
15.6. 1973 Specialia 737 

A Method for Complete and Selective Surgical Elimination of the Lateral-Line System 
in the Codfish, Gadus morhua 

Surgical  e l im ina t i on  of t he  la te ra l - l ine  s y s t e m  rep resen t s  
'a  cha l l eng ing  task,  s ince t he  s y s t e m  encompasses  large 
areas  of t he  h e a d  a n d  b o d y  of fishes,  a r r a n g e d  as canal ,  
p i t  a n d  n a k e d  organs  '~. Main ly  3 m e t h o d s  h a v e  been  
app l ied  : 1. p e r m a n e n t  de s t r uc t i on  of t h e  sense o rgans  b y  
e x t i r p a t i o n  or c au t e r i za t i on ;  2. t e m p o r a l  e l i m i n a t i o n  b y  
p a i n t i n g  t he  skin  w i t h  coca in  or o the r  p h a r m a c a ,  f i l l ing 
t he  cana l s  w i t h  pas te ,  e tc . ;  3. s eve rance  of t he  a f fe ren t  
nerves .  The  f i rs t  m e t h o d  can  on ly  be  app l ied  to  p a r t  of t h e  
sense organs,  t h e  second m e t h o d  has  usua l ly  been  in ju r ious  
to t he  a n i m a l ' s  genera l  s t a t e  of h e a l t h ;  n e i t h e r  of these  
m e t h o d s  has  ever  lead to a last ing,  re l iable  e l i m i na t i on  of 
all  l a te ra l - l ine  sense organs,  le t  a lone w i t h o u t  t he  causa-  
t ion  of d i s t u r b i n g  b e h a v i o u r a l  side-effects.  The  t h i r d  
m e t h o d  yie lded m u c h  b e t t e r  results .  The  ne rve  b r a n c h e s  
s u p p l y i n g  t h e  l a t e ra l  sense o rgans  were cu t  somewhere  
a long  t h e i r  course  f rom t h e  b r a i n  t ow ar ds  t he  pe r iphery ,  
for  i n s t ance  t he  ne rves  for t he  h e a d  organs  a t  t he  p o i n t  of 
e n t e r i n g  t h e  orbi t ,  t h e  t r u n k  la te ra l - l ine  ne rve  a f t e r  i t s  
passage  t h r o u g h  t he  shou lde r  girdle 2. I n  do ing  so, however ,  
a f fe ren t  f ibres  s u p p l y i n g  o t h e r  sensory  sys tems,  such  as 
t he  genera l  c u t a n e o u s  sens i t iv i ty ,  t a s t e  buds ,  etc. are 
severed  as well, because  these  f ibres  are i n t e r m i n g l e d  w i t h  
those  i n n e r v a t i n g  t h e  l a te ra l  end-organs .  F u r t h e r m o r e ,  to  
a t t a i n  in  t h i s  way  a rea l ly  comple te  e l imina t ion  of t he  
la te ra l - l ine  sys tem,  a d d i t i o n a l  d e s t r u c t i o n  of severa l  free 
n e u r o m a s t s  a n d  cana l  o rgans  in t he  t e m p o r a l  region is 
requi red ,  since t h e  n e r v e  f ibres  supp ly ing  these  o rgans  
form sepa ra t e  sma l l  bund l e s  t h a t  b r a n c h  off i n t r a c r a n i a l l y  
f rom the  m a i n  la te ra l i s  r o o t s 3  

All such  dif f icul t ies  could be avo ided  if one could cu t  
t he  l a t e ra l  ne rve  f ibres  r i gh t  a t  t h e i r  or ig in  f rom t he  b ra in .  
Here,  on  l eav ing  t he  medu l l a  ob longa ta ,  all  l a te ra l i s  f ibres  
are b u n d l e d  t o g e t h e r  in  1 or 2 ' l a te ra l i s  an t e r i o r '  roo ts  
(facialis or V I I  roots) ,  d i rec ted  fo rward  and  i n n e r v a t i n g  
t h e  n e u r o m a s t s  of t h e  head  region,  a n d  one b a c k w a r d -  
d i rec ted  ' l a te ra l i s  pos te r io r '  roo t  (vagus or X root)  
supp ly ing  t he  t r u n k  organs.  These  roots,  all  a r i s ing  f rom 
t h e  c o m m o n  ' lobus  pos te r io r '  in  t he  dorso- la te ra l  wal l  of 
t he  medu l l a  o b l o n g a t a  4, c o n t a i n  all ne rve  f ibres  supp ly ing  
t he  la te ra l - l ine  sys tem.  I n  mos t  f ishes t h e y  a r e  a t  t h e i r  
or igin p u r e l y  composed  of la te ra l - l ine  fibresh, to  become,  
a f t e r  a sho r t  d is tance ,  ming led  w i t h  f ibres  coming  f rom 
t h e  genera l  c u t a n e o u s  (V) a n d  c o m m u n i s  or t a s t e  b u d  
(VII)  roo ts  6. Th i s  o p e r a t i o n :  severance ,  of t he  la te ra l i s  
ne rve  roots  a t  t h e i r  emergence  f rom t h e  m edu l l a  ob longa ta ,  
has  indeed  been  pe r fo rmed  w i t h  success in t he  minnow,  
P h o x i n u s  phox inus  s. laevis, a t  leas t  w i t h  r ega rd  to  t he  
a n t e r i o r  roots .  Combined  w i t h  seve rance  of t he  r a m u s  
la te ra l i s  vag i  u n d e r n e a t h  t he  shou lde r  girdle a n d  r e m o v a l  
of t h e  few r e m a i n i n g  la te ra l - l ine  o rgans  in t he  t e m p o r a l  
region ( toge ther  w i t h  skin  a n d  canals) ,  a comple te ,  l a s t ing  
a n d  fa i r ly  se lect ive  e l i m i n a t i o n  of t he  la te ra l - l ine  sys t em 
(only a n u m b e r  of t a s t e  buds  be ing  af fec ted  inev i t ab ly )  
has  been  ach ieved  in th i s  f ish species long  ago, w i t h o u t  
c ausa t i on  of a n y  genera l  d i s t u r b a n c e  ~, 7. 

Recent ly ,  on  beha l f  of s tud ies  a b o u t  d i rec t iona l  hea r i ng  
in t he  codf ish  (Gadus morhua)s,  a m e t h o d  was needed  to  
e l im ina t e  t he  l a te ra l - l ine  s y s t e m  comple t e ly  in  t h i s  
species, ye t  l eav ing  all o t h e r  sensory  ab i l i t ies  un i m pa i r ed .  
The  p e r f o r m a n c e  of th i s  ope ra t i on  - i n v o l v i n g  b i l a t e ra l  
seve rance  of t he  la te ra l i s  an t e r i o r  a n d  pos te r io r  roo ts  
a t  t h e i r  emergence  f rom t he  b r a i n  - t u r n e d  ou t  to  be  
p rac t i cab le .  I t  was  car r ied  ou t  as follows~. 

A codf ish  of a b o u t  30 cm l e n g t h  was na rco t i zed  ill a 
0 .01% so lu t ion  of MS 222 (Sandoz,  Basel) in  sea-water .  
Af te r  a few min ,  w h e n  t h e  a n i m a l  h a d  t u r n e d  s ide -down 

and  no  longer  r e sponded  to gent le  p i n c h i n g  of t he  cauda l  
fin, i t  was w r a p p e d  in mo i s t ened  f i l ter  p a p e r  a n d  p u t  in  t h e  
n o r m a l  pos i t ion  on an  ope ra t i on  tab le .  I t  was  f ixed in t h i s  
pos i t ion  b y  m e a n s  of 2 l a t e ra l  a d j u s t a b l e  c lamps,  and  
p r o v i d e d  w i t h  a r e sp i r a t i on  t u b e  p u t  in to  t he  m o u t h .  
F r o m  2 overf low bo t t l e s  t he  a n i m a l  could be  suppl ied  
e i the r  w i t h  a 0 .005% so lu t ion  of MS 222 in sea-water ,  or 
w i t h  pure  sea-water .  Accord ing  to  t he  r e q u i r e m e n t s  of 
t he  a n i m a l ' s  s t a t e  of anaes thes ia ,  a n  a s s i s t an t  r e p e a t e d l y  
swi tched  f rom one so lu t ion  to t h e  o the r  d u r i n g  t he  opera-  
t ion  b y  m e a n s  of a 2-way cock : t owa rds  sea -wa te r  w h e n  a 
s top of t he  v e n t i l a t i o n  flow fai led to cause  a sp r ead ing  
m o v e m e n t  of t he  gil l-covers ; t owa rds  t he  MS 222 so lu t ion  
w h e n  weak  f l ipp ing  m o v e m e n t s  of t he  cauda l  f in  se t  in. 

W i t h  a scalpel,  a l ong i t ud ina l  incis ion of a b o u t  3 cm 
was m a d e  t h r o u g h  t he  sk in  and  t h e  dorsa l  m u s c u l a t u r e  
a long  t he  m e d i a n  l ine on  t op  of t he  head ,  b e h i n d  t h e  eye 
region.  Sk in  a n d  m u s c u l a t u r e  were t o r n  a p a r t  a n d  pul led  
aside in order  to  expose p a r t  of t h e  skull .  The  exposed  
p a r t  was e x t e n d e d  un t i l  t h e  r a m u s  recur rens  V I I  ( the 

f a c i a l  roo t  of t he  r. l a te ra l i s  accessorius) b e c a m e  c lear ly  
visible.  Th i s  ne rve  b ranch ,  which  con t a in s  m a i n l y  
c o m m u n i s  f ibres  ( supply ing  ex t e rna l  t a s t e  b u d s  in t he  sk in  
of t h e  t runk) ,  arises f rom the  gen icu la te  gangl ion,  runs  
dorsa l l ly  w i t h i n  t he  cerebra l  cav i ty ,  passes  t h r o u g h  a 
f o r a m e n  in t he  t op  of t he  c ran ium,  t u r n s  l a t e ro - cauda l l y  
a n d  runs  b a c k w a r d  be tween  t he  muscu la t a re .  

J u s t  before i ts  emergence  f rom t h e  skull,  i t  receives  
f rom b e h i n d  a smal le r  b ranch ,  t h e  vaga l  roo t  of t he  r. 
l a te ra l i s  accessorius,  equa l ly  c o n t a i n i n g  m a i n l y  c o m m u n i s  
fibres.  This  b r a n c h  too can  be seen t h r o u g h  t im t r a n s l u c e n t  
c ran ia l  bone.  Sk in  and  m u s c u l a t u r e  are k e p t  a p a r t  b y  i or 
2 pa i r s  of f ia t  m e t a l  hooks  connec t ed  to each  o the r  under -  
n e a t h  t he  ope ra t ion  t a b l e  b y  elast ic  s t rands .  Af te r  loosen- 
ing w i t h  a d e n t a l  drill, a n  oblong,  ova l - shaped  piece of t he  
dorsa l  c r a n i u m  is cau t ious ly  removed .  The  r. l a te ra l i s  
accessorius  can  (but  m u s t  not)  be  left  u n d a m a g e d ;  t h e  
l a b y r i n t h  and  especial ly  t he  ve r t i ca l  semic i rcu la r  cana l s  
m u s t  r e m a i n  u n t o u c h e d .  Next ,  t he  c o n n e c t i v e  t i ssue  
be tween  b r a i n  a n d  l a b y r i n t h  is r e m o v e d  carefu l ly  in  o rder  
to  get  free s igh t  u p o n  t he  la te ra l i s  a n t e r i o r  (VII)  a n d  
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pos te r io r  (X) roots.  Th e  d i s t u r b i n g  effect  of b leed ing  f rom 
smal l  vessels can  on ly  be  overcome  b y  p a t i e n t  r e m o v a l  of 
clots  of coagu la ted  blood,  a n d  b y  t he  use of a p e r m a n e n t  
weak  f low of s ter i le  R i n g e r  so lu t ion  10 f rom a n  overf low 
tube .  The  p i p e t t e  m u s t  be  m o u n t e d  on a n  a d j u s t a b l e  
holder ,  a n d  t h e  a m o u n t  of f low m u s t  be  r ega l a t ed  b y  
m e a n s  of a glass cock. Bot t l e ,  solut ion,  tub ing ,  ou t f low 
p ipe t t e  a n d  cock were p rev ious ly  s ter i l ized (kept  15 m i n  
ill a n  au toc lave  a t  120 ~ T he  p i pe t t e  flow was  indeed  a 
m o s t  useful  a id  to  m a k e  t he  deeply  s i t u a t e d  ne rve  roots  
c lear ly d i scernab le  u n d e r  a b inocu l a r  d issec t ing  microscope 
(Bausch  a n d  Lomb)  w i t h  10-20-fold  magn i f i ca t i on  and  
good i l l u m i n a t i o n  (Leitz Mignon  lamp) .  Us ing  f ine -po in ted  
w a t c h - m a k e r ' s  tweezers,  m a d e  of s ta in less  steel  (t ips 
c leaned wit t l  a lcohol  a n d  flame),  f i rs t  t he  la te ra l i s  pos te r io r  
(X) roo t  was  severed,  w h i c h  causes no  special  difficul- 
ties. Then ,  t h e  la te ra l i s  an t e r io r  (VII)  roo t  was  cu t  t h r o u g h  
in  severa l  sect ions,  s t a r t i n g  f rom t h e  m o s t  dorsa l  pa r t .  To 
cu t  th i s  roo t  comple t e ly  w i t h o u t  doing  h a r m  to  e i the r  t he  
n e i g h b o u r i n g  c o m m u n i s  (VII)  roo t  or t h e  v e n t r a l l y  
ad jo in ing  m o t o r  V I I  and  acus t icus  an t e r i o r  (VII I )  roots ,  
requi res  a fa i r  a m o u n t  of experience.  The  c o m m u n i s  roo t  
is t i n t e d  more  wh i t e  t h a n  t he  la te ra l i s  roo t  a n d  runs  
a long i ts  med ia l  s ide;  i t  can  be  fol lowed w i t h i n  t h e  b r a i n  
t owards  t he  med ia l ly  s i t u a t e d  lobus  vag i  ( =  S t a n n i u s '  
' lobus  medu l l ae  ob longa t ae ' ,  or ' lobus  i m p a r '  in  cypr inids)  
a n d  i n n e r v a t e s  on ly  i nne r  and  ou te r  t a s t e  buds .  The  
m o t o r  V I I  roo t  is a smal l  bundle ,  o r ig ina t i ng  f rom the  
medu l l a  o b l o n g a t a  u n d e r n e a t h  t he  la te ra l i s  an t e r i o r  root ,  
n e x t  to  a n d  a t  t h e  f ron t  side of t h e  acus t icus  an t e r i o r  
root .  I t  i n n e r v a t e s  i m p o r t a n t  muscles.  Since severance  
of t h i s  m o t o r  roo t  causes  r e s p i r a t o r y  a n d  o the r  t roubles ,  i t  
m u s t  be  careful ly  spa red  n .  A d i s t i nc t i on  be t w een  t he  
m o s t  v e n t r a l  p a r t  of t i le  l a te ra l i s  an t e r i o r  roo t  a n d  t h e  
n e a r - b y  an t e r i o r  acous t ica l  roo t  (which i n n e r v a t e s  t he  
u t r i cu lus  and  b o t h  a n t e r i o r  a m p u l l a e  a n d  shou ld  of 
course  be  .left u n d a m a g e d )  can  bes t  be  m a d e  w h e n  a t t e n -  
t i on  is pa id  to  t h e  fac t  t h e  la te ra l i s  f ibres  r u n  forward,  
fol lowing a l a t e ro -c ran ia l  d i rect ion,  whereas  t h e  acous t ica l  
f ibres  go down  a n d  are d i rec ted  l a t e ro -ven t ra l ly .  

Af te r  t h i s  ope ra t ion  ha s  been  p e r f o r m e d  on b o t h  sides, 
t he  la te ra l - l ine  sys t em of t he  codf ish  is comple t e ly  a n d  
l as t ing ly  p u t  ou t  of func t ion ,  w i t h o u t  de t e r i o r a t i on  of a n y  
o the r  of t h e  sensory  abi l i t ies .  T he  hooks  t h a t  k e p t  sk in  
and  m u s c u l a t u r e  s e p a r a t e d  are r e m o v e d  a n d  t h e  t i ssue  is 
b r o u g h t  b a c k  to  i ts  or ig ina l  place.  T he  sk in  on  b o t h  sides 
of t he  inc is ion  is sewed toge the r ,  u s ing  a cu rved  needle,  
w i t h  7-8  sepa ra te  k n o t s  of ope ra t ion  silk. T he  ope ra t ed  
an ima l s  o f t en  t o o k  food aga in  on  t h e  d a y  fol lowing t h e  
i n t e r v e n t i o n ,  and  some t imes  even  a f t e r  a few hours .  
However ,  a few an im a l s  d id  no t  s t a n d  t he  b i l a t e r a l  
ope ra t i on  and  died  a couple  of hou r s  a f t e r  r ecovery  f rom 
the  narcosis .  O the r s  showed  f i r s t  comple te  recovery ,  
inc lud ing  n o r m a l  l ocomot ion  a n d  accep tance  of food for  
severa l  days,  b u t  t h i s  b e h a v i o u r  was  t h e n  sudden ly  follow- 
ed b y  inc iden t a l  wild a b n o r m a l  s w i m m i n g  m o v e m e n t s ,  
equ i l i b r ium d i s t u rbances  a n d  o the r  signs of s econda ry  
consequences  of t h e  opera t ion ,  p r e s u m a b l y  caused  b y  
in fec t ion  of o rgans  b o r d e r i n g  t he  ce rebra l  c a v i t y  (brain,  
l a b y r i n t h ) .  To avo id  these  consequences ,  r oom a n d  w a t e r  

t e m p e r a t u r e  should  be  k e p t  low (at  a b o u t  10~ and  
R i n g e r  f lu id  as well  as i n s t r u m e n t s  should  be  k e p t  
suf f ic ien t ly  sterile. T h e n  t h e  an ima l s  can  be  k e p t  a l ive  for 
weeks and  eveI1 m o n t h s .  Dissec t ion  p r o v e d  t h a t  a f te r  
3 m o n t h s  t he  w o u n d  was comple t e ly  closed (except  for t h e  
b o n y  skull) and  no  v is ib le  ne rve  r egene ra t i on  h a d  occurred.  

The  same  ope ra t i on  t e c h n i q u e  can  be  used  to e l im ina t e  
a n y  desi red p a r t  of t he  l a b y r i n t h ,  w i t h  or w i t h o u t  
s i m u l t a n e o u s  e l im ina t i on  of t h e  la te ra l - l ine  sys tem.  
Severance  of t he  an t e r i o r  acous t ica l  roo t  pu t s  t he  
u t r i cu lus  a n d  b o t h  f ron t a l  a m p u l l a e  ou t  of func t ion .  The  
r e m a i n i n g  pos te r io r  a m p u l l a  c an  be  e l imina t ed  b y  sever-  
ance  of t h e  r a m n s  ampu l l ae  poster ior .  This  ne rve  b r a n c h  
or ig ina tes  f rom the  medu l l a  o b l o n g a t a  below the  la te ra l i s  
pos te r io r  roo t  and  i m m e d i a t e l y  a b o v e  t he  or ig in  of the  
r a m u s  lagenae.  R. ampu l l ae  pos te r io r  a n d  r. l agenae  r u n  
closely t o g e t h e r  b a c k w a r d  b e n e a t h  t he  la te ra l i s  pos te r io r  
root ,  b u t  t h e y  can  be s e p a r a t e d  b y  t h e  use of a f ine hook  
( insect  needle  t ip).  I n  t h i s  way  t h e  pa r s  super ior  l a b y r i n t h i  
has  been  e l i m i n a t e d  comple te ly ,  l eav ing  t he  pa r s  infer ior  
(sacculus and  lagena)  u n t o u c h e d .  Il l  reverse,  t h e  sacculus 
a n d  l agena  ne rves  can  be  cu t  t h r o u g h  sepa ra t e ly  so as to  
e l im ina t e  on ly  t he  pars  infer ior  of t h e  l a b y r i n t h .  The  r. 
l agenae  can  be  seized w i t h  a f ine hook,  fol lowed b y  sever-  
ance  of t he  pos te r io r  b r a n c h  of t h e  r. sacculi .  Th i s  l a t t e r  
roo t  becomes  v is ib le  w h e n  t he  medu l l a  o b l o n g a t a  is 
p u s h e d  med ia l ly  w i t h  a su i t ab le  i n s t r u m e n t  (denta l  
spa tu la) .  The  a n t e r i o r  b r a n c h  of t h e  r. saccul i  is p a r t l y  
h i d d e n  b y  t he  an t e r i o r  acous t ica l  root ,  if seen f rom above.  
To grasp  i t  comple te ly  w i t h  t h e  hook,  t he  acus t icus  
an t e r i o r  roo t  mus t ,  r a t h e r  cau t ious ly ,  be  p u s h e d  a b i t  
forward.  W h e r e a s  seve rance  of t h e  acus t icus  an t e r i o r  
roots  causes  expl ic i t  equ i l i b r i um d i s tu rbances ,  sever- 
ance  of t he  n e r v e  roo ts  supp ly ing  sacculus a n d  l agena  
ha s  no  such  effect. Th i s  is in  accordance  w i t h  p rev ious  
exper ience  f rom m o s t  o the r  teleosts ,  t h o u g h  no t  f rom all 13. 

Zusammen/assung. Es  wi rd  eine Me thode  beschr ieben ,  
n a c h  der  b e i m  K a b e l ] a u  (Gadus morhua) das  gesamte  
S e i t e n o r g a n s y s t e m  o p e r a t i v  b l e ibend  ausser  F u n k t i o n  
gese tz t  werden  kann ,  ohne  Sch~idigung ande re r  Sinnes-  
f u n k t i o n e n  u n d  ohne  Beein t r~ icht igung des Al lgemeinbe-  
l i ndens  der  Tiere.  Mi t  i ihnl icher  M e t h o d i k  kann ,  je n a c h  
W a h l ,  s u c h  die pa r s  super ior  oder  die pars  infer ior  des 
L a b y r i n t h s ,  oder  a u c h  bloss Sacculus  oder  Lagena ,  ausser  
F u n k t i o n  gese tz t  werden .  Die  Me thode  b e r u h t  auf  Durch-  
s c h n e i d u n g  der  e n t s p r e c h e n d e n  N e r v e n w u r z e l n  n a h e  i h r e m  
A u s t r i t t  aus  d e m  G e h i r n  (medul la  ob longa ta ) .  
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10 9 g NaC1 + 0,42 g KC1 + 0,25 g CaC12]I aqua dest. 
11 The motor VII root can best be observed after complete severance 

of the lateralis anterior root; on pulling at the motor root long 
varicose single fibres are torn out from the medulla oblongata. 

is S. DIJKGRAAF, Proc. R. Soc. B 152, 51 (1960). 


