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A B S T R A C T

Lepeophtheirus salmonis is a naturally occurring marine parasite of salmonid fishes in the Northern hemisphere,
and a major problem in salmonid aquaculture. In addition to the direct effects on host fish, L. salmonis may act
as a vector for diseases. Here, the microbial community of L. salmonis recovered from whole genome shotgun se-
quencing was compared between lice sampled from both the Atlantic and the Pacific, laboratory-reared and wild
lice, in addition to lice displaying resistance towards chemical treatments. The analysis shows clear differences
in the metagenomic composition between the Atlantic and the Pacific Ocean, whereas the resistance status of
the L. salmonis or the cultivation did not have significant impact.

1. Introduction

The salmon louse (Lepeophtheirus salmonis) is a marine ectopara-
site found on salmonid fish in both the Pacific (subspecies: L. salmonis
oncorhynchi) and the Atlantic oceans (subspecies: L. salmonis salmonis)
(Skern-Mauritzen et al., 2014). High concentrations of salmon lice are
found in regions hosting salmonid aquaculture industry (Serra-Llinares
et al., 2014), and are a potential threat to wild sea trout (Salmo trutta)
and Atlantic salmon (Salmo salar) populations in the North East At-
lantic (Arechavala-Lopez et al., 2015; Taranger et al., 2015). Manage-
ment of this pathogen in Norway alone is estimated to cost the aqua-
culture industry 130–390 US$ million yearly (Liu and Bjelland, 2014).
The salmon lice lifecycle consists of eight life stages separated by molt
of the chitinous exoskeleton (Hamre et al., 2013). Apart from the first
two planktonic stages, the salmon louse spends its lifecycle on the sur-
face of the host fish, where it feeds on skin, mucus and blood. In-
fections with salmon lice can cause morbidity in the host fish due
to general and osmotic stress, wounds, and increased susceptibility to
secondary infections (Boxaspen, 2006). The integument of the salmon
louse is covered with microorganisms (Harasimczuk et al., 2018) and
potential pathogens including Tenacibaculum, Pseudomonas and Vibrio
(Barker et al., 2009) and the microsporidian Paranucleospora theridion
(Nylund et al., 2010) has been identified. In addition to the direct ef-
fects of grazing on the fish epidermis, an increased exposure to sec

ondary infections may also be a result of immunomodulation of the host
fish through secretions from parasite exocrine glands (Fast et al., 2007;
Overgard et al., 2016; Skugor et al., 2008). Such secretions may reduce
the ability of the fish to resist infections with other pathogens. A recent
study has also documented that salmon lice infections change the mi-
crobial composition of salmon skin (Llewellyn et al., 2017). To obtain
an overview of organisms associated with the salmon louse, a metage-
nomic analysis was performed on sequences extracted from lice from
multiple locations in the Pacific and the Atlantic Oceans. In addition to
identification of bacterial orders, the data was also analyzed for metage-
nomic patterns caused by origin and resistance properties of the col-
lected salmon lice.

2. Data description

2.1. Sampling

Salmon lice sampled for this dataset belongs to the two subspecies
of salmon louse sampled from the Pacific (Lepeophtheirus salmonis on-
corhynchi) and the Atlantic (Lepeophtheirus salmonis salmonis), respec-
tively collected in multiple locations (Fig. 1).

All samples have previously been described by (Besnier et al., 2014;
Glover et al., 2011; Messmer et al., 2018). AWU7-11(S1) contains
pooled DNA from multiple individuals in each sample, whereas the re
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Fig. 1. Geographical distributions of samples. Samples are labelled according to geographical (Atlantic or Pacific), source of lice (laboratory or wild) and resistance status (resistant,
sensitive or unknown), see S1.

maining samples are from single individuals. Resistance status of the
salmon louse has been noted when available. Lice were either collected
in the field or cultivated on fish in the laboratory before being submit-
ted to sequencing (S1).

2.2. Bioinformatic analysis

MetaPhlAn2 was utilized for taxonomic profiling of
whole-metagenome shotgun (WMS) samples. Fastq files were first fil-
tered for the presence of salmon lice genomic sequences (http://
metazoa.ensembl.org/Lepeophtheirus_salmonis/Info/Index) using BWA
(Li and Durbin, 2009). Libraries contained 10–80 million sequences af-
ter filtration. Libraries were then used as input in a MetaPhlAn2 analysis
(Truong et al., 2015) to produce an abundance table of microorganisms

present in samples. Sequences assigned to viruses were not included as
the sequenced material was based on extraction of DNA only, thus ex-
cluding the finding of RNA viruses, resulting therefore in partial data be-
ing retrieved. Fastq files were mapped against the MetaPhlAn2 db_v20/
mpa_v20_m200.pkl database using bowtie with the “very-sensitive lo-
cal” setting. The relative abundance of microorganisms was then cal-
culated by Metaphlan2. The resulting abundance file was then used
as input for LDA Effect Size (LEfSE) analysis (Segata et al., 2011)
were the alpha value for the factorial Kruskal-Wallis test among classes
and the pairwise Wilcoxon tests between subclasses were set to 0.05.
Threshold for the logarithmic LDA score for discriminative features
were set at the default value of 2. Finally, cladograms were produced
setting the root of the tree according to kingdom. Differences in the
bacterial metagenome on salmon lice from the Atlantic and Pacific
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Fig. 2. Abundance of bacterial orders. The cladograms report the taxa showing different abundance values (according to LEfSe) in the two geographical areas: Atlantic samples (red) and
Pacific samples (green). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Extended error bar plot. Bacterial orders with significantly different representation in samples from the Atlantic and Pacific Ocean.

Ocean were assessed using statistical analysis of taxonomic and func-
tional profiles (STAMP) (Parks et al., 2014). The Microbiome helper
perl script metaphlan_to_stamp.pl (http://msystems.asm.org/content/2/
1/e00127-16) was used to convert the abundance file from MetaPhlAn2
to a STAMP compatible format. Extended error bar plots were produced
in STAMP by analyzing differences in the mean proportion of sequences
using two-sided Welch's t-test and Storey FDR multiple test correction.
The final data were filtered to remove features with small effect sizes by
considering only features were the ratio of the proportions were larger
than 2 or the difference in proportions were larger than 0.5.

2.3. Bacterial communities on L. salmonis

Sequences from Archeae bacteria and eukaryotes were present in
the dataset, but very few were recognized by Metaphlan and will not
be commented further in this study. The sequences assigned to

prokaryotes were initially sorted into 28 phyla, 36 classes and 69 or-
ders. All samples were dominated by two bacterial orders; Flavobac-
teriales in the Bacteriodetes phylum (30–71%) and Burkholderiales in
the Protebacteria phylum (6–37%). The total proportion of Flavobac-
teriales and Burkholderiales was relatively constant in all samples (av-
erage of 58±8%), however the ratio between the two orders was
variable (results not shown). The orders of Flavobacteriales and Burk-
holderiales contains a great variety of environmental bacteria associ-
ated with surface and biofilm in additions to some known pathogenic
bacteria that can cause ulcers in fish, e.g. Flavobacterium psychrophilum.
(Apablaza et al., 2013). Three other bacterial orders Spirochaetales
(1–16%), Alphaproteobacteria (3–12%) and Mycoplasmatales (5–11%)
were also found in all samples. Other orders included in the Pro-
teobacteria phylum normally associated with marine environment and
fish such as Pseudomondales, Pseudoalteromondales, Alteromondales,
Aeromondales, Vibrionales and Rickettsiales, were only sporadically
represented. These orders are all well-known from the marine environ
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ment both as symbionts, and thus part of the normal micro flora, and as
pathogens.

All samples were analyzed to search for differences in the composi-
tion of the microbial community depending on the geographic origin of
the sample. Most samples could be assigned to the Atlantic or the Pacific
Ocean based on the microbial composition (Fig. 2).

It should however be noted that this difference between the two
oceans may have been caused by differences in the microbial commu-
nities between the Pacific and Atlantic Ocean but could also have been
influenced by differences between the two subspecies of L. salmonis. En-
terobacteriales were present in significantly higher amounts in samples
from the Pacific Ocean, while Spirochaetales, Halanaerobiales, Rhizo-
biales, Rhodobacterales, Sphingobacteriales and Vibrionales were more
abundant in the Atlantic samples (Fig. 3).

Similar analyses were performed to investigate whether the compo-
sition of the microbial community was affected by the resistance sta-
tus of the salmon louse, or by cultivation in the laboratory. No signifi-
cant differences were observed. In conclusion, sequences obtained from
whole genome sequencing of the parasite L. salmonis provides informa-
tion about associated bacterial orders. Analysis of the data provided
metagenomic profiles distinct between the Atlantic and Pacific Ocean
but did not demonstrate presence of well described fish pathogens that
L. salmonis may act as vector for. Future studies should also include
analysis of virus and eukaryotes.

3. Data deposition

All sequences utilized in this study can be found in SRA acces-
sion PRJNA447894 and PRJNA509381 (ncbi.nlm.nih.gov/bioproject/
PRJNA447894 and ncbi.nlm.nih.gov/bioproject/PRJNA509381). For
biological information on the samples see supplementary files (S1 and
S2).
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