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Abstract

Salmon lice causes reduced fish welfare as well as great
economical losses along with a significantly increased amount of
work for fish farmers. Resistance among salmon lice to well
established treatments has resulted in repeated treatments and
reduced immune systems among the fish. The main focus of this
work is to investigate correlations between salmon lice- and
treatment-data received from a particular area on the Norwegian
coast. Data mining originated approaches are used in an attempt
to obtain new knowledge from the investigated data sets.
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1. Introduction

Farming of Atlantic salmon most commonly takes place in
marine net cages, where the volumes range from 20.000 -
80.000 m®. The cages may contain as many as 200.000 -
400.000 individuals [8], and are usually located in semi-
sheltered coastal bays. One of the greatest problems
emerging with the salmon-farming industry is the increase
of salmon lice, Lepeophtheirus salmonis, closely related to
a fundamental change in number of hosts for the parasite.
Salmon lice causes both great economical losses and an
increased amount of work for fish farmers, as well as
health problems for the fish.

L. salmonis are ectoparasitic copepods causing disease in
both farmed and wild salmon species, ranging from mild
skin damage to stress induced mortality. In addition to the
cost associated with treatment against L. salmonis,
considerable losses are caused by lower classification
ratings of slaughtered fish, and reduced growth rate due to
a decreased feed intake induced by salmon lice infections.
The wounds caused by sea lice expose fish to osmotic
stress and to secondary infections, e.g. the higher humber
of pancreas disease caused by the PD-virus may be
explained by this [9]. Resistance among salmon lice to the
established treatments have resulted in repeated treatments
and reduced immune systems among the fish.
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In this paper we discuss salmon lice- and treatment-data
received from The Norwegian Animal Health Authorities
(AHA) in one zone on the Norwegian coast. This zone is
chosen since it has been particularly troubled with salmon
lice during the time interval we have condacted our
research. The zone has quite a number of fish farms and
therefore sufficiently representative with respect to
correlations between salmon lice- and treatment data.

2. Background

L. salmonis mate on their host, and the females carry the
fertilized eggs in a pair of egg strings containing from 100
to 1000 eggs. When the eggs hatch, the larvae undergo
several life stages on their way to adulthood, see Fig. 1.
The first three (Nauplius I, 1l and Copepoditt) are free-
living and planctonic stages, where the larvae can spread
over large areas. Chalimus in I-IV life stages are attached
to the host’s skin through a special frontal filament, [10].
During the preadult | and 1l stages lice move freely over
host’s skin to feed, where the host’s head and back are
especially exposed. Finally, L. salmonis reach adulthood,
which is also their reproductive life stage.

Since farmed fish are present also during winter, this
permits adult female lice to produce larvae all year
through. The system with net cages also allows release of
salmon lice to the surrounding marine environment, and
concequently dispersal of salmon lice to both wild and
farmed fish. The L. salmonis parasite is considered to be a
serious threat to the wild salmon and sea trout (Salmo
trutta L.) populations, [2] and [13].

Abundance of salmon lice on farmed fish may vary during
a season and between years. Usually there are more salmon
lice present during the winter months than during summer.
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Fig. 1 Schematic presentation of the different life stages of the sea lice
Lepeophtheirus salmonis. The life stages shown in bold are all free-
living and planctonic, life stages (Chalimus I-1V, preadult I-Il and adult
male and female) are all on the skin of the host fish.

Treatments in Norway should be performed if more than
0.5 adult female salmon lice or more than 3 mobile salmon
lice are detected on average per fish in the period between
1% of January and 31% of August. In the period between 1%
of September and 31% of December the numbers are 1
adult female salmon lice and 5 mobile salmon lice on
average per fish. Treatment against the salmon lice should
usually be finished no later than two weeks after exceeding
the limits described above.

Table 1: Overview of the chemotherapeutics used to treat salmon against
salmon lice in Norway

Chemical group/Common |Medical [Treatment| L. salmonis
name agent method |[life stages the
lagent is effec-
tive on
Pyretroid |Alpha max [Deltametrine [Bath I/Adult and pre-
adult
Pyretroid Betamax [Cypermetrin [Bath ’Adult and pre-
et. adult
Organophos- Salmosan  |Azamethiphos(Bath dult and pre-
phate et. adult
Oxidative agent [Hydrogen [H,0, Bath lAdult and
peroxide mobile life
stages
IAvermectin Slice Emamectin  (Oral/feed |All
benzoate
Chitin synthase [Releeze  |Diflubenzuron|Oral/feed [None mature
inhibitor et. life stages
Chitin synthase [Ektobahn [Teflubenzuron|Oral/feed [None mature
inhibitor et. life stages

Effective management and control of salmon lice requires
good routines and sometimes treatment with antiparasitic
compounds. Current treatment methods still rely mostly on
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chemotherapeutics, optimization the time of treatment, and
regional delousing, but e.g. biological control using
wrasses (fish from the Labridae family, in particular
Labrus bergylta, Ctenolabrus rupestris, and Symphodus
melops) are also more frequently used these days. The
most commonly used and approved chemotherapeutics in
Norway can be divided into bath treatments and oral (feed)
treatments, see Table 1.

One of the greatest problems associated with use of
chemotherapeutics is related to development of resistance
among salmon lice. Resistance can be buid up when a
population repeatedly is treated with too little
chemotherapeutics. This often results in a survival of a few
salmon lice. The latter tolerate more chemotherapeutics,
and genes encoding this tolerance spread in the population.
An important approach to avoid resistance development is
to apply treatments based on different medical agents.

3. Methodology

3.1 Concept of a context

Definition 1 [4] Let P be a non-empty ordered set. If
sup{x, y} and inf{x, y} exist for all X,y €P, then

P iscalled a lattice.

In a lattice illustrating partial ordering of knowledge
values, the logical conjunction is identified with the meet
operation and the logical disjunction with the join
operation.

Definition 2 [15] A context is a triple (G, M, |) where

G and M are sets and | cGxM . The elements of

G and M are called objects and attributes
respectively.

For Ac G and Bc M, define

A={meM | (VgeA) glm},

B ={geG | (YmeB) gim}
where A is the set of attributes common to all the objects
in A and B’ is the set of objects possessing the attributes
in B.
Definition 3 [15] A concept of the context (G, M, 1) is
defined to be a pair (A,B) where AcG, Bc M,

A =Band B = A.
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The extent of the concept (A, B) is A while its intent is
B . Asubset A of G is the extent of some concept if and
only if A" = A in which case the unique concept of the
which A is an extent is (A, A) . The corresponding

statement applies to those subsets B € M which is the
intent of some concepts.

3.2 Frequent Sets

Frequent sets are sets of attributes that occur often enough
to deserve further consideration, [1].

Definition 4 [3] An association rule Q — R holds if
there are sufficient objects possessing both Q and R and
if there are sufficient objects among those with Q which
also possess R.

The complexity of mining frequent itemsets is exponential
and algorithms for finding such sets have been developed
by many authors such as [1] and [3].

A context (G,M,1) satisfies the association rule

Q - Rminsup,minconf ! with Qf R € M J if
sup(Q > R) = |(Q|kCJ5I|Q)| > minsup,
conf (Q > R) = | (Q| S T)I l > minconf

provided minsup €[0,1] and minconf €[0,1].
The ratios

[QUR) | gng (QURY |
|G| 1Q |

are called, respectively, the support and the confidence of
the rule Q — R . In other words the rule Q — R has

support % in the transaction set T if c% of the
transactions in T contain QUR . The rule has

confidence % if w% of the transactions in T that
contain Q also contain R .

Algorithms for fast discovery of association rules have
been presented in [5], [6], [7], [11], [12], and [14].
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4. Data Analysis

Dependences among mobile lice and treatments are shown
in Fig. 2, while Fig. 3 points to dependences among adult
lice and treatments in the discussed area. The two concept
lattices are used to illustrate structures generated from the
given data set.

Table 2: Locations, weeks and treatments

alblc|dje|l flglhlilj|klIlmn{p|laqg|r|ls|t
o1 X X X X X X
02 X X X X X X
03 X X X X X X X
04 | X X X
05 XXX XXX X X X
06 X X X X X X
07 | X X X X
08 | X X X X X
09 | X X X
010

X

0O11 X X X X X

Table 2 is usually reffered to as an information table,
where dependences between objects and their attributes
are clearly shown.

Abbreviations used in Table 2, Fig. 2 and Fig. 3 are as
follows:

01- 1% location
02- 2™ ocation

011 - 11" location
a - 2" week
b - 4™ week
c - 6" week

j - 20" week

k - salmosan applied once

| - salmosan applied two times
m - salmosan applied three times
n - amx (alpha max) applied once
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0 - H,0, applied once
p - H,0, applied two times i
q - slice applied once ]
r - bmx (betamax vet.) applied once &
s - komb. (combination) applied once z]
t - komb. applied two times = ﬁj

Hasse diagrams based on data from Table 2 are depected ; "
in Fig. 2 and Fig. 3. They are both rotated in order to fit 9
the required style. A node in a concept lattice (known also
as Galois lattice) shows objects possesing attributes. Lower d
nodes contain more objects and less attributes. Upper
nodes contain less objects which logically enough share
more attributes. o

: ‘ Fig. 3: Correlations among adult female lice and treatments in one area

Association rules concerning adult lice

-Q:n; R:a

support Q — R =18%, confidence Q — R =100%

ijkin

This means that amx was applied once in 18% of the
locations, while in all of the locations where amx was
applied once the number of adult lice above the average
was registered in the second week.

-Q:k; R:t
support Q — R =18%, confidence Q — R =33%

This means that salmosan was applied once in 18% of the
. ) . . locations, while in 33% of the locations where salmosan
Fig. 2: Correlations among mobile lice and treatments in one are K . .
was applied once and komb. was applied two times.

Some of the most interesting association rules Q — R -Q:p; R:d,e g,k
derived from the relationships in Table 1 are coming next. support Q — R =27%, confidence Q — R =100%
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This means that H,0O, was applied two times in 27% of the
locations, while in all of the locations where H,0O, was
applied two times, salmosan was applied once and the
number of adult lice above the average was registered in
weeks 8, 10, and 14.

-Q:b,k;R:degp
support Q — R =18%, confidence Q — R =100%

This means that single application of salmosan and number
of adult lice above the average in 4th week was registered
in 18% of the locations, while in all of these locations
H,0, was applied two times and the number of adult lice
above the average was registered in weeks 8, 10, and 14.

Association rules concerning mobile lice.

-Q:a; Rk
support Q — R = 45%, confidence Q — R =83%

This means that the number of mobile lice above the
average in 2" week was registered in 45% of the locations,
while in 83% of these locations salmosan was applied
once.

-Q:k; R:t
support Q — R =18%, confidence Q — R =33%

This means that salmosan was applied once in 18% of the
locations, while in 33% of the locations where salmosan
was applied once and komb. was applied two times.

-Q:a,g;R:dekp
support Q — R =27%, confidence Q — R =75%

This means that the number of mobile lice above the
average in weeks 2 and 12 was registered in 27% of the
locations, where the number of mobile lice above the
average in 8" and 10" weeks was registered in 75% of
these locations with mobile lice above the average in 2™
and 12" weeks. Salmosan was applied once and H,0, was
applied two times in these locations. The number of mobile
lice was above the average in 8" and 10" weeks in the
same locations.

-Q:p:R:adefgKk
support Q — R =27%, confidence Q — R =100%

This means that H,O, was applied two times in 27% of the
locations, while in all of these locations salmosan was
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applied once and the number of mobile lice above the
average was registered in weeks 2, 8, 10, 12, and 14.

-Q:b,g; R:d,e,f

support Q — R =27%, confidence Q — R =100%
This means that the number of mobile lice above the
average in weeks 4 and 14 was registered in 27% of the
locations, while in all of these locations the number of

mobile lice above the average was also registered in weeks
8, 10, and 12.

-Q:b,p; R:a,d,efgk
support Q — R =18%, confidence Q — R =100%

This means that the number of mobile lice above the
average in the 4th week and application of H,O, two times
was registered in 18% of the locations, while in all these
locations salmosan was applied once and the number of
mobile lice above the average was also registered in weeks
2,8,10,12, and 14.

Discussion

The main goal in this paper was to unveil dependencies
between salmon lice numbers and different treatments in a
chosen zone. To do so, the treatment threshold was used to
see if the availability of sea lice deminished completely or
their number went below the maximum weakly value for
each location. These data were combined with treatments
data at each location. Since there is no treatment threshold
for attached lice, we have not discussed it. Instead, we
focus our study on the number of adult female lice and on
mobile lice data. The salmon breeding zone analyzed in
this paper was chosen because it was particularly troubled
with salmon lice during the period of our investigations.
This zone consists of several separate locations, whereof
eleven of them are analyzed in further details here. These
locations were chosen simply due to their complete dataset
reported to AHA for that particular period of time. Ten of
them were over the treatment threshold during some parts
of the period. None of them were over the treatment
threshold for the whole period, but as many as 27 % of the
locations were over the treatment threshold for 40 % of the
period. These numbers illustrate the huge problems with
the salmon lice for the fish farms in this zone at the time of
this study.

5. Conclusion

Our data analysis resulted in several association rules,
which emphisize important relationships between the

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 11, Issue 2, No 2, March 2014
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784
www.lJCSl.org 6

salmon lice numbers and the given treatments. Similar
relationships can be difficult to observe without conducting
such studies. We believe this can provide salmon breeding
industry with new approaches for analyzing treatments’
effects on salmon lice.
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