
[15. XI .  1959] Kurze Mit te ihmgen - Brief Repor t s  443 

A Peculiar Nys tagmus  and a Corresponding 
Foveal Structure in the Eye of the Herring 

(Clupea harengus L.) 

I n  he r r i ng  s w i m m i n g  in aqua r i a  (the techniques  devel- 
oped for t he  cap tu re ,  t r anspo r t ,  and  ma in t enance  of 
these  p a r t i c u l a r l y  de l ica te  fishes were described in previ-  
ous p a p e r s  1) we obse rved  a pecul iar  type  of eye move- 
m e n t .  Whi l e  a fish is swimming  forward,  the  eyeball  
r o t a t e s  a r o u n d  a n  axis  t h r o u g h  the  pupil  and  abou t  a t  
r i g h t  angles  to  the  p lane  of the  pupil .  W h e n  a fish passes 
t he  obse rve r  f rom the  r i gh t  to the  left, the  left eye shows 
a l t e r n a t e l y  a slow clockwise r o t a t i o n  and  a rapid jerk-like 
an t i -c lockwise  r o t a t i o n  (Figure).  
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A peculiar n y s t a g m u s  in the eye of the herring 
(Clupea harengus L). 

These  m o v e m e n t s  are  h igh ly  r eminescen t  of nys tagmic  
m o v e m e n t s .  S o m e t i m e s  the  slow phase  of an  eye nystag-  
mus  is a c o m p e n s a t o r y  or  a d j u s t i n g  m o v e m e n t  by  which 
the  image  of an  ob jec t  is kep t  on  an  area  of the  photo-  
sens i t ive  surface  w i th  a h igh ly  developed resolving power. 

The  n y s t a g m i c  m o v e m e n t s  descr ibed above  are thus  
sugges t ive  of such  a n  a rea  a t  the  v e n t r a l  side of the  re t ina  
of t he  h e r r i n g ' s  eye. Th i s  would be in accordance with 
the  feeding b e h a v i o u r  of th i s  fish. The prey is usually 
c a p t u r e d  w i t h  a v i sua l ly  s teered  swi tching m o v e m e n t  
f rom below 2. Moreover ,  t he  pos i t ion  of the  lens in the  eye 
of t he  he r r i ng  seems to be ind ica t ive  of a wide field ()f 
v is ion above  t he  head  of the  fish z. 

His to logica l  s t u d y  of the  he r r ing ' s  eye revealed a foveal 
s t r u c t u r e  a t  t he  v e n t r a l  side, s i t ua t ed  immedia te ly  below 
the  spot  where  t he  opt ic  ne rve  pene t r a t e s  the  ret ina.  
Here  t he  cones  h a v e  a smal le r  cross-sect ional  size and  
t h e y  are  a b o u t  t en  t imes  more  densely  packed as com- 
pa red  w i t h  t he  res t  of the  re t ina .  Rods  are a lmos t  absen t  
in t h i s  foveal  region,  whereas  in the  o the r  pa r t s  of the  
r e t i n a  t he re  are  some h u n d r e d s  of rods to  every  cone. 
Moreover ,  some layers  of ne rve  cells - especially the  bi- 
polars  - are  more  h igh ly  deve loped  in the  foveal region. 
S imi lar  r e t i na l  s t r u c t u r e s  h a v e  been  descr ibed in the  eye 
of t he  sa rd ine  (Clupea pi lchardus W.)4. 
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The  origin and  the  funct ion  of ' op tok ine t i c '  m o v e m e n t s  
have  been  e labora te ly  discussed 6. The  qnes t ion  a t  issue 
seems t() be w h e t h e r  the  nys t agmie  m o v e m e n t s  observed  
in an ac t ive ly  mov ing  an imal  are op tok ine t i ca l ly  released 
by  the  m o v e m e n t s  of images a h m g  the  pho tosens i t i ve  
surface of the  eye, or w h e t h e r  they  are of cen t ra l  origin.  
Since nys tagmic  m o v e m e n t s  are found in lower an ima l s  
like a r th ropods  as well its in ve r t eb ra tes ,  genera l i za t ions  
are difficult  and  dangerous .  Keeping th i s  in mind  it  still  
seems useful to realize in which  ways nys t agmic  move-  
men t s  can be evoked.  

VON I{UI)I)I,'NIIROCK a res t r ic ted  the  concep t  of ' op to-  
moto r  reac t ions '  to responses  it) re t ina l  m o v e m e n t s  of the  
comple te  image p a t t e r n  of the  en t i re  v isual  field. He 
d isc r imina ted  'optomt)t t)r  reac t ions '  from the  visual  per- 
cept ion of some mov ing  objec t  which m a y  release follow- 
ing mi)vcmcnts  of the  eyes i)r of the  whole animal .  The  
first example  of ' o p t o m o t o r  rcact i tms '  hc gives, tEc h u m a n  
' r a i lway-nys tagmus ' ,  reveals  ht iwevcr  the  weakness  of his 
concept ,  for the  sh)w l)hasc t)f the  r a i l w a y - n y s t a g m u s  
is a fi)lhlwing m o v e m e n t  by  which the  image of a def in i te  
objec t  is kep t  on the  fi)vea for st)me t ime. The  m o v e m e n t s  
(if the  per ipheral  re t ina l  images tif all t i ther  ob jec ts  in the  
visual  field - each image mov ing  wi th  i ts own speed in 
accor(lance with the  (l istance be tween  the  eye and  the  
relat ive objec t  - are w i t h o u t  effect. 

The twofold cha rac t e r  of the  t)l)tt)kinetic n y s t a g m u s  
was recognized by  TI,:R BRAAK 7, who descr ihed a ' look 
n y s t a g m u s '  an(t a ' s ta re  nys t agmus ' .  The  'h)t)k n y s t a g m u s '  
was elicited by  it mov ing  ob jec t  across a s t a t i o n a r y  back-  
ground,  while the  ' s ta re  n y s t a g m u s '  was ol)scrvcd when  
thc  cnt i rc  visual  field ro t a t ed  a round  the  e x p e r i m e n t a l  
animal .  Obviously  the  ' s ta re  n y s t a g m u s '  is re la ted  to 
cxt ra-fovcal  t)ht)tic o r i en ta t ion  while the  'ltitik n y s t a g m u s '  
is re lated to deta i led fi)vcal vision a, In an ima l s  wi th  some 
type  of fuveal visit)n, we m u s t  a lways  reckon wi th  the  
possibil i ty t h a t  the  eyes arc coupled to some t)bjcct  in the  
visual field by  re t ina l  feedback,  w h e t h e r  the  move-  
men t s  of the  re t inal  image t)f the  objec t  are the  resul t  of 
act ive mt)vcmcnts  t)f the  an imal  tlr not.  This  coupl ing  
serving the  visual  funct i tm thtes m)t necessari ly  in ter fere  
wi th  the  an ima l ' s  capac i ty  to d i sc r imina te  via pho t ic  in- 
fo rmat ion  be tween  these two types  of m o v e m e n t .  For  
non-fovcal  vision th is  exac t  c tmpl ing is no t  necessary  
because the  m o v e m e n t  of an  image across a non- fovea l  
re t inal  region does not  impa i r  the  percept ion  of the  ob jec t  
st) long as the  speed of th i s  m o v e m e n t  is ml t  t~ttt high.  

I t  is conceiwtblc t h a t  in o rgan i sms  wi th  pt)orly devel-  
oped fovcal s t ruc tu res  the  eye m o v e m e n t s  as a resu l t  i)f 
a kinet ic  c o m p o n e n t  (if cen t ra l  ttrigin need a lmos t  n() 
correct ion via  re t ina l  feedback.  As far as obse rwt t ion  an d  
regis t ra t ion permi ts  to decide, the  eye n y s t a g m u s  in the  

J .  W . G .  ter  BRAAK, Arch.  n6erl. Physiol .  g l ,  ;109 (1936). 
H. ]~I1TTEI.KTAEI)T, Naturwis,~. ;la, 90 (19.19). - l". V. IIOLST al id 
If. MITTELSTAEDT, Naturwi~s.  37, .IG| (1950). - R. ~,V. SPERRY, 
J .  camp .  Physiol .  Psy('hol. 43, .18`2 (1951)). - ~V. v. IIIIIHH.:NIIROCK 
and  1. MOLLER-I,IACKE, Extwr.  8, :1:)2 (1952); I".xper. 9, 191 (1953). - 
S. I)IJKGRAAF, Exper .  9, 11`2, 3S7 (1953); Fxper .  It ,  3`29 (1955); 
Pubbl .  Staz.  zool. Napol i  2s, 3.11 (1956); Z. vgl. Physiol .  3,'¢, .191 
(1956). - G. TIIINES, ReV. Quest .  s r ient .  19,~7, .1"10. 

e W. v. IhmDESnaOCK, I'rrglrichendc Physiologic, l id.  I, Sinnrs- 
physiologic (Birkh~iuser Verlag, Basel 1952), p. 87. 

7 j .  I,V ' (~.TER BRAAK, Arch.  n6er[. Physiol .  :/t, "109 (19:16). 
a For  recent  da tes  al)otlt tilt' f ixat ion m o v e m e n t s  of the hlllllall  

eye see: R. W. I)tTCmUmN and  B. I..GINSnOR¢;, J .  Physi()l. it:), I 
(195"1).- II. 1)als('m.:L and  C. l,as(;t.:, I 'fliigers Ar rh .  ear, 307 (1956). 
- T .  N. CORNSWEET, J .  opt .  Sot'. AIt|('t'. 46, 987 (1956). - For  f ixa t ion  
movemen t s  in insects see: l[..'~IITI'EI.STAEDT, I,~egehmgstechnik 2, 
~21} (195.|); Rec. Adv.  in Invert .  Physiol. ,  Univ.  ()regon Publ .  (1957), 
51. 



444 Br6ves communications - Brevi eomunicazioni [ExPERIANTIA VOL. XV/ll] 

ac t ive ly  t u rn ing  lobs ter  P a l i n u r u s  wdgar is  and  in t he  c rab  
Carcinus maenas  is identical ,  w h e t h e r  the  an imal  is b l inded  
or not .  I t  has  been  concluded t h a t  th is  n y s t a g m u s  is no t  
a pho tok ine t i e  response  b u t  a spon taneous  act ion of 
cent ra l  origin wi th  poss ibly  a s teer ing c o m p o n e n t  origi- 
na t ing  f rom the  pe rcep t ion  of m o v e m e n t s  of t he  l imbs 
re la t ive to  the  b o d y  ~. 

I t  is h o p e d  t h a t  f u r t he r  s tud ies  will reveal  w h e t h e r  the  
func t ion  of t he  slow phase  of the  eye n y s t a g m u s  descr ibed  
in t he  her r ing  is res t r i c ted  to the  keep ing  of images  on the  
ven t r a l  foveal region or w h e t h e r  i t  has  an add i t iona l  and  
more  general  func t ion  in pho to  or ienta t ion ,  and  w h e t h e r  
it  is re leased exclus ively  by  image  m o v e m e n t s  or w h e t h e r  
it  has  an ac t ive  cent ra l  componen t .  In  ' this w a y  some 
con t r i bu t i on  m i g h t  be m a d e  towards  a fu r the r  under -  
s t and ing  of the  var ious  aspects  of ' op tok ine t i c '  move-  
m e n t s  in general.  The descr ibed  eye n y s t a g m u s  of t he  
her r ing  has  the  a d v a n t a g e  t h a t  the  l aby r in th  and  o the r  
receptors  which  m i g h t  reg is t ra te  ro t a t ions  are p rec luded  
as sources of ex t r a - re t ina l  i n fo rma t ion  since ro t a t i ons  are 
no t  involved  in the  genesis of th is  nys t agmus .  The del icacy 
of the  animals ,  however ,  makes  surgical  in te r fe rence  r a the r  
precarious•  

F.  J. VERHEIJEN 

Laboratory o/ Comparative _Physiology, Univers i ty  o/ 
Utrecht, Hol land,  J u l y  20, 1959. 

Z u s a m m e n f a s s u n g  

An Her ingen,  die in Aquar ien  schwimmen ,  k a n n  ein 
N y s t a g m u s  b e o b a c h t e t  werden .  Hierbei  ro t i e r t  das  Auge 
um eine Aehse,  die ungefghr  senkreeh t  zur  Pup i l l enebene  
s teh t .  Der  N y s t a g m u s  s t e h t  wahrsche in l ich  in Bez iehung  
zu einer  fovealen S t r u k t u r  auf  der  ven t r a l en  HRlfte der  
Ret ina .  Die Ausl6sung und  B e d e u t u n g  <mptokinetischer>> 
oder  ,optomotorischer>> R e a k t i o n e n  wird  d iskut ie r t .  

9 S. DIJKGRAAF, Pubbl. Staz. zool. Napoli 28, 341 (1956); Z. vgl 
Physiol. 38, 491 (I956). 

H i g h - f a t  D i e t  a n d  t h e  D e v e l o p m e n t  
of  O b e s i t y  in A l b i n o  R a t s  

The re la t ionsh ip  be tween  the  ra t io  of the  ma in  n u t r i e n t s  
in the  die t  and  the  d e v e l o p m e n t  of obes i ty  in m a n  is still  
the  sub jec t  of ex tens ive  research  1. A m o n g  expe r imen ta l  

1 j .  MAgEK, L. KRIKAVA, and K. OgAUCOV~., Int. J. prophyl. Med. 
Z, 13 ° (1958); Second Intern. Congress of Dietetics, Rome 1956, Coll. 
Conmmnications, p. 271 (1958); ~s. gastroenterol, a v3~. 13, ~46 
(1959). - K. O~ANCOVA, ~S hygien.a 3, 131 (1958). 

work  concerned  wi th  th is  p rob lem,  the  f indings of 
MICKELSEN et al. 2 and  of BARBORIAK et al. a who descr ibed 
the  d e v e l o p m e n t  of obes i ty  in ra t s  fed for a prolonged 
t ime  on a h igh- fa t  diet ,  deserve  special  a t t en t ion .  How- 
ever,  it  m u s t  be recalled t h a t  the  h igh t - f a t  d ie t  used in 
these  au tho r s '  e x p e r i m e n t s  h a d  a h igher  ene rgy  value 
t h a n  the  h i g h - c a r b o h y d r a t e  cont ro l  d ie t  and  a lower per- 
cen tage  of ene rgy  der ived  f rom prote in .  I t  was  therefore  
of in t e res t  to  e lucidate  w h e t h e r  a h igh  ra t io  of d ie ta ry  
fa t  per se leads to the  d e v e l o p m e n t  of obes i ty .  

Young  adu l t  male  ra t s  (Wis ta r  s train)  were  fed ad 
l ib i tum for 44 weeks diets  w i th  d i f fe ren t  p ropor t ions  of 
fat,  c a rb o h y d ra t e ,  and  protein• The diets  con ta ined  the  
same rat io  of a basal  m i x t u r e ;  the  n u t r i e n t  admin i s t e red  
in excess was p rov ided  in the  form of an isocaloric amo u n t  
of margar ine ,  s tarch ,  or casein.  The diets  were supple-  
m e n t e d  b y  a 2.5% solut ion of agar  to  make  t h e m  not 
only  isocaloric (1 g = 2.3 cal), b u t  also roughly  isovolumi- 
nous.  E x c e p t  for t he  n u t r i e n t  given in excess,  t he  ratio 
of ene rgy  der ived  f rom the  r emain ing  two nu t r i en t s  was 
prac t ica l ly  equal  (Table)• These  diets  are a s l ight  modi-  
f icat ion of the  diets  descr ibed in a previous  work  4. The 
ra t s  were  weighed  once a week and the  food in take  of the 
d i f fe ren t  groups  was measured .  Af te r  44 weeks on the 
expe r imen ta l  die ts  the  an imals  were  killed and  the  fat  
c o n t e n t  of the  whole  ev iscera ted  carcass  was  es t imated  
by  the  m e t h o d  used by  COHN et al. 5. 

The resul ts  of the  e x p e r i m e n t  are s u m m a r i z e d  in the 
table.  We  can see t h a t  t h e  animals  fed the  h igh - fa t  and 
h i g h - c a r b o h y d r a t e  d ie t  do no t  differ  s igni f icant ly  in the  
weigh t  i nc remen t s  nor  in t he  a m o u n t  of b o d y  fat .  The 
g rowth  of b o t h  groups  was  ha rmon ious  and  the  animals  
did no t  deve lop  any  signs of deficiency.  In  agreement  
wi th  d a t a  in t he  l i te ra ture  6, the  weigh t  i n c r e m e n t  and 
b o d y  fa t  were reduced  in the  group t h a t  were fed an excess 
of casein. The food in take  per  an imal  in all th ree  experi-  
m e n t a l  groups  was prac t ica l ly  equal.  The caloric efficiency 
of the  h igh- fa t  and  the  h i g h - c a r b o h y d r a t e  d ie t  was thus  
t he  same while t h a t  of the  h igh-pro te in  die t  was consider-  
ab ly  lower. I t  m u s t  be m e n t i o n e d  t h a t  ident ical  results 
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Table 
Influence of Different Diets on Weight Gains and Body-Fat oI Albino Rats after 44 Weeks of the Experiment 

Group 

High-fat 
High-carbohydrate 
High-protein 

Cal.% 
protein 

Composition of diet 
Cal % Cal.% No. of 

• earbo- animals 
fat hydrate 

14-9 
15-2 
73-1 

70.0 15.1 14 
10.5 74.3 13 
11-5 15.4 14 

Initial Final 
weight weight 

(g} (g)* 

191 4- 6'5 447 4- 18.2 
189-t-4.4 4214-18.3 
191-4-6.9 3144-12.1 

Weight 
gain 
(g)* 

256 4- 16.0 
232 4- 13.6 
123 -4- 10.1 

Fat content 
of eviscerated 

carcass 
(%)* 

20.45 ± 1.23 
19.88 ± 1.58 
10.69 -4- 0.99 

The values are given in the averages of the groups (weights as the nearest whole number) -4- S.E. 
* The values of the high-fat and high-carbohydrate group do not differ significantly. The difference between the high-protein group 

and the remaining two groups is statistically significant for P < 0.01. 


