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The	
   experimental	
   setup	
   consists	
   of	
   a	
   closed-­‐loop	
   water	
   channel	
   with	
   a	
  
test	
  sec6on	
  of	
  19	
  cm	
  in	
  the	
  stream-­‐wise	
  direc6on,	
  11	
  cm	
  width	
  and	
  2.2	
  cm	
  
height.	
  The	
  shallow	
  height	
  of	
  test	
  sec6on	
  was	
  chosen	
  to	
  minimize	
  out	
  of	
  
plane	
  swimming	
  of	
  different	
  fish.	
  The	
  image	
  acquisi6on	
  was	
  carried	
  out	
  at	
  
100	
  Hz,	
  which	
  was	
  enough	
  to	
  6me-­‐resolve	
  the	
  tail	
  bea6ng	
  dynamics.	
  An	
  
in-­‐house	
   tracking	
   code	
   was	
   developed	
   using	
  Matlab	
   to	
   extract	
   ther	
   2D	
  	
  
kinema6cs	
  of	
  the	
  fish	
  midline.	
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In	
  this	
  work,	
  we	
  address	
  the	
  case	
  of	
  red	
  nose	
  tetra	
  fish	
  Hemigrammus	
  bleheri	
  swimming	
  in	
  groups	
  in	
  an	
  uniform	
  flow,	
  giving	
  a	
  special	
  a^en6on	
  to	
  the	
  side	
  
by	
   side	
   configura6on	
   of	
   different	
   individuals	
  within	
   a	
   chosen	
   popula6on.	
  We	
   bring	
   evidence	
   of	
   a	
   synchroniza6on	
   for	
   the	
   case	
   of	
   two	
   fish,	
  where	
   the	
  
swimming	
  modes	
  are	
  dominated	
  by	
  "out	
  of	
  phase"	
  and	
  "in	
  phase"	
  configura6ons	
  and	
  the	
  sta6s6cs	
  depend	
  on	
  the	
  swimming	
  speed	
  (imposed	
  in	
  the	
  present	
  
experiment	
  by	
  the	
  flow	
  rate	
  in	
  the	
  swimming	
  channel).	
  We	
  conjecture	
  that	
  the	
  transi6on	
  to	
  this	
  synchroniza6on	
  state	
  is	
  correlated	
  with	
  the	
  magnitude	
  of	
  
the	
   hydrodynamic	
   pressure	
   generated	
   by	
   the	
   fish	
   body	
   during	
   each	
   swimming	
   cycle	
   (see	
   [2])	
   .	
   From	
   a	
   careful	
   analysis	
   of	
   the	
   spa6otemporal	
   pa^erns	
  
corresponding	
  to	
  those	
  synchronized	
  modes	
  for	
  a	
  fish	
  pair,	
  we	
  give	
  new	
  insights	
  on	
  the	
  spa6al	
  configura6on	
  of	
  coopera6ve	
  swimming	
  of	
  fish	
  [1],	
  based	
  
both	
  on	
  energy	
  saving	
  and	
  efficient	
  informa6on	
  transfer.	
  	
  

Phase	
  locking	
  
The	
   cumulated	
   sta6s6cs	
  
( a ve raged	
   ove r	
   s even	
  
different	
  pairs	
  of	
  fish)	
  of	
  the	
  
synchronized	
   states	
   as	
   a	
  
func6on	
   of	
   the	
   swimming	
  
velocity	
   show	
   that:	
   For	
  
rela6vely	
   slow	
   swimming	
  
velocity,	
  the	
  fish	
  spend	
  most	
  
of	
   the	
   6me	
   swimming	
   in	
   a	
  
non-­‐synchronized	
  state	
  (NS).	
  
This	
   tendency	
   changes	
   with	
  
the	
   swimming	
   velocity	
  
where	
   more	
   and	
   more	
  
synchronisa6on	
   states	
   (S)	
  
a r e	
   o b s e r v e d	
   i n	
   t h e	
  
distribu6on.	
   The	
   transi6on	
  
f r om	
   i n d ependen t	
   t o	
  
collec6ve	
   swimming	
   is	
   here	
  
clearly	
  based	
  on	
  fish	
  gate.	
  
Also	
   	
   the	
   OP	
   and	
   IP	
   are	
  
comparable	
   to	
   each	
   other,	
  	
  
but	
   at	
   higher	
   swimming	
  	
  
velocity	
  OP	
  dominates	
  IP	
  	
  

Synchronisa6on	
  

Two	
   different	
   modes	
   of	
  
synchronized	
   behavior	
  
are	
   observed.	
   In-­‐phase	
  
mode	
  (IP)	
  or	
  out	
  of	
  phase	
  
mode	
   (OP).	
   The	
   sta6s6cs	
  
of	
   the	
   synchroniza6on	
   is	
  
obtained	
  by	
   coun6ng	
   the	
  
flapping	
   cycles	
   spent	
   in-­‐
phase	
   and	
   out	
   of	
   phase	
  
t h r o u g h o u t 	
   a n	
  
experiment.	
  
The	
  6me	
  series	
  show	
  two	
  
typical	
   tail	
   6p	
   kinemat-­‐	
  
ics	
   for	
   slow	
   (2.7	
   cm/s)	
  
and	
   fast	
   (15	
   cm/s)	
   swim-­‐	
  
ming	
   veloci6es	
   for	
   a	
   pair	
  
of	
   fish.	
   As	
   can	
   be	
   seen,	
  
only	
   the	
   high	
   swimming	
  
speed	
   g ives	
   r i se	
   to	
  
synchroniza6on.	
  	
  

The	
  two	
  characteris6c	
   lengths	
   l	
  
and	
   d,	
   are	
   observed	
   to	
   be	
  
constant	
   over	
   a	
   large	
   range	
   of	
  
swimming	
  speeds.	
  Fish	
  seem	
  to	
  
choose	
   a	
   stable	
   configura6on	
  
independent	
  of	
  their	
  gait.	
  	
  
Ø  The	
  distance	
  d,	
  which	
  can	
  

refereed	
  to	
  as	
  the	
  distance	
  
to	
  nearest	
  neighbor	
  is	
  found	
  
to	
  be	
  around	
  0.	
  5	
  -­‐	
  0.6	
  	
  of	
  fish	
  
body	
  length.	
  	
  

Ø  The	
  distance	
  l,	
  found	
  to	
  be	
  
around	
  0.	
  1	
  -­‐	
  0.2	
  	
  of	
  fish	
  body	
  
length.	
  	
  

Ave raged	
   ta i l	
   bea6ng	
  
frequency	
   for	
   both	
   top	
   and	
  
bo^om	
   fish	
   vary	
   linearly	
  
with	
   the	
   swimming	
   velocity	
  
U.	
   It	
   can	
   be	
   also	
   observed	
  
that	
  the	
  mere	
  observa6on	
  of	
  
frequency	
  locking	
  in	
  tandem	
  
swimming	
   is	
   not	
   enough	
  
c r i t e r i a	
   t o	
   d e s c r i b e	
  
synchroniza6on.	
  

Top	
  view	
  of	
  the	
  test	
  sec+on	
  


