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Fig. S1. Time series of sediment analytical data 1800–2006 for Chaohu Lake (solid lines) and Taibai Lake (dashed lines), showing pairs of proxies for sediment
quality, water quality, sediment regulation, soil stability, air quality, and biodiversity (vertical axis shows values from Table S1 on logarithmic scale).
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Fig. S2. Calculated normalized indexes for regulating services based on each lake dataset (RS index Chaohu and RS index Taibai) and for the combined lake
dataset (RS index).
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Table S1. Lower Yangtze basin: Lake-catchment characteristics (after refs. 136–138)

Taibai Lake, Huangmei County, Hubei Province
Longtitude/latitude 29.933°–30.017° N,

115.767°–115.833° E
Lake area 25.1 km2

Catchment area 960 km2

Lake altitude 13.8 m above sea level
Maximum catchment altitude 1,223 m
Mean lake depth 3.2 m
Land use ∼50% cultivated land in lowlands, oak forest and

secondary pine forest in mountains
Lake water quality Hypereutrophic
Lake core location/depth 29.995° N, 115.808° E /1.5 m
Regional annual mean temperature 15.7–17.1 °C
Regional annual mean rainfall 1,273 mm

Chaohu Lake, Shucheng County, Anhui Province
Longtitude/latiutude 31.417°–30.717° N,

117.267°–117.85° E
Lake area 770 km2

Catchment area 13,349 km2

Lake altitude 5 m above sea level
Maximum catchment altitude 1,760 m
Mean lake depth 3.1 m
Land use ∼50% cultivated land in lowlands, oak forest and

secondary pine forest in mountains
Lake water quality Hypereutrophic
Lake core location/depth 31.596° N, 117.399° E/3.2 m
Regional annual mean temperature 14.5–16.1 °C
Regional annual mean rainfall 1,120 mm
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Fig. S3. Lower Yangtze basin 1800–2006: normalized regulating service proxy records for biodiversity, sediment regulation, soil stability, sediment quality,
water quality, air quality, and RS index. Vertical bars show major 20th–21st century political events (from left to right): Republic of China, 1912; Sino-Japanese
War, 1937–1945; People’s Republic of China founded by Mao Zedong, 1949; Great Leap Forward, 1958–1961; Cultural Revolution, 1966–1976; Deng Xiaoping’s
economic reforms from late 1970s to early 1980s; leadership of Jiang Zemin from 1989; and leadership of Hu Jintao from 2003.
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Table S2. Lower Yangtze basin: Regulating ecosystem services, proxy name/record, and proxy interpretation

Ecosystem service Proxy name Proxy record Interpretation

Provisioning services:
genetic resources

Biodiversity* Lake sediment pollen records
statistically analyzed by
rarefaction for floristic
taxa richness

Rarefaction indexes of floristic taxa richness approximate
the diversity of land plants (main tree, shrub, and herb
typesand associated ecological communities): relatively
high values equate to an ability of land system to
provide genetic resources and biodiversity.

Regulating services:
erosion regulation

Sediment regulation Lake sediment mass
accumulation rates
based on 210Pb and 137Cs
radionuclide dating

River-borne sediment loads reflect the balance between
soil/sediment erosion and catchment sediment storage:
high values equate to loss of, or inability of
hydro-geomorphic system to provide, erosion regulation.†

Regulating services:
erosion regulation

Soil stability Lake sediment
frequency-dependent
magnetic susceptibility

Frequency-dependent magnetic susceptibility measures
secondary ferrimagnetic iron oxide particles that form
in topsoil horizons, thus providing a proxy for eroded
topsoil-derived material: high values equate to loss of, or
inability of soil-vegetation system to provide, erosion
regulation.

Regulating services:
water purification

Sediment quality Lake sediment phosphorus (P)
concentrations derived from
geochemical analyses

In well-mixed shallow lakes with little or no anoxia in surface
sediments, sediment-associated phosphorus can be linked
to surface soil erosion of fine particles from intensively
cultivated areas: high values equate to loss of, or inability
of natural soil system to provide, water purification.

Regulating services:
water purification

Water quality Lake sediment diatom-inferred
records of total phosphorus
in surface water (epilimnion)

Diatom assemblages calibrated to modern dissolved
phosphate concentrations provide a proxy for dissolved
phosphorus associated (in this context) with effluent and
fertilizer application and runoff: high values equate to
relative loss of, or inability of hydrological system to
provide, water purification.

Regulating services:
air quality

Air quality Lake sediment lead (Pb)
concentrations

Pb is a major component of the heavy metal loading in the
region. Sediment Pb is linked to atmospheric emissions of
heavy metals, direct (from stacks) and indirect (washed
deposits from surfaces) from coal/oil burning, smelting, and
vehicles: high values equate to loss of, or inability of
land–atmosphere system to provide, air quality regulation.

*The Millennium Ecosystem Assessment places biodiversity in the provisioning services category. Here, biodiversity is included in the basket of regulating
services because of its greater importance in the lower Yangtze basin in maintaining ecosystem function (e.g., ref. 139), and hence supporting and regulating
services, than in maintaining provisioning services.
†In these catchments, erosion regulation provides natural sediment regulation in rivers that is a positive service because loss of service leads to channel
infilling and raised flood risk. In other areas, or at other spatial scales (e.g., the whole Yangtze catchment), increased regulation either naturally (e.g.,
forest expansion) or artificially (e.g., dam construction) can have negative effects, such as starving coastal islands and shorelines of protective beach
material.
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Table S3. Complete analytical dataset for dated sediment samples from Chaohu and Taibai lake sediment cores

Year

Chaohu Taibai

P mg/g,
sediment
quality

DI-TP g/mg,
water
quality

mg/y,
sediment
regulation

Xfd m3/kg,
soil

stability

Pb mg/g,
air

quality

Pollen
richness,

biodiversity

P mg/g,
sediment
quality

DI-TP g/mg,
water
quality

mg/y,
sediment
regulation

Xfd m3/kg,
soil

stability

Pb mg/g,
air

quality

Pollen
richness,

biodiversity

2006 875.2 164.0 0.2 9.3 57.7 44.4 908.6 94.6 0.0 6.7 58.2 44.1
2005 929.7 158.2 0.2 5.1 63.9 41.4 915.4 86.3 0.1 9.4 56.1 41.6
2004 885.6 126.6 0.2 4.5 63.8 49.5 914.0 85.1 0.1 7.6 57.0 45.6
2003 841.6 123.2 0.2 4.8 63.7 47.1 911.7 85.9 0.2 7.9 58.6 44.4
2002 886.7 120.1 0.2 2.5 67.9 48.4 886.9 84.8 0.2 7.7 56.1 44.2
2001 867.7 118.0 0.2 3.2 67.0 46.3 921.6 83.5 0.2 7.2 54.9 44.8
2000 848.7 89.8 0.1 4.0 67.0 46.6 950.0 78.5 0.2 6.7 55.6 46.9
1999 829.1 99.6 0.2 5.0 66.3 45.5 938.4 83.0 0.1 7.9 56.2 48.5
1998 809.4 102.2 0.2 3.8 66.5 40.9 915.9 80.5 0.1 7.5 54.0 50.7
1997 832.5 84.1 0.2 3.1 62.2 44.2 893.4 85.1 0.2 7.6 51.8 52.9
1996 865.3 89.8 0.2 2.5 60.3 45.9 904.3 76.8 0.2 7.2 51.8 50.0
1995 898.1 97.2 0.2 4.7 58.4 47.0 915.1 75.1 0.1 7.0 51.9 47.1
1994 885.1 90.2 0.2 4.0 59.6 50.1 930.2 68.9 0.1 6.8 51.5 44.9
1993 872.1 83.1 0.1 6.3 60.5 56.4 945.3 68.1 0.1 9.6 51.1 42.6
1992 860.3 77.8 0.2 4.8 60.3 53.2 927.5 69.5 0.1 6.8 52.8 42.9
1991 848.5 76.1 0.1 1.3 63.4 51.3 909.7 58.5 0.1 7.2 54.6 43.1
1990 889.1 94.1 0.1 1.5 66.5 49.7 903.4 64.7 0.1 7.1 54.4 43.3
1989 929.7 86.5 0.2 9.2 64.3 49.0 897.2 60.9 0.1 6.7 54.2 41.8
1988 879.5 79.8 0.2 4.8 62.1 50.8 908.7 59.0 0.1 6.5 53.4 40.3
1987 829.2 109.3 0.2 3.1 59.7 51.4 914.5 59.4 0.1 7.6 53.0 41.3
1986 794.1 84.4 0.2 4.2 58.6 52.4 920.3 59.8 0.1 8.7 52.6 42.3
1985 759.0 86.2 0.1 5.3 57.4 52.8 919.0 58.5 0.1 7.4 52.6 43.3
1984 807.3 80.1 0.1 5.2 55.4 51.2 917.7 57.2 0.1 6.0 52.7 44.3
1983 855.5 88.3 0.2 4.5 53.3 48.8 916.4 59.2 0.1 7.2 52.7 47.2
1982 799.8 97.0 0.1 5.5 49.8 50.5 915.1 61.3 0.0 8.3 52.7 50.0
1981 744.1 104.0 0.2 4.5 46.3 51.8 925.9 60.7 0.1 6.4 53.3 52.9
1980 756.4 108.3 0.3 5.3 43.1 51.8 936.7 60.1 0.1 4.5 54.0 51.7
1979 768.8 101.0 0.3 3.7 39.9 50.3 943.9 59.3 0.1 6.3 54.6 50.4
1978 722.5 64.1 0.3 5.4 39.7 49.5 951.1 58.4 0.1 8.1 55.2 49.2
1977 676.2 68.5 0.3 4.7 39.5 49.5 958.3 57.5 0.1 7.6 55.0 48.0
1976 652.9 56.3 0.2 2.6 38.2 49.8 917.3 59.1 0.1 7.0 54.8 46.7
1975 629.6 64.0 0.2 4.3 37.6 50.5 876.2 60.7 0.1 6.4 54.7 45.5
1974 633.1 61.5 0.2 6.0 37.0 51.0 835.1 61.6 0.1 6.0 54.4 43.9
1973 636.5 59.1 0.1 5.5 37.0 51.7 794.0 62.6 0.1 5.5 54.1 42.2
1972 640.0 56.6 0.1 5.0 37.1 51.2 791.4 60.5 0.1 6.8 53.4 40.6
1971 646.1 56.4 0.1 4.5 37.2 50.6 788.7 58.4 0.1 8.0 52.8 39.0
1970 652.1 56.1 0.1 4.0 37.3 50.1 786.0 58.3 0.1 7.8 52.1 40.9
1969 643.6 59.2 0.1 4.5 37.1 49.6 783.3 58.1 0.1 7.6 51.5 42.9
1968 635.0 62.3 0.1 5.0 36.9 49.7 783.5 58.7 0.1 7.2 51.2 44.9
1967 629.3 62.6 0.1 5.0 36.8 49.8 783.7 59.3 0.1 6.9 50.9 46.8
1966 623.5 62.9 0.1 5.0 36.6 50.0 783.8 55.9 0.1 6.9 50.6 46.7
1965 617.8 63.2 0.1 4.8 36.5 50.1 784.0 52.5 0.1 6.9 50.3 46.6
1964 608.1 59.0 0.1 4.8 36.3 50.2 779.1 54.8 0.1 6.8 50.4 46.5
1963 598.4 54.8 0.1 4.4 36.3 48.7 774.3 57.1 0.1 6.7 50.5 46.4
1962 588.7 55.0 0.2 4.7 35.9 47.0 764.5 55.5 0.3 9.1 50.7 46.5
1961 579.0 55.2 0.2 3.5 35.1 45.9 747.7 56.6 0.1 11.0 50.9 46.5
1960 566.6 55.3 0.2 2.4 34.2 45.5 730.8 53.5 0.1 6.4 51.1 46.2
1959 554.2 55.4 0.2 3.9 33.3 45.2 735.8 55.7 0.2 6.6 50.6 45.8
1958 541.8 55.6 0.2 5.4 32.5 44.9 740.7 57.9 0.2 6.8 50.1 45.5
1957 535.3 60.7 0.2 5.1 31.9 44.5 745.6 56.6 0.2 6.8 49.6 46.1
1956 528.8 65.8 0.2 4.8 31.4 44.8 750.5 55.3 0.2 6.8 49.1 46.7
1955 522.3 65.8 0.2 4.9 30.9 45.3 743.6 55.5 0.2 7.1 48.7 47.3
1954 515.8 65.8 0.2 4.9 30.3 45.6 736.6 55.7 0.2 7.5 48.2 47.9
1953 502.0 63.2 0.2 4.6 30.0 45.8 722.6 56.1 0.3 7.0 47.4 44.7
1952 488.2 60.7 0.1 4.3 29.7 45.9 701.8 56.8 0.2 6.0 47.5 41.5
1951 474.4 58.2 0.2 4.0 29.3 46.2 680.9 57.5 0.3 7.1 47.6 42.6
1950 460.6 55.7 0.2 3.8 29.0 46.5 672.0 56.0 0.3 7.4 47.7 43.7
1948 457.7 55.9 0.2 4.0 29.7 46.6 665.6 55.9 0.3 6.0 47.7 36.6
1946 454.8 56.1 0.2 4.7 30.4 46.8 650.1 58.3 0.3 6.1 47.8 41.9
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Table S3. Cont.

Year

Chaohu Taibai

P mg/g,
sediment
quality

DI-TP g/mg,
water
quality

mg/y,
sediment
regulation

Xfd m3/kg,
soil

stability

Pb mg/g,
air

quality

Pollen
richness,

biodiversity

P mg/g,
sediment
quality

DI-TP g/mg,
water
quality

mg/y,
sediment
regulation

Xfd m3/kg,
soil

stability

Pb mg/g,
air

quality

Pollen
richness,

biodiversity

1943 501.4 55.6 0.3 3.7 30.9 46.0 632.9 59.1 0.2 5.4 47.6 40.3
1940 505.5 59.2 0.2 3.6 31.4 46.3 629.2 58.0 0.2 6.3 47.9 46.4
1938 509.7 62.9 0.2 3.6 31.7 47.0 624.6 57.0 0.2 7.3 48.6 41.1
1936 502.9 68.6 0.2 3.4 32.0 47.1 611.1 58.4 0.2 5.9 46.1 39.5
1934 496.2 74.7 0.2 3.9 31.6 47.1 592.3 58.7 0.2 7.4 43.6 41.5
1930 509.6 64.5 0.1 3.2 31.1 46.2 577.8 58.3 0.2 6.7 44.1 43.2
1926 500.0 70.0 0.2 3.1 31.6 46.8 567.8 58.8 0.1 5.1 46.0 39.6
1923 489.7 75.1 0.2 3.7 30.7 48.7 556.6 58.1 0.1 3.5 48.0 40.0
1916 447.3 66.1 0.2 3.4 30.2 50.3 548.2 59.0 0.1 4.9 46.0 39.8
1910 481.1 75.6 0.1 3.7 29.9 47.8 555.6 61.7 0.1 6.4 45.7 44.2
1905 535.3 85.8 0.1 3.7 32.2 49.9 531.9 59.3 0.2 6.3 45.3 42.1
1900 533.3 74.1 0.1 3.6 32.3 50.6 542.4 61.0 0.1 6.1 45.2 46.6
1894 531.3 62.4 0.1 4.5 32.5 53.4 577.1 59.7 0.1 5.7 44.5 42.8
1891 546.5 69.6 0.1 5.4 32.5 52.5 563.1 59.4 0.1 6.0 44.1 42.3
1887 561.7 76.8 0.2 5.4 32.5 50.1 549.2 59.2 0.1 6.3 43.6 42.4
1883 535.0 68.3 0.2 5.3 33.0 47.6 547.8 58.6 0.1 6.6 43.0 44.6
1878 508.3 59.8 0.1 5.4 33.5 46.5 546.4 58.1 0.0 7.4 43.4 43.2
1867 434.5 62.5 0.1 5.2 31.3 44.1 550.8 60.0 0.1 8.3 43.6 41.7
1853 536.8 68.4 0.1 5.1 31.8 44.7 570.3 59.0 0.0 7.7 43.8 44.6
1845 559.1 81.1 0.1 5.2 40.3 45.6 559.0 59.1 0.0 7.0 44.2 43.7
1837 542.3 72.3 0.1 4.7 38.2 47.1 547.7 59.3 0.0 6.9 43.6 42.8
1830 525.5 63.6 0.1 5.1 33.3 48.9 533.1 59.4 0.0 6.8 43.1 43.8
1817 502.2 98.3 0.1 5.3 31.4 51.1 523.4 59.5 0.0 6.5 43.6 41.9
1806 535.1 121.8 0.1 4.8 34.7 52.4 537.7 59.5 0.0 6.7 43.9 38.3
1794 382.5 131.4 0.1 5.2 26.5 53.9 534.0 59.5 0.0 7.1 43.6 42.6

P, phosphorus; DI-TP, diatom-inferred total phosphorus; Xfd, frequency-dependent magnetic susceptibility; Pb, lead.
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Table S4. Socioeconomic data for GDP (Anhui Province, Renmimbi), population (mean of lake-catchment counties), arable land area
(mean of lake-catchment counties), and modeled mean annual regional temperature and rainfall (sources: refs. 151–155)

Year
Gross domestic

product: Anhui, RMB × 108 Mean population Arable land (mu)
Mean annual

temperature, T °C
Mean annual
rainfall, mm/d

2006 6,148.73 4,667,219 3,441,653 16.3 3.64
2005 5,375.84 4,600,008 3,450,638 16.3 3.64
2004 4,759.3 4,546,044 3,454,253 16.3 3.64
2003 3,823.1 4,499,712 3,327,678 16.3 3.63
2002 3,519.72 4,452,971 3,405,314 16.3 3.63
2001 3,246.71 4,414,202 3,496,878 16.2 3.62
2000 2,902.09 4,382,235 3,527,257 16.7 2.83
1999 2,712.34 4,335,610 3,555,400 16.4 4.06
1998 2,542.96 4,305,283 3,572,845 17.1 3.44
1997 2,347.32 4,279,339 3,591,696 16.6 2.77
1996 2,093.3 4,234,291 3,600,616 15.8 4.25
1995 1,810.66 4,196,371 3,607,800 16.4 2.93
1994 1,320.43 4,148,185 3,630,398 16.9 2.72
1993 1,037.14 4,108,590 3,647,708 15.6 4.07
1992 801.16 3,992,072 3,665,321 16.0 2.80
1991 663.6 4,030,854 3,683,007 16.0 5.17
1990 658.02 3,981,574 3,692,406 15.9 3.17
1989 616.25 3,898,650 3,700,076 15.5 4.26
1988 546.94 3,837,051 3,707,206 15.9 3.34
1987 442.35 3,774,678 3,684,575 15.7 4.01
1986 382.76 3,739,080 3,680,693 15.7 3.53
1985 331.24 3,690,763 3,689,662 15.9 4.06
1984 265.74 3,656,222 3,827,241 15.7 3.72
1983 215.68 3,627,205 3,723,706 16.0 4.01
1982 187.02 3,587,977 3,740,530 16.1 3.13
1981 170.51 3,546,375 3,700,885 15.7 3.81
1980 140.88 3,509,082 3,782,602 15.5 4.43
1979 127.31 3,443,268 3,866,462 15.5 3.34
1978 113.96 3,383,684 3,817,259 16.1 2.95
1977 108.01 3,322,976 3,979,530 15.5 4.30
1976 105.77 3,276,238 4,007,834 15.3 3.20
1975 97.01 3,227,452 3,944,996 15.7 3.99
1974 91.44 3,165,123 3,875,150 15.5 3.47
1973 92.18 3,100,620 3,933,748 15.8 3.66
1972 85.88 3,025,268 3,981,319 15.2 3.58
1971 79.99 2,927,524 3,926,281 15.1 3.21
1970 71.79 2,844,869 3,855,327 15.3 3.94
1969 58.09 2,757,096 3,752,249 15.4 3.60
1968 56.09 2,658,055 3,923,243 15.6 2.91
1967 56.88 2,557,064 3,919,254 15.9 2.97
1966 59.82 2,436,149 3,885,978 16.1 2.93
1965 52.75 2,409,735 3,919,522 15.5 3.08
1964 44.97 2,384,779 4,077,038 15.7 3.74
1963 40.81 2,394,296 4,194,893 15.8 3.64
1962 39.47 2,319,538 4,175,577 15.7 3.47
1961 43.65 2,263,666 4,209,034 16.3 3.72
1960 59.76 2,335,700 4,467,981 16.2 3.49
1959 57.97 2,645,932 4,434,017 15.5 3.33
1958 51.31 2,657,543 4,693,872 15.6 3.54
1957 41.37 2,601,733 4,760,084 15.7 3.97
1956 35.27 2,550,547 4,979,452 14.8 3.80
1955 37.15 2,479,520 4,732,867 15.9 3.41
1954 27.76 2,438,169 4,493,172 15.5 3.03
1953 26.99 2,377,928 4,453,268 15.7 3.28
1952 22.88 2,336,177 4,497,722 16.1 3.38
1951 22.52 2,314,447 4,263,230 15.1 2.72
1950 17.32 2,245,101 4,157,830 14.2 4.12
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