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Abstract: The river-lake-reservoir-pond composite water system in the middle and lower reaches of the Yangtze River basin serves as a
key medium for the interaction between hydrological connectivity and ecological processes at the watershed scale. However, the
coordinated evolution of its multiple water components and the underlying driving mechanisms remain poorly understood. Most previous
studies have focused on individual water body types, limiting a systematic understanding of the internal interactions and combined effects
of multiple drivers in this composite system. Using multi-source remote sensing thematic datasets, this study integrated landscape pattern
analysis and the Geographical Detector model to examine the spatiotemporal differentiation of the composite water landscape. It also
quantitatively distinguished the interactive effects of natural and anthropogenic drivers. The main findings are as follows. (1) The total

area of the composite water landscape increased over the study period, accompanied by notable structural changes. Rivers, artificial
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channels, reservoirs, ponds, and shoals expanded continuously, while natural lakes, tidal flats, and marsh wetlands decreased steadily,
indicating that human activities have dominated the structural reorganization of the regional water system. (2) Frequent landscape
conversions occurred among different water components. Opposite net area changes were observed for various water landscape types,
reflecting complex trade-off relationships among aquatic landscape elements. (3) The overall water landscape pattern became more
fragmented and irregular. Patch number (NP), patch density (PD), edge density (ED), landscape shape index (LSI), Shannon’s diversity
index (SHDI), and Shannon’s evenness index (SHEI) all increased, whereas the aggregation index (AI) decreased gradually. Different
water body types exhibited heterogeneous responses in landscape metrics, confirming distinct evolutionary trajectories among water
patches. (4) Both natural background conditions and human disturbances jointly shaped the evolution of the composite water landscape.
Regional temperature and precipitation determined the basic spatial pattern of water landscapes, while population density was the
dominant factor driving key degradation processes such as lake area shrinkage and marsh wetland loss. This study clarifies the structural
evolution characteristics and driving mechanisms of the Yangtze river-lake-reservoir-pond composite water system, and provides scientific
support for integrated watershed water resource management, aquatic ecological restoration, and territorial spatial optimization in the
basin.

Keywords: River-lake-reservoir-pond composite water landscape; spatio-temporal variation; driving forces; middle and lower reaches of

the yangtze river basin

SOUAE A HER R Z RGO T, R K0, Y. AlE S NIEE) 2 B R AR A
Y, BRIl T 2R AR RN, o, OKEAORBIERTE SR R ANE 11, ERIRGIRRE S
Pl J2 1 T Ly 5 A 2R i R GBI B3, DKL, AR R 25 0] AR 5 N JE 3T %
F IR s R T 7 i A8 o T MR o e P B e PR R (R R S L i S AR S U
KIS MAE RGBS 5 DI RERFIE L2 25 DO T — R, SO ERER JE R 2 B N 5% AR F T A 3 2
FE-ol,

FERIL IR R ARSI, E ORI WA N TTHUHE . 7K Rt 55 2 R UKk 52 v 6 B2 20 A1 ELAN
VBT, T2 A B A BT - - FE-YE B BRI R S R G o AR BRI LR AR SRR, i@ id kS
HRESESIEMMG, 4525 XEPUKIEE . KB E 5S4 S 0 S R GUIRST TIRE .
IR, FEPUEIR TG AU 5w NGRS BN T, WG . R G S KRS AT N 3
BUKICF IR TR 245 X Th BB AE e H 2 ™ B0, a7 AR GERL AR NN 5265 7K S5 WL P35
L. BEE S BEORIHED, ZHERGAR OO IR IRE AR, JKEEGTEI, MR
T L3-SV R A S I B 25 (A% O BOR T B DA 7 B R BB BE JO0T IX I AT 55 8 e ) ST 4% AR
FIUSIT, BB TER R 2 BEAE T KRR CUnisiya st ) , SREXE “I-H1-PE- 7 2 A KR G A
AR R GEER DT, JCH R BEdE R A R R AL /R A 2 (8] R K ST -5 A A RS & BTV G 10 2 A 2
FRFAE . LK, SRBNALH] 7 A 2 O BT B — PR PP, {51 il v B RO I 2 4 A R i 81 R R kS
WA E AR FIUOT, bt R P 9 P 6T P M 2 ) SR Zh D, 17 0k 25 24k B B sl R 8 P 5 LA ) R LRl B L)
(K1 AR GENE AR AT 5 2 55 BeAh, AT W TE R AE S AR IR T B A KR AR St (1 30 A8 S LA A RO,
WSRO 2 2 A 021 | T IR AR 122 e W R 0 2% G A 23S 5 T, (HH RUSE 2 SR T /N X430, u
P IR R R B /KR WA SR ISR E T S B A2 o I, MRTER SR GV . 2%
A IR HL SR R 22 (R SR 85 T THT A AF R G EHBIR AR T

N SANE SR i R R (WS ESPe %S MERwiih & S LN SR 18 : it:i7] M s M B S i WS = 2 SN 22
TS B S5 R ARG AR KR R SR R R S AR G, AR S AP JE 0 5%
W, REITRE LA SRR X . BT, ARSCHEET 1980-2020 4F 8 A EUE, 12 SRS R
Hr S BRI 55 70, RGEMNTIRUL P R Wi - - e -9 R K R e M WA SR sh & L B RS A
DR IENHL, DN E SRR G K RUE LR G0 TE S XA S B R 5 2 kg R i 1R R 1K 4l

1 MRXS5HE



1.1 #fxX

KT TR AL E B DUARWRKITFR R H SO AT E S0 KX (D, HESBvE . JFg .
WAL WIEE . TIVE. LR YA Wi, RIRSEE (D, ETHARZ 80.2 5 km?, 4 KIT A AR 1
44.4% . WABK R AR5 XIS IURAE, ZRERT R AT TR KIL . BRI AR
KFLEFRIB . FlE B A S, WAE, Bk, KOS RS2 2R KK sk /K SE
W, ETERERERE . WIBNKMEA . WiHRE, 228 THEE, KITITIKESRKELEY, &

MR KR S K H A B ST A, MR B4 B 2 A KIBAE S RS
(a) | 110°E 120°E (p) MOE 120°E
[ pE FONE e T Beig MENEEE T
A B TRE
4 g e g
)i » ' (IR
bk bRy
130°N AT 30°N WA
off K KT
s IBA R S
FME s HME Wen
SFRE
AT Wi
HHRRE (m) Sy
P EAL A PRE e || TERERK IR B
0 200 km L ' 0 200 km AW
[ O A ) L1 KT TR

FEF B ARTEIEH bR b IR 95 A 6 B 5 GS(2019)1822 Skt b, i EIA AT
B 1 KT PR () R o) FiEEE
Fig.1 Overview of the Middle and Lower Reaches of the Yangtze River
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Fig 2 Spatio-temporal distribution of the river-lake-reservoir-pond complex water landscape
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Tab. 2 Changes in the landscape area of the river-lake-reservoir-pond complex water area
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Fig 3 Changes in the proportion of water landscape in the sub-basins
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Tab.3 Changes in the landscape area of the sub-basins
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Fig 4 Water surface rate of the river-lake-reservoir-pond complex water area landscape
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3.3 A-H-E-EE A KRS /ST

330 BAACFE EWEANSLFETRE  FKFREDITERBERT 1980—2020 FAF 7L X KIS AE
JAERERELL . B R RSN AR (RS o BERIAN, BEHUE (NP) H 553048 MEE
602575 4>, BEHREFE (PD) RS 9Esh 1 F, R0 X3k s s WA i LR BE RS o K BEER$E 4L (LPD
7F 1980—2015 “E[A] 2P HN FRE-HA, T 2020 FHRAE 12.21%, %3845 O H 7K BB HAR 34 1 5 i 45
FAPEREAR B e AR A B0 A 1 JR 30 o B AR TR A7, RIS B KR AR & /K SO BRI sk 46 5.
EREENE, BILEE (COHESION) MHZAUEFFTE 99.92~99.95 [ =7k T, R BRIER AT 57K
FI TR [FIAE B 54k &R T /KIS R A /K SO B, oK R R S0 B BB A 1 2 2 Bk . MBS B
RIEE, WGEE (ED) 5EWLARIEE (LSD 2¥sh LT, JtLL 2015 o, SmKIsms
Yuh R HE T, RS ETEEERER. X — B85 BRFELMIAN TEB0E bl b2
B SNKITE UG, R, FREEHRE (AD UM 95.80%/ MEREZE 95.33%, WU EEBEL )R
FARF BART R RAERL T, KIS (R SR A7) 2 IS S B AL AR IE . R R R MR, B
ZFEMERREL (SHDD KIH5)E1RE (SHED RE218 LA . XM IER T —Figs MM rasr, BI7E
WA BESEKIEESE, KA. JUEEANTKEY YT R T, ARBEKESERERGE TS, 5
BERA R ST . SHEL {850 UREE 0.3%, BN T BARKIEE S F5th, XA RY MR
25 Tl ReAT T AR A4 R o

%5 BIKFHER

Tab.5 Landscape level index

SRS
F
NP PD LPI ED LSI COHESION SHDI SHEI Al

1980 553048 0.69 5.99 27.97 628.31 99.94 1.21 0.49 95.80
1990 555055 0.70 4.58 28.20 633.70 99.93 1.22 0.51 95.76
1995 532675 0.67 4.68 28.51 641.66 99.94 1.23 0.51 95.71
2000 556116 0.70 4.57 28.42 638.54 99.93 1.24 0.52 95.73
2005 538709 0.67 4.59 29.06 652.68 99.93 1.25 0.52 95.64
2010 546070 0.68 4.63 29.07 652.62 99.93 1.27 0.51 95.64
2015 576565 0.72 4.62 28.97 650.59 99.92 1.28 0.53 95.65
2020 602575 0.75 12.21 31.09 698.18 99.95 1.29 0.52 95.33

3.3.2 REKF LWME WA RELFE SOMBB RN RIS TRE (Bl 6) , 1980—2020 FH
TEH R IR & /K S M 2R 2 B L B 35 03 S U B, [ T BRI R 5 NS B R AR N . /K
EEYUYER) NPy PD. ED 5 LSI 8%k Bt, REAHFWLESE TSR E R0, REPHATI
YETT RS 0 5 25 18] 00 A R B UL 3. [E5E =2, H COHESION 188U A 4EFFTE 97 UL I, Al
FRE RS A BANE R R AR E, R AR BRI 5 T R OURM A MR RRRAE, R T AN T/KIE 1%
1 RGN SRR T 18] 1A AL SIS, JIRA NP, ED 5 LSI #8412 LFH&#, R\HLHR
SRS MMER . E LPT Fe B R EFAH RS, HiZfaSp B3, BLK COHESION
5 ATFREUN /MR T, R T RERASEBMEFEAR S, TRHSHENRR. fERER S
FOEE S IIAE. WIS NP, PD. ED 5 LSI {85 2R ETIE6%, RUMINLAZE R ST A
WWENR A T E 2, AL REE AT BT R T . SRT, H COHESION 5 #h A& 4i k7 99.6 LA b, AL EHUIR %
FEAHX R R, RO A AR R 2 Bl 5 RS, AR ThRe BRI IR A XU, {5 A F
ARG S B R 2 . RS R NP 5 PLAND #8402 %3 - F+, {H ED 5 LSI #8402 I B
PEEAR, RMER S TS AR, ] T KRB 5 AT CRab. R M
HAEI ., MIRFOWE LPT 5 AL fREUE M Bt NP, COHESION FE4U 3078k, HATREUA T RRK
F, RTEIRE SRS RE =T, MRS EIMARES . T REaE S REEREES, 525
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Fig 6 Landscape type level index

3.4 NASBARBANEEFIHRNA

3.4 1 BEFHENAA MBI WE T HERER GR6) , BIRET X /KA R 7
Wil 2 T AL AT T, R S B B X K R AR B AR . BRI S, 2%
KBRS ZERCRESNAT R WA KEEDTIE . M KB PR R T S R I BRI R 7T, AHLER B4R L X
IKPCP BT KOS B R K IR G A RAZ D IRAN N 3 . 72 BARAS IR, NSRS a2 30
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DU RN, JRE SR SRR, N DS 258 K & BT 51 S50 FH /K 7 SR8 n B /K R TR a2 80 yiy
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PR3k 32 252 241 B K B 5 AR OS5 18 R AL 10 e [ 1 P ), R D N T P AR A A7 S 2 R
T DIBOR IR AR BRI BRI o PR AR N DB R R S 2 T ABE S S —HRRE G TR, Rk
FEE AR AR IRA T NITF RS M vk G IEA FH T304 o 3 Mt R AR A A B L K 2330 5
IR BN VA TP R, SRR R S S NSRS E A FAE S TR Kb B 2R LR & %42 . 43
b KT R XA [F) S A K U A L IR (s R S b, SO T BRI R R S N
AEAFM B SN R E RS KA.

6 WA THRIER

Tabl.6 Driver factor detection results

Uie| RS N KRR Wik Wt A

SN qgE pfH qE pMH g pfE gfE pfE qd pMH qd pMH
i 0.008  0.000 0.000 0.588 0.003 0.000 0.088 0.503 0.003 0.000 0.001 0.608
W 0.003  0.000 0.001 0.017  0.004 0.000 0.003 0.781 0.004 0.000 0.000 0.381

LETFHFEK 0005 0000 0053  0.000 0015 0.000 0003 0781 0.060 0.000 0027 0.000
LETFHEAE 0001 0176 0.003  0.000 0.000 0365 0.006 0917 0.013 0.000 0.001 0.662
LAETFHFENE 0013 0000  0.005 0000 0003 0000 0222 0439 0.050 0.000 0.014 0.000
AN EAR# 0.001  0.028  0.008 0.000 0.001 0.027 0.029 0.854 0.001 0372 0.007 0.000
GDP B b% 0.003  0.000 0.001 0017 0.001 0021 0.094 0.640 0.005 0.000 0006 0.000
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Fig 7 Detection results of the interaction of driving factors
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Fig 8 Analysis of the Driving Mechanism of the Human-Natural Coupling System
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