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Impacts of ecological restoration on water quality and carbon-containing greenhouse gas
fluxes in a shallow, eutrophic lake: A case study of Lake Xuanwu, Nanjing”
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Abstract; In the context of accelerated economic development, freshwater ecosystems are increasingly subject to the process of eu-
trophication, which has precipitated a series of ecological issues within aquatic environments, including water quality deterioration
and a decline in biodiversity. The most critical step in the ecological restoration of eutrophic shallow lakes is to achieve the transi-
tion of primary producers from phytoplankton to submerged macrophytes. Current ecological restoration projects of lakes frequently
emphasize water quality improvement, yet research on the impact on greenhouse gas fluxes is lacking. This study investigated the
restored and unrestored areas of Lake Xuanwu ( Nanjing) to compare the physicochemical parameters of the water and the carbon
dioxide (CO,) and methane (CH,) fluxes at the water—atmosphere interface between the two areas. The results demonstrated that
the concentration of chlorophyll-a ( Chl. @) in the unrestored area was significantly higher than that in the restored area in all four

seasons, reaching up to five times as much in the summer. The concentrations of total nitrogen (TN) and phosphorus (TP) in the
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unrestored area were found to be significantly higher than those in the restored area. The CO, diffusion flux in the restored area was
consistently lower than that observed in the unrestored area across all seasons. The CH, diffusion flux at the water—atmosphere in-
terface in the unrestored area was found to be higher than that in the restored area in all seasons. Within the unrestored area, the
phytoplankton biomass demonstrated a strong positive correlation with TP, pH, and Chl. a, and a strong negative correlation with
nitrate nitrogen, dissolved inorganic carbon, etc. In the area that had been restored, there was a strong positive correlation between
the submerged plant biomass and salinity and conductivity, and a negative correlation with ammonia nitrogen, phosphate, CO, and
CH, fluxes. It is evident that ecological restoration has a multifaceted impact on the environment, including the enhancement of wa-
ter quality in eutrophic shallow lakes and the reduction of carbon-containing greenhouse gas emissions. The objective of the present
study is to provide scientific references for the purpose of improving the carbon sequestration and sink function of lakes.
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Fig. 1 The location of Lake Xuanwu and sampling sites
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Tab. 1 Physicochemical parameters of restored area and unrestored areas in Lake Xuanwu

BHEIX REHIX

R
Chl. o/ (pg/L) 5.7324.12 5.06£1.93 10. 11£5. 08 5.15¢1.38 9.46+£2.05  25.13£18.14  26.58+8.22  14.340.55
DIC/mg/L) 16.19+4.43  17.45+1.81 9.26+2.92 14.58+0.70  17.37¢3.90  16.37£0.76  11.04£2.39  15.600.74
DO/(mg/L) 11.5720. 80 9.96+1.43 11.87¢1.74  13.82¢0.12  10.73£1.10 9.19£1.01 10.78£1.62  11.07£0.91
DOC/(mg/L) 4.31¢1.46 5.18:1.15 2.2520.70 1.26+0.23 2.82£1.26 4.66x1.31 2.1620.62 0.91£0. 12
DIN/(mg/L) 0.46+0. 09 0.48+0. 05 0.480. 16 0. 71£0. 06 0.82+0. 12 1.340.44 0. 68+0.42 1.29+0.23
DTP/(mg/L) 0.02£0. 00 0. 02£0. 00 0. 02£0. 01 0. 02£0. 00 0.02+0. 00 0. 020. 01 0.0320. 01 0. 0320. 01
Cond/( pS/cm) 329.19£22.97 278.55£36.41  296.17£76.06 268.10+17.44 354.40+34.61 282.19+14.61 329.3191.44 284.26+12.99
NH;-N/(mg/L) 0.02+0. 02 0. 05+0. 04 0. 04£0. 01 0. 0520. 00 0. 04+0. 03 0.220. 06 0.08+0. 08 0.18+0.19
NO3-N/(mg/L) 0.110. 10 0. 12+0. 05 0.17+0. 16 0.43+0. 06 0.410.30 0.72+0.47 0.31+0.32 1. 08+0. 01
pH 8.70+0. 24 8.9120.41 8.99+0.52 8.38+0. 15 8.42+0. 18 8.19+0.45 8. 66+0.32 8.09+0.01
PO"-P/(mg/L) 0. 00£0. 00 0.010. 00 0. 0020. 00 0. 0020. 00 0. 0020. 00 0. 000. 00 0. 000. 00 0.01+0.01
SAL/ %o 0.17£0.01 0. 13£0. 00 0. 1420. 02 0.19£0. 01 0.19+0. 02 0.13£0. 01 0.16+0. 02 0.200. 01
TN/(mg/L) 0.53+0.19 0.53+0.20 0.610.32 0.77+0.46 1.060. 26 1.77£0.51 1.410.30 1.46+0.21
TP/ (mg/L) 0.03+0.01 0.04+0.01 0.040.02 0.03+0. 01 0.06+0. 03 0.0920. 01 0.1020. 04 0. 0620. 01
R/ C 21.67£6.38  30.32£1.82  17.917.66 9.3620. 19 21.43+6.87  29.98£2.34  17.65¢7.79 9.1620. 05
C0, i/

) =78.41£34.40 504.63+110.03 -228.58+48.26 21.47+14.18  40.55+15.90 830.84+119.40 -40.36+4.10 420.17+67.38
(pmol/(m~+h))
CH, i/

(pamol/ (b)) 13.93+9.06  21.23+0.62  18.45+13.92  3.44x0.33 16.54+6.19  90.73+8.87  77.32£10.25  14.19+2.65
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Fig. 2 Seasonal variations of phytoplankton biomass between restored and unrestored areas in Lake Xuanwu
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Fig. 3 Seasonal variations of submerged macrophyte biomass (a) and Fv/Fm (b) in restored area of Lake Xuanwu
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