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T h e  Ef fec t  of  O b j e c t  D i s t a n c e  o n  P a t t e r n  P r e f e r e n c e s  i n  t h e  W a l k i n g  F l y ,  Drosophila melanogaster 
I n  i n s e c t s ,  v i s u a l  l o c a l i z a t i o n  of  d i s t a n c e s  b y  m e a n s  of  

s t e r e o p s i s  h a s  o n l y  b e e n  p r o v e d  for  t h e  e s t i m a t i o n  of  
c a t c h i n g  d i s t a n c e s  in  p r e d a t o r y  i n s e c t s  s u c h  as  C i c inde l i d  
b e e t l e s  ~, m a n t i d s  2, 3 a n d  d r a g o n f l y  l a r v a e  4-~. O n  t h e  
o t h e r  h a n d ,  i t  h a s  n e v e r  b e e n  s h o w n  t h a t  b i n o c u l a r  v i s i o n  
is u s e d  to  a s s e s s  l o n g  d i s t a n c e s  in  b e h a v i o r a l  p e r f o r m a n c e s  
o t h e r s  t h a n  c a t c h i n g  p r e y .  A l t h o u g h  in  t h e  m a n t i d ,  
Stagmatoptera biocellata, b i n o c u l a r  v i s i o n  is i n d i s p e n s i b l e  
t o  d e t e c t  a r e d u c t i o n  in  l o n g  d i s t a n c e s  of  o b j e c t s  m o v i n g  
t o w a r d s  t h e  i n s e c t  7, n o  m e c h a n i s m  of  d e p t h  p e r c e p t i o n  
c o u l d  be  f o u n d  for  o b j e c t s  p r e s e n t e d  a t  f i x e d  d i s t a n c e s .  
F u r t h e r m o r e ,  s t u d i e s  o n  a c o n s p i c u o u s  f r i g h t e n i n g  d i s p l a y  
of  m a n t i d s  a g a i n s t  l a r g e  a n d  s m a l l  s p e c i e s  o f  b i r d  p r e -  
d a t o r s  s, a n d  s o m e  e a r l y  o b s e r v a t i o n s  o n  t h e  m a t i n g  
b e h a v i o r  of  t h e  b u t t e r f l y  Eumenis  semele 0, h a v e  r e v e a l e d  
s o m e  - b u t  n o t  f u l l y  c o n c l u s i v e  - e v i d e n c e  fo r  b i n o c u l a r  
e s t i m a t i o n  of  l o n g  d i s t a n c e s .  T h i s  s i t u a t i o n ,  h o w e v e r ,  wil l  
c h a n g e ,  s i n c e  BURKHARDT e t  al.  10 h a v e  j u s t  p r e s e n t e d  a 
t h e o r e t i c a l  a n a l y s i s  of  b i n o c u l a r  v i s i o n  b y  c o m p o u n d  
eyes ,  a n d  s i n c e  STAVENGA h a s  d e t e r m i n e d  t h e  r a n g e  of  
b i n o c u l a r  v i s i o n  in  f l i e s  n .  

N o t w i t h s t a n d i n g  s t e r e o p s i s ,  s o m e  i n f o r m a t i o n  a b o u t  
t h e  d i s t a n c e s  of  o b j e c t s  m a y  b e  a l so  o b t a i n e d  b y  o t h e r  
cues ,  e.g.  motion parallax. I f  t w o  o b j e c t s  a r e  p o s i t i o n e d  a t  
d i f f e r e n t  d i s t a n c e s  a n d  a p p e a r  u n d e r  i d e n t i c a l  a n g u l a r  
d i m e n s i o n s  as  s e e n  f r o m  t h e  a c t u a l  p o s i t i o n  of  t h e  a n i m a l ,  
t h e  e x p e r i m e n t a l  a n i m a l  m o v i n g  t o w a r d s  t h e s e  o b j e c t s  
m a y  t a k e  a d v a n t a g e  o f  t h e  d i f f e r e n t  a n g u l a r  v e l o c i t i e s  

of  t h e  r e t i n a l  i m a g e s  in  o r d e r  t o  d i s c r i m i n a t e  b e t w e e n  
b o t h  o b j e c t s .  I n  t h e  p r e s e n t  c o m m u n i c a t i o n ,  we  p r e s e n t  
s t r o n g  e v i d e n c e  t h a t  t h e  p a t t e r n  p r e f e r e n c e  of r u n n i n g  
Drosophila f l ies  d o e s  n o t  o n l y  d e p e n d  o n  t h e  s p a t i a l  
f r e q u e n c y  of  v e r t i c a l  s t r i p e  p a t t e r n s  ~2 b u t  a l so  on  t i le  
d i s t a n c e  of  t h e  p a t t e r n s  w i t h  r e g a r d  t o  t h e  f l y ' s  p o s i t i o n  
(F igure ) .  
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Schematic drawing of experimental set up as seen from above. Only the vertically striped halves of the small drum (rs = 96 mm) and the 
large drum (rl = 245 ram) are shown (left: 180~ patterns, right: 50~ patterns). A fly's running course is drawn on the lefthand 
side. C1, C2 circle 1 and circle 2 where the azimuth positions of the flies are recorded (dashed, small drum; hatched, large drum); A~ anguiar 
difference between the fly's positions at C1 and C2; ~ spatial wavelength of vertically and horizontally striped patterns;  r radius of the 
drum (object distance from the center of the drum) ; wp width of the vertically and horizontally striped patterns;  w~ width of the sector where 
the fly's positions are recorded (50 ~ < wr < 110 ~ in case of wp = 50~ w~ = 180 ~ in case of w~ = 180~ 
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Choice frequencies of vertical stripes by walking flies (Drosophila melanogaster), when vertically and horizontally inclined stripes are simul- 
taneously presented to the flies. Data are given for small (r = 96 mm) and large (r 245 mm) object distances 

r w~ w~ CI C2 

h ~ (V)ln p n n (V)/n p 

96 

245 

50 ~ 50 ~ 326 0.47 0.3 % p < 0.5 270 0.56 > 0.05 
60 ~ 349 0.48 0.3 < p < 0.5 293 0.56 > 0.05 
70 ~ 372 0.48 0.3 ~ p < 0.5 330 0.53 0.1 < p < 0.3 
80 ~ 387 0.47 0.1 ~ p ~ 0.3 355 0.52 0.3 < p < 0.5 
90 ~ 396 0.46 0.1 < p < 0.3 383 0.51 0.7 < p < 0.9 

100 ~ 407 0.46 0.1 < p < 0.3 394 0.50 > 0.9 
110 ~ 424 0.45 < 0.1 415 0.50 > 0.9 

180 ~ 180 ~ 720 0.49 0.3 < p < 0.5 720 0.54 > 0.025 

50 ~ 50 ~ 284 0.60 < 0.001 318 0.62 < 0.001 
60 ~ 355 0.60 < 0.001 346 0.62 < 0.001 
70 ~ 377 0.62 < 0.001 361 0.62 < 0.001 
80 ~ 421 0.61 ~ 0.001 398 0.60 < 0.001 
90 ~ 429 0.61 < 0.001 403 0.63 < 0.001 

100 ~ 449 0.61 < 0.001 423 0.63 < 0.001 
110 ~ 453 0.61 < 0.001 432 0.63 < 0.001 

180 ~ 180 ~ 378 0.72 < 0.001 378 0.71 < 0.001 

The spatial waveiength of all stripe patterns is ~ -- 20 ~ n totai number  of flies tested, n(V) number  of flies preferring vertical stripes, p.- 
values calculated by means of, z2-tests. For explanation of C1 and C2, r, w~, and w~ see Figure. 

Methods. W i l d - t y p e  f l ies,  Drosophila metanogasler, s t o c k  
S e v e l e n  ( 5 - 6  d a y s  old,  s e x  r a t i o  1 : 1) w e r e  d e - w i n g e d  u n d e r  
4 ~ a n a e s t h e s i a  24 h b e f o r e  a n d  d a r k - a d a p t e d  1 h b e f o r e  
t e s t e d .  I n  s u b s e q u e n t  t e s t s  e a c h  f ly  w a s  r e l e a s e d  in  t h e  
c e n t e r  of  t h e  c y l i n d r i c a l  d r u m ,  v a r y i n g  in d i a m e t e r  a n d  b y  
t h i s  in  p a t t e r n  d i s t a n c e .  T h e  p a t t e r n s  o f  v e r e i c a l l y  a n d  
h o r i z o n t a l l y  i n c l i n e d  e q u i d i s t a n t  s t r i p e s  p r e s e n t e d  a t  t h e  
p e r i p h e r y  o f  t h e  d r u m  w e r e  e i t h e r  f i x e d  o n  t r a n s p a r e n t  
g r o u n d - g l a s s  c y l i n d e r s  a n d  i l l u m i n a t e d  f r o m  b e h i n d  b y  
O s r a m  H a l o g e n e - b e a m s ,  o r  t h e y  w e r e  a t t a c h e d  t o  t h e  
so l id  w a l l s  o f  t h e  d r u m  a n d  i l l u m i n a t e d  b y  a r e f l e c t o r  
l a m p  ( O s r a m  C o n c e n t r a ,  100 W ,  2 6 0 0 - 2 7 0 0 ~  l o c a t e d  
a b o v e  t h e  c e n t e r  of  t h e  d r u m .  I n  t h e  f i r s t  g r o u p  of  
e x p e r i m e n t s ,  t h e  v e r t i c a l  a s  wel l  as  t h e  h o r i z o n t a l  s t r i p e s  
e x t e n d e d  for  a z i m u t h  a n g l e s  of  180~ in  t h e  s e c o n d  g r o u p  
of  e x p e r i m e n t s ,  t h e  v e r t i c a l  or  h o r i z o n t a l  p a t t e r n s  ex -  
t e n d e d  for  a w i d t h  of  50 ~ t h e  a n g l e  b e t w e e n  t h e  c e n t e r  of  
t h e  p a t t e r n s  b e i n g  180 ~ D u e  t o  p r e v i o u s  e x p e r i m e n t s  le, 
t h e  p a t t e r n  w a v e l e n g t h  o f / ,  = 20 ~ w h i c h  c a u s e d  m a x i -  
m u m  a t t r a c t i v e n e s s  of  t h e  v e r t i c a l  s t r i p e s ,  w a s  u s e d  for  
b o t h  p a t t e r n  d i s t a n c e s :  r 1 = 96 m m  ( sma l l  d r u m )  a n d  
r 2 = 245 m m  (Iarge d r u m ) .  T h e  a z i m u t h  a n g l e s  of  t h e  
f l ies '  r u n n i n g  c o u r s e s  (1 p e r  f l y  for  e a c h  t e s t  s i t u a t i o n )  
t o w a r d s  t h e  p e r i p l i e r y  of t h e  d r u m  w e r e  i n d i v i d u a l l y  
r e c o r d e d  t o  t h e  n e a r e s t  5 ~ a t  2 d i s t a n c e s  f r o m  t h e  c e n t e r  
of  t h e  d r u m  (C1, C2). F u r t h e r  d e t a i l s  on  a p p a r a t u s  a n d  
t e s t i n g  p r o c e d u r e s  a r e  g i v e n  e l s e w h e r e  13. 

Results. I n  b o t h  g r o u p s  of  e x p e r i m e n t s ,  t h e  v e r t i c a l  
s t r i p e s  a r e  h i g h l y  s i g n i f i c a n t l y  p r e f e r r e d  in  t h e  l a r g e  d r u m .  
T h e  c h o i c e  f r e q u e n c i e s  r e a c h  n (ver t ica l )  / N  = 0.72 ~ 0.03 
fo r  t h e  180~  p a t t e r n s ,  a n d  0.61 ~: 0.02 for  t h e  50 ~ 
w i d e  p a t t e r n s  (Tab le ) .  T h a t  p r e f e r e n c e ,  h o w e v e r ,  is l o s t  
w h e n  t h e  s m a l l  d r u m  is  u s e d .  I n  t h e  T a b l e ,  r e s u l t s  a r e  
g i v e n  fo r  t h e  2 d i s t a n c e s  C1 a n d  C2 of t h e  w a l k i n g  f l ies  
f r o m  t h e  r e l e a s i n g  p o i n t  in  t h e  c e n t e r  o f  t h e  d r u m .  T h i s  
e f f ec t  of  p a t t e r n  d i s t a n c e  on  t h e  p r e f e r e n c e  of  v e r t i c a l  
s t r i p e s  is  i n d e p e n d e n t  of  p a t t e r n  w a v e l e n g t h ,  p a t t e r n  
c o n t r a s t ,  a n d  o v e r a l l  l i g h t  i n t e n s i t y .  F u r t h e r m o r e ,  i t  is 
i n d e p e n d e n t  of  t h e  k i n d  of i l l u m i n a t i o n ,  i.e. if t h e  d r u m  is 
i l l u m i n a t e d  f r o m  b e h i n d  o r  f r o m  a b o v e .  

I f  t h e  a n g u l a r  d i f f e r e n c e s  (Ae) o f  t h e  f l y ' s  p o s i t i o n s  a t  
C1 a n d  C2 a r e  c a l c u l a t e d ,  t h e  s a m e  v a l u e s  a r e  o b t a i n e d  
for  t h e  s m a l l  a n d  t h e  l a r g e  d r u m :  A~ = 0.4 :L 31.3 ~ a n d  
- -1 .5  -4- 32.8 ~ for  t h e  l a r g e  a n d  t h e  s m a l l  d r u m ,  r e s p e c -  

t i v e l y  (180~  p a t t e r n s ) .  I n  a w h i t e  d r u m  w h e r e  t h e r e  
a r e  n o  s t r i p e s  a t  all ,  t h e  a n g u l a r  d i f f e r e n c e s  b e t w e e n  C1 
a n d  C2 a r e  m u c h  l a r g e r  (A~ = - - 2 . 5  ~ 53 .7~  p < 0.001) 
m e a n i n g  t h a t  m o r e  r o t a t o r y  r e s p o n s e s  a r e  p e r f o r m e d  b y  
t h e  f l ies  w h e n  no  s t r i p e s  a r e  a v a i l a b l e  for  v i s u a l  c o u r s e  
con t ro l .  If ,  in  t h e  s t r i p e d  d r u m ,  t h e  s a m e  r a d i u s  of  c u r v a -  
t u r e  w e r e  d u e  t o  a f l y ' s  w a l k i n g  c o u r s e  i r r e s p e c t i v e  of  
w h e t h e r  t h e  d i a m e t e r  of  t h e  d r u m  is s m a l l  (s) o r  l a r g e  (1), 
Ae  s h o u l d  be  l a r g e r  in  t h e  l a t t e r  c a se  b e c a u s e  of  t h e  
d i f f e r e n c e  in  t h e  r a d i a l  d i s t a n c e s  (d) b e t w e e n  C1 a n d  C2 in  
b o t h  t y p e s  of d r u m s  (d 1 = 55 m m ,  d,  --~ 35 r a m ) .  As ,  h o w -  
ever ,  t h e  A e - v a l u e s  c o i n c i d e  in  b o t h  s e t s  of  e x p e r i m e n t s ,  
o n e  m a y  c o n c l u d e  t h a t  t h e  f l ies '  w a l k i n g  c o u r s e s  a r e  m o r e  
s t r a i g h t  in  t h e  l a r g e  t h a n  in  t h e  s m a l l  d r u m  14. 

Discussion. I n  v e r y  f ew  cases ,  i n s e c t s  h a v e  b e e n  
e x p e r i m e n t a l l y  d e p r i v e d  of  b i n o c u l a r  v i s ion .  T h e  cho ice  
f r e q u e n c i e s  o f  t h e s e  m o n o c u I a r  i n s e c t s  c o n f r o n t e d  w i t h  
v i s u a l  o b j e c t s  of  d i f f e r e n t  s izes  a n d  a t  d i f f e r e n t  d i s t a n c e s ,  
o n l y  d e p e n d  o n  t h e  v i s u a l  a n g l e s  s u b t e n d e d  b y  t h e  ob-  
j e c t s  15. I n  t h e  d e s e r t  l o c u s t  Schistocerca gregaria, h o w e v e r ,  
a v i s u a l  s c a n n i n g  m e t h o d  l~, 17 h a s  b e e n  d e s c r i b e d  b y  
w h i c h  t h e  l o c u s t  n y m p h s  a r e  a b l e  t o  u s e  m o t i o n  p a r a l l a x  
as  a cue  fo r  t h e  e s t i m a t i o n  of  d i s t a n c e .  I n  g e n e r a l ,  if  a n  

is E. HORN and R. WE~r~,'RR, in press. 
14 Jus t  recently K. G. GOETZ (in press) has mentioned that  freely 

walking flies show the more rotatory responses the nearer they are 
to a stationary visual environment. 

15 The measured speed is nearly 5 times the average walking speed 
recorded for a single Drosophila fly by K. G. GOETZ, J. comp. 
Physiol. 85, 235 (1973), p. 241. 

16 When locust nymphs  while sitting are in the process of orientating 
to objects in the visual field they perform a lateral swaying move- 
ment  of the anterior part  of the body. During that  movement  
described as peering head and body are not titled. 

17 G. K. WALLACE, J. exp. Biol. 36, 512 (1959). 
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insec t  prefers  ob jec t s  of a g iven  angu l a r  size, m o t i o n  
p a r a l l a x  m a y  be one m e c h a n i s m  to d e t e r m i n e  d i s t ance  a n d  
abso lu te  size of t he  object .  

A l though ,  in  our  e x p e r i m e n t s  on  t he  wa lk ing  fly, a 
h igh ly  s ign i f ican t  effect  of p a t t e r n  d i s t ance  could be  
p roved ,  t h a t  effect  is no t  necessar i ly  to  be  exp la ined  b y  
b inocu l a r  or m o n o c u l a r  m e c h a n i s m s  of d i s t ance  measu r -  
ing. Accord ing  to p rev ious  resul ts ,  t h e  s p o n t a n e o u s  pref-  
erence  of Drosophila flies t ow ar ds  ve r t i ca l ly  inc l ined  
s t r ipes  is due  to  t he  fac t  t h a t  ve r t i ca l  s t r ipes  fac i l i ta te  a n y  
m e c h a n i s m  of l ocomoto r  course  control~Z T h a t  exp l ana -  
t ion  coincides w i t h  t h e  e x p e r i m e n t a l  d a t a  t h a t  t h e  
preference  for ve r t i ca l  s t r ipes  fades w h e n  t he  w a v e l e n g t h  
a p p r o a c h e s  t he  r e so lu t ion  t h r e s h o l d  a t  A ~ 2 A~0 (AW = 
d ive rgence  angle  of n e i g h b o u r i n g  v isua l  uni ts) ,  a n d  t h a t  i t  
is even  reve r sed  in  t he  r ange  of AV) < X < 2 d%0 (pref- 
erence  for ho r i zon ta l  s tr ipes) .  T he  r ecen t  resu l t s  s u p p o r t  
t he  h y p o t h e s i s  t h a t  th i s  m e c h a n i s m  of v i sua l  course  
con t ro l  also depends  on  t he  d i s t ance  of t he  ver t i ca l  s t r ipe  
p a t t e r n  w i t h  r ega rd  to t h e  f ly ' s  pos i t ion  (provided  t h a t  
is iden t i ca l  in  al l  cases) : t h e  smal le r  t h a t  d i s t ance  becomes,  
t he  more  t h e  c a p a c i t y  of m a i n t a i n i n g  a s t r a i g h t  course  is 
lost. One di f ference caused  b y  nea r  a n d  fa r  s t r ipes  which  
coincide in angu l a r  d imens ions  consis ts  in t h e  d i f fe ren t  
angu l a r  veloci t ies  of t he  ve r t i ca l  images,  w h e n  t he  fly 
app roaches  t h e  s t r ipes  (mot ion  para l lax) .  T he  ve loc i ty  of 
image  m o t i o n  increases  w i t h  decreas ing  d i s t ance  b e t w e e n  
wa lk ing  f ly a n d  s t r ipe  p a t t e r n .  Accord ing  to some cine- 
m a t o g r a p h i c  m e a s u r e m e n t s ,  t h e  de-winged  flies are 
wa lk ing  b y  a speed of a b o u t  25 m m -  sec -~ ~. ]3y th i s  one 

can  ca lcu la te  t he  angu la r  ve loc i ty  of a c o n t r a s t  l ine 
m o v i n g  l a t e ra l ly  over  t he  f ly 's  eyes w h e n  t h e  fly is 
a p p r o a c h i n g  t he  cen te r  of a ve r t i ca l  str ipe.  W h e n  t he  
f ly is crossing t he  circle C1, these  angu l a r  veloci t ies  are 
0.5 ~  -~ a n d  2.3 ~ sec -~ in t h e  large  and  smal l  d rum,  
respect ive ly .  The  m e c h a n i s m  of locomotor  course control ,  
a n d  t h u s  t he  preference  for ve r t i ca l  s tr ipes,  m a y  well  
d e p e n d  on those  differences  in t h e  ve loc i ty  of image  
m o t i o n  a n d  m a y  h a v e  n o t h i n g  a t  all to  do w i t h  d i s tance  
m e a s u r i n g  ~s. 

Zusammen[assung. ir b e v o r z u g e n  sehwinke lkon-  
s t a n t e  Ver t ika l -  gegeni iber  Hor i zon ta l s t r e i f en  bet  grossen, 
n i c h t  dagegen  bet  k le inen  M u s t e r e n t f e r n u n g e n .  Diese 
e n t f e r n u n g s a b h g n g i g e  Ver t ika l s t r e i f enp rg fe renz  wi rd  als 
Folge eines M e c h a n i s m u s  zur  op t i s ehen  K u r s k o n t r o l l e  
v e r s t a n d e n ,  der  yon  A r t  u n d  Geschwind igke i t  der  
r e t i na l en  B i l d v e r s c h i e b u n g  a b h g n g t .  
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L y s i s  of Z o o s p o r e s  of Phytophthora palmivora induced  by Concanava l in  A 

Major  changes  occur  on  t he  surface  of zoospores  of 
Phytophthora palmivora u n d e r g o i n g  e n c y s t m e n t .  W i t h i n  
2 min,  t he  wal lqess  zoospore  secretes  a n  a m o r p h o u s  cys t  
coa t  a n d  e l abora t e s  de novo  a microf ib r i l l a r  cell wall  
m a d e  of /%glucans 1,~. T he  u n e n c y s t e d  zoospore b inds  
c o n c a n a v a l i n  A (Coil A) on  i t s  p l a s m a l e m m a .  This  surface 
b i n d i n g  capac i t y  increases  g rea t ly  d u r i n g  e n c y s t m e n t  as 
new Con A recep to r  si tes a p p e a r  on t h e  cell surface  a. 
These  new  s i tes  co r re spond  to  t h e  a m o r p h o u s  coa t  
m a t e r i a l  secre ted  b y  t he  so-called pe r iphe ra l  vesicles 4. 
W e  bel ieve t h a t  th i s  Con A b i n d i n g  m a t e r i a l  is i nvo lved  
in cell adhes ion  a n d  cys t  wal l  fo rmat ion .  

In  t he  course of s t u d y i n g  t he  b i n d i n g  of Con A to  
zoospores,  we n o t e d  a l e tha l  act ion.  Moti le  zoospores 

Table I. Effect of concanavalin A on zoospores of P. palmivom 

Coneanavalin A Coneanavalin A Concanavalln A plus 
(btg/ml) methyl-c~-D-mannoside 

200 + + + +  
100 + + + +  
50 -b+ q-+  
25 + 
12.5 

i n c u b a t e d  w i t h  Con A a t  c o n c e n t r a t i o n s  as low as, 
25-50 tzg/ml ceased swimming ,  a g g l u t i n a t e d  weak ly  and  
b e g a n  lys ing w i t h i n  a few minu tes .  B y  30 rain,  essent ia l ly  
all  zoospores h a d  b u r s t  (Table  I). The  lyric ac t ion  of Con A 
could be  comple t e ly  nul l i f ied b y  me thy l - e - I ) -mannos ide  
(0.166 M)  if t he  m a n n o s i d e  was added  w i t h i n  3 ra in  a f te r  
expos ing  the  mot i l e  zoospores to  Con A (200 p.g/ml). I f  
t he  a d d i t i o n  was m a d e  a f t e r  5 rain,  a b o u t  ha l f  of t he  
zoospores  lysed while  the  r e s t  encys t ed  normal ly .  Af t e r  
a 10 ra in  exposure  to  Con A, t h e  en t i r e  p o p u l a t i o n  lysed. 

A n n u l m e n t  of t he  lyr ic  effect  of Con A b y  methyl -e - I ) -  
m a n n o s i d e  i nd i ca t ed  t h a t  Con A was o p e r a t i n g  as a lec t in  5. 
I t  could be  a rgued  t h a t  methyl-c~-D-mannoside p r e v e n t e d  
lysis b y  a f fo rd ing  osmot ic  p r o t e c t i o n  to  t he  cells. However ,  
t h i s  was  ru led  ou t  because  m a n n i t o l  (0.166 M) a d d e d  in 
lieu of m e t h y l - e - I ) - m a n n o s i d e  did  no t  p r e v e n t  Con A- 
induced  lysis. A t  0.32 Jig m a n n i t o l ,  t h e  zoospores also 
lysed b y  t he  ac t ion  of Con A, b u t  m a n y  of t he  cells d id  
no t  b u r s t ;  t h e y  b e c a m e  i r regu la r  in  shape,  showed a 
g r a n u l a t e d  cy top l a smic  appea rance ,  a n d  failed to  ger- 
mina te .  I n  t he  presence  of 0.32 M m a n n i t o l  alone, t h e  cells 
g e r m i n a t e d  normal ly .  

I n  s h a r p  c o n t r a s t  to  zoospores,  cys ts  (p repa red  b y  
v igorous  a g i t a t i o n  of a zoospore  suspens ion  1) were n o t  
suscept ib le  to  Con A. T h e y  g e r m i n a t e d  n o r m a l l y  in  t h e  

(+  + + +)  = total lysis, (--) = no Iysis. The zoospore suspension 
was incubated at room temperature and scored for lysis after 45-60 
rain under a light microscope. The incubation mixture contained: 
0.7 ml motile zoospore suspension (2 • 106 eells/ml), 0.2 ml Con A at 
the appropriate concn in 0.05 M NaC1 and either 0.1 ml of 4 mM 
sodium phosphate buffer, pH 7.2, in 0.05 M NaC1, or 0.1 ml of 0.8 M 
methyt-~-D-mannoside in the same buffer/salt. 
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