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Abstract
An unpublished analysis of data for 2005-07 for the Red Barn Dyke Glass Eel fishery derived an exploitation
rate of 70-80% based on an erroneous assumption that the total potential migratory population was the sum
of the numbers caught by the fishery and a trap at Leighton Moss.
A more detailed analysis of the local hydrography revealed a more complex system. The dyke is not a single
control volume but rather two volumes divided by a restriction or barrier. The Red Barn Dyke does not satisfy
the key conditions for the method of fishery effectiveness estimation of being a bounded and irreversible
system.
The catch data at the site is incorrectly used to estimate the effectiveness of this fishery and by extrapolation
to all other fisheries to determine a management policy across England and Wales.
This is a cautionary tale not only how irrational comparisons have been made between rivers and ditches but
also how data can be used out of context and manipulated to justify and support an agenda of a 70%
exploitation rate.
It illustrates the importance of the peer review and publication of any data used to form Government policy.

The Authors
Peter Wood
Qualified from University of London BSc veterinary science in 1972 and MSc Aquatic Sciences Stirling University
in 1974. Worked briefly in South Yorkshire at a mixed practice before returning to Gloucestershire to
concentrate on agriculture practice specifically with dairy animals. He developed specialist interest in
aquaculture and joined the board at the Marine farm eel culture unit at Hinkley Point nuclear power station.
He has served on the EFSA panel setting out welfare standards for eel farming and the IUCN listing panel for
eels. He has also worked on eel and fish farming consultancy projects in Norway, Greece, Indonesia, China and
North Korea, concurrently running a glass eel logistics operation in the EU and the Dominican Republic. He is
the founder of the Sustainable Eel Group and continues to work in the very demanding eel sector.
John Wood
John Wood was the Chief Engineer of Eaton Aerospace, a supplier of systems and equipment for wide bodied
civil transport aircraft such as the Airbus A380 and Boeing 787. He graduated from the University of
Birmingham with a 1st Hons in Engineering Science and gained an Executive MBA at Bath University in 1972 and
1990 respectively. In addition to that leading multidiscipline engineering teams, his technical expertise is in
the mathematical modelling of control and other complex systems, risk management and system safety. He
taught modules of the postgraduate course in Aircraft Engine Controls at Cranfield University. He was most
recently a systems safety consultant to the Mitsubishi Aircraft Corporation
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1 Introduction
The proper management of a species within a national system of river basin districts requires validated data
for the effectiveness of any fishery that could affect the recruitment.
The task is to ensure:
 an economically viable fishery at a national level


a silver eel escapement which is compliant with the EU conservation target



a demonstrable net benefit in terms of silver eel escapement over and above that of the stocked
glass eel remaining in situ in their donor system
o with due regard to the benefits of restocking that mitigates the loss of migratory pathways
due to industrialisation and flood defences.

The irreversible impact of Industrialisation and flood defences means that an approach of non-intervention
does not meet the above.
In the case of Eel, the national authorities for Wales have closed all the Glass Eel Fisheries. The fisheries in
England remain open with only Rivers Severn and Parrett being perceived to have a surplus for exploitation.
This paper seeks to examine the validity of the data from Red Barn Dyke used to support an assumed
exploitation rate of 75% of glass eels entering each river basin.

2 Background
The catch data from a single fishery on the Red Barn Dyke has been used to justify the rational of a 70-80%
exploitation rate for other small river fisheries.
The Red Barn Dyke is incorrectly cited by fisheries management organisations as being a typical small river
Glass Eel fishery. The catch data at the site is used to estimate the effectiveness of this fishery and by
extrapolation to all other fisheries to determine management policy across England and Wales.

3 Method
It was not possible to review the catch data for the fishery and the method of analysis because these are
unpublished nor have been peer reviewed.
Therefore, rather than conducting a review of the data, methodology and conclusions of a publication, the Red
Barn Dyke fishery is examined to determine what might reasonably concluded from any catch and other data.
The approach followed below is:
1. To describe the Red Barn Dyke fishery in terms of its location, hydrography, the function of the fishery
and barriers to migration.
2. To examine the validity of the implied similarity statement used to justify the use of the Red Barn Dyke
as the basis for a decision that applies to all small rivers.
3. To recap recognised methods for the estimation of fishery effectiveness and their applicability to the
above.
4. To conclude what information might be extracted from the available data.

4 The Red Barn Dyke Fishery
4.1 Location
The Red Barn Dyke is a West facing drainage dyke discharging into Morecombe Bay.
There is a small (two man) fishery at the upper tidal limits of the dyke adjacent to a tidal flap.
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Figure 1 - Red Barn Dyke - Location
Figure 2 shows a plan view of the Red Barn Dyke. The blue section is the tidal part, and the red is the non-tidal
part. These are divided by a tidal flap gate that stops the land to the right of the railway from flooding during
the peak of high tides.
Glass Eels enter (and leave) this system during the migratory period of the spring from Morecombe Bay to the
left of the diagram below. The fishery is at the upstream limit of the tidal part, a few meters below the tidal
flap.

Figure 2 - The Fishery - Plan View
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4.2 Description
The photographs below illustrate the nature of the dyke. The tidal part is shown in blue in Figure 2 and the
non-tidal part in red.
4.2.1 Tidal Part
The tidal part from the inlet to the tidal flap gate that divides it from the non-tidal part of the dyke is about
700m long and 2 m wide. Working from the sea to the tidal flap:Figure 3 is a view of the inlet into which the Dyke drains. The photograph is taken at the location 1 as indicated
in the plan view of Figure 2. The arrows show the direction of the views. The photograph was taken when the
tide was out and shows a residue of water. Figure 2 also shows the inlet to be drained at low water except for
the fresh water flowing from the dyke. At low water, the sea is 1 km to 2km from the viewpoint, depending
upon it being spring or neap tides.

Figure 3 – The Inlet and Morecombe Bay
Figure 4 is a view from point 2 towards the sea. This stretch of the dyke is about 430m to the inlet/sea and is
a little over a meter wide. The tide is starting to come in, filling the dyke. The debris to the right gives a
measure of the water level on high tides.

Figure 4 – The Dyke from East to West
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Figure 5 (below) is a view from point 3 looking North West. The dyke narrows slightly.

Figure 5 – The Dyke – South East Corner to NW
Figure 6 is from point 4 looking South. The tide has substantially filled the dyke at this point.

Figure 6 – The Dyke – North West Corner to South
Figure 7 is from point 5. It shows the tidal flap. The water levels upstream and downstream of the flap have
almost equalised. The upstream pressure holds the flap open. The second view in Figure 8 is from above,
taken a little later during the rising tide, showing the seal of the tidal flap against the frame.
A 10 m spring tide reaches to top of the handrails above the flap.
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Figure 7 – Tidal Flap

Figure 8 – Tidal Flap from above when sealed shut
4.2.2 Non-Tidal Part
The non-tidal part of the dyke is shown in red in Figure 2. It extends from the tidal flap towards the Northeast.
The stream splits after 200m. The left, more northerly branch goes towards a trap located on a manually
controlled sluice used manage the level of the wetlands upstream. It is some 525m from the tidal flap to the
trap. The right branch runs towards the Southeast side of the Leighton Moss reserve. This connects with
several other ditches making it difficult to assess the full extent of this branch. That part of the population
which passes up this branch, is not measured by the trap.
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Figure 10 is a view from the Bifurcation downstream to the Tidal Flap. The photograph is taken at the location
6 as indicated in the plan view of Figure 2. The photograph was taken when the tide was in after a period of
heavy rain.

Figure 9 – From Bifurcation to Tidal Flap (top right)

Figure 10 shows the Bifurcation. The tidal flap is to the left and the branch tot the tidal flap is to the right. The
photograph is taken at the location 7 as indicated in the plan view of Figure 2.

Figure 10 – The Bifurcation. Trap to Right
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Figure 11 shows the secondary channel from location 8 (Figure 2). This does not go to the trap at Leighton

Figure 11 – Secondary Channel
Moss.

Figure 12 is a view from the road towards the trap which is just before the bridge in the distance. Taken from
location 9 (Figure 2).

Figure 12 – View Towards the Trap
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4.3 The Mechanism of the Fishery
The mechanism of the fishery is illustrated with the cartoons that follow. The elevation is exaggerated for
clarity:


The initial condition is at low water. The dyke is empty except for a stream of fresh water
draining through the tidal flap. This flow is from the artificial wetland upstream and is manually
controlled to maintain a water level therein. Figure 13.

Figure 13 – Initial Condition at Low Water


Flood Tide: The rising tide progressively fills the dyke from the sea up to the tidal flap. Glass Eels
are carried upstream and because the velocity of the flow has a gradient from zero at the front of
the flow to a maximum at the sea, the concentration of Glass Eels tends to be greatest at the
front. This is the Tidal Velocity Concentration effect which may be observed as a wave front or
band of Glass Eels progressing up the dyke. Figure 14.

Figure 14 – Rising Tide – Flap about to close


The rising tide reaches the tidal flap and closes it about 60 minutes before high water. The water
level upstream of the tidal flap backs up and rises once the flap is shut. NB Tides of less than
approximately 9 metres in Liverpool Gladstone do not reach the tidal flap. Figure 15.

Figure 15 – Around High Water – Flap Closed



Glass eels can be caught near to the tidal sluice on the rising tide up to high water and about 30
minutes before and after high water.
After high water, the tide flows out draining the dyke carrying a proportion of Glass Eels in the water
column back out to sea. Figure 16.
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Figure 16 – Ebb Tide


At about 90 minutes after high water the water level at the tidal flap falls to below that upstream
(the red part in Figure 2) and the drainage water adds to the tidal outflow. The water level is typically
10-20 cm above bottom of the tidal flap. Figure 17.

Figure 17 – Low Water

4.4 Migration Upstream
The tidal flap is a barrier to migration upstream but there is a mechanism by which some Glass Eels can reach
the sampling trap at the top of the red part of the system. This is:










For the initial condition of low water, the water level up stream of the tidal flap is nearly equal to the
level downstream. However, any Glass Eels remaining in the bottom of the dyke, just below the flap
cannot swim through the gap in the gate when the water velocity is more than 1 m/s (the maximum
swimming speed of the glass eels). A water velocity of 1 m/s is equivalent a head difference across
the flap of 5cm. (h = 0.5V2/g where h is the head in meters, V is the velocity in m/s and g is the
acceleration of gravity 9.81 m/s2)
On a rising tide there is a period where the head difference is less than 5 cm before the flap closes.
This is a matter 5 to 15 minute. (Rate of rise of tide is 0.8 cm/min for a 10 m tide)
The flap is closed for 2 to 2.5 hours, depending upon the height of the tide.
On the ebb tide, the water level downstream of the tidal flap drops and, assuming normal spring
flows of water from Leighton Moss, the flap will open one and half hours after high water and the
dyke empty with just the discharge from Leighton Moss left in the bottom of the dyke.
On a falling tide there again is a matter of minutes between when the flap cracks open and the head
difference is less than 5 cm before the velocity of the flow exceeds the glass eels’ maximum
swimming speed of the 1m/s. In addition, the ability to swim and response to water flow as a
stimulus is dependent on the developmental phase of the glass eels and temperature. Thus migration
through barriers does not happen on every tide.
Once past the barrier formed by the Tidal Flap, the Glass Eels make their way upstream where one of
the branches of the drainage system has a trap, some 525m from the tidal flap.

The tidal flap restricts the potential migration in both time and size of path. Unless the tide is greater than
about 9m at Morecombe Bay, the levels are never equalised to the point where glass eels can access the tidal
flap. Inspection of the tide table shows that this eliminates 10 days of 15 day spring. On the remaining tides,
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there are two periods of about 10 minutes per tide where glass eels can pass, no more than 1 hour in 26.
Ignoring any other physical restrictions, this limits the opportunity for migration.
It can be seen from the above that the tidal flap restricts migration and contributes to the fraction of glass
eels which enter the dyke with the flood tide, being flushed out on the ebb, having failed to negotiate the
tidal flap. The similarity of this and other aspects of the Red Barn Dyke with other small rivers is considered
below.

5 Similarity
The extrapolation of data from the experimental system to other scenarios is an excepted scientific and
engineering methodology. The methodology relies on the development of a formal similarity statement.
Similarity may be shown by dimensional analysis, scaling, surrogates of desired parameters, validation of
mathematical models, inspection and other domain specific methods.

5.1 Applicable Rivers
It has been inferred from the analysis of the Red Barn Dyke data that the exploitation rate of all rivers in England
and Wales is 70-80%.
Some typical Welsh rivers are shown below. It may be seen by inspection they do not have similarity with the
Red Barn Dyke.

Figure 18 – River Tywi

Figure 19 – River Usk
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A more formal assessment of similarity would be to consider the width of the waterway relative to the size of
the handheld fishing nets (0.75m) or the bypass ratio. In the case of the Red Barn Dyke this parameter would
be of the order of 2m/0.75m or 2.66. In the case of the Usk it is more than 200.
It can be seen from the above, it is implausible to suggest that the Red Barn data is applicable to all river
fisheries.
Furthermore, the narrow channel fisheries (referred to as small rivers) that are similar to the Red Barn Dyke do
not satisfy the key conditions for the method of fishery effectiveness estimation of being a bounded and
irreversible system. This is examined in more detail below.

6 Fishery Effectiveness
Fishery effectiveness is the ratio of the numbers of a population that are caught divided by the total population.
In the case of migratory population where the total population is unknown, the convention is to take the ratio
of the numbers taken by the fishery divided by the total number of recruits to the (river) system.
In the case of the Red Barn Dyke, trap and catch data is available for the years 2005 to 2007. This comprises
the numbers caught in the trap upstream of the tidal flap and the numbers caught by the fisherman
downstream of the tidal flap.
This data has been used by authorities to calculate an exploitation rate based on numbers caught / (numbers
caught + numbers trapped) rather than numbers caught/total population. See the table below.
Table 1 – Red Barn Dyke Trap and Catch Data
Year

Leighton Moss
No.

Leighton Moss
kg

Catch kg

“Estimate of
Exploitation Rate”

2005

28,336

9.45

23

70.9 %

2006

12,391

4.13

16

79.5 %

2007

14,264

4.75

19

80.0 %

Assuming 3000 glass eel / kg
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The basis of the estimate is formalised in Figure 20. The estimate of the total population relies on the system
being irreversible and that once a recruit is in the dyke, it cannot leave, other than by negotiating the tidal flap
and entering the trap at Leighton Moss.

Figure 20 – Idealised System
This assumption that a system is closed and irreversible is often applicable however, this is not the case for the
Red Barn Dyke. Figure 21 is offered as a system diagram. From this it can be seen that there are a number of
issues with respect to the former assumption:
1. The dyke is not a single control volume but rather two volumes divided by a restriction or barrier (the
tidal flap) as illustrated in Figure 21.
2. The tidal flap is a significant barrier to migration. In the limit, the population estimate is driven by the
numbers able to negotiate the barrier. Were no glass eels to negotiate this barrier, the effectiveness
would be 100% even if the catch were a single individual.
3. The system is not closed nor is recruitment is not irreversible. When the tide goes out, the dyke is
drained and that part of the population in the water column is returned to the sea and is never
measured.
4. The Trap samples only one two or more ditches that drain through the tidal flap into the dyke.
5. The length of the dyke confuses the analysis. A test is to consider the tidal flap to be at the shore of
Morecombe Bay. In this case it would be clear that a catch taken down stream of the tidal flap would
be incidental to recruitment to Leighton Moss and the population in Morecombe Bay.
6. The population is coming from the open system of Morecombe Bay, where the population is transiting
past the entrance to the Dyke, the immigration and emigration involve different individuals each tide,
invalidating the concept of a finite total population.
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Figure 21 – Open System with Barrier
Thus, it can be seen that the catch at the tidal flap plus the quantity trapped (part of the net recruitment) is
not an estimate of the total population.
The available data does not enable the total population to be measured.

7 Discussion
Red Barn Dyke is a small ditch running out of a nature reserve with a wetted area of 7 hectares. The dyke is
narrow and to suggest that it can be compared to the Severn, Usk, Towy or other Welsh Rivers cannot be
justified by any inspection or other analysis of similarity.
From the above it can be seen that for the Red Barn Dyke the net recruitment is primarily a function of the
degree to which the tidal flap restricts the migration rather than the catch, albeit the catch reduces the
population that is available to attempt to pass through the barrier. The barrier reduces the numbers that can
pass from the available population downstream. Time restriction alone, restricts the opportunity for migration
through the tidal flap. Those Glass Eels that are unable to negotiate the barrier are lost from the system on
the ebb tide.
The Red Barn Dyke, a ditch with a tidal flap at either the entrance or termination, is typical of small drainage
systems that flow into larger rivers. The 70% exploitation rate is equally inapplicable to these.

8 Conclusion
The attempt to determine a fishery effectiveness for this small drainage system is mathematically flawed owing
to the equation used not being applicable to the physical system.
An estimate of the total population from which the catch of the fishery is taken is necessary to calculate fishery
effectiveness. The total population cannot be estimated from the data collected at the Red Barn Dyke.
The Trap samples only one of the two ditches that drain through the tidal flap into the dyke.
The size of the Red Barn Dyke and hydrography do not support a similarity claim with respect to all rivers.
And as an aside, urgent action is needed to remove or modify the tidal flap and other barriers to migration.
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