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NoWPaS workshop 2017 Schedule
Monday 6th March
Arrivals
Time Activity
19:30 Meet and greet at London Road Brewhouse, 67-75 London Rd, Southampton, SO15
2AB

Tuesday 7th March
NoWPaS Day 1: Excursion
Time Activity
09:00 Coach departs from Unilink interchange Bus Station at the University of
Southampton, University Road, Highfield Campus
10:30 Arrive at Lulworth Cove
A World Heritage Site on the ‘Jurassic Coast’ in Dorset, the cove is a classic example of coastal
erosion. Formed by the force of the sea and river at the end of the last Ice Age to create the
spectacular landform. The sedimentary rocks, which have been formed over 150 million
years, have folded and twisted so that the oldest rock is nearest to the sea and the younger
rock inland, making it a popular site for geologists. Keep an eye out for fossils along the beach!
12:00 Arrive at the FBA River Lab (Freshwater Biological Association)
Lunch will be provided at the river lab on arrival/before departure.
The FBA River Laboratory in Dorset was founded in the late 1960s to carry out research on
rivers and is located near the River Frome, a chalk stream habitat for salmon and a variety of
other wildlife. Long term salmon monitoring is undertaken by the Game and Wildlife
Conservation Trust on the River Frome. The River Lab boasts a wide range of faciliti es for
scientific research, including Experimental Stream Channels, Global Warming Ponds, an Up
and Down welling Facility to investigate water flow within a river and a Fluvarium which
provides a roofed area over the Mill Stream (of the River Frome). Currently preparing for the
smolt run at the river lab and there will be a chance to see some of the equipment and
techniques used to monitor smolt movements.
14:30 Stop in Blandford St. Mary at shop and off-licence

Meals and coffee breaks will be provided during the workshop, however, beer and wine will
need to be purchased by participants.
15:30 Tour and cider tasting at Cranborne Chase Cider
18:00 Arrival at The Springhead Trust
19:00 Dinner and Socializing

Wednesday 8th March
NoWPaS Day 2
Time Activity
08:00 Breakfast
09:00 Opening - NoWPaS Committee
09:15 Invited speaker – Rasmus Lauridsen
10:15 Morning Break
10:50 Session 1 – Habitat Use
Isabel Moore - Use of sea lochs by brown trout (Salmo trutta) smolts
Jessica Marsh - Above parr: Exploring habitat components associated with higher
juvenile salmonid densities in chalk streams
Jessica Picken - Low flow and salmonid ecosystems
Robert Neeedham - Interactions and possible impacts of Beaver activities on Brown
Trout (Salmo trutta) in northern Scotland
Colin Bouchard - Impact of spatial aggregation during spawning season on the
recruitment: example in a small Atlantic salmon population.
12:30 Lunch
14:00 Invited speaker – Jamie Stevens – Genetic analysis indicates marked population
structures of Atlantic salmon and brown trout in the chalk streams
of southern England

15:00 Afternoon Break
15:20 Session 2 – Genetics and Developmental Effects
Jenni Prokkola - More is more? A comparison of 16 microsatellites and 3500 SNPs for
elucidating the genetic structure and diversity of small populations of brown trout
Casper van Leeuwen - Habitat structure and individual behaviour affect population
genetic diversity of a freshwater salmonid fish
Robert Wynne - Genomic Basis of Alternate Life History Traits of Brown Trout (Salmo
trutta)
Carlie Anne Muir - The effect of elevated incubation temperature on cardiac
development in Atlantic salmon (Salmo salar)
Kimberly Mitchell - Thiamine deficiency and its effects on reproductive traits in three
populations of Atlantic salmon
19:00 Dinner
20:00 Skittles at Local Pub

Thursday 9th March
NoWPaS day 3
Time Activity
08:00 Breakfast
09:15 Invited speaker – Clive Trueman - Reconstructing marine movements using natural
ecogeochemical tags
10:15 Morning Break
10:50 Session 3 – Migration and Behaviour
Louise Archer - Should I stay or should I go: The eco-physiology of facultative
anadromy in brown trout
Hannele Honkanen - Counterintuitive migration patterns by Atlantic salmon (Salmo
salar) smolts in a catchment with a large lake

Aurora Hatanpää - Comparing swimming performance, wild prey consumption and
morphology between semi-wild and hatchery-reared landlocked salmon juveniles
Nico Alioravainen - Behaviour and survival of crossbred hatchery-reared brown trout
Salmo trutta
Daniel Nyqvist – Upstream and downstream passage of migrating adult Atlantic
salmon: remedial measures improve passage performance at a hydropower dam
12.30 Lunch
14:00 Invited speaker – Elvira de Eyto - In it for the long haul…The role of long term
ecological research (LTER) in salmonid conservation
15:00 Break
15:20 Session 4 – Effects of population metrics
Brittany Palm-Flawd - Early marine growth and population effects on age of maturity
in Atlantic salmon (Salmo salar)
Jonathan Ebel - Mobile bags of nutrients: Considering Atlantic salmon in the currency
of ecosystems
Philip Jacobson - Size-dependent prey availability predicts salmon (Salmo salar) diet
and condition
Elorri Areval - Possible effects of climate change on first-feeding brown trout growth
and metabolism
Maxim Teichert - Efficiency of downstream bypasses and effects of hydropower
production for fish populations: An advanced experimental design using radio
telemetry
18:30 Group discussion – NoWPaS 2018
19:00 Dinner and Socialising

Friday 10th March
NoWPaS Day 4
Time Activity

08:00 Breakfast
9.00

Departure from The Springhead Trust

Packed lunches will be provided
10:30 Arrival at University of Southampton

Preface
NoWPaS – International (formerly Nordic) Workshop for PhD and post-doctoral fellows on
anadromous Salmo salar and Salmo trutta research

NoWPaS stands for International - formerly known as Nordic - workshop of PhD and postdoctoral fellows working on anadromous salmonids. The annual workshop aims to build and
maintain an international network of young scientists working on migratory salmonids, such
as Atlantic salmon (Salmo salar) and brown trout (Salmo trutta). The workshops have helped
facilitate the sharing and dissemination of salmonid science. They have also been
instrumental in initiating new international collaborations, as well as in identifying novel and
timely research topics for the coming years.
The first NoWPaS workshop was held in 2005 in Norway, and was followed by others in
Sweden, Finland, Denmark, England, Scotland, France, and Wales. Although it started out as
European initiative, due to the migratory nature of the species, it has grown into a global
meeting with Canadian and US early stage researchers regularly attending.
The 2017 NoWPaS workshop will take place in the heart of Dorset, based at the Springhead
Trust in historical 18th Century mill buildings surrounded by a spring fed lake and beautiful
gardens. Dorset is home to the River Frome, which runs through chalk country and
accommodates populations of salmon and brown trout among other species. The river was
once famous for its run of large multi-sea winter fish, unfortunately, as with many populations
across their range, there has been a decline in fish stocks for the River Frome. This has
prompted a significant amount of research on the species in order to gain an insight into their
life cycle and develop effective conservation strategies. The United Kingdom is committed to
continuing this research and developing relationships within the scientific community.
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Genetic analysis indicates marked population structures of Atlantic
salmon and brown trout in the chalk streams of southern England
Jamie Stevens
Geoffrey Pope Building, University of Exeter, Stocker Road, Exeter EX4 4QD. J.R.Stevens@exeter.ac.uk

Abstract: Recent research has identified genetically distinct groups of Atlantic salmon ( Salmo salar L.)
and brown trout (Salmo trutta L.) that show association with geological and environmental
boundaries; this study focuses on Atlantic salmon and brown trout inhabiting the chalk streams of the
Hampshire Basin in southern England. These fish are genetically distinct from other British a nd
European salmon and trout populations, and demonstrate markedly low admixture with fish in
neighbouring regions. We explored the genetic population structure of fish within these chalk streams
using panels of 16 (salmon) and 19 (trout) microsatellite loci. For salmon, our analysis provides
evidence of significant isolation by distance between fish within these rivers and identifies three
genetic sub-groups comprising salmon from: 1) the Frome and Piddle, 2) the Avon, and 3) the Test and
Itchen. Similarly, for trout, our research confirms chalk stream-dwelling fish as genetically distinct
from other trout populations in both southwest Britain (acid rivers) and southeast England (rivers on
chalk but not categorised as chalk streams). Within the Hampshire Basin similar structure to that
observed in salmon was found, with three sub-groups: 1) the Frome and Piddle, 2) the Avon and 3)
the Test, Itchen, Wallington and Meon. The possible roles of river geochemistry, in -river ecology and
phylogeography as drivers of observed genetic differences between salmonid populations are
discussed.
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Reconstructing marine movements using natural ecogeochemical
tags

Clive Trueman
Ocean and Earth Science, University of Southampton. trueman@noc.soton.ac.uk

Abstract: A big part of the fascination that many of us have with fishes is their relative inaccessibility.
Fish are hard to observe and live lives that are largely hidden. This mystery is enhanced in fish that
move from our terrestrial freshwater habitat into the sea and back, and anadromous and catadromous
fishes are among the most celebrated fishes in folklore. For the fish ecologist, understanding the
movements of salmonids is a fascinating and frustrating experience.
The recent explosion in electronic animal tracking has yet to deliver for relatively small, highly
migratory, oceanic fishes with high mortality. Consequently we still largely rely on traditional tagrecapture methods for most of our understanding of salmon and sea trout movement ecology. Natural
biochemical tags such as stable isotopes provide indirect, but powerful information about location,
but these data are complex, and difficult to interpret.
In this talk I will set out the principles underpinning the use of stable isotopes as geolocation tools,
with a particular focus on Atlantic salmon and sea trout. I will draw on recent advances in modeling
spatio-temporal distributions of stable isotopes across the global ocean, and the development of
statistical algorithms capable of probabilistically assigning animals to a specific location. While the bulk
of my examples will focus on salmon and trout, I will also veer into the worlds of sharks, whales,
seabirds and barnacles. You have been warned.
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In it for the long haul…The role of long term ecological research
(LTER) in salmonid conservation
Elvira de Eyto
Marine Institute, Furnace, Co. Mayo, Ireland, Elvira.deeyto@marine.ie

Abstract: The conservation of diadromous salmonids needs a multifaceted approach, taking into
consideration the relative importance of potential pressures in both the marine and freshwater
environments. For example, declines in stocks of Atlantic salmon ( Salmo salar L.), anadromous brown
trout (sea trout) (Salmo trutta L.) have been attributed to over-exploitation, freshwater habitat loss,
climate and ocean current change, predation, disease and pollution. Any successful recovery program
therefore requires an understanding of the relative importance of these multiple stressors, allowing
managers to prioritise cost efficient programmes of measures aimed at the important impacts.
However, partitioning the impacts of multiple stressors on fish stocks is hampered by a lack of longterm datasets quantifying environmental change and the response of diadromous fish populations in
the same geographic area. In this talk, I will describe how data collected at index stations can be used
to test long held hypotheses, and to generate knowledge of ecosystem processes sufficient to
understand the likely consequences of human actions.
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The use of tagging technology for studying migration patterns and
life history choices in salmonids
Rasmus Lauridsen
Game and Wildlife Conservation Trust, East Stoke, Dorset, UK. BH20 6BB
rlauridsen@gwct.org.uk

Abstract:

The migratory life history of Atlantic salmon and many other salmonids have been recognised for
centuries if not millennia and scientist have studied this phenomenon for over century. The general
migration patterns of salmonids are well established at the population level but the development of
new tagging technologies in the last couple of decades has enabled studies of migration behaviour
and life history strategies at the level of individuals at a large scale.
On the River Frome in Dorset, UK we have used these new tagging technologies at the catchment level
to generate population estimates at different life stages and to provide information on migration and
life history choices of individuals for the past decade. Redetection of tagged individuals provides us
with an opportunity to study not only what environmental variables triggers migration but which
individuals migrate and when. This has enabled us to relate the characteristics of individuals and their
habitat to their survival at different life stages and the life history choices that they make. It is precisely
the information at the level of the individual that should enable us to better understand drivers of life
history choices and survival probability.
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Delegate Abstracts
Use of sea lochs by brown trout (Salmo trutta) smolts
Isabel Moore(1) and C. Adams
(1) The Scottish Centre

for Ecology and the Natural Environment, Institute of Biodiversity, Animal Health
and Comparative Medicine, University of Glasgow

Key words: Salmo trutta, Telemetry, Smolts, Migration, Aquaculture
Abstract: Over recent decades, brown trout (Salmo trutta) populations across the UK have declined
significantly. While the freshwater stages of the trout’s anadromous life cycle have been researched
thoroughly, much less is known about their time spent at sea. The marine environment is considered
to be a population bottleneck for trout smolts, and contributes to the overall decline of the species,
however, the factors responsible for this trend are not fully understood. Aquaculture and the
subsequent pathogen transfers that can occur between farmed fish stock and nearby wild trout are
considered to be one of the potential influences impacting population densities. These facilities are
often located in coastal environments that are also known to be crucial habitats for vulnerable brown
trout smolts as they leave their natal rivers. Because the behavioural and spatial use trends exhibited
by the young fish in these areas are not well documented, the level of interaction between the two
populations and any subsequent impacts on the wild fish are relatively unknown. Using acoustic
telemetry, trout smolts will be tagged in April 2017 and tracked as they move from freshwater systems
into two adjacent sea lochs on the Isle of Skye. This study will shed light on previously unanswered
questions regarding feeding habits, predation and mortality rates, and interactions with a local
aquaculture facility.
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Above parr: Exploring habitat components associated with higher
juvenile salmonid densities in chalk streams
Jessica Marsh(1, 2), R.B. Lauridsen(2), P. Kratina(1), and I.J. Jones (1)
(1) Queen

Mary, University of London, Mile End Road, London E1 4NS. jmarsh@gwct.org.uk
Wildlife Conservation Trust, East Stoke, Dorset BH20 6BB

(2) Game &

Key words: Salmo salar, S.trutta, chalk stream, habitat, Ranunculus spp.
Abstract: The freshwater stage in the salmon life cycle is crucial in determining salmon productivity.
The phase during emergence of fry and the establishment of summer feeding territories of salmon
and trout parr has been classed as a critical period. For this reason, efforts have focussed on
understanding how to maximise juvenile salmonid production to conserve healthy populations.
Survivorship and growth in salmonid parr is highly dependent on the availability of adequate food
resources and physical habitat. Understanding habitat use by juvenile salmonids at this critical life
stage is therefore essential for the effective conservation and management of these fisheries. A threeyear study is exploring the relationships between key habitat components (water depth and velocity,
in-stream and riparian cover, stream substrate and prey communities) and the densities of juvenile
Atlantic salmon and brown trout in the river Frome, a chalk stream in southern England. Eighteen
study sites have been designated throughout the catchment and are surveyed in the summer for fish
density, macroinvertebrate communities and habitat mapping. Initial findings suggest that the most
important associations for high salmon density are higher algal and plant cover, particularly the
macrophyte Ranunculus spp. and slower flows. Higher trout densities were associated with deeper
water and a variety of both low and high flows. Directions for further research will be discussed.
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Low flow and salmonid ecosystems
Jessica Picken (1,2,3,4) , I. Jones (1), R. Lauridsen(2),
B. Riley(3), and S. Griffiths (4).
(1) Queen

Mary University of London, Mile End Road, London, E1 4NS. jpicken@gwct.org.uk

(2) Game and Wildlife Conservation Trust
(3) Centre for

Environment Fisheries and Aquaculture Science

(4) Cardiff University

Key words: Climate change, Salmonid ecosystems, Low flow
Abstract: Climate models predict that average temperatures in the UK will increase over the course
of the next 50 years with the greatest warming in the South of England during summer months, and
that annual average precipitation will reduce. However, the reduction in precipitation is expected to
be more pronounced during summer, creating an overall shift towards dryer summers but wetter
winters. River flow regimes are widely recognised to be the master variable controlling a number of
key aquatic processes, including levels of dissolved oxygen, sediment transport and deposition, water
quality and habitat type and distribution. These processes in turn influence the spati al and temporal
distribution and abundance of biota. Chaotic variability in river discharge (due to climate variations)
has been reported to adversely affect migratory salmonids at different stages of their life -history.
Three study streams on the river Itchen located have been selected. Complete control of the flow is
achieved by sluice gates at the top of each stream. During the summer the sluice gates will be lowered
in order to experimentally induce low flow conditions. There will be investigations into salmonid prey
availability, the diet of salmonids, stream food webs and ecosystem dynamics. Results from this
project will help better our knowledge and understanding of such events which is vital in safeguarding
wild salmonid stocks in these streams and in defining future catchment and water resource
management strategies.
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Interactions and possible impacts of beaver activities on brown trout
Salmo trutta in northern Scotland
Robert Needham and P. Kemp
International Centre for Ecohydraulic Research, University of Southampton. rjn1a13@soton.ac.uk

Key words: Beavers, Dams, Migration, brown trout
Abstract: Reintroductions are contentious when the species to be reintroduced may negatively impact
threatened species. Fishery bodies are anxious the return of the Eurasian Beaver Castor fiber in
Scotland may negatively impact salmonid populations that are already under pressure. The most
common perceived impact on salmonids is obstruction to upstream and downstream migration
through construction of dams. Beavers can be extremely beneficial to many species and are often
referred to as ‘ecosystem engineers’. Beavers have the ability to modify habitats and benefit
numerous taxonomic groups. In doing so, significantly increasing species richness and diversity.
However, there is very little data on the subject of beaver modified habitats from a European
perspective and currently, none from a UK context. Data that is most often referenced is from North
America and despite this being very thorough, it would be incorrect to assume that the ecological
outcomes would be the same in the UK as in North America. This study aims to further understand
the impact of beaver modified habitats on fish movement, distribution, abundance and growth,
focusing on a population of brown trout Salmo trutta in northern Scotland.
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Impact of spatial aggregation during spawning season on the
recruitment: Example in a small Atlantic salmon population
Colin Bouchard, É. Prevost, M. Buoro, A. Bardonnet, and C. Tentelier
ECOBIOP, UMR 1224, INRA, Univ Pau & Pays Adour, 64310, Saint-Pée sur Nivelle, France

Key words: Spatial aggregation, Beverton-Holt, population recruitment, environmental stochasticity
Abstract: In natural populations, individuals are often distributed in such a way that aggregation
increases at some places, and decreases at others. Aggregation may modify ecological processes
acting at individual level such as breeding interactions or competition, and affect population
demography and evolution. Aggregation of Atlantic salmon (Salmo salar) redds is expected to (i)
diminish recruitment through an intensified density-dependent mortality of eggs and Young Of the
Year (YOY), and (ii) exacerbate impact of environmental stochasticity on eggs and YOY, and thus raise
recruitment variability. Yearly redd mapping in the small Atlantic salmon population of the Nivelle
(France) was used to compute patchiness which was incorporated in a Beverton -Holt stockrecruitment model, linking egg density to YOY density over a 30 years period. Contrary to predictions,
population recruitment was not impaired by local aggregation of redds, but its variability was
diminished by an increase in aggregation. The originality of this work was to use local distribution to
compute population aggregation, and link it to the stock-recruitment of the whole population over a
long time scale. The results contrast with previous studies showing that local aggregation diminished
local recruitment. Explanation could be that aggregation permits to compensate lower recruitments
at some sites by others, and that females tend to aggregate in sites with little variations. This work is
a part of a PhD subject on Atlantic salmon, encompassing two others sections dealing with ( i) the
reconstruction of sexual network, and (ii) a field work to assess space use tactics of mature parrs.

More is more? A comparison of 16 microsatellites and 3500 SNPs for
elucidating the genetic structure and diversity of small populations of
brown trout
13

Jenni M. Prokkola(1), A. Lemopoulos (1), P. Hyvärinen(2), J. Koskiniemi(3), S. UusiHeikkilä(4), M. Koljonen(2), and A. Vainikka(1)
(1) University of

Eastern Finland, Department of Environmental and Biological Sciences, Joensuu,
Finland, jenpro@uef.fi
(2) Natural Resources Center Finland (Luke), Green technology, Helsinki, Finland
(3) University of Helsinki, Department of Agricultural Sciences, Helsinki, Finland
(4) University of Turku, Department of Biology, Turku, Finland

Key words: conservation, salmonids, fishing, fisheries management
Abstract: Obtaining information on population genetic structure of small populations with high
extinction risk is important in order to optimize strategies for management and population rebuilding.
Microsatellite analysis has been an extensively used tool in these studies, but recently, analyzing single
nucleotide polymorphisms (SNPs) generated by high throughput sequencing of restriction site
associated DNA (RADSeq) has become a competitive technique due to the greater number of
produced markers and its suitability in non-model species. Here, we conducted a comparison of
genetic diversity and differentiation as estimated by both RADSeq and a commonly used microsatellite
panel in three populations of land-locked brown trout (Salmo trutta) within the River Oulujoki
watershed in Finland, where brown trout suffer from dams, habitat degradation and high fishing
pressure. We also estimated introgression of the wild populations with the hatchery strain originating
from a river within the same watershed and occasionally used in stockings in the area. Both methods
suggested similar levels of diversity and differentiation (as indicated FST values), identifying each study
population as genetically distinct from the others. The FST values were roughly similar between
polymorphic microsatellites compared to 3 495 (bi-allelic) SNPs (overall population FST 0.20). The
populations are likely susceptible to genetic drift due to low effective population sizes. Both methods
found introgression from hatchery-reared fish to wild populations had occurred. Overall, our results
indicate that polyallelic microsatellite panels can provide as accurate estimates of population genetic
structure as SNPs when applied on strongly diverged populations.
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Habitat structure and individual behaviour affect population genetic
diversity of a freshwater salmonid fish
Casper H.A. van Leeuwen(1,2), K. Dalen(1), J. Museth(2), and L. A. Vøllestad(1)
(1) Centre

for Ecological and Evolutionary Synthesis (CEES), Department of Biosciences, University of
Oslo, Post Office Box 1066 Blindern, 0316 Oslo, Norway
(2) Norwegian Institute for Nature Research (NINA), Fakkelgården, 2624 Lillehammer, Norway

Key words: European grayling (Thymallus thymallus), genetic diversity, habitat fragmentation,
homing, large river systems, radio-telemetry, spawning site fidelity
Abstract: Adequate genetic diversity secures species persistence in changing environments. Both
habitat structuring and individual behaviour can influence genetic diversity. We aimed to understand
population genetic diversity in a riverine fish population in relation to habitat fragmentation and
homing behaviour. Therefore we studied variability of 12 microsatellite loci in 527 adult European
grayling (Thymallus thymallus), an iteroparous, potamodromous long-distance migratory freshwater
salmonid. Fish were caught throughout a 169 km section of Norway’s second largest river system
connected to a mountain lake. Genetic diversity declined in upstream direction due to three
unidirectional barriers to gene flow: (1) a natural waterfall caused the strongest differentiation, (2) a
hydropower dam separated two subpopulations, despite the presence of a fish passage until 10 years
prior to sampling, (3) lake individuals genetically differed from river individuals, despite full
hydrological connectivity. Seventeen individuals (4%) with upstream genotype but found downstream
barriers; no downstream genotypes were found upstream. Radio-telemetry revealed extensive
migration by local genotypes in a large unfragmented section of the river system (n=12), but upstream
genotypes both spawned and overwintered just below a barrier (n = 5). No pattern of isolation-bydistance was present in this unfragmented river section, suggests no homing to natal spawning areas
in this riverine European grayling population. This contrasts to known behaviour in lakes. Concluding,
(1) different barrier types differently alter connectivity, (2) upstream fish populations in fragmented
rivers are most vulnerable to changing environments, and (3) behaviour of displaced individuals can
differ from this of local individuals.
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Genomic basis of alternate life history traits of brown trout (Salmo
trutta)
Robert Wynne(1)
(1) University College Cork, Distillery Fields, North Mall, Cork,

Ireland, 116224832@umail.ucc.ie

Key words: Genomcis, Alternate life histories, Phenotypic plasticity, Anadromy, Brown trout
Abstract: Understanding how and why sympatric individuals of the same species can develop strikingly
different life histories is a major goal in evolutionary biology. Although many alternative life history
(ALH) traits have been well documented and described in a physiological and behavioural sense, the
genomic basis of this phenotypic variation remains poorly understood, despite advances in genomic
technology. This study will focus on understanding the relative roles of genes and environment in
shaping facultative anadromy in brown trout (Salmo trutta). To establish whether phenotypic
differences among trout populations in ALH traits reflect genetic divergence, a reciprocal transplant
experiment involving two populations of S. trutta (one that naturally exhibits high rates of anadromy,
the other low) will be conducted. Offspring of pure and hybrid crosses will be reared under fully wild
conditions in both “home” and “away” river environments, each equipped with downstream traps to
capture migrants. Furthermore, two complimentary genomic approaches will be applied to investigate
the genomic basis of ALH tactics and their plasticity: (1) a genome wide association study (GWAS) to
identify single nucleotide polymorphisms statistically associated with discrete phenotypic variation
within populations, and (2) gene expression profiling to quantify “genomic reaction norms”. Gene
expression differences among cross types within a single common environment should provide
information on genetic variation in reaction norm elevations, while cross -specific expression
differences among environments provides information on reaction norm slopes (i.e. genetic variation
in plasticity).
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The effect of elevated incubation temperature on cardiac
development in Atlantic salmon (Salmo salar)
Carlie Muir(1), S. Damjanovski, and B. Neff
(1) Western University, Department

of Biology, 1151 Richmond St, London, ON N6A 3K7

Key words: Atlantic salmon, cardiac development, thermal tolerance
Abstract: Atlantic salmon are cold water fish that maintain a physiological preference throughout their
lives to the temperature at which they developed. As water temperature increases beyond the upper
limit of a fish’s thermal window, they experience cardiac failure, making salmon very vulnerable to
changes in temperature. With average global air temperature predicted to increase by 4.8°C by the
end of the 21st century, it is important to understand the effects that elevated environmental
temperature has on cold-tolerant fish. It is thought that developmental plasticity results in the heart
developing such that the adult heart performs optimally at temperatures reflecting the temperature
range experienced during embryogenesis. In this study, Atlantic salmon embryos were incubated at 7,
11, and 15ºC. Survivorship was monitored throughout development and embryos were sampled at
key stages in cardiac development (90, 120, 150, and 180 degree days) for real -time PCR analysis of
the expression of cardiogenesis genes (such as nkx2.5, gata4, mef2c, and tbx5). Embryos reared at 15
ºC experienced significantly higher rates of mortality compared to those reared at lower
temperatures. In addition, cardiogenesis genes were downregulated throughout development in
embryos reared at elevated incubation temperatures. Interestingly, a spike in mortality at 120 degree
days coincided with a significant drop in nkx2.5 and tbx5 expression. Moving forward, this study will
examine how these molecular changes in cardiac gene expression are related to heart morphology
and the thermal physiology of cardiac function in salmon, in order to understand how salmon species
may be affected by rising temperatures.
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Abstract: Atlantic salmon were once abundant in Lake Ontario, but were extirpated more than a
century ago. There have been multiple attempts to reintroduce Atlantic salmon into Lake Ontario, but
these attempts have not yet produced a self-sustaining population. One potential obstacle is the
introduction of invasive prey fishes into Lake Ontario, including alewife and rainbow smelt. These
fishes contain high concentrations of the enzyme thiaminase, which breaks down the essential vitamin
thiamine (B1 ) and can induce thiamine deficiency in salmon that consume this enzyme. We compared
the effect of dietary thiaminase on reproductive traits in three Atlantic salmon populations (LaHave,
Lac Saint-Jean, Sebago), which have previously been used in reintroduction efforts. We hypothesized
that a high-thiaminase diet would affect reproductive traits and these effects would differ among the
three populations. To test our hypotheses, we performed experimental crosses with our low - and
high-thiaminase treatment individuals within populations and measured reproductive traits. We
present data on the effects of dietary thiaminase levels on mortality, yolk conversion ef ficiency,
specific growth rate, thiamine concentrations and sperm quality. We further use this data to assess
the susceptibility of the three Atlantic salmon populations to a high-thiaminase diet, as is present in
Lake Ontario, and inform best practices for managing the Atlantic salmon reintroduction effort in Lake
Ontario.
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Abstract: Brown trout show dramatic phenotypic differences in life history tactics, in particular,
facultative anadromy. Populations can be comprised of both anadromous individuals (that move to
sea and grow to a large size, returning to spawn in freshwater) and freshwater residents. Conditional
migration strategies may be inherited as threshold quantitative characters. If a physiological condition
cue exceeds an inherited threshold, a resident life history is triggered, alternatively, anadromy occurs.
This study aims to analyse how genes and environment interactively determine anadromous life
histories. Experimental families created from one anadromous and one freshwater resident
population will be reared in a controlled laboratory setting, where environmental conditions will be
manipulated: food and temperature. Smolting rates will be measured within treatments. If energy
requirements exceed energy acquisition (through increased temperatures or reduced food), higher
rates of anadromy are expected as individuals are energy constrained and move to more productive
feeding areas at sea. Life history will be related back to metabolic phenotypes to test whether
individual and population-level differences in energy usage underpin life history decisions. This
“common-garden” experiment will help establish whether differences in energy usage (and resulting
life history tactics) have a genetic basis, and whether genes and environment interactively determine
life history.
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Counterintuitive migration patterns by Atlantic salmon (Salmo salar)
smolts in a catchment with a large lake
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Abstract: Atlantic salmon undertake extensive migrations between freshwater and marine habitats.
Smolt migration is associated with high mortality and is thus considered a critical life stage in the
Atlantic salmon life history. Smolt migration through standing waters is still mostly an unknown
process and it is not known what guides migration during lake migration. We aimed to investigate this
process by using acoustic telemetry to study a population of Atlantic salmon resident to the Endrick
Water in western Scotland that migrate through Loch Lomond during their smolt migration. Three
hypotheses derived from known principles of migration in rivers were tested: i.) smolts will take the
shortest possible route, ii.) smolts will display unidirectional movement and iii.) smolts will be
continuously moving. None of these three expectations were supported by the results of this study.
Instead we found evidence of smolts moving i n a seemingly random fashion, displaying
counterintuitive migration patterns and spending relatively long periods effectively static during their
lake migration.
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L. Vitalletti, and J. Piironen
(1) University of Eastern Finland, Department

of Biology and Environmental Science, University of Eastern

Finland,

Key words: critical swimming speed, morphology, novel prey, parr, Lake Saimaa
Abstract: The Saimaa landlocked salmon (Salmo salar m. sebago) in Finland is critically endangered
species. It has been dependent on stockings for the last 40 ye ars. Restoring reproduction sites can
only improve the habitat for natural life cycle. However, our study population has been reared in
hatcheries over generations and we are interested in how domestication has affected fitness related
traits in landlocked salmon. Since the stockings has not been very successful and introduced fish suffer
high post-stocking mortality, we wanted to test how manipulating the juvenile developmental
environment affect to trait formation and morphology. We compared 5 different b ackgrounds of
fish:1) wild parr (0+ years) from the River Ala-Koitajoki (stocked as alevin), 2-3) fish grown in seminatural pools with natural food source in two different densities, 4) standard farmed and 5) enriched
reared fish. All the fish were the same genetic background and generation. We tested their capability
of feeding on natural prey, critical swimming speed and collected morphological data. Our preliminary
analysis shows differences among the backgrounds of fish where the wildest fish differed clearly to
farmed fish Neither feeding behaviour nor critical swimming speed showed any prominent differences
between tested backgrounds. Nonetheless, the developmental environment seemed to produce the
morphological differences, but how this can be linked to survival of fish in nature, is yet unknown.
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Abstract: Unintended domestication in hatcheries tends to increase boldness and therefore decrease
survival of supportively released fish. Experimentally crossbred strains facilitate studies on heritability
of life-history traits and their correlations with behavioural traits. To reveal which traits are heritable
and to discover underlying associations among traits, we ran an experiment where w e crossed
migratory hatchery brown trout Salmo trutta with wild resident and three distinct migratory hatchery
stains, and studied their survival under predation risk both in semi -natural conditions and in the wild.
We used a natural predator, the pike (Esox lucius), to assess experimentally the boldness and the
survival of one-year-old brown trout. We showed that not only size but also behavioural differences
explained the survival in pike exposure. We found also a significant strain-dependent difference in
predator avoidance among fish that survived until the end of the experiment, which may indicate a
genetic loss of anti-predatory behaviours during several generations of hatchery breeding. Indeed,
wild × hatchery crosses visited less and spent less time in areas where pike predation occurred, and
thereby their mortality was lower than that of pure hatchery strain conspecifics. Genetic background
did not explain recapture probability in River Varisjoki, but recaptured wild × hatchery hybrids were
longer than recaptured hatchery fish in August (1.5 months after release). Our results also highlight
the importance of negatively size-dependent natural predation as favouring fast growth among fish
with high value for fisheries.
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Upstream and downstream passage of migrating adult Atlantic
salmon: Remedial measures improve passage performance at a
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Abstract: Passage of hydropower dams is associated with mortality, delay, and migratory failure for
migrating fish, and the need for remedial measures to facilitate passage is widely recognized. Lately,
nature-like fishways have been promoted for upstream migrating fish, and low-sloping turbine
intake racks for downstream migrating fish, but evaluations of these remedial measures are largely
lacking. At Herting hydropower dam in southern Sweden, a technical fishway for upstream migrating
salmonids, and a simple bypass entrance/trash gate for downstream migrating fish have been
replaced by a large nature-like fishway for up and downstream migrating fish, and a low-sloping
rack, guiding downstream migrating fish to the bypass entrance, has been installed. Here, we
evaluated these remedial measures for adult Atlantic salmon in a before/after improved remedial
measures radio telemetry study. Passage performance was improved for both up- and downstream
migrating fish after remedial measures. After the improved passage solutions almost all tagged fish
passed the dam with very little delay. In addition, before modifications, upstream passage
performance through the technical fishway was higher at higher temperatures, at day compared to
night, and for males com-pared to females. No such effects were observed for the after-measures
nature-like fishway, indicating good passage performance for both sexes under a wide range of
environmental conditions. Similarly, for downstream migrating kelts, discharge positively affected
passage rate before but not after the fishway modifications. Altogether, our work demonstrates the
possibility of coexistence between hydropower and Atlantic salmon in a regulated river.
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Abstract: Age at maturity is a very important life history trait, having demographic implications and
considerable effects on fitness. For Atlantic salmon, age at maturity is highly variable due to a complex
life cycle and influenced by both environmental conditions and inherited genetic thresholds. Several
studies have suggested that the critical decision time for maturation occurs in autumn, a year ahead
of spawning; thus many maturation studies have focused on the environmental conditions prior to
that time. Of particular interest are the growth rates during the early marine phase, which is from the
end of the freshwater residency up to the autumnal decision. The hypothesis that early marine growth
rates, experienced from the end of freshwater residency to the first winter, is linked with age of
maturation with an inherited genetic threshold is explored through scale analysis and intercirculi
distances from two ranched populations with different parental sea ages. Offspring from 1SW parents,
with a population history of high 1SW returns, mostly returned as 1SW (800 individuals) with only five
individuals returning as 2SW. Offspring from 2SW parents, with a population history of high 2SW
returns, had 65 individuals return as 2SW and 37 individuals return as 1SW. There were no total
growth differences between sea ages and populations, but early marine growth rates were
significantly different between sea ages and population. We suggest that the population with a
historically lower sea age has a lower genetic threshold for maturation and the population with older
sea age has a higher genetic threshold.
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Abstract: Mobile animals can modulate ecosystem processes by moving substantial quantities of
nutrients across ecosystem boundaries. In low nutrient environments, nutrient translocation may
feedback to influence population dynamics. We quantified net flux via three Newfoundland Atlantic
salmon populations over 20-40 year periods to assess whether these populations were net sources or
sinks of carbon (C), nitrogen (N), and phosphorus (P). We demonstrated that study populations were
net sources of C and N, but conditional sinks of P, but that these patterns shift rapidly with changes in
harvest policy and ecosystem management. Source-sink patterns correspond to how the different
elements are released by adults in freshwater and cycle in their natal ecosystem. Female Atl antic
salmon in these study systems that survive spawning and overwinter residence release 70-80%, 7050%, and 20-30% of their initial body carbon, nitrogen, and phosphorus in freshwater ecosystems,
respectively. Meanwhile, eggs constitute 15-20% of initial body C, N, and P suggesting that most P is
released as gametes relative to excreta and the reverse it true for N. Using these patterns as a starting
point, we will discuss how an ecosystem perspective may increase our understanding of trait
variability and population dynamics in anadromous fishes across space and time.

25

Size-dependent prey availability predicts salmon (Salmo salar) diet
and condition
Philip Jacobson(1*), A. Gårdmark(1), J. Östergren(2), M. Casini(3), and M. Huss (1)
(1) Swedish University of

Agricultural Sciences, Department of Aquatic Resources, Skolgatan 6, 742 42,
Öregrund, Sweden, *Corresponding author: Philip.jacobson@slu.se
(2) Swedish University of Agricultural Sciences, Department of Aquatic Resources, Stångholms vägen 2, 178
93, Drottningholm, Sweden
(3) Swedish University of Agricultural Sciences, Department of Aquatic Resources, Turistgatan 5, 453 30,
Lysekil, Sweden

Key words: Baltic Sea, Predation window, size-dependent predator-prey interactions, Salmon, diet
analysis
Abstract: In aquatic environments, predator-prey interactions are highly size-dependent, with
implications for food-web dynamics as well as for individual performance. In this study, we assess the
size-dependency of the interaction between the predatory fish Atlantic salmon and its two main prey
species (sprat and herring) in the Baltic Sea and its consequences for salmon condition. Using stomach
content data of >2000 salmon and long-term basin-specific monitoring data of the abundance and
size-distribution of sprat and herring, we estimate the size -dependent predation window (the
minimum, mean and maximum consumable sized prey) of salmon, and derive size -specific prey
encounter-rates for individual salmon in different years and basins. Using the se size-specific
encounter-rate estimates we could predict the diet of Baltic salmon much better than using speciesspecific prey biomass estimates not accounting for prey or predator size. We further show that the
body condition of salmon depends on availability of suitable sized prey at low resource levels (i.e.
there is a positive relationship between encounter rate and body condition), but not at higher
resource densities. These results demonstrate how body size relationships can be used to study
predator-prey interactions and provide a framework of how such interactions can be used to predict
diet composition and individual performance. We argue that our findings highlight the need to
account for food- and size-dependent predator-prey interactions to improve our understanding of the
ecology and future management of Baltic Sea salmon in particular, and for predatory fish in general.

26

Possible effects of climate change on first-feeding brown trout
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Abstract: Along the Atlantic coast of Europe, climate change will (1) alter precipitation patterns
leading to more severe and frequent extreme hydrologic events in freshwater ecosystems and (2)
increase temperature. At gravel emergence, young trout have limited reserves and need to quickly
start exogenous feeding. Then, climate change might affect young trout growth and survival by
decreasing the availability of their prey though hydrology and modifying their metabolism through
water temperature increase. Our project aims are to asses climate change consequences on the
abundance of trout prey and, consequently, on alevins' growth and survival. In the present
experiment, we maintained 146 emerged alevins at 8°C and at 11°C until 3 endpoints: yolk sac
exhaustion (D0), 5 days (D5 ), and 9 days (D9 ). Fish were either fed (F 5 , F9 ) or starving (S5, S9 ), with a third
group that was starving 5 days and then fed (DF 9). Fish growth and whole body gene expressions for
proteins involved in lipid and amino acid catabolism, protein degradation (proteasome) and
autophagy (which provides essential components – amino acids, fatty acids, and glucose – required to
meet the cell's energy needs during energy stress) were assessed at each endpoint. Proteasome and
autophagy-related genes, overexpressed following starvation as expected, were still over-expressed
despite delayed food availability. Moreover, their induction was significantly higher at 11°C. Our
results suggest that short events related to climate change (floods or heat waves lasting some days)
could negatively impact young trout growth and survival.
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Abstract: Different technological solutions are currently in use to improve downstream fish passage.
However, there is no standardized method of assessing their efficiency. At the same time, negative
effects on fish populations caused by river damming are seldom taken into account. Here, an advanced
radio telemetry set-up is presented, which provides a standardized method to assess both effects of
river damming and efficiency of downstream fish pass solutions. This method divides the river into
different sections up- and downstream of the power plant, i.e. i) natural section, ii) reservoir section,
iii) power plant section and iv) downstream section. Fixed antenna stations mark the beginning and
end of each section, whilst all potential migration corridors at the power plant are also covered by
antennas. In addition, manual tracking from the river bank or boat is used to provide high er data
resolution and differentiate between live and dead, but drifting fish. Simultaneously to the monitoring
of biological data, power production and losses associated with the operation of the bypasses are also
documented. Using this design, mortality and migration speed can be compared between natural and
impounded river sections. Further, migration route choice can be documented for each fish, thus
providing an assessment of bypass efficiency. Using this novel approach, different downstream bypass
solutions can be compared, both in terms of their efficiency as well as the system specific large scale
effects of river damming, whilst assessing the overall cost to hydropower production.
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