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ABSTRACT: The sagittal otoliths of seven anguilliform species belonging to the families Nemich- 
thyidae, Serrivomeridae and Eurypharyngidae are described and illustrated, and a key for their 
identification is provided. Although the leptocephali of the various fish species treated here have 
similar otoliths, some species develop specific otolith characteristics during the adult stage. The 
shape as well as the ratio of fish length to otolith length ratio in adults may serve as a taxonomic aid. 
Since the sagittae of these fishes can be used for specific identification, the digested remains of prey 
in the stomachs and guts of predators can be identified. 

INTRODUCTION 

This is apparent ly  the first report  on the comparat ive  morphology  of the otoliths of 
deep-sea  snipe eel. As these fishes have  a wide  distr ibution in the Atlantic,  Pacific and 

Indian Oceans  {Nelson, 1976}, informat ion on the morphology  of their  otoliths could 
serve as an addi t ional  criterion for the systematics of this group. Post & Hecht  (1977} 

briefly list some of the factors wh ich  could possibly have  b e e n  responsible  for the lack of 

such studies. However ,  more at tent ion is currently be ing  paid  to the otoliths of recent  

fishes. In the fo l lowing we  demonst ra te  their  use as an addi t ional  taxonomic  character  in 
seven  angui l l i form species (for historical  r ev iew of otolith research see Hecht,  1978). 

MATERIAL AND METHODS 

The fishes examined  in the present  study were  col lec ted  on board F. R. V. "Anton  

Dohrn"  dur ing the Eel Expedi t ion  to the Sargasso Sea from March through May 1979, 

(Tesch, 1982). The  otoliths of the fo l lowing angui l l i form species  are descr ibed:  

F a m i l y  N e m i c h t h y i d a e :  N e m i c h t h y s  s c o l o p a c e u s  (Richardson) (n=3)  

SL {standard length) ---- 212, 374, 703 mm. N.  curv i ros t r i s  (Str6mman) (n=3)  SL = 455, 
570, 575 mm. L a b i c h t h y s  c a r i n a t u s  {Gill & Ryder) (n----2) SL -- 345, 567 mm. 

F a m i 1 y S e r r i v o m e r i d a e : S e r r i v o m e r  b e a n i  (Gill & Ryder) (n=37)  TL (total 

length) = lep tocepha l i  28, 36, 37, 46, 46 and 51; juveni les  103, 110, 110 mm; adults 122, 
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Fig. 1. Route of F. R. V. "Anton Dohrn'" during the expedition to the Sargasso Sea (March-May 1979) 
and the catch localities of various fish species 

160, 160, 169, 185, 186, 193, 210, 225, 240, 254, 275, 319, 325, 345, 381, 387, 395, 412, 
420, 434, 512, 541, 549, 563, 676, 715, 732 ram. S. b r e v i d e n t a t u s  (Roule & Bertin) (n =4) 
TL = 255, 316, 450, 481 turn. 

F a m i I y E u r y p h a r y n g i d a e : E u r y p h a r y n x  p e l e c a n o i d e s  (Vaillant) (n = 3) 
TL = 200, 210, 676 ram. 

The locations at which  the various species were caught are shown in  Figure 1. 
Leptocephali  were t aken  at depths of 450 m and  above (Schoth & Tesch, 1982), whi le  the 
adults  were collected as deep as 1800 m (Post & Tesch, 1982). The sagit ta were removed 
either ventral ly  or lateral ly from the capsula audi t iva and  were measured  by  camera 
Iucida projections or vernier  calipers. Nemichthyid  fishes were measured  from the tip of 
the snout  to a point mark ing  the b e g i n n i n g  of the fi lament.  This has b e e n  des igna ted  as 
s tandard  length (SL). All otoliths t reated are in  the private collection of the senior  author. 

RESULTS AND DISCUSSION 

Brief descriptions of the sagittae of the various species are presen ted  in  the fol- 
lowing, 
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F a m i l y  N e m i c h t h y i d a e  ( A n g u i l l o i d e i )  

Nemichthys scolopaceus (Fig. 2 A, B). Otolith genera l ly  circular except for obl ique 
anterior margin.  Rostrum poorly developed to absent.  Antirostrum and  excisnra ostii 
absent.  Both cristae, superior and  inferior absent.  Sulcus acusticus clearly defined but  
not divided into ostium and cauda (homosulcoid). Col l iculum und iv ided  (homomorph). 
Sulcus with slight anterior flare and  ostial (i. e. opens only on anterior  margin).  

N. curvirostris (Fig. 2 C). Similar  in  shape to N. scolopaceus otolith but  vir tual ly 
circular. Rostrum, antirostrum and  excisura ostii absent.  Both cristae absent.  Sulcus 
acusticus ostial and  homosulcoid. Homomorph colliculum. Differs s ignif icantly from 
N. scolopaceus in  relat ive size (see remarks on nemichthyid  otoliths). 

Labichthys carinatus (Fig. 2 D). Larger than Nemichthys otoliths. Shape similar  to 
otolith of N. scolopaceus, except for gent ly  lobed anterior margin.  Both cristae well  
developed,  ex tend ing  around entire sulcus. Rostrum and  ant irostrum absent.  Excisura 
ostii slight. Sulcus ostial and homosulcoid.  Col l iculum homomorph.  

The otoliths of the three nemich thy id  species examined  here are all very similar, but  
are dis t inguishable .  The ratio of otolith length  to s tandard fish length  (OL:SL) might  be a 
usefull  characteristic for the ident i f icat ion of nemichthyid  species. The following 
specific ratios were found: Nemichthys scolopaceus OL:SL = 1:732, N. curvirostris 
OL:SL = 1:1420, Labichthys carinatus OL:SL ---- 1:590. 

These OL:SL ratios should not be regarded as fully reliable,  however, because 
relat ively few specimens  were measured.  If more specimens were available,  it would 
probably  be possible to calculate reasonably  accurate ranges  of ratios in order to 
d is t inguish  these species. 

F a m i l y  S e r r i v o m e r i d a e  ( A n g u i l l o i d e i )  

Serrivomer bean i  (Fig. 2 E, F, G). Typical ly angui l l i form (Hecht & Hecht, 1978). 
Genera l ly  oval, sl ightly wider  posteriorly. Outer margin:  smooth to gent ly  lobed. Sulcus 
acusticus ostial and  homosulcoid. Col l icu lum homomorph. Rostrum and antirostrum 
clearly def ined as rounded  anterior lobes. Excisura occupied by the projection of fused 
cristae. Sulcus extends into excisural project ion (typical of genus  Serrivomer). 

S. brevidentatus (Fig. 2 H, I). Shape similar to S. beani, vir tual ly ind is t inguishable  
except for anterior  geometric shape. Rostrum, antirostrum and excisura ostii are more 
widely  separated from each other and  are more pointed and  prominent  than in  S. beani. 
As in  S. beanL the excisural project ion is formed by the fused cristae, superior and 
inferior. Sulcus ostial and  homosulcoid. Col l iculum homomorph. 

The characteristic feature of Serrivomer otoliths is the "excisural  projection" 
be tween  the rostrum and  the antirostrum. In general,  the otoliths may be described as 
be ing  "corn" shaped (see Fig. 2 E, F, G, H, I, K). The otoliths of the two species were 
d is t inguished according to their anterior  geometric structure. They differ from each other 
as follows: 

In S. beani rostrum and ant irostrum are slightly rounded  and  near ly  equal ly  long. 
Excisural project ion is formed by fusion and  anterior e longat ion  of the cristae. An 
aberrant  form of S. beani otoliths was also observed (Fig. 2 K). Al though the otoliths can 
be recognized as be long ing  to S. beani from the geometric structure of their anterior 
parts, their  posterior portions were squared off rather than  rounded.  
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Fig. 2, Sagittal otoliths A and B: Nemichthys scolopaceus, C: Nemichthys curvirostris, D: Labichthys 
carinatus, E, F, G: Serrivomer beani, H, I: Serrivomer brevidentatus, K: Serrivomer beani, L, M, N: 

Eurypharyr~ pelecanoides 

In S. brevidentatus rostrum and antirostrum are ra ther  po in ted  and re la t ive ly  la rge  

in re la t ion to the project ion.  The  project ion is also formed by the fusion and  e longa t ion  of 
the cristae. 

The  spec imens  of S, beani  r anged  in l eng th  from 18 to 732 ram. They  were  g rouped  

into 20 mm size classes, but  spec imens  b e t w e e n  50 and  100 mm w e r e  not avai lable .  The  
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examina t ion  of the otoliths revealed  that they grow from an unident i f iab le  spherical  
structure into a shape specific for S. beani (Fig. 3,). Four ontogenet ic  stages were 
ident if ied and  are described below: 

S t a g e 1 (leptocephali  up to 50 mm in length): The otoliths are spherical  with no 
d is t inguish ing  features. The otoliths of several other angui l l i form leptocephali ,  includ-  

28  103 "i60 185 193 210 

2/40 2 7 5  3 2 5  3 9 5  

54]  563  7 1 5  

| F~m 
! l 

Fig. 3. Ontogenetic development of Serrivomer beani otoliths, Total length (ram) of fishes is 
indicated below each illustration 

ing Xenomystax sp., Ariosoma balearicum, Nemichthys sp., were also removed, 
0 examined  and  found to be spherical  with no d is t inguishing  features. Appe lbaum & 
Hecht (1978) observed the same otolith deve lopmenta l  pat tern  in  Anguilla anguilla. It is 
impossible,  therefore, to dis t inguish be tween  angni l l i form leptocephal id  otoliths. Pos- 
sibly the metamorphosis  from the leptocephal id  to the juven i le  stage takes place w h e n  
the fish are in  this length  range,  and  the absence  of this length  group from the catches 
may, therefore, be  due to metamorphosis  - depende n t  migration.  

S t a g e 2 (eels be tween  100 and  120 m m  in length):  The otoliths are oval, and  the 
sulcus acusticus has become recognizable .  The project ion b e t w e e n  the rostrum a nd  
ant i rostrum is still absent.  At this stage, the otoliths can be recognized as be long ing  to 
anguit l i forms (Hecht & Hecht, 1978). 

S t a g e 3 (120-180 mm in length):  The otoliths retain the oval shape and  the typical 
sulcus acusticus of anguill iforms. The "excisural  projection" becomes  well  developed 
dur ing  this stage, which means  that the otolith or iginated from a fish be long ing  to the 
genus  Serrivomer. 
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S t a g e  4 (> 180ram in length):  The otoliths at this s tage have  assumed the 

characterist ics of 5;. beanL as descr ibed above. 

The ratio of otoli th l eng th  to total fish l eng th  was ca lcula ted  and found to be l inear:  

y ---- 0.03x -- 0.03; r 2 ---- 0.97, whe re  y = otolith length  and x = total fish length  (Fig. 4.). 

A p p e l b a u m  & Hecht  (1978), mak ing  a similar  analysis of Angui l la  angu111a otoliths, 
found that  this ratio becomes  l inear  only after metamorphos is  from lep tocepha lus  to the 

e lver  stage. This was  due to the decrease  in body size dur ing metamorphosis ,  w h e n  the 

otolith cont inued to grow. Al though  spec imens  of 5;, beani  b e t w e e n  50 and 100 mm in 

l eng th  were  not avai lable ,  it is our hypothesis  that  there  is no similar  ratio change  

because  of the h igh  correlat ion coefficient  and the subsequen t  good fit of the ca lcu la ted  

least  squares  regress ion  l ine  to the observed  data. 
The  ratios of otoli th length- to ta l  fish l eng th  of the Serr lvomer  species  were  as 

follows: S. bean1 OL:TL = 1:365 ± 45; S, brev identa tus  OL:TL = 1:307. In contrast  to the 

ratios of the nemich thy id  otoli th length:  fish length,  the Serr ivomerrat ios  seem to differ 

insignif icant ly  and cannot  be  used  for species  identif ication.  

The  otoliths of S. b e a n i w e r e  also tested for their  sui tabil i ty as an indicator  of the age  

of the fishes, a pract ice wh ich  is common in fishery biology. For this purpose,  the sagi t tae  
of two spec imens  (TL 512 and 715 ram) were  sec t ioned to 0.1 mm, f ixed on glass sl ides 

with DPX mount ing  f luid and  examined.  No age  rings were  ev iden t  in these  sections. 

Family Eurypharyngidae (Saccopharyngoidei) 

Eulypharynx  pe l ecano ides  (Fig 2. L - anterior, M - med ia l  and N - lateral). Virtually 

circular except  for anterior  and posterior  ventral  projections.  Entire pe r ime te r  smooth. 
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Fig. 4. Relationship between otolith length (mm) and total fish length (cm) in Serrivomer beani 
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Sulcus acusticus ostio-caudal (i. e. sulcus opens at anterior as well  as posterior margin),  
homosulcoid. Col l iculum homomorph.  Rostrum present,  ant irostrum and  excisura ostii 
absent.  

The otoliths of the specimens that were fixed in  formalin and  later preserved in  iso- 
propanol  dissolved completely. Otoliths could still be  found only in  those fishes fixed 
and preserved immedia te ly  in iso-propanol.  They are atypical for anguil l i forms (Hecht & 
Hecht, 1978). The otolith length:  fish length  ratio was found to be 1:1226. 

CONCLUSION 

The present  invest igat ion has shown that the specific morphology of the otoliths 
examined  can be used for taxonomic identif icat ion of these angui l l i form species. How- 
ever, this can only be done after the stage at which the otoliths a t ta ined their specific 
final shape. The observation of the seven species examined  made  clear that dur ing 
metamorphosis  and  in  the larval  phase,  their otoliths have similar  shape and therefore 
cannot  be d is t inguished from one another.  Similar observations were made dur ing 
previous work on the otoliths of Anguilla anguilla leptocephal i  (Appelbaum & Hecht, 
1978). After metamorphosis  and  subsequen t  development ,  the otoliths gradual ly  
a t ta ined a specific shape and  could then  easily be  dist inguished.  Hempel  (1957-1959) 
observed a similar  change  in  the otolith shape dur ing  the first year  in the life of the 
herring. 

The otoliths described here can defini tely be used for biological  and  zoogeographi-  
cal studies of these species. Otoliths are most useful  for analysis  of predator stomach 
contents. They remain  fairly intact  whi le  the fish ea ten  becomes quickly digested. 
Moreover, otoliths are occasionally the only remains  of prey found in the stomachs of 
predators (Appelbaum, 1982). The results have also shown that the ratio of otolith length  
to fish length  (OL:SL) can be used for calculat ion of the size of the prey. 

Great  effort has b e e n  exerted to trace the migrat ion of Anguilla spp. to the Sargasso 
Sea and  to s tudy the biology of these species in  their spawning  area. Twelve Angui l l i -  
formes species were collected dur ing  the Sargasso Sea Eel Expedit ion of 1979 (Post & 
Tesch, 1982}, but  not a s ingle spec imen  of Angullla was captured. Among the reasons 
suggested by the authors, one of the most l ikely is thought  to be  that Anguilla indivi-  
duals migrate  in  deep layers (> 2000 m). Robins et al. (1979) demonstra ted the presence 
of Anguilla sp. on the ocean floor in a deep region of the Atlantic. Post & Tesch (1982} 
proposed improved techniques  and  suggested to make  t rawling for Angu111a spp. more 
successfull in future. Invest igat ions of the stomach contents of deep sea predators at 
suspected eel  migra t ion depths would  help to provide more information on the mystery 
of the life history of Anguilla spp. and  other Anguil l iformes.  It is therefore necessary to 
provide descriptions of otoliths from such species to permit  an exact analysis  of stomach 
contents. 

KEY FOR IDENTIFICATION OF OTOLITHS 

A key for the ident i f icat ion of the otoliths of the ba thypelagic  snipe eels considered is 
presented  below. The key refers to the il lustrations, and  it is val id for adults only. 
1. Rostrum and  ant irostrum absent ,  sagit ta circular. 

Sulcus: ostial and  homosulcoid. Coll iculi  homomorph . . . . . . . . . . . . . . . .  2 
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R o s t r u m  a n d  a n t i r o s t r u m  p r e s e n t ,  s ag i t t a  no t  s p h e r i c a l ,  " c o r n "  s h a p e d .  Su l c u s  os t ia l  

a n d  h o m o s u l c o i d .  

Col l i cu l i  h o m o m o r p h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

2. F a m i l y  N e m i c h t h y i d a e  

C r i s t a e  no t  d e v e l o p e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Cr i s t ae  w e l l  d e v e l o p e d  . . . . . . . . . . . . . . . . . . . . .  Labichthys carinatus 
3. O t o l i t h  g e n e r a l l y  c i r cu l a r  e x c e p t  for o b l i q u e  

a n t e r i o r  m a r g i n  . . . . . . . . . . . . . . . . . . . . . . . .  Nemichthys  scolopaceus 
Oto l i t h  v i r tua l ly  c o m p l e t e l y  c i r cu la r  . . . . . . . . . . . .  Nemichthys  curvirostris 

4. F a m i l y  S e r r i v o m e r i d a e  

Ros t rum,  a n t i r o s t r u m  a n d  exc i su ra l  p r o j e c t i o n  

m o d e r a t e  a n d  r o u n d e d  . . . . . . . . . . . . . . . . . . . . . . . .  Serrivomer beani 
Ros t rum,  a n t i r o s t r u m  a n d  exc i su ra l  p r o j e c t i o n  

p r o m i n e n t  a n d  p o i n t e d  . . . . . . . . . . . . . . . . . . . .  Serrivomer brevidentatus 
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