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o W connettivita: necessita di priorizzare

* 1.2 milioni di ostacoli longitudinali in EU (0,74 km)
nature * 68% h<2m
— * Limitatezza risorse
* Alcune hanno impatto molto piu significativo

nature > articles 3 article

Article ‘ Published: 16 December 2020

More than one million barriers fragment Europe’s
rivers

Castelletti, Wouter van de Bund ™, Kim Aatestrup, James Bany. Kamila Belka, Arjan Berkhuysen, Kim
Eernandez, Pao Femandez Garrido, Eva ia-Vs Sara Garrido, Guill Glannico, Peter Gough, ..
Maciej Zalewski =+ Show authors

‘ The non-accessible part
The accessible (700 square kilometres)

part of the river
basin for
migratory fish.
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e, connettivita: dati di partenza
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- Stato ecologico tratti fluviali
- Presenza aree riproduttive/rifugio/nutrizione
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Review

Operational methods for prioritizing the
removal of river barriers: Synthesis and
guidance

Carlos Garcia de Leaniz ® & &, Jesse R. O'Hanley ? ¢

Fisheries Management

and Ecology

Procedures for evaluating and prioritising the removal of fish
passage barriers: a synthesis

P.S. KEMP, J. R. O'HANLEY

et 24 Mirch 200 | et 19 e 2000 | Aecested: 4 hne 2020
D% 1a 00z e

ARENA PAPERS WILEY

A comparison of approaches for prioritizing removal and repair
of barriers to stream connectivity

S.KyleMcKay! @ | ErikH.Martin? | Peter B.Mcintyre® | Austin W. Milt® |
Allison T. Moody* | Thomas M. Neeson®

Approach

Mathematical optimization given a
specific set of objectives, time-
scale, and budget

Scoring and ranking used to target
removal requests and inform the
reaction Lo opportunities as they

Local knowledge used to
qualitatively inform ecological,
engineering, and social priorities

Reactive response when requested
by owner

Unexpected failures

Examples

Kuby, Fagan, ReVelle, and
Graf (2005)

King and O'Hanley (2014)

Neeson et al, (2015)

Moody et al. (2017)

Milt et al. (2017)

Mader and Maier (2008)

Martin (2019)

Hoenke, Kumar, and
Batt (2014)

Fox et al. (2016)

American Rivers

Gillespie et al. (2014)

Criteri di priorizzazione per la rimozione di ostacoli alla
connettivita: moltissimi metodi e approcci

Strengths

Transparent, analytical framework
Optimal solution is provided to
maximize benefit for a given
budget

Solution set can be designed to
effectively handle barriers in a
series

Multiple objectives may be
quantitatively incorporated into
prioritics

Flexible to multiple objectives
(even those challenging to
quantify)

Reduced mathematical expertise
relative to optimization
Minimally prescriptive and casier
to align with implementation
constraints

Facilitates stakeholder buy-in
Flexible to multiple economical,
ecological, social, feasibility, and
environmental factors

Often rapidly developed with
minimal computational expertise or
cffort

Few planning constraints allows
for large number of projects to be
executed

No planning required

A PEN
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TABLE 2 Families of methods for prioritizing barrier removal projects, ranging from strategic to purely reactive

Weaknesses

Outcome may be too prescriptive
and not accounting for issues such
as structures beyond an entity's
jurisdiction (Milt et al., 2017)
Often solutions require action on a
set of barriers, requiring
cooperation which may or may not
be available

Uncertainties or changes to
budgets and project costs can have
a substantial impact on priorities
Challenging to account for factors
that are not easily quantified (e.g.,
sense of place, Sarakinos &
Johnson, 2003)

Problems can arise from
incomplete, coarse, or variable
resolution in data

Barrier sets may be inefficient if
dependency between actions is
not incorporated (i.e., barriers in
series)

Typically, multi-objective analyses
rely on subjective weighting
schemes, which can require time
consuming, iterative development

Requires substantial local
knowledge

Difficult to implement at regional
scales

May introduce bias of local
participants (e.g., disciplinary, a
priori preferences, etc)
Incfficient use of resources is
possible

Potential for significant negative
side effects (e.g., loss of life and
property, emergency response
costs)
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European
Commission

TABLE 3 Recommended methods for prioritizing barrier removals given the spatial scale of planning, dimensionality and complexity of
project objectives, and the expected uncertainty of a barrier removal project (i.e., unpredictability of economic and sociopolitical costs of
removals, budget availability, and risk of barrier collapse). The final column indicates the resources needed to implement the prioritization method,
which we define broadly to include biological data sets, estimates of economic and sociopolitical costs of removal, and computational/
mathematical modelling expertise

Spatial Project Resources
scale complexity Uncertainty  Example Recommended prioritization method(s) required
Small Low High Watershed non-profit with substantial Multi-stakeholder priority setting by Low
field expertise and goal of increasing discussion/committee
access to upstream habitat for a single
Biodiversity Strategy 2030 pecies, whare kickvidual ownér
attitudes are difficult to predict
Barrier Removal for River Restoration small  Low Low Local transportation authority with good ~ Optimization within jurisdictional Medium
] ] ] ] ] asset database and jurisdiction over the constraints
https://environment.ec.europa.eu/system/files/2021-12/Barrier%20removal%20for%20river%20restoration. pdf ! of barri
Small High High Watershed non-profit focused on Standing priorities to inform reaction to Medium
balancing habitat gains for multiple focal opportunitics as they arise
taxa alongside recreational
opportunities, where individual owner
attitudes are difficult to predict
Small High Low Watershed non-profit balancing multiple Optimization with extensive local data High
conservation objectives, but economic
costs of removal are well known and
predictable
Large Low High Regional prioritization of dams to Combination of mathematical optimization ~ Medium
maximize total accessible river miles, and/or multi-stakeholder priority setting
where sociopolitical costs depend on
individual owner attitudes and are
difficult to predict
Large Low Low Regional prioritization of road culverts to Optimization in conjunction with High
maximize total accessible river miles infrastructure asset needs
Large High High Regional prioritization of dams to benefita  Standing priorities addressing a suite of High
suite of migratory fish and non-fishery ecological metrics
objectives
Large High Low Regional prioritization to benefit a suite of  Iterative process of mathematical High
migratory fish species while minimizing optimization and stakeholder goal-
spread of invasive specics setting, ideally facilitated by decision

support tools
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come priorizzare gli interventi?

1) Fauna ittica

+ Estensione di corso d’acqua/habitat non frammentato che viene riconnesso
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come priorizzare gli interventi?

1) Fauna ittica

+ Estensione di corso d’acqua/habitat non frammentato che viene riconnesso

Es. di Indice di Priorita (Pini [
Prato, Comoglio C. and Calles O., [P = monte F

2011) H

Lm = Lunghezza del tratto di fiume a monte
dell’'ostacolo considerato che verrebbe

nuovamente reso accessibile all'ittiofauna;
H = altezza ostacolo

F = fattore ittico F = Z k; = Z(Mobi + V¢;)?

A ciascuna specie autoctona presente (i) viene assegnato un coefficiente di priorita (k;), somma di un valore di
mobilita (Mob;) e di un valore di conservazione (c;). Per specie alloctone k; = 0.
Il valore di mobilita (Mob;) varia da 1a 5 a seconda delle esigenze della specie: es. = 5 per specie migratrici diadrome

(anguilla, cheppia, etc.). Il valore di conservazione per le specie (c;) varia da 0,5 a 2: in funzione dello stato nella
[IUCN Red List - Italia
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come priorizzare gli interventi?

1) Fauna ittica

* Qualita/rilevanza dell’habitat riconnesso per il ciclo di vita delle specie target

How should we reconnect rivers? the FRU concept

H - ragmented
F u nCtlona I mm Connecled
OK all NOT OK only NOT OK only OK continuum
catchment tributaries main stem preserved,
connected connected connected main stem + key

tributaries

Figure 1. The FRU (Functional River Unit concept) requires restoring connectivity either of the main
stem and tributaries, or of the entire catchment; Carlos Garcia De Leaniz, Swansea University.
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Reconnecting

FRUs L

1-Nogain 2-Gain

™ Poor quality _ _
= Good quality (GES, GEP) 3-No gain 4-No gain

Garcia de Leaniz etal (2021)in EC Guidance

Figure 2. The concept of restoring river to a “free-flowing state” should focus on restoring
functional river units; Carlos Garcia De Leaniz, Swansea University.
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Rimozione/mitigazione di ostacoli alla connettivita (longitudinale): &Y RIVERS

Ck.sw aa. OPEN
come priorizzare gli interventi?
1) Fauna ittica

* Eventuale effetto negativo della rimozione di opere che impediscono
I'espansione di specie alloctone invasive
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Priorization criteria

n

WB with barriers whose removal or permeabilization is
indicated as part of the PoM

WB located|in protected areas (e.g., N2000)/whose
management plans indicate the necessity of improving
river continuity

WB with barriers whose removal or permeabilization
would maximize the unfragmented river length

\A/D +h e~ mifimrant fie nf\r\ -l-r\nr- i AAar riely Aira
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alien species

WB particularly sensitive to the effect of climate change

LA OPEN
<YW RIVERS
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Limiting factors

Distribution of alien species to avoid Ten }\ ‘
: P 3

. - . .
contamination of pristine areas - : _
1.2 Lo :
— .7 S :
-7-10 T . i
h - = Ictiofauna aléctona DHEbro
- Bathing sites et e
Ameiurus melas Oncorhynchus mykiss
Corassius auratus Perca fluviatilis
Cargssius carassius Pseudorasbora parva
Cyprinus carpio Rutilus rutilus
Esox lucius Salvelinus fontinalis
Gambusia holbrooki Sander lucioperca
letalurus punctatus Scardinius erythrophthalmus
Lepomis gibbosus Silurus glanis

®  Zona do bako en embalss
©  Zona de Bafo en rie
®  Zora dabafo en costa

Cultural protected sites

®  Bienes de Inerés Cultural

(”J'.'.”_":‘
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relevant barriers
Filter, Subcategory

A Filter1,1

A Filter1,2

4 Filter1,3

= Filter2,1

= Filter2, 2

*  Filter3.1
—— Water network

D catchment area

Amt fir Geoinformation Kanton Thurgau

@ Al barriers
-

!

—

[ "Reduction: ]
natural obstacles
Barriers in streams with bed width <0.8m

Barriers in streams with bed slope < 5% 4

4D
A% OPEN

AMME

10’378

ﬂhef;nl:

1 hri ‘ catchment size, bed width, or

ecomorphology

—— g L

Barriers ...
@ Which are natural
@ in very small rivers
° in very steep rivers
€ in the main channel
€D in river mouths

€ in bigger tributaries

1536

€ in tributaries with a lot of
natural/near natural stretches

FLUSS
FREI!
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Reduction:
b| & natural obstacles
=2 Barriers In streams with bed width <0.8m
Barriers in streams with bed slope < 5%

(el Filter step 1
1 '4.‘ catchment site, bed width, or 1536
ecomorphology

Filter step 2:
Length of reconnected river stretch

e

Barriers...

relevant barriers e with a small . .
Filter, Subcategory «habitat extension index»
afidigt @ in relation to hydropower

A Filter1, 2

i € in river mouths

iter £,

g € in natural/near natural stretches
bt liter 3,

x  HEl <150

< HEI<250 FLUSS
~—— Water network FnEl!
E e anmmn Amt fur Geoinformation Kanton Thurgau -
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Reduction:
natural costaces
e Barners in streams with bed width <0.8m
— |_Barniers in streams with bed siope < 3% |

L3 Filter step 1.
catchment sz, bed width, or
ecomorphology

Filter step 2
Length of reconnected rver stretch

1. selection of barriers

ssessment of the potential of dam removal (cost-benefit

™ Potential: Cost:
) * Riverbank & riverbed *  River size

characteristics * Landownership

*  Barrier type « riverbed slope

*  River & catchment size *  height of barrier

*  “Fish-Passibility” +  Material

*  Location in the water *  groundwater
network protection zone

*  Length of reconnected +  accessibility
river stretch * Infrastructure

¢ river mouth (buildings, pipes,
*  Protected nature areas wires...)

barrier preference :

. | .

-—
Riverbank Bank walls 1 River size Small stream: Riverbed <2 m 2
Solid shoring (square stones etc.) 05| Medium stream: Riverbed 2 - 15 m 1
Stocked bank 0] ll!llr-m:liv'bd-lsm o}
Rverbed Faedwithout pood R Barrier 15 located within a state parcel. 3
Riverbed with pond of Barrier is located within a communal parcel. 1
‘Barrier type ‘Drop fioor / paving of the riverbed Fl Barrier i located within a private parcel. of
drop [ smooth blocksamp | [Fiersiose [ River siope <25% 3
1o !Z' block ramp of Rlvat;lopf)!S% 0f
Fish passability not passable 3| | Berrier height Barrier height <40 cm 3
Liust / moderatly passable of ::"’:" :"'“‘“"" “:“:"' 2
River size Big stream: Riverbed > 15 m 1 . cisal H':‘w;:"' G ;
Medium stream: Riverbed 2 15 m 05| arrier heighiz 1206
Groundwater protection | Barrier is in 51 -10§
Small stream: Riverbed <2m L I xie
River mouth The barrier 15 located within a river mouth 3 bt 2
o Lk B [Barrier is not in a groundwater protection zone. o}
The barrier is not located within a river mouth. 9] = =
Carchment areasize | Catchment area size > 10 km' 4 Structure with blocks setin concrete 4
Catchment area size 2- 10 km” Bl Builiding with loose blocke o
Habitat extension index | HEI > 1500 2 Wooden structure with loose blocks 03
HEl 701 -1500 1 Wooden structure 1
HEl 250 - 700 05| Other material (scoring depends on the
HE <250 o Jremoval effors)
Connectivity The barrier 15 located in a section which is 7| | Cobles e e [
connected with the main channel of the §
The barrier is located in a section separated of Thereare other pipes around the barrier. 2
from the main watercourse by high natural There are no pipes around the barrier
bagigs e long spbaokment, iU There s other Infrastructre around the barrier. 2
Nature reserve The barrier ist located in a...
| national B Jalh: 2) :::":h no other infrastructre around the o
'"'“""l"'“'""““' I 15‘ [Effort for removal Removal should be easy. 3
.cantonal nature reserveor 3 plain
outside the national inventory Siovellooks conplicsiud. 2
-.Pro Natura nature reserve, regional or 05 s good. 2
communal nature reserve, the Swiss national e 4
|park. a regional park or a biosphere reserve Accessibllity to the barrier is poor. of
Cost .
Simple Complex Difficult Realisation barely
. realisation realisation realisation possible
Ecological
potential

2" preference

2" preference 3 preference

3" preference 3 preference

3 preference

3 preference

3" preference 3 preference

— e —
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come priorizzare gli interventi?

2) Trasporto sedimenti

* Rilevanza deficit di sedimenti a valle
(tratti incisi, erosione costiera...)

* Quantita di sedimenti che puo essere
mobilizzata

* Connettivita a valle/tempo necessario

perché i sedimenti raggiungano il
tratto critico

* Eventuali colli di bottiglia che non
consentono il transito di portate
solide >> (es. perché
imcrementerebbero troppo il rischio
di alluvioni)

F Rimozione/mitigazione di ostacoli alla connettivita (longitudinale):

aa. OPEN
& RIVERS

a) Network extraction and characterization

— Network reach
O Network node

Water discharge

Channel width
Bed material D16, D50, D84
Others

= l sediment fluxes
W ncreasing lood

@ sediment source

O external source
WV dam/ barrier

¢) Supply and trapping sediment features definition

Natural

O sediment
contributions

O /nthropic
alterations

I
| BIufF 7 ravine | |defore;tation |

I debrilsﬂow |

1 1
|a|luvional fan | |dam / barrier |

CASCADE (CAtchment Sediment Connectivity And DElivery)
(Schmitt et al., 2016)
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priorizzare gli interventi?

Possibili criteri di valutazione:
Es. servizi ecosistemici associati al ripristino della connettivita (riduzione rischio di alluvioni, ricarica falda,

rimozione nutrienti, fruizione, ecc.)

ntro Italiano per la
Riqualificazione Fluviale
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