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ABSTRACT: Two trials were conducted at commercial salmon farms to evaluate the efficacy of 
emamectin benzoate (Slicem. 0.2 % aquaculture p r e - M ,  Schering-Plough Animal Health) as a treat- 
ment for sea lice Lepeophthe~rus salmonjs (Krayer) and Caligus elongatus Nordmann infestations in 
Atlantic salmon Salmo salar L. Tnals were carried out in 15 m2 commercial sea pens, at temperatures of 
5.5 to 7.5"C and 10.8 to 13.8"C. Each pen was stocked with 14 000 to 17 500 fish with mean weights of 
0.44 to 0.74 and 1.33 to 1.83 kg. Fish were naturally infested with sea hce at the start of each trial. At 
Day -1, samples of 10 or 15 fish were taken from each pen to determine pre-treatment numbers of lice. 
Emamectin benzoate was administered in feed, to 4 replicate pens, at a dose of 50 pg kg-' biomass d-' 
for 7 consecutive days (Days 0 to 6). Sea lice were counted again, between Days 7 and 77, and com- 
parisons made with untreated control fish. Despite adverse weather conditions, wide vanations in fish 
weights and exposure to new infestations, treatment was effective against challmus and motile stages 
of L. salmon~s. In the autumn tnal, efficacy at Day 27 was 89%, and lice numbers remained lower on 
treated fish than on control fish 64 d from the start of treatment. In the winter trial, reductions in lice 
numbers at low temperatures were slower but good efficacy was achieved by Day 35. Although control 
fish had to be treated with hydrogen peroxide at Day 21, fish treated only with emamectin benzoate on 
Days 0 to 6 still had 89% fewer lice than control fish at Day 35. There were very few C. elongatus 
present, but at the end of both trials numbers were lower on treated fish. No adverse effects were asso- 
ciated with treatment of fish with emamectin benzoate. 
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INTRODUCTION 

Infestations of sea lice are largely managed using a 
combination of chemical treatments and husbandry 
techniques, such as fallowing. Treatments by imrner- 
sion bath are most widely used (Roth et al. 1993) and 
employ hydrogen peroxide (SalartectB, Brenntag; 
ParamoveB, Solvay-Interox), the synthetic pyrethroids 
cypermethrin ( ~ x c i s @ ,  Vericore) and deltamethrin 
(Alphamaxm, Alpharma) and the organophosphates 

dichlorvos (Aquagardm, Novartis) and azamethiphos 
(Salmosanm, Novartis). Most of these are only effective 
against pre-adult and adult stages of sea lice, allowing 
chalimus stages to survive and continue the cycle of 
infestation, although cypermethrin is effective against 
immature stages (Jakobsen & Holm 1990). Immersion 
treatments are difficult to apply during adverse 
weather conditions and on exposed sites, and the pro- 
cedures involved are very stressful to fish. As a result, 
there is a growing trend towards the development of 
treatments that can be administered in feed. Iver- 
mectin has been used as an in-feed treatment (Johnson 
& Margolis 1993, Smith et al. 1993) but is not licensed 
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for use in fish in the United Kngdom and can only be 
prescribed under the cascade procedure (Anonymous 
1998), where authorised products failed to provide 
effective control. Diflubenzuron (Lepsidona, Ewos) 
(Erdal 1997) and teflubenzuron (Calicidea, Nutreco) 
(Ritchie 1996) can be also used as in-feed treatments 
for sea lice. These insect growth regulators inhibit 
chitin synthesis (Horst & Walker 1996) and, although 
effective against moulting stages, efficacy against 
adult stages is reduced (Ritchie 1996). 

The efficacy of emamectin (4"-deoxy-4"epimethyl- 
aminoavermectin B*) benzoate as an oral treatment for 
sea lice Lepeophtheirus salmonis (Krsyer) and Caligus 
elongafus Nordmann infestations in Atlantic salmon 
has been demonstrated in tank and experimental field 
trials (Stone et al. 1999, 2000a). A therapeutic dose rate 
of 50 pg kg-' d-' for 7 d was selected and found to be 
highly effective against the chalimus and adult stages 
of both species of sea lice found in Scotland. The aim 
of the current study was to investigate the use of 
emamectin benzoate as a 0.2 % aqauculture pre-mix 
(SliceB, Schenng-Plough Animal Health, Union, USA) 
under normal working conditions at commercial farms 
on the West Coast of Scotland. Owing to size variations 
in fish populations, these conditions present greater 
potential for different rates of drug uptake than those 
found in laboratory tank trials. The first study evalu- 
ated the treatment of fish in their first year at sea and 
the second study examined larger fish in their second 
year at sea, under very extreme weather conditions 
and at low water temperatures. 

MATERIALS AND METHODS 

Fish and holding conditions. The trials were carried 
out on commercial salmon farms on the West Coast of 
Scotland. At both sites, there were 30 pens measuring 
15 m X l 5  m X 8 m deep, each stocked with 14 000 to 
17 500 Atlantic salmon. Fish were all naturally infested 
with Lepeophtheirus salmonis and Caligus elongatus 
at the time of selection and were exposed throughout 
the trial to re-infestation by larval sea lice derived from 
fish in adjoining pens at the site. 

Experimental design. Winter trial: Eight pens were 
selected for the trial and split into 4 replicate blocks, 
each with 1 control and 1 treated group allocated at 
random (Fig. 1). Replicate blocks were selected on the 
basis of proximity to each other and pens in each block 
were of similar biomass. The pens were stocked with 
fish of the same year class in April 1996, and the trial 
was started in February 1997. Surface water tempera- 
tures over the trial period were 5.5 to 7.5OC and salin- 
ity 17.5 to 32 ppt, although at a depth of 1 m the ranges 
were only 7.0 to 725°C and 24.5 to 32.0 ppt. Pre-treat- 
ment, mean fish weights in each pen were 1.33 to 
1.83 kg and individual fish weights ranged from 0.45 to 
2.82 kg. The sample size used for parasite enumeration 
was 5 or 15 fish per pen. 

Autumn trial: Twelve pens, located at one end of the 
site, were treated with emamectin benzoate (Fig. 2). 
Four of these treated pens were selected for evaluation 
of lice numbers and 4 pens, which received an unmed- 
icated ration, were randomly selected as control 

Stocked 1 )  Stocked 1 )  T r e P  1 [ Coytrol 1 I Coy,trol , , 
Fig. 1. Winter trial: Plan of pens at the study site showing the positions of the 4 control and 4 treated pens. There were 36 pens, 
30 of which were stocked with 14000 to 17500 fish. Black pens were not stocked w ~ t h  fish. There were 2 more pontoons of 

pens In close proximity to the study site 

Fig. 2. Autumn trial: Plan of pens at the study site showing the positions of the 4 control pens and the pens treated with emamectin 
benzoate. There was a total of 36 pens, of which 30 were slocked with 14 000 to l ?  500 fish. Labels in bold are the replicate pens 
evaluated for sea lice at Days -1, 13, 27 and 77.  Sampling by site staff on Days 34 to 72 was carried out in 1 treated and 1 control 

pen. Black pens were not stocked with fish. There were 3 more pontoons of pens within 1 km of the study site 
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groups. The pens were stocked w t h  fish in February 
1997 and the trial started in September. Over the main 
trial period, from Day 0 to Day 21, the water tempera- 
ture was 11.5 to 13.8"C and between Days 27 and ?? 
temperatures fell from 11.7 to 10.8"C. The surface 
salinity was 13.0 to 31.5 ppt, although at a depth of 4 m 
the lowest salinity recorded was 18.0 ppt. Pre-treat- 
ment mean fish weights in each pen ranged from 0.44 
to 0.74 kg. The sample size used for parasite enumera- 
tion was 5 or 10 fish per pen. 

Medicated feed: The biomass for medication was 
determined from the mean weight of fish for each pen, 
based on a sample of 100 fish per pen, multiplied by 
the total number of fish. This was then used to calcu- 
late predicted mean weights at Day 0 based on histori- 
cal growth data. The basal rations used were 9 or 5 mm 
(Fulmar feeds, BOCM Pauls Ltd, Renfrew, UK) salmon 
feed pellets. Feeds were medicated using 0.2% 
emamectin benzoate pre-mix (Slicem) to give a nominal 
dose of 50 pg kg-' fish biomass d-'. In the winter trial, 
the feed rate was 0.4% biomass d-' and pre-mix was 
therefore incorporated at a rate of 6.25 kg t-' feed. In 
the autumn trial, fish were fed at 1.0% biomass d-' and 
pre-mix was added at a rate of 2.5 kg t-' feed. Med- 
icated feed was administered for a period of 7 consec- 
utive days (Days 0 to 6). Control fish received the same 
basal ration without emamectin benzoate. Feeding 
rates and methods were identical for control and 
treated groups in each trial. 

Evaluation of sea lice. In the winter trial, 15 fish 
were randomly selected from each trial pen on 
Days -1, 7, 14 and 21. Each fish was examined with a 
hand lens and all lice removed and fixed in 5% for- 
malin. Lice were identified as Lepeophtheirus salmo- 
nis or Caligus elongatus and the number of chalimus 
stages I ,  11, 111, IV, pre-adult I ,  pre-adult I1 and adults 
recorded. Pre-adult and adult lice were also identi- 
fied as males or females. Additional counts were con- 
ducted on Days 28 and 35, when 5 fish from each pen 
were anaesthetised and the number of lice counted in 
situ, but chalimus and pre-adults were not distin- 
guished by stage. In the autumn trial, 10 fish were 
sampled from each pen and lice were counted in  situ, 
as described above, on Days -1, 13, 27 and 77. Addi- 
tional counts were conducted by experienced farm 
staff on Days 34, 42, 49, 54, 64 and 72, when only 5 
fish from a single control pen and a single treated 
pen were sampled. Records of sea lice damage on 
fish were based on visual assessment of typical epi- 
dermal lesions. 

Other treatments. On Day 21 in the winter trial, the 
whole site, including the 4 control pens, was treated 
with hydrogen peroxide owing to high lice burdens. 
The 4 pens treated with emamectin benzoate were not 
treated at this time. 

Data handling. Parasite counts were summarised as 
chalimus (copepodites, chalimus stages I ,  11, 111 and IV), 
motile lice (pre-adult and adult stages) and total lice 
(chalimus and motile stages combined) and the arith- 
metic means calculated. Parasite count data from the 
winter trial were subjected to F-tests for homogeneity 
of variances and a correlation test to examine the nor- 
mality of distribution. Lice numbers were then ana- 
lysed using the non-parametric STP test (Sokal & Rohlf 
1981). The efficacy or percentage reduction in mean 
sea lice, relative to the control groups, was calculated 
as follows: 

meanof treated replicates 
%efficacy = 100- 

meanof control replicates 

Adverse effects. Records were maintained of the 
number of fish mortalities in each pen during the trial 
period. Fish were observed for any changes in behav- 
iour and appearance such as lethargy, loss of appetite, 
abnormal swimming behaviour or dark colouration. 
Any external abnormalities were recorded when fish 
were sampled for sea lice. 

RESULTS 

Winter trial 

In the winter trial, feed consumption appeared to be 
satisfactory; however, stormy weather conditions on 
Days 3 and 5 hampered observation of fish feeding re- 
sponses during the medication period. Previous trials 
with emamectin benzoate have shown no problems 
with acceptability of medicated feed. There was no 
increase in fish mortality following treatment and no 
adverse effects were observed. 

Efficacy against Lepeophtheirus salmonis 

The efficacy and mean numbers of Lepeophtheirus 
salmonis per fish are shown in Table 1. On Day -1, 
control pen I1 had significantly (p  < 0.05) fewer lice 
than treated pen I1 while control pen I11 had signifi- 
cantly more lice than treated pen 111. However, all 
trial pens had high numbers of lice at  the start of the 
trial and there were no significant differences 
between control and treated pens in replicate blocks I 
and IV. 

Lepeophtheirus salmonis numbers remained high in 
the control groups over the trial period. In the treated 
groups numbers decreased overall by 54.5% from 
Day -1 to Day 21. At Day 21, the number of L. salmonis 
on control fish ranged from 5 to 80 while the range on 
treated fish was 5 to 31 and all 4 treated pens had sig- 
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Table 1. Winter trial: Efficacy of emarnectin benzoate against natural infestations of Lepeophtheirus salmonis on Atlantic salmon. 
Fish received medicated feed at the rate of 0.4 % biomass d-' for 7 consecutive days (Days 0 to 6). Sample size N = 15 fish per pen. 

Sea temperature 7.0 to 7.5"C at a depth of 1 m 

Time Nominal dose Mean chalimus Mean motiles Mean total lice % efficacy relative 
pg kg-' (replicate) (+ SD) (5 SD) (+ SD) to controls (total lice) 

Day -1 0 (1) 8.5 * 4.8 17.5 * 5.2 26.1 i 6.9 
0 (11) 9.1 i 5.1 31.1 + 7.3 40.2 i 11.6 
0 (111) 11.9 i 8.4 33.3 * 8.7 45.1 i 12.8 
0 (1'4 5.7 i 3.7 24.3 * 6.8 29.9 i 8.5 

50 (1) 5.7 * 4.8 16.5 * 5.5 22.2 5 7.7 
50 (11) 12.3 * 6.7 43.9 + 14.7 56.1 * 19.1 
50 (111) 7.2 i 5.1 22.3 * 9.5 29.5 * 12.3 
50 (IV) 5.3 i 3.7 26.1 * 9.3 31.3 i 11.7 

Day 7 0 (1) 6.9 i 5.0 21.3 * 9.0 28.1 i 13.0 
0 (I!) 9.1 * 5.2 39.9 + 15.4 48.9 i 19.7 
0 (111) 8.3 i 4.9 38.8 * 11.3 47.1 * 13.0 
0 (Iv) 6.7 * 4.0 32.6 * 8.7 39.3 i 11.0 

50 (1) 5.2 * 3.2 16.7 * 5.5 21.9 * 6.8 
50 (11) 11.2 i 9.7 37.3 * 11.1 48.5 i 17.2 
50 (111) 3.5 * 2.5 23.6 * 5.6 27.1 * 6.7 
50 (IV) 4.9 i 2.8 27.1 lt 10.4 31.9 * 13.0 

Day 14 0 (1) 4.7 i 3.0 17.0 * 5.6 21.7 * 7.2 

0 (11) 6.2 i 6.0 36.4 * 13.2 42.6 *17.1 
0 (111) 4.7 * 3.8 34 9 i 10.1 39.5 i 12.1 

0 (Iv) 4.9 * 3.0 35.1 r 13.3 40.0 * 14.8 

50 (1) 3.2 i 1.8 11.3 * 5.0 14.5 * 6.0 
50 (11) 4.4 i 4.0 28.1 * 5.8 32.5 i 7.4 
50 (111) 2.9 * 2.9 17.9 * 6.9 20.8 i 8.3 
50 (IV) 3.3 * 2.9 20.9 * 9.0 24.2 i 10.7 

Day 21 0 (1) 3.1 * 1.9 17.3 * 8.1 20.4 * 8.5 
0 (11) 5.8 i 3.9 44.4 * 16.4 50.2 * 17.1 
0 (111) 5.4 i 3.7 45.4 * 14.1 50.3 * 15.1 
0 (1v) 4.3 * 2.6 29.8 * 11.8 34.1 i 13.4 

50 (1) 4.8 * 2.6 9.8 + 5.3 14.6 * 6.0 
50 (11) 4.3 i 2.9 16.3 i 6.7 20.5 r 6.6 
50 (111) 1.8 i 1.5 12.0 ~t 6.1 13.8 * 6.6 
50 (IV) 2.0 * 1.1 12.1 * 4.9 14.1 * 5.5 

nificantly (p < 0.05) fewer lice than their corresponding 
control pens in each replicate block. 

Over 3 d, from Day 20 to 22, the entire site, except the 
4 pens treated with emarnectin benzoate, where fish had 
lower lice burdens and improved appearance, was given 
a hydrogen peroxide bath treatment. Observation of 
control fish shortly afterwards showed that many motile 
lice remained present on the peroxide treated fish. 
Additional sampling, at Day 28, confirmed motile lice 
numbers on control fish were reduced by only 25.5 % be- 
tween Days 21 and 28 (Table 2). Over the same period, 
chalirnus numbers increased on control fish and this 
resulted in a further increase in motile lice by Day 35 
(Fig. 3). In contrast, chalimus and motile numbers con- 
tinued to fall on fish treated only with emamectin ben- 
zoate, and at Day 35 total lice numbers were 89.3% 
lower than on control fish. The range of lice on control 

fish was 4 to 33 while the range on treated fish was only 
0 to 5. At Day 21, copepodites and chalimus stages I. I1 
and I11 were all reduced relative to the control groups, 
but the mean number of chalimus IV was slightly higher. 
Efficacy against adult male and adult female lice was 49 
and 59 % respectively while the greatest reduction was 
in pre-adult stages I and I1 (94 96). At Day 21, fish in all 
4 control groups showed signs of lice damage with 33 to 
80 % of fish in each pen having dorsal, cranial or ventral 
lesions associated with sea lice activity, whereas only 0 to 
7 % of treated fish examined were affected. 

Efficacy against Caligus elongatus 

Possibly because of low water temperatures, there 
were very few Caligus elongatus present on any of the 
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Table 2. Winter trial: Efficacy of emamectin benzoate against natural infestations of Lepeophtheirus s a h o n i s  on Atlantic salmon 
on Days 28 and 35 after control fish were treated with hydrogen peroxide at Day 21. Sample size N = 5 fish per pen. Sea tempera- 

ture 7.0 to 7.5"C at a depth of 1 m 

Time Nominal dose Mean chalirnus Mean motlles Mean total lice % efficacy relative 
pg kg-' (replicate) (k SDI (+ SDI (k SDI to controls (total lice) 

Day 28 0 (1) 8.0 i 2.2 9.4 + 2.6 17.4 i 3.6 
0 (11) 20.2 i 15.0d 7.2 r 5.1 27.4 r 18.6 
0 (111) 11.8 i 3.3 10.0 + 2.9 21.8 + 3.6 
0 (Iv1 12.8 i 5.5 10.8 + 2.8 23.6 i 8.0 

50 (1) 1.0 * 1.0 2.2 * 1.6 3.2 + 1.1 
74.6 

50 (11) 3.8 i 4.2 6.4 + 5.4 10.2 + 9.5 
50 (111) 1.6 i 2.1 2.6 * 1.1 4.2 r 1.6 
50 (IV) 1.8 i 2.5 5.4 * 1.1 7.2 r 1.6 

Day 35 0 (1) 4.8 * 1.1 16.0 * 9.7 20.8 r 10.3 
0 (11) 7.0 i 3.8 9.6 * 5.0 16.6 + 8.4 
0 (111) 5.0 * 0.7 8.2 + 3.6 13.2 + 3.4 
0 (]v) 8.6 r 2.7 15.2 i 4.9 23.8 r 6.8 

50 (1) 1.2 i 1.3 0.8 i 0.8 2.0 + 2.0 
89.3 

50 (11) 0.8 c 0.8 1.2 + 1.1 2.0 * 1.9 
50 (111) 1.0 r 0.7 1.2 * 1.1 2.2 t 1.6 
50 (IV) 0.2 i 0.4 1.6 + 0.5 1.8 * 0.4 

dIncludes 1 fish with 4 2  chalimus 

fish sampled. At the start of the trial, there was a mean 
of 0.3 to 0.6 C. elongatus per fish in both the control 
and treated groups. At Day 21, the means were 0.3 to 
1.1 per fish in the control groups and 0.1 to 0.2 per fish 
in the treated groups. 

Autumn trial 

In the autumn trial, the water was calm and clear and 
good feed consumption was observed in control and 
treated pens. Again there was no increase in fish mor- 
tality and no adverse effects were attributed to treat- 
ment. 

Efficacy against Lepeophtheirus salmonis 

The efficacy and mean numbers of Lepeophtheirus 
salmonis per fish are shown in Table 3. The numbers of 
L. salmonis on control fish remained relatively low 
throughout the trial period. At Day 27, 0 to 20 % of con- 
trol fish in each pen had no chalimus or motile stages of 
L. salmonis, although 60 to 90 % of treated fish had no 
L. salmonis present. At this time, mean lice numbers 
were 89.3 % lower on treated fish than on control fish. 
At Day 77 a reduction of 16.7 % was still evident. 

In addition to the counts specified in the trial proto- 
col, farm staff conducted their routine sea lice monitor- 

ing with counts of 5 fish from 1 control and 1 treated 
pen, as shown in Table 4 .  Though this was a less rigor- 
ous evaluation, it demonstrated that emamectin ben- 
zoate maintained its efficacy with reductions of more 
than 90 % up to Day 64. Chalimus and motile lice Eum- 
bers increased gradually on control fish between days 
34 and 72, but on treated fish chalimus numbers 
remained low until Day 72, when there was also a 
marked increase in the number of motile lice. At 
Day 77, when all 8 trial pens were sampled again, lice 
numbers were still lower on treated fish than on con- 
trol fish (Table 3) but efficacy had declined to 16.7%. 
At Day 77, once lice numbers had increased on treated 
fish, there were still fewer adult male and female lice 
than on control fish and again efficacy was slightly 
higher against adult females (63 %) than against adult 
males (42 %). Only 14 to 29 % of female lice on treated 
fish were gravid compared to 48 to 7 1 % on control fish. 

Efficacy against Caligus elongatus 

Prior to the start of treatment, the mean numbers of 
Caligus elongatus were 1.7 to 4.5 in the control groups 
and 2.1 to 7.5 in the treated groups. Over the trial 
period numbers fell in the control groups to 1.9 to 3.7 at 
Day 13 and 0.1 to 1.4 at Day 27. No C. elongatus were 
found on any of the treated fish sampled at Days 13 
and 27. 
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Fig. 3. Winter trial: Efficacy of emamectin benzoate against natural infestations of Lepeophtheirus salmonis on Atlantic salmon. 
Fish received medicated feed at 0.4 % biomass d-' for 7 consecutive days (Days 0 to 6). N = 15 on Days -1, 7, 14 and 21; N = 5 on 
Days 28 and 35. Pens treated with emarnectin benzoate were not treated with hydrogen peroxide at Day 21. Sea temperature 7.0 

to 7.5"C 

DISCUSSION 

Good efficacy was achieved against Lepeophtheirus 
salrnonis in both trials and lice numbers were reduced 
by up to 89% at 27 and 35 d after the start of medica- 
tion. In the winter trial, treated fish still had relatively 
high mean numbers of lice at Day 21 from the start of 
treatment, and efficacy was only 59% relative to the 
control groups. Further sampling showed the number 
of lice continued to decline on treated fish and efficacy 
of 89.3 % was reached at Day 35, the last day of count- 
ing. This contrasts with the results seen in 2 experi- 
mental field trials, carried out at temperatures of 13 to 
15S°C, where at Day 21 treated fish had means of only 
0.6 and 1.4 lice per fish and efficacy was as high as 91 
to 99% (Stone et al. 2000a). However, in another trial, 
conducted at temperatures of 7.2 to 8S°C, treated fish 
still had means of 5.6 to 8.3 lice per fish at Day 21 

although, owing to very high lice numbers on control 
fish, the efficacy was 89.7 %. At Day 55, under condi- 
tions of heavy copepodite settlement, motile lice num- 
bers were still 86 % lower than on control fish (Stone et 
al. 2000a). From the results of this trial and the experi- 
mental field trials, it appears that treatment at low tem- 
peratures still results in good efficacy although reduc- 
tions in lice numbers may be slower. 

In the winter trial, chalimus numbers fell on both the 
control and treated fish between Day -1 and Day 21, 
but at Day 2 1  treated fish had fewer motile lice than 
control fish, although numbers of chalimus were simi- 
lar. The reduction in chalimus on control fish was most 
likely a result of the existing chalimus maturing to 
motile stages and the absence of newly recruited cope- 
podites to replace them. Low copepodite settlement 
might be associated with low temperatures and salinity 
over that period and sea lice populations tend to show 
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marked seasonal variations in reproductive output development of chalimus stages, with some remaining 
(Ritchie et al. 1993, Wadsworth et al. 1998). Tank stud- attached by the frontal filament (Stone et al. 1999). 
ies, using induced infestations of sea lice, have shown This may account for the persistence of chalimus on 
that treatment with emamectin benzoate arrested the treated fish in this study at Day 1. On Days 28 and 35, 

Table 3. Autumn trial: Efficacy of emamectin benzoate against natural infestations of Lepeophtheirus salmonis on Atlantic 
salmon. Fish received medicated feed at the rate of 1.0% biomass d-' for 7 consecutive days (Days 0 to 6). Sample size N = 

10 fish per pen. Sea temperature 10.8 to 13.8OC 

Time Nominal dose Mean chalimus Mean motiles Mean total lice % efficacy relative 
pg kg-' [replicate) (2 SD) (? SD) (+ SD) to controls (total lice) 

Day - l  0 (1) 0.5 * 0.5 2.1 * 3.5 2.6 * 3.4 
0 (11) 0.7 * 1.1 2.6 t 2.6 3.3 r 2.8 
0 (111) 0.7 i 1.1 1.3 * 4.1 2.0 r 2.1 
0 (Iv) 0.4 i 0.7 1.2 * 2.1 1.6 r 2.2 

50 (1) 0.5 * 0.7 1.7 * 2.4 2.2 i 2.4 
50 (11) 0.5 * 1.0 2.7 * 4.9 3.2 i 2.9 
50 (111) 0.9 * 0.6 2.6 * 4.8 3.5 i 1.6 
50 (IV) 1.0 * 0.8 4.0 * 2.3 5.0 i 2.3 

Day 13 0 (1) 0.2 t 0.4 2.3 1.9 2.5 i 1.8 
0 (11) 0.7 * 0.7 2.6 i 2.4 3.3 * 2.8 
0 (111) 0.4 * 0.5 2.9 i 2.0 3.3 r 2.4 
0 (Iv) 0.8 t 0.6 2.5 t 1.9 3.3 * 1.9 

50 11) o 0.7 z 1 1 0.7 * 1.1 
50 (11) 0 1 * 0.3 0.8 * 1.0 0.9 r 1.2 
50 (111) 0 0.2 * 0.4 0.2 r 0.4 
50 (IV) 0.2 * 0.4 0.9 2 0.7 1.1 +_ 0.7 

Day 27 0 (1) 0.1 i 0.3 2.4 i 2.1 2.5 i 2.1 
0 (11) 2.0 * 1.3 3.3 + 1.8 4.3 * 2.1 
0 (111) 0.1 i 0.3 2.2 t 1.6 2.3 i 1.6 
0 (Iv) 0.2 + 0.4 1 . 8 +  1 8  1.0 * 1.9 

50 (1) 0 0.1 i 0.3 0.1 2 0.3 
50 (11) 0 0.2 r 0.5 0.3 i 0.5 
50 (111) 0 0.3 r 0.5 0.4 * 0.5 
50 (IV) 0 0.3 i 0.7 0.3 * 0.7 

Day 77 0 (1) 3.8 r 2.5 11.6 i 3.5 15.4 i 4.4 
0 (11) 9.9 + 4.2 31.3 * 7.4 41.2 * 8.7 
0 (111) 5.6 + 3.6 20.4 i 10.9 25.9 i 13.8 
0 (Iv) 4.4 * 3.4 21.1 i 11.2 25.5 i 13.2 
50 (1) 4.9 t 4.0 13.2 + 13.5 18.1 * 16.6 
SO (11) 12.3 * 5.0 22.8 * 12.5 35.1 * 14.5 
50 (111) 5.0 * 2.9 14.2 * 13.0 19.2 r 15.3 
50 (IV) 3.7 * 3.5 13.8 * 12.0 17.5 r 14.4 

Table 4. Autumn trial: Efficacy of emamectin benzoate against natural infestations of Lepeophtheirus salmonison Atlantic salmon 
at  Days 34 to 72. Counts conducted independently by site staff. Sample size N = 5. One control and one treated pen 

sampled on the same pontoon of pens as Table 3. Sea temperature 10.8 to 12.8'C 

Day 
34 42 4 9 54 64 7 2 

% efficacy 91.2 97.8 97.6 94.0 95.8 43.8 

Mean mohle lice 
Controls 3.2 5.8 4.4 9.4 16.0 9.0 
Treated 0.2 0.2 0.2 1 .O 0.4 5.4 

Mean chalirnus 
Controls 3.6 3.2 4.0 7.2 12.4 5.6 
Treated 0.4 0 0 0 0 2.8 



148 Dis Aquat Org 41. 141-149,2000 

there was a decrease in chalimus on treated fish, 
although numbers in all 4 control pens increased. 

In the autumn trial, good efficacy was achieved on 
treated fish although lice numbers were low on control 
fish throughout the trial period. Only after Day 54 was 
there a substantial increase in lice numbers on control 
fish although numbers remained low on treated fish 
and at Day 64 were still 95.8% lower. By Day 77, lice 
numbers had increased on treated fish and were only 
16.7 % lower than on control fish. This compares well 
with an earlier field trial when lice numbers were still 
much lower on treated fish than on control fish at the 
final sampling on Day 55 (Stone et al. 2000a). More 
recently, an experimental tank study showed treat- 
ment with emamectin benzoate protects fish from new 
infestations, and lice numbers were stiil 88% lower on 
treated fish than on control fish when challenged with 
copepodites 62 d after the start of treatment (Stone et 
al. 2000b). 

In the winter trial, even before the start of treatment, 
there were significant differences in lice numbers 
between some trial pens. This is unavoidable under 
field conditions and for this reason treatments should 
be replicated. However, all the pens had very high lice 
numbers at the start of the trial and lice numbers were 
reduced in all 4 treated groups both over time and in 
relation to the 4 control groups. 

As in all commercial rearing pens there was consid- 
erable variation in fish weights and in each pen indi- 
vidual fish differed by as much as 1.5 kg. This could 
result in differences in feed consumption and hence 
drug uptake. Despite this, no adverse effects or fish 
mortalities were attributed to treatment with ema- 
mectin benzoate. 

Efficacy against Caligus elongafus could not be eval- 
uated owing to low infestation levels, although in both 
cases numbers were lower on treated fish than on con- 
trol fish. However, good efficacy of emamectin ben- 
zoate has been demonstrated against this species in 
earlier field trials (Stone et al. 2000a). 

The hydrogen peroxide treatment carried out at the 
end of the winter trial was largely unsuccessful and 
high numbers of motile lice remained on fish in the 
control pens and surrounding commercial pens. In ad- 
dition, hydrogen peroxide treatment does not remove 
chalimus stages (Treasurer & Grant 1997, McAndrew 
et al. 1998), and as a result motile lice numbers rapidly 
recovered on control fish as the chalimus matured. 
Even though control fish had been treated with perox- 
ide on Day 21, by Day 35, fish treated only with 
emamectin benzoate on Days 0 to 6 still had 89% fewer 
lice. 

In both trials, only 13 and 40% of the pens on each 
pontoon were treated with emamectin benzoate and 
these treated pens were surrounded by large stocks of 

fish infested with sea lice and other pontoons of com- 
mercial pens in each area. Despite this large potential 
source of re-infestation, very good efficacy was ach- 
ieved against Lepeophtheirus salmonis and numbers 
remained lower on treated fish for up to 64 d. When 
entire sites are treated there will be less potential for 
re-infestation and the frequency of treatments may be 
reduced. In-feed treatments will permit simultaneous 
medication of all cages in an area, thus reducing any 
cross infestation that may occur during the time neces- 
sary to apply bath treatments to all cages. 
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