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Abstract: In the context of accelerated economic development, freshwater ecosystems are increasingly subject to the process
of eutrophication, which has precipitated a series of ecological issues within aquatic environments. These include water quality
deterioration and a decline in biodiversity. The most critical step in the ecological restoration of eutrophic shallow lakes is to
achieve the transition of primary producers from phytoplankton to submerged macrophytes. Current ecological restoration
projects of lakes frequently emphasise 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) in order to compare the
physicochemical parameters of the water and the carbon dioxide (CO2) and methane (CHa) fluxes at the water-atmosphere
interface between the two areas. The results demonstrate that the concentration of chlorophyll a (Chl a) 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 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 interface 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 NO3™-N, DIC, etc. Furthermore, an
investigation was conducted to ascertain the relationship between the CO, flux and various environmental factors. The results
of the study revealed a strong positive correlation between the CO, flux and NH4*-N and TN, and a negative correlation with
DO and pH. Additionally, a positive correlation was observed between the CH4 flux and Chl a, TP, TN, DOC, and water
temperature. Conversely, a negative correlation was identified between the CH, flux and DO, DIC, PO,*-P, and salinity. In the
area that has been restored, there is a strong positive correlation between the submerged plant biomass and salinity and
conductivity, and a negative correlation with NH,"-N, PO,*-P, CO, and CH, fluxes. It is evident that ecological restoration has
a multifaceted impact on the environment, including the enhancement of water 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 area in Lake Xuanwu

BEX = =l K ES
Chla (ug L) 5.73+4.12 5.06+1.93 10.11£5.08 5.15+1.38
DIC (ppm) 16.19+4.43 17.45+1.81 9.26+2.92 14.58+0.70
DO(mg L) 11.57+0.80 9.96+1.43 11.87+1.74 13.8240.12
DOC (ppm) 4.31+1.46 5.18+1.15 2.25+0.70 1.26+0.23
DTN (mg L) 0.46+0.09 0.48+0.05 0.48+0.16 0.71+0.06
DTP (mg L) 0.02+0.00 0.02+0.00 0.02+0.01 0.02+0.00
Cond (us cm™)  329.19+22.97 278.55+36.41 296.17+76.06 268.10+17.44
NH4+™N (mg L) 0.02+0.02 0.05+0.04 0.04+0.01 0.05+0.00
NO3;-N (mg L") 0.11+0.10 0.12+0.05 0.17+0.16 0.43+0.06
pH 8.70+0.24 8.91+0.41 8.99+0.52 8.38+0.15
PO#-P (mg L)) 0.00:0.00 0.0140.00 0.00:£0.00 0.0040.00
SAL (PSU) 0.17+0.01 0.13+0.00 0.14+0.02 0.19+0.01
TN (mg L) 0.53+0.12 0.53+0.01 0.68+0.14 0.77+0.14
TP (mg L) 0.03+0.00 0.04+0.00 0.05+0.01 0.03+0.00
BE CC 21.67+6.38 30.32+1.82 17.91+7.66 9.36+0.19
CO &

-78.41+34.40 504.63+110.03 -228.58+48.26 21.47+14.18
pmol m2 h!
CHs B &
umol m2 il 13.93+9.06 21.23+0.62 18.45+13.92 3.44+0.33
REEX H g2 K %
Chla (ug L") 9.46+2.05 25.13+18.14 26.58+8.22 14.34+0.55
DIC (ppm) 17.37+3.90 16.37+0.76 11.04+2.39 15.60+0.74
DO(mg L) 10.73+1.10 9.19+1.01 10.78+1.62 11.07+0.91
DOC (ppm) 2.82+1.26 4.66+1.31 2.16+0.62 0.91+0.12
DTN (mg L) 0.82+0.12 1.34+0.44 0.68+0.42 1.29+0.23
DTP (mg L) 0.02+0.00 0.02+0.01 0.03+0.01 0.03+0.01
Cond (us cm™!)  354.40+34.61 282.19+14.61 329.31+91.44 284.26+12.99
NHs*-N (mg L) 0.04+0.03 0.22+0.06 0.08+0.08 0.18+0.19
NOs-N (mg L") 0.41+0.30 0.72+0.47 0.31+0.32 1.08+0.01
pH 8.42+0.18 8.19+0.45 8.66+0.32 8.09:+0.01
PO#-P (mg L)) 0.00:+0.00 0.00+0.00 0.000.00 0.01+0.01
SAL (PSU) 0.19£0.02 0.13+0.01 0.16+0.02 0.20+0.01
TN (mg L) 1.06+0.26 1.77£0.51 1.41+0.30 1.46+0.21
TP (mg L) 0.06+0.03 0.09+0.01 0.10+0.04 0.06+0.01
BE CC)H 21.43+6.87 29.98+2.34 17.65+7.79 9.16+0.05
CO il &=

40.55+15.90 830.84+119.40 -40.36+4.10 420.17+67.38

pmol m h!



CH4 il /&

umol m2 h! 16.54+6.19 90.73+8.87 77.32£10.25 14.194+2.65
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Fig. 1 Seasonal variations in phytoplankton biomass between restored and unrestored areas in Lake Xuanwu
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Fig. 2 Seasonal variations in submerged macrophyte biomass restored area of Lake Xuanwu
Tt Fv/Fm A AT AL AT L EAF R RORCR, ki, ZESPE FE. BREKX
WYTKIEY S Fv/Fm (0 3 Biox, #F. HZ Fv/Fm WEES, 505105 0.809+£0.001 1 0.821+0.002.
Ky &ZE53 5104 0.787+0.005 H1 0.776+0.010. KT E, BEXHNM Fv/Fm (RN, RIH
PR R 32 2 8 25 A S A

0.84

“

3
>
S 080
¥
3
= 078
> 076
=
.
0.74
0.7. T T T
& = & %

K3 2l g = X TUKIE SOt Fv/Fm B EIZET522 4L

Fig. 3 Seasonal variations in Fv/Fm of submerged macrophyte in restored area of Lake Xuanwu
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Fig. 4 Correlation matrix of biological and environmental variables in restored and unrestored areas in Lake Xuanwu
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