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Appendix 1  Key topological properties of the complete co-occurrence network of soil biological communities (bacteria, fungi, protozoa and nematodes) under different land use types

AEPEHE Organism F IR AR Land- 5% PR I EE W 24 2 iE FRRAEKE Average W 2% ELAL RERM HLYRE
use type Nodes Edges Average Density path length Diameter Clustering Modularity
degree coefficient

Y% Bacteria JRAM PE 897 4,093 9.126 0.0102 5.4053 19 0.6442 0.7559
Y Bacteria WA SF 1,007 7,216 14.3317 0.0142 7.1728 28 0.5177 0.5914
4 Bacteria JFE 445 OB 950 7,902 16.6358 0.0175 6.4246 25 0.7768 0.7306
4P Bacteria BRI XT 731 1,287 3.5212 0.0048 8.7146 30 0.4868 0.8632
B Fungi JRAM PE 453 927 4.0927 0.0091 1.308 7 0.9619 0.9397
H 1 Fungi AR SF 376 943 5.016 0.0134 2.5033 11 0.9583 0.9249
B Fungi FFiEESE OB 393 1,112 5.659 0.0144 1.7899 8 0.9779 0.8483
H [ Fungi BRI XT 315 401 2.546 0.0081 1.0867 5 0.9845 0.962

JRAZh%) Protozoa JRAMR PR 278 779 5.6043 0.0202 1.2497 6 0.9388 0.9246
JEAEBY) Protozoa KHEMR SF 164 483 5.8902 0.0361 1.0382 3 0.9956 0.8473
JEAEBY) Protozoa JFE 445 OB 210 582 5.5429 0.0265 1.2171 4 0.9755 0.9089
JRAZh4) Protozoa B XT 96 160 3.3333 0.0351 1.0244 2 0.9953 0.8009
25 Bt Nematoda JEZE#R PF 124 463 7.4677 0.0607 1.0191 3 0.9988 0.8215
2k i Nematoda RAER SF 70 193 55143 0.0799 1.0153 2 0.9978 0.7814
£ d1 Nematoda FiAESD OB 108 501 92778 0.0867 1.1401 3 0.9453 0.8355
£ H1 Nematoda IR XI 72 304 8.4444 0.1189 1.0000 1 1.0000 0.6118

PF: JEA:AK; SF: WRAMK; OB: JFiAA 8 XU: B,
PF, Primary forest; SF, Secondary forest; OB, Open habitat; XJ, Rubber plantation.
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Appendix 2 Network nestedness for four types of soil biotic communities

EWEHE Organism NODF{& NODF value Z{H Z value P{E P value 25T Structure type

4H1% Bacteria 86.12 -3.43 0 LA/ BE2Y Anti-nested/segregated
H 1 Fungi 35.93 —6.88 0 LA/ BE2Y Anti-nested/segregated
JRAEZNY) Protozoa 29.68 —6.52 0 J $ /53 BEA! Anti-nested/segregated
2k 'L Nematoda 134 —7.98 0

S .50/ BE%! Anti-nested/segregated

NODF# 7~ T 55 8 AN B RE 70 (1 S0 BEAR AT . Z(H /N T0HP <0.05, BTN 46 1y L CRE B2 (K TRENLIIEE, 2R s it 44 .

NODF denotes the nestedness metric based on overlap and decreasing fill. Negative Z values with P < 0.05 indicate that the observed network nestedness is significantly lower than the null-model expectation,
representing an anti-nested or segregated structure.
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Appendix 3 Non-parametric test results (Kruskal-Wallis test) of the relative abundances of dominant phyla/genera
across different land use types for each biological group

AR Biological — 432HJG Taxon THFIFHSEA Land-  BEML
group use type Significance group
4014 Bacteria AT 1] Acidobacteria JEA# PF ns
4014 Bacteria AT 1] Acidobacteria KM SF ns
4014 Bacteria FEFFEE 1] Acidobacteria JFiE A% OB ns
4014 Bacteria AT 1] Acidobacteria B XI ns
4014 Bacteria JRERHE ] Actinobacteria JEA# PF ns
4014 Bacteria JRZRHE ] Actinobacteria KM SF ns
4014 Bacteria JRLEH ] Actinobacteria JFiEEEE OB ns
YH1# Bacteria JRZETE ] Actinobacteria B XJ ns
45 Bacteria JEEER ] Firmicutes JRAEM PF a
4i5E Bacteria JEEER ] Firmicutes M SF a
ZH1% Bacteria JEEER ] Firmicutes A58 OB a
4H1% Bacteria JERER ] Firmicutes BB XTI a
4114 Bacteria FEALBRIERR ] Nitrospirae JRAEM PF a
ZMH Bacteria THALIBERA 1] Nitrospirae AR SF ab
20 Bacteria THALIBERA 1] Nitrospirae FriELESE OB ab
20 Bacteria THALIBERA 1] Nitrospirae BIEH XT b
4i5E Bacteria AR 1] Proteobacteria JRAEM PF ns
YH1# Bacteria ARF 1] Proteobacteria AR SF ns
4H1% Bacteria AFJLBI] Proteobacteria FiA 5% OB ns
ZHTH Bacteria AIEEE 1] Proteobacteria BB XJ ns
K Fungi FEER ] Ascomycota JFAM PF ns
K Fungi FEER ] Ascomycota WA SF ns
B Fungi FEER ] Ascomycota JFiE 445 OB ns
HH Fungi FEER ] Ascomycota BB XJ ns
HH Fungi #HF 1] Basidiomycota JRAM PR ns
K Fungi #HF 1] Basidiomycota EM SF ns
A Fungi #HF 1] Basidiomycota JHiEEEE OB ns
A Fungi HHF B[] Basidiomycota BB XJ ns
B Fungi Az 1] Chytridiomycota JFA#R PF a
K Fungi Az 1] Chytridiomycota WA SF a
HH Fungi Az 1] Chytridiomycota A% OB a
F B Fungi A7 Chytridiomycota B XJ a
F B Fungi E&HH ] Mucoromycota JRAEM PF ns
K% Fungi EFHH ] Mucoromycota WRAEM SF ns
F B Fungi EFHH ] Mucoromycota FHiEA OB ns
K% Fungi EFE W] Mucoromycota IR XI ns
K% Fungi F& B ] Rozellomycota JRAEM PF ns
K% Fungi F& B ] Rozellomycota WRAEM SF ns
K% Fungi F& B ] Rozellomycota FHiEA OB ns
K% Fungi F& B ] Rozellomycota B XJ ns
2k . Nematoda ST/ Achromadora AR PF ns
#g H1 Nematoda 6T JE Achromadora KA SF ns
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WA Biological

K6 Taxon

T HUF KA Land-

BV

group use type Significance group

28 . Nematoda S8 Achromadora FriEERE OB ns

28 . Nematoda S 8 Achromadora B XT ns

2 H1 Nematoda FMELN A 5> HFHF Enoplea XX JRAEM PF ns

2 H1 Nematoda FMELN A 5> HFHF EnopleaXX KM SF ns

£ Nematoda FIME N A5 25258 Enoplea_XX JFiEA 5% OB ns

£ i Nematoda FIME N A5 25258 Enoplea_XX BIEH XT ns

28 . Nematoda V58 Miconchus AR PF ns

28 . Nematoda V58 Miconchus AR SF ns

2% it Nematoda 545 & Miconchus T4 OB ns

28 . Nematoda ZEV5 )8 Miconchus B XTI ns

2 H1 Nematoda 2 2% Oxydirus JRAEM PF ns

2§ . Nematoda 228 Oxydirus WA SF ns

2k . Nematoda 228 Oxydirus FriEESE OB ns

2k . Nematoda 228 Oxydirus IR XT ns

2§ . Nematoda k)@ Paratylenchus JRAEM PF ns

2k 'L Nematoda £J& Paratylenchus WA SF ns

2k . Nematoda k)@ Paratylenchus FriEESE OB ns

2k . Nematoda k)@ Paratylenchus IR XT ns

JRA5h%) Protozoa PR - THAT] Alveolata - JEAEM PF ns
Apicomplexa

JRAZ) Protozoa FEW 2K - TNE T Alveolata - AR SF ns
Apicomplexa

JRAEZY) Protozoa FIHIE - TET] Alveolata - FriEESE OB ns
Apicomplexa

JRAFY) Protozoa FEWdi2E - E T Alveolata - BRI XTI ns
Apicomplexa

JRAEZY) Protozoa PR - LFEHT] Alveolata - JRAEM PF ns
Ciliophora

JRAEFY) Protozoa B HE - 4E R[] Alveolata - AR SF ns
Ciliophora

JRAFY) Protozoa PR - A E AT Alveolata - FiAEE OB ns
Ciliophora

JRAEZNY) Protozoa PR - LFEHT] Alveolata - BB XJ ns
Ciliophora

JEAEZNW) Protozoa FEWHI2 - T Alveolata - JFAM PF ns
Dinoflagellata

JRAEZY) Protozoa FE R - HEE] Alveolata - WA SF ns
Dinoflagellata

JEAEZNW) Protozoa FEWH12K - BT Alveolata - FiAEE OB ns
Dinoflagellata

JRAEZY) Protozoa B H S - HIET] Alveolata - IR XT ns
Dinoflagellata

JRAFY) Protozoa MBI - 22 £ BT Rhizaria - Cercozoa  JR4EAM PF ns

JRAFY) Protozoa MREJ - 2 £ fI7 Rhizaria - Cercozoa  IXAEMK SF ns

JRAFY) Protozoa MR - 222 1] Rhizaria - Cercozoa IS OB ns

JRAFY) Protozoa MBI - 22 £ BT Rhizaria - Cercozoa  HEA XJ ns

JZA 5% Protozoa NEEMFEZR - GyristaZi Bt JRAEM PF ns
Stramenopiles - Gyrista

JRAEZY) Protozoa ANEEHFEZ - GyristaZi B AR SF ns
Stramenopiles - Gyrista

JZA 5% Protozoa ANEHIEL - GyristaZ$ i FiAE: OB ns
Stramenopiles - Gyrista

R4 5% Protozoa NEHEES - GyristaZi it B XI ns

Stramenopiles - Gyrista

ANJF) R IR 4 ) 25 53 4235 (P < 0.05, Dunn’s test with BH correction); ns#& 7~ i % % 7
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Different letters indicate significant differences between groups (P < 0.05, Dunn’s test with Benjamini-Hochberg correction). “ns”
denotes no significant difference.
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Appendix4  Direct comparison of alpha diversity indices (Richness and Shannon) among four soil micro-food web
components across different land-use types.

LA A Land-use WM Biological FEE Richness Shannonf%{ Shannon index

type group

JE Mk PR 4N Bacteria 944.78 + 198.41° 5.94+0.51°
JE Mk PR HH Fungi 266.00 + 89.45" 3.97 £0.69"
JRAEM PF JRAEFY) Protozoa 24.67 +13.95° 2.07 +0.68°
JRAEM PF 2k L Nematoda 170.44 £102.12° 426+0.57°
MR SF 4N Bacteria 936.00 + 191.10° 6.08 + 0.40°
M SF HH Fungi 206.89 + 63.57% 3.56 £ 1.03"
KA SF JRAEFY) Protozoa 12.67 = 8.92¢ 1.59 +0.67°
R SF £k dt Nematoda 100.22 + 42.93% 3.69+0.61°
FEESE OB 41 Bacteria 792.44 +195.15° 5.55+0.43°
FFEAE5E OB HH Fungi 205.89 + 68.00° 3.93+£0.58°
FEESE OB 2k i Nematoda 20.67 = 11.07° 2.06 +0.62°
FEESE OB JRAZhH Protozoa 130.00 + 63.06° 401 £0.59
Bk XJ Y% Bacteria 1,081.33 £45.11° 6.38 +0.10°
B XJ H# Fungi 226.33 + 47.59% 3.43+0.77°
B XJ £k Nematoda 13.11 £8.67¢ 1.79 +0.54°
B XJ JEAEEY) Protozoa 82.00 + 42.89" 3.25+1.14°

HUEDIIME + dREEERIR. NG FREFRORER — LRI UR, WORAERRRERE . HE. RS ) FfF
TERFFER(P < 0.05). FHIERIA RS AEMEHEREMERZER, BT IEZHKruskal-Wallist 36 & Dunn’s 35 /5 £ =
FLB(BHAZ IE)SE « PF: JRZEHRK; SF: WRAEMK; OB: FFRaHL; XI: B .

Values are presented as means + standard deviations. Lowercase letters in parentheses indicate significant differences (P < 0.05)
among the four biological groups (Bacteria, Fungi, Protozoa, and Nematoda) within the same land-use type. Statistical significance
was determined using the non-parametric Kruskal-Wallis test followed by Dunn’s post-hoc test with Benjamini-Hochberg (BH)
correction, accounting for the large differences in data scale across different organismal kingdoms. PF, Primary forest; SF,
Secondary forest; OB, Open habitat; XJ, Rubber plantation.
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Appendix 5 Global Mantel test results relating environmental factors to the community structure of different
biological groups

EWIZEEE Biological 35K T Environmental factor Mantel » P EBEM Significance
group

4HP§ Bacteria ~+#pH Soil pH 0.36 0 *k
4HF§ Bacteria L3R Soil moisture 0 0 o
4HP§ Bacteria MILBRRE Total porosity 0.222 0 ok
YN Bacteria K47 Total potassium 0.151 0 o
4014 Bacteria A HUA% Organic carbon 0.141 0.006 *k
YN Bacteria 1475 E Bulk density 0.14 0.009 o
4HF Bacteria FHAPARL Coarse sand 200-2,000 pm 0.118 0 *
4HP Bacteria S % Total nitrogen 0.097 0.039 *
45 Bacteria MRIE % Canopy density 0.083 0.041 *
4i5E Bacteria TIEFUR 2 Soil particle density 0.076 0.09 ns
44 Bacteria kL Silt 2-20 pm 0.066 0.111 ns
4H1% Bacteria 7% Total phosphorus 0.06 0.121 ns
4i5E Bacteria IR Soil temperature 0.049 0.098 ns
45 Bacteria HRL Clay 0-2 pm 0.04 0.229 ns
4HP Bacteria +3E P KE Soil water content 0.037 0.178 ns
45 Bacteria 4HRPHL Fine sand 20-200 pm 0.032 0.225 ns
H1# Fungi +3%pH Soil pH 0.296 0.001 o
H W Fungi LR Soil moisture 0.251 0.002 ok
K Fungi S Total potassium 0.24 0.006 ok
FL# Fungi FRPRL Coarse sand 200-2,000 um 0.188 0.016 *
HH Fungi JFLBRSE Total porosity 0.12 0.128 ns
HE Fungi YIEPHRL Fine sand 20-200 pm 0.12 0.044 *
HH Fungi T HEBURL 2 E Soil particle density 0.1 0.143 ns
HIH Fungi 1375 H Bulk density 0.097 0.128 ns
HH Fungi HikL Clay 0-2 pm 0.087 0.182 ns
HH Fungi KRL Silt 2-20 um 0.082 0.184 ns
FL# Fungi +#E 5 /KE Soil water content 0.057 0.195 ns
HH Fungi S5 4% Total phosphorus 0.037 0.309 ns
HH Fungi #E % B Canopy density 0.035 0213 ns
H# Fungi HHLHK Organic carbon 0.017 0.393 ns
FE Fungi TR Soil temperature -0.021 0.607 ns
K14 Fungi S%( Total nitrogen —0.089 0.854 ns
JEAEBY) Protozoa ~+#pH Soil pH 0.299 0.001 o
JRAEFY) Protozoa +3IBE Soil moisture 0.254 0.001 *k
JRAESY) Protozoa S Total potassium 0.13 0.064 ns
JRAEFY) Protozoa S Total phosphorus 0.114 0.082 ns
JRAEFY) Protozoa H#P kL Coarse sand 200-2,000 pm 0.105 0.058 ns
JRAEFY) Protozoa SFLBREE Total porosity 0.087 0.153 ns
JEAEBY) Protozoa + 3% E Bulk density 0.082 0.134 ns
JRAEFY) Protozoa ki Silt 2-20 pm 0.069 0.19 ns
JRAEFY) Protozoa +IEIEE Soil temperature 0.065 0.112 ns

JRAEZNY) Protozoa HRL Clay 0-2 pm 0.05 0.268 ns
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WA Biological 45 [RF Environmental factor Mantel » P H#% Significance
%0;%% Protozoa 4HRPRL Fine sand 20200 pm 0.048 0.212 ns
JRAEZNY) Protozoa FHHLEK Organic carbon 0.045 0.247 ns
JRAEBI Protozoa +HEEIKE Soil water content 0.011 0.398 ns
JRAEBI Protozoa TSR B Soil particle density 0.007 0.478 ns
JRAEBI Protozoa A Total nitrogen 0.005 0.467 ns
JRAEBI Protozoa MIE % B Canopy density -0.016 0.649 ns
%M1 Nematoda A Total nitrogen 0.181 0.012 *
£t Nematoda FHHLEK Organic carbon 0.174 0.008 ok
#; 1 Nematoda ~+-3%pH Soil pH 0.148 0.025 *
£t Nematoda IR Soil moisture 0.141 0.018 *
£ L Nematoda 7% Total phosphorus 0.119 0.068 ns
£k 1. Nematoda ki Silt 2-20 pm 0.049 0.268 ns
£k 11 Nematoda fiki Clay 0-2 pm 0.046 0.278 ns
2k 'L Nematoda IR Soil particle density 0.022 0.36 ns
#; 1 Nematoda FHAPARL Coarse sand 200-2,000 pm —0.002 0.526 ns
£¢ 1t Nematoda THERE Soil temperature —0.006 0.533 ns
2k 'L Nematoda 4HRPHL Fine sand 20-200 pm -0.017 0.556 ns
#; . Nematoda MGEH E Canopy density -0.020 0.667 ns
2k 'L Nematoda 4T Total potassium —-0.023 0.605 ns
#; 1 Nematoda MIFLBRRE Total porosity -0.039 0.676 ns
2k 'l Nematoda THEFIKE Soil water content —0.053 0.817 ns
£ Nematoda 13 E Bulk density -0.061 0.791 ns

EANTES T HTE36AFEAR, B8 IAh PR EE A L HR F A B i e R IRETEH . ARG B B P T
Spearmanifl < REUR999 7K B Bk 36 i1 A H . BEEMACE: * P<0.05, ** P<0.01, *** P<0.001,ns: LREZER.

This analysis integrates all 36 samples to evaluate the overall driving effect of environmental factors across the entire land-use
gradient. Correlation () and significance (P) were calculated based on Spearman correlation and 999 permutations. Significance
levels: * P <0.05, ** P <0.01, *** P <0.001; ns, No significant difference.



