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Table S1. Fraction of protist life so far identified in different ecosystem types across the globe 61 
from dataset 1. The fraction of observed protist 18S rDNA amplicon sequence variants separated by 62 
ecosystem types. All samples were rarified to 1,000 sequences per sample, and observed species 63 
richness is shown. The percent of ecosystem-specific species richness was calculated as the 64 
proportion of richness within an ecosystem divided by the total observed species richness.  Raw data 65 
comes from Xiong et al. (2021) (1).  66 
 67 
 68 

Ecosystem Richness Richness prop. 

Citywater 64 0.112 

Lake 68 0.120 

Marine 195 0.343 

Soils 242 0.425 
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Table S2. Fraction of protist life so far identified in different ecosystem types across the globe 114 
from dataset 2. The fraction of observed protist 18S rDNA operational taxonomic units clustered 115 
using SWARM and separated by ecosystem types. All samples were rarified to 10,000 sequences per 116 
sample, and observed species richness is shown. The percent of ecosystem-specific species richness 117 
was calculated as the proportion of richness within an ecosystem divided by the total observed 118 
species richness.  Raw data comes from Singer et al. (2021) (2).  119 
 120 

Ecosystem Richness Richness prop. 

Marine 12540 0.311 

Freshwater 11490 0.285 

Soil 16337 0.405 
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Table S3. Fraction of bacterial life so far identified in different ecosystems across the globe 167 
from dataset 1. The fraction of observed bacterial 97% 16S rDNA sequence similarity operational 168 
taxonomic units (OTUs) was calculated using the SILVA database separated by ecosystem type. The 169 
% of total shows the proportion of bacterial OTUs specific to each ecosystem after accounting for 170 
variation in the number of sequences. Raw data comes from Schloss et al. (2016) (3).  171 
 172 

Ecosystem Sequences OTUs OTUs/Seq Prop. of OTUs 
Aerosol 3472 1068 0.308 0.151 
Aquatic 214085 43935 0.205 0.101 
Built 108799 30012 0.276 0.135 
Plant-associated (root) 19695 5052 0.257 0.126 
Plant-associated (not root) 14645 4602 0.314 0.154 
Soil 74870 23333 0.312 0.153 
Host-associated (not plant) 804585 50565 0.063 0.031 
Other 19414 5930 0.305 0.150 
Total Soil 94565 28385 0.568 0.279 
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 213 
Table S4. Fraction of prokaryotic life so far identified in different ecosystem types across the 214 
globe from dataset 2. The fraction of observed bacterial and archaeal 16S rDNA amplicon sequence 215 
variants calculated using data from the Earth Microbiome Project separated by ecosystem type. All 216 
samples were rarified to 5,000 sequences per sample, and observed species richness is shown. The 217 
percent of ecosystem-specific species richness was calculated as the proportion of richness within an 218 
ecosystem divided by the total observed species richness.  Raw data comes from Thompson et al. 219 
(2017) (4). 220 
 221 

Ecosystem Richness Richness prop. 

Aerosol (non-saline)  272 0.037 

Animal corpus  38 0.005 

Animal distal gut 333 0.045 

Animal proximal gut 173 0.023 

Animal secretion  135 0.018 

Animal surface  218 0.029 

Hypersaline (saline)  282 0.038 

Plant corpus  81 0.011 

Plant rhizosphere  1397 0.188 

Plant surface  173 0.023 

Sediment (non-saline)  1178 0.158 

Sediment (saline)  880 0.118 

Soil (non-saline)  970 0.131 

Surface (non-saline)  312 0.042 

Surface (saline)  349 0.047 

Water (non-saline)  447 0.060 

Water (saline)  194 0.026 

All soil  2367 0.319 
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Table S5. Fraction of bacterial life so far identified in different ecosystem types across the 246 
globe from dataset 3. The fraction of observed bacterial ‘phylotypes’ defined as identical groups of 247 
PCR products based on 16S rDNA clone libraries in different ecosystem types, including soil. Two 248 
non-parametric estimates of species richness are included ACE and Chao1. The n columns shows 249 
the number of libraries available, and we corrected predictions of species richness using n (ACE/n, 250 
Chao1/n). We then calculated the proportion of species richness for ACE and Chao1 in each 251 
ecosystem type and computed the average proportion. Raw data comes from Kemp and Aller (2004) 252 
(5).  253 
 254 

Ecosystem n  ACE Chao1 ACE/n Chao1/n ACE  prop. Chao1  prop. Average prop. 

Bacterioplankton  51 69 50 1.353 0.980 0.015 0.014 0.014 

Biofilms  30 60 44 2.000 1.467 0.022 0.020 0.021 

Gas hydrates  6 91 42 15.167 7.000 0.165 0.098 0.131 

Groundwater  17 114 81 6.706 4.765 0.073 0.067 0.070 

Hyperthermal  18 82 38 4.556 2.111 0.050 0.029 0.040 

Sediment  30 107 70 3.567 2.333 0.039 0.033 0.036 

Suspended 
particles  

8 51 33 6.375 4.125 0.069 0.058 0.064 

Digestive 
systems  

18 104 129 5.778 7.167 0.063 0.100 0.082 

Compost  6 164 124 27.333 20.667 0.298 0.289 0.293 

Soils  19 293 376 15.421 19.789 0.168 0.276 0.222 

Bioreactors  22 79 26 3.591 1.182 0.039 0.017 0.028 
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 289 
Table S6. Fraction of archaeal life so far identified in different ecosystems across the globe in 290 
dataset 1. The fraction of observed archaeal 97% 16S rDNA sequence similarity operational 291 
taxonomic units (OTUs) was calculated using the SILVA database separated by ecosystem type. The 292 
% of total shows the proportion of archaeal OTUs specific to each ecosystem after accounting for 293 
variation in the number of sequences. Raw data comes from Schloss et al. (2016) (3).  294 
 295 

Ecosystem Sequences OTUs OTUs/Seq Prop of OTUs 
Aquatic 34400 4838 0.141 0.087 
Built 7286 1219 0.167 0.104 
Plant-associated (root) 200 61 0.305 0.189 
Plant-associated (not root) 22 7 0.318 0.198 
Soil 7906 1125 0.142 0.088 
Host-associated (not plant) 1090 348 0.319 0.198 
Other 2565 559 0.218 0.135 
Total Soil 8106 1186 0.447 0.278 
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 336 
Table S7. Fraction of archaeal life so far identified in different ecosystem types across the 337 
globe from dataset 2. The fraction of observed archaeal ‘phylotypes’ defined as identical groups of 338 
PCR products based on 16S rDNA clone libraries in different ecosystem types, including soil. Species 339 
richness was estimated after subsampling to a library size of 120 clones for each ecosystem type. We 340 
then calculated the proportion of observed richness in each ecosystem type. Raw data is from Auguet 341 
et al. (2010) (6). 342 
 343 

Ecosystem Richness Richness prop. 

soil 64 0.103 

marine plankton 77 0.124 

freshwater sediment 81 0.130 

marine sediment 90 0.145 

hypersaline planktonic environments 97 0.156 

hydrothermal vents 101 0.163 

freshwater plankton 111 0.179 
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 385 
Table S8. Fraction of viral life so far identified in different ecosystems across the globe. The 386 
fraction of observed metagenomic viral contigs (mVC) identified across different ecosystem types 387 
after normalizing for variation in sequencing depth (megabases per sample: Mb). The % of mVC 388 
shows the proportion of mVCs specific to each ecosystem after accounting for variation in the number 389 
sequences. Raw data was compiled from sources in Paez-Espino et al. (2016) (7). 390 
 391 

Ecosystem Megabases (Mb) mVC Samples mVC/Mb % of mVC 
Engineered 10486 7970 154.000 0.760 8.701 
Freshwater 96314 20576 178.000 0.214 2.446 
Host-associated (human) 10349 30849 664.000 2.981 34.123 
Host-associated (other) 23452 5596 99.000 0.239 2.731 
Host-associated (plants) 3909 1233 91.000 0.315 3.611 
Marine 29602 50587 397.000 1.709 19.562 
Non-marine Saline and 
Alkaline 2825 4538 41.000 1.606 18.388 
Terrestrial (other) 1659 343 32.000 0.207 2.367 
Terrestrial (soil) 5794 2840 64.000 0.490 5.611 
Thermal springs 1828 393 49.000 0.215 2.461 
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 428 
Table S9. List of non-soil inhabiting Enchytraeid species. The species listed here were identified 429 
from the genera outlined in van van Vliet (1999)(8).  430 
 431 

Grania acanthochaeta Rota & Erséus, 1996 
Grania algida Rota & Erséus, 1996 
Grania alliata Coates & Stacey, 1993 
Grania americana Kennedy, 1966 
Grania angustinasus Rota & Erséus, 1996 
Grania antarctica Rota & Erséus, 1996 
Grania aquitana Rota & Erséus, 2003 
Grania ascophora Coates, 1990 
Grania atlantica Coates & Erséus, 1985 
Grania bekkouchei Prantoni, De Wit & Erséus, 2016 
Grania bermudensis Erséus & Lasserre, 1976 
Grania brasiliensis Prantoni, De Wit & Erséus, 2016 
Grania breviductus De Wit, Rota & Erséus, 2009 
Grania bykane Coates, 1990 
Grania canaria Rota & Erséus, 2003 
Grania capensis Prantoni, De Wit & Erséus, 2016 
Grania carchinii Rota & Erséus, 1996 
Grania carolinensis Prantoni, De Wit & Erséus, 2016 
Grania chilensis Prantoni, De Wit & Erséus, 2016 
Grania cinctura De Wit & Erséus, 2007 
Grania colorata De Wit, Rota & Erséus, 2009 
Grania conjuncta Coates & Stacey, 1993 
Grania crassiducta Coates, 1990 
Grania cryptica Prantoni, De Wit & Erséus, 2016 
Grania curta De Wit & Erséus, 2007 
Grania darwinensis (Coates & Stacey, 1997) 
Grania dolichura Rota & Erséus, 2000 
Grania ersei Coates, 1990 
Grania eurystila Coates & Stacey, 1997 
Grania fiscellata De Wit & Erséus, 2007 
Grania fortunata Rota & Erséus, 2003 
Grania fustata De Wit & Erséus, 2007 
Grania galbina De Wit & Erséus, 2007 
Grania hastula Coates, 1990 
Grania hinojosai Prantoni, De Wit & Erséus, 2016 
Grania hirsuticauda Rota & Erséus, 1996 
Grania homochaeta De Wit, Rota & Erséus, 2009 
Grania hongkongensis Erséus, 1990 
Grania hylae Locke & Coates, 1999 
Grania hyperoadenia Coates, 1990 
Grania incerta Coates & Erséus, 1980 
Grania inermis Erséus, 1990 
Grania integra Coates & Stacey, 1997 
Grania lasserrei Rota & Erséus, 1997 
Grania la×artus Locke & Coates, 1999 
Grania levis Coates & Erséus, 1985 
Grania longiducta Erséus & Lasserre, 1976 
Grania longistyla Coates & Stacey, 1993 
Grania macrochaeta (Pierantoni, 1901) 
Grania maricola Southern, 1913 
Grania mauretanica Rota & Erséus, 2003 
Grania mira Locke & Coates, 1998 
Grania monochaeta (Michaelsen, 1888) 
Grania monospermatheca Erséus & Lasserre, 1976 
Grania novacaledonia De Wit & Erséus, 2007 
Grania ocarina Rota, Erséus & Wang, 2003 
Grania occulta De Wit & Erséus, 2010 
Grania ovitheca Erséus, 1977 
Grania pacifica Shurova, 1979 
Grania papillata De Wit & Erséus, 2007 
Grania papillinasus Rota & Erséus, 2003 
Grania parvitheca Erséus, 1980 
Grania paucispina (Eisen, 1904) 
Grania postclitellochaeta (Knöllner, 1935) 
Grania principissae (Michaelsen, 1907) 
Grania pusilla Erséus, 1974 
Grania quaerens Rota, Wang & Erséus, 2007 
Grania reducta Coates & Erséus, 1985 
Grania regina De Wit, Rota & Erséus, 2009 
Grania roscoffensis Lasserre, 1967 



Grania simonae Prantoni, De Wit & Erséus, 2016 
Grania sperantia Rota, Wang & Erséus, 2007 
Grania stephensoniana Rota & Erséus, 1997 
Grania stilifera Erséus, 1990 
Grania tasmaniae Rota & Erséus, 2000 
Grania torosa Rota & Erséus, 2003 
Grania trichaeta Jamieson, 1977 
Grania unitheca Prantoni, De Wit & Erséus, 2016 
Grania vacivasa Coates & Stacey, 1993 
Grania variochaeta Erséus & Lasserre, 1976 
Grania vikinga Rota & Erséus, 2003 
Aspidodrilus kesalli 
Aspidodrilus eburneensis 
Barbidrilus paucisetus 
Randidrilus Coates & Erséus, 1985 
Randidrilus codensis (Lasserre, 1971) 
Randidrilus quadrithecatus Coates & Erséus, 1985 
Randidrilus westheidei (Kossmagk-Stephan, 1983) 
Stephensoniella Cernosvitov, 1934 
Stephensoniella Lastochkin, 1935 accepted as Potamodrilus Lastochkin, 1935 
Stephensoniella fluviatilis Lastochkin, 1935 accepted as Potamodrilus fluviatilis (Lastochkin, 1935) 
Stephensoniella marina (Moore, 1902) 
Stephensoniella sterreri (Lasserre & Erséus, 1976) 
Stephensoniella trevori (Coates, 1980) 
Pelmatodrilus  
Propappus glandulosus Michaelsen, 1905 
Propappus volki Michaelsen, 1916 
Propappus arhyncotus Sokolskaja, 1972 
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Table S10. Footnotes of methodological details for the estimations of biodiversity shown outside of 470 
the parentheses using letters in Table 1.  471 
 472 
aBagyaraj et al. (2016) (9) claims 50% of nematodes live in soil. Seven percent of the currently described 2.7 × 104 Nematoda species live in 473 
fresh-water(10), and 50% live in marine environments (9). If this 57% reflects the non-soil inhabiting species, then we can expect 43% of 474 
Nematoda biodiversity to be found in soil (or inside animals and plants that live in soil), an estimate not far off from the expert opinion of Bagyaraj 475 
et al. (2016) (9). We therefore use 43% for the lower prediction, 50% for the upper prediction, and the average of the two for the central prediction 476 
46.5%. We also note that this value could be an under-estimate since so few studies have used appropriate molecular tools to characterize 477 
nematode biodiversity at a global scale.  478 

 479 
bThis value was calculated using data from tropical tree canopies. This is expected to capture most Arthropoda life since tropical species make 480 
the largest contribution to global species richness. There is a ratio of 162 host-specific beetles per tree species, which suggests that there may be 481 
as many as 3 × 107 tropical arthropods (11). Yet, this value has been the subject of debate as an over-estimation. Others suggests that only 482 
13.5% of beetle species are actually host specific (12), and they use this percentage to extrapolate total species richness based on the total 483 
number of rainforest tree species, which is potentially more accurate (13). Indeed, some report that an estimate of 3 × 107 species has a 484 
<0.00001 probability of being true(14). Further, some have suggested that the diversity in soil may be an order of magnitude higher than that of 485 
tree canopies, ultimately providing a solid basis to be critical of Erwin (1982)’s (12) estimation. So far, few studies assessed the richness of 486 
arthropods in the soil and this number could be higher. Note that the upper Insecta value is higher than the total Arthropoda estimate even though 487 
insects are a group of arthropods. This can occur when two highly uncertain and speculative estimates are provided, and we are unable to 488 
differentiate which may be more accurate than the other, so we retain both. We emphasize this uncertainty using questions marks (see below).  489 

 490 
cThese are estimates derived from the proportion of life in soil that has already been predicted at the lower end. The lower end prediction was 491 
used to calculate the central and upper predictions of soil life using the global species prediction. Where there was a lower and central prediction 492 
already for the soil, the mean proportion of soil life for both was used to calculate the upper estimate.  493 
 494 
dBagyaraj et al. (2016) (9) claims that there are 50,000 mites (a group of Arachnida) species known to live in soil based on expert opinion. This 495 
value does not include all Arachnida inhabiting soil. Nevertheless, this value is similar to the lower value estimate proposed by Decaëns et al. 496 
(2006) (15), and it is the best estimate currently available.  497 
 498 
eFrom current knowledge of aquatic collembola inventories and extrapolation techniques, there are 525 species estimated (414 freshwater, 109 499 
marine, and 2 marine/freshwater species (16). This value can therefore be subtracted to derive the value from the lower and upper estimates of 500 
total numbers to generate soil-dwelling predictions.  501 
 502 
fAll termites but the Kalotermitidae and Termopsinae live in association with soil (17). Globally, there are 450 Kalotermitidae and 20 Termopsidae. 503 
Thus, we can subtract 470 from the global species estimates to derive the soil-inhabiting species.  504 
 505 
gRyder et al. (2010) (18) found that ca. 50% of ant species live in or on soil in a western Amazonian rainforest of Ecuador. This is a biodiversity 506 
hotspot in the tropics and may generally represents above versus belowground ant habitat stratification. To ascertain the low- and high-end 507 
estimates of ant richness, we can assume 50% of the global estimate.  508 
 509 
hA compilation of species was identified in the literature (see SI Appendix, Table S9) for all the soil inhabiting genera listed in van Vliet (2000) (8). 510 
We identified a total of 98 species, which we can then subtracted from the total species list to derive estimates of soil-dwelling species.  511 
 512 
iThis estimate is for total terrestrial biodiversity and includes species that live on or within soil litter and other terrestrial ecosystems, though 513 
sampling of mollusks is typically done by hand or after collecting micro-mollusks in litter and soil passed through a 5 mm sieve (e.g. (19)), 514 
suggesting a primarily soil origin. 515 
 516 
jCurrent estimates suggest that 7.2-11.4% of angiosperm families are entirely or partially aquatic(20). There are also approximately 31,311 517 
vascular epiphytes in the world, 90% of which are angiosperms (21). Assuming that 9.3% of angiosperm species are aquatic, this can be 518 
subtracted from the angiosperm component of total plant biodiversity (79% of known plant species are angiosperms (22)). Seventy-nine percent 519 
of total plant diversity (low end total = 380,000) = 300,200 (angiosperms); 9.3% of angiosperms = 27,920 (aquatic angiosperms); aquatic 520 
angiosperms (27,900) + epiphytes (31,311) = 59,211 non-soil inhabiting plant species. Subtracting this value allows prediction of soil-inhabiting 521 
plant species. Assuming there are 537,000 plant species gives us (0.79 * 537,000 = 424,230 angiosperms; 0.093 * 424,230 = 39,453; 537,000 – 522 
(39,453 + 31,311) = 466,236). Since these plants have 22-67% of their biomass in soil(11) and have seeds or spores that germinate in soil, we 523 
can consider them soil inhabiting.  524 
 525 
kMicrobe is an ambiguously used term in the literature. Here, it is used to represent studies that include bacteria, archaea, and fungi, but not 526 
studies that strictly consider bacteria. In the lower and central estimates, this is the sum of bacteria, archaea, and fungi estimates. If one of the 527 
bacterial, archaeal, or fungal predictions are not available, this total is not calculated (i.e. upper, soil microbial diversity).  This number should also 528 
include protists (23) but because the studies included here to estimate the upper range of microbial biodiversity did not include protists, we also 529 
did not add protists in order to make comparisons across the lower, central, and upper predictions equivalent. Note that one can simply add the 530 
protist value to the total microbe value in order to estimate total microbe richness including protists.  531 
 532 
lThere are a few hundred to a few thousand viral protein clusters in the pan-genome of individual bacterial species (24) and hundred to thousands 533 
of unique viral operational taxonomic units (vOTUs) found per bacterial species (Figure S1A). Assuming most viruses do not infect multiple hosts 534 
or share genes across host species (Figure S1A), one can multiply the total number of microbes by the number of viral taxa found per species 535 
(i.e. here we choose an intermediate value of 1,000) to estimate an upper prediction of phage diversity. Using the upper estimate of bacterial 536 
diversity (3.7 × 109) and a ratio of 1000:1, we predicted the upper and lower ranges of viral diversity. 537 
 538 
mBased on the distribution of vOTU richness across ecosystem types to-date (Figure S1B), we found that 9.9% of all vOTUs were from soil 539 
(Figure S1C). We arrived at a slightly smaller estimate of 5.6% using an independent dataset (see main text; SI Appendix, Table S8). We 540 
therefore estimate that a minimum of 6-10% of viral diversity is found in soil, though this number is likely to be much higher. Because the 541 
proportion of bacterial life in soil is ca. 43%, phage should theoretically track this estimate. We therefore use a 6% lower, 9.9% central, and 43% 542 
upper estimate (our central estimate for the proportion of bacterial life in soil, used here because we assume most soil viruses are phage) to 543 
compute the proportion of viral life in soil relative to global estimates.  544 
 545 
nWien (2021) (25) re-analyzed data from Larsen et al. (2017) (26) using updated concepts of host specificity, and it shows that the number of 546 
unique bacterial species found per insect species is in the 1,000’s range. They then use this number to re-estimate global species predictions for 547 
all groups, but highlighting bacteria.  548 
 549 
oWe analyzed three global prokaryotic datasets to estimate the proportion of observed bacterial species in soil versus other ecosystem types. We 550 
first re-analyzed data from the SILVA database(27) with meta-data organized by others (3)  to estimate that 27.9% of all 97% OTUs have been 551 
observed in soil, after correcting for sequencing effort (see SI Appendix, Table S3). We then repeated this process using data from the Earth 552 
Microbiome Project (4) and found 32.9% of amplicon sequence variants, an even higher resolution molecular species concept, have been 553 



observed in soil (SI Appendix, Table S4), and then a third time using data from an earlier meta-analysis (5) to find 22.2% of OTUs have been 554 
observed in soil (SI Appendix, Table S5). All three estimates are substantially lower than an initial estimate of 88.8% calculated using theoretical 555 
statistical approaches(28). Curtis et al. (2002) (28) predicts that soil diversity would be 4 × 106 while total diversity would be 4.5 × 106. This is 556 
equivalent to soils containing 88.8% of the bacterial diversity. An estimated total of 4.5 × 106 is also not very different from the 4.3 × 106 estimate 557 
of Louca et al. (2019)(29). Estimates of the proportion of bacterial life in soil therefore range between 22-89% with an average (hereafter: central 558 
estimate) of 43%. We therefore used 22.2, 43, and 88.8% (average = 51%, as shown in Figure 2) as our low, central, and upper predictions of the 559 
proportion of bacterial species in soil.  560 
 561 
p This value is based on extrapolation of fungal species observations in typical insect hosts generalized to include all animals. It does not 562 
thoroughly account for overlap among taxa across animal hosts nor does it include other hosts of fungi, such as plants. It also does not account 563 
for free-living fungi.  564 
 565 
qUsing values from Schmit and Mueller (2007) (30) there are estimated 3,000 lichenicolous fungi, 8,400 aquatic fungi, 20,000 arthropod 566 
associated fungi, 1,200 microsporidians (mostly animal parasites) which equals 32,600 non-soil dwelling fungal taxa. We estimated that animal-567 
associated fungal diversity is 10× lower than soil fungal diversity using data presented in Peay et al. (2016) (31). Thus, if we account for the 568 
32,600 non-soil dwelling fungi, we can assume that 10% of remaining fungal diversity is animal-associated. If these fungi lack dual-capacities to 569 
live in animal hosts and the soil environment, an assumption that we know is not entirely correct, then there are 2.2 × 105 and 6.2 × 105 species 570 
that do not live in soil at the low and central estimates, respectively. It is worth noting that soil biodiversity would be even higher if animal-571 
associated species were included as facultative saprotrophs in soil. Subtracting the arthropod-associated and microsporidians (21,200) further 572 
constrains this value to 198,800 and 598,800 non-soil inhabiting fungi at the lower and central estimates, respectively. Subtracting total fungal 573 
diversity from these estimates derives soil-inhabiting fungal biodiversity. Note that this derivation was not applied for the upper prediction because 574 
this estimate is already based on arthropod-associated predictions of fungal biodiversity. It has received considerable scrutiny, but it is the highest 575 
predicted estimate to date, theoretically possible, and therefore included as an upper limit in our study.  576 
 577 
rLouca et al. (2019) (29) identified a range of 7 to 14 × 104 archaeal OTUs based on the V4 region using the tWLRM and breakaway estimation 578 
methods, respectively. They also find that there are 2.7 times more OTUs discovered when analyzing the full-length 16S region relative to the V4 579 
region. Thus, estimates were multiplied by 2.7 to reach the final value.  580 
 581 
sWe analyzed two independent datasets to estimate the proportion of observed archaeal species in soil versus other ecosystem types. We show 582 
that the proportion of Archaea OTUs in soil to range from 10.3-27.8% with average of 19.1% (Tables S6-7). We therefore use 10.3, 19.1, and 583 
27.8% as our lower, central, and upper soil proportion estimates.  584 
 585 
tTo estimate the proportion of protists in soil, we calculated the percent of species observed in soil relative to other ecosystem types using two 586 
independent, global datasets. We found 40.4% and 42.5% of the protist taxa were found in soil compared to aquatic and marine ecosystem types 587 
in our two datasets (1, 2). We therefore used the low percent in soil (40.4) and the average of two (41.45) to compute the fraction of protist 588 
species found in soil relative to global predictions. Note that we did not do this for the upper prediction of protist diversity in soil because this 589 
estimate is based on arthropod-associated predictions of protist biodiversity, and it has received considerable scrutiny. It is the highest predicted 590 
estimate to date, theoretically possible, and therefore included as an upper limit in our study. 591 
 592 
?Denotes that this estimate is highly speculative and controversial in the literature. Note that this is different from normal-sized question marks. 593 
 594 
 595 
 596 
 597 
 598 
 599 
 600 
 601 
 602 
 603 
 604 
 605 
 606 
 607 
 608 
 609 
 610 
 611 
 612 
 613 
 614 
 615 
 616 
 617 
 618 
 619 
 620 
 621 
 622 
 623 
 624 
 625 



 626 

 627 
Figure S1. Overview of viral operational taxonomic unit (vOTU)s identified and shared within bacterial 628 
hosts and across ecosystem types. (A) Co-occurrences of shared vOTUs among bacterial host species 629 
with >1,000 viral metagenomes in the IMG/VR database (v4.1, IMG_VR_2022-09-20_7.1). Values 630 
along lines and in square brackets show the number of vOTUs shared among bacterial hosts and the 631 
total number of vOTUs thus identified within each host species, respectively. (B) The number of unique 632 
vOTUs identified to-date across deep subsurface, soil, host-associated, fresh water, and marine 633 
ecosystems, and (C) the percent of vOTUs identified to-date in each ecosystem type. Abbreviations: 634 
Deep subsurf. = deep subsurface; Host-ass. = host-associated 635 
 636 
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