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Abstract
The high abundance of sea lice on wild salmonids, particularly sea trout post-smolts, is fre-
quently said to be related to the presence of fish farms within the area. Within the Laxford Bay,
Sutherland, the current management practice of a full year fallow, provides a unique opportu-
nity to examine this. Wild salmonids were sampled monthly between March and October, over
a four year period and the number of sea lice counted.  Information on the fish farm was pro-
vided by the operators. From this study, there appears to be a weak relationship between lice
abundance on the wild salmonids within Laxford Bay and the stage of production on the neigh-
bouring fish farm. While this is as expected from other studies within the west coast of Scotland,
the lack of conclusive statistically significant correlations between the lice abundance on the
wild and farmed fish, indicates that other factors have a greater importance to lice abundance.
In particular there is a seasonality apparent in the data, both in terms of lice abundance and the
stages present.

Introduction
The sea louse (Lepeophtheirus salmonis Krøyer)
is a common marine ectoparasite of
salmonids. Background levels on wild hosts
are generally low, with few pathogenic symp-
toms observed (Wootten, et al. 1982). This is
not the case within the aquaculture industry,
where infestations of sea lice are estimated to
cost the Scottish industry £15 – 30 million per
annum in control measures and lost produc-
tion (Pike & Wordsworth 1999). Another spe-
cies of lice, Caligus elongatus (L.), is also found
on salmonids, affecting fish farms predomi-
nantly in the autumn months (Revie, et al.

2002a), but can be found on a range of marine
species, including pollack, saithe and mack-
erel.

Sea trout populations have declined within
Scotland since the 1960’s, with the severest
decline occurring since the 1980’s, particularly
on the west coast of Scotland where there are

high levels of aquaculture activity (Walker
1994). Here, and in other areas linked to
aquaculture, potentially lethal levels of sea lice
have been observed on sea trout post-smolts
and incidences of ‘early return’, when heav-
ily infested post-smolts return to freshwater,
have been witnessed (Walker et al. 1999; Tully,
et al. 1993; Finstad & Birkeland 1996). This is
generally taken to be related to sea lice ema-
nating from fish farms, and has been blamed
for the observed population declines in these
areas. However, it should be noted that the
start of the decline prior to the development
of aquaculture, while not ruling the develop-
ment of aquaculture out of the causes, would
suggest a multifactorial problem.

There have been many studies undertaken to
establish a cause for the decline and examine
the potential link with aquaculture in Scot-
land (Butler 2002), Ireland (Costelloe, et al.

1995) and Norway (Birkeland & Jakobsen
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1997). In many cases these have identified re-
lationships between lice abundance on wild
and farmed fish, with a higher abundance on
the farm relating to a higher abundance in the
wild fish. In particular, there appears to be a
link with lice abundance and the stage of pro-
duction of the fish on the farms, with more
lice found during the second year of produc-
tion (Butler 2002). However, these studies
tend to be conducted over large geographical
areas, with control areas being areas without
fish farming, which may experience different
environmental conditions to the farmed loca-
tions.

In contrast, the present study utilises the year
long fallow period operated by Loch Duart
Ltd, Sutherland, to assess the relationship
between production cycle, lice abundance
within the farm and lice abundance on sea
trout in a neighbouring bay in a defined and
restricted geographical area. Within this
study, the ‘control’ is taken as the fallow year,
thus giving a restricted geographical study
area and reducing the impact of geographi-
cal and environmental variations. In this way,
it is possible to assess whether the relation-
ships defined previously with regards to lice
infestations and farm production cycle hold

true for a single bay. This particular study has
not previously been undertaken, and is pos-
sible only as a result of this unique farming
practice.

Materials & Methods
Since 1998 Laxford Bay, Sutherland, has been
sampled monthly from March to October us-
ing a 50 m sweep net. The sea trout (Salmo

trutta L.) were captured by walking the net
around part of the bay. This period represents
a full production cycle within the cages of the
neighbouring fish farm, including 2 fallow
periods. Laxford Bay is tidal, with the sam-
ples taken on a rising tide. The cages are ap-
proximately 3 km from the study site (Fig. 1).

A maximum of 50 sea trout were removed and
anaesthetised with 2-Phenoxyethanol. Where
more than 50 fish were caught, the sample was
randomly taken as the first 50 fish removed
from the net. This has been determined as the
maximum number of fish that can reasonably
be held and processed without damage to the
fish under the sampling and operating con-
ditions. The fish were examined for the pres-
ence of sea lice, which were counted and as-
signed to broad developmental stages, i.e.
chalimus, mobile, adult and gravid female.
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raM 1 0 0 - - - 21 0 52 5 001 04

rpA 13 0 23 - - - 24 71 71 23 43 91

yaM 35 0 08 05 8 86 91 86 48 95 3 26

nuJ 55 39 03 81 05 87 9 76 76 - - -

luJ 5 06 06 06 56 58 74 75 33 41 7 68

guA 62 45 27 45 87 58 23 82 77 34 36 47

peS 23 9 27 01 08 09 32 001 9 5 0 001

tcO 93 0 78 - - - - - - - - -

voN - - - 71 6 35 - - - - - -

Table 1 The number of sea trout examined, the prevalence of lice and the occurrence of post-smolts within
the samples
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The abundance of lice was calculated as the
mean number of lice per fish, the range being
the minimum and maximum number of lice
on an individual fish. (Bush, et al. 1997). Preva-
lence is the percentage of fish sampled which
had lice. Throughout this paper, post-smolts
are defined as fish which went to sea in the
same year as capture. Adults refer to fish
which had seen one year or more at sea. Post-
smolt sea trout appear to remain within the
coastal areas, often within the same bay, al-
though some longer migrations are possible
(WSFT unpubl. data; Mills 1971).

Chalimus and mobile stages could not be
identified to species within this study, and
may include Caligus. Where identification was
possible, only Lepeophtheirous were counted.
Emphasis is placed on comparisons between
louse abundance on the wild fish and their
relative abundance in the neighbouring farm,
in order to assess any relationships between

the two populations. Detailed data from the
farm were provided by the operators, and
cannot be published. The data were supplied
as the average number of lice per fish per
walkway, such that the site is separated into
3 walkways, C, D and E, each representing a
set of cages (see Fig. 1). Smolt input, grading
and harvesting are based on these walkways
and therefore there are not necessarily fish in
each one over the entire production cycle.

Lice sampling in the wild and farmed situa-
tions do not occur on the same day, although
they tend to be within the same week. As such,
any correlations calculated are over approxi-
mate time intervals. When calculating the cor-
relations between farmed and wild lice abun-
dance over the 2 year production period, the
number of samples, n, is taken as the number
of concurrent sampling occasions within the
wild and farmed sampling programme.

Figure 1 A map of the area showing the sampling site (♥ ) and neighbouring shellfish (♠ ) and fin fish (♦ )
farms

�

��

� C

D
E

�

��

N

4 0 4 8 Km

♥

♠ ♠

♠

♦
♦

♦

♦



Bull. Eur. Ass. Fish Pathol., 23(2) 2003,  75

Results
The number of fish examined and the preva-
lence of lice on the fish is shown (Table 1).
Much of the variability observed in the preva-
lence and abundance of lice could be a func-
tion of the variable sample size. The main
smolt run within the Laxford system appears
to occur in May, when the proportion of post-
smolts within the sample increases (Table 1).

The abundance and range of sea lice on the
sea trout, per month, are shown (Table 2). The
lack of data in some months was the result of
poor weather, where high river flows made
sampling dangerous, however the data give
a good coverage of the period under investi-
gation. The results obtained demonstrate the
variability in lice infestations and the com-
plexity of any relationship involved.

The lice abundance over the production cy-
cle of the farm is as predicted in May, July and
September, with an increase in abundance
between 1998 and 2000, before decreasing
again in 2001 (Table 2; Fig. 2). August also fol-
lows this pattern to some extent, although the
decrease in abundance begins in 2000, rather
than 2001. Contrary to all other months,
March and April show an increase in abun-
dance during 2001. While this appears to be
unrelated to lice abundance within the farm,
there being no significant correlation noted
between the farmed and wild situations (p >
0.05; r = 0.34, n = 11) during the 2 year pro-
duction cycle, patterns are apparent within
the data with time. Thus, in fallow years the
abundance is low (2001) or declining (1998),
with increasing lice abundance in the wild
following the input of smolts in 1999, while
2000 shows a more random, but high, abun-
dance.

Figure 2  The different lice stages found within the samples, by month, as a percentage of lice present. The
number of lice within the samples are given at the top of the graph.
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Chalimus stages dominate the samples from
wild fish, with the exception of  August and
September 1999, June 2000 and July and August
2001 (Fig. 2). There were relatively few gravid
females found at the study site, again with the
exception of August 2001, while mobile and
adult stages appeared in equal proportions.
There is, however, evidence of a progression
through the developmental stages of the lice
within the samples during 1999, 2000 and 2001.

Throughout the period of the production cy-
cle correlations were used to determine any
relationship between lice abundance in the
wild and farmed situations. The total number
of lice on the wild and the farmed fish in C
walkway was found to be significantly corre-
lated (p < 0.05; r = 0.46, n = 15) in real time,
i.e. where samples were taken at approxi-
mately the same time. However, gravid fe-
male and chalimus abundance on C walkway
were not significantly correlated to the total
lice on the wild fish (r = 0.36 and 0.18 respec-
tively, n = 12).

The only significant correlations obtained be-
tween lice abundance in the farmed and wild

fish was when a delay was incorporated be-
tween the two data sets, was with gravid fe-
male abundance within C and D walkways,
where the farmed abundance was delayed
from the wild, i.e. abundance in the wild was
compared to that on the farm 1 – 2 weeks later,
(p < 0.05; r = 0.86, n = 12 and r = 0.45, n = 13
respectively), and total lice abundance in C
walkway (p < 0.05; r = 0.52, n = 15). It should
be remembered that, when multiple relation-
ships are tested some may pass significance
tests by chance, however significance is still a
valuable indicator of a probable relationship.

A delay in wild lice abundance in relation to
the farm was found to be not-significantly
correlated in any walkway or lice stage, i.e.
wild lice abundance did not lag that on the
fish farm.

Discussion
It has been shown in other studies (Costelloe,
et al. 1995; Butler 2002) that the number of sea
lice encountered on wild fish may be related
to the production cycle of neighbouring fish
farms. This reflects patterns observed within
farms (Revie, et al. 2002b), and it would be

Table 2 The abundance of lice on wild sea trout over the period 1998 to 2001. The stage of production of the
neighbouring farm is given, such that ‘fallow = no fish present, ‘smolts’ = young fish, in their first year in
the cages and ‘growers’ = fish in their second year of production, with harvest taking place during this time.
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raM 0 0 0 - - - 0 0 0 25.11±6.31 33-5 11

rpA 0 0 0 - - - 83.61±67.4 001-0 0 43.02±00.11 07-0 0

yaM 0 0 0 85.31±24.3 97-0 0 5.021±24.86 005-0 71 38.2±35.0 61-0 0

nuJ 86.93±63.73 712-0 03 11.01±93.6 63-0 5.0 71.11±0.7 43-0 3 - - -

luJ 75.7±4.6 61-0 3 40.61±21.8 78-0 1 77.92±55.51 411-0 1 14.6±17.1 42-0 0

guA 93.21±13.4 36-0 1 26.76±45.51 005-0 5.3 97.9±31.4 04-0 0 35.2±48.1 11-0 1

peS 26.1±83.0 9-0 0 46.8±8.5 82-0 3 51.12±90.32 201-2 02 0 0 0

tcO 0 0 0 - - - - - - - - -

voN - - - 49.1±74.0 8-0 0 - - - - - -
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expected that the number of lice would in-
crease steadily from fallow, through smolts to
growers (Butler 2002). While this general
trend can be seen in the data, with the aver-
age abundance of sea lice on wild fish increas-
ing with time following the introduction of
smolts to the fish farm, much variation is also
evident (Table 2). In particular during 2000,
where the lice abundance varies monthly. This
does not appear to be related to the treatment
strategy within the fish farm, with high lice
abundance in the wild occurring after treat-
ment, while low abundance were recorded
prior to and during treatment. However, the
lack of correlation between lice abundance on
the wild and farmed fish within this study
would suggest that this relationship is not
dominant within the life cycle of the lice
populations.

In 1998, while the cages in Laxford Bay were
fallow, lice abundance in the nearest site,
Badcall Bay,  did not reflect that found in the
wild fish in Laxford Bay. Smolts were moved
into Badcall in the spring, and were treated
for lice in May as a result of the presence of a
few adults on relatively small fish. Subse-
quently, no lice were found until August,
when the fish were again treated. This con-
trasts to the situation in the wild, where ma-
turing lice were present throughout the sum-
mer. This was followed, in 1999, by an increas-
ing number of lice on the wild fish through-
out the year, despite the fact that the farm did
not see infestations greater than 0.1
Lepeophtheirus per fish.

In 2000, when infestations within the farm
could be expected to be at their highest as a
result of the production cycle, significantly
less lice were found on the cages than in the

wild in April and May, altering in June such
that the overall numbers of lice were similar
in both situations. Prior to fallowing in 2001,
substantially more lice were found in the
cages than on the wild fish. Lice treatment by
the farm at this time did not appear to have
any effect on the number of lice in the wild,
although a major impact was observed within
the cages, again suggesting that the relation-
ship between the two populations is not di-
rect.

In each year, with the exception of 2001, there
is a peak in lice abundance during one month,
signified by a particularly high abundance of
lice on a small number of fish. This month
varies from year to year, and may reflect tem-
perature or physiological variations, although
neither factor was measured during the
course of the study. However water tempera-
tures measured by Loch Duart Ltd are not sig-
nificantly correlated to the lice abundance (p
> 0.05; r = -0.11, n = 24) and therefore would
suggest that temperature does not play a ma-
jor part in this variability, agreeing with the
findings of Revie, et al. (2002b). This peak oc-
curs predominantly in the spring, although
the 1999 peak was mid-summer. In 1998 a high
lice abundance was observed in June, follow-
ing the fallowing of the cages. While it is pos-
sible that this peak reflects a movement of lice
from the cage area following the removal of a
‘captive host’ population, this is not reflected
in subsequent years, indicating that a seasonal
trend is the more likely explanation.

Seasonal trends in sea lice abundance have
been noted in other areas, both fish farm and
non-fish farm, where Chalimus dominate in
spring (Schram, et al. 1998). Within this study,
there was also a dominance of Chalimus
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stages each spring, moving to predominantly
mobile/ adult stages in the summer months,
with Chalimus re-appearing in the autumn of
2000. Chalimus stages were predominantly
found on the dorsal fin, with fin damage ob-
served when large numbers of lice were
present, while the mobile stages occurred pre-
dominantly along the back and around the
anal vent. This maturation of lice within the
wild samples contrasts to the findings from
Ireland (Tully, et al. 1993), where Chalimus
stages dominated throughout.

The seasonal patterns observed are such that
there is a high lice abundance in the spring
months, April, May or June. With the main
smolt run from the River Laxford appearing
to occur in May, these results would indicate
that this high lice abundance coincides with
the entry of fish into the sea as smolts, and
therefore reinforces the belief that the fish are
at their most vulnerable to parasitism at this
time. While this pulse also occurs during the
fallow period, and therefore suggests that this
is a natural event, it emphasises the need to
reduce lice abundance within the farms at this
time, and perhaps the requirement to fallow
over this period if possible.

In conclusion, it would appear from this study
that the abundance of lice on wild fish is not
directly related to that on the neighbouring
farm. Any relationship observed within the
data is not a significant factor in the occur-
rence of sea lice on wild fish. Thus, while pre-
vious studies have produced models which
can be transferred into a single bay, there are
geographical effects which disrupt the pat-
terns observed. When developing manage-
ment agreements, therefore, it is important to
examine each sea loch or bay separately and

to determine the local trends. This is particu-
larly relevant when devising fallow periods
and lice treatments.

The annual fallow period employed within
Laxford Bay would, however, appear to have
a positive effect on the wild fish populations,
with lice burdens low for 2 of the 3 years of
the farm production cycle. The development
of a longer fallow period, where possible,
should therefore be encouraged within the
industry, particularly where problems have
been identified with wild sea trout
populations and solutions are being sought.
Where longer fallow is not possible, the de-
velopment of other strategies should be con-
sidered in order to fully break the lice cycle.
These could include the use of an S1 – S1/2
cycles, as proposed by Bultler (2002) in order
to minimise spring time loads. Alternatively,
it may also be possible to rotate the farming
of salmonid and non-salmonid species within
an area, as occurs in agriculture, although this
may create additional difficulties within the
farm.
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