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Abstract: Background, aim, and scope Lake Changshou, located in Changshou District, is one of the
largest lake scenic spots and most important freshwater fish breeding bases in Chongging. Recently,
the eutrophication of this lake is increasing seriously. The aim of this study is to evaluate the process of
eutrophication of Lake Changshou by using organic proxies, including carbon and nitrogen content of
organic matter, C/N ratios, and carbon isotope composition of organic matter. Materials and methods
Sediment core named CS1 and CS2 were retrieved from the central part of Lake Changshou in 2013
using a self-designed gravitational sediment sampler. Sediment samples were sectioned at 1 cm interval
and put into plastic bags in the field. Sediment samples were dried using a vacuum freeze drier. Core

CS1 samples were used for geochemical analysis, and CS2 samples were used for analyzing radionuclide
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"Cs activities. Element analyses of total organic carbon (TOC) and nitrogen were measured by the element

analyzer. Samples for organic carbon analysis were pretreated with HCI (1 mol-L ™), then placed in water bath
for two hours at 60°C to remove carbonates, and rinsed repeatedly with distilled water for four times. After
that, 9"°C values of organic matter were measured on the Finnigan Delta Plus isotope ratio mass spectrometer.
A number of duplicate samples were also measured to monitor the measurement accuracy. The activity of
"7Cs was measured at 661.6 k eV by y-spectrometry using low-background germanium detector. Results Data
of ""Cs demonstrate that the average sedimentation rate of Lake Changshou is 0.85 cm-a'. Total organic
carbon contents vary between 0.85% and 4.3%, with the mean value of 1.75%. Before 1980 AD, the average
TOC is 1.25%, and after 1980 AD, the average TOC is 2.43%. Nitrogen contents and C/N ratios show similar
variations with TOC. However, carbon isotope composition of organic matter shows contrast variations.
The results indicate that the source of organic matter in Lake Changshou is derived from aquatic plants and
algae, rather than terrestrial plants, or little affected. The environmental evolution of Lake Changshou can be
classified into two periods with the contrasting characteristics during the past 60 years. The change time of lake
environment happened approximately in 1980 AD. Discussions C/N ratios can be used to identify the source
of organic matter. In general, C/N ratios in algae are less than 10, while C/N ratios in terrestrial plants are high,
varying between 20 and 200. In addition, 0"°C values are significantly different between aquatic and terrestrial
plants. Therefore, C/N ratios and 513C0rg are effective proxies to distinguish the source of organic matter from
lake sediments. In Lake Changshou, data plot within the field of aquatic plants, rather than C,/C, plants, implies
that the source of organic matter is derived from aquatic plant. While TOC and TN are indicators of lake

productivity and eutrophication. The increase of 5"°C,,, value is interpreted as the increase of lake productivity.

org
Based on the organic indicators, the environment evolution of Lake Changshou can be divided into two
periods. Before 1980 AD, stable values of carbon isotope of organic matter, the low carbon and nitrogen
content of organic matter, and low C/N ratios suggested that the lake environment was oligotrophication.
After 1980 AD, notable increase of carbon and nitrogen content of organic matter, C/N ratios, and decrease
of carbon isotope values of organic matter, demonstrated that the increase of lacustrine productivity and the
eutrophication was the result of strong human activities and the development of fish breeding. Therefore, multi-
proxy has reliably recorded the environment evolution of Lake Changshou. It is obvious that there is a negative

correlation between §"°C,,, and TOC, inconsistent with the previous views that such an increase in productivity

org
would produce higher 5" °C values of organic matter. We believe that the degradation of aquatic algae during the
process of eutrophication is the primary factor resulting in the decrease of 6"°C values of organic matter with
the increase of productivity in Lake Changshou. Conclusions C/N ratios and carbon isotope composition of
organic matter reveal that the origin of organic matter in Lake Changshou is aquatic plant, rather than terrestrial
plant. The trophication state of Lake Changshou can be divided into two periods. Before 1980 AD, the lake
was oligotrophication and was little affected by human activity. After 1980 AD, strong human activities and the
development of fish breeding led to the serious trophication state. The eutrophication of Lake Changshou after
1980 AD produced the decrease of 9" °C values of organic matter. It is proposed that degradation of aquatic
plant likely controls the carbon isotopic composition of organic matter. Recommendations and perspectives
Thus, multi-proxy have reliably recorded the environmental evolution of Lake Changshou. The eutrophication
of Lake Changshou should be paid much attention, especially on the controls of the human impacts.

Key words: Lake Changshou; organic carbon isotope; eutrophication; human activity
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