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Non-Visual  Orientation i n  T a l i t r u s  sal tator  

T h e  o r i e n t a t i o n  of t h e  s a n d h o p p e r ,  Talitrus sa~tator, 
h a s  been  i n t e n s i v e l y  s tud ied  b y  PAPL PARDI a n d  co- 
workers  1-s. Mos t  of t h e i r  r e sea rches  were  d e d i c a t e d  to  
sun  or  m o o n  o r i en ta t ion .  T h e  a n i m a l s  were  d i s o r i e n t a t e d  
w h e n  t he  sky  was t o t a l l y  ove rca s t  a n d  no  i n d i c a t i o n  of 
t h e  s u n ' s  pos i t ion  was  d e t e c t a b l e  s. Likewise ,  a t  n igh t ,  no  
o r i e n t a t i o n  was  obse rved  w h e n  t h e  m o o n  was  a b s e n t  or  
inv is ib le  s . Cover ing  t h e  eyes  w i t h  b l a c k  p a i n t  also pre -  
v e n t e d  o r i e n t a t e d  escape r eac t i ons  I,v. 

R e p e a t i n g  t h e  e x p e r i m e n t s  of PAPI a n d  PARDI, we 
found  i nd i ca t i ons  of a n o n - v i s u a l  o r i en t a t i on ,  d i r ec t ing  
t h e  a n i m a l s  s eaward  or  l a n d w a r d  s . T h e  e x p e r i m e n t s  m e n -  
t i oned  he re  were  p e r f o r m e d  on  t h e  M e d i t e r r a n e a n  shore  
n e a r  B a n y u l s  (France) ,  on  t h e  D u t c h  N o r t h  Sea i s l and  of 
Terschel l ing ,  a t  U t r e c h t ,  a n d  o n  t h e  coas t  of S o u t h  
~ATales s 

I n  so f a r  as  o u r  work  r e p e a t e d  t h e  e x p e r i m e n t s  of  PAPI 
a n d  PARDZ on  so lar  o r i en t a t i on ,  ou r  f ind ings  are  ful ly  
compa rab l e .  Some e x a m p l e s  are g iven  in  F igu re  1. T he  
re su l t s  were  checked  o n  t h e i r  d e v i a t i o n  f r o m  r a n d o m  b y  
t h e  m e t h o d  g iven  b y  SCHMIDT-KOE~IG l°. 

Our  c o n t r o l  e x p e r i m e n t s ,  however ,  in  w h i c h  t h e  d r y  
bowl  was  d a r k e n e d  b y  a b l a c k  r u b b e r i z e d  cloth,  showed  
in m a n y  cases a d i s t i nc t  a g g r e g a t i o n  of t h e  a n i m a l s  in  a 
s eaward  d i rec t ion .  I n  B a n y u l s  t h e  d i s t r i b u t i o n  of t h e  
a n i m a l s  was  r e p e a t e d l y  p h o t o g r a p h e d  a f t e r  a 10 ra in  
pe r iod  in  t o t a l  d a r k n e s s ;  in al l  cases t h e  bowl  was  
v igo rous ly  s h a k e n  whi le  u n d e r  t he  b l a c k  c lo th  a t  t h e  
s t a r t  of t h i s  per iod.  E x a m i n a t i o n  of t h e  n e g a t i v e s  showed  
a s eaward  d i s t r i b u t i o n  (F igure  2A) w h i c h  was  n o t  a l t e r e d  
b y  t r a n s f e r r i n g  t h e  a n i m a l s  to  t h e  t o p  of a h i l l  1 k m  
d i s t a n t  f r o m  t h e  shore  (see F igure  2B). On  Tersche l l ing  
also a s ign i f i can t  o r i e n t a t i o n  in  t h e  d a r k  could  be  d e m o n -  
s t r a t e d  (F igure  2C). T r a n s f e r r i n g  t h e  a n i m a l s  b e h i n d  t he  
d u n e s  (d i s t ance  f r o m  t h e  sea  750 m)  d id  n o t  c h a n g e  t h i s  
o r i e n t a t i o n  p a t t e r n  (F igure  2F).  T h e  o r i e n t a t i o n  could  b e  
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Fig. 1. Orientation by means of optical dues. The number of animals 
in each of 12 segments is given as a percentage, the radius of the 
circle representing 35%. Black arrow = the direction towards the 
sea; open arrow = the mean direction of the animals; ~ = number 
of animals in the figure; P ~ probability of a random distribution. 
(A) Skyline, sun and polarization pattern present, the bowl being 
dry. ~ ~ 214, P ~ 0.0001. (B) Skyline, sun and polarization pat- 
tern present, the bowl has been wetted with sea water (landward 
migration }. ~ = 351, P ~ 0.0001. (C) Sun and skyline screened off; 
the sun is shown in a mirror from the opposite direction (bowl dry). 
n = 42, P-~ 0.0001, (D) Animals transferred to a shore with a 
coastline at right angles to that of the place of origin, no screening. 

= 44, P ~ 0.0001. (E) Animals transferred behind the dunes 
(750 m), no screening. ~ = 862, P -~ 0.0001. 

r eve r sed  to  a l a n d w a r d  d i r ec t i on  b y  w e t t i n g  t h e  i nne r  
side of t h e  bowl  w i t h  sea  w a t e r  (F igure  2E).  I n  VCales, 
o r i e n t a t i o n  in  t h e  d a r k  could  be  d e m o n s t r a t e d  aga in :  7 
o u t  of 27 p h o t o g r a p h s  showed  a n o n - r a n d o m  d i s t r i b u t i o n  
p a t t e r n  w i t h  al l  t h e  m e a n  d i r ec t ions  s e a w a r d  (F igure  2F). 
W h e n  t h e  sky  was  v is ib le  to  t he  an imals ,  o r i e n t a t i o n  was 
a p p a r e n t  in  19 o u t  of 24 e x p e r i m e n t s ,  t h e  m e a n  d i rec t ions  
h a v i n g  a b o u t  t h e  s ame  s c a t t e r i n g  (Figure  2G). ' W e  be- 
l ieve t h a t  t h e  lower  n u m b e r  of successful  e x p e r i m e n t s  in  
t o t a l  d a r k n e s s  c a n  b e  a t t r i b u t e d  to  a dec reased  m o t i v a -  
t i on  of t he  a n i m a l s  to  m o v e  seaward .  

O r i e n t a t i o n  in t h e  d a r k  be ing  possible,  i t  wou ld  be  
i n t e r e s t i n g  t o  k n o w  w h e t h e r  t h e  a n i m a l s  use  t h i s  mecha -  
n i s m  a t  n i g h t  w h e n  t h e  m o o n  is ab sen t .  D u r i n g  one  n i g h t  
on  Te r sche l l i ng  t h e  a n i m a l s  u n d o u b t e d l y  s h o w e d  a n  
o r i e n t a t i o n  (Figure  3A). I n  Wales ,  some  n i g h t  obse rva -  
t ions  r evea l ed  a d i s t i n c t  o r i e n t a t i o n  too  (Figure  3B, C). 
O b s c u r i n g  t h e  v i s ib le  s t a r s  b y  a b l a c k  c lo th  d id  n o t  pre-  
v e n t  d i r ec t i on  f i n d i n g  (F igure  3D). 
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Fig. 2. Orientation in the dark during daytime. See text. (A) n = 147, 
P <~ 0.0001. (B) n ~ 191, P ~ 0.0001. (C) n ~ 678, P.~ 0.0001. 
(D) n = 5 9 8 ,  P ~ 0 . 0 0 0 1 .  (E) n = 2 7 0 ,  P<::0.0001. (F) n = 5 0 ,  
P < 0.05 at least, in each experiment. (G) n = 50, P <~ 0.05 at 

least, in each experiment. 
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Pig. 3. Orientation at night when the moon is absent. (A) Sky 
visible, partially covered with clouds. Animals transferred behind 
the dunes, n = 486, P < 0.0001. (B) Sky visible, no clouds. Ani- 
mals transferred to the top of a hill. n = 29, P <: 0.05. (C) The 
Same experiment with animals from another shore, n = 56, P < 0.01. 

(D) Sky screened, n = 27, P ~: 0.01. 
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S t imula ted  b y  the  exper iments  of SCHNEIDER 11, 
BECKER I~ and  others  on the  inf luence of m a g n e t i s m  on 
or ienta t ion ,  we h a v e  compensa ted  the  ea r th ' s  magne t i c  
field down to 50 7 (normal hor izonta l  s t r eng th  be ing  0.18 
gauss) by  means  of H e l m h o l t z  coils. This  was done  in the  
Pa l aeomagne t i c  I n s t i t u t e  a t  U t r e c h t  some met res  be low 
the  ea r th ' s  surface. The  animals  used in these  expe r imen t s  
were  s tored  in t he  l abo ra to ry  for  several  days,  us ing a 
t i l ted  a q u a r i u m  wi th  a layer  of sand and some sea water .  
The  resul ts  show t h a t  the  animals  h a v e  a t e n d e n c y  to 
o r ien ta te  in to ta l  darkness  when  t h e  na tu ra l  magne t i c  
inf luence is p resent  (Figure 4A). This  t endency  remains  
when the  ea r th ' s  magne t i c  field is a lmos t  e l imina ted  
(Figure 4B). The  or ien ta t ion  being only  weak, t he  large 
n u m b e r  of observat ions  brings abou t  a high level  of sig- 
nificance. F u r t h e r  s tudies  on this  subjec t  will  be under -  
t aken  in the  near  future.  

Zusammen/assung. Die Versuche yon PAPI und PARDI 1-6 
wurden  mi t  Talitrus saltator wiederholt .  Auch un te r  
v61Iigem Lichtabschluss  zeigten die Tiere  ein noch Ahnlich 
or ient ier tes  Verhal ten .  Ausschal tung  des e rdmagnet i schen  
Fe ldes  bis auf  50 ~, konnte  die Or ien t ie rung  im Dunke ln  
nicht  aufheben.  
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Pig. 4, Orientation and the earth's magnetic field. See text. (A} 
n = 410, P <: 0.0001. (B) n = 414, P < 0.0001. 
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Response of Pisum sativum Llnn. to Gibberellic 
Acid 

Earl ier  workers  x-s have  repor ted  t h a t  sp ray ing  var ious  
crop plants  w i t h  gibberel l ic  acid (GA) a t  the i r  var ious  
growth stages i nva r i ab ly  resul ted in the  increased vege ta-  
t ive growth  of aer ia l  par ts  bu t  did no t  increase the  to t a l  
Yield. Some of t h e m  ~,s h a v e  repor ted  t h a t  t r e a t m e n t  w i th  

A in fact  depressed the  yields, A t r ia l  conduc ted  a t  a 
S e w a g e / a r m  on Pisum sativum has  p roduced  in te res t ing  
results. Spray ing  wi th  increasing concent ra t ions  of  GA 
on 4-week-old (pre-flowering) and  8-week-old (flowering 
Stage) p lants  resul ted  in increas ing and  decreasing t o t a l  
green pod yields, respect ively ,  

-P. sativum, va r i e ty  Bonnevi l le ,  was grown dur ing  the  
winter  season on a sewage farm. Randomized  b lock  de- 
sign wi th  al l  possible combina t ions  of the  2 ages (4 and 8 
Weeks3 ~- old)_ and 5 GA concent ra t ions  (,0 75, 150, 225 and 
4""  ppm) wi th  4 repl icat ions  was used. 10 plants  a t  

5 . 2 3  cm spacing formed a plot .  The  crop was main ta ined  
on sewage wa te r  depending  on the  condi t ion  of  soil and 

top plants.  The  analysis  of sewage wa te r  conta ined  
2.13 p p m  ni t rogen  (NOs) , 0.075 p p m  phosphorus  (P,O~), 

and 26.2 p p m  po tass ium (K~O). Apa r t  f rom var ious  
g rowth  character is t ics  (da ta  to be published) ,  the  green 
marke t ab l e  pods  were p icked  eve ry  3 days  s ta r t ing  f rom 
the  l l t h  week  af te r  sowing, and the  separa te  yields and 
the  m e a n  t o t a l  yield were  ob ta ined  (Table). 

There  were no s ignif icant  differences be tween  the  mean  
green pod yields clue to d i f ferent  GA concentra t ions ,  
whereas  s igni f icant ly  di f ferent  yields were ob ta ined  when 
GA was sprayed a t  the  2 di f ferent  g rowth  stages. A 
s ignif icant  di f ferent ia l  response to concent ra t ions  when  
sprayed  a t  the  2 g rowth  stages was observed.  The  
in te res t ing  po in t  is t h a t  when  plants  were  sprayed  a t  the  
pre-f lowering stage, corresponding increase in t he  yield 
was recorded wi th  h igher  concent ra t ions  of GA. 

The  resul ts  of  sp ray ing  GA a t  the  f lower ing s tage  are  
in con fo rmi ty  wi th  the  f indings of earl ier  workers  x-s 
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