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Summary .  The winter  f lounder ,  Pseudopleuronectes 
americanus, is mi ld ly  hyperopic .  However ,  ch roma t i c  
a b e r r a t i o n  exists in s ignif icant  a m o u n t s  and  there tb re  
the eye m a y  be e m m e t r o p i c  (zero refract ive  error)  
in na tu ra l  cond i t ions  when light is res t r ic ted  to shor te r  
wavelengths .  Large  a c c o m m o d a t i v e  lens m o t i o n  was 
observed  a long  the d i rec t ion  o f  the pup i l  axis. This  
d i rec t ion  is rare  a m o n g  the teleosts  and  is the resul t  
o f  the unusua l  spli t  or ig in  o f  the r e t r ac to r  lentis mus-  
cle. Whi le  the  lens is spherical ,  as in o ther  teleosts,  
the re t ina  is no t  un i fo rmly  d i s tan t  f rom the lens. Ra th -  
er, a ver t ical  a s y m m e t r y  exists such tha t  do r sa l  and  
vent ra l  po r t ions  o f  the re t ina  are  fur ther  f rom the 
lens than  the cent ra l  ret ina.  In  view o f  the exist ing 
large a c c o m m o d a t i v e  abi l i ty ,  this d i s to r t ion  o f  the 
g lobe  is no t  l ikely to have an  opt ica l  funct ion  but  
is p r o b a b l y  due to  the  shape o f  the ca r t i l agenous  
scleral  cup  suppor t i ng  the eye in its ex t rao rb i t a l  loca-  
tion. Fu r the r ,  the lens is overcor rec ted  for  spher ica l  
a b e r r a t i o n  so tha t  rays  pass ing  th rough  the pe r iphe ry  
o f  the lens are  focused fur ther  away.  The  value  o f  
a lens o f  this  type  is unclear .  

Introduction 

The fact  tha t  the teleosts  are an  ecologica l ly  wide-  
spread  ve r tebra te  g roup  has  m e a n t  tha t  the op t ica l  
charac ter i s t ics  o f  the cyc can  vary  cons ide rab ly  f rom 
one species to a n o t h e r  (Sadler  1973; Sivak 1973). 
F la t f i shes  p r o b a b l y  represent  one o f  the more  unusua l  
examples  o f  visual  a d a p t a t i o n .  This view is based  
on such fac tors  as the m e t a m o r p h i c  mig ra t i on  o f  one 
eye to the oppos i t e  side o f  the head,  the ex t r ao rb i t a l  
dorsa l  loca t ion  o f  the  eyes and  thei r  s ta lk- l ike  a ppe a r -  
ance,  a n d  their  la te ra l  a symmet ry .  

Despi te  these in teres t ing  var ia t ions ,  there  has  been 
v i r tua l ly  no  s tudy o f  the f latf ish visual  system. In  
re la t ion  to o the r  work ,  it has been shown tha t  the 

eye o f  the gul f  f lounder  (Paralichtyes albigutta) is 
capab le  o f  large a c c o m m o d a t i v e  lens m o t i o n  a long  
the d i rec t ion  o f  the pupi l  axis o f  the eye (Sivak 1975). 
Fu r the r ,  it was shown tha t  the re t ina  o f  the eye o f  
the same f lounder  is not  a r r anged  hemispher ica l ly  
a r o u n d  the lens as is usual  for  the fish eye (Wal ls  
1942). This  is especial ly  t rue  in the  do r sa l -ven t ra l  di- 
rec t ion and  is reminiscent  o f  the  shape  o f  the eyes 
o f  skates  and  s t ingrays  (Sivak 1976a). 

The s tudy o f  the f lounder  eye descr ibed  be low 
was des igned to p rov ide  i n f o r m a t i o n  concern ing  ac- 
c o m m o d a t i o n ,  op t ica l  s t ructure,  refract ive indices,  re- 
fract ive e r ro r  and  con t ro l  o f  aber ra t ions .  

Materials and Methods 

The work was carried out during two summer periods at the Hunts- 
man Marine Laboratory, New Brunswick, and the Mount Desert 
Island Biological Laboratory, Maine. The winter flounder (Pseu- 
dopleuronectes americanus) was the principal species used although 
a few windowpane flounders (Scophthalmus aquosus) were used 
for certain procedures as well. Specimens varied from 24 to 42 cm 
overall. All were obtained by trawling. 

Refractive errors were measured retinoscopically through the 
flat face of an aquarium. All values are reported after compensation 
for retinoscopic working distance and the air-water interface effect. 
Accommodative changes in refractive error were induced with 
drugs. Tricaine methane-sulfonate (MS 222) added directly to the 
aquarium water was used to produce relaxation of the accommoda- 
tive musculature. Contraction was induced with pilocarpine hydro- 
chloride (6 x 10- 2 M) injected intraperitoneally in small cumulative 
steps (totaling 1-3 ml) until no further refractive change was ob- 
served. Refractive changes were mainly monitored along the pupil 
axis of the eye, with occasional nasal, temporal and dorsal measure- 
ments. Chromatic aberration of the eye was found by chromoreti- 
noscopy. This involved the measurement of refractive state through 
red (2max=656 rim), green (2max=250 rim) and blue (2max- 
496 nm) gelatin filters. 

Accommodative lens motion was also monitored by photo- 
graphing lens position relative to the cornea from above. For this 
purpose, a camera and bellows were mounted above the eye in 
question and photographs were taken when retinoscopy indicated 
maximum response to MS 222 and pilocarpine. This procedure has 
been used before (Sivak 1973) but is somewhat difficult with flatfish 
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because the eyes are not laterally external to the body wall and 
the lens is less visible. Photographic results were adequate for 
2 of 5 cases in which it was attempted. 

The gross anatomy of the eye was determined by rapidly freez- 
ing enucleated eyes in liquid freon and sectioning them on a sliding 
bench microtome and freezing head. The eyes were kept frozen 
while being sectioned by the release of compressed CO2. As thin 
sections of the eyes were removed, photographs of the remaining 
block of tissue were taken with a camera and bellows mounted 
above. Half the eyes were sectioned horizontally (nasal-temporal) 
and half vertically (dorsal-ventral). The photograph, in each case, 
showing the greatest lens diameter was assumed to represent a 
section through the geometrical axis on the eye. This process was 
followed for winter and windowpane flounder. 

Refractive indices of the cornea, aqueous and vitreous humors 
and lens were measured with an Abb+ refractometer. Since lens 
index is not uniform but is higher at the centre than at the periph- 
ery, the refractometer could only provide approximate values for 
lens zones. 

The variation in lens index of the fish eye results in a lens 
with little spherical aberration (Walls 1942; Pumphrey 1961 ; Sroc- 
zynski 1977; Sivak and Howland, in preparation). To see if this 
is true of the flounder lens and to determine an overall or effective 
lens index, lens focal lengths for parallel laser light beams of varying 
separations were photographed while lenses were immersed in 
water. The laser used was a low power helium-neon one, the beam 
of which was condensed and divided with a rotatable beam-splitter. 
The lens was placed on a clay pedestal within a rectangular contain- 
er. The beams were admitted through one glass face of this contain- 
er. The insertion point of the lens muscle on the lens was used 
to maintain the appropriate axial orientation of the lens. 

Results and Discussion 

The refractive findings of the winter flounder are simi- 
lar to those obtained earlier with the gulf flounder. 
Conventional retinoscopic measurements carried out 
on six flounders (12 eyes) indicate a refractive error, 
when unrestrained and unanaesthetized, ranging from 
- 1  to +4.75, the average being +2.50. This slight 
tendency to hyperopia may be related to the spectral 
transmission of light in water and the eye's chromatic 
aberration (Sivak 1974). In fact, chromoretinoscopy 
findings, carried out under the influence of MS 222 
to prevent accommodative changes, show variations 
in refractive error of 4 to 14 diopters for the red 
and blue extremes. The flounder eyes could therefore 
be considered to have no refractive error since con- 
ventional measurements are much closer to red values 
than blue ones and some restriction of aquatic light 
to the blue or blue-green end of the spectrum is to 
be expected. The dioptric variations in chromatic ab- 
erration (4 to 14 diopters) was directly related to 
animal size and hence to lens size and ocular refractive 
power. The greatest aberration is found with the 
smaller flounders. In fact, chromatic aberration is 
likely a fairly constant percentage of focal length (Si- 
yak 1974; Sroczynski 1976). 

Accommodative changes in refractive error show 
that the winter flounder like the gulf flounder is capa- 
ble of large lens movement along the pupil axis of 

the eye. An average accommodative value (12 eyes) 
amounts to 12A D. The average would be still higher 
(15 D) if the low values of 3 and 4 dioptres found 
with the largest flounders (40 and 42 cm OA) are 
removed. Accommodative ranges of 16 and 18 D were 
reported earlier for ParaIichtyes albigutta (Sivak 
1975). This variation with size (a similar variation 
was observed with the gulf flounder) suggests that 
accommodation may be age related. It is unlikely 
that the teleost accommodative apparatus deteriorates 
mechanically with age since it is not an indirect system 
as that of the primates. Possibly, this change is related 
to change in feeding habits and eating behavior. For 
example, a shift from smaller to larger prey with 
growth may result in a decrease in the need for large 
accommodative abilities. 

A point of further interest concerns the fact that 
the large accommodative ability of the flounder is 
found along the pupil axis of the eye and not close 
to the plane of the pupil. Thus nasal, temporal and 
dorsally directed measurements are always less than 
axially directed measures. Axial lens movements were 
also monitored photographically in two instances. In 
one example, lens motion of 0.325 mm for a 4.0 mm 
lens was interpreted dioptrically by determining lens 
focal length from the formula 

r 
f = ~  [1--(nl/n2) ] 

where r=lens radius, n=the refractive index of the 
ocular humors (1.3355) and n2=the refractive index 
of the lens (1.65 according to Walls 1942). The change 
in focal length equivalent to the lens movement mea- 
sured indicates a refractive change of 15.5 D. The 
retinoscopic equivalent is 14 D. If the eye is assumed 
to be emmetropic, this means that targets from optical 
infinity (20 ft.) to 7 cm could be kept in focus. 

Schwassmann and Meyer (1971) and Somiya and 
Tamura (1973) have suggested that large accommoda- 
tive lens movements in fishes always take place close 
to the pupil plane (nasal-temporal). However, axial 
accommodative motion has been found in goldfish 
(Sivak 1973) and likely additional examples will be 
found when more species are studied. 

Munk (1971) reported that the lens muscle, the 
retractor lentis, of certain species of teleosts has a 
split origin. This is also true of the flounders of the 
present study. As in other species, a dorsal suspensory 
ligament supports the lens and the lens muscle inserts 
ventrally and slightly anterior to the equator of the 
lens. The muscle's origin is split into a long and short 
root (Fig. 1). The long root travels horizontally and 
temporally to insert near the temporal root of the 
iris. The short root extends ventrally and somewhat 
equatorially to insert on to the ciliary body. The fact 
that the short root ends closer to the equator suggests 


