5536 B 8 W] S &~ £ Eild Vol.36,No.8
2016 4F- 4 A ACTA ECOLOGICA SINICA Apr.,2016

DOI: 10.5846/stxb201410111998
JEAEIR, T, SRIE.300 AFRBRPHIE FRELHAL T S B AR AR 4R, 2016,36(8)

Liao M N, Yu G, Guo Y.Reconstructions and simulations of nutrient evolution in Poyang Lake over the past 300 years. Acta Ecologica Sinica,2016,36(8) .

23

300 FEREBFH S £

=5 1,2 1,2, % < 1,2
BAw? . F % , 30 4
1 RHBE R ot U S ST T, B st 210008

2 WA SR ERE A E , M Aal 210008

BEUEZESEM

—

WE KR E BRI Lnly S BRE R R R 52 20732 261, SR H & A (R BE AL M A S8 B T 81 78 373 fh e
oK SCRIAE SR A AR HI 29 B 2 AT I 0 AR 0 i A 5, A e [ RUBE ()78 SR A0 AR (b i BB B 4 T b 3 7 5%
R AR SO TR B IR A - 8 BH I8 S 9], SR FTYE A AR 32 4 SRS R R0y A0 - SRR g T A | S
PR SR R IR AL IR DU FLAC TR AR I LASGAIE . AR TR T S A ML A48 ik ] 5 91 o o e AR b R S,
B K SO A2 R GATFE W RS IR i AR X, ARk R T s < S R0 () 2 i 17 01 R (1812—1828 AD) , S A% /K SCIH 19 5T ik
HIK 79.1% , T4 20.9% ; SLT S0 13 B P (1844—1860 AD) |, Wi ST R A5 4 36.4% F1 63.6% , TERLIL AL 354578
ABst [ 5 AR 62.5% , BB SRR FAEF SRR bl B P iR B MR R L 12.5%  (AXHBIA B R EH
ERL YR EIREERET, MASWERER AYEINKS TP 5B HEARERM LR (BAE—RE, ERA R
W (AT, 2R X TP B B iy AR D 5 2 B 2 S, A B 08V s

IR B FRERE AL ARSI ; W0 A 35 E SR AR B A TTRRER 36 PH

Reconstructions and simulations of nutrient evolution in Poyang Lake over the

past 300 years
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Abstract: Lake eutrophication has become a global environmental problem and severely affects water resource quality.
Although studies have addressed eutrophication, the mechanisms are not fully understood to date because of the water-
biomass-sediment complexity in lakes, and limited observation data makes analysis of the entire nutrient evolution process
difficult. Therefore, to reveal eutrophication mechanisms more comprehensively, analysis should be based on long-term
processes of nutrient changes. In lake ecosystems, all stresses and forces interact during the eutrophication, among which,
hydrology and ecosystem play key roles. Hydraulic residence time impacted nutrient supply, lake productivity, and nutrient
accumulation processes profoundly. With water cycles and energy exchanges in lake ecosystems, primary productivity is a
critical process contributing to lake trophic states. Poyang Lake, the largest fresh water lake in China, is located on the
southern bank of the middle-reach of the Yangtze River. Compared with most other eutrophic lakes in the region, water
quality of Poyang Lake was mesotrophic during the 20th century. However, water quality has declined since the beginning of
the 21th century. To discern the trophic evolution of Poyang Lake, hydraulic residence time and lake ecosystem-nutrient

dynamic models, were used in the present study to determine long-term changes of nutrients and biomass in the lake.
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Furthermore, sediment records, including total organic carbon(TOC), Pollen concentration and DI-TP series derived by
using diatom-TP transfer function, compared the simulation results of the past 300 years. The simulation revealed that
nutrient TP changed differentially in response to changes in climatic-hydrological and climatic-ecosystem conditions. Control
runs for 1955—2008 proved that TP increase was consistent with the observed growth of primary producer biomass. On this
basis, we ran the models for a long-term period from 1700 to 1899. The time-series analysis for the simulations showed that
the period 1812—1828 was synchronized between hydrology-forced and ecosystem-feedback nutrient changes. Ratio of
hydrology and aquatic biomass accounted for 79.1% and 20.9% of this simulated annual series. The period 1844—1860 AD
showed an asynchronous match in which hydrology-forced and ecosystem-feedback nutrient changes occurred. The ratio of
the two were 36.4% and 63.6% , respectively. In the simulated time series, the synchronous period was 62.5% of the entire
time, suggesting climatic-hydrological factors played a major role in the process of nutrient evolution. Although the
asynchronous period only accounted for 12.5%, it also had a critical effect on TP changes in the lake. Furthermore,
simulations of nutrient and biomass were done by correlation analysis. The result revealed a quasilinear relationship between
nutrient TP and biomass. However, a bifurcation appeared when TP >40% , indicating a threshold existed in this pattern,

suggesting that TP changed significantly differently when it increased above the threshold and decreased below the threshold.

Key Words: nutrient evolution; hydraulic residence time; lake ecosystem-nutrient dynamic model; contribution rate;

Poyang Lake
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Fig. 1 Simulated meteorological variation sequences, expressed by anomaly % of the means: (a) ECHAMS5-simulated annual precipitation
during 1700—1899 AD; (b) ECHAMS5-simulated monthly potential evaporation during 1700—1899 AD; (c¢) WATLAC-simulated monthly
lake discharge during 1700—1899 AD.
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Fig. 2 Control and simulation experiments of model 1: (a) correlations between observed ATP and AHRT; (b) AHRT sequence
calculated by monitoring meteorological data (1800—2008 AD) ; (c¢) model-simulated A HRT (1700—1899 AD).
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Fig. 3 Controlled and simulation experiments of model 2, expressed by anomaly % of the means: (a) comparison between aquatic—plant
biomass and algae biomass (1955—2008 AD) ; (b) comparison between simulated monthly primary biomass and 7P (1955—2008 AD) ;
(¢) comparison between aquatic—plant biomass and algae biomass ( 1700—1899 AD); (d) comparison between simulated monthly
primary biomass and 7P (1700—1899 AD).
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