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Aquatic plant ecology and ecosystem functions: A research review based on systematic
studies at the Liangzi Lake National Field Station”

Yu Haihao, Wang Ligong, Lv Tian, Fan Shufeng, Zuo Zhenjun, Wang Zhong, Yu Dan, Xu Xinwei &
Liu Chunhua
( College of Life Sciences, Wuhan University, Wuhan 430072, P. R. China)

Abstract: As a critical component of freshwater ecosystems, aquatic plants play an essential role in sustaining the structure, func-
tion, and stability of ecosystems. However, under global change scenarios, aquatic plants are confronted with multiple stressors,
including eutrophication, climate warming, emerging pollutants, and biological invasions, which have led to a significant decline
in aquatic vegetation, particularly submerged macrophytes. Based on systematic research findings accumulated over the years from
the Liangzi Lake National Field Station for Scientific Observation and Research, Wuhan University, this paper comprehensively re-
views the major advances in the ecology of aquatic plants and their ecosystem functions across the individual, population, commu-
nity, and ecosystem scales. At the individual and population levels, we revealed the environmental regulatory mechanisms of eco-
logical stoichiometry in aquatic plants and elucidated the adaptive strategies of clonal integration and functional traits in response to
heterogeneous habitats. At the community level, we analyzed the key regulatory factors governing the relationship between biodiver-
sity and productivity, as well as the mechanisms underlying interspecific interactions. In the field of invasion ecology, we systemat-
ically clarified the driving mechanisms of exotic aquatic plant invasions under the combined effects of environmental change and bi-
otic interactions, and evaluated the ecological impacts of exotic plants on material cycling, epiphytic communities, and pollutant
responses. In terms of genetic evolution, we comprehensively employed multi-omics approaches to uncover the phylogeographic pat-
terns, local adaptation mechanisms, and invasion potential of aquatic plants. In the context of ecological restoration, long-term in-

situ monitoring and restoration practices have verified the effectiveness of submerged vegetation reconstruction in controlling internal
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nitrogen and phosphorus loading, and new insights into combined remediation technologies and biological regulation strategies were
proposed. These studies not only deepen the theoretical understanding of the relationship between the ecological adaptation of a-
quatic plants and ecosystem functions but also provide an important theoretical basis and practical guidance for the conservation,
restoration, and sustainable management of freshwater ecosystems.

Keywords: Aquatic plants; functional traits; biological invasion; global change; ecological restoration; Liangzi Lake National

Field Station; microplastics; eutrophication; allelopathy; clonal integration

WK RGAE IR Y ZREVELE RS W) 0830 012 8 RGIR 55 145 v R HE 5 AN v BAR PR
IKAER )RR AR A S RGN P E RV E S e R S S PR S RE E R R BN RS R
GERRE SRAE o /K AR MR LA 0 R AT ) 43 o KA ) A KRS 7 R A AR L UK
WA EIEAEKIE LT, WIE 5 ( Potamogeton crispus ) FERINEFE ( Myriophyllum spicatum) |35 ¥ ( Vallisneria
natans) JR¥E(Hydrilla verticillata) 55 , RYEFFE KRR OGS RERE . TEAME Y HLIR T U0, 25 M- fil s ok
T, N5 25 ( Phragmites australis) 757 ( Typha orientalis) (3 ( Zizania latifolia) 55 , 7577 I B2 B i R B 1Y
AT . PRI KT, WE( Nelumbo nucifora) 3 (Trapa bispinosa) 5 , BEAERACK o #5%
Hh, RESRBOGE G R, B AEY B R TE TOKT, WK ¥ (Hydrocharis dubia) | AR ¥ ( Eichhornia cras-
sipes) K ( Pistia stratiotes ) 5, 3X SEAN [ A= 3 B4 (14 K A A 1 BOR AR IT AR 9 v ¥ 3o B FR P B, 4
TR o B A 5 AR AR [ E TURR ), W URR A T B 0F s SR R Dy 2 AR 3 40 A B A A R A A
SRR 2 50k A SR ST R E IR R 0GR T IR S R WSS IR

BT, Z AR A, K AR AR 28 R GEE NI HT T R A 1 2 E e . SRR OIS E TR
ORGP B B AR XK AR AR ) A K ST R A A R R R, S BOA BRI B A K
MR CRE R TOUKAE ) , BEL B iR, A SCHE TR DU 2 2 T 00 A 25 2R 40 [ 5 B R4 00
WHFRuh Z AR AR K AR W) AR 25 2 USRI 9T LA, K AR AR 8 U8 43 e SRE s 5 Th R M bR ey 17 L AR AL | 423K
ARASE R I AE A0 R SR A FEREAT T RS BERLRGS , 30 Rk OB s i S b T R R . AR SRR 42
54 2585 —LL“ Flora of China (http://www. iplant. cn/foc/) " EESHZARE, RS i T ¥4 .

1 REEMETEN SRHZFRENHTAR

1.1 REEMAFTHERIRTEEH

T AR TCR A (24 ) BRI SEE H ™ ), do e A 00l I 3R 58 0 2k o A 6 B, 3R 558 ot
S RELWUKAEMPICRZIAM KR B, TR AT 5 FALY X BT R 10 5 AR R E B ITREH M &
PR RSB I BOAR S o Sl A R I AR BB L, T 32— Fh N FE I TR 4 A A T
S BRI R, TR T R R B SRR AT X ROT R 2 M Sh AT RE T B
R BV F TR BT P I R BURBE A D BR M 5™ o A BR RUBE S0 B, I - BC K 5 R BRI RE A %
FIEZ BRI s R K TR o BT R B SRR FE T R A AR B R
S (AL SCAE (R0 AT ) 1 573 A 1 ), T A BRI A A 22 T 3R B 23 B, 245 B A i P 20t
SRS R R SR X VA B S L, AN IR A R I K AR K VAR B Y 2 B 1 B A T SR
WRBLH YRS S 0 P E RIS A X 262 AN K AR M BEYS 2162 MREA I RS2 KB, T
KA SR W e S T HE AR AR LD T 5 ) S 250K T JFC A R A 15 B K AR, A )
FHEZHE SRS EDE SRR E " o XL MR IC R MR T IRETIK S T IR M A ) 1038 1
M
1.2 REMEF S TREBYRIREES SThEEMER

T A2 28 2 AR W R AR 3R ARG I T 2R LR A7 SRS o FESE BRI, sE B R 7 R SR B Y BT U
SRR TR IR, UK R S B pRoFbR 10 S R3O R T2 B b S v s v 59 L LA
FHIE T ORI AT RE UV 58— RO o SERE R A AU RE U B B A K L BT AR 2R B
SRRAHRBR I E DI RET I FEA R E 35 45 0 XTSRRI MUK R BE 72k 22 AR s i ™ o Ieoh SR
T 5 IR 1 38 AR PR ARG Se TR B E0 AT o T R 42 I S5 R O 5 0 5 e VR b



1366 J. Lake Sci. (#1:64+%) ,2026,38(4)

IR R

VI EY i k7 pOE NN SERIOESS W SE R T RS oo I TWVIW i- K 7 i R d e T R S B ) A (S A NE |
BTG S VAL 2 R £ 2 0 B L AT R S UOKR A B AT I S g AN A
FURPHE AT 4878 T 7K A AR A0 5 BT A 5 ) 3 I % 58
1.3 REENMNEN S HE DRESHAERTFHXE

TEREIE KT b K AR AR R — 1 7 0 6 2R 2K TR S FR B 1S SR 4 i e o A ™ 1 i s
TS Z O TR MR 3 S BE AR RO ™ o T4 IR KOT R A 1 8 1 58 AR P ALl 56 i 25 2
AEZREME S AR M DC R ™ o AR R) ELAE T I6T, AN i) 2 05 B K AR A ) 0 U3 W SR A Tty 28 B0 L i 2

S VAR ALK R R [ A T IR R SR IR B S S I AT KA

VAR B, S OB PR R [ B8 T R S R B K T A S R R
[ LKA P 0 b B 2 0 B O R S R RN D B AR AE B 22 5, HLX A S R A2 2 R AK IR F (A €O, TH
AAERREE ) AR A S 3R O, M ST Bl ot A B K B RO R R T
A EL R A AT 45 DUk WA 0 S 4R 1 A R L L SRS R KR SRR I
] S A ) B SE RS2 A AR S R G D BEIARRE o

2 SSRKEBUNBRESERR

2.1 MR SEMEEXIRKEEDN RN

X E 236 D APRIKAEREMIREYE 2267 AFE AT ARG, T A DA 35 B AR AR L PR R R AP R
T, TR e T A TR IR IR TR SRR A S 2 FR K AR S R G AL P A A E SR 15 FhA kK AR
W), Horp = L% 155 ( Alternanthera philoxeroides ) | JRUHR 3% | 3 M 2 I8 BB i ( Myriophyllum aquaticum ) 52
W WL AR L SRR R KA SR AR I BB R R 2 — | I se R A RE 13 TR
IRIEERIAIRS . SERIm, SR A Y AR R 32 3 2 EI B R RS, B, & &R EEN T AR
JRUHR 22508 3o 36 AR 28 A5 0 A FE IR A AR AR 4 4 DS A DR I 1 7 0 AR 7 , 7R 3 HH A0 O 2 W B P 5 T AR
o K 8 AR R 7 DKL RS, A R B R S /N T SRR T S R AR ) R T S AR
I ALK T T BEMEIR 2 5, LS e 4B i St 5 TRl 5 35 SR S IR L T BRI B[] 200 38— A
SEAL T AMRAS A HUFI ) 55 A o SA ML KR ) S A EE AP SR AR ( Elodea nuttallii ) 3ot J 1)
AR U LA B A A A K R A P A, 6 T B R 32 1 W, 3R A0 B b ol RE SRR S e IR . 5B
G385 BE K SCHR SN (A 25 BE /K 238 3 ) 5t B R IR B[R] G2 0E 1 PR Aok S IR 3 14 A 4 R B, i 7K
VT 75 em J5 R RE IR IGTEAME K TR , BN AN A AR K BRI 7 A, RS R
FACHE T v AR (U0 i T RAR IR ) AR K R BRI A 55 4 R 2 T sh A B AR
) 4 TR0 AT S HE— B R SR S 3 A A M 1 A K 3 B BRBE 0 3 RSB T X AR AR
LI AHAE Y A W) B AR AKCOT- 5 AR R A SC, (HDO6 B2 MR el 8 % 48 55 20450 1 7 2 ) 583 3 o
HEHLAE ST s HA AL Zh REPEAR A 185 55 4 1 A MUl AT A5 S8 AR R AR ) T A M /K A A P R e |
BERS 22 o AN K A AR R e TR
2. 2 ShSRIK AN R Y SRR

IPRAEI AR LS R G A T 22 IRIER R . ALY B 2 1 AR B35 s 7
ST T IREEIEER : SA A P RE TS AR L, AR 22 5 B TP & S 1 0 A HLBE = i BEAIR, B A=
WA VAR 7, FLSRI O Al AN T SR R o SRS AR K A W U 2 0 ) 4 i 2 5 32 Ak
SR AR R 38 RUAL R , BT A IR B ER A o X T YUK, i T AR I RS A i AR
U0 i S 0 T AR P A PR, LB SR S B B A B OB A T R R
Xof FHEK BT , ASAEY) (A 2R 8 XU R DR 38E ) dx B 3 8 S B S A 00k 4 T, 52 1
HEA IR o AN AR KR ) RUIRSE RS IR ) Xt 7K 1A 35 e W B0 T 10 B2 O i 52 AR i
fE 1 2 3 T AU (F5 50 RWIHLAE RIS Ye T RERI AR AR o ETHR AT SUF , R RIRE
185 5 W BT O A8 LA P S R T A RK A M) 22 T B 5 4 o 2R T 4 L5 ol ) 53 4 A 1G5 1R T U



TilwF RAMDAESFEESRARARAREE AT RTHE LI RAARL 1367

B T AH Pl 5 RIS K TR IR A AR o MR AR AN )UK OT USSR
HEAREE MR S0 B SR 1, E— B S TR R

3k&EEMBERZHESEM TR UM BT

A IE Y TARC RGBT AR 42 R A A5 A 45 22 R T B, R 048 7 K AR R Bt
TELRENE 3% 28 L BEAR R O B PE SR AL LR e AR . ERG R E 54K 00, BFE BT &R
(Typha) B oAt 5 R G 8 6 R IF 0 40 T 5080 00 A S =45 )8 2% 58 b Sparganium longifolium
(R RIS R P 520t M X B A Ruppia mongolica ™ o {EREAAE 14 5 £ Wy M BI2E Iy T, WFFE #6075 o [ g
D AZ I ( Hippuris vulgaris ) (438 A5 25K 5 v UREE AT 7 B I JLER AU AR 0 A O 1% 28 st AR = 5 5 i 1
AR 4 R B A IR B (Myriophyllum verticillatum ) ' H38tA% 2o R | % BUHB BEBE 25 5 M I 3K ]
PR T RS JR) 5 3R IR S8 (B 5 D048 7% Hb 340 5 B 355 PR 25 ot e A2 44k AR Bk ORI & T %
PIRI M TEARC ™ o WSS B 1o 4% 2R = ( Sparganium angustifolium ) 1 Ye €6 (4 K SF- 3 5 21 21 5
LA Sz BB = 5 B AW Sparganium stoloniferum ({)5EPHL A BT , 38735 T He o0 b B A R T3 IV L o5 0 B I
s A" S )| 5B ARY Ruppia sinensis (/)25 4125 0BT , AT FLGF K 1R 5 1 36 30 0y 56 e 0 42 9 0 i
B BT (Z. lasifolia) BOREAACE BR VKR , 46 0050 30 366 12475 5 O 0000 A S A1 Ay 38 o RLBR:
AN, 45 i A R 5 A A A AR SR TN 1 ST 26 PN 10 R B AR 00 I e BIR S g K A AL W R AR
1 ST MR 23 R LR IS S T B B SR,

4 K EW R E X HR IR B BHRAER SR SV HR R

7 SR S5 0 89 1 T R0 A < 980 P K A A 2 SR A o S e K R M I S A A
S, S5 A AN RME A TIE , AR GERTFETTRKAE BRI XA A5 GO S 4T i P AR . BIFTE M, DK A Y
STy B S R K AP A5 i o P R AN i S BE PRI L B PP R B TR e B2 B PR U R A B v
A IRl UK AR S 2 SRR R K R B AR 254 5 D 50 o VR 2 U P S 2
B BE RS o, AU ORI PR e " DOKR I R KR REAT R IR R ZUTR (0~ 5 em) i
(1 U 677 , A 2 0 3 I LA B S R B 4 5 S W S R B A SR T T R 3R A
0B BRI P 23R 22 OB T 5 25 4 S W AT HLIE  AH L AOR S B Tl 5 ™ AR HL 2R, K
TR 2 A S B K P A ™ B R R B, SRR B A AR T I 5 K A AR R AT 45
952 A B S BA %85 5 S DX TR P9 TR 172 5 R P TR B8 R T B — R ™ A TR I 52 S
FEREA L i BE SR TRV AT 25 I 2 A0 A, W ORI ™ o B, UK ST I , DB AT DL ik
RS P R kR A o MR R (R SR KU 0 7 R ) £ R R AR 3R 5 1 R 1Y
BIRGIRAN, AT RES | R /KA A LA R by 1] ABESE S A8 5 [ ) 75 48 Aok A2 1k v RE S 3
AR IR PR J A o £ R A5 1 T 0250 07 il 25040 o 5 9 B0 0% sh e ik vy e sh 7 L AT
VAR U /AT TG £ A P 3 , PR SR A B, SR WA I S SRR 11/ A P S

5 RE

A GE- ) [ SR M AP B BIE 5 M2 RUBE 3 7 K AR B4 A AT AL -5 S RE TR i A, IR K 2
SRS R R T2 IR A, (F 7 4 BRAE AL IR 0 R0 19 R, ROR B TS A EE AR AR
(1) s 22 N 1528 ROS AL AR AR AT , SR AR B IR AL UL IR BT B35 B A0 A ) AR 26 22 FE 3l 1) T3 [)
SAEHUE T, 1 Bh 22 4 AR s K A AR T B0 231 R LML 5 (2) 5 A 10T A 25200, 0, 38 B /K AB DK
SRS R GENRERI TS 1R B BY 5 e W 19 A ) SRBURORE S A AR 1 % - 98 P AR A ) 0 e s 280 0 5
(3) RALH T A= AT RS, 1 AR 2R 0 WA ) — AR B (ol ) — DO R ) 5 P ORI ML ) B XS 37 70 0 21 1 K
I (4) R s RUZ B A B, LISCIRIEIN A FHEV% 5 2R 25 R GE2 WS e, AT 52 BUXS 2 ek A8 17
S R AR AR IR A 25 AR GE T RE N O Y TN U 5 (5) AR T A SR IB S EOR il S RERF I & . 2 )
Tl ARL A AR M RN A5 T BAR THR TR AGE T, JF R /K AR LK B2 A A I SR — AL BRAE 22, 38 5 1A 2R 28 R



1368 J. Lake Sci. (#138#3) ,2026,38(4)

G URALA IR o S LERETE I AR et KA B T 05T B Ax il M A UK A A R OK AR S R R Y
B IRE , I 9 R 5T WA PRI S 8 S PR 3t B R SR S 4

6 5%k

[ 1] Dudgeon D, Arthington AH, Gessner MO et al. Freshwater biodiversity: Importance, threats, status and conservation challenges. Biologi-
cal Reviews, 2006, 81(2): 163-182. DOI: 10. 1017/s1464793105006950.

[ 2] Carpenter SR, Stanley EH, VanderZanden MJ. State of the world’s freshwater ecosystems: Physical, chemical, and biological changes. An-
nual Review of Environment and Resources, 2011, 36: 75-99. DOI: 10. 1146/ annurev-environ-021810-094524.

[ 3] Rinke K, Keller PS, Kong XZ et al. Ecosystem services from inland waters and their aquatic ecosystems. Atlas of Ecosystem Services.
Cham: Springer, 2019: 191-195. DOI: 10. 1007/978-3-319-96229-0_30.

[ 4] Cook CDK. Aquaticplant book. SPB Academic Publishing, 1996.

[ 5] Horppila J, Nurminen L. Effects of submerged macrophytes on sediment resuspension and internal phosphorus loading in Lake Hiidenvesi
(southern Finland). Water Research, 2003, 37(18): 4468-4474. DOI: 10. 1016/50043-1354(03)00405-6.

[ 6] Jeppesen E, Sgndergaard M, Sgndergaard M et al. The structuring role of submerged macrophytes in lakes. New York: Springer, 2012.

[ 7] Bai GL, Zhang Y, Yan P et al. Spatial and seasonal variation of water parameters, sediment properties, and submerged macrophytes after
ecological restoration in a long-term (6 year) study in Hangzhou west lake in China: Submerged macrophyte distribution influenced by envi-
ronmental variables. Water Research, 2020, 186: 116379. DOI: 10. 1016/j. watres. 2020. 116379.

[ 8] Cook SC, Housley L, Back JA et al. Freshwater eutrophication drives sharp reductions in temporal beta diversity. Ecology, 2018, 99(1):
47-56. DOI: 10. 1002/ ecy. 2069.

[ 9] Zhang ZQ, Yu HW, Tao M et al. Shifting enzyme activity and microbial composition in sediment coregulate the structure of an aquatic plant
community under polyethylene microplastic exposure. Science of the Total Environment, 2023, 901: 166497. DOI: 10. 1016/]. scitotenv.
2023. 166497.

[10] Zuo ZJ, Zhao HC, Yang L et al. Salinity induces allometric accumulation of sulfur in plants and decouples plant nitrogen-sulfur correlation
in alpine and arid wetlands. Global Biogeochemical Cycles, 2022, 36(12): €2022GB007372. DOI: 10. 1029/2022GB007372.

[11] Zuo ZJ, Reich PB, Qiao XJ et al. Coordination between bioelements induce more stable macroelements than microelements in wetland
plants. Ecology Letters, 2024, 27(11): €70025. DOI: 10. 1111/ele. 70025.

[12] Zuo Z], Wang Z, Zhao HC et al. Plant elemental homeostasis enhances species performance and community functioning in wetlands: Loo-
king beyond nitrogen and phosphorus. Ecology Letters, 2025, 28(7): €70152. DOIL: 10.1111/ele. 70152.

[13] Zhang LJ, Zuo ZJ, Qiao XJ et al. Global leaf sulfur stoichiometry and the relationships with nitrogen and phosphorus: Phylogeny, growth
form and environmental controls. Proceedings of the Royal Society B: Biological Sciences, 2024, 291(2027): 20240206. DOI: 10. 1098/
rspb. 2024. 0206.

[14] Zuo ZJ, Guo YP, Zhao HC et al. Conservatism and plasticity of multiple nutrient allocation in wetland plants: Insights from allometric scal-
ing. Functional Ecology, 2026, 40(1): 113-127. DOIL: 10. 1111/1365-2435.70210.

[15] Zhao HC, Zuo ZJ, Yang L et al. Similarities and differences in the physiological adaptation to water salinity between two life forms of aquat-
ic plants in alpine and arid wetlands. Science of the Total Environment, 2024, 908: 168449. DOI: 10. 1016/j. scitotenv. 2023. 168449.

[16] Hu JW, Yu HW, Li Y et al. Variation in resource allocation strategies and environmental driving factors for different life-forms of aquatic
plants in cold temperate zones. Journal of Ecology, 2021, 109(8): 3046-3059. DOI: 10.1111/1365-2745. 13719.

[17] Ma XW, Li Y, Yu HW et al. Support from mother ramets declines with increasing independence of daughter ramets in submerged clonal
Vallisneria natans. Aquatic Ecology, 2021, 55(1): 299-308. DOI: 10. 1007/s10452-021-09831-y.

[18] Ma XW, Li Y, Yu WC et al. Clonal integration affects growth and sediment properties of the first ramet generation, but not later ramet gen-
erations under severe light stress. Journal of Plant Ecology, 2022, 15(5): 1080-1090. DOI: 10. 1093/jpe/rtac019.

[19] Ma XW, Liu HM, Wang LG et al. Effects of clonal integration on characteristics of free-floating and submerged plant communities under
different nutrient conditions. Flora, 2023, 298: 152205. DOI: 10. 1016/]. flora. 2022. 152205.

[20] Wang T, Li X, Liu CH et al. The compromising foraging of a clonal submerged plant in variable environments of substrate type and light
condition: A simulation study. Journal of Plant Ecology, 2017, 10(3): 538-545. DOI: 10. 1093/ jpe/rtw046.

[21] Yu HW, Wang LG, Liu CH et al. Effects of a spatially heterogeneous nutrient distribution on the growth of clonal wetland plants. BMC E-
cology, 2020, 20(1): 59. DOI: 10. 1186/s12898-020-00327-1.

[22] Yan ZW, Wang QY, Li Y et al. Combined effects of warming and nutrient enrichment on water properties, growth, reproductive strategies
and nutrient stoichiometry of Potamogeton crispus. Environmental and Experimental Botany, 2021, 190: 104572. DOI: 10. 1016/j. envexp-
bot. 2021. 104572.

[23] Li FC, Zuo ZJ, Zhao HC et al. Adaptive responses and transgenerational plasticity of a submerged plant to benthivorous fish disturbance.
Ecology and Evolution, 2023, 13(8): 10398. DOI: 10. 1002/ ece3. 10398.

[24] MaF, Yang L, Lv T et al. The biodiversity-biomass relationship of aquatic macrophytes is regulated by water depth: A case study of a shal-
low mesotrophic lake in China. Frontiers in Ecology and Evolution, 2021, 9: 650001. DOI: 10.3389/fevo. 2021. 650001.



TilwF RAMDAESFEESRARARAREE AT RTHE LI RAARL 1369

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Ma F, Yang L, Zhang C et al. Functional evenness and community-weighted mean traits have strong correlation with macrophyte community
productivity. Aquatic Sciences, 2021, 84(1): 2. DOI: 10. 1007/500027-021-00833-4.

Ma XW, Wang QY, Wang HY et al. Effects of disturbance on functional diversity-productivity relationships of aquatic plant communities
depend on nutrients and life-forms. Hydrobiologia, 2023, 850(3): 683-697. DOI: 10.1007/s10750-022-05118-x.

Li Y, Chao CX, Zuo ZJ et al. Effects of dissolved inorganic level and sediment types on the plant traits of Myriophyllum spicatum L. And
its exudates input to sediment. Aquatic Sciences, 2022, 85(1): 24. DOI: 10. 1007/s00027-022-00925-9.

Li Y, He QK, Ma XW et al. Plant traits interacting with sediment properties regulate sediment microbial composition under different aquatic
DIC levels caused by rising atmospheric CO,. Plant and Soil, 2019, 445(1): 497-512. DOL: 10. 1007/s11104-019-04312-6.

Lv T, He QK, Hong YP et al. Effects of water quality adjusted by submerged macrophytes on the richness of the epiphytic algal communi-
ty. Frontiers in Plant Science, 2018, 9: 1980. DOL: 10. 3389/1fpls. 2018. 01980.

Yu WC, LiJH, Ma XW et al. Community structure and function of epiphytic bacteria attached to three submerged macrophytes. Science of
the Total Environment, 2022, 835: 155546. DOIL: 10. 1016/j. scitotenv. 2022. 155546.

Li Y, Yang L, Ma F e al. Differential responses of dominant and rare epiphytic bacteria from a submerged macrophyte to elevated CO,.

Environmental Science and Pollution Research, 2022, 29(42): 63005-63016. DOI: 10. 1007/s11356-022-20266-2.

LiY, YuSQ, Yu HW et al. Climate-driven epiphytic bacterial community along a latitudinal gradient and its implications for submerged
macrophyte production. New Phytologist, 2026, 250(3): 1833-1845. DOI: 10.1111/nph. 71011.

Lv T, Guan X, Fan SF et al. Snail communities increase submerged macrophyte growth by grazing epiphytic algae and phytoplankton in a
mesocosm experiment. Ecology and Evolution, 2022, 12(2): e8615. DOI: 10. 1002/ece3. 8615.

Li FC, Zhang TT, Zhang ZQ et al. Predation risk-mediated indirect effects promote submerged plant growth: Implications for lake restora-
tion. Journal of Environmental Management, 2024, 355: 120512. DOI: 10. 1016/j. jenvman. 2024. 120512.

Fan SF, Yu HH, Lv T et al. Native plants play crucial role in buffering against severity of exotic plant invasions in freshwater ecosystems.

Biological Conservation, 2024, 299: 110824. DOL: 10. 1016/j. biocon. 2024. 110824.

Yu HW, Shen N, Yu D et al. Clonal integration increases growth performance and expansion of Eichhornia crassipes in littoral zones: A
simulation study. Environmental and Experimental Botany, 2019, 159: 13-22. DOI: 10. 1016/j. envexpbot. 2018. 12. 008.

Huang XL, Xu X, Liu SL et al. Impact of eutrophication on root morphological and topological performance in free-floating invasive and n-
ative plant species. Hydrobiologia, 2019, 836(1): 123-139. DOI: 10. 1007/s10750-019-3946-3.

Li DX, Lv T, Li Y et al. Functional trait variations of the invasive plant Alternanthera Philoxeroides and the native plant Ludwigia peploides
under nitrogen addition. Scientific Reports, 2025, 15(1): 43799. DOI: 10. 1038/s41598-025-27758-4.

Zhang J, Nie YL, Li FK et al. Nutrient enrichment and artificial light at night synergistically confer a competitive advantage to alien aquatic
species over natives. NeoBiota, 2025, 102: 93-108. DOI: 10. 3897/neobiota. 102. 142791.

Liu HM, Huang HX, Yu HH et al. Better growth and photosynthetic performance of Elodea nuttallii to short-term hydrogen sulfide than n-
ative Hydrilla verticillata. Hydrobiologia, 2025, 852(8): 2029-2047. DOI: 10. 1007/s10750-024-05592-5.

Zhang XL, Ma DY, Pulzatto MM et al. Moderate hydrological disturbance and high nutrient substrate enhance the performance of Myrio-
phyllum aquaticum. Hydrobiologia, 2021, 848(9): 2331-2343. DOI: 10. 1007/s10750-020-04397-6.

Shen N, Yu HW, Yu SQ et al. Does soil nutrient heterogeneity improve the growth performance and intraspecific competition of the invasive
plant Myriophyllum aquaticum. Frontiers in Plant Science, 2019, 10: 723. DOI: 10.3389/fpls. 2019. 00723.

Wang T, Hu JT, Wang RQ et al. Tolerance and resistance facilitate the invasion success of Alternanthera philoxeroides in disturbed habi-
tats: A reconsideration of the disturbance hypothesis in the light of phenotypic variation. Environmental and Experimental Botany, 2018,

153: 135-142. DOI: 10. 1016/]. envexpbot. 2018. 05. 011.

Wang T, Hu JT, Liu CH et al. Soil type can determine invasion success of Eichhornia crassipes. Hydrobiologia, 2017, 788(1): 281-291.

DOI: 10. 1007/510750-016-3003-4.

Fan SF, Lv T, Yu HH et al. Interplay between native plant performance and environment shapes resistance to aquatic plant invasion. Jour-
nal of Ecology, 2025, 113(1): 81-93. DOIL: 10. 1111/1365-2745. 14439.

Zhang XL, Yu HH, Lv T et al. Effects of different scenarios of temperature rise and biological control agents on interactions between two
noxious invasive plants. Diversity and Distributions, 2021, 27(12): 2300-2314. DOI: 10. 1111/ddi. 13406.

Yan ZW, Lv T, Liu Y et al. Responses of soil phosphorus cycling and bioavailability to plant invasion in river-lake ecotones. Ecological Ap-
plications, 2023, 33(4): €2843. DOI: 10. 1002/ eap. 2843.

Wang QY, Zhang HL, Yan ZW et al. Decomposition of exotic versus native aquatic plant litter in a lake littoral zone: Stoichiometry and life
form analyses. Science of the Total Environment, 2024, 927: 172271. DOI: 10. 1016/]j. scitotenv. 2024. 172271.

Lv T, Wang HY, Wang QY et al. Invasive submerged plant has a stronger inhibitory effect on epiphytic algae than native plant. Biological
Invasions, 2024, 26(4): 1001-1014. DOI: 10. 1007/s10530-023-03225-x.

Lv T, Fan SF, Wang HY et al. Invasion of water hyacinth and water lettuce inhibits the abundance of epiphytic algae. Diversity and Distri-
butions, 2022, 28(8): 1650-1662. DOI: 10.1111/ddi. 13527.

Fan P, Yu HH, Lv T et al. Alien emergent aquatic plants develop better ciprofloxacin tolerance and metabolic capacity than one native sub-

merged species. Science of the Total Environment, 2024, 932: 173030. DOI: 10. 1016/j. scitotenv. 2024. 173030.



1370

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

J. Lake Sci. (#178#+5),2026,38(4)

Yu HW, Shen N, Yu SQ et al. Responses of the native species Sparganium angustifolium and the invasive species Egeria densa to warming
and interspecific competition. PLoS One, 2018, 13(6): ¢0199478. DOL: 10. 1371/journal. pone. 0199478.

Li DX, Zhang TT, Yu HH et al. The impacts of different nitrogen supply on root traits, root exudates, and soil enzyme activities of exotic
and native plant communities. Plant and Soil, 2025, 508(1): 209-226. DOI: 10. 1007/s11104-024-06793-6.

Zhou BB, Tu TY, Kong FJ et al. Revised phylogeny and historical biogeography of the cosmopolitan aquatic plant genus Typha (Typhace-
ae). Scientific Reports, 2018, 8: 8813. DOI: 10. 1038/s41598-018-27279-3.

Yu YJ, Li FX, Belyakov EA et al. Molecular confirmation of the hybrid origin of Sparganium longifolium (Typhaceae). Scientific Reports,
2022, 12(1): 7279. DOL: 10. 1038/s41598-022-11222-8.

Zou Y, Wang XF, Xu XW et al. Ruppia mongolica (Ruppiaceae), a new species from Inner Mongolia ( China), based on morphological
and genetic data. Ecology and Evolution, 2023, 13(4): €9989. DOI: 10. 1002/ece3. 9989.

Lu QX, Zhu JN, Yu D et al. Genetic and geographical structure of boreal plants in their southern range: Phylogeography of Hippuris vulgar-
is in China. BMC Evolutionary Biology, 2016, 16: 34. DOI: 10. 1186/s12862-016-0603-6.

Yu YJ, Lu QX, Lapirov AG et al. Clear phylogeographical structures shed light on the origin and dispersal of the aquatic boreal plant Hipp-
uris vulgaris. Frontiers in Plant Science, 2022, 13: 1046600. DOI: 10.3389/fpls. 2022. 1046600.

Zhou BB, Yu D, Ding ZJ et al. Comparison of genetic diversity in four Typha species (Poales, Typhaceae) from China. Hydrobiologia,
2016, 770(1): 117-128. DOI: 10. 1007/s10750-015-2574-9.

Kong FJ, Wu ZG, Wang HJ et al. Population genetic structure of the whorl-leaf watermilfoil Myriophyllum verticillatum shaped by topogra-
phy and geographic distance. Hydrobiologia, 2019, 838(1): 55-64. DOI: 10.1007/510750-019-03977-5.

Wu ZG, Yu D, Li X et al. Influence of geography and environment on patterns of genetic differentiation in a widespread submerged macro-
phyte, Eurasian watermilfoil (Myriophyllum spicatum L., Haloragaceae). Ecology and Evolution, 2016, 6(2): 460-468. DOI: 10. 1002/
ece3. 1882.

Shi X, Xue JH, Xu XW. Chromosome-level genome assembly of narrow-leaf bur-reed (Sparganium angustifolium Michx., Typhaceae).
Scientific Data, 2026, 13(1): 284. DOI: 10. 1038/s41597-026-06640-6.

Zou Y, Wei ZJ, Xiao KY et al. Genomic analysis of the emergent aquatic plant Sparganium stoloniferum provides insights into its clonality,
local adaptation and demographic history. Molecular Ecology Resources, 2023, 23(8): 1868-1879. DOI: 10. 1111/1755-0998. 13850.
Zou Y, Xu XW. Multi-omics analysis reveals key regulatory defense pathways inRuppia sinensis in response to water salinity fluctuations.
BMC Plant Biology, 2025, 25(1): 174. DOI: 10. 1186/s12870-025-06189-3.

Zou Y, Yang WD, Zhang RX et al. Signatures of local adaptation and maladaptation to future climate in wild Zizania latifolia. Communica-
tions Biology, 2024, 7: 1313. DOI: 10. 1038/s42003-024-07036-1.

Zhu JN, Xu X, Tao Q et al. High invasion potential of Hydrilla verticillata in the Americas predicted using ecological niche modeling com-
bined with genetic data. Ecology and Evolution, 2017, 7(13): 4982-4990. DOI: 10. 1002/ece3. 3072.

Wang LG, Han YQ, Yu HH et al. Submerged vegetation and water quality degeneration from serious flooding in Liangzi Lake, China.
Frontiers in Plant Science, 2019, 10: 1504. DOI: 10.3389/fpls. 2019. 01504.

Chao CX, Lv T, Wang LG et al. The spatiotemporal characteristics of water quality and phytoplankton community in a shallow eutrophic
lake: Implications for submerged vegetation restoration. Science of the Total Environment, 2022, 821: 153460. DOI: 10. 1016/]j. scitotenv.
2022. 153460.

Li Y, Liu Y, Yu SQ et al. Vigilance against climate change-induced regime shifts for phosphorus restoration in shallow lake ecosystems.
Water Research, 2025, 278: 123397. DOI: 10. 1016/j. watres. 2025. 123397.

Yu WC, Wang LG, Ma XW et al. Restoration of submerged vegetation modulates microbial communities to decrease nitrogen and phosphor-
us loads in sediment-water systems. Water Research, 2025, 269: 122835. DOI: 10. 1016/j. watres. 2024. 122835.

Chao CX, Wang LG, Li Y et al. Response of sediment and water microbial communities to submerged vegetations restoration in a shallow
eutrophic lake. Science of the Total Environment, 2021, 801: 149701. DOI: 10. 1016/j. scitotenv. 2021. 149701.

Yu WC, Wang LG, Li JH et al. Restoration of submerged vegetation mitigates internal nitrogen and phosphorus loading in a shallow lake.
Plant and Soil, 2025, 513(2): 2363-2378. DOI: 10. 1007/s11104-025-07321-w.

Li Y, Wang LG, Chao CX et al. Submerged macrophytes successfully restored a subtropical aquacultural lake by controlling its internal
phosphorus loading. Environmental Pollution, 2021, 268: 115949. DOI: 10. 1016/]. envpol. 2020. 115949.

Li Y, Wang LG, Yan ZW et al. Effectiveness of dredging on internal phosphorus loading in a typical aquacultural lake. Science of the Total
Environment, 2020, 744: 140883. DOI: 10. 1016/]. scitotenv. 2020. 140883.

Li Y, Liu Y, Wang HY et al. In situ remediation mechanism of internal nitrogen and phosphorus regeneration and release in shallow eu-
trophic lakes by combining multiple remediation techniques. Water Research, 2023, 229: 119394. DOI: 10. 1016/j. watres. 2022. 119394.
Yan ZW, Wu L, Lv T et al. Response of spatio-temporal changes in sediment phosphorus fractions to vegetation restoration in the degraded
river-lake ecotone. Environmental Pollution, 2022, 308: 119650. DOI: 10. 1016/]. envpol. 2022. 119650.

Zhang C, Xing B, Zuo ZJ et al. Drivers of organic carbon stocks in eutrophic lake sediments after reestablishment of submerged aquatic veg-

etation. Plant and Soil, 2024, 499(1): 639-653. DOI: 10.1007/s11104-024-06488-y.





