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Large-scale reservoirs exhibit complex hydrological conditions and exert a
significant alteration on river flowing. Although dissolved organic matter
(DOM) is noted to involve in biogeochemical processes, the variation
mechanism of DOM chemistry across a large-scale reservoir is not well
assessed. Here, we investigated four tributaries across different segments
(e.g., the front and non-front areas) of the world’'s largest Three Gorges
Reservoir (TGR). Optical techniques and ultrahigh-resolution mass
spectrometry were used to comprehensively explore the variation of DOM
chemistry across TGR in the water-level declining period, and biological
incubation experiments were conducted to trace its biogeochemical
influences. We found that the variation of DOM composition and property
between tributary and river mouth sites show different patterns between front
and non-front areas of TGR. In particular, there was more terrestrial derived and
biologically recalcitrant DOM in the river mouth than tributaries in the front area,
while the opposite variation was observed in the non-front area. Integrated with
hydrological information, the results demonstrated that the density current
exerts a significant influence on DOM dynamics. Furthermore, the biological
incubation experiments suggested that this variation of DOM property among
tributaries would involve in the spatial dynamics of carbon dioxide (CO,) was
emitted in TGR that more CO, was emitted in the tributary of the front area than
of the non-front area during the water-level declining period.
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Introduction

Carbon dioxide (CO,) emission is a hot topic for its significant
ecological effects on global climate, especially with carbon neutral
promised by national governments in recent years (Ou et al., 2021).
As a crucial part of atmospheric carbon budget, CO, emission
from fluvial ecosystem (e.g., reservoir) has been widely focused on
(Barros et al,, 2011; Weyhenmeyer et al., 2015; Gomez-Gener et al.,
2021). Dissolved organic matter (DOM), an ensemble of various
kinds of compounds, has been recognized as a key factor,
influencing the CO, emission in reservoirs due to its tight
involvement in various carbon cycling processes (Battin et al,
2008). Demonstrating the dynamics of DOM in reservoir is not
only crucial to the clarification of biogeochemical processes but
also for the constrain of CO, emission (Aufdenkampe et al., 2011).
The unique hydrologic regime, one of the most significant
characteristics of a reservoir, has been proven to exert a non-
negligible influence on DOM chemistry (Zhang et al., 2015). To be
specific, high discharge would increase dissolved organic carbon
(DOC) and terrestrial DOM input in the reservoir ecosystem
(Chen et al, 2016). Nevertheless, as a complex ecosystem
integrated rivers and lakes, reservoirs, especially large-scale
reservoirs, showed significant spatial heterogeneity (Kunz et al,
2011), which is crucial in the biogeochemical assessment of
reservoirs and could shift the conclusion if it is not adequately
2015). Water
transmittance, and nutrient concentrations vary significantly

considered (Pacheco et al, stratification,
among different segments of the reservoir (Rychteck and
Znachor, 2011). For instance, with distance from the dam
decreasing, flow rate decreases, whereas water retention time
increases, which interfere with the biogeochemical processes
(Rueda et al., 2006). Nevertheless, limited research focused on
the linkage between the complex spatial heterogeneity and DOM

dynamics, which limited the understanding of carbon cycling in

Ireservoirs.

Multiple methods have been applied to draw a
comprehensive  depiction of DOM  properties (e.g.,
composition, sources, and reactivity) for its complex
heterogeneous composition (Dittmar et al, 2021 and
references  therein).  Absorbance spectra (ABS) and
excitation—emission matrices (EEMs) provide valuable and
efficient insights into the optical characteristics of

chromophoric dissolved organic matter (CDOM) (Jaffé et al,
2008). Ultrahigh-resolution electrospray ionization Fourier
transform ion cyclotron resonance mass spectrometry (FT-
ICR MS) could exhibit the characteristics of DOM formulas
(e.g, CHO and N-, S-containing compounds) (Kujawinski,
2002). In recent decades, linkage between optical and
molecular features of DOM was also characterized to improve
the understanding of DOM behaviors (Stubbins et al., 2014).
In the current work, the large-scale DOM variations in four
tributaries of TGR, which covered about half of TGR watershed, was
focused on. Although previous studies have been carried out on
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DOM chemistry in tributaries of TGR and exhibited the bulk and
optical characteristics of DOM (Jiang et al., 2018b; Ma and Li, 2020),
there are limited studies of the underlying mechanism of DOM
dynamics, especially at the molecular level. Our previous studies have
been carried out on the influence of hydrological alterations on DOM
reactivity, however, these investigations covered one or two
tributaries with a watershed area < 100 km? (He D. et al, 2020;
Wang et al, 2021a, b). It remains to be unclear whether the
investigations on one or two tributaries would adequately account
for spatial heterogeneity and provide a comprehensive assessment of
DOM chemistry in the whole TGR, with a watershed area of
1,080 km® or not. Particularly, spatial heterogeneity-induced
variation of DOM dynamics in different segments of reservoir has
been elucidated, which highlighted the crucial role of spatial
heterogeneity ~ (e.g,  hydrological geomorphological
heterogeneity) played in DOM involved biogeochemical processes

or

(Yi et al,, 2021). Therefore, a large-scale investigation is needed to
resolve the debate and devote to a precise assessment of carbon
budget of TGR. By applying multiple approaches, which include
optical and molecular techniques, we aim to 1) exhibit optical and
molecular features of DOM in large scale of TGR, 2) explore the
mechanism of spatial heterogeneity of DOM, and 3) probe the
biogeochemical implication (i.e., CO, emissions) of DOM dynamics.

Methodology
Site description

The TGR (110°25'-111°06'E, 31°04’-31°34'N) is located at
the upper Yangtze River, with a subtropical monsoon humid
climate. Considering the complex geologic structure settings
of the TGR, the front area which covers ca. 100 km from the
Three Gorges Dam (TGD) to Badong was introduced and
focused on since TGR construction (Liu, 1993; She et al., 2004;
Chen et al., 2005). In this work, to assess DOM across a larger
scale of TGR, we select tributaries in both the front and non-
front areas. In particular, the Xiangxi River (XR) and
Shennong River (SNR), which are located in the front area,
and the Zhuyi River (ZYR) and Modao River (MDR), which
are located in the non-front area, are four representative
tributaries in the TGR.

Sample collection

Two sampling sites in each tributary (XR: M01 and TO01;
SNR: M02 and T02; ZYR: M03 and T03; and MDR: M04 and
T04) were chosen to investigate DOM properties variation
(Figure 1). M01~MO04 were located in the river mouth of each
tributary, while T01~T04 were located in tributaries. A total
number of eight samples were collected in the water-level
declining period (28 May 2017).
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FIGURE 1
Study area and sampling sites in TGR. Sampling sites were selected in XR (M01, TO1), SNR (M02, T02), ZYR (M03, T0O3), and MDR (M04, T04).

Water samples (ca. 1 m deep) were collected in Nalgene deep-sea sample reference (DSR), and low carbon water
bottles, which were prewashed by Millipore-Q water and (LCW) standards from the University of Miami (Dr. D.
hydrochloric acid. Then Nalgene bottles with water were Hansell).
transported to laboratory under refrigeration. Water samples Optical properties including ABS and EEMs were characterized
for DOM analysis were filtered using glass fiber filters (Whatman by using an Aqualog absorption-fluorescence spectrometer
GFF, 0.7 um, precombusted) and polycarbonate membrane (Horiba). The CDOM characteristic parameters (e.g., Sy75_295 for
(Millipore, 0.22 um, hydrochloric acid-cleaned). CDOM spectral slopes, Sg for CDOM molecular weight, and

Bio-incubation experiments were set on water samples obtained SUVA,5, for CDOM aromaticity) were obtained based on ABS
from TO01, T02, T03, and T04. To be specific, 100-ml unfiltered water (Weishaar et al., 2003; Helms et al., 2008; Jaffé et al., 2008). FDOM
samples in precleaned Nalgene bottles were placed under dark characteristic parameters (e.g., humification index, HIX) and parallel
condition with aluminum foil coverage for 30 days. Enough factor (PARAFAC) analysis were obtained based on EEMs (Ohno,
headspace (1:1, volume ratio of headspace to water) was 2002; Huguet et al., 2009). Pre-acidified filtered samples (pH = 2)
maintained to guarantee oxygen. After 30 days, the samples were were processed by solid-phase extraction (SPE) (Agilent Bond Elut
processed, according to the previous filter procedure. PPL filled by styrene-divinylbenzene polymer (SDVB), with

recovery efficiencies from 40% to 60% on a DOC basis) (Dittmar
etal,, 2008). PPL cartridge was dried by N, gas and eluted by LC-MS

Analytical procedures MeOH to obtain the SPE-DOM sample for FT-ICR MS analysis.
SPE-DOM was analyzed by a 9.4 T Apex-ultra X FT-ICR MS (the

The analytical procedures were conducted with 0.22-pm Heavy Oil Key Laboratory, China University of Petroleum). A
filtered samples. The values of DOC were determined using a Suwannee River natural organic matter (SRNOM) was used as a
TOC analyzer (Shimadzu), with a coefficient of variation of ca. standard during the analysis of FT-ICR MS for quality control. The
2%. Quality control was attributed to a calibration series, analysis procedure was following He C. et al. (2020), and molecular
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FIGURE 2

Bulk and optical properties variation of DOM. (A) DOC, (B) SUVA254, (C) SR, (D) S275-295, (E) HIX, (F) BIX, (G) B:a, (H) C1+C3, (1) C2+C4.

compounds of DOM were identified. Briefly, formula assignment
was performed by selecting a two-mass scale expanded segment near
the most abundant peak of the spectrum, followed by detailed
identification of each peak within a tolerance of +0.001 Kendrick
mass defect (KMD) (He C. et al., 2020). The relative peak intensities
of molecular compounds were calculated following He D. et al.
(2020).

The molecular parameters (e.g., element ratio, m/z, modified
aromaticity index (AI), and double bond equivalent (DBE)) and
composition information (e.g., elemental composition and
formula classes (CHO, CHON, and CHOS)) were obtained
based on semi-quantitative calculation (Hertkorn et al., 2006;
Koch and Dittmar, 2006). For the potential complex composition
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of DOM in the reservoir, four molecular groups representing
different sources were identified as: peptides (H/C: 1.5-2.0, N >
0), polyphenols (AI: 0.50-0.66), highly unsaturated compounds
(AI <0.50 and H/C < 1.5), and unsaturated aliphatic compounds
(H/C: 1.5-2.0, N = 0) (Wang et al., 2021a).

Statistical analysis
The association between optical and molecular information
was clarified to assess the complex composition of DOM. To be

specific, Spearman’s correlation between relative abundance of
formulas of FT-ICR MS and optical information was carried out
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and would be noted as significant as p < 0.05 and r > 0.5 (Stubbins
et al.,, 2014).

Results and discussions

Optical and molecular features of
chromophoric dissolved organic matter
and solid-phase extraction-
biogeochemical processes, respectively

DOC in XR, SNR, ZYR, and MDR varied from 1.4 to 1.7 mg/
L, which was similar to the DOC values of samples from
upstream of the Yangtze River (Jiang et al., 2018a; Figure 2A).
In terms of optical properties, the values of SUVA,5, and HIX
and humification and aromaticity indicator of CDOM varied
between 3.17 and 5.13 Lmg-C"' m™ and 041 and 0.66,
respectively, which spanned a similar range with CDOM in
river and lake ecosystems (Weishaar et al,, 2003). Averaged
SUVA,s, value was higher than that in upstream of the

! with an

Yangtze River (ranged from 1.5 to 3.2 L mg-C"' m~
average of 2.0 L mg-C™' m™") (Liu et al,, 2021). Moreover, higher
values of SUVA,s, and HIX were exhibited in tributary than
those in river mouth sites of ZYR and MDR, while reverse
variations in XR and SNR (Figures 2B,E), and Sg and S,75 595,
parameters related with the averaged molecular weight of CDOM
ranged from 1.44 to 1.78 and 0.015 to 0.019 nm ™', respectively.
Autochthonous produced CDOM-related indices, BIX and p:a,
varied from 0.89 to 1.06 and 0.85 to 0.99, respectively. Higher Sg,
S275-205, BIX, and P:a were observed in the river mouth than in
tributary sites of ZYR and MDR, whereas reverse variations were
observed in XR and SNR (Figures 2C,D,F,G). The optical
parameters variation of DOM demonstrated that DOM in
tributary sites of ZYR and MDR had higher humification and
aromaticity degree, higher molecular weight than that in river
mouth sites, while opposite variation was observed in XR and
SNR (Hansen et al., 2016).

The optical property variation of DOM was further revealed
by EEMs-PARAFAC. Four fluorescent components (humic-like
components 1, 3 and protein-like components 2, 4) were
identified (Supplementary Figure S1). The characteristics of
further
comparison. Component 1 (C1) and component 3 (C3) have

components  were characterized by OpenFluor
been proven to be related to CDOM with high aromaticity
(Graeber et al.,, 2012). Component 2 (C2) was associated with
tryptophan-like CDOM compounds, while component 4 (C4)
was associated with tyrosine-like CDOM compounds (Murphy
et al,, 2006; Wang et al,, 2019). C1 and C3 accounted for 31%-
58% (relative proportion) of PARAFAC components, meanwhile
C2 and C4 accounted for 42%-69% (Figures 2HL.I). The
proportion of C2 and C4 was in the high end of protein-like
components content, compared to that in other reservoir

ecosystems (e.g., Hur et al, 2014). In terms of spatial
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variation, there were higher C1 and C3 proportions and lower
C2 and C4 proportions in tributary than in the river mouth of
ZYR and MDR, while opposite variation was observed in XR and
SNR (Figures 2FH.I).

In FT-ICR MS analysis of SPE-DOM, 7,619 unique formulas
were detected in four tributaries by FT-ICR MS (Supplementary
Figure S2). The CHO compounds abundance varied from 68.1%
to 76.9%, with higher values in the river mouth than in tributary
sites of XR, SNR, and lower values in the river mouth than in
tributary sites for ZYR and MDR (Supplementary Table SI).
CHON, CHOS, and CHONS compounds abundance varied from
12.2 to 18.7%, 9.5 to 14.3%, and 0.5 to 1.0%, respectively
(Supplementary Table S1) and were lower than that in the
ocean ecosystem, which might be resulted from higher
terrestrial input in inland waters than oceans (Medeiros et al.,
2015). Heteroatom compounds (e.g, CHON and CHOS
compounds) abundance exhibited higher value in tributary
than in river mouth sites of XR and SNR, while the opposite
distribution was observed in ZYR and MDR (Supplementary
Table S1). Molecular parameter calculation demonstrated that
the values of Al, DBE, and m/z show higher values in tributary
than in river mouth sites of ZYR and MDR, whereas lower values
in tributary than in river mouth sites of XR and SNR (Figures
3A,B,C). The molecular property variation hinted that DOM in
tributary shows higher aromatic degree and molecular weight
than that in river mouth sites of ZYR and MDR and varied
oppositely in XR and SNR, which is consistent with the optical
property variation (Koch and Dittmar, 2006). Calculations of
compound-grouped fractions based on FT-ICR MS exhibited
that high aromatic compounds (polyphenols and highly
unsaturated compounds) abundance and low aromatic
compounds (unsaturated aliphatic compounds and peptides)
abundance vary between 89.3 and 92.0% and 7.05 and 9.83%,
respectively (Supplementary Table S2). There were higher
abundances of high aromatic compounds, and lower relative
abundances of low aromatic compounds in tributary than in river
mouth sites of ZYR and MDR, and opposite variations in XR and
SNR (Figures 3D,E).

Spatial variation regime of dissolved
organic matter

To provide a comprehensive description of the spatial
variation regime of DOM based on CDOM and SPE-DOM
analysis, Spearman’s rank correlations between molecular
intensities in FT-ICR MS and normalized optical information
in EEMs and ABS were conducted.

Formulas showed different tracking behaviors in the
correlations with optical indices and PARAFAC components.
Compounds with high molecular weight and AI tracked most
closely with SUVA,s,, HIX, C1, and C3, while compounds with
low O/C tracked most closely with Sg, Sy75.29s, BIX, p:a, C2, and
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FIGURE 3

Molecular properties variation of DOM. (A) Al, (B) DBE, (C) m/z, (D) HU+Poly, (E) UA+Peptides. HU, Highly unsaturated compounds; Poly,

Polyphenols; UA, unsaturated aliphatics.

C4 (Figure 4), which turned out that similar optical information
likely correlated closely with the similar molecule pool, and the
aromaticity and humification degree were in agreement between
CDOM and SPE-DOM (Stubbins et al., 2014; Kellerman et al,,
2015). Specifically, relatively high m/z, O/C, and AI compounds
tracked closely with C1, C3, SUVA,5,, and HIX, while formulas
with high H/C values tracked closely with C2, C4, Sg, S»75.295
BIX, and P:a. C1 and C3 tracked most closely with terrestrial
sourced compounds (polyphenols, which related to organic
matter derived from vascular plant, and highly unsaturated
compounds, which related to lignin-degradation derived
compounds) (Seidel et al., 2015), C4 tracked most closely with
autochthonous-sourced compounds (unsaturated aliphatic
compounds and peptides, which related to aquatic organisms
and autotrophic productivity) (Kellerman et al, 2018), and
C2
compounds (O3S and OsS classes of compounds, which were
2011;

Melendez-Perez et al, 2016). The correlations suggested that

tracked most closely with anthropogenic-sourced

associated with wastewater input) (Gonsior et al,
optical property represent major of molecular groups in TGR and

further supported the optical-molecular linkage of DOM
(Wagner et al., 2015).
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Technically, the optical-molecular linkage of DOM among
four tributaries were consistent with our previous work which
conducted in one tributary (He D. et al,, 2020), indicating that
optical techniques (e.g., EEMs and ABS) and FT-ICR MS might
be equally as effective in tracking the DOM property to some
extent in TGR. Considering the simpler, more efficient and lower
cost of optical techniques comparing with FT-ICR MS, the
correlation analysis might hint on the wide application of
optical techniques.

Through the comprehensive analysis of CDOM and SPE-
DOM, the variation regime of DOM among tributary and river
mouth sites in different tributaries of the TGR was uncovered.
Higher abundance of terrestrial DOM and lower abundance of
autochthonous and anthropogenic DOM were presented in the
river mouth than in tributary sites of XR and SNR, while the
opposite variation was observed in ZYR and MDR (Figures 2, 3).
In XR and SNR, SUVA,s,4, HIX, and Al exhibited lower values in
tributary than in river mouth sites, while the values of S, S75 295,
BIX, and f:a were higher, indicating that DOM in tributary was
less aromatic and humified however more microbial or freshly
produced than in the tributary (Figures 2, 3). In ZYR and MDR,
DOM properties varied oppositely (Figures 2, 3).
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FIGURE 4

Van Krevelen distributions of molecular formulae positively correlated with optical properties. (A) SUVA254, (B) HIX, (C) BIX, (D) p:a, (E) SR (F)

$275-295.

Linking spatial heterogeneity induced
hydrological variation and dissolved
organic matter chemistry, and
implications for CO, emission

Previous studies have exhibited the association between
hydrology and DOM property in tributaries of TGR (He D.
et al.,, 2020; Wang et al., 2021a). The variation of DOM property
among tributaries and river mouth sites could mostly be
controlled by the unique hydrological regime of the reservoir,
which has been assessed as a crucial factor shaping DOM
characteristics (Cole et al., 2007; Yi et al., 2021). Hydrological
management-induced water exchange regime among tributaries,
which was characterized as water intrusion from the river mouth
to the tributary, has been estimated (Ji et al., 2010; Zhou et al,
2015; Jiang et al., 2017; Ye et al., 2017; Yang et al., 2018; Hu, 2020;
Shietal., 2020) (Supplementary Figure S4). Thus, combined with
the hydrological regime, the DOM dynamics model was
presented (Figure 5). In XR and SNR, mainstream water with
a high terrestrial signal intruded into the tributary and led to the
higher terrestrial signal in the river mouth than tributary
(Figure 5A). In the meantime, water masses with high
concentrations of nutrients in the mainstream of the front
area of the TGR were also introduced into the tributary,
which would contribute to the algal bloom and devote to the
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addition of autochthonous DOM in tributaries of the front area
(XR and SNR; Figure 5A) (Liu D et al., 2016), which was further
supported by the high concentration of total nitrogen (up to ca.
2.2 mg/L in XR and up to ca. 2.3 mg/L in SNR ) and Chla (up to
ca. 100 pg/L in XR and up to ca. 70 ug/L in SNR) (Fang et al,
2019; Wang et al.,, 2020). While in ZYR and MDR, although
mainstream water intrudes into the tributary, nutrients with low
concentrations and high coverage of farmland in tributaries of
the non-front area of TGR might constrain autochthonous DOM
input and enhance the terrestrial input (e.g., soil organic matter
input through soil erosion in the wet season with substantial
rainfall) and result in the relatively higher terrestrial signal of
DOM in tributary than in the river mouth (Graeber et al,, 2012;
Masese et al, 2017) (Figures 5B, Supplementary Figure S5;
Supplementary Table S3).

As a carbon loss hot spot, the underlying mechanism controlling
CO, emission in reservoirs was widely focused on, especially in
large-scale reservoirs, which cover a wide area of watershed and hold
a large volume of water (Kemenes et al,, 2011; Fearnside and Pueyo,
2012; Deemer et al., 2016; Maavara et al., 2017; 2020). DOC is
estimated as a crucial point in the CO, emission of aquatic
ecosystems, for the reactive property in carbon dynamic
processes (Barros et al,, 2011; Lapierre et al, 2013). Theoretically,
degradation of labile DOC in aquatic systems will eventually
produce CO,, devoting to CO, partial pressures (PCO,) (Ni
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A CO,emission

t More biodegradation

More autochthonous DOM

B Front area of TGR

CO,emission

t Less biodegradation

More terrestrial DOM

Non-front area of TGR

FIGURE 5

A conceptual model relating density current to DOM
composition and biodegradation in the (A) front area, (B) non-
front area, during the water-level declining period. Note: river bed
is only conceptual and arrows in conceptual model do not
indicate accurate flow rate but flow direction only.

et al,, 2020). The incubation experiments showed the degradation
induced decrease of DOC concentrations by 30% in XR, 27% in
SNR, 14% in ZYR, and 16% in MDR, respectively (Supplementary
Figure S6A). HIX increased by 53% in XR, 43% in SNR, 12% in ZYR,
and 16% in MDR, respectively (Supplementary Figure S6B). The
absolute percentages decreased in DOC and increased in HIX in XR
and SNR were higher than those in ZYR and MDR. The higher
biodegradability of DOM in XR and SNR could be attributed to the
high proportion of autochthonous DOM, which could consequently
lead to enhanced CO, emission due to biodegradation (Pérez and
Sommaruga, 2006; Lee et al,, 2016). While in ZYR and MDR, a high
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proportion of terrestrial DOM would constrain the biodegradation-
related CO, production (Cataldalet al., 2017; Evans et al., 2017). This
was further supported by the uncovering of the key control of
organic carbon degradation on PCO, in TGR (Liu S et al,, 2016).
Therefore, this density current-induced variation of DOM property
needs to be considered when we investigate the spatial dynamics of
CO, emission in TGR and similar large-scale reservoirs.

It should be emphasized that there are also other factors that
might influence DOM properties in tributaries (e.g., inflow from the
tributary upstream and geomorphology of the tributary). Moreover,
although DOM property was investigated in four tributaries, which
cover nearly half of the TGR area, the sampling event was only
conducted in the water-level declining period, and more seasonal
investigation is needed. Limited samples were collected in every
tributary. For instance, the degradation of DOM in the water column
is also a crucial factor influencing CO, production, which is not
investigated here. Thus, more samples (e.g., water column samples)
need to be analyzed in future work. Nevertheless, DOM chemistry
across tributaries in both the front and non-front areas of tributaries
of the TGR was assessed comprehensively at the bulk and molecular
levels in this study for the first time to our best knowledge. A novel
insight into the spatial dynamics of CO, emission was presented,
which would be conducive to better interpreting the carbon cycling
processes in large-scale reservoirs. With the massive construction of
reservoirs globally, the spatial heterogeneity of DOM chemistry
across reservoir areas, which tightly links to CO, emission, should
be further explored.

Conclusion

Riverine reservoir construction and operation induced
environmental context variations have significant influence on
organic matter transportation. However, the relationship between
large scaled DOM dynamics among tributaries and reservoir
hydrological conditions is not well explored. By the application of
multi-techniques (e.g., bulk, optical, and molecular techniques), the
different spatial variation regime of DOM property in tributaries
among front and non-front areas of the TGR was uncovered during
the water-level declining period. We found that there was relatively
more autochthonous, less aromatic, and humified DOM in tributary
sites than those in river mouth sites in the front area of the TGR,
while there was opposite variation in the non-front area of the TGR.
This difference in spatial variations of DOM property between the
front and non-front areas might result from hydrological variation
dominated multi-factors (e.g, soil erosion and algal bloom).
Moreover, the incubation experiments of DOC demonstrated that
DOM dynamics might contribute to the complex CO, emission
regimes among different areas (e.g., front vs. non-front areas) in the
water-level declining period of TGR. This study demonstrated that
the investigation on one or two tributaries is crucial, which would
provide a new perspective for DOM dynamics in the large-scale
reservoir, nevertheless, in order to more accurately clarify the carbon
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budget of the reservoir, a large-scale study with the consideration of
spatial heterogeneity is also necessary. With the dam construction
increasing globally, the spatial dynamics of DOM chemistry across
large-scale reservoirs should be further investigated.
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