AMBER: Let it Flow
Piotr Parasiewicz et al AM B E RNELTL:E;L:VE

[ BTk G B g el

S. Sakowicz Inland Fisheries Institute oy b




Adaptive Management of arriers in uropean ivers

1. European Barrier Atlas 2. Barrier guidance
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8 Universities - Swansea, Durham, Highlands & Islands, Southampton, Cork
(Ireland), Oviedo (Spain), Milan (ltaly), DTU (Denmark).

4 Industrial partners - hydropower — EDF (France), IBK (Germany), Innogy

(Germany), Sydkraft (Sweden)

4 NGOs (WFMF (Netherlands), WWEF (Switzerland), CNSS (France), AEMS (Spain)

4 Government organisations - IFl (Ireland), ERCE (Poland), SSIFI (Poland), Joint

Research Centre (ltaly)
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AMBER outp

Figure 1. Adaptive Management of Barriers
in European Rivers (AMBER) project outputs

R

Citizen Science barrier monitoring app
Barrier Surveying and Reporting Guide
eDMNA protocol for biota monitoring
Methed for habitat assessment using

drones

Case Studies. Demonstration of:

-  Effects of barrier removal,
mitigation, installation

- AMBER tools

Ability of organisms to cope with

barrier and pass hydrodynamics

Uts

Pan-European maps:

v | 1. Barrier Atlas (dams, weirs,

culverts, sluices)

2. Fish community map

3. Atlantic Salmon status map
Aszzessment of barrier impacts
on river ecology (modelled)

1. AMBER website (inc. link to Atlas,
useable barrier planning models)

2. Education material

3. Peer-reviewed scientific
publications

4. Biannual newsletters

Palicy Briefings

Open-access data repository

oo

Book: Guidance on Adaptive
Barrier Management in Europe

|

Barrier decision support tocl
{rermoval, mitigation,
planning). Local and strategic

al

Cost-benefit analysis of river infrastructures
{inc. natural capital evaluation) for strategic
planning

Barrier management scenario model (habitat
stress days) for decision making

Organism Passability vs. Hydropower tool
Agent Based Model & Dispersal Model to
predict crganism response to barriers and
paszses

Ecosystem Services required and delivered
under climate change scenarios

Social attitudes to dams and reservoirs survey
for stakeholder conflict resolution



New opportunities for restoring river connectivity

1.

New technologies
eDNA/meta-barcoding

environmental DNA (eDNA)

* from a bulk environmental sample

* e.g. soil, water, air

* organisms or their parts were not isolated

* mix of DNA from multiple individucls & species

e "

(inhaorganismol eDNA (ieDNAJ\ (oxtraorganismal eDNA (eeDNA)\
* inside a living organism * not inside a living organism
* replicates * no longer replicates
* protected by living processes * experiences degrodgﬂon
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Drones for quick surveying & remote sensing

Modelling P/A (PREDICTS approach)



European
Rivers
systems

®* Connecting continents
with oceans

* Biological distribution
pahtways
®* transportation
® communication
®* processess

www.dailymail.co.uk/sciencetech/article-6511869/Fascinating-new-map-shows-river-basin-globe-different-colour.html



Impacts of dams

* altered or stopped fish
upstream migration

e fish mortality:
« dewatering
* turbines

AMBER

Phot. P. Prus, M. Adamczyk SSIFI



AMBER

Dam impact on free flowing river

damming

Connectivity interruptions, ponding, sedimentation,
flow alteration,
habitat change and loss
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Modified from L. Wildman - The Effects of Dams on Floodplain Function
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Dam impact on upstream
habitat

AMBER

higher depth

low velocity
substrate siltation
high temperature
low oxygen
eutrophication
vegetation shift

benthos shift

11

Free flowing river at dynamic equilibrium
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Upstream
* rheophilic fish guilds
in undisturbed river

e change of lotic into
lentic habitats

e altered fish
community

e generalists - tolerant
fish in impounded
river

AMBER

I Ua % N . i e~
- . - 7y TmeA
‘:.z_;\"q‘_. S

¥
[t

Highly rheophilic, intolerant
B Rheophilic benthic

B Rheophilic water column

Generalists



Dam impact
on downstream habitat

* flow regime
e fluctuations:
 depth
e velocity
* temperature

 blocked sediment

t ’.’;? i

* riverbed erosion g S, oo
* sediment armoring

* Dewatering (mortality) Flow
alterations

= L T =

Phot. K. Susuka, P. Parasiewicz SSIF|
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AMBER

Downstream

e change of habitat
qguality and stability

* rapid bottom erosion

-

e altered fish
community

owland river below the dam

Highly rheophilic, intolerant
B Rheophilic benthic
B Rheophilic water column
Limnophilic benthic, moderate tolerance
B Rheophilic benthic, detritus pelal, intolerant
B Limnophilic phytophilic, moderate tolerance
Benthic, moderate tolerance
Generalists

Phot. M. Adamczyk SSIFI




Man-made river barriers included in the AMBER Atlas
(November 2018)

820 km

Barriers on | LT
European ©
Rivers

 400.000
recorded

in AMBER ATLAS
(status Nov 2018)

> A barrier every river
kilometer

SOURCE: AMBER project

AMBER



AMBER Barrier Tracker
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Barrier Photo x
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European rivers calssified

into Macrohabitat types (MacHT)

0 250 500 1 000 km N
N N N NN I N N |
McHT0227EN

1 Highland, medium sediment rivers

= 2 Mountain, Alpine and subalpine rivers
3 Central European lowland, medium sediment rivers
s 4 Central European lowland, large-medium sediment rivers
== 5 Highland and lowland, large-medium sediment rivers
6 Boreal large-medium sediment rivers
7 Boreal lowland rivers
w8 Mediterranean mountain and upland rivers
= 9 Mediterranean highland rivers
10 Mediterranean lowland rivers
= 11 Western European and Atlantic rivers
= 12 Lowland medium sediment and organic rivers
13 Boreal-Atlantic large-medium sediment rivers
= 14 Altantic medium-large sediment rivers
= 15 North Altantic lowland, medium-large sediment rivers.
all other rivers
LAKES
MacHT classes calculated based on:

AMBER |RS

European rivers calssified

into Macrohabitat types (MacHT)
0 250 500 1000km N
N TR NN NN N SN NN N |
McHT0227EN

1 Highland, medium sediment rivers

s 2 Mountain, Alpine and subalpine rivers
3 Central European lowland, medium sediment rivers
s 4 Central European lowland, large-medium sediment rivers
== 5 Highland and lowland, large-medium sediment rivers
6 Boreal large-medium sediment rivers
7 Boreal lowland rivers
w8 Mediterranean mountain and upland rivers
e 9 Mediterranean highland rivers
10 Mediterranean lowland rivers
w11 Western European and Atlantic rivers
12 Lowland medium sediment and organic rivers
13 Boreal-Atlantic large-medium sediment rivers
m— 4 Altantic medium-large sediment rivers

== 15 North Altantic lowland, medium-large sediment rit

all other rivers
LAKES

MacHT classes calculated based on:
Environmental Zones of Europe, catchment s
Strahler order of stream and geology.

Catchment Characterisation and Modelling River and
Catchment Database, version 2.1 (CCM2) (Vogt, J.V.
et al., 2007) is used to present running waters as river
segments, catchments and determination of catchment
size and Strahler stream order.

European Soil Database v2.0 (ESDB v 2.0; Panos, 2006)

have been used to derive geological class of organic substrate.

IHME1500 - International Hydrogeological
1:1,500,000 has been used to derive
geology class silicious and calcarous.

ap of Europe

Environmental Zones of Europe are
derived from the Environmental
Stratification of Europe version 8:
Metzger, Marc J. (2018). i
The Environmental Stratification
of Europe, [dataset].

University of Edinburgh. &
https:#/doi.org/10.7488/ds/2356. Sk

Political borders from Water Information System for
Europe Water Framework Directive (WISE WFD)
database (EEA, 2017).
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- Adaptive Management of
Barriers in European Rivers |7

Frepared under the project

— AMBER (689682)

task WP2, Deliverable 2.1.
Authors: P.Parasiewicz,
P.Prus, M.Adamczyk, K.Belkd

version: cart190227




River type no 1 River type no 2 River type no 3 River type no 4 River type no 5

River type no 6 River type no 7 River type no 8 River type no 9 River type no 10

River type no 11 River type no 12 River type no 13 River type no 14 River type no 15

1 Highly rheophilic, intolerant species m Rheophilic benthic species, preferring sandy-gravel bottom substrate

W Rheophilic water column species, preferring sandy-gravel bottom substrate H Limnopbhilic benthic species of moderate tolerance

B Limnophilic water column species of moderate tolerance H Intolerant, rheophilic benthic species, preferring detritus or pelal bottom substrate

H Intolerant, water column species Limnophilic lithophilic species of moderate tolerance

B Limnophilic phytophilic species of moderate tolerance 1 Benthic species of moderate tolerance

I Generalists - tolerant species



D2.2 Conceptual model of barier impact on fish
habitats GEP: reference

Table 4. Weighted remaining habitat proportion (wRHp) with regard to barrier type and FCMacHT.

BARIER DESCRIPTION

PICTOGRAM

Dam - a barrier that block . " . . apw .
conmrains he low of water and | - B8 - severe habitat loss (<10), orange — major habitat loss (10-50%), yellow — significant habitat
raises the water level. ~ CHESESSSESES E - -
. S o 2N loss (50-75%), green — moderate habitat loss (75-90%), - — low habitat loss (>90).
Fish passage facility provided -
Weir - a barrier aimed at
regulating flow conditions and
water levels. m‘m
2 Fish passage facility provided
Suice -3 movaebarer imed River FCMacHT type Dam Weir Sluice Culvert Ford Ramp
o et n s and evaams. WRHp%  wRHp% wRHp ~ wRHp % wRHp,  wRFip
3 Not blocking migration when % % %
open .
i Alpine 11 28 37 73 85 90
12| continental 43 49 55 83 89
Cul - uctu imed .
carrying o stream or rver under Mediterranean 59 61 66 91 93
an obstruction. H hland
Ig
& Connected to river bed and
substrate, ree flowing Mountain Highland 38 47 53 83 89
- Atlantic Continental
Ford - a structure in a river or
t hich t hall
srean s s st 51 Boreal Lowland 46 52 57 84 90
Water depth guarantee fish
S T Boreal Highland 12 29 37 72 84
e Costal
hannel nd reducil .
dpieic Sl Mediterranean 34 44 50 81 87
its stair-like shape. .
Mountain
Space in-between stones
suarantee fish pasing 19 Boreal Large 30 41 48 79 87




D2.2 Conceptual model of barier impact on fish
habitats GEP: no-fish pass

BARIER DESCRIPTION
Dam - a barrier that blocks or
constrains the flow of water and
raises the water level.

PICTOGRAM

Table 5. Migration penalized weighted remaining habitat proportion (wRHp) with regard to
barrier type and FCMacHT.
- — severe habitat loss (<10), orange — major habitat loss (10-50%), yellow — significant habitat
loss (50-75%), green — moderate habitat loss (75-90%), blue — low habitat loss (>90).

S 20\

Weir - a barrier aimed at
regulating flow conditions and
water levels.

e D (((

2
I Sluice - a movable barrier aimed T River FCMacHT type Dam Weir Sluice Culvert Ford Ramp
Towraesinversandsreams. (I r% wRHp%  wRHp% WwRHp%  wRHp % wRHp ~ wRHp
| — e—
1 Alpine T 2 48 60 65
R L 121 Continental 18 24 30 it 64 69
o epsrieten . Mediterranean 34 36 41 66 68 73
- Highland
Mountain Highland 13 22 28 58 64 70
:FZE;&:.'E??::%E? :Zﬁgﬁéw Atlantic Continental
5 sream by wadng o s 5 Boreal Lowland 21 27 32 59 65 70
s g |6 Lowland Atlantic 38 38 41 68 68 74
R 7 Boreal Highland Costal [N 12 47 59 65
e e Mediterranean 25 56 62 67
e . Mountain -
I e i o o 1187 Boreal Large [ 5 ] 23 54 62 67




Rapid Barrier Passability
Assessment Tool

Barrier types assessed include:

« Sloping weir, vertical weir, culvert, rock ramp, ford,
sluice gates.

47 different species/lifestages assessed

Typical input parameters include:

» Slope, head-drop, water depth, plunge pool
depth, step heights efc...

The tool was coded in Matlab but functions as @
stand-alone bit of software that will run on a
standard Windows computer.

Software and installation and user guide
available of AMBER website.
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Qime/Morthur/Obitools|

m

Sterile bottle/bag (0.5-1L)

g

llumina® Platform
(MiSeq)

Sequencing analysis
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CASE STUDY: River Allier (France)

Presence/Absence table
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Fish —Preliminary Results

11 ni 4 32 11 7 9

11 ni 11 *Combined Habitat Guild classification

Toreant - mod_tolerant

Native introduced

;
2
3 0.8
4
: 06 . Alfitude and distance to the dam are
;04 significant predictors of the presence of
8 some species such as: Abramis brama
30 02 (Freshwater bream), Rutilus rutilus (Roach),
1 0 Rhodeus amarus (European bitterling),
12 Gymnocephalus cernua (Ruffe) and
14 Ameirus melas (Black bullhead).
15
- . Altitude and cumulative height are
18 significant predictors of the presence of
O o Low Alosa sp. (Shads).
P YE 920829952052 88
c8g338533¢8 § 5 §§ ~2c23 » 3o+ A higher relative proportion of rheophilic
%gg éé 3 n;',% LEE T8 g é é’g % ] S species is detected upsiream the Poutes
I Rnheophilic ] non_rheophilc
Limnophilic
. I senthic [ phytophilic

intolerant
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Investigating and — S
cut e . Pilica River (POLAND)  Vistula River (POLAND)

mitigatingimpact == =

of barriers T

. Define habitat
changes up- and
downstream

- Develop
mitigation
scenarios

- Compare and
select

Phot. ERCE, K. Susuka, P. Parasiewicz SSIFI



Rapid stream mapping

Drone pictures, movies, digital terrain models

Spherical photography

Bathymetric, hydraulic surveys

Field survey App

o~
o
AMBER IR

7



Mapping of large rivers

Middle Vistula River, 2016
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3D model of Sesia River (IT) obtained form
drone work
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* Develop scenarios for impact of climate change on
fragmentation in representative watersheds

* Habitat time series analysis

* Test model validity

* Apply Restoration Alternatives Analysis

Predicted changes in low flow patterns

RCP 45 R.,CEB'S - Change %

Frequency increase of rare habitat deficits
acc. to simulation models
J000%

NF

woak

R
) .‘* 0 100 km
[—

W
Mean +44.9%

i}

Piniewski et al. (2017)
s

S
ERCE U




Modelling stream barrier effects under different scenarios
of climate change

Develop scenarios for
impact of climate change
on fragmentation in
representative watersheds

Test model validity

% Dissimilarity

Apply Restoration
Alternatives Analysis

Habitat Stress Days Alteration
% cumulative duration

HC - historical conditions

CC - current conditions

FC - future conditions

Apec - Desired Future Conditions alternative
Ag,c - Best Available Conditions alternative




Example of
application:
Mienia River
(Central Poland)

Watershed Area 256 km?
Stream Order 1-3 (Strahler)
Siliceous surficial geology
Low gradient, sandy bottom
Average width 5 m

Has many small barriers and a
dam to supply water for fish
farm

No fish passage

AMBER

MesoHABSIM MODEL

UAV Phot. K. Suska SSIFI
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www.amber.international
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Process of establishing e-flows for FCMaCHT

FCMaCHT

Habitat unit area MesoHAB Representative sites ‘—@
SIM

3




MesoHABSIM model

Rheophylic - gravel bed |

- Unsuitable

Suitable

= Optimal




Calculating e-flows in non-modelled locations

Qsetk = Pb * AueLek « Ak

p, = tabulated value of index obtained from

pilot studies specific for bioperiod and
FCMacHT
dueLrk = Specific mean low flow for the bioperiod at the

cross-section k

A, = catchment area at the cross-section k




Standard deviation of e-flows calculated with four

methods

6 FCMacHT
MesoHABSIM
Standard setting Kostrzewa

Wetted Perimeter

R2Cross
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Rating curves

Channel area (%)

0 2 4 6 8 10 12 14
Specific flow [L's*km2]
—Wetted area —+-Rearing community habitat

-e-Spawning community habitat —Lithophylic spawning communiyty habitat




Habitat fime series analysis

ng Rivers Institute
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Project: Skawa rearing and qrowth
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Bioperiod SPring searing el overs
spawning spawning | wintering
Months 1i-Vi V-IX X-X11 I-11

Common habitat ( % Channel Area)

Persistent duration (days)

Catastrophic duration (days)

Corresponding ecological base flow (Is’
lkm-Z)

Corresponding ecological flow (m®s™)

Critical habitat ( % Channel Area )

Persistent duration (days)

Catastrophic duration (days)
Corresponding trigger flow (Is*km™)

Corresponding trigger flow (m*s™)
Rare habitat ( % Channel Area)

Persistent duration (days)

Catastrophic duration (days)

Corresponding subsistence flow (Is*km?)

Corresponding subsistenceflow (m>s™)

Absolute minimum (Is™*km?)




Example of adaptive system

Specific flow (Is?-km)

15 +

13 -

11

—

——min

——subsistence

trigger

——bhase

——Flow
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Hydrological standartisation
for spatial fransferability

p= specific flows/mean low flow of bioperiod

Bioperiod Sprin_g sy el el spgwni_ng/ overwintering
Spawning growth overwintering

River\Months 11-VI VI-IX (X)* | X (XD*-XII I-11

Skawa (2) 1.15 0.74 0.21 0.80
Kamienna (1) 0.87 1.07 1.15 0.82

_ Mitrgga™ 1.57 0.57 0.82 0.83
Index "Mienia* 0.74 0.86 0.79 0.79
i @) 1.28 1.17 0.73 0.62
Swider* (4) 1.02 0.92 0.75 0.74

Drawa (4s) 1.11 0.95 1.02 0.89




