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Inventory of Research Relating to Salmon Mortality in the Sea
Summary

The International Atlantic Salmon ResearchBdasl i nvent ory of rese
salmon mortality in the sea was established in 2002 and has been updated annually
since then. It is an essential tool in the development of research priorities for potential
funding and in better coordinating existiregearch efforts.

It has previously been noted that greater use could be made of the inventory and in
both 2009 (SAG(09)10) and 2™ (SAG(13)9 a SubGroup established by the
Boardbés Scientific Advadtheinvgntor@Thesa giewsSAG) h
had highlighted gaps in the research programme, identified where there could be
improved coordination of research, and developed changes to the format and content
of the inventory to improve accessibility of the informatioAppropriate changes
havebeen made to the inventory to reflectdbeecommendations Becausehere is
insufficienttime available to thoroughly review the inventory at the Annual Meetings

of the SAG or of the ICES Working Group on North Atlarffelmon, to whom the
inventory used to ke made available, th&oard had agreedthat the review of the
inventory should continue to be conducted $AG SubGroup every 3 or 4 years.

If this schedulecontinues to béollowed then the next review of the inventory would

be due in 2016 or(7.

The updated inventory for 201s attached The SAG hadreviouslyasked that the
summary table of ongoing and completed projects be made available in Excel format
and the 204 inventory has again been presented in this wiagble 1 provides details

of expenditure on ongoing research by topic area for each Party. The total annual
expenditure on the7 ongoing projects 4 are uncostedl is approximately B85
million.  Approximately 45% of the expenditure is associated withgterm
monitoring programmes.

In Table 2, ongoing and completed projects are listed accordingly to the five research
topic areas agreed by the Board on the basis of the main focus of the research,
although some projects could have been allocated to herunhthese research areas.

Last year the Board established a SAG Telemetry@uup under the Chairmanship

of Mr Ted Potter (EU). The SuBr oup6és report i s prdsented
This SubGr oup was asked to develuwipngalde docum
scale international collaborative telemetry project to provide information on
migration paths and quantitative estimates of mortality during the marine phase. The
currentinventory include 8 ongoing, including a new project in the Ugddelow),

and 19completed projectselated tothe migratory behaviour of individual fish and
thesearelisted undesection2(b) of Table 2.

In Table 3 the projects have been allocated to the relevant work package in the
SALSEA ProgrammeThe SAGmay wish to consider if listing the inventory projects
in the format of Table 3 is still informativeTable 4 provides summary information



on both the ongoing37) and completed76) projects. Full details of these projects
are contained in Annex 1.

Two newproject have been includedh the inventorysinceits last updates follows
European Unioni Ireland:

Experiment to determine the potential impact of sea lice from marine salmon farms on
outmigrating salmon smolts in western Ireland

Objectives: Treated and control fish groups, differentially mitegged (10,000 fish

in each group), released from two freshwater river systems, Erriff and Corrib
annually. Adult salmon in experimental groups are recaptured in commercial
fisheries and freshwater traps.

United States
Migration Timing of Atlantic Salmon Smolts from Penobscot Bay to the Scotian Shelf

Objectives: Evaluate the migration timing alikkely spatial extent of Gulf of Maine
Atlantic salmon post mo | t s al ong mi gration to the
Halifax Array and other distant water telemetry assets in the OTN network.

The intention would be to allow time after the Annual Meetmgainy feedback from
the Parties/jurisdictions on the inventory and the final version would then be made
avail able on the Boardds website in early

Secretary
Edinburgh
12 May 2014



Table 1: Approximate Annual Expenditure onOngoing Research Projects in Relation to Salmon Mortality at Sea by Topic Area

and Party
Canada | Denmark | European| Norway Russian United France (in Totals
(Faroe Union Federation| States of | respect of by Topic Area
Islands America St Pierre
and and
Greenland) Miguelon)
Long-term monitoring £612,000 - £1460,200 | £134,000 | £250,000 | £10,000 £2,466,200
1 9 1 1 1 13
Distribution/ £543,000 £79,000 £53,750 | £1,050000 - £107,000 - £1,832,750
migration 2 1 2 2 5 1(2) 13(1)
in the sea
Life history/ - - £260,600 - - £10,000 - £270600
biologicalprocesses 1(1) 3 1 5(1)
Development of methods - - - - - - - -
Specific  natural  ang - - £496,000 £390,000 - - £886,000
anthropogenic factors 4 2 - 6
Totals by Party £1155,000| £79,000 | £2,270,550 | £1,574,000 | £250,000 | £127,000 - £5,455,550
4(1) 1 18 5 1 7 1(2) 37(2)

The figures shown are in pounds sterling. The number of ongoing projects is shown below the expenditurétHiglieenumber of
uncosted projects shown in parenthes@$he costs have been allocated on the basis of the NASCO Party coordinating the research
project. However, in many cases the projects involve collaboration with other Parties or with NGO partners who may have made
financial contributions to the projec{some details of these contributions have been provided and are given in Annex 1).



Table 2: Allocation of ongoing and completed projects by topic area

Ongoing Projects CompletedProjects | Potential for | Priority for
Topic Area Objective/lssue Comments/examples cooperation access to
among 6Fund
Parties
1. Long-term a. Time-series of marine Essential ofgoing tagging/monitoring programme| C17,De3,Fil, Fr2, Ir8, Swi, ué6 Medium Low
monitoring survival/growth estimates require longterm national funding. Ew11, Ni2, Sc3, N14, R2
b. Time series of marine survival il Desk studies on time series. Sc4 Ul1 E1, Ir2, Ni1, N2, N6 Medium Medium
relation to environmenta|
parameters (e.g. SST)
2. Distribution/ a. Distribution of salmon in the sea | Marine surveys of postmolt distributions in NEAC C2, C6,C15,E2,N8, High High
migration in the and NAC areas; identification of fish caught (e u7
sea tagging, genetics).
b. Migratory behaviour of individua| Active smolt tracking; automated data collection | C16, C18De4, N18, U4, U5 U10, | C1, C3, C4, C5, C10 High High
fish DSTs. u13 C11, C12,20,C22,
C23,Del, De2, Ir5,
Ir9, Ewl, N5, N12,
N15,U3
c. Origin of catches in directe{ Catch samplingin distant water fisheries; genetl D1, Ew18,N19,U9, F1 C9, C13, C14¢C21, Low
fisheries analysis and scale analysis, etc; changes over time Fi2, Fr3,1r6, Ew6,
Ew10,Sc5,Sc7,Sc8,
N11, N17,R3
d. Migration and bioenergetic modeld Desk studies based on datatained from other studie Ew4, Ul Medium Medium
e. By-catches in pelagic fisheries Can be conducted as part of marine surveys of-f N3, R1 High High
smolt distributions; sample commercial pela
catches.
3. Life a. Freshwater factors Age, growth, migration timing, etc. Ewl15 Frl, Ew8 Ewl13 Low Low
history/biologic
al processes
b. Prefishery recruitment maring Environment, food, predation, growth, parasites { Ir10,U12 Ew9, N7 High High
factors diseases, etc.
c. Postfishery recruitment marine [ Environment, food, predation, maturation procesy C19, Sc6 C8,Ewl2,N1, U2 High High
factors growth, etc.
4. Development of| a. Postsmolt survey methods Development of trawls with cameras, tag detection, Ir4, Scl Medium Medium
methods
b. Electronic tag technology Development of smaller/smarter/cheaper tags. Medium High
5. Specific natural | a. Fish farms Increased sea lice infestations. Ir11, N13, N20 Ird, Ir3, Ir7, Ew3, Low Low
and N4, N9, N1Q N16
anthropogenic | b. Predation Predation by seals, birds, fish, etc. in estuaries/co Sc2 U8 Low Low
factors areas.
c. Obstructions to fish movements [ Barrages, etc. Ew16 Ew5 Low Low
d. Pollutants Acidification; freshwater contaminants. Ewi14 Ewl7 C7, Ew2, Ew7 Low Low

Note: The priorities of low, medium and high assigned to the topic areas in this table are those currently considered apfomojti@tnational cooperatioand funding. The Board will keep them under review.
They are not intended to reflect overall imgaorce of these topics.




Table 3: Ongoing and completed projects in the inventory of research allocated to SALSEA programme work packages

SALSEA Work Packages

Ongoing Projects

Completed
Projects

Work Package 1: Supportindechnologies

Task 1: Genetic tagging to determine stock origin

D1, Ew18,N19,U9,
F1

C9, C13, C14¢C21,
Fi2, Fr3,1r6, Ew6,
Ew10,Sc5, Sc7,
Sc8N11, N17,R3

Task 2: Sampling equipment evolution

Task 3: Signals from scales

C19, Sc4

C8,Ew12,N1, U2

Work Package 2: Early Migration through the Inshore Zone: fresh waters, estuaries and coastal waters

Task 1: Investigate the influence of biological characteristics of Atlantic salmon smolts on their marine mortality C17,De3,Fil, Fr2, | Ir2, U6

Ir8, Swil,Ewl1l, Ni2,

Sc3, N14, R2
Task 3: The impacts of physical factors in fresh water on marine mortality of Atlantic salmon Ewl5 Ewl6 Frl, Ew5, EwS,

Ew9, Ew13

Task 3: Preparing to migraté investigate the influence of freshwater contaminants om#réne survival of Atlantic salmol Ew14, Ew17 C7, Ew2, Ew7
Task 4: The part played by key predators Uiz Sc2 U8
Task 5: The impact of aquaculture on mortality of salmon Ir11,N13 N20 Ird, Ir3, Ir7, Ew3,

N4, N9, N1Q N16

Work Package 3: Investigatinthe distribution and migration of salmon at sea

Task 1: Distribution and migration mechanismslevelop theoretical migration models - Ew4,N2,U1

Task 2: A common approach refine the plans for a larggeale marine survey -

Task 3: Salmon at se& carry out a comprehensive survey - marine surveys C2, C6,C15,E2,
N7, N§ U7

- acoustic tagging surveys

C16, C18De4,N18,

C1, C3, C4, C5,C10

U4, U5 U13 C11, C12,C20, @2,
C23,Del, De2, Ir5,
Ir9, Ewl, N5, N12,
N15,U3
- data storage tags ui10
- others Ir10, Sc6, U1l N2,N3,N6, R1
Task 4: Distribution and migratioii analyse and collate data -
Appendix 1: Supporting technologies, further development of which will support the SALSEA programme
1. Novel trawl sampling technologies - Ir4, Scl

2. Data storage tags

3. Coded wire tagging

4. Sonic tags and sonic detector arrays







Table 4:

Canada

Summary of ongoing and completed research projects relating to salmon mortality in the sea

Marine migration and
survival of postsmolt
Atlantic salmon from Bay of
Fundy rivers

Completed

Provide knowledge about marine habitat
(migration routes and feeding grounds) used by
salmon possmolts from Bay of Fundy rivers.
Determine the location, timing and extent of
salmon possmolt mortality at sea. Investigate
the cases and mechanisms of marine mortality
salmon possmolts. Provide information to fuel
the recovery programme for inner Bay of Fundy
salmon stocks.

2001- 2003

Distribution/
migration in the
sea

Migratory behaviour of
individual fish

Bay of Fundy an@ulf of
Maine

Gilles L Lacroix

Canada c2 Distribution, health and Completed Provide knowledge about marine habitat and | 2002- 2004 Distribution/ Distribution of salmon in Bay of Fundy and Gulf of USA and Norway Gilles L Lacroix
condition of Atlantic salmon health of salmon posimolts from Bay of Fundy migration in the | the sea Maine
from Bay of Fundy rivers rivers. Investigate the causes and mechanisms sea
while at sea marine mortality of salmon pesmolts. Provide

information to fuel the recovery programme for
inner Bay of Fundy salmon stocks.

Canada C3 Marine migration and Completed Provide knowledge of the marine habitat 2005- 2006 Distribution/ Migratory behaviour of SaintJean River, Gaspé Julian Dodson,
survival of postsmolt (migration routes and feeding groundsged by migration inthe individual fish Peninsula, Quebec Frargois Caron
Atlantic salmon from the salmon possmolts from Bay of Gaspé rivers. sea
SaintJean River (Gaspé) Determine the location, timing and extent of

salmon possmolt mortality at sea. Investigate
the causes and mechanisms of marine mortality
salmon possmolts.

Canada C4 Marine migration and Completed Provide knowledge of thmarine habitat 2006- 2007 Distribution/ Migratory behaviour of SaintJean River, Gaspé Julian Dodson,
survival of kelt Atlantic (migration routes and feeding grounds) used by migration in the | individual fish Peninsula, Quebec Francois Caron
salmon from the Sainiean salmon kelts from Bay of Gaspé rivers. sea
River (Gaspé) Determine the location, timing and extent of kel

mortality at sea. Investigate the causes and
mechanisms of marine mortality of salmon keltg

Canada C5 Tracking experimentally Completed Determine the course tracks dates of sonically | 2005 Distribution/ Migratory behaviour of Cobscook Bay, Maine, USA Fred Whoriskey
6escapedd far tagged farmed salmon released in winter and migration in the | individual fish Quoddy region, NB, Canadg

spring. sea

Canada C6 Atlantic salmordistribution | Completed Determine salmon distribution and abundance § 2001- 2005 Distribution/ Distribution of salmon in Labrador Sea and Northern David Reddin
and abundance at sea sea, particularly postmolts in the Labrador Sea migration in the | the sea Grand Banks

and Northern Grand Banks; collect biological a sea
other data; investigate the relationship between

salmon and theprey; investigate the relationshij

between oceanographic parameters and salmo

abundance; tag and release salmon.

Canada C7 Integrated field and Completed Laboratory tests of the effects of endocrawtive | 2003- 2007 Specific natural | Pollutants Atlantic Canada and Co. Ireland Wayne Fairchild
laboratory assessment of th substances in municipal, and industrial effluents and Mayo, Ireland
effects of endocriné field testsof the effects of endocriractive anthropogenic
disrupting substances on substances in municipal and industrial effluents factors
Atlantic salmon smolts field tests on caged smolts near sites with

potential for significant agriculture rewff; ocean
field tests of link between exposure of smolts ta
endocrine disrupting sibstances and subsequer
lower adult returns.

Canada C8 Use of stable isotopes to Completed Assess trophic and dietary information through| 2006i 2007 Life history/ Postfishery recruitment Desk study examining Finland J Brian
assess longerm changes in analysis of stable isotope signatures of carbon biological marine factors archived material and Dempson
marine trophiecology of nitrogen from previously compiled scale sample processes samples from
Atlantic salmon $almo from various salmon stocks; compare isotopic Newfoundland, the Maritime
salar) signatures whin and among stocks tofer Provinces, the Quebec Nort

differences in feeding ecology in time and spac Shore, and the Barents Sea|
examine evidence of environmental influences (Tana River, Finland)
trends in isotopic signatures; examine &igés of
stable isotope signatures with trends in
abundance.
Canada C9 Effective population size, Completed Document population structure and connectivity 2003- 2008 Distribution/ Origin of catches in Newfoundland and Labrado Daniel Ruzzante

gene flow and population
structure of Atlantic salmon
in Newfoundland and
Labrador

(gene flow) among Newfoundland and Souther
Labrador rivers. Test for temposthbility of the
structure over the past 50 years.

migration in the
sea

directed fisheries

Friso Palstra




Canada C10 River and extended estuary| Completed Track and document migratory behaviour of 2006- 2008 Distribution/ Migratory behaviour of LaHave River and estuary, Peter G. Amiro,
acoustic trackin@f Atlantic Atlantic salmon kelts as they leave the river for migration in the | individual fish Nova Sctia A Jamie F.
salmon Balmo salay kelts the open ocean and bright salmaritey return to sea Gibson
and bright salmon rivers; identify possible critical habitat g

utilized by kelts and bright salmon during their
migration; examine the mortality rates of kelts g
bright salmon during migration.

Canada c11 Integrated modelling of Completed Develop an innovative geomatic approach capg 2005- 2008 Distribution/ Migratory behaviour of York River and Baie de UK Julian Dodson
juvenile Atlantic salmon of relating the behaviour aimolts during their migration in the | individual fish Gaspé, Quebec
movement and physical migration to the characteristics of the physical sea
habitat in fluvial and habitat in rivers and estuaries; apply this appro
estuarine environments to the analysis of the migration of smolts throug

the estuaries of the St. Jean, Dartmouth and Y(
rivers and down the Baie de Géspetect
possible change in migration pattern of smolts i
response to the presence of sea cages.

Canada C12 Estuary acoustic tracking of| Completed Tag and track migratory behaviour of Atlantic | 2006- 2008 Distribution/ Migratory behawur of Conne RiverLittle River J. Brian
Atlantic salmon $almo salmon smolts and kelts as they leave the Con migration in the | individual fish and Bay doEsfyg Dempson, Keith
salar) smolts and kelts River, Newfounthnd; determine the movements sea Newfoundland Clarke
Conne River, Little River, and migration patterns throughout the Bay
and Bay dO6Esfq d6Espoir fjord; provi
Newfoundland survival and residency of smolts and kelts

migrating through the fjord.

Canada C13 Spatietemporal distribution | Completed Provideknowledge about the river origin of the | 2006- 2008 Distribution/ Origin of catches in Samples from West Louis
of Atlantic salmon stocks salmon catch in the commercial fishery at West migration in the | directed fisheries Greenland Bernatchez, Tim
and the impact of the West Greenland. sea King
Greenland fishery

Canada Cci14 Genetic population structurg Completed Elucidat the genetic population structure of 2004- 2008 Distribution/ Origin of catches in Rivers in QuebedCanada Louis
of Atlantic salmon in Easterr Atlantic salmon from a small (river) to a large migration in the | directed fisheries Bernatchez,
Canada and its implication (Eastern Atlantic coast) spatial scale and prepo sea Mélanie Dionne
for conservation conservation units for the Canadian distribution

range.
Canada C15 Pelagic ecosystem survey of Completed Sample the upper pelagic ecosystem during thg 2008 - 2011 Distribution/ Distribution of salmon in North West Atlantic (station§ USA Gerald Chaput,
the Northwest Atlantic period corresponding to the early psstolt migration in the | the sea 49-58°N) Dave Reddin,
phase. Determine distribution and relative sea Tim Sheehan
abundance of posimolts at selected locations al
times along hypothesised ocean migratioute.
Obtain data on relative abundance of other spe
including macroplankton aggregations to provid
information on the role of salmon in the pelagic
ecosystem. Obtain oceanographic information,

Canada Cl6 Miramichi River and Ongoing Document the spring movements and survival ¢ 20087 2015 Distribution/ Migratory behaviour of Miramichi Riverand estuary Jon Carr £108,000
Restigouche Riverkelt kelts from the Miramichi Riveand Restigouche migration in the | individual fish Restigouche River and
movements and survival Riveras they return to the sead on their sea estuary and Gulf of St

subsequent return as repeat spawners. Determ Lawrenceand Atlantic
the locations and causes of kelt mortalities in th Ocean
marine environment

Canada C17 Marine survival of Ongoing Longtermassessments smolt production and | Annual Longterm Time series of rarine Canadian rivers in Gerald Chaput | £612,000
Canadian Atlantic salmon adult return estimates from a number of rivers i monitoring survival/growth estimates | Newfoundland region,
stocks: longterm Newfoundland region, Maritimes region, Gulf Maritimes region, Gulf
monitoring region and Quebec. region and Quebec

Canada C18 Atlantic salmon smolt Ongoing Provide a timeseries of stage specific estimates| 2003- Distribution/ Migratory behaviour of Miramichi River and USA Jon Carr £435,000

migration and survival
within Canadian rivers,
estuaries and during the
marine life stage

mortality rates for smolts and pestolts at
various points of their adea migration, including
for their transitions through freshwater, the
estuary and to various points in the ocean;
examine the reltion between biological
characteristics of the fish and survival rates to
attempt to isolate mortality causes; document tl
migration pathways and speeds of smolts from
different rivers.

migration in the
sea

individual fish

estuary; Restigouche River
and Baie des Chaleurs;
Cascapedia River and
estuary; Stlean (CéteNord)
River and estuary; Strait of
Belle Isle, Cabot Strait,
Labrador.

Fred Whoriskey




- Denmark

smolts during estuary
migration

migration through estuaries and compare the
return ratio of wild, stocked ¥and oneyearlings.

migration in the
sea

individual fish

StorA (North Sea) and River
Guden A (Kattegat) and the
estuaries

Kim Aarestrup

Canada C19 Stableisotope ratios to Ongoing Improve understanding of marine ecology of 20081 2014 Life history/ Postfishery recruitment West Greenland and from | Greenland Heather Dixon | -
infer trophic structure and salmon through stliesof trophic state and biological marine factors salmon returning to the inde Mike Power,
condition of Atlantic condition. Questions to be addressed include: processs rivers of Eastern Canada. J. Brian
salmon during their life at trophic sates of 1SW nomaturing fish similar Dempson,
sea between NAC and NEAC origin salmorn®e Gerald Chaput,

trophic states of 1SW nematuring fish different Tim Sheehan
from those of maturing 1SW fish of the same

cohort? Can this tell us anything about when

these different maturity groups sepi@ inthe

North Atlantic?; Has there been a trophic state

change between West Greenland and return to

home rivers as 2SW salmoh®w do current

measures of trophic status compare with meas

from archival scales and do differences indicate

significantchanges?

Canada C20 Identification of essential Completed Identify the freshwater and marine habitats use| 2008i 2013 Distribution/ Migratory behaviour of Big SalmonGaspereau and Gilles L
habitat for repeat spawning by postspawning Atlantic salmon of inner Bay g migrationin the individual fish Hammond Rivers Lacroix, Ross
Atlantic salmon of Inner Bay Fundy (iBoF) origin foreconditioning and sea Jones
of Fundy origin identify the sites and times of mortality

Canada c21 Genomic basis addaptive Completed Elucidate the genetic basis of adaptive divergery 2010i 2014 Distribution/ Origin of catches in Québec, Maritimes, Norway, USA Louis
divergence and marine and marine survival in Atlantic salmon migration in the | directed fisheries Newfoundland and Labrado Bernatchez,
survival among Atlantic populations from eastern Canada. Contribute tq sea Mélanie Dionne,
salmon populations the identification of managemeumnits. Patrick

O6Rei | |y
Vincent Bourret

Canada Cc22 River and extendeestuary | Completed Estimate mortality rates, assess the spatio 2008- 2010 Distribution/ Migratory behaviour of LaHave River, E Halfyard,
acoustic tracking of Atlantic temporal dynamics of natural mortality and migration in the | individual fish River, Gol River, and West A Jamie F
salmon Salmo salay smolts examine migratory behaviour during the fresh t sea River (Sheet Harbour) Gibson
in Southern Uplands rivers saltwater transion of wild Atlantic salmorSalmo

salarsmolts from four river systems in an area
Nova Scotia, Canada known as the Southern
Upland

Canada Cc23 Effects of early captive Completed Assess the effects efandarcandnovel 2010- 2024 Distribution/ Migratory behaviour of Upper Salmon River Corey Clarke
exposure on measures of conservation rearingtrategie®n measures of migration in the | individual fish
fitness later in life for Inner fithess for the recovery of IBoF salmofart of sea
Bay of Fundy (IBoF) the research involekacoustic tagging to assess
Atlantic Salmon return migration ability.

Denmark- D1 West Greenland Salmon Ongoing Continue time series of data on the continent of Annual Distribution/ Origin of catches in Sisimut, Maniitsoq,and USA, UK, Ireland, Helle Siegstad | £79,000

Greenland Fishery Sampling origin and biological characteristics of salmon i migration in the | directed fisheries Qaqortoq, Greenland Canada
Programme the fishery provide data omean weight and sea

length and continent of origin for input to model
collect information on the recovery of internal af
external tagscollect other additional biological
samples as required.

European Union| E1 SALMODEL Concerted Completed Improve ability to set conservation limits and 2000- 2002 Longterm Time series of marine Desk study France, Ireland, Walter Crozier
Actioni A co-ordinated examine methods of estimating gighery monitoring survival in relation to Finland,Norway,
approach towards the abundance (PFA) and determine how these PF environmental parameters Iceland,Sweden,
development of a scientific estimates can be used to provide catch advice. CanadaUK
basis for management of
wild Atlantic salmon in the
North-East Atlantic

European Union| E2 SALSEA-Merge: Completed Merge genetic and ecological investigations to | 2008- 2011 Distribution/ Distribution of salmon in North-East Atlantic with Denmark, Finland, Jens Christian
Advancing understanding of advance understanding of stock specific migrat migration in the | the sea marine surveys off cea of France, Faroes, Holst
Atlantic salmon at sea: and distribution patterns and overall ecology of sea Ireland and UK, around the | Iceland, Ireland,

Merging genetics and the maine life of Atlantic salmon and gain an Faroes and in the Northern | Norway, Spain, UK
ecology to resolve stodk insight into the factors resulting in recent Norwegian Sea and Barentg

specific migration and significant increases in marine mortality. Sea

distribution patterns

European Union| Del Estuarine migration of Completed Assess the effect of restoration of habitat in thel 2002- 2003 Distribution/ Migratory behaviour of Gorm

- Denmark smolts in the RiverSkjern River SkjernA on the smolt runs of salmon and migration in the | individual fish Rasmussen
A (North Sea) and River sea trout, in particular with regard to predation | sea
Guden A piscivorous birds. To investigate the migration

samon smolts in the River Guden A.
European Union| De2 Mortality of Atlantic salmon | Completed Estimatemortality of salmon smolts during 2000- 2008 Distribution/ Migratory behaviour of River Skjern Aand River Anders Koed,




smolts off thewest of Ireland

and development of the trawl for further survey
in 2008 and 2009; obtain samples of parsiblts
for biologicaland genetic analgs; relate run
timing, timing of migration, swimming speed,
growth, etc to oceanographic parameters.

European Union| De3 Salmon Rehabilitation Ongoing The Danish national salmon rehabilitation plan | Annually Long-term Time series of marine River SkjernA, River Ribe Anders Koed, £110,300
- Denmark Plan: monitoring numbers describes four rivers with natural wild salmon monitoring survival /growth estimates | A, River Stord and Varde A. Einar Eg
of spawners, spawning and populations. This project monitors the effect of The rivers flow into the Nielsen Niels
nursery areas in four the rehabilitation plan and the developmenthef North Sea Jepsen
Atlantic salmon rivers and populations (the goal is at least 1,000 spawnerg
the achievement of the each river to fulfil the plan). This study will allow
objective of self estimates of marine mortality of salmon to be
reproduction made.
European Union| De4 Marine behaviour of Ongoing Obtain more knowledge about the saldan 2010- 2016 Distribution/ Migratory behaviour of River Skjern A and River Kim Aarestrup | £35,000
- Denmark Atlantic salmon distribution and migration at sea using DSTs ar migration in the | individual fish Stora
PSAT tags and isotopes sea
European Union| Fil Long-term variation in Ongoing Collect longterm data on variation in the stock | Annual Long-term Time series of marine Northern Finland and Norway Jaakko Erkinaro| £275,000
- Finland population dynamics, life components, life histories, sgeowth and monitoring survival/growth estimates | Norway
history characteristics, sea abundance of escaped farmed salmon in the
growth and origin salmon stocks of the rivers Teno and
(wild/reared) of salmon in Naatamojoki. Relate the population dynamics ¢
the rivers Teno (Tana) and the juvenile salmon and returning adult salmon
Naatamojoki (Neidenelva) preceding and subsequent generations
European Union| Fi2 Joint use of highthroughput | Completed The key aims of the projettclude: 1) A 2009- 2010 Distribution/ Origin of catches in Norway and Finland Norway Craig Primmer
- Finland SNP assay infrastructure in concerted effort to identify genomic regions thai migration in the | directed fisheries
Atlantic salmon affect ecologically and economically important sea
phenotypic traits in domesticated and wild
Atlantic salmon; Il)efficient joint utilization of a
stateof-the-art Nordic genomics infrastructure t
generate largscale salmon SNP datasets;
European Union| Frl Evolution of biological Completed Examine relationships between the cumulative | 1972- 2005 Life history/ Freshwater factors Armorican massif rivers, JeanLuc
- France characteristics in Atlantic effects of climate warming and other biological France Bagliniere
salmon from all the anthropogenic stresses and changes in biologig processes
Armorican massif rivers features in populations in tlseuthern part of the
(Brittany and Low European distribution range of the species.
Normandy, France)
European Union| Fr2 The sea survival of Atlantic | Ongoing Estimation and longerm monitoring of survival Annual Longterm Time series of marine River Scorff (Southern Etienne Prévost| £143,000
- France salmon from theRiver at sea in the southern part of the Europ monitoring survival/growth estimates | Brittany)
Scorff, Brittany distribution range of the species.
European Union| Fr3 Atlantic salmon Completed Estimate exchanges between rivers flowing il 2007- 2010 Distribution/ Origin of catches in Rivers flowing into Mont JeanLuc
i France metapopulation investigatior the Mont SairMichel Bay and the impact o migration in the | directed fisheries SaintMichel Bay, Bagliniere
in Normandy rivers management of salmgropulations. sea Normandy
European Union| Irl Assessment of the levels of| Completed Determine whether sea lice from marine salnj 2002 Specific natural | Fish farms SouthWest Coast (Kenmareg Paddy Gargan
- Ireland the parasité.epeophtheirus farms are a contributory factor in increased mai and Bay), West Coast (Killary
salmonison Atlantic salmon mortality of salmon postmolts migrating from anthropogenic Harbour, Bertraghboy Bay,
postsmolts in salmon bays with salmon aquaculture. Gath factors Clew Bay), Nath-West
aquaculture bays along information on salmon posmolt migration Coast (Inver Bay).
I relandbs wes patterns.
European Union| Ir2 Oceanic factors influencing | Completed Provide information on marine survival at varioy 2001- 2005 Long-term Time series of marine Desk study utilising oceanic| USA Niall O
- Ireland marine survival of Irish stages of ocean migration. monitoring survival in relation to data from around North Maoiléidigh,
salmon stocks environmental parameters | Atlantic Kevin Friedland
European Union| Ir3 Sustainable management of Completed Assess efficacy of prophylactic treatments for | 2003i 2006 Specific natural | Fish farms Kilkerrin Bay, Bertraghboy | UK, Norway Paddy Gargan,
- Ireland interactions between salmon smolts migrating through aquaculture and Bay, Connemara
aquaculture and wild bays. anthropogenic
salmonid fish factors
European Union| Ir4 Early distribution and Completed Test new pelagic trawl in open waters off Irish | 2007 Development of | Postsmolt survey methods| North-west coast of Ireland | UK Niall ©
- Ireland migration of Atlantic salmon coast; train and familiarise staff on the operatio methods Maoiléidigh




European Union| Ir5 Migration of salmon in Completed Investigate the timing, route of migration and 2005- 2008 Distribution/ Migratory behaviour of Burrishoole catchment, UK Russell Poole,
- Ireland estuarine andoastal waters aspects of the biology of migrating ranched migration in the | individual fish Newport and Clew Bay, Co Deirdre Qtter,
salmon smolts in comparison to the native wild sea Mayo Niall ©
smolt migration. Maoiléidigh
European Union| Ir6 National Development Plan| Completed Identify and mapliscrete spawning areas within| 2006- 2008 Distribution/ Origin of catches in All Irish rivers UK, Spain Tom Cross,
i Ireland National Genetic Stock tributaries of Irish salmon rivers and collect migration in the | directed fisheries Paddy Gargan,
Identification Project juveniles for establishment of genetic baseline { sea Philip
mixed sample analysis. Undertake molecular McGinnity
genetic analysis of juvenile salmon tissue and
adult scales to determine relatisentributions of
different baseline river populations within mixed
samples.
European Union| Ir7 Interactions between Completed Assess efficacy of prophylactic treatments for | 2003 - 2009 Specific natural | Fish farms Burrishoole, Shannon, Lee D Jackson
T Ireland aquaculture and wild salmon smolts migrating through aquaculture and and Screebavers and drift
salmonid fish bays. anthropogenic net fisheiesaround Irish
factors coast
European Union| Ir8 Marine survival of wild Ongoing Provide information on marine survival and Annual Long-term Time series of marine Tag recovery from around | Norway, UK, Faroes,| Niall O £472,000
- Ireland and hatchery reared exploitation rates by commercial fisheries; monitoring survival/growth estimates | North Atlantic Salmon France, Spain, Maoiléidigh
salmon: National coded estimatethe contribution of individual river stockg census facilityNewport Co | Germany, Denmark | Russell Poole
wire tagging and tag to catches; examirntbe performance of selected Mayo
recovery programme and experimental groups; and evaluate potential for
Burrishoole wild salmon salman ranching.
census
European Union| Ir9 Kelt survival Completed Tag salmon kelts from four rivers in southg 2010- 2012 Distribution/ Migratory behaviour of Southern Ireland Audun H.
T Ireland Ireland and monitor marine migration,pde and migration in the | individual fish Rikardsen
temperature preferences. sea
European Union| Ir10 The ecology of salmon | Ongoing Investigate thelecline in North Atlantic salmor 2012- 2015 Life history/ Prefishery recruitment Ireland, Norway Norway Dr. D. Brophy £50,000
i Ireland (Salmo salarL.) at sea i stocks in the past two decades in an ecosys biological marine factors
environmental factors context and provide new information for use processes
affecting marine growth, forecast models of abundance and size of cur
survival and migration of stocks
Atlantic salmon
European Union| Irll Experiment to determine | New Entry Treated and controfish groups, differentially] 2014- 2017 Specific natural | Fish farms River Erriff and Killary Paddy Gargan | £69,000
i Ireland the potential impact of sea micro-tagged (10,000 fish in each group), relea and Harbour, River Corrib ang
lice from marine salmon from two freshwater river systems, Erriff ar anthropogenic Galway Bay
farms on outmigrating Corrib, annually. Adult salmon in experiment factors
salmon smolts in western groups are recaptured in commercial fisheries
Ireland freshwater traps.
European Union| Swl Long-term variation in Ongoing Estimate longterm variation of survival in Annual Longterm Time series of marine Sweden (west coast; Erik Degerman | £20,000
- Sweden population dynamics, life different life-stages, lifehistory characteristics monitoring survival/growth estimates | Kattegatt)
history and exploitation of and growth of wild salmon in the Rivdtran and
salmon stock inthe index its major tributaryHogvadsan Estimate sea
River Atran survival, growth and exploitationdm carlin
tagging ofwild fish in the River Atran.
European Union| Ewl Salmonid migration and Completed Describe and model the enivonmental factors | 1999- 2004 Distribution/ Migratory behaviour of Coastal waters around the Andy Moore
- UK (England climate change affecting the migration of salmonids and predict migration in the | individual fish UK and extending to salmor
and Wales) the effects of climate change on salmonid sea feeding grounds in Faroes
migrationand survival in the sea. and Greenland Seas
European Union| Ew2 Impacts of agricultural Completed Describe the nature and extent of the impacts d 1999- 2004 Specific natural | Pollutants England and Wales Sweden and Canada| Andy Moore
- UK (England contaminants on wild aquatic containments on migration and marine and
andWales) salmonids survival of salmonid smolts and pesholts. anthropogenic
factors
European Union| Ew3 Impact of intensive ifriver Completed Describe the nature and extent of the impact of| 2001- 2005 Specific natural | Fish farms England and Wales Andy Moore
- UK (England aquaculture on wild aquaticcontaminants derived from intensive and
and Wales) salmonids freshwater aquaculture (effluents, pesticides, anthropogenic
antibiotics and hormones) on reproduction and factors
migration of wild salmonids.
European Union| Ew4 Modelling the bioenergetics| Completed Model the energetic requirements of salmon 2002- 2005 Distribution/ Migration and bioenergetic| England and Wales Andy Moore
- UK (England of salmon migration during their marine migrations and predict the migration in the | models
and Wales) effects of environmental and oceanographic sea
changes on smolt gngh and survival.
European Union| Ew5 Cardiff Bay Fisheries Completed Assess the impact @ardiff Bay barrage on 1990- 2006 Specific natural | Obstructions to fish Cardff Bay at mouth of Peter Gough

- UK (England
and Wales)

Monitoring Programme

salmon stocks of the rivers Taff and Ely.

and
anthropogenic
factors

movements

rivers Taff ancEly, South
Wales, UK




European Union| Ew6 Atlantic Salmon Arc Project| Completed Define exploitation at sea on a regional basis | 2004- 2008 Distribution/ Origin of catches in Europe, North Atlantic Spain, France, Dylan Bright
- UK (England ASAP using genetic tools. Create a letegm database migration in the | directed fisheries Ireland, Scotland,
and Wales) for these studies and create an international sea USA, Iceland
management tool to inform decisiomaking.
European Union| Ew7 Diffuse pollution and Completed Investigate the role of diffuse aquaf 2005-2010 Specific natural | Pollutants Englandand Wales Andy Moore
- UK (England freshwater fistpopulations contaminants in regulating populations and
and Wales) freshwater fish with particular reference anthropogenic
salmonid stocks and fisheries. factors
European Union| Ew8 The influence of the Completed Examine the impact of environment change on| 2005- 2010 Life history/ Freshwater factors England and Wales Andy Moore
- UK (England freshwater environment on juvenile salmon production and ecology. One biological
and Wales) salmonid populations aspect of theesearch directly related to marine processes
survival is the potential role of assessment
techniques (trapping, anaesthetisation tagging)
influencing marine survival.
European Union| Ew9 Factors affecting the Completed Investigate the habitat requirements of adult 2005- 2010 Life history/ Prefishery recruitment England and Wales Andy Moore
- UK (England distribution and behaviour o salmonids within the estuarine and freshwater biological marine factors
and Wales) salmonid populations environments. One key elementtoé research is processes
to investigate how changes in prey availability
within the marine environment may influence
recruitment of stocks between years.
European Union| Ew10 Genetic sampling to type Completed Coordinate and support the establishment of | 20087 2010 Distribution/ Origin of catches in England, Wales, Northern | Scotland Miran
- UK (England British salmon stocks baseline information on the genetic character o migration in the | directed fisheries Ireland and Scotland Aprahamian
and Wales) breeding populations within and among rivers it sea
Britain.
European Union| Ewl1l Deriving estimates of Ongoing Establish émonitored®6| Annual Long-term Time series of marine River Dee (North Wales), lan Davidson, £150,000
- UK (England marine survival for marine survival can be derived and compared V| monitoring survival/growth estimates | River Tamar (SW England) Rob Hillman,
and Wales) monitored river stocks in other North Atlantic stocks. River Frome (S England) lan Russell
England and Wales Anton Ibbotson
European Union| Ew12 The marine life of Atlantic | Completed Measure the stable isotope and trace element | 20077 2010 Life history/ Postfishery recruitment England and Wales Clive Trueman
- UK (England salmon: evidence from the compositions from salmon scales in relation to biological marine factors
and Wales) microchemistry of scales variations in the marine environment and devel processes
a model to predict impagof changes in the
marine environment on return rates of salmon.
European Union| Ew13 Development andpplication| Completed Review available models to assess suitability a1 20091 2013 Life history/ Freshwater factors England and Wales Ted Potter
- UK (England of salmonid life cycle to build on existing models or develop new biological
and Wales) models models tanter aliacompare marine and processes
freshwater factors affecting stocks.
European Union| Ew14 The impacts of Ongoing Study the impacts of contaminants derived fron] 20097 2014 Specifc natural Pollutants England and Wales Andrew Moore | £159,000
- UK (England contaminants and intensive agriculture and aquaculture facilities g and
and Wales) temperature on freshwater wild salmonids and investigate the implications anthropogenic
fish populations predicted climate change scenarios on the impg factors
of different sources of diffuse and point source
pollution on wild fish populations.
European Union| Ew15 Impacts on juvenile Ongoing Investigate how predictezhanges in the 20091 2014 Life history/ Freshwater factors England and Wales Bill Riley £180,600
- UK (England salmonid populations from freshwater environment might impact on juvenil biological
and Wales) a changing freshwater salmonid populations and how changing processes
environment conditions during the early life history stages m
influence their behaviour and subsequent survi
within the marine environment.
European Union| Ew16 Impacts of in-river Ongoing Examine the cumulative effects of freshwater | 2012- 2015 Specific natural | Obstructions to fish Rivers in Southern England Andy Moore £168,000
- UK (England hydropower production on hydropower schemes on habitat connectivity and movements (Frome and Exe)
and Wales) migratory fish within river basins and on the migratory behavig anthropogenic
and survival of Atlantic salmon and European factors
eels, and assess potential effects at the fish
population level. Examinkow delays to seaward
migration of smolts as a result ofiiver
renewable energy schemes may compromise tk
fish once they enter the sea.
European Union| Ewl7 Estuarine habitat Ongoing Examine the residency and habitat preferences| 2012- 2015 Specific natural | Pollutants Estuaries and coastal water Andy Moore £100,000

- UK (England
and Wales)

requirements and
distribution of diadromous
fish

migratory fish within estuaries and assess the
impact of construction and operation of maade
structures on the migratory behavior and survivi
of key diadromous fish species as they move
between the marine and freshwater environmer

and
anthropogenic
factors

in England and Wales




European Union| Ew18 Genetic stock Ongoing Catalogue scale saeg collected from 1984 to | 2012- 2014 Distribution/ Origin of catches in Laboratory based study in | UK, Norway, Faroes | Ted Potter £18,750
- UK (England indentification of salmon 2000 identify a selection of scales that will best migration in the | directed fisheries Norway and UK; samples
and Wales) caught in the Faroes represent the stock composition during a baseli sea from Faroese fishery
fishery period(s); use GRAASP to provide country/regi
of origin assignments; report on how the resultg
can be used in the provision of catch advice.
European Union| Nil Development of Completed Build upon the existing Foyle salmon 2005- 2008 Longterm Time series of marine Foyle area, Ireland Ireland, France, Patrick Boylan
T UK (Northern conservationimits, pre management system, develop it into a monitoring survival in relation to Scotland
Ireland) fishery abundance and precautionary catch advice framework that fully environmental parameters
management of the Foyle takes account of biological data on stock
salmon fishery abundancand which fulfils all the main
requirements of the Precautionary Approach.
EuropearUnion | Ni2 The marine survival of Ongoing Investigate factors influencing the survival at s Annual Long-term Time series of marine River Bush, N. Irish/Irish Ireland (tag recovery| Dennis Ensing | £229,900
T UK (Northern Atlantic salmon from the of salmon smolts migrating from the River Bush monitoring survival/growth estimates | coastal waters and distant | programme)
Ireland) River Bush, Northern until their return as adults. water fisheries
Ireland
European Union| Scl Testing and developmeonf | Completed Test a prototype trawl developed by IMR, Bergg 2006 Development of | Postsmolt survey methods| Scalloway Deeps (Shetland] Norway Julian MacLean,
T UK (Scotland) Institute of Marine Research Norway, which, rather than capturing psstolts, methods the Minches Jens Christian
(IMR), Bergen, Norway, records, by use of CCTV, their passage as they, Holst, Dick
salmon trawl gear pass through an opemdedrawl net. A Shelton
supplementary objective, dependent on the
success of the gear trials, was to conduct a pog
smolt survey at the shelf edge.
European Union| Sc2 Protecting salmonid fisherie| Completed Develop and apply new molecular tools for 2003- 2008 Specific natural | Predation Principally North West John Armstrong
T UK (Scotland) from seal damage discriminating among species of fish in the diets and (Shieldaig), NortFEast
of seals from their remains stats. Test the anthropogenic Scotland (Cromarty Firth).
possibility of using molecular tools to quantify th factors Possible work in other
occurrence of diet components. Develop and estuaries as required.
deploy cetaceafriendly sealscarer. Identify
factors influencing irshore migration routes of
salmon. Characterise behavioural interactions
between salmon and their predators and seals
their prey. Investigate the digestion of otoliths
during passage throug
European Union| Sc3 Postsmolt mortality of Ongoing Assess possmolt mortality rates of Atlantic Annual Long-term Time series of marine North Esk,Aberdeenshire Julian Maclean, | Approximately
i UK (Scotland) Atlantic salmon salmon from three Scottish riveemd the monitoring survival/growth estimates | Dee(two tributaries) River lain Malcolm, £50,000
contribution of these salmon to fisheries that Conon John Armstrong
exploit them.
European Union| Sc4 Analysis of postsmolt life Ongoing Investigate the relationship between growth an¢ Annual Long-term Time series of marine Samples from around USA and Canada Julian Maclean | Approximately
T UK (Scotland) history by scale reading mortality, particularly during the marine phase, monitoring survival in relation to Scotland and from North Es £10,000
analysis of scale growth patterrisientify periods environmental parameters| and Girnock Burn in
crucial to survival. particular
European Union| Sc5 Fisheriesinduced evolution | Completed Analyse the prevalence and consequence of | 2007- 2010 Distribution/ Origin of catches in Scotland and Ireland and Austria, Norway, UIf Dieckman,
T UK (Scotland) fisheriesinduced adaptive changes in exploited migration in the | directed fisheries across Eur op ¢ France, Denmark, John Gilbey,
salmon stocks. sea distribution, including Belgium, UK, Philip
marine migration routes. Netherlands, Finland{ McGinnity
Germany, Spain
European Union| Sc6 Size and condition of Ongoing Investigate decadal trends in the size and Annual Life history/ Postfishery recruitment Six locations in Scotland, in Philip Bacon £30,000
i UK (Scotland) returning grilse (1SW) and condition of adult salmon returning to Scotland. biological marine factors particular North Esk.
MSW salmon processes
European Union| Sc7 Development of a General | Completed Improve the scientific basis famter alia setting 2008- 2011 Distribution/ Origin of catches in River systems across Eric Verspoor

T UK (Scotland)

Spatial Model of within river
population structuring in
Scottish Atlantic salmon
(POPMOD)

biologically appropriate conservation limits,
providing advice on conservation and restoratiq
initiatives, accurately and cesffectively
monitoring the status of salmon stocks.

migration in the
sea

directed fisheries

Scotland




European Union| Sc8 Focusing Atlantic salmon Completel Establish the number and spatial boundaries of| 20097 2013 Distribution/ Origin of catches in River systems across Stuart
T UK (Scotland) management on Atlantic breeding populations of salmon within any migration in the | directed fisheries Scotland Middelmas
salmon (FASMOP) Scottish river system; establish the ancestral sea Calum Sinclair
relationships and functional biological differenc
between wild salmon stock components across
Scottish rivers; improveocal management
practice and increase the focus of managemen
local breeding populations.
Norway N1 Identification of salmon by | Completed Test if geochemical signatures are stable from | 2002 Life history/ Postfisheryrecruitment Laboratory study Peder Fiske
geochemical signatures; year to yeartest if geochemical signatures of biological marine factors
further development and salmon scale samples can be used to discrimin processes
testing of methods amang fish from different rivers; develop
analytical procedures (otolith core sampling,
chemical and statistical analyses) for applicatio
of this method in ecological studies on Atlantic
salmon.
Norway N2 Development of models to | Completed Identify and examine the feasibility of applying | 2002- 2005 Long-term Time series of marine Desk studyof existing data | USA, Canada, EU Lars Petter
predict marine survival and time series of marine environmental data, monitoring survival in relation to Hansen
return of salmon to Norway zooplankton productivity, productivity of pelagic| environmental parameters
fish and salmon lifénistory information for model
development. Develop appropriate models.
Norway N3 By-catch in pelagic fisheries| Completed Investigate the extent of byatch of salmon post | 2001- 2005 Distribution/ By-catches in pelagic Norwegian Sea Russia, Scotland Jens Christian
as a populatiomegulating smolts and develop management advicestiice migration in the | fisheries Holst
factor in wild salmon stocks by-catch while maintaining catch rates in the sea
mackerel fishery.
Norway N4 Sea lice as a population Completed Further clarify the effects of sea lice on wild 2002- 2005 Specific natural | Fish farms Sognefjord and Altafjord Jens Christian
regulating factomn salmon populations and propose measures to and Holst
Norwegian salmon: status, reduce sea lice infections in wild salmon and anthropogenic
effects of measures taken develop alternative measuresaritically affected factors
and future management stocks.
Norway N5 Distribution of salmon in Completed Investigate the temporal and spatial distribution| 2003- 2006 Distribution/ Migratory behaviour of Northern North Sea, Faroe Islands, Marianne Holm
relation to environmental DST-tagged salmon in the Norwegian Sea and migration in the | individual fish Norwegian Sea, Iceland Seq Iceland
parameters and origin in the adjacent areas, with emphasis on spatial sea Greenland Sea
North Atlantici capture, distribution and temperature preferesicgrowth
tagging and release of in relation to environmental parameters; and
salmon with data storage diurnal vertical distribution.
tags (DSTs)
Norway N6 Temporal variation in Completed Examine the influence of ocean climate, 2002- 2006 Long-term Time series of marine River Tana Finland, Russia, Martin Svenning
abundance of the northern predation, marine fisheries and smolt productio monitoring survival in relation to Canada
most populations of Atlantic on theabundance of salmon with emphasis on t environmental parameters
salmon with emphasis on th River Tana
River Tana
Norway N7 The importance of early Completed Analyse spatial variation in early marine post | 2002- 2007 Life history/ Prefishery recruitment Central and Northern Canada Bengt Fnstad
marinefeeding on the smolt feeding and growth along a nestbuth biological marine factors Norway
growth and survival of geographical scale; investigate how pssiolt processes
Atlantic salmon possmolts feeding and growthsiassociated with timing of
in Norwegian fjords smolt descent, marine prey availability, parasite
infection, fjord migration, and abiotic factors.
Norway N8 Distribution and ecology of | Completed Analyse age, growth and migratory paths in 2002- 2007 Distribution/ Distribution of salmon in West of Ireland Faroes, Faroe Islands Marianne Holm
postsmolts and salmon at relation to environmental conditions and migration in the | the sea northern North Sea,
sea competitors so as to expand understanding of sea Norwegian Sea
salmon marine liféhistory in order t@xplain
observed variations in salmon survival.
Norway N9 Dispersal of salmon lice in | Completed Estimate and describe to what extent fireing 2007 Specific natural | Fish farms Hardangerfjord, Norway Karin Kroon
Norwegian fjords salmon lice larvae disperse from wild and farme and Boxaspen
sources within and between areas. anthropogenic
factors
Norway N10 Experimental tagging Completed Examine the migration of escaped large farmed 2006- 2007 Specific natural | Fish farms Lars Petter

programme for investigating
the behaviour of escaped
farmed salmon: pilot study

salmon and test if they are transported with the
currents and appear Morwegian waters.

and
anthropogenic
factors

Hansen




Norway N11 Individual assignment of Completed Investigate genetic variation in Norwegian 2006- 2009 Distribution/ Origin of catchs in Norway Finland Oystein Skaala,
salmon caught in the ocean Atlantic salmon populations on different spatial migration in the | directed fisheries Vidar Wennevik
to region of origin scales. Provide calibrated data from micro sea

satellite markers for a database. Analyse samp
caught in the ocean and assign to country/regiq
of origin.

Norway N12 Migratory behaviour of Completed Study the change in migratory behaviour from | 2008- 2009 Distribution/ Migratory behaviour of Masfjorden, western Norway Ove Skilbrei
smolts and possmolts of smolts during the postmolt stages icultured migration in the | individual fish
cultured Atlantic salmon Atlantic salmon. sea

Norway N13 Significance of salmon lice | Ongoing Estimatethe effects of salmon lice on pesnolt | 2006- 2014 Specific natural | Fish farms Western Norway; River Ove Skilbrei £90,000
for growth and survival of growth and survival, dependent on release site and Dale,River Etne and
salmon in the sea time and year of release. anthropogenic surrounding fjords

factors

Norway N14 Marine survival, growth Ongoing Estimate marine survival, marine growth and | Annual Long-term Time series of marine Rivers Figgjo, Imsa, Lars Petter £134,000
and exploitation of salmon marine exploitation of salmon from four rivers in monitoring survival/growth estimates | Drammenselv and Halselv Hansen, Nina
from the Rivers Figgjo, Norway. Developpredictive models. with tag recovery Jonsson. Arne
Imsa, Drammenselv and programme in fisheries alon Johan Jensen
Halselv Norwegian coast and

elsewhere

Norway N15 Populationlimiting Completed Map migratory behaviour and quantify where, | 2008- 2012 Distribution/ Migratory behaviou of Eresfjord in Mgre and Sweden, UK, Canadg Bengt Finstad
mechanisms for Atlantic when and why mortalities occur; correlate data migration in the | individual fish Romsdal, mid Norway
salmon during early migrationand mortalities with health status and sea
estuarine and coastal major populatiodimiting factors; develop
migration (SALPoP) improved mitigating actions and management

strategies to contribute to sustainability of salm
populations.

Norway N16 The Hardangerfjord salmon| Completed Improve sea lice monitoring and management; | 2007- 2010 Specific natural | Fish farms Hardangerfjordn the Canada, UK Bengt Finstad
lice project evaluate success of sea lice management and Norwegian west coast

strategiesguantify the abundance and distributi anthropogenic
of salmon lice in the Hardangerfjord area; analy factors

data sets for possible risk factors associated wi

varying lice infection pressure.

Norway N17 Origin of Atlantic salmon off| Completed Identify the origin of Atlantic salmon occurring i 2008- 2012 Distribution/ Origin of catches in Isfiorden, Spitsbergen Arne Johan
Svalbard gill net fisheries at Isfjorden, Spitsbergen, by life migration in the | directed fisheries Jensen

history (age, growth) and genetinalyses. sea

Norway N18 SALMOTRACK - Ongoing Track differentife-stages of northern Atlantic 2006- 2012 Distribution/ Migratory behaviour of Northern Norway (Alta, Denmark, UK, Audun H. £250,000
Electronic tracking of salmon and other anadromous species in river,| 2013- 2016 migration in the individual fish Neiden, Tana, Skibotn); Mid Finland, USA, Japan, Rikardsen
northern anadromous fiord and open ocean. sea Norway (Orkla); Western Ireland, Canada
salmonids Norway (Hardangerfjord)

Norway N19 Trilateral cooperation on Ongoing Develop an integrated, lortgrm management of| 2011- 2014 Distribution/ Origin of catches in Barents region; Northern Finland, Russian Tiia Kalske £800,000
our common resource; the Atlantic salmon in the sea and in rivers in the migration in the | directed fisheries Norway, Finland and Russig Federation
Atlantic salmon in the northernmost distribution areas of the Atlantic sea
Barents region salmon; provide data to implement customized
(Kolarctic salmon 2011- sustainable, knowledgeased harvesting regimes
2013) and topreserve the rich traditions of fishing and

coastal culture; unite empirical knowledge (locq
and traditional) with scientific knowledge;
provide synthesized and new knowledge about
Atlantic salmon, its adaptation to climate chang
and its migration alagnthe coast.

Norway N20 Effects of salmon lice on Ongoing To assess: to what extent lice from farms occun 2013- 2015 Specific natural | Fish farms Hardangerfjord, Norway New Zealand, UK Bengt Finstad | £300,000
wild salmonid populations; wild fish; how many lice a wild fish can tolerate and (Scotland)
filling in knowledge gaps under natural conditions before its viability is anthropogenic
(LicePop) compromised; to what extent wild fish are alde factors

combat lice infection through adaptations aimeg
reducing infestations; and to what extent sea lig
can reduce or regulate wild populations of
salmonids

Russian R1 Assessment of bgatch of Completed Assess the occurrence of pastolts in catches by 2002- 2007 Distribution/ By-catches in pelagic Norwegian Sea Boris Prischepa,

Federation postsmolts of Atlantic Russian vessels engagedtie pelagic fisheries migration in the | fisheries Alexander
salmon in pelagic fisheries i for mackerel, blue whiting and herring. sea Zubchenko
the Norwegian Sea

Russian R2 Monitoring of the stock Ongoing Estimate survival of juveniles and adult return | Annual Long-term Time series of marine Atlantic salmon rivers of the Sergey Prusov, | £250,000

Federation status, abundarce rates, estimate natural and fishing mortality, stu monitoring survival/growth estimates | Murmansk Region, Gennadiy
assessment and provision population dynamics; assess population sizes g Archangel Region, Nenets Ustyuzhinskiy




of adviceon the allowable
level of harvest of Atlantic
salmon

spawning escapement; and estimate allowable
catch.

Autonomous Okrus,
Republic of Komi, and
Karelian Repubt

Russian R3 Establishing a genetic Completed Establish a genetic baseline of sufficient 2009- 2010 Distribution/ Origin of catches in Northern Norway, North Norway Vidar Wemevik
Federation baseline of northern salmon resolution for the purposes of partitioning bag n migration in the | directed fisheries West of the Russian (IMR),
populations across the catches between Russian and Norwegian regio sea Federation Sergey Prusov
Russiari Norwegian border (PINRO)
for management purposes
United States of | Ul Forecasts of Atlantic salmor] Completed Develop and evaluate marine migration models| 2002- 2004 Distribution/ Migration and bioenergetic| Desk study Canada Kevin Friedland
America transoceanic migration: for Atlantic salmorfrom North America and migration in the | models
climate change scenarios ar Europe; evaluate the potential effects of climate sea
anadromy in the North change on migration patterns of Atlantic salmor|
Atlantic
United States of | U2 Stable isotope composition | Completed Develop a retrospective time series of stable 2001- 2002 Life history/ Postfishery recruitment Desk study. Analysis of International Kevin Friedland
America of Atlantic salmon scales isotope ratios for the DPS in Maine and the biological marine factors scale samples collected at | collaboration in
mixed-stock samples from the continental stock processes West Greenland and from | obtaining samples
complex to evaluate feeding patterns of hacks US returns.
over time.
United States of | U3 Ultrasonic telemetry of Completed Evaluate migration timing and pathways in the | 2002- 2009 Distribution/ Migratory behaviour of Narraguagus River and Canada James Hawkes
America smolts and postmolts in the lower Narraguagus River and Narraguagus Bay migration in the | individual fish Narraguagus Bay (2002
Narraguagus River and and estimate survival ofigrating smolts and sea 2005). Gulf of Maine (2002
Narraguagus Bay postsmolts. 2004)
United States of | U4 Penobscot hatchery versus | Ongoing Evaluate migration timing and pathways in the | 2005- 2014 Distribution/ Migratory behaviour of Penobscot Estuary, Canada James Hawkes | £67,000
America wild smolt telemetry Penobscot Estuary and Bay and estimate survi migration in the | individual fish Penobscot Bay
of migrating smolts and pesmolts. sea
United States of | U5 Comprehensive evaluation | Ongoing Evaluatemigration speed and behaviour from | 2001- 2014 Distribution/ Migratory behaviour of Dennys River, Cobscook Canada James Hawkes | £10,000
America of marine survival of lower river release sites through estuarine habi migration in the | individual fish Bay, Gulf of Maine
hatchery-stocked smolts: estimate survival of migrating smolts and identi sea
migration behaviour and areas where mortality may be occurring.
success of Dennys River
smolts
United States of | U6 Comprehensive evaluation ¢ Completed Evaluatesmoltto-adult survival rates based on | 2001- 2012 Longterm Time series of marine Dennys River, Cobsai Recovery of marked | Joan Trial
America marine survival of hatchery temporal and spatial patterns of release; detern monitoring survival/growth estimates | Bay, Gulf of Maine fish through NASCO
stocked smolts: Dennys optimal stocking levels to achieve stock West Greenland
River smolt stocking rebuilding objectives. sampling programme
assessment
United States of | U7 Evaluation of estuary and | Completed Evaluate nearshore distribution and migration | 2001- 2011 Distribution/ Distribution of salmon in Penobscot Bay, Gulf of Tim Sheehan
America nearshore marine pathways of smolts and pesiolts; estimate the migration in the | the sea Maine
distributions of Atlantic relative contribution of stocked hatchery smolts sea
salmon possmolts in overall postsmolt populations; evaluate the
Penobscot Bay and the Gulf relative contribution of spatially and tempoyall
of Maine distinct smolt releases on peasholt populations;
evaluate the physiological condition of post
smolts in marine environments.
United States of | U8 Cormorant harassment in thi Completed Reduce predation on migrating salmon smolts f 2005i 2012 Specific natural | Predation Lower Narraguagus River, James Hawkes
America Narraguagus excluding doublecrested cormorants from the and Estuary and Narraguagus
River/Narraguagus Bay Lower Narraguagus River and Bay, and assess anthropogenic Bay, Maine
efficacy of nonlethal predator exclusion as a factors
means of reducing predation on migrating Atlar
salmon smolts.
United States of | U9 SALSEA Greenland Ongoing Advance understanding of the ecology of the | 2009- 2014 Distribution/ Origin of catches in llulissat, Sisimiut, Nuuk and| Colloborative project| Tim Sheehan £10,00
America Atlantic salmon West Greenland stock complex migration in the | directed fisheries Qagortoq, Greenland with countries
and to gain insights into the factors resulting in sea detailed in project D1
recent significant increases in marine mortality and scientists from
across the North Atlantic{The baseline sampling SALSEA-Merge
programme at West Greenland is described in
project D1)
United States of | U10 Using Popup Satellite Ongoing Provide information on localized movement 2010- 2015 Distribution / Migratory behaviour of Coastal waters off West Norway, Greenland | Mark Renkawitz | £10,000

America

Tags (PSATS) to track
adult Atlantic salmon in
the Northwest Atlantic

patterns of Atlantic salmon off the coast of Wes|
Greenland, large scale movement and migratio
patterns en route to natal rivers in North Ameriq
and Europe, locations of overwinter residences
and depths and temgadures experienced during
the second or third winter at sea in the North

migration in the
sea

individual fish

Greenland

andUK




Atlantic. These data will be used to evaluate if
conditions experienced from September throug
April are favourable for survival and subsequen
spawning escapement.

United States of

U1l

Belle Rivi-Laeag( Kideg)ectk
understanding of the

and originugfedsalnmadiri

Impact of oceanographic Ongoing Determine mechanisms controlling the ecosysty 20101 2014 Longterm Time series of marine Desk study Tim Sheehan £10,000
America changes on Atlantic salmon salmon connections and hypothesize on their monitoring survival in relation to

survival in the Northwest implications for salmon populations in the future environmental parameters
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Project No. C1

1. CANADA

Status: Completed

Party or relevant jurisdictiol

Canada
Maritimes Region

Title of project

Marine migration and survival of post-smolt Atlantic salmon from
Bay of Fundy rivers

Objective of research
project

Provide knowledge about marine habitat (migration routes and fe
grounds) used by salmon pasholts from Bay of Fundy rivers
Determine the location, timing and extent of salmpostsmolt
mortality at sea. Investigate the causes and mechanisms of 1
mortality of salmon possmolts. Provide information to fuel th
recovery programme for inner Bay of Fundy salmon stocks.

Brief description of researc
project

Salar MAP, the Atlantic Salmon Marine Acoustitacking Project
tagged wild Atlantic salmon smolts from inner and outer Bay
Fundy rivers and monitored their movements in the Bay of Fundy
Gulf of Maine over a period of up to® months after entry into se
water. A new generation of coded acoustic tags, auton
underwater receivers, and new methodology developed and tes
Salar MAP over the past 6 years was used to map the migration
and finescale distribution of postmolts over time. Wild snits
captured using rotary screw traps or other live traps were tagge
released throughout the migration period to examine issug
synchrony related to the transition from fresh to salt water
subsequent distribution. Naturakynigrating wild smtts were useg
to clarify possible environmental influences originating in fresh w
on migration and survival. A key feature of the approach develop
that the high efficiency of the tag detection screens (ref. 1999
study) could provide a direameasure of survival of tagged po
smolts over specific periods and to specific points along the migr
route. Other fishesndependent informatiombtained by tagging
included the timing, location and rate of departure from the river
inner and outer bay sectors, travel directiohehaviour and
movements in relation to environmental associations. The pots
for interaction with aquaculture cage sites was also determing
tracking. Possmolt migration routes and distribution throughout
Bay of Fundy were determined during the first summer at
Extended monitoring to early winter could discover where salmqg
inner bay stocks go to owrinter, which may be crucial to arn
recovery plans. The information obtained from tagging will lpe
direct the efforts of marine surveys using trawling to capture
Atlantic salmon for examination and release.

Dates during which researq

This project, which commenced in 2001, was completed in Septe

took place 2002. Data were analyzed throughthe fall of 2003.
Area in which research tool Bay of Fundy and Gulf of Maine
place

Estimated number and

weight of salmon retained

None. All smolts sampled and those surgically tagged were relea|
alive.




Resources

Estimated cost of the
researctproject

Estimated £176,000 per year (includes DFO ship time and sa
including overheads)

Approx. £245,000 spent in 2000/01 by NGO partners for ca
acquisitions and O&M to start up project.

Principal Supporting Partners (NGO):
Atlantic Salmon Feeration

VEMCO Limited

First Nations

Number of participating
scientists

Name of coordinating
scientist in charge of
project

Gilles L Lacroix
LacroixG@dfempo.gc.ca

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

Tracking vessel:

SALAR (licence no. C02371NB; Rosborough R&7, 7.5 m
fibreglass boat with twin 115 hp outboard motors, based a|
Andrews Biological Station)

Gear deployment vessels:

CCG Pandalus Il (Canada Coast Guard, 12.5 m research \ieessesd]|
at St. Andrews Biological Station)

Commercial Charters (inshore and offshore lobster boats)

Other CCG vessels (as required)

Type and amount of
gear and other
equipment used

Coded acoustic tags (Vemco, various pinger types, sizes,
durations, apmx. 200300 tags per year).

Automated underwater acoustic monitoring receivers (Vemco, val
types, approx. 200 units).

Tracking receivers (Vemco, various types for detection and a
tracking).

Receiver moorings (various types and designs, appr@. 20

Traps for capture of live smolts in rivers (various types and des
including E.G. Solutions rotary screw fish traps, approx. 4 traps).
Surgical gear and method as per established protocol.

Details of any collaborating
countries

U.S.A.:

John Kocik,National Marine Fisheries Service, NOAA

Ken Beland, State of Maine Atlantic Salmon Commission

(smolt tagging and collaboration in tracking pestolts in the Gulf of
Maine)




Summary of Findings:

Atlantic salmon smolts were tagged in the spring of 200237B8¥and released from inner and oute
Bay of Fundy rivers (241 inner bay, 137 outer bay). Two lines comprising 132 receivegs (VR
Vemco Ltd.) were deployed for tracking inner and outer bay movements edrpofitsalmon. Data
is being analyzed to pubh in 2004.

No resources were allocated to this project in 2003, and no resources will be allocated in 2004
project represented the first phase of research to define the migration and early marine surviva
postsmolts from rivers of the Bay of Rdy, and it has now been completed.

Publication :

Lacroix, G.L., McCurdy, P., and Knox, D. 20Migration of Atlantic Salmon Postsmolts in Relatiq
to Habitat Use in a Coastal System. Transactions of the American Fisheries Society 133t71455

Lacroix, G.L., and Knox, D. 200Ristribution of Atlantic salmonSalmo salay postsmolts of
different origins in the Bay of Fundy and Gulf of Maine and evaluation of factors affecting migri
growth, and survival. Canadian Journal of Fisheries ana#gSciences 62: 136B376.

Lacroix, G. 2008. Influence of origin on migration and survival of Atlantic salmon (Salmo salar)
the Bay of Fundy, Canada. Canadian Journal of Fisheries and Aquatic Sciences @R72063

Lacroix, G.L, D. Knox, T.F. Sheain, M.D. Renkawitz, and M.L. Bartron. 20X2istribution of U.S.
Atlantic Salmon Postsmolts in the Gulf of Maine. Trans. Amer. Fish. Soc., 141 (494234

Lacroix, G.L. 2013Migratory strategies of Atlantic salmgB8almo salay postsmoltsand
implications for marine survival of endangered populati@en. J. Fish. Aquat. Sci. 70:-33.




Project No. C2

Status: Completed

Party or relevant jurisdictiol

Canada
Maritimes Region

Title of project

Distribution, health and condition of Atlantic salmon from Bay of
Fundy rivers while at sea

Objective of research
project

Provide knowledge about marine habitat and health of salmonr
smolts from Bay of Fundy rivers. Investigate the causes
mechanisms of marine mortality of salmon pssiolts. Providg
information to fuel the recovery programme for inner Bay of Fu
salmon stocks.

Brief description of researc
project

The project proposed to conduct annual marine surveys |
specialised trawling gear and techniques developed specifical
capture liveAtlantic salmon of all sizes for examination and releg
Gear and method development and testing cruises were condug
2000 and a 3veek survey was successfully completed in the Ba
Fundy in 2001. The survey determined the distribution of sal
from Bay of Fundy rivers during pastnolt migration at sea and m;
help discover the location of critical feeding habitat for assessr
The capture of live salmon at sea allowed assessment of heall
condition over time and provided key information growth, prey
items, diseases and parasites, genetic origin, physiology,
environmental associations. This knowledge is essential in uncoy
potential causes of marine mortality (through identification of fag
involved or reduction of hypothes listed to explain mortality). Th
project benefitted from the Salar MAP research activities because
knowledge of migration routes and timing obtained through tag
and tracking helped find increasingly rare wild salmon of inner
origin and @crease requirements for expensive ship time in the s
for salmon.

Dates during which researd
took place

May to June, 2002004
Surveys during late May to migline 2003.

Area in which research too
place

Bay of Fundy and Gulf of Maine

Estimatechumber and
weight of salmon to be
retained

All wild post-smolts and wild adult salmon captured alive w
sampled and released. Fishing mortality (expected to be <5% bay
2001 survey) and salmon identified as having escaped
aguaculture sites reteed.

Resources

Estimated cost of the
research project

Estimated £112,500 per year (includes DFO ship time and sa
including overheads)

Approx. £22,200 spent in 2000/01 by NGO partners for ca
acquisitions to start up project.

PrincipalSupporting Partners (NGO):
Atlantic Salmon Federation
First Nations

Number of participating
scientists

Name of coordinating

Gilles L Lacroix




scientist in charge of | LacroixG@dfempo.gc.ca

project
Details of research Trawling vessel:
vessels, e.g. name, CCG Alfred Needler (Canada Coast Guard, 40 m fishing/rese

registrationcall sign vessel, based at Bedford Institute of Oceanography, Dartmouth)
and description of

vessel

Type and amount of Akrehamn possmolt trawls 2 prototypes designed for surfal
gear and other trawling) and various extensions and accessories.

equipment used Thyboron trawl doors (Type 8 doors for pelagic trawling).

Light bridles and main warps for surface trawling.
Live fish capture and holding cezhd tanks (several prototyp
designed after fiskift and aquarium developed by J.C. Host, IM
Norway).

Live fish holding tanks (aboard ship) and fish sampling gear.

Details of any collaborating U.S.A.: Russell Brown, National Marine Fisheries Service, NO|
countries Woods Hole postsmolt trawling survey in the Gulf of Maine)
Kevin Friedland, Umass/INOAA CMER Programme (retrospec
growth analysis from scales)

Norway: J.C. Holst and M. Holm, Institute of Marine Resea
Bergen (possmolt trawling surveys in fjords and at sea)

Summary of Findings:

Atlantic salmonSalmo salapostsmolts migrating through the Bay of Fundy and Gulf of Maine W
surveyed and sampled in 262003 by trawling in surface waters. Rgstolts were aggregated
several areas while in the Bay of Fundy and then dispersed over a broader area if adh®/1Gink,
and their distribution reflected major surface current patterns. There was considerable spe
temporal overlap between migrating pestolts and the herring fishery. Pasholt origin (e.g., wild
vs. hatchery, inner vs. outer Bay of Fuhdyd not affect their distribution. The low density of po
smolts indicated that they were too scarce to form large schools that offer protection from
predators. The recapture rate of marked-gostlts was higher for wild than for hatchery fisli it
was nil for wild fish from the salmon farming area. The health and condition ofspudts was
excellent; they had no bacterial or viral pathogens and no salmon sea lice. Environmental cc
and food supply apparently did not limit growth pédstsmolts; new circuli on scales and th
spacing indicated that growth at sea had started and was acceleratingméltsthad shifted to
pelagic foraging behaviour, feeding opportunistically on different prey depending on locatig
main food iems were amphipods, euphausiids, and fish larvae-shuadts of hatchery and wil|
origin consumed the same prey but the larger hatchery fish did so in much greater quantity
wild postsmolts, possibly giving them a growth and survival advantage.

A trawling survey for possmolts was conducted ¥ June 2003 in Canadian waters of the outer
of Fundy and northern Gulf of Maine. Catches (n = 42-posilts) were lower than in the previo
two years, and only 24% of the pasholts captured were ldi They were in good health and free
diseases and sea lice. Analyses of growth and feeding habits were completed. The (
distribution confirmed and extended the distribution and origin data obtained in 2002.

Publications:

Lacroix, G. L. 2008.nfluence of origin on migration and survival of Atlantic salmon (Salmo sala
the Bay of Fundy, Canada. Canadian Journal of Fisheries and Aquatic Sciences €R78063
Lacroix, G. L and D. Knox. 2005.Distribution of Atlantic salmon (Salmo salar) postsmolts of
different origins in the Bay of Fundy and Gulf of Maine and evaluation of factors affecting migr:
growth, and survival. Canadian Journal of Fisheries and Ag8atences 62: 13638376.




Project No. C3

Status: Completed

Party or relevant jurisdictiol

Canada

Title of project

Marine migration and survival of post-smolt Atlantic salmon from
the SaintJean River (Gaspe€)

Objective of research
project

Provideknowledge of the marine habitat (migration routes and fee
grounds) used by salmon pasholts from Bay of Gaspé river
Determine the location, timing and extent of salmon -sosblt
mortality at sea. Investigate the causes and mechanisms of T
mortality of salmon possmolts.

Brief description of researc
project

Dates during which researg
took place

20052006

Area in which research too
place

Estimated number and
weight of salmon to be
retained

Resources

Estimated cost of the
researclproject

Number of participating
scientists

Name of coordinating
scientist in charge of
project

Julian Dodson
julian.dodson@bio.ulaval.ca
Francois Caron
francois.caron2@mrnf.gouv.gc.ca

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

Type and amount of
gear and other
equipment used

Details of any collaborating

countries

Summary of Findings:

Publication:

Martin, F., Hedger, R.D., Dodson, J.J., Fernandes, L., HatinC&rgn, F., Whoriskey, F.G. 200
Behavioural transition during the estuarine migration of wild Atlantic salrBain{o salal..) smolt.
Ecology of Freshwater Fish 18: 4@a7.

Abstract

Ultrasonic telemetry and hydrodynamic modelling were used to study the migratory behavioy
wild Atlantic salmon $almo salay smolt captured in freshwater during their downstream migre
and tracked in 2 years through a shallow estuary system. Adeiggtity, fixed array of receivel
provided detailed spatial and temporal resolution of behaviotinensecond year of study. Smij




migration in the river occurred mostly at night and downstream migration was slower during tl
In the estuary, smolt moved seaward on ebbing tides and landward on flooding tides. The ¢
current velocity was greéar during the night than during the day. We documented for the first
that current velocity and diurnal period only accounted for approximatelyhindeof the variation in
smolt ground speeds in the estuary, indicating that smolt movements wdesdgpassive tha
previously reported. Smolt energetic status had no effect on smolt swimming behaviour or m|
performance. With an increase in salinity, smolt seaward movements during flooding tides we
frequent, and overall seaward groundoedtly increased. The increase in salinity experienced by
smolt during their migration through the leading edge of saltwater intrusion thus indu
behavioural transition from a more passive, fluvial migration to a more aetideseawardriented
migration.




Project No. C4

Status: Completed

Party or relevant jurisdictiol

Canada

Title of project

Marine migration and survival of kelt Atlantic salmon from the
Saint-Jean River (Gaspé)

Objective of research
project

Provide knowledge of the marimabitat (migration routes and feedil
grounds) used by salmon kelts from Bay of Gaspé rivers. Detel
the location, timing and extent of kelt mortality at sea. Investigats
causes and mechanisms of marine mortality of salmon kelts. Pr
information about migration routes used at sea, using code that ¢
detected by ASF project (see Fred Whoriskey project) at sea.

Brief description of researc
project

Dates during which researg
took place

20062007

Area in which research too
place

Estimated number and
weight of salmon to be
retained

Resources

Estimated cost of the
research project

Number of participating
scientists

Name of coordinating
scientist in charge of
project

Julian Dodson
julian.dodson@bio.ulaval.ca
Francois Caron
francois.caron2@mrnf.gouv.gc.ca

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

Type and amount of
gear and other
equipment used

Details of any collaborating

countries

Summary of Findings:
Publication:

Hedger, R.D., Hatin, D., Dodson, J.J., Martin, F., Fournier, D., Caron, F., Whoriskey, F.G. 200{
Migration and swimming depth of Atlantic salmon kedalmo salain coastal zone and marine
habitats. Marine Ecology Progress Series 392: 192

Abstract

Factors influencing the migration and swimming depth of Atlantic salmon Ralteo salal. within
the York Estuary and Gaspe Bay (Quebec, Canada), and in the Gulf of St. Lawrence betweg
Bay and the Strait of Belle Isle (Newfoundland, Canada) wemiexl using acoustic telemetry.
2006 and 2007, a total of 49 kelts were tagged with acoustic transmitters equipped with depth

10



released in the river delta leading into the estuary, and tracked using a fixed receiver array w
estuary andhe bay. A large variation in migratory behavior existed, with some kelts making a |
strongly oriented traverse across the estuary and bay, and others showing multiple chd
orientation. There was loAgrm residence (typically several weeks)the river delta and rapi
migration once kelts reached the estuary and bay resulting from seaward swimming, wit|
seaward movement even on a flood tide. Diving was more frequent during daytime.
hypothesized that diving may have been relatedfeeding and/or the identification of mo
temporally consistent stdurface salinity gradients or current flow directions. The pattern
migration within the coastal zone were similar to those identified for smolts, implying a uni
pattern of coasl zone migratory behavior in both smolts and kelts. Migration speed withi
marine habitat was dependent on date of departure from Gaspe Bay, which in turn was depe
the length of time kelts had remained in the delta. It was hypothesizedtbatied feeding withir,
the delta allowed kelts to improve their physical condition, enabling them to migrate more ray
the marine habitat.

11



Project No. C5

Status: Completed

Party or relevant jurisdiction

Canada

Scotia Fundy Region

NGO (Atlantic Salmon Federation)/DFO collaboration (St. Andre
Biological Station)

Title of project

Tracking experimentally O6esca

Objective of research projec|

Determine the course tracks and fates of sonically tagged fa
salmon released wmvinter and spring

Brief description of researc
project

Salmon were obtained from a commercial grower in Cobscook
Maine, fitted with tags and released. Their stenn displacement
were compared to current circulation models developed by DF(
the region. Receivers were placed in rivers during the spav
season to determine if the fish survived to enter them. Results
used to evaluate the potential to recapture escaped farmed sal
this fast (3kri 5kn) environment.

Dates during wtuh research
took place

Winter/spring 2005

Area in which research tog
place

Cobscook Bay, Maine, USA; Quoddy Region, NB, Canada

Estimated number and weig
of salmon retained

400 fish, tagged and released

Resources

Estimated cost of th

researctproject

Approx. £114,000 for operations, salaries and acoustic tags
Approx. £68,000 for receiver arrays

Approx £91,000 for smolt wheels (Partner contribution: 6 wheels
their operation)

Total Approx £273,000

Principal Supporting Partners:
HeritageSalmon

Number of participating
scientists

8

Name of coordinating Dr. Fred Whoriskey:

scientist in charge @ asfres@nb.aibn.com

project

Details of researcl Small boats (less thdt0 feet in length)

vessels, e.g. nam( Chartered fishing vessel (approx 35 feet) for gear deployment

registration, call sign an|
description of vessel

Type and amount of ge:
and other equipment t
be used

Up to 76 VR 2 acoustic receivers
400 acoustic tags

Details of any

collaborating countries

12



Summary of Findings:

Publication:

Whoriskey, FG; P. Brooking, G. Doucette, S. Tinker, and J.W. Carr. 2006. Movements and ¢
of sonically tagged farmed Atlantic salmon released in Cobscook Bay, Maine, USA. ICES Jol
Marine Science 63: 1218223.

Abstract. We sonidly tagged and released farmed Atlantic salmon (Salmo salar) from a cage
Cobscook Bay, Maine, USA. The fish were released in January (n=75) and in April and May (
2004 to study their movement patterns and survival and to assess the ppséitidapturing them|
Inshore and offshore waters in this region are subject to intense tidal currents. Tagged
dispersed >1km from the cage site within a few hours of their release. Mortality was high
Cobscook Bay and the surrounding coastgion (56% of the winter (January) releases; 84% of
spring (March) releases), probably the result of seal predation. Most surviving fish exited the
zone and entered the Bay of Fundy along the routes of the dominant tidal currents, passgiy
Canadian waters. No tagged fish were detected during the wild salmon spawning season ir
2004 in any of the 43 monitored salmon rivers draining into the Bay of Fundy, or during 2005
in the Magaguadavic River, the site of the hatcheryhithvthe fish were reared to the smolt stage
by a limited coastal receiver array.

13



Project No. C6

Status: Completed

Party or relevant jurisdictiol

Department of Fisheries and Oceans, Newfoundland Region

Title of project

Atlantic salmon distribution and abundance at sea

Objective of research
project

(1) Determine the distribution and abundance of salmon, particy
postsmolts, in the Labrador Sea and northern Grand Banks
Collect biological, meristic, morphometric, and biochemidata on
salmon; (3) Investigate the relationship between salmon and pry
collecting stomach contents; (4) Investigate the relationship bet|
sea temperature and other oceanographic parameters and
abundance; (5) Tag and release salmon in gondition.

Brief description of researc
project

The distribution of Atlantic salmon were studied using multiple
drift nets, and a surface trawl in the autumn. Relative abundancg
respect to spatial distribution and sea temperature were infieomad
catch rates. Fishing took place betweeh®1® 6 N °@@6d B
40006 WwW°°anad 8O

Dates during which researd

September, 2001

took place Autumn 2003 and 2005
Area in which research tool| Labrador Sea and Northern Grand Banks
place

Estimated number and
weight of salmon retained

500 postsmolts, ~ 0.5t

Resources

Estimated cost of the
research project

£146,500 (including overheads) in 2005

Number of participating
scientists

1

Name/email of
coordinating scientist in
charge ofproject

David Reddin
ReddinD@dfempo.gc.ca

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

CCGS Wilfred Templeman
Canadian

CGDhV

50 m long of 925 GRT

Type and amount of
gear and other
equipment to be used

~2000fathoms of monofilament drift gill nets of 77, 89, 102, 115, |
127 mm stretched measure.
Surface trawl

Details of any collaborating
countries

Summary of Findings:

Trip program was reduced due to the need to survey for scallops in St-NRiguedon area and du
to Search and Rescue missions.
Templeman. In total, there were 9 trawl sets with only oma@alpostsmolt capture. Comparatiy
fishing with gillnets resulted in the capture of 60 pssiblts. Other species caught in the tra
included billfish, Atlantic mackerel, lantern fish, jelly fish, squid, and amphipods. Two drift ne
were completé in the Labrador sea. Forsgven possmoltsalmon and 11 adult salmon were cau
with an average length of each set being approx. 16Disgease survey on 35 specimens indicate(
pathogens present. This trip brings to a close at sea resedreh_abrador Sea/Grand Banks areg

The Norwegian surface trawl was successfully fished f

14



Project No. C7

Status: Completed

Party or relevant jurisdictiol

Canada

Title of project

Integrated field and laboratory assessment of the effects (
endocrinedisrupting substances on Atlantic salmon smolts

Objective of research
project

- Laboratory tests of the effects of endocrawative substances in
municipal and industrial effluents, including estrogens, androg
phytosterols and nonylphenol ethoxylates

- Field tests of the effects of endocHaetivesubstances in
municipal and industrial effluents, including estrogens, androg
phytosterols and nonylphenol ethoxylates (caging and exposu
and release studies)

- Field tests caging smolts near sites with potential for significar]
agricultural runoff

- Ocean field test of link between exposure of smolts to endecril
disrupting substances and subsequent lower adult returns
(Burrishoole River, Ireland, initially and Canada if methods prg
feasible)

Brief description of researc
project

This project propsal was based on research conducted over the
three years under ESSRF/TSRI (DFO projects 95052 and 9
funding which evaluated the effects of nonylphenol and g
endocrinedisrupting substances on growth and survival of Atla
salmon Galmo sar) during and after smoltification. Nonylphen
and the larger group of nonylphenol ethoxylates, are in use in a
all commercial, industrial and domestic sectors. These compoun
members of the secofldrgest class of neionic surfactants in se
today, the alkylphenol polyethoxylates. Concentrations of
compounds occurring presently in the environment have been g
to have endocrindisruptive effects on fish in rivers and estuat
downstream of municipal sewage treatment works. Sewagtment
works emit about 4% of their total nonylphenolic compound inpu
nonylphenol itself. This is a significant percentage as nonylpheng
a greater bioaccumulation potential than the nonylphenol ethoxy
Nonylphenol ethoxylates are algsed in about 2@5% of all pesticide
and herbicide formulations available today. Nonylphenol itself
nonylphenol) has been used in the past as a major constituent in ¢
pesticide formulations, some of which were applied in Canada.

current research indicating estrogenic effects on fish at low
nonylphenollevels (ig/I* range) raises the potential that pesticif
formulations containing nonylphenol ethoxylates and leaving resi
in water may be capable of affecting fish due to the presefi(
nonylphenol ethoxylate degradation products (includiryPj}, and
not necessarily due to the pr

Atlantic salmon inhabit streams and lakes for their juvenile stages
in eastern Canada have been exposedestigides applied for foreg
protection most years since the 1950s. Sensitive life stages m
affected by exposure to nonylphenol. Smoltification is a time of
stress for salmon, as they are changing physiologically and adapt
a new environrent. Endocrine hormones play an integral part in
smoltification process. Additional stress or modification of endod
function at this crucial life stage may pose problems for growth

15



survival of smolts as they enter salt water.

Dates during witch research 20032007

took place

Area in which research too| Atlantic Canada and Co. Mayo, Ireland

place

Estimated number and 600 wild smolts per year from Miramichi River (Canada); alk

weight of salmon retained | 14,000smolts per year from BurrishaoRiver (Ireland).

Resources

Estimated cost of the | About £115,000 per year during 200805, majority from DFC
research project ESSRF plus other funds and-kind support from Environmer
Canada, DFO, Marine Institute, Ireland, and others In 200&200d
no funding is expected but analysis of results will be ongoing.

Number of participating 12 (DFO, Env Can, UNB, Marine Institute) plus two graduate stud
scientists

Name and nail of Wayne L. Fairchild
coordinating scientist in| FairchildW@dfempo.gc.ca
charge of project

Details of research None
vessels, e.g. name,
registration, call sign
and description of
vessel

Type and amount of Trap nets and fish holding cages in rivers in Canada
gear and other
equipment used

Details of anycollaborating | Collaboration with Ken Whelan and Deirdre Cotter of the Maj
countries Institute, Salmon Management Services Division, Furnace, New
Co. Mayo, Ireland- hatchery facilities, fish husbandry, capture 4
counting capability for BurrishoelRiver salmon.

Summary of Findings:

In 2004, smolts were exposed to pesticides (herbicides and nonylphenol) while in fresh wa
subsequent growth and survival was measured in the aquarium at the St. Andrews Biological
St. Andrews, NB. 12003 and 2004, smolts were exposed to nonylphenol and estrogen at the

Institute, on the Burrishoole River, County Mayo, Ireland, and were then released to the

Atlantic. Adults were monitored in the returns to the river and in the intercegtiotiee coasta

fisheries. Results from both treatment years (2003 and 2004) indicate variable survival amot

and a decrease in sea survival of a cohort exposed to nonylphenol relative to controls. Field oj
are complete, data are still beingrified and analysed.

Publications:

Jardine, T.D., MacLatchy, D.L., Fairchild, W.L., Chaput, G. and Brown, S.B. 2005. Developme
shortterm insitu caging methodology to assess lbegn effects of industrial and municip
discharges on salmon snmlEcotoxicology and Environmental Safed;331340.

Jardine, T.D., MacLatchy, D.L., Fairchild, W.L., Cunjak, R.A. and Brown, S.B. 2004. Rapid ¢
turnover during growth of Atlantic salmoisd&lmo salay smolts in sea water, and evider
for reducedood consumption by growthktunts. Hydrobiologia 527:6375.

Arsenault, J.T., Fairchild W.L., Maclatchy, D.L., Burridge, L., Haya, K. and Brown, S.B. Z
Effects of wateiborne 4nonylphenol and 17Bstradiol exposures during pa&molt
transformation o growth and plasma IGFof Atlantic salmon $almo salarlL.). Aquatic
Toxicology 66:255265.
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Project No. C8

Status: Completed

Party or relevant jurisdiction

Canada

Title of project

Use of stable isotopes to assess letggm changes in marine
trophic ecology of Atlantic salmon Galmo sala)

Objective of research projec

1) To assess trophic and dietary information through analys¢
stable isotope signatures of carbon and nitrogeiQ and*°N)
from previously compiled scale samples of various stock
Atlantic salmon;

To compare isotopic signatures within (temporal) and am
(spatial) stocks to infer differences in salmon feeding ecolog
time and space;

To examine evidence for grenvironmental influences on tren
in isotopic signatures;

To examine linkages with stable isotopic signatures with tre¢
in abundance of salmon.

2)

3)

4)

Brief description of research
project

Recent investigations have proposed that marine food webs
changed dramatically owing to evarcreasing and unsustainak
levels of exploitationi the sec al | ed 6fi shi ng
websdé hy whle dthers hase provided evidence of trop
cascades. In addition, evidence exists for dramatic changesam
climate conditions in the northwest Atlantic, particularly during
early 1990s, prompting some to suggest there has been a 1
climate regime shift. Ocean climate conditions have been shoy
affect productivity and survival of Atlantic salmo Salmon arg
considered opportunistic feeders during the marinehigeory phase
often targeting prey in the upper end of the size spectrum, w
preference for fish over crustaceans should both be available.

the species lends itself well taudies associated with marir
environmental conditions and food web interactions. Accordir]
long-term variability in the trophic ecology of Atlantic salmon wg
examined using analyses of stable isotope signatures of carbg
nitr olg“€n "W Specifically, changes in stable isoto
signatures wer e evaluat ed f

hypothesis and also in relation to variation in marine clin
conditions in the north Atlantic over the past several decades.
analyses should pralé an additional means to understand, in wik
or in part, observed variability in abundance and survival of vat
stocks of Atlantic salmon.

Dates during which research
took place

2006- 2007.

Area in which research tod
place

Project has examinedstable isotope signatures from six
Newfoundland salmon stocks, two (2) Maritime stocks and ong
Quebec north shore population. In addition, to provide a gr
geographic contrast with Eastern Canadian populations, ang
have also been carriemit on a north European stock that emp
into the Barents Sea, the River Tana (Teno).

Estimated number and weig
of salmon retained

N/A

Resources

Estimated cost of the

£27,500. Project funded by Fisheries and Oceans Canada ung
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research project International Governance of High Seas Fisheries program. Sci
time for analysis of about £5,000.

Number of participating | Two scientists: one from DFO Newfoundland Regithie, other from
scientists the University of Waterloo, Waterloo, Ontario, Canada.

Name and enail address| J. Brian Dempson
of coordinating scientist | dempsonb@dfanpo.gc.ca
in charge of project

Details of research N/A
vessels, e.g. name,
registration, call sign and
description of vessel

Type and amount of geal N/A
and other equipment to Q

used
Details of any collaborating | Samples obtained from the River Tana (Teno) were provided by
countries scientists from Finland.

Summary of Findings:

Publication:

Niloshini Sinnatamby. R., J. B. Dempson, G. Chaput, F. Carori.. Niemela, J. Erkinaro, and M.
Power. 2009. Spatial and Temporal Variability in the Trophic Ecology of Atlantic Salmon in the
North Atlantic Inferred from Analyses of Stable Isotope SignaturesAmerican Fisheries Society
Symposium 69:447463.

In many areas of the North Atlantic, populations of Atlantic sal®almo salaare now either in a
state of decline or extirpated such that concern over the continued survival of the species has
givenmore attention in recent years despite large reductions in directed ocean fisheries. Previ
investigations have established linkages between ocean climate conditions and variability in
abundance or survival. However, one avenue not previously explomsitiers whether changes in
marine food webs owing to ever increasing and unsustainable levels of exploitation on many n
specied thesec al | ed Afi shing down dneauldinileencé sureivhl ande
abundance of salmon as a resulthofts in trophic position or changes in energy flows. Since
Atlantic salmon are opportunistic feeders during the marine life history phase, the species leng
well to studies associated with marine environmental conditions and food web interddtia)sve
examine longterm variability in the trophic ecology of Atlantic salmon using analyses of stable
isotope signatures of carbon and nitrogen (d13C and d15N). Signatures were extracted from t
marine growth portion of scales of maiden @eawinter fish. Data were obtained from nine
Canadian and one north European river (Teno) covering periods extending over three to four ¢
Significant differences in d13C and d15N signatures were found to exist among rivers, as well
among years within rive. Trends over time in either d13C or d15N signatures were evident in g
few situations, thus providing little evidence of substantive changes in the trophic ecology of s
in the North Atlantic. In addition, isotopic signatures were largely iawain relation to variations ir
abundance or to various environmental measures characterizing ocean climate conditions in tf
Atlantic.
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Project No. C9

Status: Completed

Party or relevant jurisdiction

Canada

Title of project

Effective population size, gene flow and population structure o
Atlantic salmon in Newfoundland and Labrador

Objective of research projec

1. To document population structure and connectivity (gene flov
among Newfoundland and southern Labrador rivers

2. To test for tle temporal stability of the structure over the past
years.

Brief description of research
project

Population structure arises as a consequence of genetic drift,
flow, mutation, natural selection and their interactions. Populé
size plays acentral role in determining the balance between t
forces: Large populations are thought to be better able to respc
natural selection than small populations. Small populations, in
are thought to be more influenced by genetic drift, which @en
likely to lead to the loss of genetic variation, accumulation
inbreeding depression and increased extinction risk. Gene floy
alleviate such genetic adversity while simultaneously limiting
extent of adaptive divergence between populationss Type of
information is thus essential to effective management

conservation as well as restoration efforts, especially for speci
conservation concern.

The objective was to estimate effective population sizes
connectivity (gene flow) among Kintic salmon populations fror
Newfoundland and Labrador. We examined genetic variability
suite of 14 microsatellite DNA loci among ca 3000 individuals fi
some 20 populations from around Newfoundland and from sou
Labrador collected over the ped of the last 5 decades starting in
1950s to the present. The availability of extensive temporal sar
allowed for tests of changes in effective population size related t
declines and subsequent closure of commercial fisheries.
analyses mvided information on the relationship between effec
population size and gene flow. We are also examined the Qe
basis for phenotypic and life history differences by means of con
garden experiments with salmon from two populations
Newfoundlaml.

Dates during which research
took place

2003- 2008

Area in which research toa
place

Contemporary samples were analyzed from 18 rivers
Newfoundland and 2 in southern Labrador. Temporal replicates
available from 10 Newfoundland and 2 Labradeers. Samples fo

commongarden experiments were secured from 2 rivers
Newfoundland.
Estimated number and weig| N/A
of salmon to be retained
Resources
Estimated costoftheresearfz 28, 000 Fi sheries and OSubwsions
project Grant to DER at Dalhousie
z 16,000 Dal housie University,
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Z 20,000 NSERC (DER)

Number of participating Three scientists: Daniel Ruzzante (Dalhousie University), Friso
scientists Pal stra (PhD student), and Mi
Nameand email address of | Daniel E RuzzantdDaniel.ruzzante@dal.ca

coordinating scientist in Friso Palstra (PhD student), fpalstra@dal.ca

charge of project

Details of research vessels, | N/A
e.g. name, registrationall
sign and description of vess(

Type and amount of gear an N/A
other equipment used

Details of any collaborating | N/A
countries

Summary of Findings:
Publication:

Palstra, F.P., O'Connell, M.F., and Ruzzante, D.E. 2009. Age Structure, Changimmography
and Effective Population Size in Atlantic Salmon $almo salaj. Genetics 182: 1233249.

Effective population size (Ne) is a central evolutionary concept, but its genetic estimation can |
significantly complicated by age structure. Here wegtigate Ne in Atlantic salmo®é&lmo salayr
populations that have undergone changes in demography and population dynamics, applying
different genetic estimators. For this purpose we use genetic data (14 microsatellite markers) f
archived scale saples collected between 1951 and 2004. Through life table simulations we asg
genetic consequences of life history variation on Ne. Although variation in reproductive contrib
by mature parr affects age structure, we find that its effect ontideagion may be relatively minor.
A comparison of estimator models suggests that even low iteroparity may upwardly bias Ne eg
when ignored (semelparity assumed) and should thus empirically be accounted for. Our result
indicate that Ne may have clggad over time in relatively small populations, but otherwise remair
stable. Our ability to detect changes in Ne in larger populations was, however, likely hindered
sampling limitations. An evaluation of Ne estimates in a demographic context supgetife t
history diversity, densitgependent factors, and metapopulation dynamics may all affect the ger
stability of these populations.

Palstra, F.P., O'Connell, M.F., and Ruzznate, D.E. 2007. Population structure and gene flow
reversals in Atlantic salmon Salmo salaj over contemporary and longterm temporal scales:
effects of population size and life history. Molecular Ecology 16: 4504622,

Metapopulation dynamics are increasingly invoked in management and conservation of endan
species. In tis context, asymmetrical gene flow patterns can be density dependent, with migrat
occurring mainly from larger into smaller populations, which may depend on it for their persistg
Using genetic markers, such patterns have recently been documentaddos organisms including
salmonids, suggesting this may be a more general pattern. However, metapopulation theory d
restrict gene flow asymmetry to 'sowsiak’ structures, nor need these patterns be constant over
longer evolutionary timescalel anadromous salmonids, gene flow can be expected to be shag
various selective pressures underlying homing and dispersal ('straying’) behaviours. The relati
importance of these selective forces will vary spatially and for populations of diftenesuis size.
Furthermore, the consequences oflifstory variation among populations for dispersal and hencg
gene flow remain poorly quantified. We examine population structure and connectivity in Atlan
salmon Galmo salat..) from Newfoundland anddbrador, a region where populations of this spe
are relatively pristine. Using genetic variation at 13 microsatellite loci from samples (N = 1346)
collected from a total of 20 rivers, we examine connectivity at several regional and temporal sd
andtest the hypothesis that the predominant direction of gene flow is from large into small
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populations. We reject this hypothesis and find that the directionality of migration is affected by
temporal scale over which gene flow is assessed. Whereappglations tend to function as
sources of dispersal over contemporary timescales, such patterns are often changed and ever
over evolutionary, coalescederived timescales. These patterns of population structure furthern
vary between differenegions and are compatible with demographic anehigéory attributes. We
find no evidence for sekiased dispersal underlying gene flow asymmetry. Our findings caution
against generalizations concerning the directionality of gene flow in Atlantic santbemphasize
the need for detailed regional study, if such information is to be meaningfully applied in conser
and management of salmonids.
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Project No. C10

Status: Completed

Party or relevant jurisdiction

Canada

Title of project

River and extended estuary acoustic tracking of Atlantic salmor
(Salmo salaj kelts and bright salmon

Objective of research projec

1) To track and document migratory behaviour of Atlar
salmon kelts as they leave the river for the open ocear
bright salmon &they return to rivers;

2) To identify possible critical habitat sites utilized by kelts ¢
bright salmon during their migration;

3) To examine the mortality rates of kelts and brigh salr

during migration.

Brief description of research
project

The poplation of Atlantic salmon in the LaHave River on {
Atlantic coast of Nova Scotia has been in decline in the 1990s
continues to decline because of low marine survival of both sr
and postspawning adult salmon (kelts). Reasons could include
physiological condition, interference with migration or increa
predation. In this study acoustic tags and receivers are being u
provide evidence on the migration, timing and fate of migrating ¢
salmon. Thirty kelts were captured and impldnigth the acoustiq
tags, including 5 tags that transmit depth data. Continuous recg
acoustic receivers have been placed in the river 15 km above t
24 km below tide at the outer limits of the estuary to monitor
passage of tagged fish. Adai searches were also used to loq
marine summer holding habitat and to locate missing tags that
indicate mortalities. The array remained in place from May
October. Environmental data were also collected at each req
location on a periodic dsis and temperature was continuou
recorded at some receiver locations.

Dates during which research 2006- 2008

took place

Area in which research took| LaHave River, and estuary, Lunenburg, Nova Scotia, North
place Atlantic Ocean, Canada. 4230N, 64° 326W

Estimated number and weig
of salmon retained

N/A

Resources

Estimated cost of the
research project

£30,000 per annum. Project is funded by Fisheries and O
Canada, LaHave River Salmon Association and affiliates.

Number ofparticipating
scientists

Three scientists from DFO Maritimes Region. Also one graduate
student and scientist from Acadia University, Wolfville Nova Scot
Canada.

Name and email address
of coordinating scientist in
charge of project

Peter G. Amiro
AmiroP@mar.dfempo.gc.ca

A Jamie F. Gibson
GibsonAJF@mar.dfonpo.gc.ca

Details of research vessel
e.g. name, registration, cg
sign and description of
vessel

N/A

Type and amount of gear
and other equipmenised

Vemco VR2 and VR60 receivers, Vemco V13 transmitters
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Details of any collaborating | N/A
countries

Summary of Findings:

Hubley, P.B., P.G. Amiro, A.J.F. Gibson, G.L. Lacroix, and A.M. Redden. 2008. Survival and
behaviour of migrating Atlantic salmon (Salmo salar L.) kelts in river, estuarine, and coastal
habitat. ICES Journal of Marine Science 65; 1624.634.

Abstract:

The downstream migration of 30 Atlantic salmon (Salmo salar) kelts tagged with acoustic trang
was monitored using 26 underwateceivers at eight locations from April to October 2006 in the
LaHave River and Estuary. In all, 27 tags were detected as they left the coastal environment b
middle of May, 5 weeks after release, indicating a possible 90% kelt survival to copatalice
Two missing tags and one dropped tag were assumed to be attributable to natural mortality in
estuary. Migration time from release to the outermost coastal receivers 24 km below the tide li
took an average of 14 d, but varied from 3 to 33ame 40% of the kelts lingered and were active
the lower estuary. Five kelts monitored with depth transmitters migrated mostly at the surface
habitats, with occasional brief descent to the bottom. A consecutive spawning salmon returnec
79d outside the outermost array. The low rate of returns is consistent with the historical repeat
spawning schedule for this river, and more precisely documents the temporal and spatial habit
migrating kelts.
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Project No. Cl11

Status: Completed

Party or relevant jurisdiction

Canada

Québec, MRNF

University Laval, McGill, UQaRimouski, UQaMontreal, INRS, NG
(Atlantic Salmon Federation)/DFO collaboration

Title of project

Integrated modelling of juvenile Atlantic salmon movement and
physical habitat in fluvial and estuarine environments

Objective of research projec]

(1) To develop an innovative geomatic approach capable of rel
the behaviour of smolts during their migration to the characteri
of the physical habitat in rivers and esties. (2) To apply this
approach to the analysis of the migration of smolts through
estuaries of the St. Jean, Dartmouth and York rivers and dow,
Baie de Gaspé. (3) In the case of aquaculture development pl
in the Baie de Gaspé, to detedaitgntial changes in the migrati
pattern of smolts in response to the presence of sea cages

Brief description of research
project

The spatial and temporal distribution of smolts was assesse
tagging smolts with coded transmitters during their doveastr
migration. The plan was to release 60 tagged smolts during ye
2 and 3. These smolts were monitored by (a) a-tmwainted
directional hydrophone and receivier track their migration in thi
estuaries (b) an array of fixed, GPS geterenced, hyrophones
moored across the Baie de Gaspé. Particle image velocimetr
image analysis techniques and passive acoustic drifters were u
determine surface flow velocity fields within the estuaries and |
de Gaspé.

Dates during which resear
took place

Spring/summer 2005 to 2008

Area in which research took
place

York River and Baie de Gaspé, Québec, Canada

Estimated number and weig|
of salmon retained

50 smolts, tagged and released

Resources

Estimated cost of the
research project

Approx.£100,000 for operations, salaries and acoustic tags
Approx. £30,000 for receiver arrays

Approx. £20,000 for smolt wheels

Total Approx £150,000 per annum

Principal Supporting Partners:

Atlantic Salmon Federation, Fred Whoriskey
Centrelnteruniversitaire de Recherche sur le Saumon Atlantique
(CIRSA)

Fédération Québécoise du Saumon Atlantique

Fondation pour le saumon du Grand Gaspé

Génivar

Hydro-Québec

Ministere des Ressources Naturelles et de la Faune

BC Ministry of Sustainable Resourdg@lanagement Information
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Services DivisionEvert Kenk

Principal investigators

Normand BergeronINRS-Eau, Terre et EnvironnemenDeputy
leader

Thomas BuffinBélangey Université du Québec a Rimouski
Francois CaronMinistére des Ressources naturelleseefad=aune
Michael ChurchUniversity of BritishColumbia

Stuart LaneUniversity of Leeds, UK

Michel Lapointe McGill University

Number of participating | 10
scientists

Name and email address| Julian Dodson
of coordinating scientist | julian.dodson@bio.ulaval.ca
in charge of project

Details of research Small boats (less than 20 feet in length)

vessels, e.g. name, Chartered fishing vessel (approx. 35 feet) for gear deployment
registration, call sign anc
description of vessel

Type and amount of gea| Up to 50 VR 2 acoustic receivers
andother equipment use| 50 acoustic tags

Details of any collaborating | Canadian and UK collaboration (University of Leeds)
countries

Summary of Findings:

Publication:Hedger, R. D; F. Martin, D. Hatin, F. Caron, F. G. Whoriskey, and J. J. Dodson
2008. Active migration of wild Atlantic salmonSalmo salarsmolt through a coastal embayment
Marine Ecology Progress Series Vol. 355: 23%46.

Abstract: Migration patterns ofvild Atlantic salmon Salmo salar smolt were examined in a co|
embayment in the Gaspe peninsula of Quebec, Canada. Heentgmolt in 2005 and 30 in 20C
were tagged with coded ultrasonic transmitters, and their migration throughout the bay warenh
using an array of fixed VR2 hydrophone receivers. Migration patterns were complex, with som
taking a direct route through the coastal embayment and others repeatedly changing direct
short spatial and temporal scales. Migration was mainhactive process with an overall outwg
(seaward) migration in the face of an inward residual circulation. Swimming direction was |
outward during nocturnal inflowing currents but was more dispersed during daytime and nc
outflowing currentsswimming speed was greater during daytime than during-tilglt This patterr
was consistent with smolt migrating offshore nocturnally and using daytime for prey detecti
predator avoidance. Salinity had a strong effect: exposure to more salime waiged increase
swimming speeds. These observations are consistent with the hypothesis that smolt exploit {
compass to maintain a preferred bearing and that the speed and direction of swimming is cf
by salinity and the diurnal cycle.
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Project No. C12

Status: Completed

Party or relevant jurisdiction

Canada (Fisheries and Oceans Cariadawfoundland Region)

Title of project

Estuary acoustic tracking of Atlantic salmon Salmo salaj smolts
and kelts i Conne River, Little River, and Bay d 6 E
Newfoundland

Objective of research projec

1) To tag and track migratory behaviour of Atlantic saln
smolts and kelts as they leave the Conne RIi
Newfoundland;

2) To determine the movements and migration patt
t hr oughoutspoirfioel; Bay doE

3) To provide insight into the initial survival and residency

smolts and kelts migrating through the fjord.

Brief description of research
project

The population of Atlantic salmon in the Conne River on the s
coast of Newfoundland has, with few exceptions, been in de
since the early 1990s and continues to remain at relatively low |
of adult abundance. Marine survival has fallen from 720%
estimated in the mitb-late 1980s, to 3% during much of the pa
decade. Reasons for the decline in marine survival are not know

Fifteen (15) kelts and 49 smolts were captured and implanted
the Vemco acoustic tags as they migrated ouhefConne River ir
the spring of 2006. Twentgne (21) VR2 Vemco receivers we
depl oyed throughout Bay do6Es

tracking in nearshore areas was also carried out to compleme
arrays of acoustic receivers. This jaij was expanded in 20(
whereby 38 receivers (2 subsequently lost) were placed throu
the Bay doéEspoir fiord, with

from Conne River. In addition, the Miawpukek (Conne River) F
Nation provided funding and apticipated with the tagging an
tracking of twenty (20) smolts that were released from Little Ri
another system in the Bay do0E

In 2008, an additional 30 smolts and 8 kelt were tagged at C
River with 20 smolts released from Little Rivé total of 28 Vemco
VR2 receivers were again positioned at various locations throug

Bay dOEspoir. This vyear S ev ¢
di stant areas outside of t he
coverage upwards of 65 km from tpeint of release.

Dates during which research 2006- 2008

took place

Area in which research tog Conne Ri ver, and estuary, Li

place south coast Newfoundland, SFA 11.

Estimated number and weigl N/A

of salmon retained

Resources

Estimated cost of the
research project

£15,000 per annum. Project funded by Fisheries and Oceans C
the Miapukek First Nation, and is also a joint initiative between
Experimental Sciences Section and Salmonid Research Section
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Number of participating | This project involved several scientists and technical staff
scientists expertise in salmonid research and telemetry investigations ang
from the Miawpukek First Nation.

Name and email address | J. Brian Dempson

of coordinatingscientists | dempsonb@dfanpo.gc.ca
in charge of project Keith Clarke
clarkekd@dfempo.gc.ca

Details of research vessel N/A
e.g. hame, registrationall
sign and description of
vessel

Type and amount of gear | Vemco VR2 receivers, V2L and V6L transmitters
and other equipment useg

Details of any collaborating | N/A
countries

Summary of Findings:
The kelt data from this project is currently being analysed.
Publication:

Dempson, J.B., Robertson, M.J., Pennell, C.J., Furey, G., Bloom, M., Shears, M., Ollerhed
L.M.N., Clarke, K.D., Hinks, R., and Robertson, G. 2011. Residency time, migration route an
survival of Atlantic salmon Salmo salarsmolts in a Canadian fjord. Jounal of Fish Biology 78:
19761992.

Atlantic salmonSalmo salaismolts (n = 181) from two rivers were surgically implanted with acol
transmitters and released to determine migration route, residency time and survival in a 50
estuarine fjord loated on the south coast of Newfoundland, Canada. Data obtained from aut
receivers placed throughout the Bay d'Espoir fjord indicated that migrating smolts used d
routes to reach the outer areas of the fjord. The duration of time that spetisin the immediat
estuary zone also differed between the two localities (7 and 17 days) although the total timg
were resident in the fjord was similar and extensive (40 days). Many smolts were resident for
of 4-8 weeks moving back andrth in the outer part of the fjord where maximum water depths r
from 300 to 700 m. Survival in the estuary zone was greater for smolts with prolonged resid
estuarine habitat. Overall smolt survival to the fjord exit was moderately higB5%4 indicating
that the initial phase of migration did not coincide with a period of unusually high mortality.
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Project No. C13

Status: Completed

Party or relevant jurisdiction

Canada

Title of project

Spatio-temporal distribution of Atlantic salmon stocks and the
impact of the West Greenland fishery

Objective of research projec

Provide knowledge about the river origin of the salmon catch ir
commercial fishery, particularly at West Greenland.

Brief description of research
project

To evaluatethe spatistemporal distribution of North America
Atlantic salmon on the coast of West Greenland, tissue sampleg
obtained as part of the international salmon monitoring initia
Tissue will be analysed and population origins assigned to refe
populations from Québec, the Maritimes and Maine, using
microsatellites markers. The impacts of fishing will then
estimated by evaluating the contribution of each of these
populations to the annual landings in Greenland. The project
reseach thesis for a Masters program.

Dates during which research

20067 2008 (samples collected in 2006 and 2007).

took place
Area in which research tog Samples from West Greenland, analysis at Laval University, Qu
place Canada

Estimated number andeight
of salmon retained

N/A

Resources

Estimated cost of the
research project

£15,000 per annum. Project funded by research grants to Univ
de Laval (Bernatchez). Salaries for a sampler were provide
Quebec MNRF. Travel expenses for samplersollect data wersg
provided by Fisheries and Oceans Canada.

Number of participating
scientists

2

Name and email address
of coordinating scientists
in charge of project

Louis Bernatchez (Supervisor); Tim King (Sapervisor)
louis.bernatchez@bio.ulaval.ca

Details of research vessel
e.g. name, registration, cg
sign and description of
vessel

N/A

Type and amount of gear
and other equipment useg

N/A

Details of any collaborating
countries

N/A

Summary of Findings:

Samples were collected from the West Greenland fishery in August and September, 2006 g
and were compared to historical samples. Analyses for genetic characterization were co
Results show that the Southern Québec, Labrador and-BYewswick egions contributeg
significantly more than the other regions of North America to the West Greenland Fishery. R
contribution to the fishery was correlated with the regional MSW production.

Publication:

GauthierOuellet M,Dionne M, Caron F, King TLBernatchez L. 2009.&tiotemporal dynamics o
the Atlantic salmon Greenland fishemferred from mixeestock analysis. Canadian Journal
Fisheries and Aquatic Sciences,.68402051.
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Project No. C14 Status: Completed

Party or relevant jurisdion | Canada

Title of project Genetic population structure of Atlantic salmon in Eastern
Canada and its implication for conservation

Objective of research projec] This project aims at elucidating the genetic population structu
Atlantic salmon from asmall (river) to a large (Eastern Atlant
coast) spatial scale and proposing conservation units for the Car
distribution range.

Brief description of research| Samples from over 55 rivers in Quebec with additional samy
project from rivers in the guthern Gulf of St. Lawrence and Labrador w
obtained and their characteristics evaluated at multiple microsa
loci. Further work was conducted on the variability in major hi
compatability complexes and its association with exposurg
pathoges.

Dates during which research 2004- 2008
took place

Area in which research tog Rivers from Québec, Canada
place

Estimated number and weig| N/A
of salmon to be retained

Resources
Estimated cost of the £60,000. Project fundeby research grants to Université de Lal
research project (Bernatchez and Dionne) with support from Quebec MNRF.

About £20,000 per annum

Number of participating | 2
scientists

Name and email address | Louis Bernatchez

of coordinating scientists | louis.bernatchez@bio.ulaval.ca

in charge of project Mélanie Dionne
melanie.dionne@mrnf.gouv.qc.ca

Details of research vessel N/A
e.g. name, registration, cg
sign and description of
vessel

Type and amount of gear | N/A
and other equipment used

Details of any collaborating | N/A
countries

Summary of Findings:

This project aimed at elucidating the genetic population structure of Atlantic salmon from a sm
(river) to a large spatial scale (Eastern Atlantic coast) and proposing conservation units for the
Canadian distribution range. Results showed that mossrare genetically differentiated from one
anotherimean k= 0.05, p < 0.001), suggested that in general each river in Eastern Canada rej
a distinct population. However, genetic differentiation is also found within certain river systems
as tle Moisie, Romaine and Restigouche, suggesting that populations can be identified at the {
level. At a large spatial scale, seven genetic regions are identified in Eastern Canada. Genetic
differentiation is found to be associated with temperatigigne conditions, suggesting local

adaptation in Atlantic salmon. Analyses of an immunocompetence gene (MHC class Il) suggef
spatial diversity is associated with local adaptation to pathogen diversity and temperature regil
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Evidence also suggest genetieaisity at MHC influences mate choice and subsequent juvenile
survival.

Publications:
Dionne, M.; Miller, K. M; Dodson, J. J; Caron, F.; Bernatchez, L. 2@lihal variation in mhg
diversity with temperature: evidence for the role of fphogen intexction on local adaptation i
Atlantic salmonEvolution Vol. 61(9). 21542164.

Dionne. M., F. Caron, J. J. Dodson, and L. Bernatchez. 2008. Landscape genetics and hig
genetic structure in Atlantic salmon: the interaction of gene flow and |azgitation. Molecula
Ecology 17: 23822396.

Dionne. M., F. Caron, J. J. Dodson, and L. Bernatchez. 2009. Comparative survey ofriwgth
genetic structure in Atlantic salmon; relevance for management and conse@atiserv. Genet.O:
869 879

DionneM, Miller KM, Dodson JJ, Bernatchez L. 200dHC standing genetic variation and pathog
resistance in wild Atlantic salmoPhilosophical Transactions of the Royal Society of Lond@368;
15551565.

Evans, M.L., M. Dionne, K. Miller et L. Bernatchez. 20Mate choice for major histocompatibilit
complex genetic divergence as a -hetlging strategy in the Atlantic salmosaimo sala).
Proceedings of the Royal SocietyZ88 (1715): 18.
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Project No. C15

Status: Completed

Party or relevant jurisdiction

Canada

Title of project

Pelagic ecosystem survey of the Northwest Atlantic

Objective of research projec

A marine pelagic trawl survey was conducted to sample the U
pelagic ecosysterduring the period corresponding to the eg
postsmolt phase of Atlantic salmon (August and September).
survey design addressed hypotheses of -gosit distribution
(mixing of stocks, mixing of maturing and nomaturing
components) and oceanograpHeatures. Catches of pestolts
provided information on distribution and relative abundance
salmon at selected locations and times along the hypothesized
migration route. Data on relative abundance of other spe
including macroplankton aggrations, provided information on th
role of salmon within this larger pelagic ecosystem. Oceanogr:
conditions would be examined relative to smolt catches.

Brief description of research
project

A Fisheries and Oceans Canada research vessel was useel
ecosystem components within the upper 20 m of the water col
Surface gillnets were deployed to assesss#ective catchability o
the pelagic trawl and to validate trawl catchability. Catches of sa
were examined relative to geographic (latéy longitude) anc
oceanographic (fronts, temperature, salinity) characteristics. 1
data will provide information on preferences and/or selection o
physical characteristics by salmon size / age groups. Catche
relative abundance of other spesii including macroplankto
aggregations, will provide information on the role of salmon wil
this larger pelagic ecosystem.

Dates during which research
will take place

Research surveys were conducted during August 2008 and Sept
2009. Data analysiand publication in 2012011.

Area in which research wi
take place

In 2008, in the northwest Atlantifrom just south of 4N to
56 N, 49 W to 55W.

In 2009 in the northwest Atlantic between Bbto 58 N, 45 W to
60 W

Estimated number and weig
of salmon to be retained

In 2008, 15 post smolts, total weight = 3.5 kg.
In 2009, catch of 63 post smolts and 22-neeturing salmon, total
weight = 85 kg.

Resources

Estimated cost of the
research project

For 2008:
Total estimated cost excluding any analyS&50,000
£230,000. Fisheries and Oceans Canada Research vess
excluding science personnel (23 days @ £10,000)
Science personnel costs (salary, overtime, operations)
£70,000 Fisheries and Ocedsnada
£10,000 MRNF Province of Québec (Canada)
£40,000 US NOAA
For 2009:
Total estimated cost excluding any analyS&50,000
£230,000. Fisheries and Oceans Canada Research vess
excluding science personnel (23 days @ £10,000)
Science personnel costs (salary, overtime, operations)
£70,000 Fisheries and Oceans Canada
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£10,000 MRNF Province of Québec (Canada)
£40,000 US NOAA
For 2010
Analysis of samples collected in 2008 and 2009.
Costing unknown to date
For 2011
Results of several aspects of the program will be presented
ASal mon Summi t o cl@,nZOELr ire hadkechellg
(France). No costing is available.

Number of participating | 6 scientists
scientists Five from Atlantic DFO regions (Gulf, Maritinse Newfoundlang
and Labrador), one from US NOAA

Name and email address| Gerald Chaput

of coordinating scientist | Chaputg@dfempo.gc.ca

in charge of project Dave Reddin
Reddind@dfempo.gc.ca

Tim Sheehan
tsheehan@mercury.wh.whoi.edu

Details of research
vessels, e.g. name,
registration, call sign and
description of vessel

Typeand amount of geatr
and other equipment to b
used

Details of any collaborating | US NOAA
countries

Summary of Findings:

During August 8 to 21, 2008, 46 stations were sampled with the pelagic surface trawl. The sur
covered an area extending from jestith of 49N to 56 N, 49 W to 55W. Very few (N=15) Atlantic
salmon postsmolts were captured. Atlantic salmon were captured at 8 of the 46 stations (17%
majority (14 of 15 fish) were captured at stations north oN5Z he stations with salmontches

were characterized by a wide range of water depths (about 250 m to >3,000m depth) and tem
(less than 1QC to over 13C). Salmon were only captured during the daytime. The salmon range
size from 23 to 31 cm.

For 200921 sets were mada the Labrador Sea between®8 and 58 N. Fourteen tows were
made with the surface trawl and eight post smolt salmon were caught with the aquarium attack
No postsmolts were caught during tows without the aquarium. Different fishing technique
including adjustments to warp length, vessel speed, length of tow time and time of fishing we
tried. Two night tows were done and 5 postsmolts caught. Two tows and one gillnet set wg
made in the colder water of the Labrador Current with no salmon caughén 8rift net sets of
42 to 48 nets of varying mesh size 3.5nch) were completed in the Labrador Sea. Eighty four
salmon (61 post smolt, 23 adults) were caught with an average time of each set be
approximately 16 hours. CTDs and plankton tows wawae at stations where salmon were
successfully captured.

In spite of the poor weather for fishing surface trawl and gilinets, the SALSEA program objecti
sampling the ecosystem components within the upper 20 m of the water column were achieve
salmon that were intensively sampled when analysed will define the characteristics, origin, age
health, and diet of the salmon population in the northern Labrador Sea area. Stable isotope an
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will define the sal mon 6m. Otndraccomplishmenis Wwarecskoivihgy
that salmon could be caught in the surface trawl at night and the high productivity and species
diversity of the upper portion of the water column in the Labrador Sea. No salmon were caugh
on the shelf areafluenced by the Labrador Current versus fishing sets inLafidador Sea where
salmon were commonly caught. Species caught during surface trawling included salmon, lumg
myctophids, jellyfish, amphipods, barracudina, squid, redfish, Atlantic saufishrethd Greenland
halibut. Most abundant species were lumpfish, myctophids, redfish, salmon and squid.

For 2010, various activities related to tissue processing and data analysis were undertaken.

For 2011, results of some analyses of samples (stabdpestfeeding, ecosystem components) w
presented as scientific papers at the #ASal

Summary of publications to date:

Chaput, G., and Sheehan, T. 2009. SALSEA North America: Summary of pelagic ecosysteri g
August 2008. Summary report provided to NASCO for IASRB. Available at:

Sheehan, T. F., Reddin, D. G., Chaput, G., and Renkawitz, M. D. 2012. SALSEA North Amerig
pelagic ecosystem survey targeting Atlantic salmon in the Northwest AtlanGe&S Jounal of
Marine Science 69: 1580688. doi:10.1093/icesjms/fss052.
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Project No. C16 Status: Ongoing

Party or relevant jurisdiction| Canada
Joint project of the Miramichi Salmon Association (MSA), Atlar
Salmon Federation (ASF), Restigouche RiveWatershed
Management Committee (RRWMC), Gespe'gewaq Mi'gi

Resource Council (GMRC)

Title of project

Miramichi River and Restigouche Riverkelt movements and
survival

Objective of research projec

Document the spring movements and survival of-gpaivning kelts
from the Miramichi Riverand Restigouche Rivesystens as they
return to the sea, and on their subsequent return as repeat spa
To determine the locations and causes of kelt mortalitiethe
marine environment.

Brief description of researc|
project

Sonic telemetry and peyp satellite tags will be used to docum
the movements and survival of salmon kelts as they move back
ocean and across the Gulf of St. Lawrence.

Dates diring which researcl
will take place

1 April 2008 to March 31 2016sonic telemetry and satellite tags

Area in which research wi
take place

Miramichi Riverandestuary Restigouche River and estuar@ulf of
St. Lawrence, Atlantic Ocean

Estimated numér and weight
of salmon to be retained

In the Miramichi,50 kelts tagged with acoustic tags per year (2(
2011), 25 tagged with acoustic and 10 with pop up satellite tag
acousticin 2012, 5 tagged with acoustic and 11 tagged with po
satellite tag and acoustic tags in 2013. In 2014, 25 will be tag
with acoustic and 11 with pop up satellite and acoustic 1
In the Restigouche, 25 kelts were acoustic tagged in 2013, a
will be tagged in 2014,

Resources

Estimated cost of th
researctproject

£78,000annuallyi operations, salaries, acoustic and satellite tags
£80,000i receiver arrays

£125,000 receiver arrays (Ocean Tracking Network contribution
receivers and operational costs)

Annual cost £108,000

Principle Supporting Partners:

ASF, MSA, RRWMC, GMRC, OTN

Number of participating
scientists

4

Name and amail address
of coordinating scientis
in charge of project

Jon Caricarr@asf.ca

Details of researcl
vessels

na

Type and amount of geg
andother equipment to b
used

Sonic telemetry arrays and charter/coastal vessels as descri
Canada ongoing project CI&lantic salmon smolt migration an
survival within Canadian rivers, estuaries and during the marine
stage

Details of any cdaborating
countries
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Summary of Progress:

In spring 2008013, 251kelts were surgically implanted with acoustic tags on the Miramichi R
Kelt movements were tracked from head of tide through the river, and out of inner Miramichi
the open sedlhe kelts had high survival out ofiMmichi River and inner Bay (696%); however
the survival was variable annuatb the Strait of Belle Isle#{44%). The kelts that passed through
Strait of Belle Isle (SOBI) seem to travel towards Greenland, hem&almon that exit the river arn
return the same year to spawn, do not cross the Strait of Belle Isle which indicates that the
feed and regain their body mass in the Gulf of St. Lawrence. In 2011, two kelts were picked u
OTN Cabot Straiteceivers exiting the Gultn 2012, two kelts and one smolt were detected by
Cabot line. In 2013, one Miramichi kelt and one Cascapedia smolt were recorded by the Cabo

Twenty-one kelts have returned as consecutive spawners, with the majanigyfemale salmon. Al
of the consecutive returning salmon that we have tracked left the river in April or May and retu
late June or July, after only feeding in the ocean for approximately two months. Some of thg
successfully ovewintered, &ited again the following spring and returned to the river for a t
spawning. Eight of the kelts that were tagged returned as alternate repeat spawners. In additi
tracking efforts, eleven of our salmon kelts have been picked up on other hessmgivers off the
coast of Labrador, Newfoundland, Bay du Chaleur, Cabot Strait (OTN) and Kouchibouguac Ri

Unfortunately, due to the limitations of the sonic tracking equipment, we do not know wherg
fish are travelling and feeding in the Guff&t. Lawrence or Atlantic Ocean. Where fish are travel
and feeding have implications for their survival as it could influence the chancescatdbythrough
another fishery, predation and food resources.

Summary of research was presented at Salmam#uconference Oct 2011, La Rochelle (France

In 2012,35 acoustic tags and 10 pop up satellite tags (each with and acoustic tag as well) w
gain insight into salmon losses at sea. Of the 10 satellite tags, data was recovered from s¢
yielding temperature and depth profiles. Route information was gained from 6 of the tags. Th
of Belle Isle was crossed by two fish, Cabot Strait by one fish and three fish did not leave th
Predators likely accounted for four of the mortalitieee@ish returned to the river as a consecu
spawner.

In 2013, 11 pop up satellite tags were deployed on kelts. Three of them did not transmit and (¢
received from the remaining eight tags. Four fish did not leave the river or estuary and theré
recovered. One kelt stayed in the Gulf, and two left through the Strait of Belle Isle into the
Atlantic. Those two tags popped and transmitted by program, not through the death of the ke
near Nain Labrador and the other offshore of Baiiand. Also in 2013, 5 NW Miramichi kelts we
tagged acoustically.

Eleven satellite pop up tags will be deployed in 2014 on the NW Miramichi River. As in preg
years, the fish will also be tagged acoustically for betteivier tracking. The thirgear of this part o
the project will provide more insight and further knowledge of where and why salmon losg
occurring at sea.

Twenty-five kelts were acoustic tagged in the Restigouche River in 2013. None returned to tf
and 14 passed by th@8l line. In 2014, 25 Restigouche River kelts will be acoustically tagged.
will be tracked with receivers inver, at the head of tide, the estuary, Chaleur Bay and the Str
Belle Isle.
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Project No. C17

Status: Ongoing

Party or relevanurisdiction

Canada

Title of project

Marine survival of Canadian Atlantic salmon stocks: longterm
monitoring

Objective of research projec]|

Smolt production and adult return estimates are available for f
salmon populations in Canada, from riveftwild) and from
hatcheries. In some cases, these time series extend to 30 years.

Spatial and temporal trends in freshwater smolt production ai
marine survival are monitored at the following sites:

Brief description of research
project

Newfoundland:

Six (6) facilities: Campbellton River; Northeast Brook (Trepass|
Rocky River; Conne River; Western Arm Brook; and Sand Hill R
(Labrador). Smolt and adult Atlantic salmon abundance is monit
by fish-counting fences or maniecapture (Conne Rivernmslts).
Survival is determined both for smolt to small (< 63 cm) and M
adult salmon returns. Biological characteristics (e.g. length, we
condition, age etc.) of both |fgtage components are collected al(
with additional information on run timingand environmenta
conditions. These data are periodically examined in relatiol
patterns of annual variation in marine survival of wild smolts.

Maritimes:

Smolts and return rates are monitored at four locations: Nash
River, Mactaquac Dam on Sainthh River, Big Salmon River an
LaHave River (wild, and hatchery up to 2005). LaHave River \
smolt production estimates were not completed in 2011 and 201
resumed in 2013. Continuation of a-¥8ar time series of marin
survival for hatchery smdt released to the Saint John RIi\
(Mactaquac). Continuation of dfear data series for wild smg
survival on Nashwaak River and -§2ar data series for the B
Salmon River. Previous marine survival for both hatcheryygs
time series) and wild (Xgear time series) origin smolts also exit
for the LaHave River. The information collected for thi
populations provides data for agguctured life history models
which  when combined with information about freshwe
productivity, are being used to assepersistence and recove
strategies for these stocks.

Gulf:

Six (6) facilities: three on the Miramichi River (Northwe
Miramichi, Big Sevogle, and Dungarvon rivers) and three on
Restigouche River (Restigouche, Upsalquitch, and Kedgwick riv
Smolt production and adult return estimates are obtained fron
Miramichi River and its two major branches. Biologi(
characteristics are described and survival rates assessed relg
size of smolts, age, and sex of returning adults. Smolt produsti
obtained from the Restigouche River overall and two tributa
Biological characteristics are described including size of smolts,
and sex ratios.
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Quebec:

Provincial government operates two (2) facilities on Riviere de la
Trinité and Riviere Sfean (GaspéLontinuation of a 3¢ear time
series of abundance, condition as well as freshwater and marine
survival on two index Atlantic salmon rivers. Smolt trap to estima
smolt run by markecapture, counting adult return in a fishway (d¢
Trinité) or direct observation (Skean), characteristics of adult
returns using recreational catch.

Dates during which research
will take place

April T November, annually

Area in which research will
take place

On Canadian rivers named in 6

Estimated number and weig|
of salmon to be retained

Generally not applicable, although in some studies a few smolt
retained (less than 500 overall) for biological sampling

Resources

Estimated cost of the
research project

Newfoundland (£334,008ubtotal):
DFO - £297,400 per year, including overheads
NGO Partners £36,600 per year

Maritimes (£47,000 sulntal):

DFO- £31,500 per year, incl overheads

NGO Partners- £15,500 per year (including Atlantic Salm
Federation for purchase of smalheels in Nashwaak River)

Gulf (£66,000 sukotal):

DFO - £30,000 per year (includes DFO operating costs, ca
investment and salaries, incl overheads)

Partners: £36,000 spent in 2013/14 by NGO partners (Miran
Salmon Association, Atlantic Salmon deration, Northumberlani
Salmon Protection Association, First Nations) for caf
acquisitions, and O&M for assistance. Same level of suy
anticipated annually.

Quebec (£165,000 stibtal):
MRNF - £120,000 per year, incl overheads
Hydro Quebed £45,000 per year

Canada Total- £612,000 per year

Number of participating
scientists

Newfoundland (4), Maritimes (2), Gulf (3), Quebec (1)

Name and email address
of coordinatingscientist
in charge of project

B. Dempson (Conne River; Northeast Brook, Trepassey), G. V¢
(Western Arm Brook) Martha Robertson, (Rocky river, Campbell;
Rebecca Poole (Sand Hill), R. Jones, A. Levy (Maritimes), C. B
P. Cameron, S. Douglas ({Bu Mélanie Dionne (Quebec)

For information, contact: Gerald.Chaput@aiipo.gc.ca

Details of research
vessels

N/A

Type and amount of gea
and other equipment to
be used

Smolt and adult traps in fishways and fences, trap nets, rotary |
smolt traps.

Details of any collaborating

countries
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Summary of Progress:

Publications:

Bowlby, H.D., Gibson, A.J.F., and Levy, A. 2013. Recovery Potential Assessment for Southerr
Upland Atlantic Salmon: Status, Past and Present Abundance, Life History and Die@ds|
Can. Sci. Advis. Sec. Res. Doc. 2013/005. v + 72 p.

Dionne, M., Cauchon, V., et Harnois, N. 2014. Ecologie et évolution des populations témoins
saumon atlantique au Québec : rapport de recherche 2013, Québec, ministére du
Développement durable, d&hvironnement, de la Faune et des Parcs, Direction généra
IGexpertise sur la faune et ses habitats, Direction de la faune aquatique, 82 p.

Dionne, M., Cauchon, V., et Harnois, BD13. Ecologie et évolution des populations témoins de
saumon atlantiqgiau Québec : rapport de recherche 2012, Québec, ministére du
D®vel oppement durabl e, de | 6ENnvironneme
| 6expertise sur |l a faune et ses habitat

Dionne M, Fournier D&Cauchon V. 2012. Ecologie et évolution des populations témoins de sa|
atlantique au Québec. Ministére des Ressources naturelles et de la Faune du Québec,
Direction de la Faune Aquatique, 78 pp.

DFO. 2012. Stock Assessment of Newfoundland and Labvsitkmtic Salmon 2011. DFO Can.
Sci. Advis. Sec. Sci. Advis. Rep. 2011/077.

DFO 2012 Stock status of Atlantic salmo®#élmo salayin DFO Gulf Region (SalmohRishing Areas
15 to 18) DFO Can. Sci. Advis. Sec. Sci. Advis. Rep. 2012/040.

DFO. 2012. Status of Atlantic Salmon in Salmon Fishing Areas (SFA2) Ehd 23. DFO Can. Sci
Advis. Sec. Sci. Resp. 2012/014.

DFO. 2013. Status of Atlantic salmon in Salmoshiiig Areas (SFAs) 121 and 23. DFO Can. Sci.
Advis. Sec. Sci. Resp. 2013/013.

Gibson, A.J.F., and Bowlby, H.D. 2013. Recovery Potential Assessment for Southern Upland /
Salmon: Population Dynamics and Viability. DFO Can. Sci. Advis. Sec. Res2Db2/142.
iv+129p.

Jones, R.A., L. Anderson, and C.N. Clarke. 2014. Assessment of the Recovery Potential for th
Bay of Fundy Population of Atlantic Salmo8almo sala)y. Status, Trends, Distribution, Life
History Characteristics, and Recovémgrgets. DFO Can. Sci. Advis. Sec. Res. Doc.
2014/008.
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Project No. C18

Status: Ongoing

Party or relevant jurisdiction

Canada
NGO (Atlantic Salmon Federation), DFO (Gulf and Newfoundl;
Regions) and Province of Québec collaboration

Title of project

Atlantic salmon smolt migration and survival within Canadian
rivers, estuaries and during the marine life stage

Objective of research projec]|

Provide a time series of stagpecific estimates of mortality rates f¢
smolts and postmolts at various point their atsea migration,
including for their transitions through fresh water, the estuary ang
various points in the ocean.

Examine the relation between biological characteristics of the fis|
and survival rates to attempt to isolate mortality causes.
Document the migration pathways and speeds of smolts from
different rivers.

Brief description of research
project

Smolts are captured in smolt wheels in fresh water and fitted wit
acoustic tags. Acoustic receiving arrays are positioned in rivers,
the head of tide, and at the exit of the estuary and in the Strait of]
Belle Isle. Additional receivers will be placed at points of
opportunity. In October 2011, the acoustic line was completed
between Cabot Strait from Cape North, Cape Breton to Cape Ra
Newfoundland. This line is funded by the Ocean Tracking Netwo
(OTN) based out of Dalhousie University.

Dates during which research
will take place

2003i present (spring/summer)

Area in which research will
take place

Miramichi River and estuaryRestigouche River and Baie d
Chaleurs; Cascapedia River and estuaryjeain (CotéNord) River
and estuary; Strait of Belle Isle, Cabot Strait, Labrador.

Estimated number and weig|
of salmon to be retained

~ 275 smolts, tagged and released annuallyfig¥ioretained.

Resources

Estimated cost of the
research project

Approx. £130,000 for operations, salaries and acoustic tags
Approx. £80,000 for receiver arrays

Approx. £100,000 for smolt wheels (Partner contribution: 8 wh
and their operation)

Approx. £125,000 for receiver arrays (OTN contribution: recei
and operational costs)

Total Approx. £435,000 per annum
Principal Supporting Partners:
Miramichi Salmon Association
Bowater

OTN

DFO

US NOAA Fisheries

Number of participating
scientists

8

Name and email address
of coordinating scientist
in charge of project

Jonathan Carjcarr@asf.ca
Fred Whoriskey: fwhoriskey@dal.ca
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Details of research Small boats (20 feet in length)
vessels, Chartered fishing vess@pprox 35 feet) for gear deployment

Type and amount of gea| Up to 200 VR 2 acoustic receivers
and other equipment to | ~ 275 acoustic tags
be used

Details of any collaborating | Data sharing underway with US NOAA Fisheries tracking progra
countries

Summary of Progress:

The study now encompasses five rivers spanning a-$outbrth latitudinal difference of about 7(
km. This provides the opportunity for a test of the hypothesis that early smolt survivals in s(
rivers where populations are modépressed are worse than those rivers further north. Fg
Miramichi and Restigouche Rivers, eleven and ten years of data respectively have been ¢
whereas nine or less years of data are available for the other sites. Results for the Minaain
Restigouche have been consistent among years. In the Miramichi system, smolt survival
freshwater is generally high (about 83.5%), with about 50.9% of the tagged smolts surviving
the estuary to the sea. In the Restigouche River, mortalityesh water was higher (about 24.6f
than in the Miramichi River and heavy losses occurred in the estuary, resulting in about 42.99
smolts surviving to exit the river and its associated estuary to the sea. Significant fractions oft
smols from the Miramichi, Restigouche, and Cascapedia rivers have now been documented |
Strait of Belle Isle to exit the Gulf of St. Lawrence. Each year, taggeespusts from those river
have been documented crossing the SOBI line over about avéek period in mid July. Kelt
tracked from the Miramichi Rivdrave crossed the SOBI over the same time frame as smolts (r¢
project C1660 Mi r ami ¢ hi Ri ver ke).t movements and s

Summary of research was presented at Salmon Summit conferar2@l@clLa Rochelle (France)

Detailed analyses of detection rates, interstage survival rates at various points in the migre
ongoing.
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Project No. C19

Status: Ongoing

Party or relevant jurisdiction

Canada, US

Title of project

Stable isotoperatios to infer trophic structure and condition of
Atlantic salmon during their life at sea

Objective of research projec

Marine ecology of these fish could be advanced through studi

trophic state and condition. The questions to be addressed inclu

1. Are trophic states of 1SW nanaturing fish similar betwee
NAC and NEAC origin salmon?

2. Are trophic states of 1SW neanaturing fish different from
that of 1SW maturing of the same cohort? Can this te
anything about when these different maturity goapparate
in the North Atlantic?

3. Has there been a trophic state change between
Greenland and when these fish finally return to home ri
as 2SW salmon?

4. How do current measures of trophic status compare
measures of trophic status obtainablenfr archival scalg
samples and do differences indicate significant changes
occurred.

Brief description of researc|
project

A complete cohort of Atlantic salmon will be tracked from the ti
they leave the rivers to their return to rivers two yeaey las 2SW|
salmon. Smolts will be sampled from the broad geographic ran
rivers in eastern North America to characterize their stable is¢
signatures as they enter the sea. Stable isotope signatures

characterized from posimolts from the mame surveys followed by
1SW maturing and nematuring salmon as they return to rivers
during their feeding migrations at West Greenland. This will
followed by sampling 2SW salmon upon their return to homewa
The present sampling program at Weste&hland includes th
purchase of whole fish specifically for disease sampling. Additi
tissue sampling of these fish would be conducted including my
liver and caudal fin punches. Liver and muscle samples woul
analysed for lipid and stable isge ratios. Caudal punches would
analysed for stable isotope ratios. Caudal punches can be co
without lethal sampling and would therefore be collected f
sacrificed fish to permit calibration to the other tissues to a
sampling of survivoref 1SW and 2SW salmon back in home watg

Dates during which researq
will take place

Tissue samples from smolts collected in spring 2008.-$tostts
were sampled in the Labrador Sea in August 2008. West Gree
samples collected in August and September 2009, 2010 and
1SW maturing samples collected in 2009. 2SW salmon samples
collected in 2010Data and samplenalyses 201/2014.

All samples delivered to University of Waterloo by the end of 2(
Stable isotope analysis for 2009 and 2010 samples from
Greenland completed for chosen tissues. 2011 samples in the p
of bang completed.

Area in which research wi
take place

Sampling occurred at West Greenland and from salmon returni
the index rivers of eastern Canada
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Estimated number and weig| Sampling program at West Greenland includestirehase of wholg
of salmon to be retained fish specifically for disease sampling. Additional tissue samplin
these fish would be conducted and therefore no additional fish :
be retained. Tissue samples from 1SW and 2SW salmon i
Miramichi will be collected prefereraily from First Nations fooc
fisheries. Target sample size for tissue sampling is 50 fish pe

group.
Resources
Estimated cost of th( Purchase of fish at West Greenland accounted for in ongoing p
research project D1 (Denmark)

Laboratoryanalysis in winter 2010/2011.

Smolt tissue sample analysef18,000 funded by Internationg
Atlantic Salmon Research Board will cover a portion of t
expected analytical costs, restricting analysis to include only
West Greenland samples.

Samplesd be processed at cost at U. of Waterloo, Canada

Data and sample analyses 20114201

Analyses and draft scientific manuscript, inkind

Number of participating Lead scientists:

scientists Heather Dixon, PhD Candidate, University of Waterloo
Mike Power U. ofwWaterloo (Canada)

Brian Dempson, Gerald Chaput (DFO Canada)

Tim Sheehan (US NOAA)

Name and enail addresqy Brian Dempson Brian.dempson@dfmpo.gc.ca
of coordinating scientis Tim Sheehan: Tim.Sheehan@noaa.gov
in charge of project

Details  of research Not applicable
vessels

Type and amount of geq Not applicable
and other equipment to k
used

Details of any collaborating¢ Denmark (in respect of the Faroe Islands and Greenland)
countries

Summary of Progress:

Smolts were collected from lidex rivers in eastern Canada in May and June 2008: LaH
Margaree (Nova Scotia), Nashwaak, Southwest Miramichi, Little Southwest Miramichi, Kedg
Upsalquitch (New Brunswick), Saudean, de la Trinité (Québec), Conne, Rocky, Campbel
Exploits, Western Arm Brook (Newfoundland), Sand Hill River (Labrador). Scale and adipose
samples from 1SW fish returning to13 of these rivers were obtained in 2009, and the same tv
types were taken 2SW fish returning to 6 of these rivers in 2018udsdor all Canadian river smo
and adults have been dried and processed at the University of Waterloo laboratory in winter
Data on C and N ratios are currently undergoing statistical analyses, with some analyse
completed pending abilés to acquire additional fda for the analysis of 2010 and 2011 W
Greenland samples. Similar tissues from the 15-pwsits captured in August 2008 have bg
processed as above. Similar tissues (liver, dorsal muscle, adipose, caudal fin, scals) G@®post
smolts and 22 adult salmon captured in September 2009 were collected and analysed. The
sampling program at West Greenland collected similar tissues from 4lghatanng 1SWASW
salmon from in 2009 and 358 nomaturing 1SW3SW salmonn 2010 The 2009 West Greenla
samples have been analysed, while the 2010 samples are about to be processed. A
presentation of an initial scientific ana
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conference Oct. 13, 2011, La Rochell¢France). A manuscript was subsequently prepared
submitted to the ICES Journal of Marine Science as part of the symposium proceedings. ReV
the manuscript, based on external review comments, have now been completed with the revig
schaluled to be sent back to the Editor on February 1, 2012. Heather Dixon, PhD student wol
this project, successfully defended her Thesis Proposal on January 23, 2012. Subsequent
should follow based on her proposed research. Work plann@@1@rincludes processing of samp
from West Greenland, analysis of stomach contents, collating material for a comparativ
analysis paper, and preparing for the PhD oral comprehensive exam. A key impedimen
analysis of all West Greenland sdewpis the need to acquire additional funds to analyse the |
than anticipated sample archive that the project has assembled.

The extended sampling programme at West Greenland collected similar tissues as for previg
from 430 1SW3SW salmon. Agiose, scale and dorsal muscles samples for 2010 West Gre
salmon of North American origin have been run for stable isotope analysis. The same tissu
2011 salmon of North American origin are in the process of being run. Gut content analysier
completed for stomachs from West Greenland fish caught during the2BQ@9enhanced samplir|
programme, with the contents currently being processed and run for stable isotope analysis a
calorimetry. Heather Dixon passed her comprehensive exairie 2012. Work planned for 20
includes completion of a stable isotope methods paper focused on the use of scale tissue, wit
of submitting the paper at the end of March 2013; completion of all stable isotope and
calorimetry analyses bydtrend of May 2013; and the analysis of all outstanding data.

The scale methods paper has been submitted for publication at Fisheries Research, wh
currently under review. An extensive analysis of the gut contents of the West Greenland fish |
undertaken, and is currently in the process of being linked to the stable isotope data from
salmon themselves and the prey items. The analysis of the gut content data from the West G
salmon was presented at the 2013 ArcticNet meetingalifa{, NS, with an extended presentation
include the stable isotope analysis to be given at the 2014 NoWPaS workshop in Varmland,
All stable isotope analyses for the West Greenland Atlantic salmon and their prey items ha
been run. Work @inned for 2014 includes writing up papers on the diet of West Greenland s
and possible differences in stable isotope values in different salmon tissues over time.

Publication to date

Dixon, H.J., Power, M., Dempson, J.B., Sheehan, T.F., and Ch@p@012. Characterizing th
trophic position shift in Atlantic salmon (Salmo salar) from freshwater to marineydie phases
using stable isotopeb.ICES Journal of Marine Science, 69: 164655.d0i:10.1093/icesjms/fss122

Dixon, H.J., Dempson, J.B., and Power, M. 2048sessing the use of different marine growth zg
of adult Atlantic salmon scales for studying marine trophic ecology with stable isotope ar
Fisheries Research. Under review.
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Project No. C20

Status: Completed

Party or relevant jurisdiction

Canada

Title of project

Identification of essential habitat for repeat spawning Atlantic
salmon of Inner Bay of Fundy origin

Objective of research projeg

To identify the freshwater and marine habitatsed by post
spawning Atlantic salmon of Bay of Fundy (BoF) origin
reconditioning, and identify the sites and times of mortality

Brief description of research
project

The project is part of an overall strategy to use telemetry to ide
the marinehabitat used by BoF salmon (the most obvious data
Tagged salmon kelts were monitored in rivers of the BoF and &
from 2008 to 2011 to obtain information on migration, distributi
habitat, and mortality. Acoustic were attached on salmon b
spawning and fish were monitored until river exitg2months in
freshwater). Pojup satellite archival tags (PSATS) were attache
kelts after spawning just before river exit to monitor ma
migration (46 months at sea).

Dates during which researck
will take place

September 2008 March 2013

Area in which research will
take place

Big Salmon and Gaspereau rivers (inner BoF fall and sf
migrants) and Hammond River (outer BGF Saint John Rive
system spring migrants).

Estimated number and
weightof salmon to be
retained

None

Resources

Estimated cost of the
research project

Expenditures to date and for 202011:£100,000

Fisheries and Oceans Canada: Tags, personnel, and operating
In-kind contributions from Fort Folly First Nation.

For2012: data analysis complete and one manuscript submitteg
publication with a second manuscript in progress.

For 2013: Complete second manuscript and submit for publicati

Number of participating
scientists

2

Name and émail address
of coordinatingscientist
in charge of project

Dr. Gilles Lacroix
Gilles.Lacroix@dfempo.gc.ca

Ross Jones
Ross.A.Jones@dfmpo.gc.ca

Details of research
vessels, e.nrame,
registration, call sign and
description of vessel

Not applicable

Type and amount of geatr
and other equipment to b
used

Seine nets, angling gear and Rotary Screw trap
Acoustic receivers and tags (freshwater component)
Satellite tags (marine compantg

Details of any collaborating
countries

None to date
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Summary of Findings:

Between 2007 and 2011, about 60 adult Atlantic salmon were tagged with acoustic transmitte
monitored in the Big Salmon River in the Bay of Fundy from September until river exit. This W
done to determine essential freshwater habitat for this endahgepulation as needed in the
Recovery Strategy for inner Bay of Fundy salmon. It also provided the timing of river exit so t
migrating kelts could be tagged with pap satellite archival tags (PSATS) as they left the river.
telemetry data haveslen recovered and summarized.

Publication

Lacroix, G.L. 2013. Populatiespecific ranges of oceanic migration for adult Atlantic salr
(Salmo salar) documented using pamp satellite archival tags. Can. J. Fish. Aquat. Sci. 70: -1
1030.

Abstract:Popup satellite archival tags identified differences in oceanic migration of Atlantic sg
(Salmo salar kelts from three distinct Canadian populations. Kelts from two endangered popu
were restricted to coastal areas near home rivers, whereas &eilta foersisting nearby populati
migrated to the Labrador Sea and towards the Flemish Cap. Kelts spent most time near th
(0i 5 m), but coastal migrants undertook repeated daytime dive4q1f), associated with feedin
upon marine entry and praggs was slow {2 3 kmbLdayT1 1) . Di stant
the continental shelf (I 0 kmbLdayTi1 1) against prevaildi
surface, except for deep dives (12000 m) when crossing ocean channels and at the shelf
Home range water temperature$ I8 °C) indicated that kelts avoided warmer adjacent are
summer. Kelts did not avoid cold coastal habitd6(0C) in winter, but avoided the surface laye
Kelt migration mimicked that of postsmolts of similar orgirwith water temperature acting ag
directive or controlling factor. Containment of kelts from endangered populations in coastal
was probably responsible for the disappearance of repeat spawners.

Lacroix, G.L. 2014. Large pelagic predators cojddpardize the recovery of endangered Atla
salmon. Can. J. Fish. Aquat. Sci. 71: B330 dx.doi.org/10.1139/cjfa20130458

Abstract: Long-term population viability of Bay of Fundy Atlantic salmon (Salmo salar
threatened by high levels of marine madity during migration. Pojup satellite archival tags o
repeat spawners provide direct evidence of extensive natural mortality of migrating salmon in
zones attributed to predation by large pelagic fish and no evidence of fishing mortalisfethtzes
show that salmon with a coastal migration are eaten by porbeagle shark (Lamna nasus) if
Bay of Fundy, whereas distant migrants are consumed by Atlantic bluefin tuna (Thunnus tl
and other apex predators along the Scotian Shelf. Mgris clustered in a few zones because
similar predatdrprey habitat preferences and overlapping migration paths. The extent of pre
in salmon populations with different migration strategies can account for observed decline
neighbouringpopulations with different life histories. The impact on endangered salmon popu
that rely on multiple repeat spawners for population stability may be sufficient to hamper o
recovery efforts.
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Project No. C21

Status: Completed

Party orrelevant jurisdiction

Canada

Title of project

Genomic basis of adaptive divergence and marine surviva
among Atlantic salmon populations

Objective of research projec

Elucidate the genetic basis of adaptive divergence and m
survival in Atlantic salmon populations from eastern Cang
Contribute to the identification of management units.

Brief description of researc
project

This project aim at creating a genetic database across eastern (
populations by resolving the genetic structure ofybaions using
the same genetic markers across the study area. Moreover, wi
use of recent genomic resources developed for Atlantic salm
will identify genes under selection and environmental fag
responsible for the genetic divergence betweepulations. Finally
these ressources will help identify the genetic basis of high m
mortality during the first years at sea.

Dates during which researg
will take place

20107 2014

Area in which research wi
take place

Eastern Canada: Québadtaritimes, Newfoundland and Labrador

Estimated number and weig
of salmon to be retained

Salmon samples have already been collected through another p

Resources

Estimated cost of th

research project

£193,600. Funded by the Natural Scien&ggyineering Researc
Council of Canada (NSERC), the Ministére des Ressources natl
et de la Faune (MRNF) and the Réseau Aquaculture Québec (R

Number of participating
scientists

3

Name and -email address
of coordinating scientist if
charge ofproject

Louis Bernatchez, supervisor, Louis.Bernatchez@bio.ulaval.ca
Mélanie Dionne, cesupervisor, Melanie.Dionne@mrnf.gouv.gc.ca|
Patrick OO6Reilly, coenpagcecaat or
Vincent Bourret, PhD student, vincent.bourret.1@ulaval.ca

Details  of research
vessels, e.g. nam
registration, call sign an
description of vessel

Type and amount of ged
and other equipment to [
used

Details of any collaboratin
countries

Norway: the centre for integrative genetic (CIGENE) develg
some of thegenomic resource that will be used in this project
USA: tissue samples from Greenland fisheries

Summary of Findings:

Samples of salmon over the entire range in eastern North America have been obtalabdrataty
analyses of relevant microsatelliteci has been completed and integrated into a continent
database. The database is now being used in a number of studies looking at stock identifi
mixed stock fisheries and population structuring. Adaptive genetic differences between tlemtq
regions in Québec and potential environmental factors responsible for the genetic divg
observed were identified. Genetic basis associated with marine mortality during the first yea
have been assessed in the two Quebec index rivers.
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Publications:

Bourret, V., O6Rei Il vy, P. T., Carr, J. W.
genetic integrity suggests loss of local adaptation in a wild Atlantic sal8eim¢ salay population
following introgression by farmed escapddsredity, 106: 500510.

Bourret, V., Kent, M.P., Primmer, C.R., Vasemagi, A., Karlsson, S., Hindar, K., McGimit
Verspoor, E., Bernatchez, L., & Lien, S. 2013. SRy reveals genome wide patterns
geographical and potential adaptive divergeno®ss the natural range of Atlantic salm@&alfno
salar). Molecular Ecology22: 532551

Bourret, V., Dionne, M., Kent, M.P., Lien, S., & Bernatchez, L. 201@ndscape Genomics
Atlantic Salmon $almo sala)y. searching for gerenvironment interactiongdriving local adaptation
Evolution 67: 34693487,

Bourret, V., Dionne, M., & Bernatchez, L. (submitted) ~@oying genotypic changes associated v
selective mortality at sea in Atlantic salm@&a(mo salay.

Bradbury, I.R., Hamilton, L.C., Robertson, M.J., Bourgeois, C.E., Mansour, A., and Dempson,
2014. Landscape structure and climatic variation determine Atlantic salmon genetic connectivi
the northwest Atlantic. Can. J. Fish. Aquat. 3d{2): 246258.
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Project No. C22

Status: Completed

Party or relevant jurisdiction

Canada

Title of project

River and extended estuary acoustic tracking of Atlantic salmor
(Salmo salaj smolts in Southern Uplands rivers

Objective of research projec

To estimate mortality rates, assess the sgatitporal dynamics of
natural mortality and examine migratory behaviour during the fre
to saltwater transition of wild Atlantic salm@&almo salasmolts
from four river systems in an area of Nova Scdfianada known as
the Southern Upland

Brief description of research
project

Wild salmon smolts from the Southern Upland were implanted
acoustic tags and their movements tracked as they exited their
rivers, migrated though estuaries and alongcthaest. Active tracking
(via mobile receiver) supplemented passive (moored) receiver
permitted assigning each fish to an assumed fate (e.g. die(
remained on bottom, removed from water, etc). Simultaneous \
surveys of potential smolt predatgpermitted an estimate of tot
predator abundance, which is currently being analysed.

Dates during which research

2008- 2010.

took place
Area in which researchtook| LaHave River, St . Maryds Ri Vg
place Harbour),Nova Scotia, Canada.
Estimated number and weig| N/A. All tagged salmon were released.
of salmon retained
Resources
Estimated cost of the £30,000 per annum (2008 &009), £116,000 (2010). Project w

research project

funded by Fisheries and Oceans Canada, the Nova Scotia S
Association, the Atlantic salmon Federation, the Ocean Trad
Net wor k, NSERC, LaHave Ri ver
River Association, Donner Fountitn Canada, Atlantic salmo
Conservation Foundation and others (see publications).

Number of participating
scientists

Two scientists from DFO Maritimes Region. Led by Eddie Halfyg
PhD student / scientist from Dalhousie University, Halifax, Nova
Scdia, Canada. Also, two scientists from Dalhousie University / t
Ocean Tracking Network and one scientist from Acadia Universit
Wolfville, Nova Scotia, Canada.

Name and email address
of coordinating scientist in
charge of project

E. Halfyard
eahalfyard@dal.ca

A Jamie F. Gibson
Jamie.Gibson@dfmpo.gc.ca

Details of research vessel
e.g. hame, registration, c4g
sign and description of
vessel

N/A

Type and amount of gear
and other equipment useq

Vemco VR2, VR2wand VR100 receivers, Vemco V8L
transmitters

Details of any collaborating

countries

N/A
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Summary of Findings:

Publications:

Halfyard, E.A., Gibson, A.J.F., Ruzzante, D.E., Stokesbury, M.J.W., and Whoriskey, F.G. 2017
Estuarine survival and migratory behaviour of Atlantic salmon Salmo salar sdmnitaal of Fish
Biology 81, 1626 1645

Abstract:To estimate mortality rates, &ss the spatitemporal dynamics of natural mortality and
examine migratory behaviour during the fresh to saltwater transition, 185 wild Atlantic salmon
salar smolts were implanted with coded acoustic transmitters. Seaward migration of tagged S.
from four river systems in an area of Nova Scotia, Canada known as the Southern Upland was
monitored using fixed receivers and active telemetry over 3 years. Cumulative survival through
river, inner estuary, outer estuary and bay habitats averagé¥ %8ange = 39#73-5%). When
standardized to distance travelled, survival rates followed two patterns: (1) constant rates of st
independent of habitat or (2) low survival most frequently associated with inner estuary habitat
rivers where survial was independent of habitat, residency periods were also independent of h
postsmolts exhibited few upstream movements, took a more direct route to the ocean and rea
ocean rapidly. Alternatively, in rivers where survival was habitat pe@sidency was also habitaf]
specific with overall increased residency, more frequent upstream movements and delayed ar
the open ocean. The sudden disappearance of m@4i00%) smolts and pasmolts assumed dead
during the course of this stydvarrants further examination into the role of avian predators as a
mortality vector.

Halfyard, E.A., Gibson, A.J.F., Stokesbury, M.J.W., Ruzzante, D.E. and Whoriskey, F.G. 2013
Correlates of estuarine survival of Atlantic salmon fsblts from théSouthern Upland, Nova
Scotia, Canada. Canadian Journal of Fisheries and Aquatic Sciences.-460452
Abstract:Acoustic telemetry is a useful tool to monitor the estuarine survival and behaviour of
Atlantic salmon postsmolts. Most frequently, survivalkgorted as the static fraction of tagged
postsmolts detected, and while the timing or location of mortality may be reported, covariates (¢
survival or the relationship between migratory behaviour and survival are less often described.
study, we sed acoustic telemetry to follow Atlantic salmon smolts migrating to sea from four riv
in Nova Scotia, Canada. Further, we tested the relationship between migratory behaviour and
and used maikecapture models to examine the role of body leagthtagto-body mass as surviva
covariates. Survival was most heavily impacted in estuarine habitats closest-tif-tidadSurvival
was affected by body length at three of four sites. The shape and spatial variability of the body
T survival rehtionship provided insight on mortality vectors, highlighting the potential roles of
predation and osmotic stress. Survival was not influenced by repeated larsthaasard migratory
movements; however, there was a significant correlation between resatehsyrvival
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Project No. C23

Status: Completed

Party or relevant jurisdiction

Canada

Title of project

Effects of early captive exposure on measures of fitness later
life for Inner Bay of Fundy (IBoF) Atlantic Salmon

Objective of researcproject

To assess the effects of standard and novel conservation rearing
strategies on measures of fithess important for the recovery of IE
salmon.

Brief description of research
project

We assessed two lorganding standard strategies of releag
juvenile salmon (age 0+ unfed fry and ~5 month old feeding fall |
for effects on fitness at multiple stages later in life and for viabilit
offspring in the next generation. Captive hatched juveniles

released to the wild as either fry or panda portion recaptured 13
years later as smolts during their natural migration to the B3
Fundy. The captured sample of 2010 Upper Salmon River smolt
individually tagged (PIT) and reared during the natural 18 m
1SW marine phase in a marin@ptive environment in modifie
commercial net pens in the Bay of Fundy. Following the ma
phase, a sample of mature fry and gargin fish were artificially
spawned within treatment groups to determine effect of par
captive exposure (fry or parelease stage) on offspring viabilit
Smolt age and size, growth and survival during the marine phast
offspring viability for both fry and parr release origin fish we
reported.

Dates during which research
took place

201071 2012 field work
20131 2014 analyses and reporting

Area in which research took
place

Upper Salmon River (Fundy National Park),

Estimated number and weig
of salmon retained

N/A

Resources

Estimated cost of the
research project

~£100,000 per annum. Cash anekind funding from Fisheries an
Oceans Canada, Parks Canada, The Atlantic Salmon Federatio
Atlantic Canada Fish Farmers Association and Fort Folly |
Nation.

Number of participating
scientists

One scientist fronDFO Maritimes Region, Parks Canada, Concor
University and one graduate student and two scientists from
Me mor i al University, St . John

Name and enail address
of coordinating scientist in
charge of project

Corey Clarke corey.clarke@pc.gc.ca

Details of research vessel
e.g. hame, registration, cg
sign and description of
vessel

Local fishing vessels chartered for moving fish

Type and amount of gear
and other equipment useg

Helicopter time(to release juveniles), Rotary screw trap (to captul
smolts), dive gear, net seines, commercial sea cages, hatchery

facilities, small motorized boats, light trucks, fish transport trucks
fishing boats, acoustic tags , acoustic receivers, PIT tags (2000)
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Details of any collaborating
countries

N/A

Summary of Findings:

Field work completed in fall of 2012. M.Sc thesis currently in external review and revision proc
scheduled to be complete by May 2014. Pending acceptance, results suggekefaien (relative

to life span) in early captive exposure as a result of fry stage and parr stage release strategies
in significant differences in fithness measures of age at smolt, growth and survival during marin
(measured in a captivearine environment), and offspring survival. Overall, findings suggest tha
increased wild exposure during earliest life for fish released as fry is positively related to meas
wild fitness later in life and into the next generation. Once acdetitese results will contribute to g
knowledge base for the design or improvement of a growing number of captive rearing and bre
programs for salmonids aiming to reduce risks of species extirpation
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2. DENMARK (IN RESPECT OF THE FAROE ISLANDS AND

Faroe Islands

The Faroese Fisheries Laboratory is collaborating in a number of projects detailed in the returns made

by other Parties.

GREENLAND)

Greenland
Project No. D1 Status: Ongoing
Party or relevant jurisdictiof Greenland

Title of project

West Greenland Salmon Fishery Sampling Programme

Objective  of
project

researc

1. Continue the time series of data (beginning 1969) on the cont
of origin and biological characteristics of the salmon in the V
Greenland Fishery;

2. Provide éta on mean weight, length and continent of origin
input to the North American and European -renonstruction
models;

3. Collect information on the recovery of internal and external tag

4. Collect other additional biological samples as required.

Brief description of researc
project

One of the key data inputs to international stock assessments of A|
salmon is the origin of Atlantic salmon harvested in mixed s
fisheries. The Parties to the West Greenland Commission of NA
have, thereforeworked cooperatively over the past three decade
collect biological data on Atlantic salmon harvested at West Greern
The sampling programme collects biological data, scale and {
samples, and information on tags and marks from Atlantic sa|
caught in the commercial fishery at West Greenland.

Under the NASCO 2@ West Greenland Sampling Agreeme
(WGC(13)5), Parties to the NASCO West Greenland Commisy
agreed to provide staff to sample catches of Atlantic salmon in the
Greenland fikery during the 203 fishing season.

The sampling programme collects:

Biological characteristics data including lengths and weightt
landed fish;

Information on tags, fin clips and other marks;
Scale samples to be used for age and growth analyses;
Tissue samples to be used for genetic analyses;

Other biological data requested by the ICES scientists and NA
co-operators.

=A =4 —8 4 =

Dates during which researg
will take place

Annually during the fishing seasohAugusti 31 October

Area in which researctvill

take place

Sisimiut, Maniitsoq, and Qagortoq
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Estimated number an
weight of salmon to by

retained
Resources
Estimated cost of th{ Greenland approximately £9,000 per annum
research project Canada- £7,000 per annum (excludes costs of scample and dat|
analyses)
EU (United Kingdom England & Walesk15,000 per annum
EU (United Kingdom Scotland)£15,000 per annum
EU (Ireland)- £11,000 per annum
USA - £22,000 per annum
£79,000
Number of participating 1 technician and Xcientist from Greenland working with scientis
scientists from Canada (1), USA(1), EUK (2) and EUIlreland (1)

Name and @mail | Helle Siegstad
address of coordinatin| helle@natur.gl
scientist in charge ¢
project

Details of research None
vessels, e.g. nam
registration, call sign
and description o0
vessel

Type and amount o Standard sampling equipment
gear and othe| Standard genetics laboratory equipment
equipment to be used

Details of any collaboratin¢ Collaborative project with investigators from US (T. Sheehan),
countries United Kingdom (T. Potter and J. MacLean), Ireland
O Maoiléidigh) and Canada (G. Chaput). The work is coordinate(
NASCO and is reported to ICES (Working Group on North Atla
Salmon).

Summary of Progress:

In 2013, the sampling programme included sampling teams from Greenland, United States, |
Scotland, England and Wales, and Ireland. Teams were in place shortly after the start of the fi
1 August and continuedntil 31 October. In total, approximatel2d0 specimens were sampled |
presence of tags, fork length, weight, scales, and tissue samples for DNA analysis. Samp
obtained from three landing sites: Sisim{MAFO Division 1B), Maniitsog (1C) an@aqortoq (1F),
Collected scale samples will be aged by Canadian collaborators and tissue analysis for con
origin determination will be performed by US collaborators.

Results from th013sampling program were reported to the ICES Working Graouplorth Atlantic
Salmon Results from the 2012 sampling program were published NOAA NEFSC Laboratory
Reference Document (citation belowA. similar report will be pursued for the 2013 sampling prog|
results

Sheehan TF, Assuncdo MGL, Deschamps&dghton B, O Cuaig M, Nygaard R, Kifig., Robertson
MJ, O Maoiléidigh N. 2013. The International Sampling Progr@mmtinent of Origin and Biologics
Characteristics of Atlantic Salmon Collected at W@stenland in 2012. US Dept Commer, Northe
FishSci Cent Ref Doc. 120; 25 p.
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Project No. E1

3. EUROPEAN UNION

Status: Completed

Party or relevant jurisdictiol

European Union

Title of project

SALMODEL Concerted Action - A co-ordinated approach
towards the development of a scientific basis for management |
wild Atlantic salmon in the North-East Atlantic

Objectives of research
project

- To improve our ability to set salmon conservation limits (Cl
addressing transportability and dynamic change issues, also takin
account underlying stock structure, and,;

- To examine methods of estimating {fishery abundance (PFA) fq
north-east Atlantic (NEAC) salmon stocks and to determine whe
and how PR estimates can be used to give catch advice.

Brief description of researc
project

(Note: only the PFA/marine
side of the project is
reported here)

Development of catch advice for NEAC salmon in distant w
fisheries depends critically on availability of methods of asses
stock status in advance of fishing and relating this to consery,
requirements in rivers of origin. SALMODEL aimed to pid®/
improvements to the existing interim methods of developing ¢
advice at ICES (which do not have predictive capability for NE
stocks) and to explore and evaluate options for developing
predicative PFA models. Two workpackages addressed dhess:

Workpackage 4:
- examined current models used to estimate PFA, including that
by ICES

- valuated the quality of historic data used to run the ICES PFA m(

- assessed sensitivity of the model to data types and variation
testedassumt i ons of i ncorporation
models

-evaluated the basis of the NEAC stock groupings being used i
catch advice process.

Workpackage 5:

-evaluated options for developing a predictive PFA model from
historic time sdes employing environmental and other dg
producing for the first time forecasts of PFA of southern Euroj
stocks at West Greenland

-investigated forwardunning predictive PFA models based on sn|
production estimates/indices for the NEAC area

-examined approaches for model validation

-examined scales at which the various model types can be applie(
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Dates during which researg
took place

20002002. Project completed 31/12/02, draft final report sen
European Commission March 2003.

Area inwhich research took
place

Work was progressed via formal meetings, tegpecific workshopg
and ceoperative studies; no field studies were involved.

Estimated number and
weight of salmon retained

Not applicable

Resources

Estimated cost of the
research project

£500,000 in total

Number of participating
scientists

17 European members; 2 Canadian participants; + invited exi
experts

Name of coordinating
scientist in charge of
project

Dr Walter Crozier

Details of research
vessels, e.g. nam
registration, call sign
and description of
vessel

Not applicable

Type and amount of
gear and other
equipment to be used

Not applicable

Details of any collaboratin
countries

UK (E&W; Scotland, N. Ireland); France; Ireland; Norway; Swecg
Finland;Iceland; Canada

Summary of Findings:

This will be provided as a separate document to NASCO (CNL(03)9). Briefly, SALMODEL has

- examined current models used to estimate PFA, including that used by ICES

assessed sensitivity of the ICES model to tgtas and variation, and tested assumption
i ncorporation of natur al mortality Amo
default value of fAmo used at | CES

SALMODEL also evaluated the basis of the NEAC stock groupings being used irtc¢he
advice process

evaluated options for developing a predictive PFA model from the historic time
employing environmental and other data, producing for the first time forecasts of P
southern European stocks at West Greenland

investigatedpredictive PFA models based on smolt production estimates/indices f¢
NEAC area

examined approaches for model validation and examined scales at which the variou:
types can be applied
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Project No. E2

Status: Completed

Party or relevant jisdiction

European Union (consortium of 20 partners)

Title of project

SALSEA-Merge - Advancing understanding of Atlantic salmon
at sea: Merging genetics and ecology to resolve stesgecific
migration and distribution patterns.

Objective of researcproject

The overall objective of SALSEMerge is, by merging genetic ar
ecological investigations, to advance understanding of stock sp
migration and distribution patterns and overall ecology of the mz
life of Atlantic salmon and gain an insighto the factors resulting i
recent significant increases in marine mortality.

Brief description of research
project

SALSEA-Merge comprises seven work packages includ
development of genetic identification methodology; marine

acquisition throgh a series of marine surveys in the na#st
Atlantic; genetic identification of stock origin of samples collect
biological analysis of samples including analysis of scale san
(historic and contemporary), diet analysis and assessmel
condition merging and analysis of genetic, biological &
oceanographic data.

Dates during which research
will take place

April 20087 31 October 2011
(marine surveys in 2008 and 2009)

Area in which research will
take place

North- East Atlantic with marinesurveys conducted west of Irela
and the UK, around the Faroes, the Norwegian Sea and wx¢
Barents Sea. Laboratorgnalysis of contemporary and histo
samples.

Estimated number and weig
of salmon to be retained

All salmon sampled during thenarine surveys will be retaine
Approximately 900 fish each year, predominantly postsmolts.

Resources

Estimated cost of the
research project

Euro 5.5million (£5.5million) over 3 years with Euro 3.5milli
(£3.5million) funded through the EU SewkrResearch Framewo
Programme (FP7) and Euro 2million (£2million) contributed by
programmes scientific and private sector partners. The Atl
Sal mon Trust is funding the

(Euro 50,000) per annum and the TOTAbndation is contributing
Euro 100,000 (£100,000) to the Faroese marine surveys in both
and 2009.

Number of participating
scientists

Name and enail address
of coordinating scientist i
charge of project

Scientific Coordinator Jens Christiafiolst
jens.christian.holst@imr.no

Project Coordinatoir Merethe Flatseth
merethef@IMR.no

Details of research

vessels, e.g. name,

RV Celtic Explorer,RV Celtic Voyager,RV Magnus HeinasonRV
Johan HjortFV Eros,FV Libas
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registration, call sign and
description of vessel
Type and amount of gear| Pelagic trawls, Pelagic Live Capture Trawls (Fisty), CTD,
and other equipment to b{ plankton sampling equipment, genetic analysis.
used
Details of anycollaborating | The SALSEAMerge consortium comprises 20 partners as follows
countries
Participant No. Organization Name. Country.
1 (Coordinator). | Institute of Marine Research (IMR)., Norway.
2. Marine Institute (MI). Ireland.
3. Fisheries Researclservices (FRS UK.
(now Marine Scotland Science).
4, Norwegian Institute for Naturg Norway.
Research (NINA).
5. University of Exeter (UE). UK.
6. National University of Ireland, Cor} Ireland.
(NUIC).
7. Queen's University Belfast (QUB). UK.
8. University of Wales, Swanse UK.
(UWS).
9. Danish Institute for Fisherie Denmark.
Research (DIFRES).
10. Institute of Freshwater Fisherig Iceland.
(IFL).
11. University of Turku (UT). Finland.
12. University of Oviedo (UO). Spain.
13. GeneindeXGENI). France.
14. Finnish Game and Fisherig Finland.
Research Institute (FGFRI).
15. *Faroese  Fisheries  Laborato Faroes.
(FFL).
16. *Atlantic Salmon Trust (AST). UK.
17. * NASCO®b6 s I nter UK.
Salmon Research Board (IASRB).
18. *Total Foundation (TOTAL). France.
19. *Conservatoire National du Saumg France.
Sauvage (CNSS).
20. *Loughs Agency. UK.
* Non-contracting Partners

Summary of Findings:
2008:

SALSEA-Merge as an EU FPR project, formally commenced on 1 April 2008, but before tha
February 2008, an international SALSESRLMAN II Genetics Symposium and Workshop w
arranged by IASRB in Paris with sponsorship from the Total Foundation. Thmosimm revieweg
the state of the art within the field of salmon genetics and the possibilities of developing
technigues to support the SALSHEVerge project. The workshop went into the planning of
project and strategies were developed with méga the work both on the genetic baseline
European salmon stocks, the construction of a common European genetic salmon datat
optimisation of the standardised set of genetic markers to be used by the labs involved and
preliminary orgaising of the seagoing sampling.

In March, the marine data acquisition group met in Copenhagen to plan the marine surv
sampling strategies in detail. The meeting developed a common plan for the four surveys foc
intercepting the high concerations of northward migrating possmolts along the strong currents
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the shelf edge The plan developed in Copenhagen was later followed in detail by the vessels,

RV Celtic Voyager carried out the first survey during May1B)and sampled the areassiveff
Ireland and Scotland between 55°N and 57°N. The survey was very successful with-Sitiqitss
caught.

The SALSEAMerge launch meeting was held in Sligo, Ireland, duringl34May. The secon
survey, byRV Celtic Explorer, was launched from Kbkgs 16 May which also promoted the offig
launch of the SALSEAVierge seagoing activities with participation by the Deputy Prime Min
and broad media coverage. TR¥ Celtic Explorer surveyed the shelf edge current west off
British Isles from 56N to almost 62°N during the periodil® May The total catch was 358 po
smolts.

The Faroese survey BV Magnus Heinason was the third survey, and it took place during the
2-16 July in the areas around 6569°N along and north of the Varinggpeau in the Norwegian Se
This is an area of high pesinolt abundance because of a very narrow migration corridor. The

caught 363 salmon, further underlining the success of the sampling strategy put out in Copenl

The NorwegianFV Eros lef Longyeartown in Spitzbergen on 26 July and surveyed the nor
Norwegian Sea from 77°N south to Tromsg at 70°N on 9 August. In these northern ar
concentrated transport migration phase in the shelf edge current is over and the fish spresdag
vast area. This leads to much lower concentrations which are reflected in the lower catch of
smolts despite a large trawling effort.

In August, a genetic planning and strategy meeting was held at Stansted, London. The
focused in paitular on choosing the genetic markers to be used in SALEEAye and on differen
aspects of the future genetic work. The planning of the database was advanced, as was the
the common European genetic salmon baseline.

In September, a workshop ooase reading was organised in Trondheim, Norway. The focus ¢
meeting was training and standardising the measuring and reading technique to be use
SALSEA-Merge partners.

2009:

The 2009 General Assembly was held in Bergen Blarch, combined wh internal planning
meetings for the Genetics and Sea groups.

The survey activities continued in 2009, with 2 Irish, one Faroese and two Norwegian surve
first survey was carried out by tfie/ Celtic Voyager during 912 May on the shelf edge offestern
Ireland and western Scotland. The survey was severely hampered by bad weather and onl
smolts were caught in 9 hauls.

The second survey by th&V Celtic Explorer took place during 23 Jun2 July on the western edg
of the Voering plateau at about-68°N, 2°E. During a hectic four day period 15 trawl hauls w
made and in total 465 salmon were caught under very good weather conditions.

The third survey was carried out by the Farde¥éMagnus Heinasson in the Norwegian Sea betw
66-69°N, 1°W to 4°E during the period-5 July. This survey also took place under very favour
conditions and in total 342 salmon were caught.

The fourthand fifth surveys were carried out by the Norwegian ve$3élsibas andFV Eros during
the period 15 July 6 August . Eros made experi ments
(CVT) and did not catch salmon whit&/ Libas caught 87 salmon in total.
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2010:

The seagoing sampling of SALSBMerge was finalized with the two Norwegian surveys
August 2009. In total the SALSEMNerge surveys collected 1,732 pasholts plus 37 adu
salmon from 55°N to 78° N. All fish were sampled for a large number cdnpeters
including various tissue samples. The sampling for the fEamgpean genetic river baseli
was also more or less completed during this period. In total 326 rivers were sampled
locations, yielding 32,002 fish. Each fish has since beereddor the 14 common agres
alleles totaling896,056 allele scores. Overall 4,179 marine samples were availab
SALSEA-Merge. These samples originated from the SALS##ge surveys, a Scottis
survey and several Norwegian surveys during the period$-20®4. From this poin
onwards the various labs have put tremendous work into analysing the various data
stomach content, scale analysis and genetic assignments of the fish caught at sea.

A Consortium meeting/ General Assembly was held in Duhliring 67 October 2010. For
co-ordination of the scientific work and various management matters there was 2 Stee
Group meetings in 2010, duringd7the April in Bergen and thé"®ctober back to back
with the General Assembly in Dublin. In additiéfP 4 held a working meeting in Bergen
27-28 April in Bergen and WP 5 a video conferenfeD@cember.

2011

2011 was the final year of SALSEMerge and after application the project got an extens
of 7 months meaning it would run until80ctober 2011vhen the formal scientific
activities stopped. After this date focus was on producing the Final Report and also the
second Periodic Report. The Final Report was delivered to the EU 24nd February 201
reports, deliveries and the SALSBWerge DoW can & found at
http://www.nasco.int/sas/salseamerge_documents.htm

In 2011, the SALSEAVierge scientists have been busy analyzing the various data, com
results and preparing the differenitputs to emerge from SALSEMerge.

There was a Steering Group meeting in Berd®Ail and a genetic work meeting in WP]
and WP3 during 6.0 April in Geilo, Norway and Merge meetings in WP 5 Febru&nadd
11-15 April, both in BergenThe variousneetings in 2011 were in particular important wit
respect to planning the production of the final report, the presentations to be made at t
Salmon Summit and the final publications.

SALSEA-Merge presented a total of 15 contributions, 8 speeches arsiergydo the ICES
NASCO symposium O6Sal mon at Sea: Sci ent
Management 6 i n L al3®acabdr 2011 All docdmerdsiratated to thel
Salmon Summit, including the various speeches is found at
http://www.nasco.int/sas/salmonsummit.htfollowing peer review, the scientific papers
submitted for inclusion in the proceedings will be published in a symposium issue of th
ICES Journal of Marine SciencEhisvolume is due to be published in November 2012 a
will contain several SALSEA/erge publications.

On 13" December 2011, 6 SALSEMerge talks were given at the Oceilver conference
organised by the Atlantic Salmon Trust in London. While the Salmomfiiuras a
traditional scientific meeting, the Oce&ilver conference was a dialogue meeting with fig
managers, bringing the SALSEMerge results out to the end users. More on the conferg
is found athttp://www.atlanticsalmontrust.org/oceansilver/conferepiagramme.html
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Project No. Del Status: Completed

Party or relevant jurisdiction| European Uniofi Denmark

Title of project Estuarine migration of smolts in the RiversSkjern A (North Sea)
and River Guden A

Objective of research projec| Assess the effect of restoration of habitat in the River Skjern A o
smolt runs of salmon and sea trout, in particular with regar
predation by piscivorous birds. Investigate the migration of sal
smolts in the River Guden A.

Brief description of researc
project

Dates during which researq 20027 2003
will take place

Area in which research wi
take place

Estimated numbeaind weight
of salmon to be retained

Resources

Estimated cost of th
research project

Number of participating
scientists

Name of coordinating Gorm Rasmussen

scientist in charge q gr@dfu.min.dk
project

Details of  researc|
vessels, e.g. nam
registration, call sign an
description of vessel

Type and amount of geg
and other equipment t
be used

Details of any collaboratin
countries

Summary of Findings:

In Skjern A estuary we have demonstratedyveigh smolt mortalities during two research seas
caused by cormorants (28 and 44%guropean rivers and their floodplains are generally sevg
affected by human activity. As a consequence, both the water and the river habitat quality hg
serbusly degraded in numerous European rivers during the twentieth century. In Denmark le
5% of the rivers have been left in a natural physical state. During the 1960s the lower part (
Skjern A was regulated and adjacent bogs, ponds, manstieseanders drained. In the beginning
the 1990s the Danish government decided to restore the River Skjern A and its floodplain and
the River Skjern Nature Project was implemented. The project consisted of several parts, if
returning thestraight, regulated river back to its former meanders and introducing better hyt
interaction between the river and its meadows. Before implementation of the restoration prc
causes of mortality of wild salmdBalmo salarand troutSalmo truta smolts in River Skjern A an
its estuary Ringkegbing Fjord were investigated in 2000. A felipwvcomparable study wg
performed in the spring of 2002 after the majority of the project was implemented, aimed t
assessing the effect of the restamatproject on the salmon and trout smolt runs. This sndigated

61


mailto:gr@dfu.min.dk

that the river restoration had an indirect slightly negative effect on the smolt run, mediatir
predation within the river system. As also demonstrated in 2000, bird predatienesttiary had |
major adverse effect on the smolt run and jointly the smolt mortality in the river and in the ¢
may threaten a seffustaining salmon population in River Skjern A.

In the River Guden A and its estuary the migration of salmon smalsinvestigated in 2002 af
2003 by acoustic telemetry.
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Project No. De2

Status: Completed

Party or relevant jurisdiction

European Unioii Denmark

Title of project

Mortality of Atlantic salmon smolts during estuary migration

Objective ofresearch project

The main objective of the research is to estimate mortality of sa
smolts during migration through estuaries and to compare the |
ratio of wild, stocked ¥and oneyearlings.

Brief description of researc|
project

Since 2001 all dmon stocked (30,000 ¥and 62,000 dearlings
annually) in River Skjern A are microtagged and adipose fin clip
in order to distinguish between wild and hatchexgred smolts in i
planned study in 2005 (using rotary screw traps). Since 199¢€
spawiing run has been estimated yearly (ma&apture method)
Thus in the future it will be possible to distinguish between wild
hatcheryreared fish. A similar programme is planned in the R
Stora in 2007.

Previously high smolt mortalities durirestuarine migration throug
the Skjern A estuary have been demonstrated for bottr@etaand
salmon by radio telemetry. The total mortality during estua
migration will be estimated in 2005 by acoustic telemetry.

In Guden A estuary, a project haseln started in 2002 where wi
salmon smolts are caught in a trap, and tagged with acq
transmitters and followed through the estuaries by-kaigers at
fixed stations and manual tracking. The preliminary results
promising and the project will éb continued and combined wi
feeding studies of posimolt and DST (data storage tags) tagging
smolt and/or spent fish.

Dates during which researg

April 2000 to December 2008

took place
Area in which research tod River Skjern A and Rivetor A (North Sea) and River Guden
place (Kattegat) and their estuaries.

Estimated number and weig
of salmon retained

N/A

Resources

Estimated cost of th

research project

River Skjern A: £143,184 (total in years 2008)
River Guden A: £152,594 (totad years 20058)
River Stor A: £104,350 (2008)

Publications (i.e. three rivers): £30,000 (2008)

Number of participating
scientists

4

Name of coordinating Anders KoedRiver Skjern A and River Stor A)
scientist in charge ¢ ak@difres.dk
project Kim Aarestrup(River Guden A)
kaa@difres.dk
Details of researcl N/A
vessels, e.g. nam

registration, call sign an|
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description of vessel

Type and amount of gegq Rotary screw traps, radio and acoustic telemetry equipment
and other equipment use

Details of any collaborating None
countries

Summary of Findings:

Year 2004. Salmon and sea trout smolts and mature eel were trapped and numbered in River
and tagged with acoustic transmitters and followed during their migration througisttregy to the
Kattegat. The migration speed of salmon exceeded the speed of sea trout smolts. Th¢
continues in 2005 when the salmon and sea trout smolt project in River Skjern A and the Rin
estuary commences.

Year 2005. The project contied in 2005 and the results are being analysed. A report and pap
be published in year 2008. A peer reviewed publication on the results is planned in 2010.

Year 2005 and 2006. In River Skjern A salmon and sea trout smolts were caught in aaratar
trap in the river and acoustic tagged and followed on their downstream migration in the riy
through the estuary, i.e. the Ringkgbing Fjord. The total mortality of salmon smolts in rivi
estuary was 54 % and was caused by predation froenguill birds (mostly cormorants) in the ri\
and cormorants in the fjord; that means that 46 % of the salmon smolts entered the No
Because of the low wild salmon population in River Skjern A, each yeanézoneyearold parr are
stocked (F1 offgring from wild salmon). In 2005 about 27,300 smolts migrated out from the riv
which about 30 % were wild smolts from spawning in the river and 70 % were from stocking
concluded that because of bird predation, mostly from cormorants, ti@lnatld salmon in Rivel
Skjern A is threatened. The data also showed that relatively tlmdzoneyearold parr give the
same number of smolts, but the reason is uncertain; maybe it has something to do with a long|
hatchery of the ongearold parr and therefore less adaptability in the river after release.

The results was analyzed and published in 2006 (Research on the smolt run of Atlantic salm
River Skjern A and mortality during migration through Ringkebing Fjord, B&aport nr. $0-06, in
Danish). A peer reviewed publication on the results is planned in 2010.

Year 2007. In River Stor A salmon and sea trout smolts were caught in a rotary screw trap in
and acoustic tagged and followed on their downstream migration nivéteand through the estuar
i.e. the Nissum Fjord.(to the North Sea) . The salmon smolt production was about 17,800 sm(
total mortality of salmon smolts in river and estuary was about 64 % and was caused by p
from pike and birds (mostlgormorants) in the river and cormorants in the fjord; that meang
about 36 % of the salmon smolts entered the North Sea. The results was published in 2008 (S
from River Stor A in 2007 and smolt mortalities during migration through Felsted KedNessum
Fjord, DFUrapport nr. 1868, in Danish).
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Project No. De3

Status: Ongoing

Party or relevant jurisdiction

European Union Denmark

Title of project

Salmon Rehabilitation Plan: monitoring numbers of spawners
spawning and nursery areas in four Atlanticsalmon rivers and
the achievement of the objective of selieproduction

Objective of research projec

The Danish national salmon rehabilitation plasat#es four rivers
with natural wild salmon populations. In earlier years monitoring
estimated numbers of smolts and numbers of spawners in the R
Skjern A but the exact spawning areas are not known. In 2008

monitoring took place in River Skjerd, in 2009 in River Ribe A, in
2010 in River Stora, in 2011 in River Skjern A. In 2012 River R
and Varde A, in 2013 River Skjern A and Stord, and in 2014 R
Ribe A and Varde A and so forth.

Collected fry from River Skjern A 2008 and 2009, and juveniles f
Ribe A and Varde A collected during the last decade, will
genetically analyzed by 225 microsatellites to identify the numb)
of families at each spawning site. A large number of jilgerand
many families would indicate proper functioning of spawning
nursery areas for many spawning fish while getting few families
indicate too scarce spawning fish and / or poor conditions in mu
the spawning area. The results will be coregawith ecological and
environmental indicators to determine which of the described
hypotheses are the most likely for the specific spawning areas.

In this way the effect of the rehabilitation plan and the developmg
of the populations is assesselde(igoal is at least 1,000 spawners
each river to fulfill the plan). This study will allow estimatef
marine mortality of salmon to be made.

A socioeconomic analysis of the value of the salmon sport fis
will be initiated in corporation with the &ional Anglers Associatio
in order to stimulate the political interest in spending money
habitat restoration in Danish salmon rivers.

Brief description of researc
project

Every year about 100 spawners are radio tagged and a num
spawners ar@IT tagged and followed by boat and listening stati
during the spawning period. Spawning areas are determinec
numbers of spawners estimated from tagged and untagged s
caught by electrofishing and reports from anglers.

All stocked F1 halyearings are fin clipped and all F1 owear old
are fin clipped and cw tagged; this enable to separate wild spa
from stocked spawners.

From identified spawning areas salmon fry are collected

genetically analyzed (20 25 microsatellites) to identify numbers

families on the spawning areas. High numbers of fry and fam
indicate better areas versus few fry and spawners.

The salma in western Jutland has been the subject of suf
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breeding for many years. There is no national or internati
evaluation of the impact of many generations of support farififig
fish) has on the amount of genetic variation and to what extg
leadsto genetic adaptations to a life of farming. Using the analys
thousands of markers in genes (SNPs) in availabléimi® series
from the West Jutland salmon wéhable to assess whether supp
farming has led to genetic changes with adaptation fgignte.
Compared to managentthis knowledge will be essential in order
evaluate the application of support farming in general and time
andpopulationsize in the end.

Dates during which researq
will take place

Annually. Started in autumn 20@&gging) and fry collection durin
summer 2009 and so on.

Area in which research wi
take place

River Skjern A, River Ribe A, River Stord and Varde A. The riv
flow into the North Sea.

Estimated number and weig
of salmon to be retained

N/A

Resources

Estimated cost of th

research project

Annually about £14,000 for running costs (tags and chemicals
£32,000 for the socieconomic analysis. The amount is indexed.

Annually about 510 scientist hours and 720 technical assistant
(field work)

Total cost annually about £ 110,315 (DKK 995,000)

Number of participating
scientists

Three (3)

Name and -amail address
of coordinating scientist if
charge of project

Anders Koedak@aqua.dtu.dk

Einar Eg Nielsenen@aqua.dtu.dk
Niels Jepsen, np@aqua.dtu.dk

Details of researcl
vessels, e.g. nam
registration, call sign an
description of vessel

N/A

Type and amount of geg
and other equipment to K
used

Pit and radio tags, lab equipment

Details of any collaboratin
countries

Summary of Progress:

The spawning run in Skjern A river in 2008 was estimated to be c. 3,100 of which about 30
wild fish and the rest were stocked fish of the SkjerrtrAils (DTU Aquarapport nr. 22€010; in
Danish with an English abstract); and in Ribe A 2009 c. 726 spawners, most of them from
fish (F1) of the Ribe A strain.

The spawning run in the Stora river system was estimated in 2010. 169 salmon wértebya
electrofishing and tagged with Ri&gs and 34 salmon were also tagged with réalijs. The total rui
was estimated to about 1,390 salmon (+ 364; 95 % CL). The location of thetagdex salmor
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showed, that the main spawning took place in the maer and in some effluents all below t
hydro-power station in the period midecember to midanuary. The spent salmon left the river i
the estuary in the period from the end of January teivag. Age readings from 182 salmon show
that about 8 %f the total run were fish in their second spawning.

The spawning run in the Skjern A river was estimated {Bffjing and electrofishing) was estimal
to be about 4193 salmon ((x 1095; 95 % CL), in 2011.

The spawning run in 2012 in the river Varde A vessimated (Plftagging and electrofishing) to &
about 1007 salmon (+ 190; 95 % CL) with a total lengtf18% cm.

http://www.fiskepleje.dk/Nyheder/2013/01/130102_laks i _varde_aa og_ribe agir2@k&hish)

The spawning run in 2012 in the river Ribe A was estimated-@jging and electrofishing) to k
about 972 salmon (x 263; 95 % CL) of which 60 % were wild and 481%tocked fish all salmo
with a total length 5215 cm. In 2009 the spawning run was estimated to be about 726 salr
190; 377 % CL).

http://www.fiskeplge.dk/Nyheder/2013/01/130102 laks i varde_aa_og_ribe_aa (0Danish)

The spawning run in 2013 in the river Skjern A was estimated to be about 2,477 salmon (= 98
CL) of which 77 % were wild and 23 % F1 stocked fish; all salmon with a total l&8ytli22 cm.
http://www.fiskepleje.dk/Nyheder/2014/01/2014 01 21 Laksebestakiggrnaa2013(in Danish)

The spawning run in 2013 in the river Stord was estimated to be about 1,236 (+ 405; 95 %
which 72 % were wild and 28 % F1 stocked fish; all salmon with a total length BDcm.

http://www.fiskepleje.dk/Nyheder/2014/01/2014 01 14 Laksebestatmaa?2013

The report AfRegistration of s & 12008" n(in Danish) wias
published in 2013. The results show that as habitat impremes are implemented, salmon exten
its spawning grounds in the system.

Of the 8 streams where salmon is naturally found in Denteaiy, only in river SkjernA is there
carried out a proper mapping of habitats and associated estimate of the potentin cpacity.
The projeciaims to map theemairing three streams witbriginal wild salmon stocks (Ribe A, Vard
A and Stord). The mapping consists in the analysis of river systems major parts (> approx. 2
where sections of theame typologyare identified and measured with the aim to calculate
carrying capacity of the sections and thieole river system. In 2014 river Ribe A, in 2015 ri
Varde A and 2016 river Stord are mapped.

In the future assessment of the spawning, the distribb&bmeen wild and stocked salmon in all fa
rivers with wild spawning stocks will become evident due to fin clipping and cw tagging
stocked salmon.

The socieeconomic analysis will be reported in 2014/2015.
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Project No. De4

Status: Ongoing

Paty or relevant jurisdiction

European Union Denmark

Title of project

Marine behaviour of Atlantic salmon

Objective of research projec

The last years of development of the Danish salmon stocks have
a success. This has been achieved thralgjiberate manageme
focus on removing the limitations identified in freshwater and co
areas and a change in stocking policy. One of the major chall¢
for continued successful management is knowledge of the sal
marine life. The information alut Danish salmon's marine phg
consists of recaptured Carlin tagged fish from the North Atla
which probably gives an idea about the place of residence at th¢
of capture, but not about their specific behavior, timing of migra

or  survival. These  factors are  totally  unknow
The overall aim is thus to obtain more knowledge about this pé
the sal mondés | ife. The proje

but also knowledge to inform management.

So far, it has not been possible to undertatore specific behaviors
studies of Dani sh salmonés m
been too few salmon, and there has not been sophisticated tech
to obtain behavioral data from the fish.

Devel opments in el ectdatnd cstfd
(DST) a-nd ®spaobellite tagsd (P
detailed picture of the migration pattern and living places.

The DST tag is a passive tag which records information abou
fish's environment and saves them for readimgedpture. The tag i
assigned an address and information can be returned after captd

PSAT tags are essentially the same tag, but also contain a s
device that can send the recorded data to the ARGOS satellite <
and a liberation mechanisrithe tag is released from the fish a
predetermined time, rises to the surface and sends information
satellite.

These new types of tag allow information to be recorded abol
fishés surrounding environmer
both types of tags have large scope options (Neuenétldt 2009,
Aarestrupet al 2009). The limitation is currently the size of tH
transmitters and tagging methocket both types of tags are too big
tag smolts so kelts will be the most obvious grofigadmon to tag
This has previously been almost impossible, because until &
years ago there were very few salmon in the Danish salmon str
This has changed markedly in recent yedvkreover, populal
opinion was that there were hardly any reusapgawners amon
Danish salmon (and hence that kelts do not survive until the
spawning). This has proved to be incorrect becacale seadings o
salmon from the 2008 spawning season show a significant prop
of multiple spawners (Jepsenal 2010).

In the past few years, Norway has conducted experiments witl
type of tagging of salmon and, in particular, a method of tagging
been developed to increase survival of salmon kelts with PSAT]
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(Rikardsenet al In prep). We intend to use theoNvegian method
which in brief includes catching kelts in the river (Skjern A), keey
them (up to one week) in saline water and then tagging the fish |
the dorsal fin.

Another way to examine the salmon’'s movements in the ocear
investigate the leemical fingerprints of fish scales (Svendsanal
2009). The method is a consequence of the fact that a numk
stable compounds from food items are incorporated in the fish s
and otoliths. By analyzing the fish's scales or otoliths we g
"chemical fingerprint" depending on where the fish has been
what they have eaten. It has previously been shown feasible t
chemical fingerprints to distinguish between salmon from the B
Sea and the Atlantic. By taking scale samples from the tafigfed
we get a fingerprint that can be related to their behavior
therefore, can be tested with other salmon populations to ing
whether they have the same behavior and migration behavior.
analyses are made in cooperation with Aalborg Unityers

Brief description of researc
project

See above

Dates during which researq
will take place

2010 to 2016

Area in which research wi
take place

River Skjern A and River Stora

Estimated number and weig
of salmon to be retained

N/A

Resources

Estimated cost of th

research project

£35,000 per annum

Number of participating
scientists

4

Name and -email address
of coordinating scientist if
charge of project

Kim Aarestrup; kaa@aqua.dtu.dk

Details of researcl
vessels, e.g. nam
registration, call sign an
description of vessel

N/A

Type and amount of geg
and other equipment to K
used

N/A

Details of any collaboratin
countries

Summary of Progress:

In the spring of 2011, a total of 12 spent salmo@%em) from the Skjern A river were rehabilitat
in salt water at the Danish Salmon Production Farm (DCV) and tagged witlppsgiellite DST tag
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and released outside the estuary Ringkebing Fjord directly in the North Sea. During 2011
popped upat different localities in the Atlantic between Norway and Greenland. The data fro
tags will in combination with other Atlantic data (temperature and current) allow the p
migration route of salmon from the Skjern A river to be estimated.

In the spring of 2012, a total of 12 spent salmon (> 75 cm) from the Skjern A river were rehalb
in salt water at the Danish Salmon Production Farm (DCV) and tagged witlppsgdellite DST tag
and released outside the estuary Ringkgbing Fjord diractiiige North Sea. During 2012 10 ta
popped up at different localities in the Atlantic between Norway and Greenland.

In 2013 10 spent salmon (> 75 cm) from the Varde A river were tagged and released at the
the Waddensea (North Sea). This shalrepeated in 2014.

Scales, muscles samples and otoliths from fish similar to the tagged salmon has been colleg
river Skjern A, a south western Irish river has been collected but are still not analysed beg
manpower problems at Aalborg Unigady. The idea is to compare the results from these ana
with the tagged fish because these tagged fish gives the true migrating routes. Samples from
(Norway) will be collected and included in the analysis. This part of the project haptsponed
because of manpower problems at Aalborg University.
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Project No. Fil

Status: Ongoing

Party or relevant
jurisdiction

European Union Finland

Title of project

Long-term variation in population dynamics, life history
characteristics, seagrowth and origin (wild/reared) of salmon in the
rivers Teno (Tana) and Naatdmaojoki (Neidenelva)

Objective of research
project

Collect longterm data on variation in the stock components,
histories, sea growth and abundance of escaped farmed saintba
salmon stocks of the rivers Teno and Naatamaojoki.

Relate the population dynamics of the juvenile salmon and retu
adult salmon in preceding and subsequent generations.

Brief description of
research project

The wild Atlantic salmon stocks of th®ivers Teno (Tana) ang
Naatamojoki (Neidenelva) have been subject to d@mmp monitoring
programme since the 1970s in cooperation between Finnish
Norwegian research institutes and authoritie€atch statistics an
samples have been collected in tineshwater salmon fisheriesince
1972 covering all user groups, seasons and gear types. Typically,
2,0008,000 adult salmon scales have been collected yearly. -teony
electrofishing at permanent sampling sites has been carried out
Teno sirce 1979 and in the N&&tadmaojoki since 1990.

Dates during which
research will take place

Long-term ongoing programme

Area in which researc
will take place

Northern Finland and Norway

Estimated number and
weight of salmon to be
retained

N/A

Resources

Estimated cost of the
research project

£275,000 per annum

Number of
participating
scientists

5

Name/email of
coordinating scientist
in charge of project

Dr. Jaakko Erkinaro
jaakko.erkinaro@rktl.fi

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

N/A

Type and amount of
gear and other
equipment to be use

N/A

Details of any

collaborating countries

Norway
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Summary of Progress:

Long-term monitoring programmes. Analyses have indicagdationships between the yearly stg
fluctuation and the environmental conditions, especially the Barents Sea temperatures. In
positive correlations between the catch fluctuations and the preceding and subsequent juvenil
production hag been documented. Special emphasis has been allocated to the monitoring of
escaped farmed salmon in the river catches of the Rivers Teno and Naatamaojoki.
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Project No. Fi2

Status: Completed

Party or relevant jurisdiction

European Union Finland

Title of project

Joint use of highthroughput SNP assay infrastructure in
Atlantic salmon

Objective of research projec

The key aims of the project include: 1) A concerted effort to ider
genomic regions that affect ecologically and economically impo
phenotypic traits in domesticated and wild Atlantic salm
[Nefficient joint utilization of a stat®f-the-art Nordc genomics
infrastructure to generate largeale salmon SNP datasets;

Brief description of research
project

Atlantic salmon is one of the most economically and scientific
important fish species wordide and especially in the Nord
countriesAtlmt i ¢ sal mon can be seen
of their wvulnerability, attractiveness and broad influence
conservation biology as well as evolutionary, ecological and gen
research. In recent years, the ability to study biological procg
from a whole genome perspective have opened unforeseen dirg
and opportunities but at the same time the resources requirg
high-throughput genomic projects are becoming prohibitively Ig
for single research groups. Hence, there is an urgent fore
collaborative effort for utilizing the latest genomic developments
it provides an ideal ground for joint use of Nordic infrastructure|
merging evolutionary, ecological and genomic perspectives.

Dates during which research
will take place

2009-2010

Area in which research wi
take place

Norway and Finland

Estimated number and weig
of salmon to be retained

Resources

Estimated cost of the
research project

Staff costs:

Travel: £2,000

Laboratory expenses: £98,000
Overheads:

Total 20092010: £100,000 i.e. approximately £50,000 per annun

Number of participating
scientists

4

Name and enail address
of coordinating scientist in
charge of project

Craig Primmer
craig.primmer@utu.fi

Details of research vessel
e.g. nametegistration, call
sign and description of
vessel

Type and amount of gear
and other equipment to be
used

Details of any collaborating
countries

Department of Biology, University of Turku, Finland
Center for Integrative Genomics, Norwegian UnivgrsitLife
Sciences, Aas, Norway
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Summary of Findings:
No summary provided.
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Project No. Frl Status: Completed
Party or relevan| European Union France
jurisdiction

Title of project

Evolution of biological characteristics in Atlantic salmon fromall the
Armorican massif rivers (Brittany and Low -Normandy, France)

Objective of researcl Relationships between the cumulative effects of climate warming

project other anthropogenic stresses and changes in biological featut
populations in the sahern part of the European distribution range of
species.

Brief  description  off This project focused on the analysis of biological data (biometric

research project

demographic) from rod catches and other information (catche
trapping, dead fishetc.) to identify the biological changes in salm
populations. A longerm data series (biological and catches statis
since the beginning of the 197

the Armorican massif rivers. Furthermore, the sangpéiffort has beel
improving in space and time since 1987 with the obligatory registr;
of salmon catches and an extension of the fishing season towar;
summer and autumn periods. Moreover, we have a lot of addil
information from smolt and adutrapping on two index rivers, the C
River in Low-Normandy and the Scorff River in Brittany. At the sa
time, a climatological and freshwater quality time series (temperatur
rainfall mainly) might be analysed. The joint analysis of the differata
series might allow better understanding of the natural and anthropg
factors responsible for the biological changes in Atlantic salmon st
The project was operated jointly by the National Institute

Agronomical Research (INRA) and the Nai@ Council on Water ani
Aquatic Environments (ONEMA).

Dates during  which
research took place

1972- 2005

Area in which researc
took place

All salmon rivers in the Armorican Massif (about-26).

Estimated number an
weight of salmon retaine

No fishare retained; all fish come from the rod fishery and all individj
trapped are released.

Resources

Estimated cost of th

research project

N/A, part of a larger longerm monitoring programme

Number of participating
scientists

2 scientists + 2echnicians

Name of coordinating Dr JeanLuc Bagliniéere
scientist in charge ¢

project

Details of research N/A

vessels, e.g. nam

registration, call sign an
description of vessel

Type and amount of ged

and other equipment use

Adult and smolt comting fence, juveniles survey by electrofishing
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Details of any| None
collaborating countries

Summary of Findings:

Results confirmed at a multegional scale the decrease in the-seawinter component in stocks
Furthermore, they showed a decrease in the freshwater age, a strengthening of the semelpare
of the species (strong decrease in the asyliwner ppulation) and the near extinction of the lai
multi-seawinter salmon (three years at sea). Other changes appear in the adult run during
migration resulting in a later annual return to freshwater and decreasing size in both com
(spring sémon and grilse). Changes in freshwater age seems more related to the increase
productivity (increase ofiC13) and the variability of parr density (density dependent growth) th
the water temperature increase (low to very low in twenty/tlyegrs period). All the modification
seem to lead to a shorter tewxer in populations and so to their greater sensitivity to environm
factors.

This project is completed and a scientific paper published. Another publication is in progress ¢
be submitted shortly.
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Project No. Fr2

Status:

Ongoing

Party or relevant jurisdiction

European Union France

Title of project

The sea survival of Atlantic salmon from the River Scorff,
Brittany

Objective of research project

Estimation andlong-term monitoring of survival at sea in tk
southern part of the European distribution range of the species

Brief description of researc
project

This project centres on quantifying smolt production and g
returns, by means of trapping and maskature techniques, t
enable estimation of sea survival. The Scorff is an index

which provides managemeatiented scientific information at th
regional (Brittany) and international (ICES) levels. It is the ¢
stock in the Southern European paftthe species distributio
range (France and Spain) for which both smolts and adult
enumerated at the mouth of the river. In addition, no coast
estuarine commercial fishery targeting Atlantic salmon is curre
operating. Thus, the Scorff prides a unique opportunity fg
assessing marine survival of salmon in an area for which

information is virtually lacking. The project is operated jointly
the National Institute for Agronomical Research (INRA),

National Office for Water and Aaice Environment (Onema) ar
Angling Associations.

Dates during which researg
will take place

1994 onwards

Area in which research wi
take place

The River Scorff (Southern Brittany)

Estimated number and weig
of salmon to be retained

No fish areretained, all animals trapped for tagging or mark cor
are released

Resources
Estimated cost of th( £143000 per annum
research project
Number of participating 2 scientists + 2 technicians
scientists

Name and enail address o
coordinating scientist in
charge of project

Etienne Prévost
eprevost@spee.inra.fr

Details of research vesse
e.g. hame, registration, cd
sign and description 0
vessel

N/A

Type and amount of ged
and other equipment to K
used

Adult and smolt trappindacilities specially designed to minimiz
impacts on wild fish due to handling

Details of any collaboratin
countries

None

Summary of Progress:

First estimates of sea survival are indicative of higher marine mortality than for more northern
Sea survival is conditioned by smolt size (the bigger the smqg

(UK, Scandinavia, Iceland).
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higher their survival at sea). Recent years have shown a decrease in marine mortality (red

half of the smolt to adult survival) and an increase in dsability. In addition there is a steady a
ongoing decline in the size combined with a later date of freshwater entry of the adults returni

Scorff.
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Project No. Fr3

Status: Completed

Party or relevant jurisdiction

European Union France

Title of project

Atlantic salmon metapopulation investigation in Normandy
rivers

Objective of research projec

Estimate exchanges between rivers flowing into the MBaint
Michel-Bay and impact on the management of salmon populatior

Brief descriptionof research
project

Straying salmon and river proximity lead to individual exchanges
genes flow between populations and can result in a metapopu
structure. Moreover, stocking of Atlantic salmon populations
nortnative and hatchergeared fie can have important consequen
on metapopulations by increasing gene flow. Inversely, the
proximity could increase straying of released fish.

A good example for such study is the salmon populations in
neighbouring rivers flowing into from & MontSaintMichel Bay
(Couesnon, Sélune, Sée, and Sienne) in Lower Normandy and
stocking has been settled since 1989 usingnadive salmon comin
from two French hatcheries.

We propose to explore- the functioning of the metapopulation

invesigating salmon and gene flows between the four riverth@

genetic impact of stocking-3he consequences for managem:

including habitat, stocking, and exploitation.

We are coupling three approaches:

- Molecular genetics using microsatellite markers

- Otoliths microchemistry

- Modelling the two types of data with capttnecapture
information

Dates during which researg
will take place

2007 to 2010

Area in which research wi
take place

5 rivers flowing into the MonSaintMichel Bay, Normandy, France

Estimated number and weig
of salmon to be retained

No adult fish are retainedall fish trapped are released. Geng
analyses are performed mainly from scales of adult salmon caug
angling.

100 juveniles have been caught and killed for removintitio$oand.
for microchemistry analysis.

Resources

Estimated cost of th

research project

£150,000 (Euro150,000) i.e. £50,000 per annum

Number of participating
scientists

1 PHD, 8 scientists, 2 technicians

Name and @nail addresg
of coordinatingscientist in
charge of project

JeanLuc Bagliniere
JeanLuc.Bagliniere@rennes.inra.fr

Details of researcl
vessels, e.g. nam
registration, call sign an

description of vessel

None
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Type and amount of ged Standardsampling equipment

and other equipment to Ij Standard genetics laboratory equipment

used LAICPMS (Laser Ablation Inductively Coupled Plasikiass
Spectrometerfor microchemistry analysis

Trapping

Details of any collaboratin{ none
countries

Summary of Findings:

Molecular analyseshowed very low and not significant differentiation between populations frof
Mont-SaintMichel Bay. Furthermore, the comparison with others wild stocks (Brittany populé
(west side) and Upper Normandy (north side)), and with hataleangd strainsshowed large genet
differences. These results also show relatively high genetic introgression of Normandy pop
following stocking. LAICPMS analysis discriminated juveniles from the four rivers with

accuracy and also allowed to discriminatergnile from hatchery. Overall, coupling genetic ¢
microchemistry analyses showed high straying rates of wild and released ha¢ared; adults
salmon among the rivers of Normandy and successfull reproduction of stocked fish in the wild,

Further invetgations have been carried out to quantify the natural exchange rate (adm
between the four populations, and the impact of stoclkawgnixture in wild populations). A dug
approach was used based on molecular analyses of samples collected be&dter dradchery fish
introduction in combination with a simulation study to obtain insight into the mechanisr
admixture in wild populations. Using 17 microsatellites, -pa@d posistocking samples wer
genotyped from four Atlantic salmon populationgpglemented with nenative fish to estimaty
genetic admixture. Individuddased temporally explicit simulations were also used based on re
demographic and stocking data to predict the extent of admixture. A low admixture by hg
stocks was foumh within prestocking samples but moderate to high values in poststocking sa
(from 12% to 60%). The simulation scenarios best fitting the real data suggestiezbaites lower
survival of stocked fish relative to wild individuals. Simulations alsggested relatively hig
dispersal rates of stocked and wild fish, which may explain some high levels of admixture in
stocked populations and the persistence of indigenous genotypes in heavily stocked populati
study overall demonstrates thaombining genetic analyses with simulations can significg
improve the understanding of admixture mechanisms in wild populations.

This project is ended and resulted in three scientific papers (coupling genetic and microch
genetic structure oFrench Atlantic salmon populations and Understanding admixture patte
supplemented populations).
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Project No. Irl

Status: Completed

Party or relevant jurisdictiol

European Unioii Ireland

Title of project

Assessment of the levels of the parasitepeophtheirus salmonisn
Atlantic salmon postsmolts in salmon aquaculture bays along
|l rel anddbs western seaboard.

Objective  of

project

researc

Determine whether sea lice from marine salmon farms al
contributory factor in increased marine mortality of salmon -p
smolts migrating from bays with salmon aquaculture. A fur
objective was to gather information on salmon fspsblt migration
patterns.

Brief description of researc
project

Trawling wasundertaken using the Fishlift live aquarium to capf
salmonposs mol ts i n selected bays
Salmon possmolts were examined for sea lice and data was coll¢
on postsmolt diet, growth and migration. Trawling furthef-shore
has provided information on pesinolt migration patterns.

Dates during which researg

First week in May, 2002.

took place

Area in which research tog SouthWest Coast (Kenmare Bay), West Coast (Killary Harbi
place Bertraghboy Bay, Clew BayNorth-West Coast (Inver Bay)
Estimated number an

weight of salmon retained

Up to 250 possmolts

Resources

Estimated cost of th
research project

£20,000

Number of participating
scientists

Two

Name of coordinating
scientist in charge ¢

Dr. Patrick Gargan, Central Fisheries Board
paddy.gargan@cfb.ie

project

Details of researcl Naomh Jude, based in Rossaveel, Connemara, Co Galway.
vessels, e.g. nam( 85 ft pelagic trawler, 850 HP.

registration, call sign

and description o0

vessel

Type and amount o] Salmon smolt surface trawl with Spectra ropes. Fishlift live aquar
gear and othe| separator frame and caohd.

equipment used

Details of any collaboratin
countries

Summary of Findings:

This work has now been submitted for publicatidight experimental releases of tagged, hatch
reared salmon smolts were released in river systems draining into 3 salmon aquaculture bays
year period. For each experiment, groups of smolts \iedeuntreated pellets or were treal
prophylactically with pellets includingan-ineed sea | ouse treat men
prior to their release. Analysis of tag recaptures showed that-tBleted smolts experiencq
increased survivorspiover untreated controls in six of the seven releases when faripemst were
in production. The present experimental results suggest that sea lice larvae released frg
wintering farmed salmon may influence the survivorship and conservation statulsl salmon in
these river systems.

81



Project No. Ir2

Status: Completed

Party or relevant jurisdictiol

European Unioii Ireland

Title of project

Oceanic factors influencing marine survival of Irish salmon stocks

Objective of research
project

Theprogramme was initiated in 1999 to:
Provide information on marine survival at various stages of o
migration.

Brief description of researc
project

Marine Institute have funded a fellowship for an entry level scienti
enter a PhD programme in theniMersity of Massachusetts. TI
fellowship enabled the researcher to avail of the extensive inform
sets on oceanographic parameters relevant to survival of salmor|
sea. The longerm objective was to examine the relationsH
between marine suival indices available for Irish salmon stocks w|
corresponding marine environmental data sets.

Dates during which researg
took place

August 2007 2005

Area in which research too

Oceanic data was examined for:

place Postsmolts  Norwegian Sea, Wy Thompson Ridge, North ¢
Scotland, North of Faroes
Grilse West Greenland, Irish coast
MSW North of Faroes, Irish coast
Estimated number and N/A

weight of salmon retained

Resources

Estimated cost of the
research project

£25,000 per annum (Phasé $tudentship)

Number of participating| 5
scientists
Name/email of Dr Niall O6 Maoileidigh (Irel

coordinating scientist in
charge of project

Dr Kevin Friedland (US), friedlandk@forwild.umadie

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

N/A

Type and amount of
gear and other
equipment used

N/A

Details of any collaborating

countries

USA

Summary of Findings:

Evidence was found that the level of marine recruitment of 1SW salmon is linked to growth
the marine residency, and that decreasing growth over the last 30 years explains the observe(
Furthermore, the work concluthe$ changes in climate in the northe
Atlantic have affected the salmon via bottom effect, by affecting the abundance, distribution
phenology of key zooplankton species in the northern North Sea and southern Norwegian Seg

in salmon recruitment.
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Project No. Ir3

Status: Completed

Party or relevant jurisdictiol

European Unioii Ireland

Title of project

Sustainable management of interactions between aquaculture ang
wild salmonid fish (EU SUMBAWS projecti Irish component of
project only)

Objectives of research
project

To assess efficacy of prophylactic treatments for salmon si
migrating through aquaculture bays

Brief description of researc
project

Two treated and control fish groups, differentially mitagged (5,00(
fish in each group), released fromaw f r es hwat er

fisheries, in three years, 2002 to 2005. Survivors in experim
groups were recaptured in commercial fisheries and freshwater tré

Dates during which researg

3 year programme 2063006. Final release groupsturned summer

took place 2006.
Area in which research tool Kilkerrin Bay, Bertraghbouy Bay, Connemara
place

Estimated number and
weight of salmon retained

Resources

Estimated cost of the
research project

£143,000

Number of participating
scientists

2

Name ofcoordinating
scientist in charge of
project

Paddy Gargan, Central Fisheries Board.
paddy.gargan@cfb.ie

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

Type and amount of
gear and other
equipment used

Traps, Micotagging, Commercial fishery

Details of any collaborating
countries

UK (Neil Hazon, Scotland); Norway (Bengt Finstad)
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Summary of Findings:

In Canadian Journal of Fisheries and Aquatic Sciences
Published February 2012, 10.1139/f2a185

Evidence forsea liceinduced marine mortality of Atlantic salmo8glmo salal.) in western Ireland
from experimental releases of ranched smolts treated with emamectin benzoate

Gargan, P.G., Forde, G. Inland Fisheries Ireland. Neil Hazon, Deborah Russell, ChriStogthe
Scottish Oceans Institute, University of St Andrews, Scotland.

Abstract

Sea trout $almo truttal.) stock collapses in coastal areas of western Ireland subject to s
aquaculture were contemporaneous with high abundances of larval seéafieeghtheirus salmoni
Krgyer) on juvenile sea trout. Whereas sea trout remain insheae waters throughout their mari
migration, Atlantic salmonSalmo salar L) smolts typically move quickly offshore into oceal
waters. It might therefore be pdicted that salmon smolts would be less vulnerable to co
stressors, and less likely to be negatively affected by infestations of sea lice early in their
phase. Groups of miciiagged, hatchergeared Atlantic salmon smolts were fed either waige

pellets or pellets incorporating the-fied sea louse treatment SLI%(;‘emamectin benzoate) prior
eight experimental releases in three marine locations ovgear3period. In total 74,324 smolts we
released and analysis of tag recaptures freturning adult salmon showed that emamettated
smolts experienced increased survivorship and were 1.8 times more likely to return comyg
control fish. These results suggest that seaifidaced mortality on adult Atlantic salmon returns
Ireland can be significant, and that sea lice larvae emanating from farmed salmon may ir]
individual survivorship and population conservation status of wild salmon in these river system
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Project No. Ir4

Status: Completed

Party or relevanurisdiction

European Union Ireland

Title of project

Early distribution and migration of Atlantic salmon smolts off

Objective of research projec

the west of Ireland.

T To test a new pelagic trawl in open waters off the Irish coast;

T To train andfamiliarise technical and support staff on f{
operation and deployment of the trawl for further surveys in 2
and 2009;

T To obtain samples of pestnolts for biological and genet
analyses;

T To relate run timing, timing of migration, swimming spe
growth etc to oceanographic parameters.

Brief description of research
project

A single pelagic trawl was deployed from the Celtic Voyager off
west of Ireland to intercept cuatigrating salmon smolts.

Dates during which research
took place

7May and 16Vay 2007.

Area in which research toad
place

North-west coast of Ireland

Estimated number and weig
of salmon retained

Depending on survey success but probably no more than
individual salmon smolts.

Resources

Estimated cost of the
researclproject

Trawl = approximately £11,700 (Atlantic Salmon TrustST)
Vessel = £62,000 (Marine InstittiteMI)

Staff = £3,500 (MI), £1,400 (AST), £1,000 (University College C
- UCC), £1,000 (Central Fisheries Bodr€FB)

Samples = £3,500 (UCC)

Approximde overheads @ 50% = £42,000
Total = £126,100

Number of participating | Ml =3

scientists ucc=1
AST=1o0r2
CFB=1

Name and enail address| N O Maoiléidigh

of coordinating scientist
in charge of project

niall.omaoileidigh@marine.ie

Details of research
vessels, e.g. name,
registration, call sign ang
description of vessel

RV Celtic Voyager
General Description

31.4m length, 8.5 beam

Gross tonnage 340

- Fishery, acoustic, oceanography,
environmental sampling, geological
reearch vessel
Ll oydds CIlDaodAliRéseacch Yessel,LMC

buoy handl
and hydrogray

Type and amount of gea
and other equipment use

Pelagic trawl with smolt ceend, CTD and Water sampling rosette
mounted with Fluorometer and transmissometer, thermosalinogr
Fluorometer, Weather Station,

Data Acquisition System
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Details of any collaborating | UK
countries

Summary of Findings:
A summary of the cruise and the catches of-pastlts was provided to NASCO in document
CNL(07)35.
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Project No. Ir5

Status: Completed

Party or relevant jurisdiction

European Unioit Ireland

Title of project

Migration of salmon in estuarine and coastal waters

Objective of research projec

Investigate the timing, route of migration and aspects of the bic
of migratingranched salmon smolts in comparison to the native |
smolt migration.

Brief description of researc|
project

There were three main elements to the project:

a) Timing of wild smolt migration
The downstream traps were monitored for the wild sall
smoltmigration and this was related to environmental, IU
and tidal conditions.

b) Tracking of wild smolts by acoustic sounding and ranc

smolts by acoustic pinger tags and remote receivers
Wild and ranched smolts were tracked using acoustic-€
soundes to ascertain migration patterns within fresh wyq
and the upper estuary. Acoustic Vemco V8ECAK
pingers were inserted into 40 ranched smolts. A series {
automatic listening stations installed throughout the est
and Clew Bay monitored the agard movements of thes
fish, recording timing, direction of movement, temperat
and tide.

c) Biological Sampling

Samples of migrating smolts were collected in the cog
waters by gill net and surface otter trawling. Analy
included scales (grow}, diet and parasite load (internal a
external).

Dates during which researg
took place

20052008

Area in which research tod
place

The Burrishoole Catchment, Newport, and Clew Bay, Co. Mayo

Estimated number and weig
of salmon retained

N/A

Resources

Estimated cost of the
research project

£24,000 per annum

Number of participating
scientists

3 Marine Institute (Irl), 2 CEFAS (UK)

Name and enail address
of coordinating scientist
in charge of project

Russell Poole

russell.poole@marine.ie

Deirdre Cotter

deirdre.cotter@marine.ie

Ni al | O6Maoil eidigh
niall.omaoileidigh@marine.ie

Details of research
vessels, e.g. name,
registration, call sign ang
description of vessel

N/A

Type and amount of gea|

and other equipment use

40 Acoustic Vemco V8S®L-4K pingers. A series of 13 automa;
listening stations. Echo sounders.
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Details of any collaboratin
countries

UK (Andrew Moore, CEFAS)

Summary of Findings:

54 ranched salmon smolts were tagged using Vemco acoustic pingers. These were relats
April into L. Furnace.Detection was good and 70% of the fish were recorded in the middle of
Bay and 65% were recorded at Clare Island, some 25km out to sea. Some fish not detect
middle bay were detected at Clare Island, making minirsurmival through the estuary and inr
bay of >80%. Fish moved through the main channels and tidal flows and movement was inf
by outgoingtidal flows. Analysis of the data is continuing. Equipment will be upgraded in 20(

application in 2007
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Project No. Ir6

Status: Completed

Party or relevant jurisdictiol

European UnioR Ireland

Title of project

National Development Plan National Genetic Stock Identification
Project

Objectives  of

project

researc

To identify and map discrete spawning areas within tributaries g
salmonbearing rivers in Ireland (approximately 149) and to col
juvenile Atlantic salmon from these rivers at locations close to
principal spawning areas for establishment of egienbaseline fol
mixed sample analysis.

To undertake the molecular genetic analysis (genotyping) of juv,
salmon tissue samples and adult salmon scales usingdeterenined
panel of microsatellite markers. To use the genotype data obt
above, using appropriate statistical packages dentify and
characterise river populations as a basis for determining the re
contributions of different baseline river populations within mi
samples.

Brief description of researc
project

Genetic Stock Identification (GSI), the use of genetiarkars for
identifying the proportions of different contributing populations
salmon fisheries and new developments in GSI such as indiy
assignment (IA) methodologies, have been demonstrated t
powerful and valuable tools for the managementsfdiies.

As part of ongoing efforts to improve the salmon stock assess
programme, the Marine Institute commenced, in addition to
microtag recovery programme, a genetic stock identification ((
project in 2005.

Dates during which resear

20062008

took place Data analysis only in 2008

Area in which research tog Comprehensive survey of all Irish salmon rivers
place

Estimated number an None.

weight of salmon retained

Resources

Estimated cost of the
research project

£270,000 per annum i 006 and 2007
National Development Plan. Analysis of results in 2008.

pr oy

Number of participating
scientists

2 project scientists and 1 technical staff, 2 field staff

Name and enalil
address of coordinating
scientist in charge of
project

Tom Cross

t.cross@ucc.ie

Paddy Gargan

paddy.gargan@cfb.ie

Philip McGinnity, Chairman of Scientific Steering Committee)
phil.mcginnity@marine.ie

Details of research
vessels, e.g. name,
registration, call sign
and description of

vessel

N/A
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Type andamount of Instream electrofishing equipment
gear and other
equipment used

Details of any collaborating Links to ASAP Interreg Programme UK and Spain
countries

Summary of Findings:

The report of this project The National (Ireland) Atlantic Salmon Genetic Stock Identification F
(ST-05-002 Final report is now available. This report was produced by University College
Central Fisheries Board and the Marine Institute.

Prei mi nary results for both #Aoffshored and
methods over the years and showed the highly mixed stock nature of the marine fisheries
some distance offshore or even within estuaries and bays. THeexiefis despite being restricted
specific geographic districts and fishing season (June and July), will comprise of salmon dest
just for that particular district but also comprise salmon from neighbouring and even distant d
sometimesithi gh proportions relative to the pro
are indiscriminate in that they will not exclusively target only those stocks which are
Conservation Limits.

In general, the original objectives of the pragme were achieved and several important-sffgin
relation to the development of markers and other techniques (Single Nucleotide Polymol
SNPS) are now under investigation.

90



Project No. Ir7 Status: Completed

Party or relevant jurisdictio] European UnionIreland

Title of project Interactions between aquaculture and wild salmonid fish

Objectives of researc) To assess efficacy of prophylactic treatments for salmon st

project migrating through aquaculture bays

Brief description ofesearch Two treated and control fish groups of salmon, differentially i

project tagged (5,000 fish in each group), were released from se
freshwater river systemsb®d f

(Burrishoole, Shannon, Lee, Delphi, Screebe). vi8ars in
experimental groups were recaptured in commercial fisheries
freshwater traps.

Dates during which researq 20032009:

took place Final release groups due back summer 2007.
Area in which research tog Burrishoole, Shannon River, Lee Mer, Screebe and associal
place interceptory drift net fisheries around the Irish coast

Estimated number an N/A. Hatcheryreared only
weight of salmon retained

Resources

Estimated cost of th{ £50,000 approx.
research project

Number of participating 3
scientists

Name and anail | D. Jackson

address of coordinatin| dave.jackson@marine.ie
scientist in charge ¢
project

Details of researc|
vessels, e.g. nam
registration, call sign
and description o0

vessel
Type and amount o Traps, Microtagging, Commercial fishery
gear and othe

equipmenused

Details of any collaboratin
countries

Summary of Findings:
Publications

D. Jackson, D. Cotter, N. OMaoiléidigh, P. O'Donohoe, J. White, F. Kane, S. Kelly, T. McDg
S. McEvoy, A. Drumm, A. Culleii Aquaculture 319 (2011) 340.
Impact of early infestation with the salmon lolspeophtheirus salmon the subsequent surviy,
of outwardly migrating Atlantic salmon smolts from a number of rivers on Ireland's south an
coasts

The potential impact of sea lice infestation on outwardly migrating Atlantic salmon smolts ha
investigated by treatgq populations of ranched salmon, prior to release, with a prophylactic se
treatment conferring protection from sea lice infestation, for up to 9 weeks. Established populg
ranched Atlantic salmon with well described rates of return were cliosemestigate the potentid
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contribution of early infestation with the salmon lousepeophtheirus salmoni® mortality in
Atlantic salmon. Results of five releases from four locations are presented and compared wit
series of releases from Ldud-urnace in Newport, County Mayo. The results of this study w|
suggest that infestation of outwardly migrating salmon smolts with the salmon lausalrioni}
was a minor component of the overall marine mortality in the stocks studied.

D Jackson,D Cotter, N OMaoiléidigh, P O'Donohoe, JWhite, F Kane, S Kelly, T McDermott, S
McEvoy, A Drumm, A Cullen, G Rogan ij.aquaculture.2011.03.029 An evaluation of the
impact of early infestation with the salmon louse_epeophtheirus salmoni®n the subsequent
survival of outwardly migrating Atlantic salmon, Salmo salar L, smolts

The potential impact of sea lice infestation on outwardly migrating Atlantic salmon smolts ha
20 investigated by treating populations of ranched salmor, faricelease, with a prophylactic s
lice treatment 21 conferring protection from sea lice infestation, for up to 9 weeks. Esta|
populations of ranched Atlantic 22 salmon with well described rates of return were cha
investigate the potentialoatribution of early 23 infestation with the salmon loulsepeophtheirug
salmonistomortality in Atlantic salmon. Against a backdrop 24 of a declining trend in survival
of Atlantic salmon many studies are attempting to elucidate potential 25 dausiés decline.
Results from this study over a period of 9 years point to infestation with the salmon 26Lo
salmoni$ as being a minor component of marine mortality in the stocks studied.

D Jackson, F Kane, P O6 Do noh amm andlrJ Newell $ea lice|
levels on wild Atlantic salmon,Salmo salar L, returning to the coast of Ireland. Journal of Fish
Diseases 2013. doi:10.1111/jfd.12059

The sea lice population structure, prevalence and intensibepéophtheirus salmonisave beer]
studied over a period extending from 2004 to 2011. Infestation data were collected frg
interceptory drift net fishery from 2004 until it was closed in 2006. From 2010, data were co
from the inshore draft net fishery. In all, 34 samsplem the drift and draft net fisheries have b¢
analysed to date. Prevalence of infestation Wwithalmonisregularly approached 100% in samples
hosts recovered from the offshore drift net fishery. Abundance was variable both within and K
yeas with a maximum mean abundance of 25.8 lice per fish recorded in 2004. The pof
structure ofL. salmonison hosts recovered in the inshore and estuarine draft net fisherie
different from that observed in the more offshore drift net sampleseTtelear evidence of rece
infestation withL. salmonidn the draft net samples.

D Jackson, D Cotter, J Newel |, S McEvoy, I
Drumm. Impact of Lepeophtheirus salmonignfestations on migrating Atlantic sdmon, Salmo
salar L., smolts at eight locations in Ireland with an analysis of licenduced marine mortality.

Journal of Fish Diseases 2013 doi:10.1111/jfd.12054.

Sea lice infestation as a source of marine mortality of outwardly migrating Atlantic sainuits has
been investigated by treating groups of ranched salmon, prior to release, with a prophylactic
treatment conferring protection from sea lice infestation. A number of studies have been carrig
Ireland using both established ranchmpulations and groups of hatchery reared fish imprinteg
51 8 weeks in the sites of experimental releases. In this study, data on 352 142 migrating saln
twentye i g ht rel eases, at ei ght | ocati ons a¢ao
period (2001 to 2009) are reviewed. Both published and new data are presented including a pi
unpublished time series. The results of a rastalysis of the combined data suggest that while]
lice-induced mortality on outwardly migrating stt®ocan be significant, it is a minor and irregu
component of marine mortality in the stocks studied and is unlikely to be a significant
influencing conservation status of salmon stocks.

P G Gargan, , G Forde, N Hazon, D J F Russell, & C D Todd, 2012. Evidence for sea lice
induced marine mortality of Atlantic salmon (Salmo salarL.) in western Ireland from
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experimental releases of ranched smolts treated with emamectin benzoate. Can. J. Fish. AqL
Sci. 69: 343353.

Sea trout $almo truttd stock collapses in coastal areas of western Ireland subject to s
aquaculture were contemporaneous with high abundances of larval séafieegghtheirus salmor)ig
on juvenile sea trout. Whereas sea trout remain in-ste@e waters throughout themarine
migration, Atlantic salmonSalmo salay smolts typically move quickly offshore into oceanic watsg
It might therefore be predicted that salmon smolts would be less vulnerable to coastal stres
less likely to be negatively affected by infetsons of sea lice early in their marine phase. Groug
microtagged, hatchemeared Atlantic salmon smolts were fed either untreated pellets or
incorporating the iffeed sea louse treatment SLICE (emamectin benzoate) prior to eight experi
releases in three marine locations over-yge&r period. In total, 7824 smolts were released a
analysis of tag recaptures from returning adult salmon showed that ematresita smoltg
experienced increased survivorship and were 1.8 times morg tikeeturn compared with contrg
fish. These results suggest that seailickiced mortality on adult Atlantic salmon returns in Ireld
can be significant, and that sea lice larvae emanating from farmed salmon may influence in
survivorship and paulation conservation status of wild salmon in these river systems.

M Krkosek, C W Revie, P G Gargan, O T Skilbrei, B Finstad, C D Todd. 2012. Impact of
parasites on salmon recruitment in the Northeast Atlantic Ocean. Proc. R. Soc. B. 201223
.http://dx. doi.org/10.1098/rspb. 2012.2359

Parasites may have large effects on host population dynamics, marine fisheries and conservi
a clear elucidation of their impact is limited by a lack of ecosysteate experimental data. W
conducted a mtaanalysis of replicated manipulative field experiments concerning the influen
parasitism by crustaceans on the marine survival of Atlantic sali®aim¢ salarL.). The datd
include 24 trials in which tagged smolts (totalling 283 347 fish; 12068 were released as pairs
control and parasiticideeated groups into 10 areas of Ireland and Norway. All experimenta
were infectionfree when released into freshwater, and a proportion of each group was recov
adult recruits returning to caas waters 1 or more years later. Treatment had a significant po
effect on survival to recruitment, with an overall effect size (odds ratio) of 1.29 that corresponc
estimated loss of 39 per cent (95% CI.138%) of adult salmon recruitment. &hparasitic
crustaceans were probably acquired during early marine migration in areas that host large aq|
populations of domesticated salmon, which elevate local abundances of ectoparasitic ¢op
particularly Lepeophtheirus salmonisThese restd provide experimental evidence from a la
marine ecosystem that parasites can have large impacts on fish recruitment, fisher
conservation.
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Project No. 1r8 Status: Ongoing

Party or relevant jurisdiction

European Unioi Ireland

Title of project

Marine survival of wild and hatchery reared salmon
National coded wire tagging and tag recovery programme ant
Burrishoole wild salmon census

Objective of research projec]|

The National Coded Wire Tagging and Tag Recovery Progra
wasinitiated in 1980 to:

Provide information on marine survival and exploitation rateg
commercial fisheries;

Estimate the contribution of individual river stocks to catches;
Examine the performance of selected experimental groups;
Evaluate the potential @f salmon ranching industry in Ireland.

The Burrishoole salmon censu
factors influencing the survival at sea of salmon smolts migra
from the Burrishoole river until their returns as adult salmon.

Brief descriptionof research
project

Up to 500,000 salmon smolts are tagged with coded wire tags
released from 9 Irish rivers annually. Tag recovery takes plaj
scanning programmes in Greenland and Faroes (during
experimental fishing) and in experimental trawlifor postsmolts in
the Norwegian Sea and north of Scotland. Subsequently, tag
recovered from homewater fisheries at over 40 locations in Ire
Between 40 and 50% of the total declared catch of salmc
examined for tags. With the impositionf ¢he carcass taggin
scheme, and the district quotas tag recovery has dropped to
35% of the total catch. With the closure of the Irish mixed s
salmon fishery, returns are now being generated principally |
river catches (commercial and redrenal) and broodstock returns.

This Burrishoole wild salmon census leterm project centres o
enumerating numbers of migrating wild smolts and returning ay
to the Burrishoole river, by means of trapping facilities, in orde
assess return rates and maturation schedules. Ratesito Irish
homewaters, which provides an index of natural survival at sea.

Dates during which resear
will take place

Coded Wire tagging since 1980

Tagging November to April.
Recovery Postsmolts - May to July (Norwegian Sea
September to NovembéFraroes)
GrilseT May to November
MSW i January to November
Wild salmon census in the Burrishoole are monitored 24/t
upstream and downstream migr a

Area in which research wil
take place

Tag recovery
Grilse: West Greenland, rish estuarine and river fisheries, Iri
rivers.
MSW: North of Faroes, Irish estuarine and river fisheries, |
rivers
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Salmon Census Facility, Newport Co. Mayo Ireland

Estimated number and weig| Up to 200,000 adults may be examined and cored to retrieve
of salmon to be retained Approximately 40,000 in recent years with mixed stock fisheries
approximately 10,000 in 2007 in the absence of MSF.

Up to 40 possmolts may be recovered in higbas experiment:
fisheries of Faroes and Norwegian Sea

Resources
Estimated cost of th{ £100,000 per annum in recent 5 years nationally funded (doe
research project include sampling in experimental fisheries in high seas, etc.)

Staff approx. £200,000
Equipment (includingags) £100,000

Burrishoole salmon censu€£72,000 per annum mainly staff costs

Number of participating National Coded Wire tagging and Tag Recovery programme =5

scientists .
Burrishoole salmon census = 6

Name and enail addresg Ni a | | O6 Maoil eidigh
of coordinating scientist| niall.omaoileidigh@marine.ie
in charge of project

Russell Poole
russell.poole@marine.ie

Details of researcl None
vessels, e.g. hame,
registration, call sign an|
description of vessel

Type and amount of geg None
and other equipment t
be used

Details of any collaboratin{ Norway, UK, Faroes, France, Spain, Germany, Denmark
countries

Summary of Progress:

National Coded Wire Tagging and Tag Recovery Prograiinffieis tagging programme takes plg
in up to 8 locations nationally, with recovery centres in commercial fisheries, recreational fi
and hatchery broodstock collections. Up to 500,000 smolts baen tagged and released since 1
with approximately 250,000 being tagged presently. The data are reported to ICES annually
incorporated in the Reports of the Working group on North Atlantic Salmon. Returns of tagge
salmon and the disbution of Irish and international tagged salmon in the drift net fisheries
1980 to 2006 clearly demonstrated the mixed stock nature of these fisheries and has bef
el ement in the I rish gover nment Oosarygprancplesni2@n
Subsequent genetic stock identification confirmed the highly mixed stock nature of this fishery
absence of the landings of salmon at many major ports, the tag recovery programme will con
on key areas with remainingingle stock fisheries in estuaries, bays and rivers and the inforn
will continue to be used for the management of the individual and district river stocks. Followi
closure of the Irish Mixed Stock salmon fishery in 2006, tag returns from eotrahfisheries were
as anticipated extremely low relative to other years but there was a significant increase in the |
of tags in riverine brood stock collections in both years as more fish escaped to enter freshw
2013 approximately, 3,@individual tag recoveries were generated from a release of approxir
200,000 smolts in 2012. Survival was again low in 2011 for most groups returning to the co
rivers confirming that conditions at sea for salmon survival are not yet imgrovin
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Burrishoole wild salmon censud_ong-term monitoring programme reflecting the decline in maj
survival of European salmon stocks. This site is one of only three facilities in NEAC area wit
census capabilities (i.e. upstream adult and doeastradult and juvenile trapping and monitoring]

Returns form wild smolt migrations in 2012 returning 2013 indicated a marine survival r;
approximately 9%.

Survival rates from all of these releases are reported in annual ICES WGNAS reports.
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Project No. 1r9

Status:

Completed

Party or relevant jurisdiction

European Unioi Ireland

Title of project

Kelt survival

Objective of research projec

Tag salmon kelts from four rivers in southern Ireland and moli
marine migration, depth andmgerature preferences

Brief description of researc
project

33 Atlantic salmon kelts were captured in four lIrish rive
(Blackwater, Nore, Suir and Barrow) and fitted with satellite-ptip
tags and released in inshore waters in March 2010 & 201 1tafise
were programmed to peqff after three, four and six month perioc
After pop-off the tags communicate with the Argos satellite and |
on depth and temperature and fmpposition are generated.

Dates during which resear
will take place

20107 2012
(Data analysis and publication only in 2012)

Area in which research wi
take place

Southern Ireland

Estimated number and weig
of salmon to be retained

Salmon kelts between 2.3 and 4.5kg

Resources

Estimated cost of th
research project

£23,000annually in 2010 and 2011.

Number of participating
scientists

Two,
Audun H. Rikardsen, Paddy Gargan

Name and amail address
of coordinating scientis
in charge of project

Audun H. Rikardsen
audun.rikardsen@uit.no

Details of  researcl
vessels, e.g. hame,
registration, call sign an
description of vessel

Type and amount of ge:
and other equipment t
be used

Details of any collaboratin
countries

Summary of Findings:

Information was received from 10 salmon in 2010 and 9 salmon in 2011. Salmon kelts were r
west and north west of Ireland and south of Greenland, some fish having travelled 2,500
scientific paper is being prepared on the project in collaboratith all partners.

Publication being prepared.
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Project No.

Irl0 Status:

Ongoing

Party or relevant jurisdiction

European Unioit Ireland

Title of project

The ecology of salmon $almo salarL.) at seai environmental
factors affecting marine growth, survival and migration of
Atlantic salmon

Objective of research projec

The main objective of the project is to investigate the declin
North Atlantic salmon stocks in the past two decades in an ecos
context and to provide new informatifor use in forecast models

abundance and size of current stocks

Brief description of researc|
project

The oceanic migration of Atlantic salmon is being investigated ir
context of an EU SALSEA (salmon at sea) Merge (E®
Framework) project in whit the Marine Institute is a key playg
The principal aim of the SALSEA Merge project is to map
distribution of salmon stocks from all European countries at sez
is nearing completion. Apart from samples collected for the SAL
Merge project itsdé] by the Marine Institute, Institute of Marin
Research in Bergen and the Faroes Fisheries Laboratory, a unid
of biological samples and oceanic data was collected for fu
studies and projects on a collaborative basis by the particip
institutes with Universities. These samples were collected to prg
critical value added information beyond the scope of the SAL
Merge project and to shed some light on the specific fa
underlying the current ocean migrations of salmon, recent
persstent poor marine survival and information on associated
species (herring and mackerel). Specific material has been col
which is not available through any other source or held by any
institutes i.e.

9 archive and contemporary scale sampkefor postsmolt

growth and condition analyses,

 stomach content analyses of postsmolts (and
accompanying herring and mackerel) for dietary compari
and energetics, and
9 identification and incidence ofparasites with special
reference to Anasakis spp.salmon mackerel and herring.
Dates during which researq 2012- 2015

will take place

Area in which research wi
take place

Ireland, Norway

Estimated number and weig
of salmon to be retained

Samples already obtained
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Resources

Estimated cost of the| £150,000 total over three years
research project Participant breakdown

£90,000 IMR Bergen

£50,000 M, Ireland

£10,000 Loughs Agency Ireland/UK

Number of participating Dr. D. Brophy, Dr. N. O Maoiléidigh, Dr. J. C. Holst, Dr. P. Boylat
scientists

Name and -amail address
of coordinating scientist it Dr. D. Brophy, Galway/Mayo Institute of Technology, Galw
charge of project Ireland

Details of researct None
vessels, e.g. nam
registration, call sign an
description of vessel

Type andamount of gea
and other equipment to ki High resolution digital image capture and analyses software
used hardware

Details of any collaboratin¢ Institute of Marine Research, Bergen
countries Loughs Agency, Cross Boarder Ireland/UK agency

Summary of Progress:

Work is underway on historical scale analyses in Ireland. Experimental scale growth expe
were completed successfully in 2013. Work is ongoing in relation to analyses of archive
samples. Information on feeding and paeasoadings from post smolts caught at sea is currg
being processed.
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Project No.

Irll Status:

New Entry

Party or relevant jurisdiction

European Union Ireland

Title of project

Experiment to determine the potential impact of sea lice from
marine salmon farms on outmigrating salmon smolts in western
Ireland

Objective of research projec

To assess efficacy of prophylactic treatments for salmon s
migrating through aquaculture bays

Brief description of research
project

Treated and corf fish groups, differentially micréagged (10,00(
fish in each group), released from two freshwater river systems,
and Corrib annually. Adult salmon in experimental groups
recaptured in commercial fisheries and freshwater traps.

Dates duringvhich research
will take place

2014- 2017 initially
This project continues on from previous similar projects under IR

Area in which research will
take place

River Erriff and Killary Harbour, River Corrib and Galway Bay

Estimated number and weig
of salmon to be retained

Approx. 60,000 salmon smolt tagged with CWTs and rele
annually.

Resources

Estimated cost of the
research project

£69000 annually

Number of participating
scientists

Two

Name and enail address
of coordinating scientist i
charge of project

Dr Patrick Gargan Inland Fisheries Ireland
Paddy.gargan@fisheriesireland.ie

Details of research
vessels, e.g. name,
registration, call sign and
description of vessel

Type and amount of gear
and other equipment to b
used

Micro-tags, traps, commercial fishery

Details of any collaborating
countries

Summary of Progress:

New Entry
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Project No. Swl

Status: Ongoing

Party or relevant jurisdiction

European Uniofi Sweden

Title of project

Long-term variation in population dynamics, life history and
exploitation of salmon stock inthe index river Atran

Objective of research projec

The objective is to estimate lotgrm variation of survival ir
different life stages, life history characsdits and growth of wilg
salmon in the River Atran with its major tributary Hoégvads
Estimates of sea survival, growth and exploitation are provided
annual Carlin tagging of wild fish in River Atran.

Brief description of researc
project

The wild salmon stock in River Atran has been subject to monitg
since the 1950s with annual recording of the number of asce
fish in the tributary Hogvadsan since 1954 and partial smolt trag
since 1959. Present monitoring programmes include electiruafis
surveys, smolt trapping, adult counters in the main stem of R
Atran and in Hogvadsan, catch sampling and scale reading
collection of catch statistics. As the river Atran is infected
Gyrodactylus salaris there isalso an annual monitoringof the
parasite infection.

Marine survival and growth are evaluated through:

9 Carlin tagging of wild salmon smolt (ca. 500 annually
1 Count of ascending spawners.
1 Age structure and growth of ascending spawners.

1 Fitness (Fulton condition factor) akcending spawners

Dates during which researg
will take place

Long-term ongoing project (subject to annual review).

Area in which research wi
take place

Sweden(west coast; Kattegatt)

Estimated number and weig
of salmon to be retained

No adult fish are retained.
sampling programmes.

Up &0 parr/smolt are retained

Resources

Estimated cost of th

research project

£20,000 in 202 dedicated to the project.(Increased budget &
compared to previous years due to NASO@plementation
programme).

Number of participating
scientists

2 (also participating in other projects)

Name and enail addresg
of coordinating scientis
in charge of project

Erik Degerman
erik.degerman@slu.se

Details of researcl
vessels, e.g. nam
registration, call sign an
description of vessel

N/A

Type and amount of geg
and other equipment t
be used

Adult and smolt trapping facilities.
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Details of any collaboratin¢ N/A
countries

Summary of Progress:

Although River Atran was infected b@yrodactylus salarisn 1990, this river still supports th
largest stock of wild salmonf any of the23 wild salmon rivers on the Swedish west coast.
analysis of the effect of the parasite on all wild salmonkstdndicated a negative influence

individual fish with large passite burden, but no significant effects on the parr densities. The
smolt trapping in River Atran indicate a quite stable smolt production level in the last 10 years
is on asubstantially lower level than it was in the 1980s. There are signs of an increase in s
production in the last 10 years.

In 2013 the lowermoshydropower plant @seliminated in River AtranElimination of the plant will
further enhance the spaing run and also the smolt migration.

The establishment off conservation limits for the Swedish salmon stocks will be set using da
Atran (scheduled to 2015).

1 Tagging returns of wild smolt (2yrs old) has increased during-2003, from ca 1% to 2%.
T MSW salmon increases in catches over time.

i Fulton condition factor increased significantly 26®712, indicating better growth conditio
at sea.
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Project No. Ewl

Status: Completed

Party or relevant jurisdictiol

European Unior UK (England and Wales)

Title of project

Salmonid migration and climate change

Objective  of
project

researc

The main objective of the research is to describe and mode
environmental factors affecting the migration of salmonids an
predict the effects of climate change on salmonid migration
survival in the sea.

Brief description of researc
project

Telemetry studies at CEFAS on the movements of-gostts in
coastal waters have provided information on the importance of
currents andidal streams to the speed and direction of migration.
research project further developed the migration studies to exami
movements and distribution of salmon and sea trout smolts if
marine environment. Models were developed to describe
migration routes of postmolts in relation to marine currents and
surface temperature and the results used to predict the impa
oceanographic and climatic conditions on distribution and migratig
salmonids in the marine environment.

Dates durig which researct

1 April 1999- 31 March 2004

took place

Area in which research tog Coastal waters around the UK and extending to salmon feg
place grounds in Faroes and Greenland seas

Estimated number an 250 salmon smolts

weight of salmon retained

Resources

Estimated cost of th
research project

£140,000 per annum

Number of participating
scientists

5 CEFAS scientists

Name of coordinating
scientist in charge ¢

Dr Andrew Moore

project

Details of research N/A

vessels, e.g. ham

registration, call sign

and description o0

vessel

Type and amount @ Acoustic transmitters and automated acoustic receiver systems
gear and othe

equipment used

Details of any collaboratin
countries

N/A
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Summary of Findings:
The key objectives of the research were to describe and model the environmental factors affe
migration of salmonids and to investigate the effects of climate change on salmonid migrat
survival both in fresh water and the sea.

The main firdings of the research are as follows:

Migratory behaviour of salmonid smolts and pesinolts

1
f

The migratory behaviour of the sea trout smolts in the River Fowey was similar to populat
both salmon and sea trout in other river systems in Englan@ales.

Smolt emigration in the freshwater section of the river was correlated with increasing
temperature and increasing river flows although no particular threshold was evident fo
environmental parameter.

There was a seasonal differenceha time that tagged smolts spent in the freshwater secti
the river before entering the estuary. Fish released later in the season spent less time in
before emigrating into coastal waters. As a result a significant proportion of thewesmplts
migrated out of the estuary and into coastal waters duringdayl@eriod that coincided with
spring tide.

Migration through the estuary was principally on a spring ebb tide and in the region of the
column with the highest flows. This energetically the most advantageous strategy for migr
and resulted in the fish being moved rapidly out into coastal waters.

The smolts were pradapted in fresh water to the marine environment and as a result the
no requirement to spend longeriods acclimating within the estuary during one of the n
critical periods in the lifecycle of the sea trout.

A physiological requirement for smolts to leave fresh water and to enter the marine envir
is likely to be the major stimulus initiatithe emigration of sea trout smolts in spring.

In coastal waters salmon and sea trout sasblts demonstrated active, directed swimm
Migratory behaviour was initiated when the direction of the prevailing tidal currents was s
to assist the §h in rapid movement away from the estuary mouth and in the case of the sal
the general direction of the principal feeding grounds in the Norwegian Sea.

The speed of migrating salmon over the ground was within the rang8 &8 se¢, which is
similar to the migratory speeds recorded in studies on other salmon populations in U
systems.

The physiological transformation of the emigrating fish to full smolt status was necess
successful migration within the marine environment. Therefoyefactors that operate withi
the freshwater environment to inhibit smoltification (e.g. contaminants or high
temperatures) or delay migration (e.g. estuarine barrages, amenity constructions) will rec
survival of the possmolts in the marinenvironment.
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Migratory behaviour of sea trout kelts

1
il

Distribution of salmon in the sea

1

The postspawning survival of the sea trout was relatively high and over 60% of the tagge
emigrated from fresh water and into the coastal zone.

Seaward migration within fresh water was predominantly nocturnal and generally occu
conjunction with increasing river discharge and rising water temperature. -sjzwghing
residency within the freshwater zone was highly variable between individaaiging from 4
days to over 2 months.
Measurements of gill ATPase activity in fish sampled soon after spawning indicated that {
were not yet physiologically adapted to migrate into saline conditions. However, the subs
movement through thestuary and into coastal waters was rapid and the fish showed no ey
of a requirement to adapt to the increasing salinities. Physiological adaptation after sp
would therefore appear to be rapid prior to the onset of emigration.

Migration throudn the estuary was predominantly nocturnal and occurred during an ebbin
This ebb tide form of transport is energetically the most favourable method of moveme
migration at night would reduce the level of mortality from visual predators.

Taggedtrout were recorded returning to the river after a period at sea and, in the case
individual, successfully spawned whilst still retaining the tag in the body cavity.

The high return rates of tagged sea trout suggests that similar techniqueslesiranic datg
storage tags would permit longrm studies such as the thermal habitat requirements of th
trout in the marine environment.

Attachment methods have been developed to allow data storage tags {(®Bd sised as part
largescale studies to determine the distribution of salmon in relation to marine environ
conditions. Existing DSTs can be placed within the body cavities of adult salmon fetefom
monitoring of marine environmental conditis although the exteriorisation of the light sensg
permit the geographical position of the fish to be calculated would be necessary.
A noninvasive technique for monitoring cortisol levels in tagged fish was developed in or
quantify the effect belectronic tag attachment to fish and their subsequent recovery.
technigue measures the level of cortisol excreted into the water by individual tagged fi
allows the recovery rate of the fish to be assessed. The technique will be used ifg thea
effects of tags on salmon prior to the letegm studies on the distribution and behaviour
salmon in the sea.
Collaborative links have been developed with international organisations through the N
Working Group on International Cooperativeedearch held in Norway to study the fact
regulating populations of salmon in the sea.

CEFAS contributed t&ALSEAT A marine research strategy to determine key factors affect
salmon survival at searesented to thEU in 2004 for funding.

Other oppaotunities have continued to be investigated for applying DSTs to salmon in the s
a variety of approaches have been pursued through this project and related work prog
These have included membership of the Lotek WireleSsean Technology Fun@ommittee
(funded by Lotek Wireless) and participation in the Census of Marine -LRacific Ocean
Salmon Tracking Program.
However, the cost of research programmes has been the main factor in preventhsgalks
studies on salmon in the sea.
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The impact of climate change on salmonids

1

=A =4 =4 =4 =4

A literature review was completed using the available models and scenarios of climate cha
organised into a framework with which to predict the impact on the freshwater and |
environments and subsequenteett on populations of salmon and sea trout over the next 2
50 years.

The climatic information on which the study was based was taken principally from th
Climatic Impacts Programme (UKCIP) Technical Report 1 and from the NOIRES Climatic
Diagnastics Center and the work on the North Atlantic Oscillation (NAO) by CEFAS, Lowes
In fresh water, the expected increases in winter temperature and precipitation will be gre
NW England and in Wales; the highest increase in summer temperatii@scur in SE England
where there will be a corresponding reduction in summer and annual rainfall. Warming o
should be less than the22C anticipated for annual mean air temperatures. However
warming of rivers in winter will probably be are significant for salmonids than increaseg
other seasons. The frequency of extreme events such as droughts and floods will i
Increasing abstraction and reduced precipitation will increase the contaminant loading i
rivers and exacerbatkeir impact on salmonid populations.

The warming of rivers by -2°C will accelerate embryonic and alevin development during
winter, and lead to earlier emergence of fry from the gravels.

The consequential effects on survival and growth of laterestagll depend on a synchrono
phenological advancement of food organisms, plant growth and other requirements.
Survival of eggs and alevins in upland rivers could be reduced should expected highe
rainfall generate more frequent river spates resulting inwasbf the embryos.

Growth rates of salmonid parr will increase significantly as the result ohpetature rise of-1
2°C providing that there is a commensurate increase in their food resources.

Faster growth could lower the mean age at which parr reach the smolt stage by about
increasing smolt production for a particular yekss. Howeverdensitydependent regulatio
would regulate overall smolt production.

Reduced river flows and lower water temperatures would inhibit or delay the emigration of
and their entry into coastal waters. Modification to the timing of the entry of smaudighe
marine environment has been shown to affect survival and the return of spawning adults.
Reduced flows will inhibit and delay the movement of adult spawning salmon into the fres
environment. Increased temperatures will reduce the amountitable thermal habitat fo
returning salmon. Reproductive success and fecundity may be reduced at highe
temperatures.

Increases in river flow will facilitate upstream spawning migration and assist the moy
around obstacles such as weirs andauges.

There are major uncertainties regarding the impact of changes in climate within the
environment. The various models and predictions indicate either small gradual rises
surface temperature, no significant changes, or even slight ganlithose regions occupied |
salmon.

Changes to sea surface temperature and oceanographic features such as currents may
distribution and abundance of key prey items of the-pogilts and adult salmon. A misatch
in prey availability duringentry into the marine environment may reduce {sosblt survival ang
growth.
Changes in sea surface temperatures (SST) will reduce the amount of suitable therma
required for the suitable growth and development of salmon in the sea.

Changes in ocemgraphic features such as shelf edge currents may compromise-éreigetic
requirements of the migrating fish and lower survival.
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Project No. Ew2

Status: Completed

Party or relevant jurisdictiol

European Unior UK (England and Wales)

Title of project

Impacts of agricultural contaminants on wild salmonids

Objective of research
project

The main objective of the research was to describe the natur
extent of the impact of aquatic contaminants derived from agricy
(e.g. pesticides) omigration and marine survival of salmonid smg
and postsmolts.

Brief description of researc
project

Recent research has demonstrated that the freshwater and the
environments cannot be considered in isolation and that the cong
within the feshwater zone experienced by Atlantic salmon may
critical to their subsequent survival within the sea. In particl
exposure of juvenile salmon to a range of-&thal concentrations ¢
freshwater contaminants such as pesticides and endalisinpting
chemicals (EDCs) may operate to reduce survival in fish once
have emigrated to sea. The research project described how fres
contaminants such as the pesticide atrazine can interfere with the
smolt transformation and reduce the apiliof the fish to
physiologically adapt to saline conditions. Laboratory studies |
indicated that smolts exposed in freshwater to environmental levg
the pesticide atrazine have reduced levels of gill Na+K+ATl
activity and plasma ion concentrat&d Subsequent exposure
seawater resulted in poor hypemoregulatory performance ali
mortality. In addition, modification of the physiological proces
involved during smoltification by pesticides may also delay or inh
smolt migration. The re#s of the studies have been incorporated |
existing lifecycle models to determine the impact of freshw;
contaminants on salmon at the stock and population level.

Dates during which researg
took place

April 1999- April 2004

Area in which reseah took
place

England and Wales

Estimated number and
weight of salmon retained

N/A

Resources

Estimated cost of the
research project

£425,000 (over 5 years)

Number of participating
scientists

6

Name of coordinating
scientist in charge of
project

Dr Andy Moore

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

N/A

Type and amount of
gear and other

equipment used

N/A
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Details of any collaborating Sweden and Canada

countries

Summary of Findings:

The key objectives of the research were to identify and describe the effects of environmental |
agricultural pesticides on salmonid embryo survival, smolt emigration and marine survival

model their potential impacts at the population levaladdition, the role of pheromones in sea tr
biology was investigated in order to predict the effects of water quality on sea trout reproductio

The main findings of the research are as follows:

1

Exposure of juvenile salmon during the pamolt transformation to environmentally releva
levels of the herbicide atrazine inhibited smoltification and reduced the ability of the fish to
to salt water conditions. Smolts exposed in fresh water to atrazine demonstrated low |
when transferrm to seawater.

Exposure of juvenile salmon during the pamolt transformation to environmentally relev:
levels of the herbicide atrazine inhibited or delayed downstream migratory behaviour dur]
spring.

Exposure of juvenile salmon during the pamolt transformation to mixtures of environments
relevant levels of the herbicide atrazine and the endedigrapting chemical 4onylphenol
inhibited smoltification and reduced the ability of the fish to adapt to salt water cond
Mixtures ofthe two contaminants operated synergistically to reduce survival when the fisl
transferred to seawater.

Exposure of juvenile salmon during the pamolt transformation to mixtures of environmentz
relevant levels of the sheep dip insecticidegidian and cypermethrin had no significant effi
on smoltification or reduced the ability of the fish to adapt to salt water conditions.

Exposure of juvenile salmon during the pamolt transformation to environmentally relev:
levels of the brominatetfame retardant PBDE inhibited smoltification and reduced the abilit
the fish to adapt to salt water conditions. Smolts exposed in fresh water to PBDE demo
low survival when transferred to seawater.

The freshwater environment cannot be considered in isolation from the marine environme|
contaminants that juvenile salmon are exposed to within the freshwater environment car
direct impact on their subsequent survival within the sea.

Exposure to environmentally relevant levels of the sheep dip insecticides diazing
cypermethrin for a brief period during fertilisation inhibits or delays the timing of emerger
fry from the spawning gravel. Exposure to the insecticides alsoasdhe subsequent surviy
and development of salmonid fry.

Exposure of fertilised salmon and sea trout embryos to sediments containing environn
relevant levels of the sheep dip insecticides diazinon and cypermethrin reduces survi
inhibits or delays the timing of emergence of fry from the spawning gravel.
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The sea trout has a similar reproductive pheromone system to the Atlantic salmon and is
be affected by environmental contaminants in the same way and that has been previousl
for Atlantic salmon. The shared reproductive pheromone system may further exple
occurrence of hybridisation in certain sympatric populations.

Exposure of mature male trout to mixtures of the pesticides diazinon and cypermethrin ir
the alility of the fish to detect and respond to the reproductive priming pheromone Prostag
F.a. As a result there was no significant increase in the levels of milt that are requir
successful reproduction.

The life-cycle model developed in order foredict the potential effects of environmen
contaminants on Atlantic salmon at the population level predicted that exposure to conta|
during fertilisation, smoltification and reproduction result in a significant decline in the num|
returningadult fish, particularly in exploited stocks.
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Project No. Ew3

Status: Completed

Party or relevant jurisdiction

European UnioR UK (England and Wales)

Title of project

Impact of intensive in-river aquaculture on wild salmonids

Objective ofresearch project

The main objective of the research was to describe the natur
extent of the impact of aquatic contaminants derived from inter
freshwater aquaculture (effluents, pesticides, antibiotics and horm
on reproduction and migration wfild salmonids.

Brief description of research
project

Previous studies have demonstrated that sublethal concentrati
agricultural pesticides and contaminants may significantly a
salmon reproduction, embryo survival and the ability of smolésiapt
to the marine environment. A similar variety of compounds are
known to be released within the effluents from freshwater aguact
facilities and these include pesticides and antibiotics for the conti
parasitic and bacterial diseases, am@drmones and hormon
metabolites from the farmed fish. Recent studies have also indi
that these hormones/pheromones have an important role in incr¢
the reproductive status of wild salmon prior to spawning. Howev
is not clear to what extéithe contaminants within fish farm effluen
may affect reproduction, migration and survival of wild salmonids
whether they could result in serious declines in salmonid stocks.
aim of the present research programme was to describe the img
environmentally relevant concentrations of fish farm contaminant
salmonid reproduction and migration. Firstly, the concentration
relevant contaminants (pesticides and hormone/pheromones) er
the freshwater environment were determined and ibestr Secondly
the effects of these contaminants on reproduction/spawning
survival of postsmolts in the marine environment was assessed
described. The results were incorporated into salmonidcyifée
models, in order to increase our underdiag of the impacts o
aguaculture contaminants on stocks of salmonids.

Dates during which researcl
took place

November 2001 April 2005

Area in which research tog
place

England and Wales

Estimated number and
weight of salmon retained

N/A

Resources

Estimated cost of the
research project

Details of the full economic
costs of each study are
requested, including staff
costs, equipment and
overheads.

£325,000 (over 4.5 years)
£72,000 per annum

Number of participating
scientists
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Nameof coordinating Dr Andy Moore

scientist in charge of andy.moore@cefas.co.uk
project

Details of research vessel
e.g. name, registration, cg N/A
sign and description of
vessel

Type and amount of gear | N/A
and other equipment useg

Details of any N/A
collaborating countries

Summary of Findings:

The study investigated the effects of trout farms (both rainbow trout farms and brown trout) ¢
reproduction and smoltification in Atlantic salmon. The research involved labottzsed studies o
the impacts of identified contaminants within the fish farm effluents on salmon reprody
smoltification and the ability of smolts to adapt to sea water. In addition;tféddd studies wer
carried out where both male salmon and salmon smolts vegedcupstream and downstream
rainbow and brown trout fish farms to investigate the impact of the effluents on physiolog
survival. The majority of the research was undertaken at an intensive rainbow trout farm on th
Test at Romsey and a brovirout farm at Netheravon on the River Avon. Additional studies \
undertaken at a mixed rainbow/brown trout farm at Stockbridge on the River Test. The rese:
indicated that the effluents from fish farms can have significant impacts on Atlsalticon
particularly during sensitive lifaistory stages such as reproduction and smoltification. In add
effluents from rainbow trout farms may also have a deleterious effect on the-imaanebrate
populations, which include many of the prey iteaf juvenile salmonids.
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Project No. Ew4

Status: Completed

Party or relevant jurisdictiol

European Unior UK (England and Wales)

Title of project

Modelling the bioenergetics of salmon migration

Objective of research
project

The principalobjectives of the research was to model the ener:
requirements of salmon during their marine migrations and predig
effects of environmental and oceanographic changes on smolt g
and survival.

Brief description of researc
project

Successful rgration of salmon within the marine environme
requires that sufficient energy stores are either available prior {
replenished throughout, migration. Therefore, the overall en
budget of a smolt may be an extremely important factor contribtdir
the migratory success, growth and survival in the sea. The pl
developed a model to describe the basic energy requiremer
salmon and how it is utilised for movement, maintenance and gr
in the marine environment. The model was used to giréuk effects
of environmental and oceanographic changes (e.g. sea S|
temperature, ocean currents, food availability) on smolt growth
survival in the sea.

Dates during which researd

April 20027 April 2005

took place
Area in which research t&o| The research will model the migrations of selected stocks of sa
place from English and Welsh rivers.

Estimated number and
weight of salmon retained

N/A

Resources

Estimated cost of the
research project

£40,000 per annum

Number of participating
scientists

2 CEFAS scientists

Name/email of
coordinating scientist in
charge of project

Dr Andrew Moore
a.moore@cefas.co.uk

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

N/A

Type and amount of
gear andbther
equipment used

N/A

Details of any collaboratin

countries

N/A
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Summary of Findings:

The aim of the research was to develop a numerical model for investigating potential changg
growth and survival of Atlantic salmon during the marine phasgsing from changes in smq
condition or oceanic conditions. A numerical model was designed to calculate growth and
resulting from spatial and temporal patterns of physical oceanographic conditions, specificall)
currents, sea surfacemeerature and prey availability. The results of the different mode
scenarios suggest that, during their oceanic phase, salmon may be capable of adapting
climate change provided that their migration routes are not inherited and guidedsbgtlerethar
temperature (e.g. celestial or wave patterns). However, the ability to predict the effects of
change on salmon populations is limited by a lack of knowledge about migration behaviour, w
turn is due to the paucity of observasosf salmon movements and growth in the open sea.
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Project No. Ew5

Status: Completed

Party or relevant jurisdictiol

European Unioi UK (England and Wales)

Title of project

Cardiff Bay Fisheries Monitoring Programme

Objective of research
project

Assess the impact of Cardiff Bay Barrage on salmon and sea
stocks in rivers Taff and Ely

Brief description of researc
project

1. Tracking movements of adult salmon up to and past barragf
through impoundment using contained acoustic and raggo ta

2. Tracking movements of smolts through impoundment and
barrage.
3. Monitoring changes in the return rates of microtagged sn

(hatchery origin) before, during and after construction.

Dates during which researd
took place

Through years 1990006

Area in which research too
place

Cardiff Bay at mouth of rivers Taff, Ely, South Wales, UK

Estimated number and
weight of salmon retained

Up to 20 per year

Resources

Estimated cost of the
research project

c. £250,000 per annum

Number ofparticipating
scientists

5/6 per annum

Name of coordinating
scientist in charge of
project

Peter Gough
peter.gough@environmeagency.wales.gov.uk

Details of research
vessels, e.g. name,
registration, call sign
and description of
vessel

6Chall anger 6
MOOWB70085

7-4 Metres long

Type and amount of
gear and other
equipment used

<60 C.A.R.T tags pa.
40-50 smolt tags pa.

10,000- 70,000 micretagged and/or ficlipped smolts stocked ea
year.

Details of any collaborating
countries

None

Summary of Findings:

No summary provided.
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Project No. Ew6

Status: Completed

Party or relevant jurisdiction

European Unior UK (England and Wales)

Title of project

Atlantic Salmon Arc Project, ASAP

Objective of research projec

Define exploitation at sea oa regional basis using genetic tog
Create a longerm database for these studies and create
international management tool to inform decisioaking.

Brief description of research
project

A Europe wide collaboration to define tools for geng
metgopulation studies culminating in a Europe wide effort {
collected samples from all the regions and genotyped using de
methods and took first steps to assess proportional stock exploi
at sea. Microsatellite analysis was the method used. g&hetic
laboratories directly involved were Exeter University and Ovi
University.

There were many associated partners in the study helping to ¢
salmon samples from the rives of the North Atlantic; however,
funded partners in the study are:

Central Fisheries Board of Ireland

Westcountry Rivers Trust (Lead partner)

Association of West Coast Fisheries Trusts

Oviedo University

Asturias government

Galician Government

Exeter University.

Dates during which research

May 20047 July 2008

took place

Area in which research tog Europe, North Atlantic

place

Estimated number and weig| N/A

of salmon retained

Resources
Estimated cost of the £2.2 million
research project Approximately £550,000 per annum
Number of participating | 12

scientists

Name/email address of
coordinating scientist in
charge of project

Dr Dylan Bright
dylan@wrt.org.uk

Details of research
vessels, e.g. name,
registration, call sign ang
description of vessel

N/A

Type and amount of gea
and other equipment use

N/A

Defails of any collaborating
countries

Spain, France, Ireland, Scotland, USA, Iceland

Summary of Findings:

The ASAP project has successfully completed its first phase. A database of salmon populatiol
genotypes has been defined for Spain, France the Ukeladd. The database has been blind tes
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and shows a very good level of discrimination in assigning salmon from different regions to the
correct population of origin and destination. The database has been tested with samples from
inshore nefisheries in the UK and it has been demonstrated that in most cases these fisheries
exploiting multiple populations. The database has been used in collaboration with the Marine
Institute to examine the destination and origin salmon represented kieansiee suite samples fron|
Irish Inshore and Offshore fisheries. The findings from this study are in press. Details of each
population used in the database and the details of each of the rivers of origin are available onli
interactive, multilingial web based GIS. Data is only partially uploaded to the data base at pres
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Project No. Ew7

Status: Completed

Party or relevant jurisdiction

European Unior UK (England and Wales)

Title of project

Diffuse pollution and freshwater fishpopulations

Objective of research projec

The main objective of the research was to investigate the ro
diffuse aquatic contaminants in regulating populations of freshy
fish with particular reference to salmonid stocks and fisheries.

Brief description of research
project

There is increasing evidence from studies carried out in Europs
North America that contaminants derived principally from inteng
agriculture and ifriver aquaculturenay have significant effects ¢
salmonids at specdiperiods during the life cycle (e.g. spawning &
reproduction, embryo development, migration, =molt
transformation and/or entry into saltwater) at concentrat
frequently found in the environment. Initial modelling from thg
laboratorybased stués has indicated that exposure at these cri
stages may affect productivity at the population level. The pre
research programme had two principal aims. Firstly, to validatg
results from the laboratory based studies carried out under SFQ
Impacts of agricultural contaminants on wild salmonidsnd
determine whether exposure to these contaminants within
systems in England and Wales are affecting populations in the
The research tested the conclusions made about the effec
popuhtions of wild salmon by the retrospective analyses of
relationship between specific declining stocks and land manage
changes resulting in the occurrence of target contaminants i
aquatic environment. Secondly, recent monitoring of the agq|
environment has highlighted the presence of novel contamil
whose chemical structure and toxic mechanisms are known to |
important biological processes in fish and which may significa
compromise and regulate populations. These contaminantsgdén
specific pharmaceuticals, antibiotics from intensive agriculture
aquaculture and brominated flame retardants from industry.
research therefore determined the potential impacts of |
contaminants on fish at both the individual and populakswel in
order to support both the advice on the regulation of contamii
within aquatic ecosystems and the conservation and managem
fish populations.

Dates during which research
took place

April 20057 March 2010

Area in which research toa
place

England and Wales

Estimated number and weig
of salmon retained

N/A

Resources

Estimated cost of the
research project

£694,680 (over 5 years) of which £68,500 was added to reseal
salmon at sea.

Number of participating
scientists

3
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Name/email address of | Dr Andrew Moore
coordinating scientist in | a.moore@cefas.co.uk
charge of project

Details of research N/A
vessels, e.g. name,
registration, call sign ang
description of vessel

Type and amount of geal N/A
and other equipment to

be used
Details of any collaborating | N/A
countries

Details of research N/A

vessels, e.g. name,
registration, call sign ang
description of vessel

Type and amount of gea| N/A
and other equipment to
be used

Details of any collaborating | N/A
countries

Summary of Findings:

There is now evidence from studies carried out in Europe and North America that contal
derived principally from intensive agricultureay have significant effects on salmonids at spe(
periods during the life cycle, often &bncentrations frequently found in the environment.
particular, research carried out at the Cefas, Lowestoft Laboratory has indicated that a 1
pesticides may compromise Atlantic salm@&@alfno salarL.) sense of smell, reproduction, embr
developnent and the passmolt transformation and/or entry into saltwater. This research
highlighted that in terms of the life cycle of the Atlantic salmon, the freshwater and n
environments cannot be considered in isolation and that exposure to peoquality in freshwate
may be a key factor influencing survival of the fish once they migrate into the sea. Howev
majority of this research was based on laboratory experiments and there is a requirement to ¢
whether exposure to environmalty relevant contaminants within river systems in England
Wales are indeed affecting populations in the wild.

Therefore, the present research programme had two principal aims. Firstly, to validate the resi
the laboratory based studies carried under a previous Defra funded research programme SKO
Impacts of agricultural contaminants on wild salmonidsd determine whether exposure to th
contaminants within river systems in England and Wales are affecting populations in thg
Seondly, recent monitoring of the aquatic environment has highlighted the presence of
contaminants whose chemical structure and toxic mechanisms are known to target in
biological processes in fish and which may significantly compromise andcateqadpulations. Thes
contaminants include specific pharmaceuticals, antibiotics from intensive agriculture and aqui
and brominated flame retardants from industry. The present research examined the potentia
of these contaminants on fishtatith the individual and population level in order to support the ag
to the Policy Customer on the regulation of contaminants within aquatic ecosystems ¢
conservation and management of fish populations.

The specific objectives of the researchgramme were:

1. To determine the impact of novel diffuse contaminants on juvenile salmon with specific ref
to development, olfactory imprinting, riiming and behaviour within the marine environment.
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2. To determine the impact of novel diffuse @oninants on adult salmon with specific referenc
freshwater entry, homing, and fecundity in female salmonids.

3. Determine the relationship between specific declining salmon stocks, land management
and occurrence of target contaminants in tigatic environment.

4. To assess the effects of diffuse contaminants on the biology of salmon within wild populatiol
5. To provide recommendations to Policy Division for any required remedial action to redu
impacts on diffuse contaminants on fistpplations.

Laboratory and field based experiments have formed the basis of the research to determine tf
of contaminants on juvenile and adult salmon. The contaminants that were selected for si
known to routinely occur in rivers during therpd of the parsmolt transformation and seawa
migration of the smolts and during the spawning season. The concentrations of the contg
studied also reflect the levels that may occur routinely in the rivers and tributaries and so are {
relevant to many salmonid populations. Extensive literature and data based investigations for
basis for the studies examining the relationship between the decline in salmonid stocks

occurrence of specific agriculture derived contaminants wiikier catchments.

The major findings of the research were that contaminants such as the brominated flame re
which are known to mimic thyroid hormones, significantly disrupt the-gaolt transformatior
process whereby the juvenile salmon ugdeat number of physiological and behavioural changes
adapt them to a life in the ocean. Specifically, hexabromocyclododecane reduces the olfacto
of the fish to detect odours that are considered important during the imprinting process dhihng
the emigrating fish remember the fismell 0
their natal tributaries as spawning adults. Exposure of salmon smolts to hexabromocyclodode
also shown to reduce the survival of the fish dutimg transition from freshwater and into the s
Exposure of salmon smolts in freshwater to environmental levels of the pesticide atrazine ((
2. 0 a n d)aBo réducedgheir ability to detect specific odours during the imprinting periog
results clearly demonstrate that exposure of salmon smolts to environmental levels of a 1
diffuse contaminants inhibits olfactory function, which is known to play a pivotal role ir
imprinting process and the subsequent homing of adult salntbeitanatal river.

Diffuse contaminants were also demonstrated to interfere with female salmonid reproduction
subsequent survival of the eggs and embryos. Eggs exposed to atrazine during fertilisation h4
higher risk of mortality comparetb control eggs for every microgram per litre of atrazine in
water. Comet assays also indicated that in those surviving eyed eggs, 30 days after fertilisati
damage was higher in the eggs that had been fertilised in the water containing twgtho.3.0rg/|

atrazine. Exposure to polycyclic aromatic hydrocarbons (PAH) produced modifications to the
structure of the female fish, as well as lower levels of intestin&K NATPase activity. This may
indicate that the female fish are under gibjogical stress as a result of PAH exposure. There
also a significant difference in the subsequent survival of the eggs after 50 days, which h;
fertilised in PAH water compared to the controls. Once again exposure of eggs to contaminant
fertilisation have a poorer survival rat e

It proved difficult to obtain suitable data with which to investigate relationships between pe
concentrations in the catchments and variations in salmon stocksvetpimethe River Avon rod
catches of salmon were lower in years when the atrazine levels were high, and similar cori
were shown between the level of another triazine herbicide (simazine) rod catch in this rivel
results may be informativepbmust be interpreted with great care.

The incorporation of the laboratory and fidddsed experimental data into the life cycle model of
salmon demonstrated that low levels of environmental contaminants can have a serious in
both individualsand populations of salmonids. As more data is gathered, both from laborato
field-based research programmes the models and the predictions will become more robust.

119



Project No. Ew8

Status: Completed

Party or relevant jurisdiction

European Unior UK (England and Wales)

Title of project The influence of the freshwater environment on salmonic
populations
Objective of research projec] This is a large research project examining the impact

environmental change on juvenile salmon production antbgy

Brief description of research
project

One aspect of the research that is directly related to marine su
examines the potential role of assessment techniques in influe
marine survival of salmonid smolts. Assessment methodologies
astrapping, anaesthetisation and tagging of wild/hatchery fish g
affect the ability of smolts to adapt and survive in fresh or sg
water and there is a need to identify any such effects in ord
ensure best possible practice in assessment progmmniEhe
proposed research will critically assess the techniques routinely,
as the tools for population assessments and that provide the bg
the provision of advice to managers on biological reference pc
the status of stocks and managemerdasuees for specific fisheries.

Dates during which research
took place

April 20057 March 2010

Area in which research toad
place

England and Wales

Estimated number and weig
of salmon retained

N/A

Resources

Estimated cost of the
research project

£615,350 (over 5 years) of which £72,700 was added to researcl
salmon at sea

Number of participating
scientists

3

Name/email address of
coordinating scientist in
charge of project

Dr Andrew Moore
a.moore@cefas.co.uk

Details of research
vesselse.g. name,
registration, call sign ang
description of vessel

N/A

Type and amount of geal
and other equipment use

N/A

Details of any
collaborating countries

N/A

Summary of Findings:

In recent years declines in salmon catches and shifts in popudtianture involving a diminishing
of the multiseawinter fish component have given concern for many salmon populations thro
the NE Atlantic. Although there has been much recent concern regarding the factors influenc
regulating populations ofatmon in the sea, it is now accepted that conditions within freshwate
play a pivotal role to a juveniles salmons subsequent survival within the marine enviro
However, human pressures on freshwater environments continue to mount and thefefiests are
likely to be exacerbated by climate change. There is, therefore, a requirement to understand
predicted changes in river flow may modify wild populations of juvenile salmonids.
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There is increasing evidence that juvenile salmon migm@atastream in the autumn in a wide rar
of river systems throughout the NE Atlantic. However, the extent and range of movement of th
and their distribution and habitat requirements during the winter and prior to the spring
migration are not kown. If such movements are widespread in UK rivers, it could have signi
effects on our approaches to stock monitoring and assessment, the evaluation of factors

stocks, particularly during the critical transition between freshwater andenemvironments and th
development of management strategies.

Assessment methodologies such as trapping, anaesthetisation and tagging of wild/ hatchery
salmon could subsequently affect the ability of the fish to adapt and survive in fresmervgater
and there is a need to identify any such effects in order to ensure best possible practice in ag
programmes.

There is also increasing concern regarding the potential impact on ecosystems of increasing
artificial light throughoutthe northern hemisphere. Much of our inland waters are now affectt
light pollution, which has the potential to affect salmon at a number of stages throughout th
cycle.

Therefore, the main objectives of the research were to:

Investigate the impact of changes in freshwater river flows expected to result from the pr
climate change scenarios on juvenile salmon production in rivers in England and Wales and df
how these should be managed.

Determine the abundance aglidtribution of the autumn migrant component of salmonid populali
in rivers and estuaries in order to assess their relative contribution to smolt production and de
the effects on current stock assessment and management practices;

Critically assss the techniques routinely used for population assessments in the developi
advice to managers on stock assessments, biological reference points and management me
specific fisheries and propose appropriate improvements.

Review the known irdrmation on the impact of diffuse artificial light pollution on freshwater |
populations in order to assess the potential problem and provide recommendations on ap
research.

Objective 1. Investigate the impact of changes in river flows expedeto result from the
predicted climate change scenarios on juvenile salmon production in rivers and determine hc
these should be managed.

The effects of managed severe low summer flow events on habitat use, displacement and st
wild populations ofjuvenile salmon, trout and grayling were investigated in a small chalk st
Significant changes in habitat use and range of movement were identified, many associated
loss of the stream margins under low flow. However, with no net downstrearanmeat of any
species under low flow, displacement was spatially limited. There was an increase in the n
rate in first year salmon, trout and grayling. This may be related to their small size and in
vulnerability to predation under low flowonditions due to the reduction in depth and loss of
stream margins that are their preferred habitat under normal flow. The findings have implicati
the management of chalk streams. In particular, they underline the importance of the streas
as juvenile salmonid habitat, and suggest that a flow management strategy is required to
drought conditions.

Conversely, subsequent investigations suggested that low spring flow at the same study site
had little, or no, impact on the migratory behaviour of wild salmon smolts.

Objective 2. Determine the abundance and distribution of the autumn migrant coponent of
salmon populations in rivers and estuaries in order to assess their relative contribution to smg
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production and determine the effects on current stock assessment and management practices

The autumn juvenile salmon migration on the R. Frome wmasitored between 2068007, in
collaboration with Centre for Ecology and Hydrology (CEH). The results found the size of the ¢
migration to be significant. Subsequent investigations have confirmed a contribution by ¢
migrating parr to the retuimg adult stock.

Integrated laboratory and field investigations were carried out to determine whether autumn r|
are physiologically adapted for migration into saline water. The results showed that the j
salmon migrating downstream on the RoirfRe in autumn, and those fish that were subsequi
found in the tidal reaches during the winter, were not sufficiently physiologically adapted to ¢
entry to seawatefTherefore, this autumn migration of parr represents a habitat shift to the
freshwater reaches of the river.

If such findings are generic to salmon populations, it would have important implications for fig
managers, and catchment scale management plans, which should now take account of the tid
as important juvend salmon habitat. Further, stentonitoring programmes that do not account
autumn migrations to the lower river, or any iré@nual variation in their abundance, will und
estimate total smolt output, with a consequential wiedémation of marine ortality, and confound
the interpretation and comparison of marine mortality and adult return rates.

Objective 3. Critically assess the techniques routinely used for population assessments in
development of advice to managers on stock assessments,|dgizal reference points and
management measures for specific fisheries and propose appropriate improvements.

Integrated field and laboratory investigations found that both the migratory behaviour and
survive in saline water of some salmon smdtsaiffected following tagging. Previous studies hi
suggested that natural smolt migration patterns are a predator avoidance tactic and also ensu
fish enter the marine environment at the optimum time. Therefore, any such disruption may i
the rate of predation on these fish or impact on their fithess to survive at sea.

Differences in adult return rates between wild salmon tagged as smolts and a control populg
currently being determined on the River Frome, in collaboration with @EHresent the number (
returns is too small for useful statistical comparison, however this study is ongoing, with more
expected from the 2007, 2008 and 2009 smolt migrations. Applying the precautionary approg
the results of this largscale field based investigation are known, we provisionally recommen
fisheries scientists carefully consider the costs/ benefits of the capture, handling and tag
salmon smolts and ensure that they can account for any potential bias these lgonsemmarking
methodologies may have on their experimental results before commissioning programme:
involve handling smolt©bjective 4. Review the known information on the impact of diffuse
artificial light pollution on freshwater fish population s in order to assess the potential problen
and provide recommendations on appropriate research.

Our extensive literature review revealed large gaps in our knowledge on this subject. Indeed, (
case studies on the impact to wild freshwater fish wetiegable only by their absence. As a
consequence, we strongly recommend that research programmes on this subject be commissi
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Project No. Ew9

Status: Completed

Party or relevant jurisdiction

European Unior UK (England and Wales)

Title of project

Factors affecting the distribution and behaviour of salmonid
populations

Objective of research projec

The main objective of the research is to investigate the ha
requirements of adult salmonids within the estuarine and freshj
environmens. However, one key element of the study is
investigate how changes in prey availability within the ma|
environment may influence recruitment of stocks between years|

Brief description of research
project

Potential changes in the marine environtrerch as suitable water
temperature and changes in oceanographic circulation patterns
influence the migration routes, growth, ftiming and survival of

salmon in the sea and these changes will be influenced furthe
modifications to the climate. t lhas also been hypothesised thi
these changes in marine conditions may regulate saln
populations through modifying the distribution and abundance
key prey items. Therefore, variations in the numbers of return
adults may be directly correlated poevious feeding conditions in
the open sea. One potential method to test this hypothesis i
retrospectively measure the stable isotopic composition of saln
scales, which reflect the isotopic composition of the prey iter
Changes in the abundanmeavailability of specific food items may
show up as changes in the stable isotopes within salmon sc;
The purpose of the research is to investigate using this met
whet her Apoorodo years in ter ms
changes in pradttivity and the availability and quality of key prey
species within the marine environment. This study will also fol
part of the programme of research on salmon in the sea being
ordinated by NASCO.

Dates during which research
took place

April 20057 March 2010

Area in which research toad
place

England and Wales

Estimated number and weig
of salmon to be retained

N/A

Resources

Estimated cost of the
research project

£721,830 (over 5 years) of which £67,000 is related to research i
salmon at sea

Number of participating
scientists

4

Name/email address of
coordinating scientist in
charge of project

Dr Andrew Moore
a.moore@cefas.co.uk

Details of research
vessels, e.g. name,
registration, call sign ang
description of vessel

N/A
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Type andamount of gear| N/A
and other equipment use

Details of any collaborating | N/A
countries

Summary of Findings:

This programme had three parallel themes addressing the factors that might affect the distriby
behaviour of adult salmon in the seapasies and freshwater.

Although there has been a substantial amount of research on the habitat requirements of
salmonids and the factors controlling the emigration and behaviour of smolts, there has be
little work describing the migrationf adult fish within estuaries. In addition, we have very i
understanding of the environmental mechanisms controlling the entry, migration and the
requirements of adults within estuaries. In many river estuaries returning salmon congre
holding areas for variable periods waiting for suitable freshwater conditions before continuin
spawning migration. This may make salmon stocks very susceptible to adverse conditions by
may often go unnoticed. However, there is little infatibn on the physical and water qual
characteristics of these areas, their temporal and spatial distribution or the environmer
anthropogenic factors that may affect them. The purpose of the research is to describe the K
of adult salmon irestuary systems prior to freshwater entry and of salmon kelts as they return tj
One of the potential causes of the decline in salmon stocks may be modification to the fre
environment that result in changes to the thermal regime, thereby ngdhei habitat available t
salmon and affecting their survival and reproductive success. Such changes could be due t
climate warming and/or changes in flow regimes due to agricultural and othem&rajemen
practices, such as groundwater addion. The purpose of the research is to establish whether 1
the freshwater thermal environment in rivers in England and Wales impacts on the mi|
behaviour, and reproductive success of adult salmonids.

Potential changes in the marine environment such as suitable water temperature and ch
oceanographic circulation patterns may influence the migration routes, growttiming and
survival of salmon in the sea and these changes will be influencdgkif by modifications to thi
climate. It has also been hypothesised that these changes in marine conditions may regulat
populations through modifying the distribution and abundance of key prey items. The
variations in the numbers of retimg adults may be directly correlated to previous feeding condi
in the open sea. The purpose of the reseat
in terms of adult recruitment can be related to changes in productivity and treb#itaihnd quality
of key prey species within the marine environment.

The research was conducted using an integrated approach obdsdd telemetry studies a|
laboratory investigations. Much of the telemetry work was conducted on the River Tyieeast
England. Returning salmon and sea trout were caught in the lower estuary and their sul
movements monitored using an acoustic telemetry system consisting of individually
transmitters and an array of submersed receivers. Data was dbtditiee patterns of behaviol
through the estuary, into freshwater and, for those fish that survived the ordeal of the sy
migration, their emigration back out to sea. Smaller studies were also conducted on oth
systems. Data from this aspextthe programme revealed detailed and novel information on 1
aspects of migratory behaviour, including; swimming depth behaviour of returning salmg
emigrating kelts, impacts of seal predation and previously unreported data on the behaviousro|
in freshwater holding pools. The findings of this work provide practically useful information the
aid the protection of adult salmon in estuaries and rivers and open up new areas of rese;
thermal refuging, predation, energy dynamics, aifac response and the impacts of estual
engineering projects (e.g. pile driving and tidal barrages).
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The laboratory studies had two objectives. The first, focused on investigating the eff
temperatures within the range experienced by wild salmpoidgonad investment, egg producti
and reproductive success in hatchery reared fish. This was achieved by holding adult and
salmonids in climate controlled tank facilities under various thermal conditions at specific sti
their life cycle. The results suggest that water temperatures can influence the level of
investment, timing of ovulation and the traglé between the number and size of eggs produce
migratory salmonids. These findings have implications for population modeldatimatt take accour
of the variation in egg numbers, reproductive success and subsequent offspring fitness of g
anadromous salmonids. The second objective was to investigate the relationship between mg
consumption and recruitment of adsdtimon. This was achieved by retrospective measurement |
stable isotopic composition of salmon scales. Scales reflect the isotopic composition of the prq
and therefore changes in the abundance or availability of specific food items may shswhamge
in the composition of salmon scales. The results revealed cyclical patterns in the level of
isotope that are likely to reflect cyclical variations in the North Atlantic Oscillation (NAO). T
patterns explained a large proportion ofiadon in the numbers of adult salmon returning to regic
waters. This implies that there will be greater returns of adult salmon (relative to the nun
juveniles entering the ocean) following higher levels of primary production. It also suggestigith
winter temperatures | eading to $@eludsand therdfoy
less favourable trophic conditions for salmon at sea, may increase mortality perhaps by nu
stress. Techniques developed within this prognamprovide a wide range of future resea
opportunities, including further investigations on the influence of ocean productivity on regy
fish populations

The research has continued to examine salmon scale microchemistry in order to deterr
potential role of climate/environmental change in regulating populations within the n|
environment.
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Project No. Ew10

Status: Completed

Party or relevant jurisdiction

European Uniorr UK (England and Wales)Nprthern Ireland) ang
(Scotland)

Title of project

Genetic sampling to type British salmon stocks

Objective of research projec

Coordinate and support the establishment of baseline
information on the genetic character of breeding population
within and among rivers in Britain.

Brief descripton of research
project

The initial aimwill be to provide the basis for identifying salm
to specific rivers or regions to assist in a range of stock
assessment and management scenarios (e.g. managemen
mixed stock fisheries). Subsequently it maypbssible to
answer a range of additional questions relating to the size ¢
structure of breeding populations, levels of exploitation, and
contribution of stocked fish. The study will also provide a td
that may be used in a variety of other scientrivestigations.

The project will complement the work already undertaken to
characterise genetically salmon river stocks in Ireland, and for
optimum benefit will build on the sample collection and analysis
currently budgeted for under the SALSEA MERGE
programme. Sampling of fry and parr will be conducted in
main spawning areas of a range of rivers in Scotland, Englz
and Wales as required to supplement sampling that has alr,
been undertaken or is planned under other contracts (e.g. A
and SALSEA MERGE). Genetic analyses will be undertake
using the same techniques and markers (rsatellites) as in
those other studies.

The project will be overseen by a Steering Group which wil
coordinate and support the establishment of the baselineéq
information. In additional, a Technical Working Group will:
1 Determine how best to achieve the overall objective
9 Provide technical advice
1 Coordinate methodologies

Participants in the programme will include Environment
Agency, AFBNI, Defra/Cefas, Marine Institute, Scottish
Government, Association of River Trusts, FRS, AFTS /
DSFBS

Dates during which research
will take place

1 April 2008- 31 March 2010. Data anaiis from April 2010.

Area in which research will

take place

England, Wales, Northern Ireland and Scotland.
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Estimated number and weig
of salmon to be retained

50 fry and 50 parr per population sampled.
No adults will be killed specifically fathis project but samples will
be taken from fish caught in the rod and net fisheries.

Resources

Estimated cost of the
research project

£120 k (total)

£20 Kk (staff costs includes overheads)

Number of participating
scientists

10

Name and enail address
of coordinating scientist i
charge of project

Miran Aprahamian

Miran.aprahamian@environmeagency.gov.uk

Details of research
vessels, e.g. name,
registration, call sign and
description of vessel

No RVs involved

Type and amount of gear
andother equipment to bg
used

N/A

Details of any collaborating
countries

England and Wales, Scotland

Summary Findings:

The full report of this study can be found at:

http://www.nasco.int/sas/salseamerge documents.htm
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Project No. Ewll

Status Ongoing

Party or relevant jurisdiction

European Unior UK (England and Wales)

Title of project

Deriving estimates of marine survival for monitored river stocks
in England and Wales

Objective of research project

The objective of this progral
England and Wales where estimates of marine survival ca
derived for comparison with other North Atlantic stocks.

Brief description of resach
project

For a number of indicator stocks around the North Atlantic the
evidence that the marine survival of salmon is highly variable al
currently well below previous levels. However, until relativ
recently, there were no lortgrm data sts for stocks in England ar
Wales. The project seeks to collect data in a consistent manne|
year to year in order to provide a reliable time series and to ¢
trends to be identified. In order to provide data for different reg
and thus allowfor possible spatial differenceshree monitored
stocks have been established: the River Dee (North WtiesRiver
Tamar (SW Englandand the River Frome (S Englandpll these
stocks have a reasonable proportion of MSW salmon.

Smolt tagging programes have been carried out at sibesthe Dee
and Tamarfor a number of years using rotary screw traps. This
enabled the trapping and tagging of wild fish on the main sten
these two rivers. Both rivers also have facilities (counters/ty
close tothe tidal limit for monitoring returning adult fish and fi
estimating the return rate of the tagged fish. Models have

developed which provide confidence limits around the return
estimates These investigations are run on a collaborative bagis
Natural Resources Wales (NRVehd the Centre for Environmer
Fisheries and Aquaculture Science (Cef&s).the River Frome, th|
Game & Wildlife Conservation Trust (GWCT) are able to estin
smolt output. GWCT also operate an adult counting facilitythan
lower river, which enables return rate estimates to be genefdtec
results of all these studiesare included in the annue
Cefas/Environment Agency/NRW salmon stock status report an
alsoreported annually to the ICES North Atlantic Salmon Wogk
Group.

Dates during which researg
will take place

Ongoing annual monitoring programme (subject to annual reviev

Area in which research wi
take place

River Dee (North Wales)
River Tamar (SW England)
River Frome (S England)

Estimated number angeight
of salmon to be retained

N/A

Resources

Estimated cost of th
research project

Approximately £50,000 per annum

Number of participating
scientists

~15 T involves fishery sience staff fromboth Natural Resource
Wales andthe EnvironmentAgency, personnel from the Cefg
Salmon & Freshwater Fisheries Teand researchers from GWCT
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Name and email addresg lan Davidson Natural Resources WalédDee)

of coordinating scientis lan.Davidson@-cyfoethnaturiolcymru.gov.uk

in charge of project Rob Hillman (Environment Agendy Tamar)
rob.hillman@environmerdéigency.gov.uk

lan Russel(Cefas)ian.russell@cefas.co.uk
Anton Ibbotson (GWCTaibbotson@gwct.org.uk

Details of research N/A
vessels, e.g. nam
registration, call sign an
description of vesel

Type and amount of geq Rotary screw fish traps, coded wire microtagging equipniemiyer
and other equipment to j PIT tag detectors and smolt counting facilitiadult fish traps an(
used fish counters.

Details of any collaboratin{ N/A
countries

Summary of Progress:

Natrural Resources Wales (NRVephd the Environment Agency (EA) Cefas have continued tH
programmes on the Rivers Dee (North Wales) and Tamar (SW Englasggctivelyto monitor
marine survival of these salmon gtec Smolt trapping with rotary screw traps has continued,
around 2,550 salmon smolts tagged on thRiver Dee in 208 and 5,000 on the RiverTamar;
additional sea trout smolts were als@rked ortagged at both sites (with different managem
objectives).NRW / EA have continued to operate upstream traps on both rivers throughout the
monitor the run of adult fish and allow return rates of tagged fish to be estimated. The traps
used to collect additional biological information, suclthes size age andconditionof the returning
fish.

On the River Frome, GWCT continued to operate a variety of PIT tag detector systems on t
and, in collaboration with Cefas, also operated a rotary screw trap to sample migrating smolts|
also operate counting facilities for both smolts and returning adults and estimate the age
returning adults. This combination of facilities enables annual estimates of return rates |
survival).
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Project No. Ew12

Status: Completed

Party orrelevant jurisdiction

European Unior UK (England and Wales)

Title of project

The marine life of Atlantic salmon: evidence from the

microchemistry of scales

Objective of research projec

1. To identify existing Atlantic salmon scale librariesingland and
Wales.

2. Refine and improve existing methods to stable isotope ratios &
trace elements in salmon scales.

3. Measure the stable isotope composition (C and N) from salmg

scales in relation to variations in the marine environment.

. Measurerice element compositions from salmon scales in relg

to variations in the marine environment.

5. Develop a model to predict the impact of changes in the marin
environment (e.g. productivity) on return rates of salmon from
specific populations.

6. Assas the suitability of stable isotope and trace element ang
to understand the distribution of other keystone fish species
European eel).

Brief description of researc
project

The research will focus on scale microchemistry using scales
exiding libraries together with scales taken from grilse and M
salmon sampled in the ocean to develop a model to predict the il
of changes in the marine environment (e.g. productivity) on re
rates of salmon from specific populations using s
microchemistry.

Dates during which researq
will take place

1 April 20077 31 March 2010

Area in which research wi
take place

England and Wales

Estimated number and weig
of salmon to be retained

N/A

Resources

Estimated cost of th
research project

£66,709 over 3 years

Number of participating
scientists

3

Name and amail address
of coordinating scientis
in charge of project

Dr Clive Trueman
trueman@noc.soton.ac.uk

Details of  researcl
vessels, e.g. nam
registration, call sign an
description ofvessel

N/A

Type and amount of geg
and other equipment t
be used

N/A

Details of any collaboratin

countries

N/A
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Summary of Findings:

The wild Atlantic salmon has been in heavy decline throughout its native range over t
four decades, largelgue to increases in marine mortality. This research aimed to inveg
potential causes of this decline using stable isotope analysis of archived scale samplg
from returning adult salmon over the past few decades. Stable isotopes of carb
nitrogen in marine animals, which are naturally incorporated into the tissue from die
information on oceanic conditions of climate and productivity experienced by the a
along with data on the trophic level of that animal.

Initially, the aim wado identify, and catalogue if possible, salmon scale archives in En
and Wales. To date 35 scale holding authorities from England, Wales and Northern
were contacted with responses received from 27. Details of existing archive collectior
been compiled into a database. Relatively few authorities maintain curated archives e
for more than 10 years, and we have identified the North Sea drift net (Cefas) ant
Frome (EA/CEH) as the best candidate archives, giving good spatial staamtich tempora
coverage. Samples from the North Sea and Frome archive are in house and analyse
archives is complete.

Secondly, the aim was to develop sampling and analytical protocols for the scales

mass spectrometry analysis. We opsied mass spectrometer parameters to utilise a

mass of between 0.5mg and 0.6mg. This mass is significantly lower than sample mas;
in most other stable isotope laboratories, allowing us to recover a reliable and precise
value from colagen laid down during the last season at sea cut from a single scale. Fo
optimisation of laboratory protocols, we measured the variation in isotopic compd
between scales within single fish. This allowed us to determine how many scale
nealed to reliably reflect the isotopic composition of a fish. We analysed multiple {
from 7 fish reared in a common tank and showed that variation between fish is signif
larger than variation within fish for both carbon and nitrogen isotopesaré/eonfident thal
a single scale provides a valid estimate of the isotopic composition of a fish within ang
error. Once this was completed, carbon and nitrogen isotopic composition was meaj
the marine portion of grilse (orsea winter) and niti-sea winter (MSW) salmon sca
samples taken from the River Frome over 23 years (247 salmon analysed) and the N
Coast over 14 years (244 salmon analysed) to complete the third project aim. Analys
performed on the last marine growth semsgiving a retrospective record of mari
conditions experienced by each fish.

A record of the changes in isotopic composition of salmon returning to the River Fron
from fish sampled in the North East Coast fishery was produced, with a sepaoatefoe
fish returning after 1 and 2 winters at sea. We found that both region of origin and ¢
influence the carbon isotope signal. This means that fish returning to the two regiong
UK must feed in different locations. Furthermore, fish offedldnt sea age also feed
different areas. This contrasts with one model of salmon migration that suggests all
southern European origin (<80) share a common migration and feeding ground.

We developed a new method to predict feeding location from isotope records. B
plankton carbon isotopes are influenced by sea surface temperature, we compd
temporal record of isotopes measured in salmon scales with temporal records of sesc
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temperature measured by satellite across the North Atlantic. Fish are likely to have
areas where these records coincide. We mapped the strength of the correlation bety
two records to suggest likely feeding grounds for each cohort withitwt groups of fish
with the River Frome grilse and MSW salmon respectively feeding near the shelf bre
the Porcupine Bank and south Iceland. The Northeast Coast grilse and MSW salmon
contrast, feeding near the shelf breaks of the soutNermegian Sea and the Bear Islg
Trench in the northern Norwegian Sea, respectively. These areas experience very |
environmental and climatic conditions, which are likely to influence marine mortality. T|
reflected in the relationship betweesturn rates and carbon isotopes, where carbon iso
correlate with return numbers for the North East Coast fishery, but not the Frome stock

The identification of putative feeding grounds for the River Frome and fish sampled fr¢
Northeast Coast fishery means that these areas may be monitored remotely to di
oceanic conditions during periods of summer growth, and thereby predicti basthe
mechanisms controlling individual populations, the likely strength of the returning stg
an annual basis. These maps, together with correlations between isotope data and
numbers of fish, provide a model for predicting the impact lednges in the marin
environment on return rates of salmon at a scale relevant at the population level.

The use of the isotopes as indicators of marine conditions, and the mapping approact
identify feeding grounds within this project are bothleggle to many other marine speci
for which tissue archives may exist. These techniques thus complete objective ¢
removal of the trace elements part of the objective for the reason discussed above|
was to assess the suitability of staldetope analysis to understand the distribution of ©
keystone fish species. Future work is likely to concentrate on mapping the distributi
other fish species than salmon, including herring, and on using the isotope signat
marine plankton azght under known conditions to create predictive area maps for difl
combinations of carbon and nitrogen isotope values found in North Atlantic fish specie;
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Project No. Ew13

Status: Completed

Party or relevant jurisdiction

European UnioR UK (England and Wales)

Title of project

Development and application of salmonid life cycle models

Objective of research projec

1. Undertake a review of available salmonid life cycle models to
assess their suitability to apply to migratory salmonid populations
England and Wales;

2. Build on existing models and/or develop new models of salmg
and sea trout lifdistories to pemit:
- Prioritisation of factors affecting stocks in freshwat
- Scaling of impacts on individuals to populations
- Comparison of marine and freshwater factors
affecting stocks
- Comparison of the impacts of factors on stocks wit
different life-cycle characteristics (e.g. grilse v MSW
stocks)
- Comparison of anthropogenic and environmental
impacts on stocks; Comparison of management
regimes for salmon and sea trout.

Brief description of research
project

The general objectives of the project aredavelop tools to assis
with the interpretation of results from a range of experimental sty
on salmonids and advise policy on the prioritisation of manage
decisions relating to the protection, conservation, restoration
enhancement of salmonidjpulations and related research activitie

Dates during which research
will take place

April 20097 March 2013

Area in which research will
take place

England and Wales

Estimated number and weig
of salmon to be retained

N/A

Resources

Estimatedcost of the
research project

£210,000 over 4 years
ie £52,500 per annum

Number of participating | 4
scientists
Name and enail address | Ted Potter:

of coordinating scientist if
charge of project

ted.potter @cefas.co.uk

Details of research
vesselse.g. name,
registration, call sign and
description of vessel

N/A

Type and amount of gear
and other equipment to b

used

N/A
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Details of any collaborating
countries N/A

Summary of Findings:

A review has been undertaken of {fgcle models that have been developed for migratory salmg
with particular reference to models of UK salmonid populations and the data available to parar
them. Various approaches have been examined, indjudifie-history models, Leslie Matrice
individual based models (IBMs) and Bayesian models.

The Population Viability Analysis model developed by Legault (2005) to investigate the sté
salmon stocks in Maine, USA has been used as a basis for dagedopiodel that divides a salm
river stock into separate OpopulThea extermh af dnixing
bet ween these O6populationsé can be alt eThis
therefore allows snulation of hypothetical impacts on a stock that affect mortalitylimited
temporal and/or spatial scales, and the model will be used to simulate the impact of various fg
salmon populations and to identify key gaps in our knowledge.

The Exposuréssessment Modelling System (EXAMSode) has beero explore the distribution g
freshwater contaminants from point sources imwestigatethe effectshattheir chemical propertie
haveon the rgks that they pose to fisfiThese results have been wdilisto parameterise the hfgcle
model and investigate potential impacts of certain contaminants at a population level.

The development of sea trout lifgcle modelshas beennvestigated in conjunction with the Celt
Sea Trout Programm&STP)which beyan in 2010.Problems with obtaining consistent and relia|
aging from scale reading has favoured ke of stagdased models (using weight categsyieather
than age based modelseight categories maglsobe more meaningful in management ternise
CSTP will be completed in May 2014.

Legault, C. M. (2005). Population Viability Analysis of Atlantic Salmon in Maine, USA. Transad
of the American Fisheries Society 134:58682, 2005

134



Project No. Ewl4

Status: Ongoing

Party or relevant jurisdtion

European Unior UK (England and Wales)

Title of project

The impacts of contaminants and temperature on freshwater fisk
populations

Objective of research projec

The main objectives of the research are to undertake further s
of the impacts o€ontaminants derived from intensive agriculture

aquaculture facilities on wild salmonids and investigate

implications of predicted climate change scenarios on the impa;
different sources of diffuse and point source pollution on wild
popuations.

Brief description of research
project

The research will further investigate contaminants derived fror
associated with freshwater aquaculture facilities and determine
effects on critical salmonid life stages particularly the transitio
smolts from the freshwater to marine environmehtsaddition, the
work will investigate the impact of the changes in flows

temperatures that may be expected under different climate cl
scenarios on the impacts of environmental levels of spe
contaminants on biological processes regulating fish populations
reproduction and survival of diadromous fish between fresh
marine environmentskinally, the results of the work will be used
model the impact of different climate change sciesamon the
impacts of specific contaminants on wild salmonid populations.

Dates during which research
will take place

April 2009- March 2014

Area in which research will
take place

England and Wales

Estimated number and weig
of salmon to be retained

N/A

Resources

Estimated cost of the
research project

£795,000 over 5 years
ie £159,000 per annum

Number of participating | 5
scientists
Name and email address | Andy Moore:

of coordinating scientist i
charge of project

andy.moore@cefas.co.uk

Details of research
vessels, e.g. name,
registration, call sign and
description of vessel

N/A

Type and amount of gear

and other equipment to b{ N/A
used
Details of any collaborating
countries N/A
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Summary of Progress:
Freshwater aquaculture:

Following previous work conducted by Cefas (SF0241 DEFRA contract), it was agreed that
studies should be undertaken to determine whether exposure to fish farm effluents und
controlled conditions may compromise sensitive-fifeges of wild almonids. Field based studi
were conducted at Britford Fish Farm on the River Avon (Salisbury, Wiltshire).

In the recent CEFAS position paper the highest priorities identified for further researchiver
aguaculture effluents and wild salmonidslirted:

U To determine the extent (if any) to which effluents from fish farms may impact salm
downstream from the facility

Groups of Atlantic salmon smolts derived from wild stocks (Environment Agency hatcheries
directly exposed to the efflueptesent in the settlement ponds from Britford Fish Farm or river v
from the abstraction. The sample analysis end points aimed to determine whether physi
changes associated with the psmolt transformation and salt water adaptation are diffdretween
the two groups (e.g. plasma ion concentrations, gill Na+K+ATPase activity and histological c
in gill and kidney, organs involved in the osmoregulatory capacity).

The effects of the farm effluent on the reproductive capacity of female brout) namely the ability
to produce healthy viable eggs, and the fertilisation success and egg survival were assesse
study, female brown trout were used instead of Atlantic salmon because adult brown trout al
to hold in tanks, and thevb species have been shown to share the same reproductive physiolg
pheromone system. Female brown trout samples and egg analyses included plasma steroids
in oocyte development and maturation (vitellogenin and BHfdydroxy-4-pregnenr3-one, egg
developmental stage and presence of abnormalities and gill and kidney histology.

Final sample and result analyses are underway at both CEFAS Lowestoft and We
Laboratories.

U To identify and characterise any constituents of fish farm effluemts ntfay impact wild
salmonids

Passive sampler devices (PO@i8ar organic chemical integrative sampler) were deployed in
water supply to the Britford Fish Farm and also in the effluent settlement ponds duri
experimental period of the studiesentioned above. The membranes within these devices
analysed by the Environment Agency National Laboratory and will provide antaighted averag
concentration of the compounds found. The ongoing result analysis will allow to identify
compound were already present in the river water when entering the farm and therefore pinp
potential contaminants in the effluent.

Combined effects of increased temperatures and contaminants:

Following on from an updated literature review on the impaétslimate change on salmonid
namely the expected increased temperatures in salmonid bearing rivers in the South West, I
based studies have been carried out to assess the combined effects of increased water ter
and different contaminasit at environmental relevant concentrations, on biological proc
regulating fish populations.

Different experiments looked at the combined effect of increased water temperatures
organoposphorous flame retardant (trybutyl phosphate) or a fdagfchlorothalonil) on the par
smolt transformation and the ability of the smolts to survive in saltwater, and their swir]
capacity. The use of organophosphorous compounds has seen a rise since some broming
retardants have been phased out byogean regulatory bodies. Chlorothalonil is a fungicide use
arable crops. Ongoing studies include:
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- The combined effect of increased water temperatures and an organoposphorou
retardant (trybutyl phosphate) on the reproductive function in febralen trout and egq
survival;

- The combined effect of increased water temperatures and a pyrethroid pe
(cypermethrin) on the olfactory response and priming effect (milt production) of
Atlantic salmon male parr.

Final sample and result analyses underway at CEFAS Lowestoft.
Ongoing modelling work:

Following up work conducted in Project N. EW13, the Exposure Assessment Modelling Systs
(EXAMS) will be used to generate scenarios exploring the distribution of freshwater contam
identified in the field based studies, in river systems. In addition, the results from the fie
laboratory based studies will be incorporated in the life cycle model to assess how potential e
increased water temperature and contaminants at serlgiivetages can impact at the populat
level.
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Project No. Ew15

Status: Ongoing

Party or relevant jurisdiction

European Unior UK (England and Wales)

Title of project

Impacts on juvenile salmonid populations from a changing
freshwater environment.

Objective of research projec

The overall objective of the research programme is to investigate
predicted changes within the freshwater environment might in
upon juvenile salmonid populations and how changing condi
during theearly life history stages of the fish may influence th
behaviour and subsequent survival within the marine environr|
The research will be carried out within the context of the rev
climate change scenarios for England and Wal#isQP09. The
overdl aim will be to better understand the potential changes tq
characteristics of salmonid populations in order to better manag
conserve stocks within a dynamic environment. The research
principally focus on specific factors within the fresherg
environment that are considered to directly impact upon parti
life-history strategies of juvenile salmonids, regulate production
modify the fitness of emigrating smolts.

Brief description of researc
project

The research project will examiriee following areas of concern
salmonid populations:

1. Determine the ecological drivers within freshwater that affect
propensity for wild juvenile salmon to migrate downstream in
autumn.

2. Determine whether there are changes in the relativeber of
adult returns derived from autumn and spring migrating juvel
over time, and the geographic significance of the autumn migrati

3. Determine the impact of assessment techniques on wild sé
smolt physiology and subsequent adult returasat

4. Assess the impact of changes within the freshwater environ
on smol t Agualityo, biologic
marine environment.

5. Determine the impact of diffuse artificial light pollution
salmonid fry emergence and smiligratory behaviour.

Dates during which researq
will take place

April 2009 - March 2014

Area in which research wi
take place

England and Wales

Estimated number and weig
of salmon to be retained

N/A

Resources

Estimated cost of the resear|

project

£903,000 over 5 years
ie £180,600 per annum
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Number of participating 12
scientists

Name and @mail address o] Bill Riley:
coordinating  scientist in bill.riley@cefas.co.uk
charge of project

Details of research vesse
e.g. name, registrationcall | N/A
sign and description of vess

Type and amount of gear ai
other equipment to be used | N/A

Details of any collaboratin
countries N/A

Summary of Progress:

Whilst most juvenile Atlantic salmon (Salmo salar L.) parr are thought to remain in their natal s
until the spring, when they become smolts and migrate to the sea, an early downstream mov
parr has been recorded during the autumn by Passiggréwed Transponder (PIT) tag detect
systems on the River Frome, River Itchen & River Ceiriog. Recent results on the River Fron
demonstrated that the autumn migration of parr can be as large (in absolute terms) as the n
smolts in the spnig, although it is more typically between a quarter to a third of the size of the
run. Physiological parameters known to be important in the salmoniesiait transformatior]
suggest that autumn parr migrants, and those fish which subsequenltyinetsie estuary during th
winter months, are not sufficiently physiologically adapted to permit permanent, or an early
into saltwater. However, subsequent monitoring of PIT tagged adult returns on River Fro
confirmed that a proportion of aumn migrating parr survive and contribute to the adult stoc
representative of salmon populations throughout the North Atlantic, such findings woulg
significant effects on our approaches to managing estuarine habitats, salmon stock monito
assessment programmes, the evaluation of factors affecting stocks (particularly during the
transition between freshwater and marine environments) and the development of mang
strategies. However, the ecological driver(s) for this autumnatiigr and the reasons for the mark
variability between years is unknown. Neither is there any information on the comparative sot
these two groups of fish. Recently we reported extensively on the results of a collab
investigation (Cefas an@ame & Wildlife Conservation Trust, GWCT) on the migration strategie
individually tagged juvenile Atlantic salmon in the River Frome, southern England. We relat
timing of passage past fixed PIT tag detection systems to the source of fish wheerthéagged th
previous summer, testing hypotheses that particular migration strategies are related to known
and extrinsic factors of those individual fish, in particular their size, local population density ar
of channel that fish wereriginally tagged in. This work has now been pemiiewed and publishe
for more details please see Publications/ outputs below.

The impact of assessment techniques on wild salmon smolt physiology and subsequent adl
rates has continued to beidied. Effective management of salmonid and freshwater fish stock
the fisheries dependent upon them requires reliable information on the status of stocks and
and levels of exploitation on these stocks. Catching and attaching tags to saths@adrout at th
smolt stage is the principal technique used in assessing marine exploitation and survival. H
such assessment techniques could also be

guantified when determining the impaan subsequent survival. In our collaborative investigat
with GWCT on R. Frome in southern England, salmon smolts are detected migrating downst
various fixed PIT antenna arrays. Some of these fish are intercepted using a rotary screw tra
anaesthetised, finlipped and marked with a Coded Wire Tag (CWT). In subsequent years, ret
adult fish are detected by the main river PIT antenna array. This enables possible differg
survival between the CWT tagged fish and the control @iom to be determined. The hypothe
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that return rates of RST&CWT fish are lower than those for the control population was tested
onesided Chisquared test (function prop.test in the statistical software R version 2.10.1). In 5
6 years fo which returns have been monitored there have been only relatively small diffe
between the CWT and control groups. However, there was a larger difference in the 200
cohort. Averaged over all years and-sgg groups, there has, to date, beeeduction (24.8%) in th
detected return rate of the experimental (i.e. CWT) group which boarders statistical significan
0.064). However, these results should be interpreted with caution. As indicated, the res
strongly influence by the retn rate from one smolt cohort (2007) and are therefore statist
sensitive. This collaborative programme is expected to continue (monitoring of adult returns)
least 2015, and it is hoped that the work will inform best practice for the cagtdréagging of
migrating smolts.

Wor k has continued on the i mpact of chang:¢
biological characteristics and survival in the marine environment.The work focuses on the rela
between conditions ifreshwater, growth, smolt physiology & 'quality’ and survival of fish within
marine environment, use stable isotope analysis of archived scales sampled from emigrating
determine whether there are any signals which may be used to relatie pisiductivity and growth
within the freshwater environment to the subsequent successful return of the fish as adult
Approximately 1000 smolt scale samples (River Tamar ZI®, inclusive; River Frome, 200
2009, inclusive) were sourced fromrarchive. Where sufficient sample weight allowed these s¢
samples have now undergone stable isotope analysis. The results show a clear distinction
isotope ratios between the R. Tamar and R. Frome. Over the coming months, we will be ap
these data to the subsequent adult reurns from these smolt cohorts. If this initial analysi
significant potential, addition smolt scale samples will be obtained from these rivers. Analyse
isotopic composition of these scales will be ugedtest the hypothesis and predict the lik
successful recruitment to the spawning population.
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Project No. Ew16

Status: Ongoing

Party or relevant jurisdiction

European Union UK (England and Wales) (Northern Ireland) &
(Scotland)

Title of project

Impacts of in-river hydropower production on migratory fish

Objective of research
project

The research project will examine the cumulative effect
freshwater hydropower schemes on habitat connectivity w
river basins and on the migratory ha&ior and survival o
Atlantic salmon and European eels, and assess potential ¢
at the fish population level.

Brief description of
research project

The research will use both laboratory and field bg
techniques to examine how possible delaysth® seaward
migration of salmonid smolts as the result ofirer renewable
energy schemes may compromise the fish once they ent
sea. Further work will examine whether any mechar
damage caused to emigrating smolts as the result of pa
through the turbines also results in physiological changes
compromise survival during entry into the marine environm
The results of the work will be incorporated into life cy,
models (Project N. EW13) to assess the potential impa
renewable eneggschemes at the population level.

Dates during which
research will take place

1 June 2012 30 November 2015.

Area in which research
will take place

Rivers in southern England (e.g. Frome and Exe)

Estimated number and N/A

weight of salmon to be

retained

Resources
Estimated cost of the | £504,000
research project i.e. £168,000 per annum
Number of participating 10

scientists

Name and enalil
address of coordinating
scientist in charge of
project

Dr Andy Moore:
andy.moore@cefas.co.uk

Details ofresearch
vessels, e.g. name,
registration, call sign
and description of

vessel

N/A
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Type and amount of N/A
gear and other
equipment to be used

Details of any N/A
collaborating countries

Summary of Progress:

The migratory behaviour of emigrating wild Atlantic salm®almo salarsmolts were monitored i
relation to a small low head hydropower scheme on the River Frome, southern England. The
of the smolts, tagged with miniature acoustic transmittera$sgx the hydropower scheme with o
26% of the smolts moving downstream through the turbine. No mortalities were recorded in

passing through the turbine but their physical condition is not known. There was no differenc
subsequent behavio between the fish that moved through the turbine and those that migrated
the main river or through an adjacent side stream. Movement of the salmon smolts was n
within freshwater and occurred during elevated river flows. Migration of sabmmits through the
estuary of the River Frome was nocturnal and on an ebbing tide, resulting in the rapid moven
the marine environment. Survival of salmon and smolts was high during the transition from th
to the marine environments.
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Project No. Ew17

Status: Ongoing

Party or relevant
jurisdiction

European Union UK (England and Wales) (Northern Irelanc
and (Scotland)

Title of project

Estuarine habitat requirements and distribution of diadromous
fish

Objective of research
project

The research project will examine the residency and habitat
preferences of migratory fish within estuaries and assess the imy
of construction and operation of marade structures on the
migratory behavior and survival of key diadromous fish Ezeas
they move between the marine and freshwater environments.

Brief description of research
project

Estuaries are considered to be the most impacted and a
ecosystems in the UK. They are the transition zones through \
many economically important or endangered migratory fish

salmonids, eels, shad, lamprey) must pass to reach suitablegfee
spawning areas. However, the behavior, distribution and hd
utilization of many key diadromous species as they migrate bet
freshwater and the sea is poorly understood as is the potential i
of modification to the environment as part of rastructure
developments (e.g. port facilities, renewable energy schemes)
proposed research will examine the distribution, residency
behavior of key migratory fish during their transition betwg
freshwater and the marine environment and quarkigy potential
impact of noise and light from estuarine constructions and struct
Experimental work will involve the application of advanced f
capture, marking and telemetry techniques to map the migr
pathways and residency of migrating salmshad and eels durin
their migration between freshwater and the marine environm
Field based research will determine the impacts on the physi
and behavior of fish in relation to mamade light produced b
structures, and piling activity and additial noise generated K
construction within the transition zone.

Dates during which
research will take place

1 October 2012 30 September 2015

Area in which research
will take place

Estuaries and coastal waters in England and Wales

Estimated numbeand
weight of salmon to be
retained

N/A
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Resources

Estimated cost of the £299988
research project i.e. £100,000 per annum

Number of participating | 10
scientists

Name and aenail address

of coordinating scientist in| Dr Andy Moore:
charge of project andy.moore@cefas.co.uk

Details of research vessel| N/A
e.g. hame, registration, ca
sign and description of
vessel

Type and amount of gear | N/A
and other equipment to be
used

Details of any N/A
collaborating countries

Summary of Progress:

Themovements and behaviour of salmon smolts in a large estuary (Poole Harbour) was invesit
to determine whether there were any bottlenecks in survival during the transition from freshwa
into the marine environment. Generally, survival of smolterémg the estuary was high and the

majority of fish migrated rapidly through the transition zone and successfully entered the marir,
environment. It is considered that there was little if any avian predation during the migration.
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Project No. Ew18

Status: Ongoing

Party or relevant jurisdiction

European Union UK (England and Wales)

Title of project

Genetic stock identification of salmon caught in the Faroe
fishery

Objective of research projec

The overall aim of the project will be to providbe basis foi
assigning potential catches in a fishery at Faroes to their regid
origin in the NEAC area. The specific objectives are:

1 To catalogue the scale samples collected from sa
caught in the Faroes fishery between 1984 to 2000;

To identify a selection of scales that will best represent
likely stock composition during a baseline period
periods;

To use the Geneticallybased Regional Assignment

Atlantic Salmon Protocol (GRAASP to provide
country/region of origin assignments for tedected scales
To report to NASCO and ICES on the results of the study
estimated changes in stock composition in the Faroes
within the fishing season and over time and how the fin
can be used in the provision of catch advice for the NEAG.:

T

Brief description of research
project

Scales taken from salmon caught in the Faroes fishery between
and 1993 will be gnetially typed by the Institute of Maring
Research, Bergen, Norway, led by Vidar Wennevik, using
ABI3730XL 48 capillary system.

The GRAASP genotypes will be used by the Marine Scot
Genetics Unit at the Freshwater Fisheries Laboratory, ledoby
Gilbey, to provia regional assignments to SALSEA Levelgvel 4
groupings.

The results of the assignment will be useduirther developingthe
risk based framework for the provision ohtch advice for thg
NEAC, led by Ted Potter, Cefas.

Dates during which research
will take place

September 2012 March 2014 (project extended due to genotyp
problems)

Area in which research will
take place

Laboratory/desk based studies in Norway and UK, based on sal
collected in Faroes salmon fishery

Estimated number andeight | Nil

of salmon to be retained

Resources
Estimated cost of the £37,500
research project
Number of participating | 6
scientists
Name and enail address | Ted Potter

of coordinating scientist if
charge of project

ted.potter@cefas.co.uk
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Details ofresearch None
vessels, e.g. name,
registration, call sign and
description of vessel

Type and amount of gear| See project description above.
and other equipment to b

used
Details of any collaborating | UK(England and Wales)
countries UK(Scotland)
Norway

Faroe Islands

Summary of Progress:

Approximately 750 sale samples collected from commercial and research catches
fishery have beerselected from each of two periods comprising the 1983/841884/85
seasons and the 1993nAd 199/5 seasoa respectively.Genotyping of these samples has b
undertakerusing an ABI3730XL 48 capillary system.

Fish have beerscreened for the IMR microsatellite salmon marker panel, which is a combinat
the GRAASP and the Norwegian pandisitial results showd significant degradation of th
DNA in some of the monthly samplesith substantial loss of some long allel&§hile these
problems may limit the number of useable samples, analysis suggests that it will not
assignments. Use of mew PCR protocol, developed by Paulo Prodohl (Queens
Belfast), has greatlynproveld the extraction of useable DNA and samples from the 1993
1994/5 period appear to have provided satisfactory results.

The GRAASP genotypesre beingused to prowde regional assignments to SALSEA Level gével 4
groupingsand this work is ongoindd number of samples have been identified with alleles
are only expected to occur in North American salmon.

The results of the assignment will peesented to thECES Working Group on North Atlantic Salmg
and used infurther developingthe risk based framework for the provisionaatch advice for thg
NEAC, led by Ted Potter, Cefas.
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Project No. Nil

Status: Completed

Party or relevant jurisdiction

European Uniori UK (Northern Ireland) and Republic of Irelar
(Loughs Agency is a statutory crelgsrder body).

Title of project

Development of conservation limits, preishery abundance and
management of the Foyle salmon fishery

Objective of researcproject

To build upon the existing Foyle salmon management syster
develop it into a precautionary catch advice framework that

takes account of biological data on stock abundance and which

all the main requirements of the Precautionary rApph.

Brief description of research
project

To strengthen the basis of the existingg@ason management syste
by revising the conservation requirements, estimating abundar
cohorts before any fishing takes place and by providing exj
assessmenof the uncertainties and risks involved in managen
decisions on safe levels of catches.

Dates during which research
took place

October 2008)ctober 2008

Area in which research toad
place

Foyle area, Ireland

Estimated number and weig
of salmon retined

N/A

Resources

Estimated cost of the
research project

£125,000 over three years (£41,700 per annum)
Staff £110,000

Equipment £15,000

(funded by Loughs Agency)

Number of participating
scientists

10

Name and enail address
of coordinatingscientist
in charge of project

Dr. Patrick Boylan
p.boylan@loughsigency.org

Details of research
vessels, e.g. name,
registration, call sign ang
description of vessel

N/A

Type and amount of gea|
andother equipment use

N/A

Details of any collaborating
countries

This is a collaborative project between Loughs Agency (ROI ar
Irelandi crossborder Agency), AFBNI (N Ireland), Marine Institu
(ROI), Institute National de la Recherche AgronomiqusRA)
(France) and the University of Glasgow (Scotland)

Summary of Findings:

Preliminary models have been developed. Conclusions not yet available.
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Project No. Ni2

Status: Ongoing

Party or relevant jurisdiction

European Unioii United Kingdom(Northern Ireland)

Title of project

The marine survival of Atlantic salmon from the River Bush,
Northern Ireland

Objective of research projec

Investigate factors influencing the survival at sea of salmon sr
migrating from the River Bush until theieturn as adult salmon

Brief description of research
project

This longterm project centres on enumerating numbers of migre
wild smolts and returning adults to the River Bush, by mean
trapping facilities, in order to assess return rates and atitol
schedules. A programme of microtagging wild and hatcbegin
smolts provides detailed information on exploitation levels
patterns in coastal and distamater fisheries. Runeconstruction
modelling provides information on return rates t@hrhomewaters
which provides an index of natural survival at sea.

Dates during which research
will take place

Started in 1973Project ongoing 204

Area in which research will
take place

River Bush, N. Irish/lrish coastal waters and distaaterfisheries.

Estimated number and weig
of salmon to be retained

None retained, as tag recovery based on alreagiured fish
Tagged adults at River Bush retained alive as broodstock for hat
programme.

Resources

Estimated cost of the
researclproject

Details of the full
economic costs of each
study are requested,
including staff costs,
equipment and overhead
For collaborative
projects, a breakdown of
costs between public and
private partners is
requested.

Total annual cost: £2200
Breakdown:

Staff £220,000
Consumables £5,500

Travel and Subsistencg4,400

Number of participating
scientists

2 project scientists and 3 technical staff

Name and email address
of coordinating scientist i
charge of project

Dr. Dennis Ensing
dennis.ensing@afbini.gov.uk

Details of research
vessels, e.g. name,
registration, call sign and
description of vessel

Not applicable

Type and amount of gear
and other equipment to b
used

Not applicable

Details of any collaborating
countries

Ireland (tag recovery programme), no date received since fisH
ceased.
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Summary of Progress:

The marine survival project continues to provide annual metrics on marine survival of
Bush wild and hatchergrigin salmon. These data are made available to ICES. The
Bush programme involves the Codétire-Tagging (CWT) of wild and hatcheiyrigin

smolts and provides detailed annual information on exploitation levels and patterns in
and distantvater fisheries.
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Project No. Scl

Status: Completed

Party or relevant jurisdiction

European Unioit UK (Scotland)
in collaboration witiNorway and the Atlantic Salmon Trust

Title of project

Testing and development of Institute of Marine Research (IMR
Bergen, Norway, salmon trawl gear

Objective of research projec

Test a prototype trawl developed by IMR, Bergen, Norway, wh
rather tha capturing possmolts, records, by use of CCTV, thg
passage as they pass through an apeted trawl net. A
supplementary objective, dependent on the success of the geal
was to conduct a pesinolt survey at the shelf edge.

Brief description 6 research
project

Dates during which researg
took place

Area in which research toa
place

Estimated number and weig
of salmon retained

Resources

Estimated cost of th

research project

Number of participating
scientists

Name and amail addresg
of coordinating scientis
in charge of project

Julian MacLeanNlarine Scotland Scienge
j.c.maclean@scotland.gsi.gov.uk

Jens Christian Holst (IMR)
jens.christian.holst@imr.no

Dick Shelton (Atlantic Salmon Trust)
freda.shelton@btopenworld.com

Details of researc|
vessels, e.g. nam
registration, call sign an
description of vessel

Type and amount ajear
and other equipment useg

Details of any collaboratin

countries
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Summary of Findings:

The trial of the modified pelagic trawl gear was a success withtineal footage of fish passin
through the net being obtained and recorded. In total 178spusts, one wild adult and one farm
adult salmon were observed. In addition, the supplementary aim of undertaking survey trawl
shelf edge and collecting ancillary hydrographical information was also achieved.

The successful survey along tehelf edge has shown that the trawl gear is a practical tog
investigating possmolt distribution at sea. This is extremely relevant with respect to the SAl
proposal. In summary there are three major advantages of the new gear. First, it is mauchsin
effective than using normal pelagic trawls with cod ends. The new trawl can be towed for
unlimited periods and the fish passing through the net can be observed via the camera link,
the need to shoot and haul the net every hour.oftags, a much greater area of sea can be cov
greatly increasing the efficiency of collecting distribution information. Second, the new
provides a notestructive way in which to observe the distribution of {spsblts. This is a majo
breakthragh given the high sea mortality rates currently impacting upon salmon in the sea. T
is now possible to link the distribution of individual, or shoals of, sosblts, much more closely 1
the prevailing hydrographical conditions as the precisatioc of each observation can be recorgc
This was not the case previously when normal pelagic trawls were used and the location of
could only be recorded relative to the entire area of the particular trawl.

While the trial was an undoubted sussethere are some areas of development that need
considered further in order to obtain the maximum benefits from the new trawl system. In pa
the conditions under which the gear was deployed were relatively calm (gale fo)eaBd thushe
stability of the trawl requires testing under more testing conditions. In addition to a short FRS

Report by Julian MacLean, outlining the findings, an article written by Dr Richard Shelton ha
been published in the Atlantic Salmon Trustikhal, Winter 20096.
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Project No. Sc2

Status: Completed

Party or relevant jurisdiction

European Unioin UK (Scotland)

Title of project

Protecting salmonid fisheries from seal damage

Objective of research projec]

1. Develop and apply newnolecular tools for discriminating

among species of fish in the diets of seals from their remains in |

Test the possibility of using molecular tools to quantify

occurrence of diet components.

2. Develop and deploy cetacefiiendly sealscarer.

3. ldentify factors influencing the ishore migration routes (

salmon.

4. Characterise behavioural interactions between salmon and
predators and seals and their prey.

5. Investigate the digestion of salmonid otoliths during pass

t hrough a seal 6s gut

Brief description of researc
project

1. A project funded by the Atlantic Salmon Trust (undertaker
Dr Kim Parsons) has developed a molecular tool for detecting
presence of salmon DNA. The tool will be further developed
tested.

2. There is cacern that seadcarers may adversely affe
cetaceans. Recent work by Dr Vincent Janik of St Andi
University suggests potential for natural calls of marine mammeg
modify behaviour of sound recipients. This will be tested at
Shieldaig researckacility in northwest Scotland with the aim (¢
developing a cetacednriendly sealscarer for fixed deployment i
rivers/estuaries, and/or for use as a hbheld deterrent. The fing
scope of the project is to some extent dependent upon final ley
funding.
3. Salmon were fitted with acoustic transmitters and folloy
using active (manned boats) and passive (acoustic receiver
tracking systems. Migration routes were mapped in relatio
topographical features and distributions of predat&amon and se|
trout smolts will also be examined. Work will be concentrated in
Cromarty Firth in nortkeast Scotland, and at Shieldaig.
4. Detailed examination of behavioural interactions betw
predators and prey were made using acoustigervations, visug
observations and siekzan sonar.
5. Captive feeding trials were used to determine the proportic
otoliths that pass through a seal, and the degree to which
otoliths are eroded.

Dates during which researg
took place

April 2003-March 2008

Area in which research tog
place

Principally northwest Scotland (Shieldaig) and neghst Scotlanc
(Cromarty Firth). Possible work in other estuaries as requ
Captive work to be undertaken at Sea Mammal Research Un
Andrews.

Estimated number and weig|
of salmon retained
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Resources

Estimated cost of th{ 2003/04- £166,000
research project 2004/05- £142,000
Details of the full] 2005/06- £100,000
economic costs of eac
study are requestel
including staff costs

equipment and

overheads.

Number of participating Multi-disciplinary work will involve scientists from a number
scientists teams within Fisheries Research Services.

Feeding experiments undertaken in conjunction with staff at the

Mammal Research Unit, Uversity of St Andrews.

Name of coordinating Dr John Armstrong
scientist in charge o
project

Details of  researcl N/A
vessels, e.g. nam
registration, call sign an|
description of vessel

Type and amount of geq Laboratoryi DNA analysis

and other equipment use Field work- Acoustic tags and receivers, inflatable craft, sealrers,
sidesscan sonar

Feeding experimentHome Office licensed captive facility

Details of any collaborating
countries

Summary of Findings:

1. Seal diet.

Occurrence okalmon and sea trout in the diets of seals has usually been estimated by qug
hard part remains of the fish in seal scats. However, there is concern that this method under¢
consumption due to either seals discarding heads of the fish, wimthin the principle diagnost
hard parts, called otoliths, or the otoliths nor surviving digestion. Furthermore, it is not poss
differentiate between salmon and sea trout from the morphologies of their otoliths. The use ¢
remains in scats pentially has some advantages over the conventional techniques because it (
depend on the consumption of and recovery of hard parts. A quantitative PCR (qPCR) as
therefore developed for detecting and providing a sprantitative measure ohe& occurrence o
salmon and sea trout DNA in seal scats. The gPCR assay was shown to be consistent in
salmonids in scats, and was found to be more sensitive than conventional analysis prtisa
Nevertheless, the results confirmed findingsmir previous studies indicating that salmon and
trout are not common prey for seals in Scottish estuaries.

In addition to the molecular work was undertaken in developing a seainted detector that ca
record each time a seal consumes a sea trotspust fitted with as passive integrated transpor
(PIT tag). The aim was to try and quantify the consumption of smolts by seals, which has not
to be possible using other means. Major advances have been made through collaborat
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WyreMicro and SMRU to miniaturise the device and test it on captive seals. The Mk Il ve
currently in final stages of testing uses a SMRU mobile phone transmitter to relay informa
shore. The expected outcome is the development of acdfttie-art electonic device that will
provide an insight into consumption of sea trout spsblts by seals that could not be achieved
any other means.

2. Identify factors influencing the #shore migration routes of salmon.

If the benefits of nottethal scaring techiques are to be maximised, then they need to be targe
areas where salmon and sea trout congregate. Acoustic tracking was used to examine the h
of salmon and sea trout in coastal areas. Adult salmon tagged in the Cromarty Firth did wo
common migration routes through the firth nor were there areas in which they were shi
congregate. This finding led to the outcome that protection should best be concentrated
mouths. Similarly, tracking of sea trout in Loch Torridon suggesgiat best value would be to off
protection to the fish around the river mouths during the period of smolt migration. Sea trout
remained near their natal river over the firstddy period after sea entry, during which the popula|
experiencea loss rate of c. 50%. This combination of high loss and localised distribution prov
clear management target time and area.

The tracking programmes also allowed losses of salmon and sea trout to be quantified. L|
salmon in the Upper CromgrEirth were roughly ten percent, with half being possibly attributab
seals and half to net and coble fisheries. No difference in mortality of sea trout was detected
two areas contrasting seal abundance. Neither study provided evidenealhatese the main cauy
of fish mortality.

3. Recommend strategies for the most effective deployment of methods for protecting s¢
stocks in inshore waters.

The rationale behind this aim was to translate the findings of this project into manageivieat
Bal ancing SGb6s obligations to conserve sal
fisheries is a considerable challenge, particularly when both sprmgng salmon and common sej
on the East Coast are declining.

In the pastseal management has focussed on populations of seals around the coastline, parti
the estuaries of salmon rivers. However, in view of the decline in numbers of common seals
need to conserve their stocks, it is becoming increasingly ianidi control only those seals that i
actually causing damage to salmonid stocks. The work undertaken during this project suf
policy of concentrating management efforts at river mouths for the following reasons. First,
no evidence thatllaseals present in estuaries consume salmon and sea trout and therefore shq
estuaries is unlikely to be effective at targeting those seals that are consuming salmonids.
there is no evidence of high losses of salmon in estuaries. Third,itheo evidence that there ¢
specific areas in which salmon congregate within estuaries or on the high sea and where the
protected by localised scaring of seals.

A modelling exercise was undertaken to examine the benefits to the salmon ipopuwdatremoving
seals. This work emphasised that targeting management on small rivers, and on larger rivel
key periods (eg during spring), is likely to have most value. The outcome of such action is a (
for increasing the efficiency of pmeattion of fish stocks. The aim was further supported thrg
diversion of resources into directly supporting the Moray Firth Management Project and unde
counts of seals in 2006 and 2008.
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Project No. Sc3 Status: Ongoing

Party or relevan| European Unioi UK (Scotland)

jurisdiction

Title of project Postsmolt mortality of Atlantic salmon

Objective  of  researc| Assess postmolt mortality rates of Atlantic salmon from the rive

project North Esk, Aberdeenshire Dee (two tributaries) and dBofa river
harnessed for hydrelectricity generation) and their contribution
fisheries that exploit them.

Brief description off North Esk: Project started in 1964. Annual smolt production estin

research project

are made using stratified marcature models.Over the time serie
the smolts have been tagged with a number of tag types incl
codedwire microtags modified Carlin tagsand PIT tags.Age
distribution and sex ratio data are collected by sampling trap catct
smolts. Analysis ofecapture data yields information on pestolt
mortality levels and contribution of North Esk salmon to fisheries.

River Dee: Adult and juvenile traps have been operated if
Girnock Burn since 1966, and in the Baddoch Burn since 1
This data issupplemented by inver electrofishing at selecte
reference sites Fish at the Girnock are tagged using -coide(
microtags. Salmon and grilse entering the tributaries to sj
are trapped, with age and length data recorded. S
recruitment relatioships and salmon population dynamics
investigated. Analysis of data on emigrant and returner num
combined with information on fish ages provides informatior]
return rates, indicative of marine mortality (assumingiver
mortality rates remaiiconstant). Both tributary populations &
driven by earlyrunning salmon (2SW plus a minor proportion
earlyrunning grilse and older fish). The datasets are currg
undergoing review following the inclusion of raw data ir
corporate fish observatio database. Revised analyses
conclusions will follow.

River Conon: Collaborative project with Conon District Saln
Fishery Board and Scottish and Southern Energy started in
Juvenile salmon are captured by eledishing and trapping exercise
in selected parts of the River Conon catchment. The fish are t:
using a variety of tags including codedre microtags (occasionally
and PIT tags (annually). Returning adults are registered automal
as they pass through a Borland lift in Torchity Dam. Occasiona
surveys and trapping exercises have recorded the proportion of {
fish in the netandcoble and roeandline fisheries. Work has bee
undertaken to provide information on the contribution of seals td
marine mortality of Coon salmon

Dates during which
research will take place

Ongoing

Area in which research wil

take place

North Esk, Western catchment of River Dee, River Conon sal
fishery district
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Estimated number an| N/A
weight of salmon to b
retained

Resources

Estimated cost o
research project

f thi

Approximately £50,000 per annum

Number of particip
scientists

ating

North Esk- 7 (also employed on other projects)

River Dee- 5 (also employed on other projects)

River Conon 6 (includes nofMSS staff, and all aralso employed of
other projects)

Name and

anail

address of coordinatin
scientist in charge ¢

North Esk- Julian MacLean
Julian.Maclean@scotland.gsi.qov.uk
River Deel lain Malcolm

project lain.Malcolm@scotland.gsi.gov.uk
River Conon John Armstrong
John.Armstrong@scotland.gsi.gov.uk

Details of researcl N/A

vessels, e.g. nam

registration, call sign

and description 0

vessel

Type and amount o

gear and

othe

equipment to be used

North Esk- Purposebuilt smolt trap and resistivity counter on t
lower reaches of the North EskOne additional resistivity counter ai
two rotary screw traps deployed to assess trends ircaichment
populations. Electrofishing gear used for juvenile surveys.

River Dee- Purposebuilt traps, electrdishing.

River Conon- Electrofishing gear, trps, PIT tagging equipment ar
detectors.

Details of any collaborating

countries

N/A

Summary of Progress:

Results from the surveillance monitoring continue to be provided to the Working Grou
consideration in their egoing modelling work.
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Project No. Sc4

Status: Ongoing

Party or relevant jurisdiction

European Unioin UK (Scotland)

Title of project

Analysis of postsmolt life history by scale reading

Objective of research projec

Investigate the relationship between growth and mortali#tiantic
salmon, particularly during the marine phase, by analysis of |
growth patterns

Brief description of researc|
project

Scale samples of fish of known age (recaptures from smolt tag
operations) and from salmon catches generally are examo
assess growth characteristics. Associations between g
performance and independent measures of mortality are exal
with the aim of identifying the periods crucial to survival.

Dates during which resear
will take place

Continuing project unddongerterm remit.

Area in which research wi
take place

Samples from around Scotland and from the North Esk and Gif
Burn (Aberdeenshire Dee) in particular

Estimated number and weig
of salmon to be retained

N/A

Resources

Estimated cost ofthe
research project

Approximately £10,000 per annum

Number of participating
scientists

3 (also employed on other projects)

Name and email address
of coordinating scientig
in charge of project

Julian MacLean
Julian.Maclean@scotland.gsi.gov.uk

Details of  researc|
vessels, e.g. nam
registration, call sign an
description of vessel

N/A

Type and amount of gez
and other equipment t
be used

N/A

Details of any collaboratin
countries

USA and Canada

Summary of Progress:

Factors affecting early marine mortality and its possible causetinue to be investigated. Grow
patterns across Europe are being examined in collaboration with colleaguestifier organisation:s
Fine scale data relating to growth checks have been collected for further analysis.

Publications:

Friedland, K. D., MacLean, J. C., Hansen, L. P., Peyronnet, A. J., Karlsson, L., Reddin, D
Maoiléidigh, N., and McCarthy, J. 2009 The recruitment of Atlantic salmon in Europe. IC
Journal of Marine Science, 66: 2894.

Friedland, K. D., Chaput, G.

, and MacLean, J. C. 2005. The emerging role of climate-gmptis

growth of Atlantic salmor: ICES Journal of Marine Sciendg?: 13381349.
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Project No. Scb5

Status: Completed

Party or relevant jurisdiction

European Unioii UK (Scotland)and Ireland

Title of project

Fisheriesinduced evolution

Objective of research project

The Specific Targeted Research Project Bisheriesinduced
Evolution will analyze the prevalence and consequence of fishe
induced adaptive changes in exploited salmon (and other fish) s
This objective will be realized through a carefully selected sq
empirical phenotypic case studjethe investigation of salief
adaptive genetic variation, and through the development of
quantitative models for understanding trends and evalu
management options. The FinE project will deliver insights
recommendations for addressing the edooked evolutionary
dimension of modern fisheries.

The FinE project aims at combining fields of expertise as divery
population genetics and quantitative genetics,-Hiftory theory,
population dynamics, evolutionary theory, and fisheries sciefbe.
project will ensure a close integration of both empirical
theoretical lines of development in our understanding of evolutio
processes in exploited populations. The FinE project will the
provide the scientific basis required for designipglicies and
implementing management measures that can cope with fish
induced adaptive changes.

Brief description of researc
project

The projectds overall object

lines of research:

1) Phenotypic case studies Wwidim at documenting phenotyp
trends in lifehistory traits relevant for the demography ¢
productivity of exploited salmon populations, thus focusing
maturation, reproductive effort, and growth. In order to asses
ubiquity of fisheriesnduced adaptive changes, various exploif
stocks from European and North American waters will
investigated. The studies will be based on lergn time series 0
field data, mostly hosted by national organizations responsibl
fish stock assessment andvisihg for fisheries management. T
general principle of the analyses will be to disentangle the pl
component of observed phenotypic trends from a potent
underlying evolutionary component, in order to assess the deg
reversibility of the isheriesinduced changes. The use of specifics
tailored statistical methods, like probabilistic maturation reag
norms, will be critical in this respect.

2) Genetics analyses will aim to elucidate the genetic bas
fisheriesinduced evolutionarychanges suggested by phenoty
analysis. The work will be based on a fpmonged approach
thereby developing two complementary lines of research: (i) ada
genetic changes affecting liféstory traits under fisheridaduced
selection will be assesd at the DNA level (candidate genes) ang
terms of quantitative genetics using historical collections
biological tissues (otoliths) sampled in the field; (ii) artific
fisheriesinduced selection experiments on a model spefiesdilia
reticulate the guppy) will be set up in order to corroborate molec
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and quantitative genetic results in the wild. These studies will
on the development of innovative molecular and statis
methodologies allowing tackling temporal adaptive genetic chat
instead of only investigating the neutral genetic differentiation
customarily was at the focus of previous genetics work.

3) Ecagenetic models will be designed for evaluating alterng
hypotheses advanced to explain observed data; for assehsi
ecological consequences of fishesieduced evolution in terms @
exploited stock dynamics, viability and recovery, as well as fish¢
yield; and for comparing various management scenarios.
analyses will address features and dimensions tleaparticularly
difficult to cover in empirical analyses: muttait evolution, sex
specific fisheriesnduced evolution, and economic drivers of fish
dynamics. Models will be constructed by carefully integra
relevant genetic, ecological, and elvimental details, so as to atta
sufficient degrees of realism for predicting the speed of evolutio
changes, while also properly describing population dynamics
fishery dynamics. The following specific topics will be addresseq

A Ev ol ut nmoatien ofynatdrationeeaction norms

A Fi siftdeced malstrait evolution

A Evolutionary vulnerability

A sspexific dimensions of fisheriésduced evolution

A Fi sindeced eeokition of neutral and selectghetic markers

A Fi sindeced eeokition of specific stocks

A I mplications for stock stah

A Economic moiddudedevaufionf i sher i e

A Evolutionarily enlightened
Dates during which researq 20072010

will take place

Area in which research wi
take place

FRS will focus on Scottish and Irish salmon stocks; howe
fisheries data will be collected from across Europe, including 4
marine migration routes.

Estimated number and weig
of salmon to b retained

N/A

Resources

Estimated cost of the resear|

Scotland: FRS cost: £155,000

project Ireland: £10,000 (Travel and subsistence for project meetings orj
Number of participating FRS: 6
scientists Total: 40+

Name and enail address o
coordinating  scientist i
charge of project

EU Project ceordinator:
Ulf Dieckman
dieckman@iiasa.ac.at

Scotland:

FRS project leader:
John Gilbey
J.Gilbey@marlab.ac.uk

Ireland:

Marine Institute project leader:
Philip McGinnity
P.McGinnity@ucc.ie
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Details of research vessel{ N/A
e.g. hame, registration, cg
sign and description of vesse

Type and amount of gear af N/A
other equipment to be used

Details of any collaboratin{ Austria: International Institute for Applied Systems Analy
countries (IIASA); Norway: Institute of Marine Research (IMR); Fran
French Research Institute for the Sustainable Exploitation of thg
(Ifremer); Denmark: Danish Institute for Fisheries Rese:
(DIFRES); Belgium: Catholic University of Leuven (KUL); UH
University of Wales (UW); UK: Fisheries Research Services (F
Norway: University of Tromsg (UT); Netherlands: Netherla
Institute for Fisheries Research (RIVO); Norway: University db(
(UO); Spain: Spanish National Research Council (CSIC); Finl
Finnish Game and Fisheries Research Institute (FGE&&hmany:
Johann Heinrich von Thindnstitut (vTl), Federal Researd
Institute for Rural Areas, Forestry and Fisheries

Summary of Findings:

The first meeting of the FinE project was held near Bergen, Norway in September 2007. Aufo
meeting dedicated to salmon issues was held at Pitlochry, Scotland in March, 2008. This
meeting was devoted to mustering data sets, dismusseliminary analyses and planning the v
forward for the main data analyses. Since this meeting data relating to Scottish salmon popula
been collated and analysis is ongoing. A meeting was held at IIASA in June 2008 where the d
the Afantic salmon ecgenetic models were defined and a plan developed to build and usg
models. The second annual project meeting was held at Biarritz in October 2008 where the pr¢
all tasks was presented and future directions discussed. A fueitlemical meeting was held
Newport, Ireland in February 2009. Further collaborative work has been undertaken during 2
The project has now ended.

A major empirical analysis of the Scottish salmon data (from the River North Esk and from &v¢
sites) has been completed and submitted. This work is providing crucial understanding
dynamics and possible evolutionary changes underlying the Irish situation. An additional key 3
the heritability of size in ranched Atlantic salmon waspteted in collaboration with FinE colleagu
from Ireland. The work suggests that size changes observed in Irish Atlantic salmon are more
be due to enviromental causes than to Fishery Induced effects resulting from the salmemets
off the Irish coast. A further empirical analysis of length, weight, condition, sea and river i
Scottish salmon over 44 years at 6 sites was undertaken to try to understand patterns of siz
across temporal and spatial scales in Scotland.

A report ha been produced summarising the data available for salmon stocks in Scotland, th¢
and Ireland. This includes data on the various wild populations, together with fisheries data fra
nets and higiseas fisheries. A number of Scottish stocksewselected based on this. Detai
analyses focused on stocks from the River North Esk, which has been the site of s
investigations into population structure, abundancehigéory characters, and exploitation rates si
1963. Secondary analyseere performed using data from the River Dee.

A tactical individual based eegenetic model describing Atlantic salmon life history was develq
and analysed. The model is based on Probabilistic Reaction Norm (PRN) and was used to
whether fishey induced selective pressures are likely to have influenced the demographic a
history changes observed in the empirical data. Fisheries induced responses in sea age at re
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river, return timing, agspecific size at rurn, precocious matation and smolt age were examin
Simulations were performed examining both the impact of fisheries, and the potential recove
fisheries under different management scenarios.

The simulations suggested that selective fisheries could cause @vaitytthanges in Atlantic salmg
life-history characteristics, with fisheries associated evolution of genetic traits associated with |
age at return and timing of return within sea age groups. The strength and type of evoll
response seen waslated to the particular selective pressure exercised by the individual fishg
cessation of fishing pressure ends the evolutionary response, but very limited recovery of retur
run timing is apparent in the following 80 years. Inverted monghjyloitation rates, relaxing fishin
pressure on early returning MSW fish, increase the ratio of MSW to grilse towardéishjimg state.

Publications:

Bacon PJ, Palmer SCF, MacLean JC, Smith GW, Whyte BDM, Gurney WSC & Youngson AF
Empirical analyses of the length, weight, and condition of adult Atlantic salmon on return
Scottish coast between 1963 and 2006. ICES Journal of Marine Science 859844

Bacon PJ, McGinnity P, ) Maoiléidigh N, Cotter D, Cullen A, Rogan G, Poole R, FnmnRnde B
Gilbey J, Palmer SCF & Dieckmann U. (about to be submitted). Recent size addteumends in
Irish Atlantic salmon $almo salar L) were not responses to Fisheries manageineiced
Evolution.

Gilbey J, Ostergren J, Bacon P & Dieckmann (Bbout to be submitted). Trends in iféstory
characteristics in Scottish Atlantic salmdda(mo salar L) examined using eegenetic modelling
fisheries induced evolution or phenotypic plasticity? Evolutionary Applications.

Ostergren J, Gilbey J, Bag P & Dieckmann U. (about to be submitted). Evolutionary respons
return age and run timing in Atlantic salmo8a(mo salar L) to varying fisheries manageme
scenarios. Evolutionary Applications.
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Project No. Sc6

Status: Ongoing

Party orrelevant jurisdiction

European Unioin UK (Scotland)

Title of project

Size and condition of returning grilse (1SW) and MSW salmon

Objective of research projec]

Investigate decacaltrends in the size (length, weight) and con(
(weight/length) of adultsalmon returning to Scotland.

Brief description of researc
project

Biometric data spanning a forty year period at the North Esk,
shorter periods for 5 other sites, are being analysed to doct

fluctuations in the size and condition of age at rettw breed.
Complicated trends are evident, which differ between 1SW
MSW fish.

Dates during which researg
will take place

June 2007 ongoing.

Area in which research wil
take place

Six locations inScotland, in particuldre North Esk

Estimated omber and weigh| N/A

of salmon to be retained

Resources

Estimated cost of th

research project

£30,000 per annum

Number of participating
scientists

4 (also employed on other projects)

Name and enmail addresg
of coordinating scientis
in charge oproject

Philip Bacon
Philip.Bacon@scotland.gsi.gov.uk

Details of researcl N/A
vessels, e.g. nam
registration, call sign an

description of vessel

Type and amount of geq N/A
and other equipment t

be used

Details of any collaborating Atlantic Salmon Trust

countries

Summary of Progress:

Data from the North Esk show that recent reports by anglers of high proportions of thin grilse
salmon) in their catches were an extreme of a longer (farenyear) trendsee also Smith et al 200]
Todd et al 2008 However, the situation for MSW fish is dissimilar, and for both sea age class
trends since 2000 need interpreting in the light of former, decadal, fluctuations. The work is c{
beng extended to five other Scottish sites (with less complete data sets) to investigate the g
of the findings. Very weak correlations, probably indicating only indirect effects, are apparent
variety of marine environmental data. Analysidarfg term data is continuing.

Smith, G.W., MacLean, J.C. and Whyte, B.D.{2007). The presence of "small grilse" in the 2(
Scottish salmon catches: a historical perspective. ICES Working Group on North Atlantic §
Working Paper No. 30/200Copenhagen 1to 20" April 2007.

Todd, C.D., Hughes, S.L., Marshall, C.T., MacLean, J.C., Lonergan, M.E. and Biuw, E.M.
Detrimental effects of recent ocean surface warming on growth condition of Atlantic s&bal
Change Biology (2008) 14 13 (pages refer to online version only).
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Project No. Sc7

Status: Completed

Party or relevant jurisdiction

European Uniofi United Kingdom (Scotland)

Title of project

Development of a General Spatial Model of Within River
Population Structuring in Scottish Atlantic salmon (POPMOD)

Objective of research projec

To improve the scientific basis for

- setting biologically appropriate conservation limits for saln
rivers in line with NASCO obligations

- effectively regulate the salmon movements undbe new
Aquaculture and Fisheries Act

- providing advice on conservation and restoration initiatives
support of the TWG process and Gs Contingency Planning
the EU Habitats and Water Framework Directives

- accurately and cosffectively monitoing the status of salmo
stocks

The anticipated outcomes of the project are:

A a general model which can be used to predict populd
structuring within any Scottish salmon rivers

A an optimised, costffective methodology which can be used
test model predictions

A an evaluation of the potential for using genetic estimate

effective numbers of breeders for monitoring the conservg

status of breeding populations

Brief description of researc
project

Building on the information collecteds part of previous MS an
associated SNH, AST/AFT and DSFB contracts, and lin
associated projects (FASMOP, SALSEA MERGE), microsate
and mtDNA markers will be used to assess the spatial boundar
Atlantic salmon selected Scottish river systenie genetic
information on the relatedness of salmon in the systems wi
analysed and the number and spatial boundaries of sg
populations present within each river explored. The ger
information will be combined with biophysical information dwer
structure, including salmon habitat distribution, water chemistry,
presence of natural and marade barriers, to develop a geng
predictive model. The generality of these associations will
explored and tested using GIS and Bayesian statistiethods. Fol
identified populations, genetic data will be further analysed for
breeding population to determine the effective numbers of bre
contained in each population. The estimates derived will be com
with the spatial extent of the polation and estimates of census s
based on electrofishing, wetted area, and angling catches.

Dates during which researg
will take place

1 April 2008 to 31 March 2011

Area in which research wi
take place

River systems across Scotland

Estimated omber and weigh
of salmon to be retained

Not applicable

Resources

Estimated cost of th

research project

Estimated Costs:
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FEC 00,883
Breakdown

Staff Costs: £350,228
T&S: £6,000
Equipment: £32,000
Consummables: £78,000
Overheads: £367,740

100%public (SG) funded

Number of participating
scientists

3

Name and -enail address
of coordinating scientist if

Dr. Eric Verspoor
verspoor@marlab.ac.uk

charge of project

Details of researcl None used for work
vessels, e.g. nam
registration, call sign an

description of essel

Type and amount of geg
and other equipment to K
used

Not applicable

Details of any collaboratin{ None

countries

Summary of Findings:

The information collected as part of previous MS and associated SNH, AST/AFT and
contracts, and linked associated projects (FASMOP, SALSEA MERGE), microsatellite mark
been used to assess the spatial boundaries of Atlantic salmon populations in a set of 11 Sco
systems. The relatedness of salmon in the systems hasabalysed and the number and sp4g
boundaries of salmon populations present within each river explored. The genetic data h
combined with biophysical information on river structure, including salmon habitat distribution,
chemistry, and presea®f natural and mamade barriers, and a general predictive model develg
The model s predictive capacity has Dbeen
generality of these associations has been explored and tested using Gl&yasthrB statisticg
methods. It was found that the genetic structure of salmon within systems seems to be defi
system by system basis. Model parameters defined by one or a group of systems were ng
transferable to other systems. The onlgtmnic that seemed to be common across systems wg
presence of a significant loch within the system. Such a feature was significant in the definitio
genetic structure of fish above and below it.
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Project No. Sc8

Status: Completed

Party orrelevant jurisdiction

European Unioin UK (Scotland)

Title of project

Focusing Atlantic salmon management on Atlantic salmor
(FASMOP)

Objective of research projec

The project seeks to:

9 Establish the number and spatial boundaries of breeding popul
of salmon within any Scottish river system using misatellite
genetic markers;

I Establish the ancestral relationships and functional biolo
differences between wild salmon stock g@mments across Scottis
rivers;

1 Use information and insights gained to improve local manage
practice and increase the of focus salmon management on
breeding populations as these are the fundamental biological
underpinning recruitment in rér stocks

Brief description of researc
project

The project will:

9 Provide detailed local population structure insights for rivers wi
Fisheries Trust and DSFB areas for application in local manage
decision making through the analysis of molecutf@crosatellite
DNA genetic markers;

1 Provide Atlantic salmon population structure information for ri
catchments across Scotland;

9 Contribute to the development of national and international
knowledge and understanding of the factors underlpiogulation
structuring through the input of information into Marine Scotl:
Science projects and the SALSEA MERGE project

Dates during which researg
will take place

1 April 2009 toend 2013

Area in which research wi
take place

River systems acrosScotland for which local fisheries trusts hg
responsibility; this encompasses 24 Scottish Trusts covering i
order of 90% of Scottish river systems with salmon.

Estimated number and weig
of salmon to be retained

Sampling of tissue for DNA analysgill be collected by individual
Trusts for the programme of work and will to a large extent be t
nortdestructively from salmon fry and parr collected by Trusts
electrofishing but samples will also be taken from returning ac
captured by angler@mcluding both killed and cateandrelease fish.

Party or relevant jurisdiction

European Unioii UK (Scotland)

Title of project

Focusing Atlantic salmon management on Atlantic salf

(FASMOP)

Objective of research projec

The project seeks to:
i Establish the number and spatial boundaries of bree
populations of salmon within any Scottish river system u
micro-satellite genetic markers;

Establish the ancestral relationships and functional biolo
differences between wild salmon stock qmments acros
Scottish rivers;

Use information and insights gained to improve Ig
management practice and increase the of focus sa
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management on local breeding populations as these ar
fundamental biological units underpinning recruitment in ri
stocks

Brief description ofresearch
project

The project will:

9 Provide detailed local population structure insights for ri
within Fisheries Trust and DSFB areas for application in |
management decision making through the analysis of mole
microsatellite DNA genetic marks

1 Provide Atlantic salmon population structure information
river catchments across Scotland;
9 Contribute to the development of national and international s

knowledge and understanding of the factors underl
population structuring through the pat of information into
Marine Scotland Science projects and the SALSEA MER
project

Dates during which researq
will take place

1 April 2009 toend 2013 with a possibility of the project extensic
depending of the nature of the findings and the denfandurther
work from individual Trusts.

Area in which research wi
take place

River systems across Scotland for which local fisheries trusts
responsibility; this encompasses 24 Scottish Trusts covering i
order of 90% of Scottish river systemgh salmon.

Estimated number and weig
of salmon to be retained

Sampling of tissue for DNA analysis will be collected by individ
Trusts for the programme of work and will to a large extent be t
nondestructively from salmon fry and parr collettby Trusts by
electrofishing.

Resources

Estimated cost of th

research project

£280,0000ver four and a half years, ie £62,000 per annum

Staff costs: ~£146,000

Equipment costs: £20,000

Consumables costs: ~ £50,000

Overheads: ~ £50,000 (includibgth MS and RAFTS)

Number of participating
scientists

1 postdoctoral research fellows and one garie research assista|
specifically employed for project work

Name and -email address
of coordinating scientist if
charge of project

Dr. Stuart Middlema
Stuart.middlemas@scotland.qgsi.gov.uk

Dr. Calum Sinclair
callum@rafts.org.uk

Details of researcl
vessels, e.g. nam
registration, call sign an
description of vessel

No research vessels used for work.

Type and amount of geg
and other equipment to [
used

No marine gear to be used

Details of any collaboratin

countries

No other collaborating countries
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Summary of Findings:

The project has, in collaboration with the MSS POPMOD and EU SALBIEAye projects, screeng
over 20,000 juvenile salmon from 24 river trusts in Scotland for genetic variation at a suite
microsatellite loci. The analysis of the data focused onghesament of the structuring of individy
river stocks into multiple distinct breeding populations. In light of the low levels of ge
differentiation observed in some of the larger river systems as revealed by the microsatellite ¢
where struturing is known from tagging work, the programme was extended, in collaboratior
CIGENE (Centre for Integrative Genomics) to encompass the analysis of SNP (single nu
polymorphism) variation. Analysis of the SNP data has showed that this Ciasgation can provide
significantly higher resolution of population structuring within rivers in some cases, but in
others levels of differentiation are still low and often not enough for reliable assignment of
unknown origin within river c@hments.
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Project No. N1

4. NORWAY

Status: Completed

Party or relevant jurisdictiol

Norway

Title of project

Identification of salmon by geochemical signatures; further
development and testing of methods

Objective  of

project

researc

The mainobjectives of this project were to:

test if geochemical signatures are stable from year to year
test if geochemical signatures of salmon scale samples can bj
to discriminate among fish from different rivers

develop analytical procedures (otolith ceempling, chemical an
statistical analyses) for application of this method in ecolog
studies on Atlantic salmon.

f
f

1

Brief description of researc
project

Analysis of the composition of trace elements in otoliths and (
bone structures has proved to be a useful method for identifyin
chemical milieu at the time the structures are formed. Trace elel
may, therefore, provide a unique tool for idéyitig the natal origin of
fish. In a sample of salmon parr from 14 rivers feeding into
Trondheimsfjord, 87.5% of the fish were correctly classified b
discriminant analysis based on six elements. In this project we
test some of the assumptiahat the method is based on.

Dates during which resear

2002

took place

Area in which research toqg
place

Estimated number an -

weight of salmon retained

Resources

Estimated cost of th
research project

£ 30,000

Number of participating
scientists

2

Name of coordinating
scientist in charge ¢

Peder Fiske

project

Details of researcl -
vessels, e.g. nam
registration, call sign
and description 0
vessel

Type and amount ¢ -
gear and othe

equipment used

Details of any collaboratin
countries
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Summary of Findings:

The initial results suggested that salmon parr from different rivers could be differentiated base|
composition of trace elements in their otoliths. However, we could not classify new samples 1
a differenttime to the correct rivers using the discriminant functions based on the first sampleg
suggests that there are year to year variations in the chemical composition of the otholiths, ai
the method should be used to identify salmon of unknowgin one would need yeapecific
samples from the possible rivers of origin. The usefulness of the method to identify salmg
mixed-stock fisheries to the river of origin therefore seems limited.
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Project No. N2

Status: Completed

Party or elevant jurisdiction

Norway

Title of project

Development of models to predict marine survival and return of
salmon to Norway

Objective  of  researc|l Develop models to predict marine survival and return of Atla
project salmon to Norway.
Brief description of researc| 1. Identify and examine the feasibility of applying time series
project marine environmental data, zooplankton productivity, producti
of pelagic fish, and salmon IHeistory information for mode
development.
2. Develop appropédte models
3. Cooperate with scientists from other countries working \
similar research.
Dates during which researq 20022005
took place
Area in which research tog Desk Study utilizing information already available
place
Estimated number an None

weightof salmon retained

Resources

Estimated cost of th

research project

£50,000- £60,000 per annum

Number of participating
scientists

7-10

Name of coordinating Lars Petter Hansen
scientist in charge g l.p.hansen@nina.no
project

Details of research -

vessels, e.g. nam

registration, call sign an
description of vessel

Type and amount of ge:
and other equipment use

Details of any collaboratin
countries

Umass/NOAA CMER Program, University of Massachusse
Ambherst, MA USA
Dep. Fisheries and Oceans, Newfoundland, Canada,
Scientists from EU
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Summary of Findings:

A large amount of material on time series of hydrography, plankton production, biomag
condition of pelagic marine fish species and of salmon growthsandval indices (e.g. catche
estimated marine survival rates) has been analysed. A method to estimate the number o
entering the coast before exploitation ¢fishery-abundance, or PFA) has been developed. Mc
were developed to forecasingiand PFA of 2and 3SW salmon in years i+1 and i+2 based on the
of 1SW fish in year i. This approach is independent of smolt production. Models to forecag
salmon were developed from environmental variables, plankton production and conditiwrafed
biomass of herring. This approach is based on the assumption that the smolt production is |
every year. The precision of the forecasts were variable, lowest in south Norway and highest
Norway. This has been the first approachfdcecast salmon runs to Norway, and there i
significant potential to improve the predictions by further development of models. Important
aspect is to maintain, improve and standardise the sampling of data so that the quality of ap
time series would be less variable.
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Project No. N3

Status: Completed

Party or relevant jurisdictiol

Norway

Title of project

By-catch in pelagic fisheries as a populationegulating factor in
wild salmon stocks

Objective  of  researc

project

Concentrated migration paths of pgstolt Atlantic salmon of
Norwegian and southern European origin have been described
North-East Atlantic during the last 10 years. The gsblts typically
migrate northwards in the major slope currents outsidecontinental
shelf in MayJune with dispersal over large areas in the Norwegiar]
in July-August. One of the major migration paths described ovel
in time and geography with a pelagic trawl fishery for mack
harvesting, in total, 50,000 tonnasyear during a short period of tl
summer. Based on preliminary observations made by the Instity
Marine Research (IMR) research vessels there is good reaso|
believe that significant numbers of pasholt salmon are caught
this fishery.

Themain aim of this project was to carry out investigations to estir
the extent of such bgatch and, through cooperation with Russ
scientists, to carry out investigations in order to estimate theatmh
and to develop management advice which couttlce bycatch of
salmon while, at the same time, maintaining the catch rates il
mackerel fishery.

Brief description of researc
project

The ongoing Norwegian investigations on marine migrations pat|
postsmolt Atlantic salmon were intensified arfdcused in area|
where interceptory fisheries have been described. Based on th
obtained, combined with data from the commercial fishel
management advice which could lead to reduced salmaratioh in
the mackerel fisheries while maintaining ttegch rates of the fishin
fleet, was sought.

Dates during which resear
took place

2001- 2005

Area in which research toqg
place

Norwegian Sea

Estimated number an
weight of salmon retained

500-1,000 fish pr year
500-3,000 kg pr year

Resources

Estimated cost of th
research project

Approx £80,000 per annum

Number of participating
scientists

35

Name of coordinating
scientist in charge ¢

Jens Christian Holst
jens.christian.holst@imr.no

project

Details of research R/V Johan Hjort (65 m)
vessels, e.g. nam(R/V G.O.Sars (70 m)
registration, call sign

and description o0

vessel
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Type and amount o Pelagic trawls
gear and othel Ocean Fish Lift (Live catching device for trawls)

equipment used Underwater video techniques

Details of anycollaborating| PINRO, Murmansk
countries Scotland

Summary of Findings:

No summary provided.
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Project No. N4

Status: Completed

Party or relevant jurisdictiol

Norway

Title of project

Sea lice as a populatiomegulating factor in Norwegian salmon:
status, effects of measures taken and future management

Objective  of  researc

project

Sea lice are regarded as the major populatgulating factor in many
Norwegian salmon and sea trout stocks, with documented mor
ranging up to over 95% isalmon. This project involved brog
cooperation between the leading Norwegian institutions on
lice/wild salmon interaction studies with the object of furt
clarifying the effects of sea lice on wild salmon populatig
suggesting further actions ambasures to reduce sea lice infection|
wild salmon and developing alternative methods for critically affe,
stocks.

Brief description of researc
project

The project is a combined field and modelling exercise of interac
between farmed fish, vdl fish and sea lice. The project includ
estimating the mortality in seawandigrating postsmolts due to se
lice infections in major fjordic systems, counting of sea lice infect
in wild and farmed salmon in the areas studied and developing
lice/salmon interaction management model and the developmeg
additional measures for critically affected wild salmon stocks.

Dates during which researq

20022005.

took place

Area in which research tog Sognefjord and Altafjord

place

Estimated number and| Up to 3,000 possmolts per year

weight of salmon retained

(Maximum weight 60 kg)

Resources

Estimated cost of th
research project

Approx £140,000 per annum

Number of participating
scientists

7

Name of coordinating
scientist in charge ¢

Jens Christian Holst (IMR)
jens.christian.holst@imr.no

project

Details of research R/V Johan Hjort (65 m)

vessels, e.g. nam( R/V Fangst (17 m)

registration, call sign R/V Hyas (15 m)

and description o] R/V Johan Ruud (45 m)

vessel R/V G.M.Dannevig (20m)

Type and amount o Pelagic trawl

gear and othe| OceanFish-Lift (live catching device for trawls)
equipment used CTD

Details of any collaboratin

countries

Summary of Findings:
No summaryprovided.
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Project No. N5

Status: Completed

Party orrelevant jurisdiction

Norway, Institute of Marine ReseardP,0. Box 1870 Nordnes,
N-5817 Bergen

Title of project

Distribution of salmon in relation to environmental parameters
and origin in the North Atlantic - capture, tagging and release 0|
salmon with data storage tags (DSTs)

Objective  of

project

researc

Investigate the temporal and spatial distribution of B$3gged

salmon in the Norwegian Sea and adjacent areas with special em

on:

Spatial distribution and temperature preferences

Growth in reation to environmental parameters

- Vertical distribution of salmon during day and night (relat
to possibility of intercepting fisheries)

Brief description of researc
project

The project was a joint effort between Norway, the Faroes and Ice
andwas based on earlier experiences in these countries. The f
was partly funded by the Nordic Council of Ministers. The fish w
captured with a special salmon trawl with ligapture device. Viabl
fish (approx. 2/3 of the catch) were tagged witBTB inserted into thi
stomach and released. The research was in the Northern Nory
Sea, in October i n t he-Febraaryoir
|l celandbés EEZ. An i mportant
retrieving tags and recapture datanfrangling catches in hom
waters.

Dates during which resear

20037 2006 (Data analysis only in 2005/2006.

took place

Area in which research tog The Northern North Seathe Norwegian Sea; the Iceland Sea,
place Greenland Sea

Estimated number and| 30-100 large possmolts and older salmon (approx.-880 kg

weight of salmon retained

annually)

Resources

Estimated cost of th

research project

£ 210,000 per annum in 2003 and 2004
£12,000 in 2005; £4,000 in 2006

Number of participating
scientists

5 scientists

Name of coordinating Marianne Holm, Senior Scientific Officer

scientist in charge g marianne.holm@imr.no

project

Details of researct R/ V A J o h Aorway (D50t O,

vessels, eg. nam{R/V fAMagnus Heinasono, Faroes
registration, call signanfR/ V. A Ar ni Fridrikssonbo, l cel a

description of vessel

Type and amount of ged
and other equipment use

The ships were equipped with a specially designed trawl with live
capture device attached to the cod end (Fish LMi&dl, Holst &
MacDonald 2000).

Details of any collaboratin

countries

Fisheries Research Institute, Torshavn, The Faroes
The Marine Research Institute of Iceland, Reykjavik
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Summary of Findings:

Within the framework of the Nordic project, 741 large p&rsiblts (Octobecaptureg and 12SW
salmon had been captured in the North Atlantic by January 2005. Of these, 478 were capti
293 were tagged with DSTs and released north of the Faroes, 28 captured and 11 tagged an
southeast of Icelandand 225 captured and 109 tagged and released in the Norwegian Se
January 2005, 5 of the tagged fish released in the Norwegian Sea had been recaptured. Tw(
captured in the Namsen fjord in rAibrway after 18 and 74 days respectively and atd&00 km of
travel (shortest distance). Another salmon was recovered in the Trondheim fjord in June 20
48 days at sea and ~ 480 km of travel. The fourth recapture was made in the Surna river {
days and ~ 500 km. The fifth fish was takerthe river Atran on the Swedish west coast. This
had travelled around 1,400 km in 127 days. 5 adiposelifiped salmon were found, but none
them carried a microtag. Most fish captured in April 2004 in the Norwegian Sea had entered
as1-2 yearold smolts. The scale material from the Faroese catch will be analysed in 2005. (
samples and scales have been taken from most of thefigf03 and 2004 all released salmon |
an additional external yellow numbered tag-b@ anchor)attached under the dorsal fin.

September 2004 the recapture of one such tag was reported from Scotland; unfortunately, |
the DST was either removed with the viscera or it had grown out through the body wall an|
because it was never founBata have been analysed in 2005 and two publications are in prepa
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Project No. N6 Status: Completed
Party or relevant jurisdictiof Norway
Title of project Temporal variation in abundance of the northernmost

populations of Atlantic salmonwith emphasis on the River Tana

Objective  of  researc

project

The main objective of this project was to examine the importan(
ocean climate, predation, marine fisheries, and smolt productiq
primary factors influencing the abundance of tiethernmost and
highly productive populations of Atlantic salmo8almo salay, with
emphasis on the River Tana.

Subgoals:-

1 Examine the influence of ocean climate on temporal variatio
Atlantic salmon abundance and iiféstory parameters of Rive
Tana salmon and eaariation with salmon from other northe
rivers

1 Evaluate the impact of predation by marine fish and birds of
abundance of River Tana salmon

1 Determine smolt and adult salmon abundance, initially from
tributary, as an index aharine survival for the River Tana syste

1 Develop management plans for northern Atlantic salmon rivel
integrating biological and local knowledge of the resource.

Brief description of researc
project

Salmon rivers in northermost Norway, Finlandand the Kola
peninsula (Russia), support important fisheries, both in coastal
and in the rivers themselves, and contribute more than 40% ¢
worl dés freshwater c aSalnb saleyf They
River Tana, a large complex systenmattiorms the border betweg
northernmost Norway and Finland, at present supports the lal
wild Atlantic salmon stock in the world and is also of partict
importance to the Sami people. With the potential for increi
exploitation of this and othearorthern stocks, interactions or impay
resulting from the proposed expansion of salmonid aquaculture
these northern areas, and uncertain consequences resulting from
climate change, it i s Iimport a
largestsalmonproducing rivers. Consequently, the objective of 1
proposal is to examine the importance of ocean climate, pred;
marine fisheries, and smolt production as primary factors influen
the abundance of the northemost and highly productiveopulations
of Atlantic salmon, with emphasis on the River Tana. Biolog
knowledge gained from this project will be used in desigr
management strategies in cooperation with local managers.

Dates during which researg

20022006

took place

Area inwhich research tool River Tana
place

Estimated number an

weight of salmon retained
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Resources

Estimated cost of th
research project

£ 60,000 per annum

Number of participating
scientists

46

Name of coordinating
scientist in charge ¢
project

Martin Svenning
martin.svenning@nina.no

Details of researcl
vessels, e.g. ham
registration, call sign
and description o0
vessel

Type and amount ¢
gear and othe
equipment used

Details of any collaboratin
countries

Finland, Russia, Canada

Summary of Findings:

No summary provided.
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Project No. N7

Status: Completed

Party or relevant jurisdictiol

Norway

Title of project

The importance of early marine feeding on the growth ang
survival of Atlantic salmon postsmolts in Norwegian fjords

Objective  of  researc

project

The principal objective of theroject (2002006) wa to study the
importance of early marine feeding on pestolt growth and surviva
in coastal areasThe subgoals were to:

1 Analyse spatial variation in early marine pemolt feeding anc
growth along a nortisouth geographic scaleomparative study)
1 Investigate how postmolt feeding and growth is associated w|

timing of smolt descent, marine prey availability,
infection, fjord migration and abiotic factofsase study)

para

Brief description of researc
project

Much of the variation observed in marine survival of Atlantic salr
may be explained by differences in early pasblt feeding ang
subsequent growth. Results from a-preject indicate a prolonge
fiord migration of possmolts and extensive feeding on energy |
marine prey in northern Norway, while results from southern Nor|
suggest a shorter fjord residency and lower degree of fee
However, feeding intensity varied annually within severéltloe
systems, which may be related to variability in prey abundance on
temporal and spatial scales. We hypothesised that this may
explain why large variation in relative abundance is observed aj
years and why salmon populations are generadlyarded as les
sustainable in the south. This project studied: (A) the importani
early marine feeding and growth of pasholts on a nortisouth
geographical scale (comparative study). Furthermore, a de
explanatory case study (B) providedhmuementary results to assist
evaluating important relationships among smolt run timingrine
prey availability, fjord migratory behaviour, incidence of mar
parasites, and abiotic factors as they possibly relate to the subsi
growth and variatin in abundance of adult salmon. This apprg
generated new knowledge important for future management of sg
populations, and contributed to a better understanding of
fluctuations in return rates of adult salmon.

Dates during which resear
took place

2002- 2007

Area in which research toqg
place

Central and Northern Norway

Estimated number an

weight of salmon retained
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Resources

Estimated cost of th{ Total expenditure: 2002 £130,500; 2003- £167,000; 2004-
research project £153,000;2005- £113,750; 2006 £68,250; 2007 £0 (publication of]
results only)

Number of participating 8
scientists

Name of coordinating Bengt Finstad
scientist in charge 0 bengt.finstad@nina.no
project

Details of researcl F/F Hyas and F/F Johan Ruud
vessels, e.g. ham
registration, call sign
and description o0

vessel
Type and amount qg Fish lift trawl
gear and othe

equipment used

Details of any collaborating Department of Fisheries and Oceans, Newfoundland, Canada
countries

Summary of Findings:

Postsmolts from southern Norway showed low feeding intensity in the fjords, whereas ext
feeding was observed in fjords in northern and middle parts of Norway. The results indicg
extensive feeding immediately after sea entrance may be mamenao for postsmolts in the
northern and middle parts of Norway than in southern fjords. The observed differencessimqio;
feeding may be due to spatial and temporal differences in prey availability within and b
different types of fjord systemsand this might influence pestnolt growth and survival. Mor
information from these studies is given in: Rikardsen, A.H., Haugland, M., Bjgrn, P.A., Finst;
Knudsen, R., Dempson, J.B., Holst, J.C., Hvidsten, N.A. & Holm, M. 2B@égraphical dirences
in early marine feeding of Atlantic salmon pastolts in Norwegian fjords. J. Fish. Biol. 64: 164
1679.

In another paper from the present projectkudsen, R., Rikardsen, A.H., Dempson, J.B., Bj(
P.A., Finstad, B., Holm, M & Amundsen, P.2005. Tropically transmitted parasites in wild Atlan
salmon possmolts from Norwegian fjords. J. Fish. Biol. 66: 7BB, it was shown thagtarasites of
both freshwater and marine origin appear to be suitable asdigators of feedingand migratory
pattern of Atlantic salmon pasmolts and preadults during their seaward migration.

A third paper from this project is in press: BjgPhA., Finstad, B., Kristoffersen, R., Rikardsen, A
& McKinley, R.S. (ICES J. Mar. Sci.). Differences in risks anagonsequences of salmon lig
Lepeophtheirus salmon{&rayer) infection on sympatric populationgAtlantic salmon, brown trou
and Arctic charr within northern fjords. Results from this study indicate that Atlantic sé
seemingly may have a mismatch between time of lice infection and thesrpoktfjord migration in
northern fjords. In condist, brown trout and Arctic charr feed within the fjords throughout
summer and consequently have a higher risk of harmful infections in years with s
environmental conditions for salmon lice development, especially ifdishing areas.

For 200, 3-4 more papers will be published from this project.
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Project No. N8

Status: Completed

Party or relevant jurisdictiol

Norway

Title of project

Distribution and ecology of postsmolts and salmon at sea

Objective  of
project

researc

By analysingage, growth, migratory paths in relation to environme

conditions and competitors, describe and expand the understang

salmon marine life history in order to provide explanations to obse

variations in salmon survival.

Test hypotheses on:

1. Independence of relationships between food availability and |
smolt feeding and growth

2. Postsmolt migration and distribution in time and space

3. Salmon stock separation/overlap in time and space

Brief description of researc
project

The oceanic phase of the Atlantic salmon and the influence g
marine environment encountered upon growth and survival of sa
stocks is increasingly recognised as an important stock regul
factor among salmon scientists and managers. Knowlefighed
migrations, the geographic distribution and general ecology of |
smolts and larger Atlantic salmon in oceanic waters is still sparse.

The project followed up on and expanded a project started in |
Based on data needs identified during 1998002, new data wer
collected on cruises in 2002005 and the project also providj
historical and new posimolt data to several other projects. Witl
the scope of a pogfraduate fellowship, growth potential and patte
of postsmolts were examinelly energetic content in fish and feg
and by computebased image analysis of scale samples to af
influences of environmental traits on pasholt growth and surviva
and to assess if it is possible to separate northern and so|
European salmortacks.

Dates during which researq 20027 2007

took place

Area in which research tog West of Ireland Faroes, northern North Sea, the Norwegian Sea
place

Estimated number an g 5-10 salmon, total 30kg

weight of salmon retained

i 150-250 postsmolts,total 15kg

Resources

Estimated cost of th
research project

£120,000 per annum, including Ph.D. grant, and running ¢
matching funds for ships and scientists at IMR and cooper
institutes

Number of participating
scientists

8 scientists

Name of coordinating
scientist in charge ¢

Marianne Holm,
marianne.holm@imr.no

project

Details of researcly R/ V fiJohan Hjorto, Nor way, L
vessels, e.g. nam

registration, call sign

and description o0

vessel
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Type and amount o The ship was equipped with a specially designed trawl with live
gear and othe| capture device attached to the cod end (Fish Lifter MKII, Holg
equipment used MacDonald 2000).

Details of any collaboratin{ Fisheries Research Institute, Torshavn, Faroe Islands
countries

Summary of Findings:

By June 2004 a total of 1,767 pesholts (850 and 917 in 2002 and 2003 respectively) and 124 i
have been captured since 2002 within this project. Of the adults, 27 have been tagged and
(cfr. project N5). The age structuretbse fish is in conformity with earlier observations and, ex
for near the Norwegian coastline, smolt ages 1 and 2 are dominating the captures, i.e. these ¢
isout her n o rsingts havwe beemdiseibutpdooser the same areas asysigviecorded
The northern extension of the densest cohorts in recorded iRJdlynmay vary somewhat within
couple of weeks, probably influenced by conditions at the time of migration and meteoro
conditions at sea. Within the framework of tRaD scholarship the stomach contents have |
analysed and fish larvaeffifoup of varying species followed by amphipods seem to be domin
the diet. In 2002 when the herring larvae were abundant, the condition factor of Hsenptistwas
1.19 on aveage, the highest recorded since the start of the marine investigations ini 2882 and
2003, 9 Irish, 1 Norwegian and 4 Irighicrotagswere recovered from the Norwegian Sea. H
catches of mackerel have been recorded in the same hauls-amptistin Mayi June 2004 aroun
a hundred postmolts were captured during a mackerel survey going from northwest Ireland
Faroes. The salmon trawl was used for mackerel sampling. Results from the project are pub
ICES reports, several scientifiournals and 2 books.

Due to a reduction in available ship time, there was no cruise dedicated-smpitssurveys in 200€
However, in 2006, 7 adults and 46 pesiolts were captured as -bgtch in 4 different pelagif
cruises. All fish except oneadult taken in a SYWorwegian fjord, were caught in the Norwegian $
between 69.9 74.5 °N The fish were caught in May (1 adult), June (5 adults), August (46
smolts) and November (1 adult). The psstolts were all taken in one haul in one of tiorthern
most positions ever recorded during the salmon surveys. Within the framework of a PhD schg
the stomach contents have been analysed. Fish largamip of various species appear to domir]
the diet followed by amphipods. In 2002 whtbe herring larvae were abundant, the condition fa
of the postsmolts was, on average, 1.19, the highest recorded since the start of the
investigations in 1995. Results from the project have been published in ICES reports,
scientific purnals and two books. No ship time has been allocated for dedicated ¢
investigations in 2007 and only occasional captures of salmon can be expected from sun
pelagic fish other than salmon.
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Project No. N9

Status: Completed

Party orrelevant jurisdiction

Norway

Title of project

Dispersal of salmon lice in Norwegian fjords

Objective of research projec

Estimate and describe to what extent fieimg salmon lice larvag
disperse from wild and farmed sources within and between area;

Brief description of researc
project

1) Sentinel cages containing farmed salmon smolts free of sa
lice are used as passive traps to estimate the level of free
salmon lice larvae along the geographical length of
Hardanger fjord (16 in total)

2) Hydrographical measurements and other measure method

used to make physical oceanographic models of currentg

particle model is developed to predict the dispersal of larvae,

Dates during which researg
took place

2007
Two surveys, one in Magnd one in June.

Area in which research toad
place

Hardangerfjord, Norway

Estimated number and weig
of salmon retained

None, only farmed fish will be used

Resources

Estimated cost of th
research project

£131,000

Number of participating
scientists

4

Name and email address
of coordinating scientig
in charge of project

Karin Kroon Boxaspen
karinb@imr.no

Details of  researc|
vessels, e.g. nam
registration, call sign an
description of vessel

R/V G.M Dannevig,

Type and amount of geg
and other equipment useg

Sentinel cages, equipment for hydrographical measurements

Details of any collaboratin
countries

Summary of Findings:

No summary provided.
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