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The overall
Purpose of the
Trustis to

maximise and

sustain the
natural
productivity of
wild salmonid
fisheries in the
rivers and lochs
of Wester Ross.

Wester Ross Fisheries Trust
area map showing principle
river catchment areas and
location of Gairloch office
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Fisheries Co-management

State agencies and
Research institutions

Local Fishery Trust

Fisheries managers, anglers . ..

Fish, habitats and fisheries




*FMP Objective 2
Restoration of the Loch Maree sea trout Fishery




The art of dapping
. was developed on
Loch Maree. ..










Loch Maree Hotel trout catch
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Marine Ages and Growth
Mean Length at Sea Age

(P < 0.001)

1989-1990
1992-1993

1997-2001

4 5 6 7 8 9 10 11 12 13

Sea age (years)

from Butler, 2002



(P < 0.001)
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Timing of River Ewe - Loch Maree sea trout
catches in 2007
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Sea lice monitoring




Lepeophtheirus salmonis : life cycle

Free swimming
larvae

‘Moblle stages

Sle demgy Prnalal i ey |




Lepeophiheirus salmonis : rates of development

15°C 10°C [
or1or weeks o
Adult |
Pread ult rmohbile {end infective)
slages for up to 5 wneeks
e witached for 1 — 3 weeks
wEges
COpRRE G infective forupts 4mesks
Mauplius
pelggc for up to 7+ weeks
Eqg

7 4 E B 10 12 14 16 1B
weeks since hatch

Baod on ‘EVWOS guide’, Fhach et all (2005), Boxasper (206), Revie ot af (2009)




Obijectives

1. to continue to develop a clearer understanding of year to
year patterns of lice infection of sea trout, in relation to
local geography, climate, and salmon farming activities in
nearby areas = Monitoring

2. to gather additional information by responding to reports
of high levels of sea lice infection, in order to investigate
the severity of an epizootic, its extent, distribution, and
possible causes = Surveillance.




Monltormg at Poolewe: gill net set for one hour at
atide 5 days per week in June (Lntih@06

-
———




Protocol

Anaesthetise fish
Measure length
Take scale sample
Count lice

- attached

- mobiles

. Return fish to water after
recovery

. Contact FRS Fish Health if
>30 lice recorded on
consecutive fish (i.e. if
epizootic suspected)




Sealice abundance
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Dundonnell — fyke net fished near top of tide




Alastair Macdonald emptying the fyke net, July 2008






Seallce abundance
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Rod and line sampling — River Ewe




*A fast way to
obtain a sample of
fish in order to
assess severity of
an epizootic

*An efficient way of
gaining a
supplementary
sample of sea trout
In River Ewe
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River Ewe May 2007




Number of lice per fish
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River Ewe, July 2008




River Ewe, July 2008




River Ewe, July 2008
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Finnock, bridge pool, River Kanaird, 28 June 2007







Sea tro out, bridgeipoolsRivek Kanaird, 28 Jurie"2007 ™
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River Kanaird rod and line 28 June 2007: 10 sea trout in sample

At request of Andy Aitken

Fish# | Length Sea lice (See note) Dorsal DallPredator Dam{ Spots | Photos? |Comment
mm chal PrA /A |Ov Fem| total
1 215 0 2 0 2 1 N Y 3 healing scars on dorsal; fin
2 228 9 0 0 9 1 N Y 1 not too bad - fatter than fish#1
3 380 0 0 0 0 2 N Y 2 dorsal fimn badly eroded and raw bloody ulcer
4 232 0 0 0 0 0.5 N light 1 |afewscars |
5 218 7 2 0 9 1 N Y 1 dorsal scars indicative of 20+ lice earlier
6 213 0 1 0 1 0.5 Y Y 1 scale loss on flanks - possible bird attack
7 199 0 2 0 2 1 N Y 1 | |
8 220 90 9 0 99 1.5 N Y 2 dorsal fin eroded to ray bones
9 184 40 0 0 40 1 N Y 1 |
10 233 170 10 0 180 2+ N Y 10  |very tatty: fish retained

Note: sea lice were assumed to be Lepeophtheirus salmonis ; a voucher speciment has been retained and frozen for subsequen




An epizootic is defined as a disease which affects animals as an
epidemic does mankind (Chambers 20th Century Dictionary). In the
context of sea trout and sea lice, we refer to the occurrence of sea trout
with high levels of sea lice infection (average of 30 or more lice per fish
in @ sample of 3 or more consecutive sea trout), or ‘early-returned’ sea

trout with evidence of high level of sea louse infection (scarring and

eroded fins).



Sweep netting
for sea trout
WIEVALS
September 2008)

[ripartite

Kildonan Bay,
Little Loch Broom
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(photo by Ben Rushbrooke)
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River Carron, June 2009
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What can we learn from sea lice observation and data®?




Whether larger fish have more lice on average than
smaller fish(?)

Max lice count on any fish

Maximum number of lice on any sea trout in quartile Mean number of lice on sea trout in quartile
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Whether fish with higher lice burdens are in poorer condition (?)

Average condition factor vs. average number of lice per

Average condition factor vs. average number of lice per

average number of lice per fish

average number of lice per fish
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Whether infection is highest when there is little freshwater in
lochs(?)

Water levelsat Tournaigtrap - monthly averages

0.8
’g‘ 0.75
o 07
ga
5 0.65 ® March
5 06 = April
()
£>> 0.55 = May
= 05
5 045 “ dine
; .

04 = Jly

2004 2005 2006 2007 2008

Year

Tournaig trap project supported in 2008-9 & 2009-2010 by Marine Harvest



Whether infection levels relate to salmon farming (?)

Average sea lice (L. salmonis) on sea trout
versus distance to nearest farm (Butler & Watt 2003)
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Relationship . . . in Ireland (1992 -2001), from Gargan et al (2003)

30 —
(3562) |:J Chalimus
ﬁ 25 - Post-chalimus
3
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= 20
2 (377)
S 15
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S 10
e
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|| . (278) (298) (259)
O ! 1
<20 <30 <60 <100 >100

Distance (km) to nearest farm

Fig. 10.3 Mean number of lice juveniles (chalimus) and adults (post-chalimus) infesting sea trout
smolts in relation to distance categories to the nearest farm. Number of fish in each category is given in

parentheses.
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Fig.10.4 Proportion of chalimus in the lice population infesting sea trout as a function of distance to the

nearest farm.



Sea lice levels on wild post-smolt sea trout from upper Loch Linnhe

Kinlocheil (Lochaber Fisheries Trust data)
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Hypotheses:

1. sea trout were infected with higher burdens of sea lice at sites closest to

active salmon farms
(null hypothesis: there was no difference in lice burdens on sea trout in

relation to distance from active salmon farms)

1a. sea trout were infected with higher burdens of sea lice at sites closest to
salmon farms in the second year of the production cycle

1b. sea trout were infected with higher burdens of chalimus sea lice at sites
closest to salmon farms in the second year of the production cycle.

1c. sea trout were infected with higher burdens of pre-adult and adult sea lice
at sites closest to salmon farms in the second year of the production cycle



Method of data analyses

1.All data compiled into excel spreadsheet.
2."Abundance’, ‘prevalence’ and ‘intensity’ calculated
3.Distance to nearest active fish farm ‘as the fish swims
from sampling locations calculated from map.

4.Data plotted on excel spreadsheet.

5.Trend line and r? (goodness of fit) value plotted
automatically

6.No further statistical analyses undertaken yet . . .
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Results 1: Individual sea trout caught in sweep nets

When total numbers of lice per fish are plotted against distance to
nearest active fish farm, the trendline has weak goodness of fit.

Number of lice

Number of lice on sea trout taken by sweep net vs. distance from Number of lice on sea trout taken by sweep net vs distance from
nearest active salmon farm nearest salmon farmin second year of productioncycle
160 160
L3 L 2
140 7y ¢ Number of lice 140 *
120 ‘ onseatrout 120 ‘
L3 ) L & .
100 r 3 ‘ P L 100 ———0——‘ X 3 @ Number of liceon sea
S . * 5 PS ¢ trout
80 E 80 )
L * —— Log. (Number g * —— Log. (Number of lice
60 —‘ 7S :Jrfc:ilj:tt; on sea 3 60 —‘ . onseatrout)
40 —¢ 9 40 ——%{
SESE y=-18.76In(x) + 72.781
20 — 20 —® R=02214
t \'—2 y=-13.41In(x) + 54.109 t
- R=0.0618 0 #—‘ o
1

=== E&
0 0 20 30 40 0 10 20 30 40
Distance (km) from nearest salmon farm in 2nd year of production cyde

Distance (km) from nearest active farm

*Excludes fish taken in Kanaird sample on 81" May 2008; a sea trout
with 500 lice taken in the Carron in May 2008. Boor Bay samples
have been limited to a random 20 fish per sample.




If ‘attached’ lice (chalimus and copepodids) are plotted separately from

‘mobile’ lice (adult and pre-adult lice, trendlines are very different.

No. of attached lice (copepodid & chalimus)
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Number of attached lice (copepodid and chalimus) on sea trout taken by
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No. of mobile lice (preadult, adult & ov. fem.)
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Number of mobile lice (preadult & adult) on sea trout taken by sweep
net vs. distance to nearest salmon farm in 2nd year of prod. cyde
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*Excludes fish taken in Kanaird sample on 81" May 2008; a sea trout

with 500 lice taken in the Carron in May 2008. Boor Bay samples

have been limited to a random 20 fish per sample.




Fish were grouped into ‘samples’ ranging in size from three fish to

38 fish, and *intensity of infection calculated for each sample . . ..

Location Method Date Number of fish 1 epeophih dns shrons Distance (kmjto
Alllice Copepodid & chalimus | Pre-adult and adult nearest fam
Told |Infeded ([Toial Ahundance |Prevalence [Intensity  [Totd Intersity  (Tolal Intensity in 2nd year

Cundonnell | Fyke net Jun-07 20 17 1130 56.40 25.00 BB.47 043 5547 187 11.00 ]
Cundonnell | Fyke net Jun-Jul 2008 20 18 065 48.25 80.00 53.61 507 28.17 458 25.44 28
Bwe iGill Jun-07 24 22 ey 32.79 367 3877 E41 2014 146 £.64 8
B Fod hl - 07 28 26 2569 M.75 42 86 82.81 2283 88.19 276 10.62 8
= Fod Jun-07 e EH 1092 28.74 07.37 28.51 626 16.92 466 12.58 8
= Fod Ja-07 e EH BE6 17.53 07.37 18.00 Lals 11.24 250 B.76 8
kahaird Fod and line 28-un-07 10 8 342 34.20 20.00 4275 b6 39.50 26 225 13
Hver Bue Fod andline | Jul-Aug 2008 19 17 287 20.37 80,47 2276 193 11.35 104 11.41 24
Rver Carron | Sweep fl ay-08 22 21 1300 50.09 05,45 £1.90 1023 48 21 13.18 8
Rver Carron | Sweep Jal-08 17 B 122 718 35.29 20.33 72 12.00 50 8.33 8
Loch Long Sieep May touky 08 7 7 are 54.00 100.00 54.00 227 32.43 151 21.57 12
kanaird Sivee net 02 bt gy 2002 a7 0 1] 0.00 0.00 0.00 1] 000 1] 0.00 4
kahaird Siveep net 28 bl gy 2002 a3 3 1713 51.91 03.94 55.26 1621 54.23 32 1.03 4
kanaird Siveep net 19.une 2008 7 B 210 30.00 25.71 35.00 107 17.83 1032 177 4
LLoch Broom | Sweep net fl 208 3 2 46 15.33 G667 23.00 1] 0.00 46 23.00 28
kerry Siveep net fl - Jun 2008 14 11 247 1764 T8.57 2245 49 4.45 1838 18.00 30
kerry Sivesp net Jul-Aug 20038 ] G 94 15.67 100.00 15.67 A3 10.50 3 517 30
Boor Bay e net fl ay-05 40 26 86 215 F5.00 ad A3 242 23 0.838 34
Boor Bay Sivesp net Jul-Aug 20038 15 13 50 3.33 B6.67] 2.85 14 1. 46 | 238 34

*intensity is the average number of lice per infected fish in the
sample.




Distance (km) from salmon farm in second year of production cyde

Results 2 Sea trout Averagenumberoflioeperfishvs.dist?noefromsalmonfarmin
second year of production cycle
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*Qut of all the samples (398 fish), of the 73 sea trout
with 50 or more copepodid or chalimus (attached)
lice, only 5 were more than 20km from a salmon
farm in the 2" year of the production cycle.

*Out of all the samples, of 162 infected sea trout with
10 or less copepodid or chalimus lice, 62 were more
than 20km from a salmon farm in the second year of
its production cycle.



Average number of lice per fish
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Average number of lice per fish vs. distance from salmonfarmin
second year of production cycle (estuary andriver samplesonly)
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Average number of copepodid and chalimus lice per infected fish
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However, if the beach sweep
samples are removed from the
analyses, relationships become
very weak:

only two samples remain more
than 20km from a salmon farm in
the second year of the production
cycle.

Average number of adult and pre-adult lice per
infectedfish

Average number of preadult and adult lice infected fish vs. distance
fromsalmon farm in second year of production cyde (estuary and

river samplesonly)
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Bias and error
1.Sampling method (sweep vs. fyke vs. gill vs. rod and line)
2.Sampling site characteristic (estuary [early returns] vs. beach [feeding fish])

3.Sampling time (May [just entered sea] — August [lice already off if early-
returned in June))

4.Miscounting of lice (counting method [live or preserved fish], good vs. poor
light)

5.Misidentification of lice (Lepeophtheirus vs. Caligus)

6.Small sample size (not enough samples at varying distances from salmon
farm, river estuary, etc).

The relative importance of each of these depends upon the objectives of the
monitoring programme and the question(s) you are trying to answer.



Conclusions 1

elWithin the WRFT area, sea lice infection levels of sea trout
reached ‘epizootic’ levels in Loch Kanaird in 2008, Little Loch
Broom in 2007, Loch Ewe in 2007, (Loch Torridon in 2007),
Loch Carron in 2008 and Loch Loch (by Loch Duich) in 2008.
Observations indicated that lice epizootics also occurred in
Loch Kanaird in 2007 (rod sample data), and Loch Duich in
2007.

eHowever, lice levels on sea trout were not uniformly high
within the WRFT area especially in 2008. Samples of sea trout
from Loch Ewe had low sea lice abundance in 2008. Sea trout
in good condition were caught in the River Ewe in August 2008.



Conclusions 2

e[ evels of chalimus lice on sea trout tended to be highest at
Sites nearest salmon farms in the second year of their
production cycle, though the small sample size probably
means that no firm conclusion can be reached without
additional data. In contrast, there was no clear trend in the
numbers of pre-adult and adult lice with distance from
salmon farms.

e[ evels of chalimus lice infection of sea trout were
generally greatly reduced at distances over 20km from the
nearest salmon farm in the second year of the production
cycle.



Conclusions 3

el ice levels were highest on samples taken from river estuary
Sites.

eSweep net sampling at beach sites in Loch Ewe (Boor Bay) and
Loch Gairloch (Kerry bay) were less productive with fewer fish
caught.

e All methods of sampling caught fish with more than 100 lice and
fish with less than 10 sea lice.

el ice epizootics may have been exacerbated in 2008 by
unusually warm, dry sunny weather. Bright, sunny conditions
with low rainfall are typical of April and May in Wester Ross.



Conclusions 4

e This study also hints that some areas are naturally more
prone to sea lice epizootics than others (e.q. Little Loch
Broom).

eCaltch returns at the FRS Shieldaig trap in 2007 support
the hypothesis that a majority of sea trout which become
very heavily infected do not survive.

eSea lice data collected in the WRFT area in 2007 and
2008 is consistent with the hypothesis that salmon farms in
the second year of the production cycle are the primary
source of sea lice which infect sea trout within the area.



Recommendations 1

eWith the inclusion of additional existing data sets and more
complex testing, a clearer understanding of patterns of infection
could be developed for sea lice infection of wild sea trout in 2007
and 2008 for the WRFT area. More usefully, the study should
address patterns of infection across the west of Scotland??

e[rom 2009, additional monitoring sites within the WRFT area
particularly at sites further than 20km from the nearest salmon
farm in the second year of the production cycle would provide
further clarification of contemporary relationships between sea
lice infection of sea trout and salmon farming cycle in local
waters??



Recommendations 2

oA GIS mapping system could be developed to analyse sea lice
abundance and infection pressures on both wild fish and farmed fish in
the west of Scotland to inform management at both the local and
regional scale. Fisheries trust biologists, FRS biologists and RDOs
should work together to develop such a system. The SFCC may be able
to provide support.

e-rom samples which do not fit a general pattern (e.q. samples with
mean abundance of L. salmonis chalimus stage lice >30 more than
30km from a salmon farm in second year of production cycle; or
samples with mean abundance of L. salmonis chalimus stage lice <30
within 10km of a salmon farm in the second year of the production
cycle), it may be possible to identify areas which are ‘naturally’ more
prone or less prone to sea lice epizootics.
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Recommendations 3

e This study further highlights the need for additional
measures to be taken to reduce the production of larval sea
lice further on salmon farms particularly in the second year
of their production cycle in all areas if populations of wild
sea trout are to recover.

eBecause of the numbers of salmon present on salmon
farms within the area, this will invariably mean reducing on-
farm ovigerous lice levels to much less than the
recommended 0.5 ovigerous lice per fish during the period
February — June as stated in the Code of Good Practice.
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