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Marine Scotland S

Jean, healthy, safe, productive
biologically diverse, managed t
the longterm needs of nature a
people.
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© the kindness of Dr. Fulton, arvangements were made at the Board's
" Marine Laboratory at the Bay of Nigg, near Aberdeen, for carrying out
* the oxperiments, and the actual observations were made by Dr.
-~ Williamson,
- regarded as a guide during summer hem¥era(:ures only.

' ment:—

- dimensions :—Length, 5 feet 6 inches; breadth, 4 feet 4 inches; height,
3 feet 6 inches.
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APPENDIX V.

EXPERIMENT TO TEST THE LENGTH OF TIME SEA-LICE
REMAIN ATTACHED TO SALMON IN FRESH WATER.

When a salmon is captured in fresh water and is found to have
attached to it the marine crustacean ectoparasites, commonly called sea-
lice or tide-lice (Lepeopthedrus Stromii (Baird)), the salmon is, with reason,
regarded as having recently lefc the sea, When, therefore, a salmon is
caught in the upper waters of any of our rivers, with sea-lice attached, the
ascent from the sea is considered to have been rapid.  Salmon with sea-
lice have, I understand, been taken in the upper waters of the Tey, in the
Tummel, and even in the Garry and Lyon. In like manner sea-lice
have been noticed on fish taken in the Moriston and Qich, above Toch
Ness. It appears, however, that while, as we know, spring fish run
slowly in cold water, and summer fish run rapidly in warmer water,
some confusion is likely to oceur if we apply the sea-lice test to either
class of fish indiseriminately when estimating the rate of ascent. And
further, it is more than probable that in eold water the sea-lies remain
attached to the fish longer than they do in warm water. 1 have been
informed, for instance, on good authority, that in the cold rivers of
Lapland sea-lice.are found on fish which have ascended certainly several
days’ journey from the sea.

It seemed desirable, therefore, to ascertain by actual experiment the
time the parasites remained attached to salmon placed under observation
in a tank containing water which was gradually changed from salt to
fresh. The fact that the fish experimented with were in confinement
in_comparatively still water no doubt detracts somewhat from the
value of the observations, but this drawback was inevitable. - Through

As the experiment was conducted in summer it must be
I am indebted to Dr. Fulton for the following notes on:the experi-
The tank in which the experiment ivas made had the following

The height of water was about 28 inches; the
bottom of the tank was painted white, and the plate-glass front was
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;covered up with canvas. The top was left uncovered, and a considerable
vamount of light reached the water. -
s 'I'wo grilse were obtained from a bag net in the Bay of Nigg on 2nd
L, uly; they were both in good condition, one weighing 4 Ibs. and the
v z ther 5 Ibs, approximately. Tach fish had attached to it a number of
u lice. They were put together into the tank deseribed, which con- -
ned sen water, on the morning of the day mentioned at 10.30. The
ific gravity of the water was 276° F., and the temperature 52:9° I
6° 0.), The taps supplying sen water and also fresh water were .
nged, as previous experiments bad determined, so as gradually to
1o f.he density by a greater and greater proportion of fresh water,
limately the tank contained fresh water alone, The particulars
d to the density and temperature of the water at different
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Legislation

Global

A OIE
Listed diseases

Fish dizeases Mollusc diseases
Infection with abalone herpesvirus
Epizootic haematopoietic necrosis
dizease Infection with Bonamia exitioss
Infection with Aphanomyces invadans Infection with Bonamia ostreae

(epizootic ulcerative syndrome)
Infection with Marfeilia refringens

Infection with Gyrodactylus salsns
Infection with Perkinsus marnnus

Infection with HPR-deleted or HPRD

infectious salmon anaemia virus Infection with Perkinsus olseni

Infection with salmonid alphavirus Infection with Xenohaliotis californiensis
Infectious haematopoietfic necrosis

Koi herpesvirus disease

Red sea bream iridoviral disease

Spring viraemia of carp

Wiral haemorrhagic seplicaemia

Europe
~30 directives
A ECDirective2006/88/EC

UN FAO

Domestic

marinescotland

~70 statutes
Diseases of Fish Act 1937

CoastProtection Act 1949
Food and Environment Protection Act 1985
TheFood Safety Act 1990

Townand Country Planning (Scotland) Act 1997.
Food Hygiene (Scotland) Regulations 2006

Townand Country Planning (Marine Fish Farming)
(Scotland) Order 2007

Aquacultureand Fisheries (Scotland) Act 2007
AgquaticAnimal Health (Scotland) Regulations 2009
Marine (Scotland) Act 2010

Town and Country Planning (Marine Fish Farms
Permitted Development) (Scotland) Order 2011

Controlled Activities) (Scotland) Regulations 2011



Aquaculture and Fisheries (Scotland) Act 2013

2013 asp 7

The Bill for this Act of the Scottish Parliament was passed by the Parliament on 15th May 2013 and received Royal Assent on 18th
June 2013

#&n Act of the Scottish Parliament to make provision sbout fish farming and shellfish farming; about salmon fisheries and freshwater fisheries;
ashout sea fisheries; about shellfish waters and fisheries for shelifish; about charging in connection with functions relating to fish farming,

shelffish farming, salmon fisheries, freshweater fisheries and ses fisheries; sbout fixed penally notices for offences under certair
fisheres and other marine legislation; and for connected purposes.

PART 1
AQUACULTURE

CHAPTER 1
FISH FARM MANAGEMENT

1 Fish farm management agreements and statements
(1) The Aquaculture and Fisheries (Scotland) Act 2007 is amended in accordance with this secti
(2) After section 4 inser—

“Fizh farm managemen! sgreements and stab

4A Fish farm management agreements and statements

(1) A person whao camies on s business of fish farming at s fish farm ted within & farm managemeant srea must—

\

(a} be party to a farm management agreement, or prega
redation to the fish farm, and

and maintain a fam management statement, in

(b} ensure that the fish farm is managed and oper.
may be) statement.

in accordance with the agreement or [as the case

(2)  Forthe purposes of this section, a “farm management@greement” is an agreement—

(a) between two or more persons who camyin & business of fish farming at fish farms located in & farm
management area, and

(b} which contsins provision sbout the rs specified in subsaction (4).

(3) For the purposes of this section, a “farm magBgement statement” is a statement—

(a) prepared and maintained by a glrson who—

() carmies on a busi of fish farming at a fish farm located in a farm management ares, and

(i) iz not, in relatiogflo that fish farm, party to a farm management agreement, and

(1)
(1)

(b} which contsins provisig/sbout the matters specified in subseciion (4).
(4)  The matiers referred to in subsStions (2)(b) and (3)b) sre—

\

(a} a descripfion of the farmn rmanagement area and the fish farm or fa
statement applies,

which the agreement or

(b) arrangements for—
() fish health managament,

(i) management of parasites,

marinescotland

farm management area

arrangements for—
fish health management,

management of parasites,
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Modelling to support health management

. . . marinescotland
w Simple Tidal Excursion model science

w Environmentaltransmission models

5 ¥ 8 8 8 8 3 B 8 8

o Network models




Disease Management Areas

w Based on simplified Tidal Excursion marinescotland
(TH distances PN €

w TE

7.258 km Mainland Scotland
3.629 km Shetland Islands )

w Joint Government/Industry
recommended

w Hydrodynamically defined
management areas

w After infectious salmomnaemia
1998/99

w Not endemic to UK
w 90% mortality
w £20 m to eradicate



Disease Management Areas

w Establishes breaks between zones marinescotland
w2 XTE e &g )

w Regular changewith change in
farm locations

w 2008/091SA eradication

Surveillance Zone ]

w Movement restrictions e g%éf}

w Depopulation

w Sanitisation

w Restocked ISAree fish
Inspected for 2 years




Environmental Transmission o b s
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Size and Separation

Source farm marinescotland
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Application for VHS control

w Viral HemorrhagicSepticemia marinescotland
_ - science

w In salmon cleaner fish

w Establish protection
and surveillance zones

Containment Areas for VHS 3 Containment Areas for VHS Containment Areas for VHS
Area 2a Shetland - 24 January 2013 . [ Area 3a Shetland - 24 January 2013 L Area 4b Shetland - 8 January 2013 4
e Confirmed site ol D e Confirmed site Tt P e Confirmed site ol :. §
® Active site s, ® Active site & i § 1 @ Active site !
Protection zone ._T Protection zone l—)—A‘ Protection zone
~ Surveillance zone . ' Surveillance zone £ | Surveillance zone
4b
2a
3a -

Hall et al (2014) .Scot. Mar. Fresbci 4. 1-49




Salmon / Sea lice
Farm management Ares .

marinescotland
science

w Defined by industry

w No rules for
w shape
w Number operators
w Farms
w Coordinated
w Treatment
w Fallow
w Stocking
w Harvesting

w Share information

w Primarily for sea lice

W (2)0119%)kg1 (Costello 20099 bfiaet al



Loch Linnhe
A Large sealoch /fjord
~ 60 km
A 10f a c t isalneoa farms

I 2companies in the Linnhe
system

I 6 farms in adjacent lochs

Consented biomass approx.
17352ta 1 0 %

2 FMA
Est. £50m production
Est. £3m parasite control
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Forcing Data
APhysicaI data

May/Oct 2011,2012,2013
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NaupllDey Sssin Naupli Night Session © P Hydrodynamic model (lvanov et
: ' al 2011)

A POLCOMS 100m x 100m
fixed grid

A Drivers: Freshwater, tides,
wind

A 3D resolved at the surface

A

Heuch1995

layer
30 min resolution

Particle-tracking model
(Amundrud & Murray 2009)

A 4t Order Runge-Kutta
A Age (10% h1)

A Decay (1% h1)

A Released from farms

(weighted by transformed
relative farm counts)

Move in the surface layer
Sticky land/sea boundaries
Open sea boundaries

14d release + 5d

50 100 150

To To Io I

SalamaNKGet al {n press$. J Fish Dis
https://doi.org/10.1111/jfd.12693
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1= W

Recaiving Fam

Aggregate Mean Connectivity

Salama et al (2016) J Fish Dis, 39¢428.

cum. freq. (%)

0.02 0.04 0.06

0.00

1 Sea lice
-] \\ N distance
0 5 10 15 20 25 30 35
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connectivity

15km

20 30 40


https://doi.org/10.1111/jfd.12693

Predictions: Where lice accumulate

Relative input from transformed farm lice
information science

marinescotland

Density of relative Particle-hours
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Model Confidence

ABiological Sampling marlnescotland
(May/Oct 2011,2012,2013) S
AUndertaking plankton N o

trawls W%@E weathr mﬁ%ﬁ
A 31 stations in S y
duplicate each week 3 as
AFor assessing o 7
transport model GF
predictions R 11
16A
ADepon 10 sentinel i
cages et ‘,2:1 17
50 fish each week . ;
A Assess settlement . =
stage - s,

E  Weather station




Model Confidence

Sentinel cages

A Used sincemid20006s

A 10 sites

A 50 smolts per week

A Euthanised
ethyl 3-aminobenzoate
methanesulfonate salt (MS222;
Sigma-Aldrich) dose of 1 g I' 1

A Fish individually bagged for
survey

A Lice
A Counted
A Staged

d online March 20
(OPEN
fEOP
Using sentinel cages to estimate infestation

pressure on salmonids from sea lice in
Loch Shieldaig, Scotland
Campbell C. Pert'*, Rob J. Fryer', Paul Cook!, Rachel Kilburn', Sonia McBeath',

Alastair McBeath', Iveta Matejusova', Katy Urquhart', Sarah J. Weir',
Una McCarthy, Catherine Collins, Trish Amundrud’, Ian R. Bricknell":*

marinescotland
science




Model Confidence

Plankton trawls
A Used sinceearly2 0006 s

A 31 sites weekly
A Duplicate
A 5 min trawl
A Plankton net
0.5m mouth x1.5m length
150pum mesh
A Nets individual rinse
A Stored in 4% formaldehyde
A Lice
A Counted
A Staged

A Lice ID using standard keys and
subsample by PCR

Vol. 81: 109-117, 2008 DISEASES OF AQUATIC ORGANISMS

doi: 10.3354/dac01046 Dis Aquat Org Published August 27

Reduced Lepeophtheirus salmonis larval
abundance in a sea loch on the west coast of
Scotland between 2002 and 2006

Michael J. Penston*, Colin P. Millar, Ian M. Davies




Model Confidence

Cage count rank

Cage abundance rank
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A Model input weighted by
transformed count score

A Reflecting a feature of the
model
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Which farm first?

marinescotland
science

POPULATION MODEL ==,

Temperature (T) mediated: T =B m 2
» Maturation (m) settlement (s), egg | § e

production (A)
salmon lice sources:
+ wild salmon, neighbours, internal
Treatment parameters:
» Efficacy, Thresholds

Maturation rate

\
\

Termpersture (*C)

020
‘Seatement(’)

Gravid 2
Eggs

»A. Gravid
Eggs
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Sea I®Scottish shelf Model

marinescotland

63°N

B0°N

12 year averaged model

57°N

Released across management areas
{SI ftAO0S LI NUAOf Sa
18 days (winte

15days (spring and autumn)

10days (summey

51°N

12°W 8°wW 0° 6°E 12°E

1% 1 . L . 1 . 1 . L . 1 . 1

Figure 3. The unstructured eriangular FVCOM grid for the Satilla Estuary,
Georgia. The region of the grid that experiences flooding and drying (i

water and high water) is shaded
‘gray; the remaining region of the grid is below mean low water and is al-
13- ways wee. Noti the hori id spacing can be made as smallas
4omw tidal creeks and i t0.25 km over the
shelf (to the right).
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Farms/zone ?
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Parameterised with ISAV

Simplified hydrodynamic model
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SUMMARY

marinescotland
science

w Diseasaeducesproduction capacity
w Spatialmanagementlegislationand industry code
w Modelling help definesspaces

w Simpleexpressions

w EXxpressionamodels

w Bio-physicalmodels

w Networks

Lesdlisease=>lesstreatment = >lessimpact+$

w If production and carryingcapacityisto increaseX X X X X X X X .



Research and production
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Not elsewhere
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