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Experimental field study on the migratory behaviour of glass eels 
(Anguilla anguilla) at the interface of fresh and salt water

T a m m o  P. Bult a n d  W illem Dekker

Bult, T. P., and  Dekker, W. 2007. Experimental field study on the migratory behaviour o f glass eels (Anguilla anguilla) a t the interface o f fresh 
and salt water. -  ICES Journal o f Marine Science, 64: 1396-1401.

European eels (Anguilla anguilla) in th e  glass eel phase m igrate using ocean  cu rren ts a n d  selective tidal stream  tran sp o rt. Conventional 
fish ladders installed a t th e  interface o f m arine an d  fresh w ater, however, require  th e  fish to  swim upstream  actively. W e question  th e  
efficiency o f  these  fish ladders for glass eel im m igration, and  propose  a sim ple siphon over m igration barriers, restoring  th e  original 
selective tidal s tream  tran sp o rt. A conventional trap  and o u r siphon w ere te s te d  concurren tly  a t  tw o sluice com plexes in The 
N etherlands (Tholen, Nieuwe Statenzijl) in spring 2005. In all b u t  o n e  case, th e  siphon cau g h t m ore glass eels th a n  th e  trap, as 
well as m o re  sticklebacks and  o th e r  species. Clearly, th e  natural im m igration process can be resto red  fairly easily and  a t low cost 
and  w ith low in trusion  levels o f salt. Follow-up stud ies shou ld  focus on  optim ization , an d  th e  effect o f a  passage o n  th e  h in terland 
stock.
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Introduction
T he stock o f  th e  E uropean  eel Anguilla anguilla is in  severe decline: 
current rec ru itm en t is less th an  5%  o f  pre-1980 levels, and yield 
has been  d ro p p in g  gradually  since th e  m id-1960s (Dekker,
2004). ICES (1999) considers th a t the stock is outside safe biologi­
cal lim its an d  th a t cu rren t fisheries are n o t  sustainable. Therefore, 
ICES (1999, 2006) advised th a t an  in ternational stock  p ro tec tion  
an d  recovery p lan  shou ld  be developed, and  th a t fisheries and 
o th er an th ropogen ic  im pacts b e  restricted to  as close to  zero as 
possible u n til such  a p lan  has been im plem ented. T he European 
C om m ission  in itia ted  th e  developm ent o f  a  C om m unity  A ction 
P lan  fo r th e  m anagem ent o f  th e  European eel (C O M  2003, 573; 
detailed in  C O M  2005, 472), w ith  the objective o f  perm itting  th e  
escapem ent to  the sea o f  at least 40% o f  the b iom ass o f  silver 
eels relative to p o ten tia l escapem ent in  th e  absence o f h u m a n  
activities affecting th e  fishing area o r the s to c k

The causes o f  th e  decline in  stock  and recru itm ent are no t well 
know n. O verfishing, hab ita t loss and  m igra tion  barriers, increased 
n a tu ra l p reda tio n , parasitism , ocean clim ate variation, and  p o l­
lu tio n  m ig h t have h ad  an  im pact. P recau tionary  protective 
m easures are  requ ired . H ere, we address ju s t one o f  th e  potential 
causes: barriers to  im m igra tion  o f  young recruits, specifically at 
th e  interface betw een m arin e  an d  fresh water.

Glass eels entering  coastal w aters use selective tidal stream  
tran sp o rt to  m igrate to  th e  coast and  in to  river systems 
(Creutzberg, 1958). This is an  effective m echanism  to  colonize a 
w atershed rapidly, because it  requires little energy to  float w ith  
th e  flood stream  up  to  th e  u p p er lim it o f  tidal m ovem ents, 
usually  far beyond  th e  m arine /fresh -w ate r interface. To progress 
farther upstream , th o u g h , active m igration in to  the river is

requ ired , sw im m ing against the river flow. D u rin g  the sho rt 
glass eel phase, th is active m igra tion  is very directional, b u t 
yellow eels show  m ore ran d o m  dispersion (Ibbo tson  et a l ,  2002).

T he construction  o f  dam s, sluices, and  tidal gates in  estuaries 
has obstructed  th is natural im m igra tion  process. Before th e  con ­
s tru c tio n  o f  the dike betw een Lake Ijsselm eer and  the W adden 
Sea (the N etherlands) in  1932, glass eels were tran sp o rted  by  the 
incom ing  tide, p resum ably  as far u p  as D eventer (52°15'N  
6°10'E; Dekker, 2004). Currently , the sluices in  the dike
(52°56 'N  5°03'E) discharge excess fresh w ater in to  th e  W adden 
Sea, b u t  prevent the inflow o f  brackish w ater by  closing th e  tidal 
gate doo rs as the tid e  tu rns. Consequently, th e  glass eels com ing 
in  o n  the flood tid e  find th e  doors shut, m o re  th a n  100 km  
from  th e  place they  could historically  have reached using  selective 
tidal stream  transport. A lthough rem aining in  a tida l area, their 
selective tidal stream  tran sp o rt behav iour clearly fails.
M ark-recap ture experim ents (D ekker and  van W illigen, 1997) 
have show n th a t individual glass eels stay in  fro n t o f  the sluices 
fo r several weeks, despite p erio d s o f slow outw ard  flow  th ro u g h  
th e  sluices. In  o th er w ords, th e  sw itch to  active sw im m ing beha­
v io u r seems to  be m ade b y  the glass eels reluctantly. Such 
delayed im m igration  accum ulates glass eels in  fron t o f  th e  
sluices. T heir abundance peaks abo u t 1 m o n th  later th an  in  
o ther, unobstructed  places a t th e  sam e la titude (ICES, 2005). 
T h e  corre la tion  betw een stock  surveys w ith in  Lake Ijsselm eer
and  th e  tide in  fron t o f  th e  sluices indicates th a t th e  tidal
rh y th m  o f  glass eels persists fo r  som e tim e, even w ith in  th e  fresh­
w ater lake (D ekker and van W illigen, 2000).

Fish m igra tion  barriers can  be equipped w ith  m itigating 
constructions. Fish ladders p rov ide  a sm all bypass to  th e  m ain

© 2007 In te rn a tio n a l C ouncil fo r the Exploration o f  th e  Sea. Pub lished  by  O xford Journals. Ail righ ts reserved. 
For perm issioins, please email: journals.perm issions@ oxford joum als.o rg

mailto:tammo.bult@wur.nl


Migratory behaviour o f  glass eels at the interface o f  fresh and salt water 1397

stream  o f  an o bstructed  river, allowing the fish to sw im  upstream  
against a m odera te  outflow . Fish ladders have been installed in  
m any rivers, and  are successful also for eels. However, their oper­
a tion  depends com pletely  o n  the fish sw im m ing actively. For the 
m arine/fresh -w ater interface, however, we doub t their ap p ro p ri­
ateness fo r eels, because glass eels keep relying on  selective tidal 
stream  tran sp o rt. T h e  fish ladders allow older (often pigm ented) 
eels to m igrate, b u t they  d o  no t restore th e  natural im m igration  
process o f  fresh recruits, u sing  selective tidal stream  tran sp o rt at 
the m arine /fresh -w ate r interface.

Legault (1990) used  v o id  operations o f  a ship lock to transpo rt 
glass eels from  th e  Loire to  the Briere m arshes. The sam e p ro ­
cedure applied in  D en  O ever was unsuccessful (Dekker and  van 
W illigen, 2000), p robab ly  because Legault’s site in  the Loire was 
above the zone w here  glass eels change to active swim m ing.

As an alternative to  co m m on  fish ladders o r  void  operations o f  
ship locks, we developed a  con trap tion  that allows a sm all tidal 
m ovem ent in  and  o u t o f the sluices. E ither a small hole in  the 
sluice door, o r  a  s ip h o n  over th e  door, allows glass eels to pass 
th e  sluices by selective tida l stream  transport, w hile keeping the 
inflow  o f  brackish w ater to  a m in im um . H ere, we rep o rt o n  th is 
con trap tion , an d  com pare  it w ith  a m ore conventional trap  
based o n  active m igra tion .

Material and m ethods
A t each o f  tw o sites in th e  N etherlands (Nieuwe Statenzijl and  
T holen), tw o different traps were installed in spring  2005: one 
attracting  u p stream  m igrants (an eel trap ), the o ther allowing 
for selective tida l stream  tran sp o rt (a siphon). The two sites 
were chosen o n  practical grounds: they were near a source o f 
volunteers (Figure 1).

The sluice com plex  a t N ieuw e Statenzijl (53°14'N  7°13'E) con ­
sists o f  a nav igational lo ck  and  a discharge sluice. Experim ents 
took  place at th e  upstream  doors o f  the navigational lock. 
D uring  th e  experim ents, th e re  was hard ly  any ship traffic, a lthough 
the sluice was operated  regularly, at low tide. A t high tide, som e 
brackish w ater m ay  have leaked th ro u g h  crevices in the sluices 
and locks, b u t w hether th a t allowed som e glass eels to  im m igrate 
is unknow n.

The Bergse D iepsluis com plex at Tholen (51°40'N  4°10'E) 
consists o f  a nav igational lock only; experim ents to o k  place at 
the dow nstream  d oors, w hile the upstream  doors were kep t

Tholen

Figure 1. Locations o f the experimental sites a t Nieuwe Statenzijl 
and Tholen.

open. A t low  tide, som e fresh  w ater leaked th ro u g h  the crevices 
in  th e  doors o f  th e  locks.

The siphon and  th e  eel trap
A siphon  was b u ilt over th e  locks, consisting o f  110 m m  PVC pipe 
(Figure 2). A t the top , a  hand-operated  vacuum  p u m p  was 
installed, along w ith an e lec tron ic  w ater-velocity m etre  and a flow- 
con tro l valve. A net (leng th  2 m , diam eter 1 m , m esh 1 x  1 m m ) 
was connected  to the u p stream  end o f  th e  siphon. The dow n­
stream  end  was located 1—2 m  from  the b o tto m  and 1 - 2  m  
from  the fro n t o f  the gates. O n  an  average h igh  tide, 226 m 3 
(T h o len )-2 8 4  m 3 (N ieuw e Statenzijl) o f  seawater flushed 
th ro u g h  the s iphon  over th e  sluices, at an  average velocity  of 
~  1.56 and  1 .4 4 m s - 1 , respectively. As h igh  and low  tide are 
nearly  sym m etrical in  T h o le n  and N ieuw e Statenzijl, an equal 
volum e will have been expelled th rough  th e  sip h o n  a t low tide.

T here was deliberate v aria tio n  in  th e  p lacing o f  th e  dow nstream  
end, varying th e  dep th  (fixed relative to  th e  b o tto m , o r  to  th e  w ater 
surface), the o pen ing  (one large  o r  several sm all), and  the position  
o f  th e  en trance relative to  th e  lock gates (left, right, tigh t, o r  dis­
tanced ), b u t the low n u m b e r  o f  experim ents d id  n o t allow 
form al testing.

T he eel trap  consisted o f  a 1.5 x  1 x  1 m  plastic con tainer 
floating  in  fro n t o f  th e  lo ck  gates (Figure 3). A 110 m m  PVC 
pipe equipped w ith  a funnel o f  1 x  1 m m  m esh allowed glass 
eels to  en ter th e  box  30 cm  below  the surface o f  th e  water. 
A pproxim ately  20 cm  o f  th e  box  p ro tru d ed  o u t o f  th e  water. 
T h e  b o x  was 1 - 2  m  from  the lock gates. W ater was p u m p ed  
over th e  lock  and in to  th e  eel trap, creating a m odera te  flow o f  
fresh w ater o f  ~  7 cm  s ’"1, equivalent to  ~ 1 5  m 3 per average tide.

Again there was deliberate variation in  the p o sitio n  o f th e  trap 
relative to  the lock gates (left, right, tight, o r  d istanced), and  in 
th e  flow  rate o f  the a ttrac ting  water, b u t again  the low n um ber 
o f  experim ents p recluded fo rm al testing.

B oth  s iphon  and trap  w ere operated  in  ru n s o f  four consecutive 
n igh ts in  A pril and  M ay 2005, days being selected w hen high tide 
w as a ro u n d  m idnight. S hortly  after inside and  ou tside lock w ater 
levels equalized th rough  th e  ebb tide, b o th  nets w ere raised  and  the 
catches identified, coun ted , and  th e ir length m easured . In th e  early 
experim ents, all four n igh ts were observed, b u t later, only  th e  last 
tw o nights o f  each 4-d ru n  were observed. For glass eels, p igm en­
ta tio n  stages were determ ined  according to  Ehe et al. (1982). The 
n u m b er o f  glass eels caught was too  low to determ ine p igm en ta­
tio n  stages reliably o n  m o s t nights, and unfortunately , practical 
p roblem s w ith  storage and  analysis spoiled som e o f  th e  rem aining 
m aterial. O n  tw o  nights in  Nieuw e Statenzijl, m ore th an  100 p ig ­
m en ta tio n  stages were analysed in  bo th  trap  and siphon.

Scuba observations
Scuba observations were m ade on  four nights in  fron t o f  the 
T ho len  com plex. This com plex is th e  only  one in the 
N etherlands w here visibility is such that scuba observation  o f 
glass eel im m igration  is possible. The purpose  o f  the dives was 
to  ob ta in  an  im pression  o f  the n atu ra l behav iour o f  glass eels in 
fron t o f  lock gates (1 A pril 2005; 28 April 2005; and  20 M ay
2005), as well as th e ir behav iou r relative to  th e  sip h o n  and  the 
eel trap  (5 M ay 2006).

Results
E xperim ents w ere m ade betw een 4 April and 20 M ay 2005. A t bo th  
N ieuw e Statenzijl and T holen , observations were m ade on
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Figure 2. The siphon a t high tide. Arrows indicate th e  direction of water flow through the siphon (left, salt water; right, fresh water).

Figure 3. The eel trap  a t  high tide. Arrows indicate the direction of water flow through th e  trap (left, salt water; right, fresh water).

10 nights, resulting in 10 observations at h igh  tid e  and  3 a t low 
tide at Nieuwe Statenzijl, and  10 observations at h igh  tide and 
2 at low tide at Tholen.

Catches
Catches a t N ieuw e Statenzijl w ere d o m in a ted  by  glass eels 
(n  =  7189), sticklebacks Gasterosteus aculeatus (1864), and Chinese 
mittencrabs Eriocheir sinensis (2606). In  all, 72 fully pigm ented eels 
were caught. O ther species trapped included com m on goby 
Potamoschistus m inutus (13), ruffe Gymnocephalus cernuus ( 13), pipe­
fish Syngnathus acus (8), larvae o f  th e  flounder Platychthus flesus (4), 
sm elt Osmerus eperlanus (2), perch Perca fliviatilis (1), roach Rutilis 
rutilis (1), and unidentified small crustaceans (140 1). At Tholen, 
301 glass eels were caught, 1 stickleback, 1 pigm ented eel, 1

com m on crab Carcinus maenas, and  0.8 1 o f  Beroe cucumis. Catches 
o f  glass eels and  sticklebacks are detailed in  Table 1.

In  all cases b u t  o ne  (3 May, N ieuw e Statenzijl), glass eel catches 
in th e  sip h o n  exceeded those in  th e  tra p  by  a factor o f  6, a t bo th  
locations. T his ratio  o f  siphon to  trap  catches varied, b u t 
show ed no  clear tren d  over the season. F or sticklebacks at 
Nieuwe Statenzijl, th e  siphon caught four tim es m o re  th an  the 
trap. O n 3 May, the tra p  at N ieuw e Statenzijl caught 2128 glass 
eels (30 tim es m o re  th an  the s iphon) an d  110 sticklebacks (again 
30 tim es m ore). T he cause o f  this single exceptional result is no t 
clear; the sip h o n  was working well (72 glass eels caught), the 
lengths o f  th e  glass eels caught th a t n igh t w ere n o t unusual, n o r  
were w ater tem pera tu res o r tidal conditions. In  o th er w ords, we 
did n o t gain th e  im pression  that a “wave” o f  possibly fu rther devel­
oped (discussed later) glass eels, triggered by  u n u su a l w ater



M igratory behaviour o f  glass eels a t the interface o f  fresh  and salt water

T able 1. Overview o f che catch o f glass eel and sticklebacks (total numbers) a t Nieuwe Statenzijl a n d  Tholen.
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Date Nieuwe Statenzijl Date Tholen

Glass eel Stickleback Glass eel Stickleback

Siphon Eel trap Siphon Eel trap Siphon Eel trap Siphon Eel trap
A pril 4 208 2 83 0 April 4 6 1 0 0

A pril 5a 6 0 0 0 April 5a 0 0 0 0

A pril 5 506 24 347 7 April 6 11 1 0 0

A pril 6a 5 0 1 0 April 6a 1 0 0 0

A pril 6 416 10 296 1 April 7 11 0 0 0

A pril 7a 5 0 2 0 April 8 54 3 0 0

A pril 7 289 5 104 0 April 17 31 0 0 0

A pril 20 504 262 396 2 April 18 7 0 0 0

A pril 21 1452 206 198 313 M ay 2 48 7 0 0

M ay 3 72 2128 4 110 M ay 3 76 20 1 0

M ay 4 376 186 0 0 M ay 17 9 0 0 0

M ay 18 311 7 0 0 M ay 18 11 4 0 0

M ay 19 168 42 0 0

T otal 4317 2872 1431 433 T otal 265 36 1 0

O b se rv a tio n s  m ade a t  th e  end  o f  a low tide; all o thers  are  a t  th e  end  of a  high tide.
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Figure 4. Glass eel catch composition by pigm entation stage at 
Nieuwe Statenzijl.

conditions, tried to gain access to  in lan d  w aters b y  upstream  
m igra tion .

D evelopm ent stages
Pigm entation  stages (Figure 4) w ere generally d o m in a ted  by  stages 
V1A1 - 3 .  O n  20 April, th e  glass eels in  th e  tra p  at N ieuw e Statenzijl 
show ed m o re  advanced p igm en ta tion  th a n  th o se  from  th e  siphon. 
O n  3 and  4 May, however, th e  trap  catches w ere dom in a ted  by 
stage VLA2, i.e. bo th  early and  late stages were less ab u ndan t 
th an  those from  the siphon. N ote th a t  th is was th e  n ig h t o f  the 
exceptionally large trap  catch (n — 2128, w hereas ju s t 744 glass 
eels w ere caught on  all o th er n igh ts com bined).

Scuba observations
A t low  tide, the glass eels concen trated  in  th e  to p  h a lf  m etre  o f  the 
w ater colum n, directly in  fron t ( <  0.5 m ) o f  th e  sluice gates, app ar­
en tly  th e  result o f  fresh-w ater cu rren ts a ttrac ting  th e  glass eels, 
because m any  glass eels w ere seen sw im m ing  against th e  fresh­
w ater flow em erging from  th e  gates. H ow ever, no  glass eels were 
seen to  enter the in land  w aters th ro u g h  open ings o r  cracks in 
th e  sluice gates, because th e  w ater velocities in  these openings

were too  strong. A t h igh  tid e , th e  glass eels concentrated  directly 
in  fron t ( <  1 m ) o f  th e  slu ice gates, spread th ro u g h o u t th e  w ater 
colum n. T hen , large n u m b e rs  o f  glass eels m anaged  to gain 
access to  in lan d  waters th ro u g h  sm all openings in  the sluice 
gates. W hen  w ater levels o n  b o th  sides o f  th e  gates were similar, 
w ater velocities in th e  cracks decreased. However, the tim e 
du ring  w hich  the fresh-w ater currents th ro u g h  th e  cracks were 
low  was very sh o rt ( < 1  m in ) , an d  no  glass eels were observed 
reaching in land  w aters th e n  (Figure 5). The in flux  o f  glass eels 
seem ed largely influenced b y  th e  chance o f  an  ind iv idual ending 
up  w ith in  th e  influence o f  a n  opening, i.e. sw im m in g behaviour 
seem ed m o re  im p o rtan t th a n  th e  flow  and  suc tion  pow er o f 
openings.

Discussion
O u r results clearly indicate  th a t selective tidal stream  transport is 
th e  m ain  process driv ing  im m igra tion  o f  fish th ro u g h  barriers 
a t th e  m arine/fresh -w ater interface, fo r a range o f  fish species, 
and fo r glass eels and  sticklebacks in  particu lar. M oreover, a 
110-m m -diam eter sip h o n  over th e  barrier was an  efficient m itiga­
tio n  m easure, allowing new  arrivals to  pass rapid ly  over th e  barrier 
in to  in lan d  waters, using th e ir  no rm al m igra tion  m echanism . The 
am o u n t o f  seawater flow ing in  (2 2 6 -2 8 4  m 3 per tide) is sm all in 
com parison  w ith  sluice a n d  p u m p  capacities and  discharge 
volum es (4 x  IO6 m 3 per tide).

A lternative strategies to  facilitate fish im m igra tion  at the 
m arine/fresh -w ater interfaces currently  used by w ater m anagers 
in  th e  N etherlands inc lude  open ing  th e  sluices a t low  tide, void 
ship lock tu rn in g  a t v arious m om ents in  th e  tida l cycle, and 
leaving sluices o pen  for a sh o rt period  (5 -1 5  m in ) du ring  the 
rising tide. T he first alternative requires th e  im m igrating  glass 
eels to  sh ift to  active sw im m ing prem aturely, against an  over­
w helm ing ou tflow  o f  fresh water. The second an d  th ird  alter­
natives, a lthough m arginally  successful, definitely com e w ith  a 
m u ch  greater inflow  o f  b rackish  water. W e therefore conclude 
th a t installa tion  o f  a sip h o n  over th e  barriers is a b e tte r alternative.

M ay 3 - 4  

s ip h o n

100%

Apr»! 20 

siphon
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Figure 5. A perspective of th e  situation a t the navigational lock a t 
Tholen a t (top) high tide, and (bottom ) low tide. Left, salt w ater in 
the Eastern Scheldt; right, fresh water in the lock chamber. Arrows 
indicate the direction of w ater flow.

The tran sitio n  from  selective tida l stream  tran sp o rt to  active 
sw im m ing has been  related to  a change in  external factors (salinity 
o r tem perature; Creutzberg, 1961), b u t  has also been described as 
an  in ternally  determ ined  delay, allowing m orphological and  phys­
iological ad ap ta tio n  (Deelder, 1958; M cCleave and  W ippelhauser, 
1987). I f  th is transform ation  process is exclusively determ ined  by 
external factors, the sharp tran sitio n  from  m arine  to  fresh w ater a t 
barriers will n o t stim ulate it, resulting in  a delay o r  absence o f  
active sw im m ing. In  contrast, i f  th e  transfo rm ation  is internal, 
an u nnatu ra lly  long stay in  seaw ater will n o t  d isrup t the transition  
to  active sw im m ing, b u t  m ig h t induce  extra physiological strain  
(Edeline et al., 2004). In  n atu ra l, open  rivers, glass eels will 
always reach a fresh environm ent, using  selective tidal stream  
tran sp o rt, w hereas th e  physiological tran sitio n  to  fresh w ater is 
easily taken (W ilson et a l ,  2004). B riand et al. (2005) found  
greater rates o f  m orta lity  in  estuary-caught glass eels th a n  in 
actively sw im m ing glass eels in  th e  trap  on  a barrie r a t the 
m arine /fresh -w ate r interface, w hich  m igh t be a ttrib u ted  to 
increased physiological stress in  th e  b rackish  environm ent. I f  so, 
app lication  o f  a s iphon  over a  b arrie r w ould  allow faster im m igra­
tion , a t a  low er m orta lity  th a n  a  conventional eel trap . Installation 
o f  a siphon, and follow -up m o n ito rin g  o f  the h in terland  stock, will 
be requ ired  to  test th is speculation.

C onventional eel traps are  fo u n d  o n  barriers at th e  m a rin e / 
fresh-w ater in terface in several places in  Europe, including on  
the Rivers V iskan (Sweden) a n d  E rne (Ireland) (Dekker, 2002), 
and catches have been  considerable. In  those  cases, however, the 
glass eels h ad  no  alternative th a n  to  w ait o r  to sw im  actively. 
A t D en O ever (the N etherlands), a trap  is located nex t to  the 
sluices, allow ing th e  glass eels to  im m igrate by  relatively in frequen t

(an d  un in tended) seaw ater in trusions in to  the lake (D ekker and 
van W illigen, 2000). In  th a t  case, a  conventional tra p  is unsuccess­
ful (H eerm ans and v a n  W illigen, 1974). W e speculate th a t restor­
a tio n  o f  th e  natural selective tidal stream  tran sp o rt th rough  a 
s ip h o n  w ould have done as least as well as the trap  in all these 
cases. Obviously, a sim ple s ip h o n  w ould  n o t  have restored  selective 
tida l stream  tran sp o rt in  th e  Erne, because th e  upstream  water 
level is far above ( ~ 3 0  m ) th e  h igh  tid e  level, b u t  m o re  complex 
sip h o n  and pum ping  co n trap tions m igh t be  developed.

T he m ain  objective o f  o u r  s tudy  was to  test o u r  new  con trap ­
tio n , based on  selective tid a l stream  transport, against a conven­
tio n a l eel trap  based o n  active upstream  m igra tion . A lthough we 
believe that the results o f  th e  experim ent do  favour the new con­
trap tio n , they  do n o t  show  th a t th e  co n trap tio n  is successful in 
m itigating  th e  effect o f  a barrie r a t the m arine/fresh -w ater in ter­
face. Nieuwe Statenzijl d ra in s 90000 ha  surface area, 10% o f  
w hich is open water surface. The com bined  catch o f  siphon  and 
tra p  came to  ca. 700 per n igh t, d u rin g  a  season o f  fewer th an  
100 nights. A t a low  stocking density  o f  100 individuals h a-1  
year-1  (ICES, 2006), o u r catch  w ould  suffice fo r less th a n  700 
ha  only. A lthough o u r co n trap tio n  was successful in  principle, 
th e  quantities caught w ere far too low to  stock th e  h in terland  ade­
quately. However, no  glass eels were left o n  th e  m arine  side o f  the 
sluices tow ards the en d  o f  th e  season; w e therefore hypothesize that 
no  significant quantities failed to pass th e  barrier. The low catch 
observed is m ore likely to  be  a reflection o f  low  recru itm ent. 
C u rren t recru itm ent is ju st 1% o f  its level pre- 1980s (ICES,
2006). Full recovery to  th a t h istorical recru itm en t level w ould 
requ ire  som e 70000 glass eels p e r  n igh t to pass the barrier, 
i.e. ~ 3  glass eels per second, a capacity th a t can b e  accom m odated  
easily by o u r siphon. C onsequently, we believe th a t  installation o f 
siphons at tidal barriers, w here flood levels rise above the inland 
w ater level, is a sim ple and  efficient w ay to  restore fish m igration , 
con tribu ting  to  the com prehensive p ro tec tion  and  m igra tion  o f 
th e  European eel. F u rther op tim ization  o f  the siphon  and the eel 
tra p  is possible, including th e  use o f  fresh-w ater curren ts and  arti­
ficial fight from  the surface to  attrac t glass eels closer to the intake 
o f  th e  siphon, s iphon  constructions w ith  m ultip le  sm all intakes 
instead  o f  a  single large one, and  position ing  o f  the intake. I f  sea­
w ater in tru sion  as a consequence o f  th e  volum e o f  w ater required 
to  pass a significant p o r tio n  o f  the popu la tio n  is deem ed to  be a 
problem , som e type o f  p u m p -b ack  system could also b e  em ployed 
to  m axim ize the flow and  passage o f  glass eels, while m inim izing 
in tru s io n  o f  salt water.
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