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Fish farm, sea lice, wild salmon Interactions:
Two highly: polarzed views
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Impertant aspects of the life history: ofi Pacific salimon

Anadremous (lifier cycle splii
petween FW and ecean)

Generation time 2-5= years

Clear cold fireshwater;
Provides; iy With' a refuge
firom predators and disease
(buit net much foed)

Smolts enter the ocean for
more fieed (but must grew,
fiast te aveld hbecoming| ficod
for semeone else)




Pink salmen (Oncorfiynchus gors

Dominant Wild species; in
Knight/Breughten: region

Key traits:
Life cycle Is 2 years

Smolts: leave EW. early: (spring| of
15t year)

VVery: small size at ecean entry.
(=3 cm, 0.25 @) Increases smoli
vulnerability to both predators
and parasites

Rear threugh spiing and summner
of first year in coastal ecean,
leave fer open ocean in: fiall

Adults return; in fall' of 279 year
(= 2-2.5 k@), often heavily
Infected with; adult sea lice

Painting by H. Heine, from Groot & Margolis 1991



Relalive densily m

Salman survival (%)
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Hew/Why: We got Invelvea:
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Distance (lomy

Krkosek et al (2006) observed
parasite density’ on smolts vs.
location andl date (3 middle
panels) and modeled! fish survival
rate (bottom) and density ofi the
Infective planktenic stages (iep)

Concluded that Infection; ececurs
clese to active farms (vertical
lInes)

Buit no direct olservation of:
distribution ofi the Infective: stage.

Are they where Krkosek et al
predict? Are the #s highi enough
10 preduce heavy: Infiection?




Our Objectives

Develop metheds fierr sampling planktenic sea-
ice

Determine the: level off effort needed to
discriminate between 1ow' andl Zero or near-
Zero’ abundance

Map the distrbutions of planktonic-stage: sea lice
aleng Knight Iinlet -Thabune Channel befere &
dUrng the sprng seasen out=migratien eifwild
pinksand chunm salnon

Compare: elhserved distibutions' ter surface Water
preperties and proximity: ter active fish farms




Sampling Design:
Both sides off Knight/Trbune: firom Glendale
Cove seaward te Broughtoen Island

Feb - Mar 2007 all sites, all cruises
4 = active farm

@ = sampling site

-126.3 -126.2 -126.1 -126 -125.9
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Sampling methoed: Horzoentall plankten tews,
near shore in surface layer

o QIS IS Where the Juvenile pinks & chum are migiating

e Studies elsewhere show nearshore/surface is where lice
are most dense.

 \/olume! filtered 40-60 m*° per sample




Laboeratery: 1D &
Counting:
Playing WWhere's
Walde?:

s Each sample jar

contains several thousamnd
other zeoplankten®, many
sImIlar I’ size and shape
to the larval sea lice

e Sea lice #s were much
lower, so needed to
search allf off every sample




Results:

EeUnG 3 LypReS: Lepeopitielis Saliions
Ravplin, L. salmoen/s copepodites, and
Callgus cleniers/ CopPepPodites

AUNGCances per samplewere 1ow, rnaging
firom zero) (the' mest cemmon) te nine

Compared catch late to:
x 2007 - Distance to farm(s)" = 1/(average: of

[1/x])

a 2008 - Asiabove: buit distances welghted 1o
Account for varapility: ameng fiarms In
preduction ofi sea lice eggs




Spatial distributions in 2007:
L. sa/mors naupli

]

-126.5 -126.4 126 3 -126.2 -126.1 -126 -125.9 -125.8 1257
active farms > 1 year salmonis 0.014 - 0.183/m3
e Vost abundant near active farms
o Absent where distance-to-farm exceeded —8 km

(low salinity’ sites;, but many: high' S°/ sites; as well)




Spatial distributions in 2007:
I.. Sal/110/1/5 COPEPOMItes

19
:.}‘5" Feb - Mar 2007 all positive sites, all cruises

- 7 L. salmonis copepodites

12686 1265  -1264  -126.3  -1262  -126.1 -126 1259 1258  -125.7
active farms > 1 year salmonis 0.014 - 0.183/Im3

= Distribution similar to: nauplnbut MUCH breader
 Vostly: <20 km' distance to farm, 2 samples —30 km
o No evidence that the center-of-distribution Is shifted
seaward relative to distribution of the naupli




2007 plots; off abundance Vs.
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Lep. salmonis copepodites

4

Caligus copepodites

>

Tests of association
(degrees of freedom)

L.salmonis nauplii Test p
Rank correlation r=-0.60 (113) | <0.001
Pres-abs X 4 distance X?=58.7(3 df) | <0.001
classes
3 # classes X <=10 km X?=32.2(2 df) | <0.001
L. 5alm01315 COPEPS Test p
Rank correlation r=-0.26 (113) <0.01
Pres-abs X 4 distance X?=35.0(3 df) | <0.001
classes
3 # classes X <=10 km X?=16.2(2 df) | <0.001
Caligus COpPeps Test o
Rank correlation r=+ 0.27(113) <0.01
Pres-abs X 4 distance X?2=10.9(3 df) <0.05
classes
3 # classes X <>=10 km n.a. n.a.




Differences in 2008

Lenger ohsenvation span (6! suveys vs 4)

More: farms; in totall, BUt alse moere: controls
(SLICE, harvest) on fiarn lice ouitput

Neverthaeless, results vreadly: similar te
20)0)77




Spatial distriputions i 2008:
L. sa/monis naupli

Feb - Apr 2008 all positive sites, all cruises

naup lii

nauplii 0.016 - 02083 \

farms

o FoUNd only at sites very clese to active farms (<5 km)
o [_.oWer eccurrence rates, lower abundance than the
L. 5allmorIs copPepoadites




Spatial distriputions in 2008:
L. 58//10/7/s COpepodites

Feb - Apr 2008 all positive sites, all cruises

copepaodites

copep 0.014 - 0.416/m3
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o Distrbuiien again much’ hroader tham naupli
o Up to 30 km from ‘recently” active farms: (lbest fit Is to
farm egg output laggead by 4-6 WeekKs)




2008 plots of abundance Vvs. R
distance-to-farm index Tests off association (degrees of

freedom)

L. salmonis nauplii
(2 week lag)

L. salmornis naupli Jlest
Rank correlation r=-0.45 (178)

Pres-abs X 4 distance X?=32.3 (3 df)
classes

3 # classes X <=10 km X?=10.3 (2 df)

0.00 CEIEIDTIFTITONCS e e i e BT
0.00 10.00 20.00 30.00 40.00 50.00
Weighted Distance Index (km)

L. salmonis copepodites r
(1 month lag) L.5alimors Copeps Jlest

Rank correlation r=-0.35 (178)

Pres-als X 4 distance X2=37.9 (3 df)
e * classes
0.10
* +
0.00 <
0 10 20 30 40 5

Weighted Distance Index (km)

(Caligus |larvae were very: rare in 2008 samples)




Time lag between eggl productien and larval
eccelurrence/abundance

Occurrence Rate (%)
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Egg Production Time Series (Stucchi model)
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South Tribune Occurrence & Abundance

s Jreatment/harvest of
farms In and near south
Irbune Channell beganslate
January-EFepruany

s Sea lice egg production
(anelabunedance of nauplhar
stage larvae) appreaching
zero By mid-Viarch BUTL

o Abundance/occulrence: of
COopepoaite stage lanae
persisted through April




Summany. off oul Werk

1., salmons lanvae were relatively: rare (olhsenved
range 0 - 0.4 m:=, mean; 0.01-0.03 m:°),, but thelr
@CCUIrEnce rates and anundances Were Righer
Rear active: fish fiarims

AbUndance: o L. 5a//710/1/5 COPEPoaItes In the inlet
lags the Within-fiamm production: of L. saliion)s
egas by 4-6weeks, (nauplilag by, — 2 Weeks)
Altheugl L. sal/1o//s Presence/aknundance Were
also positively: cerrelated withysurface: salinity in
KRight/drrkbune, this association IS consideranly
Weaker than the spatial/temporall asseciation with
active farms.




Implications of our results?
(our present opiniens):

Goal for farmmmanagement action (drugradditiensy/ fish
remoevalsy sheuld e to limit density. off the: nfective laral
stage: (cepepodite) outside the pPens, not just adult
density: within the'pens:

=g Welad felep geiiyeap) defe) areelticiiein) zlglel ool ojejefie

2R URCENCErSUCUESIS R COPEPLUItEeS eV SUIVIVE N GREEN
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NEXL Step:

Estimate: cumulative encounter rates for
salmoen iy fremi sea lice abundance (alse
REEd ter knew: encolnter radius: &
exposure distance along the salinmoen
migratery’ pati)

(lice: anuneance)(encounterr area)(pan
Iengun)

(.04 m=)x(PI(0.07) m2)x(40km)
~ B Per fish?

Eneugh tol Infect a large: firaction: of the
SMolts?
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