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Comments regarding the combined approach to General DiseaseSawlLice reports

¢tKS GSNY aRA&SF&ASE OFLIGdzNBa || 6ARS | NNl @& 2
abnormalities. An exhaustive review of the state of knowledge on fish disease would require an
evaluation of multiple disciplines, ranging from moleculaddgy to pathology to epidemiology

as well as the consideration of a range of relevant species. Once the issues of how disease
might affect conservation goals or ecosystem functions are added, additional information on
ecology and the means to manage diseampacts, including legislation, open up for review.

The breadth of such a suite of information is daunting. It is further complicated by the many
contradictory findings and important uncertainties that exist around the issue of diseases of
farmed salmorand their potential environmental impacts.

The General Disease Technical Working Group (TWG) consisted of 4 scientists from 4 different
locations (Hammell from Eastern Canada, Stephen from Western Canada, Evensen from
Norway, Bricknell from Scotland/Magh and the Sea Lice TWG consisted of 4 more scientists
(Revie from Scotland/Eastern Canada, Dill from Western Canada, Finstad from Norway, Todd
from Scotland). The two groups initially met jointly to outline the breadth of the report and to
further definethe approach to evaluating sea lice issues in depth. The decision to cover general
disease broadly and sea lice as theRis LJG K OF &S adGdzReé g+ a (GKS 3INERdJz
seemingly impossible task of adequately describing the state of knowledgeeaadrch gaps

for an area of research that spans many different disciplines and diseases across many areas of
the world in which salmon is farmed. The Sea Lice report adopted the same basic outline except
for specific headings that were irrelevant. Theafichapter 6 (Addressing Unknowns in Disease
Risk Management) of the General Disease Report contains comments contributed by both
groups.

Our approach was based on answering the questions of 1) what is the risk of disease transfer
from farmed to wild salran (i.e. should we be concerned)? 2) can salmon farms avoid disease
in their fish? 3) assuming that farms cannot avoid disease, can salmon farms adequately reduce
the level of disease in their fish to a level that would reduce the risk of transfer tcsalitdon?

And lastly, 4) what are the gaps in knowledge regarding the risk of disease in farmed and wild
FAAK 6KSY O2YyaARSNBR ASLINIGSte YR gKSy 02y
decided that there were 2 important reasons to take sea lice atiedisease to consider in
greater detail using the same risk based approach: 1) sea lice issue has had a great deal of
attention in peerreviewed literature paid to ecology and the risk of interactions between
farmed salmon and the environment, and 2adé&e was identified by the Steering Committee
(Salmon Aquaculture Dialogue) as a particular issue for focus. Essentially, the reports were
generated as standlone reports but our combined approach provides breadth (general
disease) and depth (sea lia&) which establishment of measurable standards can be discussed

in the next stages of the process.
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Extended Summary

¢tKS O2ftftSOGAGBS GSNXY aaSl tA0S¢ A& O2tft2ljdaAal €
crustaceans of the family Caligidae thatk agxternally parasitic on the skin of marine and
anadromous fishes. The mositensivelystudied species Lepeophtheirus salmonisis, as its
specific name implies, a specialist parasite of salmonid fishes. It is commonly associated with a
total of 12 lost salmonid fish species of the gené&almg Oncorhynchusnd Salvelinusn the

Pacific and Atlantic Oceans. Along the Pacific coasts of Alaska and British Cdlusddiapnis

as well aCaligus clemensind Lepeophtheirus cuneiféboth host generalislice species) have

been recorded on wild and farmed salmonids. In British Columbia, Chile and Tasmania Atlantic
salmon Galmo salaris the principal salmonid species in culture. While the Tasmanian industry
apparently suffers no especial problems froaligid infestation, the Chilean industry has been
heavily impacted byCaligusspecies, initiallyC. teresbut more recently and significantl.
rogercresseyi(both of which are host generalists). In Jap&ualigus orientaligs the most
pathogenic sea loge on cultured Pacific salmon, althoughsalmonislso remains a problem.

L. salmoniss associated with wild chum and pink salmon in Japan, but also infests cultured
coho salmon and rainbow trou€. orientali; like C. elongatusn the North Atlanticg is a host
generalist;,C. orientali®ccasionally impacts salmonids, and it is an especial problem to cultured
rainbow trout.

The current scientific literature refers toepeophtheirus salmonksrgyer as occurring
on salmonids in both the North PacificcaNorth Atlantic Oceans. At first sight it might appear
curious that the same species should occur in two separate and geographically distant oceans,
but there is convincing geological, molecular and ecological evidence of pastAtretits
connectivity ¢ the marine fauna of the North Pacific and North Atlantic basinsand
specifically of Pacific species having tended to colonize the North Atlantic ratheviteawersa
T following the recent opening of the Bering Strait (~5 million years ago). Thenihes
available molecular (DNA) results cannot provide conclusive evidence regarding the specific
status of Pacific and Atlantlc. salmonisbut recent DNA sequence analyses do indicate clear
genetic distinction between the Atlantic and Pacific lineag@milarly, there now is a body of
mitochondrial DNA sequence and ecological (host association) data indicating that the host
generalist parasiteCaliguselongatus actually comprises taxonomically separable entities. It is,
however, too early to affirm tht there are definitely two (or more) species of eithér/ @
St 2y 3 NdzBaimonis T F2NJ Of F NAGe FyR O2yaradaSyoe ¢
literature we continue in the present report to refer to single species in both cases

All female caligidandergo internal fertilization of the eggs prior to their extrusion into a
LI AN 2F SEGSNYyFt S33 &I 0a 2N aS3I3FaldGNAYyIaéd ¢k
the eggstring disintegrates and the larvae are released to become planktonicnatipéus |
molts into a nauplius Il and then again into the infective copepodid stage. None of the three
planktonic stages feed; all the reserves the larvae require to complete development to the
infective copepodid are provided by the parent female.tidhiattachment for the copepodid
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typically occurs on the fins of the host fish (especially the dorsal, ventral and anal fins) or to the
scales. Several chalimus stages follow, attached to the host by a sort of tether. Depending upon
the species of caligithere then may be two, one, or no piadult stages between chalimus IV

and the mature adult. The pradult and adult stages are all mobile, i.e., able to move about on
0KS K2al FTAaKQa 02Re®

When large numbers of farmed salmon are introduced to the magimaronment in open net
cage salmon farms, three things are virtually inevitable for these fish:

e they will become hosts to sea lidegpeophtheiruspp. and/orCaligusspp.) since these
occur naturally on wild host species in the vicinity of most farms;

e theywill become part of a dynamic hoegarasite system involving wild hosts, because
they can produce large numbers of infective larvae in a restricted spatial area if gravid
females are allowed to developnd

e because they carry sea lice, and because sofmthese fishmay escape from the
farms, the dispersal of parasites is likely to be even more widespread on occasion.

Given the above, it may be concluded that it is next to impossible to (1) avoid infection of
farmed fish, all of which go into the pens &lean smolts, and (2) also subsequently avoid
AYFSOGAZ2Y 2F gAftR FAAK GKFG INB F2dzyR Ay (KS

A parasitic infection becomes a disease when hoshavior and physiology (and
ultimately host health, survivolsp and fitness) are altered or compromised to an exceptional
extent. For example, the increased metabolic demand exerted by the parasite may cause
slower host growth, making the wild fish more likely to be captured by predators, or conversely
causing thento take greater risks to feed, with the same end result. Reduced host condition
also can affect swimming ability, with several negative ecological consequences ranging from
reduced competitive ability to slower migration. Slower migration rates througistzd waters
might elevate the risk of infestation by sea lice copepodids. Skin damage caused by the feeding
behavior of sea lice can increase the physiological cost of osmotic regulation, or provide sites
for secondary bacterial or fungal infection. Chdt NB G2 G @ LA OF f LISNOSLII A 2
AYGSNBadGe 2F LI NFaArAGgSa G2 1 AffhighseSlichbadsavidl G = A
kill individual wild fish, but the definition ahighé will depend on sea louse stage, fish sizd an
developmental stage.While not exhaustive, this list illustrates some of the direct and more
subtle indirect ways that sea lice may cause disease, as defined above.

Sea lice abundance on farmed salmon only rarely attains levels where the loealth
welfare of these fish is negatively affected. When this occurs there are legal and regulatory
requirements in many countries that demand treatment, but it is clearly also in the economic
interests of the farmer to treat the infection promptly and effectivelor wild fish, disease is
likely to be an issue whenever seaeelintensity on individual hosts is sufficiently high as to
cause significant stress, or to increase their vulnerability to secondary pathological infection or
other mortality agents, as notedbove. For example, newinigrated smolts exposed to the
challenge of osmoregulating in saline waters will be physiologically stressed by that

10
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environmental challenge and will be more vulnerable than gsblts that are older and fully
adapted to seawater

Sea lice disease of wild salmonids is potentially problematic in areas with intensive
Atlantic salmon aquaculture in British Columbia, Canada, on the west coasts of Ireland and
Scotland, and throughout Norway (Chile lacks endemic species of anadroaloumils). In
British Columbia, the focus of attention has been on the much studied and discussed Broughton
Archipelago region, where there is particular concern regarding the impakdpeEophtheirus
salmonison wild stocks, particularly juvenile pinkicorhynchus gorbuschaand chum(O.
keta) salmon.

Unlike Atlantic salmon, sea trout (the anadromous form of the brown tr&#lmo
trutta) spend extended periods of time in nearshore or coastal waters, and this feature may
render them particularly vulnerablto sea lice infestation. As has been the case in British
Columbia, analyses concerning the potential interaction between farmed and wild salmonids in
Irish bays, Scottish sea lochs and Norwegian fjords subject to intensive aquaculture have not
been withait controversy. The circumstantial evidence of fgonoduced larval sea lice
contributing to parasite loadings on wild sea trout in Ireland is considerable. Correlations have
been drawn between abundances of sea lice on wild sea trout and on Irish farbes3@km
distant. As is the case for sea trout, Arctic ch&alyelinus alpingsare effectively confined to
coastal waters (often in narrow fjord systems) and these areas commonly are home to a high
density of captive farmed salmon. Sea trout and Attaealmon are also the species of most
concern with regard to detrimental effects of sea lice in Norway, although Arctic charr also are
impacted by these parasites there.

It has been demonstrated that salmon within a given farm site can beaafestng
(because hatched nauplii drift back into the net pens having completed their development to
the infective copepodid stage); it is also intuitive that nauplii exported from one farm site will
infect salmon being grown in neighbouring farms or fraagirg wild fish in the vicinity.
Similarly, wild fish may well infect other wild fish or, if they are resident in coastal waters,
adjacent farmed fish. The absolute abundances of farm and wild fish, the absolute abundances
of sea lice on those fish and the alve strengths of farrfarm and farmwild interactions (and
any seasonal or annual variation thereof) will determine the overall infestation pressure on
individual fish in a given locality

It is far easier to monitor and assess the outcome of interegntreatment for sea lice
infestations for farmed fish than it is for wild fish, and there are potentially many more
strategies available to control sea lice on farmed fish. For example, in addition to medicinal
treatments, a variety of management (andegvinformed environmental) decisions can be
made which can have impacts on the control of sea lice on farms. The challenges in managing
sea lice on farmed and wild fish in an integrated manner shoulg mowever, be under
estimated.

As we outline, the edience is largelyndirect orcircumstantial that sea lice emanating
from salmon farms can and do exert detrimaheffects on wild salmonidst Is practically

11
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impossible tarack larvae from release to host colonization and thereforgtecisely quantify
wild-to-farm versus farrto-wild and wildwild infestation interactions Furthermore, in view of

the diversityof life-history strategies and differential vulnerabilitf host species associated
with sea lice irboth the Pacific and Atlantic Oceans,veell asthe geographic differences in the
intensity of the industry and its regulation, it is not plausible to draw a single-mdieg
conclusion regarding the potential negative impacts of sea lice on all wild fish stocks world
wide. Neverthelesswe lelieve that the weight of evidence is that sea lice of farm origin can
present, in some locations and for some host species populatiosignédicantthreat. Hence, a
concertedprecautionary approach both to sea lice control throughout the aquacultwtastry

and tothe management of farm interactions with wild salmonig®xpedient

It is arguably the case that sea lice are one of the most studied diseases of aquaculture
FYRYS a4 &adzOKI (KAYWMRSQAYYIYERBYSYF RIAR 320598
developed. The principles of Integrated Pest Management (IPM) have been taken from the
terrestrial setting and attempts made to apply them to sea lice in an inclusive and
comprehensive fashion. In addition, as mentioned earlier, sea lice infestati@aloron farms
has been a matter not only of control on farms to maximize cultured fish health andbwial,
but of significant public and scientific controversy; these issues arose initially and most notably
with respect to wild sea trout populations ireland and Scotland, Atlantic salmon and sea trout
in Norway and, more recently, for the case of wild Pacific salmon in British Columbia.
Management of wildarm and farmfarm infestation interactions is not a simple challenge, if
only because of our presé inability to reliably quantify them. Given the impossibility of
directly observing and tracking individual sea lice larvae from release by the adult female to
ultimate settlement on a host fish, alternative indirect analytical approaches have proven
necessary to specifically assess famitd interactions. The utility and limitations of these
various empirical methods (e.g. molecular genetics and stable isotope markers) has been
reviewed. A conceptually different, but complementary, analytical approaas lbeen the
development of mathematical models to enable both a better understanding of infection
dynamics and to aid decision makers in exploring assumptions regarding underlying
management parameters and the effectiveness of potential intervention sfiete Once again,
these models are much more diverse and complex than is typical for most pathogens within the
aquatic setting. However, in further complicating the debate as to the importance of farm
sources of infestation to wild fish, in a number of eashe models themselves have become a
a2dzNOS 2F O2yUNROSNERED® CKAA A& y20 ySOSaal NRt
mathematical modeling to produce answers/solutions, but rather to encourage policy makers,
commercial farmers, sport fighy managers, and scientists to think more carefully about their
assumptions and the likely impact of various types of intervention.

Another importantissue relates to the optimal location of salmon farms; establishment
2T aal ¥S aadSamizing AskRsdmdRnaximizindRbenefts tovall gbricerned parties.
Indeed, research in this area has led to a number of recent projedisr example,the
Hardangerfjord projectin Norway or theFinite Volume Coastal Ocean Model British
Columbiag which hawe attempted to tackle aspects of the problem through the use of fjord/sea
loch/archipelagagwide hydrographic modeling to improve our understanding of dispersal and
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colonization of sea lice larva&his has also led to changes in policy, for example, itlaBdo

the Location/Relocation Working Group (LRWG) of the Scottish Government has the remit to,
& LINB trdtetitBo assess whether or not any finfish aquaculture site is poorly located, and
make an assessment of the likely benefits and effectivenessl@taton of those farms that

are sited close to rivers important for migratory fishnttg://cci.scot.nhs.uk/Topics/Fisheries/
FishShellfish/whatwedo/whatwedoh
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Sea Lice Working Group Report

Chapter 1: Sea Lice as Disease Qigas

Thisreport on sea lice was written in conjunction with a more gendrsase report
(Hammell et al. 2009) as part of the WMibordinatedSalmon Aquaculture Dialogue. The
authors of both reports decided to follow, where sensible, a common repautsire with this
document developing in more detail general themes laid out in the main disease report for the

OFrasS 2F aSFk tA0S® w{SS GKS Wt NRf23dzSQ aSOilAz2y

1.1 Introduction

Disease in the human contegénerally is considered in terms of bacterial or viral
infection, which is itself often manifested by the host as recognizable and specific symptoms.
Parasites can be considered as pathogens, or organisms capable of causing disease, if the
behavia or physology (and ultimately the health and/or survivorship) of the host organism is
altered or compromised to an exceptional exteihe difficulty lies in defining the extent of
that impairment.Sea lice are natural parasites of many marine fish speCes darge, healthy
adult fish of several kilograms weight, bearing a single parasitic sea louse (weighing a few
YATEAIANI Ya0 0S O2yaAARSNBR aRA&aSIFaSRéK

LY RSTFAYAYI GKSUGKSNI 2NJ y2d LI NIaAGAO &St
farmed fish, it is neessary to assess the infection intensity in relation to the size and species of
the host fish Lepeophtheirus salmonis exceptional among parasite species in infecting adult
wild Atlantic salmonQalmo salgrwith 100% prevalencén most hostparasite &sociations,
prevalence typically is much below 100%; random chance effects alone dictate that some
individual hosts in a given population will never be encountered or successfully infected by the
parasite speciesShaw & Dobson (1995) reviewed quantitatstudies for 211 parasite species
and of these only 15 species showed prevalence >90% and only two (both endoparasites of
grouse and reindeer) displayed 100% prevalefi¢e infective planktonic larval phaselof
salmonigs therefore extraordinarily efictive at locating and infecting wild Atlantic salmon,
even in the open North Atlantic Ocedror this reason alone, it is highly likely thatsalmonis
has the potential to present a disease threat to salmonid fish.

Adult one seawinter Atlantic salmoneturning to the British Isles typically weigh
betweenone and four kilograms at the completion of their marine migratidlot only is the
prevalence ot.epeophtheirusalmonisat 100%, but their mean abundance typically is high and
varies between 17 and 31 salmoniper fish (Todd et al. 2@). Can these fish be considered
& RA & S Mé&aB wiliid$ can be misleading in this context because, as is typical of host
parasite associationg, salmonisi K 2 g 4 -RWAGISMNB A2y Q | Y2y 3adt GKS
hosts carry a low abundance of parasites, but a few individual hosts can carry extremely high
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burdens and at the population level the variance in abundance exceeds the dean.
illustration, seven years of monitoring data forsalmoni®n return-migrant wild Atlantic

salmon in Scotland showed maximum abundances ranging up to 117 (horizontal axis, Figure
1.1).But it is important to note also that, in some years, mean abundan€abfjus elongatus

(a host generalist sea louse that also infests saldg)rcan equal that df. salmonigTodd et al.
2006); wild salmon typically are infested by both species bec@usdongatuprevalence itself
ranges from 90 to 100%igure 1.1 shows, for example, that certain individual fish carried high
burdens of bokh species (e.g. 63 salmonig 37C. elongatus55L.s+83C.e; 45L.s+107C.¢;
40L.s+100C.e etc).As a generalizationyhen both species are relatively abundant on the
sampled fish (e.g. 2001, 2002, 20@8h that carried a high abundance of osgecies tended

also to carry a high abundance of the other, perhaps reflecting that individual salmon are
similarly vulnerable to either species of sea louse.

120

° ® 1999
100 | e © 2000
© 2001
o ° © 2002
@ 2003
© 2004
© 2005
@ 2006

80 r

Abundance of C. elongatus

100 120

Abundance of L. salmonis

Figure 1.1 Abundance of sea lick€peophtheirus salmoni€aligus elongatyson individual
wild, one seawinter, adult Atlantic salmon (Salmo salar) (n = 430; length, weight
ranges: 4977.5 cm, 1.34.6 kg) captured in fully marine seawater at Strathy Point, N
Scotland 1992006.w5 I G F NB F2NJ WY20AfSQ adl 3Sa
larval stages.]
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1.2 Defining disease

121/ 'y FAAK AyFSadSR o0& aSl fA0S 0S O2yaAiARSNEBR
¢KS Y2aid &aGNIAIKGF2NBIFNR 2LISNIGA2Yylf RSTAY
host isbehaviaally or physiologically compromised by sea louse tatém. Physiological
compromise can be measured objectively as suppression of the immune system,
osmoregulatory dysfunction, or stresSeveral recent studies have focused on either the
characterization or quantification @he immune response to sea liaggestation (e.g. Fast et al.
2004) or physiological biomarkers of stress (e.g. Grimnes & Jakobsen 1996, Bjgrn & Finstad
1997, 1998; Wells et al. 2006, 200Marmful infestation levels dfepeophtheirus salmonis
host smolts and possmoltshave beerestimatedboth in the laboratory Bjgrn & Finstad 1997)
andin the laboratory and fieldHinstad et al. 2000)Finstad et al. (2008howed that once..
salmonisattained the preadult and adult stages this led to an osmoregulatory imbalance for
sea trout(Salmo truttg and salmonSalmo salgrsmolts and to the mortality of sea trout
smolts.Bjegrn & Finstad (1997) estimated that infestations exceeding 90 attacidni or 50
pre-adult or adult (colloquiall’ Y 2 6 A $aBnOnisould kill 60 g sea troyiost-smolts.Finstad
et al. (2000) reported that >30 chalimus stage larvae could kill 40 g salmon smolts once they
developed into preadults and became mobile over the host body surface; the relative intensity
of ~0.75 (lice.d fresh weight) therefore idicated that only 11.3 chalimus larvae may have a
detrimental effect on a wild salmon smolt of 15Tdnis level of infection also caused mortality
of wild salmon smolts in aquarium experiments (Finstad et al. 20081, however, that mass
of salmonids inreases approximately as the cube of body length so for larger fish beyond the
smolt stage thisletrimentalweightspecific loading will probably differ markedly with
increasing sizeBecause in the natural environment only survivors generally remairadlail
for capture and sampling by observers, Holst et al. (2003) suggested that a lack of wild smolts
with >11 lice in Norway may be explained by mortality of more heavigsted hosts.

In subsequent physiological studies, and utilizing a suite of stnaskers and empirical
measurements, Wells et al. (2006) concluded that 13 mobile sea lice per fish was the critical
abundance which elicited stlbthal stress responses in wild pesholt sea trout $almo truttg
in the weight range 190 g (mean 37 gYyhus, whilgjuvenile sea trout with a burden of 14 sea
f A0S O2dzZ R GKSYy 0SS 202S00GA@Ste&e OFGS3I2NRAT SR | &
argument would not extend to a 4 kg adult Atlantic salmon also infected with 14 sea lice, but
which wouldnot be significantly stressetiowever, even though at thiadividualfish level that
n 13 K2ad artyvyz2y ¢2dzZ R y230 06S O2yaARSNBR GRAA
context, at thepopulationlevel that fish should be considered diseased lnsesthe sea lice it
carries have the capacity to infect other farmed and wild salmoritss, the categorization of
asSlk tAO0S a I+ aRA&aSlIasS¢d OFly @FNE FOO2NRAY3A (2
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None the less, it must be acknowledged thaee a single sea louse infecting an otherwise
KSIfGdKeé | RdzZ G alrtyzy adagatt OFy OFdzAS RIFEYF3S
feeding activityThe skin and its mucus covering is a critically important barrier to ion exchange

with the surrounding water and while that damage might not in itself induce osmoregulatory
compromise or dysfunction, such lesions of the fish epidermis can expose the host fish to
pathological secondary bacterial infectidrurthermore there are indications and reports &l

sea lice themselves may also be vectors of microbial and bacterial diseases (e.g. Infectious

Salmon Anaemia (ISA), Nylund et al. 1993; Pancreatic Disease (PD), Marian McLoughlin, pers
comm. 2008}hough this haget to be demonstrated conclusively

Anadditional concern when assessing whether or not a sea lmfseted salmonid is
diseased is that there is clear evidence that different species of salmonids vary in their
susceptibility to infestation bizepeophtheirus salmonfs.g. Fast et al. 2002)lagasawa (1987)
and Nagasawa et al. (1993) reported on differences in prevalences and abundahces of
salmonisnfecting siXPacific species of salmonids captured in the open ocean: pink salmon
(Oncorhynchus gorbuschahowed the highest prevalence and ablance of.. salmonis
followed by chinook salmorQ tshawytschpand steelhead trout®. mykiss Whereas they
recorded relatively high levels of infestation on colb kisutch and chum©. ketg salmon,
they did find sockeyed. nerka to be relativey rarely infectedcf. Atlantic salmon; Section 1.0
F02@0S0 o0dzi 6KSGUKSNI GKSAS OFy 06S O2yaARSNBR 02
. SEYAAK SiG Ff ® 0H A npsamonBlGsEaNgrssiBnenstatiigh £ A OS¢ 0A @
intensities and 98100% pre@alence on pink@ncorhynchus gorbuschachum Q. ketg, sockeye
(O. nerka, chinook Q. tshawytschpand coho ©. kisutch salmon in coastal waters of British
Columbia. However, because Beamish et al. (2005) did not numerically distinguish the two
caligds within hosts in their tabulations it is not possible to derive the prevalences or
abundances of either parasite on particular host specf@s.the basis of the relative
abundances of the various host species, and their typical parasite loadings aNagetsal.

(1993) considered pink and chum salmon to be the most important host species in the North
Pacific Multiple host species laboratory infestation trials also have indicated clear differences
in susceptibility of salmonid species, and coho are segiy relatively resistant to initial

infection (Fast et al. 2003); Atlantic salmon eppto be more susceptible thdPacific species
(e.g. chinook and coho salmon; Johnson & Albright 1992 aimao trutta may be more
susceptible than iS. salaDawsoret al. 1997).

1.22 The wider perception of sea lice as benign parasites or as a disease organism

Interms ofdeda ONA 6 Ay 3 asSlI ftA0S a I GaRA&ASI&ASE GKS
negative connotations, in the sense that we conceptualize diseakavaisg a detrimental or
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debilitating effect on the host organism. It is pertinent, therefore, to note that sport anglers still
consider the occurrence of sea lice on a fish captured in freshwater as being a positive indicator

2T (KS a7FNBa kg & amoddrafeRumbér &f pada¥ites) the quality of the fish.

This is because female caligids rapidly lose their eggstrings when the hostédisters

freshwater, and the occurrence of € f £t SR ¢t SRI &SI f A0S¢ 2y | OF L
widely considered to be the ultimate indicator of freshness.

Infestations ofLepeophtheirusalmoniscan cause visibly obvious skin erosion and
lesions if the intensity of the infestation is moderate to higbr moderately to heavily infested
fish these lemns are especially obvious along the dorsal midline between the dorsal fin and the
tail, and on the skin adjacent to the anal fin, where the adult females tend to aggregate (Todd
et al. 2000; Figures 1.2, 1.3 and 1.4).

Figure 1.2 Adult femaleLepeophtheirus salmonixcupying the skin adjacent to the anal fin of
an adult two seawinter Atlantic salmon (~7 kg) captured in fully marine seawater at
Strathy Point, N Scotland. Note the (pink) erosion of the epidermis and atsci
bleeding of the lesiorfPhoto: C.D. Todd]

Many sport anglers today still erroneously interpret the erosion adjacent to the anal fin
6S®aAd CAIdzZNE mMdn0 & 0SAYy3 aNHzyyAy3d YIN]aé¢ 6K
and rocks as it asods the riverAgain, as with the presence of adult females still bearing their
S3I3aGNAy3Iazr OF LIdzNBE 2F || FA&AK gA0GK aNHzyyAy3a Y
of freshness and quality.
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Figure 1.3Adut femaleLepeophtheirus salmonfmost with paired eggstrings) occupying the
dorsal midline between the dorsal fin and adipose fin of a wild, onenseter adult
Atlantic salmon (2.80 kg) captured in fully marine seawater at Strathy Point, N
Scotland. Té sea lous@bundanced WY 2 60 A f S Qonhis fisH\8as 522 y £ & 0
salmonisand 2Caligus elongatugPhoto C.D. Todd]

Figure 1.4Adult two seawinter Atlantic salmon (~8 kg), captured in estuarine conditions in the
Firth of Tay, E Scotland, showthg typical lesions caused by adult female
Lepeophtheirus salmon@ the scales and skin adjacent to the anal[fhoto C.D.
Todd]
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1.2.3 The salmon lousd,epeophtheirus salmonifPacific and Atlantic populations

The current scientific literature refertoLepeophtheirus salmonig@yer as occurring
both in the North Pacific and North Atlantic Oceans and infesting salmddadisi¢spp.,
Oncorhynchuspp.,Salvelinuspp.).There is convincing geological, molecular and ecological
evidence of past tranérctic connectivity of the marine fauna of the North Pacific and North
Atlantic basins (e.g. Dodson et al. 2007and specifically of Pacific species having tended to
colonize the North Atlantic rather tharice versa following the recent opening of thBering
Strait (~5 million years ago; Marincovich & Gladenkov 2001gre have been repeated-re
openings of the Bering Strait but many trafiectic invasions apparently occurred ~3.5 million
years agoThe predominance of Pacific species invading the Atlaeems to be explained by
the bulk of water flowing through the Strait to the north, perhaps with concomitant effects on
planktonic larval transportMorphologically, Pacific and Atlantic salmonisire apparently
indistinguishable, but certainly them@re genetic differences at the ocean basin level.
Microsatellite DNA loci include tandem repeat sequences of the four nucleotide bh#e&,C)
of the DNA molecule. These loci typically are highly variable and are generally considered to be
selectivelyneutral (i.e. not adaptive); they offer a powerful and commonly used means of
assessing and comparing the genetic structure of populatiémalyses of microsatellite DNA
variation (Todd et al. 2004) showed no significant differentiatiob.aalmonigpopulations
sampled from wild and farmed salmonids throughout the North Atlantic (E. Canada to N.
Norway).There were, however, significant differences in microsatellite allele frequentigs
the loci studied, and hence overall population genetic streettor L. salmonigrom a Pacific
(British Columbia) farm population compared to the pooled dedan all sites and all three
host species samplddr the North Atlantic populationVery closely related, but distinct,
species can share microsatellite laad it is relevant thaC elongatusshares none of these six
L. salmonisnicrosatellite DNA sequences

Those DNA results cannot provide conclusive evidence regarding the specific status of
Pacific and Atlantitepeophtheirusalmonis but recent DNA sagence analyses (Yazawa et al.
2008) do indicate clear genetic distinction of the Atlantic and Pacific linedggsther with
other evidence, Yazawa et al. (2008) conclude that the reduced genetic divsgrsdiicallyof
the 16S rRNA an@Olgene sequenes for Pacifit.. salmonigire indicative of an Atlantic origin
for this speciesWhether or not North Pacific and North Atlanticsalmonisineages have
diverged sufficiently to now comprise closebtated and morphologically similar, but
taxonomicallydistinct species remains uncled@ut the likelihood is that genetic differences
between Pacific and Atlantic [ @ & | niigWit2vgllbé stifficient to warrant taxonomic
separation into two distinct specieSimilarly, there now is a body génetic (nitochondrial
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DNA sequengeand ecological (host association) data to indicate that the host generalist
parasite,Caliguselongatus actually comprises taxonomically separable entities (dines & Heuch
2005, 2007)It is, however, perhaps too early to affirm ththere definitely are two (or more)
speciesofi / | £ A 3 dz&a arRlive h&aa ) far heipéirposes of the present report, continued

to refer to the one species @. elongatus

Host associations dfepeophtheirusalmonisand other caligids

While recognizig that there are probably two species@f{ S LJS 2 LK KS mNXza & f
the North Pacific and North Atlantic Oceans hereassume only the one species in the
interests ofclarity and in order to remain consistent with the published scientific literature to
date. Whether Pacific and Atlantic. salmonisire one and the same species is not simply of
semantic importance For example, much of the apparent amemagst species variability in
susceptibility of salmonids tb. salmonisnfestation may be explaineoly Atlantic and Pacific.
salmonisbeing distinct species. However, given gmsumptionof the one specied.. salmonis
is associated with a total of 12 host salmonid fish species of the g&adnag Oncorhynchus
and SalvelinugCostello 2006)Along tre Pacific coasts of Alaska and British Colunibia,
salmonis Caligus clemenga hostgeneralist), and.epeophtheirus cuneiféalso a host
generalist) all have been recorded on wild and farmed salmoimdBritish Columbia, Chile and
Tasmania (Australj&almo salars the principal salmonid species in cultuvéhile the
Tasmanian industry apparently suffers no especial problems from caligid infestation of farmed
salmon (but is impacted significantly by Amoebic Gill Disease, AGD), the Chilean industry is
heavily impacted bgaligus tereand especiallZaligus rogercresseffdoth host generalists)n
JapanCaligus orientaliss the most pathogenic sea louse on cultured Pacific Salmon, although
L. salmonisilso remains a problem (Nagasawa 2004; Cos28l(6).L. salmoniss associated
with wild chum and pink salmon in Japan, but also infests cultured coho salmon and rainbow
trout. C. orientalig like C. elongatusn the North Atlanticg is a host generalist which
occasionally impacts upon salmonids kius an especial problem to cultured rainbow trout
(Nagasawa 2004).

1.2 4 Establishment of parasitic disease

In the General Disease Report, the distinction is made between infectious (bacterial,
viral, fungal) disease and parasitic disease (their Sett@nThree phases of infectious disease
(1, initial colonization; 2, infection; 3, pathological disease manifestation) are distinguithed.
same three criteria, or phases, can be extended to sea lice as pathogens and their
establishment (and categoritzan) as disease organisms on host fish.
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Phase | Initial colonization

All female caligids undergo internal fertilization of the eggs prior to their extrusion into a
LI ANJ 2F SE{ Seygl i NXKopfaréer ntbi@anic @elogment towards hatichy
(Figure 1.5)The female retains the eggstrings as the embryo develops to the hatching stage.
The nauplius 1 is the hatching stage and at this point the eggsflisintegrates and the larvae
becomeplanktonic.Planktonic organisms, by definition, cantrswim directionally against the
current; they drift passively but do have the ability to adjust their vertical depth in the water
column.Caligid larvae do not feed in the plankton and all energetic requirements for planktonic
development to the infectig stage are provided by the female durwitellogenesis and pre
fertilization maturation of the eggThefree-swimmingnauplius | molts into a nauplius Il and
then again into the infectivelanktoniccopepodid stage Planktonic @velopment from
hatchingto the copepodid takes-24 days according to species and ambient temperature.
During this planktonic phase the larvae drift on currents and may migrate vertically in the water
column, perhaps with a diurnal rhythm (e.g. Heuch et al. 1995; Aarseth &BAd9@09;
Flamarique et al. 2000; Hevrgy et al. 2003)ere is evidence that suggestspeophtheirus
salmonisalso may modulate its vertical migratory behavior in response to changing salinity (e.qg.
Heuch 1995).
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Nauplius |

Adult male
male

é %
Pre-Adultllmale  \1opile) Pre-Adult |

HATCHING

(Mobile) Pre-Adult |
female

Pre-Adult Il
female Chalimus IV

Adult female with paired eggstrings

Figurel.5 The molt stages and life cyadé Lepeophtheirus salmoni$he gravid female
extrudes a pair of eggstrings containing the developing embryos and these are
retained to the hatching stage (Nauplius I). After two planktonic larval molts host
infestation occurs at the final freewimming, opepodid stage and the subsequent
four chalimus stages all are attached to the host fish by a th(damhtal filament)
The preadult and final adult stages all are mobile over the host fish fuktber
molts occur after the adult status is attainedagm Schraml993).

Typically, planktonic organisms reside at greater depths during daylight hours and
migrate upwards at nightdowever, in general the vertical migratory behavior of the planktonic
stages of sea lice (and their responses to, for examplaity changes) is poorly understood
and also probably critical to an understanding of the infestation dynamics between host and
parasite (e.g. Heuch et al. 1993evroy et al. 2003DA @Sy G KFf @ & & NF dz8 zZNB
farm pens and net cages,dearly is not possible for the larval stages of sea lice to be retained
throughout their planktonic development periagithin their cageof origin(but see Costelloe
et al. 1996 for heavijouled net meshepst the planktonic larvae will be uncontrollably
exported from the cage and they therefore have the potential to infect (1) host fish in other
cages within the same farm, (2) other farmshan drift-distance of thearm of origin, and (3)
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wild fish passingufficiently close to théarm. By the same toén, larvae emanating from free
ranging wild fish clearly have the potential to infect caged farm populations if those larvae are
released in coastal waterBecause of their finite longevity and being limited by maternally
provided reserves of energy, la® hatching from salmonids occupying their offshore oceanic
feeding areas will be able to infect only other wild hosts and will not impact farmed salmonids
held in sheltered or serr@nclosed coastal watertn this sense it is inescapable that the initial
infestations of cultured salmonids in the earliest days of the industry must have been
attributable to wild fish resident in, or migrating through, coastal wat&ieking the specific
example of the Scottish industry, this was initially developed duriedl®60s by Unilever at a

site near LochailorfThe first commercial smolts were put to sea in 1972, and by a date as early
as 1976 it became apparent thitpeophtheirusalmoniswas problematic to the industry (Rae
2002).

Initial colonization by sea lida the natural environment and in farm pens is very poorly
understood.In fjordic systems, in NW Europe the infective copepodids appear to concentrate
Fd arftAyAde RAGRaypldiscgndriuities iS emperatdreNdR sAlinifgér to
the outfall of rivers (e.g. McKibben & Hay 2004; Penston et al. 2004), and it is here that coastal
sea trout(Salmo truttg and Arctic char(Salvelinus alpingg which remain in inshore waters
throughout their marine residence are perhaps especially vulndxa to initial colonization.
However, Bricknell et al. (2006) have proposed that colonization of Aenggating smolts
occurs in the coastal zone away from river outfalls, and at salinities that are closer to oceanic
levels, and >2Ppractical salinity unis (psu). Certainly, this seems to extend to fish in sentinel
cages in the Norwegian Hardangerfjord system (Finstad et al. 20@&ther it be for wild
smolts first entering salt water, or farmed fish held within net pens, or evenrfieging wild
adultfish in offshore waters and the open ocean, the likelihood is that it is the host fish that
GFAYRaAE GKS LI NIFAaAGS O0AYFSOGALBS O2LISLI2ZRARYD
Hevrgy et al. 2003 hat is, as a result of diurnal vertical naitgon, and perhaps also responses
to local changes in salinity, the infective copepodid probably positions itself at the appropriate
depth in the water column where the host salmonid tends to forage or migrate and thereby
enhances the potential for encouet.

Less is known about how the copepodid attaches initially in the natural environment but
it is likelyfrom laboratory investigationthat the infective larva can respond to physical stimuli
(light, shadow, vibration changes), and perhaps biologioas ¢a.g. Ingvarsdattir et al. 2002;
Genna et al. 2005), indicating the proximity of a potential fish host and to attach itself
temporarily.In the case oLepeophtheirus salmonithe copepodid clearly has the capacity to
chemically distinguish between almonid and a norsalmonid fish once it has initially attached
(e.g. Ingvarsdéttir et al. 2002)lthough no published laboratory observations are available of
settlement and attachment responseslofsalmonigsopepodids to norsalmonid hosts,
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semiochemial studies with adult male. salmonige.g. Ingvarsdaéttir eal. 2002; Genna et al.
2005) do indicate a clear ability far salmoniso distinguish salmonid from nesalmonid fish.
The expectation is, therefore, that the specificity of thesalmonisalmonid host association is
maintained by positive responses of the larval and pastal stages to salmonids onlinitial
attachment for the copepodid typically occurs on the fins of the host fish (especially the dorsal,
ventral and anal fins) or thecales. If the host fish is of an appropriate species the copepodid
clasps the host tissue and then undergoes a molt to the first sessile stage in the lifAtycle.
this stage the parasite attaches itself typically to a bonyrdyor a calcified scaleybmeans of a
WF NR y { | fpenttrativé thiéagfwhich panctures the epidermihis stage is termed the
chalimus and successful molting of the copepodid and permanent larval attachment of the
chalimus stage can be considered the completion of inctédnization.

Phase Il: Infection

Penetration of epidermal tissues liye frontal filamentcan elicit a localized
inflammatory response by the host fish, and this may be the reason Samserhynchuspp.
can successfully reject attachetalimi(Wagner ¢ al. 2008) For juvenileSalmo truttathe site
of attachment can be visibly recognizable as a small black ldpst.tissue responses to
attachment and feeding of sea lice appear to be limited, although the details of the host
immune response to sea licefestation do vary amon§almospp. andOncorhynchuspp. and
only noware beginning to emerge (Wagner et al. 2008k and chum salmon appear to differ
in their susceptibility to initial infestation by copepodids (e.g. Jones et al. 2007)amd n
specifc, localized immune responsetboth of these specie® initial colonization can be
effective in ridding experimental singfaulse infestation before the larvae molt on to thaurth
andfinal chalimus stage (Wagner et al. 2008pwever, this resistarecdoes not appear to be
fully developed until the fish exceed about 0.7 g in weight (Jones et al. Zi@8)epulse
challenge is the simplest and most typically used experimental protocol, whereby copepodids
are introduced to the experimental tank jushce. This will differ from the natural
environment in that fish there generally will be exposed to much lower densities of larvae but
perhaps repeatedly so and over an extended period of tiDepending upon the species of
caligid there may be two, oner @o preadult stages between chalimus IV and the mature
adult. Lepeophtheirus salmonitr example, undergoes two piadult stagesCaligus clemensi
has one preadult stage, whileC. elongatusias none and molts directly from the chalimus IV to
the mature adult.Irrespective of the presence/absence or number of-poilt stages, the key
aspect of this point in the sea louse liggcle is that the chalimus attachment now is
permanently lost and the parasite becomes freaging ¢olloquially,d Y 2 6 A f r$h& Body2 @ S
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of the host fishThe potential for parasittnduced damage of the host epidermis as a result of
FSSRAY3 OUAGAGE Aa YINJSRfte& AYyONBlFaSR 2y0S

Phase lll; Disease

Although attachedhalimican causeevere erosion of host fins and scales if infection
intensity is especially high (e.g. Figure 1.6), it is generally atthelsé f SR aY20 At S¢ &
pathological effects of sea lice become especially profound for the hosttisis attributable
to both the degree and extent of epidermal and dermal damage caused by the feeding activity
of the mobile stages of the parasite (e.g. Figure 1A8)skin damage and lesions develop and
extend, the fish is liable to suffer osmoregulatory dysfunction angspogical stress, and also
to become increasingly vulnerable to secondary microbial infecBapending upon the
species and size of the host fish, and the number of established sea lice, it is at this point that
GKS TA&K OFly 06S O2yaARSNBR GRAA&ASI&aSRé®

Figurel.6 (Attached) chalimus stages bépeophtheirus salmonisfesting a wild possmolt
sea trout Galmo truttg ~60 g), captured in brackish water in Wester Ross, W
Scotland. The chalimi here are attached to the bones of the fin rays of the diarsal
and their restricted feeding area has led to erosion of the dermal tissue and
exposure of the fin ray bonef?hotocourtesy of Sally Northcdtt

1.25{ S t A0S AyFSaidlrdAz2ya IyR GLNBYIGdzZNE YAINI G

For wild fish, return to freshwater resulis the loss of all attached and mobile stages
because of the inability of sea lice to survive kvagn in freshwater (e.g. Connors et al. 2008).
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Adult femaleLepeophtheirus salmonisitially drop the eggstrings iresponse tdresh water

but attached chéimuslarval stagesan survivea few further days depending on host species

and temperature (Finstad et al. 199%)prSalmo truttain NW Europe the phenomenon of
GLINBYIl GdzNBE YAINI 02NB NBGdZNYyé 2F AyFSaidSR FAAK
recent years (e.g. Tully et al. 1993a; Birkeland 1996; Birkeland & Jakobsen 1997; MacKenzie et
al. 1998; Bjgrn et al. 2001), and has been attributed to betevigal response of the host fish

to excessive sea lice burdemi®r juvenileS. truttathis behavior may result in a sheterm
improvement in survival, but growth potential inevitably is compromised by the reduced period
at sea and the fish also is exposed to the increased risk of secondary infection okebgsosed

tissue by micreorganisms irfreshwater (Wells et al. 200730, while there may well be a short

term benefit (in terms of osmoregulatory function and reduced stress) of premature return

(e.g. Birkeland 1996; Bjarn et al. 2001; Wells et al. 2007), the ldagarbenefits in relatioro
survivorship and fithess are uncertalrrespective of that uncertainty, from a management
perspective such disruption of behavior is sufficiently extreme to warrant the deduction that

sea lice can and do present a clear disease problem to juvenih@sals in these

circumstances.

1.3 Health, Disease and Sustainability
1.3.1Stability of the hostparasite association and epizootic outbreaks

Salmonids infested with sea lice can show clear pathological damage and bleeding of the
epidermis in areas wherthe sea lice tend to aggregate on the host fish (Figures. 1.2 and 1.4).
As far as can be judged, however, the natural salmonid-beatlice association is stable: for
example, adult one sewinter Atlantic salmon~1-4 kg) returning to Scotland from trapen
ocean have been recorded with sea lice burddrepéophtheirus salmongdus Caligus
elongatug as high as 150 (Figure 1.1) and yet appear to be in good physiological contitcbn.
salmonids were associated with sea lice prior to the developmetiteosalmon aquaculture
AYRAzZAGNE YR AyUGSyaA@dS I ljdzZ Odz G dzZNE Kl a y2a4 Ay
within the bounds of their natural geographic distributidn.the North Atlantic, for example, it
is very likely that.. salmonisnd C.elongatushave been associated with Atlantic salmon, sea
trout and Arctic che since at least the last glacial maximumthe Pacific, the introduction of
farmed Atlantic salmon has undoubtedly extended the potential host range for indigenous
Pacific sedice (e.gL. salmonis, Lepeophtheirus cuneifer, Caligus clen@asgjus
rogercresseyibut, with the exception o€. rogercresseythose same sea lice species probably
already were variously associated with the native Pacific speci@sadrhynchug=or example,
before the establishment of salmon aquaculture in British Columbia, the host genetalist,
clemensihad been recorded from about 14 species of pelagic fish in British Columbia, including
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Oncorhynchuspp. (Parker & Margolis (1964)he debat is therefore not about aquaculture
extending the host range of sea lice impacting wild salmonids, but of possible amplification of
the quantitative elements of these natural hgsarasite associations, perhaps to the extent of
them comprisingexceptionalepizootic outbreaks.

The mobile adult male and pi&dult male and female stages loépeophtheirus salmonis
tend to prefer the head and anterior dorsal areas of the skin of wild Atlantic salmon; by
contrast, the adult females tend to occupy the skin aradjacent to the anal fin (Figures 1.2
and 1.4), and the dorsal midline between the dorsal and caudal fins (Figure 1.3) (Todd et al.
2000).For salmonids infested with high numbers of sea lice, the feeding activity of the parasites
can be locally intensdd to the point that muscle tissue, fin rays or skull bone is exposed.
Infestation of wild juvenile sea trout with large numbers of attacleldlimican result in the
erosion of dorsal and paired fins and exposure of thedinbones (e.g. Tully et aP93k Fig.

1.6).

C2NJ AYRADGARdzZE £ & &dzOK a4 (GKS FAakK Affdzad NI G
status is visibly obviouBut such instances appear to be rare in Irish, Scottish, and Norwegian
areas remote from commercial salmon farming, aNdfY G KS 4GS Moy nQa GKA:
point of the public controversy amgtientificdebate in Europe concerning the detrimental
impacts of sea lice on wild salmonid stocks, and the implication of intensive salmon aquaculture
as a causal or contributgrfactor (e.g., for Scotland and Ireland see McVicar et al. 1993; Tully et
al. 1993a, 1999; Whelan 1993; Northcott & Walker 1996; Dawson et al. 1997, 1998; McKenzie
et al. 1997; McVicar 1997, 2004; Costelloe et al. 1998; Butler 200B)itish Columbiahie
situation is rather different, due largely to the extremely small sizes of juvenile pink and chum
salmon.For these fish (which are diminutive and weigh <1 g in early spring [Morton et al.
2005]), shortterm mortality rates of juveniles may be elevatey infestations as low as3
mobile sea lice per fish (Morton & Routledge 2005), although the authors included no fish mass
data to qualify this lethal loadindgnfestation with as few as 10 mobiles certainly appears to be
potentially lethal, with death@mmonly occurring before extensive lesions and fin erosion
develop.Morton et al. (2004) recorded >90% of sampled juvenile pink and chum salmon
adjacent to farms in the Broughton Archipelago (British Columbia, Canada) as carrying sea lice
burdens exceeding lethal limit of 1.6 lice:§ but abundances were near zero away from
farms.

The debate concerning sea lice infestation interactions between farmed and wild fish in
British Columbia currently remains unresolved, and to a large extent polariéddisuss in
detail below those studies from British Columbia which focus on detrimental effects of sea lice
on juvenile Pacific salmonids, and the implication of farmed salmon as the infestation source.
But it is important at this juncture to emphasize albat there are reports which conclude that
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wild Pacific salmonid populations can-exist with farmed Atlantic salmon in W Canada
(Beamish et al. 2006Mowever, it should also be noted that this conclusion is based on survival
rates of the 2003 smoltsyhichwent to sea during a period when one their major migration
corridors was fallowed as part of the Provincial Action Pldith specific reference to the wid
farm debate in W Canadahe recentscientificliterature has been reviewed for the Pacific

Salnon Forum in a constructive and balanced manner (Harvey 200&)present report draws

no overall conclusion regarding these important issues, but acknowledges that problems with
sea lice for both wild and farmed salmonids persist and outlines recentgssdfor example in
objectively determining management tools, based upon threshold levels of sea lice infestation
that can cause significant stress to host fish) which might assist in the application of the
precautionary principle in conserving and mainiag wild salmonid stock#&s we outline in

the report, the evidence is largeigdirect orcircumstantial that sea lice emanating from

salmon farms can and do exert detrimental effects on wild salmonids. That is not to denigrate
or detract from the quaty of the various observational, experimental and theoretical
approaches adopted by scientists in addressing this important environmental issue. Rather, it is
an objective acknowledgment that it is practically impossible to precisely quantifytaviirm
versus farmo-wild and wildwild infestation interactiongsee also Section 5.0Given the
diversityof life-history strategiesand differential vulnerabilitpf host species associated with

sea lice in the Pacific and Atlantic Ocearssyall aghe geographic differences in the intensity

of the industry and its regulation, it is not plausible to draw a single-aderg conclusion
regarding the potential negative impacts of sea lice on all wild fish stocks-wadttd

However, on the basis of themge of available information (from the Pacific and Atlantic
Oceans, and from both Hemispheres), we believe it is clear that the weight of evidence is that
sea lice of farm origin can present, in some locations and for some host species populations, a
signficantthreat. Hence, @oncertedprecautionary approach both to sea lice control
throughoutthe aquaculture industrand tothe management of farm interactions with wild
salmonidds expedient

Recent physiological studied/€lls et al. 2006, 20Q0Findad et al. 20Gb), and advances
in our understanding of the host immune response of salmonid fidkefmeophtheirus salmonis
infestation (reviewed by Wagner et al. 2008), have led to our ability to ascribéetd
threshold abundances of sea lice cagssignificant stress to the host fishhe objective
derivation of these target levels is seen to be crucial to wild fishery managers in ascribing
particular populations as being subject to excessive sea lice infestation preBsildeng upon
the early sudies of Grimnes & Jakobsen (1996) and Finstad et al. (2000) on hatelaeey
Atlantic salmon smolts, it has proved possible to identify target levels of infestatibon of
salmonigthat define threshold levels for sdlethal stress of host fisitwo caeats are,
however, necessary: (1) most experimental studies involving sea lice challenge of naive hosts
concern singlgulse infestationgsee Section 1.2.4 abovef laboratory fish; and, (2) the stress
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threshold levels will vary with both species anat host fish as well as with the conditions
under which the experiment is conductebthe importance of these caveats is that in the
natural environment host fish will be exposed to repeated infestation pressure, perhaps at a
lower level but over an extated period of time. Stress responses to intense, stpglee
infestation are likely to differ from responses to protracted and repeated infestation pressure
at lower levels.

Wild fish are vulnerable to repeated infestation of sea lice once they haveezhte
seawater, but to experimentally mimic this in a controlled fashion in the laboratory will be
extremely challenging. Migration from freshwater presents salmonid smolts with the
demanding and physiologically stressful requirement to osmoregulate in ersgine
environment. Exposure to potentially rapid and intensive infestation by sea lice presents a
contemporaneous source of additional physiological stress for smolts and juvenile salmonids
(perhaps especially the diminutive pink and chum salmon) as asdhey enter the marine
environment. For wild juvenile sea trout pestnolts (weight range 190 g; mean 37 g),
simultaneously challenged by transfer to seawater and a singlse infestation of
Lepeophtheirus salmonian abundance of 13 mobile lidsh® was found to be a threshold for
multiple physiological markers of stress (Wells et al. 20B6) how that target might be
applied perhaps is a matter for discussion and consideration on a local basis. For example, as
an ecological rule, parasiteSty R (1 2 -RASa LASNESNRE | Y2 ¥ Fpic&llg a0 AYRACC
many hosts have zero or low intensity infestations but a few individuals carry extremely high
burdens (Section 1.1)This inevitably raises the subjective question of what proportion (10%?
50%7 of a wild population should exceed the target figure in triggering further interventory
measures on adjacent salmon farms. In the specific case of Norway, an objective of < 10 lice per
wild salmonid smolt has been recommended to ensure no negative affesgimon lice on wild
alf Y2YAR LR2LMzZ I GA2ya 6. 2DNY SiG Ff® HanyT HAno
alf Y2YAR avY2ftdé NBO2YYSYRIFIGA2Y Aa y2G | b2NBS
based on experimental results (Wells et al0B0Bjarn et al. 2008,2009%kiven the scale of the
Norwegian industry and the size of modern farms (see Section 1.3.2), in order to achieve that it
would seem to be necessary both to reduce the sea lice level on each farmed fish and to further
optimise ddousing strategies.

For somewhat larger farmed Atlantic salmon smolts (weight rang&@®0g)t the size
typically transferred to sea for egrowing by the industry the comparable threshold sub
lethal infestation level okepeophtheirusalmoniswas found to be 20 mobile sea lice (Wells et
al. submitted) For larger adult sea trout and Atlantic salm@veighing upwards of 1 kdf)e
threshold levels will undoubtedly be considerably higher, whereas for the very small chum
(Oncorhynchus kejaand pink salmo (O. gorbuschpjuveniles the comparable thresholds will
be markedly lowerFor example, lorgerm monitoring of returnmigrant, one seavinter adult
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Atlantic salmon1-4 kg) captured in coastal marine waters in Scotland has shown that the

average abundare ofLepeophtheirus salmonis ~25 mobile sea lice per fish (Todd et al.

2006): although some individual fish showed abundancés s&lmonisind Caliguselongatus

in excess of 100 (Figure 1.1) it is most unlikely that any of these fish could be cedside

GRAASI ASR¢ g AGK NBaLSOAL anb Hawsver, b@definidichNA | RA & Odz
observers generally can sample only surviving fish in the natural environiteafield and

laboratory study by Morton & Routledge (2005) in British Columb@apgcially valuable in this

context in that they were able to sample frsgvimming juvenile salmonids prior to their

possible death in the natural environment and to retain them and monitor their survivorship in
experimental facilitiesNotwithstanding tha particular study, it generally is the case that wild

fish subject to excessive infestation may simply not survive long enough to be captured and
assessedt therefore follows that it is impossible to state with any certainty that sea lice never

kilhosi FTA&AK |G ayldadzNYfte¢ tS@Sta 2F AyFSaidlarzy |
coasts of Nova Scotia (Canada), epizootic outbreaks have been re@&frgedrsprior to the

development of intensive salmon aquaculture.

Scottish catches of wild adrout (Salmo truttg have shown a general pattern of long
term decline since detailed catch records were initiated in the early 1¥5@isthe late 1980s
and early 1990s was a period of particularly marked declines, and even crashes in many
populations.For Scotland as a whole there are important geographic differences in population
trends for sea trout: whereas eastern Scotland catches have shown short term fluctuations but
no overall trend over the period 1950 to present, western Scotland has showneaaje
downward trend over this same peri@hdincluding the marked decline of ~20 years ago
(Anon. 2008). Data of comparable duration are not available for Ireland, but in Connemara the
catches of sea trout were remarkably steady through the 1970s aB@slBefore the
catastrophic collapse itihe late 1980=early 1990s (Sea Trout Review Group J08Bne the
less, for the Burrishoole system in particular there has been a pattern of progressive decline of
sea trout smolt production from the early 1970stte turn of the millennium (Byrne et al.
2004).The temporal patterns of sea trout stock sizes in Ireland and Scotland are therefore
somewhat complex, but there can be no doubt that both western Ireland and western Scotland
showed contemporaneous (and Idacatastrophic) decline of certain stocks in the late 1980s
and early 1990s.

The observations of heavily litgfested juvenile sea trout coinciding with the continued
AaoAFTUG RSOfAYS 2F ai201a Ay LNBflIyRIpPOQaA{ & FRE
GKS adl NIAY3-TWNMEGT O2F (1NR SthecbihalisiBhg/frord seRllkis ©
studies in Ireland, Scotland and Norway on sea trout and Atlantic salmon (e.g. Tully et al. 1993a;
Whelan 1993; Bjgrn et al 2001; Butler 2002; Bu§laivatt 2003; Gargan et al. 2003) were
consistent: (1) sea lice were infesting juvenile salmonids to an unusually high extent, (2)
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LIKeaA2t23A0Ft YR 0SKI@A2NYf NBalLkRyaSa [ttt Ay
adjacent salmon farms were deductabe the likely source of these excessive infestations.
Because of our inability to directly track individual sea louse larvae from initial hatitinowgh
planktonic developmento ultimate attachment on the host fish, the initial scientific approach

to assessing wilflarm interactions was correlative: sea lice epizootic outbreaks on wild fish
apparently occurred only in areas subject to intense salmon farming and therefore the two
inevitably were connectedt is regrettable that routine monitoring andetailed information on

sea lice abundances on wild salmonids prior to the development of the salmon farming industry
are lacking, for both the North Atlantic and North Pacifice value of such data to informing

the present debates about withrmed inteactions for Atlantic salmon and sea trout in

Europe, and pink and chum salmon in British Columbia would have been considerable.

Notwithstanding the historical observations of sea lice epizootics of White (1940), and
AABSY GKS 1 01 22dAmodRIYNINBKDBy aRIDEF aaNBa S t A0S |
and fishery managers are presented with considerable difficulties in ascribing instances of sea
lice disease specifically to the aquaculture industry, G KS F0aSyO0S 2F &dzOK «a
experY Sy Gt FyYyR Fylrt@GAOFIf RAFTFAOdAZ GASE NBYIFAyYy S
O2y GNRBE o6I ay2 FENXEéEO NBFa 2N F22NRAAOSOFdza S
comparison of a single farmed fjord with a single unfarmed fjord is flaweal lack of
replication and within farmed or nefarmed areas different sea lochs or fjords cannot be
considered replicates because they will differ in size, depth, hydrography, geology of
catchment, wind exposure, etc.

Two particular problems thus emergeterms of informing the current wildarmed
debate:the lack of presalmon farming data on sea lice prevalences and abunddoceven
reliable data on present prevalences and abundances on wild adult fish (e.g. Beamish et al.
2007)) and sample biaswu to the fact that observers can generally only sample fish that
survive infestation to be capturedn the latter regard, however, progress has been mbdth
in British Columbia and Norwalfor example, Atlantic salmon smolts have been sampled and
tracked in Norwegian Fjords (e.g. Sivertsgard et al. 2007; Thorstad et al. 2007), and in British
Columbia juvenile pink salmon have been sampled extensively in coastal waters along their
migratory routes(Y NJ 2e(af 300%, 2006; Morton & Routledge 2005; btton et al. 2004,
2005) The common outcome of these studies is that coastal migratory transit times for
juveniles are such that early and rapid infestation in inshore waters can lead to fish that will
0S02YS dzySljdzA @201 f £ & G RysarSveeksSRistimigiation i degl. | Y I
The challenge remains to confirm the interactsmengthsbetween wild fish and salmon farms
as sources of infestation and sea lice as a populaggulating factor in local declines of wild
salmonidsThis require progression beyond correlative studies aaputermodel
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predictions to affirm direct links (or lack thereof) between larval sea lice production from farms,
infestation of wild fish, and wild population declines.

1.3.2Sustainability of sea lice diseasf salmonids

As discussed in Section 4.2 the question of sustainability of salmon farming must
embrace sea lice abundances on farmed fish in terms not only of the welfare and husbandry of
cultured fish, but also in relation to larval sea lice producton export from those farms.

Larval sea lice production frommfad A G Sa Ol y> Ay Ylyeé aSyasSazr oS
GSFFEdzSy ¢ GKIFG LISNKILA akKz2dzZ R 6S adzwmaSoda G2
pollutants. The mechanisms by wiicontrol is applied differ between countriefn Scotland,

for examplethe regulatory regime specifies a range of actions to manage the levels of sea lice.
These include the Aquaculture and Fisheries (Scotland) Act of 2007 which requires farmers to
take satisfactory measures in relation to the control, prevention and reduction of sea lice
(Lepeophtheirus salmonand Caligus elongatysand is a legal requirement with the provision

of the Scottish Government to take enforcement actwhere considered ecessary. In

addition, farmers must demonstrate satisfactory measures are in place to caatadicdevels.

This includes maintaining records in accordance with the Fish Farming Businesses (Record
Keeping) (Scotland) Order 2QQBisconcernsrecordsin relation to trainingweekly counts
treatments other methods of control (other than treatment) and records in relation to
management area operation. Sea lice levels ek management must also accord with the
standards of assessment for satisfagtoneasures to manage these riskased upon the Code

of GoodPracticefor Scottish Finfish Aquaculture (SSPO 2006; see also SectionThik.ig in
contrast to he situation in Norwayvhere it isclear that the regulatory levels of sea lice
abundance®n the Norwegian salmon farms (most notably, a mean of 0.5 adult female or <3
mobile stages of epeophtheirus salmonfish™ ; discussed in detail in Section 4.1) are
AdzZFFTAOASYyGte 2 (G2 LINBOf dzRS AYRAQDARIRED T NY
Nonethelessthe sheer scale of commercial salmon aquaculture is such that even extremely

low abundances of gravid females per fish can still result in massive levels of larval sea lice
export from those cages, given that several hundreds of thousdistt may be stocked in each
cage (Heucl Mo 2001).

The fundamental requirements of fish welfare and husbandry dictate that sea lice
abundances on salmon farms should be maintained at levels sufficiently low as to preclude
those fish ever being catego82R & R A &BthemSrR, rabn a precautionary standpoint,
sea lice abundances (and total larval sea lice production per net pen or per farm) should be
maintained at even lower levels to minimize possible detrimental effects on adjacent wild
salmonid popilations.While acknowledging the lack @krtaintyabout wildfarm interactions
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(e.g. Harvey 2008), there is a considerable body of evidence from the North Atlantic and North
Pacific to indicate that sea lice can be severely detrimental to wild salmdridsshould
therefore,be very much a case of applying the precautionary principle: in Norway the

WSy 02 dzNI 3 S Y Sy iirer @etouse thewXiss Wiiinfésgatiofs of local sea trout
exceed 10 mobileea liceper fish(Bjgrn et al. 2008)as tobe seen as a positive precautionary
gesture by the industry, and not an overt admission of responsibility or goilal eradication

of sea lice on salmon farms is impits, but farms ould be enabled and required to minimize
abundances through interveory treatment especially during periods of seaward migration of
wild juvenile salmonids (as is an objective of Area Management Agreements [Section 1.4; Figure
1.7] in ScotlandMigrating smolts of some Atlantic salmon populations in northern Norway
may ke protected from coastal infestation by their natural Amstch of migration timing and

the peak of larval sea lice production (Bjarn et al. 2007), but these quite probably are the
exception to the rule.

Chemotherapeutant treatment is costly to the indosthas other environmental and
human health implications, and is itself closely regulated in the Northern Hemisghere.
Scotland, for example, given farm is authorized with @rescribed annual discharge consent
for specific chemotherapeutants and onteat amount has been used it cannot be increased
within that year.That constraint, in addition to concerns of the development of resistance
through treatment ovetuse, and the increased reliance in both hemispheres on a single
treatment, SLICHKemamectinbenzoate), presents real risks and also places practical limits on
how farms can manage sea lice infestations in a sustainable mahmelate, there is naew
classes othemotherapeutant treatmergon theworldwide market thatare in a position to
succeed SLICEShould resistance to SLf@Evelop and become widespread, the industry
would apparently have no option but to revert to older control agents (e.g. organophosphates,
pyrethroids, chitin inhibitors, peroxide) though these could perhaps be baak¥icitilized
within a management framework of careful and rational product rotation.

1.4Range as a determinant of impact

Unlike many contagious bacterial or viral diseases, infestation of one host fish with sea
lice by another host fish does not regeiiphysical contaciThe inclusion of three free
swimming, planktonic larval stages in the life cygctequiring several to many days to attain
the infective copepodid stagedictates that initial colonization and infestation occurs
remotely.As a consegence, larvae released by adult sea lice infesting a wild salmonid may
ultimately infect another wild host or a penned salmon in a culture cage, perhaps up to tens of
kilometres distant from the point of release of tfiest nauplius stagg-or sea lice laae
hatching from cultured hosts, the export of larvae from the source cage, and the possibility of
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farm-wild interaction, is unavoidable and inevitable: the throditw of seawater in cages and
duration of larval development time dictates that it is Higlinlikely that those larvae will be
retained within the cage (but see also Costelloe et al. 1996 for heavily fouled net mdahes).
Scotland, Penston et al. (2008a,b) recorded the greatest planktonic densities of nauplius stages
adjacent to farms, but fond that copepodids were more widely dispersed in the fj@aect
selfreinfestation of a given cage population is therefore highly unlikely because of the low
probability of the copepodid rentering that same cage some days latdowever, because

salnmon farms have traditionally been located in segniclosed fjords and bays (where they are
sheltered from wind and wave action) the relative lack of hydrographic flushing can result in

the potential forseiNB A Yy FSaGF A2y G (KS@oftHaindRet®e Tl NV Q f S¢
importation of released larvae (Revie et al. 20@imilarly, geographically adjacent farms

within the one fjord are liable to infegachother (www.mattilsynet.no- The Norwegian Food
Safety Authority keyword "lakselus”; www.thiho - TheFishery and Aquaculture Industry

Research Fundkeyword 'hardangerfjordefi, includingSalmon Lice Project in the

Hardangerfjord 20042007, Bjgrn et al. 2008) and it is this which has led to the range-of co
ordinated actions among adjacent farnmsNorway, Ireland and Scotland in particular.

In Scotland, Integrated Pest Management (IPM) for sea lice led in 1999 to the formation
of the Tripartite Working GrouS{WG; http://www/tripartite workinggroup.com)TheSTWG
includes representatives of thg&cottish Government, the aquaculture industry and wild fishery
interests.One of the major achievements of WG was the development of formal Area
Management Agreements (AMAS) involving the industry and wild fishery interests on a local
scale (Figure.T). AMAs include cerdinated fallowing of cage sites, the stocking of single year
classes, and synchrony of sea lice treatments within fjords, often involvingemation
between different aquaculture companiehese AMASs are undertaken with a view to
specifically minimizing farffarm interactions and also reducing the potential impacts of
farmed sea lice larval production on local wild sto¢kghe latter regard, it is important to note
that the objective of zero ovigeroysggbearing)salmon lice a farms during the critical wild
smolt migration period (Februatjune) is precisely thatan objective, but not a statutory
requirement.In Ireland, thecomparableco-operative policy adopted within the industry
referred to assingle bay managemenfGrowers in eastern Canada have adopted a similar
approachcreatingof a number of Bay Management Aredisese relate to a broader range of
specie® ¢KS GNAGSNAER 2F GKAA NBLRréldeweolBedatui onF A Y R A
the details orinpact of this initiatie which began around 200Personal conversations with
veterinarian and farm health managers in the area confirmed that these are bays of substantive
geographical size and involve innovative strategies such as fallowing a givem bdylf year
so it will be interesting to see what effects this has of sea lice managenten data are
forthcomingp ! O6NASF 2dzif AyS Oly 6S F2dzyR 2y GKS bS
web site at- http://www.nbsga.com/farmedsalmon.php?view$3
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Figurel.7 The 18 Scottish Aa Management Agreements (AMAsgnedas at September
2008 (Un-signed areas are shown in hajch
http://www.tripartiteworkinggroup.com/content.asp?ArticleCode=25
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