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Executive Summary 

¶ The policy context and legal obligations provided by the EU Water Framework Directive (WFD), 

other Directives as well as on-going climate change indicates that those considering undertaking 

any river works should be increasingly cautious.  It is important to consider potential direct and 

indirect ŜŦŦŜŎǘǎ ƻŦ ŀƴȅ ǇǊƻƧŜŎǘ ǘƘŀǘ ǿƻǳƭŘ ƘŀǾŜ ǘǊŀŘƛǘƛƻƴŀƭƭȅ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ ǘƻ άǊŜǎǘƻǊŜέ ǊƛǾŜǊ 

habitat for sectoral purposes.   

¶ River channel behaviour is complex and any intervention in natural processes may result in 

unexpected adverse impacts.  Alteration of the natural form of a river channel should be 

approached with caution.  Rivers can generate substantial power in high or flood flows.  This 

stream power interacts with the bed and bank of the channel to create a stable channel form.  

Anthropogenic interference with this stability may lead to instability and outcomes that cannot 

be predicted.  It is important that project planners are aware of all the risks.   

¶ If a project is aimed at a particular sector, e.g. improving fish stocks or fisheries, it is essential that 

the habitats of other river corridor species, such as invertebrates and birds, are not lost.  

Therefore, all measures require careful planning.   

¶ The term ΨrestorationΩ in this guidance document is used for convenience as an umbrella term to 

cover a range of active and passive projects.  The term does not imply precise ecological 

restoration as it is recognised that conditions, such as landuse and climate, have changed over 

time.  The principle for river restoration (human intervention) in this guidance document is:   

Any intervention must be environmentally sensitive, justifiable and measurable.  Works must be 

ǎǳǎǘŀƛƴŀōƭŜ ŀƴŘ ŀŎƪƴƻǿƭŜŘƎŜ ŀ ǊƛǾŜǊΩǎ ŘƛǾŜǊǎŜ ǇƘȅǎƛŎŀƭ ŀƴŘ ecological process, forms of 

connectivity, physical-biotic interactions, place-specific history, complexity and ecosystem 

services.  Lǘ ǎƘƻǳƭŘ ƛƳǇǊƻǾŜ ŀ ǊƛǾŜǊǎΩ ŜŎƻƭƻƎƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ǊŜǎǳƭǘƛƴƎ ƛƴ ŀ ƳƻǊŜ ǎŜƭŦ-sustaining, 

resilient, ecologically functional system.   

¶ This guidance document is designed to assist any public sector agency or private parties in the 

planning and design of river restoration projects and to encourage best practice based on 

international recommendations.  The document outlines a phased approach to planning and 

design of river restoration works to ensure that projects are sustainable, resilient and include 

climate proofing protocols and to achieve objectives without causing detrimental ecological 

impacts.  This is not a detailed manual or a technical engineering design guide but describes 

measures that are compliant with the EU Water Framework Directive (WFD), other EU Directives 

and State regulations.   
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¶ The document supports recommendations that are consistent with the natural hydromorphology 

of the river.  It is recommended that projects should be planned at a catchment (watershed) 

scale.  A fully integrated approach to river restoration is required in Ireland, tackling all stressors, 

the underlying drivers of river degradation, climate change associated impacts, but also taking 

important biological aspects into account as per the requirements of the WFD and other 

legislation.   

¶ Proposals are centred on addressing the root cause of perceived river system problems rather 

than observed symptom(s).  Passive restoration, i.e. allowing the natural river recovery process 

to take place, is discussed.  A step-by-step evidence-based process for river restoration works is 

described, comprising three phases that should be followed when considering and planning any 

river restoration project:   

Phase 1 - Assess the problem 

Phase 2 - Design and implement  

Phase 3 ς Monitor, evaluate and adjust 

¶ Phase 1 requires clear measurable objectives for each project to be agreed and identified.  

Desktop and field assessments should be carried out.  The data should be compiled and analysed 

to determine if there are any human activities that are exerting detrimental  pressure(s) on key 

ecosystem elements such as biota (e.g. fish stocks) and the hydromorphology (i.e. identifying the 

cause and the symptoms).  The impacts (if any) these pressures are having on ecological state 

must be clearly specified. 

o Conclusions of the desk and field studies should be clear and identify if there is a problem, 

what the cause of the problem is and the impacts on the biota.   

o If there is no clear evidence of negative impacts on the state of relevant ecosystem 

components, then there should be no need to progress to phase 2.  However, other works 

could be considered, such as riparian measures for improving climate resilience, if 

shortcomings have been identified during the field survey programme or because of analysis 

of field datasets.   

o Where clear anthropogenic pressure-state relationships exist, the APSR (Activity, Pressure, 

State, Response) framework should be invoked to define pathways by which specific 

restoration activities will mitigate pressures and drive the desired improvement in state.  

Achievement of measurable objectives can be monitored by using appropriate ecological 

indicators.  
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¶ Three works strategies or options (diagnosis) are recommended:  

1. Passive restoration 

2. Riparian measures only (if water quality the main cause)  

3. Riparian and instream measures.   

¶ Phase 2 is the design and implementation phase and involves prioritising areas for works, 

identifying remedies, seeking relevant permissions and carrying out works.  Numerous risks and 

mitigation measures are listed, covering topics such as timing of works, inappropriate materials, 

alteration to hydromorphology, damage to the instream and riparian habitat, bank protection 

works, de-tunnelling, species-specific works, barriers, stakeholder objectives and alteration to the 

current form of a river.  This phase requires clear specification of a restoration pathway, i.e. the 

mechanism by which proposed works will achieve desired improvements in ecological state.  

¶ Phase 3 is the monitoring, evaluation and adjustment phase.  It is important to define a priori 

what will constitute restoration success and how this can be measured.  Monitoring and 

evaluation of restoration works is essential for determining the effectiveness of measures and 

ΨǾŀƭǳŜ-for-ƳƻƴŜȅΩ.  It allows the success of a programme to be assessed and to adjust or update 

relevant policies. It also allows partial successes or failure of any measures to be assessed. It can 

also help identify which restoration methods work best for on-going and future initiatives and 

contribute to developing best practice in a changing environment (adjustment).  The key steps for 

developing a monitoring and evaluation programme are outlined:   

1. Determine the objectives  

2. Determine the key questions and hypotheses  

3. Select appropriate monitoring design (e.g. BACI) and indicators  

4. Determine sampling scheme for collecting supporting data  

5. Implement the monitoring programme.  

¶ The monitoring strategy will depend on the initial objectives of the projects, seasonal conditions 

from year to year, river type, hydrological regime and the ecological communities present.  IFI 

recommends monitoring 12 months post-works, in same season/calendar, in similar water 

conditions (check water level gauge), and annually thereafter (or two-yearly) for 5-6 years and at 

5-year intervals thereafter.  Costs of post-work monitoring should be built in at the funding stage 

or a commitment received to ensure funding is available in the future.  
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1. Introduction 

This guidance document is designed for all parties - public sector, private or voluntary - across Ireland 

who may be considering undertaking works in a river or watercourse.  The guide aims to assist groups 

in determining whether restoration works in a river are required (evidence-based) and appropriate 

and to encourage best practice in the planning, design, implementation and monitoring of projects.  

The document contributes to the development of a national policy relating to all restoration works in 

rivers or river corridors.  Such a policy is considered essential in the context of compliance with the EU 

Water Framework Directive (2000/60/EC) (WFD), other Directives and State regulations, in line with 

hydromorphological processes and climate resilience.  

There is developing awareness of the nature and complexity of river processes (Rinaldi et al., 2013b) 

and the habitat requirements of fish.  Increased understanding has highlighted the sensitivity of river 

processes, the way they underpin the biodiversity and amenity value of rivers (SEPA, 2002) and their 

vulnerability to adverse impacts.  Therefore this guidance is centred on the ideas of river complexity 

and habitat robustness - the principles of hydromorphology and climate resilience - with the aim of 

being WFD and EU Habitats Directive (HD) (1992/43/EC) compliant and achieving the fundamental 

goals of restoration and preventing deterioration.  The legislative and policy context provided by the 

WFD and other EU Directives, as well as on-going climate forcing indicates that river restoration 

programmes should be increasingly careful when planning and considering the potential effects of any 

activities that would traditionally have been undertaken in order to enhance river habitat for specific 

sectoral purposes (e.g. improve angling or fish habitat).  In Ireland, such planning must also take into 

account (a) the EU Floods Directive (2007/60/EC) and CFRAMS determination, (b) the requirement to 

confer with the Office of Public Works (OPW) Drainage Division, where any works are proposed in 

channels that have been arterially drained by OPW, and (c) other relevant legislation.   

A phased process is outlined to determine if, based on available evidence, any works are necessary or 

desirable.  If works are required, the document recommends appropriate planning and design so that 

works are sustainable, resilient and have a strong likelihood of achieving defined objectives without 

causing any detrimental impacts.  Works should be planned and implemented at a catchment (or 

watershed) scale (Roper et al., 1997).  This change in practice to a more sustainable approach may be 

challenging.  It will require educating interested parties to become increasingly familiar with how 

rivers function as an integrated system within the landscape so as to ensure that a range of habitats 

for all fish species and other freshwater species are protected, while also ensuring that the work 

undertaken is consistent with the natural hydromorphology of the river in question.   
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This document is not a detailed manual or a technical engineering design guide, but it provides a 

framework to plan, design, implement and monitor river restoration projects.  It also lists the key 

issues that fishery managers and others should be aware of.  It lists best practice measures to ensure 

projects are undertaken in a way that addresses all environmental concerns.  It promotes 

identification of any perceived problems and recommends addressing the root cause of the problem 

rather than apparent symptoms.  The guide also encourages passive restoration where possible ς this 

concept concentrates on eliminating damaging land management practices and allows the natural 

recovery process to take place (Keating, 1996).  

There are many different definitions of restoration in the literature and many practitioners and 

scientists disagree as to what it constitutes (Roni et al., 2005).  In the most formal sense, the definition 

ƻŦ ǊŜǎǘƻǊŀǘƛƻƴ ƛǎ άreturning an ecosystem to its original pre-disturbance stateέ ƻǊ ǘƻ ŀ άclose 

approximation of its pre-ŘƛǎǘǳǊōŀƴŎŜ ŎƻƴŘƛǘƛƻƴέ (US National Research Council, 1992).  The Australian 

{ƻŎƛŜǘȅ ŦƻǊ 9ŎƻƭƻƎƛŎŀƭ wŜǎǘƻǊŀǘƛƻƴ ό{9wΣ нллпύ ŘŜŦƛƴŜǎ ǊŜǎǘƻǊŀǘƛƻƴ ŀǎ άthe process of assisting the 

recovery of an ecosystem that has been degraded, damaged or destroyedέΦ  Addy et al. (2016) describe 

ƛǘ ŀǎ ǘƘŜ άre-establishment of natural physical processes (e.g. variation of flow and sediment 

movement), features (e.g. sediment sizes and river shape) and physical habitats of a river system 

(including submerged, bank and floodplain areas).έ  The term restoration has been used to refer to all 

types of habitat manipulations including enhancement, improvement, mitigation, habitat creation and 

rehabilitation (Roni et al., 2005).   

For the purposes of this document the ǇƘǊŀǎŜ άrestorationέ is used as a convenient umbrella term to 

cover a range of active and passive projects.  It does not imply precise ecological restoration to some 

άǇǊƛǎǘƛƴŜέ ǎǘŀǘŜΣ as it is recognised that conditions such as landuse (Roni et al., 2005) and climate may 

have changed over time.  The principle for river restoration (human intervention) in this policy is: 

Any intervention must be environmentally sensitive, justifiable and measurable.  Works must be 

sustainable and acknowledge a riversΩ diverse physical and ecological process, forms of connectivity, 

physical-biotic interactions, place-specific history, complexity, ecosystem services (e.g. water supply, 

recreation, biodiversity, etc.). Any restoration programme ǎƘƻǳƭŘ ƛƳǇǊƻǾŜ ŀ ǊƛǾŜǊΩǎ ŜŎƻƭƻƎƛŎŀƭ 

potential resulting in a more self-sustaining, resilient, ecologically functional river.   
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1.1 River degradation 

Rivers are by their very nature ever-changing features of the natural landscape and have been 

exploited by humans since the dawn of agriculture.  Landscape changes due to farming, grazing, 

deforestation, peat harvesting and water abstraction have directly degraded watershed 

characteristics with additional indirect impacts imposed by anthropogenic effects on climate (Gilvear 

et al., 2013).  Attempts to control the flow of rivers also date far back in time and over human history 

there has been a continuous increase in the variety of ways and intensity with which humans have 

modified the physical, chemical and biological nature of rivers (Allan, 1995).  {ƛƴŎŜ ǘƘŜ муллΩǎ Ƴŀƴȅ 

rivers in Ireland have been subjected to major schemes for navigation, flood control, utilization of 

floodplains, land and hydropower (Fig. 1.1).  This work has led to the degradation of their natural 

character resulting in a loss of habitat and biodiversity (including fish).   

 

Fig. 1.1 Examples of different levels of river channel modifications and degradation in Irish rivers 

(for farming, navigation, land drainage and urban development) 

Our rivers are surrounded by terrestrial environments that experience impacts from multiple 

pressures.  Many scientists have pointed out that worldwide declines of fishes and other aquatic 
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species in freshwaters are partly a result of trying to manage individual species and certain habitat 

characteristics for sectoral goals rather than managing whole ecosystems (Roni et al., 2005).  Large 

decreases in structural habitat complexity are detrimental to fish diversity and can change species 

composition (Smokorowski and Pratt, 2006).  Rivers are also the systems most at risk with one third 

of all freshwater species assessed by the International Union for Conservation of nature (IUCN) 

threatened with extinction.  Freshwater vertebrate populations are undergoing declines at a rate 

more rapid than those in terrestrial and marine environments (Darwall et al., 2018).  

Any man-made structure in a river has the potential to interfere with fish movements and migration. 

These structures may include bridge floors, culverts, sluices, dams and weirs (Fig. 1.2).  Migratory or 

diadromous fish species (e.g. sea lamprey, salmon and eel) are the most affected, spending part of 

their life cycle at sea and part in freshwater, but potamodromous species (e.g. brown trout, bream 

and pike), whose entire life cycle is completed within fresh water, are known to make extended 

movements for feeding or to spawning grounds, and must also be considered.  It is vital that the 

migratory pathways of these species are not impinged by man-made structures and that there is free 

passage between nursery, recruitment, feeding and breeding habitats.  These structures interrupt and 

alter the natural flow and physical properties of river water as it flows from headwaters to estuary.  In 

Ireland, the fish species that make extensive migratory journeys outside of freshwater are Atlantic 

salmon, sea trout, sea lamprey, river lamprey, Twaite and Allis shad and European eel.   

 

Fig. 1.2 Examples of different types 

of artificial barrier on Irish rivers 

(weir, bridge floor and culvert) 

where fish passage may be 

problematic 
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Dams and weirs can directly and/or indirectly hinder progress towards WFD and HD objectives by 

creating habitat degradation, fragmentation and pollution.  Such structures directly impact on the 

biological (fish, plants and aquatic insects), chemical status (phosphates, nitrates and dissolved 

oxygen), physical-chemical status (temperature, dissolved oxygen) and hydromorphology (depth, 

width, flow and structure) elements of the WFD.  

1.2 Hydrology, geomorphology and hydromorphology  

Hydrology is the study of water and all the physical processes involved at all stages in the water cycle 

in terrestrial environments, including both surface and sub-surface flows.  It is a field that is strongly 

relevant to scientists spanning many disciplines, from ecology to engineering.  Geomorphology 

encompasses the study of the physical earth surface and the processes which shape that surface.  The 

largest sub-discipline of geomorphology is fluvial geomorphology which relates specifically to riverine 

investigations (Wohl, 2014).  The roots of this sub-discipline stretch back to the late eighteenth century 

with more recent research continuing to bring together concepts from geology, geography and 

hydrology (Wohl, 2014).  ΨIȅŘǊƻƳƻǊǇƘƻƭƻƎȅΩ ƛs a term coined in the early 2000Ωs in response to the 

WFD requirements for rivers to be assessed in terms of their ecological status, with hydromorphology 

acting as a supporting element.  It is, in essence, applied fluvial geomorphology, bringing hydrology 

together with geomorphology for water managers, often for the purposes of river rehabilitation 

(Newson and Large, 2006).  There is a growing field of research on the link between physical habitat 

and ecology within rivers, promoting cross-over research between hydromorphology and ecology, 

relevant for both scientific and management perspectives (Vaughan et al., 2009). 

1.2.1 Water Framework Directive (WFD) and hydromorphology 

The main environmental aims of the WFD are to protect all water bodies, prevent deterioration and 

restore them to at least good ecological status or good ecological potential.  For surface water bodies, 

including rivers, the WFD also demands good chemical status.  The ecological status of a river is 

determined holistically by examining numerous aspects of water quality and the interlinkages 

between them.  This framework ƛƴŎƭǳŘŜǎ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ǉǳŀƭƛǘȅ ŜƭŜƳŜƴǘǎ ό.v9ΩǎύΥ  ŦƛǎƘΣ ƳŀŎǊƻǇƘȅǘŜǎ 

and macroinvertebrates and phytoplankton and the supporting elements of physico-chemical 

parameters and hydromorphological elements (including hydrology, lateral connectivity (floodplains) 

and longitudinal continuity (natural and man-made barriers).   

Lƴ ŀƭƭ ŎŀǎŜǎ ǘƘŜ ²C5 ƭƻƻƪǎ ŀǘ ŎƘŀƴƴŜƭ ŎƻƴŘƛǘƛƻƴ ŀƴŘ ƛǘǎ ŘŜǾƛŀǘƛƻƴ ŦǊƻƳ άƴƻǊƳŀƭέ ŎƻƴŘƛǘƛƻƴǎΦ  The 

general agreement worldwide is that if hydromorphological conditions are good, habitat can be 

created and maintained, which in turn can support good ecological status (Quinlan, 2020). 
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¢ƘŜ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ŦƻǊ ŦǊŜǎƘǿŀǘŜǊ ƳƻǊǇƘƻƭƻƎȅΣ ǳƴŘŜǊǘŀƪŜƴ ŀǎ ǇŀǊǘ ƻŦ LǊŜƭŀƴŘΩǎ ƎǊƻǳƴŘǿƻǊƪ ŦƻǊ ²C5 

implementation, identified channelization and barriers to passage as significant pressures placing Irish 

rivers at risk of failing to achieve appropriate ecological quality (SHIRBD, 2008). 

!ǊǘŜǊƛŀƭ ŘǊŀƛƴŀƎŜ ǇǊƻƎǊŀƳƳŜǎ ƘŀǾŜ ōŜŜƴ ŎŀǊǊƛŜŘ ƻǳǘ ƻƴ Ƴŀƴȅ ƻŦ LǊŜƭŀƴŘΩǎ ǊƛǾŜǊƛƴŜ ŎŀǘŎƘƳŜƴǘǎ ƻǾŜǊ 

ǘƘŜ ƭŀǎǘ ŎŜƴǘǳǊȅ όhΩ DǊŀŘȅ ŀƴŘ /ǳǊǘƛƴΣ мффоύΦ  aƻǎǘ ǎŎƘŜƳŜǎ ƘŀǾŜ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ ǎƛƴŎŜ ǘƘŜ мфрлΩǎ 

by the OPW under the Arterial Drainage Act (S.I. No. 3 of 1945) and involved dredging of channels, 

both vertically and horizontally to achieve the desired objectives (mainly land drainage).  The 

trapezoidal channel form was used in most projects (Fig. 1.3).  This approach involves straightening 

and deepening the natural channel to create a larger, more efficient cross-section that will contain 

flood flows without over-spill onto the floodplain ς reducing natural floodplain connectivity.  However, 

this form throws the stream out of equilibrium (Nunally, 1978) because the increased depth and 

uniform slopes diminish the resilience imparted by diversity in physical habitat.   

 

Fig. 1.3 Examples of arterially drained rivers in Ireland 

Straightening can promote erosion of both bed and bank materials that were previously in equilibrium, 

during high discharges, possibly leading to bank collapse.  Unless constantly maintained the 

trapezoidal channels can lose their design efficiency (Nunally, 1978; Newbury, 1994).  The 

enlargement of channel cross-sections can result in a reduced sediment flux through the fluvial system 

and more deposition of fine substrate within the channel, often leading to substantial vegetation 

growth instream. This, in turn, can lead to a cycle of repeat maintenance and of repeat vegetation 

growth. In arterially drained channels the riparian zone often consists of a narrow corridor along the 

margins of the bank full channel and a small area at the top of the bank.  This is a radically different 

state to the structural diversity of the natural system, in which dynamic riparian zones contribute 



IFISH ς Fish and Habitats: Science and Management No. 2 2020 

14 

material including large woody habitat.  Woody habitat impeding water flow adds a ΨǊƻǳƎƘƴŜǎǎ ŦŀŎǘƻǊΩ 

with potential to reduce the rate of water conveyance downstream (Fisher and Dawson, 2003).   

Under the WFD, the presence of artificial barriers is considered to impose impacts on river 

hydromorphology; ǘƻ ŀŎƘƛŜǾŜ άƘƛƎƘ ǎǘŀǘǳǎέΣ ŀ ǊƛǾŜǊ Ƴǳǎǘ ƘŀǾŜ ƴƻ ŘƛǎŎƻƴǘƛƴǳƛǘƛŜǎ ƛƴ ƛǘǎ Ŧƭƻǿ ǊŜƎƛƳŜΦ  As 

ǎǘŀǘŜŘ ƛƴ ǘƘŜ 5ƛǊŜŎǘƛǾŜ άthe continuity of the river is not disturbed by anthropogenic activities and 

allows undisturbed migration of aquatic organisms and sediment transportέΦ  As such, weirs and dams 

are identified as a hydromorphological pressure (creating a reduction of waterbody status) impacting 

on Irish watercourses. Structures will require mitigation under a programme of measures to meet the 

environmental objectives of the WFD. 

For the purposes of the WFD hydromorphological status should be assessed based on criteria 

expressing hydrological regime, river continuity and morphological conditions (Fig. 1.4). 

 

Fig. 1.4 Hydromorphological elements of the WFD 

One of the assessment methods employed currently in Ireland is the River Hydromorphology 

Assessment Technique (RHAT) (Murphy and Toland, 2014) which is a visual assessment of the physical 

habitat, resulting in a score outlining deviation from reference conditions.  Hydromorphological 

quality is assessed by looking at various parameters including water flow, channel morphology, 

sediment composition, lateral and longitudinal connectivity and structure of the physical habitat, 

including instream and riparian vegetation and land cover.  The Environmental Protection Agency has 
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recently adopted the Morphological Quality Index (MQI) for use in Ireland (the MQI Ireland 

assessment tool, Quinlan, 2020).  Currently, the MQI is being used at river reach scale for heavily 

modified waterbody designation and considers the cumulative impact of multiple pressures within a 

reach.  Ultimately, the outputs will be at waterbody scale.   

In more recent years, there has been a move towards combining morphological and hydrological 

methods, conducive to restoration projects focussed on catchment-wide scales and those which 

employ process-oriented approaches (Belletti et al., 2015).  IFI believe this catchment-wide and 

process-oriented approach is most appropriate for all future river restoration works in Ireland.   

1.3 Climate change 

Climate change has been identified by Inland Fisheries Ireland (IFI) as one of the greatest threats facing 

fish populations and the wider aquatic environment in the medium to long-term (IFI, 2019).  Average 

air temperatures in Ireland have already increased by 0.8oC since 1900 and changes are projected to 

increase over the coming decades (Desmond et al., 2017).  Climate change will have widespread 

effects ƻƴ LǊŜƭŀƴŘΩǎ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴŎƭǳŘƛƴƎ impacts on aquatic habitat and the biota within.  It is now 

necessary to improve resilience to climate change impacts from associated increased hydrological 

extremes of drought and flood risk.   

Riverine ecosystems are particularly vulnerable to climate change because (1) many species within 

these habitats have limited dispersal abilities as the environment changes, (2) water temperature and 

availability are climate-dependent, and (3) many systems are already exposed to numerous 

anthropogenic pressures (Woodward et al., 2010; Connor and Kelly, in prep.).  Many of the effects of 

climate change are already occurring, including an increase in surface water temperature of rivers and 

lakes (Arvola et al., 2010; Desmond et al., 2017; George et. al., 2007; Woodward et al., 2010).  Changes 

in flow regime of streams and rivers (Fig. 1.5), associated with projected changes in precipitation and 

storm events, may cause an increase in the transport of sediments, pollutants and nutrients 

downstream.  Changes in precipitation, evaporation and flooding dynamics will cause changes in water 

levels, habitat structure and water residence time in lakes and wetlands. Small intermittent streams 

and small lakes may disappear while flow in permanent streams and rivers may become intermittent 

(Arnell et al., 2015; Desmond et al., 2017: Stagl et al., 2014; Whitehead et al., 2009;).  Drier weather, 

increasing temperatures and periods of drought can lead to reductions in the dilution of contaminants 

in waterbodies and a reduction in wetted habitat area for fish and their invertebrate prey.  High 

temperatures contribute to drying of peat lands and can result in a reduction of natural pollution 
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attenuation and flood prevention, the leaching of nitrogen, ammonia and peat slides (when followed 

by heavy precipitation) (DHPLG, 2019). 

  

Fig. 1.5 River Erriff at Aasleagh Falls (left) drought conditions, summer 2018 and (right) normal 

summer levels, summer 2006 

Changes in water temperature are primarily influenced by volume discharge, the depth of the water 

and the amount of solar radiation received at a site.  Water temperature plays an important role in 

almost every aspect of fish life and adverse levels can affect fish behaviour, growth, survival and 

disease resistance (Wood and McDonald, 1997; Mohseni et al., 2003; Barange and Perry, 2009; 

Cochrane et al., 2009).  High water temperatures, low flow and low dissolved oxygen in combination 

can cause fish kills.  Increased temperatures cause changes in fish species distribution, abundance, 

phenology, behaviour, reproductive triggers, species composition and community structure and 

dynamics, including native, non-native and invasive species (Hershkovitz et al., 2013)Φ  LǊŜƭŀƴŘΩǎ ƴŀǘƛǾŜ 

cold-water fish populations such as salmon, brown trout and Arctic char are more vulnerable to 

climate change and warming of our waterbodies than those fish species that have been introduced 

over the last 100 years (Chu et al., 2005; Kovach et al., 2019; Morrissey-McCaffrey et al., 2019).  Some 

of these latter species (e.g. roach) have a higher thermal tolerance than the native cold-water species 

and therefore, will have a higher tolerance of increasing climate pressure (Hein et al., 2012; Connor et 

al., 2019).  Floods and high water levels associated with climate change events may enable invasive 

species to move upstream and surmount barriers, if present, but they can also facilitate the movement 

of diadromous lamprey and other species (Wƻƴǎǎƻƴ ŀƴŘ WƻƴǎǎƻƴΣ нлмлΤ hΩ YŜŜffe et al., 2018).  

It is recommended that any future river restoration projects must include appropriate protocols for  

climate proofing waterbodies and should focus on preserving or re-establishing the 

hydromorphological processes that create habitat complexity and buffer water temperature (O' 



IFISH ς Fish and Habitats: Science and Management No. 2 2020 

17 

Briain, 2019Τ hΩ .Ǌƛŀƛƴ et al., 2019).  Resilience of rivers can be enhanced by restoring river corridor 

woodlands through maintaining the connectivity of biological communities and by increasing shading 

(keeping rivers cool) from rising temperatures.  Shading from riparian trees and shrubs can help reduce 

local stream temperatures with summer mean and maximum water temperatures on average by 2-

3oC (EA, 2016). 

1.4 River restoration 

Rivers by their very nature are unusual in that their throughput is unusually high and this property 

provides a natural cleansing ability (Hynes, 1970).  This natural recovery capability facilitates the 

restoration of riverine ecosystems (Gore, 1985).  A review of more than 150 case studies of recovery 

in freshwater systems established that resilience varies with the type of disturbance, with biological 

attributes of the community and with degree of isolation from a source of colonists (Niemi et al., 

1990).  Rivers have considerable ability to recover from pulse events of limited and defined duration 

(e.g. chemical inputs, e.g. King, 2015), but recovery from more serious events such as habitat 

degradation or alteration (channelization) can take several years (e.g. Kennedy et al., 1983) or 

decades.  Habitat mitigation measures can, in some cases, reduce these recovery periods (Niemi et 

al., 1990). 

River restoration can involve active or passive strategies (Roni and Beechie, 2013).  Active or structural 

restoration involves direct interventions to modify the river system.  The adverse impacts of 

channelization and of barriers may act as a stimulus to undertake river restoration works.  Such works 

may be initiated through a broad (e.g. a community-based interest group with a number of 

stakeholder interests represented) or a narrow sectoral view (e.g. a project led by a local angling club) 

of the river.  Active restoration (mainly instream restoration structures) has been used internationally 

for over 80 years in an attempt to increase abundance of fish (Foote et al., 2020) and billions of dollars 

have been spent worldwide (Whiteway et al., 2010; Roni, 2018).  Active restoration of habitat for 

fishery purposes is the principal category of stream restoration that has been implemented for many 

decades in Ireland, mainly in drained catchments (e.g. hΩ DǊŀŘȅΣ нллсύ, similar to the UK and US 

experience (Addy et al., 2016; Roper et al., 1997).  The Irish work mainly targeted salmonids (e.g. Kelly 

and Bracken, 1998; hΩ DǊŀŘȅΣ нллсΤ Kennedy et al., 2014).  Many of the projects aimed to increase fish 

holding capacity, create easy access for anglers, ease fish passage and improve flow, etc.  Some 

projects were localised and involved addressing specific problems such as an eroding bank or the local 

degradation of spawning habitat.  River restoration measures for fisheries have also been 

implemented in many other countries, but numerous projects only considered small scale measures 
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and solutions, and neglect that river ecosystems are strongly governed by catchment scale processes 

(Roper et al., 1997; Palmer et al., 2010).   

A shortcoming with such a single-view or sectoral-driven approach is that the works may inadvertently 

impact adversely on other elements in the channel (physical or ecological) and river corridor.  Some 

of these types of works can have negative as well as positive results (SEPA, 2002) due to inappropriate 

design for the channel type or as a result of adjacent land management practices (Keating, 1996) or 

they have been implemented on a small-scale or site-specific basis or have not addressed the 

ecosystem processes that originally led to the loss of habitat (Roper et al., 1997).  

It is unclear how effective active restoration measures (e.g. instream structures) are in achieving their 

objectives.  This is partly due to the lack of project monitoring and variation in results (Whiteway et 

al., 2010; Roni, 2018; Foote et al., 2020).  Several literature reviews concluded that salmonid 

abundance increases following restoration (e.g. Roni et al., 2002 and 2008).  However, Pretty et al. 

(2003) found little evidence of any general benefit to fish of small-scale instream structures in assessed 

low-gradient river restoration projects in England; this may have been due to projects being 

inappropriate in design and scale, poor water quality and schemes being isolated within longer 

sections of degraded river.  Stewart et al. (2006) carried out a systematic review of 137 studies to 

assess the impact of engineered instream structures on salmonids and found no ecologically 

significant impact on salmonid population size or habitat preference, although they may provide 

preferential habitat where discharge is high (>6m3s-1).  More recently Whiteway et al. (2010) and Foote 

et al. (2020) undertook meta-analyses on data from 211 and 100 stream restoration projects 

respectively to estimate the effect of instream structures on salmonid abundance and biomass.  These 

authors found there was a significant increase in salmonid density and biomass following the 

installation of structures, but the scarcity of long-term monitoring is still problematic.  Whiteway et 

al. (2010) and Foote et al. (2020) also recommended that the structures be used as a temporary tool 

while larger scale watershed changes are made.  Roni (2018) concluded that river restoration may lead 

to either increased survival, abundance or both, but fish response varies greatly depending on 

typology, location, type of restoration works as well as life history. 

These contrasting findings highlight that the outcomes of instream restoration programmes are 

difficult to predict and can be ineffective.  Badly planned or inappropriate work may lead to waste of 

investment in time and money and may have drastic downstream or local effects if structures are 

dislodged and lead to bank damage or channel or bridge blockages.  Restoration for sectoral purposes 

(e.g. specific fish populations) should be secondary to the goal of restoring the ecosystem that 

supports multiple species.  If all restoration actions are consistent with the overriding goal of restoring 
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high-level ecosystem processes and functions, then habitats for multiple species will likely recover 

(Roni et al., 2005). 

A divide exists between restoration science and practice and this has been a known factor contributing 

to the inefficiency or failure in restoration works in past studies (Wyborn et al., 2012).  Therefore, both 

must work together if any works are to be sustainable and effective.  Combining science and practice 

ensures that the river will respond positively to mitigation works in ways which maintain their diversity 

over time (Wohl et al., 2015).  Increasingly the concept of integrated management is being advocated 

for rivers and their catchments (Roper et al., 1997; SEPA, 2002; Rinaldi et al., 2013b).  Management 

interventions which seek to alter or restore original channel characteristics such as width, depth, flow 

velocities, sediment characteristics or modify the structure of the riparian corridor ς all valid WFD 

criteria for the appropriate river scenarios - will need to ensure that the ecological status of a river is 

maintained, that protected species are not damaged and that climate resilience is also addressed 

(Johnson et al., 2019).   

Presently, there is a requirement for all river restoration proposals and projects to be compliant with 

EU and State legislation including but not limited to Habitats Directive, Water Framework Directive, 

Fisheries Acts (e.g. S.I. 14 of 1959, No. 10 of 2010) (and any forthcoming Irish legislation in the fisheries 

area), Wildlife Acts (e.g. No. 39 of 1976, No. 38 of 2000), relevant planning legislation (S.I. No. 30 of 

2000) and 1945 Arterial Drainage Act or National Monuments Act (S.I. No. 2 of 1930) (in regard to 

bridges, culverts and weirs).   

Best-practice restoration projects should consider the άpassiveέ approach.  As with active 

management this involves examining the stressors in each catchment (or watershed) to get an 

understanding of what is interrupting the natural processes that rivers undertake (Keating, 1996).  

Understanding what is failing is the first step to be undertaken before any mitigation measures can be 

introduced.  Passive restoration can also involve changing the way human systems operate with the 

goal of reducing their impact on river ecosystems.  It can involve regulatory measures to restrict or 

mandate certain behaviour (policy change), education to encourage voluntary changes in behaviour 

or market measures to provide economic incentives (Keating, 1996).  Passive restoration concentrates 

on eliminating damaging land management practices within a catchment and allowing the natural 

restoration process to take place; many rivers will recover if left alone, restoring natural channel 

dynamics όYŜŀǘƛƴƎΣ мффсΤ hΩ DǊŀŘȅΣ мффмύ.  This approach offers a less expensive option and can often 

be a more successful long-term alternative to active restoration (Keating, 1996).  Passive restoration 

projects will likely provide more long-term benefits to rivers than the more expensive active 

manipulation (Keating, 1996; Groll, 2017).  Many authors have found that fencing out grazing animals 
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provided significant improvements in riparian vegetation, bank stability and overall channel conditions 

(e.g. Platts and Nelson, 1985; Hunt, 1993) and hydromorphology (Groll, 2017) at a very low cost.  In 

many cases natural recovery can be assisted by planting or reintroduction of native flora.  Fencing that 

completely excludes livestock eliminates the introduction of nutrients and pathogens from animals 

and allows for riparian vegetation to colonise free of grazing pressures, assisting in bank stabilisation 

όhΩ ƘÚallacháin et al., 2020). 

It has been shown that improving river hydromorphology has positive impacts on habitat composition 

and on biota, including fish (Haase et al., 2013).  Reach-scale restoration may not result in 

improvement of the overall ecological status, and therefore catchment-scale (or watershed) measures 

examining wider scale stressors such as point and diffuse source pollution are required.  Whatever the 

geographical scale, process-based restoration principles such as those suggested by Beechie et al. 

(2010) and Rinaldi et al. (2013b) are more conducive to self-sustaining systems, without further need 

for management or intervention.  Scientists and practitioners have also recognized that restoration 

actions are more likely to be successful at restoring individual or multiple species and preventing the 

demise of others if they are considered in the context of the surrounding watershed or ecosystem 

(Doppelt et al.,1993, Muhar et al., 1995, Reeves et al., 1995, Roper et al., 1997, Beechie and Bolton, 

1999; Habersack, 2000).  

As recommended by many authors (e.g. Boon, 1992; Boon, 1998; Roni et al., 2005), a fully- integrated 

approach to river restoration is required in Ireland, consistent with the requirements of WFD and 

including climate change-associated impacts.  Boon (1992) recommended that activities should take 

account of five dimensions; the longitudinal, lateral, vertical connections that rivers have with their 

environment, a temporal dimension (rivers change with time) and a conceptual dimension (reason for 

the work).  The title for the works carried out - be it restoration, improvement or rehabilitation - all 

relate to the action of improving the ecological condition of rivers to ensure good ecological 

functioning. 

1.5 Objectives  

ü The restoration of water courses, where necessary, should be a long-term goal that will take time 

to implement correctly.  It is not something that should be rushed into and requires compilation 

of a comprehensive baseline data set and careful planning (getting the balance right) (Boon, 

1998).  
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ü To describe an evidence-based process for how river restoration works should be carried out by 

any party.  The procedure takes account of natural river processes, system or sub-catchment 

scaling and climate change associated impacts on sensitive habitats and species.   

ü Measures must be environmentally sensitive, sustainable and take the entire ecosystem into 

account.  They should also include appropriate protocols for climate proofing waterbodies.  Any 

measures to be implemented should be considered as a long-term change designed to operate in 

ǎȅƳǇŀǘƘȅ ǿƛǘƘ άƴŀǘǳǊŀƭέ ǊƛǾŜǊ Ǉrocesses.  Proposed measures should demonstrate how they will 

mitigate existing pressures to aspects of ecological state, where this outcome is measurable by 

accessible and well-understood ecological indicators. 

ü To encourage passive restoration, i.e. where it is possible to allow the riversΩ natural processes to 

re-occur (rivers and their fish populations can often recover naturally).  In areas where this is not 

possible a combination of active and passive restoration measures could be employed (see case 

study 1).     

ü This is a live guidance document, as IFI (and others) learn more about the practices and 

practicalities and their long-term effects (particularly related to climate change) the guidance will 

be adapted and changed through knowledge sharing processes.   

ü These objectives are consistent with requirements and obligations imposed on the State in the 

context of the relevant Directives, primarily the Habitats Directive, the Water Framework 

Directive and the Floods Directive and are consistent with relevant national legislation (e.g. 1945 

Arterial Drainage Act; 1959 Fisheries Consolidation Act, etc.). 
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Fig.1.6 Rivers support a large number of plant and animal species (examples of some of the 

biodiversity in Irish rivers) 

  
























































































































































































