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Summary. 1. The lowest optimal value of the relative focal length for paraxial 
rays (=fo/R, R= radius of crystalline lens) known in fish was found which 
equalled to 2.192 at 546 nm wave-length. 

2. The value of the radius of effective entrance area of crystalline lens, 
amounting to 0.910 R, was the lowest of those obtained in fish, too. 

3. The longitudinal spherical aberration, expressed as the spherical aberra- 
tion area, SEA, depends parabolically upon the relative focal length for para- 
xial rays. 

4. Similarly to pike and rainbow trout in which species the spherical 
aberration was studied recently, the distribution of data of the relative focal 
length for paraxial rays about their optimal value is asymmetric, and there- 
fore the regression curve which represents a relationship between fo/R and 
SEA is only a halfparabola (Fig. 3). 

5. A comparison to pike and rainbow trout yields that, although the 
degree of spherical aberration removal in all the species seems to be nearly 
the same, the differences between various species are remarkable due tO 
a role which is played by the irregularities of both the external shape of 
crystalline lens and the internal distribution of refractive indices of lenticular 
tissue. Hence it is assumed that the quality of a monochromatic image 
formed on the retina of roach is poorer than it might be expected in pike 
and rainbow trout. 

6. A continuing the investigations on spherical aberration of crystalline 
lens in fish promises good prospects for solving the problem of refractive 
index distribution and that of resolution angle. 

Introduction 

The recent investigations of focal length and spherical aberration of crystalline 
lens on rainbow trout (Sroczyflski, 1975a, 1976b) and pike (Sroczyfiski, 1975b, 
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1976 a) have  shown tha t  the re la t ive  focal  length  for  pa rax ia l  rays,  fro, expressed 
as the  ra t io  f o / R ,  i.e. s imilar  to  the  Ma t th i e s sen ' s  ra t io ,  and  the long i tud ina l  
spher ica l  a b e r r a t i o n  were m u t u a l l y  dependen t  on  each  o ther  so tha t  in these 
two species charac te r i s t i c  values  o f  bo th  the  quant i t ies  cou ld  be establ ished.  
I t  gave the  evidence tha t  the  Ma t th i e s sen ' s  ra t io ,  c o m m o n l y  cons idered  to be 
o f  2.55 in teleosts,  cou ld  no t  be accep ted  as a un iversa l  value.  In  the latest  
p a p e r  o f  this  a u t h o r  (1976b) it has  been add i t i ona l ly  conc luded  tha t  the  focal  
length  o f  crys ta l l ine  lens depends  s t rong ly  on  the wave- length  o f  the l ight source 
to  be used  (see also Sivak,  1974, 1975) .  

F u r t h e r m o r e ,  it  was found  tha t  the  effective en t rance  a rea  o f  the crysta l l ine  
lens, def ined  as the  cross-sec t ion  a rea  o f  a b e a m  of  para l le l  rays  which  could  
effectively pa r t i c ipa te  in the image  fo rma t ion ,  d id  n o t  co inc ide  wi th  the cross- 
sect ion of  the lens, bu t  it was s ignif icant ly  smaller .  The  rad ius  of  effective 
en t rance  a rea  d e p e n d e d  on  the wave- leng th  o f  the  l ight  used as well (Sroczyfiski ,  
1976b). 

I t  is obv ious  tha t  some progress  in focome t ry  of  the fish eye can be reached  
i f  efforts  will be m a d e  to enlarge  a n u m b e r  o f  the  fish species under  inves t iga t ion  
in o rde r  to replace  the  Ma t th i e s sen ' s  (1882) genera l i sa t ion  of  the opt ica l  p rop -  
ert ies o f  crys ta l l ine  lens by  a new one. 

The  present  s tudy  is a i m e d  at  ob ta in ing  several  i m p o r t a n t  opt ica l  da t a  o f  
crys ta l l ine  lens of  roach ,  the  species which,  con t r a ry  to  those  recent ly  investi-  
ga ted ,  possesses  a r o u n d  pup i l  wi th  r e m a r k a b l y  n a r r o w  a pha k i c  aper tures .  Hence  
it might  be  supposed  tha t  the opt ica l  p rope r t i e s  of  crys ta l l ine  lens wou ld  be 
c lear ly  di f ferent  f rom those  in b o t h  r a i n b o w  t rou t  and  p ike  as being equ ipped  
with  cons ide rab le  aphak i c  slits. In  pa r t i cu la r ,  some decrease  in relat ive focal  
length  and  rad ius  o f  effective en t rance  a rea  migh t  be  expected.  

Methods 

The fishes were killed by quick decerebration and their lenses very carefully removed from inside 
of the eye. The removed lens was submerged in a glass container of a plan-parallel bottom, filled 
up with the Ringer solution for frogs after Prosser and Brown (1961). The lens was not laid 
directly on the bottom, but it was put in a hole in an opaque plate placed inside the container. 

To begin with measuring procedures, the lens had been carefully examined whether it was 
free of lenticular parasites. When it did, the measurements of both the focal length for paraxial 
rays and the zone focal length were carried out as described earlier (Sroczyfiski, 1975a, 1975b). 
The mercury-vapour tube was used as monochromatic light source of 546 nm wave-length. The 
radius of effective entrance area of the lens was estimated as suggested in one of the papers 
mentioned above (Sroczyfiski, 1975b). 

The meanings of mathematical and physical signs used in this paper are as follows : R= radius 
of crystaItine lens, fo= focal length for paraxial rays, f =  zone focal length, i means the zone 
distance, i,e., the distance from a given optical axis to a given ray, being parallel to it. fro and 

mean respectively the relative focal length for paraxial rays (=fo/R) and the relative zone focal 
length, the latter being expressed as FIR. i, = i/R means the relative zone distance, being numerically 
equal to the sine of incidence angle c~, i.e., the angle formed by the incident ray and the normal 
at the point of incidence. The longitudinal aberration quotient, LAq, is the ratio f~/fro, being in 
force at a certain value of i r. SLA is a denotation for the so called spherical aberration area 
(Sroczyfiski, 1975b). Numerically SL, can be computed according to a nonspecific integral (1) 


