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REGIONAL VARIATION IN GLASS EEL CATCHES 
AN EVALUATION OF MULTIPLE SAMPLE SITES

Willem DEKKER
N etherlands In stitu te  f o r  Fishery Investiga tion  

H a ringkade  I  — Ijm uiden , N etherlands

a n g u i l l a  a n g u i l l a  A B S T R A C T . — In  th e  N e th e r lan d s  glass eels a re  c a u g h t fo r  re sea rc h  p u rp o se s  at
G LA SS-EELS v a rio u s  sites. C a tc h es  a t  fo u r  sites a re  c o m p a red , u s in g  an  ana ly sis  o f  v a ria n ce . It is

N e t h e r l a n d s  c o n c lu d e d  th a t  th re e  sites b a s ica lly  give th e  sam e  in fo rm a tio n , w hile  o n e , th e  m o st
s a m p l i n g  s o u th e rn  site , sh o w s in d e p e n d e n t a n n u a l f lu c tu a tio n s . A s a  sid e  e ffec t o f  th is  stu d y ,

a  d iffe re n t in d ic a to r  fo r  ca tch  sizes is p ro p o se d  : g e o m e tric  m ean s re flec t m o re  
a cc u ra te ly  th e  u n d e rly in g  freq u en cy  d is tr ib u tio n  th a n  co m m o n  m eans do .

a n g u i l l a  a n g u i l l a  R E S U M É . — A u x  Pays-B as, des civelles so n t é ch a n tillo n n é e s  d a n s  p lu s ieu rs  sites.
civELLES Les c ap tu re s  d e  4 p o in ts  so n t co m p arées p a r  u n e  a n a ly se  d e  v a rian ce . T ro is  sites

é c h a n t i l l o n n a g e  p ré sen te n t u n e  m êm e v a ria tio n  tan d is  q u ’u n e  f lu c tu a tio n  an n u e lle  in d é p e n d a n te  est
p a y s - b a s  re m a rq u é e  p o u r  le p lu s  m érid io n a l. C o m p te -ten u  d e  ces ré su lta ts  c o m p a ra tifs , un

n o u v e au  ca lcu l d es c a p tu re s  d e  civelles est p ro p o sé  : le u r  d is tr ib u tio n  s ta tis tiq u e  est 
m ieu x  ex p rim ée  p a r  les m oyens lo g arith m iq u es q u e  p a r  les m o y en n es n u m ériq u es .

INTRODUCTION

At D en  O eve r  (Fig. 1), the  glass eel ga ther ing  at 
the  se a  side o f  the sluices is s a m p le d  every n igh t  in 
spring  at two hou r ly  intervals. In th e  1970’s a d d i t io 
nal sam pling  sites were es tab l ished  a t  I jm u iden  
(1969, 1970 a n d  1973 onw ard),  S te llendam  (1976 
o n w ard )  a n d  Lauw ersoog  (1976 onw ard).  B ased  on  
th e  d a ta  collected  at these fou r  sites,  various  s tudies  
have  b e e n  pub l ish ed  (Deelder ,  1960, H ee rm ans ,  an d  
v. Willigen, 1982) concern ing  b o th  eel b io logy  a n d  

i m a n agem en t .  S ince m a n p o w e r  is lim ited, the  results 
o f  th e  fou r  sam p ling  sites are  co m pared ,  the reby  
eva lua ting  th e  extra research effort  o f  m ult ip le  
sam pling  sites w ith in  the N ethe lands .

; '  1 '

METHODS ' j
I

T h e  sa m p lin g  m e th o d  (d ipnet ,  1 m 2) has been  
d esc r ibed  ea r l ie r  (Deelder ,  1984) a n d  has  n o t  been  
ch a n g ed  a m o n g  years or betw een  sites. C a tches  have 
been  m a d e  f ro m  Ja n u a ry  th ro u g h  June ,  at D en

D g n  O e v e r

N O O R D Z E E

-Stellendam.

Fig . 1. — M ap  o f  th e  N e th e r la n d s ,  g iv ing  th e  sa m p lin g
sites.
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T ab le  I. — D esign  u sed  in  th e  a n a ly sis  o f  v a rian ce

v a ria te type re m a rk s

glass e e l c o u n t d e p e n d e n t tra n s fo rm e d  to  Y  =  log  (g la s s  eel c o u n t +  1)
y ear fa c to r
m o n th fa c to r
h o u r fa c to r tw o  h o u r ly  in te rv a ls
lu n a r  p h ase fac to r 4  levels
t id a l p h ase fac to r 6 levels
c lo u d in e ss fac to r 5 leve ls, in c lu d in g  fog s e p e ra te ly
w ind  d ire c tio n fac to r 8 levels
w ind  s tre n g h t c o v aria te a lso  sq u ared  a n d  c u b ed , B e a u fo r t
w a te r  te m p e ra tu re c o v aria te a lso  sq u ared  a n d  cubed
su n  h e ig h t c o v aria te v e rtic a l an g le  b e tw een  s u n  a n d  h o riz o n , a lso  sq u ared .

Oever every night at two hourly  in tervals;  a t  the  
o the r  sites a t  irregular intervals ( ±  twice a m onth)  
mostly  a b o u t  two hours after sunset.  N o  effort to 
concen tra te  glass eels in the  d ipne t was m ade. G lass 
eels were  counted ,  and  a  subsam ple  o f  th e m  m e a 
sured.  Length  m easurem ents  are  recorded  e lsewhere 
(H eerm ans  an d  v. Willigen, 1982).

Analysis  o f  the  da ta  was m a d e  by  a  socalled  
Analysis  o f  Variance (ANOVA).

The  des ign o f  the A N O V A  used  is l is ted in 
Tab le  I. This design differs from  earlier  s tudies 
based  on  these  da ta  by the  transfo rm  o f  the  d e p e n 
den t varia te  : because o f  the  na tu ra l  c o u n t  ch a rac ter  
o f  th is  variate, a log- transform ation  was u se d  : 
Y  =  L O G  (glass eel count +  1), using N ap ie r ian  
logarithms. A  posteriori tests on  residuals  d id  no t  
reject this transform .

Site was no t inc luded  in the  A N O V A , since time 
series d iffer  in length between sites.

RESULTS

In o rd e r  to select a  reasonab le  m odel,  a full 
m odel was tested, using the  to ta l D en  Oever d a ta  set, 
an d  th e  to ta l design listed, in tab le  I.

W ate r  tem pera tu re  cubed , w ind  s trength  squa red  
an d  sun  height squared  con tr ibu ted  so little to  the 
model,  th a t  they  were d ro p p e d  directly. The  resu l
ting m ode l is given in table II. All factors tu rn e d  out 
to be significant a t  the 1 % level.

D esp i te  th e  statistical s ignificance o f  all factors,  
it was argued , th a t  the factors m oon ,  tide, clouds, 
w ind direc tion ,  w ind  s trength an d  sun  heigh t exp la i
ned  so little o f  th e  total var iance ( their  sum  exp la i
ning only  1.5%, leaving 4 3 .6%  for tem pera tu re ,  
hour, m o n th  and  year) th a t  the ir  record ing  ca n n o t  
be o f  any  practical im portance .  Therefore ,  they  were 
d ro p p e d  f rom  the model. N o w  it was realized tha t  
in the  rem ain ing  model (water tem pera tu re ,  hour, 
m onth  an d  year), w ater  tem pera tu re  is o f  a  d iffe rent

T ab le  II. — P e rc en tag e s  o f  th e  to ta l v a ria n ce  exp la in ed  by 
th e  full m o d el f o r  D en  O ever.

s o u rc e % o f  to ta l va rian ce

y ear 13%
m o n th 8 %
h o u r 1 %
m o o n 0 %
tide 0 %
clouds 0 %
s u n  h e ig h t 1 %
w in d  d ire c tio n 0 %
w in d  s tre n g th 0 %
w a te r  te m p e ra tu re 4 %

m u ltic o ll in e a r ity 14%
to ta l e x p la in ed 45%
u n e x p la in ed 5 5 %

m e a n  sq u a re 2.64

na tu re  from th e  o ther  factors : it is the  only o n e  not 
determ ined  by  th e  sam pling scheme. A lthough  water 
tem pera tu re  m a y  be  readily available fo r  the  diffe
rent parts  o f  th e  N ether lands ,  it was preferred  to 
drop  w ate r  te m p era tu re  from  the  m odel,  having only 
the  sam pling  sc h em e  remain. T h e  fact tha t  ju s t  the 
sam pling  sc h e m e  remains, stresses the  necessity o f  
careful ana lysis  o f  glass eel data.

The  results o f  the  rem ain ing  small m ode l are 
given in tab le  I I I  to VI, toge ther  with the  results for 
the  three o th e r  sites.

F rom  in spec t ion  o f  tab le  IV, it can  be seen  that 
L auw ersoog -D en  Oever show  a  positive corre la tion  : 
f rom  1976 to 1981 bo th  t im e series give high values; 
since 1982 b o th  show  a ra p id  decline.

I jm u id e n -D e n  Oever has  an  even higher  correc
tion  : not on ly  is the dow nw ard  trend  from 1981 to 
1983 a d e q u a te ly  represented ,  b u t  also  tem porary  
decreases in 1970, 1973 an d  1976 co rrespond  in  both 
t im e series.

S te llendam -D en  Oever, finally, shows no  no te
worthy  corre la t ion  a t  all : desp ite  a m arked  decrease 
in catches a t  D en  Oever in 1980, S te llendam  reaches 
its top  record  in tha t  year.
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T ab le  I I I .  — P e rc en tag e s  o f  th e  to ta l v a ria n ce  e x p la in ed  by  th e  re d u ce d  m o d el fo r  all sites.

s o u rc e /s i te L au w erso o g D e n  O e v e r I jm u id e n S te llen d am

year 14% 19% 2 5 % 3 6 %
m o n th 2 7 % 13 % 14% 13%
h o u r 4 % 5 % 0 % 3 %

m u ltic o llin ea rity 1 % 2 % 13% 4 %
to ta l e x p la in ed 4 7 % 3 9 % 5 3 % 5 6 %
u n e x p la in e d 5 3 % 61 % 4 7 % 4 4 %

m e an  sq u are 3.35 2.46 3.45 2.04

T a b l e  IV .  —  E s t i m a t e d y e a r  e f f e c t s  a t  a l l  s i te s .

Y e a r /s ite L au w erso o g D en  O e v e r Ijm u id e n S te llen d am

1969 0.01 - 2 .0 5
1970 0.23 - 0 . 0 2
1971 0.05
1972 0.59
1973 0.07 - 0 . 5 0
1974 0.43 1.16
1975 0.78 1.24
1976 0.22 0.36 0.20 - 0 .7 0
1977 0.46 0.93 0.49 - 0 .0 6
1978 0.35 0.68 0.69 0.41
1979 0.03 1.06 0.67 0.17
1980 0.47 0.43 0.87 1.03
1981 0.55 0.37 - 0 . 1 8 0.29
1982 - 0 . 0 6 - 0 . 1 9 - 1 . 1 0 - 0 .5 6
1983 - 1 . 1 6 - 0 . 5 4 - 1 . 2 5 - 0 .5 5
1984 - 0 .7 5 - 0 . 4 2
1985 - 0 . 6 0

T a b l e  V .  — E s t i m a t e d  m o n t h  e f f e c t s  a t  a l l  s i te s .

m o n th /s i te L au w erso o g D en  O e v e r I jm u id e n S te llen d am

F e b ru a ry - 1 . 6 8 - 0 . 9 8 - 1 . 8 7 0.07
M arch - 0 . 8 7 0.21 - 0 . 2 2 - 0 .2 9
A p ril 1.57 1.24 0.48 0.93
M ay 1.36 0.42 0.47 - 0 .1 1
J u n e - 0 . 3 8 - 0 . 8 8 1.14 - 0 .6 0

T a b le  V I .  —  E s t i m a t e d  h o u r  e f f e c t s  a t  a l l  s i te s .

h o u r /s ite L au w erso o g D e n  O e v e r I jm u id e n S te llen d am

17-19 - 0 . 9 7 - 0 .8 2
19-21 0.09 - 0 . 3 6 - 0 .3 7
21-23 0.22 0.38 - 0 .2 6
23-01 0.33 0.52 n o  d a ta 0.32
01-03 0.15 0.52 0.15
03-05 - 0 . 7 9 0.10 0.52
05-07 - 0 . 1 9 0.47

D IS C U S S IO N

T h is  study concerns  an  eva lua tion  o f  research 
work. The first po in t  to cons ider  is the  a p p ro p r ia 
teness of th e  eva lua tion  p rocedu re .  A lthough  m any 
a sp ec ts  of th e  analysis m ay be ques tioned ,  the

d iscussion  will be res tr ic ted  to  the  choice o f  the  
Y-variate .  Basically, an  a  priori choice was m a d e  for 
th e  m ost  f requen tly  used  transfo rm  in case o f  na tu ra l  
coun ts  : a  log t ransfo rm . Furthe rm ore ,  a  posterio ri  
tests on  the  d is t r ibu t ion  o f  th e  e rro r  term s d id  not 
show  an y  s ign ifican t  dev ia t ion  from the  theore tical  
expecta tion .  However, th e  choice o f  a log transfo rm
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T ab le  V II. — R esu lts from  a  b o o ts tra p  s im u la tio n  u sin g  th e  1952 D e n  O ever d a ta ,  to  co m p a re  y ear to ta ls  a n d  m ean log 
tran s fo rm s as in d ic a to r  v a ria b le s  o f  y e a r  c lass s tren g th . N  =  n u m b e r  o f  ‘s a m p le s ’, C.V. =  co effic ien t o f  varia tion .

‘sam p le ’ n u m b e r  
N C.V .

y e a r  to ta ls
C.V . * sq rt (N ) C .V .

m e a n  log  tra n s fo rm s
C .V . * sq rt (N )

1 0.54 0.54 0.21 0.21
10 0.31 0.96 0.06 0.18

100 0.08 0.80 0.02 0.19
1 000 0.03 1.05 0.01 0.19

10 000 0.01 0.62 0.00 0.19

1940 1950 1960 1970 1980 Y c o r

Fig. 2. — A N O V A -estim ated  y e a r  e ffects a t D en  O ever.

necessitates a  d rastic  change  in 'accepted  views on 
year class strengths in the  Ijsse lm eer : figure 2 is 
definitely d iffe rent from to ta l yea r  catch figures, as 
for instance given in D ee lder ,  1984 : year class 1952 
is no t  a  very exceptionally  strong year class, and  
1958 is average sized instead  o f  to p  record, while 
1963 turns from a  m o d e ra te  year  class into th e  top  
record. However, long te rm  varia tions are  quite 
com parab le .  In o rd e r  to  select a ju d g e m en t  criterion  
between year  totals an d  m ean  log transform s, a  small 
bootstrap  s im ulation  was set up  : table VII lists 
coefficients o f  varia tion  (taking 10 runs) o f  bo th  
indices o f  various num bers  o f  artificial ‘sam p les ’ 
taken at r andom  from  the  1952 raw sam pling  data  
at D en  Oever. F u rthe rm ore ,  these coefficients of 
varia tion are  m ult ip lied  by  the  square  roo t  o f  the 
n um ber  o f  ‘sam ples’, to co rrec t  for differences in 
accuracy induced  by the  n u m b e r  o f  ‘sam ples’. F rom  
table VII, it can  b e  con c lu d e d  th a t  year totals  heavily  
depend  on  the  n u m b e r  o f  sam ples ,  an d  th a t  sam ple  
num bers  up  to 1000 an d  10000 are  still no t  enough ,  
while m eans  o f  log transfo rm s stabilize at sam ple

nu m b e rs  o f  10 to  100. Therefore ,  m eans o f  log 
t ransfo rm s are  to  be preferred.

Secondly, th e  ra t ionale  o f  this study shou ld  be 
d iscussed. The  prim ary  a im  is to s top  all work on 
supe rf luous  sa m p lin g  sites. It shou ld  be stressed th a t  
D en  O ever is n o t  eva lua ted ,  since this sam pling  site 
will be  c o n t in u e d  because  o f  prac tica l cons idera
tions. F rom  ta b le  IV, it can  be conc luded  that bo th  
Lauw ersoog  a n d  I jm uiden  are  superf luous.  S am 
pling  is n o t  in te n se  enough  to m on ito r  very short 
te rm  changes, an d  long  te rm  changes do  no t 
con trad ic t  the  D e n  O ever  series. However, S tellen
d a m  gives in d e p e n d e n t  inform ation.

Finally , o n e  should  have som e doub ts  on  the  
usefu llness  o f  th e se  time series to  m o n ito r  year class 
strength. Since all four  sites d iscussed concern  steep 
t rans i t ions  f rom  one w ater  b ody  into ano ther ,  one 
can  n o t  accep t  at fo rehand  th a t  in s tan taneous  
densities are  re liable  estim ators o f  the  flow o f  glass 
eels th rough  som e borderline .  M ay be ca tching 
devices can  Fill in  this g ap  at D en  Oever.
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