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Abstract

Salmon farming began in British Columbia (BC) in
the 1970s and in 2006, aquaculture represented BC's
largest agricultural export. Along with this growth
in production has been a growth in controversy, in-
cluding the concern that sca lice originating from
Atlantic salmon farms negatively impact wild juve-
nile pink salmon in the Broughton Archipelago. To
understand the dynamic interaction between wild
and farmed fish, data for on-farm abundance of sea
lice are required. In this study, 33000 Atlantic sal-
mon from 20 active farms were examined over 3
years. Two species of lice were found: Lepeophtheirus
salmonis and Caligus clemensi. Inter-annual and sca-
sonal variations in abundance levels occurred with
lower levels of L. salmonis in 2003 compared with
2004 and 2005, while C. clemensi levels were highest
in 2003. The abundance of L. salmonis was greater on
older farmed fish. The findings are compared with
Europcan and castern Canadian sea lice reports,
and possible sources of sea lice on farmed salmon
are discussed.

Keywords: sea lice, epidemiology, farmed Atlantic
salmon

Introduction

Salmon farming in British Columbia (BC) began in
the early 1970s on Pacific salmon species; e.g. chi-
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nook salmon Oncorhynchus tshawytscha (Walbaum),
coho salmon O. kisutch (Walbaum) and rainbow trout
O. mykiss (Walbaum). The Atlantic salmon Salmo
salar (L) was introduced as a farmed species to BC in
the mid-1980s. By 2002, the industry had grown to
83000 metric tonnes of annual production with
82% of its volume derived from Atlantic salmon
(BCSFA 2005). Along with this growth in production
has been a growth in controversy about the environ-
mental impacts of salmon farming. One of the most
recent issues is the perception that sea lice origi-
nating from Atlantic salmon farms are negatively
impacting juvenile Pacific salmon, specifically pink
salmon O. gorbuscha (Walbaum), in a region locally
referred to as the ‘Broughton Archipelago’ (Morton,
Routledge, Peet & Ladwig 2004). The Broughton Ar-
chipelago is considered an important early rearing
arca for wild juvenile salmonids, including pink
salmon, the most abundant of the six major
anadromous salmon species indigenous to the coast-
al waters of BC (Groot 1996). The Broughton Archipe-
lago is also one of seven major salmon farming
regions in BC and represents approximately 25% of
the total farmed salmon production in BC.

In spring 2003, in response to claims of elevated
numbers of sea lice on juvenile pink salmon in the
Broughton Archipelago, Fisheries and Occans
Canada (DFO) initiated several surveys to examine
lice levels on wild salmonid juveniles and other fin-
fish species in the region. At the same time, the Pro-
vincial government of BC initiated the Broughton
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Archipelago Sea Lice Action plan for monitoring sea
lice on farmed Atlantic salmon. The BC Ministry of
Agriculture and Lands (BCMAL) — formerly the Min-
istry of Agriculture, Food and Fisheries — initiated
a regulatory programme similar to those already in
place in Norway, Scotland and Ireland (Treasurer &
Pope 2000; Heuch & Mo 2001; O’'Donohoe, Kennedy,
Kane, Naughton, Tierney & Jackson 2005). Under the
plan, all farms in the Broughton Archipelago in-
itiated routine inspection of individual farmed
salmon for sea lice — Lepeophtheirus salmonis (Kroyer)
(L. salmonis) and Caligus clemensi (C. clemensi) —
during the spring outmigration of wild juvenile
salmonids. In October 2003, BCMAL fish health staff
commenced an auditing programme of on-farm
monitoring. The programme was extended to include
year-round monitoring, reporting and auditing of all
farmed salmon in BC. The initial auditing programme
was designed to sample 25% of the Atlantic salmon
farming industry quarterly. This was modified in
2005, and auditing was increased to include 50% of
the industry sites in the second quarter (March—
June). Audit levels were maintained at 25% for the re-
maining quarters. In cooperation with the Provincial
government, the threshold for action (‘trigger level’)
was set in late 2003 at three mobile L. salmonis dur-
ing the outmigration period (March~June) and six for
the remainder of the year. An action could include a
veterinarian-prescribed therapeutic treatment or in-
creased harvesting. In October 2004, the trigger level
was reduced to three mobile lice year round. At the
same time, increased monitoring was included as an
acceptable action outside the outmigration period.

The following report summarizes the results of the
industry sea lice monitoring and BCMAL regulatory
audit programmes from March 2003 to December
2005 for the farms situated in the Broughton Archi-
pelago. This study is part of a larger collaborative
study addressing sea lice on wild and farmed salmon
in the area. The effects of factors such as fish age, time
of year, farm location, water temperature and sali-
nity and treatment of farm sea lice levels are exam-
ined. The findings are compared with European and
castern Canadian sea lice reports. Probable sources
of sca lice on BC-farmed salmon are discussed.

Materials and methods

The data set cvaluated in this study comes from
Atlantic salmon farms situated within the Broughton
Archipelago region of BC. This region measures

3000 km? and is situated between the BC mainland
and Vancouver Island; it includes the area of eastern
Queen Charlotte Strait and associated inlets (Fig. 1).
The farms in the region are operated by two indepen-
dent companies.

Environmental data collected by the individual
farms from January 2003 to the end of 2005 was sub-
mitted for examination. The environmental data in-
cluded salinity measured at the surface (0-1m)
using a salinity refractometer (VISTA model
A366ATC, Dynamic Aqua-Supply Ltd, Surrey, Cana-
da), and temperature measured at 5 m using a hand
held dissolved oxygen meter (Oxyguard gamma, Bir-
kerrod, Denmark).

Sea lice data collected from March 2003 to the end
of 2005 were submitted for evaluation. Sea lice mon-
itoring was conducted in accordance with BCMAL
requirements (BCMAL 2005). Fish were sampled a
minimum of two times per month during the juvenile
salmon migration periods (March~July) and once per
month for the balance of the year. The migration per-
iods of juvenile salmonids were established by DFO.
Lice monitoring on each farm commenced 1 month
following smolt introduction onto the farm site and
continued until harvest. Monitoring stopped when
there were fewer than three pens remaining on the
farm. Monitoring could be exempted only if there
were fish health concerns, which were reported
monthly to the BC Salmon Farmers Association
(BCSFA) database if they occurred. In the rare case
where sites were not monitored for other reasons,
these were reported directly to the BCMAL veterinar-
fan.

For cach farm, a minimum of three pens of fish
were sampled at each time. This included one refer-
ence population (‘standard pen) and two randomly
selected ones. At sampling, a portion of the popula-
tion in the pen was crowded using a seinc and 20 fish
were randomly selected. Fish were removed by dip
net and transferred to an anaesthetic bath contain-
ing tricaine methanesulphonate (TMS, Syndel Inter-
national, Vancouver, BC, Canada). Anaesthetized
salmon were visually inspected for sca lice. Sea lice
were counted and categorized as follows:

e Chalimus (attached stages of any louse species).

o Adult female L. salimonis (with and without egg
strings).

e All mobile L. salmonis (including pre-adult and
adult males and females).

o All mobile C. clemensi.

Before October 2003, farms managed by one com-

pany in the Broughton area classified only adult
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Figure 1 The Broughton Archipelago study area showing location of salmon farms.

female L. salmonis with egg strands as adult female L.
salmonis. However, this protocol was amended in Oc-
tober 2003 whereafter farms in both companies
identified all adult females (with and without egg
strings) into the single category. Following sampling,
the anaesthetic tote was visually inspected for de-
tached lice. These lice were identified, counted and
included in the calculations of sea lice abundances
for the farm. Farm-level sca lice abundances were cal-
culated on a monthly basis by averaging the pen-level
values. In addition to sca lice numbers, farms also re-
ported the age of the salmon sampled and whether
an action was taken as a result of the observed sca
licelevels (e.g. increased monitoring, harvest or treat-
ment). The individual site data were managed by an
independent third party using a web-based SQL
Server database, whose technical structure is owned
by the BCSFA.

Fish health personnel from the BCMAL (BCMAL
2005) audited 25% of all the ‘active farms’ in the pro-
vince in each of the three quarters between July and
March [July-September (Q3), October-December
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(Q4) and January-March (Q1)] and 50% of all active
farms between April and June (Q2). For the purpose
of the audit programme, active farms were defined
as farms that contained populations of salmon > 1
month in seawater and did not include brood stock
farms. Farms to be audited were selected using a com-
puter-generated random numbers table. The audits
were conducted in conjunction with routine farm
lice monitoring to ensure accuracy in identification,
consistency and comparability in reporting lice num-
bers. Sampling occurred as described above with
simultaneous counts by government auditors and
farm personnel. Since the Broughton Region in-
cludes many but not all farms from two adjoining
BCMAL fish health zones, the audit data collected
from the farms in the study were selected out and
compiled manually. The farm level mean sea lice
abundance obtained by the auditors and the farm
personnel on the day of the audit was compared
using Student’s t-test. The mean lice abundance va-
lues calculated from all farms audited for the region
in cach quarter were compared with the mean lice
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abundance calculated from all data submitted by the
industry for the same period. Comparisons were
made for cach quarter on chalimus, adult female L.
salmonis, mobile L. salmonis and mobile C. clemensi
abundance levels.

The analysis focused on providing simple descrip-
tive summary statistics. Farm-level sea lice abun-
dance data were evaluated in relation to a number of
parameters including calendar year, time of year [be-
tween March and June (M—]): the period of wild juve-
nile salmon migrations and between March and
December (M-D) the sampling period common
amongst the 3 years examined], year class of popula-
tion and lice treatment. The distribution of the sea
lice data was not normal but skewed to the right and
contained outliers. The logarithm of each value
(value +0.001) was computed to normalize the data.
These log-transformed values were used in ANOVA fol-
lowed by multiple comparisons using the Tukey HSD
test. All two-sample statistical comparisons were car-
ried out using Student’s {-test on untransformed data.
All analyses were carried out using sraristix for
Windows" (Analytical Software). The level of signifi-
cance was set at 5% (P < 0.05). In addition to mean
values and standard deviation (SD), the report also
provides median values. All figures presented in the
report were prepared using kxcer 2000" (Microsoft).

Results

During the 34-month study period (March 2003-
December 2005), a total of 20 farms operated in the
Broughton Archipelago region, 100% of which parti-
cipated in the study. Thirteen farms operated as gen-
eral production farms (both smolt and grow-out), two
operated as smolt-only sites, three operated primarily
as grow-out sites and two were designated as brood-
stock sites. With the exception of the two broodstock
sites, all the farms were single year class sites. The
number of operational sites varied through the
course of the study depending on the farms’stocking
and harvesting schedules: in 2003 and 2004 there
were 18 Atlantic salmon farms active in the study
area and during 2005 there were 19 farms in opera-
tion. Although the number of farms among the years
was similar, there was a difference in age or year class
distribution between the years. In 2003, almost two-
thirds of the farms consisted of year class 1 (Yrl) po-
pulations ( < 365 days in seawater), while in 2004 the
situation was reversed with two-thirds of the farms
holding year class 2 (Yr2) populations (> 365 days

I
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in seawater). In 2005, there were approximately
equal number of farms with Yr1 populations and Yr2
populations (10 and 9 respectively).

Monthly salinity (surface) and temperature (at
5m) data were obtained from January 2003 to the
end of 2005. Surface-water salinities ranged from
73 to 34 g L.~ ! and water temperatures ranged from
6 to 13.2 °C. The lowest average surface salinities
(mean 223gL~! - range 8.23-33.0gL ™) and the
warmest water temperatures (mean 11.2 °C - range
9.2-13.2°C) in all 3 years were recorded in August.
The highest average salinities were recorded in
March (mean 301gL ™1t - range 22.8-33.7gL Y.
The coldest water temperatures were in January,
with a mean 7.1 °C (range 6-8 °C).

Over 33000 farmed salmon were examined for sea
lice by farm personnel during the study period. In
total, 431 farm-level lice evaluates were submitted
for an average of 1.0 lice countsfarm ~'month ~!
between July and February and 16 lice
counts farm ~'month ~! between March and June.
One hundred per cent of the active farms reported in
23 months of the 34-month study period. For the
other 11 months, the level of reporting ranged from
70% to 93%. Most of the omissions occurred in Au-
gust, September and October; as a result of environ-
mental problems such as plankton blooms or low
dissolved oxygen levels when handling the fish
presented a high risk.

Total lice numbers, the number/type of dislodged
sca lice enumerated from the anacsthetic totes and
the number of fish evaluated per pen were submitted
by each farm to the BCSFA database. Data collection
was carried out at the pen level, which permitted cal-
culation of abundance levels (the average number of
sea lice per salmon examined) but not prevalence
(the proportion of salmon infested with sea lice) or
intensity (the average number of sea lice on infested
salmon).

Figure 2 shows the monthly pattern of sea lice
abundance levels during the 34-month study period
for the Broughton Archipelago region. In general, the
lowest levels of lice were observed in the summer
months (June-September) with levels increasing
through the autumn/winter. The SDs associated with
the higher mean abundance levels are very large —
often twice the mean value ~ compared with the SDs
of the smaller mean values. The large SDs resulted
from the skewed data.

Table 1 summarizes the median and mean annual
abundance level of the mobile stages of cach louse
species as well as the combined total of chalimus
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Figure 2 Mean monthly sea lice abundance with standard deviation (SD) for all farm months for the period of March

2003-December 2005.

Table 1 Median and mean with standard deviation (SD) annual sea lice abundance levels of all farms in operation in the
Broughton Archipelago between March 2003 and December 2005, with the number of farm-level evaluates (1) for each year
shown
Lepeophtheirus salmonis
{mobile) Caligus clemensi (mobile) Chalimus
Year (n) Median Mean SD Median Mean SD Median Mean Sb
2003*
M-D (118) 0.7 2.2 4.3 0.4 1.6 2.9 0.3 1.1 2.8
2004 (160) 2.0 3.8 5.8 0.1 0.6 2.5 0.4 1.1 20
M-D (136) 2.0 3.7 5.4 0.1 04 0.8 0.4 1.1 2.0
2005 (153) 1.3 2.7 3.9 0.1 0.5 1.0 03 1.3 2.7
M-D (123) 13 2.5 3.4 0.1 0.4 0.9 0.3 11 2.3

For 2004 and 2005 the values calculated for the months March-December (M-D) are also provided.

“March-December only.

stages for both louse species for all active farms in the
Broughton Archipelago. Table 2 provides a summary
of lice levels on populations of Atlantic salmon that
have been in secawater < 1 year (Yrl) and those that
have been in seawater > 1 year (Yr2). In general, for
the full sampling period, the mobile L. salinonis levels
were higher in Yr2 populations than Yrl populations,
with levels significantly higher among Yr2 popula-
tions in 2003 (M-D), 2004 and 2005 (P < 0.001,
0.02 and 0.001 respectively). When the farm level data
collected after October 2003 were examined (i.c.
when the proportion of adult females was uniformly
recorded by both companies), it was found that a

L. salmonis levels in Yr2 populations was adult
females (46.3%) than in Yrl populations (29.5%)
(P<0.01). Mobile C. clemensi abundance levels were
significantly higher in Yr2 populations compared to
Yrl populations in 2003 (M-D) (P < 0.001) but not in
2004 and 2005 (P=043 and 071 respectively).
There was no significant difference in chalimus levels
between year classes in any of the 3 years examined.

To maintain consistency, only sea lice levels re-
ported from March to December (M-D) during all 3
years were used to statistically evaluate for inter-
annual variation within year classes. No significant
inter-annual variation was observed in mobile

higher  proportion of the total mobile L. salmonis levels within Yrl or Yr2 populations
© 2007 The Authors
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Table 2 Median and mean with standard deviation (8D) sea lice abundance levels of mobile Lepeophtheirus salmonis, Caligus
clemensi and chalimus stages by year class (Yrl and Yr2) for: the calendar year, the period March—-December (M—D) and the
out-migration period [March~June (M-])] of each year, with the number of farm-level evaluations (1) shown

L. salmonis (mobile) C. clemensi (mobile) Chalimus

Year/months Year class (n) Median Mean SD Median Mean SD Median Mean SD
2003* Yr1 (74) 0.5 0.9 1.1 0.2 0.6 0.9 0.3 0.7 1.0
M-D Yr2 (44) 1.1 4.3 6.2 1.2 3.1 4.3 0.4 1.9 4.3
M—J Yr1 (29) 0.5 0.7 0.6 0.4 0.8 0.9 0.4 1.0 1.2
Yr2 (22) 0.7 3.6 8.2 11 24 3.6 0.6 2.8 5.9

2004 Yr1 (55) 1.2 2.6 3.4 0.1 0.5 15 0.4 0.9 11
Yr2 (105) 2.2 4.5 6.7 0.1 0.7 29 0.3 1.1 23

M-D Yr1 (45) 1.5 2.9 3.6 0.2 0.3 0.5 0.5 1.0 1.2
Yr2 (91) 2.2 4.1 6.0 0.1 0.4 0.9 0.2 1.1 2.2

M-J Yri (21) 2.4 4.1 4.5 0.3 0.4 0.6 0.7 14 1.2
Yr2 (38) 2.4 5.2 7.8 0.1 0.4 0.7 0.3 0.9 1.5

2005 Yr1 (88) 1.1 1.5 1.6 0.1 04 0.8 0.3 1.1 29
Yr2 (65) 27 4.5 5.2 0.1 0.5 13 0.5 1.6 25

M-D Yr1 (73) 12 1.5 1.5 0.1 0.4 0.6 0.3 0.9 2.3
Yr2 (50) 2.4 3.9 4.7 0.1 0.4 1.2 04 1.4 2.2

M-J Yr1 (33) 1.2 1.4 1.3 0.2 0.4 0.5 0.3 0.9 1.0
Yr2 (18) 0.5 1.3 1.7 0.0 0.2 0.6 0.3 1.7 2.7

*March-December only.

(P = 012 and 040 respectively). This holds true even
though the mean abundance level in Yrl populations
in 2004 was almost three times that of 2003 levels
and almost twice that of 2005; however, the SD asso-
ciated with the 2004 level was very broad, indicating
a large variation in values. Significant inter-annual
variation in mobile C. clemensi levels was observed
among Yr2 populations (P < 0.001) with significantly
higher levels occurring in 2003 than in 2004 or
2005. Inter-annual variation in mobile C. clemensi le-
vels was not observed among Yrl populations
(P = 0.12). No significant inter-annual variation was
found in the chalimus stages in ecither Yrl or Yr2
populations among the 3 years (P =073 and 018
respectively).

Lice levels on the farmed salmon were also exam-
ined for the period when wild juvenile pink salmon
were migrating scaward [March-June (M-])] (Table
2). The results of the focused comparisons differed
from those of the broader comparisons. There was
no significant difference between Yrl and Yr2 popula-
tions in mobile C. clemensi or chalimus stages in all 3
years. Significantly higher mobile L. salmonis abun-
dance levels were observed in Yr2 populations in
2003 (P = 0.04). However, in 2004 and 2005 there
was no significant difference in mobile L. salmonis
levels between ycar classes (P =047 and 077
respectively). Significant inter-annual variation was
observed only in mobile L. salmonis among Yrl popu-

~
2
s

lations with levels reported in 2004 being signi-
ficantly higher than in 2003 (P=0002) and in
mobile C. clemensi in Yr2 populations where levels re-
ported in 2003 were significantly higher than ecither
2004 or 2005 levels (P <0.001).

Regulatory imposed treatment-trigger levels were
established in 2004. There were 39 sea lice treat-
ments during the study period: four in 2003 (Febru-
ary-December), 17 in 2004 and 18 in 2005. The mean
abundance of mobile L. salmonis at the time of treat-
ment for all populations was 8,69 (SD = 7.7) (med-
ian = 6.18). In all cases, treatment was provided as
medicated feed using Slice” (emamectin benzoate,
Schering Plough Animal Health, Point-Claire, Cana-
da). Within the nine groups that started and com-
pleted their production cycle during the study
period, there was an average of 1.6 sea lice treatments
for the cycle.

Overall, for the 3-year study period, the majority of
treatments (75%) in Yr2 populations occurred be-
tween October and March (Q4 and Q1 respectively).
Among Yrl populations, the majority of treatments
(68%) in both 2004 and 2005 occurred between
April and June (Q2). Over 60% (24 of 39) of the treat-
ments occurred in Yr2 populations and the average
age at first treatment was 266 days (SD = 153.8) (med-
ian = 280). Figure 3 illustrates the breakdown of
treatments by calendar quarter for Yrl and Yr2 popu-
lations. During 2004, the highest number of treat-
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Figure 3 Shows the timing (in 2003 2004 2005
year/quarters) of sea lice treat-
ments in year class 1 (YFD and IE Q1-Jan-Mar Q2-Apr-Jun 1 Q3-Jul-Sep [0 Q4-Oct-Dec
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treatment (0) and for 5 months
following treatment (+1 to +5)
for sites (1 = 19) that were treated
during the period studied.

ments in Yr2 populations occurred between January
and June (nine), while in 2005 most occurred in Q1
and Q4, cach with five treatments. There were only
three treatments in Yr2 populations in 2003: two oc-
curring during Q1 and the third occurring during
Q4.

The effect of treatment on mobile L. salmonis was
evaluated by tracking lice abundance levels on popu-
lations that were in production for a minimum of 5
months following the treatment (1 = 19), Farms trea-
ted after August 2005 (1 = 7) were excluded from the
evaluation since the 5 month post-treatment period
extended into 2006 — beyond the limits of the present
study. Farm populations harvested (1 = 11) or moved
to a different farm (1= 2) less than four months
after receiving treatment were also not included.
Figure 4 illustrates the mean abundance of all mobile
L. salmonis lice (adult females included), as well as
adult females separately before, during and for 5
months following treatment. The mean abundance
levels at the time of treatment for all mobile stages of
L. salmonis and adult female L. salnonis only were
745 (SD=702) and 315 (SD = 4.01) respectively.
There was a statistically significant decrease seen in

© 2007 The Authors

Journal Compilation € 2007 Blackwell Publishing Ltd, Aquaculture Research, 38, 219-231

Months (prior/post treatment)

- -#- - Mobile (all) —e— Adult Female!

both the combined mobile L. salmonis and adult fe-
male levels 1 month following treatment: a 3.8 and
3.5 times decrease respectively. The levels remained
significantly below pre-treatment levels for 5 months
following treatment (P<0.001). At that time the
mean abundance levels, though no longer signifi-
cantly different from pre-treatment, were still over
2.5 times lower than the levels reported at the
time of treatment. Only one farm was re-treated
within this period, at 5 months following the initial
treatment.

Twenty-five farms in the Broughton Archipelago
were audited by BCMAL, 11 in 2004 and 14 in 2005.
The percentage of farms in the Broughton Archipela-
go audited during quarters when 25% of the industry
was audited ranged from 13% to 21%. During the
second quarter in 2005, when the level of audits in-
creased to 50% of the industry, a total of 44% of
farms operating in the region were audited. Farm le-
vel comparisons of audit and industry data collected
in the Broughton Archipelago found no significant
difference in the overall estimates of mobile L. salmo-
nis abundance. However, during two audits (8%), Q2
and Q3 of 2005, a significant difference in estimates

~
]
>
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Table 3 Comparison of sea lice median and, mean with standard deviation (SD) collected during BCMAL audits with data

reported by all the farms in the Broughton Archipelago

Lepeophtheirus

salmonis (all L. salmonis (adult Caligus clemensi
Number Chalimus mobile stages) female only) (all mobile stages)
of farms

Year Quarter (audit/active) Median Mean SD Median

Mean SD Median Mean SD Median Mean SD

2004 J-M 3 0.8 0.6 06 286
16 0.4 0.8 1.7 1.7

A-J 2 1.5 1.5 1.8 05

16 0.6 1.3 1.6 3.3

J-8 3 0.0 0.0 00 05

16 0.1 0.2 03 15

O-D 3 2.8 4.8 52 15

14 0.6 2.0 31 18

2005 J-M 3 1.4 3.2 43 14
16 0.3 1.7 35 14

A-J 7 0.8 1.5 1.8 0.6

15 0.5 1.3 20 10

J-S 2 0.3 0.3 00 27

15 0.2 0.8 16 08

O-D 2 0.4 0.4 0.2 4.1

14 0.5 1.3 33 3.0

27 27 17 1.4 13 03 0.4 0.5
3.6 65 08 1.8 35 02 1.6 4.9
0.5 02 0.0 0.0 00 04 0.4 0.5
5.8 76 1.0 2.3 43 0.1 0.4 0.7
1.2 1.7 03 0.9 1.3 0.0 0.0 0.0
2.1 21 05 0.9 1.1 0.0 0.1 0.1
6.1 85 03 26 4.2 0.1 0.1 0.2
3.8 49 06 1.9 27 00 0.6 1.2
74 107 0.3 3.3 53 03 0.3 0.3
3.2 48 06 1.7 29 0.1 0.7 1.2
1.2 17 02 0.4 0.7 0.1 0.2 0.5
1.4 1.5 03 0.5 0.7 0.1 0.3 0.6
27 3.0 18 1.8 1.9 0.0 0.0 0.0
1.8 29 03 0.9 1.7 0.0 0.1 0.2
4.1 23 23 23 1.4 0.0 0.0 0.0
4.9 47 19 2.8 32 0.1 0.7 1.5

BCMAL, British Columbia Ministry of Agriculture and Lands.

of adult female L. salmonis was found. In both situa-
tions, the farm abundance estimates were found to be
significantly higher than audit estimates. There were
significant differences in mobile C. clemensi found
during three audits (12%). In 2005 Q1 and Q2 the in-
dustry abundance estimates of C. clemensi were found
to be significantly higher than the audit while in
2004 Q2 the audit estimates were found to be signifi-
cantly higher. Finally, during nine audits (36%), there
was a significant difference in chalimus abundance
levels; in all cases the industry abundance estimates
were significantly higher than the audit estimates.
This occurred in one audit in 2004 Q1, Q2 and Q4
and Q3 2005, in two audits in 2005 Q1 and in three
audits in Q2 2005.

Table 3 provides a comparison of quarterly sea lice
abundance estimates for the Broughton Archipelago
as calculated from the provincial audit data and as
reported by farms operating in the region. There was
no significant difference between the audit and the
farm-supplied data in 28 of 32 lice-by-quarter—
by-stage comparisons. There were four occurrences
where the audited values were found to be signifi-
cantly different from the industry-reported values:
L. salmonis mobiles and L. salmonis adult female
levels in Q2 of 2004, C. clemensi in the last quarter
in 2005 and chalimus levels in Q3 of 2004. In all
cases, the levels reported by the industry were

significantly higher than the levels obtained during
the audit.

Discussion

The study is the first detailed examination of sea lice
on Atlantic salmon farmed in the Broughton Archi-
pelago on the west coast of Canada, These farms re-
present approximately 25% of the total farmed
Atlantic salmon production in BC. During the study
period, when farms were monitored for sea lice on an
average of once per month and as often as 1.6 times
per month between March and June, L. salmonis and
C. clemensi lice species were both observed. Similar to
reports from Europe and Eastern Canada, L. salmonis
was the predominant species of louse observed on
farmed Atlantic salmon in the Broughton Archipela-
go. The most striking difference between sea lice le-
vels on farms in BC compared with those reported in
Europe and Eastern Canada is the actual difference in
the total abundance of lice L. salmonis. The lice levels
on farmed salmon populations in this study were two
to three times lower than published reports on simi-
lar-sized Atlantic salmon raised in Europe (Wallace
1998; Copley, McCarney, Jackson, Hassett, Kennedy
& Nulty 2001; Revie, Gettinby, Treasurer, Grant &
Reid 2002; Revie, Gettinby, Treasurer, Rac & Clark
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2002; Heuch, Revie & Gettinby 2003). The positive
skewness of the mean abundance levels observed in
the present study highlights the implications for ac-
curacy when reporting only mean abundance levels,
and also the relevance of reporting median values in
similar studies.

Thelarge SDs associated with the data suggest that
there may be other variations within the farms oper-
ating in the Broughton Archipelago not captured in
the present analyses. Some of these have been exam-
ined and will be discussed in later reports.

Statistically significant annual variations in abun-
dance levels of L. salmonis were not found when simi-
lar data (i.e. March-December data) were compared
for 2003, 2004 and 2005. However, during the wild
salmon outmigration (March—June), significantly
lower levels of mobile L. salmonis were observed
among Yrl-farmed populations in 2003 than in
2004. This was not a function of treatment as thera-
peutants were not provided during this period in
2003. Inter-annual variations were found in the wild
populations during this same period (Jones, Wosniok
& Hargreaves 2006). When mandatory treatment-
trigger levels were established in 2004, an artificial
cap on lice abundance was created. It is possible that
inter-annual variations may be masked by the re-
quired treatments; however, the existence of a natur-
al annual variation in the farmed salmon populations
may be difficult to prove as long as the mandatory
treatment regulations are in place.

As in Europe, L. salmonis levels in the Broughton
Archipelago increase the longer the salmon are ex-
posed in secawater (Bron, Sommerville, Jones & Rac
1991; Tully & Nolan 2002; Revie, Gettinby, Treasurer,
Grant et al. 2002; Revie, Gettinby, Treasurer, Rac &
Clarke 2002). The present study did find that the pro-
portion of adult females of the total mobile L. salmo-
nis was higher in Yr2 than Yrl populations. However,
because both ovigerous and non-ovigerous adult fe-
males were grouped together, it could not be deter-
mined whether the proportions of ovigerous females
differed between the year classes or by season as it
has been reported in Europe, where the highest
abundance of ovigerous females on farmed salmon
have been reported to occur in the winter months
(Tully 1989; Wallace 1998).

The second species of louse C. clemensi observed on
the farmed salmon during this study is not unlike
C. elongatus, reported on farmed salmon in Europe and
Eastern Canada, as it has a broad host range, infest-
ing salmon as well as other economically important
species such as herring Clupea pallasii (Valenciennes)

© 2007 The Authors

in BC (Kabata 1972; Johnson, Treasurer, Bravo, Naga-
sawa & Kabata 2004). It was observed in one small
study (unpubl. obs) that the inclusion of mobile
C. clemensi, found detached in the anaesthetic tote,
can increase the abundance estimates substantially,
by up to 30% compared with <6% for mobile
L. salmonis or chalimus stages. This suggests that pre-
adult and adult C. clemensi are highly mobile and most
likely move freely on and off farmed Atlantic salmon.
As a result, enumerating lice found detached within
the anaesthetic tote is essential in obtaining an accu-
rate abundance estimate for mobile C. clemensi.

In this study, mobile C. clemensi levels fluctuated
annually; the mean abundance in 2003 in Yr2 popu-
lations was significantly higher than in either 2004
or 2005. In 2003, mobile C. clemensi made up 42% of
the total mobile lice observed. However, the overall
abundance of C. clemensi was still lower than L. sal-
monis on both year classes of fish. Unlike L. salmonis
levels, which tended to be higher on Yr2 populations
than Yrl populations throughout the study, mobile
C. clemensi abundance levels do not appear to be a
predilection to any year class; with higher levels
being observed on Yr2 as compared with Yrl popula-
tions in 2003. These findings differ from reports of in-
festation with C. elongatus in Scotland, where the
levels are consistent from year to year and with high-
er abundance on Yrl populations than Yr2 popula-
tions (Revie, Gettinby, Treasurer, Grant et al. 2002;
Revie, Gettinby, Treasurer & Rae 2002; McKenzie,
Gettinby, McCart & Revie 2004).

Differentiation of the attached chalimus stages of
L. salmonis and C. clemensi are not accurate unless ex-
amined microscopically. Therefore, for the purpose of
routine farm monitoring, all attached stages of both
L. salmonis and C. clemensi were grouped into one ca-
tegory — chalimus. In this study, reported chalimus
levels did not vary among the 3 years, nor did levels
vary significantly between year classes. In 2003,
although L. salmonis was the predominant species of
louse (58% of total mobiles), samples collected from
farmed salmon by BCMAL identified approximately
70% of the chalimus as C. clemensi species (S. John-
son, pers. comm.). The overall chalimus stage levels
reported in the present study appear to be signifi-
cantly lower than those reported for the L. salinonis
chalimus observed in Scotland (Revie, Gettinby,
Treasurer, Grant et al. 2002).

In Canada, there are only two products available for
the treatment of sea lice: Calicide™ (teflubenzeron,
Nutreco Aquaculture) and Slice” (emamectin benzo-
ate, Schering Plough Animal Health) available under
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Emergency Drug release (EDR). The in-feed product,
Slice®, is the only therapeutant used for sea lice treat-
ment in BC. In the present study, three important dif-
ferences between BC and Europe were noted with
respect to treatment: BC had a lower frequency of
treatment required for lice control, the temporal pat-
tern of treatment varied from that reported in Europe
and there was a difference in the reported efficacy of
the sea lice treatments between BC and Europe.

For the Broughton Archipelago area, there were only
16 lice treatments per production generation (i.e. smolt
to harvest), with the average farmed salmon population
residing in seawater almost 9 months (266 days) before
requiring their first treatment. Most treatments were
required to meet regulated trigger levels as opposed to
fish health concerns from lice infection [pers. comm.,
Association of Agquaculture Veterinarians of BC
(AAVBC()]. These are a fraction of the treatment levels
reported by Revie, Gettinby, Treasurer and Rae (2002)
in Scotland (2.1 and 65 farm ™ 'year ™' in Yrl and Yr2
populations respectively) and Norway (> 2 farm-
tyear=1ip vr2 populations) (Heuch et al. 2003). It is re-
cognized that the treatment options reported in Revie,
Gettinby, Treasurer and Rae (2002) differ and were
likely less efficacious from the ones presently available.

The majority of sea lice treatments on BC farms ex-
amined occurred in the winter and spring (between
October and Marchy); close to 75% of the treatments in
Yr2 populations occurred during this time. Many of
these farms treated salmon populations that were
necar or at harvest weights. Treatments were timed
on these farms first, to make sure that the mean mo-
bile L. salmonis abundance levels were below three
for the start of the spring wild juvenile Pacific salmon
outmigration in March and also to ensure that re-
quired treatment-withdrawal periods for Slice” (ori-
ginally set at 21 days and increased to 68 days by
Health Canada in October 2005) were met for the
scheduled harvest dates. In contrast, over 50% of
the treatments in Yrl populations occurred during
the second quarter (April-June) and again were
based on maintaining levels below the trigger levels.
In comparison, in Norway and Scotland, the majority
of treatments occur in the summer and fall months
(Heuch et al. 2003). In Scotland, there are no estab-
lished treatment trigger levels; hence, trcatment
would be in response to fish health concerns with
rising lice numbers. Norway has established trigger
values, but current literature does not differentiate
reasons for treatment in Norway,.

Finally, the data in this study showed that the ef-
fects of the Slice treatment last up to 5 months follow-

ing treatment in BC. This is a substantially longer
efficacy than in Europe and Eastern North America,
where the reported duration of efficacy ranged from
43 days to 14 weeks (Armstrong, MacPhee, Katz &
Endris 2000; Stone, Sutherland, Sommerville, Ri-
chards & Endris 2000; Stone, Sutherland, Sommer-
ville, Richards & Varma 2000; Treasurer, Wallace &
Dear 2002). It is clear from the length of the ‘lice-free’
period in BC and the generation time for lice repro-
duction at ambient water temperatures in BC, that
re-infestation from within a farm following a site-
wide treatment is unlikely. In addition, the majority
of treatments in Europe and Eastern Canada occur
to control L. salmonis for fish health reasons, as L. sal-
monis infestations have caused significant damage to
farmed salmon, resulting in health and production
problems (Wootten, Smith & Needham 1982; Arm-
strong et al. 2000; Fast, Ross, Mustafa, Sims, Johnson,
Conboy, Speare, Johnson & Burka 2002; Johnson et al.
2004). Clinical damage associated with sca lice is
rare in BC-farmed salmon and was not observed in
this study (pers. comm., AAVBC).

Reasons for the differences observed in sea lice
abundance levels and control in BC, compared with
other regions, do not appear to be attributable to
differences in production strategies, site locations or
local water-chemistry parameters in the different
regions. For example, with the exception of the two
broodstock farms, the farms in the Broughton Archi-
pelago operated as single-year class sites with no
overlap between generations. This management
practice is similar to Scotland, where 100% of pro-
duction sites are single-year class (Heuch et al.
2003). The water temperature and salinity profiles in
the Broughton Archipelago are also similar to those
reported in Scotland and Norway (Heuch et al. 2003).

A major difference, however, between BC and the
other regions is the dissimilarity in the number of
wild salmonids and their role in the natural lifecycle
of the parasite. Norway is considered to have the lar-
gest wild Atlantic salmon population in Europe, esti-
mated at between 2 and 2.5 million salmon (Heuch &
Mo 2001). In BC, the average annual catch values (the
number of salmon reportedly caught by the commer-
cial fisheries) for wild Pacific salmon between 1992
and 2002 were 151 millionyear ~! (Irvine, Bijster-
veld & Nagy 2003), six times greater than the entire
estimated population of wild salmonids in Norway.
Furthermore, several reports have described sea lice
infestations, particularly L. salmonis, on adult wild
Pacific salmon (Kabata 1979; Nagasawa, Ishida,
Ogura, Toadokora & Hiramatsu 1993; Johnson, Blay-
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lock, Elphick & Hyatt 1996; Nagasawa 2001; Beamish,
Neville, Sweeting & Ambers 2005). Although sea lice
are found on all species of Pacific salmon, pink sal-
mon with their high naturally occurring lice abun-
dances and, to a lesser extent, chum salmon O. keta
(Walbaum) with their steady population size in the
ocean, are considered important natural hosts for
L. salmonis in the Pacific (Nagasawa 2001). A 7-year
survey conducted by Nagasawa (2001) reported an
average of 5.5 adult female L. salmonis per adult pink
salmon. Therefore, returning wild adult salmon may
be a significant source of sea lice on farms located in
regions with large runs. In addition, L. salmonis has
recently also been found on a non-salmonid species,
the threespine stickleback Gasterosteus aculeatus
(Linnaeus), commonly found year round in near-
shore waters (Jones & Nemac 2004). It is uncertain
what role these species may play in the abundance
and occurrence of lice on wild salmonids.

Surprisingly however, even with the large natural
reservoir of lice on wild Pacific salmon and other po-
tential hosts, the salmon farming industry in BC has
not been plagued with the clinical manifestations of
sea lice reported in Europe and the cast coast of
North America (Wooten et al. 1982; Hogans 1995;
Copley et al. 2001; Revie, Gettinby, Treasurer, Grant
et al. 2002; Tully & Nolan 2002; Heuch et al. 2003). It
is not clear why this is the case. However, a recent
study that assessed genetic differences in L. salmonis
across a broad geographical area reported that
although there was no genetic difference in those col-
lected from wild and farmed salmon from Scotland,
Norway and Eastern Canada, there were genetic dif-
ferences in the L. salmonis from these regions to those
collected from BC (Todd, Walker, Ritchie, Graves &
Walker 2004). At this time it would be impossible to
ascertain whether the differences in L. salmonis
abundance reported in this study could be attributed
to the small genetic variability; however, further
work into differences in pathogenicity and/or host
preference/specificity should be pursued.

Concerns have been raised by Heuch, Bjorn, Fin-
stad, Holst, Asplin and Nilsen (2005) about the accu-
racy of the Norwegian farm sca lice data due to
infrequent or no government auditing. In BC, the
BCMAL established a quarterly programme where
25% or 50% of the industry would be selected to be
audited for sea lice. As a result of the random selec-
tion process, between 13% and 44% of all the active
farms located in the Broughton Archipelago study
arca were audited quarterly in 2004/2005 by govern-
ment fish health personnel. The definition of active

© 2007 The Authors

farms used by BCMAL for its audit programme did
not include farms with salmon populations <1
month in seawater or brood stock farms, but these
were included in the industry-reported data. This dis-
crepancy in the definition of active farms may pro-
vide an explanation to the lower-than-expected
percentage of audits in the region during some quar-
ters. Comparison of audit data with the industry-
supplied data showed that there was no significant
difference in the majority of the comparisons. Where
significant differences were observed, the majority of
abundance estimates provided by the industry were
actually higher than the levels determined by
BCMAL. This provides strong evidence that the seca
lice levels reported by the industry are not an under
reporting but rather a valid reflection of the lice levels
on farms in the Broughton Archipelago.

While there are some similarities of infestation
patterns in BC with those observed in Europe and
Eastern Canada such as higher lice loads on older fish
groups, total sea lice abundance and overall infesta-
tion patterns in BC are not reflective of those ob-
served on Atlantic salmon in other arcas. Not only
are sea lice levels on farmed salmon in BC lower, but
the pathogenic impact of L. salmonis appears less, Sea
lice levels can also be controlled with significantly
fewer treatments. Even though the identical louse
species (L. salmonis) on the same farmed salmon spe-
cies (Atlantic salmon) are being examined, there are
clear differences in pathology and control efficacy.
This suggests that the European literature on the to-
pic may not be directly applicable to the BC situation
and illustrates the importance of conducting proper
and relevant research in BC.
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