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Skin mucus in fish is considered as the first barrier between the organism and the

environment, partly because it can prevent microorganisms from colonizing the skin.

During copulation in sharks, the male bites the female generating wounds, which have

high chances of becoming infected by opportunistic bacteria from the water or the mouth.

The role of skin mucus for protection against pathogens is not well understood. Describing

the microbial component of epithelial mucus may allow future understanding of this first

line of defense in sharks. In this study we analyze mucus and tissue samples obtained from

19 individuals of three shark species, the nurse shark (Ginglymostoma cirratum), the

lemon shark (Negaprion brevirostris) and the stingray (Dasyatis americana). We also

collected water samples from the area where the animals were found. Total DNA was

extracted from all samples, and the bacterial 16s gene was amplified and sequenced by

Next Generation Sequencing technology. Sequences were analysed and a summary of the

bacterial diversity in the epithelial mucus of these elamosbranch species is presented. We

found potentially pathogenic bacteria in water samples such as Pasteurella spp.,

Haemophilus spp. and Halomonas spp. but these were not found in the tissue or mucus

samples of any species. We found some bacterial groups such as Flavobacterium,

Pseudoalteromonas, Lactobacillus and Bacillus that could play a role protecting the

animals from pathogenic infection. Future studies are needed to describe the metagenome

and the functional role of these bacteria and its potential role as beneficial symbionts in

ray and shark mucus and tissue.
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1 Abstract
2 Skin mucus in fish is considered as the first barrier between the organism and the environment, 
3 partly because it can prevent microorganisms from colonizing the skin. During copulation in 
4 sharks, the male bites the female generating wounds, which have high chances of becoming 
5 infected by opportunistic bacteria from the water or the mouth. The role of skin mucus for 
6 protection against pathogens is not well understood. Describing the microbial component of 
7 epithelial mucus may allow future understanding of this first line of defense in sharks. In this 
8 study we analyze mucus and tissue samples obtained from 19 individuals of three shark species, 
9 the nurse shark (Ginglymostoma cirratum), the lemon shark (Negaprion brevirostris) and the 
10 stingray (Dasyatis americana).  We also collected water samples from the area where the 
11 animals were found.  Total DNA was extracted from all samples, and the bacterial 16s gene was 
12 amplified and sequenced by Next Generation Sequencing technology.  Sequences were analysed 
13 and a summary of the bacterial diversity in the epithelial mucus of these elamosbranch species is 
14 presented. We found potentially pathogenic bacteria in water samples such as Pasteurella spp., 
15 Haemophilus spp. and Halomonas spp. but these were not found in the tissue or mucus samples 
16 of any species.  We found some bacterial groups such as Flavobacterium, Pseudoalteromonas, 

17 Lactobacillus and Bacillus that could play a role protecting the animals from pathogenic 
18 infection.  Future studies are needed to describe the metagenome and the functional role of these 
19 bacteria and its potential role as beneficial symbionts in ray and shark mucus and tissue. 
20

21 Keywords: microbiota, shark, ray, skin, mucus, Ion Torrent

PeerJ reviewing PDF | (2018:07:29887:0:1:NEW 25 Jul 2018)

Manuscript to be reviewed



22 Introduction
23 Fish immune system includes, as a first barrier, the mucosal immune system. This system 
24 protects fish physically, chemically and biologically from threats or pathogens found in its 
25 habitat (Subramanian, MacKinnon & Ross, 2007; Subramanian, Ross & Mackinnon, 2008; Raj 
26 et al., 2011). The mucosal immune system is subdivided in three subgroups that correspond to 
27 the place where the mucus is secreted: the gut, the gills and the skin (Salinas, Zhang & Sunyer, 
28 2011). Skin mucus is considered as the first barrier of protection because it can prevent 
29 microorganisms from colonizing the skin (Cone, 2009). Some studies suggest that this mucus is 
30 constantly renewed, therefore, it reduces the pathogenic load found on the surface of the fish 
31 (Nagashima et al., 2003). Additionally, it is secreted in higher quantities as a response to threats 
32 (Mittal & Datta Munshi, 1974; Gostin, Neagu & Vulpe, 2011; Rai et al., 2012). Furthermore, this 
33 viscose substance consists of molecules that may help in healing and protecting the skin 
34 (Cameron & Endean, 1973; Al-Hassan et al., 1985), including secretion of antimicrobial and 
35 regenerative substances (Hansen & Olafsen, 1999). 
36

37 The epithelial mucus is sometimes considered to be an ideal surface for bacterial adhesion 
38 (Hansen & Olafsen, 1999).  In fact, accumulation of microorganisms appears to take place 
39 during the lifetime of the individual (Hansen & Olafsen, 1999), leading to the establishment of 
40 the microbiota in the skin of the fish. However, it is also recognized that the mucus has a 

41 concentration of molecules that prevent the adhesion of pathogenic bacteria (Crouse‐Eisnor, 
42 Cone & Odense, 1985). For that reason, the role or the relationship between the mucus and 
43 environmental bacteria is not clear (Luer, 2012).  It has been suggested that bacteria found in this 
44 layer may have three possible roles (Salminen et al., 2010): a) bacteria may stimulate mucus and 
45 antimicrobial compound production, b) bacteria may activate and help modulate the immune 
46 response in the fish, and c) the interaction between different types of bacteria may actively 
47 exclude or compete with potentially pathogenic bacteria (Salminen et al., 2010). 
48

49 The mucus layer in sharks and rays has been poorly studied. However, it is known that mucus 
50 from stingray skin appear to accelerate healing processes of their wounds, and that bacteria 
51 found in the mucus have antibacterial activity against human pathogens (Luer et al., 2014).  
52 Reproductive behavior in this group is characterized by aggressiveness during the courtship and 
53 copulation (Pratt & Carrier, 2001; Carrier, Pratt & Martin, 2015). In sharks, the male bites the 
54 female in her dorsal or pectoral fins generating wounds in those areas (Pratt & Carrier, 2001). In 
55 some species polyandry is very common (Saville et al., 2002; Carrier et al., 2003). This behavior 
56 drives competition between males and avoidance in the females (Klimley, 1980; Gordon, 1993; 
57 Pratt & Carrier, 2001). There are also morphological characteristics related to this trait. Sexual 
58 dimorphism occur in shark species in which the males have modifications in their teeth so they 
59 can grab easily to the female in order to remain close to her while mating. Females have thicker 
60 dermal denticles (tooth-like structures that provide hydrodynamics and protection) than males as 
61 a protection against these bites (Carrier, Musick & Heithaus, 2012). In the case of rays, the 
62 females prick the male with their caudal spine (Pratt & Carrier, 2001). It has been shown in some 
63 stingray species that when many males are involved in the mating process, sometimes a few of 
64 them are found dead (Gilad et al., 2008). In spite of these apparently aggressive behaviors, 
65 copulation is necessary and the wounds provoked in the process have a high chance of becoming 
66 infected (Daly-Engel et al., 2010) due to opportunistic bacteria in the water and in the oral cavity 
67 of these animals. Due to the high concentration of pathogenic microorganisms found in the 
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68 aquatic environment (Magnadottir, 2010), it is important to determine the microbiota component 
69 of the epithelial mucus, the skin tissue and to understand if the bacteria found in these are similar 
70 or different from that in the water surrounding the animals.  In this way, it will be possible to 
71 start understanding the role of mucus in the protection against pathogens.  In this study we 
72 present a summary of the bacterial diversity in the epithelial mucus from three elasmobranch 
73 species, the nurse shark (Ginglymostoma cirratum), the lemon shark (Negaprion brevirostris) 

74 and the stingray (Dasyatis americana). We also hypothesize about the possible role of some of 
75 the bacteria found in the mucus and in the skin. 
76

77 Materials and Methods
78 Sample collection

79 Mucus and skin tissue samples were obtained from 19 healthy individuals; 14 of them were 
80 obtained from animals captured in Bimini, Bahamas: four corresponded to juvenile nurse sharks 
81 (Ginglymostoma cirratum), six to juvenile lemon sharks (Negaprion brevirostris) and four to 
82 adult stingrays (Dasyatis americana). Samples from an additional five adult nurse sharks were 
83 collected at Oceanario from Islas del Rosario (CEINER), in the Colombian Caribbean.  For each 
84 individual, a sample of skin tissue and mucus was obtained, following sampling protocols 
85 approved by the Animal Care Committee of Universidad de los Andes (CICUAL) (Bogotá, 
86 Colombia). The skin tissue sample was taken from the posterior part of the dorsal fin, and the 
87 mucus from the skin surface.  A water sample was also collected from the place where each 
88 individual was captured.  Therefore, three samples were associated with each individual, for a 
89 total of 57 samples.  The individuals were captured and raised slightly to the surface of the water, 
90 thus the samples could be taken away from the water, but the animal could continue breathing. 
91 Skin samples were preserved in ethanol 90%.  All samples were maintained at 4º C until 
92 processing. 
93

94 DNA Extraction and PCR amplification
95 DNA was extracted from all samples collected. The Tissue and Cells DNA Isolation Kit (MoBio 
96 Laboratories, Inc) was used, following the manufacturer instructions.  The primers 515f and 806r 
97 were used in order to amplify the region V3-V4 from the bacterial 16s rRNA gene. PCR 
98 amplification conditions were as follows: an initial denaturation at 94 °C for 3 minutes, followed 
99 by 35 cycles of denaturing at 94°C for 45 seconds, annealing for 45 seconds at 50°C and 
100 extension for 45 seconds at 72°C, followed by a final extension of 20 minutes at 72°C. 
101 Successful amplification was The was confirmed on a 1% agarose gel.  
102

103 Ion torrent library preparation, quantification and sequencing

104 From the 57 samples, 32 were used to construct libraries. Samples were chosen depending on 
105 their final DNA concentration, once the PCR products were cleaned using magnetic beads. Two 
106 libraries, each with 16 barcodes, were prepared using the protocol Ion Xpress™ Plus gDNA 
107 Fragment Library Preparation (Life Technologies). Libraries were quantifyed with the Qubit kit.  
108 Template preparation was made following the Ion PGM™ Template OT2 200 Kit (Life 
109 Technologies) protocols. Libraries were prepared for sequencing using the protocol Ion PGM™ 
110 Sequencing 200 Kit v2 (Life Technologies). Libraries were loaded on one Ion 318 chip and 
111 sequenced in the Ion Torrent PGM (Life Technologies).
112

113 Bioinformatic analyses 
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114 Sequences were separated by barcodes directly by the Ion Torrent PGM and saved by the ion 
115 reporter in different files; analyses of sequence quality were made with FastQC (Andrews, 2014). 
116 File format was changed from BAM to FASTQ. Trimmomatic (Bolger, Lohse & Usadel, 2014) 
117 was used to edit sequences with low quality.  Sequences with low quality (less than 20 reads) and 
118 shorter than 50 bp were removed. Afterwards, all files were combined. Demultiplexing was done 
119 by comparing the mapping file of the chip with the files containing the sequences. The resulting 
120 files were analyzed with QIIME (Caporaso et al., 2010) to assign a taxonomic identity (OTU) for 
121 each sequence. Finally, R was used (R Development Core Team, 2010) with the package ggplot2 
122 to evaluate the diversity in each sample (Wickham, 2009). 
123

124 Multidimentional scaling analysis

125 A multidimentional scaling analysis was made to compare the relationship between OTU genera 
126 diversity in the samples. Horn dissimilarity index was used to build the pairwise distance matrix. 
127 For the visualization of these data, a Principal Component Analysis (PCoA) was constructed, 
128 using the commands vegdist and cmdscale from the package VEGAN (Oksanen et al., 2011) 
129 from R programming language (R Development Core Team, 2010). The distance between each 
130 point (sample) explains how similar samples are regarding OTU assignment.
131

132 Results
133 The 32 samples used to build the libraries included a mucus or tissue sample for each of the 
134 individuals sampled and only four of the 19 samples of water. The other samples had low 
135 concentration of bacterial DNA that could not be used for NGS sequencing analysis. After 
136 sequencing and elimination of error sequences, a total 219,162 reads were obtained from the Ion 
137 Torrent PGM. After Trimmomatic edition and QIIME analysis, 3,639 sequences were assigned 
138 taxonomically; these sequences belonged to 15 individuals and 4 samples of water. From those 
139 total reads, 404 did not correspond to bacterial alignments and another 53 where only identified 
140 to the level of Bacteria kingdom; those 457 sequences were discarded. Hereby, 3,182 sequences 
141 were used in computational analysis. Thirty-six phyla and candidate phyla were identified in all 
142 or in some of the samples (Figure 1).  One hundred and thirteen orders, 224 families, 168 genus 
143 and 55 species were identified. 
144

145 The distribution of phyla diversity in the samples is shown in Figure 2.  Most phyla were found 
146 in every sample and with a similar distribution in all of them. Some samples contained more 
147 reads than others; in general, mucus and tissue samples had a higher number of reads than water 
148 samples. Thirteen phyla were identified across all or most of the individuals sampled 
149 (Acidobacteria, Actinobacteria, Bacteroidetes, Chlorobi, Chloroflexi, Cyanobacteria, Firmicutes, 
150 GN02, Planctomycetes, Proteobacteria, Spirochaetes, Tenericutes and Verrucomicrobia). 
151 Twenty-tree bacterial phyla were identified overall.  The percentage in which each phylum was 
152 identified from the total reads (sequences) obtained and analyzed is shown in Table 1. Only a 
153 few sequences were assigned to the species level. Most of them were assigned to genus or to 
154 higher taxonomic levels (Figure 2). 
155

156 Several reported bacterial fish pathogens, symbionts and commensals were found in the mucus, 
157 tissue and water samples (Table 1 and Supplementary Material 1). It is interesting to note that 
158 some fish pathogens were only found in the water and not in the mucus/tissue samples, such as 
159 Pasteurella spp., Haemophilus spp. and Halomonas spp.
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160

161 The PCoA graph (Figure 3) showed few groupings type of sample or by species, suggesting no 
162 correlation between the type of sample or the species sampled with the bacteria identified in 
163 them.  
164

165 Discussion
166 Microorganisms found in the skin surface of fish may be part of the first barrier of defense 
167 against pathogens.  Nevertheless, depending on the characteristics and populations of these 
168 animals, the role of the whole microbiome may vary.  Within the twelve bacterial genera found 
169 only in water samples, three have been described as pathogens for fish, including Pasteurella 
170 spp., Haemophilus spp. and Halomonas spp (Bullock, 1961; Hawke et al., 1987; Austin, 2005).
171

172  There is a species found only in water samples too, Acinetobacter johnsonii, which has been 

173 described as fish pathogen (Kozińska et al., 2014). Other sequenced bacteria present in the 
174 results of water samples, such as Moraxella sp., are opportunistic bacteria and have been found 
175 in other animals, for example in mammals (Whitman, 2015).  Some of the 143 genera found only 
176 in the elasmobranch samples may also play a role as pathogens; Alteromonas (Boone & Bryant, 
177 1980), Mycobacterium, Nocardia, Rhodococcus, Shewanella, Staphylococcus and 
178 Chryseobacterium have been reported as pathogens for various fish species (Hansen & Olafsen, 
179 1999; Austin, 2005).  Syntrophobacter is another genera present in mucus and skin samples and 
180 considered as possible pathogen for fish, due to the fact that bacteria that belong to this group, 
181 degrade propionate, a corticoid used in healing skin (Schulze et al., 2006). However, many 
182 species of Flavobacterium, Pseudoalteromonas, Lactobacillus and Bacillus, also found only in 
183 elasmobranch samples, are considered symbionts of marine fish (Anand et al., 2011; Luer et al., 
184 2014). Some species of Flavobacterium have been studied as commensal to fish, and have shown 
185 antimicrobial activity against Vibrio sp., fish pathogens (Lal & Tabacchioni, 2009). Bacillus 

186 polymyxa, found in mucus and skin samples in this study, has been isolated from fish guts and 
187 some strains of this species synthesizes antibiotics (Olmos, 2014). Similarly, Bacillus subtilis has 
188 been suggested as a probiotic involved in the optimization of fish feeding (Merrifield & Rodiles, 
189 2015). Finally, various bacteria sequenced from mucus and skin samples are considered normal 
190 flora of fish gills or skin (i.e. Xanthomonadales, Caulobacteriales (Sugita et al., 1996) and 
191 Plesiomonas shigelloides).

192

193 Three genera found in mucus and tissue samples (Streptococcus, Pseudomonas and Vibrio) are 
194 sometimes reported as pathogens and sometimes reported as symbionts. For example, S. 

195 parauberis produces streptococcosis in some fish (Austin, 2005; Nho et al., 2009; Abrahamian & 
196 Goldstein, 2011), but other Streptococcus spp. inhibit the growth of pathogenic bacteria  (Hansen 
197 & Olafsen, 1999). Similarly, Pseudomonas putrefaciens acts as a pathogen for fish (Abrahamian 
198 & Goldstein, 2011), but P. fluorescens inhibits growth of pathogens (Subramanian, Ross & 
199 MacKinnon, 2008) and has been isolated from healthy salmon eggs and mucus (Cipriano & 
200 Dove, 2011; Akinyemi et al., 2016). Finally, Vibrio have been reported several times as an 
201 important pathogen for marine life because of its high survival and capacity of acclimation in its 
202 host, as they hydrolyze urea and use it as source of carbon and nitrogen (Hansen & Olafsen, 
203 1999). Many species have been described as infectious for Negaprion brevirostris, specially 
204 when they are physically injured (Grimes et al., 1984a; Grimes, Gruber & May, 1985); others are 
205 associated to mortality of sharks in captivity (Grimes et al., 1984b), and others to infections 
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206 caused by hooks (Borucinska et al., 2002). There are some species that, depending on the strain, 
207 are pathogenic or not, such as V. alginolyticus and V. parahemoliticus (Austin & Austin, 2007; 
208 Abrahamian & Goldstein, 2011). Other species, such as Vibrio alginolyticus and V. fluviales, are 
209 considered pathogenic for fish (Zorrilla et al., 2003); Vibrio fortis has been reported as a sea 
210 horse pathogen (Wang et al., 2016); Vibrio shilonii has been found to cause coral bleaching 
211 (Kushmaro et al., 2001).  
212

213 There are various bacteria identified in the mucus samples that are considered in other studies as 
214 symbionts or pathogens for other animals or humans. For example some species of Bacteroides 
215 have been described as human pathogens in periodontal disease and Prevotella copri, found in 
216 mucus and skin samples, has been identified as pathogen in intestinal inflammation.  
217 Additionally, species from Helcoccocus have also been described as pathogens for humans 
218 (Chow & Clarridge, 2014). Many species of Chlamydiae are reported as pathogens for birds and 
219 mammals (Whitman, 2015) and Enterococcus cecorum has been reported as a pathogen in 
220 chicken (Jung & Rautenschlein, 2014).
221

222 As examples of symbiosis of species of bacteria (found in samples of this study) with humans or 
223 other animals, it is worth mentioning Lactobacillus zeae, which has been found to be protective 
224 biota for nematodes (Zhou et al., 2014); Butyrivibrio and Selenomonas are found in the 
225 gastrointestinal tract of ruminants; Faecalibacterium prausnitzii, Peptoniphilus, Ruminococcus, 

226 Megamonas (Chow & Clarridge, 2014) and Butyricimonas (Wexler, 2007) are normal important 
227 bacteria in the human gut microbiota. Other species sequenced from mucus samples were Sulcia 

228 muelleri (Moran, Tran & Gerardo, 2005), Baumannia cicadellinicola (Cottret et al., 2010) and 
229 Carsonella ruddii (Thao et al., 2000), which have been described in symbiotic association with 
230 insects. A very interesting case is Janthinobacterium lividum, which has been found in the skin 
231 of some amphibians and appears to prevent infection by Batrachochytrium dendrobatidis 

232 (Brucker et al., 2008). These are startling examples that may have relation with the findings of 
233 this study; however, there should be deeper investigations to identify the pathogenicity or 
234 symbiosis properties specifically in elasmobranch or fish. 
235

236 According to this information, the role of the mucus and the bacteria associated to it may depend 
237 on numerous variables, including the virulence and pathogenicity of each microorganism 
238 (Hansen & Olafsen, 1999). Opportunistic bacteria can acquire virulence determinants with 
239 environmental changes by diverse ways, for example by i) Increasing their numbers by 
240 exploiting the higher production of mucus (glycoproteins) induced by presence of toxic 
241 substances in the water (Hansen & Olafsen, 1999), by ii) shifting from a non-infectious state to 
242 an infectious one through an activation caused by a physical or chemical change in the 
243 environment (Hansen & Olafsen, 1999) or by iii) Reaching the dermal layer to infect the host 
244 taking advantage of some reduction of the defensive mucus layer, caused by the presence of 
245 abrasive substances in the surroundings of the fish (Benhamed et al., 2014). These three 
246 opportunities for the bacteria to infect the hosts not only benefit these microorganisms but also 
247 affect the host by reducing their physiological condition (Austin, 2005), and may explain the 
248 finding of the reported bacterial pathogens on the skin of healthy animals.
249

250 The genera considered as fish pathogens found in the water samples but absent in the 
251 elasmobranch samples present an interesting question. We suggest that there may be specific 
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252 antimicrobial activity in the skin environment, or partial control against infections that exists in 
253 low concentration in the mucus, but this may also be a result of the low number of samples and 
254 replicates analyzed (Rakers et al., 2010). 
255

256 In this study, the bacterial diversity in the mucus and tissue included a wide range of phyla and 
257 genus that have been described as pathogens, non-pathogens and some that have scarcely been 
258 studied in relationship to potential or confirmed hosts. As general observations, samples from 
259 mucus and tissue usually produced a higher number of sequences than water samples, and this is 
260 probably due to the low concentration of bacteria in the water environment. Similarly, samples 
261 taken from shark species produced a higher number of reads in sequencing than those from the 
262 ray species. In general, there are few sequences taxonomically identified compared to the total. 
263 This may be the result of the shorter length of the sequences, the kits used in sequencing (to 
264 make libraries of short sequences) and the low concentration of DNA found in the original 
265 samples.
266

267 The simultaneous presence of pathogens and possible symbionts varied between samples; 
268 however, the role of each genus or species should be verified for each of the host species 
269 considered in this analysis. According to these results, we suggest that the role of the epithelial 
270 microbiota may be considered as a first line of defense against infectious organisms but it could 
271 also be a potential threat for the injured host. This could depend on the whole combination of 
272 bacteria and their interaction between them in each host. As mentioned before, each fish may 
273 accumulate a specific community of microorganisms in its life span depending on the 
274 environments it inhabits during its development and growth (Hansen & Olafsen, 1999). 
275

276 The little grouping in the PCoA graph suggests that the bacterial composition in these species of 
277 elasmobranch does not depend on the host species, or the type of sample. Instead, it could be 
278 related to the life span and habitat characteristics of each individual but it would be necessary to 
279 perform a larger sampling effort from each host species and geographic locations to confirm this 
280 lack of association. This study represents the first contribution to describe shark and ray skin and 
281 mucus microbiomes.  Next steps to further understand the role of bacterial communities and skin 
282 and mucus of elamobranchs require functional metagenomics and metabolomics analyses to 
283 unveil the role of these bacteria.
284

285 Conclusions
286

287 We found high diversity of both pathogenic and non-pathogenic bacteria in samples of water, 
288 skin and mucus obtained from the three species studied.  However, the number of sequences 
289 generated was higher for the mucus and skin samples, particularly of the two shark species.  
290 There was no particular bacterial composition found exclusively in one species or in one type of 
291 sample.  Unfortunately, a high number of reads were not taxonomically identified, which could 
292 be the result of the type of libraries constructed, due to the length of the sequences analyzed or 
293 due to low DNA concentration in some of the samples obtained.  Lastly, we suggest that some of 
294 the non-pathogenic bacteria identified in the mucus and skin samples of the sharks and ray 
295 species studied could have a protective function against pathogenic bacteria and other 
296 microorganisms found in the water. 
297
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572

573 Figure and Table legends
574 Figure 1. Summary of taxonomic assignments.  Venn diagram showing the quantity of OTU’s 
575 shared between mucus and tissue elamosbranch samples and water or OTU´s unique to either 
576 elasmobranch samples (purple) or water samples (blue). 
577

578 Figure 2. Bacterial phyla composition of each sample. The first letter in the sample labels 
579 corresponds to the type of sample: (M) Mucus, (T) tissue and (W) water, followed by the sample 
580 number.  Sample Size indicates the number of reads identified in each sample.  
581

582 Fig 3. Principal Component Analysis (PCoA) of distances for all samples. The first letter of the 
583 labels corresponds to the type of sample: (M) Mucus, (T) tissue, (W) water, followed by the 
584 sample number.  The letter after the dot corresponds to the host species, (G) for Ginglymostoma 

585 cirratum, (N) for Negaprion brevirostris and (D) for Dasyatis americana.

586
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Figure 1

Summary of taxonomic assignements

Venn Diagram showing the quantity of OTU´s shared between water and mucus and skin of

Elasmobranch species
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Figure 2

Bacterial Phyla composition of each sample

The first letter in the sample names corresponds to the type of sample
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Figure 3

Principal Component analysis

distances for all samples.
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Table 1(on next page)

Read abundance of Phyla

Reads identified and assigned in 3182 reads obtained
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1 Table 1. Read abundance of phyla identified in 3,182 reads obtained from 32 combined 

2 samples analyzed, including a mucus or tissue sample for each of the sharks and rays 

3 sampled and four water samples.

Phylum

% phylum found in 

the total number of 

analyzed reads 

Acidobacteria 1,23

Actinobacteria 44,34

Bacteroidetes 4,92

Chlamydiae 0,06

Chlorobi 0,46

Chloroflexi 6,55

Crenarchaeota 1,49

Protista 3,09

Elusimicrobia 0,09

Euryarchaeota 7,11

Fibrobacteres 0,03

Firmicutes 6,28

Fusobacteria 0,06

Gemmatimonadetes 0,10

Nitrospirae 0,36

Parvarchaeota 4,05

Planctomycetes 2,16

Proteobacteria 12,20

Spirochaetes 0,76

Synergistetes 0,16

Tenericutes 1,92

Thermi 0,166

Verrucomicrobia 2,32
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