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Elemental (C/N ratio) and C isotope composition (d13C) of particulate organic C (POC) and organic C
content (OC) of total suspended solids (TSS) were determined for two subtropical karstic tributaries
of the Yangtze River, the Wujiang (the eighth largest tributary) and Yuanjiang (the third largest
tributary). For the latter, two headwaters, the karstic Wuyanghe and non-karstic Qingshuijiang were
studied. The Wujiang catchment is subject to intensive land use, has low forest coverage and high soil
erosion rate. The d13C of POC covered a range from �30.6‰ to �24.9‰, from �27.6‰ to �24.7‰, and
from �26.2‰ to �23.3‰ at the low-water stage, while at the high-water stage varied in a span
between �28.6‰ and �24.4‰, between �27.7‰ and �24.5‰, and between �27.6‰ and �24.2‰ for
the Wujiang, Wuyanghe, and Qingshuijiang, respectively. The combined application of C isotopes,
C/N ratio, OC, and TSS analyses indicated that catchment soil was the predominant source of POC for
the Wujiang while for the Wuyanghe and Qingshuijiang, in-stream processes supplied the main part
of POC in winter and summer. A significant increase in d13C value (1.4‰) of POC was found in the
Wujiang during summer, and was attributed to the enhanced soil erosion of the dry arable uplands
close to the riverbanks of the main channel. Based on a conservative estimate, POC fluxes were
3.123 � 1010, 0.084 � 1010, and 0.372 � 1010 g a�1 while export rates of POC were 466, 129, and
218 mg m�2 a�1 for the Wujiang, Wuyanghe, and Qingshuijiang, respectively. The POC export rate for
the karstic Wujiang, with intensive land use, was 2–3 higher than that of the karstic Wuyanghe or
of the non-karstic Qingshuijiang where soil erosion was minor. Such high values imply rapid degrada-
tion of related karstic ecosystems impacted by intensive land use activities, and pose a potential threat
to the health of the Three Gorges Reservoir.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Riverine particulate organic C (POC) is a main component of the
global C cycle, and is important in freshwater and ocean ecology
(Meybeck, 1982; Doucett et al., 1996; Humborg et al., 1997; Lud-
wig and Probst, 1998; Benner et al., 2005; Bianchi et al., 2007). En-
try of POC into rivers through hydrological cycles is one of the main
pathways for nutrient loss from soil systems. Among the seven
continents, Asia supplies the major part (50%) of the global POC
flux from land to ocean (197 � 1012 g C a�1) (Beusen et al., 2005).
However, the origin of POC in Asian tropical and subtropical rivers
has not been well constrained (Ludwig and Probst, 1998; Bala-
krishna and Probst, 2005). The rivers originating from the Tibetan
Plateau and contiguous regions (e.g., the Yun-Gui Plateau in SW
China) generally have high POC fluxes due to steep uplands and
high soil erosion (France-Lanord and Derry, 1997; Aucour et al.,
2006). Hence, land use changes in these regions, such as from for-
ll rights reserved.
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est to agriculture, will lead to a rapid response of soil erosion rate
and associated riverine POC source changes. In this respect, they
are well suited for study on the association between riverine C cy-
cles and land use changes.

The ultimate source of riverine POC is catchment soil (Bird et al.,
1998; Martinelli et al., 1999) and in-stream photosynthesis (Wang
and Veizer, 2000; Finlay, 2003). If the soil-supplied POC can be dis-
tinguished from the in-stream-produced POC, then the biogeo-
chemistry of riverine POC can be related to catchment land use
activities. Carbon isotope (d13C) chemistry has been successfully
used as a robust tool for identifying riverine POC sources (Barth
et al., 1998; Otero et al., 2000; Kendall et al., 2001; Guo and Mac-
donald, 2006). This method is based on two observations. One is
that, due to different fractionation mechanisms, aquatic plants
are generally enriched in the light C isotope (12C), compared with
their terrestrial counterparts (Mook and Tan, 1991). Another one
is that terrestrial C4 plants have higher C isotope ratios than C3

plants because of differential discrimination of photosynthetic en-
zymes (ribulose-1, 5-biphosphate carboxylase or phophoenolpyru-
vate carboxylase) against 13CO2 (Farquhar et al., 1982). These
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isotopic differences can be stamped on different molecules in the
river-load. However, the C isotope technique might be of limited
use for those rivers in which the C isotope composition of aquatic
plants overlaps with that of their terrestrial counterparts (Deegan
and Garritt, 1997; Wang et al., 2004). Such being the case, this
technique will be more powerful if coupled with other geochemi-
cal parameters (e.g., C/N ratio, organic C content (OC), Total Sus-
pended Solids (TSS), etc.) (Hellings et al., 1999; Balakrishna and
Probst, 2005).

In this work, the Wujiang and Yuanjiang tributaries of the
Yangtze were compared in terms of POC source and export rate,
based on an integration of C isotopes, C/N ratio, OC and TSS
analyses. The differences in source and export rate were associ-
ated with disparate land use practices in their catchments. The
potential impacts of high POC exports in the Wujiang catch-
ment on the health of the Three Gorges Reservoir were also
evaluated.

2. Site description

The Wujiang is the eighth largest tributary of the Yangtze in
terms of discharge, and originates from the western part of Guiz-
hou in the Yun(nan)-Gui(zhou) Plateau conterminous with the
eastern part of the Tibetan Plateau (Fig. 1a). It is 1037 km long,
with a drainage area of 8.8 � 104 km2. The Wujiang has a discharge
of 5.2 � 1010 m3 a�1, close to the discharge of 5.9 � 1010 m3 a�1 for
the second largest Chinese river, i.e. the Yellow River (CCGPC,
1988). Within Guizhou, these parameters are 874.2 km,
6.7 � 104 km2 and 3.76 � 1010 m3 a�1, respectively (Table 1). The
Wujiang flows into the Three Gorges Reservoir in Chongqing
(Fig. 1a). It ranks first in discharge and TSS (1.1 � 108 t a�1) among
the tributaries in the south of this reservoir (FDGP, 2001). It sup-
plies less than 1/8 of the total discharge (45 � 1010 m3 a�1), but it
transports 1/5 of the TSS (5.3 � 108 t a�1) (MEP, 2001). The catch-
ment is underlain mainly by Permian and Triassic carbonates
(Fig. 1b) (CCGPC, 1988). Guizhou extends horizontally from
E103�360 to E109�330, and longitudinally from N24�380 to N29�140

(CCGPC, 1988). Its total area is 176,128 km2, with a mean altitude
of 1100 m. Moreover, Guizhou is the only Chinese province with no
plains, and 92.5% of its total area is mountainous (SDG, 2006).

The Yuanjiang is the third largest tributary of the Yangtze in
terms of discharge. Its origin is in the middle part of Guizhou
(Fig. 1a). It flows 1022 km, and collects runoff within an area of
8.9 � 104 km2, with a discharge of 6.67 � 1010 m3 a�1 (CWRC,
2007). The Yuanjiang is composed of two headwaters in Guizhou,
i.e. the Wuyanghe and Qingshuijiang. After they converge in Hunan
the river becomes the Yuanjiang, which subsequently enters the
Dongting Lake, which flows into the Yangtze in Hunan (Fig. 1a).
The Dongting is the second largest freshwater lake in China, with
an area of 2623 km2 and a volume of 1.67 � 1010 m3 in 1995
(CWRC, 2007). The discharges of the Wuyanghe and Qingshuijiang
in Guizhou are 0.36 � 1010 m3 a�1 and 1.11 � 1010 m3 a�1, respec-
tively (Table 1). They have a combined catchment area of
2.36 � 104 km2 (0.65 � 104 plus 1.71 � 104 km2) inside Guizhou.
The catchment of the Wuyanghe is underlain mainly by carbonates
while that of the Qingshuijiang by carbonates (area above sam-
pling site 4) or detrital rocks (area lower than sampling site 4)
(CCGPC, 1988; Mao, 1992).

The precipitation patterns in the two catchments are deter-
mined by the East Asian monsoon systems. The rainfall during
the summer monsoon season (May to September) accounts for
about 65% of the annual total precipitation.

The Wujiang catchment is characterised by major agricultural
land use (high percentage of dry arable uplands and maize planta-
tion in summer), very low forest coverage, and severe soil erosion,
compared with the Yuanjiang catchment (Table 2).
3. Methods

3.1. Field sampling

River water was collected during the low-water stage (January
18–February 8, 2002) and high-water stage (July 15–August 4,
2002). The total number of samples for each sampling period
was 49 (34 for the Wujiang plus 15 for the Yuanjiang) (Fig. 1b),
including 18 mainstream samples in the Wujiang (e.g., 1, 2, 6, 8,
9, 12, 14, 16, 18, 20, 22, 24, 26, 28, 29, 31, 32, 34 in Fig. 1b). The
sampling order was arranged from the upper to lower streams.
In the Wujiang, sampling sites 2, 6, 8, and 19 were reservoirs for
power generation. In the Yuanjiang, samples 1–8 and samples 9–
14 belonged to the Qingshuijiang and the Wuyanghe, respectively
(Fig. 1b). At each sampling site, water in the centre of a river was
collected at 0.5 m depth for mainstream and large tributaries or
near the bottom for shallow streams. The water was stored in
two high-density polyethylene bottles with screw caps (1500 mL,
leak-poof). Bottles were rinsed three times prior to collection of
the samples. Samples were poisoned in situ with 1.5 mL of satu-
rated HgCl2 solution. No space was left for air in each bottle. Water
(one bottle for POC and one for C/N ratio) samples were filtered
within 8 h through pre-ashed (500 �C, 5 h) 47 mm Whatman GF/F
glass fibre filters (0.65 lm). Terrestrial plant samples and soils
were randomly collected along the sides of the rivers.
3.2. Isotopic and C/N ratio measurements

For POC and C/N ratio analyses, the filter was freeze-dried.
Ground soil samples and filters were acidified with dilute HCl
and oven-dried overnight at 60 �C just prior to isotope or C/N ratio
determination. Cleaned plant leaves were oven-dried and ground
(150 mesh).

Plant C and POC were transformed into CO2 using the high-tem-
perature (850 �C, 5 h) sealed-quartz tube combustion method with
Cu oxide as oxidant (Buchanan and Corcoran, 1959) since the low-
temperature (550 �C, 1 h) combustion method could lead to a large
analytical uncertainty (Tao et al., 2001). Carbon dioxide was cryo-
genically separated and its pressure and temperature were mea-
sured in a sensor (Edwards Barocel� 600). The 13C/12C ratio of
CO2 was determined on a dual-inlet isotope ratio mass spectrome-
ter (MAT 252). Carbon isotope data were reported and normalised
following the ‘‘d” denotation of Craig (1953) relative to the Vienna
Pee Dee Belemnite (VPDB). The POC contents were calculated
based on the above-measured mass and normalised to 1 L of water.
The total precision for concentration and d13C analysis was better
than 3% (1r) and 0.1‰ (1r), respectively.

The TSS on the acidified filter was scraped off and wrapped in a
Sn capsule after weighing. The C/N molar ratio was determined in
an elemental analyser (PE 2400). The TSS was determined by
weight. The OC of TSS was calculated according to the following
equation: OC = POC in mg L�1/TSS in mg L�1 � 100%.
4. Results

4.1. POC contents

For the Wujiang, Wuyanghe and Qingshuijiang, the POC at the
low-water stage ranged from 4.2 to 103.6 lM L�1, 4.7–7.0 lM L�1,
and 6.2–31.9 lM L�1 while at the high-water stage, it varied be-
tween 8.1 and 284.8 lM L�1, 27.1 and 132.1 lM L�1, and 7.0 and
44.6 lM L�1, respectively, (Table 3). At the low-water stage, the
mean POC was 30.4 ± 21.7 lM L�1 (n = 21), 6.0 ± 1.2 lM L�1

(n = 3), and 13.5 ± 12.3 lM L�1 (n = 4) while at the high-water
stage it was 68.6 ± 58.8 lM L�1 (n = 32), 59.2 ± 47.4 lM L�1
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Fig. 1. Maps for the sampled river systems. (a) Showing the relationship of the Yangtze River with its two tributaries, i.e. the Wujiang River and Yuangjiang River. The Three
Gorges Reservoir extends from Chongqing to Sandouping Town of Yichang in Hubei Province. The dotted line defines the provincial territory. Guizhou Province (the shadowed
area) is contiguous to Sichuan Province and Chongqing in the north, to Guangxi Zhuang Autonomous Region in the south, to Yunnan Province in the west, and to Hunan
Province in the east. The combination of Yunnan and Guizhou is called the Yun-Gui plateau, whose altitude is generally >1000 m. Both the Wujiang and Yuanjiang originate in
Guizhou. The Wujiang confluences with the Yangtze in Chongqing, and the Yuanjiang enters the Dongting Lake in Hunan. (b) Showing the spatial distribution of water
samples. The fine dotted line defines the regions with different lithology. For the Wujiang, Sampling sites 2, 6, 8, and 19 are reservoirs. The Yuanjiang inside Guizhou is
composed of two tributaries, i.e. the Qingshuijiang River in the south and the Wuyanghe River in the north. During each sampling period, 34 samples were collected for the
Wujiang, and 8 and 6 samples for the Qingshuijiang and Wuyanghe, respectively.
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Table 1
Physical parameters for the river sections within Guizhou (CCGPC, 1988).

River Discharge
(108 m3 a�1)

Catchment
(104 km2)

Unit area discharge
(m3 m�2 a�1)

Wujiang 376 6.70 0.56
Wuyanghe 36 0.65 0.55
Qingshuijiang 111 1.71 0.65

Table 2
Contrasting characteristics for the Wujiang and Yuanjiang catchments (compiled
from Mao (1992), An and Zhou (2001), Wu (2001), He and Jie (2002), FDGP (2003),
PGGP (2005)).

Index Wujiang Yuanjiang Guizhou

Mean precipitation (mm) 1121 1246 800–1600
Forest coverage (%) 16.0 50.9 25.7
Maize acreage (%)* 6.5 0.8 4.0
Dry arable upland (%)*

2� < slope < 15� 10.1 1.6 7.2
slope > 15� 14.8 3.5 11.8

Water and soil loss area
(%)*

58.2 24.9 41.5

Soil erosion rate
(t km�2 a�1)

4039 <350 1432

Lithology Carbonate Mainly
noncarbonate

Miscellaneous

* The related area is divided by the catchment area (Table 1) inside Guizhou for the
Wujiang and Yuanjiang or by the total land area (176,128 km2) of Guizhou province,
expressed in percentage.
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(n = 6), and 29.5 ± 11.5 lM L�1 (n = 8) for the three rivers, respec-
tively. The mean POC at the high-water stage increased by a factor
of 2.3 and 9.9 for the Wujiang and Wuyanghe, respectively. The
mean POC at the high-water stage for the Qingshuijiang was en-
hanced by a factor of about 2.2, but it was less than half the Wuji-
ang mean POC. Of all three rivers, the Wujiang had the highest
mean POC.

The POC showed broad fluctuations spatially and temporally,
with higher contents at the high-water stage (Fig. 2). The differ-
ences in POC content between the high-water and low-water
stages were very obvious for the mainstream Wujiang (Fig. 2a
and b). A linear downstream increase for the summer mainstream
Wujiang (Fig. 2b) was observed (r2 = 0.37, n = 17, p < 0.01), imply-
ing a significant contribution from a particular source in summer.
At the low-water stage, the POC for tributaries was similar to that
for mainstreams (Fig. 2a), but it was significantly lower than that
for mainstreams at the high-water stage (Fig. 2b). On the other
hand, a large scatter in POC was noticeable for the Wuyanghe
(Fig. 2c) as opposed to the Qingshuijiang (Fig. 2d).
4.2. Carbon isotope compositions of POC

At the low-water stage for the Wujiang, Wuyanghe and
Qingshuijiang, the d13CPOC ranged from �30.6‰ to �24.9‰,
�27.6‰ to �24.7‰, and �26.2‰ to �23.3‰ while at the high-
water stage, the d13CPOC varied between �28.6‰ and �24.4‰,
�27.7‰ and �24.5‰, and �27.6‰ and �24.2‰, respectively (Ta-
ble 3). The mean d13CPOC at the low-water stage was
�27.2 ± 1.3‰ (n = 21) and �26.5 ± 1.6‰ (n = 3) for the Wujiang
and Wuyanghe, respectively. Meanwhile, the mean d13CPOC for
the Qingshuijiang was higher than for the other two rivers, with
a mean value of �24.9 ± 1.5‰ (n = 4). The mean d13CPOC

(�25.8 ± 1.1‰, n = 31) for the Wujiang was higher at the high-
water stage than at the low-water stage (�27.2 ± 1.3‰, n = 21)
while for the Qingshuijiang the case was inverted (�26.0 ± 1.5‰,
n = 8 at the high-water stage versus �24.9 ± 1.55‰, n = 4 at the
low-water stage). The mean d13CPOC (�26.6 ± 1.4‰, n = 6) at the
high-water stage for the Wuyanghe was close to that
(�26.5 ± 1.6‰, n = 3) at the low-water stage.

The d13CPOC also displayed a distinct inter-sample variation
(Fig. 3). Although the tributary d13CPOC was scattered for the Wuji-
ang (Fig. 3a), yet the d13CPOC at the high-water stage displayed a
significant downstream increase (r2 = 0.43, n = 17, p < 0.01)
(Fig. 3b), implying a source with a relatively higher d13C.

4.3. POC content – d13CPOC relations

The d13CPOC was found to increase linearly in relation to POC for
the main channel summer samples of the Wujiang (r2 = 0.25,
n = 17, p < 0.05) (Fig. 4a), but no significant patterns existed for
the main channel winter samples (Fig. 4a) or for all samples of
the Wuyanghe (Fig. 4b) and Qingshuijiang (Fig. 4b).

4.4. C/N ratios and OC

Variations in C/N ratios for the three rivers demonstrated differ-
ent patterns although their d13CPOC were all inside the range for
land plants (higher than �30‰). The C/N ratios for the Wujiang
were generally >20 at the low-water stage, and >13.5 at the
high-water stage but with a distinct decrease (Table 3). For the
Qingshuijiang they were >10 at the low-water stage, and <10 at
the high-water stage. For the Wuyanghe, they were greater than
or close to 10 at the low-water stage, or <7 at the high-water stage.

The OC showed opposite patterns. For the Wujiang, the OC at
the high-water stage was lower than at the low-water stage while
for the Wuyanghe and Qingshuijiang, the direction was reversed,
e.g., the OC at the high-water stage was higher than at the low-
water stage (Table 3).

4.5. POC–TSS relations

At the low-water stage, all three rivers had low TSS, with a
mean value of 4.1 ± 2.6 mg L�1 (n = 34) and a range from 0.3 to
10.8 mg L�1 for the Wujiang, a mean value of 3.6 ± 2.2 mg L�1

(n = 6) and a range from 0.5 to 6.1 mg L�1 for the Wuyanghe, and
a mean value of 6.4 ± 2.8 mg L�1 (n = 8) and a range from 1.1 to
10.7 mg L�1 for the Qingshuijiang (Table 3). However, at the
high-water stage, the Wujiang displayed a distinct increase in
TSS, with a mean value of 47.9 ± 58.5 mg L�1 (n = 34) and a range
from 1.0 to 239.1 mg L�1 (Table 3). In contrast, the Wuyanghe
and Qingshuijiang TSS remained low, 4.8 ± 2.7 mg L�1 (n = 6) with
a range from 1.0 to 8.4 mg L�1, and 3.5 ± 1.8 mg L�1 (n = 8) span-
ning a range from 1.8 to 7.3 mg L�1, respectively (Table 3).

At the low-water stage, a positive correlation (r2 = 0.25, n = 17,
p < 0.05) between TSS and POC was found for the Wujiang, but
not for the Wuyanghe or Qingshuijiang (Fig. 5a). At the high-water
stage, a positive correlation (r2 = 0.86, n = 32, p < 0.001) between
TSS and POC was present only for the Wujiang (Fig. 5b), not for
the Wuyanghe (Fig. 5c) or Qingshuijiang (Fig. 5c).

Overall, the Wujiang showed different patterns in spatial and
temporal variations of POC, d13CPOC, C/N ratio, OC and TSS.
5. Discussion

5.1. Variations of POC

Within each sampling period, the inter-sample difference in
POC was large (Fig. 2). POC always tends to be present in the upper
part of a soil profile, being easily removed by surface runoff
(Hedges and Oades, 1997). However, dense vegetation will ob-
struct the movement of litterfall. When soil erosion approaches
bedrock, rivers will also receive a high POC supply (Hedges and



Table 3
Isotopic (d13C) and elemental (C/N molar ratio) composition of POC, organic carbon content (OCa), total suspended solids (TSS) and estimated terrestrial fraction (fT) of POC.

Sample no. River name Low-water stage High-water stage

POC (lM L�1) d13CPOC (‰) C/N OC (%) TSS (mg L�1) fT (%) POC (lM L�1) d13CPOC (‰) C/N OC (%) TSS (mg L�1) fT (%)

Wujiang
WJW01b Wujiang 28.0 �28.8 67.9 10.8 3.1 100 47.8 �28.3 44.2 5.0 11.5 100
WJW02 Wujiang 54.7 0.3 100 28.3 �27.9 38.9 18.9 1.8 100
WJW03 Mukonghe 20.2 �26.0 74.2 30.3 0.8 100 109.9 �25.5 35.9 2.1 62.1 100
WJW04 Luojiaohe 3.9 91.8 �28.1 22.7 6.8 16.1 100
WJW05 Liuchonghe 34.5 �27.4 37.2 27.6 1.5 100 53.9 �24.5 16.4 2.2 29.5 72
WJW06 Wujiang 2.2 8.1 �26.7 14.3 6.5 1.5 56
WJW07 Maotiaohe 29.3 �24.9 12.1 70.3 0.5 39 20.6 �26.0 15.6 24.7 1.0 66
WJW08 Wujiang 20.8 �27.8 30.5 27.7 0.9 100 9.4 �26.2 12.2 7.1 1.6 40
WJW09 Wujiang 13.0 �28.0 31.2 0.5 41.0 �25.3 37.8 1.3
WJW10 Xiangjiang 45.7 2.7 100 24.4 5.0 100
WJW11 Qingshuihe 51.5 �25.4 6.9 8.9 284.8 �24.7 19.7 1.5 224.3 98
WJW12 Wujiang 21.8 �27.8 73.2 21.8 1.2 100 65.1 �26.5 14.6 3.2 24.4 58
WJW13 Wenganhe 11.7 �27.7 7.0 2.0 127.1 1.4 112.4
WJW14 Wujiang 3.7 77.7 �25.9 13.2 6.2 15.0 48
WJW15 Yuqingjiang 66.3 �26.8 20.7 22.7 3.5 100 17.0 �26.3 13.4 2.3 9.0 49
WJW16 Wujiang 4.0 84.1 �25.1 1.9 51.8
WJW17 Sandaoshui 26.8 �25.9 5.6 5.7 21.4 �25.7 17.5 2.9 8.9 81
WJW18 Wujiang 10.7 �27.1 58.6 3.0 4.3 100 24.6 �25.4 13.7 0.6 45.7 52
WJW19 Liuchihe 20.5 �26.8 14.5 5.2 4.7 58 33.8 �24.7 1.1 35.5
WJW20 Wujiang 4.1 75.5 �25.0 3.0 30.4
WJW21 Shiqianhe 30.3 �27.8 17.9 10.7 3.4 84 34.6 �28.6 18.4 6.2 6.7 88
WJW22 Wujiang 31.0 �28.1 123.7 7.6 4.9 100 57.3 �26.5 13.4 2.2 30.8 49
WJW23 Qingduhe 28.6 �28.0 23.9 11.8 2.9 100 16.1 �25.6 15.5 2.7 7.1 65
WJW24 Wujiang 35.0 �27.1 34.4 8.6 4.9 100 95.8 �25.2 14.7 1.3 85.5 59
WJW25 Yinjianghe 26.6 �27.7 5.1 6.3 31.2 �24.8 2.2 17.3
WJW26 Wujiang 38.0 �30.6 29.2 7.2 6.3 100 214.6 �24.9 12.1 1.7 151.5 39
WJW27 Daxiaohe 4.2 �28.0 10.1 1.2 4.1 24 45.4 �24.4 7.9 1.5 36.9 7
WJW28 Wujiang 26.0 8.2 100 16.8 239.1 75
WJW29 Wujiang 5.9 108.5 �24.9 10.7 1.4 91.1 28
WJW30 Hongduhe 33.4 1.9 100 62.6 �25.4 23.7 2.1 35.0 100
WJW31 Wujiang 103.6 �25.9 16.5 20.1 6.2 73 105.0 �26.0 18.0 1.5 85.7 85
WJW32 Wujiang 20.0 3.6 6.6 90.5 �26.0 11.5 1.9 55.8 35
WJW33 Furongjiang 17.5 �27.5 27.6 1.9 10.8 100 25.5 �24.7 10.2 0.7 46.7 25
WJW34 Wujiang 36.2 �27.0 8.1 5.4 8.0 8 87.0 �25.1 13.5 2.1 50.6 50

Yuanjiang (Qingshuijiang)
YJW01c Qingshuijiang 15.6 �25.9 14.8 3.5 5.3 60 44.6 �25.8 29.7 1.8
YJW02 Balahe 15.5 5.7 65 40.2 �24.3 10.3 12.1 4.0 25
YJW03 Qingshuijiang 10.8 4.7 29 27.7 �24.6 12.2 10.7 3.1 40
YJW04 Qingshuijiang 7.7 �23.8 7.7 1.4 6.7 5 7.0 �24.2 8.2 3.8 2.2 9
YJW05 Liangjiang 8.2 �26.2 19.7 8.9 1.1 98 24.5 �27.6 9.6 14.0 2.1 20
YJW06 Qingshuijiang 31.9 �26.2 8.1 4.7 30.9 �26.7 7.4 4.7 3
YJW07 Qujiang 6.2 �23.3 10.5 1.0 7.1 27 35.3 �27.4 8.0 5.8 7.3 8
YJW08 Qingshuijiang 6.1 25.8 �27.4 7.3 3.2 2

Yuanjiang (Wuyanghe)
YJW09 Wuyanghe 6.4 �27.1 9.5 1.9 4.1 19 29.2 �27.3 6.4 5.9 5.9 0
YJW10 Longjianghe 7.0 �27.6 13.6 3.4 2.5 51 27.1 �27.2 6.9 32.5 1.0 0
YJW11 Wuyanghe 11.6 2.3 35 32.6 �27.7 5.9 4.7 8.4 0
YJW12 Wuyanghe 9.9 5.9 22 106.7 �25.4 6.1 38.8 3.3 0
YJW13 Chebahe 15.4 0.5 65 132.1 �24.5 44.0 3.6
YJW14 Wuyanghe 4.7 �24.7 11.5 0.9 6.1 35 27.4 �27.7 8.2 5.0 6.6 9

Yuanjiang
YJW15 Yuanjiang 21.7 �25.9 4.4 5.9 31.0 �26.8 7.3 8.3 4.5 2

a OC = POC in mg L�1/TSS in mg L�1 � 100%.
b WJW = Wujiang Water.
c YJW = Yuanjiang Water.
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Oades, 1997). That is why the Wujiang was characterised by high
POC (Fig. 2a and b). But, in-stream photosynthesis can also produce
high POC at the summer high-water stage. For example, the high
POC contents for the high-water stage of the Wuyanghe (Fig. 2c)
are probably attributable to in-stream photosynthesis as discussed
in the next section.

The precipitation pattern is a major factor regulating POC vari-
ations in a river system, especially in tropical and subtropical
mountainous areas (Kao and Liu, 1996). The whole of Guizhou is
affected by the East Asian and South Asian monsoon systems, un-
der which it is cold and dry in winter (mean temperature: 2–10 �C
in January) while it is warm and moist in summer (mean temper-
ature: 20–26 �C in July) (CCGPC, 1988). The summer monsoons car-
ry copious rains with some regional heterogeneity in the amount of
precipitation. Rain mainly occurs during the period from May to
September, in which it can account for more than 65% of the mean
annual rainfall (1000–1400 mm) (CCGPC, 1988).

Given this background, it is thus expected that at the summer
high-water stage, a river in mountainous areas will have a rapid in-
crease in POC. This is clearly shown on the plot of the ratio (RPOC) of
the summer high-water stage POC to the winter low-water stage
POC against downstream distance (Fig. 6). For the Wujiang, the in-
crease in POC was more distinct. Most RPOC values (15 out of 20,
Fig. 6a) were >1. Samples with RPOC values <1 were from tributaries
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Fig. 2. POC content against downstream distance for the winter Wujiang (a),
summer Wujiang (b), Wuyanghe (c), and Qingshuijiang (d). The regression line
(r2 = 0.37, n = 17, p < 0.01) is obtained from the summer mainstream Wujiang
samples. The point for WJW11 (Qingshuihe) is outside Fig. 2b since its POC content
(284.8 lM L�1) is higher than the maximum on the y-axis (250 lM L�1). Tr = Trib-
utary. Mc = Main Channel. Wy = Wuyanghe. Qs = Qingshuijiang. W = Winter.
S = Summer.
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Fig. 3. d13CPOC value against downstream distance for the winter Wujiang (a),
summer Wujiang (b), Wuyanghe (c), and Qingshuijiang (d). The regression line
(r2 = 0.43, n = 17, p < 0.01) is obtained from the summer mainstream Wujiang
samples. The definitions of abbreviations are the same as in Fig. 2.
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or reservoirs of its mainstreams. As discussed in the following sec-
tion, soil (not the river ecosystem itself) was the main supplier of
POC. Hence, these high RPOC values indicate that soil erosion mainly
took place on uplands near the main channel. On the other hand,
the Wuyanghe and Qingshuijiang with minor soil erosion also
had high RPOC values (Fig 6b), which was caused by in-stream
photosynthesis.
5.2. Sources of POC

5.2.1. Carbon isotope compositions of soils, and terrestrial and aquatic
plants

Leaves from 21 land plant samples (11 C3 plants and 10 C4

plants) were separated for 13C/12C analysis. These data were pooled
with another 72 for land plants in the same catchment (65 C3
plants and 7 C4 plants) (Zhu, 2006). Finally, a mean d13C value of
�28.5 ± 1.4‰ (n = 76) and a mean d13C value of �13.4 ± 1.7‰

(n = 18) were obtained for terrestrial C3 and C4 plants, respectively.
They spanned a range from �32.7‰ to �25.6‰, and from �17.8‰

to �11.7‰, respectively. These values were comparable with the
range of �34‰ to �24‰ for C3 plants, and �19‰ to �6‰ for C4

plants, respectively, reported by Smith and Epstein (1971). Soil or-
ganic matter (including litterfall) is eventually a mixture of resi-
dues from the overlying vegetation, which is composed of C3 and
C4 plants. The above-mentioned d13C values of C3 and C4 plants
can be used to delimit the upper and lower limits of the mean C
isotope composition of soil organic matter.

The study rivers have high flow rates, rocky beds and banks as
well as deep waters, which limit the growth of submersed, emer-
gent and floating plants (Zhu et al., 2008). Therefore, the major
forms of aquatic plants are planktonic algae. d13C values of aquatic
plants are dependant on photosynthesis pathways and available
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DIC forms (dissolved CO2 or HCO�3 ). In previous studies, a C isotope
enrichment factor (e) of about�23‰ between plant organic matter
and HCO�3 and about �13.5‰ between plant organic matter and
dissolved CO2 at 20 �C has been found for aquatic C3 plants (LaZ-
erte, 1983; Mook and Tan, 1991). Therefore, d13C values lower than
�30‰ for aquatic plants are to be expected (Mook and Tan, 1991;
Palmer et al., 2001). However, in waters with high primary produc-
tion, the aquatic plants have higher d13C value (�22.5‰ or so). For
example, a freshwater algal mat with a d13C value of �20.2‰ and
epilithic algae in productive rivers with a d13C range from
�21.7‰ to �20.4‰ were reported by Schell (1983) and Finlay
et al. (1999), respectively. In this case, the C isotope measurements
could not give unambiguous evidence for the POC origins.

5.2.2. C/N ratios of soils, and terrestrial and aquatic plants
The C/N ratio can be used as another useful indicator for the

provenance of POC (Wang et al., 2004; Balakrishna and Probst,
2005). Vascular land plants have a high cellulose content while
nonvascular aquatic plants contain no woody tissues. Thus, the for-
mer have C/N ratios generally equal to or larger than 20, and the
latter have low C/N ratios, typically between 4 and 10 (Meyers
and Ishiwatari, 1993).

An evaluation for the C/N ratio of plants and soils has to be
made in order to calculate the relative contributions of terrestrial
(allochthonous) versus aquatic (autochthonous) organic matter.
Leaves of 21 land plants collected in the study watersheds had a
mean C/N ratio of 26.4 ± 10.0 and a range from 9.4 to 44.2 while
21 soil samples (0–20 cm) showed a mean C/N ratio of 12.3 ± 2.9
and a range from 8.4 to 19.5. For the latter, four samples were ana-
lysed in this study and the rest were determined by Zhu (2006).
Plant samples included wood, shrubs and grasses while soil sam-
ples covered a wide range of landscapes including forests, shrub-
lands and grasslands. The agricultural soils with a wide
geographical distribution also displayed a similar mean value and
range of C/N ratio as reported by Tu (2007). Thus, the terrestrial
part (plant plus soil) will have a mean C/N ratio of about 20
(26.4/2 + 12.3/2). The aquatic part (planktonic algae) has a low C/
N ratio of about seven (Sterner and Elser, 2002). The C/N ratio of
13.5 (20/2 + 7/2) can be regarded as a threshold for judging the
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origin of organic matter. In general, a C/N ratio greater than or less
than 13.5 means a predominance of terrestrial or aquatic contribu-
tions, respectively. Woody parts of a plant (such as stems and
shoots) may have very high C/N ratios, such as between 50 and
1550 due to high C and low N contents (Cross et al., 2005). There-
fore, in this study a C/N ratio >20 or <7 was simply considered as a
complete contribution of terrestrial or aquatic, respectively. Using
a two-endmember mass balance calculation, the terrestrially con-
tributed POC fraction for each sample was determined (see fT in Ta-
ble 3).

Since most of the C/N ratios for the Wuyanghe and Qingshuiji-
ang were less than the 13.5 threshold at both water stages (Table
3), a threshold higher than 13.5 will only influence judgment of
the POC source for the Wujiang. The higher the C/N ratio for the
terrestrial part, the higher the threshold. As a result, the POC in
many samples for the Wujiang are inferred to be mainly contrib-
uted by in-stream processes. However, the threshold (13.5) is
likely to be very close to the reality, considering that it is based
on real measurements of soil and plant samples in the Wujiang
catchment. Recently, more data have been accumulated to show
that the C/N ratios for the surface soils in the Wujiang catchment
are generally less than 20 (Zhu, 2006; Tu, 2007). Low vegetation
coverage and intensive agricultural land use as well as high soil
erosion in the Wujiang catchment (Table 2) make the authors wary
of selecting a higher threshold.

5.2.3. Low-water stage
Aquatic photosynthesis at the low-water stage was restricted

due to low-temperature (about 11 �C), as verified by a low content
of chlorophyll-a (less than 2 lg L�1 during the period from Novem-
ber to February) in a reservoir, i.e., sampling site 9 of the Wujiang
(Zhu et al., 2006). Thus, terrestrial ecosystems were the main
source of POC.

The d13CPOC at the low-water stage for the Wujiang was gener-
ally higher than but very close to �30‰ (Table 3), implying a pos-
sible terrestrial litterfall origin. The C/N ratios further confirmed
this judgement since the terrestrial contributions to POC were lar-
ger than 50% for most rivers (19 out of 22 samples) (see fT in Table
3). In autumn and winter, litterfall mass will increase with the ces-
sation of plant photosynthesis and the decrease of rainfall. Litter-
fall has a high C/N ratio, high organic C content and more
negative d13C values (Zhu, 2006), compared with underlying soils.
If this part is transported into rivers through hydrological cycles or
by wind, then high C/N ratios for riverine organic matter might be
expected. The Wujiang was typical of this case as most samples at
the low-water stage had C/N ratios higher than 20 (Table 3). As a
whole, low d13C value, high organic C content, high C/N ratio and
low TSS for the Wujiang (Table 3) suggested that relatively more
litterfall than soil passed into rivers at the low-water stage.

For the Wuyanghe and Qingshuijiang, high terrestrial contribu-
tions of POC were only found in their tributaries (see fT in Table 3).
The mainstreams displayed a main contribution from the aquatic
part (see fT in Table 3). Thus, a significant amount of POC for these
two rivers can be attributed to an aquatic origin.

5.2.4. High-water stage
The d13CPOC for all three rivers at the high-water stage was

much higher than �30‰, but this did not necessarily mean a ter-
restrial provenance. The possible interpretation is given as follows.
If defining D d13CPOC as the difference in d13CPOC between the sum-
mer high-water stage and the winter low-water stage, then this
parameter had different patterns for three rivers (Fig. 7). For the
Wujiang, Dd13CPOC was generally >0 (Fig. 7a) while for the
Qingshuijiang it was generally <0 (Fig. 7b). The Wuyanghe is omit-
ted because of the limited d13CPOC data available (Fig. 7b). The dif-
ference in d13C between soil (0–20 cm) and litterfall is generally >0.
For example, all 19 soil samples in the Wujiang catchment had
higher d13C values than the related litterfall (Zhu, 2006). The differ-
ence ranged from 0.5‰ to 5.0‰, with 16 out of 19 samples >2‰

(Zhu, 2006). Hence, positive or negative Dd13CPOC may indicate
an increased contribution of soil with respect to litterfall or an in-
creased contribution from in-stream processes, respectively. The C/
N ratios of POC for the summer Wujiang were generally greater
than or close to 13.5 (19 out of 28 samples), indicating a major
POC fraction being of terrestrial origin (Table 3). Six out of the
remaining nine samples with C/N ratios lesser than 13.5, however,
had high TSS (> 30 mg L�1) and low OC (<3%), implying a terrestrial
soil POC origin (WJW22, 26, 27, 29, 32 33 in Table 3). This formed a
contrast to the low TSS (<8 mg L�1) of the Wuyanghe and
Qingshuijiang (Table 3). It was observed during the sampling per-
iod that the summer mainstream Wujiang had high contents of
TSS. The turbid water has low light penetration, which greatly lim-
its the primary production in a river ecosystem (Hough and Forn-
wall, 1988).

Forest and agricultural dry arable uplands can be the sources of
POC. So, the question ‘‘Which source is predominant?” remains un-
solved. The authors suggest the latter. The initial evidence was that
the POC showed a significant downstream increase (Fig. 2b). Most
of RPOC values larger than 1 belonged to main channel samples
(Fig. 6a). Comparing the out-of-phase matching patterns of RPOC

or Dd13CPOC between tributary and mainstream samples (Figs 6a
and 7a), it could be postulated that the increase in POC in the main-
stream of the Wujiang was not contributed by tributaries, and
should be from the mainstream areas. Another line of evidence is
that the POC for tributaries at the high-water stage was lower than
for the mainstream, demonstrating that the increase in POC in
mainstreams was not caused by tributaries (Fig. 2b). Secondly, a
positive correlation (r2 = 0.24, n = 19, p < 0.05) was found between
RPOC and Dd13CPOC (Fig. 8a), implying that some source (agricul-
tural uplands) with higher d13C values is regulating the C isotope
composition of POC. The agricultural uplands in the riparian zones
are used to plant maize, sugarcane and sorghum (Table 2), which
are C4 plants with higher d13C values. These uplands had low ratios
of litterfall to soil organic matter, and hence low C/N ratios. This
could be the main factor leading to decreased C/N ratios of the
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mainstream across the transition from the low-water stage to the
high-water stage. Comparing d13CPOC and C/N ratios at the high-
water stage with those at the low-water stage, it was found that
an increase in d13CPOC was generally accompanied by a decrease
in C/N ratio (Table 3). This further verified the enhanced soil ero-
sion in summer. On the other hand, the increased soil erosion for
the Wujiang in summer was also testified by the fact that from
the low-water stage to the high-water stage, TSS increased while
OC decreased greatly (Table 3). Lastly, some previous field experi-
ments for soil erosion have demonstrated that dry arable uplands
were the main source of TSS (Lin et al., 2004; FIT, 2006). The total
eroded soil for the Wujiang catchment was 1.96 � 108 t a�1, of
which 62.1% was supplied by dry arable uplands (FIT, 2006),
regardless that these uplands just accounted for 24.9% of the total
drainage area (Table 2). The linear relationship between TSS and
POC (Fig. 5b) is also a strong support to this argument. Lands with
high vegetation coverage are generally located in the tributary
watersheds of the Wujiang and far away from the main channel
areas (FCRG, 1985). Compared with those lands, the agricultural
uplands are easier to denude.

A positive d13CPOC shift (p < 0.001) of 1.4‰ from winter to sum-
mer was observed for the Wujiang, which could be also interpreted
as due to more soils from the agricultural dry arable uplands being
denuded relative to tributary lands with high vegetation coverage
at the high-water stage. Soil organic matter in dry arable uplands
was more enriched in 13C due to plantation of C4 plants. Moreover,
the following evidence further supports this argument. From the
low-water stage to the high-water stage, the C/N ratios decreased
rapidly (Table 3), which is consistent with the fact that soil organic
matter has a low C/N ratio, compared with litterfall. On the other
hand, the distinctly increased POC (Fig. 2a) and a positive correla-
tion (r2 = 0.86, n = 32, p < 0.001) between POC and TSS (Fig. 5b) at
the summer high-water stage also corroborated increased soil ero-
sion. This interpretation is in line with the postulation mentioned
in the last paragraph that the high TSS for the Wujiang should be
attributed to agricultural dry arable uplands.

Although the mean d13CPOC in the Wuyanghe at the high-water
stage was close to that at the low-water stage, its POC could be
only attributed to the contribution of in-stream processes (see fT
in Table 3) because of very low C/N ratios (typically lower than
7), low TSS and increased OC at the high-water stage (Table 3).

For the Qingshuijiang, the mean d13CPOC at the high-water stage
was lowered by 1.1‰, compared with that at the low-water stage.
The Qingshuijiang was productive due to high light penetration,
and hence the contribution of aquatic plants to POC could not be
ruled out. The negative C isotope shift was not triggered by agricul-
tural vegetation (e.g., rice) since the POC for the Qingshuijiang had
a low C/N ratio (Table 3). A negative correlation between RPOC and
Dd13CPOC (r2 = 0.96, n = 4, p < 0.05) (Fig. 8b) existed after discarding
sample 1 (which was from the karstic carbonate river, see Fig. 1b),
indicating the presence of a C source with relatively lower d13C val-
ues. Thus, aquatic plants are a possible POC source (see fT in Table
3). When TSS was mainly produced by in-stream processes, then
low TSS and high OC (Table 3) for the Qingshuijiang at the high-
water stage could be reasonably expected.

5.3. Conservative estimations of annual fluxes and export rates for POC

It is important to calculate the annual flux of POC transported to
the Three Gorges Reservoir and to the Dongting Lake from the kar-
stic ecosystems of Guizhou. The low-water stage (October–April)
represented 35% of the total yearly discharge and the high-water
stage (May–September) 65%. It is known that the POC may be inho-
mogeneous laterally and vertically due to gravitational and hydro-
dynamic effects. For the best approximation to reality, the POC flux
can be derived from a depth-integrated concentration, as done by
Richey et al. (1990) for the Amazon River. However, the authors’ ef-
forts to collect the depth-integrated samples were not successful
since the studied rivers had high flow rates. The high flow rate
for the Wujiang was produced due to large altitude differences be-
tween the origin (2260 m) and the outlet (136.5 m) (CCGPC, 1988).
Therefore, in this study the concentration of the main channel sam-
pling sites close to the outlet was used for the flux estimation. This
method has frequently been used in previous studies (Balakrishna
and Probst, 2005; Aucour et al., 2006). This strategy was justified,
based on the following analysis. For the Wujiang, the POC at site
34 in winter was close to most of the other samples (Fig. 2a) while
it was located slightly below the regression line in summer so as
not to overestimate the flux (Fig. 2b). As mentioned above, several
reservoirs have been constructed in the Wujiang (2, 6, 8, and 19).
The terrestrial matter will have settled in these reservoirs, which
will also lead to the underestimation of the POC flux. Similar logis-
tics were also applicable to the Wuyanghe (site 14 in Fig. 2c). The
same method was used for the Qingshuijiang (site 8 in summer in
Fig. 2d), but at the low-water stage site 6 was used. Hence, there
was an underestimated flux for the Wujiang. Overall, even if the
flux estimation had some error, it did not affect the conclusions
mentioned below pertaining to the POC export characteristics for
all three rivers.

Aucour et al. (2006) and Galy et al. (2007) found a very good po-
sitive linear relationship of OC with Al/Si ratios of sediments in the
Ganges and Brahmaputra Rivers in the Himalayas. As clay sedi-
ments with high OC tend to be suspended in the upper waters of
a river, a collection of surface waters may lead to a large error
for the estimation of POC fluxes. However, in the studied rivers this
effect may be absent or negligible. The main reasons include: (1)
the studied rivers drain mainly carbonate terrains while the Hima-
layan rivers have silicate-rich uplands. The major minerals in the
suspended matter of the studied rivers are quartz, calcite and dolo-
mite; clay minerals are of minor importance (Liu, 2007). (2) From
Aucour et al. (2006) and Galy et al. (2007), it can be observed that
there is no significant relationship between OC and Al/Si ratios
when the latter are below 0.2. This means that under or below this
ratio, the clay content in suspended matter does not significantly
affect the estimation of POC fluxes. Thus, low contents of clay



Table 4
Fluxes and export rates for POC of three rivers.

River Carbon flux (1010 g a�1) Export rate (mg m�2 a�1)

Wujiang 3.123 466
Wuyanghe 0.084 129
Qingshuijiang 0.372 218
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minerals in suspended matter in the studied rivers prevent a
significant bias against the estimation of POC fluxes.

Flux (F) is related to concentration (C) and discharge (D)
through the equation:

F ¼ C � D

In this case, F should be the sum of the fluxes at the low-water
stage (FL) and high-water stage (FH), then,

F ¼ FL þ FH ¼ CL � DL þ CH � DH ¼ CL � D� 35%þ CH � D� 65%

Combining the discharge (Table 1) and concentration data (Ta-
ble 3), the POC fluxes were obtained (Table 4).

The C export rate was obtained from the C flux divided by the
catchment area (Table 4). Of the three rivers, the Wujiang ranked
first for POC export rate (Table 4). Its rate was twice as high as
those for the other two rivers. On the other hand, the Qingshuijiang
did not show a significant increase in POC export rate, despite its
higher ratio of discharge to catchment area (Table 1). Since the
POC for the Wuyanghe and Qingshuijiang was mainly contributed
by aquatic photosynthesis, the true POC export rate contributed by
terrestrial ecosystems would be much less than the above values.
Meanwhile, due to the settling of TSS in several reservoirs, the true
POC flux and POC export rate for the Wujiang would be much high-
er than the estimations. For example, it has been estimated that
the Wujiang annually transports 1.1 � 108 t TSS into the Three
Gorges Reservoir (FDGP, 2003). Given a mean POC content of
0.1% in TSS, the POC flux will be 11 � 1010 g a�1. This value is three
times higher than the authors’ estimation (Table 4), which further
amplifies the severity of ecosystem degradation in the Wujiang
catchment.

To some extent, the Three Gorges Reservoir is like an ocean. It
collects the POC transported by its tributaries. The fate and trans-
formation of POC and other C species will essentially exert influ-
ences on the structure and function of this large aquatic
ecosystem, and in the long term will affect the related estuaries. In-
creased riverine N load from agricultural and industrial activities
and high light penetration created by man-made impoundments
expose reservoirs and lakes to a high risk of eutrophication. Hence,
much work pertaining to C cycles in tributaries of the Three Gorges
Reservoir should be undertaken in the near future.
6. Conclusions

This is the first report on POC biogeochemistry within the catch-
ments of the Three Gorges Reservoir. It presents an approach on
the association between watershed soil erosion caused by con-
trasting land use and riverine POC cycles, based on the combined
use of C isotopes, C/N ratio, OC, and TSS analyses. The disparity
in land use, forest coverage and soil erosion rate between two ba-
sins is so distinct as to show a sensitive response of riverine POC
sources to land use activities. By comparing the source difference
and spatio-temporal variations of POC transported by the karstic
Wujiang, karstic Wuyanghe, and non-karstic Qingshuijiang, the
following conclusions were drawn:
(1) The Wujiang, Wuyanghe, and Qingshuijiang were all charac-
terised by increased POC at the summer high-water stage. A
distinct difference in terms of POC source was present for
the Wujiang and Yuanjiang. The POC for the Wujiang was
supplied by terrestrial ecosystems while the POC for the
Wuyanghe and Qingshuijiang was from aquatic photosyn-
thesis. It was inferred that soil erosion occurred in the agri-
cultural ecosystems located along the main channel riparian
zones of the Wujiang, which should be the target areas for
ecological remediation.

(2) As the POC export rates indicated, the soil erosion rate of the
Wujiang catchment was three times as high as that of the
Wuyanghe or twice as high as that of the Qingshuijiang
(Table 4), showing the rapid degradation of the terrestrial
ecosystems in the Wujiang catchment.

(3) The Wujiang supplied about 1/8 of the discharge to the
Three Gorges Reservoir, but it provided more than 1/5 of
the total suspended solids. Of all three rivers, the Wujiang
had the highest POC export rate (Table 4), giving rise to con-
cern that the severe soil erosion in the Wujiang catchment
poses a potential threat (decreased discharge and increased
TSS load) to the health of this large artificial aquatic ecosys-
tem, i.e., the Three Gorges Reservoir. It should be noted that
the high TSS for the Wujiang may be an effective inhibitor
for eutrophication as its POC in summer had a predominant
terrestrial provenance.

(4) The d13CPOC values for the three rivers were >�30‰, within
the range for terrestrial plants. Since the d13C values for
planktonic algae were not known (though a value >�30‰

can be inferred from this dataset), the C isotope composition
alone in this study was not a useful indicator for POC origins,
but its combination with C/N ratio, OC and TSS is an effective
tool for the characterisation of riverine POC provenance.
High d13C values, high C/N ratios, low OC and high TSS
may correspond to a terrestrial soil origin (such as the sum-
mer Wujiang) while low d13C values, low C/N ratios, high OC
and low TSS may hint at a predominant contribution of in-
stream processes (such as the summer Wuyanghe).
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