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Estuarine barrage Large valley dam

Low-head barrier Levees

Breakages of longitudinal and lateral connectivity 
restrict or alter movements of water, nutrients, 
sediment, biota - and dramatically alter habitat
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“Transparent barriers”

Sensu Alex Haro!

The Holy Grail !



Barrier being made ‘transparent’ to whole fish-community 

passage

Embrey Dam, Rappahannock River, Virginia



New opportunities for restoring river connectivity

Advances in science of dam removal
“The lack of studies cries out for new 
research and peer-reviewed papers by 
experts in social, economic, and 
ecological fields.” Babbit, 2002

Bioscience special issue on dam removal, 2002



WFD: Ecological Status of European Lakes & Rivers

Good

Bad

EEA 2015

Many failures due to fragmentation & habitat loss

Crude estimate: 
0.8-1.6 million 
dams and weirs
(AMBER)



Story of a weir removal for ecological reasons

• Flat-V flow-gauging weir, built 1978
• River Nidd, tributary of Yorkshire Ouse (Humber basin)
• First obstacle upstream of Ouse confluence
• Dominated by rheophilic cyprinid community (Leuciscus, Rutilus, Barbus etc)
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Angler catch data - Kirk Hammerton

catch rate % NOT catching

weir constructed 

1978

The utility of baseline data and evidence…..
Series of timed angling competitions held historically, upstream of the 
planned site of weir – data recorded

Hats off to Steve Axford and Paul Frear! (Yorkshire Water Authority / 

National Rivers Authority / Environment Agency) 
[though we can debate whether angler catches reflect fish stocks objectively]
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Angler catch data - Kirk Hammerton

catch rate % NOT catching

Subsiduary weir 

constructed 1984

The utility of baseline data and evidence…..

BACI – Before , After  , Control, Intervention

Anglers not happy – believe weir is cause of reduced catches, due to 
restricted upstream movement rather than changes in habitat 
• They wanted the “Tommy Cooper Method”



The Tommy Cooper Method of Dam/Weir removal –

“Just Like That!”



Radio-tracking of barbel (Barbus barbus) on the Nidd
• Showed seasonal migrations – downstream to deeper, slwer areas in 

autumn-winter, upstream to riffles in spring

Lucas & Batley (1996) 

J. Applied Ecology

Lucas & Frear (1997) J. 

Fish Biology

Submerged gravel beds



Longitudinal movements – potamodromous fishes
Many lowland river fishes are spring migrants, temperature
increases often coincide with flow declines, making passage harder

Lucas & Batley (1996) J. 
Appl. Ecol.
Lucas & Frear (1997) J. 
Fish Biol.

“Thin” flow, 
~ 2 m/s 
over weir 
face



Attachment of 
baffles (1995) 
actually 
decreased fish 
(video + 
radiotrack)

Weir removed 1999
Sampling angling 
catches stopped 
2002 – an error, 
financial necessity 
or convenience??

The utility of standardised time series data…
(from S. Axford & P. Frear)



Adult (sexually 

immature) river 

lamprey (Lampetra

fluviatilis) migrating 

upstream in a river 

in northern England 

in winter (at night).

Anadromous river lamprey migration and barriers

NB – Unlike Pacific lamprey, European river lamprey and sea lamprey do not 
exhibit suck-and-climb ascent behaviour at steep smooth inclines

EU Habitats and Species Directive – EU-wide part protection, threatened species 

• Sea lamprey
• European river 

lamprey
• European brook 

lamprey

Iain Russon
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Fish Pass 

Design

Attraction 

Efficiency

Passage 

Efficiency

Denil baffle (u/s) 87% 0%

Pool & Spill (d/s) 47% 5.4%

Passage efficiency for river lamprey at two technical fish passes

 300 river lamprey captured,  PIT-tagged, released  below fish passes and 

studied over one full migration season (autumn to spring, ca. 6 months)

 No spawning habitat d/s of Pool & Spill fishway, but spawning habitat at Denil

Foulds & Lucas (2013)
Ecological Engineering



Buttercrambe flow-gauging weir, built 1975 – Yorkshire Derwent
Special Area of Conservation (lamprey = a primary reason)
Change to ultrasonic gauging – weir redundant – remove?? (best for 
lamprey and ecology)
XX – flood risk concern, facilitate commercial HEP on site

Intead, installed Larinier superactive baffle fishway
• Environment Agency’s recent preferred choice of technical pass at low-
head sites for upstream passage of wide range of sizes and species.
•Lamprey passage efficiency determined by telemetry

Downstream
PIT antenna

Velocity over disused 
gauging weir ca. 3m/s

Fishway attraction efficiency: 
90.7%

Fishway passage efficiency: 
0.3%!!!

Passage over weir directly 
13.8%

Tummers et al (2016) 
Ecological Engineering



Poutès Dam – River Allier, France

• Conservation of Atlantic salmon 
• Upstream and downstream passage
• Habitat loss



Difficulties in downstream migration at low-head barriers

• Downstream movement not expected to be a problem at open, ‘simple’ low-head 

barriers, especially for ‘midwater’ fishes like salmonid smolts

• Little investment for assisting downstream migration – in UK it is assumed that small 

barriers will not markedly affect downstream migration

• Effects of low flows – at barriers and open reaches

•Telemetry of downstream migration of sea trout smolts

Philiphaugh weir, Tweed 

system, Scotland

2010 – low flow 2011 – normal flow 

Sig. difference No sig. difference
(note difference in y-scales on graphs)

Gauld, Campbell & Lucas (2013) Science of the Total Environment



In cold lowland streams with salmonid populations, 
barriers can have major effects on populations

Natural gradient and variation  = healthy populations

Jan Nielsen, DTU, Denmark



See also:

Birnie‐Gauvin, K. et al (2017)  Shining a light on the loss of rheophilic fish habitat in 
lowland rivers as a forgotten consequence of barriers, and its
implications for management. 
Aquatic Conservation: Marine and Freshwater Ecosystems DOI: 10.1002/aqc.2795



Weir A          

Natural stream

Distance from source

Stream bed Weir = barrier    
Flooded zone, often several km’s

Flooded / ponded zone 

In lowland rivers weirs can have a great negative impact on 
rheophilic habitat



Dam/weir height and stream gradient have a major effect 
on ponded distance and loss of rheophilic fish habitat



Barriers at weirs for downstream migrating fish

(an overlooked problem ?)

Weir at Mean % 
smolt loss

Water mills 30

Fish farms 42

Hydropower stations 82

Confusion ?

Jan Nielsen, summarising multiple Danish studies

http://www.tv2fyn.dk/arkiv/2011/04/22?video_id=40508&autoplay=1
http://www.tv2fyn.dk/arkiv/2011/04/22?video_id=40508&autoplay=1
http://www.tv2fyn.dk/arkiv/2011/04/22?video_id=40508&autoplay=1
http://www.tv2fyn.dk/arkiv/2011/04/22?video_id=40508&autoplay=1
2204fisk_1500.m4v_335573.wmv
2204fisk_1500.m4v_335573.wmv


Re-establishment of natural spawning and nursery areas 

in the flooded zone of the River Gudenaa - just by removal of the weir in 2008

Vilholt Mill Lake

Jan Nielsen, DTU, Denmark



The brown trout and natural spawning areas upstream of the  dam 
responded well 

after 146 years of inactivity in the flooded zone 

From Jan Nielsel, DTU Denmark, and from Birnie-Gauvin et al (2017) JEM 

~1 km upstream 
of dam

~1 km downstream of dam



From Jan Nielsen DTU, Denmark
& Birnie-Gauvin et al. (2017) JEM

Boxplots of densities of trout before and 
after removal of the dam

Young of Year

Parr / adults



Dam removal is a key part of the Danish strategy for Increasing the 
spawning run of salmon in Danish rivers

River Skjern

Jan Nielsen, DTU, Denmark



There can be good ecological reasons for not removing 
obstacles – or even for building new ones
e.g. slowing spread of Aquatic Invasive Species

Bioscience (2010) 60, 37-46 Bioscience (2013) 63, 362-372



Signal crayfish upstream dispersal barriers – can they work?
No field tests of intentional barriers published…..

Upper Clyde  (Annan boundary)
Installed but no data / tests (C. Bean)

Rosewarne et al. (2013)  - River Glem, upstream 
movements at existing sloping weir reduced by 
45% cf control section - but NOT designed to 
limit crayfish

2017: Kerr (Northumberland Rivers Trust) & Lucas – attempted installation and testing  (fish vs 
signal crayfish movement) of full-width, sub-surface, vertical, lipped weirs in R. Pont – but gave 
up due to lack of buy-in from Environment Agency and perceived flood risk / ecological ‘damage’



Restoring connectivity in rivers  benefits from an adaptive 
management approach, for which barrier removal is only one option –
and often less likely in urban environments

Birnie-Gauvin et al. (2017)



Thanks for listening!

And a shameless plug for
Journal of Ecohydraulics (Editors: Chris Katopodis & Paul Kemp) 

• All aspects of interaction between river 
flows and biota / ecological processes

• Ecological aspects of dam/weir removal are 
ideal for this journal

• Double peer review


