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Abstract 

Three trials were conducted to establish the exploitation rate of glass eel by a fishery on the River Severn that 
uses a traditional hand dip net method; between March 25th and April 8th; between April 22nd and May 13th  
and between May 4th and May 13th .  Of the three trials data are only available for trials 1 and 2.  Trial 3 had to 
be abandoned as glass eel had become heavily pigmented making it impossible to identify the marks. 

The glass eel were marked with Rhodamine B at a concentration of 0.1 g/litre, 200 glass eel /litre for 4.5 hours, 
and then placed in fresh water for 36-38 hours to monitor any mortality; no mortalities of controls were 
observed.  The marked glass eel were released at eight sites over a distance of 20 km.  In trials 1 and 2 20,455 
and 2, 27,923 glass eels were released respectively, of which 891 ± 100 and 373 ± 172 were recaptured.  The 
estimated exploitation rate was 4.36% (± 0.49) in trial 1 and 1.33% (± 0.62) in trial 2.  The estimate in trial 2 is 
considered to be an underestimate as the marked fish are not thought to have fully mixed with the wild 
population and towards the end of the trial it was difficult to detect any marks because the glass eel had 
become heavily pigmented. 

The estimated size of the glass eel population entering the Severn, from trial 1, was 24.69 (22.46 – 28.81) t.  
The overall exploitation rate of the fishery for the season was estimated at 7.8%. 

The quantity of glass eel available to populate the Severn River Basin was 22.5 t, substantially in excess that 
required to meet its estimated carrying capacity requirement of 0.74t established for a Non-Detrimental 
Finding [Walker, A et al]. 

 

Significant Statement 

This is the first study which aims to quantify the level of glass eel exploitation using handheld dip nets in the 
Severn Estuary.  Future research aimed at assessing the size of the glass eel population using Rhodamine B or 
Neutral Red stains should be focused on the first half of the season to avoid the issue of underreporting marked 
fish because of pigmentation. 

Key words 

 
Anguilla anguilla, Exploitation, glass eel, Severn Estuary 
 
 
  



 

A Trial to Estimate Glass Eel Exploitation in the River Severn - 2020 
Version 

No: 
1.0 

 

Copy right Authors  2020©  5 of 25 

The Authors 

Miran Aprahamian 

Miran Aprahamian was a Technical Advisor with the Environment Agency in the U.K.  Miran gained a BSc in 
Marine Biology & Zoology at Bangor University (North Wales) and a PhD in fish biology from Liverpool 
University in 1976 and 1982, respectively.  He is a Fellow of the Institute of Fisheries management, a Chartered 
Environmentalist and was a Council member of the Fisheries Society of the British Isles.  Miran has been 
involved with the joint EIFAAC / ICES eel working group and has been a member of a number of ICES working 
groups. 

Miran provided technical expertise to Defra on fisheries science and its application to stock management, in 
relation to diadromous fish (eel, salmon, sea trout, shad, lamprey and smelt).  He also advised Government 
policy leads on scientific and strategy matters for these species and translates policy into cost-effective 
operational activity.  His work areas include: Eel to meet the requirement of the EU regulation (1100/2007), 
Sustainable management of flow to support fish & fisheries, Salmonid stock assessment and Water Framework 
Directive fisheries classification.  Miran has published 50+ papers and has contributed to 5 book chapters and 
is currently involved in an assessment of the population dynamics of the Lough Neagh eel population. 

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. 

 

 

Conflict of interest. 

Peter Wood is the managing director of UK glass eel, a member of the Sustainable Eel Group and a lobbyist for 
the removal of barriers to fish migration from rivers. 

  



 

A Trial to Estimate Glass Eel Exploitation in the River Severn - 2020 
Version 

No: 
1.0 

 

Copy right Authors  2020©  6 of 25 

1 Introduction 

Stock assessment and an understanding of the pressures affecting a population are one of the cornerstones of 
fisheries management.  For extraction fisheries, one of the key pressures is its exploitation.  Glass eel have 
been exploited from the Severn for centuries, with the first set of regulations being brought in in 1553, which 
closed the fishery for ~ 200 years.  It was then reopened in 1778 and remained open for ~ 100 years (1873).  It 
then closed for three years reopening in 1876, and except for alterations in the closed season, has remained 
open to this day.  The fishery expanded at the start of the 20th Century with an elver holding station being 
established at Epney in 1908 and the development of the transport infrastructure where glass eel started to 
be exported across Europe (Dekker and Beaulaton, 2016). 

The recruitment of eel into about half of the area of the Severn River Basin District is via the tidal lower reaches 
of the River Severn.  There are little comparable data on exploitation rates of glass eel fisheries using handheld 
techniques in a river system the size of the Severn.  On the East River, Canada, Jessop (2000) estimated the 
average total annual exploitation was 38.23 ± 6.79 (range: 30.8-51.8 %).  The East river is a saltwater creek, 
considerably smaller than the Severn being 100m long and 10m wide with a fishing area of approximately 25m 
in extent.  This compares with the Severn where the width between Epney and Tewkesbury is 75 - 175m and 
the fishing area extends over ~ 40 km, so comparatively more difficult to target the shoal.  On the River Oria 
where both boat trawls  and land-based scoop nets are used the annual mean exploitation rate is 31.1%; (range, 
6.2–48.7%), unfortunately the study did not partition the exploitation rate by method (Aranburu, et al., 2016).  
Another important difference is the mode of operation.  The Severn fishery is a passive fishery the net is held 
stationary and the glass eel swim into the net, in contrast those on the East river where the glass eel are 
scooped out of the water and in the Oria where they are forced into the net by the flood tide. 

The aim of this study was to measure the exploitation rate of the glass eel fishery that operates on the tidal 
River Severn, to ensure that the population is not over exploited and that that there are enough glass eel 
entering the system to meet the EU escapement target (EC 1100/2007). 

2 Background 

The migratory behaviour of the glass eels and how this affects the fishery on the River Severn are summarised 

here to provide the background needed to evaluate the data from the trial. 

2.1 Hydrography 

Figure 2-1 shows the system related to the trial.  It extends from the Ocean (Worms Head and Hartland point) 
to Tewkesbury.  The River Severn is shown with the features that affect the fishery at an enlarged scale in 
Figure 2-2.  The Hydrography of the Severn Estuary is complex with hydraulic jump, counterflows and other 
effects.  Aspects that affect the fishery are offered below. 

The Bristol Channel and the Severn Estuary are strongly tidal with the second highest tidal range in the world, 
being up to 14.29m at Avonmouth.  It will be seen that it is this that gives rise to the traditional method of 
fishing.  The flood tide reverses the normal flow of the River.  During springs (the period in the tidal cycle where 
successive tides are of increasing amplitude) the point of reversal moves tide by tide from the lower reaches 
around the Noose, upstream towards Tewkesbury.  On the highest tides of the cycle, the flood is projected up 
the River such that it can on occasions briefly over top and reverse the flow at the weir at Tewkesbury. 

Below the Noose, the banks of the Estuary are formed by mud banks and flood defences.  The Estuary narrows 
at the Noose with the formation of distinct riverbanks.  Upstream from here is referred to as the River. 

The width of the River varies but is 75m to 175m below Gloucester and approximately 50m there above.  The 
depth of the water is highly variable and depends on the tide and the quantity of fresh water from precipitation.  
The summer level depth is as low as 1.5 m and 6 to 7 m from the top of the flood defences. 

2.2 Oceanic Recruitment 

The glass eel enter the system from the Atlantic through the Bristol Channel.  It is generally assumed that 

initially there is a single distribution dispersed offshore between North Devon and South Wales, having been 

transported from the spawning grounds of the Sargasso Sea by ocean currents. 
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2.3 Migration by Selective Transport. 

The process of migration up the Bristol Channel is by selective tidal transport (see review by Harrison et al., 

2014).  The glass eel are stimulated to swim and rise through the water column on the flood tide and descend 

to the bottom on the ebb.  This results in a ratchet process whereby individuals progress upstream.  This 

behaviour has a secondary effect of the creation of distinct shoals. 

2.3.1 Shoaling Effects 
In addition to any behavioural factors that may act at short range, shoaling is caused by the cycle of spring and 

neap tides.  During periods where successive tides are of increasing height (springs) and hence the transport 

distance of the flood is also increasing, the front of a shoal is transported for a shorter time than the back, 

creating an effect analogous to crowding against a barrier. 

The weirs at Llanthony and Maisemore are also physical barriers that hold back the front of the shoal.  The 

glass eel are concentrated until such time as the spring causes the weirs to be overtopped. 

2.4 Severn Estuary 

The glass eel pass through the narrows between Lavernock Point, Flat Holm, Steep Holm and Brean Down into 

the Severn Estuary and are carried by the selective transport process in shoals associated with spring tides into 

the lower reaches of the River Severn. 

2.5 Passive Migration Rate 

In the Estuary the migration by selective transport is essentially passive.  Observations show that there is a 

delay of about a month (60 tides) between the glass eel arrival at the River Parrett and their occurrence at 

Gloucester on the River Severn, about 100 km.  This suggests a net migration rate of 3.3 km day-1 (1.66 km 

tide1).  The authors recognise that the literature would suggest faster migrations and that the migration rate 

may not be linear. 

2.6 Active Migration and the Fishing Method 

Having entered the River, the schooling behaviour changes from passive migration to active migration (Gascuel, 

1986).  In the active migration phase, the net migration rate can be augmented by the glass eel continuing to 

swim upstream in the boundary layer of the River just after high water.  This behaviour, providing the ebb flow 

rate is not too great, may last for 2 - 3 hours.  It is only during this time, where they are close to the bank, that 

they can be caught.  The fishermen hold their nets with the mouth of the net facing downstream and the glass 

eel swim into the net.  With this active behaviour, the normal flight and fright reflexes are suppresed or not 

developed.  The water flowing through the net is a powerful stimulus to hold the glass eels in the back of the 

net.  As the season progresses this behaviour is lost.  The glass eels start to act like normal fish.  They are fearfull 

of external stimulae, splashing, pressure waves, daylight and try and swim around the net and not into it.  On 

very rare occasions, mainly towards the end of the season, the glass eels can spontaneously actively migrate 

without the stimulus of the tide. 

The fishing season ends when the active migration behavour ceases and the glass eels can no longer be caught.  

This migration phase is generally followed by a settlement period of feeding and metamorphosis into small eels 

after which the small eels then embark on a secondary active migration in early summer. 

2.7 A Constrained System 

The Severn is essentially a closed system from the River Wye to Tewkesbury.  The glass eel are prevented from 
migrating into the streams and ditches of what was once the flood plain by the system of flaps and traps that 
block escapement.  The tributaries such as the Frome and Leaden are likewise closed by flood gates.  Thus, the 
migration path is constrained to the main river. 
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2.8 Escapement 

Each shoal of glass eel associated with a seven-day spring moves up the River until it becomes trapped against 
the Weir at Tewkesbury.  On springs when the height of the tides with respect to the Sharpness datum is greater 
than 9.5 m, the tide overtops the weir at Tewkesbury.  The flow is reversed for typically 20 minutes and a 
maximum of 40 minutes.  That part of the shoal of glass eel, adjacent to the weir, physically escape from the 
system.  In the period of the trial there were 8 such tides of which 4 were in darkness with glass eel in the water 
column and available to pass over the weir.  Some years the tidal conditions are such that no glass eel can pass 
this barrier. 

Glass eel also leave the trial system by settlement and the changes in migratory behaviour such that they no 
longer can be caught. 

2.9 Extent of the Fishery 

The fishery extends from the Noose to Tewkesbury.  The Noose is where the Estuary narrows with the 

formation of distinct riverbanks rather than mud flats.  From here, the handheld dip net fishing method 

becomes possible.  In practice few glass eel are caught below where the Frome enters the river although for 

completeness the trial includes any catch as far downstream as Sharpness. 

The extent of the fishery from the Frome to the weir at Tewkesbury is some 38 km in length. 

2.10 Trial Boundary 

The trial and the related population of glass eel is limited to that part of the population that participates in the 
active migration behaviour, since only these can be caught.  This is described in more detail in section 9. 

 

Figure 2-1 – Migration Path of glass eel to River Severn Fishery 
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Figure 2-2 – The River Severn Fishery 
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3 Method 

3.1 Study Area 

The study area extends to the entire tidal Severn from Sharpness Dock to Tewkesbury. 

3.2 Mark and Release 

Three trials were undertaken; between March 25th and April 8th; between April 22nd and May 13th and between 
May 4th and May 13th.  All glass eel used for marking were caught using the same traditional hand nets as the 
fishery (http://www.eelregulations.co.uk/pdf/Elver_conditions.pdf).  The protocol is based on the study of 
Briand et al (2005). 

3.2.1 Trial 1 (March 25th - April 8th 2020) 
Glass eels were caught on the night of March 21st and 22nd.  The following day (March 23rd) 8.11 kg (20,705 
individuals) were immersed in Rhodamine B at a concentration of 0.1 g/litre, 200 glass eel /litre for 4.5 hours, 
they were then placed in fresh water for 36 – 38 hours before being boxed for release.  The marked glass eel 
(20,455) were released at eight sites (Figure 3-1) in equal amounts of 2,500 on March 25th; on the flood tide 
between 8.44 am and 9.43 am over ~20km, between Epney and Maisemore and Llanthony weirs at Gloucester. 

3.2.2 Trial 2 (April 22nd - May 13th 2020) 
Glass eels were caught on the night of April 20st 2020.  The following day (April 21st) 9.0 kg (28,173 individuals) 
were immersed in Rhodamine B at a concentration of 0.1 g/litre, 200 glass eel /litre for 4.5 hours, they were 
then placed in fresh water for 24 hours before being boxed for release.  The marked glass eel (27,923) were 
released at the same eight sites (Figure 3-1) in equal amounts of 3,522 on April 22nd; on the flood tide between 
9.00 am and 10.00 am over ~20km between Epney and Maisemore and Llanthony weirs at Gloucester. 

3.2.3 Trial 3 (May 4th - May 13th 2020) 
Glass eels were caught on the night of May 1st 2020.  The following day (May 2nd) 6.0 kg (19,852 individuals) 
were immersed in Neutral Red at a concentration of 0.025 g/litre, 200 glass eel /litre for 4.5 hours, they were 
then placed in fresh water for 48 hours before being boxed for release.  The marked glass eel (19,602) were 
released at six sites (Figure 3-2in equal amounts of 3,267 on May 4th; on the flood tide between 9.00 am and 
10.00 am over ~11km between Sandhurst and Deerhurst. 

In all three trials the glass eels were then taken to the release points by car and boat, the time between leaving 
the elver station and release into the river being 1.75 – 2.75 hours.  A sample of 250 dyed and 250 natural glass 
eels were placed in separate 6l aquarium, with aeration, to monitor survival and persistence of the dye. 

 

3.3 Recapture and Counting 

On arrival of the catch at the elver station the catch was weighed, river of origin identified, and the catch placed 
into river specific holding tanks.  The Severn catch, that taken between Sharpness Dock and Tewkesbury, was 
weighed in and placed in the designated “Severn” reception tank.  To convert mass into numbers counts were 
made using a Vaki Nano counter.  The evaluation of the presence of marked fish was undertaken when they 
were transferred from the reception system to the holding system.  An estimation of the number of marked 
fish depended on the size of the catch, if the catch was small (< 10.5 kg) then the whole catch was sampled.  
For larger catches subsamples of 1.2 – 5 kg were taken.  The fish were placed in a separate tank and allowed 
to swim over a white plastic board measuring 4.9 x 1.2 m, and the marked glass eels counted.  The glass eel 
counts were estimated from wet weight of glass eels measured after a short draining in the net.  For those 
glass eels purchased from the fishermen as much as possible of the mucus and water surrounding the fish was 
removed before weighing. 

 

 

http://www.eelregulations.co.uk/pdf/Elver_conditions.pdf
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3.4 Analysis 

The total number of marked glass eel in the catch was estimates as follows: 

𝑅𝑡 = ∑ 𝐶𝑎𝑡

𝑎=𝑛

𝑎=1
 𝑊𝑡 �̅�𝑎𝑡 

 

Where: 

Rt = the number marked glass eel recovered in the total catch in trial number t 

Cat = Catch in kg on day a of trial t 

𝑊 = mean number of glass eel per kg in trial t 

�̅�𝑎 = mean number of marked glass eel per kg on day a in trial t 

n = number of days fishing in trial t 

t = the number of the trial 

The exception was the sample taken between April 6th – 8th but held off site until April 21st when it could be 
processed.  The sample of 18,683 glass eel (26.4% of the catch (23.5 kg)) contained no marked glass eel and it 
was thus assumed that in the intervening period those that had been marked had lost their dye.  Therefore, to 
estimate the number of marked fish in the catch the overall mean (0.7 ± 0.19 marked fish per kg) from trial 1 
was used. 

The exploitation rate for each trail (Et) was estimated as Rt / Mt, where Mt is the number of marked glass eel 
released in trial t and the population size estimated in each trial (Nt) = ∑ 𝐶𝑎𝑡

𝑎=𝑛
𝑎=1 /Et.  Monte Carlo simulation 

(n=10,000) was used to estimate the 95% confidence intervals for the, overall number of marked glass eel 
recaptured, exploitation rate and population estimate for each trial. 
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Figure 3-1 - Location of glass eel Releases in Trials 1 and 2 
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Figure 3-2 - Location of glass eel Releases in Trial 3. 
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4 Results 

Of the three trials data are only available for trials 1 and 2.  Trial 3 had to be abandoned as it was not possible 
to identify the marked fish as the glass eel had become heavily pigmented. 

4.1 Catch 

A total of 1,921 kg was taken from the Severn between Sharpness Dock and Tewkesbury between March 1st 
and May 25th  (Figure 4-1), equivalent to 57,647,773 glass eel.  In trial 1 the catch was taken from the entrance 
of the River Frome at Framilode approximately 3.6 km downstream of release point 1 up to just below the 
Gloucester weirs.  A significant part of the catch was taken between release point 8 and Maisemore and 
Llanthony weirs.  The total mass of glass eel caught over the period (March 26th – April 8th) was 1,075.5 kg 
which equates to 3,240,840 glass eels. 

In trial 2 the lower limit of the catch was just downstream of release point 1 to Tewkesbury weir, with the 
major portion of the total catch being taken upstream of the Gloucester weirs with the upper limit being 
Tewkesbury weir.  The distribution of the catch during the trial was markedly affected by the tides with most 
of the catch being taken upstream of the Gloucester weirs between April 22nd - 24th and downstream of the 
weirs between April 25th- 27th.  The total mass of glass eel caught over the trial period was 232.67 kg which 
equates to 728,257 glass eels. 

The glass eel quickly lost the active migration behaviour from the beginning of May with a negligible number 
being caught thereafter.  The population had entered the settlement phase. 

 

 

Figure 4-1 -Trend in catch (columns) trial 1 (red columns), trial 2 (blue columns), tidal height (green curve) 
arrows indicate no fishing. 

 

4.2 Number of marked fish 

In trial 1 a total number of 451,854 glass eels were examined for marks (13.9% of the catch) and in trial 2, 
322,140 glass eels were examined (44.2% of the catch). 
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In trial 1 there was a significant reduction in the mean number of marked glass eel per 5 kg (12,765 glass eel) 
sample over the period March 27th – April 8th (ANOVA; P = 0.007).  The mean level declining from 5.833 (± 
1.395) to 3.00 (± 2.483) per 5 kg (Figure 4-2).  However, over the period March 28th – April 8th there was no 
significant trend in the number of marked glass eel per 5 kg sample (P > 0.05) which fluctuated around 3 glass 
eel per 5 kg sample (Figure 4-2).  This would suggest a closed population and that maybe the marked glass eel 
needed another tide, possibly two, to become fully mixed with the natural / wild population.  The sample from 
Framilode which was caught downstream of the release points had a similar number of marked glass eel per 5 
kg sample (3.654 ± 1.594) as those caught within and upstream of the release zone.  This also suggests that the 
marked glass eel were well mixed with the natural / wild population. 

In trial 2 the trend in the number of marked glass eel was for an increase in the number over the five nights 
(April 23rd  – 27th) from ~0.6 to ~ 45 – 68 (Figure 4-3) and is believed to indicate that the marked glass eel had 
not fully mixed with the wild population.  The fish were released downstream of the Gloucester weirs and 
certainly on the first two nights, though there were marked fish caught upstream of the weirs, the low number 
in the catch would indicate that they had not fully mixed with the wild population upstream of the weirs.  The 
low numbers in the catch also suggest that most of the catch, on these nights, came from upstream of the 
weirs.  The tides at the end of the period (April 26th -27th) were of a height that most of the fishing was 
downstream of the weirs, and this is reflected in the large number of marked fish in the catch. 
 
 

 
Figure 4-2 - Trend in the mean number(± 95% confidence intervals) of marked glass eel per 5 kg (12,765 glass 

eel) +1 catch of glass eel, during trial 1 (red) and trial 2 (blue). 

 

The estimated total number of marked glass eel in the catch taken was 891 ± 100 (95% confidence limits 
estimated using Monte Carlo simulation (n=10,000)) and 373 ± 172 in trial 2 (Figure 4-3). 
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Figure 4-3 - Cumulative number of marked glass eel (± 95% confidence intervals)  during trial 1 (red) and trial 
2 (blue). 

 

4.3 Exploitation rate 

The estimated exploitation rate in trial 1 was 4.36% (± 0.49) and 1.33% (± 0.62) in trial 2 ((Figure 4-4). In trial 2 
the trend in the number of marked glass eel per sample ((Figure 4-4), reflects the lack of mixing of the marked 
fish with the wild / natural population upstream of the weirs and  for the first three nights (April 22nd -  24th) 
[Note: these catches would be registered as April 23rd – 25th] the majority of the catch being between 
Gloucester and Tewkesbury, indicates that the calculated exploitation rate of 1.33% is lower than the true 
value. 

 

 

Figure 4-4 - Trend in exploitation rate (± 95% confidence intervals) during trial 1 (red) and trial 2 (blue). 
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4.4 Population estimate 

The estimated size of the population of glass eel was 24.69 (with 95% C.I.  22.46 – 28.81) t in trial 1 and 17.43 
(with 95% C.I.  12.9 – 29.9) t in trial 2.  The trend in the estimate of the size of the population is shown in Figure 
4-5.  In trial 2 the trend reflects the lack of mixing of the marked fish with those upstream of the weirs and that 
for the first three nights (April 22nd - 24th) the majority of the catch was taken between Gloucester and 
Tewkesbury.  The estimated size of the glass eel population in trial 2 is believed to be an overestimate as the 
exploitation rate is thought to be lower than the true value because the marked glass eel were not fully mixed 
with the wild / natural population.  Much of this population was in the upper part of the river and the height 
of the tides in this period was insufficient to reach it to stimulate the active migration necessary for capture. 

 

Figure 4-5 - Trend in the size (mean ± 95% C.I.) of the population estimate during trial 1 (red) and trial 2 (blue).  
In trial 2 only the lower 95% C.I. are shown for the first two dates. 

 

4.5 Controls 

4.5.1 Effect of Dye 
The controls indicate that the dyes (Rhodamine B or Neutral Red) did not result in any increase in mortality, no 

mortalities being recorded during the period March 25th to April 8th (trial 1) or between April 22nd and May 13th  

(trial 2).  Though trial 3 was disbanded there were no mortalities in the controls over the nine days. 

4.5.2 Counting 
The counting process was verified by seeding batches of glass eel with a known number of marked glass eel 
and passing the batch through the counting process.  Typically, the seed number was twenty per 5 kg of which 
between 19 and 20 were recovered.  As a result of these initial results, the process was amended to have two 
people doing the counting, rather than one, to try and ensure 100% effectiveness. 
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5 Discussion 

5.1 Exploitation from Recovery Rate in Trial 

In the two trials a total of 48,408 marked glass eel were released: 20,455 in trial 1 and 27,953 in trial 2.  Of 
these 891 (± 100) were recovered in the catch in trial 1 and 373 (± 172) in trial 2.  The estimated exploitation 
rate was 4.36% (± 0.49) and 1.33% (± 0.62), in trial 1 and 2 respectively, though the exploitation rate in  trial 2 
(April 22nd -  May 13th) is likely to be an underestimate as a result of the lack of mixing.  These recovery rates 
are similar to a study carried out in 1991 where the exploitation rate was estimated at 0.5% (Knights et al., 
2001).  The soundness of this estimate was questioned by Knights et al.  (2001) as the study was assumed not 
to meet the criteria of a closed population.  However, the details of the daily recaptures were not presented it 
is therefore not possible to say either way whether this criterion for a mark-release-recapture study were met. 

5.2 Active Migration Population Estimate 

5.2.1 Trial 1 
In this trial there is confidence in the estimate of 24.7 t 1 as there was no significant trend in the number of 

marked glass eel per 5kg sample (Figure 4-1) and there was little change in the population estimate over a 10-

day period (Figure 4-5).  This suggests that there was no immigration of fresh glass eel in and no emigration 

out of the study area until April 8th when the tides were high enough to top Tewkesbury weir (> 9.5m) and take 

the fish out of the exploitation zone.  During the trial (March 24th - April 8th) the shoal was effectively blocked 

from moving upstream by the Gloucester weirs. 

5.2.2 Trial 2 
There is doubt over the validity of the estimate in trial 2 of 17.4t, because of the lack of mixing of the marked 

fish with the exploited population.  This is evident from the high population estimates generated at the start 

of the time period.  Though marked fish were caught upstream of the Gloucester weirs, where most of the 

fishing was undertaken at the start of trial 2, the trend in the number of marked fish in the samples (Figure 4-1) 

suggests that most of the marked fish remained downstream of the weirs. 

The decline in the estimate and in the catch over the time period (Figure 4-1 and Figure 4-5) will also be a 

consequence of 1) glass eel emigrating out of the fishing area, passing over Tewkesbury weir, 2) no fresh 

recruits immigrating into the fishing area and / or 3) a change in behaviour, which increases as the season 

progresses, where a portion of the glass eel become more sedentary and thus unexploitable. 

5.3 Sources of Error 

There are several sources of error that might affect the number of marked glass eel in the sample, which means 
that the number marked are underreported: 

• That part of the Severn catch was sold to other glass eel traders (estimated as <5%).  A correction can 

be made for this when the final catch returns are sent into the Environment Agency. 

• Selective mortality of the marked glass eel as a result of predation, the effect of dye or from some 

other causes.  The controls indicate that the dye did not result in any increase in mortality. 

• That the marked glass eel exhibited different behaviour to natural glass eel once released.  This is 

obviously difficult to measure but circumstantial evidence of the controls would suggest marked glass 

eel responded similarly to external stimulus and in the way they swim over the counting board to 

natural glass eel. 

• That the marked population had not fully mixed with the wild population.  This certainly was assumed 

to be the case in trial 2. 

• That there was a loss of the mark, during the second half of trial 2 and for trial 3 (May 4th - May 13th) 

this was undoubtedly the case, as a result of the fish becoming pigmented. 

• There was underreporting of marked glass eels in the catch or an overestimate of the number released. 
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5.4 Exploitation Rate for the Season – One Glass Eel Shoal 

Trial 1 provides a robust estimate of the size of the glass eel population 24.69t (22.46 to 28.81 t) in the Severn 
at the end of March to the start of April 2020.  Working on the hypothesis that there is one influx of glass eel 
and that local conditions degrade or enhance movement of individuals which may vary in their swimming 
capacity such that the series of spring tides act to consolidate the main shoal but also to create new shoals of 
early and late fish as evidenced in the catch data (Figure 4-1).  Then if this shoal represents the sole recruitment 
of glass eel for the season and with a total declared catch of 1.921 t (total catch March 1st - May 25th) the 
estimated exploitation rate for the season is 7.78%.  If fishing had not been interrupted between the 10th and 
19th April due to Covid-19 (Figure 4-1) with the loss of 3 to 4 days fishing, exploitation could have been higher, 
at maybe 10-12%. 

5.5 Comparison with Other Studies 

This level of exploitation is low compared to other studies.  In terms of compatibility of fishing method there is 

the study at Red Barn Dyke at Leighton Moss, North West England, where the exploitation rate is estimated at 

70-80% (Environment Agency, unpublished).  This high level of exploitation is most likely associated with its 

comparatively small size (<5m wide x 700m long) and that its upper limit is delineated by a tidal flap which will 

have the effect of concentrating the glass eel, making them more vulnerable to capture.  Other handheld 

methods have found higher exploitation rates most notably in The East River, Canada of 38.23 ± 6.79 % (Jessop, 

2000) though the mode of operation and physical nature of the two systems differ.  The tidal flows in the 

Severn estuary mean that the Severn operates as a passive fishery as opposed to the active fishery of The East 

River where the glass eel can be scooped out.  Similar to Red Barn Dyke, the East River is orders of magnitude 

smaller in size than the Severn and this difference in its physical nature probably explains the higher 

exploitation rate.  On river systems, comparable in size to the Severn, exploitation is by boat using push nets.  

See Figure 5-1.  On the Adour exploitation ranges 13- 30% with a mean 15.7% (Bru et al., 2009; Prouzet, 2002), 

on the Loire from 13.4 – 26.3% (Prouzet et al., 2008) and in the upper reaches of the Gironde Estuary and in 

the Dordogne – Garonne, exploitation ranges from 0.7 – 33.2% with a mean of 12 % (Prouzet et al., 2008).  In 

contrast to the Severn these are active fisheries where the fishing is heavily mechanised the majority of which 

is on the flood tide when the glass eels are making best use of the selective tidal transport system.  Fishing 

takes place in daylight as well as at night and on some neap as well as the spring tides and are largely 

independent of local climatic conditions. 

 

When the estimate from the Severn is placed into context with these other studies, and taking account of the 
different physical natures of the system and mode(s) of operation of the fisheries, an exploitation rate of 7.8% 
is consistent with the artisan nature of the fishery. 

5.6 Impact on Escapement Target 

Removal of the catch (1.921 t) would leave ~22.5 t to populate the Severn.  Walker et al. (2020) have estimated 
that the Severn needs 0.74t of glass eel to meet its carrying capacity requirement.  The Eel Management Plan 
evaluation in 2015 (Anon. 2015) and most recent (2016) assessment (Bašić, et al., 2019) indicate that the Severn 
River Basin District escapement is less than the EU’s 40% target.  The findings go some way towards supplying 
managers with the information needs required to effectively manage the resource and show that the fishery is 
not the cause of  the Severn RBD failing to meet its target and that other factor(s) are responsible. 
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Figure 5-1 - A comparison between the trawl used in the French estuaries and a dip net used in the Severn. (UK 
dip net in the foreground) 

6 Conclusion 

The conclusion of the trial program was: 

1. The estimated exploitation rate of glass eel by the fishery for the season was 7.78% (6.66% to 8.57% 

CL 95%). 

2. The estimated population detectable by the trial was 22.46t to 28.81t CL 95%. 

3. There is adequate glass eel recruitment nett of the fishery (~22.5t) to meet the carrying capacity needs 

of the River Severn (0.74t). 

 

 

7 Recommendations 

Future investigations aimed at assessing the size of the glass eel population using mark-release-recapture and 
Rhodamine B or Neutral Red stains should focus on undertaking the study in the first half of the season.  This 
is because as the season progresses the glass eel not only settle but also gain their natural pigmentation (Tesch, 
2003), making the stain harder to see and thus avoids the danger of underreporting marked fish. 
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9 Boundary of the Trial 

Figure 9-1 illustrates the system associated with the trial. 

This shows the origin of the glass eel population in the Severn Estuary.  Two populations are shown here.  One 
becomes settled to form an estuarine population.  The other moves by selective tidal transport into the lower 
reaches of the Severn via Sharpness to form the River population. 

Initially this River population is a single group of glass eel with the passive migration behaviour.  In this state 
the population cannot be exploited by fishing with the handheld nets since this requires the glass eel to swim 
into the nets.  When the active migration behaviour commences, this creates a new population which then 
becomes available to the fishery.  The marked eels are necessarily taken from the active population. 

As the glass eel mature, this behaviour is lost with some returning to passive migration and others forming a 
new group that are settled. 

A minority of the glass eel in the two migratory groups have a limited opportunity to get carried over the weir 
at Tewkesbury on the 4 tides (2020) having suitable conditions and escape from the system into the upper 
river. 

It can be seen from Figure 9-1 the population in the trial is limited to those glass eel that are actively migrating.  
The passive and settled (estuarine and river) populations fall outside the trial. 

However, the boundaries of the fishery and the trial populations are coincident.  This enables the trail to 
measure of the fishery effectiveness in catching the subset of glass that are actively but limits the population 
estimate to that which falls within the boundary of the trial.  The passive migration and settled populations 
cannot be estimated. 

 

 

Figure 9-1 – The Boundary of the Trial and Related Populations of Glass Eel 
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10 Marking of Glass Eel 

The figures below show the effect of marking the glass eels with Rhodamine (0.1 g/l) and Neutral red (0.001g/l). 

 

 

Figure 10-2 – glass eel marked Rhodamine (0.1 g/l) 

 

 

Figure 10-3 – glass eel marked Neutral red (0.001g/l) 

  

Figure 10-1 – Natural Glass Eel 
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Figure 10-4 - Rhodamine dyed glass eel being released into the Severn 

 

 

Figure 10-5 - Comparison between natural and Rhodamine dyed glass eel (March 24th @15:10) 
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Figure 10-6 - Glass eel swimming over the counter board 

 

 

Figure 10-7 – A Marked glass eel 

 

 


