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ABSTRACT: Retinas of light and dark adapted post metamorphic American eel Anguflla rostrata 
were examined. The retinal epithelial pigment migrates vitreally in light and sclerally in darkness. 
Two layers of rods and a layer of single cones are present. Some cones elongate slightly in the dark 
and contract in the light. The cone synaptic ribbons show no difference between the light and dark 
adapted stages. It appears that this eel stage is capable of functioning in bright and dim environ- 
ments. 

INTRODUCTION 

The ret ina of the  ca tadromous  eel, both  the  European (Anguilla anguilla) a n d  the 
North Amer ican  (Anguifla rostrata, Lesueur) species,  had  been  s tudied  from the  poin t  of 
v iew of morphology  (All et  al., 1968; Braekevel t ,  1982, 1984a, b, 1985; Gordon  et  al., 
I978), h is tophysiology (Blaxter & Staines, 1970; Es-sounni & Ali, 1986, 1987; Pankhurst ,  
1984) and  visual p igments  (Beatty, 1975). The  eel  migrates  twice dur ing  its hfe and  
undergoes  two me tamorphoses  (Tesch, 1977) which  br ing about  numerous  morphologi -  
cal and  physiological  modificat ions (Kleckner & Krueger,  1981; Pankhurs t  & Sorensen,  
1984). Studies on the re t ina have  deal t  with various stages. Blaxter & Staines  (1970) found 
only rods in the European  lep tocepha lus  larva  and  no ret inomotor responses  (cf. Ali, 
1971). In the yel low and silver s tages  of the European  species,  Es-sounni  & Ah  (1986, 
1987) did  not observe  any movemen t  of the photoreceptors  a l though the re t inal  ep i the l ia l  
p igmen t  (REP) did  migra te  vi t real ly in response  to hght  (see also Vilter, 1946, 1951), whi le  
Gordon et al. (1978) in a physiological  s tudy on the yel low eel  s tage  of A. rostrata found 
two cone m e d i a t e d  responses.  This p a p e r  presen ts  the results of h is tophysio logica l  s tudy 
of re t inal  responses  in the post  me tamorph ic  larval  s tage  of A, rostrata. 

MATERIAL AND METHODS 

Specimens  of juveni le  Anguilla rostrata at s tage VI Ao to VI A3 (Elie et  al., 1982), 
character ized by the beg inn ing  of dorsal  p igmenta t ion,  were  cap tured  in the  es tua ry  of 
Musquash  river, N e w  Brunswick, in M a y  1984. 
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Spec imens  were  ma in ta ined  under  na tura l  photic condit ions and d e c a p i t a t e d  after  
2 h in fight and  2 h in darkness .  The heads  were  then put  in the fixative (1% paraformal -  
dehyde ,  1% g lu ta ra ldehyde  buffered at pH'7.2}. They were  r insed in buf fe red  sucrose 
(7 %), post f ixed in 1% osmium tetroxide buffered with phospha te  for an hour  at 4 ~ and  
then  d e h y d r a t e d  th rough  a g r aded  series  of e thanol  (40 % to 100 %) a n d  e m b e d d e d  in 
Spurr ' s  epoxy  resin via p ropy lene  oxide. Polymerisat ion was carr ied out  at  60 ~ for 72 fi. 
Sections were  cut wi th  glass knives  with an LKB ultramicrotome.  Semi- th in  sect ions 
(1 ~m) were  p l aced  on glass slides, s ta ined  with toluidine b lue  and  e x a m i n e d  with a Zeiss 
f g h t  microscope.  Thin sections were  coUected on copper  grids H 200, s t a ined  with uranyl  
ace ta te  and  l ead  citrate, and  examined  with  a JEOL electron microscope (JEM 100S) at 
an opera t ing  vol tage  of 80 kV. 

RESULTS AND DISCUSSION 

The re t ina  of this eel  s tage  consists of all the classical  layers  of the ve r t eb ra t e  dup lex  
re t ina  {Figs 1, 2). The rods are  o rgan ized  in two layers  and  show no m o v e m e n t  in 
response  to fight and  darkness .  The cones are organized  in one layer.  Whi le  it is c lear  that  
the  re t inal  p igmen t  of this eel  s tage is capab le  of migrat ion into apical  process  vi t real ly  in 
hght  {Fig. 1) and  scleral ly in darkness  {Fig. 2), the situation in the case  of the  cones is 
more complex.  Some of the cones a p p e a r  capab le  of slight e longat ion in the  da rk  {Fig. 4). 
This e longat ion  is appa ren t  at the e lect ron microscopic level. Unfortunately,  not  enough  
wel l  f ixed mater ia l  was avai lable  to permi t  s tat is t ical  analyses .  The synapt ic  ped ic les  of 
cones show no differences b e t w e e n  the l ight  {Fig. 5) and  the dark  a d a p t e d  {Fig. 6) states.  

The pure  rod ret ina of the l ep tocepha lus  s tage (Pankhurst,  1984} is a common 
adap t ive  fea ture  render ing  an opt imal  visual  function under  dim hght  condi t ions  {Locket, 
1975). Light is very dim and pract ical ly  monochromat ic  at 500 m. Lep tocephah  of the  
Amer ican  eel  a n d  European  eel  m a k e  diel  vert ical  migrat ions in r e sponse  to fight 
condit ions (Tesch, 1980; Cas tonguay  & McCleave ,  1987). 

The presence  of a duplex  ret ina in the  pos t -metamorphic  eels (glass-eels)  is r e la ted  to 
the change  to a br ighter  environment .  Metamorphos is  of the la rvae  is a c c o m p a n i e d  by  
changes  in phot ic  condit ions (Pankhurst,  1984}. The migrat ion of g lass-ee ls  into coastal  
and  es tuar ine  envi ronments  exposes  them to a br ighter  and  spectrai ly  en r i ched  habi tat .  
Glass  eels  still unde rgo  vert ical  migra t ions  in coastal  and  es tuar ine  areas ,  bu t  t hey  are  
then  par t  of the  select ive t idal  s t ream t ranspor t  mechan i sm glass-ee ls  use  to move  
l a n d w a r d  (Creutzberg,  1958; McCleave  & Kleckner,  1982}. Tidal  s t ream t ranspor t  m a y  
occur both in day t ime  and  nightt ime.  The  pho tomechan ica l  changes  of the  REP, obse rved  
in this study, would  pe rmi t  the mask ing  of outer  segments  of the rods and  isolat ion of 
outer  segments  of t h e  cones in fight. This protects  the sensi t ive rod p i g m e n t s  whi le  

Figs 1-2. Photomicrographs of light adapted (Fig. 1) and dark adapted (Fig. 2) retinas. Note the 
difference in the position of the epithelial pigment (P), R rods, C cones, ENL external nuclear layer, 
EPL external plexiform layer, [NL internal nuclear layer, IPL internal plexiform layer, G ganglion 
cell. Figs 3-4. Electron micrographs of fight (Fig. 3) and dark (Fig. 4) adapted cones. Note the 
elongation of the myoid (M} in the dark adapted cone (Fig. 3). OS outer segment, E ellipsoid, N 
nucleus. Figs 5-6. Electron micrographs of cone pedicle of light adapted (Fig. 5) and dark adapted 
(Fig. 6) retinas. Note that there is no difference between the two states as far as the synaptic ribbons 

(arrow) are concerned 
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enhanc ing  visual  acuity in the light adapted  state (Blaxter & Staines, 1970). Hence  post 

metamorphic  eels are able to cope with variations in light intensity both by the  possession 

of rods and cones and the capacity of the "screening p igment  to migra te  into apical 

processes. 

The  qual i ta t ive observations in this study that there are two types of cones, one 

stationary (majority) and the other one capable  of a slight e longat ion in darkness  and 

contraction in light, seem to corroborate the electroret inographic results of Gordon et al. 

(1978) which show two cone-media ted  responses in the yel low eel  s tage of the Amer ican  

eel. One  response  has a peak  sensitivity at 550 nm and the other  at a round 450 nm or less 

(Gordon et al., 1978). 
Since some cones e longate  in darkness, the synaptic pedicles  of cones from light and 

dark adap ted  ret inas were  examined.  However ,  unlike in other fishes, no differences 

were  observed  in synaptic ribbons (Wagner, 1973), spinules (Raynauld et a.l, 1979; 

Wagner ,  1980) or dense-core  and coated vesicles (Monaghan & Osborne,  1975; Es-sounni 

& Ali, 1987}. It would  be  interest ing to compare  e lectroret inogram (ERG) spectral  

sensitivity studies of the post metamorphic  stage with the conclusions of our histophys- 

iological study. 
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