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SUMMARY

The construction of dams to intercept natural rivers constitutes the most severe human activity influencing
the underlying surface. This study focuses on four cascade reservoirs of the Lancang River and explores their
impact on the migration of organic matter in sediments. The research reveals significant spatial variations in
total organic carbon (TOC) and total nitrogen concentrations in the sediments of the four reservoirs. The car-
bon and nitrogen isotopes indicate that terrigenous organic matter is the main source of TOC in the sedi-
ments, contributing an average of 66.80%. Endogenous algal-derived organic matter is the second signifi-
cant source, contributing between 14.30% and 32.91%. The sources contributed from upstream organic
matter are the lowest, ranging from 6.36% to 15.33%. Our study demonstrates that the construction of
cascade reservoirs may significantly alter the processes of material sources in the river basin ecosystem,
particularly in the large reservoir which increased more endogenous algal-derived organic matter.

INTRODUCTION

Sediments serve as crucial zones for material cycling in lacus-
trine ecosystems, recording the processes of basin hydroenvir-
onmental evolution and material migration.”? Carbon is a vital
element constituting biological organisms and a core factor in
the coupled material cycling of ecosystems. In sediments, car-
bon primarily exists in the form of organic carbon, which plays
acritical role in the storage and transformation of organic matter,
reflecting both past environmental conditions and ongoing bio-
logical processes.®* Therefore, investigating the sources of
organic carbon in aquatic sediments is essential for a deeper un-
derstanding of carbon cycling and environmental evolution pro-
cesses.” Total organic carbon (TOC) in sediments originates
from a complex interplay of terrestrial vegetation, soil within
the basin, upstream inputs, and endogenous contributions
from the water body.® TOC undergoes transportation, sedi-
mentation, and transformation through rivers, thereby influ-
encing the functionality of riverine ecosystems.®'°

Currently, approximately half of the world’s rivers are directly
affected by the dam interception effect, triggering a series of
ecological and environmental issues,'’ such as fish migration
disruption and material retention. Specifically, the construction
of cascade reservoirs in river basins transforms natural rivers

into interconnected reservoirs, profoundly altering their natural
attributes and processes.'*'* Reservoir sedimentation signifi-
cantly enhances the retention of transported materials in rivers,
thereby altering the flux and composition of material trans-
port.">"” Since the 1970s, studies on the ecological functions
of reservoirs in the Colorado and Columbia River basins have
shown that “reservoir processes” greatly disrupt the inherent
connectivity between river and terrestrial ecosystems.'® A pro-
found understanding of the changes in the quantity, composi-
tion, and flux processes of riverine source materials under the
regulation of cascade reservoirs and their driving mechanisms
is currently a global focal point in surface science research.''®

The Lancang River, as the upper reaches of the Mekong River,
is one of the Asia’s important transboundary rivers. With the
development of cascade reservoirs on the Lancang River, there
has been a significant decline in its ecological integrity,'**° lead-
ing to increased academic attention. Xu et al.*’ showed that hy-
dropower dams in the Lancang-Mekong River Basin significantly
reduced transboundary phosphorus flux by 50-59%, affecting
nutrient distribution, especially in downstream regions. Chen
et al.?? found that dam construction increased phosphorus
accumulation in sediments and enhanced phosphorus minerali-
zation and bioavailability by elevating the alkaline phosphatase
activity of phoD-harboring bacteria. Wang et al.?® reported that

oot iScience 28, 111681, January 17, 2025 © 2024 The Author(s). Published by Elsevier Inc. 1

uuuuu

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).



mailto:wangyciwhr@163.com
mailto:luji1981@163.com
https://doi.org/10.1016/j.isci.2024.111681
http://crossmark.crossref.org/dialog/?doi=10.1016/j.isci.2024.111681&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/

¢ CellPress

OPEN ACCESS

dam operation caused seasonal fluctuations in water tempera-
ture in the basin, which potentially impacted the downstream
ecosystems. The development of cascade hydropower has
affected the water volume and material cycle process of down-
stream reservoirs through the regulation and storage of up-
stream reservoirs, forming a special relationship of transport, in-
heritance and cycle of biological substances.’**> Zhang et al.®
considered that reservoirs with the hydraulic retention time (HRT)
greater than 1.0 years are considered as large reservoirs, while
those with an HRT of less than 1.0 years are classified as small
reservoirs. Further studies by Chen et al.?” have found that large
reservoirs on the Lancang River exhibit higher retention rates of
total nitrogen (TN) and total phosphorus (TP) compared to small
reservoirs. During the development of reservoir ecosystems,
structural and functional changes may occur on a large scale.
For example, in newly formed reservoirs, the food chain may pri-
marily be driven and sustained by the bacterial decomposition of
exogenous organic matter inputs. As reservoirs mature, levels of
aquatic primary productivity increase, with plankton gradually
becoming key initiators of material cycling in the food chain
and significant sources of sediment material.'%?"2%

The Lancang River Basin belongs to the long and narrow
cascade reservoirs in the southwest of China. Currently, the
status of carbon retention and source attributes in the sedi-
ments of the reservoirs, as well as their significance to regional
carbon cycling and ecosystems, remain unclear. Research has
shown that the hydrological characteristics of reservoirs, such
as HRT and flow rate, significantly influence the sources and
composition of organic carbon.'”?” In river-type reservoirs,
terrigenous organic carbon dominates, while in lake-type reser-
voirs, the ratio of autochthonous to terrigenous organic carbon
is more balanced.’® Although preliminary studies by Wang
et al.** have elucidated the sources of TOC in sediment from
reservoirs such as Miaowei, Gongguogiao (GGQ), and Da-
chaoshan in the middle reaches of the Lancang River, research
on the more significant downstream large reservoirs such as
Xiaowan (XW) and Nuozhadu (NZD) is scarce. Furthermore,
there has been limited comprehensive research on different
types of cascade reservoirs. Therefore, this study focuses on
various types of cascade reservoirs in the middle and lower
reaches of the Lancang River. The aim is to elucidate the im-
pacts of cascade reservoir construction on the sources of sedi-
ment TOC, providing a scientific basis for river development
and utilization, as well as a reference for improving the ecolog-
ical environment of this river basin.

RESULTS

Water temperature (WT) and chlorophyll-a variations of
the reservoirs

The sampling sites and parameters of four reservoirs in the
Lancang River are shown in the Figure 1 and Table 1. Figure 2
shows the variations of water temperature (WT) and chloro-
phyll-a (Chla) concentrations in different reservoirs. In the
GGQ and Manwan (MW) reservoirs, the WT ranges from
16.5°C to 17.0°C and 17.5°C-19.0°C, respectively. The WT
slightly decreases with depth. In the XW and NZD reservoirs,
the WT ranges from 18.1°C to 24.0°C and 18.0°C-25.2°C,
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respectively. These show a clear temperature gradient range
and significant thermal stratification phenomenon in the reser-
voirs where the upper water layer is heated by strong solar ra-
diation, while the lower water layer cools rapidly due to limited
sunlight.®'

The Chla concentrations in all reservoirs show a decreasing
trend with depth. Phytoplankton biomass is abundant in the sur-
face layer. The Chla concentrations in the GGQ and MW reser-
voirs are low, indicating low phytoplankton productivity of the
water body. In contrast, the Chla concentrations in the XW and
NZD reservoirs are higher.

Total organic carbon, total nitrogen, and carbon-
nitrogen ratio variations in the sediments of Lancang
river reservoirs

Figure 3 shows the variations of TOC and TN concentrations in
the sediment samples. In GGQ, XW, MW, and NZD Reservoirs,
they range from 0.24% to 0.76%, 0.34%-1.48%, 0.30%-
1.48%, and 0.49%-1.90%, with averages of 0.53%, 0.77%,
0.63%, and 1.15%, respectively. The GGQ Reservoir exhibits
the lowest average TOC concentration, while the highest TOC
concentration is found in the sediment of NZD02. Generally,
the TOC concentrations increase gradually downstream along
the river.

For TN concentrations in sediments, In GGQ, XW, MW, and
NZD Reservoirs, they range from 0.06% to 0.12%, 0.05%-
0.19%, 0.05%-0.10%, and 0.05%-0.29%, with averages of
0.09%, 0.11%, 0.07% and 0.13%, respectively. The variation
trends of TN concentrations with depth at different sampling
points are shown in Figure 3B. The vertical variation trend of
TN is similar to that of TOC, but the fluctuation of TN concentra-
tion is smaller generally. The variation trend of the C/N ratio at
different sampling points with depth is shown in Figure 3C. The
C/N ratio of the samples mainly ranges from 4.1 to 10.2, indi-
cating a mixture of phytoplankton and terrestrial plants.

Characteristics of sediment 3'C and 3'°N variations

The variations in organic carbon isotopes (8'3C) and nitrogen iso-
topes (3'°N) in the sediment samples along the Lancang River are
shown in Figure 4. In GGQ. XW. MW and NZD Reservoirs, sedi-
ment 3'3C values range from —25.97%, to —24.90%,, —26.40%,
to —22.839%,, —26.499, to —24.899%,, and —27.769,, to —22.36%,,
with averages of —25.499,,, —24.50%,, —25.729,, and —25.979%,,
respectively. The vertical variations of 3'3C values shows fluctua-
tions within a certain range with increasing depth for most
sampling points. The 3'°N values at different sampling points
is illustrated in Figure 4B. In GGQ, XW, MW, and NZD Reservoirs,
the values range from 0.529, to 3.199,, 1.69%,-5.01%,, 0.81%—
4.25%,, and 1.08%-7.81%,, with averages of —1.69%,, 3.13%,,
2.53%, and 4.38%, respectively. The highest 5'°N value is found
at NZDO02 and the lowest is at GGQ.

The sources of total organic carbon in sediments

To illustrate the sources of TOC in sediments of cascade reser-
voirs, we cited the nitrogen isotope metadata from the article®
which divided the sources of TOC into five parts: Upstream
River Organic Matter, Terrestrial plants, Endogenous Algae,
Surrounding Soil, and Sewage (in the supplementary materials).
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Figure 1. Distribution Map of Sediment Core Sampling Points in the Basin
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NZD is the abbreviation for Nuozhadu Reservoir, MW is the abbreviation for Manwan Reservoir, XW is the abbreviation for Xiaowan Reservoir, GGQ is the

abbreviation for Gongguogiao Reservoir. The same abbreviations for the following figures.
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Table 1. Detailed parameters of the four reservoirs and
information on sampling points

Total
storage  Annual Average water Sampling
Reservoir capacity average retention time  point
name (x10%m3 flow (m%/s) (year) information
Gongguogiao 510 1010 0.01 GGQ
(GGQ)
Xiaowan (XW) 14560 1220 2.36 XWO01,
XWo02,
XWO03
Manwan (MW) 920 1230 0.78 MWO01,
MWO02
Nuozhadu 22400 1730 1.87 NZDO01,
(NZD) NzD02,
NzZDO03

It is worth noting that upstream river organic matter refers to
the organic matter it carries in the upstream, which includes
multiple sources of organic matter from the upstream river sys-
tem (Qinghai Tibet Plateau region). According to the Bayesian

iScience

stable isotope mixing model, in GGQ Reservoir, sediment
TOC mainly originates from terrestrial plants and soil inputs.
The average contributions of terrestrial plants and soil to sedi-
ment TOC are 24.72% and 21.49%, respectively. The average
contribution of sewage to sediment TOC is 20.59%. Contribu-
tions from endogenous algae and upstream river organic mat-
ter are lower, averaging 17.74% and 15.83%, respectively. In
XW Reservoir, sediment TOC is primarily sourced from terres-
trial plants and endogenous algae, with their contributions
exceeding 45%. This indicates a higher abundance of plank-
tonic organisms in large reservoirs, while the contribution of up-
stream river organic matter decreases compared to GGQ, with
an average contribution of 11.76%.

In MW Reservoir, sediment TOC at the sampling point is domi-
nated by terrestrial plants and soil inputs, with their contributions
exceeding 47%. Contributions from endogenous algae and up-
stream river organic matter are lower, with average contributions
ranging from 14.29% to 17.83% and 13.57%-15.33%, respec-
tively. The average contribution of sewage to sediment TOC is
21.25%. Notably, MW Reservoir, being the oldest among the
studied reservoirs, intercepted a significant amount of upstream
river organic matter before GGQ and XW Reservoirs were built,
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Figure 2. Water temperature (WT) and Chloropgyll-a (Chla) in the profile of water column

(A) Vertial profiles of WT in the water column of sampling sites.
(B) Vertial profiles of Chla in the water column of sampling sites.
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Figure 3. The concentrations of Total organic carbon (TOC), Total nitrogen (TN) and TOC toTN ratio (C/N) in the sediment cores of the

sampling sites

(A) Vertial profiles of TOC concentrations in sediment cores.
(B) Vertial profiles of TN concentrations in sediment cores.
(C) Vertial profiles of C/N in sediment cores.

resulting in higher contributions of upstream river organic matter
in MW Reservoir compared to XW Reservoir upstream. The sour-
ces of sediment TOC in NZD significantly differ from the other
reservoirs. Except for the NZD03 sampling point at the end of
the reservoir, heavily affected by watershed erosion and pre-
dominantly sourced from terrestrial plants (26.28%), sediment
TOC at the other two points (NZDO1 and NZDO02) is primarily
sourced from endogenous algae, with average contributions of
27.84% and 35.41%, respectively. This is mainly due to the
high abundance of planktonic plants. Additionally, influenced
by interception from upstream cascade reservoirs, the contribu-
tion of upstream river organic matter to sediment TOC in NZD
Reservoir is significantly lower than in other reservoirs, ranging
from 6.36% to 8.16%.

DISCUSSION

The spatial variations and relationship of sediment total
organic carbon and total nitrogen

The content of TOC in sediments depends on the input of
organic matter and the preservation capacity of the sedimen-
tary environment for organic matter.®> Across the sampling
points along the Lancang River, TOC concentrations range
from 0.24% to 1.90%, with average concentrations showing
GGQ < MW < XW < NZD. The concentration of sediment TOC
is related to the basin environment and the presence of aquatic
phytoplankton and zooplankton, which fix organic matter
through photosynthesis using chlorophyll within their bodies.**
Therefore, phytoplankton and zooplankton can reflect the level

iScience 28, 111681, January 17, 2025 5
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Figure 4. Carbon (3'3C) and nitrogen (3'°N) stable isotope signatures in the sediment cores.

(A) Vertial profiles of 3'*C in sediment cores.
(B) Vertial profiles of 3'°N in sediment cores.

of primary productivity in water bodies to a certain extent. Chen
et al.’? found that large reservoirs such as NZD and XW have
higher phytoplankton abundance, which may explain the higher
TOC concentrations and higher contribution of endogenous
algae in the sediment of NZD and XW reservoirs. Additionally,
existing studies indicate that temperature significantly affects
TOC content.>***> Generally, higher temperatures promote
net primary productivity in watershed ecosystems. Chla is the
primary pigment for photosynthesis, and its concentration
can reflect the biomass of phytoplankton in the water, serving
as an indirect indicator of primary productivity in the water
body. In this study, the XW and NZD reservoirs exhibited rela-
tively higher water temperatures and Chla concentrations,
leading to higher primary productivity, and consequently higher
TOC concentrations compared to other reservoirs. Regionally,
sediment TOC concentrations in Lancang River reservoirs
overall remain relatively low compared to regions such as the
Yangtze River, Dianchi Lake, and Taihu Lake.*?%7%8

The vertical distribution of TOC in sediments at various sam-
pling points is primarily influenced by organic matter mineraliza-
tion.® In general, the TOC concentration in sediments shows a
decreasing trend from top to bottom. This trend is attributed to

6 iScience 28, 111681, January 17, 2025

the decomposition of organic matter in the sediment’s redox
environment.® As the sediment depth increases, the impact of
the redox environment on the sediment becomes more signifi-
cant, resulting in more pronounced mineralization and decom-
position, which in turn leads to lower TOC concentrations. Fig-
ure 5 demonstrates the linear relationship between TOC and
TN contents in sediments from four reservoirs. The sample
was treated with hydrochloric acid before analysis and the TN
content was approximately equal to the organic nitrogen (ON)
content. Therefore, it shows good linear relationships between
the TOC content and TN content of the sediment column at the
most sampling sites.

As for the C/N ratios (Figure 3C), for the GGQ, the uppermost
of these reservoirs, shows a decreasing C/N ratio with the depth
increases, which indicates that the organic matter in the sedi-
ment undergoes degradation in the deeper layers. This is likely
because GGQ Reservoir receives more fresh external terrestrial
organic matter, leading to a higher C/N ratio in the surface layer,
but as carbon is gradually decomposed in the sediment, the C/N
ratio decreases in the deeper layers. As the oldest reservoir, MW
Reservoir shows little change in the C/N ratio with depth, sug-
gesting that the source and degradation of organic matter
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Figure 5. Relationship between sediment TN and TOC at various sampling points
(A) A linear relationship (R? = 0.81; p < 0.01) between sediment TN and TOC in GGQ.

(B) A linear relationship (R? = 0.52; p < 0.01) between sediment TN and TOC in XW.

(C) A linear relationship (R? = 0.86; p < 0.01) between sediment TN and TOC in MW.

(D) A linear relationship (R? = 0.48; p < 0.01) between sediment TN and TOC in NZD.

are relatively consistent across different depth layers in the sedi-
ment. The long-term sedimentation and stable input of organic
matter may result in relatively uniform organic matter sources
in this reservoir. In the NZD and XW Reservoirs, the C/N ratios
show an increasing trend with depth, indicating that the surface
layer may have accumulated more organic matter with a low C/N
ratio (such as algal organic matter).*°

The C/N ratios of terrestrial soils in this area ranged from 6 to
16 with a mean value of 9.6.%° Particulate organic carbon (POC,
mainly algae organic matter) values ranged from 2.3 to 8.6 with a
mean value of 4.7.*"*? From Figure 5, it can be seen that the
slopes of the regression lines of TOC and TN are 7.33, 5.56,
7.35, and 4.99 for GGQ, XW, MW, and NZD, which reflects
that the carbon source of sediment TOC in GGQ and MW are
mainly from the terrestrial organic matter. For the large reservoirs

(XW and NZD), it is more likely contributed from the endogenous
algal organic matter qualitatively.

Quantitative analysis of total organic carbon sources in
sediments

According to the isotopic end-member diagram (Figure 6), each
sampling point falls within the intersection of multiple end-mem-
bers, indicating that sediment TOC is influenced by multiple
sources. There is a wide range of 5'°N values among sampling
points, with 3'°N values serving as an important indicator for
analyzing the sources of TOC. The changes of 3'°N values with
depth often indicate nitrogen cycling processes in the sediment
such as the origin of organic matter, the degree of organic matter
decomposition, and environmental changes.®"*>** Higher 5'°N
values typically indicate that TOC originates from aquatic

iScience 28, 111681, January 17, 2025 7
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and nitrogen isotopes in sediments from
cascade reservoirs in the middle and lower
reaches of the Lancang River
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ities and longer HRT which enrich
nutrients in the water, promoting the
growth of aquatic plants and plankton,
thereby enhancing primary productivity.?”
This results in more biomass being con-
verted into organic matter, leading to the
increased accumulation of endogenous
organic matter in sediments.'? Organic
matter sourcing from endogenous algae
is generally more bioavailable and active.
The algal-derived organic matter at the
bottom undergoes metabolism, decom-
position, and cycling, contributing to the
higher proportion of endogenous organic
matter observed in the surface layers of
NZD and XW reservoirs vertically (as

-35 -30 225 -20

813C(%o)

organisms. Aquatic organisms in rivers often exhibit higher 3'°N
values because they may occupy higher trophic levels in the food
web or utilize sediment organic matter enriched in '°N.*" Those
with lower 3'°N values may originate from vegetation along the
riverbank.®’ Organic residues such as plant debris and leaves
from these plants enter the river, and due to their low 3'°N values,
the sediment in the water body also exhibits low 5'°N values. In
this study, the relatively high 3'°N values in NZD Reservoir sug-
gest a transition in the sources of sediment TOC from terrestrial
organic matter to endogenous organic matter. The significant
fluctuations in isotope values within the samples (especially in
MWO02 and NZDO02) indicate substantial changes in the deposi-
tional environment. These variations may be related to shifts in
sedimentation rates, redox conditions, or fluctuations in organic
matter input.°

The trend of sediment TOC sources with depth at each sam-
pling point is shown in Figure 7. The four reservoirs are divided
into two types: small through-flow reservoirs (GGQ, MW) and
large impounding reservoirs (XW, NZD). The main difference be-
tween these types lies in their operational characteristics.
Through-flow reservoirs typically lack prolonged stagnation
periods. Continuous water flow promotes sediment mixing and
resuspension, thereby reducing the distinct stratification of sedi-
ment layers. Consequently, sediments formed in these reservoirs
are often more evenly distributed vertically. These reservoirs do
not have extensive and long-term stagnant water areas, which
helps maintain dynamic sediment equilibrium.?” Therefore, the
sediment sources in GGQ and MW appear relatively homoge-
neous vertically. In contrast to through-flow reservoirs, large im-
pounding reservoirs (XW, NZD) have larger water storage capac-
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shown in Figure 7). Besides, it is worth

-15 noting that the contributions of sewage

to the sediment TOC in the four reservoirs

account about 22%, which is consistent

with the phenomenon that many immi-

grants are living around the reservoirs between the canyons in

the middle and lower reaches of the Lancang River. Our other

research in the Lancang River was also found that the contribu-

tion of manure and sewage to the nitrogen is 24.0%-31.3%
due to the increasing human activities in the downstream.*®

Impact of cascade damming on the sources and
transport of organic matter

The Figure 8A presents the variation of the contributions from
different sources to TOC in sediments along four reservoirs in
the Lancang River. The results indicate that regional terrestrial
organic matter inputs (Terrestrial plants, Surrounding Soil, and
Sewage) play a dominant role. The Lancang River is a typical val-
ley-type watershed, where soil, riparian vegetation, and sewage
from both banks are more easily transported into the reservoir
ecosystem through rainfall erosion, which is consistent with the
basic geographical and environmental characteristics of the
watershed.*® The overall proportion of terrestrial organic matter
at each sampling point shows a slight downward trend along
the watershed direction (Figure 8B), while the contribution rate
of endogenous organic matter gradually increases in the large
reservoirs in the downstream, which is mainly related to the tem-
perature of the watershed and the reservoir environment. The
increasing temperature from upstream to downstream is more
conducive to the growth and metabolism of algae and environ-
mental mic:;roorganisms.26 Besides, the Chla concentration of
large reservoirs (XW and NZD) in the surface water is higher
than the other two reservoirs (Figure 2B). The sedimentation of
algae death leads to the increasing contributions of endogenous
organic matter in the sediment TOC of downstream reservoirs.
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More importantly, damming significantly increases the reten-
tion time of water bodies, disrupting the original ecological
balance of the river.*®*” As the biological communities undergo
natural selection and succession in response to habitat changes,
a lake-type autotrophic system dominated by plankton gradually
becomes the dominant process, enhancing aquatic primary pro-
ductivity.>**® Zhang et al. (2023) have found that phytoplankton
biomass was highest in the XW and NZD reservoirs.® They also
discovered a highly significant correlation between biomass and
hydraulic retention time (p < 0.01), further indicating that the
higher the hydraulic retention time in large reservoirs, the higher
the primary productivity of the reservoir.

Algal-derived organic matter forms particulate organic carbon
through attachment and settles into the sediment. Due to the
more active metabolic processes of algal-derived organic mat-
ter, the reservoir ecosystem (mainly manifested in changes in pri-
mary productivity levels and succession of plankton commu-
nities) might significantly alter the absorption, consumption,
multi-level utilization, and sediment cycling of biogenic sub-
stances, thereby significantly changing the migration and trans-
formation of related elements in the river water environment and
their associated environmental effects.*> ™’ Besides, TOC from
upstream channels is intercepted by cascade reservoirs layer
by layer, with the contribution rate of upstream sources to sedi-
ment TOC decreasing by approximately half from GGQ to NZD.
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Figure 8C summarizes the conceptual model of TOC sources
in sediments of the four cascade reservoirs in the middle and
lower reaches of the Lancang River. On the one hand, at the
geographical spatial scale, carbon inputs from terrestrial sour-
ces dominate within the basin, while the construction of cascade
reservoirs continuously intercepts carbon from upstream in-
flows. On the other hand, in terms of reservoir effects, the input
of algal-derived organic matter in large reservoirs increases
gradually over time. Considering the higher biological availability
and activity of algal-derived organic matter compared to the
relatively inert carbon from upstream inputs, the manner and in-
tensity of these changes vary with reservoir operation and envi-
ronmental evolution, thereby posing different environmental
risks. As observed in the study of the Wujiang Reservoir,*° the
reservoir system exhibits a rapid cycling feedback mechanism
of algal-derived nutrients (source materials) between the upper
water layer and benthic sediment layer, enhancing the environ-
mental activity of source materials significantly. Therefore, the
environmental evolution effects of cascade reservoir systems
inriver basins, especially large reservoirs, should be given partic-
ular attention.

Conclusion
(1) The concentrations of TOC and TN in the middle and
lower reaches of the Lancang River cascade reservoirs



iScience

exhibit significant spatial variations. Specifically, the TOC
concentration is lowest in the GGQ reservoir, averaging at
0.53%, and highest in the NZD reservoir, averaging at
1.15%. TN concentration shows a similar trend, with an
average of 0.09% in the GGQ reservoir and 0.13% in
the NZD reservoir.

Analysis of carbon and nitrogen isotopes in reservoir sed-
iments indicates that the source of carbon in the reser-
voirs is primarily supplemented by terrestrial organic
matter inputs. Spatially, an overall decreasing trend is
observed. Due to the interception effect of the dams,
the carbon source contributing from upstream also ex-
hibits a decreasing trend. Conversely, the proportion of
endogenous algal-derived organic matter sources gradu-
ally increases, particularly in the case of the large-scale
NZD Reservoir and XW Reservoir.

The analysis shows that the source of organic matter in
the sediments of NZD has changed and the algal-derived
organic matter is the biggest contributor. Notably, consid-
ering the significantly higher bioavailability and activity of
endogenous algae-derived organic matter compared to
the relatively inert carbon input from upstream, the
diverse environmental risks posed by this transition war-
rant further attention and research.

S

&

Limitations of the study

It should be noted that our analyses of the impact of cascade
reservoir on the sources and transport of organic matter in sed-
iments of the LCR were based on the sampling and monitoring
data in the LCR in May 2021, they may be potentially uncer-
tainties due to 1) the lack of long-term measurements in the
study areas; 2) the randomness of sampling sites.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Deposited data

The parameters of the four reservoirs China National Committee on Large Dams http://www.chincold.org.cn/chincold/index.htm

Software and algorithms

R-software (V3.6.3) The R Foundation https://www.r-project.org/

|.30

TOC sources Wang et al https://www.hjkx.ac.cn/hjkx/ch/index.aspx

METHOD DETAILS

Study area overview

The Lancang-Mekong River, originating from the Tanggula Mountains on the Qinghai-Tibet Plateau, flows through six countries, and
empties into the South China Sea near Ho Chi Minh City, Vietnam. The river basin harbors over ten thousand species of biological
resources with a total length of 4,400 km and a basin area of 795,000 km?. In China, it is referred to as the Lancang River, with a
mainstream length of approximately 2,160 km and a basin area of 195,000 km?. Currently, 11 hydropower stations have been
completed in the Yunnan section of the river, forming a cascade development pattern in the basin. The sequential “high dam with
deep reservoir” configuration has become a key node in regulating river hydrological processes. This study selected four cascade
reservoirs in the middle and lower reaches of the Lancang River as research objects, including Gongguogiao (GGQ) Reservoir, Xiao-
wan (XW) Reservoir, Manwan (MW) Reservoir, and Nuozhadu (NZD) Reservoir. The first three reservoirs belong to the subtropical
climate, while the NZD reservoir belongs to tropical climate. This study utilized isotopic techniques combined with Bayesian isotope
mixing models to investigate the distribution and sources of TOC in the sediments of these cascade reservoirs. The sampling loca-
tions and detailed parameters of the four reservoirs are provided in Figure 1 and Table 1.

Sample collection and testing

The study was conducted in May 2021 at GGQ, XW, MW, and NZD. Since the XW and NZD reservoirs have a storage capacity
exceeding 10 billion cubic meters and a depth greater than 150 m, three sampling points were selected: the reservoir head, mid-
reservoir, and reservoir tail. For the MW reservoir, two sampling points were selected: the reservoir head and reservoir tail. As the
first reservoir in this study, GGQ had one sampling point at the reservoir head for some sampling reasons. A total of nine sediment
core profiles were sampled for analysis, including one from GGQ, namely GGQ1, three from XW, namely XW01, XW02, and XW03,
two from MW, namely MWO01 and MWO02, and three from NZD, namely NZD01, NZD02, and NZD03. Sediment core samples were
collected using a custom-made sediment corer (60 x 1000 mm). The sediment cores were sectioned undisturbed every 1 cm.
Each sectioned sediment sample was placed into graduated polyethylene centrifuge tubes, sealed, and stored at 4°C until laboratory
analysis.

A water quality multi-parameter analyzer (YSI-EXO2, USA) was used on-site to measure the water temperature (WT) and chloro-
phyll-a (Chla) concentrations in situ. TOC and TN in the sediment were determined using an elemental analyzer (Elementar-vario
MACRO cube, USA). During the experiment, about 0.5-1 g of the sample was weighed and added to enough 1 mol/L hydrochloric
acid (HCI). The reaction was carried out for 7 h to eliminate carbonates. Subsequently, the sample was washed with ultrapure water
for 4-5 times until it reached neutrality. The sample was dried at 50°C, and then placed in a centrifuge tube for determination.

QUANTIFICATION AND STATISTICAL ANALYSIS

The carbon-nitrogen ratio (C/N) was calculated based on the contents of carbon and nitrogen. To ensure the accuracy of experi-
mental analysis, the sediment standard sample B2150 (with a carbon content of 7.17% and a nitrogen content of 0.57%) was in-
serted, and parallel samples were set up for quality control. The measured values for carbon and nitrogen content of the standard
sample were 7.04% + 0.34% and 0.59% = 0.04%, respectively. Sediment organic carbon isotopes (3'3C) and nitrogen isotopes
(3'°N) were measured using a stable isotope mass spectrometer (MAT253, USA). The results were calculated using the following
formulas:

5130 or 515N (%o) = [(Rsample - Rstandard)/ Rstandard] X 1000 (Equation 1)

Where, Rsampie represents the '3C/'2C or ">N/'N ratio of the sample being tested; Rstandara represents the *C/"2C or ">N/'*N ratio
of the standard sample. The experiments described above were all conducted at the Laboratory of the Institute of Geochemistry,
Chinese Academy of Sciences.
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The Pearson correlation coefficient was used for two-tailed significance test to analyze the correlation between different param-
eters. One-way analysis of variance (ANOVA) was used to determine whether indicators had statistical significance at the 95% con-
fidence level in R. The Bayesian stable isotope mixing model in R (MixSIAR) was applied to assess the potential sources contributing
to sediment TOC, using 813C and 315N as indicators. The contribution proportions of different sources to sediment TOC in the res-
ervoirs were calculated using the following equations:

oM = fAéA +f365 +... +fN6N (EqUatiOn 2)
1 =fa+fg+...+ fy (Equation 3)
Where, 3p, 3B, ..., ON represent the isotopic compositions of various sources. 3y, represents the isotopic composition of organic

matter in coastal sediments in this study. fa, fg, ..., and fy are the proportional contributions of these various sources.
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