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Executive Summary

This documents version 2.0 of D2.the Conceptual model of ecological impacts of kg in EU
considering habitat selection criteria for running waterisreport is a deliverable of the AMBER
project. ¢t KA a4 LINRB2SO0 KIFI & NBOSAGSR FdzyRAy3a FTNRY (G(KS
innovation programme under gramigreement No 689682.

The core element of this deliverable is thevelopment of a conceptual model of barrier impacts on
riversusingthe EuropearfFish CommunityVlacrohabitat Rivetypes (FCMacHT) presentadD2.1
Since new datshas become available,the FCMacHT classification has bemodified and this
improvement is presented hereWe based thdypology on a number of physigeographic factors
associated with Expected Fish Communities (ERGjderto assesshe responseof fish assemblages
to riverine habitat changes caused by barrier impacts onrdiwental scale, racro habitat use and
tolerance guildsvere adoptedasthe mostusefulindicatars.
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We summarized 21 physicaler attributes thatcan be modified byarriers and developed macro
habitat suitability criteriato estimate their influence onthe occurrence offish guilds. We then
estimated barrier impacas a proportional alteration of habitat ardar each attribute. For each
FCMacHT type we calculatéde amount of remaining suitable habitat areaveighted by the
proportions of each guild ithe EFC for 6 identified barrier typesssuminghat all possible mitigation
measures have been takeand the water body has achievedgood ecological potentiglGEP)The
weighted Remaining Habitat proportiowRHp wasarranged infive impact categories. Finally, for
barriers wherethe ecological potentiails affected byshortcomings in construction and operation
lack of mitigation measures penalty of 25% ovRHpwas assumed;hanging the impact class for
each barrier type in each FCMacHDamsin mountainous areadave the highestimpact on fish
habitat The modebresented hergrovidesa frameworkfor regional assessment of barrier impacts
on riverine habitatsas well as a foundation faxamining barriermpact under various scenarios of
landscapemanagement and climate chang@ne key variableis flow alteration, which will be
incorporated via more detailed analysis in Tasks 2.2 and 2.3.

Author(s)

Piotr Parasieviiz (SSIFIMaciej Zalewski (ERCEB)} O3 2 NJ F G _k LIBBH| It NIBA w/OT § .
aAl20F 2 ! RIKadlh Belka (EGRRIIICLadkEwicz (ERCE), Zbigniew Kaczk¢BRIGE),

Kinga Krauze (ERCIRtarzyna Suska (SSI®I}, y dza T [ A FoshtIbnes (Siuda BiEdeny(SV)

Devid Krullionogy Sk Claus Till Schneidénnogy SE Carlos Garcia de Leaniz ($4)the AMBER

consortium.

Abbreviations
Theseabbreviations areised throughout the text:

EFI+ new European Fish Index (method to assess ecological status of fish in European
Rivers)
NDS Gy 2y RA & (-danbadplingsitedassied as representing low anthropogenic

pressurein the European Intercalibration Database (Fish)
FCMacHT Fish Community Macro Habitat Type (physically defiihegt types based ohabitats
considered tde associateavith fishguildg

EFC Expected Fish Communities (fish guilds proportion expected in undisturbed, reference
rivers of a given type

GP Fish guild proportion in EFC

WRHp Weightedremaininghabitat proportion

GSl Guild specific suitabilitgf habitat attribute

Bi Barrier impact

WFD Water Framework Directive (European Freshwater Legislation)

CIS Common Implementatioistrategy of the WFD

WB Water Body(concerning requirements in WFD)

HMWB Heavily Modified WateBody (concerning requirements WFD)

GEP Good Ecological Potential of the Heavily Modified Water Bodies

GES Good Ecologic@tatusof the NaturalWater Bodies

D1.1 Guidance on Stream Barrier Surveying and Reporting. Part A: Locating, Surveying and
Prioritising Mitigation Actions for Stream Barriers. November, 2016.

D2.1 Classification map of running waters considering fish commastriticture and barrier

impacts (AMBER)
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Habitat fragmentation has been recognized as one of the main causes of reduced biodiversity.in rivers
It is estimated thatover amillion physical barriers are dividing and altering riverine ecosystems in
Europe and our knowledge oftte consequenceis not well structuredor organized. It is therefore
essential to develop a conceptual model of how barriers affect aquatic habitat suitalitity
consequentlyalter the composition of aquatic communities. Fragmented and impounded riavexs
frequently consideredHeavilyModified Water Bodies (HMWBYlember State€andesignate HMWB
where thechanges to the hydromorphological characteristics necessary for achi@sotjcological
Satus (GESyvould havesignificant adverse effects arertain societal uses such dgnking water
supply, irrigation, power generation or navigatiand those beneficial uses canroé provided by
different means The key goal defined the Water Framework Directive (WFD) sach waterbodies

is to reach or respectivelynaintain Good Ecological Potential (GEP), throtighapplication of
mitigation measures.

The Fish Community Macrohabitat Types developed and present&2.ih underwent thorough
internal review, which revealed considerable shortcominfjthe model with regard to expected
spatial distribution of identified types. Faxample,the model did not distinguishhe Scottish
Highlands indicating that is insensitive to such changes. Therefore, the model has been revised
according to the description belovgpecificallywe included new classification of Environemental
Zones to better the into account the climatic variability of Europe. The result is presented below.

The WFD specifies that for maximumecolodid@l § Sy G A £ = aUGKS @I f dzSa 2F GKSE
elements [should] reflect, as far as possible, those associated with the closest comparable surface
water body type, given the physical conditions which result from the artificial or heavily ndifie

OKI N} OGSNRAGAOA @FNIKKS 68 ZBRI @ REré &d stightichangesi Sy G A |
in the values of the relevatiological quality elements as compared to the valimmd at maximum

ecological potentiat (WFD Annex V 1.2.5Accordng WFD Annex ,\tontinuity, quantity and
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dynamics of flowas well as morphologyre hydromorphological elements and as suslpportthe
biological quality elementfor the classifcication of water body status or potential.

In 2016the EC Joint Research Centre (JRGblished arechnical Repomn common understanding
of using mitigatiormeasures for reaching good ecological poter(titdlleraker et al.2016)providing
anoverview of the key measurassed to mitigatehydromorphological alteratiomcaused by water
storage,and islinked to the WFD ecological impacts and mitigation measuvatlined in the CIS
reporting guidancg2016) (Tablel). TheECOSTAT repq&016)statesthat:

1. Whe free passage of migratory fish is a key requirement of the WFD, and may be used as an
indicator for assessing whether water bodies are meeting Good Ecological Potential or Status.
River continuum is explicitly mentioned AmnexV of the WFD, and eveatovers more than
fish migration, but also other water related biota. WFD art 4 #whexV on ecological
potential have a special emphasis on ensuring ecological continuity. This is also a key
conclusion from several CIS workshops on HMYYB

2. WYuantity anddynamics of flow are crucial elements for the achievement of the WFD
environmental objectives. The recognition that the hydrological regime plays a primary role
in determining physical habitats, which in turn determines the biotic composition and support
production and sustainability of aquatic ecosystems, is well documented. As the structure and
functioning of aquatic ecosystems is largely depending on the flow regime, significant changes
in flow characteristics with regard to magnitude, seasonality, tiona frequency, rate of
change, and in intr@nnual and intefannual variability of the flow regime are likely to cause
significantimpacts on the ecology of water bodies The natural flow regime of a river
influences aquatic biodiversity via several metated mechanisms that operate over
different spatial and temporal scales. Bunn & Arthington (2002) have proposed four principles
for understanding how the flow regime influences the life cycle of aquatic popul&iieigsire
1).
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Aquatic biodiversity and natural flow regimes
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Figure 1. The natural flow regime of a river influences aquatic biodiversity via several interrelated mechanisms that operate
over different spatial and temporal scales. The relationship between biodiversity and the physical nature of the aquatic habitat
is likely to be driven primarily by large events that influence channel form and shape (principle 1). However, droughts and
low-flow events are also likely to play a role by limiting overall habitat availability. Many features of the flow regime influence
life history patterns, especially the seasonality and predictability of the overall pattern, but also the timing of particular flow
events (principle 2). Some flow events trigger longitudinal dispersal of migratory aquatic organisms and other large events
allow access to otherwise disconnected floodplain habitats (principle 3). The native biota have evolved in response to the
overall flow regime. Catchment land-use change and associated water resource development inevitably lead to changes in one
or more aspects of the flow regime resulting in declines in aquatic biodiversity via these mechanisms. Invasions by introduced
or exotic species are more likely to succeed at the expense of native biota if the former are adapted to the modified flow regime
(principle 4).
Figure 1 Fourprinciples for understanding how the flow regime influences river biodiversity (from

Bunn and Arthington, 2002).

3. W natural river changes its morphology fundamentally when installing a dam or othégrbarr
across a river. Permeability is still given vamter and mostly for aquatic life by discharge
elements andif applicable fish ladders. The extended cressction upstream of darrier
leads to low current velocities and thereforedo increase isedimentation while erosion is
minimized. Thereforg barriers often prevent sediment transport. Many reservoirs are
affected by massive sedimentation and consequently a loss of storage volume (REFORM wiki).

4. ny transverse barrier to the flow in a river impounds water upstreBarriersless than 10
m high may be calledermed small dans. Barriers that are taller than 15 m are all termed
dams. All of these barriers are used for retaining water for many purposes and the river is
transformed into an impoundment upstream. Adjacent from reserydiie pondedrivers
described here are mostly caused by smaller dams; in many cases rivers are altered not only
by one but by several impounded reaches. Natural flow velocity is reduced in these
impoundments due to the presence of the dam, resulting in the depositiomansported
sediments. In between the impounded reaches there are often free flowing sections in the
water bodies with transitional zones between free flowing and pon@ed.

5. Warge dams with reservoirs might beilt for several single use or multiple water uses such
as hydropower, water supply (e.g. drinking water), flood protection, water regulation (e.g. low
water elevation). The fluctuation of thaeservoir level has an influence on the
hydromorphological qualitef the reservoirand especially on the habitat quality for biota. A
rapid draw down of theeservoirlevel can affect young fissmd macroinvertebrates or cause

7
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a total dry out of aquatic plants. Flat shore zones are in general the most important tsabitat
affected by alteration in reservowater levelsQ

Water storage and river regulatiommay alter physical and/or chemical conditions
downstream the water storage, with changes such as water temperature, supersaturation of
nitrogen and altered patters of ice formation in winter (mainly in alpine areas or in Northern
Europe). Typically for deep reservoirs (not ponded rivers) the water temperatuie river
stretch below the danoften increasesn winter anddecrease$n summerdue todeepwater
intakein reservoirs, with decreased watair contact of water.

Ecological impacts: Altered composition or growth of macro invertebrate communities, fish
and aquatic flora or increased fish mortality due to éngreased smolt agedue toslowed
down migration to the sear diving disease due to oversaturatiamile passing the barrage
Altered water temperature may lead to changed energetics /metabolism due to increased
winter temperature (increased metabolism after regulation) and dased metabolism and
growth during summer. The time for hatching (fi@hnvertebrates emerge from eggs) may
be significantly altered, increased larvae stage and suboptimal feeding conditieralso
registered Reduced ice cover, altered watguality, temperature and oversaturatiowith
oxygenmay also lead tbehaviouraimpacts for fish, and reduced ice cover leads to changed
light penetration with impact on aquatic vegetati@h.
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measures in the CIS reporting guidance 2@d@in ECOSTAT, 2016)

reduced/disoriented or
interrupted

or abundance reduced

By-pass channel
Catch, transport & release

(Fish stocking from hatchery)

River continuity for
downstream fish
migration reduced or
interrupted

Fish: Populations of
migratory fish absent
or abundance reduced

Downstream
continuity for fish

Fish-friendly turbines
Fish screens
By-pass channel

Trap, transport & release

Removal of structures

==

AMBER

Hydromorphological Main ecological Mitigation for Mitigation measures options Mitigation measures in Pictogram
alteration impact* WEFD reporting guidance
2016
River continuity for Fish: Populations of Upstream Ramp Fish ladder*
upstream fish migration migratory fish absent continuity for fish i e s i ‘_‘_

Mitigation for
upstream
continuity for fish

Mitigation for
downstream
continuity for fish

absence of variable flows
sufficient for flushing

abundance of fish &
invertebrate species

Active flow variability

Fish pass
Artificially extreme low Reduced abundance of | Low flow Provide additional flow Setting of Ecological flows
flows or extended low plant & animal species. . N
e— . River morphology changes
flows Alterations to -~ —
composition of plant & A
animal species Mitigation for
low flow
P . . . Provide fish flow
Loss of, or reduction in, Migratory fish absent Fish flow
flows sufficient to trigger | or abundance reduced oo sire
& sustain fish migrations S————
Mitigation for
fish flow
; . . Passive flow variabilit
Loss, reduction or Alteration/reduced Variable flow i/

B

7

Mitigation for
variable flow
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Rapidly changing flows
(including hydro peaking)

Reduction in animal &
plant species
abundance due to
stranding & wash out

Rapidly changing
flows

Balancing reservoir(s) (internal)
Relocate tailrace

Reduce rate

Modify river morphology
Balancing reservoir(s) (external)
(Fish stocking)

Operational modification
for hydropeaking* (only
partly the same)
Retention basins

Mitigation for
rapidly changing
flows

Alteration of general
physico-chemical
conditions downstream
(e.g. temperature, super
saturation etc.)

River: Altered
composition or growth
of macro invertebrate
communities and fish
or fish mortality

Lake: Impact on organic
matter, primary

Physico-chemical
alteration

Flexible intake
Multiple intakes
Manage reservoir level

il

Mitigation for
physico-chemical
alteration

production
River continuity for Reduction in fish & Sediment Mechanical break-up of bed Sediment management
sediment disrupted or invertebrate alteration armourin i)
; & Removal of structures ~ ,ﬁ('\ H

reduced leading to abundance & . i ; i

) L ) Removal of sediment ) )0 §
changes in substrate alterations in species Restoration of bank i
composition, disruption | composition Re-introduce sediment (intake structure Mitigation for
of morphodynamics in the structures . diment alterati

rphocly e Thermal changes ) Ecological flows sediment atieration
ponded reaches . n
e ) . . Re-introduce sediment ; L
(artificially stable river Alteration or reduction . Dredging minimisation
banks, di ti f in hyporheic species (B ei,
Iaatre1 asi e::r:znlonrof:esses) " ’ Restore |ateral erosion processes festorationloffmodifiec
r i .
P Alteration of self- P bed structure
purifying properties Introduce mobilising flows
(Fish stocking)

Artificially extreme Reduction in Lake level Reduce abstraction Restoration of bank
changes in lake level, abundance of plant & alteration structure

reductions in quality and
extent of shallow water &
shore zone habitat

Dewatered shore line and
reduced river flow —
ponded river

animal species.
Alteration to species
composition

Alteration of spawning
grounds and nursery
areas

Hydrological
disconnection of
wetlands

Alterations to plant &
animal species
composition (e.g.
favouring disturbance-
intolerant species/still
water species)

Barrier
effect/disoriented fish
migration

Ponded rivers
(impoundments)

Increased inflows
Create embayment(s)

Manage shore/shallow habitats
(renaturalisation)

Connectivity to tributaries
Artificial floating islands

(Fish stocking)

Bypass channel
Reduce storage level
In-channel habitat improvements

Lateral reconnection

Bypass channels
Habitat restoration

Reconnection of side arms

Mitigation for
lake level alteration

S

Mitigation for
ponded rivers
(impoundments)

~ T

* For certain types of mitigation, there is emphasis on fish as biological quality element according to GEP, especially according to continuity. Nonetheless,
all relevant BQEs have to be taken into account for assessment of ecological potential and evaluation of measure effects.

In definingwater body status or @ential, we take into consideration biological quality elements
(BQESs) that respond to hydromorphological processes (Southwood, 1977; Varaedte1980;de

Jalénet al.,2013- REFORM projetttps://reformrivers.eu/). Agreement was reached tite CIS 2009
Workshop on HMWHBhat ecological continuum is a relevant consideration in defining GEP and that
G¢KSNB Ydzald 0SS TFAAKE 0 dinte the)y axdaigdddihdicdE of dhlecbiNgdical 2 NB
continuum). Providing a continuum for fish migration and preserving and restoring fish habitat is
therefore akey consideratioin achieving a GEP (ECOSTAT, 2&8)these reasons, fish formed the
primary consideration in the design of the conceptual model. However, ECOSTAT (2016) also states
that fish are only one biological quality element (BQE) in assessing the good ecological p@ertial (

of the HMWB, even jfwhenconsidering river continujt and therefore fish migratiorthey arethe

most evident elementTherefore,in the conceptual model developed within this study, fish are
GNBFGSR Fa |y a&dzyoNSRE&slthey alNd®tdzdsitife2tNdivdr habitat AidK S
continuity alteratons.
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1.2 Generabverview and catchment perspective

A catchment perspective is essential for developing a conceptual model of the ecological impacts of
barriers at a European scale. Many natural and anthropogenic interactions occur wiaichanent

area. Thereforewhen predicting the impact of barriers at the catchment level, we need to consider
many variables andinteractions between processes across different scales, including water,
biodiversity, ecosystem resilience, ecosystem ses/iand cultural heritagf WBSRG Water,
Biodiversity, Ecosysterfervices,Resilience Qultural Heritage- Zalewski, 2014)This results in a bi
directional consideration of dependencies and interactions: BOFOUPMnd TORPOWN (fish on the

top) in given geographical situatioriF{gure 2.

TORDOWN A Guidsinthe
approach macrohabitat
(FCMacH)r
European_ AMBER D2.1
macrohabitat
(FCMacHT)
AMBER D2.1
BOTTOMUP

Figure 2A general scheme for the Conceptual model of ecological impacts of barriers in EU
considering habitat selection criteria for running waters (Zalewshl,, in prep.).

The conceptual modebpresented hereuses this framework to identify the relationshigetween
barriers andfish habitat availability athe regional scale. Ea@pproachhas its own starting point.

1. TheBOTTOMJP approach starts with the typology of fish community macrohabitat types
(FCMacHT) of Eapean rivers presenteith D2.1.and modified in D2.2(Figure 24). This
typology is based on a combinatiari physiecgeographic factors associated with Expected
Fish @mmunities (EFC), which creaesolid foundation for describing broad landscagale
influences on biota. mteractions are presented for each FCMacHT all the wathddish
response.

2. In the TORDOWN approach, fishassemblagesare considered good indicators dhe
environmental state of theiver as well asf riverine habitat suitability and availability (Pont
et al, 2006, Schmutet al., 2007, EFI+ Consortiy8009). There are severatlvantageof
using fishas indicator organisms (Fausehal., 1990;Harrisonand Whitfield, 2004) andhey
can be regarded ssan & dzY 6 NS f € | TFoth&NPadmalic organismsThe habitat
requirements of fishin determining fish habitat guildaspresented inD2.1and modified in
D2.2(Figure25) aid in identifying suitabl@abitat andtherefore, inpredicting changesn fish
community structure specific to FCMacHBY. scaling the process up and taking into account
the influence of catchment use, geomorphology and climate change; we can extrafvolate
ecological group level to the regional scéifarasiewicz 2003)

11
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The tassification of river barrier type§able 3 forms a furtherbuilding block of theconceptual
model.lt is expected that each barrier type will have a particular impact on aquatic fish communities
This classification edopted as a basic ppoachin the entire AMBER projectsee Deliverable 1.2.

Table 2 Main types of river barries identified in the AMBER project.

BARIER DESCRIPTION PICTOGRAM
Dam- a barrier that blocks or
constrains the flow of water ' D

and raises the water level e R
with permanent ponding.

Weir - a barrier aimed at "‘-\__w
regulating flow conditions %D__,_
and water levels.

Sluice- a movable barrier %
aimed at controlling water

levels and flow rates in rivers

and streams.

Culvert- a structure aimed at

carrying a stream or river a%
under an obstruction.

Ford- a structure in a river or

stream which creates a - - ggg:l
shallow place for crossing the

river or stream by wading or

in a vehicle.

Ramp- a ramp or a bed sill is g{- g%

a structure aimed at ‘?%g
stabilizing the channel bed et
and reducing erosion; it is

recognizable by its stairway
like shape.

1.3 The impact of barriers on fish

The fragmentation of habitatsy barriers ione of the five mai factors of biodiversity logBaudoin

et al., 2014).Currently available methods and technical solutions do not encompass the full range of
FaLSO0da 2F aS02aeailiSY FdzyOQlA2yAy3aéds AdSd | B At
functional guilds. Novel assesnent protocolsand solutionsfor improving riverine continuityare

therefore needed in order to ensuréver ecosystem functioningnd maintenance of fish populations.

The concept presented in the deliverable goes beyond that in the sense that it considers the effect of
barriers (with miigation measures taken) on habitat availabilftyr functional fish guilds. This
approachcan be incorporatednto guidelines for rivebasin management plans (RBMBNIFFER,

2010ab; Baudoiet al., 2014 AMBER D1)1

12
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1.3.1 Dams and weirs

Dams(Figure3) and large weirgFigure4), canimpactriver continuity,habitat and biota to a greater
extent than any other barrier type

R S sl el
Figure4. Examples obverflowingweirs

The impacts dbarriers anddammingon fishandriver ecologyis well documentedespecially for large
dams(height >15 m)andmore recently forweirs (Petts 1984 Welcomme 1985, 2001WCD 200D
The mainrfinpacts include:

1. Interruptions inconnectivity

Channel blocking

Extirpation of éadromous fish (anadromous,catadromous) andreduction in abundance of
potamodromous fishConnectivity may improvewith the useof fishpas®s(Figure 5.

Figure5. Fishpass othe2 02 O U ¢ @He attRaktivh flowis visibleat the entrance of the
fishpassghoto: K. Suska, SSIFI, Poland)

13
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Ponding

w Changes in community structure with shifts from rheophilidimonophilicspeciesdue to the
conversion othe lotic environment into lentic one (reservoir).

w Changes in community structure due am increasein planktivorous fishcausel by greater
plankton abundance.

w Changes in community structure duettee introduction of pondand exotic species.

w Food lase alteration dugo changes irthe planktonand macroinvertebrate communities

2. Changes in morphology

Flood prevention by dareand levees

w Fish spawning and growth reduction due to loss of floodplain area and associated habitats
(oxbow lakes etc.).

w Reduction in fish diversity due to loss of habitat diversity.

w Changes in species composition due to loss of obligatory floodplain spawners.

w Decrease in productivity of whole river system.

Riverchannelistion below dam
w Changes in abundance and loss of species.

3. Changes ithe flow pattern

Temporal changes

w Spawning pattern, spawning and breeding success disrugiibanges in community structure
from seasonal spawners to more flexible ones due to unnatural flow pattern

w Community productivity and biodiversity reduction dueatshift from pulse reguli@d to stable
river system dynamics.

w Fish mortality increase due to changes in flushingsatsulting inthe accumulation of toxic
contaminants irthe water belowthe dam.

Changes in velocity

w Shifts in species compositiontime tail water withanaccumulation of rheophilic predators due
to anincrease in flow rate ithe channelised stretcliust downstreamfrom the dam Lossof
appropriate sites for colonization of young drifting fish.

w Shifts in species composition from rheopilic to lentic communities duediecrease of current
velocity inthe reservoir upstream and in controlled reaches downstrezfrthe dam.

w Reproductive success disruption (decline of lithophils and psammoghisio the flooding of
nesting sites, stranding nests and eggs, drowning of developing vegetaticmraddctionin
the development of food base organisms cadgy a rapid filling or drawdown dfie reservaoir.

4. Water quality changes

Siltation pattern changes

w Spawning success disruption of lithophils and psammophils dusiltmg of spawning
substrates. Changes in community structure usually toward phytophils dine thevelopment
of vegetation inthe reservoir.

w Changes in commmity structure toward anincrease of illiophages due tan increasein
siltation inthe reservoir.

w Changes in community structure withreduction of nonvisual predators and omnivores due
to a decreasen siltation belowthe dam.

w Changes in fish community structure walieduction of illiophageand anincreasein benthic
limnivores due talack of siltation downstream dghe dam.

Water temperature changes
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w Shift in spawning time and success for both cold and warm water spavdue toan increase
in temperature variation.

w Difficulties of passage for migrating species due to stratificatisghemeservaoir.

w Elimination of fish in deoxygenated hypolimniortloé reservoir.

w Fish mortality downstreanof the dam due tothe flushing of anoxic waters and hydrogen
sulphide when bottom discharge from a thermally stratified reservoir takes place

Water quality changes

w Increased fish mortality, reducedayth, suppression of breeding artisappearance of fab
organisms de to water pollution andoxic algal bloomin@~igure6), especially in high retention
time reservois.

Figure6. Toxic cyanobacterial ploom in high retention time (average 30 days) Sulejow Reservoir,
Poland (photoa ® ¢ | NJERGEZRal4gnd) =

5. Operational effects

Water uptake

Damage tdishby turbines and pumpgFigure?), loss of fistat downstreanmigration especially
adult potamodromous fish and eel, but alfovenile stagesf anadromous salmonid species
(smolts)

Figure7. Vimba {imba vimbg, an anadromous fisttamagedoy a turbine while crossing the
202001 5S1 §AMBER dase stdy (Bhoto: KaczkowskERCE Poland)
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1.3.2 Sluics

Sluicegates(Figure § are used to change watdevelsand canblock rives temporarily, they have
similar impacts as danand weirs but with adequate managemertheir impactcan be reduced~or
example they can be usedb assist fish production in floodplain river systems through periodic
inundation(Junket al., 1989 Tockneret al., 2000. Without adequate management, they can cause
severaltypes ofimpacts For instancerapid flow fluctuation may lead tthe drying up of fish habitat

or washing oubf sensitive life stages or species downstream. Especially corambalamagingre
flow releases for shippingr reservoirclearrup during low flow periods.

Z. Kaczkowski (ERCE; Polish Waters Warsaw

\ -

Figure8. Examples dfsiuicegtes(photos:

1.3.3 Culvers

Culvertg(Figure9) are the most economically feasible road crossimgit are potentially damaging to
river morphology, hydraulics and biot@ulvertscanhave negative effects on migratory and resident
fish populationsand mayhinder fish passage due to high water velocitiesy water depth lack of
shelter, high outflows and debis jams (Roni et al., 2002; Kemp and Williams, 2008). This results in
higher fi$1 energy expenditure during upstream migration and increased predation, angling mortality
and disease imleeperdownstream areas below barriers. Individu#isit are unable toovercome
barriers may be forced to spawn in less suitable halstdownstream (eg. under higher risk of
siltation or predation of eggand larvae)limiting population sizeGarcia dd_eaniz, 2008Particularly
problematic are purged culvertaherethe downstreamoutflow islocated above the strearottom.

PSS

Figufe. Examples ofulverts (photos: Z. Kaczkowslh'r(otos: AMBER

Culverts and other barriers can also degrade fish habitat by altering or limiting the downstream
movement of sediment, woody debris, and organic materi&ismeculvertsand bridges can be
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modified toprovide adequateadultfish passage at road crossingst not allcanprovide passage for
juvenile fishesor maintain sediment and wood transport, and many affect channel morphology.
Bridges often allow the passage of other materials gmedformation of a natural stream channel but

are costly. Opeibottom aulverts or embedded (e.g., countersunk) pigeeh culverts allow a natural
substrate to form within the channel and are effective at passing both juvenile and adult salmonids
(Furnisset al, 1991; Clay 199%oniet al., 2002).

1.3.4 Ramp

Rampscan bedesigned toprovide suitable conditions for fish passage low-flow channe$. Rock
ramps (Figure 10 are an alternative to weis, anduse riprap to makea steep, immobile reach that
creates sufficient wate depth, maintains fish passagegntrols discharge capacity and impreve
sediment continuity(Kitchenet al,, 2016 CIRIA C763, 2016&jowever, gooorly designedlock ramp
cannot providdongitudinalconnectivity and migratiompportunitiesfor all the fish that might occur
in the stream. Some crevices in the side zones of the ramp éaulda partof the migration corridor,
but only for small and mediusa A T SR F A &t&.,20189f SaAZa{ A

P

~

Figurel. Examples of ramps (photos: Z. Kaczkowski (photo: SSIFI; AMBER).

1.3.5 Fords

The mpact offords (Figure 1) on biota, especially on migratory fishas onlyrecentlystarted to be
investigated. Fords may impedethe migration of native fish. Insome cases,the removal of
unnecessary forslor improved ford design can help remedy the problafvilliamset al., 2005).

Figurell Eamﬁles of fords (photos: Z. Kaczkowski (photos: SSIFI; AMBER).
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More information concerninghe impacts obther barriers on fisttan be found in Appendix. A

In all the cases reviewad the APEMproject (ttp://www.apemltd.co.uk) invertebrates respond to
the combination of water quality, hydraulics anbdanges irmorphology below impoundment®ue

to thermal and chemical alterations,edp, eutrophic reservoirs preserthe greatest risk to
downstream invertebrates In noneutrophic reservoirs, the greatest risk to downstream
invertebrates is from cooler summuemperatures that disruptlevelopment and life cycles. Increased
nutrients released from the bottom ofarge impoundments of eutrophic reservoirs increase the
coverage and taxon richness of submerged macrophyedraisethe coverage and taxon richness
of algae. Algae derived from nutrienth reservoirs can alsshow thephytobenthos characteristec

of a eutrophic river (Petts, 1986).

Low head and ruof-the-river dams can have small positive and negative effects on
macroinvertebrate abundanceand negative effects on macroinvertebrate richness downstream,
respectively(Tiemannet al., 2004; Martinezt al., 2013; Wanget al., 2013) These patterns arise as
tolerant species such atipteransare favouredover more sensitive plecopteraspeciegCamargo,
Alonso and De la Puente, 2003he inceasein the richness of tolerant species can mask decreases
in overall richness following the loss of more sensitive spgBleanet al, 2002) These changes are
often brought about through changes in flow velocity and subsequent changes to sediment habitat
structure (Tiemannret al,, 2004) Additional ephemeral changes in flow velocity such as hydropeaking
negatively impact macroinvertebrate communities. Both single and consecutive hydropeaking events
caused by dam releases redulgundancedownstream and increagbe drift of macroinvertebrates
causing community shiftdauterset al, 1996; Harby and Halleraker, 20@éréghincet al., 2004;
Gillespieet al., 2015)

Downstream of dama reduction in macrophyte abundance and richness occurs due to a combination
of scouring during hydropeaking and increases in wagengerature and pH taking place in dam
reservoirs(Bernezet al., 2004; Belmaet al.,, 2013) Whilst impoundments upstream of dams create
hydrological conditions which increase local coverage of riverbank and aquatic macrofifigtas

et al., 2013; Ceschiet al., 2015)

Impoundnentsmayalsoaffect aquatic birdspromoting, for examplelarge cormorant colonieshich
havea bigeffect on fish populations. Flow fituations may lead tahe destrudion of nests of birds
breeding on sand and gravel bardsd islands

Weirscan have botlpositive and negative effectsn various groups afnacroinvertebratesipstream

and downstream Lotic conditions immediately downstream favour the abundance and richness of
shredders while lentic conditions upstream favour filtefeeding collectors. However, the same
conditions upstream reduce the abundance of beathind habitat structurespecialists by clogging
interstitial spaces in stream bedlsenatet al.,1981; Muelleret al,, 2011) The same studies also noted
that there wasno change in macrophyte abundance or richnége toweirs, whilst others observed
poorer habitat structure and a reduction in the presence of macrophytes in impacted reaches
(Benejamet al,, 2016)

The aquatic stages (nymphs and larvae) of setream insect®nly move short distanceupstream,

with justafew capable of coveringpnger stretcheg1-2 km).The ability of most adult aquatic insects
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to fly upstream carcompensate for theirestricted movemenat the aquatic stages, aneducethe
impact ofbarriers(Dillon, 1988Vaughan, 2002)

Unlike insects, other aquatic macroinvertebraténolluss, crustaceans, worms, mites, and other
macrozoobenthoshave no aerial lifstage barriers can thereforbavea bigger impact on thesaxa
Some freshwater mssels disperswithin a river system as larvae (glochidia) attachedhe gills of
suitable hostsusually fish. If fishostscannotmove upstream,freshwatermusse$ cannotcolonize
or recolonize new, suitable habitéDillon, 1988;Vaughan, 2002).

The @eration of barriers controlling water levels have implications for taxa reliant on being
submergedCapers, 2003ndonthe complicated dynamiasf submerged macrophytes found in tidal
environments(Madsenet al, 2001) Periodicreductions in water levels, controlled by tidal sluices,
can havecatastrophic effects for macrophytes, macroinvertebrates and molluscs inhabiting the
littoral zone(Richardsoret al.,2002)

In the majority of cases,doriers constructed using materials similar to natural river features, such as
wood, boulders and gravel, do not influence macroinvertebrate abundance or richnesspleuena

in the stream channd[Tikkaneret al,, 1994; Hilderbranét al., 1997;Laasoneret al.,1998; Larsowet

al., 2001; Brooke®t al, 2002; Ronét al., 2006) However, rock ramps similar in size to low head weirs
support lower macroinvertebrate and macrophyte densities than reference rea@mengeouret

al., 2013) highlighting the impdance of barrier head heighin contributing to impacts on
macroinvertebrates through their control on sedimentation and flow velocity.

Additional negative or positive impacts of sluices, raoeg sills, fords and culverts are likelylie
similarto the impactsof low head dams and weirs with similar sized impoundments and head drops.
However, studies on macroinvertebrates and macrophytesystems impacted by these structures
are lacking.

Barrierimpact on phytobenthos and planktohave been reported fodams,but little is knownfor
smaller larriers(Growns and Growns, 2001; Vdtal., 2010).

As stated in the ECOSTAT rep@®16) fish cannotbe considered ashe only biological quality
element (BQEWhen assesimg a WFDgood ecological potential (GDBJj heavily modified water
bodies (HMWB)even if the barrieimpact on fish is highesiTherefore we also need ta@onsider
further researchof other WFD BQEs such as macroinvertebrates, macrophyteglanidbenthos
(ECOSTAT, 201@arrierimpacts on macroinvertebrates, macrdytes and othetaxaimportant for

WFD implementation and water quality asseent biotaisincludedin Appendix A

Rver barriers, especiallwhen there isdamming interfere with the natural hydrological cyclend
producean unpredictable chain of effects that might be detectable at local, regional and even global
scalesDam construction and associated watgiversion, river channelizatioand interbasin water
transfer haveenvironmental effects athe globatscale(WCD, 2000

The cumulative effects of hydrological alterations associated with dam and reservoir develoganent
be summarized a®llows (Rosenbergt al,, 2000:
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A Creation ofnew storage capacityithin the catchment hydrological cyc{Petts 1984)
Alteration of natural flows of water and sedimerdad seasonal patterns of river discharge
(Varosmarty and Sahagig2000);

Changes in ecosystem ley@bcesses nutrient cycling and primary productivitfPringle
1997 Rosenberg et 811997),biogeochemistry of downstream, offshore argésekkot et al,
2000y

Fragmentation of river habitgiDynesius and Nilssph994)and associated faun@udgeon
2000 Pringle et al.2000)

Deterioration and loss of floodplaitd riparian zones downstreaat the dam(Nilsson and
Berggren2000)

Deterioration and loss of river delteand ocean estuariegRosenberg et g1.1997) and
reduction in sedevel (Cha, 1995)

Deterioration of irrigated terrestriabnvironmentsand associated surface watefislcCully
1996)

Dewateringeutrophication pollution and contamination issuéBoste] 1998 Zalewski200Q
2002);

Methylmercury contaminatiorof food webs due to changed microbial activity on flooded
areas(Kelley et a].1997)

Cyanotoxic contaminatioaf reservoir and river water and trophic levé&alewski2000)
Genetic isolationas a result of habitat fragmentatio(Pringle 1997 Neraas and Spruell
2001)

Hybridization and speciatiogffects on fisiBalon, 1992)

Impact on biodiversityRosenberg et gl1977 Master et al, 1998);

Destruction of fish habitat angopulations, complemented biysheriesdecline(Petts 1984)
Acceleration of greenhousgaseg(C0O2, CH4) emission from reservgKielley et al.1997
Rosenberg et al1997)contributing to global climatehange(St.Louis et al2000)

Increase of epidemigsropical dams)Jobin 1999)

Change inthe earthQ @tation speed magnetic fieldearthquakegChaq 199%).

ToTo PoToToToe Poo Do Po Do Do Do Iw

As shown above barriers can have multiple effecd on riverine habitas, including habitat
fragmentation flow fluctuations changes inhydrodynamics and hydrmorphology features
substrate compositionphysicchemicalwater parametes, aqiatic vegetationand cover Thesemay
have different consequences for habitat availability and suitabiliyr first step m developinga
conceptual model ofbarrier impactson aquatic habitats was to establishseveral analytical
backgroundassunptions:

1) Fish assemblages are considered good indicaibtBe environmental stateof rivers and of
riverine habitat suitability and availability (Post al, 2006; Schmutzet al,, 2007, EFI+
Consortium 2009). Fishpresentseveral advantages as indicator organisms (Faesdl.,
1990; Harrison and Whitfield2004) and are regardedas an & dzY 0 Ny@pfd IT atied
aquatic organismdRelatively londived andpresent in almost all lotiecosystems, fiskeflect
the cumulative effects ofongterm anthropogeiric stressors. Thagpresent thehigher levels
of the trophic pyramidandrespond to changes in other grouggch asdenthic invertebrates
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and zooplanktona foodresource for norpredatory species. Some fish specalso feed on
algae and higher aquatic plants, but macrophytes are mostly impodsauitabitat structural
elementsand spawning substrate. Due to their high mobility, fish use various habitats within

river ecosystems, so they are particularly sensitive to disturbances in river morphology
(Schineggeet al., 2011). As the only riverine organisms that actively migrate over long
distances, ith are alsatrongly affected by river continuum disturbances

2) Theconceptual model of barrier impacts on rivers is boiilthe European macrohabitat river
types (FCMacHD2.1, madified in D2.Figure24), which was basedn a number of physio
geographic factors associatedth Expected Fish Communities (EFF&hspecies numbesin
European inland waters is limited (260300 species)and in most casethey are easy to
identify taxonomically to species leveHowever, the species composition varies greatly
between biogeographic regionsTherefore a more useful approach i® assess fish
assemblageesponsesto riverine habitat changes caused by barfi@pacts on a continental
scaleusing macro habitat guilds

3) The barries assessed arassumed to bestate of the artand represent goodecological
potential (GER)Table Ji.e. ramps areonstructedout of rocks, culverts are not purged, dams
have fish passage facilities and mitigatraeasures have been implemented

Table3. Description barriers used in Conceptual Model where HMWB is able to ach@r a
BARIER DESCRIPTION PHOTO PICTOGRAM
Dam- a barrier that blocks or constrains
the flow of water and raises the water
level.

TypicalRequirements for &P:

Fish passagdrom the well designed
nature-based way with adesign based or
simulating naturastreamcharacteristics,
using natural materials and providing
suitable passage conditionas well as
additiond habitatover a range of flows fo
a wide variety of fish species and other
aquatic organisms (Wildmaat al., 2003)
to aproperlyfunctioningtechnicalpass
with adequate size, slope, water velocity
prameters etc, allowing for passage of al
fish species characteristic for the river
community.
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BARIER DESCRIPTION PHOTO PICTOGRAM
Weir - a barrier aimed at regulating flow
conditions and water levels.

TypicalRequirementsfor GEP:

Fish passage from acomplex,nature-
basedbypasschannelto a properly
functioningtechnical fish laddefsee
abiove)

Sluice- a movable barrier aimed at
controlling water levels and flow rates in
rivers and streams.

TypicalRequirementsfor GEP:
Frequently open, does not block upstrea *
migration when open if the sluice is not
built on an additionalveir.

Culvert- a structure aimed at carrying a
stream or river under an obstruction.

TypicalRequirementsfor GEP:
Connected to river bed and substrate,
with the water depth and velocity
passable all year.

Ford- a structure in a river or streamhat
creates a shallow crossimdace.

TypicalRequirementsor GEP:
Water depthmustguarantee fish passage
all year.
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BARIER DESCRIPTION PHOTO PICTOGRAM

Ramp- a ramp or a bed sill is a structure ggf- g
L‘*‘iﬁ?ﬁg

(((

aimed at stabilizing thehannel bed and
e

reducing erosion, iis recognizable by its
stair-like shape.

TypicalRequirementsfor GEP:
Space between stonesustguarantee
fish passage all year.

Photos of barriers (from top): DAM: EZB cited in Wildmaet al., 2003(Fishing, Austria, River Mur,
A steppool bypass channel);-2V® [ A 3 A t-K. Suske{SSIEIL; WBHTLZ oKaczkowski (ERCE);
SLUICE:-&AMBER, 7Z. KaczkowsKERCE), 8 Polish Waters, Warsaw; CULVERTA%BER; FORD:

10- Z. Kaczkowski (ERCE); RAMPAMBER.

2.2 Description of habitat attributes

To asseschanges in fish habitat availability causedty impact ofbarrierswe identifieda list of 21
habitat attributes thatcan be modified byarious barrier types

1. high velocityq decrease of water velocity and therefore share of lotic habitats such as rapids,
riffles and fastuns, loss of suitdb areas for rheophilic species.

2. low velocity ¢ enlargement éslack water areas and share of lentic habitats, such as pools and
backwatersjncrease in areasuitable forlimnophilic species.

3. deep areag; increase of water depth caused by impoundméntreaseof areassuitable for
pelagic species.

4. shallowsc¢ decrease of shallow water areas like margins of hydayphological units or
shallow backwaters, loss of nursery habitats for fry habitats forsmall benthic species.

5. interstitial spaceq loss of coarse substrate structure caused by siltation, dedf spawning
areas for lithophilic and speleophilic fish, loss of habitat for small benthic specids/and

6. sandc¢ increase of sand share in sediments, improved habitat conditfon psammophilic
species.

7. mud ¢ increase irsharemuddy sediments, imprad habitat conditions for stagnophilic fish,
generalists and benthic species feeding in soft botgediments.

8. gravel¢ decrease of gravel share in bottom substrate, loss of spawning areas for lithophilic
and speleophilic fish, decline of habitat for beittlspecies preferring gravel bottom, change
in macroinvertebrates assemblages causing decreasstofdeding base.

9. boulderc loss of structural habitat elements and cover for fish in impounded areas, decrease
of habitat diversity and diminished suitabjifor rheophilic and benthic fish speciespecially
for large specimens.

10. woody debris¢ loss of structural habitat elements and cover for fish in impounded areas,
decrease of habitat diversity and diminished suitability for rheophilic, benthic anérwat
column fish speciegspecially for large specimens.

11. oxygenated water¢ decrease of water aeration in impounded areas, threat for highly
rheophilic and intolerant species.

12. cold water¢ increase of water temperature causing less suitable conditfon senothermic
fish species.
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13. low trophic level ¢ increase of nutrientoad and accumulation in impoundment causing
changes towards eutrophythreat for intolerant and indicator species;

14. rheophilic macrophytes, mossesloss of valuable macrophyte taxons asistural habitat
elements, cover and feeding grounds for opéilic fish in impounded areas.

15. macrophytesg increase of submerged, nymphaeid and emerged, stagnophilic macrophytes
habitat gain for phytophit and limnophilic fish species.

16. canopyshadingc¢ decrease of shaded water surface, loss of less exposed areas for fish and
increase of water insolation level and temperaturéhreat for stenohermic species.

17. overhanging vegetatiorg decrease of shaded and covered water areas, loss of covéslfior
some increase of water insolation level and temperatuyediminished suitability for
stenothermic spets.

18. undercut bankc loss of structural habitat elements and cover for fish in impounded areas,
decrease of habitat diversity and diminished shiti#y for rheophilic, benthic and water
column fish speciegspecially for large specimens.

19. floodplain accessibilityg altered connection between river bed and floodplain waterbodies,
loss of spawning, nursery and feeding habitat for limnoplaihd phyophilic fish species.

20. habitat continuity ¢ direct effect of barrier on river continuity alteration and fish migration
routes, causing local population fragmentation, loss of spawning grounds accessildlity an
decline of diadromous species.

21. habitat stability ¢ change in natural flow pattern, sudden changes in flow conditions and
water level, loss of stable accessible habitat, higher frequency of extreme events caused by
barrier operation.

The goal of attribute selection is to assdiss potential impact ofdifferent barriertypes on riverine
habitat in relation to specified fish mactmbitat guilds in an expected fish communityowever,
some of those criteria have synergistic effegtsg. increase of depth results in velocity reduction and
sediment graniation change. On the othdrand,pairs of listed attributes may have contrary effect
¢ e.g. decrease of high water velocity habitats and increase of lentic aapasgrease of mud in
bottom sedimentscancausea declinein coarse substrate.

The dtributes listed abovdrequently have opposingeffects on different fish guilds (rheophilic,
limnophilic, benthic, water column specie€urrentscientific knowledgeallows for the estimation of
the magnitude of change of particulattribute causedby various barrier types (dam, weksluice,
culvert, ford, ramp), helping us assess the impact on fish community structure.

The FislCommunityMacrohabitat Typeslevelopedand presented ithe deliverable 2.1 underwent
thorought internal review, which revealezbnsiderableshortcoming of the modelwith regard to
expected spatial distributionfadentifiedtypes.Forexamplethe model did not distinguished Scottish
Highlandsindicating that is insensitive to such chang@&serefore, the model has been revised
according to the description belovBpecificallywe included new classification of Environemental
Zones to better take into account the climatiariabilityof Europe. The result is presented below.

The European IntercalibratioiflC) database consists 0bf fishery datagathered during the
intercalibration process conducted between 20P611 under the auspices of the European
Commission Joint Research Cergri#dRCWFD Intercalibration 2011)t contains19 tables with data
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and metadata for 4561 sites. Fish samples wailesh with electrofishing between 1958 and 2008.
The following countries representeate Austria, Belgiun{Flanders and WallonjaCzech Republic,
Germany, Denmark, Spain, Estonia, United Kingdom (Engheh\WWales, Scotland, Northern Ireland),
Finland, Frace, Greece, Ireland, Lithuania, Luxembourg, Latvia, Netherlands, Norway, Portugal,
Romania, Sweden, Slovenia and Slovakia.

This database was complemented with the data from Poland (938 fished sites sampled between 2011
and 2015)used with the permissio of Chief Inspectorate for Environmental Protection, Poldhe.
total dataset available was 5499 fished sites, includBithbhot disturbed sites

There was a requirement for individual permissions for data use, which caused some difficulties. The
majority of the EU countries (19) granted permission. Germany, France, Denmark and Greece did not
respond to data use requests, and thus data from thosstrieswere not used Romania refused to
permit use of its data within the AMBER project and thus alsscompletely excluded from analyses.

Asubset consisting of 1099 sites classified as representing low anthropogenic pri@d&evassed

for FCMaEIT model calibration. The metadata consist of selected physical variables for each site as
well as relative proportions of each captured species in the sample. The selected physical variables of
IC are as followsTable 4.

Geomorphic river type

Size otatchment

Altitude

Geological typology

Actual river slope

Natural sediment

Wetted width

Floodplain connectivity (E_floodplain)
Intercalibration Region (IC_Region)
Stream Order (Strahler_SO)

=4 =4 =8 8 -8 -4 -8 -8 -89

However, the Intercalibration data set is limited to omlyportion of European rivers.e. the above
attributes are not available at the same level of accuracy for the remaining portion of European
waterbodies. Our goal is to create a predictive map efcrohabitat distribution across Europe. To
supplement missingnformation, we searched for an equivalent of the above physical variables in
publicpan-European datasets@ble 4.

Table 4. Physical variables of Intercalibration dataset (IC), theatined importance factor estimated
by CART and unified new physical variables used for CART analysis.

IC Variable Description Importance New physical Description
variablee

Actual.river.slope Slope of the 15 W_SLOPE Slope of the river topologica
NA @SNJI o segment derived from the
measured on a CCM2 databasé ().
stretch of Topological segmeris a
length river portion inbetween
corresponding junctions with another river,
to catchment source or estuary

size: 1 km (for
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IC Variable Description Importance New physical Description
variablee
catchment area
up to 100 k),
5 km
(catchment
area 1061000
km?) and 10 km
(catchment
area above
1000 kn?)

Altitude Altitude of a 14 W_ALT Mean altitude of the river
site (m above segment as a mean altitude
sea level) between the altitudes of its

beginning and its end (m
a.s.l.), derived from the
CCM2

Size.of.catchment Size of the river 13 W_CATCH Size of catchment of a river
catchment segmentabove itcalculated
above the site as a sum of the immediate
(kn?) catchment of the river

segment and all catchments
above thegiven river
segments derived from the
CCM2 database

IC_GROUP Intercalibration 12
regional group: Enz
Nordic, The following Environmenta
Lowland Zones of Europe were used
Midland, Alpine North, Boreal,
Alpinetype Nemoral, Atlantic North,
Mountains, Alpine South, Continental,
Mediterranean Atlantic Central, Pannonian,
SouthAtlantic, Lusitanian, Anatolian,
Danubian \VFD Mediterranean Mountains,
Intercalibration, Mediterranean North,

2011) Mediterranean South
(Metzger, 2018)However,
not all zones had
reprezentatives in NDS.

Geological.typology Calcerious, 9 Z_GEO3 Geological classification
Silicious, derived fromEuropean Soil
Organic type of Database v2.0 (ESDB v 2.0;
prevailing Panagogt al. 2012) and
geology derived International
from available Hydrogeological Map of
geological maps Europe 1:1,500,000

(IHME1500, 2018) classifiec

into three geological types:

calcareoussilicious, organic

(Table5, Tables).
Wetted.width Average river 9 Attribute not

width derived
from several

considered
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IC Variable Description Importance New physical Description
variablee

measurements

at a given site

Strahler:stream:order IS (=il (e[=1g 8 W_STRAHLER  Strahler stream order

according to classification derived from

Strahler (1957) CCM2 database

¢ small streams

KFa 2NR:

when two of

them meetc

the river has

2NRSNJ 4

two rivers of

the order 2 met

¢ the order

ANRGGK

etc.

Geomorphirivertype  MllielinruilelaNIg k) 7 Attribute not

categories to be considered

selected, data

based on field

observations

and maps, for

river segment

including

sampled site:

Naturally

constraint no

mob, Braided,

Sinuous,

Meander

regular,

Meander

tortous.

Natural.sediment Granulation of 6 Attribute not
naturally considered
predominant

sediment in 3

classes: 4

coarse (rocks,

boulders,

stones, gravel),

2 ¢ medium size

(sand), X small

(mud, clay,

peat).

E water source  type [l lolnlliETals 5 Attribute not
source ofwater: considered
pluvial, pluvie

nival, glacial,

groundwaters

E_floodplain Presence of the 4 Attribute not
floodplain (in considered
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IC Variable Description Importance New physical
variablee
natural, non
disturbed
conditions)

Each fishing site from the IC dataset is given an attribute value of thessdgenent it belongs tp
based on theCatchment Characterisation and Modelling River and Catchment Database, version 2.1
(CCM2Vogtet al.2007) The followingphysical river andatchment characteristicare chosen:

Description

size of catchment,

Strahler stream order,

slope of the river segment,
mean altitude of a river segment

=A =4 -4 =9

The Environmentdbtratificationof Europe (Metzger2018)is used to assign an environmental zone
to the ICsites and consequently to all European river netvgoifkhe following environmeat zones
were used

Alpine North,

Boreal,

Nemoral,

Atlantic North,

Alpine South,

Continental,

Atlantic Central,
Pannonian,

Lusitanian,

Anatolian,

Mediterranean Mountains,
Mediterranean North,
Mediterranean SoutlfTable 4.

= =4 =4 8 -8 -8 -8 _8_8_9_9_9

Calceriousgiliciousand aganic type of prevailing geologwere derived from available geological
maps i.e. European Soil Database v2Bufopean Soil Data CentrParagos et al., 2012) and the
International Hydrogeological Map of Europe 1:1,500,080ME1500, 2018). The IHME1500 has been
used to classfy the bedrock into silicious and calcerious types based on the lithological formations
classification presented thereinTéde 5 The ESDC data were used to obtain the most accurate
available organic substrate data acrossdpe and superimposed on the silicious and calcareous data.
We also notehaté¢ KS LIS G f | y R (Tdrnéderget al.920ANBasISeén creatd, which

to date seems to be the most accurate map of peatland accross Eurbjsemap would complement

the areas where ESDC data are misditmyvever, reuse of the data fodBER neither in vector nor

in raster for Europén its entirety, does noseemfeasible (pers. com. F. Tanneberger, 03.2019)
Therefore, the general attitude towards obtaining the organic soil dataset was to use the ESDC data
with the custom rules for selectiofTable6). If at least one attribute value listed Fable6 was true

it, was classified as organic type substraie compare these results with those of Tannebejeal.

2017 inHgure 12 It is apparent that not all regions are equally well mapped with organic soli
information data. The best representation seems to be for Central and E&Stgopean countries as
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well as for leland,the United Kingdom, Finland and Alpine regomhe leasadequate organic type
substrate mapping resultsave obtained for Scandinavia (Sweden and Norway) as well as South and
West European countriggigure 12) as compared to the European peatland map (Tannebezgatl

2017.

Table5. IHME1500 v.1.1 litHogical descriptions and their classification into silicious and calcareous
geological types used for this research.

Calcarenites and sands

Clays

Clays and claystones, marlstones
Clays andlaystones, sandstones,
conglomerates

Clays and shales (combustible)

Clays, boulder clays, silts, sands, gravels
Clays, marls and sandstones

Clays, marls and sandstones, conglomerate
Clays, marls and sandstones, siltstones,
limestones

Claysmarls and sandstones, siltstones,
limestones with gypsum

Clays, marls with gypsum

Clays, sands

Clays, sands and sandstones

Clays, sands and sandstones with gypsum
Clays, sands and siltstones, sandstones
Clays, sands, gravels

Clays, sandgjravels and sandstones with

gypsum

Clays, sands, gravels, marls and claystones
sandstones, conglomerates

Clays, sands, marls and sandstones, shale:
Clays, silts and sandstones, marlstones
Clays, silts, sands

Clays, silts, sands, gravels

Claystones, sandstones, limestones and cle
Claystones, sandstones, siltstones and clay
Conglomerates

Conglomerates, limestones, sandstones an
marls, clays

Conglomerates, limestones, sandstones,
marlstones

Conglomerates, quartzitesandstones,
shales, dolomitic limestones
Conglomerates, sandstones and gravels,
sands

Conglomerates, sandstones and marls, clay

Chalkstones antharls

Chalkstones, limestones (jointed, karstified)
Clays and dolomitic limestones

Clays and limestones, sandstones

Clays, marls and limestones

Clays, sands and dolomitic limestones, marlstor
sandstones

Clays, sands and marlstonegroclastic rocks witt

gypsum
Clays, sands, gravels, marls and limestones,

sandstones, conglomerates, pyroclastic rocks
Conglomerates (calcareous), sandstones and
sands, clays, gravels

Dolomitic limestones

Dolomitic limestones (jointedarstified)
Dolomitic limestones and marls
Dolomitic limestones and marls, clays

Dolomitic limestones and marls, clays with gyps
Dolomitic limestones, marlstones and clays with
gypsum

Dolomitic limestones, marlstones, claystones
Dolomitic limestone, marlstones, siltstones,
sandstones and sands

Dolomitic limestones, plutonic rocks

Dolomitic limestones, shales, sandstones
Gypsum, anhydrite and clays

Gypsum, anhydrite, dolomitic limestones
Limestones

Limestones (jointed, karstified)

Limestones (sandy), sandstones and sands, silt
Limestones and clays, fine sands

Limestones and marls

Limestones and sands

Limestones, calcarenites, sandstones and marls

Limestones, cherts, sandstones, shales
Limestones, claystonesandstones,
conglomerates

Limestones, claystones, sandstones,
conglomerates and marls, sands

Limestones, claystones, shales
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Conglomerates, sandstones and marls, clay
with gypsum

Conglomerates, sandstones, cherts, shales
dolomitic limestones, opiolitic series
Conglomerates, sandstones, claystones an
clays

Conglomerates, sandstones, limestones an
sands, clays

Diatomaceous rocks

Fine sands

Fine sands, silts, clays, gravels

Gneisses, mica schists, amphibolites
Gneisses, micschists, migmatites
Gneisses, plutonic rocks (acid)

Gravels, sands

Gravels, sands covered by clays, silts
Gravels, sands, clays

Gravels, sands, clays, marls and sandstone
conglomerates, limestones

Marls and sandstones
Marls and sandstones, limestes with

gypsum
Marls and sandstones, limestones, claystor
Marls, clays and sandstones, conglomerate
limestones with gypsum

Marls, sands, clays and sandstones
Phyllites, gneisses, shales, sandstones,
volcanic rocks

Phyllites, schistqjuartzites

Plutonic rocks

Plutonic rocks (acid to intermediate)
Plutonic rocks (acid to intermediate, gneissi
Plutonic rocks (basic)

Plutonic rocks (ultrabasic)

Pyroclastic rocks

Pyroclastic rocks and sands, clays
Pyroclastic rocksjolcanic rocks, marlstones
Quartitzes, sandstones, shales, limestones
Quartzites

Quartzites, conglomerates, phyllites, shales
Quartzites, conglomerates, sandstones, sh
(jointed)

Quartzites, sandstones

Quartzites, sandstones, phyllites
Quartzites sandstones, shales

Quartzites, sandstones, shales, volcanic rot

AMBER

Limestones, conglomerates, sandstones and clz
Limestones, conglomerates, sandstones,
marlstones and sands

Limestones, marlstones
Limestones, marlstones and clays, sands, silts \

gypsum
Limestones, marlstones, sandstones,

conglomerates

Limestones, marlstones, schists

Limestones, ophiolitic series and marls, clays
Limestones, sandstones

Limestones, sandstones and marls
Limestones, sandstones and sand, gravel

LImestones, sandstones and sands, clays
Limestones, sandstones and sands, clays with

gypsum
Limestones, sandstones and sands, silts, clays

Limestones, sandstonedaystones
Limestones, sandstones, conglomerates, ophiol
series and clays

Limestones, sandstones, siltstones and marls
Limestones, shales

Limestones, shales, sandstones

Limestones, shales, sandstones and marls
Limestones, siltstonesandstones and matrls, cla
Marbles

Marbles, schists, quartzites

Marls and claystones, limestones

Marls and limestones

Marls and limestones, sandstones

Marls, clays
Marls, clays and limestones with gypsum and
anhydride

Marls, clays, sands aflichestones, sandstones
Marlstones, claystones with gypsum and salt

Marlstones, claystones, shales, phyllites
Marlstones, limestones, sandstones and sands,
clays, marls

Marlstones, sandstones
Marlstones, sandstones and marls, clays

Marlstones, sandstees and sands, clays
Marlstones, sandstones, conglomerates with
lignites and clays

Marlstones, sandstones, limestones and clays
Travertines
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Quartzites, shales

Sands

Sands (glauconitic)

Sands and sandstones

Sands, clays

Sands, clays and sandstones

Sands, clays and sandstones, conglomerat:
Sands, clays arghndstones, limestones
Sands, clays, marls and sanstones,
phosphorites, lignites

Sands, gravels

Sands, gravels covered by clays, silts
Sands, gravels, boulders, clays, silts
Sands, gravels, silts, clays

Sands, silts, clays

Sands, silts, clays asdndstones
Sandstones

Sandstones and clays, marls

Sandstones, claystones

Sandstones, claystones, lignites
Sandstones, claystones, marlstones,
limestones with gypsum

Sandstones, conglomerates

Sandstones, conglomerates, claystones,
shalesmarlstones

Sandstones, conglomerates, shales, quartz
Sandstones, limestones and clays
Sandstones, limestones, shales, lignites
Sandstones, marlstones

Sandstones, marlstones, limestones, volcar
rocks (basic)

Sandstones, phyllites, quartzites
Sandstones, shales

Sandstones, shales (combustible) and clay:
Sandstones, shales and silts

Sandstones, shales, conglomerates,
limestones and marls

Sandstones, shales, conglomerates, phyllite
volcanic rocks (basic)

Sandstones, shalelsmestones

Sandstones, siltstones, claystones
Sandstones, siltstones, claystones with
gypsum

Sandstones, siltstones, claystones, limestol
Sandstones, siltstones, conglomerates and
clays

==

AMBER
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Silicious geological type Calcareous geological type

Schists, gneisses

Serpentinites, ophiolitic series

Shales

Shales, imestones

Shales, phyllites, schists, sandstones
Shales, quartzites, sandstones

Shales, quartzites, volcanic rocks
Shales, sandstones

Shales, sandstones, cherts, volcainc rocks
Shales, sandstones, conglomerates
Shalessandstones, limestones
Shales,quartzites, sandstones, phyllites,
schists

Silts, clays, gravels, boulders

Silts, clays, sands

Silts, clays, sands, gravels and conglomera
Silts, fine sands

Siltstones, claystones, sandstones
Siltstonessandstones and sands, clays
Valley fillings

Volcanic rocks

Volcanic rocks (acid to intermediate)
Volcanic rocks (acid)

Volcanic rocks (acid), pyroclastic rocks,
sandstones, shales

Volcanic rocks (basic to intermediate)
Volcanic rocks (basic)

Volcanic rocks (basic), ophiolitic series
Volcanic rocks (jointed)

Volcanic rocks, pyroclastic rocks
Volcanic rocks, sandstones, shales, dolomi
limestones

Volcanic rocks, shales, sandstones,
conglomerates, claystones, limestones

Table6. Sail typological units (STU) of the European Soil Database v. 2.0 used to derive organic
substrate data for European rivers classification. If at least one attribute value was true for the
considered STU attributel was classified as organic type subge.
FAO9ELEV1 (FAO90LV1) Soil major group code of the | 4- Marsh
STU from the 1990 FAO H - Histosols (includes: Fibric
UNESCO Soil Legend Histosol, Gelic Histosol, Folic
Histosol, Terri¢distosol,
Thionic Histosol)
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FAOSSFULL (FAOS5FU)

Full soil code of the STU from
the 1974 (modified CEC 1985
FAGUNESCO Soil Legend.
444, O (includes: Od, Odp, O¢
Ox)

444¢ Marsh

O- Histosol

Od- Dystric Histosol

Odp- PlaciDystric Histosol
Oe- Eutric Histosol

Ox- Gelic Histosol

WRBFULL (WRBFUL)

Full soil code of the STU from
the World Reference Base
(WRB) for Soil Resources

4 4 44 4 Marsh,
HSax Alcalic Histosol
HScy Cryic Histosol
HSdy Dystric Histosol
HSeu Eutric Histosol
HSfi- Fbric Histosol
HSfo- Folic Histosol
HSge Glacic Histosol
HSge Gelic Histosol
HSom Ombric Histosol
HSrh- Rheic Histosol
HSsa Sapric Histosol
HSsz Salic Histosol
HSti- Thionic Histosol
HStx- Toxic Histosol

TEXT_SRF_DOM (TXSRFD(Q
TEXT_SRF_SEC (TXSRFSE

Dominant surface textural
class of the STU
Secondary surface textural
class of the STU

9- No mineral texture (Peat
Soils)

PARMAT-DOM (PARMADO)
PARMAT-SE (PARMASE)

Code for dominant parent
material of the STU
Code forsecondary parent
material of the STU

8000- organic materials
8100- peat (mires)
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QOrganic type geolology used for
European rivers classification

N o a0 480 960 km

Aé T T N T T |
Prepared finder the project

Adaptive Management of
Barriers in Eurapean Rivers
— AMBER (688662)

task WP2, Deliverable 2.1.
Authors: K Belka

g

European Soil Database v2.4 i 1990s.
have been used to derive geological class of orga
Political borders and graticules from Natural Earth

oo Emo v v Distribution of peatland/organic soils by Tanneberger et al., 2017.
7 The small and sparsely distributed peatlands in {(mostly) southern
European countries are slightly enlarged for better visibility,

the paler shading in European Russia represents peat < 30 cm thickl,

i %

Figurel2. Organic substrate distribution as derived from ESDC data for European soils (A) in
comparison with the peatland map of Europe by Tannebeeget. 2017 (B).
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Eventually the following geomorphic descriptors are assigned to the sampling sites:
Catchment area (kA

River segment f 2 LIS &'t 0

Strahler Stream Order (W_STRAHL)

Mean altitude of the river segment (m a.s.l.) (W_ALT)
Environmental Zones of Eurofetzger, 2018)

Geological type

= =4 =4 -8 -8 -9

The remaining descriptorsnitially included in the IC datasdte. wetted width, geomorphological
river type, natural sediment, source of water and presence of floodplain, are considered either
unavailable in neessary quality for alEuropearrivers or too sensitive to human induced alteration
(e.g. Geomorphic river type) and are therefore excluded from further analgeesTable 4 for
description).Spatial distribution of the used geomorghilescriptors are presented Hgure 13.
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[P H Source: Catchment Characterisation and Modelling River and Catchment Database, Prepared under the project
Abiotic variables used for v. 2.1 (Vogt, J.V. et al.,, 2007). European Soil Database v. 2.0 (ESDAC; Panagos, 2012),  Adaptive Management of

classification of European rivers intemational Hydrogeological Map of Europe 1:1,500,000 (IHME1500).
into Macrohabitat types (MacHT) Environmental Stratification of Europe v. 8 (Metzger, Marc J. 2018).

Water Information System for Europe Water Framework Directive (EEA, 2017). Authors: K.Belka

Barriers in European River:
— AMBER (669682}
task WP2, Deliverable 2.1.

Slope ) A Catchment size
0 375 750 1 500 km

0-10
257 11- 150 :
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45001 - BO3737
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b
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. — 216 -0
JE — 1-150
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——301-600
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—3
4
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1801 - 2600

iz’
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Habitat use guildéHUT)were determined by modifying the fish guild classification created for the
EFI+ Project (Melchet al. 2007, Holzer 2008, EFI+ Manual 2009, Leget 2013), as well as some
other literature positions; review in. NBf A Zalt Hnnnx Y 2unwivEdhbase.orh y R CNB
According to whicheach of the 3@ speces occurring in European rivers (EFI+ Manual 2a69)
ascribed to the following guilds:

Intolerant species

Tolerant species,

Benthic species,

Rheophilic species,

Lithophilic species,

Phytophilic species,

Insectivorous species,

Omnivorous species.

=4 =4 =4 8 -8 -8 -8 -9

For the purpose of this projeceleven HUT guilds were established by combining particular guild
characteristicgTable7):

1) Highly rheophilic, intolerant species,
Includes intolerant, rheophilic and lithophilic speci€bosen species were mainly salmonids, bullhead
species and strongly rheophilic cyprinids.

2) Rheophilic benthic species, preferring sagvel bottom substrate
Only benthic and rheophilic species. Neither lithophilic nor omnivorous speciesnalgled,
regardless of other assignments. These are mainly sturgeons, barbels, gudgeons and some benthic
cyprinids.

3) Rheophilic water column species, preferring samdywel bottom substrate
Rheophilic and lithophilic species inhabiting the open wateanrool. These are mainly species such as
chub, rainbow trout and common minnow.

4) Limnophilic benthic species of moderate tolerance
Limnophilic benthic speciesexcluding those which areheophilic, litophilic, phytophilic or
omnivorous Mainly includes loacls as well asuffe and somdlatfish occurring in estuaries.

5) Limnophilic water column species of moderate tolerance
Species that are not tolerant, not benthic, not rheophilic and not phytophilic. This is a large guild
consisting mainly of various Cygds, including somshads nases, daces, minnows and roaches. It
alsocontainssomeCoregonids.

6) Intolerant, rheophilic benthic species, preferring detritus or pelal bottobstrate
Thisguild iscomposed of lamprey species, with specific biolagg habitat requirements. Larvae are
detritivorous and inhabit shallow areas. Some of them are alsohoiggatory species, withmarine,
parasitic adulphase.

7) Intolerant, water column species
Specieghat are intolerant and not benthic such as: allis shad, some Corregonids and Salmonids.
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8) Limnophilic lithophilic species of moderate tolerance
Lithophilic species that are neither highly tolerant nor intolerant. Also, they are not benthic nor
rheophilic ror phytophilic. Mainly species such as dgpcedonicshad and some daces.

9) Limnophilic phytophilic species of moderate tolerance
Phytophilic species which areither tolerant, nor rheophilic, nor lithophilic. These are such fish as
tench,some loabes, weatherfish, pike, catfishydd and bitterling

10) Benthic species of moderate tolerance
Benthic species that are not tolerant. i$lguild consist of Europeareel, burbot, some barbels and
Neogobiids.

11) Generalists tolerant species
Only species that are tolerant are chosen regardless of if they belonged to any other guild. These are
mainly cyprinids, such as roach, bleak, common carp, or bream, but also perch andiemosivasive
species.

Table7.] F 6AGlF G dzaS yR G2t SNIyOS 3Adzif Ra RAAGAYIdA &K
(columns) used for Target Fish Communities development. Symhbppekies belong to a guild,
0 ¢ species not belong to guild, x¢ guild not taken into account.

i Q B = % (7]
S 52§58 8%
5 © E @ 2 5 &£ 2
= o o £ E o = @
S r m ¥ O o O =z
Highly rheophilic, intolerant species 1 0 x 1 1 0 0 21
2 Rheophilic benthic species, preferrisgndygravel
- bottom substrate x x 1.1 0 x 0 52
3 Rheophilic water column species, preferring sandy
- gravel bottom substrate x x 01 10 x 20
Limnopbhilic benthic species of moderatetolerance x 0 1 O 0O O 0 29
5 Limnophilic water column species mibderate
- tolerance x 00 0 x 0 x 70
Intolerant, rheophilic benthic species, preferring
“ detritus or pelal bottom substrate 1011100 10
Intolerant, water column species 1 0 0 X X X X 12
|| Limnophilic lithophilic species of moderaterance 0 0 0 0 1 0 x 9
Limnophilic phytophilic species of moderate
“ tolerance x 0 x 00 1 x 28
Benthic species of moderate tolerance x 0 1 X X X X 14
Generalists tolerant species 0 1 X X X X x 37

The detailed list of speciessignment to different guildsrovidesTable8.
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Table8. List of fish species occurring in Europe with assigned guild according to EFI+ Manual and

basedora Sf OKSNIR &

JdzA f R&

Freyhof 2007www.fishbase.or)

Barbus caninus
Chondrostoma miegii
Cobitis calderoni
Cottus gobio

Cottus koshewnikovi
Cottus petiti

Cottus poecilopus
Hucho hucho
Leuciscus souffia
Oncorhynchus
gorbuscha
Oncorhynchus
tschawytscha
Romanichthys
valsanicola

Salmo salar

Salmo trutta fario
Salmo trutta trutta
Salmothymus
obtusirostris
Salvelinus fontinalis
Salvelinumamaycush
Thymallus thymallus
Zingel streber
Zingel zingel
Abramis sapa
Acipenser baeri
Acipenser
gueldenstaedtii
Acipenser naccarii

Acipenser nudiventris

Acipenser oxyrinchus
Acipenser ruthenus
Acipenser stellatus
Acipenser sturio
Ambloplites rupestris
Barbatula barbatula

Barbatula bureschi
Barbatula pindus

Barbus barbus

PR RRPRRRERERPR

[EEN

[EEN

N

NNNRE R R BRP R

Cobitis narentana
Cobitis ohridana
Cobitispunctilineata
Cobitis rhodopensis
Cobitis stephanidisi
Cobitis strumicae
Cobitistaenia
Cobitis tanaitica
Cobitis trichonica
Cobitis zanandreai

Gymnocephalus cernuus

Hemichromis
bimaculatus
Knipowitschia milleri
Knipowitschia panizzae
Neogobius fluviatilis
Neogobius
gymnotrachelus
Platichthys flesus
Pleuronectes platessa
Sabanejewia bulgarica
Sabanejewia larvata
Sander volgensis
Alburnus albidus
Alosa immaculata
Alosa killarnensis

Alosa maeotica
Alosa tanaica

Alosa vistonica
Atherina hepsetus
Atherina presbyter
Chalcalburnus belvica
Chelon labrosus
Chondrostoma arrigonis

Chondrostoma genei
Chondrostoma knerii

Chondrostoma phoxinus

Ot AaaATAOF(GAZY

A DDA DMIADMIAD

N

N

[ B6 32 BN SN SN SR S B )

ol ol

o1 01 01 01 01 O1

(&)

Alosa alosa

Alosa fallax
Anaecypris hispanica
Aphanius iberus
Coregonus albula
Coregonus lavaretus
Leuciscus keadicus
Pungitius hellenicus
Salmo trutta lacustris
Salvelinus alpinus

Valencia hispanica
Valencia letourneuxi

Alosa macedonica
Aspiusaspius
Chalcalburnus chalcoide
Coregonus peled

Leuciscus borysthenicus
Leuciscus carolitertii
Leuciscus pyrenaicus
Polyodon spathula
Thymallushaicalensis
Aphanius fasciatus
Atherina boyeri

Clarias gariepinus

Economidichthys
pygmaeus
Economidichthys
trichonis

Esox lucius
Eupallasella perenurus
Knipowitschia caucasice
Leucaspius delineatus
Leuciscus idus
Misgurnus
anguillicaudatus
Misgurnus fossilis
Pseudophoxinus
stymphalicus
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River water bodies were classified according to the fish assemblages expected in specific
geomorphologial settings at nedisturbed (reference) sitesSubsequently we used physical
attributes associated with the classes to expahis classification to hlvater bodies irthe European
database. We applied h two techniquemn-hierarchical cluster (NHC) analysis and discrimination
with Analysis of Group Similarities (ANOSIM) for step one and ClassifiantloRegression Trees

(CART, Breimaat al. 1984,Clarke 1993

5 KFhbiicius 2000pr step twa

39



D2.2 Conceptual model of ecological impacts of barriers in EU considering hadligation criteria for running waters
April, 2019
AMBER ProjectH2020- Grant Agreement &9682

AMBER

Non hierarchical cluster (NHC) analyg&és conductedising the IC data from 1099 river sites
classifiedas nondisturbedCluster analysis was applied to two datzb-sets sequentially. The first
subset consisted o§eomoarphic descriptorsf sampling sites, and was clustered into samples with
similar habitat characteristics. These cluster groupings were then added as dioraldiariable to

the biological data of HUT fish guild proportions captured in eachtgifgoduce a mixed dataet
(guilds/physical clusters), whigtas thenalsoclustered. In botltasesthe clustering procedure is the
same. The distance matrix ieted by standardizing the data usi@gwerand Manhattan similarity
distances for the physical and the mixed data set respectively (Gower 1971, Krause 1987). The number
of clusters is determined with help of scree and silhouette plots. A Partitioning Around Medoids (PAM)
clustering model was applied (KaufmarR@usseeuw 1987, Hasee al. 2001, Park & Jun 2009). The
cluster plots and silhouette plots were created, as well as box plots for each variable. Subsequently
data discrimination with ANOSIM was performed to verify model performance. The calculated
FCMa&HT classes are assigned to each Site above decision tree is applied to all water bodies of
Europe to determine their FCMaCHT class.

To estimate the influence of each barrier type on a particular taabittribute presented in chapter

2.2 we undertook an extensive literature review (AMBER MS1 Appendix), and discossed
conclusions as part of a workshop event with experts involved in the project. The change of the
relative habitat area where an attnilte occurred was quantified using five categories:

1) 0.0 majorreduction
2) 0.5 smallreduction
3) 1.0 no change

4) 1.5 smallincrease
5) 2.0 majorincrease

The esults were summarized and the effectseafch barrier typeBi) in numeric values between 0
and 2 were given ifable10. TheBivalues were used to calculate the weighted remaining habitat
proportion (WRHp in each FCMacHT after barrier construction, according to the formula:

... B OY®G Q. _ .
U Y On 5 “O“Y"OZ Ovpnmnb

Where:
WRHp¢ weighted remaining habitat proportion,

GSk guild specific suitability of habitat attribute,
Bi¢ barrier impact,
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GP¢ guild proportion in EFC.

The wRHpvalue ranges from 0 to 200%. In the case of permanent negative impact on all habitat
attributes, it equals 0, while in a theoretical situation of only positive impacteaches 200%. In the
case of no barrier impact, theRHpwill show no change in h#at availability and equals 100%.

This formula was used to assess the impact of each barrier type on habitat suitability and availability
for particular FCMacHT river type, expressed as percentage of the remaining suitable habitat for EFC

Figure 4 presents scree and silhouette plot for the physical site descriptaith help of whichl6

river type clusters are selecteffigure B shows the cluster plot for two principle components and
Figure B a silhouette plot. The first two components explain 69.9%vafiability andaverage
silhouette width is 0.69. The ANOSIM discrimination with obtained clusters is significant with R=0.967
with p<0.001 Figure 7).

The identified clusters are then added to the biological dataach site (HUT proportiongjigurel8

is the scree and silhouette plot for biological descriptors associated with physical clusteiSiduane

14. Based on this figure we select& clusters for NHC procedurBigurel9 shows the cluster plot

with FCMacHT clusteveell separatedn 2-D spae. This separation explains only 16.33 % of variability
indicating thatother components are important in the proce$dgure20 shows silhouette plot with
average silhouette width of 0.62. The ANOSIM discrimination with obtained clusters offers R=0.98
with p<0.001Figure2l).
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Figurel4. Scree and silhouette plot of environmental attributes of the sampled sites.
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Figurels. Cluster plot of environmental attributes of the sampled sites for two ncamponents.
The numbers represent the siteimber and pink lines distance between the ovoids.
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Silhouette plot of pam(x = y.gower, k = 16)
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Figurel6. Silhouette plot for clusters of environmental attributes of the sampled sites.
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ANOSIM (within- vs between-group rank dissimilarities)
R= 0967, P= <0.001
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Figurel?7. Whisker diagram representing distances between and within the clusters of
environmental attributes of sampled sites.
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Scree Plot of K-means Clustering
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Figurel8. Scree and silhouette plot of habitat attributes (environmental class and guild
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clusplot(pam(x = y.manhattan, k = 13))

Component 2

Component 1
These two components explain 16.33 % of the point variability.

Figurel9. Cluster plot of habitat attributes of the sampled sites for two main comptsieThe
numbers represent the site number and pink lines distance between the ovoids.
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Silhouette plot of pam(x = y.manhattan, k = 135)
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Figure20. Silhouette plot for clusters of habitat attributes of the sampled sites.
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ANOSIM (within- vs between-group rank dissimilarities)
R=098, P= <0001
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Figure 21 Whisker diagram representing distances between and within the clustdrabatat
attributes of sampled sites.
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3.1.1 CART

The FCMacHT class is then added to the physical descriptors of each site as a grouping variable to
perform Classification and Regressidmee (CARTanalysis todetermine how the FCMacHT
distribution is shaping along the gradient of these variablé® Complexity Parameter plot is used to
determin the acceptable relative error for pruning the decision tree.

Figure22 presents the Complexity Parameter plot aRifjure23 the Classification tree, which was
pruned at 0.003 relative error. The 38 leavksig tree has 86% of correct reclassification
(Kappa=0.912).
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Figure22. Complexity Parameter plot for environmental attributes of sampled sites.

49



D2.2 Conceptual model of ecological impacts of barriers in EU consideaiitat selection criteria for running waters
April, 2019
AMBER ProjectH2020- Grant Agreement &9682

AMBER

Aflantic.Central=< 0.5
]

Boregl= 0.5
Nemoral==05
W_CRT s,
12
Alpine.Nprh=< 0.5 B 11 2
1 073 075 (17)
7 . (123) (1) (&)
9 Lusitanjan= 0.5
(94) 13
Alpine. Squth==0.5 | 1
g (69
W—Cw_%#ﬁ@?:g:d-.s Mediterranean.Mountains=< 0.5 1
1
2 2 4 SiliCEUL‘S>=U.5 ‘ (69)
098 1 ops83 Continer’talbzu.b
1 —
(58) (8)  (Bhn_CACHEz8008 7o

calcernops==0.5 g
A 2 Adarteroth=u 5oaT ictHorth= 0
1 = L e P ¥ i 3
= e s B rﬁgar{%rrarﬁfgﬁﬁ 05 (?3}
W CATCHE-20 F
14 1
3 3 s s 29

4
10 12 15
1 095 074
087 0o 3 2 3 5 079 067 1
(30) (18) (5

: 1 1
30 0.8 ; 14 29) (20) (83)
“ 03, 030 082 gy (9 @ @ @ @) @

Figure23. Classification tree of environmental attributes according to the FCMacHT class

w_sTANGRUS -5
sy

’_I__| 11
1 1

.
= 0.68 082
%tgljie»]m 2) () (199

50



D2.2 Conceptual model of ecological impacts of barriers in EU considesiitat selection criteria for running waters
April, 2019
AMBER ProjectH2020- Grant Agreement &9682

AMBER

The model first separated Atlantic CentEalvironmental Zonand assigned water bodséo group 11
(Western European and Atlantic Rivers) vifta exception of first order seams nonsiliceous which
were put to group 1 (Highland medium sediment rivers). Rivers of B&maronmental Zonvith
non-siliceousand non-calcareousgeologycatchments larger thai6 880 km have similar habitat
distribution as group 11but streamswith smaller catchments are again in groufBbreal rivers with
organic geology and those with catchments lartan 3723km? are classified as group 12 (Lowland
medium sediment and organic riversihll Nemoral Environmental ZoneaiverQ dish community
macrohabitat typs are distributed agiroup 7 (Boreal Lowland Rivers), Alpine North group 13 (Boreal
Atlantic Largemedium sedimentivers) andLusitanianare a majority of group 9 $outh European
highland rivers) Alpine SouthEnvironmental Zoneivers are divided into 2 groups: these with
catchments smaller than 124.5 Kmnda stream orderof 5 and higher into group 2 (Mountain ahe

and subalpine rivers) and other rivers into group 4 (Central European lowlandntedjem sediment
rivers). Rivers dflediterraneanMountain Zone build group 8 Mediterraneanmountain and upland
rivers). In remainingones,geology drivedurther divisionsas suchsiliceousrivers in Continental
Environmental Zone all belong either to group 3 (Central European lowlands, medium sediment rivers)
or 5 (Highland and lowland, largeedium sediment rivers)Atlantic North EZ creates group 14
(Atlantic mediumlarge sediment rivefjsand MediterraneanSouth Zone group 1MMediterranean
lowland rivers)Remainingsiliceousrivers are in group 9. Calcareous rivers belongrmupl and 4
depending on catchment size. Rivers with other geology in AtlantitiMone are in group 15 (North
Atlantic lowland mediurdarge sediment rivers and in other zones in group 12.

Figure24 representsthe distribution of rivers classified according to FCMacHT sampled in the
Intercalibration exercise.

European rivers classification into
macrohabitat classes (FCMaCHT)
0 250 500 1000km M

T S A

1 Highland, medium sediment rivars

— 2 Mountain, Alging and subalpine rivers
3 Central European lowland, medium sediment rivers
4 Central Eurapean lowland, large-medium sediment rivers
s § Highland and lowland, large-medium sediment rivers
& Boreal large-medium sadiment rivers.
7 Boreal lowland rivers
6 Meditarranean mountain and upland rivars
G South European highland
10 Mediterranean lowland rivars
| Western European and Atlantic rivers.
m— 12 Lowland medium sediment and organic rivers
13 Boreal-Atlantic large-medium sediment rivers
— 14 Altantic medium-arge sediment rivers

w15 North Altantic lowland, medium-large sediment rivers

all other rivers

Catchment Characterisation and Modelling River and
Catchment Database, version 2.1 {CCM2}) (Vogt, J.V.

et al,, 2007} is used to derive information on catchment
size, slope and altitude of a river segment and Strahler
stream order. Eurcpean Soil Database v2.0 (ESDAC;
Panagos, 2012) used to derive geolegical class of organic
substrate. International Hydrogeological Map of Europe
1:1,500,000 (IHME 1500) used to derive geology class
silicious and calcarous. Environmental Zones of Europe
are derived from the Environmental Stratification of Europe
version 8 (Metzger, Marc J. 2018). Political borders from
Water Information System for European Water Framework
Directive (WISE WFD) database {EEA, 2017).

Frepared under the project
Adaptive Management of
Barriers in European Rivers
—AMBER (689682)

task WP2, Deliverable 2.1,
Authors: P.Parasiewicz,
P.Prus, M.Adamczyk, K.Belka-=

Figure24. European riverglassified into 1B1acrohabitat types(MacHT (AMBER D2.Yersion2.0).
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Usinga guilds proportion in fish assemblage calculated for a set ahhiomly choseNDSfor each
type, an Expected Fish Community (EFC) was develéjigar€ 25). Basic abiotic and geagphic
characteristics of ND&scribed to 15 MacHT typese described for each river type, together with the
expected fish guild composin.

Type 1 Highland, medium sediment riverg={gure24, 25)

The frst rivertype distinguishedyroups riversand streams ohighland and submountaitype, with

dominating medium size sediment fractioNDSsites are located up t686m a.s.l. (averag817m

a.s.l.) and characterized byoderateslope values up toH /£': 0 I @ S:Nildd S¢ Ky2daHS NA @S N.
distributed across Europeexcept Boreal regian Fish communities of this type consist mainly of

Highly rreophilic, intolerant speciest8%), with a share of4% of Rheophilic water column species

and 12% of Rheophilic benthic species, preferrsandygravel bottom substrate. Those guilds are
complemented by Generalists (16%lch composition of fish asserabk is related tonoderate and

high slope valuesand corresponds with cold, well aerated water angedium orcoarse bottom

sediment.

Type 2 Mountain, Alpine and subalpine river@~igure24, 25)

Thisriver-type group streams ansimallrivers of Alpineand subalpingype located in mountain areas.

NDSsites are located up th212m a.s.l. (averagé29m a.s.l.) and characterized by high slope values
-upto99: Ol IBNWDS ¢K2aS NAGSNE INBS RA&GGNRod@mSR I ON
Mountains: Alps,Carpathians, PyrenegBinaric Alps and Balcan Mi&&sh communities of this type

consist mainly of Highly rheophilic, intolerant species (55%), with a share of 27% of Rheophilic water
column species and 18% of Rheophilic benthicigisepreferring sandgravel bottom substrate. Such
composition of fish assemblage is related to high slope valaied,corresponds with coldwell-

aeratedwater and coarse bottom sediment

Type 3. Central European lowland, medium sediment rivéfgyure24, 25)

This type comprise€ontinental rivers and streamniscated mianly in Central and Eastern Europe
plains NDSsites are located up t880m a.s.l. (average8 m a.s.l.) and characterized by low slope
uptol4: O PHI0IS ¢ K2 aS NiuedSaskdiss theNJentr& Euiomefrom Eastern
France, Germany ari8elgium through Polandzech Republic and SlovakidJkraine, Romania and
Balcansin Continental biegeographical regias The fsh community of these rivers is composef
37% of Rhephilic benthic species, preferring sangsavel bottom substrate. All four rheophilic fish
guilds constitute72% of fish community, whiléwo limnophilic guilds contribute to 6. Benthic
species of moderate tolerance represdidth Generalists are moderaly abundant witta 9% share in
fish community.A high diversity of guilds composition reflects high habitat variability in rivers and
streams distributed wdely across the Continental-gapgraphical region.

Type 4 Central European lowland, largamedium sediment rivergFigure24, 25)

Type 4groupsrivers of similar geographical location as tp®up 3 in Continental biegeographical
regiors. Some of them are aldocatedin the Mediterranean region. In this growase smallerstreams
andriversthat are distributed on higer altitudes NDSsites are located up t621m a.s.l. (average
317m a.s.l.) and characterized byoderateslope-up to 16: 0 | @ 8810 I fsh community
of these rivers is composeaf 41% of Rheophilic benthic species, preferring sagdyel bottom
substrate. All four rheophilic fish guilds constitu#% of fish community, while limnophilic
phytophilic andBenthic species of moderate toleree guildscontribute to8%and Pborespectively.
Generalists are moderately abundant witli% share in fish communitGuild dversityis similarly
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related to riverinehabitat variability with a higher representation of rheophilic species asype 3
dueto more upland character ghe considered streams.

Type 5. Highland and lowland, largeedium sediment rivergFigure24, 25)

This type comprisesf Continental streams andmallrivers located mainly in Central and Eastern
Europesubmountain and upland landscapeNDS sites are located up8a7m a.s.l. (averag286m
a.s.l.) and characterized Hyigh slope variability - up to 39: , with anaverageof 104: anda
minimum of 0.6: ®The rivers consigted are distributed acrosshe Continental biegeographical
region with some sites in South Scandinavibe fsh community of these rivers is composgfd39%
Highly heophilicintolerant species. All four rheophilic fish guilds constitut&o of fish coomunity,
whiletwo limnophilic guilds contribute to4R%6. Generalists are moderately abundantwatl0% share
in fish community Strong domination of rheofiliguildsis connected ta more upland character of
those rivers

Type 6. Boreal largenedium sedment rivers(Figure24, 25)

Type no6 groups lowlandand uplandBoreal rivers and streams. ChosEDSsitesare locatedon
altitudes up to708m a.s.l. (averag239m a.s.l.) with variableslope valueg; maximum of40.8: <
and an average df0.1: dThose riversire located in Northern Europe, ihe Boreal biegeographical
region.Thefish assemblagiss dominated bythree rheophilic guildeamountingtogetherto 65% ofthe
fish community, with dominance of highly rheophilitolerant species (@%6) The rext important
guild ¢ Intolerant, water column speciesake 13% whiletwo guilds of limnophilic specidegether
havea 13% shareGeneralists are present withraoderateshare of6%. The fsh community of this
river type isquite complex with sixguilds presentDomination of rheofiliguildsis connected to more
afrequent occurrence of coarse bottom substrate in those rivers

Type 7. Boreal lowland riverg-igure24, 25)

This groupconsists ofowland Boreal rivers. ChosedDSsitesare locatedon altitudes up tc200m

a.s.l. (averagfém a.s.l.)with low slope valueg maximumoflt66: = | YR | y2.8:- @%ose IS 2 F
riversare located in Northern Europe, the Boreal biesgeograplical region Nemoral Environmental

Zone hencein more southern locations than Type Bhe fish assemblagés dominated byfour

rheophilic guildsamountingtogetherto 76% of fish community, with dominance of highly rheophilic
intolerant species (@%6) Ory onelimnophilicguildhas a6% share, while benthic species of moderate
tolerancehave8% Generalistsepresentashare ofL0%.The fsh community of this river type tpuite

complex with sixguilds presentDomination of rheofiliguildsin these lowland rivers is connected to

more severe climate of boreal zone and location of a number of rivers in hilly a landscape of lakelands

Type 8. Mediterranean mountain and upland rive(Bigure24, 25)

In rivertype 8, a set of Mediterraneamountainand uplandrivers is grouped. Maximum height of
NDSsite is1208m a.s.l. with an average @B5m a.s.l. River slopes are quite higlup to 276+
(average5,6: 0 @ ¢ K 2 a SdistNButedSandBly akrds® the Mediterranean region; from Portugal
to Greee. Rheophilic guilds strogly dominatiee fish community with a total share of 91%. Within
this group higly rheophilic, intolerant species are most numerous (448hophilic lithophilic species
of moderate tolerancemakes 9% of fish communignd generaists are absentA hgh share of
rheophilic guilds and lack of generalists results ftbmmountaineous character of the rivers grouped
in this type.

Type 9. South European highland rivédFgure24, 25)

The rivers gouped in thigype representthe highland character ahe Lusitanian, Mediterraneanand
Pannonianzone Maximum height oNDSsite is572m a.s.l. with an average @29 m a.s.l. River
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slopes are higlg up to63: O @3 @S ¢ K 2 & SdiskBuBdwidelyatraddSSouthern
Europe from Western France, Portugal and Spain, through Italy and Greece to Pannoriackis:s
coasts Two guilds of reophilic species dominate, with common share of 58%. Next groups are
limnophilic litophilic and imnophilic phytophilc species of moderate toleranc®2% and 11%
respectively)The @&neralistssharein fish community isnoderatec 9% A higher share of limnophilic
guilds, which are tolerant to higher temperatures and lower oxygen concentratichesehighland

rivers B connected withower altitudes and warm climate conditions of South European regions

Type 10. Mediterranean lowlan@Figure24, 25)

Thisriver-type is distributed acrosslediterraneanregion, especially in costal zones and in Southern
Spain Maximum height of NDS site582m a.s.l. with an average o82m a.s.l. River slopes ageite
highq up t0 20,5: 6 I @ 3, R0 Ge tothe costal character of numerous rivers in this type
Limophilic groups strongly dominate in these rivers (48%i, 41% ofLimnophiligohytophilicspecies

of moderate toleranceTwo guilds of reophilic speciésater column and benthic) constitute together
only 24%highly rheophilic species are absertext groupare benthicspecies omoderate tolerance
(8%). The generalist share in fish community isgh ¢ 20% A hgh share of limnophilic guildsnd
generalists which are tolerant to higher temperatures and lower oxygen concentrations in these
rivers is connected witthe warm climate conditionand periodic draghts characteristiof the South
Mediterranean zone

Type 11Western European and Atlantic rivefgigure24, 25)

In thistype, a set oflowlandand costaktreams of Atlantic region is grouped. RdDSsites altitude

reaches up t®220m a.s.l. (averag@6 m a.s.l.). Slope values avery high, reachindl8l: gA G K Iy
average oR46: ® wWA PSNB 27T { Kiha AtansicldBvironneBtal foaéOm el

through England to Nortigentral FranceBelgium and Holland'he fsh community is composezhly

of three guilds Hidhly rheophilic, intolerant species and Rheophilic benthic species, making 55% and
27% respectively, with a substantial sharegeheralists¢ 18%. Fish assemblage corresponds to
stream charactewith extremelyhigh slope gradientsbut a high share of genatists reflectsthe

lowland location of this river type

Type 12. Lowland medium sediment and organic rivéfigure24, 25)

This type compriselbbwland and organicivers and stream$ocated nainly in Central and Eastern
Europanplains and in Scandiniav NDSsites are located up t851m a.s.l. (averagelbm a.s.l.) and
characterized by low slopaipt010.3: 6 G3MI EE ¢K2aS NAOBSNE | NB RAAG!T
Europe¢ from Austria, Switzerland and Germatiyrough Polandto Ukraine and Belarusp the
Continental biegeographical regianAnother group of sites is located in Finland, Latvia, Estonia,
Russia and locally in Sweden and Norwaythe Boreal regionThe fsh community of these rivers is
higly diversified rfine guilds). It iscomposedof 35% of highly heophilicintolerant species, while
rheophilicbenthicand water columrspeciesepresent 9% and 18% respectivei four rheophilic

fish guilds constitutéogether 66% of fish community, whilevo limnophilic guids contribute to D%.
Benthic species of moderate tolerance represéi and intolerant water column species 5%.
Generalists arejuite abundant witha 12% share in fish communityl.hiscomplexguild structure
reflects high habitat variability in rivers drstreams distributed widely across the Contineraat
Borealbio-geographical regian

Type 13. Boreahtlantic largemedium sediment rivergFigure24, 25)

Typel3 groupsupland and mountairBoreal rivers and stream$ocated in Scandinayithe Alpine
North Environmental Zone€ChoserNDSsites areplacedon altitudes up tcb30m a.s.l. (averag@&37
m a.s.l.) with variableslope valueg maximum of3g: = | Y R | y 5¥:@fhdde Averar2 T
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distributed mainly in Norway and Swedéncostal andmountaineous regionsin the Alpine North
bio-geographical regionThe fish assemblages specific, with dominatiorof highly rheophilic
intolerant species (48%@,substantial share farheophilic water column species (16%) and intolerant
water column speies (24%)The &st guild present in rivers of this type are benthic species of
moderate tolerance witha 12% share.Generalists areabsent and all guilds found have high
environmental demandsDomination of rheophilic and lithophiliguilds is connectedto coarse
bottom substrate in those rivers and severe climatic conditiorth@@Alpine North zone

Type 14 Altantic mediumlarge sediment rivergFigure24, 25)

This lowland and costaiiver type is distributed acrosthe Atlantic North biogeographical region,
except Northern Scotlandviaximum height of NDS site 74 m a.s.l. with an average 6fL m a.s.l.
River slopes arquite highqup to22.6: 6 | @ $1} ddiie tothe costal character of a number

of rivers in this typeRheophilic groups strongly dominate in these rivarakingaltogether 76%, with
48%o0f highly rheophilic, intoleranspecies Twoother guilds of reophilic specidsvater column and
benthic) constitute 16% and 12% respectivdlge gneralists share indh community ihigh¢ 24%
Dominationof rhoeophilicguildsis connected to noticeable slopes and coarse sediment, while high
share of generalists result from lowland locations of rivers.

Type 15. North Altantic lowland, mediudarge sediment rivergFigure 24, 25)

This lowland and costaiver type is located exclusively in Northern Scotlahde highest locatiorof
NDS site i266 m a.s.l. with an average df03 m a.s.l. River slopes areoderate¢ up to 14.6¢
(average9.3: 0 Two rheophilic groupstrongly dominate in these rivemhakingaltogether 73%, with
55% of highly rheophilic, intoleraspeciesand 18%reophilicwater column speciesThe gneralists
share in fish community igeryhigh¢ 27% Similarly as in type 14ominationof rhoeophiic guildsis
connected to considerable river slopes and occurrence of coarse sediment, auhidgn share of
generalists result from lowland locations of rivers and specific organic geology.

Three suitability kasses, 0¢ not important, 0.5 ¢ partially important and 1¢ important, were
established in order testimate the level of influence of each attribute on every fish galdassess
the guild specific suitability criteri&sS) for each attribute Table9):

1. Highly rheophilic, intolerant specieg require high water velocity, gravel bottom substrate
and interstitial space, low water trophy and temperature and high oxyg@rcentrations.
Thesespecies require good covand longitudinal connectivity herefore this guilds very
sensitive to most factors related to impoundment and river continuum disruption.

2. Rheophilic benthic species, preferring sandyavel bottom substratec this guild shows
similar preferences to habitat attributes #se previous oneln addition, these species require
increased depththe presence of rheophilic macrophytes and mosses as well as habitat
stability. This guild is also strongly vulnerablénipounding.

3. Rheophilic water column species, preferring sangsavel bottom substrate; showcontrary
preferences to those described above, and bené&fitm more depth and slightly slower
velocity. This guild haselaxed requiremats regarding watequality; howeverthese species
require gravel areas and interstitial spaces for spawning, as well as cover and habitat stability.
Barriers thereforéhave both positive and negative effects on this guild.

4. Limnophilic benthic species of moderate tolerancgthis guildis associated withentic
habitats with low water velocity, high depth and soft bottom sediment. It has \ater
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quality and habitat continuity requirementsTherefore, this fish group benefits from
impoundment and shows low vulnerability tatier effects.

5. Limnophilic water column species of moderate tolerangehis group isassociated wittsoft
bottom substrates, macrophytes and floodplain water bodies. It tolerates habitat
fragmentation and instability,sit is not sensitive tadhe impactof barriers and can easily
accommodate impoundment conditien

6. Intolerant, rheophilic benthic species, preferring detritus or pelal bottom substragtéhis
guild iscomposed of several lamprey specieish specific biology. Feeding habitats in rivers
are ecific for detritivorous larval stadium, adults highly differ in feeding strategy, as parasitic
forms (usually marine) or do not feed (resorbed alimeptaack) as short living stage. This
guild requires moderate to high water velocity, accompanied by shallow margins or
backwaters withmore lentic condions. It needs muddy or detritus substrate, good water
quality and oxygen conditions. This group is emgent on natural hydromorphologic
conditions and vulnerable to habitat modifications, especially changes in water depth and
substrate composition. It is also sensitive to rifergmentation therefore, it is highly
sensitive to barrier effects.

7. Intolerant, water column specieg this guild needs good water quality, low temperature
cover andpreserved longitudinal connectivityt also needs moderate water velocity and
coarse sediment and is sensitivedoanges iromposition towards sand and mutherebre,
it is rather vulnerable tehe effectsof barriers

8. Limnophilic lithophilic species of moderate toleranagthe guild isassociatedwith coarse
bottom substrate with less regard to low water velocity and higtiepth. It requires some
shelter, especidly woody debris. This guild is also vepnsitive toriver fragmentation and
habitat instability.

9. Limnophilic phytophilic species of moderatelerancec this guildprefers lentic habitats with
aquatic vegetation, low water velocity, greater depth and soft bottom sediment. It tolerates
increased water trophy, higher temperatures and lower oxygen content. The guild is less
sensitive to disruption ofongitudinal river continuity, but it is strongly dependent on
floodplain waterbodies, so lateral connectivity is highly importantgémeral, this guild
benefitsfrom river impoundment, especially if the floodplain watedies remairaccessible.

10. Benthic species ofmoderate toleranceg this guild isassociated withmedium water velocity
and depth and bottom habitatdt prefers coarse bottom sediment and is strgndépendent
on shelter It has moderate requirements to water quality and habitat continuity, but rezgir
stable habitat conditionsTherefore, this guil@és affected by river impoundment.

11. Generalists¢ tolerant speciesq this guild has no cleathabitat condition preferencesit
tolerates lentic and moderately lotic habitats, preferring higher depth #relpresence of
aquatic vegetation. It is not affected by change of substrate composition towards soft bottom
sediments. The guild tolerates high water trophy, higher temperatures and low oxygen
concentration. It is not sensitive to disruptionlohgitudinaland lateral river continuitgr to
unstable habitat conditionsClearly, this guild mayenefit from river impoundment.

As can be seen above, differeadpectsof barriers affect each guild in different wayghe sum
value in the bottom line oTable9 reflects the level of importance of all listed habitat attributes
for a given fish guild. This valisehigh for specialist guilds afavest for generalistddowever,it
only reflects the strength of guild reaction to attribute change, not the directibresponseSo
impoundment can be seen as having a strong effect on some gitbupsgh theloss of lotic
habitats and environmeiad stability, as well aa disruption inriver continuity, while other guilds
(generalists and limnophilic phytophilic spegiesan,to some extent benefit from changes
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caused by theoresence of the barrier. Thereforthe guild response toa barrier can be either
negative or positive.

As describe@bove the fish guild composition varies for different FCMacHg@yre24, 25), so the
assessinfarrier impacts on rivers with regard to habitat suitability and availability should be type
specific. This was achieved by using tm®portion of fish guilds for each of5 FCMacHT to
calculate weighted importance of all 21 habitat #tites on fish community characterissitor
anundisturbed river.
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River type no 2 River type no 3 River type no 4 ‘ River type no 5

River typeno 1

5%

River type no 6 River type no 7 I Riveritiy;r:e 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

12%

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

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

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

® Limnophilic phytophilic species of moderate tolerance W Benthic species of moderate tolerance

w Generalists - tolerant species

Hgure 25. Fish guildsis a percentagtor each ofl5 FCMacHTGuilds are ordered from more rheophilic and intolerant to generalidtserant species. (D2.1,
version2.0).
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Table9 showsthat highly rheophylic intolerant speciesd intolerant, rheophilic benthic species,
preferring detritus or pelal bottom substrat@re the most sensitive tthe occurrence othe habitat
attributes considered with an overall score of 13. In contragfereralist species are least sensitive to
physical factorsand their populations are regulated by otherechanismsuch as food availability.
All rheophylic species are more sensitive to physical habitat attributes.

With regard to the overall impact obarrier type on changsin habitat areathe resulsin Tablel10
indicatethat the strongest changis expectedfrom dams Other barrier types have less pronounced
effects andramps were found to havéhe lowest influence. This is expressed by highember of
Gy 2 A Y LJirQhe bottddn réwdfT able10, ranging fronD for damsand weirsto 13 and 15or
rampsand culverts respectively

Consequentlythe lowestwRHpis at dams and weirflable11), although it is not the same for all
river types. The most impacted aMountain, Alpineand subalpine, Mediterranean mountain and
upland and BorealAtlantic largemedium sedimentrivers The lowest level of habitat impact is
expected for Mediterranealowland¢ moderate impact of dams and a bit stronger, significant impact
of weirs. Low impact level is also characteristicAdanticand North Atlantic lowland, mediudarge
sedimentrivers communities. This trend can be observed across all barrier typgess indicate
similar patterns like dams with bit lower impact. Thexceptionis observed foMediterranean
lowlandrivers which show less remaining habitat for weirs than for daftee largest habitat areas
remain with ramps indicating only slight habitat loss firost river types exceptthe three most
sensitivementioned (moderate impact)The fords producenainly moderate habitat loss caseBor
most rivertypes,it is & a border ling and forthree types¢ even in dow habitat loss clasg-orthe
majority of culvert casesmoderate habitat loss is estimated. Exceptions E@untain, Alpine and
subalpine and BorealAtlantic largemedium sediment rivers which show significant habitat
reduction.In contrast for Mediterraneanlowlandrivers the modekstimates slight impact level. For
sluice habitatloss level is diversified from moderate (Mediterranean lowland) through significant
(eightriver types) to majordixriver typesc mainly of mountaineous and Boreal chaiex.

59



D2.2 Conceptual model of ecological impacts of barriers in EU considering hadligation criteria for running waters
April, 2019
AMBER ProjectH2020- Grant Agreement &9682

AMBER

Table 9. Guild specific suitabilityGS) to habitat attributes: 0¢ not important 0.5 ¢ moderately
important; 1 ¢ veryimportant.

Habitat attributes FCMacHT guildssuitability

preferring detritus or pelal bottom substrate
Benthic species of moderatelerance

Limnophilic phytophilic species of moderat

Limnophilic lithophilic species of moderate
tolerance

Rheophilic water column species, preferrin
tolerance

Rheophilic benthic species, preferring sanc
sandygravel bottom substrate

gravel bottom substrate
Limnophilic benthic species of moderate

tolerance
Limnophilic water column species of
Intolerant, rheophilic benthic species,

moderate tolerance
Intolerant, water column species

Highly rheophilic, intolerandépecies
Generalists tolerant species

l----ﬂ-ﬂﬂ

- high velocity 05 0 05 0
- low velocity 0 0 0,5 1 1 0,5 0 1 1 0 0,5
- deep areas 05 0 1 1 1 0 1 05 05 05 1
4 shallows 05 05 05 05 1 1 0 0 1 0 o0
- interstitial space 1 1 05 0 O 05 05 05 o0 1 0
6 sand 0 0 0 05 1 05 o0 0 1 0 05
7 mud 0 0 0 1 1 05 o0 0 1 0o 1
- gravel 11 1 0 © 05 1 1 o0 1 0
9 boulder 11 05 0 0 05 05 05 o 05 0
- woody debris 1 05 1 05 0 1 1 1 05 1 o0
- oxygenated water 1 05 05 O 0 1 1 05 0 05 0
- cold water 1 1 05 0 0 1 1 0 0 05 0
- low trophic level 1 1 05 05 05 05 1 05 0 05 0
. rheophilic macrophytes, 05 1 05 05 0 0 1 0

mosses ’ ’ ’ 0 1 0
- macrophytes 0 0 0 05 05 O 0 0 1 0 05
- canopy shading 1 05 1 0 o0 1 05 05 1 05 0
- overhanging vegetation 0,5 0 0,5 0 0 0,5 0 0 1 0
- undercut bank 05 1 1 05 0 05 05 05 o0 1 0
- floodplain accessibility o 0 0 0o 1 05 o0 0 1 0 05
- habitat continuity 1 1 1 0 O 1 1 1 05 05 0
- habitat stability 05 1 05 05 0 1 05 05 05 1 0
- Sum = Habitat sensitivity 13 11,5 115 7 7 13 11,5 85 10 10 4
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Tablel0. Impact of different barrier types on habitat area with habitat attribut@s; majorreduction,
0.5 ¢ slight reduction 1 ¢ no changel.5 ¢ slight increasg2.0 ¢ majorincrease

Habitat attributes Barrier impact

Dam Weir Sluic  Culvert Ford Ramp
e

Barrier pictogram fl
0. o o0 =

cccceecacecee

high velocity 0 0 0 05 05 05
low velocity 2 15 15 I
deep areas 2 i3] i3 1 1 15
shallows 0 0 0 1 1 1
interstitial space 0 0 0 05 05 05
3 sand 2 5| s 15 1 1
mud 2 15 15 15 1 1
i gravel 0 0 0 05 1 05
"1 boulder 0 05 05 1 1 15
woody debris 0 05 05 05 1 1
oxygenated water 0 05 05 1 1 1
cold water 0 0 0 1 1 1
low trophic level 0 05 05 1 1 1
rheophilic macrophytes, 0 0 0 05 05 0.5

mosses
macrophytes 2 1.5 1 1 1 1
canopy shading 0 05 05 1 1 1
overhanging vegetation 0 0 05 1 1 1
undercut bank 0 0 05 05 1 1
floodplain accessibility 0 05 05 1 1 1
habitat continuity 0 0 05 0 05 0.5
habitat stability 0 05 05 1 05 1
. Number2 ¥ chahge 0 0 1 11 15 13
cases
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Table1l1. Weighted remaining habitat proportiomRHp with regard to barrier type and FCMacHT.
Blica SOSNB K| o Aofamgéc mbjar Babitatdod§n1bUY8) yellow significant habitat loss
(51-75%) greenc moderate habitat loss (Z60%) blue ¢ low habitat loss (>90).

((((

1s. River FCMacHT type Dam  Weir  Sluice Culvert Ford Ramp
wRHp% wRHp% wRHp% wRHp wRHp wRHp%
% %

{1 Highland, medium
sediment 52

7 Mountain, Alpine and

subalpine 73
¢ Central European lowland,

medium sediment 56
“= Central European lowland,

largemedium sediment 53

s Highland and lowland,
largemedium sediment

Boreal largemedium
sediment

7/ Boreal lowland

Mediterranean mountain
and upland

South Europeahighland --

i Western European and
Atlantic

"2 Lowland medium sediment
and organic

(f° BorealAtlantic large
medium sediment

[EE

.= Altantic mediumlarge
sediment

1157 North Altantic lowland,
mediunHarge sediment

E
]
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4 DISCUSSIONND CONCLUSIONS

Theframework andmodek developed herameetthe requirements othe WFD, pointed out by the
ECOSTAT Working Grdmp quantitatively defining the impact of barriers on fish communiaes!
distinguishing between specific facilities and regiofilse impact of each barrier type on habitat
attributes (Bi) was defined for all river typeddowever,ecological fish groups thaccurred in an
earlier EFC and their sensitivity to habitat attribute modifications were used to calibrénelie final
wRHpformula, the type specift barrier impact was calculatagingthe fish guild proportion GB for
each FCMacHT. The modid not take into accounthe technical and operating conditiarof the
facility and the resulting impact ohabitat conditions Thereforg Table11 presentsa picture where
impactis differentiated by expected fish community tymebut does not include all potential impacts
on habitat continuity and stability. These impaate grouped intotwo functional categories:

1. Migration impact caused by technical inadequacies at the location and by facilities located
downstream of the investigated one: dams, weirs and sluices withdighpass, purging
culverts, step forming fords, inadequate construction of ranfpable 12). These factors
cause disruption of migratory routes anfdr anadromous fish speciga singlepermanent
barrier between sea and spawning groundsultsin total population decline. Therpsence
of barriers on a catchment scale is also detrimentalpotamodromous fish when feeding
habitats are separateftom spawning areas.

2. Loss of habitat stability caused ke operating condition of the barrier facility:
hydropeaking, lack of environmental flows or thermal alteratiohisesefactors influence
both migratory and local fish species by rapidly changing waterdeneddifying natural flow
regimes and physiachemical water parameters. The extent of such changes depertdeon
barrier operational schemasedby the water management authorityTablel12).

We propose to incorporata migration penalty of 25% in order @llow for the additional impacts,
crucial for most vulnerable grosp diadromous, potamodromoufish especially This willprovide
incentives forreaching higher classof ecological potentiathrough theintroduction of appropriate
mitigation measuresTable 13 presents thewRHpafter introducing the penalty for all cased/e
consider that d barrierscan besignificantin generatingmajor impac¢ categories. Irfive cases for
dams andthree for weirs, we observedsevere habitat loss. In all other cases for dameirs and
sluices, major habitat loss occuysvith an exception of Mediterranean lowland rivers, showing lower,
but significant impactdr dams and sluice$-or this rivertype, the highest value ofvRHp75% for
ramps was also observed

Tablel2. Description barriers used in Conceptual Model with migration peralbyere HMWB is not
able to achieve &EP
BARIER DESCRIPTION > PHOTO PICTOGRAM
Dam- a barrier that blocks or — ]
constrains the flow of water gDM
and raises the water level.

1 Not reaching the requirements
for GERdue to:
Lack of fish passage.
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G,

Weir - abarrier aimed at
regulating flow conditions and
water levels.

BARIER DESCRIPTION » PHOTO PICTOGRAM

Not reaching the requirements
for GERdue to:
Lack of fish passage.

Sluice- a movable barrier aime
at controlling water levels and
flow rates in rivers and streams

Not reaching the requirements
for GERdue to:

Lack of fish passage.

Sluice built on unpassable weit

Culvert- a structure aimed at
carrying a stream or river unde
an obstruction.

Not reaching the requirements
for GERdue to:

Lack of connection taverbed
and substrate, with the water
depth and velocity not passable
for fish all year. Culvert crest is
blocking the upstream
migration.

Ford- a structure in a river or
stream which c_reates a_shallovw ’ ™ | | ==
place for crossing the river or
stream by wading or in a
vehicle.

Not reaching the requirements
for GERdue to:

Unpassable and blocking the
river most of thetime, and can
be passdonly during high flow
period.
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PICTOGRAM

i

BARIER DESCRIPTION
Ramp- a ramp or a bed sill is a
structure aimed at stabilizing
the channel bed and reducing §
erosion and is recognizable by -
its stairlike shape.

Not reaching the requirements
for GERdue to:

Unpassable and blocking the
river most of the time, and can
be pasedonly during high flow
period.

Photos of barriers (from top): DAM: L Wagner (ERCE); WEIR:AMBER; SLUICE: B. Kaczkowski
(ERCE); CULVERTAMBER; FORDAMBER; RAMP:@&SSIFI.

Table13. Migration penalized weightedemaining habitat proportionWfRHp with regard to barrier
type and FCMacH-ic severe habitat losH0), orange¢ major habitat loss (1-50%),yellow ¢
significant habitat loss (575%) greenc moderate habitat loss E90%) blue ¢ low habitat loss (>90).

(((

River FCMacHT type Dam Weir Sluice Culvert Ford Ramp
WRHp% wWRHp% wRHp% wRHp% wRHp% wRHp%

i Highland, medium
sediment 13 21 27 56 66 69

“ Mountain, Alpine and
subalpine 12 48 60 64

< Central European lowland,

. medium sediment 17 24 31 58 65 70
“. Central European lowland,
largemedium sediment 3 20 28 55 64 69
5 Highland and lowland,
largemedium sediment 17 24 30 59 65 70
Boreal largemedium
sediment 14 21 52 62 66
Boreal lowland - 18 o5 55 63 68
Mediterranean mountain
and upland 13 49 60 64
n South Europeahighland 11 21 27 56 64 69
Mediterranean lowland 53 49 52 72 70 75
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Western European and

Lowland medium sediment
and organic 16 23 29 57 64 69

BorealAtlantic large
medium sediment 13 47 59 63

Altantic mediumlarge
sediment 25 29 34 60 65 71

North Altantic lowland,
mediumlarge sediment 32 34 38 62 66 73

This conceptual model shows the expected impact of a single barrier on local habitat conditions

all possiblemitigation measures applied (including barrier passabiliag,shown irirable1l. It also
allows foran estimateof how this impact is incresed by multiple barrierdor a set of barriers located

in a single water bodydéfinedaccording to WFDyve recommend calculdngthe cumulative impact

by multiplying the proportion values of remaining habjtedlculated for each barriefn those cases

the wRHp indicates that@ D9t ¢ RSTAY SR T 2aNdwaté asestould imfilySaNabod 2 RA S a
quality of habitat availality and suitability\which has to be validated by actual biological monitoring).
Forexample,one dam and one weir reduce the remaining habitat for Mountain Alpine and subalpine
rivers to 3%of the impounded stretchegsevere habitat loss), despite maiiiad barrier passability

In a case of Mediterranean lowlanders, such loss is considerably smaller, but significab8%
remaining habitatn impounded stretchesHoweverit should be noédthat even a single permanent
barrier may generate seve major impact Tablel3). Hence, thepresentedmodel may serve as a
tool for adaptive management of barriers towards fulfilling the requirements of WFD.

Although sandardisation at European level tfe conceps and methods developed herés clearly
necessary, solutions for mitigation measures will have to be largebgpéeific. Thus, our conceptual
model of ecological impacts of barriers in EU considering habitat selection criteria for running waters
is only a starting pot to elaborate sitespecific scenarigsespeciallyin terms of climate change
scenarios for Europe (Roudietral,, 2016, van Vlieet al,, 2015 Kundzewicin prep). We predictthat

future changes itthe magnitude and duration dfydrological drougtgwill show contrasting patterns
across EuropeFa large areas of Italy, France, Spain, Greece, the Balkans, Ireland, and the UK,
droughtsare expected tdhecome mordrequent and lastonger (Roudieret al., 2015) mainly due to

a reduction irrainfal and higher evapotranspiratiosuch predictions an@bustfor southern France,

parts of Spain, Portugal and Greece. For the rest of Euohiamges in droughts are nekpected to

be significant or therels a reductionin their length and magnitude. Thiseaspeciallythe casein
northern FenneScandinavia and Western Russidiere modelledchangesare very robust.Results
achieved by van Vliett al. (2015) show a distinct nortfsouth divide in terms of climate change
impacts; in the southwater availability wilbe reduced, while in the northit will increase. Moreover,
across different climate modelprecipitation and streamflowvill increase in orthern Europe and
decrease in southern Europe.

Our conceptual model is based on ttecohydrologyconcept andis defined as a subiscipline of
hydrology that focuses on ecological processes occurring within the hydrological cyd#&emngts

to utilise such processes to enhance environmental sustainabilihe ©oncept of Ecohydrology
(zalewski, 200Qxonsiders a hydrologic pattern as the primary driver in river ecosystem functioning
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(e.g., Minshall, 1988; Zalewski and Naiman, 1995; Zale®8RD), shaping the template of the
geomorphic habitatof the river, and being directly linked with the ecosystem carrying capacity
(Southwood, 1977; Frissedt al., 1986; Townsend and Hildrew, 1994; Hudson, 2002; Teorgl.,
2010).Ecohydrologynot only provides scientific understanding of theterplay between hydrology
andbiota, but also a systemic framework on how to use ecosystem processes as a new tool for river
basin management, complementary to/drotechnical solutionslready applied, like baers on

rivers. Thus, especially when a barrieannot be removed the Ecohydrolohyconcept and tools
(ecohydrological biotechnologieselp to harmonizeexisting or a new bid infrastructure with
ecosystem and societaleeds(WBSREWater, Biodiversity, Ecosyster@ervicesResilience Qultural
Heritage- Zalewski, 2014).

The gproachpresented hereshould help tdbetter assess the impacts of barriers on ecosysteins.

is an important step fothe achievemenof goodecological potentia{ GEPYf heavily modified water
bodies(HMWB)as required by the WEDt also accommodateecent scenansof climate change for
Europe (Zalewski, 2010ab), after calibration for different regions due to differences in climate,
geanorphology, human impact and cultural heritag#ore detailed modelslevelopedn the AMBER
case studies shdd allowfor better stratification ofthe penalty level associated with floviterations

at barriers in different FCMacHT classes.

For the river basin managemeptacticeunder the WFDwe see the potential contribution of the
developed concept and its results as follows:

TKS LINRBLRASR O2yOSLIi 27 G SAIKGSR NBYIFAYAYy3 KI ¢
habitat availaHdity and suitability can serve as amdicator for the expected value of the biological

jdz £t A& St SYSYy ((assimingahat thérd dreank othied; refagriieé related effects on

FAAK Fldzyl 0 YR dzAAy3a |y & dzBOBBfcourse tBeNBtgdlskatust LILINE |
of the fish and other BQE needs to be validated by biological monitoring.

If a water body is completely undisturbed (no barrjd)0% of the habitat is present for the reference
fish community. Assuming that thereeano other relevant effectthe wRHp thresholds/ranges could
then provide indications with regard to the different classes of the fish fautizeicontext of water
body classificationi.e. WRHp > 90% coypdtentiallyindicate a fish fauna in lingith High Ecological
Status, WRHp 780% a fish fauna in line with Good Ecological Stand so onOne valueadded of

the modelling approach could be in predicting changes of the fish fauna quality before implementing
new modifications to the rivef-or, xample if a new barrier is to be built in a water body with good
ecological statughe wRHp could be used to estimate the degree of deterioration and the expected
class of the fish fauna, also taking into account possible mitigation measuresy ltetect cases
leading to a deterioration o& BQEclass from goodo moderate,which is important for the non
deterioration principle stated in the WFD.

The wRHp concept can also add value with regard to HM@g¢Rjnationand ecological potential. In

this context the specific framework for HMWB designation has to be taken into ac&asitally, the
designation of HMWB under the WFD enables river basin management to balance ecological
restoration and water use interest ia specific water body. According to Article A\&-Dtwo
conditions have to be met to designate a HMWB:

67



D2.2 Conceptual model of ecological impacts of barriers in EU considering hadligation criteria for running waters
April, 2019
AMBER ProjectH2020- Grant Agreement &9682

AMBER
a wh 0SNJ dzaSa &adzOK Fa RNAY1AYy3 4FGSNI LINPDAAAZY
yS3IriA@S SFFSOGasd FTNBY i lichdSdiapplyh ahatuhPvat® S O2f 2

body.
b. these uses cannot be substituted by alternative means which are technically feasible, a
significantly better environmental option and are not disproportionately costly.

If both conditions are metthe water bo@ OF'y o6S Of FaaA¥ASR a laz2. |
SO2t23A0Ft &adldGdza¢ GKS dGFNBSGO Aa a32andspSdiet 2340
modifications(e.g. existing dam}he GEP for the water body needs to be derived on a casmby

basis. The GEP is to be derived from the maximum ecological potential, @Etnditions of GEP

are described itheWFD agit i KSNBE | NB af A3KG OKIy3aSa Ay (KS QI f
elements as compared to the values foustdmaximum ecological potential And the conditias for

MEP aren turn determined by the physical conditions with result from heavy modificaifanwater
body,d i KS @I fdzSa 2F (GKS NBftS@lIyid oA2f23A0Ft ljdzZ A
associated with the closest comparable surface water body type, given the physical conditions which
NBadzZ & FNRY (GKS FNIAFAOAIE 2NJ KSF@Af& Y2RATASR
supporting hydromorphological quality elements thisdeff NG & GKIF G GK&RNRY2NLIK?2f
are consistent with the only impacts on the surface water body being those resulting from the artificial

or heavily modified characteristics of the water body once all mitigation measures have been taken to
ensurethe best approximation to ecological continuum, in particular with respect to migration of
Fldzyl FyR | LILINRLINA I GS & LAksanyink teSethéorbtival donslBeBaons/ 3 I NP «
in the example of the dam this meairs basic termsjf dam removalis impossibleq¢ the MEP is
consrained by the negative impacts of a dam (impoundment of river stretch changing the river
characteristicand reducing fish habitat availability). In such a c¢dsest approximation of river
continuity has tde established baed on mitigation measures (such as building a fish, maishange

dam operation to reduce habitat alteratignThe key questiorariseyY ¢ KI G |+ NB al f f €
YSI adNBad 6KAOK fSIR (G2 GKS a06S&aié¢ | LILINRgiEal YI (A2
O2yRAGAZ2Y G2 RSTAYS (K Sforaxample® i possiblé tb desigh A fisthpads (1 A 2 v
for a dam of150m height and what would be its effectiveness?). However, in additgmmnicaly

feasible mitigation measures have to be evaluated with respect to their impact on the water uses
which were the reason to designate a HMWB. In order to ensure a coherent concept of HMWB

y

designation no mitigation measures should ibgplemented,which wouR NX &adz G Ay | &Gaa
YySAlLGAGS AYLI OG¢ 2y (GKS NBESGFyid ¢l GSNJ dzaSa o6SOL
thebasisF2 NJ I 1 a2. RSaAdIylFdAzy Ay (GKS FANBRIG LI OSo ¢
is quiteunclearin the WFD and needs to be further specified by Member Stdies.example in

O2yGSEG 2F KEeRNRBLRSSNI I aaAdyAFTAOLyGte ySaAlLGABS

production in a water body. Depending on the actual definition of significaedain (combinations

of) mitigation measures would exceed significance. To avadabompromises with regard to the

set of mitigation measuresi KS a0 Saidé¢ | LILINBEAY!I (A dpfimadighdpas® 0SS Y
RSaA3Iyood | SyO0Ss (i Knfl thérdiofedhé resultidigIMBPEARdYGER AoRapisolute

standards in ecologic terms, but are depantion the maximum set of mitigation measurtsat are

technicdly feasible and avoid negatively significant effects for the relevant water iReeshingGEP

mightthen in some casdaclude an optimal, statef the art fish passand in other casea fish pass

with reduced effectiveness (e. g. fish elevators for high dams) or in extreme cases no fish pass at all (if

the dam is too high). Assuming that ellaluations have been done properly and measures executed
accordinglyinallcasgg KS SO2f 23A0Ff NBadzZ &G oAff o8&thoaghz2RE S
the actual ecological quality with regard to the fish fauna can sabgtantially.
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Against thistheoretical background the wRHp concept and its classes cannot be used directly to
assess whether a GEP is achieved or Hodlesignation of HMWB has been done accurately and
mitigation measures properly evaluated, defined and executed, GEP is achieved by definition.
Howeverthe wRHp concept and its classeasn indicate the actualevel of GEPdeviation from
conditions of GEfB a specific water bodyT his approach isased on theesultant ofmodification and
mitigation measures taketnansferred intopercentage of remaining habitat (WRHENVen if all typical
mitigation measures are takde.g. construction of upstream/downstream fish pass#® results of

the study reveal that considerable habitat $omay occur(Table 11, for example,dam at highland

river, only 38% remaining habitati addition, the penalty approach (though it doestiyet reflect
gradual compromises like a less effective type of fish paas)account for cases where not all typical
mitigation measures can be taken and the resultangelof GERn relation to GES conditiomns lower.
Asaconsequate, i KS gwlt O2yOSLIG OFy AfftdzaAaGNIGS GKFG |
can be quite poor in ecologic terms with regard to fish fauna (although still to be validated by biological
monitoring).

Another point to keep in mintbr the practical applicatiors thatin ourconceptthe calculated habitat
loss refers to the impounded areaonly (e.g. from dam upstream until the beginning of the
impoundment).However,in WFD practicawater body can bemuch longer andhusthe impounded
areamay be onlya part of it. The monitoring sites for the biological quality elements then sometimes
are located within the impoundment and sometimes out of The adopted scheme Oditheir
aggregation then leads to the status class of the respeatiater body.

In conclusiong the concept of WRHp has the potential to better inform decision makiagthorities
in general or adaptive barrier managementhe valueadded of the wRHp approach with regard to
river basin managemenisin particular:

1t can be used as an indicator to estimate the habitas land consequently fish fauna degradation
resulting fromexisting anchew river modificatios such as a new damonstructionand therefore
deliver additional information for thevaluation of the effects of barriers on ecological status and
potential.

1t can be used as an indicator to deliver additional information during HMWB designationsifor the
LISNA2RAOFHE NBOGASSa0D ¢KS SELISOGSR RSANIRIGAZY
the second condition of the designation testhich evaluates whether an alternative to the water
use is a significantly better environmental optiECOSTRA2016)
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6 APPENDIX REVIEW OF BARRIER IMPACT ON BIOTA

Table 14Descriptions cited after authors

Study

Reference Location

IMPACT ON BIOTA (acc. to WFD BQES)

0
i
c
S
o
Q
=
o
>
=
o
S
3]
a
=

Macrophytes

Fish

Addyet al. Scottish Impacts of flow regulation
2012.Science montane on freshwater pearl musse
of the Total  river (Margaritifera
Environment margaritifera): stable and
432 318328 suitable substrate habitats
for adult mussels exist
despite thepotential

geomorphic effectof
impoundment but a degre
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of compaction was
observed that could
adversely affect juvenile
mussel habitat.
Almoddvar & Hoz Seca, Thedownstream estimated
Nicola. 1999. Tagus Basin population densities and biomass The effects of disturbance
Regul. Rivers: Spain of trout showed a decrease of on benthic
Res.Mgmtl15: about 50 and 43%, respectively, macroinvertebrates were
477-484 following regulation. also analysed but no
Examination of lengtfior-age changes in abundance we
tables revealed no obvious chang detected
in growth but a significant
difference in agestructure. The
main consequence of the imposer
fluctuating flow regime was a
serious reduction in trout
production caused by a loss of
suitable habitat and a loss of
juveniles.
Almeidaet al. Atlantic fores
2009.Int. Rev. area ofsouth
Hydrobiol.94: easternBrazil

The dam did induce
changes in the compositic
of benthic communities,

179193

Angillettaet al 4 streams in
2008. Washington

Evolutionary and Oregon,

Applicationsl: USA

Chinook salmon likely suffered a
decrease in meafitness after the
construction of a dam in the Rogu
River.

286-299

Antonioet al. Parana The fish were caught in the dam

2007. RiverBrazil forebay downstream, marked, ant

Neotropical released upstream and

Ichthyology5 downstream. Nearlyalf of the

(2): 177184 recaptures downstream occurred
in tributaries, indicating that in the
presence of an obstacle the fish
are able to locate alternative
migration routes. The remainder
stayed in the main channel of the
Parana River, at a mean distance
less than 50 km from the release
point. Of the fish released upriver
from the dam, approximately half
were recaptured downriver.
Although the river was only partly
dammed, the movement of the
fish downriver suggests that they
became disoriented after being
transferred.

Archeretal.  River Tyne, Not all salmon move in response

2008. In: North-East  to a water release from the

Sustainable  England reservoir and someemain in the

Hydrology for estuary until a natural spate

the 21st occurs.

Century

Proceedings ¢
the 10th BHS

especially in the dry periot
However,overall, the faun:
seemed to be able to
persist during periods whe
the flow was absent.
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National
Hydrology
Symposium,
Exeter
Armitage
2006.River
Research and
Applications
22: 947-966
Baldigo &
Smith 2012.
River Resear
and
Applications
28:858-871

Northern
England

Northern
New York

Barrella & Tieté and
Petrere.
2003.River
Research and
Applications

19 (1): 5976

arivers, Bra: provoked a decrease in fish
diversity.

Boreal

stream in
northern
Sweden.

Bejaranoet
al. 2010.
Freshwater
Biology56
(5): 853866

BenitezMora Central
& Camargo. Spain
2014.

Hydrobiologiz

728 167178

The damming of the superior
Paranapanel reaches of Paranapanema River

Nineteen of the 31 commc
taxa in the regulated sites
declined in abundance by
factor of 5 or more.

Function and apparent
health of
macroinvertebrate
communities were
generally unaffected by
atypical flow regimes
and/or altered water
quality at study reaches
downstream from both
dams in the Indian, Cedar
and Hudson Rivers. The
lentic nature of releases
from both impoundments,
however, produced
significant changes in the
structure of assemblages
Indian and Cedar River sit
immediately downstream
from both dams, moderate
effects at two Indian River
sites 2.4 and 4.0 km
downstream from its dam,
little or no effect at three
Cedar River sites %24.2
km downstream from its
dam, and no effect at any
Hudson River site.

Abiotic changes,
particularly the
downstream nutrient
enrichment, apparently
affected the
macroinvertebrate

AMBER

Trees and shrubs ha
migrated towards the
mid-channel along th
entire study reach, bt
the changes were
largest immediately
downstream of the
dam. Species richnes
after regulation
increased for trees bl
decreased for shrubs

Total coverage and
taxa

richness ofubmersec
macrophytes
increased downstrea
from dams.
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communities. Total
density and total biomass
of benthic
macroinvertebrates
increased downstream,
but taxa richness tended
to decrease. Scrapers
appeared to be the
macroinvertebrate
feeding group most
favoured
downstream from dams.
Benjankaret  Kootenai A dynamic vegetatior
al. 2012. River, USA. model was used to
Ecological analysethe change in
Engineering floodplain area
46: 8897 occupied by individue
vegetation types and
vegetation successio
dynamics as
consequences of rive
modification and dan
operation. The area
occupied by
colonization and
cottonwood young
transition vegetation
decreased graduly
from the predam to
postdam conditions.
In contrast, the
cottonwood old
transition vegetation
area increased
significantly from the
pre-dam to postdam
conditions.
Bensteacket Rio Espiritu Thelow-headdam
al. 1999. Santo, caused large numbers of
Ecol. Appl9:  Puerto Rico, post larvalshrimps to
656668 USA accumulate directly

downstream of the
structure. Mortality of
drifting first-stage larvae
by entrainment into the
water intake during
downstream migration
averaged 42% during the
69-d study peiod.
BirnieGauvin Gudenaa The dam removal has led to a

et al.2017. River, dramatic increase in trout density,

Journal of Jutland, especially in young of the year.

Environment Denmark Surprisingly, this increase wast

al just upstream of the barrier, whert

Management the ponded zone

204 (1): 467 previously was, but also

471 downstream of the barrier, despite
little changes in habitat in that
area.
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Boles 1981.  Trinity Temperature alteration
Hydrobiologi  River, by the
a78:133 northwester hypolimnial release
146 n California, reservoir prevented
USA colonization by all but a

few organisms able to
tolerate such conditions
in the riffles below

the dam. Large but
unstable populations of
Simulium, Baetisand
the Chironominae
developedbelow the
dam, aided by an
abundant

periphyton and detrital
food supply and lack of
competition and

predation.
Bradfordet  Bridge The total number of salmonids dic
al. 2011. River, increase after the instream flow
Freshwater  British release, but most of the gains
Biology56: Columbia,  could be attributed to the
21192134 Canada rewatering of a previously dry

channel located

immediately below the dam. In
reaches that had flowing water
during the baseline period, the
response of individual saon
species to the increase in flow wa
variable, and there was little
change in total abundance after
the flow release. Results were
inconsistent with both habitat
modelling, which predicted a
decrease in habitat quality with
increasing flow, and holisti
instream flow approaches, which
imply greater benefits with larger

flows.
Brancoetal. Tagus River, The proposed prioritization
2014.J. Spain method, using spatial graphs and
Appl.Ecol. habitat suitability modelling,
51: 1197 makes itpossible to model the
1206 impact of the removal or

placement of an insurmountable
barrier on the overall functional
connectivity of a river network,
facilitating resource allocation anc
minimizing the impact of new
barrier implementation.

Brandimarte Mogi-Guacu Damming impact on the
et al.2016. river, Sao Chironomidae was
Braz. J. Biol. Paulo State, indicated by the
http://dx.doi  Brazil reduction of both genera
.0rg/10.1590 richness in the margins
/1519 and relativeabundance of
6984.16814 groups typical of faster
waters.
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Bredenhand Eerste

& Samways. River,

2009.J. Cape

Insect Floristic

Conserv13: Region,

297¢307 South
Africa.

Burroughset Pine River,

al. 2010. Michigan,

Trans. Am. USA

Fish. Soc.

139: 1595

1613

Casad@tal. Sauce

2016. Grande

Geomorphol River,

ogy268 21- Argentina.
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Following removal, 8 species
formerly found only below the
dam utilized newly available
portions of the river above the
dam. Most fish species (18 the
25 evaluated) showed an increass
in abundance following removal,
strongly supporting the idea that
dam

removal reduces multiple factors
limiting riverine fishes. Brown trou
and rainbow trout were the
primary sport fishes present in the
river, and he abundance of both
species

increased by more than twofold
over the course of the study. The
abundance of white suckers also
increased significantly due to
increased reproductive success.
The results of this study illustrate
how dam removal is a usefuldb
for restoration of habitat
connectivity and habitat condition:
and how the fish community in a
coldwater stream responded to th
removal.

Macroinvertebrate
species diversity below
the dam was only half of
that in the pristine
catchment area above
the dam. Furthermore,
Ephemeroptera,
Plecoptera and
Trichoptera diversity and
abundance dropped to
almost zero as a result of
the impoundment. In
contrast, theabundance
of the Diptera family
Chironanidae increased
substantialy below the
dam.

AMBER

Whilst the
unregulated river
exhibited active later:
migration with
consequent
adjustments of the
channel shape and
size, the river section
below the dam was
characterized by (i)
marked planform
stability (93 to 97%),
andby (ii) vegetation
encroachmentieading
to alternating yet
localized contraction
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Catalancet
al. 2007.
North Am.
J.Fish.
Manag.27:
519530

Caudillet al.
2013.Plos
Ones,
€85586

Cereghino &
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1998.
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Rivers
Research
and
Managemen
t 14:297-
309

Clarkeet al.
2008.
Canadian
Technical
Report of
Fisheries anc
Aquatic
Sciences
2784.

Corteset al.
1998.
Hydrobiologi
a389: 5161
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River,
Wisconsin,
USA
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Washington
, USA

River
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Pyrenees.
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After dam removal, 10 of the 11
species were collected at new site
upstream from the dam, indicating
that recolonization of reconnectec
upstream sites had occurred. Son
species recolonized rapidly and ir
large numbers.

Gradients in fishway water
temperatures present a migration
obstacle to many anadromous
migrants.Unfavourable
temperature gradients may be
common at reservoifed fish
passage facilities, especially thos
with seasonal thermal layering or
stratification. Understanding and
managing thermal heterogeneity ¢
such sites may banportant for
ensuring efficient upstream
passage and minimizing stress fo
migratory, temperaturesensitive
species.

The lowest densities and
biomasses of Plecoptera
were estimated at 700 m

downstream from the
plant, underlining the
prominent role of
hydropeaking.

Flow management practices can

have direct (survival) and indirect

(growth, reproduction,

bioenergetics) impacts on fishes.

Specific impacts on fishes resultir

from flow alteration included

changing total gapressure,

habitat access, stranding, water

temperature, nutrient dynamics,

bioenergetics and food supply.

Flow management also affects

physical habitat, altering erosion

and deposition patterns resulting

in changes in hatat structure and

cover.
The composition of the
invertebrate fauna was
only clearly modified
downstream of the
impoundment used to
divert water to asmall
town (with longer
retention of the water).
Decrease of fauna
diversity was more
pronounced below the

AMBER

of the channel width

(up to 30%).
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impoundment used for
hydro-power generation
reflecting the stress
caused by the relatively
frequent fluctuations in
water flow.
Cumming . Wisconsin,  Although downstream dams have
2004.Ecol. USA a significant effect on fish species
Appl.14: richness, this effect is small by
14951506 comparison to the influence of
water quantity and summer
maximum temperatures.
Dorobeket 2 rivers of Dam removal may act as a pulse
al. 2015. urban disturbance with quantitative
River Columbus, shortterm impacts on fish
System®21: Ohio, USA assemblages. Fish responses to
125139 dam removal likely operate along
temporal trajecbry wherein short
term responses will be critical in
shaping longeterm responses.
Doyleet al. Wisconsin, Each of the ecosystem attributes responded to tt
2005. USA disturbance of dam removal in different ways an
Geomorpholc recovered at very different rates, ranging from
gy71: 227 months to decades. Riparian vegetation appeare
244 to require the greatest time for recovery, while

macroinvertebrates had the least. Mussel
communities were the most adversely affected
group of species and shed no signs of recovery
during the time period of the study.

Finchet al. Colorado Results are counterintuitive and
2015.River  River, USA show that more natural steady
Res. Applic. flows water releasaeduced

31: 156164 growth rates of juvenile humpbacl

chub compared with fluctuating

flows when both treatments

occurred within the same year.
Franchiet al. Tiber River, The structure of the communities

2014. Italy downstream from Montedoglio
Journal of Reservoir changed radically after
Limnology the construction of the barrier,
73:203-210 while the fish community upstrear

from the barrier appeared
unaffected by the dam. The relea:
of hypolimnetic water had a
marked impact on the fish
community of the Tiber River
because it interrupted the typical
longitudinal
zonation of the species in the rive
In addition, this reservoir can post
an increased tteat to the native
fish species, since it is a source o
diffusion of various exotic species
Gehrkeetal. Shoalhaven Species richness was greater

2002 River River, downstream of the dam, with 21
Research and Australia species, compared to 16 species
Applications upstream of the dam. Ten
18:265;286 diadromous species are believed

be extinct above the dam becaus:
of obstructed fish passage.
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Gibbinset al.  Kielder

2001. Reservaoir,
Fisheries Scotland
Management

and Ecology

8: 463485

Gillespieet River
al. 2015. Humber
River in north-
Research and east
Applications England
31: 953963

DU2 g etO' WartaRiver,
al. 2011. Poland
River

Research and

Applications

27: 612629

DUO2 ¢l O WartaRiver,
Penczak. Poland
2012.Journal

of Fish

Biology80:

22132235

Godinho & Brasil
Kynard.

2009.J. River
Research and
Applications
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Another four migratory species

capable of climbing the wall have

reduced abundances upstream.

Accumulaions of fish, particularly

juveniles, directly below the dam

were evident for nine species. Fis

communities upstream and

downstream of the dam differed

significantly, identifying the dam a

a significant discontinuity in the

available fish habitats withithe

system.

Physical Habitat Simulation (PHABSIM) models suggest thal

reservoir compensation flow provides adequate habitat for

older 0+ fish butimits the availability of spawning habitat.

Transfers of water to the River Wear result in sierm

changes in the abundance of certain invertebrate species,

although there is no evidence that the river's invertebrate fau

has been permanently altere@onsequently, it is unlikely that

fish are affected indirectly by transfers through reductions in

the abundance of their invertebrate prey.
Thisstudy has identified
key impacts of regulation
on macroinvertebrate
community composition ir
upland sites within a large
British catchment,
specifically: reduced
relative abundance of
Coleoptera and
Ephemeroptera and
enhanced relative numbe
of Trichopteas,
Chironomidae and
Oligochaeta.

Fish exerted consumption pressure on chironomids upstrear

by foraging mody on benthic insects, but not downstream

where they fed on microcrustaceans of reservoir origin or on

epiphytic fauna (mainly Chironomidae). The reservoir impact

chironomids decreased their diversity upstream and increase

downstream, while much the gmsite was true in fish.

The results indicate that dam
reservoirs may be oscillators of fis
diversity and that part of the
literature controversy over the
effect of areservoir on fish
populations may be due to a too
short sampling period: it is shown
that both increase and decrease i
diversity may be observed on the
basis of samples selected from or
diversity time series obtained at tt
tailwater.

In addition to providing passage fi
pre-spawning migrants, upstream
fishways also provide passage fol
other fish migrations (e.g.
foraging), and all upand
downstream migrations during life
history need to be addressed at

AMBER
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dams to conserve fish resources.
An upstream fishway is important
even if the upstream reach does
not have spawning or nursery
habitats.

From past work on the effects of
dams on rivers, we know that not
all dams are created equal. The
same will be true of dam removal:
somewill

stimulate dramatic effects on river
and ecosystem processes, others
will have no effects, and some me
2Ly tlIyR2NI Q&
problems. The latter will be
particularly true in cases where
reservoirs are filled with sediment
contaminated by orgaino or
inorganic compounds, such as the
PCBcontaminated sediments.

AMBER

The hypolimnion release
reservoir and associated
downstream areas act as
barriers, both thermal
and geographical, to
aquatic insect dispersal
resulting in an
impoverished benthic
community in thermally
recovered areas
downstream of the
reservoir.

In the upstream reaches
due to small fluctuations ¢
abiotic parameters
(discharge) large
populations of a small
number of chironomid
species (mainly
Chironomini) dominated i
the benthos, while in the
downstream reaches a
moderate disturbance
enabled a much higher
number of species to
develop and coexist, but
a lower level of density
than & the upstream sites
6GKS . T dzNF |
Streams). In turn when th
size of inorganic substrat
particles was larger (grav
at the downstream site nc
only a higher number of
species but also their
higher density than in
upstream site (the Mroga
Strean) might be
observed.

85



D2.2 Conceptual model of ecological impacts of barriers in EU considering hadligation criteria for running waters

Grzybkowsk Warta River

aet al. 2017.
Ecological

Engineering
99: 256,264

Hallerakeret
al. 2007.
River
Research
and
Applications
23:493510
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Research and
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Helmset al.
2011.Journal
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Society30:
10951106

Horneet al.
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Research
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In the tailwater of the Warta River
SAM and their associated organis
disappeared at the end @&ach
summer as an effect of water leve
management in the reservaoir. In
addition, reconstructiorof this
diverse and rich biota began ever
year at the end of May, resulting i
a similar abundance @he main
biological groups, such as bentho
epiphytes ad zooplankton. This
phenomenon applies to alif the
abovementioned ecological groug
except for fish assemblages with
domination of roachperch and
ruffe, which change in terms of
abundance from season to seaso
A temperatureadjusted running of
the hydropower plant was found
to have a

major influence on the production
of salmonids. Downstream of the
hydropower station, rapid ramping
has oftenoccurred. This is possibl
harmful for juvenile fish inhabiting
the shallow parts of the river due
to stranding.

Fish assemblages are influenced
small, lowhead mill dams isouth
easternUS streams and these
structures continue to influence
fish after they have been breachet
Fishrecovery from the effects of
dams wasvidenced by
longitudinal similarity of reaches ii
streams with relict dams. This
evidence suggests fish assemblay
above an existing structure
probably would not benefit from it:
breaching but might benefit from
its removal. In contrast, removal c
breated structurescould pose
significant risks to other sensitive
species downstream.
Considering only temperature
effects, bottom withdrawal
provides thegreatest promise for
increasing natural steelhead
recruitment by decreasing the
likelihood of yeaiclass failures in
the warmest summers.

Generally, the
macroinvertebrate
community recovered &7
years following dam
removal both in terms of
taxonomic similarity and
richness, although
densities could take
decades to recover.

AMBER
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Five years after dam removal,
habitat quality was good to
excellent, smallmouth bass
abundance and biomass had
increased substantially, common
carp abundance and biomass hac
declined dramatically, and biotic
integrity was good.

AMBER

The effect of dams a:
barriers to plant
dispersal along rivers
was assessed by
comparing the flora o
vascular plants
between pairs of run
of-river
impoundments in
northern Sweden.
Adjacent
impoundments
in similar
environmental
settings develop
different riparian
floras because specit
with poorfloating
capacity become
unevenly distributed
among
impoundments. Such
discontinuities were
not found along a
free-flowing river,
suggesting effective
dispersal of riparian
plants in the absence
of dams.

Damming affected the

stream biota significantly

and negatively in cases

where fine sediments

were accumulated above

the dam.

Even a partial removal of

a dam, resulting in

increased substrate

diversity in the upper site,

could sufficiently help

rehabilitate lost

ecological integrity of

streams without major

habitat changes.
Dams diversions and
river management
have reduced floodin
to wetlands, altering
their ecology, and
causing the death or
poor health of aquatic
biota. This has
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changed wetland biot
from one tolerant of ¢
variable flooding
regime, to one that
withstands permaner

flooding.
Korman & Colorado Hourlyvariation in flow caused by
Campana. River, hydropeaking alters patterns of
2009. Arizona, nearshore habitat use for age
Transactions USA rainbow trout and reducing hourly
of the variation in flow can lead to
American increased otolith growth.
Fisheries
Societyl38:
76-87
Kruk & Warta River, Not only obligatory riverine
Penczak. Poland species suffer from the effect of
2003. the dam.
Annales de Facultative riverine eel, burbot,
Limnologie- wels and pike considerably
International decreased in number andastding
Journal of crop, including their apparent
Limnology absence in some years following
39 (3): 197 the damming. Nevertheless,
210 median densities of perch and
roach, two generalists thriving in
European regulated rivers,
increased from tens and hundred:
respectively, to thousands per
hectare. Significant increases in
density were also recorded for
other four species: zander, ruffe,
bream and silver bream.
Kubyet al. Willamette A variant of the basic model
2005.Adv. River, Orego consideredish-passage systems t
Water USA be effective at connecting
Resour28: upstream and downstream habita
845855 without removing the dam and
losing its economic
benefits. Because the fish
migration benefits of dam remova
depend on
which other dams are removed
within the river systemmulti-dam
analysis is important.
Kuiet al. Bill Williams In the decades after
2017. River, the dam was built,
Ecohydrology Arizona, woody plant cover
10:e1839 USA. within the river's
bottomland

nearly doubled,
narrowing the active
channel by 60%nd
transforming its
planform from wide
and braided to a
single thread and
more sinuous
channel. Compared
with native
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Increasing temperatures below
surface release dam coincided
with lower densities of several

sculpin wiile overall fish species
richness increased downstream.
Density of mottled sculpin,
another coldwater species, was
not related to temperature
changes below the dams.

Access in to the Derwémappeared
severely restricted by a tidal
barrage, beyond which lamprey
migrated rapidly in unobstructed
reaches. Of all lamprey tagged in
the lower 4 km of river, or
ascending the barrage, 64% and
17% passed the first and second
weirs respectively, withigh flows
crucial for this. Although over 98%
of lamprey spawning habitat
occurred more than 51 km
upstream, on average just 1.8% c
river lamprey.

Macroinvertebrates
showed shifts in
community composition
coldwater fish species, specificall below dams that

brown trout, brook trout and slimy increased tempgature.

AMBER

cottonwood-willow
vegetation,non-
nativetamarisk
locally induced a
twofold greater
reduction in channel
braiding.

Cascading
hydropower dams
can enhance habitat
fragmentation,
reduce the
distribution ranges
(latitude and
altitude) of primary
vegetation and
reduce the
complexity of the
vegetation types
along the river as
well as induce the
loss of primary
vegetation in the
whole watershed.

Successional change
in the Santa Ana Riwv
floodplain due to the
construction of the
Seven Oaks Dam ha
had a deleterious
impact on the
potential longterm
survival of endangere
subshrub Eriastrum
densifoliun).
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Mackay & Valley Annual production by
Waters. Creek, filter-feedingcaddisfly
1986. Minnesota, larvae was significantly
Ecology67: USA higher below
16801686 impoundments than

above. The most likely
factor was postulated to k
an increase in abundance
or quality of seston. Othel
factors were better
growths of moss and
filamentous algae, which
provided attachment sites
for retreat construction,
and the absence of
abrasive sand after

deposition in
impoundments.
Magilliganet Dam removal has provided
al. 2016. important results and insights. It
Geomorphol shows that ecological benefits car
ogy 252: be achieved rapidly: (i) several
158170 species, which were never

observed upstream of the former
dam, have now made it upstream
of the fomer barrier, and (ii) sea
lamprey are constructing redds ug
to and beyond the former damall
within the first year of removal.

Maloneyet Fox River,  Following the breach fish Following the breach,

al. 2008. Illinois, USA assemblage onlglightly shifted to relative abundance of
Freshw. Biol. free-flowing characteristics 3 year Ephemeroptera,

53: 105% after the breach. Plecoptera and Trichopte
1068 increased, whereas relati

abundance of Ostracoda
decreased, in the former
impoundment to levés
comparable to fredlowing
sites.

Overall macroinvertebrate
assemblage structure
shifted to a
characteristically free
flowing assemblage 2 ye:
following the breach.

Marchant & 19 damsin All the dams seemed to
Hehir. 2002. Southeast cause much the same
Freshwater  Australia disruption to the fauna.
Biology47 Of the families predicted
(5): 1033 to have widespread
1050 occurrence, 8§12 were

found at most sites
(tolerant taxa), while a
larger number (1424)
were missing (intolerant
taxa).The limited
recolonisation below
dams may well be
because of the fact that
dams act as barriers to
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Research and
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16: 543564
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Decline in juvenile eel recruitment
resulting from the installation of
hydroelectric facilities. In addition
to the longterm effects the
hydroelectric facilities have had o
the stock levels, there is also an
annual effect on thenigratory
patterns of downstream migratory
silver eels.

drift, the most prominent
route for invertebrate
colonists.

Theregulation by surface
release small reservoirs
negatively affects density
richness and diversity of
macroinvertebrates in the
reaches below the dam.
The main driver is
probably the variability of
the flow regime due to
the absence of any
ecological flowwhich
creates droughts below
the dam in summer.
Furthermore,
downstream reaches are
characterized by loss of
riparian forest quality and
reduction of benthic
habitat heterogeneity.

AMBER

Vegetation patterns
reflect a dichotomy
in moisture
conditions acrosthe
floodplain on the
regulated Green
River: marshes with
anaerobic soils
supporting wetland
species and terraces
having xeric soil
conditions and
supporting
communities
dominated by desert
speciesThe
probable longterm
effects of channel
and hydrologic
changes at Browns
Park include the
eventual
replacement of
Populusdominated
riparian forest by
drought tolerant
desertscrublands
and the enlargement

91



D2.2 Conceptual model of ecological impacts of barriers in EU considering hadligation criteria for running waters
April, 2019
AMBER ProjectH2020- Grant Agreement &9682

AMBER
of in-channel fluvial
marshes.

Merritt etal. Model Riparian vegetation
2010. composition, stucture
Freshwater and abundance are
Biology55: goverred to alarge
206¢225 degreeby river flow

regime and flow
mediated fluvial
processes. Streamflo
regime exerts
selective pressures ¢
riparian vegetation,
resulting n
adaptations (trait
syndrome$to specific
flow attributes.
Widespread
modification of flow
regimes by humans
hasresulted in
extensive alteration c
riparian vegetation

communities.
Mortenson South Rivers with a large
& Weisberg. western drainage area and lo!
2010. USA. flow variability are
Global inherently more
Ecology and vulnerable to
Biogeograph invasions. River
y 19(4): regulation does not
562-574 necessarily increase

the cover of non
native, invasive
species. Instead,
changes in flow allow
proliferation of
species that have life
history traits suited tc

modified flow
regimes.

Muraokaet  Experiment Diverse arrangement of boulders i

al. 2017. required on individual rocky ramp

Boulder fishways to allow thenovement

Limnologica and migration of multiple species.

62:188;193

Noonanet al. Review Downstream pasage efficiency

2012.Fish was 68.5%, slightly higher than

Fish 13: 450 upstream passage efficiency of

464 41.7%, and neither differed acros:

the geographicalegions of study.
Salmonids were more successful
than nonsalmonids in passing
upstream (61.7 vs. 21.1%) and
downstream (74.6 vs. 39.6%)
through fish passage facilities.
Passage efficiency differed
significantly between types of
fishways; pool and weir, mband
slot and natural fishways had the
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highest efficiencies, whereas Den
and fish locks/elevators had the
lowest. Upstream passage
efficiency decreased significantly
with fishway slope, but increased
with fishway length, and water
velocity.

Numbers and biomass of fish
corresponded with biomass of
detritus, periphyton, and
invertebrates, strongl suggesting
that their numbersare

limited by available food. Flows of
sufficient magnitude are frequentl
required to winnow silt and sand
from the bed and transport it
downstream where it can be
deposited on floodplains or chanr
margins. However, river regulatiol
primarily in the headwaters has
reduced the magnitude of thes
flows during the past 50 yeaend
thereby reduced the frequency of
flushing events.

Fish were captured several week:
before their spawning migrations
and tagged with radio
transmitters. Some small obstacle
are not as insignificant as initially
thought and carsignificantly
disrupt and/or obstruct their
upstream movements.

The ability of trout and grayling to
pass different typologies of
physical obstacles in natural river
systems igliscussed in the contex
of enabling their free movement ir
rivers.

The timing and spatial pattern of
gizzard shad spawning were
markedly affected by a
temperature gradient caused by
the release of hypolimnetic water
from an upstream reservoir.
Large reservoirs are important
barriers to fish migration in South
America. Dams generally prevent

AMBER

Algal and invertebrate
populations increased in
the weeks after the dam
removal, but did not
reach densities similar to
the upstream reference
reach. In thdollowing
year, both periphyton
and invertebrate
densities were lower in
the downstream reach,
suggesting a lonterm
effect of the removal.
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upstream movements, whereas
reservoirs impede mainly
downstream movements.
Themean biomass and productior
of fish populations in upstream an
downstream sites of the Jeziorskc
Reservoir, in four subsequent yes
after impoundment, never reache:
values as high as those before
impoundment. Despite
considerable differences between
the morphological characters of
the two sites, similar changes in
fish biomass and production were
recorded.

The seHorganizing map definitely
proved profoundchanges in fish
assemblage composition
downstream

of the dam: most lithophilous
species

declined and many
phytolithophilous and
phytophilous species became
dominants, particularly in the
tailwater site where downstream
migration of 0+ oBuccessfully
spawned species from the
reservoir took place.

AMBER

The deepest habitats
below the dam were
most resistant to water
level fluctuations, while
the formerly most
productive habitat at the
tailwater site became the
most negatively
impacted. Nevertheless,
the reservoir has not
negatively influenced
chironomid density,
because the latter
increased closer the mid
river, wherelarge patches
of macrophytes
developed.

The study indicated that
the dam without a fish
ladder has an essential
impact on fish
assemblage structure,
which is more
pronounced in the
tailwater. However, the
presentstudy indicated
that the rate of
assemblage changes
caused by the
impoundment has much
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Elwha River, Dams has disrupted salmon

migration and reduced salmon
habitat by 90%. Several historical
salmonid populations have been
extirpated, and remaining
populations are dramatically smal
than estimated historical populatic
size.

Net positive effects of dam
removals are most likely in two
situations. The first is where
salmonid populations below the
dams are still large making them
more resilient to the temporary
negative impacts of dam removal
such as sedimentation.

The second ighere populations
areimperilledbut adverse effects
of dam removal are few.

AMBER

abated in the first decade
of the 21st century.

Snall dams may have
impact on thefunction
and structure of the
invertebrate community,
though hydraulic habitats
would not be affected.
Changes in richness and
diversity, in the
abundance of filterers
and shredders ahin the
abundance of certain
species were shown.
Small dams generate
quite small reservoirs anc
their permeability may be
greater than those of
large dams.

Dam removal reduced
some macroinvertebrate
taxa at the downstream
site, but noeffect on
community composition
was found. Reduction of
taxonomic richness was
also found. Some dam
removal effects persisted
or even increased over
time. The most likely
explanation for the
suppression of benthic
macroinvertebrate richne:
following dam emoval is ¢
significantly increased
sediment transport from
the former reservoir and ¢
subsequent loss of
preferred substrates.
Results indicate that
adverse danremoval
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effects may be long lastin
but taxon specific.

Study ofPercina rexsuggests that,

in the absence of hydrological

barriers, benthic, normigratory

species can undertake surprisingl

extensive gene flonHydroelectric

dams drasically accelerated

genetic differentiation

relative to historical, riverine

connections.
Net increase in
vegetated area since
completion of the
dam. Magnitude and
timing of vegetation
changes are river
stagedependent.
Vegetation expansior
is coincident with
inundation frequency
changes and is unlike
to occur for time
periods when
inundationfrequency
exceeds
approximately 5%.
Short pulses of high
flow
do not keep
vegetation from
expanding onto bare
sand habitat.

Bypass discharge explained most

the variation in the number of

cyprinids, whereas water

temperature was more important |

diadromous species. This study

proved the efficacy of the bypass

passage of almost all occurring

species and life stages and also fi

providing suitable habitat fdiish

fauna..

Fishway passage success was

dischargerelated and independent

of boulder density. However, a

high density boulder configuration

combined with higher fishway

discharge can be beneficial as it

reduced fish transit time.

Little evidence of cumulative

effects of dams was found;

however, data suggest th&w-

head dams adversely affect

warmwater stream fish and

macroinvertebrate communities

by degrading habitat and water

quality and fragmenting the river

landscape.
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Koshkonong
Creek,
Wisconsin,
USA

ElwhaRiver,
Washington
, USA

Tinau River,
Nepal

Alabama
stream, USA

Neosho
River,
Kansas, US/

Removal of the dam led t
mortality both within the
former impoundment and
in downstream reaches.
Transport and deposition
of reservoir sediments
likely contributed to
downstream mussel
mortality.

The dam building had
significant impacts on the
macroinvertebrate
composition just above th
dam site,probably as a
result of deposition of
inorganic material within
the small reservoir and
changes in water speed.
Damming of the Tinau
River thus seems only to
have a relatively minor
impact on the river biota
downstream of the dam
site.

Data suggest that some
small impoundments
enhance conditions for
freshwater mussel
growth in downstream
reaches. Restoring
deteriorated mill dams
may be,n some cases, a
better mussel
management option than
dam removal, especially i
large aggregations of
imperilled mussels are
present immediately
downstream.

Density andabundance of
zebra mussel declined
downstream from reservc
sources but repeatedly
increased at sites

AMBER

Riparian forest
responses to the
recent removal of the
two dams on the
Elwha River will
depend largely on
channel and
geomorphic
adjustments to the
release, transport, ar
deposition of the larg
volume of sediment
formerly stored m the
reservoirs, together
with changes in large
wood dynamics.
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Modelling

Nature-like fishway improved
connectivity for streanfishes to
approximately 85% of the creek
upstream of the barrier.
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inundated by lowhead
dams compared to free
flowing areas. Upstream
reservoirs remain the mai
source of zebra mussel
larvae, but population sin
at lowhead dams could
produce veligers that cou
recruit downstream and
progressively colonize
downstream reaches.
Pronouncedlifferences
were found in the
macroinvertebrate riffle
fauna upstream and
downstream of a flood
control impoundment.

Variability in
macroinvertebrate
response trajectories by
season was observed,
providing initial evidence
that ecological responses
to dam removal may be
temporally variable and
follow seasonally distinct
recovery trajectories.

AMBER

Land cover typewere
associated with flood
frequency below the
dam. The reduced
flood frequency of the
upper site resulted in
increased ara of
riparianvegetation
and decreased area |
active channel.

Differences in
vegetation between
the pre- and postdam
conditions are non
negligible and
nonlinearbehaviour
occurs. Changes in tl
hydrologic regime,
due to anthropic
reservoirs and
morphologic
variations, are able tc
drastically modify the
delicate and complex
dynamics of the
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