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Figure S1. Flow diagram according to the PRISMA methodology (Preferred Reporting Items for Systematic Reviews and Meta-

analysis) carried out in this study
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Hedges’ d effect

Figure S2. Funnel plot for different metrics of dung beetles in the meta-analysis conducted. (a) richness, (b) total abundance, (c)
biomass, (d) dung removal, (e) soil excavated, and (f) seed dispersal. White circles represent observed case studies and black circles
represent imputed case studies after trim and fill procedures. White diamond indicates the observed effect size (mean point estimate),

and black diamond indicate the adjusted effect size



Table S1. Summary of the case studies for richness and total abundance used in the meta-analysis, detailing utilized metric, coverage
type (degraded native forest, secondary forest, forestry plantation and forestry restoration), latitude, zoogeographic region, and
biodiversity hotspot location. Some references provided more than one case study, referred to different sampling locations or different

sampling time, which were considered as independent cases. Hedges’ d and variance values (Var) are reported

Ref.  Metric Coverage type Latitude Zoogeographlc Hotspot d Var
region value
1 Richness Secondary forest Tropical Nearctic Mesoamerica 1,310 0,607
1 Richness Secondary forest Tropical Nearctic Mesoamerica 1,719 0,685
1  Abundance  Secondary forest Tropical Nearctic Mesoamerica 0,709 0,531
1 Abundance  Secondary forest Tropical Nearctic Mesoamerica 0,996 0,562
2 Richness Secondary forest Tropical Neotropical Mesoamerica 1,183 0,131
2 Richness Secondary forest Tropical Neotropical Mesoamerica 1,223 0,132
2 Richness Secondary forest Tropical Neotropical Mesoamerica 2,365 0,189
2 Richness Secondary forest Tropical Neotropical Mesoamerica 3,670 0,298
3 Richness Degracfig;legflmary Tropical Neotropical Atlantic forest 0,056 0,400
3 Richness  Forestry restoration  Tropical Neotropical Atlantic forest -4,536 1,429
3 Richness  Forestry restoration  Tropical Neotropical Atlantic forest -7,467 3,188
3 Richness  Forestry restoration  Tropical Neotropical Atlantic forest 10 _3 09 5,713
3 Abundance Degra?sfesglmaw Tropical Neotropical Atlantic forest -0,389 0,408
3 Abundance Forestry restoration  Tropical Neotropical Atlantic forest -5,740 2,047
3 Abundance Forestry restoration  Tropical Neotropical Atlantic forest -3,533 1,024
3 Abundance Forestry restoration  Tropical Neotropical Atlantic forest -6,053 2,232
4 Richness Secondary forest Tropical Afrotropical GulneanAf(;:iet(:s:; of West -0,225 0,671
4 Richness Secondary forest Tropical Afrotropical Gulneani(l);iecs; of West -1,885 0,963
4 Richness Secondary forest Tropical Afrotropical Gulneani(l);;ecs; of West -0,011 0,667
4 Richness Secondary forest Tropical Afrotropical Gulneani%;f:; of West 1,662 0,897
4  Abundance  Secondary forest Tropical Afrotropical Gulneani(giecs; of West -1,225 0,792
4  Abundance  Secondary forest Tropical Afrotropical GulneanAfofiieCs; of West -1,090 0,766
. . Guinean forest of West -

4 Abundance  Secondary forest Tropical Afrotropical Africa 15,097 19,659
4 Abundance  Secondary forest Tropical Afrotropical Gumeanﬁ;:;; of West -4,420 2,295
4 Abundance  Secondary forest Tropical Afrotropical Gumeaniz::; of West -3,510 1,693
4 Abundance  Secondary forest Tropical Afrotropical Gumeani(;‘;iecs; of West -3,108 1,472
5 Richness  Forestry plantation =~ Tropical Neotropical No hotspot -1,759 0,259
5 Richness  Forestry plantation =~ Tropical Neotropical No hotspot -2,781 0,293
5 Richness  Forestry plantation =~ Tropical Neotropical No hotspot -2,448 0,322
5 Richness  Forestry plantation =~ Tropical Neotropical No hotspot -1,891 0,216
5 Richness  Forestry plantation =~ Tropical Neotropical No hotspot -1,979 0,277
5 Richness  Forestry plantation =~ Tropical Neotropical No hotspot -2,805 0,296
5 Richness  Forestry plantation =~ Tropical Neotropical No hotspot -1,149 0,220
5 Richness  Forestry plantation =~ Tropical Neotropical No hotspot -1,014 0,169
5 Richness  Forestry plantation =~ Tropical Neotropical No hotspot -0,818 0,206
5 Richness  Forestry plantation  Tropical Neotropical No hotspot -1,468 0,190
5 Abundance Forestry plantation  Tropical Neotropical No hotspot -1,368 0,232
5 Abundance Forestry plantation  Tropical Neotropical No hotspot -1,239 0,178
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-0,304
-4,564
-0,897
-6,482
-0,553
4,421
-0,958
5,618
0,553
3,316
-0,692
-4,057
0,770
-1,926
-0,543
-1,858
3,151
-3,657
-3,765
-3,644
-3,994
-5,554
-5,651
-5,507
-1,079
3274
3,451
-3,201
0,000

-2,366

0,021
0,075
0,023
0,130
0,022
0,072
0,023
0,103
0,022
0,049
0,022
0,064
0,022
0,030
0,022
0,030
0,047
0,056
0,058
0,055
0,062
0,101
0,104
0,100
0,024
0,049
0,052
0,048
0,021

0,035
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forest
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Tropical
Tropical
Tropical
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Tropical
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Tropical
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Tropical

Tropical

Tropical
Tropical
Tropical
Tropical
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Tumbes-Choco-
Magdalena
Tumbes-Choco-
Magdalena
Tumbes-Chocd-
Magdalena
Tumbes-Chocd-
Magdalena

No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot

No hotspot

No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot

No hotspot
No hotspot
Tropical Andes
Tropical Andes
Tropical Andes
Tropical Andes
Tropical Andes
Tropical Andes

Sundaland

2,627
2,283
-0,186
1216
-1,857
-0,631
-1,920
-1,104
0,000
0,000
2,177
1,575
-1,567
0,156
1,508
-1,538

-1,516

2,944
4,441
-5,094
3,910
-2,440
-1,060
2,189
-3,057

1,271
-1,919
-1,415
-0,585
0,590
0,530
-0,266
0,487

-0,350

0,039
0,034
0,502
0,592
0,285
0,420
0,584
0,461
0,400
0,400
0,637
0,524
0,523
0,401
0,514
0,518

0,515

0,833
1,386
1,698
1,164
0,698
0,456
0,640
0,867

0,060
0,073
0,834
0,695
0,696
0,690
0,673
0,686

0,290
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Sundaland

Sundaland
Sundaland
Sundaland
Sundaland
Sundaland
Sundaland
Sundaland
Sundaland
Sundaland
Sundaland
Sundaland
Sundaland
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
No hotspot
Tumbes-Choco-
Magdalena
Tumbes-Choco-
Magdalena

No hotspot
No hotspot
No hotspot

No hotspot

Maputaland-Pondoland-

Albany

Maputaland-Pondoland-

Albany

Maputaland-Pondoland-

Albany

Maputaland-Pondoland-

Albany

Maputaland-Pondoland-

Albany

Maputaland-Pondoland-

Albany

Maputaland-Pondoland-

Albany

Maputaland-Pondoland-

Albany
No hotspot

-0,504

23,704
-4.436
23,745
-8,120
29,904
-8,269
2,323
2,728
22,380
-5,488
6,439
25,625
2,407
22,468
22,759
23,337
-3,761
4,724
-0,255
0,211
-0,566
0,079
1,364
0,445
0,427
0,387
-0,163
-0,687
0,035
-0,445

-1,339
18,_290
-0,057
0,244
0,070
0,317
0,976
0,506
0,983
0,515
1,162
0,729
1,299

0,788
-0,735

0,295

1,103
1,153
1,118
3,713
4,420
3,835
0,686
0,643
0,700
1,923
2,061
1,999
1,149
1,174
1,301
1,595
1,845
2,526
0,672
0,670
0,693
0,667
0,822
0,683
0,682
0,679
0,669
0,706
0,667
0,683

0,245
8,563
0,222
0,224
0,222
0,225
0,165
0,083
0,165
0,083
0,171
0,085
0,176

0,086
0,356



37 Abundance  Secondary forest Tropical Neotropical No hotspot -0,450 0,342
38  Richness Degracfig;lels)gimary Tropical Neotropical No hotspot -0,446 1,025
38 Abundance Degracfig;lels)fimary Tropical Neotropical No hotspot -0,632 1,050
39  Richness Degracfis;legfimary Tropical Oriental Wallacea -2,465 0,880
40  Richness Degra?g;iestrimary Tropical Oriental Wallacea -0,913 0,552
40 Abundance Degra?g;:lg;imary Tropical Oriental Wallacea -1,288 0,604
41  Richness Degracflg;ielsz):imary Tropical Oriental Wallacea -1,466 0,846
41  Richness Degracfig;lels);imary Tropical Oriental Wallacea 0,857 0,728
42  Richness Secondary forest Tropical Oriental Wallacea -2,753 0,974
42 Abundance  Secondary forest Tropical Oriental Wallacea -4,663 1,859
43  Richness Degra?s;lesg imary Tropical Oriental Sundaland -0,161 0,201
43 Richness Degra?g;iestrimary Tropical Oriental Sundaland -0,363 0,203
43  Richness Degra?sfesgimaw Tropical Oriental Sundaland -0,400 0,204
43 Richness Degracflg;iesgimary Tropical Oriental Sundaland -0,906 0,221
43 Richness Degra‘ggfels’tﬁmary Tropical Oriental Sundaland 0,357 0,203
43  Richness Degracfis;legfimary Tropical Oriental Sundaland 0,281 0,202
43 Richness Degracfis;legfimary Tropical Oriental Sundaland 0,186 0,201
43 Richness Degra?s;ig;imary Tropical Oriental Sundaland -0,374 0,203
43  Abundance Degra?sfesgimaw Tropical Oriental Sundaland -0,320 0,203
43  Abundance Degracfig;lels);imary Tropical Oriental Sundaland -0,222 0,201
43  Abundance Degracfis;lels)fimary Tropical Oriental Sundaland 0,696 0,212
43  Abundance Degracfis;legfimary Tropical Oriental Sundaland -0,241 0,201
43  Abundance Degra?g;iestrimary Tropical Oriental Sundaland -0,638 0,210
43  Abundance Degra?g;:lg;imary Tropical Oriental Sundaland -0,579 0,208
43  Abundance Degra?sfesgimaw Tropical Oriental Sundaland 0,441 0,205
43  Abundance Degracfig;lels);imary Tropical Oriental Sundaland -0,604 0,209
44 Abundance Forestry plantation  Tropical Oriental Sundaland -3,835 0,875
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Table S2. Summary of the case studies for biomass, dung removal, soil excavated and seed dispersal used in the meta-analysis

Ref. Metric Coverage type d value Var
3 Biomass ~ Degradedprimary ;0 0,400
forest
3 Biomass Forestry restoration -4,028 1,211
3 Biomass Forestry restoration -4,128 1,252
3 Biomass Forestry restoration -5,101 1,701
45 Biomass Secondary forest -3,027 1,430
45 Biomass Secondary forest -5,528 3,213
45 Biomass Secondary forest -3,864 1,911
45 Biomass Secondary forest -6,489 4,176
45 Biomass Secondary forest -3,754 1,841
45 Biomass Secondary forest -6,495 4,182
45 Dung Secondary forest -1,598 0,880
removal
45 Dung Secondary forest -1,551 0,867
removal
45 Dung Secondary forest -2,093 1,032
removal
45 Dung Secondary forest -2,045 1,015
removal
45 Dung Secondary forest -2,993 1,413
removal
45 Dung Secondary forest -2,925 1,380
removal
5 Biomass Forestry plantation -1,226 0,178
5 Biomass Forestry plantation 1,586 0,197
5 Biomass Forestry plantation -0,260 0,151
5 Biomass Forestry plantation -0,767 0,161
5 Biomass Forestry plantation 1,595 0,197
7 Biomass Secondary forest -2,802 0,256
7 Dung Secondary forest -1,932 0,189
removal
8 Biomass Secondary forest -1,298 0,167
8 Dung Secondary forest -2,625 0,257
removal
8 Soil Secondary forest 2,310 0,230
excavated Ty ’ i
8 Seed Secondary forest 2214 0,223
dispersal
8 .Seed Secondary forest -4,342 0,463
dispersal
8 .Seed Secondary forest -3,400 0,337
dispersal
18 Biomass Forestry restoration -2,280 0,825
18 Biomass Forestry restoration -0,876 0,548
18 Biomass Forestry restoration -0,350 0,508
13 Dung Forestry restoration 0717 0,532
removal
13 Dung Forestry restoration 0,107 0,501
removal
18 Dung Forestry restoration -0.450 0.513
removal
18 Soil Forestry restoration -0,184 0,502
excavated
18 Soil Forestry restoration 0,097 0,501
excavated
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14

-0,110
-1,477
-0,197
-0,364
-1,551
-4,445
-0,429
-0,401
-0,580
-0,723
-0,838
-0,881
0,382
-0,731
-0,346
-1,106
0,965
-0,522
-1,685
0,135
-2,264
0,734
-1,628
0,782
0,930
-0,334
-0,762
0,549
0,866

-0,200

0,501
0,636
0,502
0,508
0,201
0,399
0,409
0,408
0,417
0,426
0,435
0,439
0,407
0,427
0,406
0,461
0,447
0,414
0,276
0,235
0,310
0,427
0,533
0,431
0,443
0,406
0,429
0,415
0,438

0,402
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Degraded primary
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0,296
0,611
-0,112
0,111
0,498
-1,542
0,039
0,000

-1,126

-2,463
-2,787

-0,631
-0,298
-0,859
-0,579
-0,679

-1,288

-2,185
-2,497
-2,165
-3,874
-4,422
-3,846
-11,361

-0,614
-1,223
-0,761
0,067
-1,451
-0,224
0,077
0,482
-0,131
-1,232

-0,224

0,404
0,419
0,401
0,401
0,412
0,519
0,400
0,400

0,463

0,703
0,788

0,700
0,674
0,728
0,695
0,705

0,805

0,655
0,593
0,651
1,167
1,148
1,156
3,427

1,047
0,237
0,214
0,200
0,253
0,201
0,200
0,206
0,200
0,238

0,201
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removal
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removal
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Seed
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Seed
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Seed
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Seed
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Seed
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Seed
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Seed
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Seed
dispersal
Seed
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Seed
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Seed
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dispersal
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dispersal
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dispersal
Seed
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forest
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-1,024
-1,071
0,327
0,919
-0,695
-0,594
-1,348
-0,925
-0,859
-1,254
0,469
0,693
-0,590
-0,620
-1,959
-1,032
-1,539
-0,841
0,452
0,215
-1,003
0,055
-1,238
-1,129
2,512
2,024
-0,206
0,079
-1,027

0,113
23,408

0,226
0,229
0,203
0,221
0,212
0,209
0,245
0,221
0,218
0,239
0,206
0,212
0,209
0,210
0,296
0,227
0,259
0,218
0,205
0,201
0,225
0,200
0,238
0,232
0,358
0,302
0,201
0,200
0,226

0,200
0,756



47 Biomass Forestry plantation -0,958 0,743

47 Biomass Secondary forest -0,577 0,694
48 Biomass Secondary forest -0,372 0,678
48 Biomass Forestry plantation 0,113 0,668
48 Biomass Secondary forest -0,431 0,682
48 Biomass Secondary forest 1,277 0,802

References: 1 = Andresen (2008) Journal of Insect Conservation, 12, 639-650; 2 = Arellano et al. (2013) Revista Mexicana de
biodiversidad, 84, 650-660; 3 = Audino et al. (2014) Biological Conservation, 169, 248-257; 4 = Barnes et al. (2014a) Biological
Conservation, 170, 28-37; 5 = Beiroz et al. (2016) Insect Conservation and Diversity, 10, 94-106; 6 = Bitencourt et al. (2019)
Biodiversity and Conservation, 28, 2745-2761; 7 = Braga et al. (2012) Ecosystems, 15, 1173-1181; 8 = Braga et al. (2013) PLoS
ONE, 8, ¢57786; 9 = Cajaiba et al. (2017) Animal Biology, 67, 301-318; 10 = Correa et al. (2019) Journal of Insect Conservation, 23,
89-99; 11 = Culot et al. (2011) Biotropica, 43, 84-92; 12 = da Silva et al. (2018) Austral Ecology, 44, 300-312; 13 = Davis & Philips
(2005) Environmental Entomology, 34, 1081-1088; 14 = Davis et al. (2001) Journal of Applied Ecology, 38, 593-616; 15 = Davis et
al. (2003) Restoration Ecology, 11, 29-42; 16 = Davis et al. (2013) Journal of Insect Conservation, 17, 565-576; 17 = Davies et al.
(2020) Animal Conservation, 23, 617-627; 18 = Derhé et al. (2016) Journal of Applied Ecology, 53, 1714-1724; 19 = Diaz-Garcia et
al. (2020) PLoS ONE, 15, ¢0242020; 20 = Edwards et al. (2011) Proceedings of the Royal Society B, Biological Sciences, 278, 82-90;
21 = Edwards et al. (2014) Animal Conservation, 17, 163-173; 22 = Edwards et al. (2017) Biological Conservation, 205, 85-92; 23 =
Escobar & Chacén (2000) Revista de Biologia Tropical, 48, 961-975; 24 = Escobar (2004) Tropical Zoology, 17, 123-136; 25 =
Franca et al. (2018) Forest Ecology and Management, 410, 136-143; 26 = Franca et al. (2020) Biotropica, 52, 252-262; 27 = Gardner
et al. (2008) Journal of Applied Ecology, 45, 883-893; 28 = Giménez-Gomez et al. (2018a) Insect Conservation and Diversity, 11,
554-564; 29 = Giménez-Gomez et al. (2018b) Biodiversity and Conservation, 27, 3201-3213; 30 = Horgan (2005) Forest Ecology and
Management, 216, 117-133; 31 = Hosaka et al. (2013) Malayan Nature Journal, 65, 54-60; 32 = Lee et al. (2009) Journal of Tropical
Ecology, 25, 677-680; 33 = Marsh et al. (2018) Journal of Biogeography, 45, 1966-1979; 34 = Neita & Escobar (2012) Agroforestry
Systems, 85, 121-131; 35 = Otavo et al. (2013) Revista de Biologia Tropical, 61, 735-752; 36 = Pryke et al. (2013) Biodiversity and
Conservation, 22, 2857-2873; 37 = Quintero & Roslin (2005) Ecology, 86, 3303-3311; 38 = Scheffler (2005) Journal of Tropical
Ecology, 21, 9-19; 39 = Schulze et al. (2004) Ecological Applications, 14, 1321-1333; 40 = Shahabuddin (2010) Biodiversitas, 11, 29-
33; 41 = Shahabuddin (2013) Journal of Biosciences, 20, 72-79; 42 = Shahabuddin et al. (2005) Biodiversity and Conservation, 14,
863-877; 43 = Slade et al. (2011) Biological Conservation, 144, 166-174; 44 = Ueda et al. (2015) Journal of Insect Conservation, 19,
765-780; 45 = Barnes et al. (2014b) PLoS ONE, 9, e115385; 46 = Enari & Sakamaki-Enari (2014) Ecological research, 29, 653-660;
47 = Vulinec (2000) Florida Entomologist, 83, 229-241; 48 = Vulinec et al. (2006) International Journal of Primatology, 27, 855-879.
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Table S3. Summary of results obtained using the Rosenthal test for the different metrics evaluated in dung beetles

Number of comparisons needed to obtain

R Rosenthal safe number
non-significant results

Species richness 5822 869
Total abundance 19232 740
Biomass 2725 310
Dung removal 179 140
Soil excavated 17 35
Seed dispersal 1141 250

Table S4. Observed and adjusted overall effect size values after Duval & Tweedie (2000) trim and fill procedure

Species richness

Studies trimmed Effect estimate Lower limit Upper limit
Observed values -0.627 -0.867 -0.387
Adjusted values 19 -0.984 -1.233 -0.734
Total abundance
Observed values -1.240 -1.534 -0.946
Adjusted values 0 -1.240 -1.534 -0.946
Biomass
Observed values -1.384 -1.789 -0.978
Adjusted values 10 -0.893 -1.327 -0.459
Dung removal
Observed values -0.652 -1.059 -0.244
Adjusted values 4 -0.408 -0.848 0.031
Soil excavated
Observed values -1.033 -2.143 -0.075
Adjusted values 1 -0.656 -1.882 0.568
Seed dispersal
Observed values -0.782 -1.053 -0.512
Adjusted values 12 -1.154 -1.444 -0.863
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