
H E L G O ~ E R  MEERESUNTERSUCHUNGEN 
Helgol~nder Meeresunters. 35, 357-367 (1982) 

Studies on  food  organisms  of pe lagic  f ishes as revea led  

by the 1979 North Atlantic Eel Expedit ion 

S. Appelbaum 

Zoologisches Institut der Universit~t Hamburg; 
Martin-Luther-King-Platz 3, 

D-2000 Hamburg 13, Federal Republic of Germany 

ABSTRACT: The extent to which pelagic fishes occurring in the Sargasso Sea and adjacent parts of 
the Atlantic prey on leptocephali (Anguilliformes) was investigated. Most of the fishes examined 
(c. 95 %) were collected using a commercial pelagical trawl. The stomach contents of about 1000 
fishes (25 species of 10 families), mostly belonging to the suborders Myctophoidei, Stomiatoidei and 
the order Anguilliformes, were examined. The remains of invertebrates, mainly crustaceans, 
molluscs, tunicates, chaetognaths, and siphonophores were found in 28.8 % of the stomachs. Fishes, 
mostly myctophids or fish remains, were observed in 11.2 % of the stomachs; 18.7 % contained 
unidentified items and 40.6 % were empty. Leptocephali (Ariosoma spp. and Gnathophis sp.) were 
found in the alimentary tract of 0.5 % of the fishes examined, exclusively represented by the 
myctophid, Ceratoscopelus warmingii. This report indicates that the Sargasso Sea population of 
Anguilla leptocephali, economically the most important eel, is not seriously affected by predation of 
oceanic fish species considered in this study. 

INTRODUCTION 

The l i terature ava i lab le  contains few data concern ing  preda t ion  by fishes on lep-  
tocephal i  (Petersen, 1905; Schmidt,  1932; Marshall ,  1957; Haedr ich  & Nielsen,  1966; 

Matsui  et al., 1970; Mat thews  et al., 1977; Borodulina, 1981). Leptocephal i  were  found, 

among  other  organisms,  in the s tomachs of various fishes. There  has defini te ly been  no 

report  on the extent  to which  l ep tocepha l i  are ea ten  by fishes in the Sargasso Sea, the 
b i r thplace  of the European  and Amer i can  eel, where  these larvae  are most abundant.  

Such inves t iga t ions  migh t  provide  some data on the possible  inf luence  of fishes as 

predators  on the lep tocepha l i  popula t ions  in the Sargasso Sea before they migrate  e i ther  

to the European  or to the Amer ican  continent.  
The fo l lowing contr ibution provides  some information on this question. An oppor- 

tunity to conduct  this study was g iven  dur ing  an expedi t ion  to the Sargasso Sea in 1979. 

A cons iderable  col lect ion of fishes, caught  wi th  a commerc ia l  midwate r  trawl, was 

ava i lab le  for examina t ion  (Post & Tesch, 1982). 

MATERIALS AND METHODS 

The fish e x a m i n e d  were  col lec ted  dur ing the 1979 Eel Expedi t ion  by the German  

research vesse l  "Anton  Dohrn".  The  f ishing area in the Sargasso Sea and the route to the 
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Fig. 1. Position of the hauls during the expedition to the Sargasso Sea and adjacent waters 

F.uropean continent ,  as well  as the station positions (Tesch, 1982) at which the fishes 
were collected are shown in  Figure 1. 

Most of the fish (95 %) were collected at depths of 0 to 2000 m us ing  a commercial  
midwater  trawl {MT) with 1600 front meshes and an inle t  of 4 nun  mesh at the cod end 
(Post & Tesch, 1982). The rest were caught in  an  IKMT net  at depths from 0 to 150 m and  
in  a MOCNESS from 0 to 500 m (Schoth & Tesch, 1982). 

Most hauls (77 %) were made  from the late afternoon unt i l  night;  the others were 
daytime hauls. Approximately 22 % of the fish collected were examined  on board shortly 
after the hauls. The other 78 % of the fish were preserved in  a solution of neut ra l ized  
formaldehyde (4 %) and  seawater. Later, the formalin was removed and  replaced by 
70 % isopropanol, in  which  the material  was kept for further invest igat ions.  By a 
longi tud ina l  ventral  incis ion the a l imentary tract of the fish could be opened  and  the 
contents  identified. The i tems found were categorized as follows: leptocephali ,  other 
fishes, crustaceans and  other invertebrates  (Chaetognatha,  Cephalopoda,  Gastropoda, 
Siphonophora,  Tunicata).  Crustaceans were divided, according to body length,  into two 
categories: small  crustaceans, < 10 mm (copepods, small  amphipods,  ostracods), and  
large crustaceans, > I0 mm (decapods, large amphipods,  euphausiids) .  For the identif i-  
cat ion of the fish species found in  the stomachs of predators the presence  of otoliths was 
often useful. 

Bauchot (1959) descr ibed the vertical distr ibution of two '*serrivomerid leptoce- 
phal i"  at depths from 0-300 m. Tesch (1980) reported depth preferences at 300-600 m 
dur ing  daytime and  35-125 m at n ight  for Anguilla anguilla. Schoth & Tesch (1982) 
descr ibed the vertical distr ibution of 0-group eel larvae (Anguilla spec.) in the Sargasso 
Sea, and  found leptocephal i  be tween  0-100 m (mostly be tween  50 and  100 m) at n ight  
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and  from 150 to 200 m dur ing  daylight. Kleckner  & McCleave (1982) noted the occurr- 
ence  of Anguilla rostrata leptocephal i  at depths r ang ing  from 340 to 750 m dur ing  

daytime. 
The pelagic fishes chosen for examina t ion  in  this study were from depths corres- 

pond ing  to those at which leptocephal i  are known  to occur, or fishes suspected of hav ing  
similar  vertical  migra t ion pat terns to those of the leptocephali .  Another  criterion for the 
choice of fish used for examina t ion  was their f requency of collection dur ing  the expedi-  
t ion (Fig. 2). 

RESULTS AND DISCUSSION 

M y c t o p h i d a e  

Ceratoscopelus warrningii (Table 1) was the most f requent ly  invest igated species in  
this study (c. 30 %) and  was therefore chosen to start with in  the results reported. This 
myctophid which occurs in  the tropical and  subtropical  regions of the Atlant ic  is know n  
to feed primari ly on small  zooplankton as wel l  as on large crustaceans and  small  fishes. 
The vertical  dis t r ibut ion of C. warmingii at n ight  was reported to range  from 20 to 200 m, 
with max imum a b u n d a n c e  in  the upper  100 m (Nafpaktitis et al., 1977). 

A large variety of taxa of different sizes was found in  the stomachs of C. warmingii. 
The iargest  group consisted of small  crustaceans, inc lud ing  copepods (calanoids), 
ostracods, and small  amphipods.  Larger crustaceans were represented  by amphipods,  
euphaus i ids  and  decapods. Other invertebrates  observed inc lude  siphonophores,  
chaetognaths,  cephalopods,  gastropods and  polychaetes. Fish, f requent ly  ident i f ied as 
myctophids, were found in 9 % of the stomachs. Ingested myctophids sometimes reached 
a total length  of up to half or more of the predator 's  body length.  Thus, a 56 mm C. 
warmingii ind iv idual  can at least triple its empty stomach length  (approximately 
10 ram). Clarke (1978) reported that C. warlningii takes i tems of up to 10 % of its body 

weight.  
Fish scales were also noted  in  the stomachs; however,  they were not recorded unde r  

the fish category if no other fish remains  were found in the stomach. This is because  fish 
scales are found in  the water  and can probably  be consumed directly (Hopkins & Baird, 
1975) or by net  feeding  (Anderson, 1967). Apart from the items men t ioned  above, fish 
eggs and, in  one case, a b lack  oil lump were found in  the stomachs of C. warmingii. 

No significant  difference was noted be tween  the day and  n ight  catches as far as 
stomach content  was concerned.  This supports Clarke 's  (1978) f indings  on the feeding  
pat tern  of C. warmingii. Fish with empty stomachs were found either in  deep-water  
hauls  (> 300 m) or in  hauls  made  at sunrise. 

C. warmingii caught  in  the upper  layers (0-150 m) conta ined more fish (up to 30 %) 
than  those caught in  deep layers (> 600 m). No difference was found in  the stomach 
contents  of males and  females.  Parasites, probably nematodes,  were f requent ly  detected 
in  the stomach or the visceral cavity. 

The most important  f inding  was that, of all fishes examined,  only C. warmingii had 
preyed  on leptocephali .  Five C. warmingii indiv iduals  (three or iginated from the same 
haul) conta ined one leptocephalus  each in  the a l imentary  tract. 

Three of these leptocephal i  were identif ied as Ariosoma spp. (the most intact  
measured  79 ram) and  were found in the stomach and  partly in  the mouth of the 
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predators. The fourth leptocephalus,  Gnathophis sp., 90 ram, was found in  the oesopha- 
gus of the predator. The fifth, an un ident i f ied  leptocephalus,  was found together  with a 
30 mm long myctophid in  the stomach of the predator. Small p lank ton  were also present  
in the stomachs of three of the five C. warmingii. All five leptocephal i  were found in  the 
a l imentary  tract of fishes which had b e e n  caught  in  the late afternoon or at dusk. 

Other myctophids: c. 140 specimens (adults and subadults)  collected from Stations 
5550 to 5894 were examined  and  are listed as follow: Benthosema glaciale (Reinhardt); 
Bolinichthys indicus (Nafpaktitis & Nafpaktitis); Diaphus sp.; Diaphus rafinesquei 
(Taning); Lobianchia gemellarii (Cocco); Notoscopelus kroeyeri (GjOsaeter); Hygophum 
reinhardtii (Liitken); Hygophum taaningi (Bekker); Hygophum hygomii (Liitken); Lam- 
panyctus photonotus (Parr); Lampanyctus CUlorarius (Taning); Lampanyctus lJneatus 
(Taning); Lampanyctus crocodilus (Risso); Lampadena urophaos a tlantica (Maul); Notos- 
copelus caudispinosus (Johnson); Lepidophanes gaussi (Brauer); Symbolophorus ver- 
anyi (Moreau); Bolinichthys indicus (Nafpaktitis & Nafpaktitis); l~lectrona risso (Cocco). 

The majority of i tems from the stomachs of these myctophids was ident i f ied as small  
crustaceans. The different taxa and  sizes found were much less diverse than  those 
observed in  C. warmingii. Empty stomachs were found in 5 of 8 Benthosema glaciale 
ind iv iduals  examined  and  25 (43 %) of 58 specimens of Lampanyctus (L. cuprarius, L. 
lineatus and  L. crocodilus). Nearly all of the 79 specimens of the other myctophids 
showed items in  their stomachs. 

S e r r i v o m e r i d a e  

Serrivomer beani (Gill & Ryder) was the most f requent ly  collected eel (731 speci- 
mens) dur ing  the expedit ion,  and 97 % were taken  deeper  than  1000 m (Post & Tesch, 
1982). 17 of the 23 S. beani examined  had  empty stomachs (Table 2). Only  large 
decapods were ident if ied in  the others. 

The single spec imen of S. brevidentatus (Roule & Bertin), 489 mm, examined  was 
found to have an empty  stomach. 

N e m i c h t h y i d a e  

Nemichthyid  eels have b e e n  captured from the surface down to 2000 m (Nielsen & 
Smith, 1978}. Post & Tesch (1982} give depths of catches of 400 m and  less for Nemich- 
thys scolopaceus and  1200 m and  more for Labichthys carlnatus, and  Avocettlna lnfans 
dur ing  this expedition. However, the last men t ioned  species was also found dur ing  a 
previous cruise after sunset  at depths of 160 to 600 m. 

Stomachs of snipe eels examined  dur ing this study were either empty or conta ined 
only whole shrimp and  shrimp remains  (Table 2). This supports the f indings  of Mead & 

Earle (1970). 

E u r y p h a r y n g i d a e  

Eurypharynx pelecanoides (Vaillant) specimens were collected only in  hauls  deeper  
than  1200 m; however, one spec imen Was reported to have b e e n  caught  at 345 m (Post & 
Tesch, 1982). Stomach examinat ions  indicated that /~. pelecanoides preys mostly on 
large decapods (Table 2). Remarkable  is the occurrence of pieces of Sargassum algae in  
the stomachs of three E. pelecanoides specimens. It is u n k n o w n  whether  these entered  
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the stomach dur ing  ne t - feed ing  or before. These f indings  do not support  B6hlke's (1966) 
op in ion  that Eurypharynx probably  feed extensively on p lank ton  a nd  small  fish. 

G o n o s t o m a t i d a e  

Gonostoma elongatum (Gfinther) occurs in  the Bermuda region at depths of 200 to 
275 m and  400 to 450 m at n ight  (Grey, 1964). The length  of the indiv iduals  examined  
ranged  be tween  110 and  277 ram; thus, both adult  and  semi-adul t  fishes were inc luded  
in the hauls. Identif ied stomach contents were pr imari ly  large crustaceans, occasionally 
some fish but  no smal l  crustaceans (Table 2). The percentage  of empty  stomachs was 
remarkab ly  high in  hauls  made  early in the morning,  late in  the af ternoon or at dusk. 
Females  with ovaries con ta in ing  wel l  developed eggs were found, bu t  their  stomachs 
were  empty. 

Gonostoma bathyphilum (Vaillant) was one of the most f requent ly  collected species 
(1085 individuals)  dur ing  this expedition. Most of the fish collected from deep waters at 
sunrise conta ined wel l  digested mater ial  or were empty. It appears  that G. bathyphilum 
preys on smaller  organisms (small-sized crustaceans) than G. e.longatum does; however,  
fish were also found in  the stomachs of G. bathyphilum (Table 2). Of the mature  females, 
65 % had empty stomachs. 

C h a u l i o d o n t i d a e  

Chauliodus danae (Regan & Trewaves) feed main ly  on fish and  crustaceans. In the 
dayt ime they stay in waters deeper  than 500 m, at n ight  in  the upper  waters and  at the 
surface (Morrow, 1964). A high percentage  of empty stomachs was f requent ly  recorded 
(Table 2). Items ident i f ied in  the stomachs were p redominan t ly  either fish, such as 
myctophids and  stomiatids, or large crustaceans (euphausi ids  and  large decapods). The 
large items were often about  half  the total body length  of the predator.Morrow (1964) 
hypothesized that C danae do not feed on large prey often. In the present  invest igat ion,  
large prey was found more frequent ly  than  small  prey in  the stomachs of C. danae. 

Chauliodus sloani (Bloch & Schneider) is found in  the North Atlantic dur ing  the day 
at depths of 1000-1800 m. At night,  it inhabi ts  the upper  800 m. It feeds chiefly on 
invertebrates  and  small  fishes (Morrow, 1964). Fish observed in  the stomachs examined  
were identif ied as myctophids and  C. danae. Other i tems were not identified.  While C. 
danae was found to consume small-  and large-crustaceans also, C. sloani seems to feed 
solely on fish (Table 2). 

S t o r n i a t i d a e  

Stomias boa ferox (Reinhardt) seems to be most a b u n d a n t  in  the upper  water  layers, 
from 300 m up to the surface (Morrow, 1964). Fishes or fish remains  were found in most of 
the examined  stomachs (Table 2). All were identif ied as myctophids.  No other items 
were found, though Morrow (1964) ment ioned  fishes of the genus  Stomias also feeding 
on crustaceans. 

Id iacanthidae 

Idiacanthus fasciola (Peters): Gibbs  (1964) has reported that of the 162 ,,Dana" 
collections of I. fasciola, near ly  four-fifths were t aken  in  waters shal lower than  200 m. 
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The fishes examined  here were also collected from deep hauls  (20-1800 m) however,  
they might  have b e e n  caught  in  shal lower waters dur ing  the heav ing  of the net. The 
majori ty of fish was found to have empty  stomachs (Table 2). Items discovered were fish 
remains  only. Seven ripe females, found among  the fishes examined,  had empty 
stomachs. 

O m o s u d i d a e  

Omosudis lowei (Giinther). The vertical  dis t r ibut ion of O. lowei specimens  (5 to 
53 mm long) r anged  from 400 to 1000 fathoms (Rofen, 1966). Eight of the 18 specimens  
examined  had  empty  stomachs (Table 2). Rofen (1966) men t ioned  that, without  excep- 
tion, all Omosudis t aken  off Bermuda conta ined  food. 

Stomachs conta ined  either fish, squid, or both. There were crustaceans remains  only 
in one case. In one specimen,  four fishes and one squid were found crowded in  the 
stomach but  intact. This indicates  the enormous capacity of food inges t ion by O. lowei. 
Items were f requent ly  found in  the stomachs intact. Rofen (1966) suggested that the 
stomach of O, lowei is used for storage, and  digest ion does not start unt i l  food enters  the 
intest ine.  It seems that  O. lowei preys almost exclusively on fish and  squid. 

M e l a m p h a i d a e  

Scopelogadus mizolepis mizolepis (Giinther). Adults  of this species are know n  to be 
found at 500 m and  below. Half-grown fishes occur be t w e e n  about  150 and  300 m 
(Ebeling & Weed, 1973). The fishes used  in  this study were t aken  at different depths from 
the upper  layers to 1200 m. M a n y  of the specimens  examined  had  stomachs that were 
either empty  or conta ined  very wel l  d igested items. The items ident i f ied were predomin-  

antly small  crustaceans (Table 2). 

O t h e r  f a m i l i e s  

Fishes of 11 other genera  (10 families), which  are listed below, were addi t ional ly  
invest igate  d bu t  not described in  more detail  as only few indiv iduals  of each family 
could be  ob ta ined  for examinat ion.  None  of these fishes conta ined  any  leptocephalus  in  
the a l imentary  tract. The genera  are: Anoplogaster, Argyropelecus, Balistes, Bonapartia, 
Coccorella, Cydothone, Eustomias, Paralepidida, Photostomias, Sternoptyx, Stomias. 

CONCLUSIONS 

The present  inves t iga t ion  on  the stomach contents  of oceanic  fishes from the 
Sargasso Sea does not show any  preference for leptocephal i  in  the respective diets. 
Moreover, there are indicat ions  support ing the assumpt ion that  the occurrence of 
leptocephal i  in  the myctophid a l imentary  tracts resulted from net  feeding rather than  
na tura l  feeding. One a rgument  is the fact that three of the five Ceratoscopelus warmingii 
conta in ing  leptocephal i  were taken  in  the same haul. It is also noteworthy that all five 
leptocephal i  were  found either in  the stomach, in  the oesophagus,  or even  part ly in  the 
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mouth of the predator. They were fairly intact and  could, except in one case, be 
identified. This means  that they could have entered  the a l imentary  tract of the fish 
shortly before it arr ived on board, i.e. dur ing  the haul.  In many  of the fishes examined,  
the stomachs decreased in  ful lness dur ing  the late af ternoon and  at dusk. Since the five 
myctophids men t ioned  above were caught  at this t ime of day, it is possible that  the 
occurrence of the leptocephal i  resul ted from net  feeding.  However,  C. warmingii feeds 
on large prey day and  n ight  (Olarke, 1978), which weakens  this argument .  

On the other hand,  there are a rguments  against  the net  feeding hypothesis. Fish are 
known  to vomit prey items w h e n  caught by net. This might  expla in  why leptocephal i  
were found partly in  the oesophagus or mouth. While  Holton (1969), Collard (1970) and  
Anderson  (1967) considered the possibil i ty of net  feeding,  Hopkins  & Baird (1975) 
reported no evidence  of ne t  feeding,  even  w h e n  a fine mesh cod e nd  was used. They 
suggested that the diet  de terminat ions  for mesopelagic  fishes are not heavi ly  biased by 
net  feeding.  Clarke (1978) reported little indicat ion of net  feeding dur ing  his invest iga-  
t ion of mesopelagic  fishes, Based upon  the observations men t ioned  above, it remains  
uncer ta in  whether  the leptocephal i  were taken  by the predators in  the net  or before. 

Matsui  et al. (1970) found many  leptocephal i  of Anguilla obscura, measur ing  
41-48 m m  in length,  in  the stomachs of skipjack tuna  (Katsuwonus pelamis) and  
conc luded  that tuna  must  be  a predator  on leptocephali .  Schmidt (1932) men t ioned  that 
the sunfish (A/Iola mola] feeds heavi ly  on Anguitla leptocephal i  in  the nor thern  Atlantic. 
Dur ing  the present  study, none  of the predators conta ined  more than  one leptocephalus  
in  the stomach. This fact also suggests that the predators examined  have no part icular  
preference for leptocephali .  Anguilla leptocephali  may be even  less affected, since none  
of the leptocephali  consumed be longed  to this genus. 

It is notable  that m a n y  ripe predatory females had  empty stomachs, which means  
less predat ion would  improve the chance for survival  o f  leptocephali .  Besides, lepto- 
cephal i  due to their t ransparency and  agile forward and  backward  sw imming  capabi l i ty  
(own observat ion and  Kracht pers. comm.) are p resumedly  difficult to prey on. 

To summarize,  the present  examina t ion  of the stomach contents  of pe lagic  fishes did 
not indicate  any reduct ion of the Anguilla leptocephalus  stock in  the Sargasso Sea by  the 
fishes invest igated here. 

Nevertheless,  the present  study did not inc lude  other organisms that may reduce the 
popula t ion  of leptocephali .  According to Tesch (pets. comm.), small  leptocephal i  were 
found in the stomachs of arrow worms (Sagitta spp.). This observat ion was also reported 
elsewhere.  Large decapods or euphausi ids  could also prey on leptocephal i  s ince they 
prey on crustaceans, chaetognaths  and  fishes (Chace, 1940). 

It may seem curious that Anguilla invar iably  spawns in  the Sargasso Sea, one of the 
nut r i t ional ly  poorest regions of the Atlantic. It is possible that in  such an  impover ished 
habitat,  the scarcity of natura l  enemies  enhances  the chances of survival  for larval  eel 
populat ions.  

Acknowledgements. I gratefully thank Dr. G. Krefft for reading the manuscript and for his valuable 
critical comments on this study. Special thanks are also due to Dr. F.-W. Tesch for his assistance 
during all phases of the work. I am also grateful to Dr. T. Hecht for identification of the otoliths from 
the stomachs of predatory fishes, to Dr. D. G. Smith for the identification of leptocephali, and to Drs. 
R. H. Gibbs, J. G. Nielsen, G. Krefft, A. Hulley, and A. Post for identifying the fishes examined on 
board the ,Anton Dohrn". Dr. Post kindly provided the numbers of the collected specimens. 



F o o d  o r g a n i s m s  of  p e l a g i c  f i s h e s  3 6 7  

L I T E R A T U R E  C I T E D  

A n d e r s o n ,  R., 1967. F e e d i n g  c h r o n o l o g y  in  two d e e p - s e a  f i shes  off Cal i fornia .  M. S. Thes i s ,  Univ.  
Sou th  Cal i fornia ,  Los A n g e l e s ,  22 pp.  

Bauchot ,  M.-L., 1959. E t u d e  des  l a rves  l e p t o c e p h a l e s  d u  g r o u p e  Leptocephalus lanceolatus s t r6m-  
m a n  et  iden t i f i ca t ion  a la  f ami l l e  d e s  s e r r i vomer idae .  - Dana -Rep .  48, 54-131.  

BSblke,  J. E., 1966. F a m i l y  E u r y p h a r y n g i d a e .  In: F i s h e s  of t he  w e s t e r n  Nor th  At lant ic .  5, 610-617 .  
(Mem.  Sears  F d n  mar .  Res. 1.) 

Borodnl ina ,  O. D., 1981. Food  c o m p o s i t i o n  of t h e  ye l Iowf in  T u n a  Thunnus albacares (Bonnaterre)  
(Scombr idae)  in  s o m e  hab i t a t s .  - Vopr.  Icht.  21, 1006-1015.  

C h a c e ,  F. A ,  1940. P l a n k t o n  of t h e  B e r m u d a  o c e a n o g r a p h i c  exped i t i ons .  - Zoologica ,  N. Y. 25, 
117-209.  

C la rke ,  T. A., 1978. Die l  f e e d i n g  p a t t e r n s  of 16 s p e c i e s  of m e s o p e l a g i c  f i she s  f rom H a w a i i a n  wa te r s .  
- Fish.  Bull. U.S. 76, 495-513 .  

Col lard ,  S. B., 1970. F o r a g e  of s o m e  e a s t e r n  Pacif ic  m i d w a t e r  f ishes .  - Cope ia ,  348-354 .  
Ebe l ing ,  A. W. & W e e d ,  W. H., 1973. F a m i l y  M e l a m p h a i d a e .  In" F i s h e s  of t he  w e s t e r n  Nor th  

At lant ic .  6, 421--477. (Mem.  Sears  F d n  mar .  Res. 1). 
Gibbs ,  R. H. Jr., 1964. F a m i l y  I d i a c a n t h i d a e .  In: F i s h e s  of t he  w e s t e r n  Nor th  Atlant ic .  4, 512-522.  

(Mem.  Sears  F d n  mar .  Res. 1.) 
Grey,  M., 1964. F a m i l y  G o n o s t o m a t i d a e .  In: F i shes  of t he  w e s t e r n  Nor th  Atlant ic .  4, 78-238.  (Mere. 

Sears  F d n  mar .  Res. 1.) 
Haed r i ch ,  R. L. & Nie l sen ,  J. G., 1966. F i shes  e a t e n  by  Alepisaurus (Pisces, Iniomi)  in t he  

s o u t h e a s t e r n  Pacif ic  O c e a n .  - D e e p - S e a  Res. 13, 909-919.  
Hol ton,  A. A., 1969. F e e d i n g  b e h a v i o r  of a ver t i ca l ly  m i g r a t i n g  l an t e rn  fish.  - Pacif. Sci. 23, 325-331.  
H o p k i n s ,  T. L. & Baird,  R., 1975. N e t  f e e d i n g  in  m e s o p e l a g i c  f i shes .  - Fish.  Bull., U.S. 73, 908-914.  
Kleckner ,  R. C. & M c C t e a v e ,  J. D ,  1982. En t ry  of m i g r a t i n g  A m e r i c a n  eel  l e p t o c e p h a l i  into t he  Gul f  

S t r e a m  s y s t e m .  - Helgol~inder  M e e r e s u n t e r s .  35, 329-339 .  
M a r s h a l l ,  N. B., 1957. T i e f s eeb io log i e .  VEB Fischer ,  J ena ,  334 pp.  
Ma t su i ,  I ,  Taka i ,  T. & Ka taoka ,  A ,  1970. L e p t o c e p h a l a e  of t he  ee l  Anguilla obscura f o u n d  in  t he  

s t o m a c h s  of S k i p j a c k  T u n a  Katsuwonus pelamis c a u g h t  n e a r  N e w  G u i n e a .  - J. S h i m o n o s e k i  
Univ .  Fish. ,  19 (1). 

M a t t h e w s ,  F. D., D a m k a e r ,  D. M., K n a p p ,  L. W. & Bollet te,  B. B., 1977. Food of w e s t e r n  Nor th  
At l an t i c  t u n a s  (Thunnus) a n d  l a n c e t f i s h e s  (Alepisaurus). - N O A A  Tech .  Rep. NMFS SSRF-706, 
1-19.  

M e a d ,  G. W. & Earle ,  S. A., 1970. No tes  on  t h e  n a t u r a l  h i s to ry  of s n i p e  eels .  - Proc. Calif.  Acad .  Sci., 
38 (5), 99-103.  

Morrow,  J. E. Jr., 1964. F a m i l y  S tomia t idae .  In: F i s h e s  of the  w e s t e r n  Nor th  At lant ic .  4, 290-310.  
(Mere. Sears  F d n  mar .  Res. 1.) 

Nafpak t i t i s ,  B. G., 1977. F i shes  of t h e  W e s t e r n  Nor th  At lant ic .  7, 1-258.  (Mere. Sears  Fdn  mar .  Res. 
1.) 

N ie l sen ,  J. G. & S m i t h  D. G., 1978. T h e  ee l  f a m i l y  N e m i c h t h y i d a e  (Pisces,  Angu i i l i fo rmes) .  - D a n a -  
Rep.  88, 1-71.  

Pe te r sen ,  C. G. J., 1905. Larval  ee l s  (Leptocephalus brevirostris} of the  At l an t i c  coas t s  of Europe.  - 
M e d d r  K o m m n  H a v u n d e r s .  (Fiskeri) 1 (5), 1-9. 

Post,  A. & T e s c h ,  F.-W., 1982. M i d w a t e r  t r awl  c a t c h e s  of a d o l e s c e n t  a n d  a d u l t  a n g u i l l i f o r m  f i shes  
d u r i n g  t h e  S a r g a s s o  Sea  Eel  E x p e d i t i o n  1979. - Helgol~inder  M e e r e s u n t e r s .  35, 341-356.  

Rofen~ R. R., 1966. F a m i l y  O m o s u d i d a e .  In: F i s h e s  of t h e  w e s t e m  Nor th  At lan t ic .  5, 462-481 .  (Mere. 
Sea r s  F d n  mar .  Res. 1.) 

Schmid t ,  J., 1932. D a n a ' s  Toq t  O m k r i n g  J o r d e n  1928-1930.  G y l d e n d a l ,  K o p e n h a g e n ,  368 pp.  
Schoth ,  M. & T e s c h ,  F . - W ,  1982. Spa t i a l  d i s t r ibu t ion  of 0 -g roup  ee l  l a r v a e  (Anguilla sp.) in  t h e  

S a r g a s s o  Sea.  - He lgo l f i nde r  M e e r e s u n t e r s .  35, 309-320.  
Tesch ,  F.-W., 1980, O c c u r r e n c e  of ee l  Anguilla anguilla l a rvae  w e s t  of t he  E u r o p e a n  con t i nen t a l  

shelf ,  1971-1977.  - Envir .  Biol. Fish.  5, 185-190.  
Tesch ,  F.-W., 1982, T h e  S a r g a s s o  Sea  Eel  E x p e d i t i o n  1979. - H e l g o l ~ n d e r  M e e r e s u n t e r s .  35, 

263-277.  


