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ABSTRACT: More than  2000 0-group larvae (5.0-30.0 mm long) of both Atlantic Anguilla species 
were examined  taxonomically. With regard to the total number  of myomeres in  A. rostrata and 
A. anguilla, an average  difference be tween  the two species of 6 to 8 myomeres  was found in all size 
groups. 31 specimens  ( i .e . t .76  %) exhib i ted  111 myomeres. The position of the last vertical blood 
vessel and  the n u m b e r  of preanal  myomeres  turned out to be  statistically different in both  species; 
however,  these differences cannot  be used for species identification. The regression line for the 
posit ion of the  last  vertical blood vessel  according to the total n u m b e r  of myomeres indicates  tha t  
individuals  with  a total of 111 myomeres  may be  A. anguilla. Measurements  of total lengths  
revealed highly  significant  differences be t w een  the larvae of both  eel species. It can be concluded 
that, on the average,  A. rostrata (~ = 15.70 ram) ha tched  about  two weeks  before A anguilla (x = 
12.32 ram). On the other hand,  results obta ined from the biggest  A. rostrata larvae (29.5 mm) and  
A. anguilla larvae (23.5 ram) make  a spawning  of A. rostrata l ikely two months  before A. anguilla, 
when  findings from hatching  exper iments  with A. japonica are t aken  as a basis. There is no 
difference in the relat ive length  of the intes t ine in ei ther  Anguilla species. 

I N T R O D U C T I O N  

S i n c e  S c h m i d t  (1924) f o u n d  b o t h  A t l a n t i c  s p e c i e s  of Angui l la  s p a w n i n g  i n  or  n e a r  

t h e  S a r g a s s o  S e a  n o  o t h e r  s i g n i f i c a n t  s t u d i e s  h a v e  b e e n  p u b l i s h e d  o n  t h i s  s u b j e c t .  

D u r i n g  a n  e x p e d i t i o n  w i t h  t w o  r e s e a r c h  ve s se l s ,  F.R.V. " A n t o n  D o h r n "  a n d  R.V. " F r i e d -  

r i ch  H e i n c k e " ,  of t h e  F e d e r a l  R e p u b l i c  of G e r m a n y ,  3097 Angui l la  l a r v a e ,  5.0 to  33.0  m m  

long ,  w e r e  c a u g h t  d u r i n g  M a r c h / A p r i l  1979 i n  t h e  S a r g a s s o  S e a  b e t w e e n  19°-31 ° N a n d  

500-70  ° W. T h e  b i g g e r  l a r v a e  w h i c h  b e l o n g e d  to a n  o l d e r  a g e  g r o u p  of A. anguilla a r e  

t r e a t e d  i n  a n o t h e r  p a p e r  (Kracht ,  1982).  D i f f e r e n c e s  i n  e n z y m e  p a t t e r n s  of t h e  t w o  

s p e c i e s  h a v e  b e e n  s t u d i e d  b y  C o m p a r i n i  & R o d i n 6  (1980). A c o m p a r i s o n  of s p e c i e s  

i d e n t i f i c a t i o n  b y  m y o m e r e  c o u n t i n g  w i t h  t h a t  b y  e l e c t r o p h o r e t i c  c h a r a c t e r i s t i c s  h a s  b e e n  

m a d e  b y  C o m p a r i n i  & S c h o t h  (1982). 

In  o r d e r  to  p r o v e  t h e  d i f f e r e n c e  b e t w e e n  A. rostrata a n d  A. anguilla p o p u l a t i o n s ,  

t h u s  c o n f u t i n g  t h e  t h e o r y  of T u c k e r  (1959),  s o m e  o t h e r  c h a r a c t e r i s t i c s  b e s i d e  t h e  t o t a l  

n u m b e r  of m y o m e r e s  w e r e  e x a m i n e d :  t h e  p o s i t i o n  of t h e  l a s t  v e r t i c a l  b l o o d  v e s s e l  a n d  

t h e  n u m b e r  of t h e  p r e a n a l  m y o m e r e s  ( J e s p e r s e n ,  1942). A p a r t  f r o m  t h e s e  m e r i s t i c  

c h a r a c t e r i s t i c s ,  m o r p h o m e t r i c  c h a r a c t e r i s t i c s  w e r e  a l so  s t u d i e d .  
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MATERIAL AND METHODS 

Since the l ep tocepha l i  of Angui l la  species  comple te ly  lack p igmen t s  in the body 
(Smith, 1979), they can easi ly be  d is t inguished from other angui l l i form leptocephal i .  

2164 Angui l la  l a rvae  smaller  than  30.0 m m  were  separa ted  on board  the ship and 

prese rved  in 4 % buffered formalin. Sample  sorting in the laboratory gave  an addi t ional  

amount  of 1043 (= 33.68 %) mostly smal ler  Angui l la  leptocephal i .  Five specimens,  
longer  than 30.0 m m  (2 x 31.0 ram; 2 x 31.5 ram; 1 × 32.0 ram), have  not been  

considered in the analysis;  later  on they turned  out to be  A. rostrata. For information on 

the station net  in the Sargasso Sea, the geographica l  distribution of the larvae and the 
methods  of fishing, see Schoth & Tesch (1982). 

The  Angui l la  l a rvae  were  inves t iga ted  for the merist ic  characteris t ics  under  a 

microscope with  magn i fy ing  powers  of 125 and 500. Measuremen t s  of morphometr ic  

characterist ics were  carr ied  out under  a dissect ing microscope with the aid of an ocular-  
micrometer .  

RESULTS 

T o t a l  n u m b e r  of m y o m e r e s  

To identify the species  of Angui l la  larvae one must  count the total number  of 

myomeres .  This characteris t ic  does not change  dur ing the ee l ' s  life cycle (Tesch, t973). 
The  total n u m b e r  of myomeres  could be counted  in 1766 specimens.  871 were  

A. rostrata with 102-111 myomeres  (mean value:  106.96); 895 were  d i s t inguished  as 

A. anguilla with 111-121 myomeres  (mean value:  114.68). Spec imens  wi th  111 myo- 

meres  were  t reated as if 50 % be longed  to A. rostrata and 50 % to A anguilla. (Fig. 1). 
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Fig. 1. Frequency distribution of the total number of myomeres for both Atlantic Anguilla species; 
A. rostrata: x = 106.96; s.e. = 4-0.06; s.d. = ± 1.91; n = 871; A. anguilla: x = 114.68; s.e. = + 0.06; 

s.d. = _+ 1.80; n = 895 

P o s i t i o n  of t h e  l a s t  v e r t i c a l  b l o o d  v e s s e l  

The  posit ion of the last ver t ical  blood vessel,  according to Smith (1979), is also ~a 

characterist ic to be  looked  for w h e n  ident i fying Ieptocephal i .  It is espec ia l ly  helpful  

w h e n  dis t inguishing very small  Serr iyomer  sp. from AnguHla sp. because  of w e a k  
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p igmenta t ion  in  Serr ivomer  species. According to Jespersen (1942) "the si tuation of the 
blood vessels is de te rmined  according to the myomere which lies off the upper  end of the 
vessel where  it joins the aorta." In Angui l la  spec. the last vertical blood vessel is si tuated 
be tween  the 40-50th myomere  (Smith, pers. communication),  in  Serr ivomer  spec. 
be tween  the 30-37th myomere  (Smith, 1979). 

1402 Angui l Ia  larvae of the 0-group were examined  y ie ld ing  731 A. rostrata and 671 
A. anguilla leptocephali .  The difference be tween  the m e a n  myomere  numbers  up to the 
last vertical blood vessel (mean values:  46.00 for A. rostrata; 48.09 for A. anguilla) is 

* - - - A .  r os t r a ta  (n=731) 
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Pig. 2. F requency  d is t r ibu t ion  of the n u m b e r  of myomeres  up to the last ver t i ca l  b lood  vessel for  A ,  
rostrata: x = 46,00; s,e, = 4- 0.03; s.d. = 4- 1.00; n = 731, and A. angui]]a: x = 48.09; s.e. = 4- 0.03; 

s.d. = 4- 0.90; n = 671 
-$ 
u~ 
~3 

o>5o. 
~49, 
o ~8i 

~7 
N/,6 
2 45 

4z.- 

-~43i m 

o 102 104 106 108 1t0 112 114 116 118 120 122 
Total number of m y o m e r e s  

Fig. 3. Regression l ines for  the pos i t ion  of the last  ver t ica l  b lood  vessel accord ing  to the to ta l  numbe r  
of myomeres for A. rostrata and A, anguilla separately 
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highly  significant (t-Test: P<0.001). Nevertheless,  this characteristic a lone cannot  be 
used for the species ident if icat ion of indiv iduals  (see Fig. 2}. 

Figure 3 shows that the myomeres up to the last vertical blood vessel  are posit ively 
correlated with the total n u m b e r  of myomeres  and  that  the regression l ines are different 
for both species. 

P r e a n a l  m y o m e r e s  

Concern ing  the n u m b e r  of p reana l  myomeres,  Ford (1931) examined  those of 
A. anguilla leptocephat i  and  glass eels unde r  the aspect of a change  dur ing  metamor-  
phosis. He found that the anus of a glass eel  lies beyond  the 35th, that of the lep- 
tocephalus beyond  the 71st myomere. 

The posit ion of the anus  in 152 A. rostrata and  311 A. anguilla larvae has b e e n  
examined  as descr ibed by Jespersen  (1942). Figure 4 shows the f requency dis tr ibut ion of 
p reana l  myomeres for both species (mean values:  64.68 for A. rostrata; 66.56 for 
A. anguilla). The difference is h ighly  signif icant  (median test: P < 0.001). Figure 5 
demonstrates  that the n u m b e r  of p reana l  myomeres increases with the n u m b e r  of the 
total myomeres. 
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Fig. 4. Frequency distr ibut ion of the preanal  myomeres for A. rostrata. E = 64.68; s.e. = 4- 0.27~ 
s.d. = 4-3.41t n = 152, and for A, anguilla: E = 66.56~ s.e. = 4- 0.16~ s.d. = 4- 2.94~ n = 311 

t~ 

-~ e 6 ~ ~ " ~ "  ° Ye =39.622+ 0233x 

• 4 • A. rostrata 

r~ 21 . x & onguiUo 
"5 6 x A. sp. (111 myomeres) 

. . . . . . . . . . . . . . . .  

104 106 108 110 112 114 116 118 120 
Total number of myomeres 

Fig. 5. Common regression line for the preanal myomeres of the Atlantic Anguilla larvae (0-group) 
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T o t a l  l e n g t h s  of  t h e  A n g u i l l a  l a r v a e  

T h e  to t a l  l e n g t h s  of 1735 Angui l la  l e p t o c e p h a l i  w e r e  m e a s u r e d  to 0.5 m m .  F i g u r e  6 

s h o w s  t h e  f r e q u e n c y  d i s t r i b u t i o n  of t h e  t o t a l  l e n g t h s  in  b o t h  spec i e s .  T h e  d i f f e r e n c e  

b e t w e e n  t h e  t w o  m e a n  v a l u e s  (15.70 m m  for A. rostrata; 12.32 m m  for A. anguilla) is  

h i g h l y  s i g n i f i c a n t  (P < 0.001 [t- test]);  i . e . A ,  rostrata a n d  A. anguilla r e a l l y  r e p r e s e n t  two  

d i f f e r e n t  p o p u l a t i o n s .  A t t e m p t s  to f i n d  ou t  w h e t h e r  s p e c i m e n s  w i t h  111 m y o m e r e s  

b e l o n g  to A. rostrata or A. anguilla w e r e  no t  succes s fu l ,  s i n c e  t h e  l o w  n u m b e r  of 31 

i n d i v i d u a l s  c o m p r i s i n g  13 c l a s s e s  d o e s  n o t  g ive  a n  e x a c t  f r e q u e n c y  d i s t r i b u t i o n .  
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Fig. 6. Frequency distr ibution of the Anguilla leptocephal i  (O-group) in the length  classes (rnm); A. 
rostrata: ~ = 15.70 mm; s.e. = ± 0.12 ram; s.d. = ± 3.48 mm; n = 856; A. anguilla: ~ = 12.32 mm; 
s.e. = ± 0.11 ram; s.d. = ± 3.21 rnrn; n = 879; A. spec. (111 myom.): x = 13.45 mm; s.e. = ± 0.55 

mm; s.d. = ± 3.08 mm; n = 31 

R e l a t i v e  l e n g t h  of  t h e  i n t e s t i n e  

834 A. rostrata a n d  906 A. anguilla l a r v a e  w e r e  m e a s u r e d  to d e t e r m i n e  t h e  r a t i o  of 

t h e  i n t e s t i n a l  l e n g t h  to t h e  t o t a l  b o d y  l e n g t h  (Fig. 7). T h e  m e a n  v a l u e s  (79.65 % for  

A. rostrata; 79 .11% for A, anguilla) a r e  no t  s i g n i f i c a n t l y  d i f f e ren t ,  so t h a t  t h e  r e l a t i v e  

i n t e s t i n a l  l e n g t h  c a n n o t  b e  u s e d  as  a s p e c i e s  c h a r a c t e r i s t i c .  A s l i g h t l y  d e c r e a s i n g  l e n g t h  

of t h e  i n t e s t i n e  w a s  f o u n d  w i t h  i n c r e a s i n g  b o d y  l e n g t h  i n  b o t h  spec i e s .  T h e  r a t i o s  w e r e  

1.31 : 1 at  5 m m  b o d y  l e n g t h  a n d  1.33 : 1 a t  29 m m  b o d y  l e n g t h .  

DISCUSSION 

T h e  A t l a n t i c  e e l  spec i e s ,  A. rostrata (Le S u e u r )  a n d  A. anffuilla (L.), c a n  b e  

d i s t i n g u i s h e d  b y  t h e  t o t a l  n u m b e r  of m y o m e r e s  or  v e r t e b r a e .  U n f o r t u n a t e l y ,  i t  is no t  

c e r t a i n  t h a t  t h e  n u m b e r  of m y o m e r e s  t a l l i e s  w i t h  t h e  n u m b e r  of v e r t e b r a e .  A c c o r d i n g  to 

3 e s p e r s e n  (1942) t h e r e  is, o n  t h e  a v e r a g e ,  o n e  m o r e  m y o m e r e  t h a n  v e r t e b r a e  i n  a d u l t  

ee ls .  In  A. rostrata h e  f o u n d  1 0 3 - 1 1 1  (x = 107.25) v e r t e b r a e  a n d  104 -111  (x = 108.17) 
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Fig. 7. Frequency distribution of the relative length of the intestine in % of the total length for A. 
rostrata: x =  79.65; s.e. = _- 0.09; s.d. = ± 2.68; n = 834, and for A. anguilla: ~= 79.11; 

s.e. = __ 0,09; s,d. = ± 2.96; n = 906 

myomeres ;  in A. anguilla 110-119 (_~ = 114.73) ve r t eb rae  and 112-119 (~ ---- 115.58) 
myomeres .  Ege ' s  results  (1939) for A. rostrata were  103-111 (x = 107.23) ve r t eb rae  and 

110-119 (.x = 114.73) ve r tebrae  for A. anguilla. Vladykov & March  (1975) found 101-111 

(.~ = 105.13) myomeres  in A. rostrata and 109-116 (.~ ---- 111.76) myomeres  in A. anffuilla. 
Kleckner  & M cC l eave ' s  invest igat ions  (1980) resul ted in 102-110 (x = 106.83) myomeres  

for A. rostrata and 112-119 (x = 114.48) myomeres  for A. anguilla. 
Bo6tius (1980) p resen ted  data of the total number  of ve r tebrae  t aken  from samples  of 

European  and Amer ican  eels  and found 103-112 (.x = 107.19) ve r t eb rae  in the lat ter  and 
104-120 (~ = 114.62) in the former. In the samples  of European  eel, 17 spec imens  out of 

15,854 had less than 109 ver tebrae.  

The  present  mater ia l  r evea led  that A. rostrata has 102-111 (x = 106.96) myomeres  

and A. anguilla 111-121 (x = 114.68). These  m e a n  va lues  are near ly  the same as 
repor ted  by Kleckner  & McCleave  (1980) and Bo6tius (1980); however ,  they  are h igher  

than the values  p resen ted  by Vladykov & March (1975) and lower  than  those g iven  by 

Je spe r sen  (1942). V ladykov  & March (1975) sugges ted  that  their  va lues  were  too low 

because  of methodolog ica l  reasons. Actually,  it is difficult to count  myomeres  in very 
small  leptocephal i ;  espec ia l ly  the last two in the tip of the tail seem to be  left to the 

subject ivi ty  of the inves t iga tor  (Bo6tius, Smith, Kleckner,  McCleave ,  personal  communi-  
cations). 

However ,  all invest igators  found an interspecif ic  m e a n  difference of 6 -8  myomeres  

or ver tebrae;  a difference found in even  very  small spec imens  that are just a few days 

old. This refutes Tucker ' s  theory (1959) that there is a h igher  number  of myomeres  in A. 
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anguilla caused by drifting in  waters of low temperatures  on the way to Europe. On the 
other hand,  6-8 myomeres  more or less would  be equiva len t  to a chang ing  rate of more 
than 7 %. This seems too high to have b e e n  induced  by higher  or lower temperatures.  

Another  point  of Tucker 's  theory (1959) was that different temperatures  dur ing  
embryonal  deve lopment  could induce  the higher  n u m b e r  of vertebrae in some of the 
descendants  of A. rostrata. This would  imply  that eggs of the same species are spawned  
in different water  layers or s ink to different depths with highly  different temperatures.  
As, in  the present  material,  very small  specimens of both species came from the same 
hauls  (Schoth & Tesch, 1982) this seems improbable .  According to Blaxter (1969) there 
usual ly  is a V-relat ion in  changes  of ver tebrae  with different temperatures,  i.e. the m e a n  
n u m b e r  of ver tebrae is lowest w h e n  the eggs develop at med ium water  temperatures,  
whereas  relat ively higher  and  lower water  temperatures  lead to higher  vertebrae 
numbers .  Fonds et al. (1974) inves t iga ted  the inf luence  of tempera ture  and  salinity on 
embryogenes is  and  ver tebrae n u m b e r  of Belone belone and  observed an  average 
difference in  the n u m b e r  of ver tebrae  of about  2.2 (which ist 2.7 %). An average 
difference of 2.7 % for the Anguilla species would  lead to a m e a n  difference of 3 
myomeres based  on specimens with 111 myomeres.  

Electrophoretic invest igat ions  on board the R.V. "Anton Dohrn" dur ing  the cruise 
gave different enzyme pat terns in  both species. For 76.9 % of the invest igated speci- 
mens,  the myomeres  of which had b e e n  counted before electrophoresis was performed, 
species ident if icat ion by myomere  count ing  was in accordance with the results obta ined 
by electrophoretic analysis  (Comparini  & Schoth, 1982). 

A point  of uncer ta in ty  is the exact dist inction be tween  the two species unde r  
considerat ion as myomere  counts overlap. Jespersen (1942) considered specimens with 
111 myomeres  to be A. rostrata; Kleckner  & McCleave (1980) omitted specimens with 
111 myomeres  from their calculations. Bo~tius (1980) found a ma x i mum of over lapping 
at 111 vertebrae;  Schmidt (1924) d ivided individuals  with 111 myomeres be tween  the 
two species proportionally.  I have proceeded in  a similar fashion with the present  
material,  a l though Bo6tius & Bo~tius (1967) found twice as m a n y  glass eels with 111 
vertebrae in  A. anguilla populat ions  as there are in  those of A. rostrata. 

Concern ing  the posit ion of the last vertical blood vessel and  the n u m b e r  of p reana l  
myomeres,  there are highly s ignif icant  differences be tween  the two species, but  these 
characteristics cannot  be used for ind iv idua l  species identification.  

Schmidt (1924) concluded from measurement s  of A. rostrata and  A. anguilla larvae 
taken  over several  months that the Amer ican  eel spawns about  two months earlier than  
the European  eel. The m e a n  body lengths  of the present  mater ia l  revealed a highly 
signif icant  difference be tween  the two species. Length classes over 23.5 mm were not 
represented  by A. anguilla at all but  by  A. rostrata. Thus Schmidt 's  conclusion (1924) that 
A. rostrata spawns earlier than  A. anguilla seems to be confirmed. Yamamoto & 
Yamauchi  (1974) were successful in  ha tch ing  eggs of A. japonica. They observed the 
growth of the larvae from 2.9 mm at the ha tching  point  to 6.2 rnm on the 5th day in  water  
of 23 °C temperature.  Yamauchi  et al. (1976) reared larvae in  water  of 19 °C temperature.  
The larvae measured  6.2 mm on the 7th day and  7.0 mm on the 14th day of larval life. 
Provided these results from laboratory exper iments  with A. japonica are t ransferable to 
the closely related Atlantic Anguilla species then  A. rostrata larvae hatched, on an 
average, about  two weeks before A. anguilla eggs, on an average,  r ipened.  Hence,  the 
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l a r g e r  A. rostrata l a r v a e  (29.5 m m )  c o u l d  h a v e  h a t c h e d  u p  to  t w o  m o n t h s  b e f o r e  A. 

anguilla (23.5 mm).  

As  r e p o r t e d  b y  T e s c h  (1973), t he  A t l an t i c  f r e s h w a t e r  ee l s  h a v e  t h e  g r e a t e s t  r e l a t i v e  

l e n g t h  of t he  i n t e s t i n e  w h i l e  t h e y  a re  l e p t o c e p h a l i .  B e r n d t  (1938) f o u n d  a gu t  l e n g t h  of 

63 % r e l a t e d  to t h e  to ta l  l e n g t h  in  a 75 m m  A. anguilla l e p t o c e p h a l u s .  For  g l a s s  ee l s  h e  

n o t i c e d  a d e c r e a s e  of  u p  to 38 %. S c h m i d t  (1916) e x a m i n e d  the  ra t io  b e t w e e n  b o d y  

l e n g t h  a n d  l e n g t h  of  t h e  ta i l  ( a n o c a u d a l  l e n g t h )  in  l a r v a e  of t h e  E u r o p e a n  ee l ;  i n  

l e p t o c e p h a l i  r a n g i n g  b e t w e e n  15-85  m m  b o d y  l e n g t h ,  t h e  ra t io  d e c r e a s e s  w i t h  i n c r e a s -  

i n g  b o d y  size.  T h e s e  o b s e r v a t i o n s  are  in  a g r e e m e n t  w i t h  t h e  f i n d i n g s  o b t a i n e d  f rom t h e  

p r e s e n t  ma te r i a l .  
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