acetoclastic methanogenesispdbepted: August 24, 2018
carbon-rich environments serving as the terminal step in tiReblished: August 24, 2018
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Lake Taihu

Figure 1.Location of 32 seasonal sampling sites from February 2012 to November 2014 (white circles) in Lake Taihu (the sites were divided intc
ve spatial subgroups delineated by white dashed lines following the boundaniescofitegponding subwatersheds); seasonal sampling sites

on the 51 major rivers/channels connecting to the lake from February 2013 to November 2014 (white quadrates); 51 sites sampled ir

northwestern Zhushan Bay in May 2014 (gray triangles); 146 sites sampled in October 2008 (gray circles); 116 sites sampled in January and J

2014 anlflsin June 2015 (gray pentagons). Shadowed areas denote the macrophyte-dominated regions in Lake Taihu accortlingdo Dong et al.

Liu et al:

important than microbial degradation in controlling theCH,° To date, however, the role of the composition of DOM
decomposition of newly exposed terrestrial DOM, furtheior the levels of dissolved OH lake ecosystems remains to
stimulating the outgassing of greenhouse gases in Ardtie elucidated.

waters>'* [rradiation experiments revealed signi photo- Lake Taihu is well-suited for the undertaking of studies to
chemical CHl production in the anoxic water column, reveal the linkage between CDOM optical dynamics and
especially in the inwing river mouths in this case. dissolved CHl levels as it has high inputs of both

DOM plays a vital role in biogeochemical processes #llochthonous and autochthonous DOM. The Lake Taihu
inland waters and the composition of lake DOM is highlyvatershed is located in the Yangtze River Delta, the most
variable, depending on its source, biological reactivity, and tidanized area in China with a high population density and
of processingt** Terrestrial humic-rich substances usuallyextensive economic development. Excessive input of nutrients
contribute primarily to the DOM pool in lakes in the monsoonhas led to the occurrence and persistence of nuisance blooms
region, while autochthonous inputs from algae and macref cyanobacteria and high heterogeneity of DOM quality and
phytes can also be important substrates for microbiglissolved Cliconcentrations in the lakeThe direction of
loop*=® Both terrestrial and autochthonous DOM can bethe water ow of the channels connecting Lake Taihu with the
utilized and transformed by microbial and photochemicaluvial plain is primarily controlled by meteorological and
degradation and are important sources of carbon in lai#ithropogenic disturbances (e@odgates): However, to
ecosystemt§'” The mixing of terrestrial and autochthonousdate, the relative importance of alloc_hthonous and autoch-
algal-derived chromophoric dissolved organic matter (CDOMfionous  CDOM, regulated by the aw and baclow
in in owing river mouths can further result in enhancedlischarge@.e, net inow discharge), for the dissolved,CH
degradation of carbon and nitrogen in lakes, known as thvels has not been assessed. - _
priming eect'® Terrestrial humic-rich substances including We studied how the optical compositional dynamics of
polycyclic aromatics and vascular-plant-derived polyphen§I®OM mediated by net iow discharge quantitatively drives

are photoreactive and photochemical degradation augmeHi§ levels of dissolved £H total of 700 CDOM samples and
the lability of CDOM to the subsequent biological 292 headspace ¢Bamples were collected in Lake Taihu and

degradation’ with CH, being released as byprodict. the connecting channels in the watershed from .Fe.bruar_y 2012
Urbanization, industrialization, and conversion of land ti November 2014. We expected nid large variations in
agriculture have led to increased discharge of domestic sewdi§go!ved Clilevels among lake regions and hydrological
and agricultural and industrialuents to lakes, which likely S€asons due to érent net inow of terrestrial CDOM.
enhances microbial- and photochemical-induced oxygen

depletion of the river mouth water coldfhithe suscept- MATERIALS AND METHODS

ibility of DOM to microbial and photochemical degradation in  Study Sites.Lake Taihu has an area of 2338.1dad a
aquatic ecosystems depends largely on its sources and chemiggdr retention time of309 day$® and the lake watershed
compositiori? Oxygen depletion in river mouths resulting covers 36 500 KA total of 172 channels are connected with
from an augmented terrestrial DOM input has, howevethe lake, and the elevation of the water surface of the
lowered bacterial and archaea oxidation gf{@ifobic and  connecting channels is mostly lower than*5The water
anaerobic, respectively) to £®major pathway of biological exchange between the lake and the connecting channels is
CH, oxidation, consequently reducing the levels of dissolvedmplex and similar to that of lagoons. This leads to large
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Figure 2.Spectral shapes of the six PARAFAC-derived compon&&§)Cllhe model was well validated by the split-half validation procedure
(Figure Sy

variations in the concentration and composition of DOM irriverine CDOM and evaporation in Lake Taihu. We assumed
di erent areas of the lake. Information about hydraulithat the source of riverine CDOM in Lake Taihu is consistent
subwatersheds and hydrological data collection, multiyeaith the depletion of?H and ®0. Detailed information
variations of dailyH and 80 (Figure SR, and monthlyQ,« about the stable isotoprH and % sampling collection in

(in ow S backow runo) in each hydraulic subwatershed the lake and the connecting channels can be found in the
(Figure S3; Table S1) can be found in Sgporting  Supporting InformatiofTable S2).

Information Chlorophyll a (Chl-a), Chemical Oxygen Demand

Light Availability, Secchi Disk Depth (SDD), Dis- (COD), DOC, and CDOM Optical MeasurementBrevious
solved Oxygen (DO), and CDOM Optical Sampling  studies have indicated that the degradation of algal mats can
Collection. Water depth (WD) was measured in situ using ampact the levels of dissolved, & In this study, Chk
scaled straight stick, while Secchi disk depth (SDD) wasgas used as a surrogate for algal biomass, and the linkage
determined in situ using a 30 cm diameter black and whiteetween Chd and dissolved CHconcentrations in Lake
Secchi disk. The dissolved oxygen (DO) concentration wd&ihu was investigated. DOC, COD, and optical measure-
determined in situ at 0.5 m depth using a YSI 6600 Vients of CDOM were used to trace the sources and optical
multisensor sonde. WD, SDD, and DO data were onlgomposition of CDOM (for information about @hDOC,
available from the seasonal campaign conducted in Lake Ta®@D, and CDOM optical measurements, se8ipporting
from February 2012 to November 2014db(e S} Information Table S2).

CDOM absorption anduorescence measurements were CDOM absorption indices included the absorption coef-
conducted to trace the sources and optical properties o€ient at 350 nma(350), the ratio ofa(250)/a(365), the
CDOM and to investigate the impacts of CDOM opticalspectral slopesf;s:.99, and the slope rati&{), which can be
compositional dynamics on the levels of dissolved CHused to trace the amount of CDE#?® and the relative
Detailed information about the seasonal CDOM samplingiolecular size and aromaticity of CDGR. Detailed
collection in the lake and the connecting channels from 20i2formation about the measment and calculation of
to 2014 can be found in tl&ipporting InformatiofTable CDOM absorption indices is given in tBepporting
S2). Information(Table S2). .

Previous studies have revealed that relatively high concenEDOM uorescence (excitatfemission matrixes, EEMs)
trations of dissolved organic carbon (DOC) are exported tmeasurements and the calibration processes including
Lake Taihu from the northwestern subwatershed via Zhushearrections of Raman and Rayleigh peaks, itareg-ects,
Bay’>*® An extensive sampling campaign=(61) was and normalization of Raman units (RU) can be found in the
therefore carried out in Zhushan Bay, located in northwesteBupporting InformationPARAFAC is a three-way multi-
Lake Taihu, in April 2014 with the aim to trace the sources ofariable data analysis technique that statistically decomposes
CDOM and assess light availabilitggre ). Detailed the complex mixture of CDOMiorophores into trilinear
information about the measurement of CDQidrescence components with a single emission maximum and correspond-
using an in situ CDOMuorescence sensor, light availabilitying to a group of highly covarying anafyt&ésUsing
indices including the dise attenuation coeient,Ky, of light PARAFAC modeling, a six-component model was well
in the UV region and the photosynthetically active radiatiomalidated Figure 2 Figures S4 and Sfsee details about
(PAR, 408700 nm), as well as measurements of totathe modeling and validation in tBepporting Information
suspended matter (TSM) and inorganic suspended matt@iable S2).

(ISM), can be found in th8upporting Informatio(Trable Dissolved CH Sampling Collection and Measure-
S2). ments. In total, dissolved CHconcentrations were
Stable Isotopic ?H and 0 Sampling Collection determined in 552 headspace samples (29 lakex sites

and Measurements. Stable isotopic composition of surface seasong 3 years and 51 river sitegl seasons)Hgure 1
water provides information on hydrological and meteorologicahble S Direct measurement of dissolved ,Gkhas
processes as evaporation fuels the accumulation of the hegeéformed by headspace equilibration following the method
isotopic water molecules?d#O and H!®0) in the liquid detailed in Xiao et @l (see theSupporting Informatipiable
water:’ and these can therefore be used to trace the sources3#t). We determined only the levels of dissolvgd@Hhot
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Figure 3.Spatial variations of multiyear (ZDaa14) mean stable isotopttl (aSd); FpaxOf terrestrial humic-like C2@), dissolved methane

(CH,, iSl), and chlorophyh (Chl-a) concentrations (8p) in Lake Taihu; and 51 major connecting channels in February, May, August, and
November. Data on GHnd Chlain the samples collected in connecting channels were only available for May, August, and November 2013 and
February 2014.

CH, emission as wind speed aoav velocity data for the 1.5§%2), (v) unsaturated hydrocarbons (O[CéOOl, H/C
river samples were not available. Although the relationst#0.%51.5), (vi) condensed aromatics (O/CS67, H/C =
between the levels of dissolved @ttl CH, emissions is not  0.250.7), and (vii) tannins (O/C = 0.61.2, H/C = 0.5
1:1, in this study we used dissolved Gtcentrations as a 1.5)>°

proxy for the potential GHemission ux in di erent areas of Statistical Analyses. Statistical analyses, including mean
Lake Taihu since the levels of dissolveg l&jely control  values, standard deviations (SD),tardts, were performed
the emission from the lakéFigure S)L applying R-studio 0.97.551 (R i386 2.15.2) software. Linear

Fourier Transform lon Cyclotron Resonance Mass regressions and van Krevelen diagrams were made using
Spectrometry (FT-ICR MS) AnalysesDetails on the  MATLAB R2016b. Results wiilx 0.05 fort-tests and linear
pretreatment of the FT-ICR MS samples can be found iregressions were reported as signi. Means were shown
the Supporting InformatioBriey, in November 2016, FT- *SD.

ICR MS samples collected from central Lake Taihu and

headwater streams of the lake basin as well as algal-derivedRESULTS

samples to determine degradation were solid-phase-extractetHARAFAC Modeling Results.Fluorescent DOM

with PPL Bond Elut (Agilent) resins before analysis byFDOM) is composed of humic substances and amino acids,
negative-ion electrospray FT-ICR#%o trace the sources both free and bound in proteins, and alterations in PARAFAC-
of DOM in the lake. Derent sources of CDOM exhibit derived FDOM components are sometimes used as a surrogate
distinct molecular signatuteésand FT-ICR MS can be a for changes in the composition of the wider DOM°pdtie

useful tool in tracing the sources of CDOM in Lake Taihu. six-component PARAFAC model explains >99.9% of the

The assigned molecular formulas were categorized accordiagiables of the whole EEMs data set. The spectral character-
to Ohno et af°® Brie y, the chemical classes cladsby the istics of the six components 8T, Figure 2 Figure Sy
van Krevelen diagrams include the following: (i) lipids (O/C =were compared with PARAFAC results for samples collected
0S0.3, H/C = 1.52.0), (ii) proteins and amino sugars (O/C from other aquatic ecosystems using an online spectral library
= 0.350.67, H/C = 1.52.2), (iii) lignins (O/C = 0.80.67,  called Operuor®’ C1 had two Ex maxima a230 and 285
H/C = 0.751.5), (iv) carbohydrates (O/C = 0$%.2, H/C = nm and an Em maximum (340 nm) as have amino acid
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Figure 4. Spatial variations of dissolved organic carbdf,(20f terrestrial humic-like C2 (b), terrestrial CDOM concentrations measured using

an in situ uorescence sensor (c), andude attenuation coeient of PAR K4(PAR) (d) in Zhushan Bay, northwestern Lake Taihu, in April

2014. Examples of van Krevelen diagrams based on the distribution of headwater DOM (e), algal-derived DOM (f), and central Lake Taihu DON
(g) samples. Dashed boxes in paSgstentatively assigned as protein and lignin molecules are marked. RelationsHify(PétRand

terrestrial CDOM concentrations measured usorgscence sensor (h). The colored dots in the lower three panels represent the percent relative
abundance of the FT-ICR MS signals. Relationship b&@fffAR) and in situ measured CDOM concentrations (h).

associated tryptophan-like comporiéit<2 displayed two  all seasong-{gure 3Figure S} 2H and %O in the samples
Ex maxima at 240 and 350 nm and an Em maximum (468 nrapllected from the iowing rivers, i.e., in the northwestern
and is categéorized as a typical terrestrial humic-likeubwatersheds (e.g., Huxi and Wuchengxiyu) were generally
substancE?34%42 €3 exhibited Ex/Em maxima a230/ lower than in the corresponding bays and coastal lake regions.
420 nm, similar to those_of agricultural-soil-derived humic-likeIn all samples collected from 2012 to 2014, DOC and
or fulvic-like materidi$?>** C4 peaked at 380 nm and is a(350) ranged from 1.0t0 17.2 mi (4.4+ 1.3 mg £Y) and
categorized as a microbial humic-like subStAATECS (Ex/ from 0.4 to 16.0 M (4.0+ 1.6 m>Y), respectively. Multi-year
Em 230 (275)/316 nm) and C6 (ExX/Em 230 (270)/ (February 2012 to November 2014) mean concentrations of

300 nm) had spectral characteristics similar to those of reBOC anda(350) and theF,,,,0of CISC4 and C6 decreased
shifted tyrosine and typical tyrosine substances, respacarkedly from the northwestern part of the lake, especially
tively>®*® The multiyear (2082014) meanF,, ranged  Zhushan Bay, to the southeastern lake rediomsre 3
from 0.24t 0.09 RU (microbial humic-like C4) to 5:02.04 Figure S) In comparisona(250)/a(365), S7x095 and S
RU (tryptophan-like C1) for the PARAFAC-derive8 @&l increased notably from the northwestern part of the lake to the
in Lake Taihu with the relative contribution percentages fasoutheastern baygigure Sy COD concentrations in the
the six components ranging from£@2.8% (C4) to 46.9 samples collected from the lake from 2012 to 2014 ranged
19.0% (C1) Table SR from 2.43 to 15.56 mgtwith a mean of 4.27 1.28 mg b2,

Spatial Variability of Light Availability, Stable and COD decreased gradually from the northwestern regions
Isotopic 2H and %0, CDOM-Related Indices, COD, to the southeastern bays in all seasbigiré Sp DO
DO, Dissolved CH, and Chl-a. SDD in the lake ranged from concentrations in the samples collected from the lake ranged
0.0 to 1.7 m with a mean of @&40.3 m, high values being from 2.47 to 12.28 mgtwith a mean of 8.861.69 mg E*,
observed in the northern and northwestern bays for thend depleted DO was observed in the northwestexmirig
campaigns conducted seasonally from February 2012 river mouthsKigure Sp
November 2014 Hgure Sp The ratio of SDD to WD Zhushan Bay located in northwestern Lake Taihu has
ranged from 0.06 to 0.61 with a mean of 8.1912 and, relatively high concentrations of terrestrial, agricultural, and
similarly, high values of the ratio of SDD to WD were recordeaticrobial humic-likeuorophores as well as depleted DO
in the northern and northwestern bays of the Fagarg Sp (Figure 3 Figure Sp and the sources of CDOM in the bay

As evaporation enhances the accumulation of heavier watare investigated based on more comprehensive samplings.
isotopic molecules ofH and 0 in the liquid water, more The exclusively terrestrial humic-like C2 decreased from the
depleted 2H and O imply a strong riverine signal, while northwestern Zhushan Bay and the northeastern coastal lines
enriched ?H and %0 indicate evaporation induced by to the southeastern bays in all seasons from 2012 to 2014
prolonged water retention time in the fdkeor all samples  (Figures 3and 4), coinciding with the higher iow runo
collected from 2012 to 2013H and 1f‘O ranged fro[S63.4 from the tributaries in the Huxi and Wuchengxiyu subwater-
t0 S16.%60 (S33.9+ 8.2%0) and fromS8.9 to 0.%o (S4.6+ sheds than in the remaining subwatersheds. During the
1.%%o0), respectively. Multiyear mednl and %0 increased  Zhushan Bay sampling campaign in April 2014, DOC ranged
notably from the northwestern bays to the southeastern baysfiiom 3.7 to 7.1 mg>t with a mean of 5.8 0.8 mg B!
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(Figure ¥. In comparisork,,,,of terrestrial humic-like C2 and L®%) than in February (94 3.8 g L>%; t-testp < 0.005) and
in situ measurediorescence intensity (370/460 nm) ranged May (12.4+ 7.1 g L>%; t-testp < 0.05). Chiadecreased from
from 0.1 to 2.7 RU (08 0.6 RU) and from 21.5 to 200.9 the northern regions of the lake to the southeastern bays in all
LSt (90.8 + 54.2 g LY, respectivelyFigure ¥ DOC seasons except in February from 2012 to Z0dd4reé 3,
concentrations$;,,,0f terrestrial humic-like C2, and measuredcoinciding with higher external loading from the northwestern
in situ uorescence intensity (370/460 nm) all decreasedubwatersheds, for instance Huxi and WuchengxigainChl-
notably from the northwestern inner Zhushan Bay toward thibe river samples ranged from 0.5 to G70°, with a mean
south entrance of the bayqure ¥ The sampling in Zhushan of 42.9+ 74.3 g L®%, and showed no sigoant dierence
Bay therefore indicated that high concentrations of terrestrigibm the mean Cla4in the lake samples.
humic-like and anthropogenic tryptophan-likerophores Relationships between Dissolved CH and Stable
were discharged into the lake via the bay, potentially enhancisgtopic, CDOM-Related Indices, Ché, and Hydro-
the levels of dissolved £, of light in the UV region and logical Indices. Signicant positive relationships were found
the PAR regions was fairly low, corresponding to a relativédgtween mean dissolved,@Hd meaa(350) (r>=0.11p <
low TSM and high SDD at the awing river mouth  0.001), DOC¥?=0.36p< 0.001) F,,.0f PARAFAC-derived
compared with the open water regiBiyre 4 Figures S6  C1SC3 (> = 0.050.50,p < 0.01), COD (? = 0.43,p <
and S® Correspondingly, a sigrant negative relationship 0.001), and monthly net iow runo (Q,e) (p < 0.001)
was found between tKg of light in the UV region and the (Table Shfor all the samples collected in the lake watershed.
PAR regions and SDIF € 0.89,p < 0.001) and with in situ It should be noted that the ccsients of determination
measureduorescence intensity (370/460 nmf)< 0.32p < between mean dissolved,@Hd mean terrestrial PARAFAC-
0.001) Figure 4 Figure SB derived C2 and the products of C2 g i.e.,.Q. X C2,
Dissolved CK samples collected from the macrophyte-can be as strong as 0.50 and 0.27, respeciafely G In
dominated lake regionsigure ) were excluded from our comparison, sigmiant negative relationships were found
analyses since macrophytesience the dynamics of the between dissolved Glind a(250)/a(365) (12 = 0.14,p <
greenhouse gas excharig8ubmerged macrophytesa 0.001),S,75505 (r> = 0.31,p < 0.001),% (r> = 0.28,p <
biological and chemical processes in shallow lakes, including01), stable isotopitH (r> = 0.25p < 0.001) and %0 (r?
the biomass of organisms across trophic levels, and ca®.10,p < 0.001), and DOrf = 0.11,p < 0.001) for all the
therefore aect the dynamics of greenhousée Gathmerged  samples collectedTgble S5: Figure B9No signicant
macrophytes fuel the transport of dissolved and ebullijve Chielationship emerged between dissolved a@H Chla or
from the sediment to the water column and can thus increasgth C45SC6 if all data were used during lingéing, but
dissolved Cliconcentrations in the wateFhis is supported  exclusion of river samples resulted in santi positive
by a recent study showing that organic sediments irelationships between dissolved &l Chla (r?=0.18p <
macrophyte-dominated lake areas strongly enhanced the le@ed®1Figure SP C4 (2= 0.10p< 0.001), and Ca{=0.08,
of dissolved CkK*' In this study, the boundaries of p < 0.01). A close relationship was found between dissolved
macrophyte-dominated lake regions were delineated followiG#l, and Chlaif we include only August samptés(0.47p
the results detailed in Dong et’and Liu et af® (Figure ). < 0.001;Figure S10
The eld investigation conducted by Dong €tsiiowed that Signicant positive relationships appeared between mean
East Lake Taihu Bay, Xukou Bay, and Guangfu Bay in tl¥OC and meam(350) (r? = 0.55,p < 0.001), PARAFAC-
southeastern part of the lake were macrophyte-dominatatkrived C3C4 (r? = 0.160.62,p < 0.001), COD i = 0.69,
which was well validated by the remote sensing resulis< 0.001), net inrow runo (Q,.) (r>=0.43p<0.001), and
obtained by Liu et &f.Dissolved CHlin all the remaining the product of C2 an@,e, i.€.Que X C2 (> = 0.56,p <
lake samples collected from 2012 to 2014 ranged from 4.2@001), in all the samples collected in the lake and the
618.3 nmol !, with a mean of 64#992.3 nmol B! (Figure ~ connecting channel$able Sk Additionally, the coecient
3). In the nonmacrophyte-dominated lake regions, dissolved determination of lineatting between mean terrestrial C2
CH, decreased notably from the northwestern bays or thend mean DOC can be as high as 0BbI¢ Sh No
western coastal regions to the southeastern lake regions insajhi cant relationship was found between DOC and, Chl-
hydrological seasons from 2012 to 2Biglife . Dissolved  C1, C5, and C6I{able Sk In comparison, sigmiant negative
CH, in the river samples ranged from 7.9 to 1597 nthol L relationships were observed between mean DOC and mean
with a mean of 3078 347.5 nmol £ (Figure 3, and was  a(250)/a(365) (r> = 0.30,p < 0.001),S,75595 (r? = 0.28p <
signi cantly higher than in the lake samples from the Huxi).001) S (r?=0.26p< 0.001), stable isotopit (r2=0.30,
Wuchengxiyu, Zhexi, and Hangjiahu subwatersheds in pk 0.001) and® (r?=0.20p < 0.05), and DOr¢ = 0.15p
seasong-test,p < 0.05;Figure 3 Table S} < 0.001) in all the samples collect&@b{e Sk When
As the temporal resolution of the sampling campaign waxcluding river samples, we further discoveredcaigni
seasonal, we found highly depletéd and *O, and positive relationships between terrestrial humic-like C2 and
enhanced input of terrestrial C2, and thereby high conce@OD (r> = 0.42p < 0.001) and between C2 and &ljt? =
trations of dissolved GHn the northwestern lake regions in 0.18,p < 0.001) and a negative relationship between C2 and
November compared with August due to drought on hoDO (r? = 0.15,p < 0.001) Figure Sp
August days in the Lake Taihu watersheguie 3 An FT-ICR MS ResultsLignin molecules exhibited 3331,
increase in the temporal resolution of the sampling campai$B802, and 3245 assigned formulas, corresponding to 77, 50,
can probably capture the rainy season enhancement afd 68% of the total assigned formulas for the samples
dissolved CE while in the present results the seasonatollected from the headwater of the Lake Taihu watershed,
enrichment signal was surpassed by the spatial signal. algal-derived samples, and the central lake, respectively, in
Signicantly higher Cld-concentrations were observed in November 2016~{gure 4 Table SB In comparison, protein-
August (37.& 27.6 g L) and November (218 18.1 g like assigned formulas displayed 214, 897, and 691 peaks,
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Figure 5.Relationships between mean dissolvedc@ttentrations and megp,, of terrestrial humic-like C2 (a), Gh{b), products of net

in ow discharge arfé},,,0f C2 (c), 2H (d), % (e) , and CDOM absorption spectral sISpes,os (f) in the ve subwatersheds. Circles

represent samples collected from the lake, while quadrates denote samples collected from the connecting channels. The colored dots display th
in ow discharge in the individual subwatersheds. Error bars in all panelsShat samples collected fromedint lake regions delineated

using white dashed lines a&igure 1

corresponding to 5, 25, and 16%, for the headwater, algBlgure Sy supported the occurrence of a higher terrestrial
derived, and central lake samples, respedtigelye(4 Table contribution here. This is substantiateda(@p0)/a(365),

S9. It is apparent that terrestrial humic-rich lignin moleculaS7s5005 and Sz, which were all negatively related to DOM
formulas have a higher relative abundance than otharomaticity’ In ow water discharge usually has depléied
compound classes assigned to the headwater and the cerarel %0, while enhanced evaporation resulting from a
lake samples-igure 4 Table Sk In comparison, biological prolonged water retention time in the lake will enrich these
protein-rich molecular formulas have a greater relativgotopes®" Second, we found sigrantly positive relation-
abundance than formulas assigned to other compounds &hips between dissolved &ersus(350), DOC, CODFqx

the algal-derived samplegy(re 4 Table Sk of C1SC3, DOM aromaticity, and net aw runo (Q.e), as
well a9, x C2 for all the samples collectedy(ire STable
DISCUSSION SH. Faxof C2 merely denotes thaorescence intensity of

o ) . _ terrestrial humic-likeuorophores, whil@, X C2 serves as a
Our results indicated that the terrestrial CDOM input likelysyrrogate of the loading of terrestrial humic-rich substances.
overrode algal blooms in enhancing dissolvede@&ls in  Fyrthermore, the dissolved Gihs negatively related to DO
large, eutrophic Lake Taihu. First, we found dissolvetd CH and 2H and 180 (Figure 5Table Sk
be highest in the northwestern regions, especiallyawenip  Microbial and photochemical degradation of the terrestrial
river mouths, coinciding with high levels of DOC, terrestrighumic-like C2 and agricultural humic-like C3 in the north-
humic-rich C8C4, in situ measured terrestrial humic-like western inowing river mouths and shorelines of the lake likely
uorophores, and Cal-(May, August, and November) enhanced the DO depletion observed in these lake regions
compared with the southeastern region of the flaer¢s  (Figures 3and4; Figure Sp while the relatively high SDD
3 and 4; Figure S). The signicantly higher mean and the low TSM anl, of underwater light in the UV and
concentrations of dissolved Qhithe river samples than in - PAR 4(PAR)) regions in the DO-depleted river mouths
lake samples in the western and northern subwatersheds (Hgxbbably increased the photochemical degradation of CDOM
Wuchengxiyu, Zhexi, and Hangjiahu) in all sedSgose( 3 (Figure 4 Figures S6, S8, and) @8d, therefore, potentially
Table S likely provide further evidence of this. Althoughalso increased the dissolved, @dncentrations. This is
upwelling groundwater may enhance the advection, &b CH directly supported by the sigmiint positive relationship
the in owing channefSjt contributes only a little to the water between terrestrial CDOM aKg{PAR) and betweeld, of
budget in the lake watershé@he discrepancy between the underwater light in the UV and PAR4(PAR)) regions
spatial distribution of high values of riverine and lacustring=igure 4 Figure SB Recent studies demonstrated notably
dissolved Cll especially in the southwestern river mouthshigher SDD andy(PAR) in the northwestern than in the
(Figure 3, suggested that the dynamics of dissolvgdnCH remaining lake regions apart from those dominated by
the lake itself might not simplyeet the riverow. Moreover,  macrophytes:>® Higher UV and PAR light availability in
the highly depletedH and %0 and the lova(250)/a(365), the DO-depleted water colunmfigure 4 Figure SBcan lead
Ss005 @andSy in the northwestern river mouthisgure 3 to mineralization of CDOM to dissolved /CHioavailable
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organic substances, and refractory CBENN the north- DOM in Lake Taihu is primarily of allochthonous origin
western inowing river mouths of the lake. This agrees with(Figure 3
the higher SDD and lot(PAR) and TSM reported from The correlation between terrestrial humic-like substances
this ared® Recent studies have further revealed elevateahd dissolved CHi Lake Taihu and the connecting channels
terrestrial CDOM and nutrient accumulation and enhancedoes not necessarily prove causation as no information was
DO depletion in the northwestern part of the #&Kewhich available on DOM composition of pore water in the sediment
may result in enhanced dissolved [Ekels. where a large fraction of the CI4 likely producetf.
Although there were positive relationships between ChlAlthough the relationship between &£hhd dissolved CGH
and dissolved GHwhen excluding river samples or only was weak compared with the relationship between terrestrial
examining August samplegygres S9 and 9lthese were C2 and dissolved GHluring 20132014 Eigure }, the
weak compared with the relationship between terrestrial @passive algal mats recorded in the northwestern bay during the
and dissolved CH(Figure 5, and the spatial distribution Past three decadésnay enrich the sediment with particulate
patterns of Ctd-and dissolved GHli ered in all seasons carbon._ The sub_sequent degradatlon of_ particulate organic
(Figure 3. This was particularly evident in August andcarbon in the sediment may provide a labile DOM source for
November when there were algal blooms in the northwesteffethanogens. DOM optical measurements coupled with FT-
part of the lake but not in the river mouths where higCR MS and *C-DOC can be used to quantify the relative
dissolved Chivalues were recordedlqure }. Moreover, the  importance of autochthonous and allochthonous BoM

variation in dissolved GHwas only weakly related to for CH, production at ecosystem scale. Acetoclastic methano-
tryptophan-like C1Table S§ which is assumed to be genic archaea have been found at the molecular level in diverse

biologically produced from microbial degradation of alggXygenated aquatic environments where they release CH

. 64 . .
cell€25555 From the whole-lake and seasonal perspectiv@,emb'ca”% Follow-up experimental work is, therefore,

algal degradation was likely not the primary source of dissolV gpded to qua][]tify thg: contributit:)_n of dDOM g_egradgﬁtpn to
CH,: however, it might be a sigrint component of the GH € emission of GHunder anaerobic and aerobic conditions.

ux in less riverine eutrophic lakés summer Figure S10 ASSOCIATED CONTENT
or in reservoirs with long water retention timéand in * . i
experimental mesocosiHS. The sporadic aggregation and _, Supporting Information

; ; i ; e Supporting Information is available free of charge on the
?:;gﬁat:ggym;e?jfsi'xebﬂgﬁ' mats Ih sagny eutrophic ot oD DOT: 10 1051 e oot S0 59
phenomenon caused by microbial respiration during the decay ~Additional information on methods; data including
of algal mats, resulting in oxygen depletion and with it an ~ monthly mean irow and baclow runo, physico-
expansive area of dark and discolored water with extremely low chemical indices, excitation and emission spectra,

DO.>*Such episodic events areddilt to captur&' and would temporal variations of daily mean rainfall and monthly
have been expected to lead tg, €Mission, but this was not in ow and outow runo (PDPR

considered in the present study because it would most likely

have occurred as ebullitive or microbubblings'®* AUTHOR INFORMATION

We }Jsed dissplvgd (;Idoncentratiqns as a surrogate for Corresponding Author
potential Ctj emission from Lake Taihu and the connecting. ppone:  +86-25-86882198, fax: +86-25-57714759. emall:
channels due to absence of, @hhission from the channels. Izhang@niglas.ac.cn
The gas transfer coeient k) determined by wind speed and y T
temperature in dérent lake regions is remarkably uniform,ORC”:.
and the emission from the lake is largely controlled by th&2ngdiang Zhooo00-0003-1402-345X
levels of dissolved Gldcross the lake(Figure S)L Our David C. Podgorskioo-0002-1070-5923
results revealed that six individual fractiorsimly in spectral ~ Author Contributions
shapes characterize thmrescent properties of CDOM in  Yonggiang Zhou and Qitao Xiao: These authors contributed
Lake Taihu and the 51 major channels connecting-tout¢ equally to the manuscript.
2). Dividing CDOM into the sixuorescence components Notes
allowed us, in part, to elucidate the potential carbon sourcesTe authors declare no competingncial interest.
dissolved C} and it appeared that humic-rictorophores
derived from terrestrial environments correlated with the levels ACKNOWLEDGMENTS
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