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Abstract
The effect was investigated of three topical bath treatments, namely, hydrogen peroxide,
dichlorvos and cypermethrin, on the hatch and subsequent development of egg strings from
salmon lice (Lepeophtheirus salmonis) which survived the treatments.  All treatments significantly
reduced the hatch compared to reference egg strings (9 weeks post treatment), although hatch-
ing was significantly higher after cypermethrin treatment than for the other two treatments.
Subsequent development of the larvae to nauplius and copepodid stages was also significantly
reduced by all treatments, the same differences between treatments being evident as seen for the
total hatch.  The proportion of opaque white egg strings after treatment was closely and nega-
tively associated with the numbers of larvae hatching and developing to the nauplius stage.

Introduction
The most frequently used treatments against
salmon lice, Lepeophtheirus salmonis (Krøyer,
1837), on commercial salmon farms are vari-
ous bath treatments, including hydrogen per-
oxide (H2O2), dichlorvos and cypermethrin
(Pike and Wadsworth 1999).  All of these treat-
ments are effective in removal of adult and
pre-adult life stages of lice, but only
cypermethrin has been shown to reduce num-
bers of larval chalimus stages (Pike and
Wadsworth 1999).  However, a recent in vitro

study showed detrimental effects of H2O2 on
both egg viability and chalimus development
(McAndrew et al., 1998), while it was also
noted that egg strings exposed to H2O2

showed altered pigmentation associated with
reduced viability.  This suggests that other
anti-louse treatments may also have deleteri-

ous effects on the early life stages of salmon
lice which have previously gone unreported.

The aim of the present work was to investi-
gate, under fish farm conditions, the effects
of H2O2, dichlorvos and cypermethrin treat-
ments on the subsequent reproduction of
salmon lice either remaining attached or
reattaching to salmon during and after treat-
ment.  In conjuction with this, the relation-
ship of egg string pigmentation to viability,
both in terms of hatch and subsequent larval
development, was also examined.

Materials and Methods
Ovigerous lice were collected from farmed
salmon on commercial fish farm sites located
on the west coast of Scotland as described
elsewhere (Lyndon & Toovey, 2000), and any
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anti-louse treatment administered during the
previous month recorded.  Reference lice were
sampled 9 weeks after any treatment.  Refer-
ence samples and those after hydrogen per-
oxide and dichlorvos treatments were taken
over the winter and spring 1998-1999.  Sam-
ples were also taken after two cypermethrin
treatments in the early summer of 2000.  Treat-
ment concentrations and times are given in
Table 1. Louse collections were made between
1 and 19 days post-treatment.  The sea tem-
perature during all sampling periods was be-
tween 9 and12ºC.  At these temperatures the
generation time of the lice is between 7 and 8
weeks (Wootten et al. 1982; Johnson and
Albright 1991a; Johnson 1993), so that in the
reference sample a proportion of ovigerous
lice would be expected to have developed
from individuals not exposed to any treat-
ments.  The development time from chalimus
to adult female is between 15 and 30 days,
depending on the chalimus stage in question,
so a proportion of ovigerous lice in the sam-
ples taken after H2O2 and dichlorvos treat-
ments were probably derived from chalimi
which experienced the treatment.

Collected lice were placed in flasks of continu-
ously aerated seawater (100ml) on ice and
transported back to the laboratory within four
hours.  In the laboratory the lice were main-
tained in a constant temperature room (12 ±

0.5ºC).  The appearance (colour, structure and
length) of the egg strings and whether they
had remained attached to the adult lice dur-
ing transportation were noted.  Ovigerous lice
and unattached egg strings were placed in
flasks containing aerated, autoclaved
seawater (5 lice per flask in each case).  Simi-
lar total lengths of egg strings were used in
each flask (~ 25 cm, mean eggstring length =
25 mm).  Ten replicate flasks were used for
egg strings from each of  reference (9 weeks
post treatment), peroxide treated, dichlorvos
treated and cypermethrin treated lice.

The egg strings were incubated at 12ºC with
twice daily checks over a period of one week
(previously determined as the period taken
for the majority of untreated lice to hatch) and
progress to the copepodid life stages noted
(see Johnson and Albright (1991b) for descrip-
tion).  Counts were conducted of the numbers
of the nauplius and copepodid stages pro-
duced in each flask.  This was conducted by
taking three 1 ml sub-samples of the seawater
and making counts under a dissecting micro-
scope.  The experiment was allowed to run
for a further week to allow for the possibility
of slow development of treated egg strings.

The results were analysed using oneway
ANOVA, followed, where appropriate, by
Tukey’s test (Fowler et al., 1998).  Significance
was accepted at probabilities less than 0.05.
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Table 1. Details of anti-salmon louse bath treatments administered to farmed Atlantic salmon in sea cages.
appm = part per million, ppb = parts per billion. bdays post-treatment.  cboth Cypermethrin treatments were
undertaken to the same protocol.



Bull. Eur. Ass. Fish Pathol., 20(6) 2000, 226

Results
Figure 1a shows that all treatments produced
significantly (p < 0.05) less hatching and of
the resulting larvae, a smaller percentage pro-
gressed to the copepodid life stage (Fig. 1b),
compared to reference lice.  There was no sig-
nificant difference between the hatching of
eggs sampled one day and 14 days after treat-
ment with cypermethrin, but significantly
fewer copepodids were produced from eggs
one day post-treatment compared to 14 days
(Fig 1b).

Table 2 shows that treated lice produced more
egg strings which were pale and opaque in
colouration  than untreated lice.  This
colouration clearly reflected a difference in the
capacity of these egg strings to produce vi-
able larvae.  It was found that dark brown col-
oured egg strings produced larvae regardless
of attachment to adult lice. Egg strings which
were translucent or light brown in colour pro-
duced larvae only if left attached to the adult
until they reached the dark colouration.  Egg
strings which were opaque white in colour
failed to produce larvae even if left attached
to the adult.

Discussion
This study shows that all three treatments
detrimentally affect the subsequent reproduc-
tive capacity of lice, despite appearing to have
no effect on the chalimus stages (in the case
of peroxide and dichlorvos) and no prolonged
effect on those lice which are able to recover
and reattach (Pike and Wadsworth 1999).  The
viability of reference egg strings was compa-
rable with previous reports (Ritchie et al.,
1993), with approximately 240 larvae pro-
duced per egg string (Fig. 1a).  The reproduc-
tive capacity of egg strings from treated lice
was altered both in terms of number of lar-
vae produced (hatch) and their subsequent
development (production of nauplii and
copepodids).  With respect to peroxide, these
results, obtained in a farmed situation, corre-
spond closely to previous in vitro work on the
effects of hydrogen peroxide on different lice
stages (McAndrew et al., 1998), both in terms
of the viability of egg strings and also their
colouration (Table 2).   This study goes fur-
ther, however, as it demonstrates that the ef-
fects of peroxide treatment persist for several
weeks after administration.  Furthermore,
similar effects were seen for the other two
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Fig 1.  Mean number of salmon lice hatching (a) and mean number of nauplii and copepodids produced (b)
from reference (Ref) egg strings and egg strings treated with hydrogen peroxide (Perox), dichlorvos (Dichl)
and cypermethrin sampled at one (Cyp1) and 14 (Cyp14) days post-treament.  Treatments not sharing the
same letter (only within a larval stage in (b)) are significantly different at p < 0.05 (Tukey’s test).
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treatments, which have not previously been
investigated as to their effects on larval de-
velopment, although reduced production of
larvae after dichlorvos treatment has been
reported in the field by Bron et al. (1993).  In-
terestingly, cypermethrin treatment appears
to have a shorter lived impact on hatching and
development, with a significant increase in the
numbers of copepodids produced at two
weeks post-treatment compared to 1 day post-
treatment.  In contrast, the eggs which had
experienced either peroxide or dichlorvos
treatment still had very low rates of
copepodid production even after two weeks
post-treatment.

These results have important implications for
the successful implementation of an inte-
grated salmon louse control strategy
(Wadsworth et al., 1998), since the observed
differences in recovery of egg viability after
treatment would be predicted to influence the
epidemiology of subsequent reinfection after
the different treatments.  Specifically, since
reinfection of farmed fish is principally from
within the site (Bron et al., 1993), it could be
expected that lice numbers would increase

more rapidly after cypermethrin treatment
than after either peroxide or dichlorvos treat-
ments, other things (e.g. drug resistance) be-
ing equal.  This is not to say that cypermethrin
is a poorer treatment, because it is the only
one active against chalimus stages which can
be used in the later stages of the production
cycle.  It is clear, however, that account should
be taken of these post-treatment differences
in egg viability when formulating a pro-
gramme of treatment through the production
cycle.

With respect to egg colouration, all treatments
cause a marked increase in the occurrence of
opaque white eggs which relates very closely
to the viability of the eggs in the different
treatments (r = -1, p < 0.1, n = 5; Spearman’s
rank correlation).  The occurrence of opaque
eggs was slightly lower in the cypermethrin
treatments, where there was significantly
greater hatching and nauplius production,
than in the other two treatments.  This
strongly implies that egg string colouration
is a useful indicator of egg viability, which
could easily be incorporated into routine
checks of louse numbers and used to inform
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Table 2. Colouration of Lepeophtheirus salmonis egg strings after different anti-louse bath treatments. a Reference
lice had not been treated in the previous 9 weeks



Bull. Eur. Ass. Fish Pathol., 20(6) 2000, 228

decisions on the timing and type of subse-
quent treatments.

In conclusion, this study has shown, under
real fish farm conditions, that there are sig-
nificant effects of bath treatements on the sub-
sequent viability of salmon louse eggs and
that there are potentially important differ-
ences between treatments in these effects,
which might affect louse epidemiology.  Fur-
thermore, egg string colouration is confirmed
as a useful indicator of short term egg viabil-
ity in the field.
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