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Atlantic Salmon — current native rang E€l - native range

Significant decline :
building of first dams, historical focus of building fedders * Eel catches have been gone down since the last

“for salmon (LC with regard to IUCN, locally extinct) ~ decades and continue to decrease.
e Suggested main causes of this decline are:

Atlantic salmon - native range in 205(  ° Qverfishing of glass and silver eels
« Dam construction & turbine mortalities
« ParasiteAnguillicola crassus
» Climate change
» Predators like cormorant
» Eel (as salmon) is an economically important
species
» Eel fisheries generate a total annual income of
- ~€200 million Euro, and employ over 25,000
European citizens in 15 countries.
» Much of the eel biology not understood yet
Gt =% . ~  « Connectivityfriversis aprerequisiteor eel
production




Endangermerdf the Europeariish fauna

all impacts
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Endangermerdf the Europeariishfauna e

Fragmentation of rivers blocks different types of
migration and therefore leads to

e reduced reproduction, increased mortalities

* Increased vulnerability of populations to
stochastic processes

* loss of genetic variability
* decreased population sizes
 extinction of species




Many dams and hydros — besides
upstream migration: mortality during
downstream mlgratlon IS an issue..

W|CKSTROEM H. (2008) he Swedrst ac)
o Rosamiiks Plan. 3rd meetlng of the EIFAC Working Party ion Fls
e vl it crerg Passage Best Practices Krakow, Internal Proceedings




Many dams and hydros — besides Q"ﬂ' *l*
upstream migration: mortality during — —
downstream migration IS an issue...

Effective protection
 Smolt: Sreen mesh< 10,
o Silver eel: Screen mesh < 15 mm
 Flow velocity at sreen < 0,5 m/s
» Other screening devices (Louvre-

* Fish friendly turbines
o « Fish friendly power plant managemeg F-'-'i
== e Trap & Truck




Cumulative mortalities during
downstream migration in multiple
fragmented rivers

e Rhein
%

s 089 0,85 0,83 1,00 095 081

Ist-Zustand: r=48 %

Dumont 2008



Response? @) B
| Salmon regulations since decades

| European Eel regulation
I 'Whole countries as eel management units

I Main target; 40 % escapement from an unknown virgin population ~ 100 % of
escapement before the crash in 1980, ie 100P8GHf-#¥s escapement

I Four main measures have to be combined:
| Decrease fishing mortality
I Decrease turbine and screen mortalities
| Restocking with imported elvers
!

Facilitating and improving the upstream migyatiag eels
| Other target species conservation and relmaprioigitaons
I E.g. Allis shad (Alosa alosa), River Rhine, Germany
I European Sea sturgeon (Acipenser sturio), RiGarElasy
I Salmon re-introduction in Germany (,Lachs 20@Q‘Germnany

I Water Framework Directive

| “Good ecological status” or “Good ecological’potentia



BUT: Lack of knowledge with regard to__
migration in fragmented river systems...

For example R&D program proposed in France for eel - 14
actions initiated in 2008-2009

I Upstream migration

I Quantify the efficiency of classic (pool typ&jfidehignd specific passes for
eel

I Develop techniques for counting and estimatmzyeffiigh passes for eel
I Downstream migration
I Acquire a better knowledge on eel behaviour near the dams

I Acquire a knowledge on eel migration rhythms (dlieecaieration)

I Quantify the impact of turbines on downstreaopmnmgrdséility by turbine and
on the entire river

| Develop new techniques to prevent turbine mortalities
I Acquire new monitoring techniques techniquésa@tisiency of devices

TRAVADE, F. (2008). French R & D program ord'dahasY related to the EU regulation. 3rd medtthg &IFAC Working Party
On Fish Passage Best Practices Krakow, Intermageings.



Although there is still lack of knowledge,
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guidelines for building fish ladders are requildQW

| Existing guidelines in use

BELL, M., 1990. Fisheries Handbook of Engengarmnmm&ds and Biological
Criteria (Third Edition). Fish Passage and Bewelodrizvaluation Program,
Corps of Engineers, North Pacific Divisiord, Rontigoi@07 S.

CLAY, C. H., 1995. Design of Fishways and Other Fish Facilities. Lewis Publis
248 S.

GEBLER, R. J., 1991. Sohlrampen und FischalfEizegeh, Deutschland,
Eigenverlag (derzeit in Neuauflage).

DVWK, 1996. Fischaufstiegsanlagen - Bemessuhmd;Estaktionskontrolle.
Bonn. 110 (derzeitin Uberarbeitung, erscheisicintliiauif010)

DUMONT, U., P. ANDERER and U. SCHWEVERS, p00&. Piaartbauwerke.
Dusseldorf. Ministerium fur Umwelt und Naturschutz, Landwirtschaft und
Verbraucherschutz des Landes Nordrhein-Wdstf&len. 2

LARINIER, M., F. TRAVADE und J. P. PORCHERNR2@92: Biological basis,
design criteria and monitoring. Bulletin Francais de la Péche et de la Piscicultu
(Supplement).



Guidelines for building fish ladders

| New guidelines and guidelines in prepraration

 EIFAC guideline for the design and building-dikeatu

fish passes (in progress)
Austrian guideline for building fish passesl]finish

German guideline (DWA) for building rock ramps
(published)

New German guideline on building fish passes (in
progress)

Guideline for eel (based on current research)




The Austrian guideline for
re-establishing
connectivity In rivers for
fish with regard to the EU-

WFD



Target of the Austrian guideline for
building fish ladders T

I Defining a settypes of fish ladderghat are known to work

I Defining aet of criterido be considered when building efficient fish ladders

I Definalesign value$or each criterion with the target that fish lsalkete work with
high probability

I With regard to EU-WFD: Not all fish spemethe largest fisthave to pass

I Only those fish species relevdat the Fish Index Ausigad to calculate the
good ecological status

| Based oexistence AND reproductiofdominant and subdominant
specieqrare species have only a small impact on the index)

I Most individualsf the migrating populations should be able to pasatdefi
I Guideline is only dealing wpgtream migration

I At newly constructed power plathg consideratiordomiwnstream migration
facilities is recommended

I This guideline is valid also for GE® connectivity is seen as a pre-requisite for GEP
I Prioritizatiorof barrier removal on a catchment scale



Daneila Fiver Bazin Desdricl
Map 1: Owerview (final draft)
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Spatial extent of fish migrations in
the Danube catchment

_ Beluga sturgeon ;
. (Huso huso) |

githment scale

Sub catchment scale

G

Pontic shad
(Alosa pontica)

Beluga sturgeon
(Huso huso)




Percent water body length at risk per
pressure type in rivers > 10 km2 CA in AU&

W v.boku.ac.at/hfa
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Migration barriers within the Austrian —— * :
fluvial network >10 km2 catchment area

~ 27.000 barriers in the river
network > 10 km?2 catchment area

Strategy on a catchment
level iIs needed!!!
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Historical distribution of important medium distanagants T,f“
"

In different river regions > 500 km? catchment area

"‘:é‘\!, »fp

‘Dantibe:salmon - BEEe
Nased on river

WiI

ar Highly fragmented historical
distribution area

All three species (medium distance migrants
predominantly occurred within

1) Epipotamal large
2) Hyporhithral large
3) Epipotamal medium

LOST IN 460% OF THEIR ORIGINAL RANGE!

g




Prioritizatiorschemeor removingbarriersat asub-
catchmenscale

Targetreconnecting rivers from " Position of the barrier within river regions with
downstream to upstream, maximizi focus on medium distance migrants

reconnected amount of habitat mai ., Position of the barrier with regard to the next

W_ith regard. to the typical medium downstream confluence or the border of Austria
distance migrants lost from many sues

Number of re-connected tributaries (CA > 10 km?2)

Re-connected river length (with impoundments
and residual flow stretches)

Re-connected river length (high hydro-
morphological quality status)

Position of the barrier with regard to Natura2000
areas (only areas with regard to the fish fauna)

Low
T high






Typical deficits of fish ladders in Austria

Limited operative!

Fully Operative!

Analysis of 57 fish
ladder monitoring
reports



Typical deficits of fish ladders in Austria

Drop heights too high (n=20__) (mainly at pool & weir passes)
Flow velocities too high (n=19_ )
Bad location of fish ladder entrance or not sufficient attraction flow (n=12 )

Too less water in residual flow stretch below the weir (n=5)

Type of fish ladder Efficiency Operative Limited o_r not
evaluated operative
Number (N) / Percenta ge (%) N N % N %
Nature-like pool and weir pass 10 4 40 6 60
Nature-like bypass channel 9 6 67| 3 33
Nature-like bypass channel with nature-like pool and weir pass 2 1 500 1 150 1
Nature-like bypass channel with technical pool and weir pass 1 0 0 1 100
Nature-like rock ramp 6 6 [100] O 0
Vertical slot fish pass 2 2 (100 O 0
Vertical slot with nature-like pool and weir pass 1 0 0 1 100
Vertical slot with natur-like bypass channel 1 1 @ 0 0
Vertical slot fish pass with technical pool and weir pass 1 0 0 1 100
Technical pool and weir pass 19 8 42 11 58
Total 52 28 54 24 46




Drop heights




Recommended types of fish ladders
based on the type of connectivity
iInterruption and available space

First question: is a removal of a barrier possible?

If not then consider river region, type of barrier andlaeaila
Space!

Space available Hydropower use No hydropower use
| River type specific I River type specific
bypass channel bypass arm
| Nature like pool & weir I Rock ramp (full or
fish pass partial width), in the

| Vertical slot fish pass  river bed

Especially selecting that type, where an optimtnainee situation can be
achieved, selection of solution open to the resplengerson.



Design criteria for building fish ladders...

...aim at providing a migration corridor for the fish
around the weir

Migration corridor can be understood as ,Virtual hydraphce*
around a fish or the hydraulic conditions that must be cavennd
a barrier to provide passage including entrance andandlitions



Important design criteria for building

efficient fish passes

I Type of fish ladder
I Entrance situation
I Location
I Bottom connection
I Attraction flow
I Passability
I Dimensions

Amount of discharge
Pool length

Pool width

Depth

I Turbulence
| Slope

Maximum drop height
Maximum flow velocity

I Design of pool connections

Slot width

Minimum water depth
Roughness

Bottom connection

Bottom roughness

Fish pass exit situation
I Position
I Bottom connection

Protection of entrance and exit from
substrate and woody debris

Consideration of changing water levels
up- and downstream of the weir

Duration of functioning during a year
Performance reliability

I MAINTENANCE
Precaution actions to extreme events



Design conisderations - entrance

| Situation with regard to the weir, the turbine anel exbelences
and flow velocities

I Most influencial parameter
I Attraction flow

I Amount of wat 1-5 % of river dischardes to be dynamically
| | loci maintained over a range of river discharges (up to the
+ Flowve OClty turbine capacity of the power plant)

I Connection to river bottom

KW Rott

Jager & Zitek 2009




Position of entrance

In the acute angle of the weir

GEBLER 2009 DUMONT et al. 2005 DUMONT et al. 2005

at the heigth of the at the outer bank
weir near the
turbines at the
shoreline,

DUMONT et al. 2005

DUMONT et al. 2005 DUMONT et al. 2005






P. JAGER 2001




Wasserentnahm

Pumprichtung

FAH. Einstieg




Wasserentnahm

Pumprichtung

FAH. Einstieg




Assessingheefficiencyof afish ladderfor naseat

theriverDrau/Villach
Automatic
tracking

Turbine left

Turbinerig\
\ Fish ladder
Hand tracking entrance

50 individuals aiasetaggged /

Zitek et al. (2009)
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Brook char
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'ISt”a Burbot
E. grayling
E{ Brown trout
@‘9’6& Rainbow trout

Chub

Perch

+ Juveniles

Zitek et al. (2009)



Recommended types
of fish ladders and
selected design
criteria






ype specific design criteria - Rockramps

Pool type with slots connected to river bottom
Designed for Mean Annual Low Flow (MALF)
Migration corridor moves with increasing dischaegg®maf shorelines

Groynes at the shoreline provide shelter and migtadian inayher discharges
Pool size

Pool lenght: 3 x fish length
Pool widht: 2 x fish length

Pool depth (= design depth due to dynamic sedimertj transp
Epi- und Metarhithral (MQ > 2 m3/s): > 80 cm
Hyporhithral (MQ > 20 m?3/s): > 100 cm,
Epipotamal (MQ < 100 m3/s): > 140 cm,
Large rivers(MQ > 100 m?3/s): > 140 cm.

Pool connections
Slot width 3 times the fish width or min. 20 cm
Connected to river bottom

Minimum depth at pool connections : 2/3 of pooédeptndired bottom connection (min. 2,5 x fish

heigth)
Maximum slope of rock ramps per river region
River region Slope h water head difference
Epirhithral 1:15 20 cm
Metarhithral 1:20 18 cm
Hyporhithral 1:20 to 1:30 15 cm
Epipotamal 1:30to 1:50 <15cm




River type specific bypass channels

MQ river [m3/s] 5 10 20 50 100 200 Danube
MQ fish pass [m3/s] 0,25 0,5 0,8 1 1,5 2 >2
ER slope [%] 2,0-3,0 1,5-2,5 1,2-2,0 1,0-15 |0,9-14

MR slope [%] 1,5-2,0 10-15 [0,9-1,2 0,8-1,0 | 0,7-0,9

HR slope [%] 10-15 0810 | 0,7-0,9 0,6-0,8 0,5-0,7 0,4-0,6

EP slope [%] 0,7-1,0 | 0,6-0,8 0,5-0,8 0,5-0,7 0,4-0,7 0,3-0,6 0,3-0,5










Bottom roughness

ADAM et al. 2009

GEBLER 1991

Recommendation: 15 — 20 cm high single stones irtdgnatottom substrate with a
distance of about 20-30 cm






Turbulence

Turbulence reduces the swimming capacity of fish,
leads to exhaustion and may lead to injuries
(Pavlov et al. 2008)

KW Gambsheim 125 W/m3

Degel 2006
I\O/I,B\\E(:A'\FQDNAORCE,LEAFRJOFSA FIiIAT\F(z)% '_A‘r'.'un River region Dh [m] Energy dissipation [W/m3]
CADA, G. F. (2002). Epirhithral 0,2 130
Metarhithral 0,18 120
Hyporhithral 0,15 120
Epipotamal 0,13-0,10 100
Metapotamal 0,08 80




Combination of all criteria yields typical
sizes of fish ladders per river region

Fischregion MaRgebende Fischart | Fisch- Maximale Schlitzpass Naturnahe Beckenpasse und Umgehungsgerinne Dotation auf Basis der

(fur Lange) Lange | Spielgeldifferenzen Mindestbemessungswerte
(cm) zwischen den Schlitz- | Hydraulische mittl. Hydraulische Hydraulische min. Natur- Schlitz- |Umgehungs-
Becken (cm) weite | Mindesttiefe uh. | Breite Mindesttiefe an Mindesttiefe an MaxTiefe naher pass gerinne
(cm) |Trennwand (cm)| Becken- | Beckenubergangen/ | Beckenlbergangen | Becken/Kolk | Becken- (I/s) (I/s)
Uibergang Furten aufgrund aufgr. Sohlanschluss (cm) pass
(cm) Fischhdhe (cm) (cm) (I/s)

Epirhithral, MQ <2 m3/s Bachforelle 30 20 20 60 25 20 40 70 100 225 125
Epirhithral, MQ > 2 m3/s Bachforelle 40 20 20 70 30 20 40 80 150 250 175
Metarhithral, MQ <2 m3/s Bachforelle 40 18 20 60 25 20 40 70 100 200 150
Metarhithral, MQ > 2 m3/s Asche, BF 50 18 20 70 30 25 53 80 200 250 225
Hyporhithral, MQ < 2 m3/s BF,Aitel,Asche, Aalrutte 50 15 20 60 30 25 50 80 175 175 175
Hyporhithral, MQ > 2 m3/s Aalrutte, Barbe 60 15 25 75 38 30 56 85 250 300 350
Hyporhithral, 2 < MQ < 20 m3/s  |Huchen 80 15 30 85 45 35 66 100 400 400 450
Hyporhithral, MQ > 20 m3/s Huchen 100 15 35 100 53 40 73 110 500 550 550
Epipotamal klein Aitel, Asche, Barbe 60 13 20 60 30 25 46 70 150 175 175
Epipotamal mittel Barbe 60 13 25 75 38 30 56 85 250 250 350
Epipotamal mittel Hecht 90 13 30 75 45 35 56 85 300 300 400
Epipotamal mittel Huchen 90 13 32 90 48 37 66 100 400 400 450
Epipotamal grof3 Huchen 100 13 35 105 53 40 73 110 500 550 550
Epipotamal gro Wels 120 13 50 120 7S 45 79 120 800 900 950
Seezubringer, -ausrinn Seeforelle 90 13 35 105 53 45 73 110 500 550 800
Grundlings- und Schmerlenbach JAitel 40 10 20 60 30 20 40 70 125 150 100
Donau Wels 150 10 60 160 90 60 112 170 1200 1400 1900

In addition: definition of attraction flow — 1-5 % tlariver discharge









BUT: finally the ecological status of water
bodies has to be assessed...

FIA FIA

¥
I

- Goodecologicabtatus

| | | | | |
Pre Post Post/Trap Pre Post Post/Trap

Monitoring Monitoring

River Melk River Pielach

Zitek et al, Hydrobiologia 2008



sSummary

Connectivity can be seen as a pre-requisite for the good ecological status
BUT: Restoring connectivisyonly one aspect of management of fish pspulation

Pressures like overfishing, water abstractaingégiadation by channelization or
iImpoundment, hydropeaking, land use have tecbsirtmaianeously

Current connectivity strategiesEurope have to be merged

Target species approadalmon, eel regulation.. .yersusommunity based
approach (WFD)

Guidelines how to build efficient fish laddBgses and criteria) needed —for target
species and target fish community of WFD

Strategiedor restoration of connectivity on a catchment level needed
Cumulative effectsr both, up- and downstream migrations, haansideeed
WFD compliant assessment schefoe$ish ladders are needed

Global changessues have to be considered, mainly with ridgaryicte specific
features of fish populations

Ongoing studiewill significantly contribute to a better undsgstéel migration and
management

Further studiesn behaviour of different fish species durimbdapvrastream migration
stillstrongly needed
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