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Effects of wetland park construction on ecosystem resilience ;
Nanjing Yangtze River Xinjizhou National Wetland Park as an example
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Abstract ; “ Wetland park”is one of the main forms of wetland conservation and management at present. Based on the high-
frequency automatic water quality data from 2020 to 2021, this study analyzed the water quality of wetland parks in different
periods, and calculated the variance, autocorrelation coefficient, return rate, coefficient of variation based on the regime
shift theory of ecosystem, so as to explore the influence of the construction of national wetland park on the resilience of Nan-
jing Yangtze River Xinjizhou Wetland to provide theoretical guidance for the management and construction of the Wetland
Park. The results showed that; (1) Turbidity and ORP in 2021 were significantly higher than those in 2020, and chloro-
phyll a in 2020 and 2021 had no significant difference. (2) In terms of resilience indicators, the variance, coefficient of
variation and autocorrelation coefficients of turbidity and ORP in 2021 were all smaller than those in 2020, and the return
rate was higher than that in 2020. The autocorrelation coefficient of chlorophyll a in 2021 was significantly lower than that in

2020, and the return rate was higher than that in 2020. All these indicators indicated that the system resilience of Xinjizhou
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Wetland Park in 2021 was higher than that in 2020. (3) From the perspective of turbidity, the decrease of management and

maintenance frequency of Xinjizhou Wetland led to the increase of water turbidity and the relative deterioration of water

quality, but its resilience was improved, indicating that relatively low management and maintenance frequency was condu-

cive to improving the resilience of the system. The resilience of Xinjizhou Wetland Park based on the regime shift theory was

analyzed, which provides theoretical guidance for the construction of wetland park.

Key words: Wetland park ; Ecosystem resilience ; Habitat quality ; Ecosystem assessment ; Xinjizhou

P — o AR (Y K Bl S B AR A AR B, AT K
WRTE YRR A TR R AR AT AR 2
Tifet X NI A AR R R A O T A
Mo ATy LK, i T AT 3l i3 58 5
ARAY, BRI SR R MR AL, 51Uk Sh G S
BEE AW 2 FE R T B K BUE AL 55 — R 51 )
R B NS T M A DA U 1
0 PR A B I A T 9 3 5 ORI B R T
TN — , 284~ [ S B O JiE 38 ot O 47 5 A8 B
I,ﬂg[é&—S] .

Db 2R 8 VA1 SR A 0 R R B A B Y R
BB, HATHCECR 8PN T kA R S b X
WSSOI RGO AF Y Xy
ERZBN T HEBREIIERAN, Bk 14
BRGEZB| TR B H A DL BES T 1
PR PeE T ARG B REB KR E K
J& . iR R R AR BURMER R R
KAHE R TS PR B T RE 2 R AEIB AL,
HEHF RGO HE DR, S X I Ml iy KU 48 455, X
WAS RGN PPEHAT G AL, AR
HBERGRRS A ENE, FE NI E 1L, &
GUAE AL i SR A 0 2 B e AL B4
RIVAR G A 12 0 A A5 57 Wi Bt i sF AR 30 Pk 52 114
MR R 08 Y RN R IERRAR. R
GERIVERLAR I, 25 2 5832 B0 1) 48, e n] REXE
VAWK 22 - 2 T B2 B BR 3] 5 — FlIR 2 7 2 b
Faas 2Z 8] Sz 52 e e, 3k M B R AR R A <IN
PRTH G R GUIRZS R R S O 25 L ARG R
BEFGHEPR I BRI LB FE AR BOAR O FR A e i
i BT S IR R A S R S
EY 2

IR 4 T A 2 S o, e g A5 £
A RAS W 0 g BEAR D . K B AR b, K A4
JBE M ERER a S5 A W 7O | IR R A AR D
Ak, SR M IR )R R R ) 4 s A S B R S B
A5 T EAT R T R, b R AR A% R ok
R RGURAE T ARSI 24 T kRS it

LRER a AR SR MO TR AL TR B SRR
A IR o HEE AN, RIPKIKEER S,
IRV R E SR AR PR Ik S K B B
AR RS RGN . A BT 58 A ik i g A5
JK IS 1 2l M 0 RS0 6 T U 3 AN TR ek 300 A A
SRGNE, AT 8 M 2 el 50001l B0 1 4 52
M, S M ) 4 B SR A IR R S

1 #HE5F &

1.1 ERERXHEER

VL5 B R TR 55 UM 1 28 b 2 el ( AT
R T UNR ML) AL TR BT VLT X (118.53° E,
31.844° N) |, J@ T HL78 () 3n] 30 P e R b, A 54 VT
AR KA B A5 5 9 A= O P2 O R U A
Y5 ASVHHE, LR 2\ e 2 VT Bl 3 S IX T AR
292 681.3 hm®, =%+ M f| FH 2 A0 40§57k 77 o )
MM FEATHEE BRARTEEE KK SudE K i
UREE L HTTTUN S DN K 8 R Y RN R I, K B
MR, BN T A DR R#E, A
2016 AFHT 5 P kb 1 E 2Rl oy [ 500 H A el LUK, 2
Pel N AR 2T i H 8 B b, A R RE 9 A K 0 2 )
IKAEREDFTH5 , R BB 55 I B oK P FnoK Ae A=
EHNRAZFIRIEEL, SR, H 2020 4542, Hr 5
5% JRUJRIE K J&] i 738 43 V) 2 T I & FH K U b 34
BTN R A B VA U 7K AT B BELIBTY, 5 EoK R %
TP R AR S 480 A S A AT, A 38 7 9 T A 3 Al [
TR B R R
1.2 BIEEFR*
1.2.1  #33ERBF H 2019 4EF, Hr i i s il 22
N TG K SC KT, R s R T M S S TE
A S IRERE F 2l Wl A, ) P A2 SRR X 3BT 5 U 1
bR AR AR IR BRI HEA T Sl 28 W W g o A
TEOLAnE 1 FR

Sl M bR TR AR SRR T U
MG i RS EFE i ]2 B R m B K 5 A
S e ) SRS, A R 1 e
I, WD AR AL K AR D BE | 4R Ak 30 D v o7 B -



22 PAND NI A = 53

550 &

ERFHHOE

.
IBMTRIRANEREEAE

- G o S®/TWENS
| = mzonpms 0 KXLEMK
o EERES o KEULNA

/i € — GERFTHLE o TEEMEWA

= . WE. KE. KiE. EE
RAMFH R R

L B i I S 2 el b R o

2 a, WML 3 h W 1 vk, W E] R 2020 4E A
2021 4 H1 HES H19 H,

1.2.2 ik ARSI T 2020 4EFI
2021 445K BTHR bR B[R] 40 O 64T T 4 1) oA
ISR R B 0 25 k. ARSCGEELT Sil-
verman $ 19 58 T A% % B 7 LR 0 T R G )
MR TAFAEZEFRE, IHIB R G B kA TRE
B JRREECT BT O 22 A R R R MR
R —Br A R B 4 DR R RE P,
Hrp 2 R RB N AMCRE K, RN RS
PITEBRAR, A R OK R R G I, SR
W sh e 17 A B e br , B 152 200

AR I 0615 20 B8 PE 8 R R AT -G 56 LA K
WIARFRE DM ARG ESEAEREER, ITH
G AT I ERA. 1.3 R 5E

2 HREG AT

2.1 FFNGEM K RIS

Yo B G PN M 2020 4F A1 2021 4F 4—5 A Y
ISR DL, 25 S0, 2021 4F /K PRl i I 2%
T 2020 4E 39T 2. 84 NTU (4Nl 2,3) , A fig b Ji5
PR R 0 W A5 e 15 4 P 70K U5 o R g 7K R X35
TR 300 8 R BELIBT 7 155 O 5% AR 378 38 1 3 oK F BT
#ar, FHEOK RS RE ) TR, WA TR S
FOKAEAPFT B0 T B AR T e T A 4w DA PR
BT, e 2T K AAE W BE B T T R, 2021 4R 1Y
FAb A R A7 35 T 2020 4E T 18,23 mV
(W1 2,3) Ut B AR A R R e 2 i AR K 32
FHE] A A FARAUK MY AL, 2020 4F5
2021 AR ARG R a S ELREER (P >
0.01), Zg LAk, B o P oK A S Ak v, 5
BT R
2.2 FFMCRMEIETHIER

RGARI AT ) AT I0 2B L 1 2020 4F
TR BE B B0 23 43 A A7 7E b 3 I BLIEREAE (P <
0.05) , HApoK B8 b5 4 K & B 0 25 1) Z2 W RRAE (P
> 0.05) , 7] 2020 4E KM B A T R A AR
1) Sy DA 3ift AR P R 285 2 4 380 okt B v R IR S (AN
2),

2020 AFHTT Y K A B2 1) F A OC R R T
ELLJ A S 2By R 0.85,0. 13,0. 25, B B #FH K
F 2021 47,2021 443904 0. 67,0.02,0. 04, 2020
SRR Y 81 2 RO 0. 14, 38 KT 2021 4,
2021 AERY RIS #8500 0. 33 (A&l 4)

41 . ;M‘*-n.‘l\""v.,f‘. F\I‘w« Hd m
it Ul Vi b-"u"‘.«”.‘-f\".’l,”!)»v.\mm.,"v"a.
=3
Z
X
52
1
0 100 200 300 0 100 200 300 0 100 200 300
WIS, IR WY ES,

Ay — 20205 — 2021
B 2 Hrpr it 5 Wi e e 37



552 4 WA R A Pl A B AR 2 R R

A

1=

DARE SR LT 5 I 1 5330 M 2 el £51 23

2020 A5 T IS b AR A4 S A A T A Y A
KRE T2V 5 R B0 510 0.87,98.93,
0.06, ) & KT 2021 4,2021 4E4r %14 0. 85,

5~
p=8.78 x e73%
1

p=7.15x eV
—

56.66,0. 04, 2020 4 KRS AR S5 R A7 19 1] 52 R
90,13, 5 /N T 2021 45,2021 4F R R KN
0. 15(NE 5) .

4t _ 200 - 1 30 — 1
g =}
2 sl =150 | 2
E3 < 220+t
= B =
oL % 100 | &
kS| + 10}
1+ =~ 50 =
&
0
20204F 20214F 20204F 20214F 20204 20214F
B3 ot PN H K R bR oA 00 45 R
1.00 F p=1.83 xe™ 04 p=321xe™" 0.16 p=5.95 x e p=2.09 x e*
N 1 1 1 1
o075y o 03 012 ®02f
% u Ho.08 b
Hos0k = 0.2 RO =
= 0.1
To2sf 0.1 ﬂ 0.04
20204F 20214F 20204 20214 20204E  20214F 20204F 20214
B4 b B R e AR AR
Loo p=121xe" 0.20 p=3.00x &2 125 p=3.49 x o5 0.08 p=1.65 x &1
- | — | 1 — 1
3 0.15 100 0.06
~0.75 =
e ¥ w75 2
K 0.50  0.10 ir o= 0.04
m V- = 50 o
= =
T o5 0.05 25 0.02
0 0 0
20204 20214F 20204F 20214 20204 20214F 20204E  20214F

K5 h ALt A S B IR B

2020 AF 7 PR HL K AR 43R a 19 A AHOC R
BN 0. 05, WK T 2021 4E,2021 4E 4 0.009, [H]
2020 4E (1 [B] &2 % K 0.95, B & /N T 2021 4,
2021 A2 0.99( @l 6) . {H 2020 45 2021 4
R aMITEMERRZBOFTRAREEZR, TE
XA G B K AT BEAE 2 Al — 7 I, AE S
T TER G R AT AT, R G0 R A H] 5 51 (1)
T3 26 T8 S AR R 23 A, T AN J2 ARt ) ) 51—

B F A R A —RE R R A 2 R F A G
RECE IR EN AR AR . O3 — O, AR RS
fift FH A ZK BT 1 3l W 0 5 40 T e PR O 1% 8% 4 T A4S T
AW RRZE S B Z 5 AR 2 Rl &
£k G

ZE TR, R R a DR AR SR LA
HA RIS bR FE W, 2021 455 BF IR Mo i R 48
T 2020 4

p=1.56 x e 1.25 p=1.51xe™” Ns Ns
0.06 — : —_—

1.00 0.06

= y 2 ;

ﬁ 0.04 E& 0.75 4 N 0.04

o = o5

= 0.02 =030 ! i

w I_I—I 0.25 0.02

20204 20214F 20204 20214F 20204F  20214F 20204 20214
Be6 HrsE a gy ttists



24 L 7

BN NN A S S 5

%550 &

3 %9

WG 2020—2021 4E A =45 K 5 2 Wil
Bt X LA TR A 7K IR B0, 98 R R T
U 6] R0 b 2 el A (] s 34 1) 90 1 46 A, LA IR 50
i el B i A S R G B2

(1)2020 45355 5 P I b 1) 7 A 3ok B2 S8 Ak 3
7 24 5 I T 2021 4F 2020 4E F1 2021 4 357 55 D
TR KR S R a IR R AR 3Rk,

(2)2020 4E KA B 0 T 2 1 BB ARAE | 15
AR AR 3 7 D A 18] AR T RS e 4, K R i
F LTFh, 2020 AF KRR SRR IR S LA Y T 22 AR
SERBC AR REIIKT 2021 47, H 2020 4719 [A]
2AR/NT 2021 4E; [Al I 2020 4E KR4 a 19 F AH
RRBORT 2021 45, mIE RN T 2021 4F, X LEHEHR
PR 2021 B AP EEE T
2020 4F-,2021 453 5 R Hb i RS PE 5

(3) MK AR 1)y B R, DR TR 1 5 L 1Y
N TGP 2R S A1 S 80T 58 5 I b 7K A 355 o+ A
XFAR 22 {H 2021 455 P Hb A ) v i 25 5 T 2020
AL Rz, ] LA BAAE N T4 Bropi 3 4 g i K A ik
FERG (H AR e e AR X Ak, I AR AR 5
FEXT AT YN 12 el 47 AH G S B B, ] 3 Y b
Vb H A 4P AR AR T BT D U b K IR BE 19 5
M,
4 it

ARG PINE R A R 5032 B s iR R e
IRES  JERGEM M EZ N, Bl TR0
AT TR AR R B R GBI E 0 5 (X g
EI L IWANE 2 Y ek i e cyicl 4 S I E N I -5 O N e
S R R R PO I (IS 7 RS WY 2 e K )
KL I B W 0 B ORI, W sl Y
EI R T B MM R G HA ZRE
HEARRIS AT, 2240 82 80 H 7 22 38 n i) 8L
RN 0 B 287 i W vy N T e = v s R
FESLAAS R GE i) nl i B BB B>,
U, el RGN, W EX RS RE A TA —
SEFITATL, B3 AN R) 0 A 25 2R G0 1 4% 538 119 36 s
MY ARBFIE P kB K R AR a LK
AR R HL AN SR B A 8 B N 3 o 1) K R FE
B, 10K R F8 b 2 0 K A2 75 R G P o R i
R bR, AFEK TS bR 5 1 RGP R N

—EU 25 5, B 2020 4F BT B N IR M 0 B AR T
2021 4E,

M2 e T AR TR e R B T
MBHL A A SR T, — SO0, T 2 el i
REfE R A Y ZREPE R THE M R e PR, ARBFSR
R, T AR R T BB B I B K AR A e ik ) A
S9RTH B R T B HK A& W RS B R B
KA BE 4 358 TN BEAG T LKA B ) 6 A VE T, 52 i
TARAERYIER, IS BOK S IR SR, #EHER
G R ATTRES | R T B T ACIRAS” 1) B ACHR
AR G — PG AW, B D U AT 1
B — B BIRT W5 1) R R (H B Y A R
BT, 2021 45357 55 DI b 1) 390 0 38 &, b T BE o
W, ZEATN S AT 2021 AR HT BT UN N M 1 7K 1R 37 B
R (AR E R KR LT, R B
P, X 0T RE BT B UNE L SR A R B —Fh RS E
AR

FEN RS BP0 23 5 ) 2 1R BT U U b 1) 7K
PR AT, S BE D R, AU T B AR At R A
BT RE K AARE W] BE RE A5 IR FFTE 8 i KT (B R Gi g
FEMERMTHAG, 248> N T T, 35 5 1 4
IR P 3 22, ) B BE T A DT /K A 0 TG ik R B s
B FEORKR R, (A LR e Pl Rl =z 3
U, T b el 1) A i T A I M A AR R e RS
S5 O A 1 A 114 R B 3 e Y ) 12 1
%, DA/ b P 45 AR AR

S 30k

[1] MITSCH W J, BERNAL B, NAHLIK A M, et al. Wetlands, car-
bon, and climate change[ J]. Landscape Ecology, 2013, 28(4) .
583-597.

[2] KR BKX 0 B, 5 RHR BRI 1] RS,
2012, 32(4) . 289-303.

(3] % M,5 J5FRERGHATTEIR SHER] )] R8T, 2014,
32(7) . 43-48,78.

(4] ZEFRNE A/NGE, 40 R S5 SR i S T st ke [T ].
HFRREE I ,2009,28(2) « 271-279.

[5] PINGHR BRI gk G Far , S5 102 g 3 VA 0 M 2E 28 0T 5T it
[J]AROBRE R A2 (A ARBRERR) | 2021,57(1) :151-158.

[6] TOWNSHEND J, ALTSTATT A, SUNGHEE K, et al. Change in
the subtropical forest of eastern paraguay during the 1990s[ R]. Col-
lege Park, MD: Global Land Cover Facility, 2004.

[7] RODRIGUES A, AKCAKAYA H R, ANDELMAN S, et al. Global
gap analysis: priority regions for expanding the global protected-area
network [ J]. BioScience, 2004, 54(12) : 1092-1100.

[8] SCOTTIM, DAVIS F, CSUTI B, et al. Gap analysis: a geographic



52 5 T A6« Tt A ) U X A 28 2R 0 A 1 5 e —— LA T R VT B N T S T b 2 ) Sy 491 25

approach to protection of biological diversity [ J].Wildlife Mono- [19] SCHEFFER M, RINALDI S, GRAGNANI A, et al. On the domi-

graphs, 1993,123. 3-41. nance of filamentous cyanobacteria in shallow, turbid lakes[ J]. E-
[9] HOLLING C S. Resilience and stability of ecological systems [ J]. cology, 1997, 78(1) . 272-282.

Annual Review of Ecology and Systematics, 1973, 4(1). 1-23. [20] Ifﬂ‘ﬁﬁ,f?‘li B, BB/NEE, 2R PH AR 2 K a 284k R 5
[10] GUNDERSON L H. Ecological resilience—in theory and application ROBBERR[ ] R S5HK, 2021, 44(9) . 31-36.

[ J]. Annual Review of Ecology and Systematics, 2000, 31. [21] RZRW SEAE L. 2007-2019 4 A I 35 B AN AL R34 X -

425-439. R a BALREBSE A T [1]. WA, 2021, 33(5):
(11] W =8 BT 45 AR M S M PP AT S E e [ ] B2, 2012, 1364-1375.

10(3) . 378-384. [22] SEEKELL D A, CARPENTER S R, PACE M L. Conditional het-
[12] SCHEFFER M, CARPENTER S R, DAKOS V, et al. Generic indi- eroscedasticity as a leading indicator of ecological regime shifts [ J].

cators of ecological resilience; inferring the chance of a critical tran- American Naturalist, 2011, 178(4) . 442-451.

sition [ J ]. Annual Review of Ecology Evolution and Systematics, [23] DAKOS V, CARPENTER S R, VAN NES E H, et al. Resilience

2015, 46(1) . 145-167. indicators; prospects and limitations for early warnings of regime
[13] &R, KEMASRELREHRIRL)] AT, 2021, shifts[ J].Philosophical Transactions of the Royal Society B Biolog-

41(16) ; 6314-6328. ical Sciences, 2015, 370(1659) ;. 20130263.
[14] R B, TIZE XRS5 A BRRMEZTESRA[J].4EY  [24] DAKOS V. Identifying best-indicator species for abrupt transitions in

Z M, 2020, 28(11) : 1417-1430. multispecies communities [ J ]. Ecological Indicators, 2017, 94
[15] SCHEFFER M, CARPENTER S R, LENTON T M, et al. Anticipa- (11) :494-502.

ting critical transitions[ J]. Science, 2012, 338(6105) ; 344-348. [25] CARPENTER SR, BROCK W A, COLE J J, et al. Leading indica-
[16] ARANI B M S, CARPENTER S R, LAHTI L, et al. Exit time as a tors of phytoplankton transitions caused by resource competition [ J].

measure of ecological resilience [ J]. Science, 2021, 372(6547) ; Theoretical Ecology, 2009, 2(3) : 139-148.

1168-1173. [26] CARPENTER S R, BROCK W A. Rising variance; a leading indi-
[17] SEEKELL D A, CARPENTER S R, CLINE T J, et al. Conditional cator of ecological transition [ J]. Ecology Letters, 2006, 9(3):

heteroskedasticity forecasts regime shift in a whole-ecosystem experi- 308-315.

ment[ J]. Ecosystems, 2012, 15, 741-747. [27] WANG H J, WANG H Z, LIANG X M, et al. Total phosphorus
[18] IBELINGS B W, PORTIELJE R, LAMMENS E H R R, et al. Re- thresholds for regime shifts are nearly equal in subtropical and tem-

silience of alternative stable states during the recovery of shallow perate shallow lakes with moderate depths and areas[ J]. Freshwater

lakes from eutrophication; Lake Veluwe as a case study[ J]. Ecosys- Biology, 2014, 59(8) : 1659-1671.

tems, 2007, 10. 4-16.

- EITRE -
MALIT 5] 2023 F£E G R )

CIETMOl B ) S B N AN A T R AT ER G PEMOL B2 HOR R . 1974 4EQIT], AR 751 SCEUE
(SCD) FI¢ H FE 2 ASH T (MR ) AT 4 FE 0T 1] VL9548 U055 1) 4 0 F5 A0l 1) A8 2R
AT I A T3 5 B ——EC A S R e [0 PR 45

QLo RHE Y FLETPE RFIET (B WG ARSI AREVRE ™ RS RO A Bt B
AW AT TR B 2 RS SC R 00 g DL ROMOIE B R BT R R A BGR R AR S BRI L SEH
PR MO B 0 TAE S BT KMol Az = AN 225 50k, GITT T, Wi B0 , Wi 1)
B BT,

CILIARAE R Y AU T, K 16 FEA FNIMATE AT, EINSE—T5 . CN 32-1236/S, E FRbrifE 1) .
ISSN 1001-7380, A %E M 15. 00 JT, 41T 9% 90. 00 G, AFIPBRIT ) 22, T 1T Fel 2418 21 24 My g sy 17 1) 5%
BFPTHO 2 e 5t T VLT DR 38 W VL 70 48 MOl B 22 BF 9% B A 1) G 635, BB B Z A% 211153, HL 35 (025)
52745438 ,83602820,83602060, FHARTTEHMERICAF T, HF P ARAT . B o T RO AR AT 4 1 S AT, P A4 L TR
B EEIFFEBE , 1S 10105101040000010, HIF & 1% 5. 28-303,




