BC SALMON
FARMERS

INTRODUCTION

Salmon farmers routinely hear that First
Nations and other members of the public
are concerned that sea lice from salmon
farms harm wild salmon. For example, sea
lice might become resistant to treatment
methods and farmers might not be able to
manage lice loads, a situation that could
be exacerbated by the warming waters of
climate change. It is important that salmon

WHAT ARE SEA LICE?
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farmers demonstrate that management
measures are effective at reducing sea lice
on farm-raised salmon now and into the
future. The following sections describe the
actions taken by salmon farmers to ensure
that wild salmon are protected from sea
lice from farms and the results of those
measures.

Sea lice is a common name for external parasitic copepods, a type of crustacean related to

shrimp and crabs. Sea lice infest many species of fish, and they are common on salmon in
both the Pacific and Atlantic oceans. In the northern Pacific Ocean along the BC coastline, all
five anadromous Pacific salmon species are natural hosts for primarily two species of lice, the

“salmon louse” (Lepeophtheirus salmonis oncorhynchi) and the “herring louse” (Caligus

clemensi). Sea lice have a complicated life cycle (Figure 1).

Figure I. Life cycle of the salmon louse (Lepeophtheirus salmonis).
Blue arrow represents free floating stage, yellow arrow indicates the attachment

stage, and red arrows represent the motile stages. Figure adapted from Thorstad et

al (6)
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Both species are naturally occurring
parasites that attach to the outside of fish
(on skin, fins, and gills) and feed on the
mucus and skin. Farm-raised Atlantic
salmon in the Pacific Ocean are
susceptible to both species of lice, as are
farm-raised Pacific salmon; however, sea
lice infestation on farm-raised Pacific
salmon is generally low and the fish almost
never require treatments to remove sea
lice (7). A third louse species,
Lepeophtheirus cuneifer, also occasionally
infests wild and farm-raised salmon in BC.

In general, large salmon are more heavily
infested than smaller fish. The natural
spread and infestation of L. salmonis on
salmon occurs over time and as fish grow
in the high seas (8) and when adult salmon
return towards their natal rivers (9).

Sea lice have naturally evolved
alongside Pacific salmon. They
occur on all species of wild
Pacific salmon and are called
kata'yat'si by coastal
Kwak’wala peoples, and daaga
by Higaagilda Xaayda Kil
(Haida) peoples. (3)

Source:https://www.firstvoices.com/explore/FV/s

Infested

mature salmon returning to natal rivers to
spawn, can infest out-migrating juvenile
Pacific salmon (10) and also resident
salmon, trout and charr that spend most
of their lives in coastal BC (Figure 2). All
sea lice on mature salmon die in

Vers 1.0 03/24

SEA LICE MANAGEMENT

Atlantic salmon in the Atlantic Ocean are
susceptible to infestations by
Lepeophtheirus salmonis salmonis and
Caligus elongatus, a louse species not
found in the Pacific Ocean. The Atlantic
form of L. salmonis causes more physical
harm than the Pacific form (L. salmonis
oncorhynchi). Unless otherwise noted, the
Pacific form of L. salmonis oncorhynchi will
be referred to as L. salmonis for the
remainder of this chapter.

freshwater. Juvenile salmon that remain in
nearshore habitats, after adult salmon
enter freshwater, may help to carry the
infections over the winter and into the
following year (11).

Salmon are only one of the hosts for sea

lice. Other marine host fish species

include herring, threespine stickleback,

rockfish, greenling, ratfish, and pollock.
These other hosts might be a source of
sea lice infesting wild salmon.

The salmon louse, L. salmonis, is host

specific, with pink and chum salmon the
main natural hosts (8). L. salmonis is
found on all Pacific salmonids and
threespine stickleback (Figure 3), but it
rarely matures on threespine stickleback
(12). Thus, threespine stickleback, which
commonly cohabit with juvenile salmon in
the Broughton Archipelago, may act as
temporary hosts for sea lice until a
salmonid host is encountered (13).
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Figure 2. Schematic of natural sea lice transmission in BC without salmon farms.

Figure 3. Threespine stickleback, one of the many hosts for sea lice in BC.
Photo by Bill Pennell
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In contrast, the herring louse, C. clemensi,
infests at least 13 host species (14) and
appears to favour specific environmental
conditions rather than any specific fish
species (7). Caligus do infest salmon and
have highly mobile pre-adult and adult
phases, moving between fish hosts.
Infestations by the herring louse are
complicated by the large number of hosts
in the ocean, including Pacific herring

SEA LICE MANAGEMENT

(Figure 4), and their ability to move from
fish to fish. It is the most common louse
species found on wild salmon in the north
coast of BC, the Discovery Islands area,
and on juvenile sockeye salmon (15).
Compared to the salmon louse (L.
salmonis), the herring louse is not likely to
cause direct mortality of juvenile sockeye
salmon (15).

Figure 4. The largest population of Pacific herring in BC occurs in the Discovery Islands.
The herring louse, C. clemensi, is the most common louse species in the Discovery

Islands and north coast.

Sea lice infestation can happen in two
ways:

o Most commonly as copepodids that
develop from the hatched eggs of sea
lice (produced by mature egg-bearing
female lice), or

0 Sometimes as pre-adult or adult
(motile or ‘'mobile’ lice that can move
across the surface of the fish) being
transferred from one fish to another
(Figure 1).

Vers 1.0 03/24

It takes about three to four weeks in BC
waters for eggs produced by female lice
to develop into infective copepods in the
environment, which then have about a
week to find a host; otherwise, they die (5)
Copepodids firmly anchor themselves to a
host with a ‘stalk’. Typically, another four
weeks of growth on a host is needed for a
copepod to mature into a reproductive
adult (5). However, development is greatly
affected by temperature (16). For
example, the generation time from
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copepodid to adult for L. salmonis is eight
to nine weeks at 6 °C but only four weeks
at 18 °C (17). This has implications for
where the offspring of farm-source lice
become infective, based upon ocean
currents. There is currently no reliable
method to trace the origin of a sea louse
infestation.

The copepodid stage is the most common
stage for L. salmonis to infest salmon,
where they develop and stay on their
original host. Caligus species are different;

MODERN SALMON FARMING IN BC

motile Caligus stages commonly change
hosts and, therefore, Caligus infestation
can be from copepodids, pre-adults, or
adults.

Regulatory farm sea lice treatment
thresholds aim to minimize sea lice
spreading their offspring to other fish.
Monitoring programs evaluate the stages
of lice development and are essential to
determine when treatments are necessary.
Farm treatments work on all species of sea
lice.

At typical spring water temperatures in BC, it takes about four to six
weeks for an attached salmon louse (L. salmonis) to mature on a salmon
host. During this time, it takes a newly emerged 0.2 — 0.3 gram pink
salmon about 14 — 30 days to reach 0.5 grams in size based upon an
estimated growth of 3—7% body mass/ day. Thus, a juvenile pink salmon
might double its size while a louse is maturing from the pin-head size
infective stage to a mature adult stage (1, 2).

HOW MANY SEA LICE ARE NATURALLY FOUND ON WILD SALMON IN BC?

Adult pink salmon are often the most
heavily infested wild salmon species,
sometimes with more than 50 sea lice per
fish (8, 9). Adult chum salmon have the
second highest infestation rates in the
high seas (8) and nearshore (18), ranging
from 2 to 43 L. salmonis per fish.

For wild juvenile salmon in areas without
salmon farms, such as the Skeena
watershed, scientists reported that about
10-23% had one or more sea lice (salmon
and/or herring louse) (19). Other
researchers found that 18% of juvenile
pink salmon in the central coast had at
least one louse of either species (20). In
Holberg Inlet, from 2015 — 2023, about
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13% of juvenile chum salmon had sea lice
(21-29).

About 15 to 30% of juvenile chum salmon
south of the Discovery Island fish farming
area had sea lice (in years 2007, 2008,
2017-2023) (22, 30-37).



Background levels of sea lice on juvenile
pink salmon south of the Discovery Islands
varied from 19 — 33% in years 2007, 2008,
and 2017-2023 (22, 30-36).

Areas with low salinity brackish water, such
as the headwaters of Knight Inlet, have
few sea lice. This is to be expected, given

Water temperature, salinity, and water
movement are major factors influencing
the prevalence of sea lice on salmon, as is
the number of returning wild fish in the
area as they are natural hosts for sea lice.
Warmer, saltier seawater favors the survival
of lice. As an example, the warm waters
associated with the El Nifio in 2015
resulted in higher than typical sea lice
levels on farm-raised salmon. In areas,
such as the Broughton Archipelago,
abundant adult pink salmon returns in

Species of salmon react differently to sea
lice because they vary in their ability to
reject sea lice (Figure 5). Atlantic salmon
appear unable to mount a vigorous skin
inflammatory response to reject sea lice
(38), possibly because salivary secretions
from sea lice suppress the inflammatory
response in Atlantic salmon (39).

Some Pacific salmon species can resist sea
lice by creating a rapid skin and systemic
inflammatory response following exposure

Vers 1.0 03/24
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that sea lice cannot tolerate freshwater or
brackish water.

As detailed in Table 1, these numbers are
comparable to those for juvenile wild
salmon sampled in salmon farming areas.
For example, 27% of juvenile pink salmon
and 28% of juvenile chum salmon have sea
lice.

2014 likely also increased sea lice levels in
spring 2015. Spring freshets reduce sea
lice numbers. Consequently, sea lice
distribution varies seasonally, annually,
and regionally on both farm-raised and
wild salmon. The abundance (the average
number of sea lice per fish), prevalence
(the proportion of fish with one or more
sea lice) and intensity of infestations (the
average number of lice per infested fish)
vary by species, location, and year.

(39-41). Coho salmon are highly resistant
to sea lice and reject lice by engulfing the
sea lice with a mucus layer on their
skin(42), indicating that coho salmon
would not likely be negatively impacted
when preying on other juvenile salmon
carrying lice as suggested in one scientific
paper (43). This aligns with the very low
sea lice observed on farm-raised coho
salmon in BC (44). There are, however,
currently no active coho farms in BC.
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Figure 5. Response to Lepeophtheirus salmonis infestation by salmon species.

Juvenile pink and coho salmon can reject
sea lice at higher rates than chum,
Atlantic, and sockeye salmon (45).
Chinook salmon tolerance to L. salmonis is
somewhere between these two groups.
Indeed, sea lice numbers on farm-raised
Chinook and coho salmon are generally
low, and when they do occur, they are
typically below one motile L. salmonis per

fish (44).

Susceptibility to sea lice varies by the size
of salmon. For example, at 90 grams,
sockeye salmon appear to have similar
susceptibility as Atlantic salmon (46).
Juvenile sockeye salmon migrating past
salmon farms range from about three to
32 grams (47) with an average abundance
of up to one L. salmonis per fish after a
potential exposure to salmon aquaculture
(48, 49). Sockeye salmon as small as 40
grams are robust against L. salmonis
infestation in controlled laboratory
experiments (45). In one laboratory
experiment, sockeye salmon exposed to
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100 copepodids per fish were not
impaired until 21 days after initial
exposure. Significant impacts to blood
physiology required about 14 pre-adult
sea lice per fish, but by 34 days, when
infestation levels had naturally declined to
only three pre-adult/adult lice per fish,
blood physiology was back to normal. No
fish died in the experiment. This work
clearly demonstrated that the stage at
which sea lice infests the fish matters,
where only larger pre-adult sea lice
appeared to harm the sockeye and
sockeye can reject attached sea lice. For
completeness, additional controlled
exposure data is needed to clarify whether
smaller (~12 g) sockeye salmon are also
robust against sea lice.

Controlled laboratory experiments have
reported that chum salmon are
consistently more susceptible to sea lice
than pink salmon (40, 50). One large data
analysis, using BC data from 1970 — 2003,
reported that population declines in BC



wild salmon were significantly correlated
with salmon aquaculture in the case of
pink salmon, but not chum salmon or
coho salmon (51). This population-level
correlation, however, predates much of
our subsequent empirical findings, such
as:

0 how many sea lice it takes to harm
different species of wild salmon, and

o the natural defense mechanisms that
Pacific salmon can mount to combat
sea lice, e.g., the ability to shed sea
lice by a juvenile pink salmon and the
ability of coho salmon skin to engulf
and disintegrate sea lice.
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These empirical findings provide evidence
that sea lice are not the cause of the
correlation of salmon aquaculture with
pink salmon but not chum salmon. This is
a good example of how new scientific
discoveries have informed and changed
our understanding of the risks of sea lice
to wild salmon. In 2014, another analysis of
chum salmon populations in the
Broughton Archipelago, using data from
1980 — 2005, reported no effect of sea lice
on wild chum productivity (52). This is
good news, considering the highest
prevalence of sea lice in chum salmon in
BC is in the Broughton Archipelago,
suggesting that effects to chum salmon in
all other areas would also be minimal.

Photo by Steel_Snorkel
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THE CHALLENGE OF INVESTIGATING THE CONSEQUENCES AND HARMFUL EFFECTS OF
SEA LICE INFESTATIONS ON SALMON

All L. salmonis infection
studies in laboratories or field
have struggled to maintain
infection levels because pink
salmon shed sea lice during
the trials. “Collectively, these
findings of high rates of
shedding of attached lice
suggest that the majority of
the salmon lice that
successfully infect a pink
salmon will be shed before
they reach motile and
reproductive stages.” (Brauner
et al 2012) (5)

A classic empirical approach to

investigating consequences of an

infection is to compare uninfected animals

(i.e., control animals) with infected

animals. In a lab environment the louse

stage and number of lice per fish can be

carefully controlled and studied, but only

up to a point:

(0]

A significant challenge is that all L.
salmonis infection studies in
laboratories or the field have
struggled to maintain infection levels
because salmon shed sea lice (40, 53,
54). For example, one study reported
“a large group of artificially infected
pink salmon were able to shed 75-80%
of the initial number of attached lice
after 14 days, while some individuals
shed four or more salmon lice.” (54).
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Salmon grow rapidly and, for species
such as pink salmon, the ability to
shed sea lice increases as they grow.
Therefore, as the experiments
progress, the fish grow and more
readily reject sea lice.

Not all laboratory experiments have
mimicked natural L. salmonis
infections. It is critical that naive,
uninfected fish are the starting point.
Some studies have placed adult lice
on fish, but this is not the biologically
typical method of infection because a)
copepodids are the infective life
stage, b) a fish can grow as the louse
develops, and c) L. salmonis typically
stay on their host once attached. A
better infection approach to generate
an infected cohort is to co-habitat
salmon with either gravid female lice
or copepodids harvested from them.

Because pink salmon shed sea lice, it
is not possible to know how many sea
lice they have encountered (and shed)
prior to being collected as specimens
from the wild. One mechanism used
by salmon to shed lice is to ascend in
the water column and enter diluted
surface seawater that is lethal to sea
lice. Juvenile pink salmon in the
Broughton Archipelago performed a
“significant diel migration pattern ...,
which involved a preference for the
surface at night-time, compared with
daytime” (55). In fact, the number of
live sea lice placed into the large (9 m)
experimental plankton column could
not be accounted for at the end of this
experiment, suggesting that they had
died or been eaten by fish (55).



Regardless of these challenges,
statistically significant differences between
a control and lice-infected groups of fish
can be used to empirically identify a
harmful effect or consequence of that

One would naturally expect that adult sea
lice would have the largest effects due to
their larger size and that the impact would
increase with the number of sea lice on a
fish. For example, if a sea louse on the
surface of a juvenile salmon creates a drag
effect while swimming (much like pulling a
parachute), then two lice might double
this drag effect.

Photo by Steel_Snorkel

Thresholds for ‘harmful” effects on juvenile
pink salmon (0.3 to 1.5 grams) were
studied in a Broughton Archipelago field
laboratory using naive salmon that had
been collected from Glendale River. The
salmon were infected by bath immersion
with copepodids to create different levels
of lice infection (54). Control and infected
salmon were periodically tested over a
month while the fish grew and the lice
developed into pre-adults.
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specific lice load. For example, laboratory
trials can be used to measure the effects
of sea lice on the swimming performance
of juvenile salmon.

No effect levels for harm to maximum

swimming performance and body ion
balance were identified:

o Fish with three pre-adult lice could still
swim well above (3 BL/s) the typical
cruising speed (1 BL/s), (5, 56)

o It takes two or more pre-adult or adult
L. salmonis to impair maximum test
swimming speed in 0.5-gram pink
salmon (56).

0 By about 1 gram in size, there was no
measurable difference in maximum
test swimming speed or in the body
ions for pink salmon that were
captured in seawater with one existing
sea louse compared to control pink
salmon (56, 57).

Combining all of the datasets together,
researchers concluded that size-related
tolerance to sea lice is associated with
physiological adaptations that pink
salmon endure while transitioning from
freshwater to seawater, as well as the
development of their skin/scales and
immune systems. They concluded that
small pink salmon (0.5 grams) are not
impacted when infected with one pre-
adult (chalimus-4) louse (57).
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Describing Fish Swimming Performance (4)

A characteristic of locomotion in all animals is that the faster the speed the shorter
the endurance time. For example, a horse cannot gallop for as long as it
can canter. This characteristic is simply a consequence of the physiology of
skeletal muscles.

Fish physiologists typically characterize fish swimming with three primary modes
(or gaits):

1. Cruise swimming can be maintained for days and in natural a swimming
speed (U) commonly used for fish migration is 1 body length per second, i.e.,
the fish moves the equivalent of its body length (BL) every second, which
means that while a longer fish is moving faster than smaller fish, they are
moving at the same relative speed.

2. Prolonged swimming speeds can be maintained for up to 1 hour. Treadmill
tests that increment swimming speed every 15-60 min up to a fatigue velocity
(termed Ucrit), typically 2-4 times faster than a cruising speed.

3. Maximum swimming speeds can be maintained for just seconds (termed
Umax). This is the fastest velocities used by a fish, perhaps 10-times faster than
a cruising speed, are typically used for capturing prey, escaping predators and
negotiating fast rapids.
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A BRIEF HISTORY OF FARM-RAISED SALMON AND SEA

LICE IN BC

Salmon farms have operated in British
Columbia since the late 1980s. From the
1980s to 2003, veterinarians occasionally
prescribed treatments to remove sea lice
on farm-raised Atlantic salmon (58)
(Figures 6 and 7). The earliest public
records of sea lice infestations are from an
August 1991 BC government survey;
Atlantic salmon stocked in 1991 into the
Discovery Islands area had "heavy
infestations of sea lice (Caligus sp. and
Lepeophtheirus salmonis)” and, "fish in
affected pens were undergoing oral
treatment with ivermectin to control the
sea lice infestation” (59).

Sea lice numbers on farm-raised Pacific
salmon are consistently low, so farm-raised
Pacific salmon are rarely, if ever, treated
for sea lice. For example, there were no
sea lice treatments for farm-raised
Chinook salmon between 2016 — 2021 (60).

Sea lice infestations of farm-raised Atlantic
salmon do not cause the same health
issues in Pacific Ocean farms as they do in
Atlantic Ocean farms (61). These
differences were initially difficult to explain

because identical-looking Atlantic and
Pacific L. salmonis were believed to be the
same species. However, genetic research
eventually found significant differences
between L. salmonis subspecies in the
different oceans (62). Therefore, there is a
need to use BC-based Pacific science
rather than extrapolations from the
Atlantic Ocean when discussing the
effects of L. salmonis on salmon.

In 2001, a high prevalence of sea lice on
sick juvenile wild pink salmon was
reported in the Broughton Archipelago,
leading to the hypothesis that sea lice
from salmon farms were the cause of the
population collapse in 2002 (63). No other
diagnostic investigation was done to rule
out other potential causes of mortality.
The researchers did not have access to
farm sea lice records, and their estimate of
harm to the pink salmon caused by sea
lice was based upon studies with the
European subspecies of L. salmonis,
where young salmonids can tolerate only
one louse per gram of body weight (64,
65).

Figure 6. Sea louse on farm-raised Atlantic salmon..
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Figure 7. Routine sea lice check on salmon farm.
Veterinarians have prescribed treatments for sea lice on Atlantic salmon farms since

at least 1991.

Pink salmon have the simplest life cycle of all the Pacific salmon species.

Adults spawn one year in freshwater in the fall (e.g., 2000), juveniles then

migrate into saltwater the next spring (e.g., 2001), and these fish return

as adults in the fall of the next year (e.g., 2002). Pink salmon have odd

and even-year runs that never mix.

In contrast, farm sea lice records do not
support sea lice as the cause of the
population collapse in 2002 (Figure 8). The
total number of adult female sea lice on
all farm-raised salmon in the Broughton
Archipelago was estimated to be greater
in March 2000 (9.1 million) than in March
2001 (7.5 million), but adult returns of the
March 2000 cohort (in 2001) were the
second highest ever for the odd year run
(Figure 8). It is important to note that high
numbers of sea lice on farm-raised salmon
in 2000 were reported by an independent
assessment of escaped farm salmon; the
study found an average total of 25.8 sea
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lice per Atlantic salmon in August 2000
(66).

In 1999 and 2000, juvenile pink salmon
out-migrated past the salmon farms and
returned in 2000 and 2001 to spawn in
record high numbers (67). The record
returns in pink salmon were followed by
population declines of 97% in 2002 and
88% in 2003 (67). Although the population
declines of 2002 and 2003 generated
widespread attention, the total number of
adult returns each year exceeded 100,000,
which is greater than adult returns in 1950
and 1953 (Figure 8).
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Pink Salmon Returns (Catch + Spawners) in the Broughton Archipelago
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Figure 8.  Number of pink salmon adults returning to the Broughton Archipelago

(commercial catch plus spawners).
Note: Green lines are averages over time; data from Fisheries and Oceans Canada

are incomplete after 2014 (68).

Despite the continued presence of sea lice on pink salmon at levels similar to 2007 or
higher through 2014; in 2014, eight years after the prediction of 99% collapse, pink
salmon returns were 14% greater than the historic average for the even year run in

the Broughton Archipelago (Figure 8).

Sea lice infestations on wild juvenile pink salmon continued at 2007 levels or above through
2014 (69). During the salmon farming years 1988 to 2014, the population sometimes
rebounded substantially from one generation to the next: up to a an eight-fold increase from
2002 to 2004.

Modeling studies that reported a significant effect of sea lice on wild pink salmon either
assumed that Broughton farm-raised Atlantic salmon had no lice in 2000 (70) or only 50,000
lice (71). This is contrary to information from the farms (67) and to the independent
assessment of sea lice on escaped farm-raised Atlantic salmon in 2000 in the Broughton
Archipelago by Morton and Volpe (66).
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The assumption that Broughton farms had no sea lice, or not more than 50,000 lice in 2000

is implausible; therefore, the conclusions that sea lice caused the population decline in

2002 derived from mathematical models that are based upon this assumption by Krkosek

et al. (2007, 2011) are also implausible. Further, early models did not account for the ability

of pink salmon to shed sea lice. The incorporation of realistic shedding rates reduces the

predicted mortality of pink salmon owing to salmon louse infection by 95% (5).

Scientific studies have since established
that pink salmon in British Columbia are
resilient to the Pacific subspecies of sea
lice, and it takes 7.5 sea lice per 0.7-gram
pink salmon to cause direct mortality from
L. salmonis (72). This is vastly different
from European studies that found young
salmonids can tolerate about one louse
per gram of body weight of the European
subspecies of L. salmonis (64, 65).

The susceptibility of different species of
salmon to the different L. salmonis
subspecies has become increasingly
relevant within Europe. Pink salmon have
successfully established in northern
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Europe following releases from Russian
hatcheries since the 1950s (73). In June
2023, the Minister of Climate and
Environment in Norway declared a “war
on pink salmon” to combat their
expansion into the country (see video in
“Chapter 5 — Caring for the Environment —
Preventing Escapes”). Pink salmon are
expanding in Norway even though the
country produces approximately 25X
more farm-raised Atlantic salmon than in
BC (74), and the Norwegian farm salmon
are infested with the European subspecies
of L. salmonis. These facts demonstrate
the robust nature of pink salmon
populations exposed to sea lice.


https://thebarentsobserver.com/en/2023/06/we-have-declared-war-pink-salmon-norway-fights-invasive-species-arctic
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INITIATION OF REGULATORY THRESHOLDS FOR SEA LICE MANAGEMENT IN BC

Although the pink salmon population
collapse predicted by modelers did not
occur in the Broughton Archipelago, the
statements were alarming for British
Columbians. In 2003, in response to public
concerns, the provincial government
instituted stringent sea lice monitoring
programs and a management action
threshold of three motile L. salmonis from
March through June, during the out-
migration period of juvenile wild salmon
(75), to minimize sea lice reproduction on
farm-raised salmon and the potential
infestation of wild hosts. At that time, the
management threshold was half of the
prescribed six-motile threshold in Norway
and low enough to be considered at the
no - or minimal - effect level for the
protection of juvenile salmon (44). Norway
has since updated their thresholds to a
standard comparable to BC.

In 2003, the BC government
instituted a precautionary
treatment threshold for sea lice
that was twice as stringent as
Norway at that time. It is low
enough to be considered
effective for the protection of
juvenile wild salmon. The
threshold has been in place for
20 years.

Less stringent reporting and assessment
requirements were established for
Chinook and coho salmon farms,
reflecting the low incidence of sea lice on
these stocks (44).

KEY SCIENTIFIC ADVANCEMENTS IN UNDERSTANDING SEA LICE IN BC

The mandated sea lice threshold and
monitoring requirements have now been
in place for 20 years. Over this time,
significant advances in both the
management and understanding of sea
lice in BC have occurred, supported by
tens of millions of dollars of research
funding.
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The “salmon louse” in
the Pacific and Atlantic
oceans are genetically
different subspecies.
This explains the
differences observed in
farmed Atlantic salmon
in the two oceans.
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Key findings include:

0 The “salmon louse” in the Pacific and

Atlantic oceans are genetically
different (76, 77) subspecies (62). This
helps explain differences in
pathogenicity and virulence observed
on farm-raised fish between the two
oceans.

The “salmon louse” is the species of
sea louse most reported on wild (9, 78,
79) and farm-raised salmonids in
coastal BC (80). It is also the largest
and most aggressive species affecting
wild salmon and is, therefore, the
target of management and treatment
(81).

The “herring louse” infests both wild
and farm-raised salmon and in
particular wild sockeye salmon (15);
however, the species appears to be
more transient, jumping on and off
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fish, and it is most often associated
with Pacific herring (82).

Sea lice have been reported on all
returning Pacific salmon species, with
pink and chum salmon often being the
most heavily infested (18). Large
infestations of the “salmon louse” on
adult Pacific salmon have occurred
without lesions or any evidence of
detrimental effects (9, 83-85). The
intensity of the infestations indicates
that the natural production of sea lice
could be significant during the coastal
migration of adult Pacific salmon (7).
The presence of early sea lice life
stages on adult salmon returning to
their natal rivers suggests that
transmission also occurs in coastal
waters (9).

For wild juvenile Pacific salmon, sea
lice have been reported on all species.
Levels vary among species (fish and
louse species), by geographic
location, environment (sea
temperature and salinity), length of
time in seawater and annually (18, 86).

Sea lice on farm-raised and wild
salmon can come from a number of
sources (9). With few exceptions,
“salmon louse” abundances increase
on farm-raised Atlantic salmon in BC
in the autumn when adult Pacific
salmon return to their natal rivers (67).

There is a wide range of susceptibility
to sea lice infestations among Pacific
and Atlantic salmon species (Figure 5).
It is evident that resistance among
some Pacific salmon species is
associated with the ability to mount a
rapid skin and systemic inflammatory
response following exposure (39-41).
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Conversely, Atlantic salmon appear o Controlled “salmon louse” infection
unable to mount a vigorous cutaneous studies in the laboratory and field
inflammatory response, possibly have struggled to maintain the
because they are sensitive to infection level because salmon can
immunosuppressive factors present in shed sea lice. (40, 53, 54)

salivary secretions of the sea lice (39).

Photo by Bill Pennell
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WHAT HAS BEEN LEARNED AT THE POPULATION LEVEL
FROM WILD SALMON SEA LICE MONITORING

PROGRAMS?

Since 2001, juvenile wild salmon in BC
have been monitored for sea lice by
various organizations including First
Nations, DFO, researchers, non-
governmental organizations (NGOs) and
independent third-party professional
biological consultants. These sampling
programs have generated a large data set
collected by a diverse group of
organizations over a wide area of the BC
coast that has been divided up into 10
monitoring areas based upon salmon farm
production (Figure 9).

Although surveillance programs began
much earlier, monitoring sea lice on wild
salmon has been a mandatory
requirement of the Aquaculture
Stewardship Council certification program
since 2012, and of the DFO Marine Finfish
Aquaculture Conditions of License since
2020. Monitoring data from various NGOs
(87, 88) and contracted independent
professional biologists (89-91) are publicly
available.

Figure 9. Map depicting sea lice monitoring areas along the BC coast.
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For this report, we compiled the publicly
available dataset (as of December 2022)
from Non-Governmental Organizations
(87, 88), independent third-party
professional biologists available on
company websites (89-91), and First
Nations; and, we included data on both
species of lice and all stages of
development. Data from a joint research
program between NGOs, DFO, university
researchers and salmon farmers in the
Broughton Archipelago (the Broughton
Archipelago Monitoring Program) has also
been included. After combining all the
data from all available sources, the dataset
was screened for quality control; duplicate
and incomplete entries were removed.

Vers 1.0 03/24
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Overall results from the combined data
set are shown in Table 1 and Figure 10.
Regardless of species, 72.6% of juvenile
salmon in this combined dataset were lice-
free. Furthermore, 86.0% of all sampled
juvenile salmon had none or just one sea
louse.

In interpreting these data, we
acknowledge that the combined data set
includes samples that were not collected
or examined similarly. For example, fish
collection methods (beach seine, purse
seine etc.), time of year, fish handling
procedures, and sea lice identification
methods (fish examined live in the field,
dead in the field, or by microscope in a
laboratory) varied between and
sometimes within data sets. All these
variables can influence the results.
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Figure 10. The number of sea lice (all stages) per fish on the 320,177 juvenile salmon
sampled in the combined data set (2001 to 2022).

320,177 juvenile wild salmon have been examined for sea lice, and 96% of the
fish examined were pink and chum salmon. Other species comprised a small
amount of the samples collected: coho (2%), chinook (1%) and sockeye salmon
(<1%). 72.6% of the of all sampled wild salmon in the data set had no sea lice
at all and 86.0% had none or just one sea louse.

Table I. Percentage of fish by species with varying numbers of sea lice (all stages, all lice
species) from the combined dataset (201 1-2022)

0 lice 1 louse 2 lice 3 lice 4 lice 5 lice

- 4,353 89.8 4.5 2.1 0.9 0.9 0.5
- 168,832 72.4 124 5.7 2.9 1.8 1.1
- 6,112 71.8 7.5 6.6 2.5 3.0 1.7
- 138,970 73.0 15.1 5.9 2.4 1.3 0.7
- 1,910 53.7 13.9 8.0 48 3.8 2.9
- 320,177 72.6 13.4 5.8 2.7 1.6 0.9
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WHAT DOES THE COMBINED DATASET SAY ABOUT DIFFERENT SPECIES OF JUVENILE
SALMON?

The number of lice per fish on pink, Chinook, chum, and coho salmon are shown in Figures
11 and 12.

Figure I'1. Sea lice prevalence (all stages, all species) on pink and Chinook salmon in all
areas from the combined dataset (201 1-2022).
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Figure 12. Sea lice prevalence (all stages, all species) on chum and coho salmon in all
areas from the combined dataset (201 1-2022).
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Photo by Centre for Aquatic Health Sciences
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Researchers have assessed the potential
effects of sea lice on swimming
performance and mortality in BC pink
salmon in controlled laboratory
experiments. Based on these experiments,
juvenile pink salmon rapidly gain
resistance to sea lice:

o Sea lice shedding — Pink salmon grow
very rapidly, likely doubling their body
mass each month (54). As pink salmon
grow from 0.3 to 0.7 grams, they
develop an innate ability to shed sea
lice (92). When the fish reach 0.7
grams, which occurs within weeks of
entering seawater, they are highly
resistant to sea lice and readily shed
lice (92). The resistance to infestation
appears to diminish as pink salmon
reach sexual maturity (38), likely
explaining the large numbers of lice
on returning adults. Note that there is
no evidence that the reduced
resistance causes any increase in sea-
lice induced mortality in adult pink
salmon.

o Swimming performance - Juvenile
pink salmon migrate from fresh water
to the ocean when their yolk stores are
depleted, which occurs when they are
about 0.2 - 0.3 grams. These newly
emergent pink salmon (about 0.3

Page 10-25

MODERN SALMON FARMING IN BC

grams) can still swim well above the
typical cruising speed of one body
length per second with three pre-
adult lice (5, 56). Maximum swimming
performance can be compromised in
juvenile pink salmon less than 0.34
grams that are infested with one or
more subadult/adult L. salmonis (56).
When the fish reach 0.5 grams, two or
more L. salmonis per fish are required
to affect the maximum swimming
performance (54, 56, 93). Once pink
salmon are larger than one gram, sea
lice do not have a significant effect on
maximum swimming performance (54,
56, 93).

0 Lethal threshold - It has been
estimated that it takes 7.5 L. salmonis
to kill a juvenile pink salmon weighing
less than 0.7 grams (72).

Using these data to assess the potential
impact of sea lice on wild pink salmon,
very few juvenile pink salmon were likely
harmed by sea lice infestation (Table 2 and
Figure 13). Of the total 138,970 pink
salmon in the combined database, 27,107
have the required level of detail (weight
and life-stage identification of sea lice for
each species) to assess potential
swimming-performance effects.
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Table 2. Comparison of pink salmon sea lice data and published harm thresholds for L.

salmonis.

Published harm threshold

Swimming performance -
natural cruising speed

Swimming performance —
maximum speed

Lethal threshold

Innate resistance (shedding)
of sea lice is well developed

What did we find?

Of the 9,950 pink salmon in the
database at 0.5g or less, 17 (0.17%)
were infested with 4 or more pre-
adult stage L. salmonis (Chalimus 2
or later stage).

Of the 9,950 pink salmon in the
database 0.5g or less, 177 (1.8%)
were infested with 1 or more pre-
adult stage L. salmonis (Chalimus 2
or later stage).

Of the 17,157 pink salmon in the

database between 0.5g and 0.7g,
571 (3.3%) were infested with 2 or
more pre-adult stage L. salmonis
(Chalimus 2 or later stage).

Of the 29,092 pink salmon in the
database 0.7g or smaller, 42 (0.1%)
had 7.5 sea lice or more.

Of the 40,228 pink salmon in the
database larger than 0.7g, 362
(0.89%) had one or more adult
stage L. salmonis.

What does this mean
according to published
scientific studies that have
directly estimated harm to
pink salmon from L. salmonis?

Sea lice might have impeded
the natural cruising speed in
these 0.17%. Natural cruising
speed for the remaining 99.8%
was not likely impacted.

Sea lice might have impeded
maximum swimming speed in
these 1.8%. The remaining
98.2% were not likely impacted.

Sea lice might have impeded
maximum swimming speed in
these 3.3%. The remaining
96.7% were not likely impacted.

Sea lice might have killed these
0.1%.

Adult sea lice were not
observed in 99.1% of pink
salmon larger than 0.7 grams.

It is not known if the pink salmon that were potentially harmed by sea lice would have

otherwise survived to adulthood. Typically, about 5 % of pink salmon survive to spawn in BC.

It is also not known what proportion of sea lice originated from farms versus natural

hosts. While it is possible that sea lice killed some pink salmon before they could be

sampled, similar numbers of pink salmon adult returns before and during salmon farming

supports the hypothesis that sea lice had no population-level impact on pink salmon in the

Broughton Archipelago (see Figure 8).
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Figure 13.
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Relationship between pink salmon growth, sea lice development and
published thresholds of harm.
Note: Although development is highly dependent upon water temperature, it takes
several weeks for a L. salmonis to develop into the harmful pre-adult/adult stages on
a host fish. By that time, most pink salmon are large enough to defend themselves
from sea lice. Pink salmon growth is estimated at 3 — 7% body weight per day (2).



In total, 1,910 sockeye salmon examined
for sea lice are included in the coastwide
juvenile wild salmon database; fish were
captured in the Broughton Archipelago,
Discovery Islands, Sunshine Coast,
Muchalat Inlet, Port Hardy, and Quatsino
Sound. The capture method varied
between purse and beach seines. Sea lice
are more common on sockeye salmon (54
% infested) than any other species in the
database, and the proportion of fish with
more than five lice (13 %) is more than
double most other species (Table 1).

Only 567 fish in the juvenile wild salmon
database, all captured by beach seine,
had sea lice identified to louse species
and development stage. The average
weight of these fish was 6.4 grams,
ranging from 0.7g to 63.0 g (Figure 14). L.
salmonis are uncommon on juvenile
sockeye salmon exposed to BC salmon
aquaculture, and most infestations are less
than the 14 motile L. salmonis levels
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demonstrated to be harmful under
controlled laboratory conditions. Among
the 567 juvenile sockeye salmon in the
combined data set (in this report) that
were assessed for sea lice species and
developmental stage, 27 fish (4.8%) have
any stage of L. salmonis, but only two fish
(0.4%) have more than three L. salmonis
(one with four lice and one with six lice)
(Figure 15). Only eight fish (1.4%) have
adult or pre-adult (motile) L. salmonis, and
all but one of these fish have only one
motile louse (one fish has 3 motile lice).
The average weight of the eight fish with
motile L. salmonis is 11.3g.

Newly published research not yet included
in the coastwide database reports similar
results. Among 104 sockeye salmon
sampled in 2020 in the Discovery Islands
region, 31 fish (30%) have any stage of L.
salmonis, but only one fish (1.0%) has
more than three L. salmonis. Ten fish (10%)
have motile L. salmonis, and all but two of
these fish have only one motile louse (one
fish with two motile lice; the other fish,
three motile lice) (94).

Average adult returns of key sockeye
salmon and pink salmon populations were
similar before and during the salmon
farming years.
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Figure 14. Sea lice prevalence by species (Caligus clemensi and Lepeophtheirus salmonis)
(all stages) on sockeye salmon in all areas from the combined data set (2005
-2022) that had sufficient detail to differentiate by species.
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Figure 15. Sea lice prevalence of Lepeophtheirus salmonis by louse stage on sockeye
salmon in all areas from the combined dataset (2005 -2022) that had
sufficient detail to differentiate louse stage.

PINK SALMON RETURNS TO THE FRASER RIVER

The Fraser River supports the largest pink
salmon population in the northeast Pacific
basin south of Alaska (95). Pink salmon
have discrete odd and even year
spawning populations. Fraser River pink
salmon spawn in odd years only; hence,
the even year abundance is insignificant

and not included in these calculations (95).

The Fraser River pink salmon run has
historically experienced wide fluctuations
in the number of spawners (Figure 16).
This is broadly accepted as normal for
pink salmon populations (96, 97).

Average adult returns of Fraser River pink
salmon were not less when salmon farms
were active along the ocean migration
route. This is in contrast to concerns

Vers 1.0 03/24

communicated about the risk of salmon
farms to wild salmon (for example,
Routledge and Morton (94) and other
peer-reviewed papers) that express
concerns about sea lice and Fraser River
pink salmon. According to Pacific Salmon
Commission data, before salmon farming
began in the Discovery Islands and
Broughton Archipelago, Fraser River pink
salmon adult returns averaged 10.4 million
per year (1963 — 1987) (Figure 16). When
salmon farms were active, returns
averaged 13.2 million per year (1989 -
2021). From 1963-2021, the proportion of
years with returns greater than 15 million
doubled from 23% (three of 13) before
salmon farming began to 47% (eight of 17)
during the salmon farming years.
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Adult Pink Salmon Returns to the Fraser River
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Note: Green lines are averages over time. Data from Pacific Salmon Commission

(98).

Large pink salmon returns to the Fraser River have occurred more often during salmon
farming years in the Broughton Archipelago and Discovery Islands than in years without
salmon farming. Wild salmon returns are highly variable independent of salmon farms.

PINK SALMON RETURNS TO THE BROUGHTON ARCHIPELAGO

Wide fluctuation in the number of
spawners is broadly accepted as normal
for pink salmon populations (96, 97). This
is evident in DFO records of the number
of pink salmon spawners in the nine major
rivers of the Broughton Archipelago rivers
from 1950 to 2014 (see Figure 8). Before
salmon farming began there in 1987, the
population sometimes declined
substantially from one generation to the
next: 70% decline from 1967 to 1969 and
1975 to 1977, and 86% decline from 1985
to 1987. In other years, the population
rebounded substantially from one
generation to the next: a five-fold increase
from 1969 to 1971.
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Before salmon farming, adult returns
exceeded two million twice (in 5% of the
years); during salmon farming, adult
returns exceeded two million four times (in
15% of the years). Before salmon farming,
adult returns were less than 200,000 six
times (in 16% of the years). During salmon
farming, adult returns were less than
200,000 four times (in 15% of the years).
From 2019 to 2021, incomplete data on
some of the rivers in the Broughton
Archipelago indicate that some of the runs
have been the lowest on record.

2022
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The total number of adult pink salmon returns to the Broughton Archipelago did not
decrease after salmon farming began there in 1987. From 1950 — 1987, prior to
salmon farming, the total number of adult returns each year averaged 0.8 million.
From 1988 — 2014, during salmon farming, adult returns averaged 1.1 million.

Pink Salmon Spawners in the Ahta River

70,000

60,000

50,000 mimm

I 1987 - Salmon farming begins I 2019 -

40,000 H —1 removal |
of farms
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30,000 1 1 mim

Pre-farm: spawners
less thanin 2002

20,000 / T — —
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Figure 1 7. Number of pink salmon spawning in the Ahta River 1950-2022.

Note: Data source Fisheries and Oceans Canada (68).

Since 1950, higher than average pink salmon returns to the Broughton
Archipelago have occurred more often during years with salmon farming in the
Broughton Archipelago than in years without salmon farming. As long as
environmental conditions are maintained, we can expect pink salmon runs to
continue to be variable in the future regardless of the removal of salmon farms.

The Ahta River is one of the rivers in the spawners was 14,499 per year. During
Broughton Archipelago that has complete salmon farming (1988 - 2021), the average
DFO pink salmon return data through number of spawners was 15,166 per year.
2022 (Figure 17). Before salmon farming Note that prior to 2002, government

(1952 - 1987), the average number of
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regulators had not prescribed a sea lice 17) . The number of spawners increased
management threshold. more than 25,000 from the parent
generation before salmon farming in one
of 36 times (2.8%) and during salmon
farming three of 34 times (8.8%). Note that
this analysis does not include capture
fisheries because DFO does not report
these data for individual rivers in the
Broughton Archipelago.

The number of pink salmon spawners
declined more than 85% from the parent
generation before salmon farming in five
of 36 years (14%) and during salmon
farming in four of 34 years (12%) (Figure

Photo by Steel_Snorkel
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SOCKEYE SALMON RETURNS TO THE FRASER RIVER

Sockeye salmon are the most valuable
wild salmon species in British Columbia
for capture fisheries, and the Fraser River
is the most important source. In contrast
to concerns about the risk of salmon farms
to wild salmon (for example, Godwin et al
(100)), and any other peer-reviewed paper
that expresses concerns about sea lice
and Fraser River pink salmon), average
adult returns of Fraser River sockeye
salmon were not less when salmon farms
were active along the ocean migration
routes (Figure 18). According to Pacific

Salmon Commission data, before salmon
farming began in the Discovery Islands
and Broughton Archipelago, Fraser River
sockeye salmon adult returns averaged 6.8
million per year (1962 — 1989). When
salmon farms were active, returns
averaged 8.0 million per year (1990 -
2022). From 1962-2022, the proportion of
years with returns greater than 15 million
fish tripled from 7.1% (two of 28) before
salmon farming began to 21% (seven of
33) during the salmon farming years.

Figure 18. Number of sockeye salmon adults returning to the Fraser River (commercial

catch plus spawners).

Note: Green lines are averages over time. Data from Pacific Salmon Commission (98)

In contrast to concerns about the risk of salmon farms to wild salmon, total sockeye

salmon adult returns to the Fraser River did not decline when salmon farms were active
along the ocean migration routes. Wild salmon returns are highly variable independent

of salmon farms.
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HOW DO SEA LICE VARY IN DIFFERENT COASTAL
REGIONS?

Salmon farming occurs in ten coastal regions in central and southern BC. Monitoring of
juvenile salmon occurs in all these regions (see Figure 9 for the map of sample areas).

Time of year, capture methods, fishing effort, and fish behaviour all play a role in fishing
success. If a species is not in high abundance in these surveys it does not mean they are not
present, just that they were not sampled under these conditions. Also, many times, a subset
of the population captured by beach seine were selected for examination rather than the
entire school. Regional analysis of the combined data set in the next sections focuses on lice
levels in chum salmon. This is because chum salmon in all regions are commonly sampled
and have a consistent yearly out-migration pattern, as opposed to the strong odd year pink
spawning cycle.

REGIONAL TRENDS:

0 Regardless of the area, most fish in the combined data set were lice free from a low of
63.5% lice free in the Broughton Archipelago to 94% lice free in Muchalat Inlet (Table 3).

0 Chum salmon, which occur in all coastal regions, are the most frequently captured and
widely distributed species within the combined dataset.

0 Coastwide comparisons show that pink, Chinook, and sockeye salmon are not prevalent in

the samples in all regions, whereas coho salmon occur coastwide but are typically
captured in low numbers (31 — 3,460 fish) by beach seine.
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Table 3. Summary of the number of juvenile salmon analyzed for sea lice, and percent (%) lice
free, by coastal region (combined dataset 201 [-2022).

Chinook Chum Coho Pink Sockeye Total
_ 2005-2022 6 (83.3) 8,240 (79.0) 132(89.4)  15508(83.3) O 23,886 (80.3)
_ 2014-2022 5 (60.0) 818 (82.3) 381(58.3) 2,854 (83.9) 248 (58.1) 4,306 (79.8)
- 2015-2022 39 (66.7) 2,814 (84.8) 306 (62.4)  1(0.0) 33(87.9) 3,193 (82.5)
2010-2012, 18 (83.3) 5,645 (80.5) 31 (64.5) 2 (50.0) 0 5,696 (83.9)
2017-2022
- 2004-2022 2,337 (94.5) 20,596 (95.4) 1,027 (91.8) 3 (100.0) 510 (86.5) 24,473 (95.0)
- 2003-2022 1,437 (81.6) 17,936 (81.4) 498 (75.9)  6(16.7) 36 (77.8) 19,913 (81.2)
- 2016-2022 6 (50.0) 4,511 (87.9) 18 (55.6) 2,098 (82.0) 1(0.0) 6,634 (86.0)
- 2019-2022 0 413 (77.7) 37 (83.8) 1,025 (83.5) 0 1,475 (81.9)
- 2017-2022 162(93.8) 4,917 (81.5) 222(81.9) 3,693 (80.6) 439 (44.4) 9,477 (79.5)
- 2001-2022 343 (94.1) 102,584 (63.5) 3,460 (55.7) 113,555 (71.2) 303 (16.5) 220,245
67.5)
_ 4,353 168,474 6,112 138,751 1,570 319,254*

*Note 899 fish from other regions were not included in the area specific summaries, as these
samples were obtained outside the operating areas.

Photo by Steel_Snorkel
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KLEMTU (CENTRAL COAST)

Kitasoo Xai'xais First Nations Guardians monitored sea lice on juvenile wild salmon at 16
locations within their traditional territory from 2005 — 2020 and 2022 (101-106). The number
and intensity of sampling periods varied from year to year but occurred between April and
July. Fish were captured by beach seine, frozen, and examined in a laboratory for sea lice.

In total, 23,886 juvenile fish were captured: six Chinook salmon, 8,240 chum salmon, 132
coho salmon, 15,508 pink salmon and zero sockeye salmon. Of the 8,240 juvenile chum
salmon sampled, 79.0% (n= 6,510) did not have any sea lice (Figure 19).

Figure 19. The number of sea lice per fish on the 8,240 juvenile chum salmon samples in
the Kitasoo Xai’xais First Nations Guardian dataset (2005-2022).

Figure depicts any species of louse, all life stages.
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PORT HARDY (NORTH VANCOUVER ISLAND)

A third-party professional biological consultant monitored sea lice on juvenile wild salmon at
20 locations in Goletas Channel, Shelter Channel, and the adjacent mainland coast from
2014 — 2022 (107-116). Sampling occurred annually in April and May. Fish were captured by
beach seine, frozen and examined in a laboratory for sea lice. Note that exploratory
monitoring also occurred in 2011 and 2013, but those results have not been included in this
report due to variations in sample times and locations. The results of these years are
available at Juvenile Wild Salmon Sea Lice Monitoring - Mowi - Canada West. (89).

In total, 4,306 juvenile salmon were collected, consisting of five Chinook salmon, 818 chum
salmon, 381 coho salmon, 2,854 pink salmon, and 248 sockeye salmon. Of the 818 juvenile
chum salmon analyzed, 82.3% (n = 674) did not have any sea lice (Figure 20).

Figure 20. The number of sea lice per fish on the 818 juvenile chum salmon samples in

the non-governmental dataset in the Port Hardy region (2014-2022).
Figure depicts any species of louse, all life stages.
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QUATSINO SOUND (NORTHWEST VANCOUVER ISLAND)

A third-party professional biological consultant monitored sea lice on juvenile wild salmon at
ten locations within Quatsino Sound: three locations in Holberg Inlet, and seven locations in
the outer portion of Quatsino Sound west of Brockton Island (21, 23-28, 117). Sampling
occurred annually from 2015-2022 in April and May. Fish were captured by beach seine,
frozen, and examined in a laboratory for sea lice.

In total, 3,193 juvenile salmon were collected including: 39 Chinook salmon, 2,814 chum
salmon, 306 coho salmon, one pink salmon and 33 sockeye salmon. Of the 2,814 juvenile
chum salmon analyzed, 84.8% (n = 2,387) did not have any sea lice (Figure 21).

Figure 21. The number of sea lice per fish on the 2,814 juvenile chum salmon samples in

the non-governmental dataset in the Quatsino Sound region (2015-2022).
Figure depicts any species of louse, all life stages.
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ESPERANZA INLET (NOOTKA SOUND NORTH, WEST COAST VANCOUVER ISLAND)

A third-party professional biological consultant monitored sea lice in Esperanza Inlet at 10
locations throughout Esperanza Inlet and Hecate Channel in 2010-2012 and 2017-2022 (118-
126). Four additional sites were added at the outer end of Esperanza Inlet in 2020. The fish
were frozen and later examined for sea lice under a microscope. Sampling occurred every
two weeks from the beginning of April until the end of May.

In total, 5,696 juvenile salmon were sampled: 18 Chinook salmon, 5,645 chum salmon, 31
coho salmon, two pink salmon, and zero sockeye salmon. Of the 5,645 juvenile chum salmon
analyzed, 80.5% did not have any sea lice (Figure 22).

Figure 22. The number of sea lice per fish on the 5,645 juvenile chum salmon samples in
the combined dataset in the Esperanza Inlet region (2010-2022).
Note: Figure depicts any species of louse, all life stages.
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MUCHALAT INLET (NOOTKA SOUND SOUTH, WEST COAST VANCOUVER ISLAND)

A third-party professional biological under a dissecting microscope in a
consultant monitored sea lice at 11 laboratory.

locations in Muchalat Inlet, Zuciarte

Channel and Hanna Channel between In total, 24,473 juvenile salmon were
2012 and 2020 (127-136). In 2021 and 2022 sampled: 2,337 Chinook salmon, 20,596
two of the 11 sites were dropped and an chum salmon, 1,027 coho salmon, three
additional three sites in Eliza Passage pink salmon and 510 sockeye salmon. Of
were added to the program (137, 138). the 20,596 juvenile chum salmon, 95.4%
Sampling occurred every two weeks from did not have any sea lice (Figure 23).

the beginning of April until the end of
May. Fish samples were frozen after
collection and sea lice were counted

Figure 23. The number of sea lice per fish on the 20,596 juvenile chum salmon samples
in the combined dataset in the Muchalat Inlet region (2004-2022).

Note: Figure depicts any species of louse, all life stages.
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CLAYOQUOT SOUND (WEST COAST VANCOUVER ISLAND)

The Clayoquot Sound Sea Lice Working
Group sampled juvenile wild salmon for
sea lice each year from 2003 to 2011. The
group was a collaboration between local
First Nations, aquaculture companies
operating in the area, and other
stakeholder groups. Sampling locations
were spread throughout Clayoquot Sound
and an effort was made to sample
regularly from April through June.
However, the number of sites sampled,
and the number of sampling periods
varied widely from year to year and month
to month throughout the program. Fish
were frozen after collection and analyzed
for sea lice using a microscope in a
laboratory.

The NGO Cedar Coast Field Station
sampled juvenile salmon for sea lice at up
to 18 locations in Bedwell Sound between

2018 and 2022. Data are publicly available
for 2018 - 2021 (88). Fish were collected
weekly from the beginning of April to the
end of June or early July. Sea lice were
counted on live samples in the field and
the fish were subsequently released.

A third-party professional biological
consultant sampled wild salmon at 27
locations throughout Clayoquot Sound
from 2016 to 2022 (139-145). An additional
11 locations were added in 2020 and two
more locations were added in 2022 to
bring the total sampling locations in
Clayoquot Sound in 2022 to 35 sites.
Sampling occurred every two weeks from
the beginning of April until the end of
May. Fish were frozen after collection and
sea lice were counted under a dissecting
microscope in a laboratory.

Figure 24. The number of sea lice per fish on the 17,936 juvenile chum salmon samples
in the combined dataset in the Clayoquot Sound region (2003-2022).

Note: Figure depicts any species of louse, all life stages.
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In total, the combined dataset consists of 19,913 juvenile salmon: 1,437 Chinook salmon,
17,936 chum salmon, 498 coho salmon, six pink salmon and 36 sockeye salmon. Of the
17,936 juvenile chum salmon, 81.4% did not have any sea lice (Figure 24).

SECHELT AND JERVIS INLET (MAINLAND COAST)

A third-party professional biological In total, 6,634 juvenile salmon were
consultant sampled wild salmon at 15 sampled: six Chinook salmon, 4,511 chum
locations in Sechelt, Salmon, and Jervis salmon, 18 coho salmon, 2,098 pink

inlets from 2016 to 2022 (146-152). salmon and one sockeye salmon. Of the
Sampling occurred every two weeks from 4,511 juvenile chum salmon sampled,

the beginning of April until the end of 87.9% did not have any sea lice (Figure
May. Fish were frozen and analyzed for 25).

sea lice under a microscope in a
laboratory for sea lice.

Figure 25. The number of sea lice per fish on the 4,51 juvenile chum salmon samples in
the dataset in the Sechelt and Jervis Inlets region (2016-2022).

Note: Figure depicts any species of louse, all life stages.
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CLIO AND CALL INLETS (MAINLAND COAST)

A third-party professional biological
consultant sampled wild salmon at ten
locations in Clio Channel, Call Inlet, and
Havannah Channel in 2019 and 2020 (153,
154). Eight additional sample locations
were added in Havannah Channel in 2021
(155). Sampling occurred every two weeks
from the beginning of April until the end
of May. Fish were frozen after collection
and sea lice were counted under a
dissecting microscope in a laboratory.

SEA LICE MANAGEMENT

The Clio and Call inlets data set is
comprised of results from 1,475 juvenile
salmon samples: zero Chinook salmon,
413 chum salmon, 37 coho salmon, 1,025
pink salmon. and zero sockeye salmon. Of
the 413 juvenile chum salmon analyzed,
77.7% did not have any sea lice (Figure
26).

Figure 26. The number of sea lice on the 413 juvenile chum salmon samples in dataset
in the Clio and Call Inlets region (2019 — 2022).

Note: Figure depicts any species of louse, all life stages.
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DISCOVERY ISLANDS

Researchers from the Hakai Institute
sampled sea lice on juvenile wild salmon
at ten locations in the Discovery Islands
and Johnstone Strait from 2017 to 2019
(156).

Fish were collected by purse seine every
one to two weeks from May through July.
Sea lice were identified either by viewing
the fish through a hand-held lens in the
field or by laboratory analysis. As purse
seines must be used in deeper water than
beach seines, larger fish were captured
compared to those in other surveys.

To make the data comparable with the
beach seine technique, only pink and
chum salmon weighing 10 grams or less
were included in this coastwide analysis.

MODERN SALMON FARMING IN BC

All sockeye salmon were included in this
report, as this species migrates at a larger
size in deeper water and is typically not
captured by beach seine (as is evidenced
by the low number sampled in other
regions).

Most of the fish captured had no attached
sea lice. The herring louse, C. clemensi,
was five to 37 times more abundant than
L. salmonis (156), likely influenced by the
presence of their main host, Pacific
herring, which occurs in high abundance
in the Strait of Georgia (Figure 27) (157).
About 90% of the sockeye salmon had no
adult L. salmonis.

Figure 27. California sea lions after feasting on spawning Pacific herring (Strait of

Georgia).
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A third-party professional biological
consultant sampled wild salmon at 29
locations spaced throughout the surveyed
area from the south end of Quadra Island
(Francisco Point) to a point just south of
Port Neville in Johnstone Strait from 2017
to 2022 (22, 30-35). Twenty-six of the
beach seine sample locations were based
on DFO purse seine locations established
during previous sampling in the region
with three more sample sites located in
Fanny Bay, Cordero Channel and Owen
Bay.

SEA LICE MANAGEMENT

The study area was divided into ‘pre-
exposure’ and 'post-exposure’ based on a
study design published in 2008 (48).
Sampling occurred in April and May. Fish
were frozen after collection and sea lice
were counted under a dissecting
microscope in a laboratory.

In total, the combined dataset consists of
9,477 juvenile salmon, including: 162
Chinook salmon, 4,917 chum salmon, 222
coho salmon, 3,693 pink salmon and 439
sockeye salmon. Of the 4,917 juvenile
chum salmon analyzed, 81.5% did not
have any sea lice (Figure 28).

Figure 28. The number of sea lice per fish on the 4,917 juvenile chum salmon samples in
dataset in the Discovery Island region (2017-2022).

Note: Figure depicts any species of louse, all life stages.
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The majority of sea lice research and
monitoring in BC has occurred in the
Broughton Archipelago. It has been the
focus for hundreds of researchers and tens
of millions of dollars in research projects,
including the BC Pacific Salmon Forum
(2004-2009) commissioned by the Province
of British Columbia (158).

The Salmon Coast Field Station sampled
juvenile salmon for sea lice at three
locations in Tribune Channel, Hornet
Passage, and Fife Sound from 2001 to
2022 (87, 159, 160). At the time of this
analysis, data were publicly available for
2001 to 2021. Fish were collected weekly
from the beginning of April to the end of
June or early July. Sea lice were counted
on live samples in the field and the fish
were subsequently released.

In 2010, salmon farmers in the Broughton
Archipelago, DFO, ENGOs (David Suzuki
Foundation, Watershed Watch, Georgia
Strait Alliance, T. Buck Suzuki, Living
Oceans Society) and a coalition of key
researchers came together and formed
the Broughton Archipelago Monitoring
Plan (BAMP) to address concerns that
salmon farms were amplifying sea lice and
creating population-level concerns for
juvenile wild salmon (161). The group
designed rigorous sampling protocols,
laboratory analysis procedures, selected
sampling locations, monitored wild fish
together in the archipelago, analyzed the
results and published several research
papers together.
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The combined database from this
coalition is included in this report's
analysis. A third-party professional
biological consultant sampled 45 locations
throughout the Broughton Archipelago in
April and May of 2016 to 2022 (162-169).
Fish were frozen after collection and sea
lice were counted under a dissecting
microscope in a laboratory (78).

In total, the combined dataset consists of
220,245 juvenile salmon sampled: 343
Chinook salmon, 102,584 chum salmon,
3,460 coho salmon, 113,555 pink salmon
and 303 sockeye salmon. Of the 102,584
juvenile chum salmon analyzed, 63.5% did
not have any sea lice (Figure 29).

The dataset developed by the BAMP
group is shown in Figure 30. Years 2003 -
2012 are combined datasets from
independent scientific researchers, DFO
and the BAMP field program (78); years
2015 - 2023 are Mainstream Biological
Consulting monitoring results that
continued to follow the established BAMP
sampling protocols (Juvenile Wild Salmon

.Sea Lice Monitoring - Mowi - Canada
West) (162-170). Note that no monitoring
took place in 2013 and 2014; and the 2015
data was for June only and not included in

the larger dataset analysis. The 2023
monitoring data displayed below was not
included in the overall coastwide analysis
of the dataset in this report. The Salmon
Coast Field Station was not part of the
BAMP research group and data from the
station has not been included in Figure 30.


https://mowi.com/caw/sustainability/wild-salmonid-lice-monitoring/
https://mowi.com/caw/sustainability/wild-salmonid-lice-monitoring/
https://mowi.com/caw/sustainability/wild-salmonid-lice-monitoring/
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Figure 29. The number of sea lice per fish on the 102,584 juvenile chum salmon samples
in the combined dataset in the Broughton Archipelago region (2001-2022).

Note: Figure depicts any species of louse, all life stages.

In 2013, researchers used new data from
the Broughton Archipelago to update
earlier assessments that had previously
documented sea lice infestations and
population decline of wild pink salmon
populations (19, 70, 171-173). They
reported that sea lice treatments at
salmon farms prior to the out-migration of
wild juvenile salmon had reduced
epizootics on pink salmon (174) (Figure
31).

Further, during the expansion of salmon
farming in the 1990s and the years
bracketing the highest sea lice numbers
ever reported in the archipelago (1999 to
2005), researchers found no evidence of
reduced productivity on chum salmon
populations (52). This lack of effect was
despite chum salmon having greater
infestation rates and greater susceptibility
to sea lice than pink salmon (52, 175).

Vers 1.0 03/24

Since the start of the removal of salmon
farms from the Broughton Archipelago in
2019, sea lice levels on pink and chum
salmon increased from 2020 to 2022, and
then decreased in 2023 to levels reported
in 2008, 2009, and 2011. These monitoring
results provide evidence that since the
mid 2000s, sea lice infestations on wild
pink and chum salmon are mostly
independent of farms. In other words, sea
lice management measures minimize the
transfer of sea lice to wild Pacific salmon.

This conclusion was supported in a 2023
Canadian Science Advisory Secretariat
Science Response (CSAS) that stated: “No
statistically significant association was
observed between infestation pressure
attributable to Atlantic salmon farms and
the probability of L. salmonis [salmon
louse] infestations on wild juvenile chum
and pink salmon in Clayoquot Sound,
Quatsino Sound, Discovery Islands and
Broughton Archipelago.” (176).
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Sea lice infestation similar
in 2008, 2009 and 2023
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Percentage of chum and pink salmon with sea lice (L. salmonis and/or C.

clemensi) in the Broughton Archipelago during the spring out-migration.
Adapted from Patanasatienkul et al (78). Data from 2015 — 2023 from Mainstream

Biological Consulting (162-170). Note that 2015 data is for June only.

Juvenile pink salmon.
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WHAT INFLUENCES THE NUMBER OF SEA LICE ON FARMS?

The number of sea lice on farm-raised
Atlantic salmon is influenced by many
factors including the time of year (season),
environmental factors (location,
temperature, salinity, oceanic currents),
hosts (age and length of time farm-raised
salmon have been in seawater, the
proximity to Pacific salmon, returning
adult Pacific salmon and other fish hosts),
the application of sea lice treatments, and
numerous other environmental factors
affecting both the sea lice and the host.

Throughout the BC coastline, sea lice
numbers on farms are influenced by the
return of wild adult salmon. This is unique
to BC, where the number of wild salmon
greatly outnumbers populations of farm-

Vers 1.0 03/24

raised salmon. Scientists have reported
that the number of pink salmon returning
to spawn in the fall predicts the number of
female L. salmonis on farm-raised Atlantic
salmon and the prevalence of sea lice on
migrating juvenile salmon in the
Broughton Archipelago (67). Conversely,
salmon farms are unlikely to be the
primary source of C. clemensi given its
natural broad and abundant host range
(19), especially Pacific herring (82).

Through careful management practices,
Atlantic salmon farmers aim to minimize
transference of sea lice from farm-raised
salmon to wild salmon during the spring
out-migration window (Figure 32).
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Figure 32. Schematic of sea lice transmission from natural and farm sources.

HOW MANY SEA LICE ARE ON ATLANTIC SALMON

FARMS?

DFO has mandated a management
threshold for L. salmonis during the spring
out-migration of juvenile wild salmon
(March through June). Farmers must take
actions to reduce the average number of
motile L. salmonis to below three per fish
prior to and during the spring out-
migration window. To meet the conditions
of license, farmers must decrease sea lice
numbers throughout the spring out-
migration window according to timelines
set by DFO.

A summary of coastwide trends from 2011
to 2023 is shown in Figure 33, with the out-
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migration period highlighted. Region
specific sea lice abundance on Atlantic
salmon farms has been summarized by
DFO and available on their website (177)

With few exceptions, salmon farmers have
been successful at managing sea lice
populations at Atlantic salmon farms
during the out-migration window. Sea lice
levels at most farms were below the
regulated management threshold during
the juvenile wild salmon outmigration
window (Figure 34). All farms that
exceeded the threshold-initiated
management measures to reduce sea lice.
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Trends in sea lice numbers on farm-raised Atlantic Salmon
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Figure 33. Average monthly coast-wide trend of the average number of motile sea lice

per farm-raised Atlantic salmon (y axis) over the period 201 | — 2023.
Note: The outmigration window is highlighted. Management threshold (orange line)
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Figure 34. Number of active BC Atlantic salmon farms above or below the DFO sea lice
regulatory management threshold (average of 3-motile L. salmonis) during the
government defined wild salmon outmigration window (March — June 201 | to

2023).
Source: DFO Open Canada Dataset (178)
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HOW DO SALMON FARMERS MANAGE SEA LICE?

PREVENTION

The first step in managing sea lice on farms is to minimize the number of sea lice on farm-
raised fish. Measures to avoid sea lice on BC farms include:

0 Large capital investments in recirculating hatchery systems that produce larger juvenile
salmon (Figure 35). Rearing larger juveniles in hatcheries can reduce the time that farm-
raised salmon spend in the marine environment, reducing the time they are exposed to
sea lice.

0 Years of selective breeding have produced smolts that grow faster, convert feed into flesh
more efficiently, and are more resilient to environmental challenges. These changes
collectively result in healthy fish that are grown at marine sites for shorter periods,
reducing their exposure to sea lice.

0 Using technology such as aeration diffusers, bubble curtains, or physical barriers. These
types of equipment, when placed around the circumference of pens, create a barrier that
prevents sea lice from entering the salmon pen (Figure 36).

Figure 35. Recirculating aquaculture system at commercial hatchery.
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Figure 36. Aeration/bubble curtain deter sea lice from entering net pens.

0 Using technology to feed fish below the preferred depth of sea lice (e.g., Akva
Tubenet™). These systems help reduce sea lice infestation on farm-raised salmon by
submerging the fish to depths where lice presence is minimal. A tube positioned in the
center of the net creates a sea lice-free zone through which the salmon can access the

water's surface (Figure 37).

Figure 37. Schematic of AKVA Tubenet™ illustrating how farm-raised salmon are grown
at water depths below where sea lice generally occur.
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o Coordinating stocking for single year class on farms and fallowing farms after harvest.

Fallowing before restocking allows the site to rest before stocking the next generation of
fish. This can help any potential re-infection cycle.

MITIGATION

If sea lice cannot be prevented from settling on farm-raised salmon, farmers manage sea lice
through a Sea Lice Management Plan, as explained in Figure 38 below.

Figure 38. Sea lice management process at BC salmon farms.
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COMPONENTS OF IPM

Veterinarians use a holistic method to
manage sea lice; an Integrated Pest
Management (IPM) program. The IPM
approach involves focusing on prevention,
setting thresholds, continuously
monitoring, and pro-actively rotating
treatment tools to reduce the possibility of
sea lice developing resistance to any one
treatment method.

Farmed salmon in BC are lice-
free when they are stocked in
ocean pens. Sea lice on farms
are largely managed as a
measure to protect wild salmon.
Farmed Pacific salmon almost
never require treatment.

Farm-raised fish in BC are monitored and
treated for sea lice in accordance with
federal regulations. These requirements
are for the protection of wild fish, not for
the health of farm-raised salmon. Sea lice
levels on farm-raised Atlantic salmon in
BC are not a significant health concern for
farm-raised fish. Note that farm-raised
Pacific salmon almost never require
treatment to remove sea lice.

Vers 1.0 03/24
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Treatment:

o0 Fish are treated for sea lice according
to management thresholds that are
either area-based, site-specific, or
based upon the DFO threshold of an
average of 3 motile L. salmonis per fish.

0 Treatments remove all species of sea
lice from farm-raised fish.

Monitoring:
0 Routine weekly or bi-weekly monitoring
of sea lice.

Sea lice monitoring and treatment
options:
0 Post treatment sea lice monitoring to
measure effectiveness of treatment.

0 Third-party laboratory analysis of sea
lice sensitivity to treatment method.
Four methods are approved to remove
sea lice from farm-raised salmon in BC.
This includes an in-feed treatment
SLICE®, mechanical pressure-washers
and in-vessel bath treatments of fresh
water or hydrogen peroxide (Interox®
Paramove 50).
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TREATMENT

As a part of IPM, veterinarians rotate the
use of the treatment options in
consideration of bioassay results, sea lice
life stages and previous treatments used
at the farms. One of the options is the use
of in-feed SLICE® treatments that can
only be prescribed under the authority of
a licensed veterinarian.

In-vessel bath treatments of fresh water or
hydrogen peroxide (Interox® Paramove

50) are also used (Figure 39). Hydrogen
peroxide can only be used in BC with a
valid Pesticide use Permit issued by the

Figure 39. Treatment vessel AquaTrom@y.

MODERN SALMON FARMING IN BC

BC Ministry of Environment and Climate
Change Strategy.

Different types of mechanical delousers
are being used in BC. In general, fish are
pumped from the cage through a
mechanical system on the vessel where
sea lice are removed by pressurized
ambient sea water (Figure 40). After
treatment, which in some cases lasts only
a few seconds, fish are pumped back into
their cage. For in-vessel and bath
treatments and for pressure removal the
effluent water is filtered to collect sea lice
that are then disposed of on land.

This vessel is capable of in-vessel freshwater and hydrogen peroxide bath treatments

for sea lice removal.
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SEA LICE MANAGEMENT

Having options for treating sea lice is important in maintaining effectiveness and minimizing
resistance. Fish health teams are continually working with researchers and regulatory bodies
to develop new methods of sea lice control. All sea lice counts as well as treatments are
made publicly available on the Government of Canada Open Data website (179).

Figure 40. View of treatment vessel using low-pressure water to remove sea lice.

HOW DO WE KNOW IF SEA LICE MANAGEMENT MEASURES ARE EFFECTIVE?

An important step in sea lice management is to make sure the management processes are
effective (Figure 41). Sea lice numbers are available at the Government of Canada Open
Data website (179) and company websites that farm Atlantic salmon.

Hundreds of scientists have studied sea lice on farm-raised and wild fish over the past 20
years. The combined learnings have been used to update management of sea lice on farms.

Vers 1.0 03/24 Page 10-58



BC SALMON
FARMERS

Figure 41. Sea lice management processes.

COOPERATION

To ensure that sea lice measures continue
to be effective into the future, salmon
farmers have developed a Memorandum
of Understanding (MOU) for sector-wide
Integrated Pest Management for sea lice.
This is not a requirement of licence, but
led by the sector.

The MOU describes how all BC Atlantic
salmon farming companies cooperatively
operationalize pest management,
particularly during the juvenile wild
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salmon out-migration period. It stipulates
the degree of monitoring, use of
bioassays to check for treatment
sensitivity, rotation of treatments,
equipment sharing, and response times.
The goal is to effectively manage sea lice
numbers in a way that prevents the
development of resistant lice populations.
The MOU also addresses steps to expand
the range of sea lice tools currently
available, including driving global
research and techniques applicable to the
BC coast.
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WHAT WILL FUTURE SEA LICE MANAGEMENT IN BC LOOK

LIKE?

The digital revolution brings game-
changing technology to managing sea
lice. Until very recently, BC salmon farmers
lacked the technology to monitor the
health status of individual fish within a
pen. However, some companies are
developing artificial intelligence and
machine learning systems that can identify
each fish in a net pen and provide health
records for each fish. Sensors recognize
each fish and record fish size and the
number of sea lice. Once fully operational,
individual fish requiring treatment can be
directed through a separation system for
treatment. New powerful monitoring and
management tools will ensure a bright
future for farm sea lice management.

Vers 1.0 03/24

Trials, in 2023, with floating, semi-closed
containment systems (Figure 42) are
looking at whether these systems can
provide increased biosecurity and welfare
for both farm-raised and wild salmon.
These systems are a first step towards the
development of in-water closed
containment farming technology.

Semi-closed containment technology
separates farm-raised fish from the ocean
environment by surrounding the
traditional salmon farm netting system
with an impermeable barrier that prevents
sea lice and harmful plankton from
entering the pen. It also provides
additional separation from wild salmon.
Water from deep down, that is free of
both sea lice and harmful plankton, is
pumped into the farming enclosure.
Oxygen is also added to the water, as
required, via aeration systems.
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Figure 42. Example of in-sea-closed-containment system in Millar Channel, Clayoquot
Sound.
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CARING FOR WILD SALMON

Salmon farmers know that wild salmon are
under pressure and understand the
importance of keeping sea lice levels low
on farms to minimize potential spill-over
effects to juvenile wild salmon. Farming
companies have invested in state-of-the-
art sea lice treatment tools that are very

Vers 1.0 03/24
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effective in minimizing sea lice on farm-
raised salmon. To make sure wild salmon
are safe, we have engaged researchers
and third-party experts for nearly two
decades to monitor sea lice on juvenile
wild salmon. The results are very
encouraging.
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CHAPTER HIGHLIGHTS — CARING FOR FISH HEALTH

SALMON FARMERS CARE ABOUT THE HEALTH OF FISH, WILD AND FARM-RAISED

Salmon farmers and their fish health
teams, regulatory agencies, and First
Nation Rightsholders keep farm-raised fish
healthy by selective breeding, minimizing
pathogen entry and spread into hatcheries
and marine net pens (e.g., vaccines), fish
health monitoring and record keeping,
prescribed treatments and being subject
to fish health audits by government
regulators.

Licensed salmon farm veterinarians base
their fish health management decisions on
validated test results generated by
independently accredited diagnostic
laboratories that follow established testing
protocols.

Advances in salmon farming methods
have decreased infectious diseases on
salmon farms over the past 40 years. This
minimizes the transmission of infectious
diseases from farms to wild salmon.

Antibiotic treatments of farm-raised
salmon in the marine environment have
decreased to less than 20% of peak usage
that occurred in 1997.

Vers 1.0 03/24

Salmon farm fish health teams have
successfully decreased the prevalence of
high-risk diseases. For example, outbreaks
of the IHN virus decreased from 36 farms
over 23 months (2001 — 2003), to three
farms over three months (2012). Since
2012, all farm-raised Atlantic salmon are
vaccinated against IHN, and no other
outbreaks have occurred.

Today, only about 3% of farm-raised
salmon in the marine environment die
each year from infectious diseases.

About 17% of farm-raised Atlantic salmon
and 10% of farm-raised Pacific salmon die
each year from other causes, mostly from
low dissolved oxygen, toxic algal blooms,
and for Atlantic salmon—damage from
mechanical treatments used to control sea
lice.

The remaining farm-raised Atlantic (80%)
and Pacific (87%) salmon survive and grow
to be harvested as one of the world’s most
sustainable animal proteins.
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Dedicated fish health teams at every
aquaculture company use Evidence-based
Medicine to manage fish health. Over the
past 40 years, fish health teams have
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worked with regulatory agencies and First
Nation Rightsholders to develop seven
safeguards and proactive practices to
keep farm-raised fish healthy and thriving.
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MINIMAL RISK OF PATHOGEN TRANSFER FROM FARM-RAISED SALMON TO WILD

SALMON

Many variables need to align for disease
to occur within an individual fish, and
other variables need to align for disease
to spread to a population of fish.

Safeguards reduce pathogen spread
within farms. If pathogens do not spread,
then disease does not spread.

Principles of population medicine inform
us that if only 3% of salmon confined in
the farms over an entire year die of
infectious disease, we expect that even
fewer wild salmon—dispersed in the
environment—might die from farm-source
diseases.

Infectious disease kills
about 3% of BC farm-
raised salmon every
year. Most of the
remaining 97% are never
infected with the
pathogens even while
living beside each other
in the same sea pens
every day.
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Pathogens shed by farms are diluted and
degraded in the environment; this
decreases the chance of wild fish getting
infected from a farm-source disease.

Extensive salmon farm data over the past
decade supports Justice Cohen's 2012
conclusion that “Data presented during
this Inquiry did not show that salmon
farms were having a significant negative
impact on Fraser River sockeye.”

Formal assessments of nine salmonid
pathogens that occur or have occurred on
farmed salmon in British Columbia
concluded a “minimal risk” of each
pathogen to Fraser River sockeye salmon
abundance and diversity.
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ICONIC SALMON POPULATIONS DID NOT DECLINE DURING THE SALMON FARMING

YEARS

A 2022 scientific paper includes an
unreliable estimate of increased mortality
among juvenile Fraser River sockeye
salmon due to the bacterium
Tenacibaculum maritimum from salmon
farms. This estimate is unreliable because
the researchers did not follow their cited
testing protocol; instead, they used test
results that might be false positives.

Independent assessment of the threat of
piscine orthoreovirus (PRV) concluded that
“the virus poses a low risk to wild species
of Pacific salmonids.” This assessment was
conducted by the Pacific Northwest Fish
Health Protection Committee, a group of
fish health professionals in the USA.

As evidence that accounts for all salmon
farm threats—known and unknown—adult
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returns of iconic salmon populations were
similar before and during the salmon
farming years.

Indeed, total Fraser River sockeye salmon
adult returns averaged 6.8 million per year
before salmon farming began in the
Discovery Islands region (1962 — 1989) and
8.0 million per year during the salmon
farming years (1990 — 2022).

Total adult returns of pink salmon to rivers
in the Broughton Archipelago averaged
0.8 million per year before salmon farming
began (1950 — 1987) and 1.1 million per
year during the salmon farming years
(1988 — 2014; DFO records are incomplete
after 2014).

Photo by Steel Snorkel
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FISH HEALTH TEAMS ARE WELL INFORMED AND CONSTANTLY INNOVATING

Fish health teams receive continual Innovations in artificial intelligence,
information from a variety of sources. communications, analytics and data
management are underway.
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