
HELGOL~NDER MEERESUNTERSUCHUNGEN 
Helgol~inder Meeresunters. 34, 159-164 (1980) 

Karyological  and gonadal  sex of eels  (Anguilla anguilla} 
from the German Bight and the lower River F.lbe 

T. P a s s a k a s  1 & F. -W.  T e s c h  2 

i Institute of Systematic and Experimental Zoology, 
Polish Academy  of Sciences; 

31-016 Krakdw, Poland, 
2 Biologische Anstalt  Helgoland (Zentrale); 

Palmaille 9, 2000 Hamburg 50, Federal Republic of Germany 

ABSTRACT: Yellow eels (Anguilla anguifla) taken during summer from random commercial trap- 
net samples in the littoral area of Helgoland (n = 116) and from a freshwater area of the River Elbe 
near Hamburg (n = 109) were examined with regard to their karyological (i.e. existence of female 
sex chromosomes) and gonadal sex. In 47 % and 21% of the two samples, respectively, chromo- 
somes were unidentifiable because of insufficient numbers of mitotic plates. All eels from Helgo- 
land, except one phenotypically undetermined fish, exhibited female gonads: 48 had female sex 
chromosomes and 13 were karyologically males. As found previously in the River Elbe, eels with 
male gonads predominated (n = 55); 25 were undifferentiated. Of the gonadal males 26 were 
karyologicat males and 16 karyological females; the rest could not be identified by chromosome 
patterns. In contrast, all  but one of the Elbe eels with female gonads (n = 28) had female sex 
chromosomes. Some aspects of the sex reversal documented in the eel are considered. 

INTRODUCTION 

European  ye l low eels  (Anguilla anguilla L.) caught  in the open  sea have  an 
ex t remely  h igh  proport ion of females  (Pefi~z & Tesch, 1970; L6wenberg ,  1979). This is 

also true for Amer ican  s i lver  eels  (A. rostrata) or ig ina t ing  from brackish  wa te r  (Winn et 
al., 1975). However ,  in f reshwater  areas of the lower  River Elbe males  p redomina te  

(Pefi~z & Tesch, 1970; see r ev iew by Tesch, 1977), as is the case for Amer i can  eels  caught  

in fresh water  ad jacent  to b rack i sh -wa te r  areas  (Winn et at., 1975). As shown by P e ~ z  & 
Tesch (1970), females  aga in  p redomina te  farther ups t ream (see also r ev i ew  by Tesch, 

1977). Thus the h ighes t  proport ion of male  eels  is found near  the ent rance  of the r iver  

into the sea whe re  popula t ion  densi ty  is higher ,  and an increas ing  proport ion of females  

is found from this point  e i ther  farther up- or downst ream.  A s teady increase  of the 

proport ion of females  was  also shown from 1910 to 1970 in the Baltic Sea (Sv~irdson, 

1976). As popula t ion  densi ty  and popula t ion  pressure  decreased,  sex ratio c h a n g e d  in 

favour of the females.  "The  h igher  the popula t ion  pressure,  the more  are the females  

s t imulated to get  away"  (Sv~rdson, 1976). Tesch (1977), however ,  a rgues  that  a different  
migratory dr ive is an i nadequa t e  exp lana t ion  for the sex dis t r ibut ion and sexual  dif- 
ferent iat ion is not ent i re ly  d e p e n d e n t  upon  genotype.  

A step toward the resolut ion of this p rob lem can be made  through the ident i f ica l ion  

of chromosomes.  Karyological  inves t igat ions  have  shown the ex is tence  of a dist inctly 
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he te romorph ic  pa i r  of female  ch romosomes  in  the  ee l  (Ohno et al., 1973; Kang,  1974; 
Passakas ,  1976; Park & Kang, 1979). In the  p resen t  s tudy  we  have  used  the me thod  
desc r ibed  by  Passakas  (1976) to examine  the  ch romosomes  and  the gonads  of ye l low eels  
from two s amp le s  of e s sen t i a l ly  different  p h e n o t y p i c a l  sex re la t ionships .  

MATERIAL AND METHODS 

109 unsor ted  ye l low ee l s  were  o b t a i n e d  at the  end  of Ju ly  1977 from a commerc ia l  
f i she rman  who  caugh t  them with  t rap nets  in the fresh wa te r  of the  River Elbe  nea r  
H a m b u r g  (at Wede l ,  80 k m  from the r iver  mouth).  In S e p t e m b e r  1978 a commerc ia l  
f i she rman  p r o v i d e d  us wi th  116 ye l l ow  eels ,  caugh t  wi th  t rap  ne ts  in  the  l i t tora l  a r ea  of 
the  i s l and  H e l g o l a n d  (North Sea): 

The sex of gonads  was  first e x a m i n e d  macroscopica l ly .  We r e m o v e d  and  p re se rved  
as much  s q u a s h e d  t i ssue  as poss ib le  from both  gonads ,  then  e x a m i n e d  it microscopi-  
cally.  This  was  pa r t i cu l a r ly  impor t an t  for Elbe  ee ls  b e c a u s e  m a n y  of thei r  gonads  were  
st i l l  und i f f e r en t i a t ed  (Pefi~z & Tesch,  1970; Sa in t -Paul ,  1977). 

We  i n v e s t i g a t e d  the  ch romosomes  of mi tot ic  p la tes  o r ig ina t ing  from gi l l  ep i the l ium.  
F ragmen t s  of g i l l s  were  put  into a 0.05 % solu t ion  of colchic ine;  1.5-2 h la te r  they  were  
t ransfer red  to a hypo ton ic  so lu t ion  for 1.5 h. After  f ixat ion in 50 % acet ic  ac id  for 
a p p r o x i m a t e l y  0.5 h, the  f r agmen t s  we re  s q u a s h e d  unde r  a p ressure  of 15 k g / c m  2. The  
cover  g la s ses  were  r emoved  by  submers ion  in 70 % e thyl  alcohol ,  and  the squashes  were  
s t a ined  in G i e m s a  solution.  We p h o t o g r a p h e d  the bes t  m e t a p h a s e  p la tes  for ka ryo type  
a s ses smen t  (Fig. 1). 

RESULTS AND DISCUSSION 

The l e n g t h - f r e q u e n c y  d i s t r ibu t ion  of ka ryo log i ca l  ma le s  a n d  females  each  specify-  
ing  the  p h e n o t y p i c a l  sex as d e t e r m i n e d  by  e x a m i n a t i o n  of the  gonads  is shown in Figure  
3. In bo th  a reas  sex of a cer ta in  n u m b e r  of eels  could  not  be  d e t e r m i n e d  by  the 

1 2 3 4 5 Z W 

6 7 8 9 10 

11 12 13 14  15 16 t 7  18 

Fig. 1. Diploid set of Anguilla anguilla chromosomes (2 n = 38). 1-5 metacentric, 6-10 submetacen- 
tric, 11 18 acrocentric pairs and a female heteromorphic pair with the largest and a small 

metacentfic chromosome {ZW) 
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ka ryo log ica l  me thod  because  of insuff ic ient  quan t i t i e s  of mi to t ic  p la tes .  The  p ropor t ion  
of these  u n d e t e r m i n a b l e  eels  was  g rea t e r  at  H e l g o l a n d  than  in the  River Elbe,  pos s ib ly  
because  the H e l g o l a n d  eels  were  e x a m i n e d  dur ing  a co lde r  season  (late s u m m e r  to 
autumn) than  the Elbe eels  (mid-summer) .  R e d d a n  et  al. (1975) found June  to Augus t  to 
be the bes t  pe r iod  for the  s tudy of mitosis  in Opsanus tau. 

All  ind iv idua l s  e x a m i n e d  r e v e a l e d  female  gonads .  This  is cons is ten t  wi th  the  resul ts  
of ea r l i e r  inves t iga t ions  on ee l s  from H e l g o l a n d  (Pefi~iz & Tesch,  1970; Sa in t -Paul ,  1977; 
LSwenberg ,  1979 unpubl i shed) .  Karyologica l ly ,  m a n y  of these  ee ls  were  ma le s  w h i c h  
means  that  nea r ly  all  ma le  eels  c h a n g e d  into pheno typ i c a l  f emales  (Fig. 2). 

River Elbe Helgoland 
( lower Elbe area) (German Bight) 

n = 109 n = 116 

de te rmina t ion  

Determined from chromosomes Determined from chromosomes 
i I 

t t 
d d ?~? d d ?~? 

Gonadal 

determinat ion 

I I 
Determined from gonads Determined from gonads 

[ - - ]  chromosomes not identified ~ sexually not yet differentiated and hermaphrodites 

Fig. 2. Sex relationship (%) of yellow eels (Anguilla anguflla) from Helgoland and the lower River 
Elbe determined by karyological methods and gonadal sex identification. Undetermined specimens 

include hermaphrodites 

In the  River Elbe,  however ,  the  resul ts  we re  qui te  different :  m a n y  ee ls  had  ma le  or 
undi f fe ren t ia ted  gonads  (Figs 2 and  3). This observa t ion  conf i rmed  ea r l i e r  resul ts  
(Ehrenbaum & Marukawa ,  1914; Marcus,  1919; Wundsch ,  1954; Pefi~z & Tesch,  1970; 
see Tab le  4 of Tesch, 1977). Al l  ka ryo log ica l  ma les  excep t  one (3 %) were  shown to have  
deve loped  ma le  (62 %) or und i f f e ren t i a t ed  gonads .  The  ka ryo loy i c a l  females ,  on the  
other hand,  i nc luded  a h igh  propor t ion  of p h e n o t y p i c a l  ma le s  (33 %}. In addi t ion ,  this  
unsorted sample  of eels  from the River Elbe  showed  a c ompa ra t i ve ly  h igh  n u m b e r  of 
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13 motes (determined from chromosomes); of these, determined from gonads 

13 ?£ 
. . . . . . . . .  

25 30 35 40 45 

z,8 females (determined from chromosomes); of these, determined from gonads 

z = 25 30 35 40 45 

0 J 

55 individuals (undetermined from chromosomes); of these, determined from gonads 

25 30 35 4O 45 
TotQI tength (cm) 

River Elbe (lower Elba area, July 1917) 

37 males (determined from chromosomes}~ of these, determined from gonads 

25 30 35 40 45 

~o 3 ........ m 
25 30 35 40 45 

49 females (determined from chromosomes); of these, determined from gonads 

25 30 35 40 45 50 55 60 

, ~ 1 G e e  
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25 30 35 40 45 50 55 60 

23 individuals (undetermined from chromosomes); of these, determined from gonads 
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Fig. 3. Leng th  f requency  d i s t r i bu t ion  of y e l l o w  eels caught  near  H e l g o l a n d  in the l ower  River  Elba 
w i t h  spec i f i ca t ion  of the i r  k a r / o l o g i c a ]  and gonada l  sex. ~ ~ ind ica tes  unde te rm ined  or hermaph-  
rod i te  gonada |  sex. Of the 13 kar!zo]ogical  H e ] g o l a n d  males w i t h  female  gonads one spec imen was 

not  fu l l y  de te rm ined  ( length:  45 cm) 
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large female eels. If fish longer  than  45 cm are discarded, the length  f requency  of the 
remainder  is comparable  with that of the He lgo land  eels. The proport ion of phenotypica l  
female eels (45 %) then  also decreases to 14 %, and  this ratio compares with earl ier  
results (Ehrenbaum & Marukawa,  1914:7 % and  36 %; Marcus, 1919:9  %, 35 %, 4 %, 
29 %; Wundsch,  1 9 5 4 : 6  % and  46 %; see Table  4 of Tesch, 1977). The samples  of 
Wundsch (1954) consisted exclusively of small  eels i n t ended  for t ransp lan ta t ion  into 
in land  lakes and rivers. 

Our results indicate  that the genotypica l  glass eel  females,  which  p robab ly  enter  the 
cont inenta l  waters  at a normal  sex ratio, stay in  es tuar ine  areas overcrowded wi th  eels. 
Evidently,  they then  part ly develop male  gonads  so that  the n u m b e r  of male  yel low eels 
is disproport ionately high. The above -men t ioned  "popula t ion  pressure"  p robab ly  results 
more in malnu t r i t ibn  or other factors effecting a change  of genotypica l  females  into 
phenotypical  males  (Tesch; 1977, p. 57) than  in  an emigra t ion  of females  (Sv~rdson, 
1976). 

Our invest igat ions confirm the results of earl ier  aquacu l tu ra l  exper iments  that 
suggest  a dependence  of the phenotypica l  sex on popula t ion  density,  nut r i t ion  and/or  
other factors (J. J. Tesch, 1928; Gandolf i -Hornyold,  1932; Schnakenbeck ,  1944; 
d 'Ancona,  1950, 1957; Fidora, 1951; Kuhlmarm, 1975). Or ig in  (North Atlant ic  or Mediter-  
ranean) and  size of the glass eels (Bellini, 1907; Kuhlmann ,  1975) may have little or no 
signif icance for the aberrant  sex ratio observed, s ince in  the case of the es tuar ine  areas of 
the Elbe the ind iv idua ls  s tudied were of the same or igin  a nd  s imilar  size. 

In order to specify the factors involved in  sex reversal,  future research should focus 
on culture exper iments  unde r  controlled condit ions inc lud ing  the appl ica t ion  of karyo- 
logical methods. In addit ion,  it wil l  be  necessary  to examine  the sex chromosomes of 
glass eels and  leptocephali .  

Hermaphrodi t i sm (sex reversal and  undi f fe ren t ia ted  gonochorism) is not u n k n o w n  
in teleosts (see Yamamoto, 1969) among  which the eel is classified as an  undi f fe ren t ia ted  
gonochorist. Exper imental  analysis  of the genet ic  and phenotypica l  re la t ionships  in the 
sex expression of gonochorist ic  fishes has b e e n  presented,  for example,  in Oryzias 
latipes (Yamamoto, 1969) and  Carasius auratus (Yamamoto & Kajishima, 1968). Sex 
reversal can be induced  in  both species, which  exhibi t  he te rogamety  in  males.  However,  
in  the eel, the natura l ly  occurring sex reversal  is accomplished at he te rogamety  in  
females. 
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