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Outline for restoration tools talk

 River Ecology and Management (RivEM)

 NAP and the need for evidence-based river restoration tools

 5 tools and 10 FAQ for successful restoration of regulated rivers

 Toolbox take home message

FAQ 
#1-10



Landscape ecology
(Terrestrial ecology)

RivEM
(Aquatic ecology)

Evolution
(Evolutionary ecology)

Geomatics
(GIS)

Biology didactics
(Teaching science)

DEPARTMENT OF ENVIRONMENTAL AND LIFE SCIENCES
Biology

Collaborative research projects



Illustration: Kjell Ström

Aquatic ecology
River Ecology & Management

10 PhD students
5 postdocs

10 researchers
Students & trainees



Illustration: Dietmar Kämmerling

Dry stretches
• Lost lotic habitat
• Reduced flow

Impounded area
• Altered riparian zone
• Lost lotic habitat
• Barriers to migration
• Reduced exchange

land/water
• Increased sedimentation

Dams
• Fragmentation
• Modified flows

Tail-race
• Reduced lotic habitat
• Deep & straight Braided channels

• Flow regulation

Floodplains
• Flow regulation

Environmental effects of river regulation
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Tool 1
Fish passage



Innovative (!) solutions

Niclas Carlsson Sam Shry

PhD Shry (2026)

FAQ 
#1



Functionality of Depth Restricted Inclined Fish 
Screens (DRIFS) for downstream passage of 
brown trout at hydropower plants 

Daniel Palm, Johan Leander, Petter Lundberg, Gustav Hellström, Tomas Brodin

Dept. Wildlife, Fish and Environmental Studies, SLU, Umeå

FAQ 
#2
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Bypass 
channel

Väsa HEP – DRIFS study site

DRIFS

= Telemetry receivers

= Bypass 
entrances



Fiskevårdsteknik AB
This project has received funding from the 

European Union Horizon 2020 Research 
and Innovation Programme under the 

Marie Sklodowska-Curie Actions, 
Grant Agreement No. 860800

Nature-like versus technical fishways: 
Combining fish counter and electrofishing data to evaluate 

passage effectiveness at the community level
Florian Eggers, Johan Watz, Martin Österling, Viktor Hebrand & Olle Calles

Department of Environmental and Life Sciences
Karlstad University, Sweden
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Florian EggersFAQ 
#3



• Fish counter data (Fiskdata.se)

– Nature-like: 20

– Technical: 15 st

• Fishway information          
https://viss.lansstyrelsen.se/

• Electrofishing data (slu.se)

– Sampling after the year 2000

– ± 25 km …  etc

The study

Eggers et al. (submitted)
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The most commonly detected species

N = 35

N = 32

N = 33

N = 29

N = 32

N = 20

Eggers et al. (submitted)



Olle Calles, Stefanos Georganos & Joschka Wiegleb - Karlstads universitet

Ana Silva, Benjamin Cretois, Kim Magnus Bærum & Torbjørn Forseth - NINA

David Aldvén - Vattenfall

Using machine learning for improved 
eel downstream passage design

Joschka Wiegleb

FAQ 
#4



Tool 2
Flow regimes



Individual-based modelling for assessing instream flow and habitat 
restoration measures - inSTREAM and inSALMO

Mahboobeh Hajiesmaeili, Fahimeh Rashidabadi, 
Louis Addo, Johan Watz, & John Piccolo

Karlstad University

Mahboobeh 
Hajiesmaeili



The IBMs inSTREAM and inSALMO

• IBMs developed over a 30-year period

• Fitness-based measures of habitat quality

• Applying ecological theory to ecohydraulics:

• GIS-based habitat maps

• River bed topography

• 2-D flow models

• Predict effects of stream flow and habitat 
restoration on fish populations

Steve Railsback & Bret Harvey – Cal Poly Humboldt
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Calibrating IBMs with field data

• Predicted versus observed: 
• Redd locations
• Growth of juveniles
• Habitat use by juveniles

Addo et al. (2026)



Calibrating IBMs with field data

• Predicted versus observed: 
• Redd locations
• Growth of juveniles
• Habitat use by juveniles

InSTREAM-predicted (red) versus observed
(orange/pink) redd locations, Gullspångsforsen

InSTREAM-predicted versus observed
mean length of juvenile salmon and trout

Ongoing mapping of observed habitat 
use for juvenile salmon and trout

Bjørnås et al. (2021)



How are fish populations affected by flow regulation?

Number of prey captured versus flow treatment 
for salmon and trout

Lab experiment result example:
→ Limited effects of rapid flow fluctuations on growth

(foraging) and survival (               )
→ Is the model underestimating redd scouring?

Addo et al. (2022, 2025)

FAQ 
#5



How are fish populations affected by flow regulation?

Predicted number of outmigrants of Atlantic salmon 
smolts versus min. flow and gravel addition

inSALMO result example - River Gullspång smolt production:
→ Limited effects of increased minimum flow (                ) 

→ Positive effect of improved spawning habitat (      )

Addo et al. (2026) Hajiesmaeili et al. (2024)

FAQ 
#5

Louis Addo



Ecologcial status of aquatic and 
riparian habitat in relation to 

hydropeaking in winter

Emil Nordström



Tool 3
Habitat restoration





Habitat restoration
Partners:

CAB (Lst): Skåne*, Värmland, Västra 
Götaland, Halland, Blekinge, Kalmar, 
Östergötland, Jönköping, Kronoberg, 

Gov. agencies: Naturvårdsverket & 
Havs- och vattenmyndigheten

Other: Helsingborgs stad, Tingsryds 
kommun, Sportfiskarna, 

Universities: Karlstad, Göteborg & Lund

* Coordinating partner

Project time: 
1 September 2024 
- 31 August 2031

→ 500 restoration activities
• Coastal habitats (16 sites)

• Stone reefs
• Create artificial reefs
• Eel grass meadows

• Hydrology (68 sites)
• Wetlands
• Bogs and peatlands
• Floodplains & lake outlets

• Rivers (19 basins)
• Habitat restoration (500 km)
• Connectivity

• Culverts (N=40)
• Barrier removals (N=56)

Bianca Andrade

FAQ 
#6
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Tool 4
Dam removal



Dam removal

Mörrumsån

Harbicht et al. (2021) Shry et al. (2025)

FAQ 
#7



Dam removal

Örekilsälven

Rönne å Mattias Hansson

FAQ 
#7



Removal of lake outlet 
dams in Sweden, 2021-2023
Johan Watz, Eva Bergman, Olle Calles, Lutz Eckstein, 
Miguel Gómez, Anders Nilsson

Outlet of Lake KollsjönJohan Watz



1. Ecosystem responses
a) Water chemistry

b) Phyto- and zooplankton
c) Aquatic plant
d) Fish ( – perch demography)

2. Effects on pike
a) Mercury concentration (biomagnification)
b) Movements before, during and after removal

Before After

Lake outlet dams project FAQ 
#8



Perch demography – Length & abundance
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Perch demography – Length & abundance

Less aquatic plants

→ Less rearing habitat

→ Shorter food chains?
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Perch demography – Length & abundance

Watz et al. (2025a)

Less aquatic plants

→ Less rearing habitat

→ Shorter food chains?



Dam removal & biomagnification?

Lake outlet dam removal …

→ Less aquatic plants

→ Shorter food chains, predators 
feed from lower trophic levels

→ Less biomagnification? E.g. 
mercury



Dam removal & biomagnification?

Biomagnification
Toxic substances accumulate in 
living organisms at increasingly 
higher concentrations as one 

moves up the food chain. 



830 µg/kg
40 pike
11 lakes

580 µg/kg
20 pike
10 lakes

Mercury 
in pike

Watz et al. (2025b)

Dam removal & biomagnification?

Watz et al. (2025b)



Pike movement before, during and after dam removal



Tool 5
Evaluation



Freshwater monitoring & evaluation

https://ronnea.se/• National monitoring programs
• Fish
• Benthic fauna
• Hydrology
• …

• EU Data Collection Framework (DCF)
• Self-monitoring by owners
• Applied research projects

• Swe: SVC, HåVa, Formas…
• EU: MSCA, LIFE, Eurostars

• NAP?
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Freshwater monitoring & evaluation

https://miljodata.slu.se/mvm/



Viktor Nilsson (Project leader)
Rami Babas (PhD student)

Benthic Macroinvertebrates
as Biodiversity Indicators

Viktor Nilsson

Rami Babas



• Restoration toolbox requires robust tools and 
indicators for ecological evaluation

• Key questions:

• Did restoration measures improve ecological status?

• Do our indicators reflect habitat quality, ecological 
function and biological values?

Evaluation: Measuring Ecological Performance
FAQ 
#9



Benthic Macroinvertebrates as Ecological Performance Indicators

• Wealth of available data
• Relevance as indicators: 

• Sensitive: rapid response to stress
• Limited mobility: integrate effects over time

Species rich and ecologically diverse

• Functional relevance: 
• Drive nutrient cycling and energy transfer 
• Prey base for fish

• Policy relevance: 
• Core biological quality element under WFD 
• Long national monitoring time series



The SVC project will develop a tool to support:

• Comparing alternative restoration scenarios

• Identifying high-gain restoration sites

• Evidence-based quantification of ecological 
outcomes

Dynamic system:
→ Continuously updated with all available 
monitoring data

Building Evidence-Based Restoration tools



Freshwater monitoring & evaluation

https://fiskdata.se/

• National monitoring programs
• Fish
• Benthic fauna
• Hydrology
• …

• EU Data Collection Framework (DCF)
• Self-monitoring by owners
• Applied research projects

• Swe: SVC, HåVa, Formas…
• EU: MSCA, LIFE, Eurostars

• NAP?



https://fishstewards.org/

By unlocking the full potential of fish counter data, FISH STEWARDS enables 
better decision-making, more effective river rehabilitation, increased 

knowledge about our fish fauna, and long-term biodiversity protection.

FAQ 
#10

https://fishstewards.org/


Freshwater monitoring & evaluation

Nyqvist et al. (2025)

Programmatic monitoring 
in regulated rivers
- SwAM assignment -

• National monitoring programs
• Fish
• Benthic fauna
• Hydrology
• …

• EU Data Collection Framework (DCF)
• Self-monitoring by owners
• Applied research projects

• Swe: SVC, HåVa, Formas…
• EU: MSCA, LIFE, Eurostars

• NAP?



Toolbox take home message
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