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Table S1 Environmental characteristics of the nine sampling sites. Data are represented as means with standard errors (SE)
	Site
	Degradation 
Degree
	pH
	EC
	SWC (%)
	SBD (g/cm³)
	TC (g/kg)
	TN (g/kg)
	IN (mg/kg)
	TP (g/kg)
	AP (mg/kg)

	1
	L
	8.24±0.03
	194.40±41.81
	37.16±6.65
	1.33±0.04
	28.03±4.25
	0.98±0.23
	62.62±3.22
	0.58±0.05
	22.7±2.30

	2
	L
	8.28±0.03
	223.30±52.50
	32.96±8.23
	1.40±0.02
	26.12±2.07
	0.84±0.03
	57.41±4.52
	0.61±0.02
	16.84±3.78

	3
	L
	8.28±0.03
	251.00±19.00
	36.69±5.94
	1.42±0.02
	24.53±3.94
	0.83±0.04
	61.33±2.09
	0.59±0.03
	13.28±2.85

	4
	M
	8.36±0.08
	268.80±24.99
	24.38±6.35
	1.56±0.03
	24.20±0.96
	0.59±0.07
	53.36±7.29
	0.54±0.07
	13.33±4.24

	5
	M
	8.39±0.05
	325.33±28.92
	24.30±4.44
	1.55±0.02
	18.58±0.66
	0.52±0.02
	46.49±1.62
	0.56±0.01
	8.75±2.43

	6
	M
	8.52±0.04
	347.67±71.49
	17.40±7.05
	1.56±0.06
	18.53±1.41
	0.53±0.13
	50.55±7.31
	0.58±0.06
	7.93±2.49

	7
	S
	8.40±0.01
	333.67±23.46
	15.37±9.59
	1.59±0.03
	16.05±0.69
	0.47±0.05
	43.57±5.49
	0.58±0.05
	8.43±3.75

	8
	S
	8.53±0.05
	357.00±57.47
	20.81±3.19
	1.60±0.01
	16.07±1.45
	0.38±0.03
	47.77±6.35
	0.62±0.01
	10.91±2.70

	9
	S
	8.52±0.05
	399.33±20.13
	17.88±7.89
	1.64±0.03
	16.47±1.03
	0.34±0.09
	42.53±2.29
	0.64±0.04
	8.37±3.39


Abbreviations are as follows: L, lightly degraded wetland; M, moderately degraded wetland; S, severely degraded wetland; pH, soil pH; EC, soil electrical conductivity; SWC, soil water content; SBD, soil bulk density; TC, soil total carbon; TN, soil total nitrogen; IN, soil inorganic nitrogen; TP, soil total phosphorus; AP, soil available phosphorus; C:N, the ratio of TC to TN; C:P, the ratio of TC to TP; N:P, the ratio of TN to TP.

Table S2 Community characteristics of the nine sampling sites. Data are represented as means with standard errors (SE)
	Site
	Degradation 
Degree
	PD (n/cm2)
	AH (cm)
	SR
	CV (%)
	AGB (g/m2)

	1
	L
	297.00±41.00
	123.95±33.01
	4.56±0.84
	78.89±10.78
	868.89±215.67

	2
	L
	332.33±73.23
	88.64±8.22
	5.22±0.84
	61.22±9.34
	624.44±99.57

	3
	L
	226.11±13.46
	82.68±9.10
	5.56±1.02
	54.44±5.36
	411.82±80.65

	4
	M
	179.33±22.43
	71.55±15.34
	6.89±1.64
	45.00±4.41
	356.97±141.38

	5
	M
	144.33±19.55
	62.42±15.39
	4.78±1.07
	34.11±8.00
	195.67±32.62

	6
	M
	112.44±17.43
	55.15±10.78
	6.89±1.95
	32.56±2.50
	136.02±22.5

	7
	S
	106.44±10.00
	48.16±3.42
	5.00±0.33
	21.11±4.19
	123.47±51.91

	8
	S
	119.33±23.67
	27.11±2.42
	5.89±2.34
	23.33±2.89
	77.09±11.95

	9
	S
	98.44±23.87
	42.84±6.65
	3.44±0.77
	17.00±4.06
	91.24±6.84


Abbreviations are as follows: L, lightly degraded wetland; M, moderately degraded wetland; S, severely degraded wetland; PD, plant density; AH, average plant height; SR, species richness; CV, plant coverage; AGB, aboveground biomass.


Table S3 Substrates and functions of the four soil extracellular enzymes
	Full Name
	Abbreviation
	Substrate	
	Function

	β-1,4-glucosidase
	BG
	4-methylumbelliferyl-β-D-glucopyranoside
	Cleaves β-1,4-glycosidic bonds in cellulose and hemicellulose, releasing glucose.

	N-acetyl-β-D-glucosaminidase
	NAG
	4-methylumbelliferyl-glucosaminide
	Cleaves β-1,4-glycosidic bonds in chitin and chitosan, releasing N-acetylglucosamine.

	Leucine aminopeptidase
	LAP
	L-Leucine-7-amido-4-methylcoumarin hydrochloride
	Cleaves peptide bonds in proteins, releasing amino acids.

	Alkaline phosphatase
	AKP
	4-methylumbelliferyl-phosphate
	Cleaves phosphate ester bonds in organic phosphorus compounds, releasing inorganic phosphate.
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[bookmark: _Hlk211548878]Table S4 Comparison of enzyme activities (nmol h⁻¹ g⁻¹ soil) in the study area with global and other ecosystem averages (mean ± SD)
	Enzyme
	Study Area (n=3)
	Global Average (n=40)
	Chinese Forest Ecosystem Average (n=181)
	Desert Ecosystem (n=4)
	Songnen Plain Wetland (n=4)

	C-acquiring enzymes
	24.6 ± 4.5
	414.1 ± 271.1
	450.3 ± 285.6
	306.4 ± 225.7
	43.4 ± 5.4

	N-acquiring enzymes
	10.4 ± 3.4
	406.6 ± 255.3
	268.2 ± 167.9
	418.2 ± 50.4
	118.8 ± 11.4

	P-acquiring enzymes
	15.7 ± 4.5
	708.6 ± 489.6
	401.6 ± 272.5
	129.0 ± 39.3
	62.5 ± 6.8


[bookmark: _Hlk211551342]Notes: n, number of ecosystem. C-acquiring enzyme activity represents β-1,4-glucosidase (BG) for all ecosystems except the desert ecosystem, where it represents the sum of BG and cellobiohydrolase (CBH) activities; N-acquiring enzyme activity represents the sum of N-acetyl-β-D-glucosaminidase (NAG) and leucine aminopeptidase (LAP) activities; P-acquiring enzyme activity represents acid or alkaline phosphatase. China average cited from Sinsabaugh et al. (2008); Chinese forest ecosystem average cited from Liu et al. (2023); desert ecosystem cited from Wang et al. (2023); Songnen plain wetland cited from Song et al. (2024).
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Fig. S1 Principal component analysis (PCA) of soil nutrient variables. TC, soil total carbon; IN, soil inorganic nitrogen; TP, soil total phosphorus; AP, soil available phosphorus; C:N, the ratio of TC to TN.
[image: ]
Fig. S2 Principal component analysis (PCA) of plant. PD, plant density; AH, average plant height; SR, species richness.
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[bookmark: _Hlk211551094][bookmark: _Hlk211462254]Fig. S3 Correlation analysis between soil enzyme activities and environmental factors along the wetland degradation gradient. * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001. Narrower ellipses indicate stronger correlations. pH, soil pH; EC, soil electrical conductivity; SWC, soil water content; SBD, soil bulk density; TC, soil total carbon; TN, soil total nitrogen; IN, soil inorganic nitrogen; TP, soil total phosphorus; AP, soil available phosphorus; C:N, the ratio of TC to TN; C:P, the ratio of TC to TP; N:P, the ratio of TN to TP; PD, plant density; AH, average plant height; SR, species richness; CV, plant coverage; AGB, aboveground biomass; BG, β-1,4-glucosidase; NAG, N-acetyl-β-D-glucosaminidase; LAP, leucine aminopeptidase; AKP, alkaline phosphatase; C:NEEA, the ratio of C- to N-acquiring enzyme activities; C:PEEA, the ratio of C- to P-acquiring enzyme activities; N:PEEA, the ratio of N- to P-acquiring enzyme activities; Cmic, microbial biomass carbon; Nmic, microbial biomass nitrogen; Pmic, microbial biomass phosphorus; VL, vector length; VA, vector angle.
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