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Connectivity is about getting fish
past barriers!

from 2 different directions....

The solution must work with And sometimes the fish must
few losses! pass more than one barrier



http://www.google.se/imgres?q=migration+fish&um=1&hl=sv&rlz=1G1GGLQ_SVSE349&biw=1079&bih=841&tbm=isch&tbnid=ZnzxBPRKDadvlM:&imgrefurl=http://www.borderlessculture.com/2009_07_01_archive.html&docid=0MCHA9GqnXcaHM&imgurl=http://4.bp.blogspot.com/_pY88T0QBg-M/SmaWTl81XQI/AAAAAAAACWQ/tZtQJAuk4DU/s400/Fish%252Bmigration.jpg&w=359&h=283&ei=dEIyT4egJamp4gT4k9GBBQ&zoom=1
http://www.google.se/imgres?q=migration+fish&um=1&hl=sv&rlz=1G1GGLQ_SVSE349&biw=1079&bih=841&tbm=isch&tbnid=XqOfOXI4FvikWM:&imgrefurl=http://www.fantom-xp.com/wp_33__Fish_migration.html&docid=Z4ouFB7m_cervM&imgurl=http://www.fantom-xp.com/wallpapers/33/Fish_migration.jpg&w=1920&h=1080&ei=dEIyT4egJamp4gT4k9GBBQ&zoom=1
http://www.google.se/imgres?q=fish+bowl&um=1&hl=sv&rlz=1G1GGLQ_SVSE349&biw=1079&bih=841&tbm=isch&tbnid=F-4nxusT0gUIPM:&imgrefurl=http://bluntlysaid.wordpress.com/2011/01/22/fish-bowl-theory/&docid=7bLYEeozQg6cnM&imgurl=http://bluntlysaid.files.wordpress.com/2011/01/fishbowl.jpg&w=1000&h=1110&ei=DEQyT_SQJIf04QT1yayXBQ&zoom=1
http://www.google.se/imgres?q=migration+fish&um=1&hl=sv&rlz=1G1GGLQ_SVSE349&biw=1079&bih=841&tbm=isch&tbnid=ZnzxBPRKDadvlM:&imgrefurl=http://www.borderlessculture.com/2009_07_01_archive.html&docid=0MCHA9GqnXcaHM&imgurl=http://4.bp.blogspot.com/_pY88T0QBg-M/SmaWTl81XQI/AAAAAAAACWQ/tZtQJAuk4DU/s400/Fish%252Bmigration.jpg&w=359&h=283&ei=dEIyT4egJamp4gT4k9GBBQ&zoom=1

Efforts in re-establishing connectivity
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About 2100
hydropower plants in
Sweden and they
provide 45% of
Sweden’s electricity

Many lack remedial
measures

— 72% lack fishways



River Klaralven/Lake Vanern system

Atlantic salmon (Salmo salar)

In total, 460 km long (Norway & Sweden)
where last 250 km in Sweden

o v
Spawning/rearing habitat

Lake Vanern
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The Klaralven system
Atlantic salmon

Mean annual discharge: 165 m3/s
Max discharge: 1650 m3/s
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The Klaralven system
Atlantic salmon

Haljes
Vanern Spawning habitat
Forshaga Edsforsen
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Downstream
passage

Survival salmon smolt: 16-30%
Survival salmon kelt: 0-5%

We focus on post-spawners (kelt)



Downstream passage

THE DAMGER 6F DOWNSTREAM MIGRATION

Salmon follow the
strongest flow path




No solutions for downstream migrants!

Edsforsen
dam

Spill gates

—

Turbine intake

| X \
&:\\\\\\\\\\ | "% ——




Proposed solutions for downstream
passage at Edsforsen

Costly!

Edsforsen dam




Explore behavioral solutions

* Rely on attraction or repulsion of fish to environmental stimuli (ljud, ljus, etc)
* Fish must have sufficient time to detect, recognize and respond to the stimuli
* Generally less expensive to build and require less maintennce

e Often less effective

Focus on Veli’s work using an
injector pump to guide fish




Explore behavioral solutions
Alvkarleby

Injector pump



Injector flow in Alvkarleby flume

Alt. jet inlet
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Injector flow in Alvkarleby flume

Kelts: B. trout, wild, N=60

Treatments: No jet, Left jet, right jet

Two jet settings: 2m/s and 32,3 m/s
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Injector pump at 2 m/s




Injector pump at 2.3 m/s




Injector pump at high flow

We affected swimming behavior of the fish in the flume
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How does this scale up? Can we do this in a river with kelts?



Field test of injector pump

Lake F.

Klaralven
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The injector pump

Anchor to the shore

Capacity of 9 m3/s

Operation: pumpison1handoff 1 h
for the duration of the study
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Drawn by Jennifer Clausen
@JACsciart on X (Twitter)
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Fish Movement Tracking with Acoustic Telemetry




Fish Movement Tracking with Acoustic Telemetry

Triangulation via
synchronized clocks
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Where are we now?
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Where are we now?




Where are we now?

The crew
Georgia Macaulay, Henry Hansen, Veli Stoilova, Jenny Wanke



Where are we now?
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1. We have tagged ca 90 of 160 salmon
2. Injector pump installed at Edsforsen this week
3. Salmon spawn in September-early November

4. Salmon migration downstream in October
and November

Spawning

Fish released
SWEDEN

Fish tagged
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Thank you for listening!

Linsstyrelsen
Viirmland

xylem

Let's Solve Water

River Ecology and Management Research Group
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