Patterns of sea lice (L. salmonis) infections in juvenile chum
salmon (Oncorhychus keta) in Clayoquot Sound, 2007-2009

Prepared by
The Clayoquot Sound Sea Lice Working Group*
January 2012

*For correspondence regarding this report, please contact Katie Beach; Uu-a-thluk (Nuu-chahnulth Tribal Council Fisheries); 250-726-5229; katie.beach@nuuchahnulth.org

Contents
Summary ..................................................................................................................................................... 3
Results and Discussion .............................................................................................................................. 12
Comparison of prevalence of infestation between years (2007-2009) ................................12
Differences in L. salmonis prevalence and abundance of infestation between sampling sites
for 2007-2009 ...................................................................................................................13
Differences in C. clemensi prevalence and abundance of infestation between sampling sites
for 2007-2009 ...................................................................................................................13
Differences in density (lice.g-1) of L. salmonis infestation on chum salmon between
sampling sites in each inlet in 2007 ...................................................................................13
Differences in density (lice.g-1) of L. salmonis infestation on chum salmon between
sampling sites in each inlet in 2008 ...................................................................................13
Differences in density (lice.g-1) of L. salmonis infestation on chum salmon between
sampling sites in each inlet in 2009 ...................................................................................14
Differences in density (lice.g-1) of L. salmonis infestation on chum salmon at each sample
site between years ..............................................................................................................16
Helpful References ..................................................................................................................................... 26

2

Summary
Since 2004, the Clayoquot Sound Sea Lice Working Group has conducted ongoing monitoring aimed at recording the prevalence and density of sea lice
(Lepeophtheirus salmonis and Caligus clemensi) on salmonid smolts throughout
Clayoquot Sound.
The predominant species of fish captured and analyzed between 2004 and 2009
was chum (Oncorhynchus keta) (n=9187). In our 2004-2007 report, other
species of salmon, such as chinook salmon (O. tshawytscha), coho salmon (O.
kisutch), sockeye salmon (O. nerka) and three-spine stickleback (Gasterosteus
aculeatus) were not captured in numbers to warrant a significant statistical
analysis. Therefore, in 2008 the Clayoquot Sound Sea Lice Working Group
conducted live sea lice identification on non-chum salmonids, but discontinued
retention of samples for lab analysis.
Analyses of the 2007-2009 data reveal a prevalence of L. salmonis and C.
clemensi infection on chum salmon of between 4.4-6.1% and of 0.3-1.3%
respectively. In comparison, the 2004-2007 report noted the combined L.
salmonis and C. clemensi prevalence on chum salmon between 9%-20%.
There were no significant changes in prevalence and abundance of L. salmonis or
C. clemensi infestation on chum salmon between sample sites in each inlet.
There were no statistically significant differences in density of L. salmonis
infestation on chum salmon between sampling sites in each inlet in 2007.
However, statistically lower densities of L. salmonis were found at sites at the
landward side of Bedwell Sound compared to those seaward in 2008 and 2009.
Significantly higher density of L. salmonis at site 305 in Herbert Inlet compared
to those landward and seaward in 2009.
Significantly higher densities of L. salmonis were recorded between years at:
 Site 101 in Bedwell Sound 2009 compared to 2008
 Site 102 in Bedwell Sound 2007 compared to 2008 and 2009
 Site 403 in Shelter Inlet in 2007 and 2008 compared to 2009
Significantly higher salinities were recorded between years at:
 Site 107 in Bedwell Sound in 2009 compared to 2007
 Site 110 in Bedwell Sound in 2009 compared to 2008, and 2008
compared to 2007
 Site 505 in Tofino Inlet in 2009 compared to 2007
Significantly lower salinities were recorded at samples sites in Bedwell Sound on
the landward side of the sound compared to the seaward side in 2008 and 2009.
Significantly lower salinities were recorded at sample sites in Shelter Inlet on the
landward side of the inlet compared to the seaward side in 2009.
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Prevalence and abundance of L. salmonis infestation on chum salmon showed a
stepwise increase with increasing salinity.
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Executive Summary
In 2004, a cooperative sea lice monitoring program was established in Clayoquot Sound
to monitor wild salmon sea lice levels in the area. The Clayoquot Sound Sea Lice
Working Group is an innovative relationship between First Nations stewards of
traditional territories (Ahousaht and Tla-o-qui-aht First Nations) and salmon farmers
within those territories (Creative Salmon Inc. and Mainstream Canada). Uu-a-thluk (the
Nuu-chah-nulth Tribal Council’s Fisheries Department) coordinates the group. As the
first sea lice monitoring project in Clayoquot Sound, the objective of the research was to
address a knowledge gap about sea lice numbers and population patterns that would
help the First Nations and the farmers growing salmon in these waters better
understand local conditions.
Throughout the study, finfish aquaculture has been active in Clayoquot Sound, with an
average of fourteen operational sites on twenty-one tenures. The Working Group has
been conducting beach seines on twenty-five sites throughout Clayoquot Sound from
approximately mid-March until mid-June (the out-migrating period of local juvenile
salmon).
In 2008, our group released the first report entitled “Prevalence and density of sea louse
(L. salmonis and C. Clemensi) infections in juvenile chum salmon (Oncorhychus keta)”.
This report noted a low prevalence of infection on chum salmon (between 7-20%)
compared to other areas in British Columbia. Furthermore, it did not show any
significant changes in sea lice infection between inlets when salinity was accounted for,
concluding that salinity is a more important factor in the distribution of sea lice in
Clayoquot Sound than the location of the sample sites (see CSSLWG, 2009).
The main measurements of sea lice infestation recorded by the group have been the
prevalence and density of Lepeophtheirus salmonis and Caligus clemensi species on
salmonid smolts within Clayoquot Sound. Before 2006, the sea lice analysis did not
identify to species chalimus stage, therefore, for this second analysis, the data from
2004-2006 was removed for better comparison to work done in other parts of the
province.
Overall, the prevalence and abundance of L. salmonis infestation on chum salmon
between 2007 and 2009 was lower than what was seen from 2004-2006. Although
some preliminary patterns of higher densities of L. salmonis have emerged in certain
areas, none of the relationships have statistical significance. In terms of Caligus
clemensi, infestations were negligible for a statistical analysis. This latest analysis
confirms that the distribution of sea lice in Clayoquot Sound is dependent on salinity
levels more than the location of sample sites.
Dr. Kevin Butterworth of Torran Consulting was contracted to perform the statistical
analysis of the juvenile salmon sea lice data gathered from 2004-2009. The results are
summarized below.
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Definitions
The four most common terms used to describe sea lice distribution are prevalence,
abundance, intensity and density. The accepted definitions of these terms with regards
to sea lice were set out by the Pacific Salmon Forum in the publication “Protocols &
Guidelines: A Reference Manual for Research Involving Wild/Cultured Fish Interactions
with Sea Lice.” A brief definition of these terms is given below for this document.
Prevalence is the number of hosts infected with one or more sea lice divided by
the number of hosts examined. Hence if 10 salmon were sampled and three had
two sea lice each, then 3/10 salmon were infected giving a prevalence of 30%.
Abundance is the total number of sea lice divided by the total number of hosts
examined. Therefore for the example above, if 10 salmon were sampled and three
had two sea lice each, then three salmon x two sea lice = six sea lice total. Or, an
abundance of 6/10 or 0.6.
Intensity is the number of sea lice on a single salmon. Therefore for the same
sample the three salmon that had two sea lice each had an intensity of infection
of two. NOTE: Intensity is not used throughout the report because the fish
collected during the study were of varying sizes. The effect of one louse on a one
gram fish will be greater than the effect of one louse on a 10 gram fish. Instead we
used density throughout the report in order to level the playing field and provide
a better understanding of what was happening with the small fish (which are at
higher risk if infected).
Density is the number of sea lice on a single salmon divided by the weight of the
salmon. Hence if a salmon weighing one gram has two sea lice, the density is two
lice.g-1. However, a salmon with two sea lice weighing 10 grams would have a
density of 0.2 lice.g-1. Hence density measurements take into account the size of
the salmon when comparing sea lice numbers between salmon.
Statistical significance is also an important term to understand. In this report we refer to
it as:
Statistical significance is a statistical term used when a result is statistically
significant and is unlikely to have occurred by chance. When reporting on
statistical significance, statisticians usually refer to p-values. The p-value
indicates the probability that the result obtained in a statistical test is due to
chance rather than a true relationship between measures. Small p-values indicate
that it is very unlikely that the results were due to chance. Therefore, if the pvalue is small, statisticians would be confident that the result obtained is "real."
When p is less than 0.05 (P<0.05)—meaning that there is a less than 5% chance
that the relationship is due to chance—statisticians usually conclude that the
relationship is strong enough that it is probably not just due to chance. A p-value
of 0.05 or less is the commonly used standard to determine that a relationship
between variables is significant and is the value used throughout this report.
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Background
In British Columbia, much research and public concern has focused on the Broughton
Archipelago. However, data on sea lice incidence on wild Pacific salmon from other
areas can provide valuable baseline data (where no salmon farms exist) as well as
comparative data from areas with existing salmon farms, such as Clayoquot Sound on
the west coast of Vancouver Island (WCVI).
In 2003, the two salmon farm companies operating in Clayoquot Sound (Creative
Salmon Company Ltd. and Mainstream Canada Ltd.) began sampling for sea lice on wild
juvenile salmon, and in 2004 the Working Group was struck, incorporating the two local
First Nations groups. The salmon farming companies, in approaching the First Nations
communities, have respected the governance structures of the traditional territories
within which the companies operate. From inception, the group has worked closely with
Fisheries and Oceans Canada (DFO) on sampling methodology and on the choice of
appropriate seining sites.
In Clayoquot Sound, Creative Salmon grow only chinook salmon and operate in the
traditional territories of Tla-o-qui-aht First Nations in the Tofino Inlet / Fortune
Channel area. Sampling with Tla-o-qui-aht Fisheries focuses mainly on emigrating
salmon fry/smolts from the Kennedy Watershed. Mainstream Canada, which operates
in Ahousaht territory and farms Atlantic salmon, focuses their sampling efforts along
with Ahousaht Fisheries in Bedwell Sound (migration route for salmon from the
Bedwell/Ursus Rivers). Uu-a-thluk (Nuu-chah-nulth Tribal Council Fisheries), works
with all parties to sample other salmon routes within Ahousaht territory where
Mainstream has farms; namely Herbert Inlet (migration route for salmon from the
Moyaha River), and Shelter Inlet (migration route for salmon from the Megin River).
The team sends the frozen captured juvenile salmon to a consultant at Mainstream
Biological Consulting Inc., for analysis. In 2008 and again in 2010, Dr. Kevin G.
Butterworth conducted the statistical analyses of the 2004-2007 data and the 20072009 data. Sampling is ongoing.
Collaboration
The Clayoquot Sound Sea Lice Working Group follows a pre-established “Code of
Behaviour” when participating in the research in order to ensure that participation in
the research would meet the demands and scrutiny of the main stakeholder groups. All
participating parties voluntarily joined the group, and understood at inception that joint
sampling is one method for increasing capacity in both the First Nations and the salmon
farm companies in fostering technical skills and for increasing mutual understanding
about the issues and concerns of all parties.
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Methodology
Field work methodology
Sea lice sampling of juvenile salmonids in Clayoquot Sound occurs from approximately
March 1st through to June 15th using established beach seine procedures that conform to
DFO protocols.
Figure 1 shows all the beach seine sample sites used throughout the course of the study.
On average, about 25 sites were sampled on a regular, systematic basis each year. The
selection of beach seining sites was based on physical conditions, such as having a beach
conducive to beach seining as well as distance from fish bearing streams and creeks.
Sites were initially chosen based on their suitable characteristics at a low tide, which
provides the best access to near shore eelgrass beds. However, it was not always
logistically possible to conduct the sampling at low tides

Figure 1: Map of Clayoquot sound depicting all potential samples sites for Bedwell Sound, Fortune
Channel, Herbert Inlet, Shelter Inlet, Tofino Inlet, and Sydney Inlet.
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For the study, juvenile fish are caught using a beach seine. (Two beach seines are used,
both are 150’ long and 12’ deep. One seine has a mesh size of ½”. The other is finer at
5/16”.) To conduct the seine, the sampling boat approaches a beach for a blind set. This
means that they set the seine along a chosen beach without first looking for schools of
fish (note: this differs from some other methodologies in British Columbia that
purposely set around a school of fish in pre-chosen sites). The seine boat allows one
person to jump off of the bow of the boat holding the line from one end of the beach
seine. A second person drives the boat while a third carefully deploys the net from the
bow of the boat. The boat is driven near shore and the bow person jumps off with the
line from the other end of the net while the boat driver secures the boat and takes the
water quality parameters in the top six inches (fifteen centimeters) of water (DO,
salinity, percent saturation, temperature). The beach seine is carefully pulled in, evenly
from each end (Fig. 2). As the net begins to shallow, the lead line is pulled in carefully to
ensure that fish do not escape from the sides of the net. If the net is hung up on a rock or
submerged log, the boat driver tries to walk out to the snag, or use the boat, to carefully
pull on the nets to slip it over the hang-up.

Figure 2: Beach seine is carefully pulled in by Ahousaht Fisheries Guardians.

The fish in the net are transferred to a white bucket using a dip net (Fig. 3). At times,
less than thirty fish are caught. Other times, thousands of fish are bagged in the seine.
Up to thirty juvenile chum and stickleback are checked for lice and observations are
recorded. The fish are then individually bagged (Fig. 4) and placed in a cooler. When the
crew returns to shore, the fish are frozen until laboratory analysis. Juvenile chinook and
coho are checked live for lice using a hand lens. Observations are recorded, and those
fish are then released alive back to the sea.
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Figure 3: Fish are transferred from the seine net to a white bucket using a dip net.

Figure 4: Chum salmon, (Oncorhynchus keta), individually bagged then frozen for future analysis.

As noted above, not all fish captured were analyzed. Table 1 shows the number of
juvenile salmon of each species and stickleback that were captured between 2007 and
2009.
Species
Chum (O. keta)
Chinook (O.
tshawytscha)

2007
1067
51

2008
2,054
94

2009
1624
8

10

Coho (O. kisutch)
Stickleback (G.
aculeatus)

16
0

36
13

0
4

Table 1: Number of fish captured, and the number of beach seines conducted, in each sample year. Note:
In 2007, there were 84 seines conducted, in 2008 there were 109 seines, in 2009 there were 53.

Laboratory Analysis: Sea lice identification
Mainstream Biological Consulting of Campbell River, BC, was selected by the Clayoquot
Sound Sea Lice Working Group to conduct the sea lice identification, morphometric
measurements, and to enter all data into a database. Mainstream Biological Consulting
is in no way associated with Mainstream Canada.
The frozen fish were thawed, counted and identified to species. They were then scanned
under a stereoscopic dissection microscope for the presence of sea lice. The microscope
was set at a magnification of 12-20X for the preliminary survey of each fish sample, but
magnification was occasionally increased to 40-50X during individual lice identification.
Individual bags were inspected after the removal of the specimen for the presence of
pre-adult or adult lice that may have become dislodged from the fish specimen. These
“loose” lice were recorded on the data sheet with the corresponding specimen’s data and
it was assumed that the lice had come from that individual.
The locations of lice present were recorded, and they were recorded as either non-motile
chalimus, or motile pre-adults and adults. Lice were identified as being in one of the
four chalimus stages of their life history and as either L. salmonis or C. clemensi. They
were also identified as male or female. All lice removed are preserved in isopropyl
alcohol in vials numbered with the same number as the fish specimen.
Individual fish specimens were measured (fork length for salmonids, total length for
non-salmonids) in millimeters and weighed to the nearest tenth of a gram.

11

Results and Discussion
Comparison of prevalence of infestation between years (2007-2009)
The prevalence of L. salmonis and C. clemensi infestation on chum salmon recorded
between 2007 and 2009 were between 4.4% - 6.1% and 0.3-1.3% respectively (see Table
2). In comparison, the combined L. salmonis and C. clemensi prevalence on chum
salmon was 10% for 2004, 9% for 2005, and 20% for 2006. For a comparison with
findings from other locations, see our earlier report (CSSWG 2008).
For chinook salmon, the prevalence of L. salmonis and C. clemensi infestation recorded
between 2007 and 2009 were between 0.9% - 9.8% and 0% - 5.9% respectively (see
Table 2). These data are similar to the combined L. salmonis and C. clemensi prevalence
recorded on chinook salmon between 2004-2006 (1% - 15%).
2007
Species

n

Chinook
Chum
Coho
Stickleback
Pink

51
1067
16
42
0

L. salmonis
Prevalence
(%)
9.8%
5.9%
0%
7.1%
-

Chinook
Chum
Coho
Stickleback
Pink

94
2054
36
13
1

8.5%
6.1%
22.2%
0%
0%

Chinook
Chum
Coho
Stickleback
Pink

8
1624
0
4
0

0%
4.4%
25%
0

Abundance
(%)
11.8%
7.1%
0%
7.1%
2008
12.8%
7.3%
27.8%
0%
0%
2009
0%
5.1%
25%
-

C. clemensi
Prevalence
(%)
5.9%
1.3%
0%
0%
-

Abundance
(%)
5.9%
1.4%
0%
0%
-

1.1%
0.6%
0%
0%
0%

1.1%
0.8%
0%
0%
0%

0%
0.3%
0%
-

0%
0.3%
0%
-

Table 2: The prevalence and abundance of L. salmonis and C. clemensi between 2007 and 2009 for all
species of salmon sampled.

Prevalence shows the percentage of infected salmon versus uninfected salmon, but it
does not give an idea about the distribution of L. salmonis amongst the salmon
sampled. Hence we compare prevalence and density to provide a more comprehensive
view.
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The highest prevalence of density was 1.4% (1.6-2.0 lice.g-1) in 2007, 1.4% (0.6 – 1.0
lice.g-1) in 2008, and 1.5% (0.6-1.0 lice.g-1) in 2009 on chum salmon. In comparison the
highest prevalence of density on chinook salmon was 3.9% (9.1 – 0.5 lice.g-1) in 2007,
4.2% (1.1 – 1.5 lice.g-1) in 2008. No L. salmonis were observed on chinook salmon
sampled in 2009.
As with the previous report of 2004 – 2007, due to the low numbers of chinook (O.
tsahwytscha), coho (O. kisutch), pink (O. gorbuscha) and three-spine stickleback (G.
aculeatus) captured, no further analysis of these data were conducted. Rather all further
analysis focussed on chum (O. keta).
Differences in L. salmonis prevalence and abundance of infestation
between sampling sites for 2007-2009
The mean prevalence and abundance for each sample site from 2007-2009 was
calculated and compared to the other sample sites in the same inlet. There was no
statistically significant change in prevalence and abundance of L. salmonis on chum
salmon in any sampled inlet between 2007 and 2009.
Differences in C. clemensi prevalence and abundance of infestation
between sampling sites for 2007-2009
There was no statistically significant change in prevalence and abundance of C. clemensi
on chum salmon in Bedwell Sound, Fortune Channel, Herbert Inlet, Shelter Inlet,
Tofino Inlet, and Sydney Inlet between 2007 and 2009. Furthermore, there were very
few salmon captured with C. clemensi infestation.
Differences in density (lice.g-1) of L. salmonis infestation on chum salmon
between sampling sites in each inlet in 2007
As defined earlier in the document, density is the number of sea lice on a single salmon
divided by the weight of the salmon. The information below only pertains to chum
salmon that were infected with sea lice. Therefore, of the 1067 chum salmon sampled,
63 were infected with sea lice and those are the fish included in this analysis.
There were no statistically significant differences in density of L. salmonis infestation on
chum salmon between the sampling sites in each inlet in 2007.
Differences in density (lice.g-1) of L. salmonis infestation on chum salmon
between sampling sites in each inlet in 2008
There were no statistically significant differences in density of L. salmonis infestation on
chum salmon between the sampling sites in each inlet with the exception of Bedwell
Sound. In Bedwell Sound the chum salmon sampled at sample site 101 near the top of
the sound had significantly lower densities of L. salmonis infestation than those
sampled at sample sites 104, 105, 107, 109, 110 and 111 on the seaward side of the sound
(see Figure 5).
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Figure 5: Mean density of L. salmonis on chum salmon captured at each site in Bedwell Sound in 2008.
Values are mean ± standard error. Those sample sites with only one L. salmonis infected individual in the
sample (i.e., site 108) are graphically represented with a short cross-hatched bar. This bar indicates the
density of sea lice infestation of that individual chum salmon. Significant differences are represented
numerically.

Differences in density (lice.g-1) of L. salmonis infestation on chum salmon
between sampling sites in each inlet in 2009
There were no statistically significant differences in density of L. salmonis infestation on
chum salmon between the sampling sites in each inlet with the exception of Bedwell
Sound and Herbert Inlet.
In Bedwell Sound, the data showed a normal distribution and no significant
heterogeneity of variance, but an ANOVA revealed that there were significant
differences in density (f5=4.29, p=0.005) at the sites sampled in 2009. Post-Hoc testing
(Tukey’s Test) revealed that the chum salmon sampled at sample site 102 near the top of
the Sound had significantly lower densities of L. salmonis infestation than those
sampled at sample sites 105, 107, 110, and the seaward side of the Sound (see Figure 6).
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Figure 6: Mean density of L. salmonis on chum salmon captured at each site in Bedwell Sound in2009.
Values are mean ± standard error. Those sample sites with only one L. salmonis infected individual in the
sample are graphically represented with a short cross-hatched bar. This bar indicates the density of sea
lice infestation of that individual chum salmon. Significant differences are represented numerically.

In Herbert Inlet, the data also showed a normal distribution and no significant
heterogeneity of variance, but the ANOVA did reveal significant differences in density
(f2=9.44, p=0.014) at the sites sampled in 2009. Post-Hoc testing (Tukey’s Test)
revealed that the chum salmon sampled at sample site 305 had significantly higher
densities of L. salmonis infestation than those sampled at sample sites 303 near the top
of the inlet, and 307 on the seaward side of the inlet (see Figure 7).
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Figure 7: Mean density of L. salmonis on chum salmon captured at each site in Herbert Inlet in2009.
Values are mean ± standard error. Those sample sites with only one L. salmonis infected individual in the
sample are graphically represented with a short cross-hatched bar. This bar indicates the density of sea
lice infestation of that individual chum salmon. Significant differences are represented numerically.

Differences in density (lice.g-1) of L. salmonis infestation on chum salmon
at each sample site between years
The prevalence of L. salmonis at each sample site for each of the three years examined
was insufficient to allow comparisons of density for every sample site every year.
Therefore only those sample sites for each year with sufficient data were used in the
statistical analyses described below.
In Bedwell Sound, the sample sites with sufficient data for this analysis were 101, 102,
103, 105, 107, 109, 110, and 111. These data showed a normal distribution and no
significant heterogeneity of variance for all of the sample sites with the exception of site
101 (Levene’s test = 11.87, p = 0.006). An ANOVA for each sample site revealed that
there were only significant differences in density (f2 = 5.55, p = 0.02) at sample site 102.
Post-Hoc tests (Tukey’s Test) showed that at sample site 102 there were significantly
higher densities of L.salmonis on chum salmon in 2007 compared to 2008 and 2009.
Additionally, a Kruskal-Wallis test revealed significant differences in density at sample
site 101 between 2008 and 2009 (Figure 8).
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Figure 8: Mean density of L. salmonis on chum salmon captured at site 101 and 102 in Bedwell
Sound between 2007 and 2009. Values are mean ± standard error. Significant differences are
represented numerically.
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When referring to farm information (available
http://www.mainstreamcanada.ca/sealice/clayoquot-sound), there were no fish in the
site fronting 101 (Bare Bluff) until March 2009, but two nearby sites were treated with
SLICE in the spring of 2009 (Bedwell Sound and Rant Point) and the other two Bedwell
Sound pens (West Side and MacIntyre) had adults in pen that were treated shortly after
sampling was completed for the season.
In Fortune Channel, only sample site 203 had sufficient data available for the analysis.
These data showed a normal distribution, no significant heterogeneity of variance, and
no significant differences in density.
There were insufficient densities of L. salmonis on chum salmon sampled in Herbert
Inlet between 2007 and 2009 to complete this analysis.
Only sample sites 403 and 4o4 in Shelter Inlet had sufficient data available for this
analysis. These data showed a normal distribution (0.922≤normal scores≤1.000).
Additionally, there was significant heterogeneity of variance for sample site 404
(Levene’s test = 3.41, p = 0.058). An ANOVA revealed that there were significant
differences in density (f2 = 8.75, p = 0.001) at sample site 403 between 2007 and 2009.
A Kruskal-Wallis Test showed that there were no significant differences (H2 = 4.41, p =
0.213) in density at site 404 between 2007 and 2009. Post-Hoc tests (Tukey’s Test) for
sample site 403 showed that the densities of L. salmonis infestation were significantly
lower in 2009 than 2007 and 2008 (Figure 9).

Figure 9: Mean density of L. salmonis on chum salmon captured at site 403 in Shelter Inlet between 2007
and 2009. Values are mean ± standard error. Significant differences are represented numerically.
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We were not able to obtain farm data from 2007 (information on website includes data
from 2008 on-ward), but we do know that sea lice levels on the farm site in Shelter Inlet
was high in 2008 and that there were no fish present in 2009.
In Tofino Inlet, there were insufficient densities of L. salmonis on chum salmon
sampled between 2007 and 2009 to complete this analysis.
Differences in temperature and salinity of each sample site in all inlets
between 2007 and 2009
There were no statistically significant changes in temperature at the sample sites
between 2007 and 2009. However, there were significant differences in salinity at sites
in Bedwell Sound and Tofino Inlet between 2007 and 2009. The salinities recorded at
site 107 in Bedwell Sound in 2007 were significantly lower than those recorded in 2009.
Additionally, the salinities recorded at site 110 increased significantly between 2007,
2008, and 2009 (see Figure 10).
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Figure 10: Mean salinity (‰) sampled at site 107 and 110 in Bedwell Sound between 2007 and 2009.
Values are mean ± standard error. Significant differences are represented numerically.

In Tofino Inlet, the salinities recorded at site 505 in 2007 were significantly lower than
those recorded in 2009 (Figure 11).
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Figure 11: Mean salinity (‰) sampled at site 505 in Tofino Inlet between 2007 and 2009. Values are
mean ± standard error. Significant differences are represented numerically.

Differences in temperature between sample sites in all inlets from 2007 to
2009
There were no statistically significant changes in temperature between the sample sites
in each inlet.
Differences in salinity between sample sites in all inlets from 2007 to 2009
There were no statistically significant changes in salinity between the sample sites in
each inlet for each year with the exception of Bedwell Sound and Shelter Inlet. In
Bedwell Sound, all data showed a normal distribution and no significant heterogeneity
of variances. An ANOVA for 2007 revealed that there were no significant differences in
salinity, but significant differences between sites sampled in 2008 and 2009 did exist.
Post-Hoc tests (Tukey’s Test) revealed that there in 2008 the mean salinity sampled at
site 101 was significantly lower than that sampled at sites 107, 109, 110 and 112, which
would be expected as 101 is closer to the Bedwell/Ursus River system (see Figure 12).
Additionally, the mean salinity sampled at site 104 was significantly lower than that
sampled at sites 109, 110 and 112. A similar trend was revealed for 2009 with the mean
salinity sampled at site 104 again significantly lower than that sampled at sites 109, 110,
111, and 112 (see Figure 12).
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Figure 12: Mean salinity (‰) sampled at all sites in Bedwell Sound between 2008 and 2009. Values are
mean ± standard error. Significant differences are represented numerically.

In Shelter Inlet, all data showed a normal distribution and no significant heterogeneity
of variances for 2007 and 2009. However, there was a significant heterogeneity of
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variance for 2008. An ANOVA for 2007 revealed that there was no significant difference
in salinity (f3 = 1.8, p = 0.21). A Kruskal-Wallis Test revealed no significant differences
in salinity for 2008 (H3 = 5.54, p = 0.136). And, an ANOVA for 2009 revealed that there
were significant differences (f3 = 4.93, p = 0.019) for that year. Post-Hoc tests (Tukey’s
Test) for Shelter Inlet in 2009 showed that the mean salinity sampled at site 402 was
significantly lower than that sampled at site 403.

Figure 13: Mean salinity (‰) sampled at all sites in Shelter Inlet in 2009. Values are mean ± standard
error. Significant differences are represented numerically.

Differences in prevalence and abundance of L. salmonis infestation on
chum salmon with salinity and temperature
Both prevalence and abundance of sea lice infestation on chum salmon showed a
stepwise increase with increasing salinity and temperature. However, these increases
were not statistically significant.
Differences in prevalence and abundance of C. clemensi infestation on
chum salmon with salinity and temperature
There was no significant change in prevalence or abundance of C. clemensi infestation
with changing salinity or temperature.
Differences in density of L. salmonis infestation on chum salmon with
salinity and temperature
There was no significant change in density of L. salmonis infestation with changing
salinity or temperature.
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Study limitations
Like all field research, limitations were present in this study. Figure 1 depicts all possible
beach seine locations that were identified in the original site reconnaissance. On average
25 of these sites, distributed throughout Tofino Inlet, Fortune Channel, Bedwell Inlet,
Herbert Inlet and Shelter Inlet, were regularly sampled each year. Some sites were
found not to be suitable beach seining sites since they were only accessible on very low
tides (which, as mentioned in the Methodology section, were not always possible to
access). Furthermore, even within the main 25 sites, some were periodically missed
because the wind had picked up substantially throughout the course of the day, or the
tides made access impossible. Additionally, because of the collaborative nature of the
team, regular sampling was not always possible because of weather, deaths in the
community, or boat problems. In an ideal study, samples would have been taken on a
regular regime, but circumstances did not always permit this.
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