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Outline for restoration tools talk

v’ River Ecology and Management (RivEM)

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

FAQ
v" 5 tools and 10 FAQ for successful restoration of regulated rivers

v’ Toolbox take home message
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Environmental effects of river regulation

Dry stretches
e Lost lotic habitat
¢ Reduced flow
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* Altered riparian zone . Modified flows
* Lost lotic habitat
e Barriers to migration
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The river restoration toolbox

Upstream passage Habitat restoration Dam removal

Downstream passage Flow regimes Evaluation



The river restoration toolbox

Evaluation




The river restoration toolbox

Upstream passage
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Downstream passage
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Tool 1

Fish passage
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Innovative (!) solutions

Sam Shry

PhD Shry (2026)
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Nature-like versus technical fishways:

Combining fish counter and electrofishing data to evaluate
passage effectiveness at the community level
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The study

e Fish counter data (Fiskdata.se)
O Nature-like: 20
@ Technical: 15 st

VI SS Vattenmfnrmatmnf.system ® FiShway info rm ation

Sverige

https://viss.lansstyrelsen.se/

e Electrofishing data (slu.se)

— Sampling after the year 2000
— +25km ... etc

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

33

Eggers et al. (submitted)
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Tool 2

Flow regimes
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Individual-based modelling for assessing instream flow and habitat
restoration measures - inSTREAM and inSALMO
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The IBMs inSTREAM and inSALMO

e |BMs developed over a 30-year period
e Fitness-based measures of habitat quality
e Applying ecological theory to ecohydraulics:

Steve Railsback & Bret Harvey — Cal Poly Humboldt
e GIS-based habitat maps

* River bed topography

e 2-D flow models

* Predict effects of stream flow and habitat
restoration on fish populations
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The IBMs inSTREAM and inSALMO

IBMs developed over a 30-year period

Fitness-based measures of habitat quality

Applying ecological theory to ecohydraulics:
e GIS-based habitat maps
e River bed topography

e 2-D flow models

Predict effects of stream flow and habitat
restoration on fish populations




Calibrating IBMs with field data

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

Addo et al. (2026)




Calibrating IBMs with field data

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

Bjgrnas et al. (2021)

INSTREAM-predicted (red) versus observed INSTREAM-predicted versus observed Ongoing mapping of observed habitat
(orange/pink) redd locations, Gullspangsforsen mean length of juvenile salmon and trout use for juvenile salmon and trout



How are fish populations affected by flow regulation?

Lab experiment result example:

— Limited effects of rapid flow fluctuations on growth
(foraging) and survival (- - - - - »)

— Is the model underestimating redd scouring?

—
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Number of prey captured versus flow treatment
for salmon and trout

Addo et al. (2022, 2025)




How are fish populations affected by flow regulation?

inSALMO result example - River Gullspang smolt production:
— Limited effects of increased minimum flow (----- >)

— Positive effect of improved spawning habitat ( /')

’_ - Louis Addo

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

Addo et al. (2026)

Hajiesmaeili et al. (2024)




Ecologcial status of aquatic and
riparian habitat in relation to
hydropeaking in winter

Emil Nordstrom
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Tool 3

Habitat restoration
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Partners:

CAB (Lst): Skane*, Varmland, Vastra
Gotaland, Halland, Blekinge, Kalmar,
Ostergétland, Jénkoping, Kronoberg,

Gov. agencies: Naturvardsverket &
Havs- och vattenmyndigheten

Other: Helsingborgs stad, Tingsryds
kommun, Sportfiskarna,

Universities: Karlstad, Goteborg & Lund

* Coordinating partner

Project time:
1 September 2024
- 31 August 2031

Improve Aquatic LIFE

Habitat restoration

— 500 restoration activities

e Coastal habitats (16 sites)
e Stone reefs
e Create artificial reefs
e Eel grass meadows

e Hydrology (68 sites) FAQ
e Wetlands HO6
* Bogs and peatlands
* Floodplains & lake outlets

Bianca Andrade
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Gov. agencies: Naturvardsverket &
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kommun, Sportfiskarna,

Universities: Karlstad, Goteborg & Lund

* Coordinating partner

Project time:
1 September 2024
- 31 August 2031

Improve Aquatic LIFE

Habitat restoration

— 500 restoration activities

e Coastal habitats (16 sites)
Stone reefs

Create artificial reefs
Eel grass meadows

e Hydrology (68 sites)
Wetlands

Bogs and peatlands
Floodplains & lake outlets

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

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



Tool 4

Dam removal



Improve Aquatic LIFE

Dam removal

Morrumsan

Harbicht et al. (2021)

Shry et al. (2025)
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Lake outlet dams project

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



Perch demography — Length & abundance
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Perch demography — Length & abundance
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Perch demography — Length & abundance
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Less aquatic plants
—> Less rearing habitat

— Shorter food chains?

Dam removal
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Less aquatic plants
—> Less rearing habitat

— Shorter food chains?

Perch demography — Length & abundance
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Less aquatic plants
—> Less rearing habitat

— Shorter food chains?

Perch demography — Length & abundance

Watz et al. (2025a)
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Dam removal & biomagnification?

\A
, Lake outlet dam removal ...
/ \\ — Less aquatic plants
y 2
/ — Shorter food chains, predators
/ feed from lower trophic levels
/ — Less biomagnification? E.g.
p / mercury
/
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Dam removal & biomagnification?

Biomagnification

Toxic substances accumulate in
living organisms at increasingly
higher concentrations as one
moves up the food chain.
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Watz et al. (2025b)

ransformed pg Hg per kg)

Hg conc. (log10

2.80

2.75

Dam removal & biomagnification?

830 ug/ks
40 pike
11 lakes

580 pg/kg
® 20pike
10 lakes
Before After

Dam removal

Mercury
in pike

Watz et al. (2025b)




Pike movement before, during and after dam removal




Tool 5

Evaluation



Freshwater monitoring & evaluation

e National monitoring programs
e Fish
e Benthic fauna
* Hydrology

e EU Data Collection Framework (DCF)
e Self-monitoring by owners

e Applied research projects

e Swe: SVC, HaVa, Formas...
e EU: MSCA, LIFE, Eurostars

https://ronnea.se/




Freshwater monitoring & evaluation

e National monitoring programs
e Fish
e Benthic fauna
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e EU Data Collection Framework (DCF)
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Freshwater monitoring & evaluation

e National monitoring programs
e Fish
e Benthic fauna
e Hydrology

e EU Data Collection Framework (DCF)
e Self-monitoring by owners

e Applied research projects

e Swe: SVC, HaVa, Formas...
e EU: MSCA, LIFE, Eurostars

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




Viktor Nilsson

Benthic Macroinvertebrates
(RIVEM., as Biodiversity Indicators

Rami Babas

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



FAQ
. . . #9
Evaluation: Measuring Ecological Performance ’

e Restoration toolbox requires robust tools and
indicators for ecological evaluation

* Key questions:

e Did restoration measures improve ecological status?

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



Benthic Macroinvertebrates as Ecological Performance Indicators

 Wealth of available data

e Relevance as indicators:
» Sensitive: rapid response to stress

e Limited mobility: integrate effects over time
Species rich and ecologically diverse

* Functional relevance:

e Drive nutrient cycling and energy transfer
* Prey base for fish

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




Building Evidence-Based Restoration tools

Ecological
Evaluation Tool

Forecast
restoration
outcomes

Define
ecological
targets

Adjust
strategies

On track for
goals?

Monitoring

The SVC project will develop a tool to support:
 Comparing alternative restoration scenarios
 |dentifying high-gain restoration sites

e Evidence-based quantification of ecological
outcomes

Dynamic system:

— Continuously updated with all available
monitoring data



Freshwater monitoring & evaluation

—

e National monitoring programs
e Fish
e Benthic fauna
e Hydrology

e EU Data Collection Framework (DCF)

e Self-monitoring by owners =

e Applied research projects Fish counter data

e Swe: SVC, HaVa, Formas...
e EU: MSCA, LIFE, Eurostars

https://fiskdata.se/
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By unlocking the full potential of fish counter data, FISH STEWARDS enables — oo
. L e e FAQ oo
better decision-making, more effective river rehabilitation, increased #10 I

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


https://fishstewards.org/

e National monitoring programs

e Fish

* Benthic fauna
e Hydrology

e EU Data Collection Framework (DCF)
e Self-monitoring by owners

e Applied research projects

e Swe: SVC, HaVa, Formas...
e EU: MSCA, LIFE, Eurostars

* NAP?

Freshwater monitoring & evaluation

Programmatic monitoring

in regulated rivers
- SWAM assignment -

Nyqvist et al. (2025)
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