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Abstract
The present study isolated bacteria from black rockcod Notothenia coriiceps (Richardson, 1844) to 
determine if the relative proximity of salmon farms to natural habitats has resulted in the spread 
of known salmon pathogens. For this, bacteria were isolated from 60 N. coriiceps collected from 
seven sites along Fildes Bay, Antarctica (62°12´S, 58°57´W). Bacterial cultures were obtained from 
the kidney, liver, and spleen. The predominant bacterium of each culture was 16S rRNA gene se-
quenced, with 35 isolates obtained from 14 specimens. The predominant genera were Pseudomonas 
(9), Psychrobacter (7), and Staphylococcus (7), followed by Sporosarcina (4), and Bacillus (3). Notably, 
the Aliivibrio sp. (99.85% similarity with A. logei) and Chryseobacterium scophthalmus isolates were 
found and subsequently used to challenge rainbow trout (Oncorhynchus mykiss) and fine flounder 
(Paralichthys adspersus) species, which showed no clinical signs of disease nor death. Although kidney 
and skin lesion isolates were recovered (10 and 8 isolates, respectively), N. coriiceps challenges are 
needed to assess real infection risks. To our knowledge, this is the first description of these bacterial 
microorganisms from N. coriiceps. 

Introduction
Over the last decade, the Chilean aquaculture 
industry has rapidly grown due to favorable 
geography and climate. Initially, fresh and 
seawater salmonids were farmed in the Los 
Lagos Region of southern Chile. However, the 
infectious salmon anemia virus crisis in the 
mid-2000s resulted in many production centers 

relocating farther south to the Magallanes and 
Chilean Antarctic Regions (Ibieta et al., 2011). 
Antarctica is relatively close to Chile, and the 
southernmost aquaculture center is only 950 
km from the Chilean Antarctic Professor Julio 
Escudero Base on King George Island.



Bull. Eur. Ass. Fish Pathol., 36(6) 2016, 247

Most farmed fish are transported, often long-
distance, during production (Avendaño-Herrera 
et al., 2014). This increases the risk of introduc-
ing bacterial or viral pathogens to wild species 
susceptible to disease or to becoming natural 
reservoirs. For example, Streptococcus phocae, the 
etiological agent of warm water streptococcosis, 
was related to Atlantic salmon (Salmo salar) 
mortalities at a farm near Puerto Natales in the 
Magallanes Region, where water temperatures 
are < 10°C (Yáñez et al., 2013). 

Most southern Chile/Antarctic fauna are per-
ciform Notothenioidei fish (Eastman, 1993). 
While Notothenioidei fish have been studied 
in relation to global climate change in polar 
ecosystems (Huth and Place, 2013), there is little 
information regarding the potential of Antarctic 
fish species acting as bacterial pathogen carriers. 
Therefore, the present study sampled different 
organs from the abundant and widespread 
Antarctic black rockcod (Notothenia coriiceps), 
which was captured with species-specialised, 
environmentally friendly equipment during 
the 2014 ECA-50 expedition to Chile’s Antarctic 
base (62°12´S, 58°57´W). Predominant bacteria 
were identified from N. coriiceps tissues and 
compared against known salmonid pathogens 
to determine incidence in this wild fish. 

Materials and methods
Fish specimens
Sixty adult and juvenile black rockcod speci-
mens (26.7 ± 4.9 cm) were caught through 
longline fishing at depths of 1-25 m from seven 
sites (numbered 1 to 7) near Fildes Bay on King 
George Island, Antarctica. Fish were killed fol-
lowing American Veterinary Medical Asso-
ciation standards (Leary et al., 2013), cooled 
with ice, and transported immediately to the 

laboratory facilities at the Profesor Julio Escudero 
Base (Chilean Antarctic research station) for 
bacteriological examination. 

Bacteriological analysis 
The specimens were aseptically dissected in a 
biosafety cabinet. Bacterial samples were taken 
from any external lesions observed, liver, spleen, 
and kidney and streaked onto Marine Agar 2216 
(Difco™), Tryptic Soy Agar supplemented with 
1% NaCl (TSA-1), and Columbia Sheep Blood 
Agar Plates (CSBA; AES Laboratories) and aero-
bically incubated at 4°C and 18°C for 10 days. 
Plate-grown bacteria were transported from 
Antarctica to the Laboratorio de Patología de 
Organismos Acuáticos y Biotecnología Marina 
of the Universidad Andrés Bello (Viña del Mar, 
Chile). Afterwards, a representative colony of 
the predominant morphotype from each plate 
was selected, streaked onto a new TSA-1 plate 
to obtain pure cultures, and then stored at –80°C 
in Criobille tubes (AES Laboratories). 

Phenotypic characterisation 
All stored isolates were characterised using 
phenotypic tests as described by MacFaddin 
(2003). Biochemical reaction tests included 
colony morphology and pigmentation; Gram-
staining; cytochrome oxidase; a catalase reaction 
(3% H2O2); and cell morphology and motility. 
Growth was also tested on TSA-1 under aerobic 
conditions at different temperatures (4, 15, 18, 
20, 30, and 37°C) and in TSB supplemented 
with different NaCl concentrations (0, 1, 3, 5, 7, 
and 10%). All phenotypic tests were incubated 
aerobically at 18°C and observed at 1 to 10 days 
before being recorded as negative. 

If an isolate was suspected of belonging to the 
Flavobacteriaceae family, additional biochemical 
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tests were performed according to Bernardet 
et al. (2002), including gliding motility, the 
presence of cell-wall-associated flexirubin-
type pigments, and Congo red adsorption. For 
potentially pathogenic isolates, biochemical 
analyses were carried out using API® 20E and 
API® ZYM (bioMérieux) strips according to 
the manufacturer’s instructions, with excep-
tion of the incubation temperature, which was 
fixed at 18°C. 

16S rDNA sequencing and phylogenetic 
analysis 
DNA from pure cultures was extracted using 
the InstaGene Matrix (Bio-Rad) according to 
the manufacturer’s instructions. The 16S rRNA 
gene was amplified with universal pA and pH 
primers (Edwards et al., 1989), and PCR prod-
ucts were purified using the Wizard® SV Gel 
and PCR Clean-Up System Kits (Promega). The 
amplicon was sequenced by Macrogen (Seoul, 
Korea) using the same amplifying primers and 
the sequences were then analysed using the 
online tool EzTaxon (http://www.ezbiocloud.
net/eztaxon). The 16S rRNA gene sequences 
were also aligned using the MEGA v5 software 
(Tamura et al., 2011). Genetic distances were 
obtained using Kimura’s two-parameter model 
and clustered with the neighbour-joining algo-
rithm. The accuracy of the resulting tree was 
measured by bootstrap resampling of 1,000 
replicates. The nucleotide sequences generated 
for 16S rRNA were deposited in the GenBank 
database under accession numbers KP745564 
to KP745598 (Figure 1). 

Pathogenicity in fish
To determine the pathogenicity of 43Ls.9 and 
27K.1, infection trials were conducted in rainbow 
trout (Oncorhynchus mykiss; weighing 6–8 g) and 

fine flounder (Paralichthys adspersus; weighing 
5–6 g) maintained in fresh and seawater, respec-
tively. To ensure that fish were uninfected with 
any pathogen described in Chile (see details in 
Avendaño-Herrera, 2011), samples were sub-
jected to standard microscopic and bacteriologi-
cal examinations, as well as PCR analysis. Fish 
were randomly allocated in groups of 15 per 
10-L plastic tank and acclimatised for seven days 
prior to bacterial challenge. A group of rainbow 
trout and fine flounder were inoculated by intra-
peritoneal injection with 0.1 mL of 5 x 107 cells 
per fish of each isolate. Another two tanks with 
fish injected with TSB-1 alone were included as 
negative controls. All trials were maintained in 
a closed system with 50 µm filtered seawater 
(salinity of 35‰) or dechlorinated water for up 
to 28 days at 17 ± 1°C. Fish were fed daily at 1.5% 
body weight, and tank water was changed once 
every two days. Cultures of each internal organ 
(i.e. kidney, spleen, liver) for all fish (dead or 
alive) were prepared by direct streaking onto 
TSA-1 plates.

Results and discussion
Despite growing Antarctic-based research, 
this is the first study to report on marine mi-
croorganisms in Antarctic fish. Some studies 
have described bacterial species in the water 
(Brinkmeyer et al., 2003) and in the intestinal 
flora of Nothothenia neglecta (now N. coriiceps) 
(MacCormack and Fraile, 1990; Ward et al., 
2009), but none made reference to the predom-
inant bacteria in N. coriiceps organs, such as the 
kidney, spleen, and liver, all with filtration and 
immune functions.

This study sampled seven geographic sites, col-
lecting 59 N. coriiceps specimens with no outward 
signs of disease. One specimen (fish 43), present-
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Figure 1. Neighbour joining tree based on 16S rRNA sequences showing the phylogenetic position of the 
35 isolates obtained from Antarctic black rockcod (Notothenia coriiceps) and the type strains of the closest 
species. Bootstrap values based on 1000 replications are shown at the nodes of the tree. 
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ed a deep, U-shaped lesion behind the dorsal 
fin (data not shown), and of 60 sampled fish, 
only 14 yielded bacterial colonies, with none 
from sites 6 or 7. Colony growth only occurred 
at 18°C, an incubation temperature selected as 
most new bacterial species from Antarctica grow 
at > 4°C (Vincent, 2000). While 47 isolates were 
obtained, only 35 were characterised and iden-
tified using phenotypic/sequencing techniques; 
the remaining isolates were lost during transport 
from Antarctica to the laboratory.

While most of isolates were Gram-negative 
(19/35), rod-shaped (24/35), non-motile, and cat-
alase and oxidase positive, 16 were Gram-pos-
itive and 7 were Gram-positive cocci. Most 
Antarctic isolates grew at 4 to 25°C, but six 
isolates did not grow at 4°C. All isolates grew 
in TSB with 1-3% NaCl. 

16S rRNA gene analysis with EzTaxon identified 
most isolates to the species level, with similar-
ity indices > 98.64% (Figure 1) and an average 
length of 1,385 ± 48 bp. The lesion of fish 43 
produced the highest number of bacteria (n=8). 
This wound appeared inflicted by a marine bird, 
common habitants of site 5. N. coriiceps are also 
often found with tegument lesions from seal 
predation (da Silva et al., 2005). 

Taxonomic isolate positions within genera were 
verified by clustering with type strains of the 
closest species (Figure 1). The predominant 
genera were Pseudomonas (n=9), Psychrobacter 
(n=7), and Staphylococcus (n=7), followed by 
Sporosarcina (n=4) and Bacillus (n=3). 

Some Pseudomonas spp. have been found in 
surrounding environmental waters (Bowman, 
2006) and in healthy and diseased fish (Bullock 

and Snieszko, 1969; Hatje et al., 2014). Five iso-
lates were P. fragi, only two of which were from 
the same fish/organ. P. fragi has been isolat-
ed from farmed Tasmanian Atlantic salmon 
hindgut and has only been detected in water > 
15°C (Hatje et al., 2014). Two other isolates (sites 
2 and 4) were identified from kidney tissue as 
P. lundensis. MacCormack and Fraile (1990) 
found Pseudomonas spp. on the skin and in the 
stomach of N. coriiceps and, predominantly, in 
Antarctic seawater samples. Also recovered was 
P. deceptionensis, a cold-adapted bacterium first 
isolated from South Shetland Island sediment 
(Carrión et al., 2011). 

Psychrobacter genus members are widely dis-
tributed among cold to warm, slight to high 
salinity, and glacial to sea-ice ecosystems, and 
have also been found in clinical meat and fish 
samples (Bowman, 2006). In this study, six Psy-
chrobacter were isolated from the kidney, spleen, 
liver, and an external lesion from fish at sites 
3, 4, and 5, suggesting wide distribution and 
adaptability to Antarctic conditions. Supporting 
this, P. fozii isolated from the fish 43 lesion (site 
5) has been found in sediment and water from 
the South Shetland Islands (Bozal et al., 2003), 
while P. maritimus was obtained from the liver 
of different fish from the same geographical 
area. Moreover, Romanenko et al. (2004) have 
described P. maritimus in coastal sea-ice and 
sediment. P. nivimaris was obtained from the 
liver of fish caught at site 3, and P. proteolyticus 
from the kidney of fish 26 at site 4. These micro-
organisms have been found attached to organic 
Antarctic particles (Heuchert et al., 2004) and 
in Antarctic krill stomach (Euphausia superba) 
(Denner et al., 2001). Also, P. faecalis and P. 
pulmonis were isolated from the spleen and 
kidney, respectively.
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For the Staphylococcus genus, isolates from the 
external lesion on fish 43 were classified as S. 
equorum subsp. equorum (n=4) and S. saprophyti-
cus subsp. bovis (n=3). Staphylococcus spp. occurs 
as stomach and intestine flora in N. coriiceps 
(MacCormack and Fraile, 1990). To date, S. 
equorum subsp. equorum has been isolated from 
Myeolchi-jeotgal, a fermented anchovy dish 
(Engraulis japonicas), and S. saprolyticus subsp. 
bovis has been isolated from cows (Yoon et al., 
2001). Therefore, this is the first study to report 
S. saprolyticus subsp. bovis in fish. Ongoing 
studies using samples obtained from a second 
expedition (i.e. ECA-51) to Bahía Chile (62º30´S, 
59º39´W) aims to determine if staphylococci are 
predominant microbiota in N. coriiceps. Finally, 
S. aquimarina was isolated from the kidney of 
fish at sites 2 and 3, and from the lesion of fish 
43. This species was originally isolated from 
Korean seawater (Yoon et al., 2001), but also 
exists in terrestrial Antarctic ecosystems (Ro-
manovskaia et al., 2014).

Other isolated bacterial species included Bacil-
lus toyonensis, Acinetobacter johnsonii, Desemzia 
incerta, Carnobacterium divergens, Chryseobacte-
rium scophthalmus and Aliivibrio logei (Figure 1). 
All these isolates were obtained from internal 
organs (kidney, spleen, and/or liver) and most 
have been isolated from healthy/diseased wild 
and farmed fish. Specifically, C. divergens has 
been isolated from the skin and gills of healthy 
(Ringø and Holzapfe, 2000) and diseased fish 
(Baya et al., 1991). A. johnsonii has been iso-
lated from wild trout (Salmo trutta and Esox 
lucius) and farmed O. mykiss kept in iced storage 
(González et al., 2000). 

Two isolates of note were C. scophthalmus and A. 
logei, which are symbionts and possibly patho-

genic to aquatic organisms. C. scophthalmus 
(43Ls.9) was isolated from a mixed culture on 
CSBS from the fish 43 lesion, and phenotyp-
ic results agree with Mudarris et al. (1994), 
who described C. scophthalmus as the agent of 
severe gill disease and generalised septicaemia 
in turbot (Scophthalmus maximus). Isolate analy-
sis with the API® 20E gallery positively reacted 
only for gelatinase activity, an enzymatic prop-
erty related to virulence in described bacterial 
fish pathogens. For the API® ZYM gallery, the 
isolate was positive for phosphatase alkaline, 
leucine arylamidase, valine arylamidase, cys-
teine arylamidase, trypsin, phosphatase acid, 
naphthol-AS-BI-phosphohydrolase, α-gluco-
sidase, and n-acetyl-β-glucosaminadase. With 
exception to the positive cysteine arylamidase 
reaction, the present results are in line with 
Mudarris et al. (1994) for the CCM 4109T strain. 
Additionally, strain 11, closely related to C. 
scophthalmum, was isolated from Arctic marine 
water and characterised for protease production 
(Chen et al., 2013). 

Aliivibrio logei (27K.1) was isolated from the 
kidney of a fish at site 4 and from mixed cul-
tures on TSA-1 plates. The API® 20E gallery 
positively reacted for lysine decarboxylase, 
D-glucose, and D-mannitol, in line with Yoshi-
zawa et al. (2010) and Buller (2014). For API® 
ZYM gallery examination, phosphatase alkaline, 
leucine arylamidase, cystine arylamidase, phos-
phatase acid, naphtol-AS-BI-phosphohydrolase, 
and N-acetyl-β-glucosaminidase were positive. 
These results differed from Lunder et al. (2000) 
and Yoshizawa et al. (2010), who also obtained 
varying test results. 

16S rRNA gene (1,388 bp) sequencing of 27K.1 
resulted in > 99.85% similarity with A. logei, a 
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microorganism formerly classified as Vibrio 
logei (Urbanczyk et al., 2007) and related to 
Atlantic salmon lesions (Benediktsdottir et al., 
1998). Since 16S rRNA sequencing does not 
distinguish between Vibrio or Alivibrio species, 
further molecular studies (e.g. multilocus se-
quence typing, DNA-DNA hybridisation, etc.) 
need to establish if this isolate is indeed A. logei. 
To prevent confusions on the taxonomic status, 
this isolate was classified as Aliivibrio sp..

Generally, bacterial isolation from internal fish 
organs, as in the present study, is indicative 
of potential sanitary problems given that the 
kidney, liver, and spleen are related to the 
immune response in teleosts (Sunyer, 2013). 
In fact, most of the isolates were obtained from 
pure cultures. However, injury-isolated bacteria 
are not always a sign of infection, but rather of 
colonisation by the predominant bacteria in the 
water, as supported by the isolates from fish 
43 being obtained from mixed cultures (i.e. > 1 
isolate per sample). 

Pathogenicity assays for the N. coriiceps 43Ls.9 
and 27K.1 isolates in O. mykiss and P. adspersus 
did not result in mortality or disease, regardless 
of fish species. No macroscopic morphologic 
changes were observed in any internal organs, 
including the control group, and bacteriologi-
cal examination showed no bacterial colonies. 
While these results indicate that both N. coriiceps 
isolates were non-pathogenic, possible clinical 
effects in N. coriiceps cannot be ruled out. 

Isolating aquaculture-related pathogens in wild 
fish is important for calculating the real impact 
of this industry on the Antarctic ecosystem. This 
information is also valuable to other research 
lines, such as on food webs, with studies de-

scribing new parasite roles in ecological com-
munities (Lafferty, 2013). To our knowledge, 
this is the first report on bacterial isolates from 
an external wound and the internal organs of 
Antarctic N. coriiceps. However, more studies are 
needed to assess risks for wild Antarctic species.

Acknowledgements
Funding for this study was provided by the 
Instituto Antártico Chileno (INACH) through 
grant RT_08_13, entitled “Study of viral and 
bacterial diversity in seawater and Antarctic 
fish species: Finding of natural reservoir of sal-
monid pathogens.” R.A-H. also acknowledges 
support from the CONICYT FONDAP INCAR 
grant 15110027. Y.V-M. acknowledges support 
from the “Aporte Basal por Desempeño” grant 
awarded by the Facultad de Química y Biología 
of Universidad de Santiago de Chile. D.T-A. 
acknowledges support from the CONICYT 
PhD Scholarship Program.

References
Avendaño-Herrera R (2011). Enfermedades 

infecciosas del cultivo de salmónidos en 
Chile y el mundo. NIVA, Puerto Varas, 
Chile ISBN 978-956-8861-01-8.

Avendaño-Herrera R, Houel A, Irgang R, 
Bernardet JF, Godoy M and Duchaud 
E (2014). Introduction, expansion and 
coexistence of epidemic Flavobacterium 
psychrophilum lineages in Chilean fish farms. 
Veterinary Microbiology 170, 298–306. 

Baya AM, Toranzo AE, Lupiani B, Li T, Roberson 
BSM and Hetrick FM (1991). Biochemical 
and serological characterization of 
Carnobacterium spp. isolated from farmed 
and natural populations of striped bass 
and catfish. Applied and Environmental 
Microbiology 57, 3114–3120.

Benediktsdottir E, Helgason S and 
Sigurjónsdóttir H (1998). Vibrio spp. isolated 



Bull. Eur. Ass. Fish Pathol., 36(6) 2016, 253

from salmonids with shallow skin lesions 
and reared at low temperature. Journal of 
Fish Diseases 21, 19–28.

Bernardet J-F, Nakagawa Y and Holmes 
B (2002). Proposed minimal standards 
for describing new taxa of the family 
Flavobacteriaceae and emended description 
of the family. International Journal of 
Systematic Evolutionary Microbiology 52, 
1049–1070.

Bowman JP (2006). The Genus Psychrobacter. 
Prokaryotes 6, 920-930. 

Bozal N, Montes MJ, Tudela E and Guinea 
J (2003). Characterization of several 
Psychrobacter strains isolated from 
Antarctic environments and description of 
Psychrobacter luti sp. nov. and Psychrobacter 
fozii sp. nov. International Journal of Systematic 
Evolutionary Microbiology 53, 1093–1100.

Brinkmeyer R, Knittel K, Jürgens J, Weyland H, 
Amann R and Helmke E (2003). Diversity 
and structure of bacterial communities in 
Arctic versus Antarctic pack ice. Applied and 
Environmental Microbiology 69, 6610–6619.

Buller NB (2014). Bacteria and fungi from 
fish and other aquatic animals: a practical 
identification manual. 2nd edition, CABI, 
UK.

Bullock GL and Snieszko SF (1969). Bacteria 
in blood and kidney of apparently healthy 
hatchery trout. Transactions of the American 
Fisheries Society 98, 268–271.

Carrión O, Miñana-Galbis D, Montes MJ and 
Mercadé E (2011). Pseudomonas deceptionensis 
sp. nov., a psychrotolerant bacterium 
from the Antarctic. International Journal 
of Systematic Evolutionary Microbiology 61, 
2401–2405.

Chen M, Li H, Chen W, Diao W, Liu C, Yuan M 
and Li X (2013). Isolation, identification and 
characterization of 68 protease-producing 
bacterial strains from the Arctic. Wei Sheng 
Wu Xue Bao 53, 702–709.

Da Silva JRMC, Cooper EL, Sinhorini IL, 
Borges JC, Jensch-Junior BE, Porto-Neto 

LR, Hernandez-Blazquez FJ, Vellutini BC, 
Pressinotti LN and Costa-Pinto FA (2005). 
Microscopical study of experimental wound 
healing in Notothenia coriiceps (Cabeçuda) 
at 0 degrees C. Cell Tissue Research 321, 
401–410.

Denner EB, Mark B, Busse H-J, Turkiewicz 
M and Lubitz W (2001). Psychrobacter 
proteolyticus sp. nov., a psychrotrophic, 
halotolerant bacterium isolated from the 
Antarctic krill Euphausia superba Dana, 
excreting a cold-adapted metalloprotease. 
Systematic and Applied Microbiology 24, 
44–53.

Eastman JT (1993). “Antarctic Fish Biology: 
Evolution in a Unique Environment”. 
Academic Press, San Diego, CA, 322 pp. 
ISBN 978-0-12-228140-2.

Edwards U, Rogall T, Blöcker H, Emde M and 
Böttger EC (1989). Isolation and direct 
complete nucleotide determination of entire 
genes. Characterization of a gene coding for 
16S ribosomal RNA. Nucleic Acids Research 
17, 7843–7853.

González CJ, Santos JA, García-López M-L and 
Otero A (2000). Psychrobacters andrelated 
bacteria in freshwater fish. Journal of Food 
Protection 63, 315–321.

Hatje E, Neuman C, Stevenson H, Bowman JP 
and Katouli M (2014). Population dynamics 
of Vibrio and Pseudomonas species isolated 
from farmed Tasmanian Atlantic salmon 
(Salmo salar L.): a seasonal study. Microbial 
Ecology 68, 679–687.

Heuchert A, Glöckner FO, Amann R and Fischer 
U (2004). Psychrobacter nivimaris sp. nov., 
a heterotrophic bacterium attached to 
organic particles isolated from the South 
Atlantic (Antarctica). Systematic and Applied 
Microbiology 27, 399–406.

Huth TJ and Place SP (2013). De novo assembly 
and characterization of tissue specific 
transcriptomes in the emerald notothen, 
Trematomus bernacchii. BMC Genomics 14, 
805.

Ibieta P, Tapia V, Venegas C, Hausdorf M and 



254, Bull. Eur. Ass. Fish Pathol., 36(6) 2016

Takle H (2011). Chilean salmon farming 
on the horizon of sustainability: review 
of the development of a highly intensive 
production, the ISA crisis and implemented 
actions to reconstruct a more sustainable 
aquaculture industry, aquaculture and the 
environment – a shared destiny, Sladonja B, 
editor. Chapter 11, pp. 215-233. ISBN: 978-
953-307-749-9, InTech, Available from http://
www.intechopen.com/books/aquaculture-
and-the-environment-a-shared-destiny/
chilean-salmonfarming-on-the-horizon-of-
sustainability-review-of-the-development-
of-a-highly-intens.

Lafferty KD (2013). Parasites in marine food 
webs. Bulletin of Marine Science 89, 123–134.

Leary S, Underwood W, Anthony R and 
Cartner S (2013). AVMA guidelines for 
the euthanasia of animals: 2013 edition, 
American Veterinary Medicial Association. 
https://www.avma.org/KB/Policies/
Documents/euthanasia.pdf.

Lunder T, Sørum H, Holstad G, Steigerwalt 
AG, Mowinckel P and Brenner DJ (2000). 
Phenotypic and genotypic characterization 
of Vibrio viscosus sp. nov. and Vibrio 
wodanis sp. nov. isolated from Atlantic 
salmon (Salmo salar) with `winter ulcer`. 
International Journal of Systematic and 
Evolutionary Microbiology 50, 427–450.

MacCormack WP and Fraile ER (1990). Bacterial 
flora of the digestive tract of specimens of 
Notothenia neglecta caught in Caleta Potter 
(South Shetland Archipelago, Antarctica). 
Revista Argentina de Microbiología 23, 160–
165.

MacFaddin JF (2003). Pruebas bioquímicas para 
la identificación de bacterias de importancia 
clínica, 3rd Ed. Médica Panamericana SA, 
Argentina.

Mudarris M, Austin B, Segers P, Vancanneyt 
M, Hoste B and Bernardet J-F (1994). 
Flavobacterium scophthalmum sp. nov., a 
pathogen of turbot (Scophthalmus maximus 
L.). International Journal of Systematic 
Bacteriology 44, 447–453.

Ringø E and Holzapfe W (2000). Identification 
and characterization of carnobacteria 
associated with the gills of Atlantic salmon 
(Salmo salar L.). Systematic and Applied 
Microbiology 23, 523–527.

Romanenko LA, Lysenko AM, Rohde M, 
Mikhailov VV and Stackebrandt E (2004). 
Psychrobacter maritimus sp. nov. and 
Psychrobacter arenosus sp. nov., isolated from 
coastal sea ice and sediments of the Sea 
of Japan. International Journal of Systematic 
Evolutionary Microbiology 54, 1741–1745.

Romanovskaia VA, Parfenova VV, Bel’kova NL, 
Sukhanova EV, Gladka GV and Tashireva 
AA (2014). Phylogenetic analysis of bacteria 
of extreme ecosystems. Zhurnal mikrobiologii 
76, 2–10.

Sunyer JO (2013). Fishing for mammalian 
paradigms in the teleost immune system. 
Nature Immunology 14, 320–326.

Tamura K, Peterson D, Peterson N, Stecher 
G, Nei M and Kumar S (2011). MEGA5: 
molecular evolutionary genetics analysis 
using maximum likelihood, evolutionary 
distance, and maximum parsimony 
methods. Molecular Biology and Evolution 
28, 2731–2739.

Urbanczyk H, Ast JC, Higgins MJ, Carson J 
and Dunlap PV (2007). Reclassification of 
Vibrio fischeri, Vibrio logei, Vibrio salmonicida 
and Vibrio wodanis as Aliivibrio fischeri gen. 
nov., comb. nov., Aliivibrio logei comb. 
nov., Aliivibrio salmonicida comb. nov. and 
Aliivibrio wodanis comb. nov. International 
Journal of Systematic and Evolutionary 
Microbiology 57, 2823-2829.

Vincent WF (2000). Evolutionary origins of 
Antarctic microbiota: invasion, selection 
and endemism. Antarctic Science 12, 374–
385. 

Ward NL, Steven B, Penn K, Methé BA and 
Detrich WH (2009). Characterization of 
the intestinal microbiota of two Antarctic 
notothenioid fish species. Extremophiles 13, 
679–685.

Yáñez AJ, Godoy MG, Gallardo A and 



Bull. Eur. Ass. Fish Pathol., 36(6) 2016, 255

Avendaño-Herrera R (2013). Identification 
of Streptococcus phocae strains associated 
with mortality of Atlantic salmon (Salmo 
salar) farmed at low temperature in Chile. 
Bulletin of the European Association of Fish 
Pathologists 33, 59–66.

Yoon J-H, Lee K-C, Weiss N, Kho YH, Kang 
KH and Park YH (2001). Sporosarcina 
aquimarina sp. nov., a bacterium isolated 
from seawater in Korea, and transfer of 
Bacillus globisporus (Larkin and Stokes 1967), 
Bacillus psychrophilus (Nakamura 1984) 
and Bacillus pasteurii (Chester 1898) to the 
genus Sporosarcina as Sporosarcina globispora 
comb. nov., Sporosarcina psychrophila comb. 
nov. and Sporosarcina pasteurii comb. 
nov., and emended description of the 
genus Sporosarcina. International Journal 
of Systematic Evolutionary Microbiology 51, 
1079–1086.

Yoshizawa S, Karatani H, Wada M, Yokota A, 
Kogure K (2010) Aliivibrio sifiae sp. nov., 
luminous marine bacteria isolated from 
seawater. Journal of General and Applied 
Microbiology 56, 509–518.


