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Sea lice are a naturally occurring ectoparasite of
wild salmon (Nagasawa 2001; Beamish, Neville,
Sweeting & Ambers 2005). There is also clear
evidence that these parasites are seldom a production or fish health concern on farms in British
Columbia (Saksida, Constantine, Karreman &
Donald 2007), in direct contrast to most other
salmon-producing regions (Heuch, Revie & Gettinby 2003; OÕDonohoe, Kane, Kelly, Nixon,
Power, Naughton & Jackson 2008; Lees, Gettinby
& Revie 2008a). Nevertheless, owing to concerns
regarding the potential impact of sea lice originating
from farmed Atlantic salmon, Salmo salar L., on
wild Pacific salmon species, Oncorhynchus spp., in
BC, their effective control continues to be a subject
of considerable interest (Morton, Routledge, Peet
& Ladwig 2004; Krkošek, Ford, Morton, Lele,
Myers & Lewis 2007). Indeed, it has been suggested
that the recent reductions in sea lice infestations on
wild salmonids in the Broughton Archipelago (an
area of major research focus over the past 5 years)
are a consequence of improved lice management
actions on salmon farms (Harvey 2009). While a
number of management practices, such as single
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year-class production and between-cycle fallowing,
can have a positive effect on lice control within
farms, the most direct effects are associated with the
use of medicines to control sea lice. This is
particularly the case if a goal is to minimize lice
numbers at a specific point in the production cycle,
for example during the period when wild smolts are
most likely to be migrating past farms.
In 2003, BC regulatory authorities established
requirements that farms maintain lice abundance
below a threshold of three motile stage Lepeophtheirus salmonis between March and June (Saksida
et al. 2007). In 2004, these same authorities
commenced a sea lice surveillance programme
where between 25% and 50% of active Atlantic
salmon farms were assessed by government biologists for sea lice during each quarter to verify
reported levels (Saksida et al. 2007). These regulations have not changed. In BC, the only product
that is currently available to treat sea lice on salmon
farms is SLICE (Intervet Schering-Plough Animal
Health). SLICE is an oral formulation of emamectin benzoate, which is added to fish feed and
delivered at a dosage of 0.5 lg kg)1 fish for 7 days.
There have been a number of reports indicating
reduced efficacy of emamectin benzoate when used
on farmed fish in a range of other salmonproducing countries. These include Chile (Bravo,
Sevatdal & Horsberg 2008) and Scotland (Lees,
Baillie, Gettinby & Revie 2008b), with less welldocumented reports in Ireland (OÕDonohoe et al.
2008 – non-specific report of Ôreduced sensitivitiesÕ,

S M Saksida et al. Efficacy of emamectin benzoate on BC salmon farms

Journal of Fish Diseases 2010, 33, 913–917

p.19) and Norway (personal communication – T.
Horsberg, 7/1/2010). In the summer of 2009, the
relevant authorities issued licences for the use of two
alternative sea lice medicines in eastern Canada
owing to growing evidence that SLICE was
becoming ineffective on farms in the Bay of Fundy
(AVC-CAHS 2009). Given these developments, it
is important to ascertain the situation with respect
to treatment efficacy on farms in British Columbia
and that is the main purpose of this communication.
The most commonly occurring species of sea lice
on farmed Atlantic salmon in BC is L. salmonis
(Beamish, Jones, Neville, Sweeting, Karreman,
Saksida & Gordon 2006; Saksida et al. 2007).
While Caligus clemensi can also occur, infestations
with this species tend to be at a lower level and are
more sporadic. In addition, the evidence of tolerance in sea lice to emamectin benzoate from other
regions has been associated with L. salmonis (the
exception being Chile where this species does not
occur and the tolerance has been observed in
populations of Caligus rogercresseyi). For these
reasons, the study reported here focuses on
L. salmonis and compares treatments using SLICE
on farms in BC to examine evidence for changes in
efficacy since the implementation of mandatory
monitoring and the establishment of recommended
treatment thresholds in 2003.
Treatment efficacy was determined by comparing
post-treatment motile (preadult and adult stages)
L. salmonis abundance levels with those recorded
prior to treatment. The methodology is similar to
that outlined by Lees et al. (2008b) to evaluate
changes in efficacy of emamectin benzoate used on
Scottish salmon farms. Sea lice treatments on farms
operated by Marine Harvest Canada between 2003
and 2008 are shown in Table 1. During this period,

Table 1 Number of farms stocked with salmon by Marine
Harvest Canada, the total number and range of SLICE
treatments, and the number of farms that did not treat for sea
lice in each year between 2003 and 2008
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Year

Farms in
operation

Total number
of treatments
(on all farms)

Treatments
per farm
(range)

Number of
farms not
treated

2003
2004
2005
2006
2007
2008

15
17
24
32
38
39

7
16
19
24
18
24

1
1–2
1–2
1–2
1–2
1–2

8
3
6
10
22
18

914

between 15 and 39 farms were operated by Marine
Harvest Canada in BC. Over these years, the
proportion of farms that did not treat for sea lice in
a given year varied from around one-fifth to over a
half (18% in 2004 to 58% in 2007), with the
number of treatments on farms that did treat
ranging from one to two. More treatments were
administered during the second year of production,
when compared to the number of treatments given
in the first 12 months of post-seawater transfer. In
the years for which efficacy assessments were carried
out, there was a moderate preponderance of
treatments in the autumn and winter (October–
March) – 60%, 82% and 56% of all treatments
took place in those seasons in 2003, 2007 and
2008, respectively.
To assess changes in efficacy, sea lice abundance
records from farms operated by Marine Harvest
Canada that treated for sea lice in 2003, 2007 and
2008 were examined. Only records from farms on
which all fish groups were treated with SLICE
simultaneously and for which adequate sea lice
counts have been recorded pre- and post-treatment
were considered. To establish meaningful pretreatment sea lice levels for comparison, at least one lice
count had to be available for a farm in the period
3 weeks prior to the start of treatment. If sea lice
counts were available more than once in that
period, then the result from the evaluation closest to
the start of treatment was used as the baseline. In
practice, the precounts tended to be 1–2 weeks
prior to treatment with the following mean [range]
value for 2003, 2007 and 2008, respectively:
11.2 days [6, 23]; 8.5 days [1, 19]; and 11.3 days
[3, 17]. To be able to evaluate efficacy, only
treatments for which sea lice levels were monitored
at least three times within a 13- week period posttreatment were included in the final data set. These
restrictions reduced the number of records available
for the analysis to five for 2003, 11 for 2007 and
nine for 2008 (i.e. to 71%, 61% and 38%,
respectively, of the total treatments administered
in those years).
Treatment efficacy was evaluated in both
absolute and percentage terms (Gustafson, Ellis,
Robinson, Marenghi & Endris 2006). In the latter
case, efficacy was estimated for each week in the
period post-treatment according to the following
calculation: Treatment Efficacy = [(mean motile
count post-treatment/mean motile count pretreatment) · 100]. Simple statistical tests including
Students t-test and analysis of variance (ANOVA)
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were used to examine for differences in sea lice
levels following treatment. A Tukey HSD test was
used for multiple comparisons for data found
significant with ANOVA.
Figure 1a illustrates the mean motile L. salmonis
levels pretreatment and for the 3 months following
treatment. The data indicate that there does not
appear to have been a change in motile levels that
initiate a treatment; no significant differences in lice
levels prior to treatment were found across the years
(P = 0.62). The data also indicate that SLICE
remained effective in reducing motile sea lice levels,
resulting in counts significantly below pretreatment
levels for at least 3 months post-treatment

(a)

9
2003 (n = 5)

8

Mean motile abundance (SE)

(P < 0.01 for all comparisons). Furthermore,
following treatment, sea lice levels were maintained
at or below the three-motile L. salmonis threshold
level for at least 3 months.
Figure 1b summarizes the efficacy of treatments
on BC farms in terms of mean percentage
reduction for each at 13 weeks post-treatment. In
both 2003 and 2007, sea lice levels dropped below
pretreatment levels in the week immediately
subsequent to treatment (day 7–13), while in
2008, the drop appeared to be observed a little
later. However, in all 3 years, by 1 month
(26–34 days) after treatment, levels had fallen to
below 20% of pretreatment levels. Thereafter, with

2007 (n = 11)

2008 (n = 9)

7
6
5
4
3
2
1
0

Pretreatment

0—31

32—61

62—91

Days after treatment

% of pretreatment motile abundance
(+/—SE)

(b) 160
140
120
100
80
60
40
20
0

7—13

14—20

21—27

28—34

35—41

42—48

49—55

56—62

63—69

70—76

77—83

84—90

91—97

Days after treatment

Figure 1 (a) Mean motile Lepeophtheirus salmonis abundance, pretreatment and from 0 to 91 days after commencement of treatment.
(b) Post-treatment motile L. salmonis abundance as a percentage of pretreatment abundance, from 7 to 97 days after commencement of
treatment.
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the exception of one time period in 2008 (days
35–41), levels remained at or below 10% of
pretreatment levels for the duration of the period
examined. Lees et al. (2008c) defined an ÔeffectiveÕ
treatment in Scotland as a treatment where the
abundance of motile L. salmonis fell to <40% of
their pretreatment level at some point in the
13 weeks post-treatment. Based on this definition,
all of the treatments evaluated in BC clearly
fulfilled the criterion of being effective, with levels
by 13 weeks post-treatment remaining at or below
10% of pretreatment levels. The data presented
here suggest that, unlike most other salmonfarming regions, a decline in efficacy of SLICE
is not evident on salmon farms in British Columbia. This can be seen when comparing detailed
efficacy profiles from 2003 to those of more recent
years, but also from the simple fact that the
number of annual treatments has remained constant between 2003 and 2009 (data not shown for
this latest year).
The situation with respect to sea lice on BC
salmon farms differs from other regions in a
number of ways. There are significant numbers of
wild salmon in the Pacific Ocean, and the presence
of these large untreated populations may reduce the
selection pressures that appear to be at work in
regions where there are fewer wild hosts. In
addition, there is evidence of a genetic difference
between the Atlantic and Pacific L. salmonis (Yazawa, Yasuike, Leong, von Schalburg, Cooper,
Beetz-Sargent, Robb, Davidson, Jones & Koop
2008), and the health implications associated with
infection by the Pacific species appear to be more
benign, leading to a significantly lower treatment
requirement. It is unclear at this point whether
these differences fully explain the continued effectiveness of SLICE as a sea lice treatment in BC.
Continued monitoring of lice levels and treatment
efficacy, establishment of bioassay baselines and
access to alternative sea lice treatments as part of an
integrated pest management programme are all
essential in ensuring that efficacy is not diminished
in the future.
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