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Executive summary 
An opportunity to improve understanding of the potential impacts of low head 
hydropower schemes on migratory salmonids arose on a scheme proposed by the 
North York Moors National Park (NYMNP) in association with the Esk Valley Energy 
Group (EVEG) at Ruswarp Weir (tidal limit) on the River Esk in North Yorkshire. This 
installation, constructed in 2012, consists of a single Archimedean screw turbine 
(diameter = 2.9 m) adjacent to a Larinier fish pass on the right hand bank. The intake 
for the screw is located immediately upstream of the fish pass exit and the outflow 
located adjacent to the fish pass entrance. The micro-scale behaviour of upstream 
migrating salmonids in relation to hydrodynamic and environmental cues that attract 
and guide fish at fish passes was investigated using an acoustic tracking system. 
Salmon and sea trout were tracked prior to commissioning and completion of the 
hydropower scheme (upstream of the weir by the EA in 2010 and in the pool 
downstream of the weir 11 October 2011 ï 12 January 2012 and 20 August 2012 ï 12 
December 2012) to assess baseline fish passage behaviour. The salmonids tracked in 
2013 (23 September to December) constituted the first year of post-commissioning 
assessment. In 2013 (only) mobile hydrophones were located in Whitby Marina and 
immediately downstream of the weir to investigate movements through the estuary and 
approaches to the weir. 

In 2013 one salmon and 46 sea trout were tagged (in 2013 salmon were not 
specifically targeted given the relatively low numbers recorded in the baseline surveys). 
Thirty-one sea trout (68%) and one salmon (100%) were detected in the hydrophone 
array in the pool downstream of the fish pass entrance; a return rate that was 
approximately double that observed in the baseline studies. A further seven sea trout 
were detected only on mobile hydrophones (particularly in Whitby Marina) and six fish 
were not recorded anywhere after release. A further two tags were recorded 
simultaneously on three different hydrophones (Whitby, Nobleôs Yard and the array) 
and it was assumed that these tags were inside a seal. In 2013 27 passage tracks 
(including one salmon and one second passage by a sea trout) and 466 non-passage 
tracks were recorded in 2013. Twenty-six of the 31 sea trout observed in the array 
passed the weir; 25 (fish pass efficiency = 81%) via the Larinier fish pass and one via 
the baulk pass (the first recorded use of the baulk by tagged fish since 2010). This fish 
pass efficiency, for fish observed in the array, was lower than the 100% passage rate 
observed for sea trout in the baseline (17/17) although the difference was not 
statistically significant. Overall a much higher proportion (passage efficiency = 53%) of 
tagged sea trout ascended the weir via the fish pass than in the baseline (35%) 
although again the difference was not statistically significant. The five remaining fish 
observed in the array that did not ascend the weir dropped downstream and were 
either last recorded Whitby (n = 2) or were last recorded at Nobleôs Yard (n = 3). 

There were significant differences observed in the number of times individual fish were 
recorded in the array, the duration of visits to the array and the time from first arrival in 
the array to passage between 2013 and the baseline. In 2013 the average (median) 
total time spent in the array by sea trout prior to passage was 24.18 (6.13 ï 77.69) 
minutes (n = 25) which was significantly longer than the 5.00 (1.61 ï 29.81) minutes (n 
= 17) in the baseline dataset. In the baseline 65% of sea trout (n = 11) spent less than 
a total of ten minutes in the array prior to passage with only 24% (n = 4) spending 
longer than 30 minutes. In 2013 only 26% of sea trout (32% of the tagged sea trout that 
actually ascended) spent less than ten minutes in the array prior to passage via the 
Larinier pass and 64% of tagged sea trout (n = 20) spent longer than 30 minutes in the 
array. However, the duration of individual non-passage tracks in 2013 was significantly 
shorter than in the baseline dataset, i.e. fish briefly visited the array more times in 
2013. 
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In the baseline 70.5% of sea trout passed the weir within one hour of their first 
detection in the array (including time when the fish was outside of the array) whilst in 
2013 this had reduced to 32% and seven sea trout (28%) took longer than 12 hours to 
ascend. The total time between first detection and passage was significantly longer in 
2013 than in the baseline. When excluding fish that took longer than 12 hours to 
ascend (equivalent to more than one tidal cycle) the median time from first detection to 
passage by sea trout was 0.17 (0.09 ï 0.92) hours in the baseline (n = 15) and 1.23 
(0.64 ï 2.83) hours (n = 18) in 2013. 

The five fish that were detected in the array but did not ascend the weir spent between 
7 and 171 minutes in the array, with three of them spending more than 75 minutes in 
the array before leaving the array for the final time. Only 25% (n = 5) of the sea trout 
that did pass the weir spent more than 75 minutes in the array before passage. 
Analysis of the data from mobile hydrophones indicated that the behaviour of fish that 
exhibited prolonged behaviours after being detected in the array included both 
movements to/from the pool to the area around the downstream end of the weir 
(Nobleôs Yard) and occasionally movements to/from Whitby harbour. Overall no 
significant difference was observed in the time from release to passage between the 
sea trout tracked in 2013 and the baseline. 

A grid based approach (0.5 x 0.5 m cells; track count and residence time), proximity 
analysis (frequency of tag detections) and approach analysis (2 m buffer; count and 
time) was used to quantify, visualise and standardise micro-scale behaviours of fish 
below the fish pass and to enable comparison of fish behaviours between the baseline 
and post-commissioning. Data from 2013 indicated similar patterns to the baseline in 
that tracks were spread throughout the array. However, data from 2013 indicate a 
potential bias towards the right-hand bank (looking downstream) away from the fish 
pass entrance and towards the hydropower outfall. This shift in track distribution was 
also reflected in a reduction of recorded approaches to within 2m of the fish pass 
entrance, and a reduced proportion of time spent within 2m, in 2013 compared with the 
baseline. The nature of the 2m approach zone for the fish pass changed considerably 
after the installation of the Larinier pass (now much shallower with greatly aerated 
water) which probably made the location less appealing for sea trout to occupy for 
extended periods of time. The changes in the pool conditions also made tracking of fish 
in this location more difficult; with many the final triangulated position of many passage 
tracks being outside this 2m zone. Furthermore, in 2013 analysis of the average 
duration of time spent within each cell indicated hotspots immediately in front of the 
hydropower outfall screens in the vicinity of the right-hand bank. Although changes in 
the bathymetry (depth) of the pool mean that this location is now the deepest part of 
the pool (whereas it was shallow margins in 2011) fish did not occupy this location 
when the hydropower was not operational. It was most apparent at intermediate 
discharges (flows less than 6.3 m3s-1, seasonal Q25) and levels of hydropower 
abstraction (1-3 m3s-1) but became less distinct at the highest river flows (flows > 13 
m3s-1, seasonal Q10). 

The results presented here and preliminary comparison with the baseline, are 
discussed to evaluate the potential implications of the differences observed in attraction 
efficiency, passage efficiency, passage duration and passage behaviour for migrating 
salmonids in the River Esk. The report highlights that potential increase in passage 
efficiency, reduction in fish pass efficiency and statistically significant increase in 
passage delay in the monitoring data for 2013 do not necessarily translate to 
ecologically significant impacts on salmonid migration or population status. Indeed the 
aim of the ATS study was addressed at the former aspect and not the latter. 
Furthermore, the data presented here represent only one year of study and only the 
first year of data collection for the full post-commissioning dataset. Therefore, 
recommendations for future study, and analysis of the full post-implementation dataset 
against the baseline are presented. 
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1 Introduction 

1.1 Background  

Rivers provide an array of ecosystem services, including provision of biodiversity, 
attenuation of flood waters, abstraction, recreation, production of power, food and other 
marketable goods (Millennium Ecosystem Assessment, 2005; Cowx et al., 2011). As a 
consequence, rivers have been widely altered by a suite of interacting activities, 
including effluent discharge, dam building, habitat alteration and water abstraction 
(Baron et al., 2002; Nilsson et al., 2005).  

With concerns over climate change, rivers worldwide are becoming increasingly 
exploited for hydropower (Jansson, 2002; Murchie et al., 2008). Although the 
harnessing of energy from water discharge and conversion to electrical power did not 
begin until the mid 19th Century (Poff & Hart, 2002), it is now considered the most 
important renewable electricity source worldwide (Bratrich et al., 2004), accounting for 
19% of the worldôs electricity (Paish, 2002). This capture of energy from rivers is in line 
with regional policy objectives (e.g. EU Renewable Energy Directive 2001/77/EF) and 
hydropower is considered to be the most reliable and cost effective renewable energy 
source (Bruno, 2008), and often presented as a clean (Rosenberg et al., 1995), ógreenô 
energy source with no negative impacts on the environment (Bratrich et al., 2004).  

In the past decade there has been a resurgence of interest in hydropower as a direct 
consequence of the UK Governmentôs commitment to renewable energy and 
associated financial incentives. The majority of new schemes are run-of-river, which 
have no significant storage of water, the turbine only making use of the available flow 
at the site. These generally require an impounding structure and the passing the water 
through a turbine, sometimes involving the diversion of water through a secondary 
channel or pipeline and returning it to the main river downstream of the weir. The view 
that hydropower has no negative impacts on the environment, has been challenged by 
numerous authors who consider the impacts on fisheries and biota as significant. 
Unfortunately, research on the impacts of hydropower schemes on fish populations is 
mainly restricted to larger schemes, and little work has been carried out to investigate 
the impact of small-scale schemes on fisheries or river ecosystems.  

An opportunity to improve understanding of the potential impacts of low head 
hydropower schemes on migratory salmonids arose on a scheme proposed by the 
North York Moors National Park (NYMNP) in association with the Esk Valley Energy 
Group (EVEG) at Ruswarp weir on the River Esk in North Yorkshire. This installation, 
completed in 2012, consists of a single Archimedean screw turbine (diameter = 2.9 m) 
adjacent to fish pass on the right hand bank. The turbine draws up to 4 m3s-1 and 
generates approximately 50 kW of electricity. The operating head varies considerably 
from 1.6 m to 2 m depending on the state of the tide below the weir. The intake for the 
screw is located just upstream of the fish pass exit and the outflow located adjacent to 
the fish pass entrance. This is in accordance with the Environment Agency (EA) 
guidelines relating to hydropower schemes. The pool-traverse fish pass was replaced 
by a new Larinier fish pass in 2012 (during construction of the hydropower scheme) as 
the old pass was believed to be suboptimal (the pass was over-energised at high flows 
(Kibel & Coe, 2009)).  
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1.2 Aims  

The overall aim of this study is to investigate the behaviour of upstream migrating 
salmonids at a hydropower scheme that includes a co-located fish passage facility, to 
identify any impact of the hydropower scheme on fish passage and to help address one 
of the ñevidence gapsò in knowledge about migratory behaviour of adult upstream 
migrating salmonids. The work will used to help formulate and underpin guidance 
documents such as the Hydropower Good Practice Guidelines (GPG). 

A secondary aim is to investigate fish micro-behaviour in relation to hydrodynamic, 
hydraulic and environmental cues that attract and guide fish at fish passes to improve 
best practice guidance on fish pass design by optimising fish attraction to the entrance 
of fish passes and improving fish passage rates. 

1.3 Objectives 

The objective of this report is to review the first year of post-commissioning monitoring 
data and provide information on the behaviour of migratory salmonids in the River Esk 
around Ruswarp Weir; including the timing of their movements and their interaction 
with the weir and fish pass(es) to assess whether any changes have occurred due to 
the operation of the hydropower scheme. The specific objectives for this reports are 
therefore:  

¶ To analyse sea trout migration in the first year post-commissioning of the 
hydropower turbine. 

¶ To investigate the timing of fish movements and passages in relation to 
hydrodynamic and environmental cues. 

¶ To make preliminary comparisons against the established baseline. 

¶ To make suggestions for future delivery of post-commissioning monitoring. 

This report presents the monitoring data collected in Autumn/Winter 2013, the first year 
since the hydropower scheme has been in commission, and makes initial comparisons 
with the baseline dataset for sea trout. The report follows the methods and materials 
described in Walton et al. (2012) and Noble et al. (2013) and draws comparison with 
the baseline dataset described in Noble et al. (2013). The data collected during the 
whole project will be used to ensure that, if needed, appropriate mitigation measures 
are installed to maintain or improve passage efficiency in the future. 
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2 Materials and methods 

2.1 Study site 

The Yorkshire River Esk flows approximately 45 km from its source upstream of 
Westerdale on the North York Moors to its mouth on the North Sea coast in the harbour 
town of Whitby. The Esk supports important migratory salmonid populations, especially 
sea trout (Salmo trutta trutta L.) and Atlantic salmon (Salmo salar L.), although catches 
of the latter have declined in the last 40 years whilst those of sea trout have 
progressively increased (Figure 1). The river also supports a population of freshwater 
pearl mussel (Margaritifera margaritifera), a species that is highly dependent on a 
healthy population of salmonids to complete its lifecycle. The upstream migration of 
adult salmonids is impeded by a number of weirs constructed to divert water through 
mills.  

 

 
Figure 1. Trends in sea trout and salmon catches in the River Esk, North Yorkshire. Data for 2012 are provisional 
and the sea trout catches are included in the total for salmon for the period 1885-1902 (I Dolben EA pers. comm.). 

 

The tidally influenced reach of the Esk extends from Whitby to the weir at Ruswarp 
(NGR NZ 804053; weir length: 270 m and width: 10 m). There are no significant 
barriers to fish movement below Ruswarp weir, although movement may be restricted 
at low tide because of insufficient water depths over gravel bars. There are two fish 
passes that facilitate upstream migration; a pool and traverse pass on the southern 
bank (replaced by a Larinier pass in 2012) and a diagonal baulk in the centre of the 
weir (Figure 2). The former represents the study site in this investigation. An array of 8 
hydrophones was installed to monitor the progress of upstream migrating salmonids 
(Figure 3 and Figure 4). The configuration of the array in 2013 was similar to 2012 with 
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one of the hydrophones (H1) within a pool above the baffles in the new Larinier fish 
pass to confirm fish movement through the pass and one above the weir (H8) to 
confirm ascent. 

The original pool-traverse fish pass was replaced with a Larinier baffle pass during 
summer 2012 (Figures 5 and 6) at the same time as the hydropower turbine was 
installed and commissioned. 

 

Figure 2. Aerial photograph showing the location of the fish passes (A ς pool traverse pass (2011) / Larinier pass 
(2012 & 2013); B ς baulk pass) in relation to the weir (kayakers upstream of the weir give an indication of scale). 
The green circle marks the location of the new hydroelectric turbine and the focus of this study. 
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Figure 3. Diagram of the study site showing the positions of 6 of the 8 hydrophones used in the array for 2013 
(Section 2.3). 

 

 

Figure 4. View of the Larinier fish pass entrance, hydropower outfall and hydrophones array showing the 
approximate positions of all 8 hydrophones in 2013.  
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Figure 5. View of the new Larinier fish pass entrance, outfall of the new turbine and hydrophones array in 2013 
with the hydropower scheme inactive. 

 

Figure 6. View of the outfall of the new turbine and hydrophones array in 2013 with the hydropower scheme 
active under higher flows. This figure highlights the visually more turbulent plumes of the fish pass and the left-
hand side of the turbine outfall. 




