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Abstract: Under global warming, extreme high-temperature events have become more frequent and intense. As a typical thermal
anomaly, lake heatwaves can rapidly alter CO2 production and emission in shallow lakes, thereby affecting the accuracy of CO2 budget
estimates for lake ecosystems. This study examined the effects of short-term heatwaves on CO2 production and emission in shallow
lakes, along with the associated response characteristics and influencing factors. Field experiments were conducted using the "Smart
Lake" mesocosm simulation system at Dongshan Station of Lake Taihu. Two treatments were established: a heatwave group (+8 °C)
and an ambient-temperature control group. Observations and calculations were carried out across three stages (pre-heatwave, heatwave,
and post-heatwave), and variations in partial pressure of CO2 (pCO2) in surface water and sediment pore water, as well as diffusive
CO2 fluxes at the water-air and sediment-water interfaces, were analyzed. Correlations between surface water pCO2 and major
environmental factors were also examined. The results showed that surface water pCO2 increased in both groups during heatwave
events, with a greater rise in the heatwave group. The mean pCO2 value reached (860 + 54) patm in the heatwave group, whereas
the control group had a mean value of (606 +37) patm. The water-air CO2 flux in the heatwave group rose significantly to (31.2 +
3.1) mmol/(m?d) during heatwaves, higher than the (19.2 +5.0) mmol/(m?-d) in the control group. In contrast, the sediment-water
CO2 flux in the heatwave group remained low at only (1.3 +0.2) mmol/(m?d). This result suggested that sediment-derived CO2
production and emission alone could not explain the increased water-air CO2 flux during heatwaves. Partial correlation analysis
indicated that, after removing the effect of water temperature, no significant correlations were found between surface water pCO2 and
environmental variables in the heatwave group, implying that water temperature variation dominated the regulation of environmental
factors on CO2 dynamics. In summary, short-term winter heatwaves significantly changed the variability of CO2 dynamics in the water-
sediment system of shallow lakes. Further studies are still needed to clarify the biological metabolic processes and physicochemical
mechanisms driving these changes.
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Fig 1 Mesocosm simulation experiment system (a) Geographic location of Dongshan Station; (b) Schematic diagram of the
experimental site; (c) Schematic diagram of the experimental barrel and the position of heating tubes; (d) Relative positions of the
heatwave group and the control group
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Fig 2. Trends of meteorological factors and water temperature during the experimental period (shaded area
indicates the heating period).(a) Changes in average air temperature; (b) Changes in water temperature in the

control and heatwave groups; (c) Changes in wind speed
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Fig.3 Trends of water quality factors during the experimental period (a) Chlorophyll a (Chl.a); (b) Dissolved oxygen (DO); (c)
Nitrate nitrogen (NO3™-N); (d) Total nitrogen (TN) (e) Dissolved Organic Carbon (DOC); (f) Dissolved Inorganic Carbon (DIC); (g)
Total Phosphorus (TP); (h) Ammonium Nitrogen (NH4*-N). (*,**, *** represent p < 0.05, p <0.01, and p < 0.001, respectively)
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shaded area indicating the heating period
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Tab. 1 Changes in FCOof pore water and water column before and after heating
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K-S FR-1H FCO, 59431 7.1+£26 0.764
Y BUB R Fa/Faa (%) 11.1£5.7 8.1+1.0 —

s VURRY-/K FHTE FCO, 0.9+0.1 13402 0.078
K-St FCO, 19.2£5.0 31.243.1 0.032*
FHRY HOE & A Fow/Fya (%) 5.140.9 42404 —

Fow FoRVURYI—K A COy 55 HOBE, Fuo 38K COp i Y OB Fou/Fya HIF 157 S296 20 Y [F) 39130 B L
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Tab. 2 Partial correlations between water body pCO, and water-quality factors after controlling for water temperature

AbFRIEAE (n=8) KR AT AR R HL pfE
DO 0.12 0.80
Chla -0.83 0.02*

TN -0.25 0.60

AL NO;-N -0.09 0.85
DOC -0.27 0.57

DIC -0.66 0.11

TP 0.19 0.69

NH,;*-N 0.13 0.79

DO -0.50 0.30

Chla -0.04 0.93

TN 0.14 0.76

Spa NO;-N -0.10 0.84
DOC 0.15 0.74

DIC -0.20 0.67

TP -0.23 0.62

NH,;*-N 0.12 0.80

ARSI B LUK AR+ o8 P<<0.05
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IKIAVE NI EA R EL IR, SHIIAS KA COp 2B 1 I FE 2 56 F 32126), /K SR 486 im B T 3 5k 388 7
I A 7= D3 E CO2 THFERT, AT BURISOK A4 HLIS FEARIE N COx F= A1, AR 45 RFRH, AR
A, KEEEAS, MERAFMRAN KA pCO: HEEWRENFAR, EARAKNASEETL (K
4) , VLB FHE RS I RWIA CO MM Al ). TENE BRI, R M R IR IR B K AR pCO2 1Y
IGAE HARHE 70 g R BL2829, R Pokrovsky 28N (2013) [RIAIF 80T G2 v 43 A Al b 1Y) B 22 4
TR, TASHE M E T A RGRERL, BT8G50 BRI ENRTHE A B E R T Co,
PR

I, A 70 45 S 9 B A B R 4R TT B 25 FR THE KK -S A  Cox il (GR 1D, X
— OIS CHE R RS RE LY A0, Hd, Audet A (2017) B TELZAT 11 FHERK
R RS G R A AL AL, [RIAR A B R R AE AN, KAk COx HERUE & BRI 3% I %
301, b —BIOAIE T AR R LW T 5 SR A . BT BN g, winivR A%
TR FRa B A 0 AR AE X B SR A G R KRS R b, fdok e B ARZR
HEMAER RGN, FEG s KB CO2 HESURE LK IEER T . FEER M2, Z iR H
T ZE KA R R G 3 Ik e KA COn PEAE RIHERLTE 107, (R, ARETTR I, AE IR A
YRS AR P TR A R] P 25 4R R K-SR CO2 HEAG, 1 BA AT 3 AR i I R A AT BB X R /KI8T CO2 B4
FEA B R IRBh . R B A KT VA AR I 5 B AR S TR B Rt Rk, AUERG NG ST A BRI K
A COLHERL, BRI T ETF UL E.
32 HREHT CO ST UMNEERELMER

VR KT ¥ 3 T W R TR AR R AR R ), PRSP ATIBIG COa BhA I E
LR EZ —. DEWFARMN, {E380 8 5 7R s A0, PRI E Y6 & 1F F T 3 5K 44 CO2 W #E,
MM BEAR K AR pCO2, FRILHN Chla 5 pCO2 2 HAHFIE RI63234 A 58 1 i AH 2E A T B o, 7EF I K
BmE, ST Chla 5RZEKME pCO2 B BE G, UWIHERMIRAMLT, W64 1EHERK
## CO2, FHUKME pCO2 B Chla ¥4I R B ERECES . /0, EHIRHF, Chla 5REKME pCO2
M fRAR G OC R BRIFER DN fn), (FRBHIREKE, RAERAIRITEE “5546” T Chla X CO2 14
YIRSEVE R . TREERMNZ, Chla FHEtn] GEAEBE A HUTH G0, TR Le 5 AL 0 5 2253 il i 72
AIRER K AR COx BB, R, FERE SN TG A WIRAET= ) SRR TE A SR I5A HLITE P& AR R K
PP R, H— B X A EH CO THAES LT/l CO F=AE BAHXT BTk, I 51V CO2 YRS 11
FE G

KRR (DO) RRAFAKBEAS BTN EE R, HBME SRE1EM . FEIRAE ARG LR 5
fREIEA R, —MIMT, DO 5 pCO2 Z AT BEAFTEA R IR s /KRR R AL 4 e 388 i
DO H#65 COx BT RERI D KA T o6& 1E R SR, CO2 B iEFEFH-F1EEE DO i mBs, Fik, DO %
B F R B FIWEIE K AR EPIRE A H S CO 3hEZ IR0, WS FE, FHEX DO Fl pCO: 1]
S E BE R AL A B A N AE IS R . — T, R s AR ST AK R A AR, (KA
5 MUK DO WREERT; F—J71h, BmE R ] RERE A AKARIE . G HLE LA & COx oA 72, A
M DO 5 CO2 HIZhAZRAE), SR, ABFAMMRAIC TR, ERb/KERNE, RIR4H DO 5
RIZKME pCO2 HImAH IR RAITA BT, UL =3 IR R RIS F7KIR R (1 i 2R M C R
R, BUA B ARG HOR BIA DO 2B (LA pCO, Tt B 82 U5 K T /K AR B A HLRR 40 it o . % &
FI PRI DO 5 CO2 A FLF5Z B/KIR A KA K IR B e, — 0] RUKIEZERES CO2
BNASII PRI R, R A BE A e e AU AL ) 1 9 1) B R
3.3 AREIFRE CO: XHIBEXTEL 247

WY CO 77 A= FHE R RN 52 BRI AT WU BRAR . AKARACHEE . RIS e DL R K AR TR IR 25 1k R A8 (k&5



LRI AR B0, Rk, A PURMI—K A S5 K—S F T CO B FIMINT RN, AT INIR IR
PER AR ST R A0 B 22 5o ABFFE A, LM AGREE, KRR EATURY-—K R CO,
He Gl B4 BT, E = R SR A . SUTRRI— K FUEAR B, K= A CO2 HE A &%
PR AL T R B B O S (R 3 B B o A R b, YR A DT -K ST FCO2 5 /K-S 51 FCO2 ¥ ELAH (Fow/Fw)
FHINFAHT 8.1% 1 1.0% P& 2 NS 1) 4.2%10.4%, P S AR R DT Y COa F= A SR R 58 CO2 HE
TR TR XS5 REY, ORI ST CO HEIY 58 T B8 3 ZOR IR T /KR .

T ZESRII IR, Fow/Fua (X T HOETFAN FEHAR S 508 & AR KN, 1A BEE— 2B b K< 5Ll
CO2 BN 3RS J5 1 B AR R IF AN FE B, /K-S P CO2 B 5 0] G [F] 1 52 213 2 K & pCO2 FHF
LS AR AR ST AR AT B R A2 KA A AR DA R AR ) A K B N SR R R L R
Ak, RENTFEXS I CO HER I TTHk ] A B A B B2 15 22 08, R RALTHE, TR AE NS
i KA A P ARG AR W REAN ) T B R RS 5. EREERAM T, TIBRAE VLR 7%
JE e 75 7 RO K A AR V5 Sl S i, AR K S TH SN 5 K i P 3 A R i FE e K-S A T C O HE
AR T B R AEAR (b . (R, ASHIE 72 T4 45 10 (s e A 22 i I HGR B 3l R R K1 /K-S 54 T CO»
He b B e S, Tk e B H AT, NIRRT RSB AT, 5T IR £ AR
TGRS, &AM RBE R SR EA R R BRI, DB RIREE T CO2 3L M IR UK
HHLH, B KA AV RE S TR BRAG IR R IR R B8 CO2 HEBURIAINT BTk, T 41 5 4 391 AR S 6 45
FIE T

T4, ABERLETNERN R E EWAAE—ERR. 54, WR%-—KRT COo: HiSEE R AL T
FUBRAK IR AR E 1K Fick EEMGH . JAMAAAEED NG 7R A IG R AR AT T, & B8 v Ak
TR A RS RHBCE R . AP ARMN, FET LUK B0 Fick &=k A 45 R 548 205073 211
TR W] REAFAE 2 52140, Lavery ZEH5RIA Fick MG HRTIREY B85 EF HAG MM REt, K
W, ARWEFEH COx HEBUE B AR BERIBR A S, 4R % AR 22 745 51 /@ i sh 9],
BRI, BF 90 5 SR 2 T AR o A 3 R 3R KT C O SR 52 P I 48 540 0 S A 6 B3 7 440, T 3
BRREEFETRE NP HSORE . &5, BRTFHEMRGKT B 2R S SR ST A%
CO2 FIAMTHE, (H LT FE ok A B KRR IR R ER . WA ) AR E S, Mk REik
W2, RS EAEYH AR BRI TE2% KA 38 CO2 B AR AL HI AT VR R 2. b
Gb, TKAR pCO2 T RIE AT A8 52 BIFHE 51 AL 1) COo WM FE AR IR a4k RARALEE T, R ARHF 78 1T 45 & 7K 14
MU . BRSNS, DT i R 2 1 R R CO A28 b 1) BARHLE .

4 ZEip

AWEFCRBL, IIRBERS 8 35 B AR COx I MR GE 77 #ETHR 8 C BRI,
X HEAAPRA KR pCO2 BB TR, HAIRATHRNE R, X MR T A8 06 2 35 32 TH K ik
CO2 P A2 75 o NG K-S CO2 HERGE BAE P A B35 T i, ERIRAR TR R, R
AR AT LM RE K- F I CO2 HEI . UM=K T ) CO2 HEUER AR A 160, (HILARX B AR TK
I COz HE, I Ho sl AR AT BEFR IR DTN I 36 R G0 CO2 HEMI DTk AR S M B, R4
HARIEE )G, PIRHERZ KA pCO2 557K 5 7 A R R REARIEFRZ KT, DA 45 R A L BUE
B B — K 5T PR T KA pCO2 T g BA SR AN A o AT &, RS 7T LA 98 P K COn 7
A FK-S S A HEBOE &, E B AR A YA S B R B0 A FHRN T .
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