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Supplementary Figure 1. Sampling scheme for ant colony collection sites. (A) Four rainforest 

sampling locations within Nouragues Reserve, French Guiana and (B) Four urban sampling 

locations within Cayenne, French Guiana. 
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Supplementary Figure 2. Identification of ant-associated viruses across divergent viral 

clades within widespread ant host genera. Bars represent number of ant-associated viruses in 

each viral clade. Brown and yellow colors represent current and previously identified ant-

associated viruses, respectively. Phylogeny modified from Nelsen et al. (2018).  
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Supplementary Figure 3. Genome Type Pie chart. Chart represents distribution of viral 

genome fragments identified in this study by viral genome type.  

 

 

  

1.98%
3.80%

0.70%

58.97%

34.55%



 
 

5 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 4. Number of complete CRESS viral genomes discovered in this 

study.  Sorted by ant host subfamily. Number in parenthesis below ant subfamily is number of 

samples per subfamily. 
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Supplementary Figure 5. Phylogenetic tree containing all CRESS viruses within the lineage 

available in GenBank and newly identified ant-associated CRESS viruses. An amino acid 

maximum likelihood phylogeny of the Rep protein is shown. Newly identified complete ant-

associated CRESS viruses from this study are marked with a red dot. Color shaded regions refer 

to currently described CRESS viral families.  
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C
RESS
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H um an  feca l  v i ru s  Jo r v i3

Do l icho derus _b isp inos us _CR ESS22

CRESS  v i rus  sp . 239

CRESS v ir u s  sp . 36 0

CRESS v i ru s  s p . 133

Pavo  c r is tat u s  CR ESS-DNA-v ir u s  s p.

C RESS  v ir u s  s p . 75

C RESS  v iru s  sp . 53

CR ESS v ir u s  s p . 64

CRESS v ir u s  s p . 432

CRESS v iru s  sp .  149

Tree scale: 10

Colored ranges

Smacoviridae

Circoviridae

Nanoviridae/Alphasatellidae

Geminiviridae

Genomoviridae

Bacilladnaviridae

CR ESS v i ru s  s p . 302

CR ESS v i ru s  sp . 310

CR ESS  v ir us  sp . 288

C RESS v i ru s  s p . 284

CRESS v i ru s  s p .  300

CRESS v ir u s  s p . 27 7

C RES S v ir u s  s p . 31 2

CRESS v ir u s  s p .  29 4

CRESS v ir u s  sp .  2 90

CRESS v ir u s  sp . 297

CR ESS v ir u s  s p . 275

CR ESS v ir u s  sp . 292

CRESS  v i ru s  sp . 293

CRESS v i rus  s p . 272

CRESS v ir us  s p . 307

CRESS v i ru s  sp . 29 1

CRES S  v i rus  sp . 286

CRESS  v ir u s sp . 3 13

CRESS  v i ru s  s p . 303

C RESS  v ir u s  sp .  281

CR ES S  v i r u s  sp . 308

CRESS v i rus  s p . 28 5

CRESS v i rus  sp . 309

CRES S  v ir us  sp . 299

CRESS  v ir us  s p . 306

CRESS v i r us  sp . 280

CRESS v i r us  sp . 273

CRESS v i r us  sp . 287

CRESS v i r us  sp . 314

CRESS  v ir us  sp . 276

CRES S v ir u s  s p . 304

CRES S  v i ru s  s p .  274

CRE SS v i ru s  sp . 301
C RESS  v ir u s  sp . 311
CRES S  v i ru s  sp . 271
CR ESS  v i r us  s p . 2 79
CRES S v i ru s  sp . 29 6
CR ESS v ir us  s p . 2 70
CRES S v i ru s  sp . 28 3
C RESS  v i rus  s p . 43 0
CRE SS  v ir us  s p. 305
CRE SS  v i r us  s p . 2 82
C RES S  v i r u s s p . 289
C RES S  v i ru s  sp . 298
C RES S v i ru s sp . 2 95
C RES S  v i ru s sp . 278

B ov in e f ae ces a ss o c ia te d  sm ac ovi r us  1Po S CV K o r J 481

P o r c i ne  s t oo l-a ss oc ia ted  c ir cu lar  v i ru s
Hum an f ec es  sm a co vi ru s 3

S y r m at icu s e ll io t i  C RES S-DN A -v i r us  s p .

Sh eep  faeces as so ci a ted s m ac ov ir u s 3
H um an fec es  sm aco vi r us  2

P o r c ine  as so cia te d po rp r is m aco vi ru s  10

Sh eep faeces ass oc ia ted  s m aco v i r u s  1

A lc es  alces  f aec es  as soc iated sm ac ov ir u s  MP78
P o rc in e as so c ia te d  p o rp r ism aco vi r u s  9
B o v ine  faece s  as s oc ia ted  s m aco v i r u s  2
S h eep  f aec es  as so cia ted s m ac o v i ru s 2

B ov in e f aec es  ass o ciat ed  sm ac ov i ru s  4
Bo v in e f aeces  ass oc iat ed  sm ac o v ir u s  5
Bo v in e faece s  ass oc iat ed  sm ac o v iru s  6
Ch ic ken  ass oc iate d  hu ch ism ac ov ir u s  2
Ch ic ken  ass o c iate d  hu ch i sm ac o v iru s  1Ch ick en  as so c ia ted s m aco vi r usEc tatom m a_tub ercu latu m _C RESS11CR ESS v ir us  sp . 394C RESS v i ru s s p. 37 2CRE SS  v i r us  s p . 377Gig an t io ps _d est r uc to r _CRESS2K um m er ow ia s t r iata  C RESS  v i ru sD o l i ch od erus _ b is p ino su s_CRESS7CRES S v iru s sp . 57

CR ES S v iru s sp . 17 5
CR ES S vi r us  sp . 4

C RESS v i ru s  s p. 371
CR ES S v i ru s  s p. 203
CR ES S v ir u s s p . 221

D o l ic h o deru s_b is pin os us _CRE SS 17
C RE SS v i ru s  s p. 6 9

C RE SS vi r us  s p . c tW Oo 3
CR ES S vi r us  sp . 111
CRES S v iru s s p . 142
C RES S v i ru s  s p . 129
C RESS v i r us  s p . 128
CR ES S vi r us  sp . 139
CR ES S v ir u s s p. 39 6
CRE SS v i r us  s p . 131

An se r  an se r  C RESS -DNA -v i ru s  s p .

G i gan t iop s_d es tru cto r_CR ESS8

C RE SS  v i rus  s p . c trF513

CR ESS  v i r us  sp . 262

C RESS  v i ru s s p . c tB NR11

CR ESS v iru s sp . c tm n 412

Do l ic h o der us _b isp in os us _CRESS 26

Grus  jap o nens is  C RES S-D NA -v ir u s s p .

CR ESS v i rus  sp . 120

CR ESS  vi r u s  sp . 9

C RESS  v i ru s  s p . 25

CRE SS  v i ru s  s p . 98

CRE SS  v i r us  s p . 55

CRE SS v i ru s  sp . 1 44

C RES S v ir us  sp . 30

CR ES S v i r us  s p. 121

C RE SS v ir u s  sp . 1 70

C RE SS v ir u s  sp . 96

CR ES S v i r u s  s p . 63

CRE SS v ir u s sp . 26

CR ES S v i r us  s p . 19

C RES S v i r u s  s p . 211

CRE SS v ir us  sp . 27

CR ESS  v i ru s sp . 164

C RES S v i r us  s p . 62

CR ES S v i ru s s p . 94

CRE SS v ir us  sp . 171

C RES S v i ru s  sp . 17

CRE SS v ir us  sp . 172

CR ESS  v ir us  sp. 21 2

CRE SS  v i r us s p . 6 7

C RES S v i ru s  s p . 208

CRE SS  v i r u s  s p . 187

CR ESS  v ir us  s p . 117

CR ESS v ir u s  s p . 37

CRES S v i ru s  sp .  49

CRES S  v i ru s  sp . 210

CRES S v i ru s sp . 39

CRE SS  v i r u s  sp . 199

CR ESS v i r us  sp . 86

CRESS  v ir u s  s p .  185

CRES S v ir us  s p . 29

CR ESS v i ru s  sp . 152

CR ESS v i ru s  sp . 102

CR ESS v i ru s  sp . 403

C RESS v i ru s  s p . 206

Lac tu ca sat i va CRESS  v ir u s

D en d r oco pos  l euco tos  CRE SS-DNA -v ir us  s p .

CRE SS v ir u s  sp . c tw D22

CRESS v i ru s  sp . 83

CRESS v i ru s  s p .  18

CRESS v i ru s  s p . 13 5

F id d ler  Crab  as so c iated  c i rcu l ar  v ir u s

C RESS  v i ru s  sp . 194

CRES S  v ir u s  sp . 116

CRE SS  v i ru s  s p . 68

CRESS  v i rus  sp . 36

CR ESS  v ir us  sp . 44

A von -Heath co te  Es t u ar y  a ssoc iate d  c i rc u la r  v ir us  27

CRESS v i rus  sp . 234

Em beri za c i o id es  CRESS -D NA -v ir u s  s p .

L it to
r in a sp . as soc ia ted  c i rcu lar v ir u s

Palaem on ete s  sp . co m m o n  g rass  sh ri m
p  ass oc iated  c ir cu la r v ir u s

C RESS  v ir u s  sp .  383

Delp h in  v i ru s  1

CRESS  v ir u s  s p. 99

CRESS v ir u s  sp . 330

Od o n t o m ac h u s_h aem a to d u s_ CR ESS 7

Pet ro c h ir u s  d io g en es  g ian t  h erm i t c
rab  as s o c ia ted  c ircu la r  v ir u s

O don t om ac h us _h aem a to d u s _C RESS 1

CR ESS  v i ru s  sp . 213

Ec k l o n ia  rad ia ta-asso c ia ted  v i ru s  3
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Supplementary Figure 6. Phylogenetic tree of ant-associated complete CRESS genomes 

identified in this study. An amino acid maximum likelihood phylogeny of the Rep protein is 

shown. The ant host species name is given for each discovered CRESS virus. The inner circle 

refers to ant subfamily, inner middle circle refers to the diet of the ant host species (herbivorous, 

omnivorous, or carnivorous), outer middle circle refers to the nest type of ant host species 

(arboreal, ground, or leaf litter/rotten log), outer circle refers to environment the ant was sampled 

from (urban or rainforest). Color shaded regions refer to complete ant-associated CRESS viruses 

from this study which fell within a described CRESS viral family. 
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Supplementary Figure 7. Tanglegram with ant host phylogeny by genus on left and discovered 

complete ant-associated CRESS viral phylogeny on right. Colors of association are randomly 

prescribed for each of the ant genera.  
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Supplementary Table 1.  Ant Colony Sample Information. From Left to Right: Genus, 

Species, and Subfamily information about each ant sampled; Diet: H= herbivorous, C= 

Carnivorous, O = Omnivorous; Nest: A= Arboreal, LL= leaf litter/rotten log, G = ground; 

Habitat: R = rainforest, U = urban; bacterial abundance (qPCR levels): L=low, M=Medium, 

H=high; No. ants is the number of ants collected of that colony and pooled for sequencing; 

Colony sampling ID. 

Genus species subfamily die

t 

nes

t 

habit

at 

bacteri

al 

No. 

ant

s  

ID 

Anochetus emarginatu

s 

Ponerinae C A R L 14 CSM371

2 

Atta cephalotes Myrmicinae H G R L 18 CSM373

8 

Atta cephalotes Myrmicinae H G U M 23 CSM374

0 

Atta colombica Myrmicinae H G U L 30 PJF12 

Azteca chartifex Dolichoderinae O A U H 27 PJF11 

Azteca sp1 Dolichoderinae O A R L 27 CSM369

6 

Camponotus atriceps Formicinae O LL R H 30 CSM369

7 

Camponotus atriceps Formicinae O LL U M 22 PJF13 

Camponotus femoratus Formicinae O LL R L 16 CSM369

5a 

Camponotus rapax Formicinae O G R M 5 CSM368

4 
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Camponotus sp1 Formicinae O G U M 15 CSM367

2 

Camponotus sp2 Formicinae O LL U H 31 PJF16 

Cephalotes atratus Myrmicinae H A U H 5 PJF17 

Cephalotes atratus Myrmicinae H A R H 19 CSM371

6 

Cephalotes minutus Myrmicinae H A U M 18 CSM367

1 

Cephalotes sp1 Myrmicinae H A R H 23 CSM373

3 

Crematogast

er 

levior Myrmicinae O A R L 7 CSM369

5b 

Crematogast

er 

sp1 Myrmicinae O G R L 20 CSM370

1 

Crematogast

er 

sp2 Myrmicinae O A U L 45 PJF24 

Daceton armigerum Myrmicinae C A R H 11 CSM371

7 

Daceton armigerum Myrmicinae C A U M 28 CSM373

9 

Dolichoderu

s 

attelaboide

s 

Dolichoderinae H A R H 18 CSM369

1 

Dolichoderu

s 

bispinosus Dolichoderinae H A R L 6 CSM368

8 

Eciton sp Dorylinae C G R L 47 CSM370

7 
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Ectatomma brunneum Ectatomminae O G U L 9 CSM367

6 

Ectatomma tuberculatu

m 

Ectatomminae O G R L 11 CSM368

6 

Gigantiops destructor Formicinae O G R L 21 CSM371

5 

Gigantiops destructor Formicinae O G U M 6 PJF18 

Labidus coecus Dorylinae C G R L 39 CSM371

8 

Neoponera commutata Ponerinae C G R H 11 CSM370

9 

Neoponera commutata Ponerinae C G U M 4 PJF19 

Nylandaria sp Myrmicinae O LL U L 45 PJF14 

Odontomach

us 

bauri Ponerinae C G U M 19 PJF15 

Odontomach

us 

haematodu

s 

Ponerinae C LL U M 9 CSM367

0 

Odontomach

us 

haematodu

s 

Ponerinae C LL U M 18 CSM374

1 

Odontomach

us 

haematodu

s 

Ponerinae C G R M 19 CSM371

9 

Odontomach

us 

hastatus Ponerinae C A R H 17 CSM368

1 

Odontomach

us 

scalptus Ponerinae C G R L 15 CSM368

7 
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Paraponera clavata Paraponerinae C G U L 10 CSM367

3 

Paraponera clavata Paraponerinae C G R L 12 CSM370

8 

Pseudomyrm

ex 

gracilis Pseudomyrmici

nae 

O A R H 7 CSM371

3 

Pseudomyrm

ex 

sp1 Pseudomyrmici

nae 

O A R L 10 CSM371

1 

Solenopsis geminata Myrmicinae O G U L 75 PJF10 

Solenopsis virulens Myrmicinae O LL R M 19 CSM370

0 
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Supplementary Table 2. Table of Viral Genome Isolates. Complete viral genomes within this 

dataset. Viral genome was considered an isolate if had >80% genome-wide pairwise identity to 

classified viral isolate.  

 

  

Viral Genome Name Isolate Name 
query 

cover 
e-value 

% 

identity 

Query 

length 

Query 

accession 

Pseudomyrmex ant CRESS virus 1 
Dragonfly associated 

cyclovirus 5 
65% 0 91.61% 1787 JX185427.1 

Crematogaster ant CRESS virus 4 
Dragonfly associated 

cyclovirus 5 
60% 0 91.61% 1787 JX185427.1 

Paraponera clavata CRESS virus 10 
Dragonfly associated 

cyclovirus 5 
67% 0 91.45% 1787 JX185427.1 

Odontomachus scalptus CRESS 

virus 2 

Dragonfly associated 

cyclovirus 5 
60% 0 91.61% 1787 JX185427.1 

Azteca ant CRESS virus 1 
Dragonfly associated 

cyclovirus 5 
66% 0 91.61% 1787 JX185427.1 

Odontomachus haematodus CRESS 

virus 3 

Dragonfly associated 

cyclovirus 5 
66% 0 91.61% 1787 JX185427.1 

Camponotus ant CRESS virus 5 
Dragonfly associated 

cyclovirus 5 
60% 0 91.61% 1787 JX185427.1 

Crematogaster ant CRESS virus 4 
Dragonfly associated 

cyclovirus 5 
59% 0 91.61% 1787 JX185427.1 

Crematogaster levior CRESS virus 7 
Dragonfly associated 

cyclovirus 5 
67% 0 91.61% 1787 JX185427.1 

Neoponera commutata CRESS virus 

2 

Miniopterus associated 

gemycircularvirus 1 
100% 0 97.35% 2193 NC_038480.1 

Crematogaster ant CRESS virus 8 
Pacific flying fox 

associated cyclovirus-3 
99% 0 97.59% 1838 KT732788.1 

Nylanderia ant CRESS virus 1 
Pteropus associated 

gemycircularvirus 5 
100% 0 92.62% 2205 NC_038488.1 

Cephalotes atratus CRESS virus 1 

Pacific flying fox faeces 

associated 

gemycircularvirus-7 

99% 0 79.34% 2217 NC_038502.1 

Gigantiops destructor CRESS virus 

6 

Pacific flying fox faeces 

associated 

gemycircularvirus-7 

98% 0 78.00% 2234 MZ556209.1 

Dolichoderus bispinosus CRESS 

virus 19 

Bat circovirus 

POA/2012/II 
98% 0 91.62% 1755 NC_025791.1 
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Supplementary Table 3. Phylogenetic Tests of virus-host co-divergence. (A) Bayesian tip-

association significance testing (BaTS), (B) Procrustean Approach to Cophylogeny (PACo), and 

(C) JANE, co-phylogenetic reconstruction. Red p-values indicate significance. 

 

 

 

 

Viral Clade 

Observed 

m2 p-value permutations 

Bunya-Arena  272039.3 0.1261 10000 

Cruciviridae 650587.3 0.3515 10000 

Hepe-Virga 93929.39 0.0782 10000 

Mono-Chu 46047.47 0.2514 10000 

Narna-Levi 351130.2 0.00 10000 

Partiti-

Picobirna 561866 6.00E-04 10000 

Parvoviridae 3852543 0.0014 10000 

Permutotetra 530079.7 0.06 10000 

Tombus-Noda 860428.7 7.00E-04 10000 

Toti-Chryso 567961.8 0.0099 10000 

Lefavirales 60963.08 0.2263 10000 

Weivirus 72595.43 0.4971 10000 

Luteo-Sobemo 1383172 2.00E-04 10000 

Picorna-Calici 25435813  0.00 10000 

Caudovirales 409277.54 0.4359 10000 

Microviridae 455665 0.02 10000 

CRESS 3932443 0.05 10000 

Viral Clade 

observed 

mean 

null 

mean AI ratio p-value 

Bunya-Arena  0.80 1.08 0.74 0.19 

Cruciviridae 3.21 3.32 0.97 0.61 

Hepe-Virga 0.80 0.87 0.92 0.48 

Lefavirales 0.25 0.25 1.00 1.00 

Mono-Chu 0.16 0.29 0.53 0.26 

Narna-Levi 2.19 2.84 0.77 0.05 

Partiti-

Picobirna 3.24 3.73 0.87 0.06 

Parvoviridae 22.02 22.50 0.98 0.27 

Permutotetra 2.99 3.02 0.99 0.47 

Tombus-

Noda 4.46 5.17 0.86 0.02 

Toti-Chryso 2.76 2.83 0.98 0.40 

Weivirus 0.43 0.51 0.86 0.21 

Luteo-

Sobemo 5.48 6.23 0.88 0.05 

Picorna-

Calici 10.15 12.85 0.79 0.00 

Caudovirales 5.65 5.85 0.97 0.32 

Microviridae 26.18 28.81 0.91 0.02 

CRESS 16.28 17.91 0.91 0.00 

Viral Clade 

Original 

Cost  Mean  p-value Cospeciation Duplications 

Host 

Switch  Losses 

Failure to 

Diverge 

Bunya-Arena  24 24.76 0.367 1 12 6 0 0 

Cruciviridae 52 51.03 0.768 5 9 19 5 0 

Hepe-Virga 9 8.49 0.784 2 2 3 1 0 

Mono-Chu 7 7.29 0.653 1 3 2 0 0 

Narna-Levi 45 48.7 0.0460 4 15-16 13-14 2-3 0 

Partiti-

Picobirna 53 54.4 0.356 6 5 23 2 0 

(A) BaTs (B) PACo 

(C) Jane 
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Parvoviridae 232 230.58 0.670 24 26-27 95-96 14-15 0 

Permutotetra 50 49.6 0.760 4 9 19 3 0 

Tombus-Noda 68 70.97 0.0490 6 10 28 2 0 

Toti-Chryso 48 48.85 0.430 2 13 17 1 0 

Lefavirales 2 2 1 1 0 1 0 0 

Weivirus 2 6 0.039 4 0 1 0 0 

Luteo-Sobemo 108 110.79 0.194 6 21 42 3 0 

Picorna-Calici 205 212.28 0.0470 12 35 82-85 2-8 0 

Caudovirales 93 92.74 0.580 5 16 36 5 0 

Microviridae 150 167.3 0 8 181 180 1 0 

CRESS 267 274.28 0.01 9-15 98-104 55-57 5-11 0 
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Supplementary Table 4. Tests of association between ant host ecological traits and viral 

phylogenies with δ. δ statistic was used for categorical ecological trats for Diet Type, Nest 

Type, Bacterial Abundance, and Habitat Type. Red p-values indicate significance. 

  

Viral Clade diet 

diet p-

value nest  

nest p-

value bacterial 

bacterial p-

value habitat 

habitat 

p-value 

Bunya_Arena  0.507 0.46 1.33 0.7 0.503 0.33 0.454 0.7 

Cruciviridae 0.284 0.64 0.464 0.75 0.967 0.43 1.489 0.04 

Hepe_Virga 0.0542 0.63 0.538 0.79 1.332 0.21 0.766 0.39 

Mono_Chu 0.21 0.41 0 1 0.535 0.45 0.611 0.38 

Narna_Levi 1.392 0.15 0.659 0.33 1.159 0.12 1.122 0.11 

Partiti_Picobirna 0.538 0.83 0.968 0.16 0.745 0.5 1.062 0.41 

Parvoviridae 0.553 0.88 0.71 0.27 1.461 0.42 2.439 0 

Permutotetra 1.848 0.17 0.544 0.8 1.32 0.1 1.034 0.12 

Tombus_Noda 1.385 0.05 0.966 0.34 0.89 0.26 0.941 0.28 

Toti_Chryso 0.57 0.62 1.299 0.41 1.463 0.47 0.843 0.94 

Lefavirales 0.464 0.2 0.513 0.14 0.513 0.12 0.435 0.33 

Weivirus 0.765 0.23 0.234 0.89 0.812 0.46 0.387 0.56 

Luteo_Sobemo 1.591 0.05 1.58 0.04 1.347 0.15 1.38 0.02 

Picorna_Calici 1.357 0 0.909 0 0.694 0 0.545 0 

Caudovirales 0.72 0.46 0.8 0.55 0.568 0.04 0.771 0.1 

Microviridae 0.564 0 0.635 0.74 2.075 0.02 1.4 0 

CRESS 0.242 0.83 0.538 0.47 1.103 0.22 0.511 0.05 
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Supplementary Table 5. Tests of association between ant host ecological traits and viral 

phylogenies. Bayesian tip-association significance testing (BaTS) was used for (A) Bacterial 

Abundance, (B) Diet Type, (C) Habitat Type, and (D) Nest Type. Red p-values indicate 

significance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A) Bacterial Abundance (B) Diet Type 
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Dataset S1 (separate file). Detailed metadata for every viral genome and viral genome segment 

identified in this manuscript, as well as metadata for the previously discovered viral sequences 

from ants as hosts.  

 

 

 

(D) Nest Type (C) Habitat Type 
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