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Agonis t i c  Behav iour  in M o r m y r i d  Fish: 
Latency - Relat ionship  Between  the Electric D i scharges  of Gnathonemuspetersii and Mormyrus rume 

Gnathone'mus petersii  exhibi ts  rapid  f requency rises of 
its electric organ discharge (EOD), and s terotyped,  
regular  pulse pa t te rns  of high frequency,  when a M o r -  
m y r u s  f u m e  is in t roduced  into its aqua r ium 1. These 
phenomena  are s t r ic t ly  associated wi th  cer ta in  compo-  
nents  of aggressive behaviour  ~, which are ident ica l  wi th  
those observed in intraspecif ic agonist ic behav iour  a. 
In  this paper,  a la tency re la t ionship of the  pulses of a 
ter r i tor ia l  G. petersii  to those of an in t rud ing  M.  f u m e  
will be described, this being of interes t  in order to assess 
the  role which the  E O D  might  play in ' communica t ion '  
be tween individuals .  

The  exper imenta l  t a n k  measured  1 . 0 • 2 1 5  m. 
120 fine si lver wires, mak ing  only poin t  contact ,  were 
f ixed on the  walls, the  bo t tom,  and onto a f loat ing 
plast ic  cover, forming a regular  a r ray  on each of the  
6 surfaces. Each  silver wire was connected,  th rough  a 
47 kD resistor, to the  o ther  wires moun ted  on the  same 
surface of the  tank,  which was then  referred to as an 
electrode. A cage of coarse plast ic mesh res t r ic ted the  
animals  to more t h a n  5 cm from the  electrodes.  The  
3 pairs of opposi te  electrodes,  o r ien ta ted  orthogonally,  
were different ial ly  connected to 3 separate  amplifiers.  
The ampli f ied potent ia ls  were rectified, summed  and 
displayed on an oscilloscope. An electronic window 
circuit  separa ted  the  pulses of t he  two fishes ; the  discrim- 
inat ion cr i ter ion was thei r  dura t ion  (G. petersii:  approx.  
300 ~sec; M .  f u m e :  approx.  600 ~sec). A da ta  acquis i t ion 
sys tem ([nter technique)  was used to measure  the  length  
of in tervals  and latencies, and to compute  his tograms.  

A 12 h/12 h l ight  - dark  cycle was used th roughou t  the  
exper iments ,  t empera tu re  var ied  f rom 26 to 27~ 
Successive 5 day series of exper iments  were per formed 
wi th  6 G. petersii  (15.5-20.5 cm), each of which had been 

hab i tua ted  to the exper imenta l  t a n k  prior  to the  f i r s t  
exper iment  for at  least  3 days. 

A M .  rume (20.5 cm) was pu t  into the  exper imenta l  
tank,  where a G. petersii  was hiding in a tube  of plast ic 
mesh, for 3 min  a day. Dur ing  this  exper imenta l  period, 
M .  f u m e  discharged ve ry  regular ly  a t  about  25 Hz  
(Figure la),  abrup t  f requency rises never  occurred and 
'breaks '  were very  rare;  when changing frequency,  i t  
stowIy shifted up or  down. G. petersii ,  however ,  in mos t  
cases s topped its discharge for some seconds on the  
in t roduct ion  of M .  rume;  when the la t te r  came near  its 
h iding place, i t  v igorously  a t t acked  M .  rume,  while 
displaying a sharp increase of E O D  frequency and 
even tua l ly  a regular,  h igh f requency pulse pa t t e rn  1. A 
sequence of m a n y  a t tacks  and pursuits  of the  NI. rume  
by  the  G. petersii  during the  rest  oI the  180 sec exper imenta l  
period followed. The pulse in te rva l  h is tograms of G. 
petersii  show peaks at  abou t  140 and 70 Hz  (Figure lb),  
which correspond to the  regular  high f requency discharge 
pa t t e rn  displayed during a par t icu lar  agonistic behaviour  ~. 
In these his tograms,  a def ini te  min imum,  observed in 
each exper iment ,  is found at  about  100 Hz  (or 9 to 11 msec 
in terval  length). 

W h e n  eva lua t ing  the  t ime  elapsing be tween  the  occur- 
rence of a M .  f u m e  discharge, and the  immedia te ly  
following G. petersii  pulse, and represent ing the  results 
stat ist ically,  a la tency relat ionship is found (Figure lc). 
In  this la tency dis t r ibut ion  of G. petersii  pulses to M.  
f u m e  pulses, a peak  in the  class of 10-11 msec, d is t inct  in 
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Fig. 1, a) Discharge interval histogram of a Mormyrus ruing being introduced into the tank of a resident Gnathonemus petersii (3 min). 
b) Discharge interval histogram of a resident Gnathonemus petersii, in the presence of a Mormyrus rume (3 min). c) Histogram of the 
discharge lateneies of a resident Gnathonemus petersii to the pulses of a Mormyrus rume (3 rain). 
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each  expe r imen t ,  is p a r t i c u l a r l y  not iceable .  This  m e a n s  
t h a t  G. petersii prefers  to  r e spond  to  an  ex te rocep t ive  
electric s t imulus ,  pe rce ived  t h r o u g h  its e lect roreceptors ,  
b y  a n  electric o rgan  d ischarge  w i t h i n  a b o u t  11 msec. 

As p o i n t e d  ou t  b y  e lec t rophysio logica l  work,  7-8  msec 
are r equ i red  to  c o n d u c t  t he  c o m m a n d  s ignal  f rom the  
medu l l a  o b l o n g a t a  to  t h e  electric o rgan  in m o r m y r i d s  4. 
H e n c e  less t h a n  4 msec r e m a i n  for t he  t r a n s m i s s i o n  of t h e  
coded recep to r  s ignal  to  t he  medu l l a  ob longa ta ,  v i a  la te ra l  
nerve,  lobus  lateral is ,  a n d  mesencepha lon .  A m o n g  t he  
d i f fe ren t  e lec t rosensory  r ecep to r  t ypes  (Mormyromas t s ,  
t u b e r o u s  ( 'Knol len ' - ) ,  a n d  a m p u l l a r y  organs),  a n d  t h e i r  
connec t ions  to  t he  b ra in ,  f o u n d  in mormyr ids ,  only  
t he  t u b e r o u s  recep tors  a n d  t h e i r  ' f a s t '  j unc t ions ,  and 
cerebra l  connect ions ,  are capab le  of such a r ap id  s ignal  
t r a n s m i s s i o n h - L  This  p a t h w a y  comprises  neu rons  w i t h  
axons  of large d iamet re ,  a n d  p r o b a b l y  electr ical  syn-  
apses be tween  t h e m  8. 

A l t h o u g h  a l a t en cy  of a b o u t  11 msec seems to  be  t h e  
m i n i m a l  r eac t ion  t i m e  of G. petersii to  a n  ex t e rna l  electr ic  
s t imulus ,  t he  f i sh  is free to  r e s pond  af te r  a longer  t i m e  
as well, as seen in F igure  lc.  Shor te r  la tenc ies  t h a n  t he  
m i n i m a l  t i m e  were also observed ,  beg inn ing  a t  zero 
la tency .  I n  th i s  case, i t  m u s t  be  a s s um ed  t h a t  t he  pulse- 
m a k i n g  decis ion h a d  a l r eady  t a k e n  place  before  t he  
M. rune  pulse occurred,  and  t h u s  could no t  h a v e  been  
a l t e red  b y  sensory  inpu t .  

The  obse rva t i on  r e p o r t e d  in th i s  p a p e r  d e m o n s t r a t e s  a 
h i t h e r t o  u n k n o w n  i n t e r ac t i on  be t w een  t he  d ischarges  of 
2 electric f ish a t  t he  i n t e r v a l  level, i nd i ca t i ng  the  exis- 
tence  of a n  e x t r e m e l y  r ap id  ref lex arc. Th i s  ref lex arc 
seems to  be specifically i nvo lved  in t he  pe rcep t ion  of, 
a n d  in r e spond ing  to,  t he  electric s ignals  of congeners  
because  of 2 reasons :  1. T he  t h r e sho ld  to  shor t  electr ic  
s t imul i  is low in t u b e r o u s  receptors ,  c o m p a r e d  w i t h  t he  
o the r  e lec t rorecep tor  types  5, enab l ing  t he  f ish to de t ec t  a 
conspecific,  w h e n  t he  d i s t ance  be t w een  t h e m  is ca. 30 cm 
or less 9 ; 2. W h e n  r e spond ing  to t he  f i sh ' s  p rope r  discharge,  

t u b e r o u s  recep tor  evoked  ac t i v i t y  in gangl ion  cells of t he  
lobus  la te ra l i s  -was found  to  be  i n h i b i t e d  ~~ Th i s  excludes  
t he  poss ib i l i ty  of a s ignif icance of t u b e r o u s  receptors ,  and  
t h e i r  ce rebra l  connect ions ,  in  e lec t ro loca t ion ,  and  suggests  
t h e i r  i m p o r t a n c e  in ' c o m m u n i c a t i o n ' .  

Zusammen/assung.  W~thrend des agon i s t i schen  Ver-  
ha l t en s  b e a n t w o r t e t  G. petersii e lek t r i sche  Organ-  
e n t l a d u n g e n  eines M. rune  s t a t i s t i s ch  b e v o r z u g t  n a c h  
e iner  L a t e n z z e i t  yon  n u r  ca. 11 msec. Dies d e u t e t  auf  die 
E x i s t e n z  einer  besonders  r a s chen  R e f l e x b a h n  hin,  de ren  
spezifische Aufgabe  of fenbar  die W a h r n e h m u n g  and 
B e a n t w o r t u n g  e lek t r i seher  F r emds igna l e  ist. 

R. BAUER and B. KRAMERll 

Laboratoire de Physiologic Nerveuse, Groupe des 
Laboratoires clu C .N .R .S . ,  F-97  7 90 Gi/-sur- Yvette 
(France), 6 August  7973. 

4 M. V. L. BENNETT, G. D. PAPPAS, E. ALJURE and Y. NAKAJIMA, 
J. Neurophysiol. 30, 180 (1967). 

5 M. V. L. BENNETT, Cold Spring Harbor Syrup. quant. Biol. 30, 
245 (1965). 

s T. SZABO, in Lateral Line Detectors {Ed. P. CAHN; University ol 
Indiana, Bloomington, Ind. 1967), p. 295. 
M. V. L. BENNETT and A. B. STEINUACH, in Neurobiology o] Cere- 
bellar Evolution and Development (Ed. E. R. LLINAS; American 
Medical Association, New York 1969), p. 207. 

s M.V.L. BENNETT, in Lateral Line Detectors (Ed. P. CAHN ; Univer- 
sity of Indiana, Bloomington, Ind. 1967), p. 313. 

9 p. MOLLER and R. BAUER, Animal Behav. 2/, 501 (1973). 
10 B. ZIPSER, unpublished PhD thesis, Albert Einstein College of 

Medicine, Yeshiva University, New York (1971). 
n The authors are grateful to the Deutsche Forsehungsgemeinsehaft, 

Bonn, for a research grant accorded to each of us. We wish to 
thank Dr. T. Szabo for the invitation to work in his laboratory, 
for criticism, and helpful discussions. 

T h e  E f f e c t s  o f  R e t i c u l a r  S t i m u l a t i o n  o n  D i ~ a s t r i c  

The  s p o n t a n e o u s  v a r i a t i o n s  in  d igas t r ic  ref lex (jaw- 
opening)  ac t i v i t y  du r ing  t he  course of sleep and  wakeful-  
ness h a v e  been  ex tens ive ly  i nves t i ga t ed  1. T he  o rb i t a l  
cor t ical  con t ro l  of t h i s  ref lex du r ing  sleep a n d  wakefu lness  
in  freely m o v i n g  ca ts  has  also been  described~,  a. I n  
immobi l i zed  cats,  wh ich  p r e s u m a b l y  are awake,  electr ical  
s t i m u l a t i o n  of t h e  re t i cu la r  f o r m a t i o n  can  mod i fy  
d igas t r ic  ref lex ac t iv i tyd ,  5. W e  were the re fore  i n t e r e s t ed  
in d e t e r m i n i n g  w h e t h e r  s t i m u l a t i o n  of t h e  re t i cu la r  
fo rmat ion ,  in  freely m o v i n g  u n a n e s t h e t i z e d  cats ,  would  
inf luence th i s  ref lex no t  oll ly du r ing  wakefu lness  b u t  
also du r ing  sleep. I n  t h i s  p a p e r  we p re sen t  d a t a  wh ich  
ind ica te  that electr ical  s t i m u l a t i o n  of the  r e t i cu la r  for- 
m a t i o n  exer t s  a cons i s t en t  p a t t e r n  of d igas t r ic  ref lex 
i nh ib i t i on  t h r o u g h o u t  qu ie t  sleep and  ac t ive  sleep as well  
as d u r i n g  wakefulness .  

The  deta i l s  of t he  e x p e r i m e n t a l  p r e p a r a t i o n  for 
s t i m u l a t i o n  a n d  record ing  w i t h  p e r m a n e n t l y  p laced 
electrodes in t he  freely m o v i n g  ca t  h a v e  been  p rev ious ly  
descr ibed  1. 6 adu l t  ca ts  were used in t h i s  expe r imen t .  
B ipo la r  s t i m u l a t i n g  e lectrodes  were p laced  in t he  pon to -  
mesencepha l ic  re t i cu la r  t e g m e n t u m .  The  d igas t r ic  ref lex 
was induced  b y  electr ical  s t i m u l a t i o n  of t he  infer ior  
d e n t a l  ne rve  w i t h  a pa i r  of s ta inless  steel  screws e m b e d d e d  
in t he  m a n d i b u l a r  canal .  T he  ref lex was m o n i t o r e d  
e l ec t romyograph ica l ly  b y  a pa i r  of b ipo la r  e lec t rodes  
p laced  a r o u n d  t h e  a n t e r i o r  bel ly of t he  d igas t r ic  muscle .  

R e f l e x  A c t i v i t y  D u r i n g  S l e e p  a n d  W a k e f u l n e s s  

O t h e r  b ipo la r  e lec t rodes  were used to  record  t he  f ron ta l  
cor t ica l  E E G ,  eye m o v e m e n t s  (EOG) a n d  neck  EMG. The  
d igas t r ic  ref lex was m o n i t o r e d  oscil loscopically a n d  was 
recorded  on  a p o l y g r a p h  b y  u t i l iz ing  a p e a k - a m p l i t u d e ,  
t i m e - e x p a n d i n g  e lect ronic  circuit .  

E x p e r i m e n t a l  sessions, wh ich  were s t a r t e d  a t  leas t  week  
a f t e r  e lec t rode  i m p l a n t a t i o n ,  were  c o n d u c t e d  in  a n  
e n v i r o n m e n t a l  c h a m b e r  where  t he  a n i m a l  was  able  to  
m o v e  a b o u t  freely. The  b e h a v i o r  of t he  a n i m a l  was  
obse rved  t h r o u g h  a one -way  window.  E a c h  e x p e r i m e n t a l  
session las ted  a p p r o x i m a t e l y  3 h, d u r i n g  wh ich  t i m e  
c o n t i n u o u s  record ings  of consecu t ive  cycles of sleep and  
wakefu lness  were ob ta ined .  The  d igas t r i c  refIex was  
induced  c o n t i n u o u s l y  t h r o u g h o u t  each  session a t  r a t e s  
of 0.5 to  1 per  sec. The  a m p l i t u d e  of t h e  d igas t r ic  ref lex 
wh ich  fol lowed sho r t  pulse t r a i n  re t i cu la r  s t i m u l a t i o n  
(1-4 pulses ;  cond i t i on ing - t e s t  l a t e n c y  0-20 msec) was  
c o m p a r e d  w i t h  t h e  a m p l i t u d e  of i m m e d i a t e l y  p reced ing  
con t ro l  reflexes du r ing  t he  s t a t e s  of wakefulness ,  qu ie t  
sleep and  ac t ive  sleep. The  i n t e n s i t y  of t he  r e t i cu la r  
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