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1 Summary 

• In order to support the creation of a practical and effective 

management plan for urban river corridors in Sheffield, this 

report outlines core principles to which to adhere – along with 

supporting rationale and, where appropriate, existing case study 

examples 

• The socio-economic costs of inappropriate management 

interventions (including human health impacts due to air-quality, 

urban heat islands and a range of ecosystem goods and services) 

are included to improve the utility of cost/benefit analyses 

• A suite of flood risk management tools that are compatible with 

ecological (and associated societal) benefits are highlighted. 

  

River(s) 
River Don (Yorkshire), River Sheaf & 

Porter Brook 

Waterbody Names 

Don from Loxley confl. to River Don 

Works, Don from River Don Works to 

River Rother, River Sheaf from Source to 

River Don and Porter from Source to River 

Sheaf 

Waterbody ID 

GB104027057412, 

GB104027057413,  

GB104027057750 and 

GB104027057760  

Management Catchment Don Middle 

River Basin District Humber 

Current Ecological Status Poor (River Don), Moderate (Tributaries) 

U/S Grid Ref inspected Don Only: SK3721888816 

D/S Grid Ref inspected Don Only: SK3783789161 

Length of river inspected 0.87 km (example of wider catchment) 
 



   
 

2 Introduction 

The Wild Trout Trust (WTT) were invited by representatives of the River 

Stewardship Company (RSC) in Sheffield to advise on priority principles for 

urban river corridor management. As well as the River Don within the city 

of Sheffield, the RSC will also undertake river corridor management tasks 

within the urban River Sheaf and Porter Brook. The advice in this report is 

intended to contribute to the creation of a policy document (and ultimately 

a management plan) for these three watercourses, drafted by the RSC and 

approved by the Environment Agency (EA).  

Throughout the report, banks are designated as right (RB) and left (LB) 

while facing downstream and locations are specified using the National Grid 

Reference system.  

2.1 Background 

Urban river corridors are always highly contested spaces – with the 

objectives of multiple different interests competing for precedence. For the 

riverside residents and businesses of the Don, Sheaf and Porter Valleys, a 

major concern is the risk of flooding. Many businesses also want to make 

positive contributions to their environment and community. Similarly, 

documented societal benefits of healthy (and visible) urban river corridors 

are of central importance to the WTT’s Trout in the Town project. While 

different interests will assign varying importance to each of those three 

major categories of flood risk, community benefits and biodiversity; they 

are all interlinked. Because of those interdependencies, there are 

opportunities and risks associated with attempting to balance those key 

priorities.  

Being able to identify win:win scenarios between flood risk management 

and protection/enhancement of biodiversity has huge potential to create 

societal benefits. Both flood risk and biodiversity are complex topics and 

are often understood poorly. A cyclical shifting in societal attitudes to those 

topics further compounds the general complexity. The more time that 

passes since the most recent flood, the more willing people are to accept 

and value a river corridor with thriving flora and fauna. In the event of 

catastrophic flooding, attitudes rapidly revert to demands for greater flood 

protection – typically at the expense of previous ecological gains. 

Those boom-and-bust cycles are unlikely to bring about the best possible 

outcomes for either flood risk management or biodiversity. Short term, 

reactive flood risk management has strong pressure from the public and 

politicians to appear substantial in proportion to the severity of recent 

flooding. Less visible and apparently more moderate mitigations of flood 

risk carried out over longer time periods generally have less public, 

governmental, corporate or financial support.  



   
 

For any flood risk mitigation intervention to be successful, it needs to be 

based on reliable evidence being incorporated into the best current 

understanding of the specific mechanisms of localised flooding – and how 

those processes are distributed at a catchment scale. Similarly, the future 

occurrence of conditions against which there are no feasible mitigations 

must also be accepted. 

Following exactly the same principles, it is insufficient to apply only 

superficial and/or cosmetic measures in pursuit of ecological 

improvements. Instead, it is essential to use the best available 

understanding of habitat requirements to support diverse and resilient 

river-corridor biota. 

2.2 Fundamental Aims 

The RSC are seeking to derive and subscribe to sound principles of river 

corridor management that can be applied to opportunities at two main 

levels: 

• Local-scale tasks tackled by the RSC team 

• Larger-scale partnership projects 

Further, those principles are to be included in a management plan that will 

be referenced and adhered to by any and all parties undertaking river 

corridor management in the Don, Sheaf and Porter Valleys. In order for this 

to apply to all actors - and not be restricted to internal RSC or RSC-

Partnership projects – the management plan will require sign-off by the 

Environment Agency. 

This approach will support the following, overarching aim: 

To manage Sheffield’s river corridors according to a plan that 

mitigates flood risk, improves and protects biodiversity and 

increases sustainable access. 

3 Assessment of Typical Habitat Features & Associated Issues  

An example reach was walked between a downstream limit at 

SK3783789161 as far as SK3721888816, upstream. This provided 

opportunities to consider typical scenarios relevant to management plan 

aims.  

3.1 Riparian Trees and Flood Risk 

For example, the presence of riverside (riparian) trees lining the waterside-

frontage of business properties (Fig.1) commonly creates calls for felling 

and removal in a bid to protect those properties from flooding. 

There are several important issues to address in relation to this common 

situation. First of all, the assumption that riverside trees on a property’s 

river frontage will increase flood risk at that point (or downstream of that 



   
 

point) may well be incorrect. It could even be that a degree of flood 

protection would be created by the increased hydraulic roughness 

associated with stands of riparian trees. That roughness may spread the 

flood peak out to increase its duration – while reducing the peak 

height. The significance of that reduced peak flow is the presence of 

bridges and culverts scattered throughout the Don system.  Each bridge or 

culvert will set a certain hydraulic limit to the volume of water per second 

that can pass through it. By spreading a flood peak and prolonging its 

duration, it may be possible to limit the maximum discharge to a level that 

can safely pass through a bridge or other pinch-point. This depends on 

developing a functional understanding of how floodwater peaks travel 

throughout a catchment. However, it is critical to recognise the potential to 

use riverside trees as a means to reduce flood risk (and not assume trees 

are automatically hazardous). 

Secondly, since bridge structures determine a certain volumetric discharge 

capacity, no additional conveyance above that capacity can be achieved 

by completely removing material (e.g. via dredging or clear-felling) from 

the river reaches between bridges. Instead, managing vegetation to the 

point where the bridge structures become the limiting factor is the aim. 

Consequently, even where tree removal does not significantly increase the 

downstream flood risk, calls for felling riparian vegetation may still be 

redundant in terms of changes to flood risk. As well as wasted financial 

resources, tree felling that does not result in reduced flood risk has other 

associated costs. Any political gains made by such visible interventions 

come at significant cost to the environment and wider society. 

 

Figure 1: Riparian trees lining the river frontage of a business property on the Don. Note 

the localised cooling in patches of shade created by low, overhanging branches. 



   
 

Thirdly, by way of illustrating additional costs, the low water/extremely high 

summer temperature conditions during the visit highlight the essential 

function of low-level shade and cover provided by riparian trees (Fig.1). 

Many aquatic species (including trout) need cool water in order to obtain 

sufficient oxygen and regulate their metabolism. Within the same reach 

under spate-flow conditions, that trailing, complex branch matrix will also 

create vital calm spots of flow. Fish that would otherwise be swept 

downstream over impassable weirs are able to hold station until the high 

flows recede. However, that narrowly-defined benefit falls a long way short 

of capturing the full picture. 

3.2 Ecological Status is Not Separate from Societal and Economic 

Health 

Extending these considerations to wider societal impacts and benefits, 

urban river corridors (and associated riparian vegetation) have significant 

implications for human health, wellbeing and financial viability of our 

society. Unwarranted removal of that vegetation will also carry human 

health risks . 

3.2.1 Heatwaves 
The passive cooling created by rivers and riparian vegetation is hugely 

significant in the context of increasingly-frequent heat-waves. For instance: 

“The record warm summer of 2003 was an outstanding example of increased mortality 

during periods of extreme temperatures, with an estimated premature mortality of 70 000 

people in Europe... The heat waves of the summer of 2015 caused more than 3 000 deaths 

in France alone”. 

Taken from the European Environment Agency report published here: 

https://www.eea.europa.eu/data-and-maps/indicators/heat-and-health-

2/assessment 

 

Figure 2: Urban Heat Island (UHI) effect. Drawing by TheNewPhobia - Own work, Public 

Domain, https://commons.wikimedia.org/w/index.php?curid=5263244 

https://www.eea.europa.eu/data-and-maps/indicators/heat-and-health-2/assessment
https://www.eea.europa.eu/data-and-maps/indicators/heat-and-health-2/assessment


   
 

Viewed in the context of urban heat island (UHI) effects - causing 

developed, urban areas to be significantly warmer than surrounding rural 

land (Fig.2, above) - urban rivers have a disproportionately important role 

as indicated here: 

https://www.sciencedirect.com/topics/engineering/urban-heat-island-

effect 

As well as tree-lined corridors, green roofs are highlighted as important 

examples of mitigation for UHI impacts. A further potential role of green 

roofs in relation to flood risk is discussed subsequently in this report 

(Section 3.5.2). 

3.2.2 Air Quality 
To compound the astonishing statistic that one third of all strokes could be 

attributable to poor air quality, author Tim Smedley reminds us that: 

“Globally, 19,000 people die each day from air pollution, killing more than 

HIV/AIDS, tuberculosis, malaria and car accidents combined” 

Tim Smedley (Clearing the Air: The Beginning and the End of Air Pollution 

by Tim Smedley, ISBN: 9781472973122) 

 

Figure 3: Particulate and gaseous pollutants are stripped from the air by trees in vast 

quantities 

It is reasonable to ask how this relates to assessing costs and benefits of 

urban river corridor tree removal. One illustrative example (re: Fig.3) is 

available from the comparison of health outcomes in areas where a tree 

pest (the emerald ash borer) caused the loss of 100 million trees compared 

to equivalent areas which lacked the pest and had healthy tree populations: 

In an analysis of 18 years of data from 1,296 counties in 15 states, 

Americans living in areas infested by the emerald ash borer, a beetle that 

kills ash trees, suffered from an additional 15,000 deaths from 

https://www.sciencedirect.com/topics/engineering/urban-heat-island-effect
https://www.sciencedirect.com/topics/engineering/urban-heat-island-effect


   
 

cardiovascular disease and 6,000 more deaths from lower respiratory 

disease when compared to uninfected areas 

Geoffrey H. Donovan, David T. Butry, Yvonne L. Michael, Jeffrey P. 

Prestemon, Andrew M. Liebhold, Demetrios Gatziolis, Megan Y.Mao (2013): 

“The Relationship Between Trees and Human Health: Evidence from the 

Spread of the Emerald Ash Borer” American Journal of Preventive 

Medicine, Volume 44, Issue 2, Pages 139–145 

Air pollution was identified as the mechanism for the excess mortality 

observed in tree-depleted areas. Trees absorb both particulate and gaseous 

air pollutants and, over the course of a year a single healthy tree can: 

• Have the same cooling effect as ten room-sized air conditioners 

running continually 

• Absorb 750 gallons of stormwater, preventing erosion and 

protecting water quality 

• Filter 60 pounds of pollutants from the air 

https://www.neefusa.org/nature/land/many-benefits-trees 

The size, species and location of trees will obviously impact on the case-

specific capacity to deliver the above mitigation. However, the measured 

impacts on human health caused by trees lost to emerald ash borer 

infestation demonstrate how important that overall, protective effect is to 

society.  

Consequently, there is a clear need for a structured decision-making 

process to make sure that river corridor vegetation management activities 

take reasonable account of aggregated costs and benefits. Central 

principles are that management should: 

• Achieve genuine flood risk mitigation 

• Not impose ecological + human-health costs that fail to be 

offset by gains in flood protection 

• Promote all possible ecological (and associated societal) 

gains as a priority 

3.3 Invasive, Non-native Species 

3.3.1 Invasive Plants 
There are many species of plants that are not native to the UK – some of 

these are competitively dominant to native flora and have the potential to 

become highly invasive. While far from being the only species of concern, 

probably the two most widespread species are Himalayan balsam 

(Impatiens glandulifera) and Japanese knotweed (Fallopia japonica). In 

some urban river catchments, Giant hogweed (Heracleum 

mantegazzianum) has also achieved similar density and extent of coverage 

https://www.neefusa.org/nature/land/many-benefits-trees


   
 

– which has serious public health implications due to the chemical burns 

created by its photo-phytotoxic sap. 

All three species have above-ground vegetative growth that dies back 

during the winter. Due to the excessively dominant growth habit, the winter 

die-back of these species results in bare earth.  Native plants are shaded 

out during their growing season – including those that would otherwise 

provide winter ground-cover and knit the riverbank together. That loss of 

protection from both rainfall and spate flows can dramatically increase the 

runoff and erosion of fine (and often pollutant-rich) sediment. 

Consequently, such runoff can negatively impact the habitat in the 

receiving watercourse. The smothering of gravel and degradation of water 

quality are just two examples. However, the more direct impacts on 

terrestrial river corridor biodiversity are also significant. An infographic 

created from the results of a study by Centre for Agriculture and 

Biodiversity International (CABI) summarises extensive impacts of 

Himalayan balsam on terrestrial invertebrates in the UK: 

https://www.cabi.org/news-article/new-paper-and-infographic-himalayan-

balsam-and-its-impact-on-uk-invertebrates/  

Top line results indicate a 75% decrease in spider species, 64% decrease 

in beetle species and 58% decrease in hemipteran (true bug) species. 

Given the current catastrophic global population declines of invertebrates, 

opportunities to challenge those negative trajectories are important to 

seize. While Himalayan balsam control via hand-pulling in safely-accessible 

areas is a highly suitable activity in which to involve volunteers, case-

specific caveats apply. For instance, not all riparian stands of any invasive 

plant species (including balsam) will be safely and easily accessible to non-

specialist personnel. However, when feasible, a combination of hand-pulling 

(including roots) or strimming below the first node can be highly effective. 

Composting the arising stems on site in as few heaps of as large size as 

possible will avoid problems of removing biohazardous material from site – 

as well as reliably supressing re-rooting of pulled plants. 

In contrast, the control (and preferable eradication) of Giant hogweed 

necessitates full chemical personal protective equipment to guard against 

sap skin contact and respiratory damage. The control of Japanese knotweed 

requires legally-certified personnel to administer appropriate herbicide 

treatments while avoiding damage to the adjacent watercourse and non-

target flora and fauna. As a general guideline, stem injection with an 

approved herbicide by accredited personnel in the late summer to early 

autumn period is recommended. Timing the injection so that the plants are 

drawing reserves back into their rhizomatous root systems greatly 

improves the efficacy of the herbicide. Injection, rather than spray-

application, minimises non-target species impacts as well as reliably 

delivering effective doses to the target plants. 

https://www.cabi.org/news-article/new-paper-and-infographic-himalayan-balsam-and-its-impact-on-uk-invertebrates/
https://www.cabi.org/news-article/new-paper-and-infographic-himalayan-balsam-and-its-impact-on-uk-invertebrates/


   
 

For all of these common invasive plants, complete eradication would be the 

ideal ecological outcome. However, in contrast to the complete eradication 

which is usually required on building development sites, even achieving a 

good degree of control can be a valuable outcome. The relatively short-

term viability of Himalayan balsam seeds (~1.5 - 3 years) in the seed bank 

compared to many native UK species (>200 years) creates significant 

potential for recovery of native flora (and associated fauna). Below is an 

example from the River Don from 2010 to 2014: 

 

Figure 4: Dense stands of Himalayan balsam on the Don at the case-study location in 

2010 

 

Figure 5: Volunteer removal of balsam in 2010. Note lack of native (or any) flora growing 

beneath where, prior to removal, the balsam stands were most dense  



   
 

 

Figure 6: Site revisit in 2014 – following additional clearance in 2011 and sowing of locally-

appropriate seed-mix. Note the same bridge in the background as shown in Fig. 5 

 

Figure 7: Recovery of flora consisted of both on-site seedbank germination and 

supportive sowing. The species-richness improvements persisted beyond 2014 – but 

would return to balsam monoculture without ongoing control 



   
 

Even without eradication of balsam from the whole catchment – locally 

increasing biodiversity in smaller (manageable) patches adds up to 

significant benefits at the full landscape scale. Creating ongoing resilience 

and preservation of overall biodiversity through small scale efforts in 

localised patches is an important initiative. That process is characterised 

further here: Global plant diversity hinges on local battles against invasive 

species | Science Codex 

However, it is important to address alternative interpretations of the impact 

of invasive species.  

3.3.1.1 Anthropocene Extinctions vs. Recombinant Ecology in Sheffield (and beyond) 

The invasion of UK ecosystems by species due to human transplantation 

has been termed the creation of “recombinant ecology” and sometimes 

interpreted as a relatively benign phenomenon. In brief, a combination of 

species not previously seen in the wild are put together by human activities 

(potentially representing a desirable enrichment of species). Following 

introduction, a co-evolutionary process of both competition and potential 

hybridisation between native and invasive species eventually resolves to 

leave a new overall species assemblage. 

While new species assemblages will, undoubtedly emerge, not all resultant 

recombinant ecologies could be characterised as benign or a positive 

improvement. With human survival being dependent on specific ecological 

functions, there are no guarantees recombinant systems will contain 

species capable of performing those functions. 

The current geological era has been labelled the Anthropocene – in 

recognition of rates of species extinction comparable to those seen in 

previous mass extinctions. The name also captures the anthropogenic 

nature of those extinctions. In the context of previously-noted terrestrial 

invertebrate declines associated with Himalayan balsam invasion – it seems 

difficult to identify human introductions of such species as benign. If an 

industrial chemical was observed to have comparable impacts, its use 

would be subject to legal regulation. 

A succinct quote capturing this is: 

“To many this is desirable enrichment, but it is devastating to the highly 

endemic biota” 

Colin D Meurk (2010) 

“Recombinant ecology of urban areas: Characterisation, context and 

creativity”, The Routledge Handbook of Urban Ecology, eBook 

ISBN9780203839263 

Consequently, it appears important to note the mechanisms by which 

evolution through natural selection occurs. 

https://www.sciencecodex.com/global_plant_diversity_hinges_on_local_battles_against_invasive_species-105553
https://www.sciencecodex.com/global_plant_diversity_hinges_on_local_battles_against_invasive_species-105553


   
 

Natural selection operates by subtraction of less successful entities 

under a given set of conditions. In other words, when operating between 

two existing competitors (i.e. transplanted, invasive species versus existing 

native plant species) natural selection is a reductive process. Any losing 

entities in natural selection are eliminated and are not offered an alternative 

role. 

The engine of adaptive radiation (the process by which the number of 

species increase) is genetic mutation. Mutation is the additive component 

whose products are whittled down by natural selection. In order for species 

richness to increase, favourable groups of mutations must produce 

candidate species which encounter a sufficient supply of vacant ecological 

niches. These are just some of the reasons that losing existing species is 

much easier than gaining new ones. The scale of species extinctions 

required to vacate a sufficient supply of niche opportunities – and the 

timescales required for serendipitous mutations to fill those niches – is a 

sobering prospect for any species with ambitions to be part of a 

recombinant ecosystem. 

3.3.1.2 Ecosystem Function Depends on Ecosystem Structure 

One reason it is essential to acknowledge natural selection as a subtractive 

force is the species losses that would be incurred during the creation of a 

recombinant ecology. The functions and processes an ecosystem performs 

(e.g. pollination of human crops, absorption of greenhouse gases, 

production of oxygen) are reliant upon the member species within that 

ecosystem. This is how protecting and improving biodiversity increases the 

chances that those functions can be supported. The more species you have, 

the more functional redundancy exists as an insurance policy. 

It is undeniably true that life on earth will continue after humans have been 

driven to extinction. The planet and its species will do very well without us 

– as has been illustrated by those multiple previous mass-extinctions 

occurring across geological time. 

Therefore, where solutions exist (i.e. Figs. 4-7), failure to prevent 

biodiversity losses observed in response to invasive, non-native species 

seems likely to be against the best interests of human populations. 

3.3.2 Proposed Management Principles for Invasive Plants 
Responding to the real-world availability of resources is always central to 

achieving the best possible result under any given circumstances. In the 

case of the three most common invasive plant species of river corridors 

identified in section 3.3.1, the following recommendations are made: 

1. Whenever possible, the upstream limit (source) of infestations in a 

river system should be identified and targeted 

2. Systematically working to remove plants progressively downstream 

from that source is the ideal standard to adopt where resources 

allow 



   
 

3. If systematic removal is unfeasible, concentrating on areas where 

there are sufficient resources to undertake ongoing control efforts 

are extremely valuable. Site selection criteria should include 

o Determining whether interventions can be enacted with 

sufficient frequency to achieve control – as determined by 

lifecycle duration of the target species 

o Comparison of the sizes (areas) of competing candidate sites 

that can effectively be treated based on resource and site 

accessibility 

o Proximity to the infestation source – with a view to increasing 

future capacity so as to eventually move that source to a new 

limit, further downstream 

4. Plant-species specific management methods and considerations 

need to be applied including: 

o Hand pulling & composting on site for Himalayan balsam 

o Late growing season stem injection by accredited personnel 

for Japanese knotweed – plus addressing possible challenges 

in re-vegetation following removal (experiences on the Don 

suggest that spontaneous re-establishment of native flora 

happens more readily following Himalayan balsam removal cf. 

knotweed) 

o Specialist personnel with appropriate PPE, accreditation and 

insurance for tackling Giant hogweed 

3.3.3 Proposed Management Principles for Invasive Fauna 
All previous observations on the implications of recombinant ecology also 

apply to invasive animal species. However, the mobility (relative to rooted 

plants) and wide range of biological/behavioural differences between faunal 

species make generalised management strategies challenging to derive. 

3.3.3.1 Biosecurity 

Adopting check, clean and dry protocols for all equipment and 

clothing/footwear is necessary to help limit the spread of both disease and 

direct introduction of non-native plants and animals. The use of biocide 

(e.g. Virkon) to clean equipment between site visits involving access to the 

river channel is recommended. 

3.3.3.2 Demon/Killer Shrimp 

Two species within the Dikerogammarus genus are notable for their 

invasive and competitively-dominant behaviour; namely D. villosus (killer) 

and D. haemobaphes (demon) shrimp. Currently the only viable limitation 

to their spread is through observing biosecurity protocols outlined above. 

3.3.3.3 Non-native crayfish 

The American signal crayfish (Pacifastacus leniusculus) is the most well-

known but not the only invasive crayfish species to pose a threat to the UK-

native Atlantic, white-clawed crayfish (Austropotamobius pallipes). A 

specific licence is required to trap signal crayfish – though trapping alone 



   
 

often fails to achieve control. Instead, a combined crayfish trapping and 

sterilisation programme is recommended. This entails the removal of 

smaller individuals – while large (and territorially-dominant) males would 

be sterilised via pleopod removal. Sterilised males are then returned, alive, 

to the river. Those large males tend to dominate the mating opportunities 

and deny the smaller males the opportunity to reproduce. At the same time, 

because their ability to produce viable, fertilised eggs from their mating 

attempts is reduced, fewer offspring should arise. An example of this 

protocol in action is linked below (the page also contains a useful video by 

way of illustration): 

www.exmoor-nationalpark.gov.uk/Whats-Special/exmoor-non-native-

invasive-species-ennis/about-the-ennis-project/river-barle-signal-

crayfish-project  

Note the requirements of licensing and identification skills sufficient to 

discern species and sex of trapped individuals. 

3.4 In-channel Features 

3.4.1 Morphology 
Features arising within the channel (or factors influencing their formation) 

are also common subjects of management decisions. Figure 8 exemplifies 

a range of relevant features: 

 

Figure 8: Walled on the RB and with natural deposited features (e.g. point bar, circled) 

on the LB with well-developed riparian vegetation. The riffle and glide sequence also 

contains scattered mid-channel boulders. 

In addition to the previously-discussed value of riparian tree cover, the 

deposition and erosion of riverbed material create essential habitat 

diversity. Figures 9 and 10 illustrate the creation of varied microhabitats 

http://www.exmoor-nationalpark.gov.uk/Whats-Special/exmoor-non-native-invasive-species-ennis/about-the-ennis-project/river-barle-signal-crayfish-project
http://www.exmoor-nationalpark.gov.uk/Whats-Special/exmoor-non-native-invasive-species-ennis/about-the-ennis-project/river-barle-signal-crayfish-project
http://www.exmoor-nationalpark.gov.uk/Whats-Special/exmoor-non-native-invasive-species-ennis/about-the-ennis-project/river-barle-signal-crayfish-project


   
 

via geomorphological processes. Specific trout-habitat requirements are 

detailed in Appendix 1 to this report. 

 

Figure 9: Faster flows on the outside of bends create deeper pool habitat – whereas the 

friction experienced by water flowing on the inside of bends slows current speeds and 

promotes deposition and the creation of point bar features. 

 

Figure 10: Each particular combination of depth, flow-velocity and particle-size provides 

specific habitat opportunities for species best-adapted to each micro-niche.  

The existence of varied physical habitat is essential for species-rich 

communities to thrive. Consequently, blocking bed-transport processes 

via the construction of weirs (and other physical interventions) poses 

significant restrictions on biodiversity. Because of the impacts on habitat 



   
 

and species diversity, the presumption to remove weirs where possible is 

an important management tenet. With that said, the installation of least-

worst option technical fish passes and fish passage easement structures 

are still relatively common (e.g. Fig.11). 

 

Figure 11: Technical fish passes at least assist in longitudinal connectivity – though 

efficiencies vary widely according to species, flow conditions and upstream vs. downstream 

migration efforts. 

Where fish passage structures are the only available compromise, their 

maintenance is vitally important so as to ensure operation at maximum 



   
 

efficiency. With post-industrial rivers such as the Don, it is important to 

appreciate the cumulative effect of numerous barriers – even when at least 

partially passable. This is highlighted in Fig. 12 which illustrates how small 

differences in passage efficiency create large disparities between the 

proportion of fish successfully reaching habitat beyond multiple barriers to 

migration: 

 

Figure 12: A cohort of 100 fish attempting to pass successive barriers at a range of 

different passage efficiencies. 

Recommendations therefore include: 

1. Incorporating fish passage inspection and, where necessary, 

maintenance would be a valuable addition to the management plans 

for areas in which they are installed 

2. Seeking opportunities to support/enact weir removal projects would 

greatly benefit habitat quality as well as connectivity (and may even 

reduce local flood risk within impounded reaches) 

3.4.2 Trees and Woody Material Management 
Features formed by the mid-channel deposition of bed material become 

colonised and consolidated by vegetation (e.g. Fig.13). This has a highly 

positive impact on the ecological potential of a river corridor. At the same 

time, self-set trees growing on mid-channel features may become a source 

of material that, once washed away, could become a blockage on 

downstream structures. For example, see section 3.4.3. for the 

management of bridge and culvert apertures. 

Similar concerns also apply to riparian (as well as mid-channel) trees. 

Therefore, all river-corridor trees are subject to risk assessments 

associated with flooding. It is important to appreciate that perceptions of 
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such risk will vary widely in accuracy. There is a clear need for pragmatic 

accommodation of risks posed by trees within any river-corridor 

management plan. 

 

Figure 13: Vegetated mid-channel gravel bar. 

Previous responses to flooding in the Don catchment (e.g. post 2007 floods) 

have seen dramatic and destructive interventions at highly visible locations. 

The progression of interventions at Malin Bridge in Sheffield is shown in 

Figs.14 to 17. 

 

Figure 14: Prior to works mid-channel tree growth at the confluence of rivers Rivelin and 

Loxley - facing upstream off the Rivelin Valley Road bridge towards the next bridge 

upstream (Stannington Road bridge). 



   
 

 

Figure 15: During tree removal works - prior to any dredging and tree stool removal; photo 

taken from a point a few metres to the left from the same bridge as Fig.14. 

 

Figure 16: Complete removal of all root-masses and dredging down to bedrock - 

uncovering a previously buried weir (and reinstating it as a barrier) 



   
 

 

Figure 17: Enforced re-instatement of some structural diversity following objections to 

original dredging and complete tree removal works (weir remains a barrier though) 

One of the counter-intuitive effects of excessive dredging is the increased 

demand for replacement substrate from upstream induced by the “vacuum” 

created. This effect is demonstrated using the EmRiver model in the video 

on the following link: https://youtu.be/OAZ_BuyM41s  

So, in addition to the impacts of urban tree loss discussed in Sections 3.1 

and 3.2, there are significant risks associated with excessive dredging. In 

the Malin Bridge example, stopping the process at the point shown in Fig.15 

and only removing cobble deposits beneath the partially-occluded bridge 

arches would have achieved sufficient conveyance. However, that protocol 

would have resulted in a flattening of the age structure of river-corridor 

trees. Consequently, those trees would all reach full maturity and become 

at risk of falling and being washed away around the same time. 

Instead of a blanket, clear-felling approach, a regime of light, rotational 

coppicing would be far better for both flood risk management and ecological 

endpoints. Having a pre-agreed (site appropriate) maximum size or age of 

individual trees which allows for specific, high-risk trees to be coppiced 

would be a pragmatic additional flood risk management measure. 

In concert with rotational coppicing, the material arising from felled trees 

should not automatically be chipped for disposal. Instead, opportunities to 

securely-anchor some crown and large-limb material in the margins of the 

https://youtu.be/OAZ_BuyM41s


   
 

watercourse should be explored. A simple, yet highly effective, way to 

mimic stable natural dead-fall is to wedge the “V” formed between main 

trunk and major limb (or multi-stemmed specimen) of a felled tree around 

a living, rooted riparian tree (Fig. 18): 

 

Figure 18: Lodged tree "hanger". The flow is from right to left of frame, making the 

installation completely stable. 

Alternatively, a short length of braided steel cable can be used to attach 

the thick end of a trunk of a felled tree to a suitable anchor point to make 

a tree kicker (e.g. Fig.19). Example of cable and cable-crimp detail is also 

shown (Fig.20).  

 

Figure 19: Tree kicker anchored in the margins of a spate river (attached at upstream end 

only to allow the crown to move freely up and down with changing water levels). 



   
 

 

Figure 20: Braided steel cable attachments should be kept as short as possible to minimise 

hazards and also reduce the chances of the tree kicker being lifted out onto the bank as a 

result of spate flows. A protective sling can be added to the cable to protect vulnerable 

trees by preventing friction damage cutting through the bark. 

A smaller-scale version of creating marginal cover could also be the simple 

hinging of riparian sapling growth (e.g. Fig. 21 photographed during the 

site visit for this report). Both hinging and coppicing may also provide 

opportunities to maintain a patchwork of open eye-lines between riverside 

paths and the river corridor itself. This is one example of maintaining 

sustainable access and engagement with urban watercourses – while also 

promoting thriving ecological communities. 

 

Figure 21:Hinging short sections of this uniform sapling growth into the margins would 

create cover habitat as well as promoting better visibility of the river to the public. 



   
 

Considerations for conveyance limitations imposed by in-channel tree 

growth are discussed in Section 3.4.3. 

3.4.3 Maintenance of Conveyance Capacity 
Urban river systems commonly face conveyance capacity constraints 

imposed by bridge and culvert apertures. The permanence of such 

structures when associated with heavily-used infrastructure (e.g. when 

supporting main roads) effectively determines the hydraulic limit for 

surrounding reaches of river. 

The longitudinal gradient of the riverbed in the base of culverts or below 

bridges is often reduced compared to the natural gradient. This tends to 

promote deposition of bed material – which may lead to a reduction in 

conveyance capacity. When such occlusion occurs in conjunction with the 

consolidation of mid-channel deposits by self-set trees in adjacent reaches 

of river, there is often public and governmental pressure to dredge the 

entire reach (as per Fig.16).  

A site where this has happened previously (and which has now experienced 

the subsequent replacement of dredged material in response to the 

“vacuum” created; in exactly the manner shown in the dredging-

consequences video) was encountered during the walkover visit for this 

report (Figs. 22 and 23).  

 

 

Figure 22: Bridge spanning natural riverbed of the River Don – just upstream of a second 

bridge. 



   
 

 

Figure 23: This reach was previously dredged down to bedrock as a reaction to the 2007 

floods. The extreme demand for upstream bed material subsequently filled that void and 

a large cobble bar is now being consolidated by scrub vegetation, including self-set trees. 

It is essential to appreciate that dredging to increase capacity above the 

natural equilibrium level for that channel will cause the system to react 

and re-establish those inherently-determined channel dimensions. 

Aggressively forcing a channel to re-establish that dynamic equilibrium is 

likely to be accompanied by unintended consequences. 

Another essential factor to reiterate is that increasing channel capacity 

above the hydraulic limit set by any permanent infrastructure is pointless 

from a flood risk perspective (while also incurring societal impacts from the 

loss of biota and associated ecological goods and services; Section 3.2). 

Instead, the following management tenets are proposed: 

1. Where bed-material deposition creates an unacceptable loss of 

bridge-arch conveyance capacity (i.e. measurably increases the 

probability and/or hazard severity of flooding), then clearance of 

that material should be restricted to the bridge aperture only 

2. Natural depositions of riverbed material in the open-channel 

portions of the river indicate the equilibrium condition to which a 

channel will return following dredging. This means dredging those 

features is likely to create more problems than it solves 

3. A policy of invasive plant control and light-touch rotational 

coppicing of vegetation colonising substrate deposited within the 

channel is recommended as a means of minimising flood risk due to 

synchronous large-volume inputs of fallen woody material (i.e. 

staggering the age-structure of river corridor trees) 



   
 

4. Maintaining a site-specific “maximum safe size” of individual tree 

specimens allows an extra layer of insurance against unacceptable 

flood risk 

5. Avoid blanket clear-felling cuts of river corridor trees – as this will 

flatten the age structure and increase the chances of future, 

synchronous inputs of debris 

6. Where possible, utilising material arising from tree work 

interventions to create in-channel habitat is greatly preferable to 

alternatives involving its destruction and disposal 

3.5 Flood Risk Management Outside the River Channel 

3.5.1 Sustainable Urban Drainage Systems (SUDS) 
Sheffield has some excellent examples of urban surface water drainage that 

are aesthetically appealing, valuable features of the landscape which also 

provide a valuable resource for pollinating insects. Additionally, the 

filtration of stormwater through these features will reduce the loading of 

pollutants – as well as attenuating discharge peaks.  

That latter function can form part of an important management of flood risk 

in urbanised catchments. The Grey To Green project (e.g. Fig. 24) has 

converted long sections of the previous ring road within the city centre to 

sustainable drainage facilities. Significant extensions to the original phase 

of this project are now in place in the area surrounding the site of Sheffield’s 

castle and there will be opportunities for riparian businesses to explore with 

respect to installing rain-gardens and soakaway drainage in car-parking 

and access roads associated with their premises. 

 

Figure 24: The flower beds visible here are planted on top of a series of linked filtration 

beds that ultimately discharge to the River Don as part of Sheffield City Council’s “Grey to 

Green” project. 



   
 

3.5.2 Green Roofing 
In exactly the same way that large areas of impervious pavement and 

carriageway can pose significant risks of flash flooding, the huge surface 

area of roofing in all cities can create flood risk management problems. 

Some of the same filtration (for water quality) and runoff attenuation (for 

flood risk reduction) qualities associated with street-level SUDS are offered 

by green roofing. Runoff attenuation capacity will reduce once fully 

saturated by rainfall. However, there are many benefits to the interception 

and slowed release before that capacity is reached. Businesses opting to 

install such features should be recognised for the contribution made to both 

environmental enhancement (since green roofs also create new habitat) 

and flood risk management. 

3.5.3 Smart Rain Tanks 
The collection of rainwater for use in a variety of domestic and industrial 

processes is not a new idea and, even with a relatively simple connective 

system can have many benefits e.g.  https://youtu.be/S7fbQNn5mUU. 

The advent of new technology whereby “smart” rain tanks can be connected 

to online weather forecasts can add a further dimension to this so that 

capacity of tanks can be intelligently managed. This means that planned 

releases of water prior to heavy rainstorms can enable the largest surface 

area of roofing to be effectively disconnected from the river catchment 

during heavy rainfall. As an added benefit, the optimum amount of that 

captured water can be diverted to productive use – rather than 

contributing to flood-water peak flows. Again, riparian premises 

adopting such measures should be recognised for their contribution to river 

corridor management of ecological quality and flood-risk. 

3.5.4 Natural Flood Management (NFM) 
All businesses and domestic premises are built “downstream”. In other 

words, very few buildings are constructed above the sources of any stream, 

river or other surface watercourse. With that in mind, it doesn’t particularly 

make sense to have so much attention paid to vegetation-growth and bed-

material deposition directly adjacent to riparian premises. These things are 

naturally the most visible – but not necessarily the most relevant to 

consider. The most effective solutions to flooding are generally found 

upstream, before the water reaches your building. 

Thinking creatively, it may make very good financial sense for riparian 

businesses to invest in some of the solutions discussed in Section 3.5.1, 

3.5.2 and 3.5.3 in locations and premises upstream from their own 

buildings. Consequently, having a management-plan and resource to 

support the execution of such investments would be a significant boon to 

the Don catchment (including significant tributaries such as the Rivelin, 

River Loxley, Porter Brook and River Sheaf). 

https://youtu.be/S7fbQNn5mUU


   
 

As well as the drainage system solutions covered previously in Section 3.5, 

the incorporation of Natural Flood Management (NFM) should be part of any 

effective flood risk mitigation plan.  

3.5.4.1 Enhanced Wet Canopy Evaporation 

An emerging area of research (as it pertains to flood risk management) is 

the degree to which vegetation canopy structure can be optimised so as to 

maximise interception and evaporation of rainfall. Wet canopy evaporation 

is calculated as the difference between incident rainfall reaching the canopy 

and the amount that reaches the ground either by stem flow (down the 

trunk) or via throughfall (dripping from leaves and stems). 

The taller a canopy is, the greater the windspeed experienced (and hence 

greater potential for evaporation). Similarly, the rougher and more varied 

in height a tree canopy; the greater chances that eddying wind-flow can 

also enhance evaporation. This is another argument for in-channel tree 

management strategies that lead to staggered age-structure.  

Some more introductory information can be found in Woodwise, Trees for 

water, Spring 2022 (lancaster.ac.uk) 

3.5.4.2 Quantifying NFM Measures 

Compared to highly-controlled engineering solutions to flood risk 

mitigation, Nature-based Solutions (NbS) can be difficult to incorporate into 

business cases. The exact benefits can be more difficult to quantify for the 

purposes of cost/benefit or return on investment analyses. The purpose of 

Lancaster University’s “Q-NFM” project was to quantify benefits to flood risk 

(calculated as the reduction of floodwater peaks resulting from 

interventions) to enable more transparent assessment of cost-

effectiveness. The following video gives a brief overview of that project – 

including the range of NFM measures tested 

https://youtu.be/r_nRLbRsxSU. 

A typical suite of NFM measures may include: 

• Hillside tree-planting (increases ground infiltration and may 

intercept surface flow) 

• Racine construction (bunds running along contour-lines of slopes 

made of brash or other partially-porous materials to intercept and 

hold-back surface flow) 

• Construction of brash/timber leaky dams on upper and middle 

catchment streams 

• Introduction of stable woody material structures that can promote 

out-of-bank flooding in headwater areas (away from buildings) 

• Riparian tree planting (to increase floodplain hydraulic roughness 

and spread floodwater hydrograph peaks over longer durations with 

reduced maximum height) 

https://www.lancaster.ac.uk/lec/sites/qnfm/PageChappell&Leeson2022.pdf
https://www.lancaster.ac.uk/lec/sites/qnfm/PageChappell&Leeson2022.pdf
https://youtu.be/r_nRLbRsxSU


   
 

3.5.4.3 Quality of NFM Interventions 

As well as being judged on their efficacy at reducing flood risk, it is 

important that NFM interventions are carried out according to appropriate 

designs. It is quite common to see leaky-dam construction methods that 

create complete barriers to fish passage. A core feature of ecologically-

sound leaky dams is to retain undershot flow during normal stream 

discharge levels. In other words, a gap needs to be maintained below the 

dam which can accommodate the normal discharge of the watercourse.  

Flow should only begin to be impounded when the watercourse reaches its 

natural bank-full depth. However, many well-meant leaky dams 

constructed on spawning tributaries of river systems sit on the bed of the 

channel – and impound water to some degree under all flows. 

Therefore, as a central tenet to any river management plan: 

• Leaky dams should be compatible with fish passage and lack of 

impoundment under low flow conditions 

Executed well, any of the suite of NFM measures mentioned in this report 

would be good candidates for riparian businesses to invest in.  

As with all other “outside of river channel” solutions, the establishment of 

a clear mechanism for riparian businesses to opt in and fund upstream NFM 

measures would be extremely valuable. Furthermore, it is advisable to 

dovetail river corridor management activities and identifying partnership 

projects with opportunities for riparian businesses to be included in the 

“Trout in the Town” accreditation scheme: Trout in the Town: have you got 

your official accreditation yet? | Wild Trout Trust. 

A print-on-demand book “The Urban River Toolkit” distils our most 

important, practical advice on caring for urban rivers. It also gives more 

detail on the accreditation scheme and is available via Amazon:  

https://www.amazon.co.uk/Trout-Town-Urban-River-

Toolkit/dp/1688496130/ 

The combined rationale and highlighted core principles contained in this 

report are intended to contribute a useful foundation for the creation of the 

River Stewardship Company’s River Corridor Management Plan. Following 

the creation of that plan, and approval by the Environment Agency, it 

should be possible to apply these principles to any activities undertaken by 

river corridor stakeholders. 
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report are based solely on the expert and impartial view of WTT’s 

conservation team. 

5 Disclaimer 

This report is produced for guidance; no liability or responsibility for any 

loss or damage can be accepted by the Wild Trout Trust as a result of any 

other person, company or organisation acting, or refraining from acting 

upon guidance made in this report. 

N.B. See Appendix 1, over. 

  



   
 

Appendix 1: Key trout lifecycle stages and associated habitat 

 

There are three main types of habitat that are needed in order for wild trout to 

complete each one of three key lifecycle stages (spawning, juvenile and adult; Fig. 

A1). The consequences to trout populations of a lack of each specific habitat-type 

are also illustrated in Fig. A1. 

The basic process by which the Wild Trout Trust’s advice is derived is to examine 

whether each of the key habitats are represented within a visited reach. Where 

those habitats do exist, there is then an assessment of whether trout can access 

those habitats to make use of them and successfully complete self-sustaining 

lifecycles. In this way, both habitat quality and habitat connectivity are assessed 

in order to judge whether wild trout populations could survive and thrive. 

Because the habitats which support complete trout lifecycles meet a wide range 

of varied requirements, they are physically diverse (Figs. A2-A4). That structural 

variety is, in turn, vital for supporting a wide variety of species.  

In this way, assessing habitat for a trout provides a means of identifying how to 

improve and/or protect wider river-corridor biodiversity 

.  

 

Figure A1: The impacts on trout populations lacking adequate habitat for key lifecycle stages. 
Spawning trout require loose mounds of gravel with a good flow of oxygenated water between gravel 
grains. Juvenile trout need shallow water with plenty of dense submerged/tangled structure for 
protection against predators and wash-out during spates. Adult trout need deeper pools (usually > 
30cm depth) with nearby structural cover such as undercut boulders, sunken trees/tree limbs and/or 
low overhanging cover (ideally trailing on, or at least within 30cm of, the water’s surface). Excellent 
quality in one or two out of the three crucial habitats cannot make up for a “weak link” in the 
remaining critical habitat. 



   
 

  

 

Figure A2: Features associated with successful trout spawning habitat include the presence of silt-
free gravels. Here the action of fallen tree limb is focusing the flows (both under and over the limb 
as indicated by the blue arrows) on a small area of river-bed that results in silt being mobilised from 
between gravel grains. A small mound of gravel is deposited just downstream of the hollow dug by 
focused flows. In these silt-free gaps between the grains of gravel it is possible for sufficient oxygen-
rich water to flow over the developing eggs and newly-hatched “alevins” to keep them alive within 
the gravel mound (inset) until emerging in spring. 

 

Figure A3: Larger cobbles and submerged “brashy” cover and/or exposed fronds of tree roots provide 
vital cover from predation and spate flows to tiny juvenile fish in shallower water (<30cm deep). 
Trailing, overhanging vegetation also provides a similar function and diverse bank-side vegetation 
has many benefits for invertebrate populations (some of which will provide a ready food supply for 
the juvenile fish).  

  



   
 

 

Figure A4: The availability of deeper water bolt holes (>30cm to several metres), low overhanging 

cover and/or larger submerged structures such as boulders, fallen trees, large root-wads etc. close 
to a good food supply (e.g. below a riffle and with prey likely to fall from overhanging tree canopy 
in this case) are all strong components of adult trout habitat requirements.  


