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ABSTRACT: This is the first report on the leptocephalus catches made during the last 15 years in 
North- and Central Atlantic during the course of 19 cruises of five different ships from Germany and 
one from Poland. This report comprises identification, geographical occurrence and abundance  and 
in some cases depth preference, migratory routes and spawning area of Congridae in the North 
Atlantic. The largest part of this collection consists of 876 Conger conger larvae. The likelihood that 
this species spawns in the Mediterranean is again confirmed. Decreasing density as well as in- 
creasing size from Gibraltar west- and north westward showed migration to be occurring in that 
direction. Age was determined by counting "daily rings" on the otoliths of up to 120-mm long lar- 
vae. It is suggested to be more than 300 days and is calculated to be 11/4 years for the largest larvae 
(TL = 140-160 mm). Some 126 specimens of three other Conger species, i .e .C,  oceanicus, C. trip- 
oriceps, C. esculentus, were identified in the collection. The major part originated from the western 
North Atlantic. The most numerous larvae, belonging to another genus of Congridae, were Ariosoma 
balearicum (n -- 265). They showed, also in consideration of other studies, quite a wide range in num- 
ber of myomeres. Their systematic status is therefore uncertain, as is also the status of those known 
from the NW Indian Ocean and the NW Pacific. One larva, probably of Ariosoma selenops, of un- 
usually large size (TL = 467 ram) and captured in the Iberian Basin is described and compared with 
specimens known from the literature. Two larvae of unknown identity were captured off NW Africa; 
they resembled A. balearicum but had too high a number of myomeres. The identity of most of the 
Gnathophis larvae caught in the East Atlantic is uncertain. Leptocephali of Paraconger notialis in 
the East Atlantic, up to the area north of New Guinea, exhibited a higher number of myomeres than 
those known from the West Atlantic. Larvae of Xenomystax congroides (n -- 29), belonging to a pop- 
ulation with a relatively high number of myomeres, were captured in the Sargasso Sea. 

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

Larvae  of t h e  Angu i l l i f o rmes  l e p t o c e p h a l i  c o l l e c t e d  d u r i n g  19 c ru i ses  of f ive G e r m a n  

a n d  one  Pol i sh  r e s e a r c h  ve s se l s  a re  e v a l u a t e d .  O n e  pa r t  of t he  ma t e r i a l  w a s  o b t a i n e d  

d u r i n g  g e n e r a l  f i she ry  b io logica l  a n d  o c e a n o g r a p h i c a l  c ru i ses  in t h e  Eas t  At lan t ic .  A 

first e v a l u a t i o n  of t he  l e p t o c e p h a l i  of tha t  m a t e r i a l  w a s  m a d e  in t he  t hes i s  of S t r e h l o w  

(1992). T h e  o t h e r  pa r t  of t he  co l l ec t ion  is b a s e d  on  c ru i se s  d e s i g n a t e d  m a i n l y  for t he  s t u d y  
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�9 Biologische Anstalt Helgoland, Hamburg 



86 B. Strehlow, C. Antunes,  U. Niermann & F.-W. Tesch 

of the oceanic  life of the North Atlantic Anguilla species (e.g. Tesch, 1982; Tesch & 

Wegner,  1990) and, in addition, for moni tor ing the density of Anguilta la rvae  stocks 

arriving annual ly at the European  cont inenta l  slope (e. g. Tesch, 1980; Tesch & Niermann,  

1992). 

This comparat ively  large amount  of mater ia l  contributes substantially to our know- 

ledge  on the occurrence,  migrat ion and spawning  areas of several  anguil l i form species 
in the North Atlantic. tt comprises  more  than 30 species and a total number  of about  4000 

specimens.  A systematic presenta t ion  of this material  by taxonomic order alone, to sup- 

p lement  the ecological  view, is beyond the scope of this paper. The taxonomic  informa- 

tion is therefore combined  with geograph ica l  and regional  aspects. The  first paper  in- 

cludes species which occur and spawn mainly  in the East Atlantic, a l though West Atlan- 

tic occurrence is also described.  Congridae ,  like Conger conger, Ariosoma and 

Gnathophis species are included in this first presentat ion.  Conger conger is of special  in- 
terest  because  its collection is the most substantial  of this section and comprises  catches 

obta ined from 1979 to 1994. Species  of other  families are considered in later  papers.  

MATERIAL AND METHODS 

The study material  of eel larvae was col lected during 20 expedit ions of six research 
vessels be tween  1979 and 1994. The cruises were  conducted  by the Biologische Anstalt  

Helgoland  (R.V. "F. He incke" ,  R.V. "A. Dohrn"),  by the former Institut fiir Hochsee-  

fischerei, Rostock in cooperat ion with the Marine  Institut, Gdynia  [R. V. "A. v. Humboldt" ,  
R.V. "Prof. Siedlecki")  and by the Institut ffir Meereskunde ,  Kiel (R.V. "Poseidon")  

(Table 1). Because  the program of some cruises was not especially des igned  for catching 

eels and eel larvae and due to the different catching methods  and gear, calculat ions and 
comparison of mean  abundances  were  not possible. After capture, the leptocephal i  were  

preserved  in seawate r  formalin (4 %) or e thanol  (70 %). Measurements  w e r e  made  to 

neares t  0.1 mm, counts and identif ication under  magnificat ions of 125 and 500, partly on 
board and partly in the laboratory. A screen ing  of all avai lable samples was necessary.  As 

some specimens were  loaned or in bad condit ion due to preservation for a long period, the 

identity of some species could not be confirmed.  Specimens  of Bathycongrus (formerly 
Rhechias) and Hildebrandia especial ly  could only be identified to genus  level.  

The following abbreviat ions  are used: n - number  of specimens,  O - m e a n  value, 
s.d. - s tandard deviation,  TL - total length,  preAL - preanal  length, preDL - predorsal  

length,  LO - length  to the opis thonephric  blood vessel, LH - length  of the head,  D - 

greates t  depth  of the body, TNM - total n u m b e r  of myomeres ,  MP - n u m b e r  of myome-  
res to the pronephric  blood vessel, MO - n u m b e r  of myomeres  to the opis thonephric  

blood vessel, MA - number  of myomeres  to the origin of the anal fin, MD - n u m b e r  of 
myomeres  to the origin of the dorsal fin, FC - number  of fin rays in the caudal  fin. 

RESULTS AND DISCUSSION 

Conger conger 

Morphometry and mer/st /cs 

The Conger larvae were  dif ferent ia ted mainly by count ing myomeres .  The  876 

Conger larvae, which were  col lected in the NE-Atlant ic  and Med i t e r r anean  during 
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Table 1. Sources of examined  leptocephali  material  from the North Atlantic 

Exp. Date Research vessel  Catching area Gill Mesh  size 
Nr. (I/m) 

1. 12.02.-09.05.  1979 "F. Heincke" Bay of Biscay, IKMT 500, 850 
"A. Dohrn" Sargasso Sea MOC 335 

2. 14.08.-01.09.  1980 "W. Herwig" North Atlantic near  the ? ? 
northern European coast 

3. 17.08.-23.08.  1980 "F. Heincke" North Atlantic west  of IKMT 1000 
Ireland 

4. 18.02.-23.04.  1981 "F. Heincke" Bay of Biscay, IKMT 500, 850, 
western North Atlantic 1800 

5. 28. 10.-21. 11. 1982 "F. Heincke" Bay of Biscay, IKMT 1800 
Gibraltar 

6. 16.03.-10.04.  1983 "A. v. Humboldt"  Central  North Atlantic PT 4000 
near  the coast of NW- 
Africa 

7. 10. 11.-11. 12. 1983 "F. Heincke" Bay of Biscay, IKMT 1800 
Medi ter ranean 

8. 16.07.-12. 10. 1984 "Prof. Siedlecki" Iberian Basin PT 4500 

9. 15. 11.-13. 12. 1984 "F. Heincke" Bay of Biscay, IKMT 1800 
Gibraltar 

10. 31.03.-18.04.  1985 "Prof. Siedlecki" Central  North Atlantic PT 6000 

11. 11. 11.-t4. 11. 1985 "F. Heincke" Bay of Biscay IKMT 1800 

12. 31. 10.-08. 11. 1986 "F. Heincke" Bay of Biscay, IKMT 1800 
Coast of Portugal 

13. 06. 11.-15. 11. 1987 "F. Heincke" Bay of Biscay, IKMT 1800 
Coast of Portugal 

14. 12. 11.-20. 11. 1988 "F. Heincke" Bay of Biscay, IKMT 1800 
Coast of Portugal 

15. 25 .05. -01.06.  1989 "F. Heincke" Bay of Biscay, IKMT 1800 
Coast of Portugal 

16. 13.07.-07. 10. 1989 "A. v. Humboldt"  Central North Atlantic Bongo 315, 400 
near  the coast of NW- 
Africa 

17. 23. 10.-28. 10. 1991 "F. Heincke" Bay of Biscay, IKMT 1800 ? 
Coast of Portugal 

18. 15.02.-05.04.  1993 ,,Poseidon" Bay of Biscay, IKMT 300, 4000 
Sargasso Sea Bongo 500 

MOC 50 

19. 30 .05. -22 .06.  1994 "Poseidon" Coast of Portugal IKMT 4000 
Bongo 335, 500 
MOC 335 
PT 10.000 

IKMT 
MOC 
PT 

- Isaacs-Kidd Midwater  Trawl 
- (MOCNESS) Multiple Open ing  Closing Net Environmental  Sensing Sys tem 
- Pelagic Fishery Trawl 
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1979-1994,  w e r e  all Conger conger (number of e x p e d i t i o n s :  1, 2, 3, 4, 5, 7, 8, 9, 10, 13, 14, 

17, 18, 19 - Table  1). T h e  total  n u m b e r  of m y o m e r e s  of C. conger l e p t o c e p h a l i  va r i e s  

b e t w e e n  154 a n d  162 (Table 2). Four  o t h e r  Conger s p e c i e s  wh ich ,  up to now,  a re  k n o w n  

f rom the  N W - A t l a n t i c  w e r e  also p r e s e n t  in the  col lect ion,  i.e.C, oceanicus w i t h  140-148 

m y o m e r e s ,  C. esculentus w i t h  133-135 m y o m e r e s ,  C. triporiceps wi th  150-158 m y o m e r e s  

a n d  l e p t o c e p h a l i  of C o n g r i d a e  g e n u s  A s p e c i e s  A wi th  130 m y o m e r e s  (Smith,  1989). T h e  

l a rvae  of C. congerand C. triporiceps a re  ve ry  s imi la r  in n u m b e r  of m y o m e r e s .  Unt i l  n o w  

t h e y  w e r e  d i s t i n g u i s h e d  only  by the i r  c a t c h  pos i t ion  e i t h e r  in t he  Eas t -  or in t he  W e s t - A t -  

lantic .  In c o n t r a s t  to t he  larvae ,  the  adu l t s  of b o t h  s p e c i e s  d i f fe r  d i s t inc t ly  w i t h  r e g a r d  to 

t he  n u m b e r  of t he i r  p o r e s  a n d  in the i r  den t i t i on .  C. conger occurs  only  in t h e  E a s t - A t l a n -  

tic, M e d i t e r r a n e a n  a n d  Black Sea  a n d  in d e p t h s  up  to 500 m. C. triponceps occur s  only 

in t he  t rop ica l  Wes t -At l an t i c ,  f r e q u e n t l y  n e a r  coral  r ee f s  a n d  in su r f ace  w a t e r s  (Smith,  

1981, 1989; B6h lke  & Chap l i n ,  1968). T h e  n u m b e r  of m y o m e r e s  of C. congerleptocephali, 
as wel l  as o t h e r  c h a r a c t e r s  s u c h  as b o d y  s h a p e ,  p i g m e n t a t i o n  a n d  d e n t a l  p a t t e r n s  a g r e e  

we l l  w i th  t he  c o r r e s p o n d i n g  d a t a  f o u n d  by  o t h e r  au t h o r s  (Table 3). 

Table 2. Comparison of morphometric and meristic characters of Conger conger [arvae in the 
NE-Atlantic and Mediterranean 

Parameter Present studies D'Ancona Schmidt Castle 
(1931) (1931) (1970) 

n 355 * ?* * 201 2 
TL (mm) 32-165 8-150 - 91.5-I 27 

Proportions (% of TL) 
preAL 73.4-88.8 84-88 - 
preDL 55.1-78.5 - - 
LBO 45.3-51.0 - - 
LH 4.0-7.1 - - 
D 7.3-10.8 7-8 - 

Meristic values 
TNM 154-162 148-155 154-163 154-159 
MP 14-21 - - - 
MO 56-61 - - 58-59 
MA 119-128 93* * * - 120-123 
MD 72-91 - - - 
FC 9-10 - - 9-10 

* n = 355 for TNM-values, for other parameters n = 65-70 
* * number of specimens uncertain 

�9 " * one specimen of 8 mm 

T h e r e  is little i n f o r m a t i o n  a b o u t  t h e  d e v e l o p m e n t  of m o r p h o m e t r i c  b o d y  p r o p o r t i o n s  

of C. conger l e p t o c e p h a l i ,  b u t  w e  w e r e  a b l e  to a n a l y s e  our  ma t e r i a l  of l a r g e  p r e m e t a -  

m o r p h i c  l a rvae  for this  cha rac t e r .  T h e  a n u s  d o e s  no t  b e g i n  to m o v e  to a d i s t inc t ly  m o r e  

an t e r i o r  pos i t i on  unt i l  s p e c i m e n s  h a v e  a t t a i n e d  a tota l  l e n g t h  of 150 m m .  P r e a n a l ,  p r e -  

dor sa l  a n d  h e a d  l eng th ,  as  we l l  as  b o d y  h e i g h t  i n c r e a s e s  in r e l a t ion  to t he  tota l  l en g t h .  

T h e  total  l e n g t h  a n d  the  n u m b e r  of m y o m e r e s  a re  not  c o r r e l a t e d  (Fig. 1). Of  i m p o r t a n c e ,  



C o n g r i d a e  89  

Table  3. F r e q u e n c y  d is t r ibu t ion  of d i f fe rent  n u m b e r s  of m y o m e r e s  of Conger Conger l a rvae  c a u g h t  
in the  NE-At lan t i c  d u r i n g  1979-1994 

Para -  F r e q u e n c y  d i s t r ibu t ion  n ~ s.d. 

m e t e r  

T N M  154 155 156 157 158 159 160 161 162 
n 2 6 30 92 104 98 15 7 1 355 157.93 1.23 

MP 14 15 16 17 18 19 20 21 
n 3 2 5 15 23 14 2 I 65 17.66 1.39 

M O  56 57 58 59 60 61 
n 1 7 26 16 13 3 66 58.64 1.10 

MA 119 120 121 122 123 124 125 126 127 128 
n 3 1 9 15 14 14 5 1 3 2 67 122.96 1.85 

MD 72 78 79 80 81 82 83 84 85 86 90 91 
n 1 1 3 2 6 12 11 18 6 4 1 1 66 82.98 2.60 

a n d  v e r y  s i m i l a r  to Conger, is t h e  g e n u s  Gnathoplzis; b u t  s p e c i e s  of  t h i s  g e n u s  h a v e  a h i g -  

h e r  c o u n t  of  m y o m e r e s ,  a s h o r t e r  a n d  r o u n d e r  s n o u t ,  a s h o r t e r  p r e a n a l  l e n g t h  a n d  s p a r -  

s e r  p o s t a n a l  p i g m e n t a t i o n .  

Horizontal and vertical distribution 

T h e  t o t a l  n u m b e r  of  C. congerleptocephali a n d  t h e i r  a v e r a g e  to t a l  l e n g t h  in d i f f e r e n t  

s u b a r e a s  of  t h e  N E - A t l a n t i c  a r e  p r e s e n t e d  i n  F i g u r e  2. S W  of  G i b r a l t a r  o n l y  v e r y  f e w  la r -  

v a e  w e r e  c a u g h t ;  in  t h e  n e i g h b o u r h o o d  N W  of  G i b r a l t a r  f a r  m o r e  l a r v a e  w e r e  c o l l e c t e d  

Fig. 1. R e g r e s s i o n  l ines  of the  total  n u m b e r  of m y o m e r e s  (O) a n d  the  n u m b e r  of m y o m e r e s  to t he  
o p i s t h o n e p h r i c  b lood ves se l  (0)  a c c o r d i n g  to t h e  total  l e n g t h  for C. conger la rvae;  

T N M  = 0.023 TL + 155.51 
M O  = 0.051 TL + 52.77 
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Fig. 2. Horizontal distribution of the mean lengths of C. congerlarvae from different areas of the NE- 
Atlantic. First values: number of individuals; second values: mean length (ram) of larvae caught in 

the subarea; upper values: data of summer cruise of "Poseidon", 1994 

by the same catching methods.  A decrease  of a b u n d a n c e  to the west  is especial ly  shown 

by one cruise in 1982 with successive samples  from east  to west  {Fig. 3). The  increase  of 
m e a n  total l ength  in the subareas from south to north as well  as a decreas ing  f requency  

in the directions north and west  suggests  a migrat ion to the NW which extends  compa-  
ratively far to the East and Central  Atlantic. This cruise and the sampling t echn ique  were  

especial ly des igned  to catch Anguilla larvae.  That  the technique  was also effective for 

lep tocephal i  of C. congerwas shown by M O C N E S S  samples  studying dep th  occurrence 

of lep tocephal i  in the area west  of Gibraltar.  The  other  anguill iform larvae, mainly re- 
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Fig. 3. Abundances of C. conger and A. anguilla larvae caught during the cruises of R.V. 
"F. Heincke" 1980 and 1982 (values - larvae per hour) 

presented  by C. conger, occurred during the night  p resumably  be tween  0 and 200 m, 

whilst A. anguilla larvae preferred a depth of 0-150 m (Tesch et al., 1986). 

The descr ibed t endency  of a NW increase in the length of C. congerleptocephali  was 
found exclusively  in catches from Augus t  to May. In contrast, one summer  cruise ("Po- 

seidon" 1994), end of May to June,  p rovided  not too far west  of Gibralta, much  larger 
sizes of C. conger larvae than did the winter  catches (Fig. 2). These spec imens  were  

perhaps  one year  old, and were  larvae that  had  not moved  too far away from Gibraltar  to 
the NW, or could have  been  returning from the NW. 
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That the spawning  place is not somewhere  in the East Atlantic is demons t ra t ed  by 

the fact that our samples  did not contain any larva below 30 mm TL. The  only season 

when  we captured  the smallest larvae of 35-75 mm TL was early winter  (Nov./Dec. - 

Table 4). We agree  therefore with Schmidt  (1913) that spawning in the Med i t e r r anean  

takes place in August  (July to September) .  The assumption of Schmidt  (1931) that 

Conge r  spawns in the Medi te r ranean  is based  on his catches of small, 9- to 20-mm long, 
larvae in that area. Schmidt 's  assumption that Atlantic C. conger could spawn,  like A. an- 
guilla, in the Western Sargasso Sea is based  on the fact that he captured  small Conger 
larvae in the Sargasso Sea. But this conclusion is now no longer  valid. These  small 
Conger larvae from the Sargasso Sea with a relat ively high number  of myomeres  in rela- 

tion to other Conger species of the western  Atlantic have  to belong to C. triporiceps 
(McCleave & Miller, 1994). The two species are separa ted  by a line which runs from the 

Canary  Isles in a NW direction and to the area west  of the Azores. C. conger larvae 
occur only in the East- and Central  Atlantic. 

Table 4. The total length of Conger conger larvae caught in the NE-Atlantic in relation to time of 
sampling 

Parameter Nov.-Jan. Febr.-April May-July Aug .-Sept. 

Minimum TL {mm) 32 79 93 81 
Maximum TL {mm) 145 143 165 150 
Mean TL (mm) 67.61 106.39 135.16 106.44 
s.d. 16.91 15.74 18.09 22.68 
n 673 38 116 48 

On the basis of Figures 2 and 4 we  further hypothesise that, from N o v e m b e r  on, 
there is sufficient t ime for the more than 30-mm long young larvae to l eave  the Medi ter -  

r anean  in the direction of the Atlantic and to attain the small size that we  have  found 

repea ted ly  south of Portugal/Spain.  They then grow, until the early summer,  to a TL of 
130-150 mm (up to 165 ram). From their wide distribution area in the Eastern Atlantic 

some return for metamorphosis  to the coastal waters  of the continental  slope and to the 
Medi ter ranean.  This is sugges ted  by the mixed  occurrence of small and large  larvae 

observed  from N o v e m b e r  to January  west  of Gibral tar  (see also Schmidt,  1931). The 
length  interval  of caught  larvae and the s tandard deviat ion is here double  that of other 

seasons and areas (Table 4). This may  show that here  emigrat ing and immigra t ing  larvae 
are crossing their  migratory paths. Nothing is known on location and t ime of meta-  

morphosis.  

Age  determination by daily nngs 

The  possible ages  of 21 C. congerlarvae caught  in October  1991 by R. V. "F. He incke"  

were  de te rmined  by counting the so-cal led daily rings in the otoliths. The  m e t h o d  was  
the same as that used  for larvae and glass eels of A. anguilla (Antunes, 1994; Antunes  & 

Tesch, 1997). Consider ing  the area  of capture, the investigations showed  an increase  of 

size and age from south to north. Larvae of about  90 mm are 8 months  old and a larva 

with a total length  of 116 mm is about  10 months  old (Table 5). 
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Fig. 4. Total length  (ram) of C. conger larvae in relation to day of the year when  collected {first day 
on the left is November  1st) 
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Table 5. Age determinat ion by daily rings and  d iameter  o{ ototiths of Conger conger larvae caught  
in the East-Atlantic in spring 1989 

Area n O TL Q radius of Q diameter  of O n u m b e r  of 
(mm) otoliths ( l ~ m )  otoliths {l~m} daily rings 

Bay of Biscay 7 116 160 (s.d. = 28) 243 (s.d. = 47) 306 (s.d. = 44) 
North coast of Portugal 11 108 154 (s.d. = 26) 241 (s.d. = 51) 292 (s.d. = 43/ 
Northern Iberian Basin 3 91 130 190 234 

B a s e d  o n  t h e  a g e  d e t e r m i n a t i o n  a c c o r d i n g  to t h e  "da i ly  r i n g s "  of t h e  o to l i ths ,  a n  a g e  

of 8 to 10 m o n t h s  is likely. S p a w n i n g  t h e r e f o r e  m u s t  h a v e  t a k e n  p l a c e  b e t w e e n  J u l y  a n d  

S e p t e m b e r  i.e. in  a g r e e m e n t  w i th  t he  a s s u m p t i o n  of S c h m i d t  ( i913} o b t a i n e d  f rom his  

c a t c h  of t h e  s m a l l e s t  l a r v a e  in t he  M e d i t e r r a n e a n .  T h u s ,  t h e  v e r y  l a rge  l a r v a e  of 140 to 

160 m m  c a u g h t  d u r i n g  t he  " P o s e i d o n "  c r u i s e  of t h e  ea r ly  s u m m e r  1994 cou ld ,  b y  ex t r a -  

po l a t i on ,  b e  n e a r l y  1 1/4 y e a r s  o ld  (400 -425  r ings ) .  T h e  c a l c u l a t e d  a g e  is in  a c c o r d a n c e  

w i t h  t he  h y p o t h e t i c a l  a g e  of t h e  l a rva l  p h a s e  of C. conger d e s c r i b e d  a b o v e .  

C o n g e r  oceanicus,  C o n g e r  escu len tus ,  C o n g e r  triporiceps 

The catch of 126 larvae enabled three other species of the genus Conger, apart from 
the leptocephali of C. conger, to be investigated. They originated from the expeditions 
Nr. I, 4 and 18 (Table I). Most were captured in the western region of the North-Atlantic 
and in none of the samples were two different Conger species caught. The results are 
shown in Table 6. We only considered those individuals for which exact catch and iden- 
tification data or the preserved samples were provided. Some specimens were measured 
fresh on board. The others were measured after fixation for several years. After several 
years in formalin the total length had shrunk by up to 10 %. Therefore body length is not 
comparable and an evaluation of horizontal size distribution is not possible. 

Table 6. Congerlarvae c a u g h t i n t h e  western  North Atlantic dur ing February-Apr i l1979,1981 and 
1993 

Species n TL (mm) TNM ~ TNM s.d. 

C. ocea~icus 44 19-104 t39-151 144.7 2,30 
C. tnponceps* 41 24-129 150-160 155.8 1.83 
C. esculentus 2 36-100 133-135 134.0 - 

* Four la rvae  were metamorphosing 

T h e  to ta l  n u m b e r  of l a r v a e  of C. tr~poriceps c a u g h t  w a s  80, b u t  t h e i r  c o n d i t i o n  w a s  

too  p o o r  for e x a m i n a t i o n .  F o u r  l a r v a e  w i t h  TL f r o m  95 to 129 m m  w e r e  m e t a m o r p h o s i n g  

( c a t c h i n g  d a t e s :  1 5 . 4 .  1979; 35 ~ 51 'N,  6 ~ 58 'W).  C o n c e r n i n g  C. esculentus l e p t o c e p h a l i ,  

b e s i d e s  u n c e r t a i n  ident i ty ,  t h e  c o n d i t i o n  of p i g m e n t a t i o n  w a s  s u c h  as  to p r e c l u d e  i d e n t i -  

f i ca t ion  of t h e  s t a g e  of d e v e l o p m e n t .  T h i s  q u e s t i o n  w a s  a l so  lef t  o p e n  b y  S m i t h  (1989). 
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A r i o s o m a  b a l e a r i c u m  

Leptocephal i  of Ariosoma are easy to identify by their s lender  shape, their long and 

simple intestine, their very short dorsal fin and their characteristic rows of short p igment  
series along the myosepta.  The larvae of Ariosoma baleancum can be differentiated 

distinctly from the other  species of this genus  by counting the TNM and by the single pig- 
ment  series be low the midlaterai  level. A. balearicum is one of the most f requent ly  caught  

larval species in tropical and subtropical lati tudes of the Atlantic, and several  other 

descriptions are therefore avai lable (Table 7). 

Table 7. Comparison of morphometric and meristic characters of Ariosoma balearicum larvae in the 
North Atlantic 

Parameter Presentstudies Smith Blache Castle 
(1971,1989) (1977) (1966) 

n 265 3131 175" 155" 
TL(mm) 7-173 4-205 8-216 100-209 

Proportions (% of TL) 
preAL 87.4-97.1 87.0-98.0 78.7-97.9 
preDL 92.6-98.2 - 92.7-96.8 
LH 2.8-8.6 3.0-12.0 - 
D 6.8-17.6 8.0-17.0 - 

Meristic values 
TNM 124-136 121-136 126-138 123-131 
MP 18-26 - 14-16 12-16 
MO 56-64 62-72 63-71 65-69 
MA 114-124 90-126 - 52-121 
MD 115-128 - - - 
FC 5-7 - 6-8 6-8 

* larvae and postlarvae 

Larvae caught  in the West- as well  as in the East-Atlantic display a wide range  of 
TNM. The smallest  and greates t  known numbers  (121 and 138) differ by 18 myomeres .  

In larvae of other  eel  species which in addit ion agree  in all essential  features and which 
also can only be identif ied by myomere  count, this difference is less. In A. anguilla and 

in A. rostrata leptocephal i  a comparat ively  small difference of 7 myomeres  is sufficient 

for differentiation; and in other  eel  species even  less (Castle, pers.comm.; Tesch, 1983). 
However ,  distinct geographica l  differences of the TNM of A. balearicum larvae sug- 

gest the exis tence of several  groups character ized by different myomere  counts. Smith 
(1989) describes three populat ions for adult  A. balearicum of the Western Atlantic, one 

northern and one southern populat ion with a high number  of ver tebrae  and one geogra-  
phical in termedia te  populat ion with a low n u m b e r  of ver tebrae .  Clearly, for all adults of 

the Western Atlantic there is a length  f requency  distribution with two peaks  (125 and 
131). These  two peaks  are also observable  in the number  of myomeres  of the larvae (126 

and 132). However ,  it was not possible to character ize  the three different adult  popula-  
tions by larval myomere  counts. 
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Table 8. Total numbers  of myomeres of Ariosoma balearicum larvae caught  in Medi ter ranean,  
coastal and oceanic regions of the North Atlantic 

n ~ TNM s.d. Area Author  

20 131.95 2.28 Medi te r ranean  Grassi (1913) 
12 126.58 1.16 Iberian Basin Strehlow (1992) 
7 128.14 3.24 NW-Africa Strehlow (1992) 

23 129.39 2.52 Cape Verde Islands Blache (1977) 
115 127.70 1.99 Cape Verde Islands, NW-Africa Castle (1966) 

157 127.88 2.19 Summary of coastal regions 

107 130.44 2.15 Gulf of Guinea  Blache (1977) 
81 132.97 1.71 Central  East-Atlantic Lea (1913) 
30 133.20 1.69 Central  East-Atlantic Blache (1977) 

218 131.76 2.33 Summary of oceanic regions 

T h e  l a r v a e  of A. b a l e a r i c u m  in  ou r  s t u d y  a n d  in o t h e r  i n v e s t i g a t i o n s  h a v e  on  a v e r a g e  

3 -5  m y o m e r e s  m o r e  in t h e  o p e n  o c e a n  a n d  in t h e  M e d i t e r r a n e a n  t h a n  in c o a s t a l  a r e a s  

(Table  8). S c h m i d t  (1912) m e n t i o n e d  e a r l i e r  t h a t  t h e  l a r v a e  of A. b a l e a r i c u m  f r o m  t h e  

M e d i t e r r a n e a n  e x h i b i t e d  2 to 3 m y o m e r e s  less  t h a n  t h e  l a r v a e  of t h e  C e n t r a l  A t l an t i c .  

C a s t l e  (1966) s u p p o r t s  th i s  h y p o t h e s i s  b y  c o m p a r i n g  t h e  T N M  of the  s p e c i m e n s  c a p t u r e d  

in 1964 by  "W. H e r w i g "  a n d  t h o s e  of t h e  " S a r s " - E x p e d i t i o n  in  1910. T h e s e  d i f f e r e n c e s  in  

t he  n u m b e r s  of m y o m e r e s  a r e  d i f f icul t  to e x p l a i n .  T h e  two  pos s ib l e  s p a w n i n g  a r e a s  of 

A. b a l e a r i c u m  in  t h e  Eas t -A t l an t i c ,  o n  t h e  b a s i s  of t h e  o c c u r r e n c e  of v e r y  s m a l l  l a r v a e ,  a r e  

p r e s u m a b l y  in t h e  M e d i t e r r a n e a n  (Grass i ,  1913) a n d  in t h e  Gul f  of G u i n e a  (B lache ,  1977). 

In t h e s e  two  a r e a s  l e p t o c e p h a l i  w i t h  h i g h  n u m b e r s  o[ m y o m e r e s  w e r e  c a u g h t .  T h e r e f o r e  

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

c h a r a c t e r i z e d  by  d i f f e r e n t  m y o m e r e  n u m b e r s  is n o t  s u p p o r t e d  by  o u r  l a r v a l  da ta .  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 he  T N M  d a t a  of all  p o o l e d  d a t a  of A. b a l e a r i c u m  l e p t o c e p h a l i  

of t h e  E a s t  A t l a n t i c  a n d  t he  M e d i t e r r a n e a n  r e s e m b l e d  a p lo t  w i t h  two  p e a k s  (Fig. 5). 

Fig. 5. Frequency distribution of total numbers  of myomeres  of A. balearicum caugh t  in Mediter-  
ranean  and  coastal regions (c.r. - values of Grassi, 1913; Strehlow, 1992; Blache, 1977; Castle, 

1966) and  oceanic regions of the NE-Atlantic (o. r. - values of Blache, 1977; Lea, 1913) 
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The occurrence of larvae and  adults  of A. balearicum all over the Atlantic and in the 
Medi te r ranean  is supp lemented  by a report of adult  specimens in the Red Sea and  in the 
North-West of the Indian Ocean (Blache & Bauchot, 1972). Mochioka et al. (1991) studied 
57 larvae of Ariosoma (Type II) with a TL be tween  33 and  210 mm which very well 
agreed with A. balearicum. In ag reement  with an irregular worldwide occurrence is also 
the existence of addit ional  spawning  areas which very hkely are indicated by the catch 
of very small larvae in the West-Atlantic (Smith, 1989) and  in the NW-Pacific south of 
Okinawa  (Mochioka et al., 1991). However, the species structure of Ariosoma in the Indo- 
west Pacific appears  to be complex but  unresolved (Castle, pers. comm.), and  despite the 
similarity of myomere  numbers  it would be premature  to synonymise the Indo-west  
Pacific Ariosoma with A. baleazJcum. 

On the basis of our material, the suggested  nor thern boundary  of distribution in the 
East Atlantic can be moved from 32~ to 48 ~ N. To overcome the unequivocal  systematic 
status of the larvae of A. balearicum with different TNM, molecular biological investiga- 
tions should be applied. 

Ariosoma se lenops  

During the expedit ion of R. V. "Prof. Siedlecki" 1984 in the Iberian Basin an Ariosoma 
larva of unusua l  size and high myomere  count was caught  (48 ~ 52,8'N, 26 ~ 59,8'W). The 
larva seems to be identical  to the larva of A. selenops as described by Smith (1989) from 
the western Atlantic. After examinat ion  it was retained in the collection of the "Museum 
f/Jr Na turkunde" ,  Berlin. 

The total length of the larva was 467 ram; after being preserved in seawater  formalin 
(4 %) for five years it shrank by 7.9 % to 430 ram. The maximum body depth is directly 
beh ind  the head; but  the last third of the body is much narrower. The small head is 
characterized by large round eyes (diameter of circular eye 1.7 mm); the mouth cleft 
(4.8 mm) is in line with the centre of the eye; 21 teeth are in the upper  jaw - uniform 
in shape and size (the lower jaw was somewhat  damaged);  an oval nasal  capsule with 
two round nostrils is level with the upper  half of eyes. The dorsal, caudal  and  short 
anal  fin combine  in a cont inuous fin and  there are two hypurals. The gut is straight 
without any swellings or arches. The length of the fi lamentous exteril ium was 18.4 mm 
(4.2 % of TL). In the completely t ransparent  larva some fine irregular p igment  in the 
anterior part of the gut and liver are obvious. Besides lateral p igment  on the posterior 
half of the body, minute  melanophores  are present  on the myosepta below the chorda 
and form short d iagonal  lines directed caudally. Details of morphometric  and  meristic 
characters in comparison with other known  examples of the species are g iven in 
Table 9. 

Larvae of A. selenops are only known  from the western and central  North Atlantic 
(Smith, 1989:29 specimens of 24-344 mm SL; Keller, 1976:5 specimens of 349-402 mm 
TL). Van Utrecht (1988) described a giant  example of "ieptocephalus pseudomicro- 
cephalus" in the Iberian Basin as a new, hitherto undescr ibed  type of congrid larva. A 
comparison of distinct characters shows that both examples from the eastern Atlantic 
corresponded with the larvae of A. selenops known from the western Atlantic. Mochioka 
et al. (1982) recorded sim~ar larvae, possibly of more than one species, in the western  
part of the Pacific Ocean. His An'osoma Typ A4 and  A5 larvae corresponded in their high 
count of myomeres,  but larvae of both described species have an arch in the gut  and  
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Table 9. Comparison of morphometric and meristic characters of Ariosoma selenops larvae in the 
North Atlantic and of similar eel larvae from the Western Pacific 

Parameter Strehlow Smith v. Utrecht Mochioka et Mochioka et 
(1992) (1989) (1988)* al. (1982)'* al. (1982) * ' �9  

N 1 29 1 6 4 
TL (mm} 467 24-344 373 41.8-398 41.5-187 

Proportions (% of TL) 
PreAL* 98.6 96-98 - 96.9 95.7 
PreDL 98. I - 96.0 95.2 
LBO 51.2 - - - 
LH 2.1 4-10 2.1 4.3 3.3 
D 8.3 9-14 9.3 8.9 9.9 

Meristic values 
TNM 171 169-174 172 160-173 171-177 
MP 30 - 20-23 8-14 
MO 88 96-103 91 78-9t 101-104 
MA 167 160-169 170 151-161 159-166 
MD 165 - 169 149-157 149-164 
FC 9 - 9 8 

" described as Leptocephalus pseudornicrocephalus 
' * described as Ariosoma Type A4 

�9 *" described as Ariosoma Type A5 
+ measured to the point where the gut becomes free of body 

seve ra l  do r sa l  a n d  anal  p i g m e n t s ,  the  ou te r  i n t e s t i ne  in Ariosoma Typ A5 is l o n g e r  (77.8 % 

of TL - Table  9). 

T h e  e n o r m o u s  s ize  of t he  s p e c i m e n s  f rom the  Ibe r i an  Basin  a n d  t h e  p r e s e n c e  of 

sma l l e r  l a rvae  of the  s p e c i e s  in the  w e s t e r n  p a r t  of At lan t i c  cou ld  be  i n d i c a t i v e  of an  ex-  

t e n d e d  larval  p h a s e  a n d  a s p a w n i n g  a r e a  in t h e  w e s t e r n  At lant ic .  Adu l t s  of A. selenops, 
k n o w n  only f r o m  the  w e s t e m  Nor th  At lant ic ,  h a v e  tota l  l e n g t h s  of a b o u t  500 m m .  T h e  lar-  

vae  r e a c h  m u c h  m o r e  t h a n  half  the  TL of t he  l a rg e s t  k n o w n  adu l t s  (> 90 %), g i v i n g  this  

s p e c i e s  o n e  of t he  l a rge s t  l a r v a - t o - a d u l t  s ize  rat ios  of any  eel .  T h e  larva  of A. selenops 
s t u d i e d  h e r e  s e e m s  to b e l o n g  to t he  l o n g e s t  of all k n o w n  ee l  la rvae .  O n l y  four  l ep to-  

c epha l i  of A n g u i l l i f o r m e s  a n d  N o t a c a n t h i f o r m e s  w i t h  g r e a t e r  TL h a v e  b e e n  d e s c r i b e d  

(Bertin,  1954; Cas t le ,  1959, 1967: L. giganteus of 565, 900 a n d  1800 ram; Cas t l e ,  1967: 

Ascomana eximia of 700 mm).  

Unident i f ied Ariosoma species 

During the expedition of R.V. "Prof. Siedlecki" in 1985 two larvae were captured 

which resembled A. balearicum in shape and pigmentation. However, they had higher 

numbers of myomeres (151 and 152) than A. balearicum (123-138). From the West- 

Atlantic only one species (A. anale) is known that exhibits a high number of myomeres 

(Smith, 1989: TNM -- 147-155; n -- 19). Blache (1968, 1977) likewise described a number 

of Ariosoma larvae from the Central Atlantic and from the Gulf of Guinea with a TNM 
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b e t w e e n  141 and  154 (TL = 5 .4-275 mm;  M O  = 60-99;  M A  = 134-142; n = 56). The  
l a rvae  w e r e  d i f fe ren t ly  desc r ibed ,  l ike  Cynoponticus [erox, Parabathymyrus sp. a n d  Ario- 
soma melissi. Smi th  (1989) a s soc i a t ed  all s p e c i m e n s  s t ud i ed  by Blache  (1968, 1977) wi th  

Anosoma anale. H o w e v e r ,  the  two ind iv idua l s  co l l ec t ed  dur ing  our  e x p e d i t i o n  cou ld  not  
be  A. anale, b e c a u s e  t h e y  exhib i t  ne i t he r  the  t h r ee  la tera l  rows of p i g m e n t  ser ies  nor  

the  ex ter i l ium,  typica l  of this size and  d e v e l o p m e n t a l  s tage.  The  few k n o w n  adul t  
s p e c i m e n s  of A. mellissi (Blache & Bauchot ,  1976; Smith ,  1981) s h o w e d  a n u m b e r  of ver -  

t e b r a e  b e t w e e n  140 and  142 w h i c h  is d is t inc t ly  b e l o w  the  T N M  of two l a rvae  u n d e r  
inves t iga t ion ,  m a k i n g  the i r  iden t i ty  q u e s t i o n a b l e .  C o n f i r m e d  la rvae  of A. mellissi are  not  

k n o w n .  
In add i t ion  to the  two s a m p l e d  la rvae ,  s e v e n  fur ther  spec imens ,  v e r y  s imi lar  to 

A. balearicum, s to red  in the  " M u s e u m  ffir N a t u r k u n d e "  in Berlin, w e r e  s tud ied .  T h e y  

w e r e  c a p t u r e d  by the  "E. H a e c k e l " - E x p e d i t i o n  1968 in the  At lant ic  Ocean .  T h e s e  lepto-  

cepha l i  w e r e  130-255 m m  and  h a d  123 to 140 p r e a n a l  m y o m e r e s .  The  exac t  T N M  could  
not  be  c o u n t e d  b e c a u s e  of the  poor  cond i t ion  of the  p r e s e r v e d  spec imens ,  bu t  t h e y  w e r e  

dis t inct ly  a b o v e  138. 

Table 10. Comparison of morphometric and meristic characters of leptocephali of Ariosoma species 
in the North Atlantic 

Parameter Strehlow Fortuna& Smith Mochioka et al. 
(1992) Olivar (1986) (1989) (1991)* 

N 2 1 5 783 
TL (mm) 117-123 79 20-230 11.9-282.2 

Proportions (% of TL) 
preAL 95.5-95.9 - 94-95 - 
LH 3.2-7.1 - 5-9 - 
D 6.8-6.9 - 9-13 - 

Meristic values 
TNM 151-152 148 148-149 136-151 
MO 70-71 82 76-79 71-80 
MA 134-137 138 133 131-142 

" described as Ariosoma Type III without exterilium 

G o o d  a g r e e m e n t  in all  e s sen t i a l  f ea tu re s  of t he  two  l a rvae  d e s c r i b e d  w a s  o b t a i n e d  in 
the  desc r ip t ion  of the  fo l lowing  m a t e r i a l  of Ariosoma l a rvae :  For tuno  & O l i v a r  (1986) f rom 

the  S o u t h e a s t  At lant ic ,  Smi th  (1989) f rom d i f fe ren t  a reas  of the  West -At lan t ic ,  M o c h i o k a  
et al. (1982) f rom the  Nor th  a n d  C e n t r a l  Pacif ic  (Anosoma Type III, w i thou t  ex t e r i l i um - 

Table  10). Cas t l e  (1964) as we l l  d e s c r i b e d  v e r y  s imi la r  l a rvae  of A. mauritianum f rom the  
South  Pacific s h o w i n g  no  ex te r i l ium.  T h e s e  l a rvae  e x h i b i t e d  a f r e q u e n c y  d i s t r ibu t ion  of 

134 to 153 T N M  s h o w i n g  p r o b a b l y  two m a x i m a  at 142 and  151. T h e  l a r v a e  w i t h  the  

h i g h e r  n u m b e r  of m y o m e r e s  t h e r e f o r e  a re  s imi la r  to the  s t ud i ed  l ep tocepha l i  of the  ge -  
nus Ariosoma. N o t h i n g  is k n o w n  abou t  the  dis t r ibut ion,  eco logy  or r e l a t ionsh ip  to o the r  

spec ies  of Ariosoma of t he se  u n i d e n t i f i e d  spec ies .  
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O t h e r  C o n g r i d a e  

Not  all  c o n g r i d  l a r v a e  s h o w n  in T a b l e  11 c o u l d  b e  i d e n t i f i e d  d e f i n i t e l y  to s p e c i e s  

leve l .  T h e  i d e n t i f i c a t i o n  of t h e  Gnathophis l a r v a e  h a s  b e e n  v e r y  di f f icul t  u p  to now.  T h e  

e i g h t  l a r v a e  c a p t u r e d  in  t he  I b e r i a n  B a s i n  e x h i b i t e d  g o o d  a g r e e m e n t  w i t h  Gnathophis 
mystax e x c e p t  t h a t  t h e r e  w a s  n o  l a t e r a l  p i g m e n t  a n d  on ly  v e r y  s p a r s e  i n t e s t i n a l  p i g m e n t -  

a t ion .  T h e y  a lso  h a d  a d i s t i nc t l y  h i g h e r  n u m b e r  of m y o m e r e s  (G T N M  --- 144.25; s.d. = 

1.49) t h a n  G. mystax l e p t o c e p h a l i  ( th is  p a p e r :  Q T N M  = 138.73; n = 15; s.d. -- 0.96; 

B l ache ,  1977: ~ T N M  -- 135.50; n -- 12; s.d.  -- 3.09). T a x o n o m i c a l l y  t h e y  t h e r e f o r e  cou ld  

b e l o n g  to G. codoniphorus. T h i s  is a s e c o n d  s p e c i e s  of t he  g e n u s  k n o w n  f r o m  th i s  a rea .  

Bu t  on ly  o n e  j u v e n i l e  a n d  two  p o s t - l a r v a e  a r e  r e p o r t e d  for th i s  s p e c i e s  w h i c h  a g r e e d  in  

n u m b e r s  of m y o m e r e s  a n d  v e r t e b r a e  of 144 (Maul ,  1972). Gnathophis l a r v a e  w i t h  

132-147  T N M  f rom t he  C e n t r a l  A t l a n t i c  w e r e  r e p o r t e d  b y  Lea  (1913). 

L e p t o c e p h a l i  of Paraconger di f fe r  f rom o t h e r  c o n g r i d  l e p t o c e p h a l i  in  h a v i n g  a 

s h o r t e r  d o r s a l  fin, b l a d e  s h a p e d  p o s t e r i o r  t e e t h  a n d  n o  s u b o r b i t a l  p i g m e n t .  O n l y  o n e  spe -  

c ies  is k n o w n  in t h e  E a s t - A t l a n t i c  w h i c h  w a s  i d e n t i f i e d  f rom m e t a m o r p h i c  s p e c i m e n s  by  

Table 11. Leptocephali of other congrid species among the examined material  

Species Exp.-Nr. n Catching positions TL (mm) Q TL 
(Table 1) (rnm) 

Acromycter perturba tot 1 1 ? 163 163.0 

Gnathophis trios 1 6 57.2-63.2~ 31.4-33.4~ 55-94 80.6 
G. bracheotopos 1 3 64.1~ 31.4~ 42-61 49.3 
G. bathytopos 1 9 64.2~ 31.4~ 35-62 55.4 
Gnathophis sp. I 109 46.0-66. I~ 10.4-37.5~ 29-128 70.2 
Gnathophis sp. 4 49 9.6-67.1~ 18.1-37.4~ 17-135 71.6 
Gnathophis sp. 5 34 9.4-22.3~ 36.2-39.2~ 22-134 66.0 
Gnathophissp. 7 33 7.1-9.3~ 36.2-38.1~ 42-124 74.8 
G. mystax 8 15 15.6-29.5~ 37.0-51.6~ 104-150 122.6 
Gnathophis sp. * 8 8 12.0-27.0~ 37.1-45.6~ 95-137 115.0 
Gnathophis sp. 18 5 59.2-62.0~ 24.5-32.0~ 65-72 69.8 

Hildebrandia sp. l 22 31.4-61.6~ 25.3-63.2~ 26-123 59.6 
Hildebrandia sp. 4 4 66.0~ 25.5~ 47-134 92.2 

Paraconger notialis 9 6 7.0-7.4~ 35.3-35.4~ 26-59 45.5 

PseudophichthFs sp. 1 3 I0.6~ 45.5~ 89-107 95.3 

Rhechias sp. 1 14 57.0-67.4~ 21.0-29.5~ 103-160 135.9 
Rhechias sp. 4 1 67.1~ 24.5~ 64 64.0 

Urocongersyringinus 1 3 57.2-61.2~ 26.5-33.4~ 71-118 89.0 

Xenomystax congroides 1 25 55.3-64.0~ 19.5-33.4~ 91-212 152.8 
X. congroides 4 2 66.0-66.1~ 25.5-26.4~ 91-145 118.0 
X. conffroides 18 2 62.0-63.0~ 24.5-26.0~ 154-175 164.5 

* Gnathophis codoniphorus? 
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B lache  (1977). T h e  Eas t -At l an t i c  l a rvae  of Paraconger notialis all h a v e  h i g h e r  n u m b e r s  of 

m y o m e r e s  (this p a p e r :  T N M  = 133-136; n = 7; Blache ,  1977: T N M  = 132-144; n = 122) 

t h a n  the  s p e c i e s  k n o w n  from the  Wes t -A t l an t i c  (Smith,  1989: T N M  = 119-131; n = 133). 

T h e  co l lec t ion  of Paraconger notialis in 1984 in the  a r e a  of Gib ra l t a r  s h o w s  tha t  th is  spe -  

c ies  occurs  also in t he  Eas t -At lan t i c .  

All 29 l a rvae  of X e n o m y s t a x  congroides w e r e  c a u g h t  in the  S a r g a s s o  Sea  d u r i n g  

spr ing .  T h e  n u m b e r  of m y o m e r e s  va r i e s  b e t w e e n  203 a n d  212 (n = 12) a n d  s u p p o r t s  the  

h y p o t h e s i s  of S m i t h  (1989) of four  d i s t inc t  At lan t ic  p o p u l a t i o n s  w h i c h  c a n  be  i d e n t i f i e d  

by  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 .  L e p t o c e p h a l i  of t he  C a r i b b e a n  p o p u l a t i o n  a n d  f rom 

the  a r e a  n e a r  B e r m u d a  h a v e  the  h i g h e s t  n u m b e r s  of m y o m e r e s  (Smith,  1989: T N M  = 

200-212;  Keller,  1976: T N M  = 221). 
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