Supplementary Table 4: Bacteria found in samples of mucus, skin and water from sharks and rays.  Orange corresponds to bacteria considered as fish pathogens; pink, for other animal pathogens; blue for fish symbionts; purple, for other animal symbionts; and green, for environmental bacteria.   Characteristics for each genus and species determined comes from the Bergey´s Manual of Systematics of Archaea or from sources stated.  
	Phylum
	Class
	Order
	Genus and species (if determined)
	Type of sample (this study)
	Characteristics


	
	
	
	
	
	

	Crenarchaeota
	Thermoprotei
	Thermoproteales
	
	Mucus and skin
	Extremophile environmental bacteria

	Actinobacteria
	 
	Actinomycetales
	Arcanobacterium
	Mucus and skin
	Environmental and aquatic bacteria.  Some species of this group have been isolated from marine mammals [1]

	
	
	
	Cellulisimicrobium
	
	Mycobacterium, Nocardia and Rhodococcus have been reported as fish pathogens [2–4]

	
	
	
	Corvenebacterium
	
	 

	
	
	
	Glycomyces
	
	 

	
	
	
	Gordonia
	
	 

	
	
	
	Haloactinospora
	
	 

	
	
	
	Microbacterium
	
	 

	
	
	
	Mycetocola
	
	 

	
	
	
	Mycrococcus
	
	 

	
	
	
	Rothia
	
	 

	
	
	
	Mycobacterium
	
	 

	
	
	
	Nocardia
	
	 

	
	
	
	Rhodococcus
	
	 

	
	
	
	Nocardioides
	
	 

	
	
	
	Pseudonorcardia
	
	 

	
	
	
	Streptomonospora
	
	 

	
	
	
	Streptomyces
	
	 

	
	
	 
	Rhodococcus ruber
	Water
	Rhodococcus ruber is an environmental bacteria

	
	
	
	Propionibacterium acnes
	
	Propionibacterium acnes has been reported as normal human skin microbiota

	
	
	
	 
	
	 

	
	
	Euzebyales
	Euzebya
	Mucus and skin
	Previously isolated from a sea cucumber [5]

	
	
	Gaiellales
	 
	Mucus and skin
	Described from deep mineral water [6]

	
	
	Solirubrobacterales
	 
	Mucus and skin
	Environmental bacteria

	Acidobacteria
	Chloracidobacteria
	 
	 
	Water
	Environmental bacteria

	
	Koribacteraceae
	 
	 
	Mucus and skin
	Environmental bacteria

	
	Solibacterales
	 
	 
	Mucus and skin
	Environmental bacteria

	Bacteroidetes
	 
	Bacteroidales
	Bacteroides
Prevotella copri
	Mucus and skin
	Some species of Bacteroides have been described as human pathogens in periodontal disease and Prevotella copri has been found as pathogen in intestinal inflammation.  

	
	
	
	Butyricimonas
	
	Butyricimonas has been found as normal beneficial intestinal microbiota in humans [7]

	
	
	
	Parabacteroides gordonii
	
	Parabacteroides gordonii has been isolated from human blood cultures [8]

	
	
	
	
	
	

	
	
	Bacteroidales
	Bacteroides caccae
	Water
	Human intestinal microbiota

	
	
	
	Bacteroides fragilis
	
	

	
	
	
	Bacteroides uniformis
	
	

	
	
	Cytophagales
	Hymenobacter
	Mucus and skin
	Described as environmental bacteria, in soil, water and ice

	
	
	
	Flammeovirga
	
	

	
	
	Flavobacteriales
	Sulcia muelleri
	Mucus and skin
	Sulcia muelleri has been described in symbiotic association with insects [9]

	
	
	
	Flavobacterium
	
	Flavobacterium has been described as a commensal in fish, showing antimicrobial activity against fish pathogens such as Vibrio sp. [10]

	
	
	
	 
	
	

	
	
	
	
	
	 

	
	
	Flavobacteriales
	Fluviicola
	Water
	Fluviicola, Aequorivita, Aquimarina, Chryseobacterium and Bizionia have been described as environmental bacteria, found in seawater and soil

	
	
	
	Aequorivita
	
	

	
	
	
	Aquimarina
	
	

	
	
	
	Bizionia
	
	

	
	
	
	Chryseobacterium
	
	

	
	
	
	 
	
	

	
	
	Rhodotermales
	Salisaeta
	Mucus and skin
	Halophilic bacteria

	
	
	Saprospirales
	Chitinophaga
	Water
	Environmental bacteria

	
	
	Sphingobacteriales
	 
	Mucus and skin
	Environmental bacteria

	Chlamydiae
	 
	 
	 
	Mucus and skin
	Pathogens for birds and mammals

	Chlorobi
	 
	Chlorobiales
	Chlorobium chlorochromatii 
	Water
	Photosynthetic aquatic bacteria

	
	
	Ignavibacteriales
	 
	Water
	Environmental bacteria isolated from hot Springs

	Chloroflexi
	 
	Caldilineales
	 
	Water
	Environmental bacteria 

	
	
	Chloroflexales
	 
	Water
	Photosynthetic aquatic bacteria

	
	
	Roseiflexales
	Kouleothrix
	Water
	Environmental bacteria

	
	
	
	Roseiflexus
	
	

	
	
	Ktedonobacterales
	 
	Water
	Environmental bacteria

	
	
	Thermobaculales
	 
	Water
	Environmental bacteria

	Cyanobacteria
	 
	Nostocales
	 
	Water
	 

	
	
	Chroocoocales
	 
	Water
	 

	
	
	Oscillatoriales
	Microcoleus
	Mucus and skin
	 

	
	
	Pseudanabaenales
	Leptolyngbya
	Mucus and skin
	 

	
	
	Synecchococcales
	Synechococcus
	Mucus and skin
	 Environmental marine bacteria

	Elusimicrobia
	 
	Elusimicrobiales
	 
	Mucus and skin
	Marine bacteria

	Fibrobacteres
	 
	 
	 
	Mucus and skin
	Celullose degrading bacteria

	Firmicutes
	 
	Bacillales
	Bacillus megaterium
	Mucus and skin
	Environmental bacteria.  Bacillus polymyxa has been isolated from fish guts.  Some strains produce antibiotics [11]. Bacillus subtilis has been suggested as a probiotic to improve fish feeding [12].

	
	
	
	Bacillus polymyxa
	
	Staphylococcus bacteria are commonly found in mucus and skin of mammals and birds.

	
	
	
	Bacillus subtilis
	
	 

	
	
	
	Bacillus licheniformes
	
	 

	
	
	
	Marinococcus
	
	 

	
	
	
	Cohnella
	
	 

	
	
	
	Staphylococcus
	
	 

	
	 
	Lactobacillales
	Alloiococcus
	Mucus and skin
	Enterococcus cecorum has been reported as a pathogen in chickens [13].

	
	
	
	Desemzia
	
	Granulicatella has been reported as normal microbiota of the human oral cavity.  

	
	
	
	Granulicatella
	
	Alloiococcus is found in human middle ear fluid [14].

	
	
	
	Enterococcus cecorum
	
	Lactobacillus iners

	
	
	
	Lactobacillus iners
	
	and Lactobacillus zeae have been found to be protective  for nemotades [15] and mammals 

	
	
	
	Lactobacillus zeae
	
	 

	
	
	
	 
	
	 

	
	 
	Lactobacillales
	Streptococcus parauberis
	Water
	Streptococcus parauberis has been identified as a fish pathogen [16]

	
	 
	Clostridiales
	Caldicoprobacter
	Mucus and skin
	Caldicoprobacter

	
	
	
	Gracilibacter
	
	Gracilibacter

	
	
	
	Garciella
	
	Garciella, Pelotomaculum, Sulfobacillus, and Tepidimicrobium were obtained  from hot springs.

	
	
	
	Butyrivibrio 
	
	Desulfosporosinus meridiei and Pelosinus have been previously isolated from groundwater 

	
	
	
	Desulfosporosinus meridiei 
	
	Butyrivibrio and Selenomonas are found in the gastrointestinal tract of ruminants.

	
	
	
	Pelotomaculum Faecalibacterium prausnitzii 
	
	

	
	
	
	Ruminococcus Sulfobacillus Helcococcus Peptoniphilus Tepidimicrobium Megamonas 
	
	Faecalibacterium prausnitzii, Peptoniphilus, Ruminococcus, Megamonas are important bacteria in the human gut microbiota

	
	
	
	Pelosinus 
	
	Helcoccocus is a pathogen in humans [17].

	
	
	
	Selenomonas
	
	Sporomusa has been actively investigated for biofuel production [18].

	
	
	
	Sporomusa
	
	Epulopiscium has been described as fish endosymbiont [19]. 

	
	
	
	Epulopiscium 
	
	 

	
	 
	Clostridiales
	Clostridiisalibacter 
	Water
	Environmental halophilic bacteria

	
	
	
	
	
	

	
	 
	Halanaerobiales
	 
	Mucus and skin
	Environmental halophilic bacteria

	
	 
	Erysipelotrichales
	Catenibacterium mitsuokai 
	Mucus and skin
	Catenibacterium mitsuokai and Coprobacillus has been isolated from the human gut

	
	
	
	Coprobacillus 
	
	

	
	
	
	Erysipelothrix
	
	Erysipelothrix is considered an environmental bacteria, sometimes pathogenic

	
	
	
	Sharpea
	
	Sharpea was isolated from horse faeces [20].

	
	
	
	 
	
	 

	Fusobacteria
	 
	Fusobacteriales
	Fusobacterium
	Mucus and skin
	Present in the human gut [46].

	Gemmatimonadetes
	 
	 
	 
	Mucus and skin
	Environmental bacteria

	Nitrospirae
	 
	Nitrospirales
	Leptospirillum ferrodiazotrophum
	Mucus and skin
	Leptospirillum ferrodiazotrophum is a Nitrogen fixing bacterium found in soil. Thermodesulfovibrio is a termophilic baterium found in wastewater.

	
	
	
	Thermodesulfovibrio 
	
	

	Nitrospirae
	 
	Nitrospirales
	Nitrospira
	Water
	Nitrite-oxidizing bacteria found in marine water

	Planctomycetes
	 
	Brocadiales
	 
	Mucus and skin
	Marine environmental bacteria.  Described as anaerobic ammonium oxidative bacteria (anammox).

	
	 
	Gemmatales
	 
	Mucus and skin
	Environmental bacteria

	
	 
	Pirellulales
	Planctomyces
	Mucus and skin
	Aquatic bacteria

	
	 
	Phycisphaerales 
	 
	Water
	Previously isolated from marine algae [21].

	Proteobacteria
	 
	Rhizobiales
	Agrobacterium sullae 
	Water
	Soil bacteria

	
	 
	Rhodobacterales
	Rhodovulum Rubellimicrobium  
	Mucus and skin
	Environmental bacteria

	
	
	
	
	
	

	
	 
	Rhodospirillales 
	Skermanella 
	Mucus and skin
	Environmental bacteria

	
	 
	Sphingomonadales 
	Sphingomonas 
	Water
	Environmental bacteria

	
	 
	Burkholderiales 
	Sutterella
	Mucus and skin
	Sutterella has been isolated from the human gut.

	
	
	
	Burkholderia Comamonas 
	
	Janthinobacterium lividum has been found in the skin of some amphibians and appears to prevent infection by Batrachochytrium dendrobatidis [22]

	
	
	
	Thiomonas 
	
	Burkholderia, Comamonas Thiomonas, Cupriavidus, and Herminiimonas are

	
	
	
	Cupriavidus 
	
	environmental bacteria from water, soil and ice

	
	
	
	Herminiimonas Janthinobacterium lividum 
	
	 

	
	
	
	 
	
	 

	
	 
	Nitrosomodales
	 
	Mucus and skin
	Marine bacteria

	
	 
	Neisseriales 
	Neisseria cinerea 
	Water
	 Non-pathogenic bacteria associated with normal microbiota of different animals

	
	 
	Trembayales 
	Carsonella ruddii 
	Mucus and skin
	Described as endosymbionts of insects [23].

	
	
	
	
	
	

	
	
	
	
	
	

	
	 
	Desulfovibrionales 
	Desulfonatronovibrio 
	Mucus and skin
	Aquatic sulfate reducing bacteria

	
	
	Desulfarculales
	
	Mucus and skin
	Aquatic sulfate reducing bacteria.  They can eat other bacteria

	
	 
	Desulfuromonadales 
	 
	Mucus and skin
	Marine bacteria found in sediments

	
	 
	Desulfobacterales 
	Nitrospina 
	Water
	Nitrifying bacteria

	
	 
	Myxococcales 
	 
	Water
	Environmental bacteria

	
	 
	Syntrophobacterales 
	Syntrophobacter 
	Mucus and skin
	Propionate-degrading bacteria [24].

	
	 
	Thermodesulfobacteriales
	 
	Mucus and skin
	Aquatic bacteria

	
	 
	Campylobacterales 
	Arcobacter
	Mucus and skin
	Arcobacter is an environmental bacteria and is also found as normal microbiota of livestock [25].

	
	
	
	Campylobacter
	
	Campylobacter is pathogen in domestic animals and humans.

	
	
	
	Sulfurimonas  
	
	Sulfurimonas has been isolated from polychaetes from hidrotermal vents [26].

	
	
	
	 
	
	 

	
	 
	Acidithiobacillales 
	Acidithiobacillus caldus 
	Mucus and skin
	Thermophilic environmental bacteria

	
	 
	Alteromonadales
	Alteromonas
	Mucus and skin
	Alteromonas has been described as pathogen for fish [27].

	
	
	
	Marinobacter
	
	Marinobacter and some strains of Shewanella have been used to increase fish immune response [28,29].

	
	
	
	Idiomarina 
	
	Idiomarina, Pseudidiomarina homiensis and Psychromonas are marine environmental bacteria.

	
	
	
	Pseudidiomarina homiensis 
	
	 

	
	
	
	Psychromonas
	
	 

	
	
	
	Shewanella 
	
	 

	
	 
	Caulobacteriales
	 
	Mucus and skin
	Described as normal microbiota of fish gills [30]

	
	 
	Chromatiales 
	 
	Mucus and skin
	Environmental Sulfur-oxidizing bacteria

	
	 
	Enterobacteriales 
	Baumannia cicadellinicola 
	Mucus and skin
	Baumannia cicadellinicola has been described as a symbiont of insects [31].

	
	
	
	Plesiomonas shigelloides 
	
	Plesiomonas shigelloides found as normal gut microbiota in fish [32].

	
	
	
	 
	
	 

	
	 
	Legionellales  
	 
	Mucus and skin
	Environmental bacteria and also normal microbiota of animals.

	
	 
	Methylococcales 
	Methylobacter whittenburyi 
	Mucus and skin
	Environmental bacteria

	
	 
	Oceanospirillales 
	Marinobacterium
	Mucus and skin
	Marine bacteria

	
	
	
	Neptunomonas 
	
	

	
	
	
	Oleibacter 
	
	

	
	 
	Oceanospirillales 
	Halomonas 
	Water
	Halophilic marine bacteria

	
	 
	Pasteurellales 
	Pasteurella
	Water
	Some strains of Pasteurella and Haemophilus have been identified as fish pathogens [33,34].

	
	
	
	Haemophilus 
	
	

	
	
	
	 
	
	

	
	 
	Pseudomonadales 
	Acinetobacter johnsonii
	Water
	Acinetobacter johnsonii has been described as a fish pathogen [35]. Moraxella is an opportunistic pathogen in mammals.

	
	
	
	Moraxella
	
	

	
	 
	
	Psychrobacter pulmonis 
	Mucus and skin
	Psychrobacter pulmonis was isolated from the lungs of lambs [36].

	
	
	
	Pseudomonas alcaligenes 
	
	Pseudomonas has been described as normal inhabitant of fish mucus and Pseudomonas fluorescens has been isolated from healthy salmon eggs and mucus [37,38].

	
	
	
	Pseudomonas veronii 
	
	 

	
	
	
	Pseudomonas putrefaciens
	
	 

	
	
	
	Pseudomonas fluorescens 
	
	 

	
	
	
	 
	
	 

	
	 
	Thiotrichales 
	 
	Mucus and skin
	Described from marine sediments

	
	 
	Vibrionales 
	Pseudoalteromonas 
	Water
	Marine environmental bacteria. 

	
	 
	Vibrionales
	Vibrio fortis
	Mucus and skin
	Vibrio Fortis has been found to be pathogenic for seahorses [39].

	
	
	
	Vibrio shilonii 
	
	Vibrio shilonii has been found to cause coral bleaching [40].

	
	
	
	Vibrio parahaemolyticus,
	
	Some strains of Vibrio parahaemolyticus have been suggested as fish pathogens, while others are suggested as protective normal microbiota in fish [41]. 

	
	
	
	Vibrio alginolyticus 
	
	Vibrio alginolyticus and Vibrio fluvialis appear to be pathogenic for fish [42]. Some Vibrio species are known to be pathogenic for sharks held in captivity, including lemon sharks [43,44]

	
	
	
	Vibrio fluvialis 
	
	

	
	 
	Xanthomonadales 
	 
	Mucus and skin
	Described as normal microbiota of fish gills [30]

	Spirochaetas
	 
	Brachyspirales 
	 
	Mucus and skin
	Environmental bacteria

	
	 
	Leptospirales 
	Leptospira biflexa 
	Water
	Some strains of these bacteria may be pathogenic to humans and animals

	
	
	
	
	
	

	
	
	
	
	
	

	
	 
	Spirochaetales 
	Treponema amylovorum 
	Water
	Found in periodontal lesions [45].

	
	
	
	
	
	

	Synergistetes
	 
	Synergistales 
	 
	Water
	Marine bacteria

	Tenericutes
	 
	Acholeplasmatales 
	Acholeplasma
	Water
	Acholeplasma is found in aquatic environments. Phytoplasma is a plant pathogen

	
	
	
	Phytoplasma 
	
	

	
	 
	Mycoplasmatales 
	Mycoplasma 
	Water
	Some species are human pathogens

	
	 
	Anaeroplasmatales 
	Asteroleplasma 
	Mucus and skin
	Normal flora of animals and plants

	Thermi
	 
	Deinococcales 
	Deinococcus 
	Mucus and skin
	Environmental bacteria

	
	 
	Thermales 
	Meiothermus 
	Mucus and skin
	Meiothermus and Thermus have been described from hot springs

	
	
	
	Thermus 
	
	

	
	
	
	 
	
	

	Verrucomicrobia 
	 
	Cerasicoccales 
	 
	Water
	Environmental bacteria

	
	
	
	
	
	

	
	 
	Opitutales 
	 
	Water
	Marine bacteria

	
	
	
	
	
	

	
	 
	Pelagicoccales 
	Pelagicoccus 
	Water 
	Marine bacteria

	
	 
	Puniceicoccales 
	Coraliomargarita 
	Water
	Marine bacteria

	
	 
	Pedosphaerales 
	 
	Water
	Marine bacteria

	
	 
	Chthoniobacterales 
	 
	Water
	Environmental bacteria

	
	 
	Verrucomicrobiales 
	Akkermansia muciniphila
	Water
	Akkermansia muciniphila is found in human gut microbiota.

	
	
	
	Haloferula 
	
	Haloferula are halophitic environmental bacteria. Luteolibacter is a soil bacterium.  

	
	
	
	Luteolibacter  
	
	 

	
	
	
	 
	
	 


Protists found in samples of mucus, skin and water from sharks and rays.

	Phylum
	Class
	Order
	Genus and species (if determined)
	Type of sample (this study)
	Characteristics

	
	
	
	
	
	

	Chlorophyta
	 
	Volvocales
	Carteria cerasiformis 
	Mucus and skin
	Microalgae

	
	
	
	
	
	

	Cercozoa
	
	
	 
	Mucus and skin
	Protists

	Euglenophyta


	
	
	 
	Water
	Protists

	Haptophyta


	
	Haptophyceae
	 
	Mucus and skin
	Microalgae

	Rodophyta
	
	
	 
	Mucus and skin
	Microalgae

	Stramenopiles

	
	
	 
	Mucus and skin
	Microalgae

	Streptophyta

	
	
	 
	Mucus and skin
	Microalgae
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