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A b s t r a c t .

S t ud i e s  i n  

P a r t  1 . _ V a r i a t i o n  i n  S . c a t a e n i f o r m i a .

S .  c a t a e n i f o r n i i s  h a s  b e e n  i n v e s t i g a t e d  i n  o r d e r  t o  f i n d  

w h e t h e r  t h e r e  i s  a n y  r e l a t i o n  b e t w e e n  t h e  r a n g e  o f  v a r i a t i o n  i t  

show s ,  an d  t h e  s e a s o n  o f  t h e  y e a r .

C e l l  l e n g t h . The r a n g e  i n  v a r i a t i o n  o f  c e l l  l e n g t h ,  a n d  a n  

e x p r e s s i o n  f o r  t h e  mean c e l l  l e n g t h ,  h a s  b e e n  d e t e n a i n e d  

s t a t i s t i c a l l y  a t  f o r t n i g h t l y  i n t e r v a l s  d u r i n g  t w e n t y  m o n t h s .

The m ethod  a d o p t e d  was  a  s f o l l o w s : -  a  s t a n d a r d  l e n g t h  o f  f i l a -  

m en t  was  c h o s e n  and  t h e  nui.iber 6 f  c e l l s  i n  t h i s  l e n g t h  was  

^ d e t e r m i n e d  f o r  200 f i l e m i e n t s ;  and t h e  minimum, minimum, a n d  

a v e r a g e  l e n g t h  o f  c e l l ,  p r e s e n t  i n  f o u r  c e l l s  o f  t h e s e  200 

f i l a m e n t s ,  was  r e c o r d e d .

Chl o r o p l a s t . R e c o r d s  h a v e  b e e n  made o f  t h e  f o l l o w i n g : -  ( 1 )  t h e  

r a n g e  i n  v a r i a t i o n  o f  t h e  number o f  c h l o r o p l a s t  t u r n s  p e r  c e l l ;

(2 )  t h e  maximum, minimum, and a v e r a g e  n u u b e r  o f  c h l o r o p l a s t  

t u r n s  p e r  c e l l ;  ( 3 )  t h e  r e l a t i o n  b e t w e e n  t h e  number  o f  c h l o r o 

p l a s t  t u r n s  p e r  c e l l ,  t h e  l e n g t h  o f  c e l l ,  and  t h e  number o f  

p y r e n o i d s  p e r  c e l l ,

h i c r o - c h e m i c a l  r e a c t i o n s .  At v a r i o u s  t i m e s  o f  t h e  y e a r  t h e  

s t a r c h  a n d  o i l  c o n t e n t  o f  t h e  c e l l s  and  t h e  n a t u r e  and  r e a c t i o n  

o f  t h e  c e l l  w a l l  h a v e  b e e n  r e c o r d e d .

I t  h a s  b e e n  f o u n d  t h a t  w i t h  r e g a r d  t o  a l l  t h e s e  c h a r a c t e r s  

S . c a t a e n i f o r m i s  shows no s e a s o n a l  v a r i a t i o n .  I n  s p i t e  o f  a  w e l l  

m arked  p e r i o d i c i t y  t h e  r a n g e  i n  f o r m  and  s t r u c t u r e  o f  t h e  c e l l s  

i s  a p p r o x i m a t e l y  t h e  same a t  a l l  t i m e s  o f  t h e  y e a r .

P a r t  11^ C o n j u g a t i on i n  S p i r o g y r a ,

An a t t e m p t  h a s  b e e n  made t o  d i s c o v e r  t h e  way i n  w h i c h  t h e
. - T

f i l a m e n t s  o f  S p i r o g y r a  become l a c e d  t o g e t h e r  d u r i n g  c o n j u g a t i o n .  

At  t h e  p r e s e n t  t i m e  t h e r e  e x i s t  two e s s e n t i a l l y  d i f f e r e n t  i 

d e s c r i p t i o n s  o f  t h e  e a r l y  s t a g e s  o f  c o n j u g a t i o n .  I n  one' ,  t h e  

two f i l a m e n t s  a r e  s a i d  t o  be  p a r a l l e l  t o  e a c h  o t h e r ,  and  t h e  , 

o p p o s i n g  c e l l s  t o  s e n d  o u t  p a p i l l a e  w h i c h  grow t o w a r d s  e a c h  J

' i. ' .



o t h e r  t i l l  t h e y  m ee t  a nd  f u s e .  I n  t h e  o t h e r ,  t h e  two f i l a m e n t s  

a r e  d a i s  t o n l i e  i n  c o n t a c t ,  a nd  a r e  p u s h e d  a p a r t  by t h e  g rov / th  

o f  p a p i l l a e  f r o m  o p p o s i n g  c e l l s .

T h r e e  s p e c i e s  o f  S p i r o g y r a  h a v e  b e e n  i n v e s t i g a t e d :  S . w e b e r i  

S . v a r i a n s ,  a nd  S . c a t a e n i f o r m i s .  S p e c i a l  m e t h o d s  o f  c u l t u r e  

w ere  e m ployed  so t h a t  t h e  c o n j u g a t i n g  f i l a m e n t  p a i r s  c o u l d  be  

w a t c h e d ,  u n d e r  n e a r l y  n a t u r a l  c o n d i t i o n s ,  f r o m  a n  e a r l y  s t a g e  

o f  c o n j u g a t i o n  t o  a  l a t e r  s t a g e .  D r a w i n g s  o f  t h e s e  s t a g e s  h a v e  

b e e n  i/iade w i t h  c a r i e r a  l u c i d a ,  and  p h o t o g r a p h s  h a v e  b e e n  t a k e n .

I n  a l l  t h r e e  s p e c i e s ' ^ ^ a s  b e e n  f o u n d  t h a t  t h e  f i l a m e n t s  

f i r s t  l i e  i n  c o n t a c t ,  a nd  a r e  l a t e r  p u s h e d  a p a r t  by t h e  g r o w t h  

o f  p a p i l l a e  f r o m  o p p o s i t e  c e l l s ;  t h e  f i r s t  f o r m e d  p a p i l l a  liiay 

a r i s e  i n  e i t h e r  o f  t h e  c o n j u g a t i n g  f i l a i i i e n t s  a n d  i s  i n d e p e n d e n t  

o f  s e x .

The p o s i t i o n  o f  t h e  n u c l e u s  i n  t h e  c e l l s ,  t h e  r e l a t i v e  

s i z e  o f  t h e  c o n j u g a t i n g  c e l l s ,  and  t h e  g r o w t h  i n  l e n g t h  o f  t h e  

c e l l s  d u r i n g  c o n j u g a t i o n  h a v e  b e e n  d e s c r i b e d .
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1 .

VARIATION IN SPIROGYRA CATAENIPORl'ilS.

INTRODUCTION.

A r e c e n t  s t u d y  o f  T r e n t e p o h l i a  h a s  r e v e a l e d  t h e  i n t e r e s t 

i n g  f a c t  t h a t  t h e r e  i s  a  r e l a t i o n  b e t w e e n  t h e  r a n g e  o f  v a r i a 

t i o n  i n  c e l l  f o r m  and  t h e  s e a s o n  o f  t h e  y e a r .  I n  an  u n p u b l i s h 

ed p a p e r  by D r . W . H . P e a r s a l l ,  w h i c h  h e  h a s  k i n d l y  l e n t ,  s i m i l a r  

v a r i a t i o n s ,  n o t  o n l y  i n  t h e  s i z e  o f  c e l l  b u t  a l s o  i n  t h e  n a t u r e  

o f  t h e  a l l ,  a r e  r e c o r d e d  f o r  C e r a t i u m  h i r u n d i n e l l a .  I n  t h i s  

s p e c i e s  t h e  fo r ju  c h a n g e s  a r e  c o n s i d e r a b l e :  t h e  v e g e t a t i v e  c e l l s  

p a s s  t h r o u g h  a  w i n t e r  p h a s e ,  a  s p r i n g  p h a s e , a n d  a  suiamer 

p h a s e ,  and  i n  e a c h  o f  t h e s e  p h a s e s  t h e y  a r e  ve ry  d i f f e r e n t  i n  

e x t e r n a l  a p p e a r a n c e .  T h i s  s e a s o n a l  f o r m  v a r i a t i o n  h a s  b e e n  

e x p l a i n e d  i n  t e r m s  o f  known c h a n g e s  i n  t h e  s u r r o u n d i n g  w a t e r s ,  

an d  o f  t h e  m e t a b o l i c  c h a n g e s  i n  t h e  o r g a n i s m  i t s e l f .  I n  t h e  

p r e s e n t  work  S . c a t a e n i f o r m i s  h a s  b e e n  i n v e s t i g a t e d  f r o m  a  

s i m i l a r  p o i n t  o f  v i e w , t o  d i s c o v e r  w h e t h e r  t h e r e  i s  any  r e l a t i o n  

b e t w e e n  t h e  r a n g e  o f  v a r i a t i o n  and  t h e  s e a s o n .  F o r  t h i s  

p u r p o s e  t h e  v a r i a t i o n  i n  c e l l  w i d t h ,  c e l l  l e n g t h , a n d  t h e  number  

o f  t u r n s  o f  c h l o r o p l a s t  p e r  c e l l ,  s t a r c h  c o n t e n t ,  o i l  c o n t e n t ,  

a nd  t h e  s t r u c t u r e  o f  t h e  w a l l ,  h a v e  b e e n  i n v e s t i g a t e d .  I t  h a s  

b e e n  f o u n d  t h a t  w i t h  t h e  e x c e p t i o n  o f  o i l  c o n t e n t  t h e  v a r i a t i o n  

i n  t h e s e  c h a r a c t e r s  i s  n o t  a  s e a s o n a l  one :  t h e  sar/ie r a n g e  o f  

v a r i a t i o n  i s  shown a t  a l l  t i m e s  o f  y e a r  when t h e  s p e c i e s  i s  t o  

be  f o u n d .  I n  o t h e r  w o r d s  t h e  i n v e s t i g a t i o n a a s  p l a n n e d  h a s  g i v e n  

a  n e g a t i v e  r e s u l t .  I t  i s  s u r p r i s i n g  t h a t  a  s p e c i e s  o f  S p i r o g y r a  

v ; i t h  i t s  p e r i o d i c i t y ,  s h o u l d  n o t  show a  s e a s o n a l  v a r i a t i o n  i n  

s i z e .  The s p e c i e s  w o rk e d  on was s e l e c t e d  b e c a u s e  i t  g rew i n  a  

po n d  c l o s e  a t  h a n d , a n d  n o t  f a r  any  a d v a n t a g e o u s  c h a r a c t e r s  i t  

p o s e s s e d .  I n d e e d  i t  i s  a  s m a l l  s p e c i e s ,  and one t h a t  d o e s  n o t  

c o n j u g a t e  r e a d i l y  i n  t h i s  p o n d .  I t  was  o b s e r v e d  c l o s e l y  f ro m  

November 1927 t o  A u g u s t  1929  b u t  d i d  n o t  p r o d u c e  z y g o s p o r e s  

u n t i l  J u l y  1 9 2 9 .  F o r  t h i s  r e a s o n  i t  c o u l d  n o t  b e  i d e n t i f i e d  

u n t i l  t h e  end  o f  t h e  i n v e s t i g a t i o n ,  and  i t  was f o r t u n a t e  t h a t  

t h i s  s p e c i e s ,  c h o s e n  a t  r andom , s h o u l d  t u r n  o u t  t o  b e  one .



3 .
d e s c r i b e d  i n  t h e  key  o f  B o r g e  and  P a s c h e r ,  a s  v e r y . v a r i a b l e  i n  

t h e  l e n g t h  o f  i t s  c e l l s .  One w ou ld  e x p e c t  s u c h  a  s p e c i e s  t o  

show a  g r e a t e r  s e a s o n a l  v a r i a t i o n  t h a n  a  s p e c i e s  w h i c h  i s  o n l y  

s l i g h t l y  v a r i a b l e  i n  c e l l  l e n g t h .  I n t e r e s t i n g  r e s u l t s  have  

b e e n  o b t a i n e d ,  i n d i c a t i n g  t h a t  t h e  r a n g e  o f  v a r i a t i o n  i n  c e l l  

l e n g t h ,  c e l l  w i d t h ,  t h e  number o f  t u r n s  o f  c h l o r o p l a s t  i n  t h e  

c e l l ,  and t h e  w i d t h  o f  t h e  c h l o r o p l a s t ,  i s  v e r y  d i f f e r e n t  a t  

a  t i m e  when t h e  S p i r o g y r a  i s  s l o w l y  d i s a p p e a r i n g  f r o m  t h e  p o n d .  

The m a j o r i t y  o f  f i l a m e n t s  a t  t h i s  t i m e  a p p e a r  i n a c t i v e  a nd  i n  

a  s t a t e  w h i c h  c a n  o n l y  be  d e s c r i b e d  a s  s e n e s c e n t .  The S p i r o g y r a  

w as  o n l y  o b s e r v e d  once  i n  t h i s  s e n e s c e n t  s t a t e  and  t h a t  was i n  

t h e  autum n o f  1 9 2 7 ,  b e f o r e  w h i c h  t i m e  i t s  h i s t o r y  i n  t h i s  p o n d  

w as  unknown.  S i n c e  n e i t h e r  c o n j u g a t i o n ,  n o r  s e n e s c e n c e ,  w e r e  

o b s e r v e d  d u r i n g  t h e  f o l l o w i n g  y e a r ,  1 9 2 8 ,  i t  c a n  be  c o n j e c t u r e d  

t h a t  p o s s i b l y  t h e  two phenom ena  a r e  i n  some way/ c o n n e c t e d .  I n  

t h a t  y e a r ,  when t h e r e  w e r e  no z y g o t e s  t o  r e p r o d u c e  t h e  s p e c i e s ,  

i t  p a s s e d  t h e  w i n t e r  by m eans  o f  p e r e n n a t i n g  f i l a m e n t s ,  w h i c h  

w e r e  ver^/ w e l l  h i d d e n  i n  t h e  mud, and  w e r e  by no means a b u n d a n t .  

T h e r e  was no t i m e  when t h e  S p i r o g y r a  a p p e a r e d  t o  be  i n  a  

s e n e s c e n t  s t a t e ;  i t  g r a d u a l l y  l e s s e n e d  i n  amount a s  t h e  f i l a 

m e n t s  p a s s e d  i n t o  t h e  mud, t h e s e  f i l a m e n t s  r e m a i n i n g  a c t i v e  

a nd  v i g o r o u s  i n  a p p e a r a n c e .  The p e r e n n a t i n g  f i l a m e n t s  w e re  i n  

f u n c t i o n  a n a l a g o u s  t o  a  r e s t i n g  s p o r e ,  b u t  t h e y  w e re  i n  no 

o b v i o u s  way d i f f e r e n t  f r o m  o r d i n a r y  v e g e t a t i v e  f i l a m e n t s ;  t h e y  

w e r e  v e ry  r e s i s t a n t ,  f o r  t h e  w i n t e r  t h e y  endu red  was  an  abnon / i -  

a l l y  c o l d  one  and  t h e  p o n d ,  w h ic h  h a s  a  s lo w  t r i c k l e  o f  w a t e r  

t h r o u g l i  i t ,  was  f r o z e n  o v e r  f r o  a  number  o f  d a y s ,  P e r e n n a t i n g  

f i l a î u e n t s  w e r e  n o t  o b s e r v e d  when t h e  S p i r o g y r a  d i s a p p e a r e d  a f t e r  

i t s  p e r i o d  o f  s e n e s c e n c e  i n  1927 ,  p o s s i b l y  th e y  o n l y  o c c u r  i n  

t h e  a b s e n c e  o f  c o n j u g a t i o n  and a c q u i r e  so.ie o f  t h e  r e s i s t a n t  

c h a r a c t e r s  o f  t h e  z ^ 'g o te .  I n  J u n e  1 9 2 9 ,  c o n j u g a t i o n  was  g e n 

e r a l  i l l  t h e  w h o l e  mass  o f  S p i r o g y r a  b u t  onl^/^ i n  a  f ew  c a s e s  

w a s  i  t  c o m p l e t e d :  t h e  m a j o r i t y  o f  f i l a m e n t  p a i r s  d i e d .  A 

s e n e s c e n t  p e r i o d  v/as n o t  o b s e r v e d  i n  t h e  au tumn o f  1 9 2 9 ,  v e r y
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l i t t l e  S p i r o g y r a  r eL ia ined  a f t e r  t h e  c o n j u g a t i o n  p e r i o d ,  and by 

O c t o b e r  i t  had a l l  d i s a p p e a r e d .  The p ond  h o w e v e r  was l o t  u n d e r  

rioriiial c o n d i t i o n s  f o r  i t  was c hoke d  up w i t h  s i l t  c, ic g r a s s .  I n  

c o n n e c t i o n  w i t h  t h e  p e r i o d i c i t y  o f  t h e  s p e c i e s  r o u g h  e s t i m a t e s  sS 

o f  t h e  c o m p o s i t i o n  o f  t h e  w a t e r  h a v e  b e e n  made ,  ahd  t h e  t em 

p e r a t u r e  o f  t h e  w a t e r  was r e c o r d e d  a t  f o r t n i g h t l y  i n t e r v a l s  

d u r i n g  t h e  i n v e s t i g a t i o n .

A l t h o u g h  w i t h  r e g a r d  t o  c e l l  l e n g t h ,  c e l l  w i d t h ,  and  t h e  

number o f  t u r n s  o f  c h l o r o p l a s t  p e r  c e l l ,  t h e  r a n g e  i n  v a r i a t i o n  

shows no c o n s i s t e n t  a l t e r a t i o n ,  e x c e p t  i n  t h e  s e n e s c e n t  s t a g e ,  

i t  m us t  be  r e c o r d e d  t h a t  c e r t a i n  f i l a m e n t s  h a v e  b e e n  o b s e r v e d  

w i t h  two c h l o r o p l a s t s  i n  some o r  a l l  o f  t h e  c e l l s .  Such  a  

d i f f e r e n c e  a s  t h i s  i s  o f t e n  c o u n t e d  o f  s p e c i f i c  v a l u e ,  b u t  w i t h  

t h e s e  f i l a m e n t s  t h i s  i s  n o t  t h e  c a s e .  They h a v e  b e e n  o b s e r v e d  

a t  a l l  t i m e s  o f  t h e  y e a r ,  i n  t i m e s  o f  a c t i v e  g r o w t h ,  i n  p e r e n 

n a t i n g  f i l a m e n t s ^ a n d  i n  t h e  s e n e s c e n t  s t a g e ,  and t h e y  a r e  

u n d o u b t e d l y  f i l a m e n t s  o f  S . c a t a e n i f o r m i s .

SOURCE OP HÀTERIAL.

P r e s h  m a t e r i a l  o f  S . c a t a e n i f o r m i s ,  was  c o l l e c t e d  f r o m  a  

po n d  i n  t h e  g r o u n d s  o f  R o y a l  Hollov/ay  C o l l e g e ,  The pond  i s  

r o u g h l y  c i r c u l a r  w i t h  a  d i a m e t e r  v a i^ r in g  f r o m  1 6 . 4  t o  1 9 , 2  f t .

I t  i s  c o n s t a n t l y  r e p l e n i s h e d  by d r a i n a g e  w a t e r  f r o m  t h e  s u r 

r o u n d i n g  h i g h e r  g r o u n d ,  t h e  w a t e r  e n t e r i n g  t h r e e  p i p e s  A, C, 

and  D (T e x t  f i g .  1 ) .  The f l o o r  o f  t h e  p o n d  c o n s i s t s  o f  s i l t  

d e p o s i t e d  on a  c l a y  b o t t o m ,  and a t  t h e  e d g e ,  t h e r e  i s  a  f o o t  

o r  more  o f  s i l t ,  and o n l y  a  v e r y  s m a l l  d e p t h  o f  c l e a r  w a t e r .

The m a t e r i a l  u s e d  f o r  m e a s u r e m e n t s  made b e t w e e n  November 1927 

and  J a n u a r y  1 9 2 8 ,  was c o l l e c t e d  f r o m  a  p a r t  m ark e d  X i n  t e x t  

f i g .  1 .  The m a t e r i a l  u s e d  f o r  t h e  l a t e r  m e a s u r e m e n t s ,  was c o l 

l e c t e d  f r o m  t h e  o p p o s i t e  s i d e  o f  t h e  p o n d ,  r o u n d  a b o u t  Y,

T e x t  f i g s .  2 - 8  i n d i c a t e  d i a g r a m m a t i c a l l y , t h e  v e g e t a t i o n  

o f  t h e  pond  a s  v i s i b l e  t o  t h e  n a k e d  eye  a t  v a r i o u s  t i m e s  o f  

t h e  y e a r .

I n  t h e  m a t e r i a l  c o l l e c t e d  b e t w e e n  November 1927 and



T e x t  f i g u r e  1
A, C, D, and  o f  e x i t  p i p e  B. X m arke  t h e  p o s i t i o n  o f  m a t e r i a l

P l a n  o f  pond  show ing  p o s i t i o n s  o f  s u p p l y  p i p e s
e x i

f i r s t  c o l l e c t e d  on November 2 0 t h  1927 .  Y m a r k s  t h e  p o s i t i o n  o f  
m a t e r i a l  f i r s t  c o l l e c t e d  on F e b r u a r y  2 0 t h  1 9 2 8 .  The m e a s u r e m e n t  
a c r o s s  t h e  pond  f r o m  B i s  16 f t .
m s

i n s ,  and  f r o m  I> i s  19 f t ,  2 
K

T e x t  f i g u r e  2.  P l a n  o f  pond on 
March 2 3 r d  1928 .

T e x t  f i g u r e  3 ,  P l a n  o f  pond  
on A p r i l  23 rd  1 9 2 8 .
^ . B .  On May 3 r d  t h e  d r a i n s  a t  
A and  C w e re  c l e a n e d  o u t  and  
t h e  p ond  d i s t u r b e d  i n  t h i s  
r e g i o n .

Key t o  t e x t  f i g s .  2 - 4 .

C a l l i t r i c h e .

P o a  f l u i t a n s .

J i o u g e o t i a  and o t h e r  a l g a e .  

S p i r o g y r a  c a t a e n i f o r m i s .

T e x t  f i g u r e  4 .  P l a n  o f  pond  
on A u g u s t  9 t h  1 9 2 8 ,



T e x t  f i g u r e  5,  P l a n  o f  pond  on S e p t e m b e r  4 t h  1928,

T e x t  f i g u r e  o .  P l ^ n  o f  pond  on T e x t  f i g u r e  7 .  P l a n  o f  pond  
O c t o b e r  2 3 r d  1928 ,  on A p r i l  2 6 t h  1 9 2 9 ,
N.B.  On O c t , 2 3 r d  g r a s s  was  u p r o o t -  N . B . S p i r o g y r a  was g e n e r a l l y  

ed f r o m  p o n d .  d i s t r i b u t e d  am ongs t  t h e
On D e c , 4 t h  t h e  pond  was  M o u g e o t i a .
c l e a n e d  o u t  and a c c u m u l a t e d  
s i l t  r em oved  e x c e p t  a t  X and 
Y.

Key t o  t e x t  f i g s ,  5 - 8 .  

C a l l i t r i c h e ,

P o a  f l u i t a n s .

M o u g e o t i a  and  o t h e r  a l g a e .

S p i r o g y r a  c a t a e n i f o r m i s ,

Y

T e x t  f i g u r e  8 ,  P l a n  o f  pond  
on  A u g u s t  9 t h  1 9 2 9 ,
N . B . The d r a i n s  w e r e  b e i n g

c l e a n e d  o u t  and  much s i l t  
h a d  c o l l e c t e d  i n  t h e  pond
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J a n u a r y  1 9 2 8 ,  t h e r e  w ere  f i l a m e n t s  o f  v a r i o u s  w i d t h s  p r e s e n t ,  

h u t  i n  a l m o s t  a l l  t h e  l a t e r  c o l l e c t i o n s  t h e r e  w e r e  f i l a m e n t s  

o f  two d i s t i n c t  w i d t h s ,  t h e  d i f f e r e n c e  b e t w e e n  them  b e i n g  f i v e  

m i c r o n s .  T h e s e  two k i n d s  o f  f i l a m e n t  w i l l  b e  r e f e r r e d  t o  a s  

t h e  w id e  and t h e  n a r r o w  t y p e , a n d  t h e y  w i l l  be  r e g a r d e d  a s  

v a r i e t i e s  o f  t h e  one s p e c i e s  S . c a t a e n i f o r m i s , *

The t e m p e r a t u r e  o f  t h e  w a t e r  o f  t h e  pond  was t a k e n  when 

t h e  m a t e r i a l  was c o l l e c t e d ,  t h e  f o l l o w i n g  t a b l e  g i v e s  t h e  

t e m p e r a t u r e  i n  d e g r e e s  C e n t i g r a d e  a t  a b o u t  9 . a .m .  on t h e  f i r s t  

day o f  e a c h  f o r t n i g h t l y  m e a s u r e m e n t .  The s q u a r e  b r a c k e t s  

i n d i c a t e  t h e  p e r i o d s  when t h e  S p i r o g y r a  was  a b u n d a n t  i n  t h e  

p o n d ;  t h e  d a t e s  and  t e m p e r a t u r e s  n o t  i n c l u d e d  i n t h e  b r a c k e t s  

r e f e r  t o  t i m e s  when no S p i r o g y r a  c o u l d  be  s e e n  i n  t h e  p o n d .

B a t e T e m p e r a t u r e i n  

d e g r e e s  c e n t i g r a d e .

B eeem ber  7 t h  1927 . 8 . 0  C

Beeem ber  2 2 n d . 8 . 5 .

J a n u a r y  6 t h  1 9 2 8 . 7 , 5 .

F ebruary-  2nd . 6 . 0 .

F e b r u a r y  6 t h . 6 . 2 5 .

F e b r u a i y  2 0 t h . 6 . 5 .

M arch  6 t h . 8 . 0 .

M arch 2 0 t h . 7 . 8 .

A p r i l  2nd . 8 . 5 .

A p r i l  1 8 t h . 7 . 8 .

May 1 s t . 1 0 . 0 .

May 1 5 t h . 1 0 . 0 .

May 2 9 t h . 1 1 . 0 .

J u n e  1 3 t h . 1 1 . 7 5 .

J u n e  2 6 t h . 1 1 . 5 .

J u l y  1 0 t h . 1 2 . 0 .

J u l y  2 4 t h . 1 3 . 0 .

A u g u s t  7 t h . 1 2 . 7 5 .

'S e p tem be r  4 t h , 1 2 . 5 .
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S e p t e m b e r  1 8 t h .  1 2 , 2 5 ,

O c t o b e r  5 t h .  1 1 . 2 5 .

November 7 t h .  9 , 5 .

F e b r u a r y  1 2 t h .  0 .  0 ,

F e b r u a r y  2 1 s t .  0 .

M arch  2 1 s t .  7 . 5 .

A p r i l  4 t h .  7 . 5 .

A p r i l  22nd .  7 . 0 .

J u n e  1 2 t h .  1 3 . 0 ,

The w a t e r  o f  t h e  pond  was  a n a l y s e d  and  i t s  a p p r o x i m a t e  

c o m p o s i t i o n  was d e t e r m i n e d  w i t h  r e s p e c t  t o  t h e  f o l l o w i n g  

c h a r a c t e r s .

The c o n c e n t r a t i o n  o f  t h e  w a t e r  was d e t e r m i n e d  by  e v a p o r 

a t i n g  200 cc  o f  t h e  f i l t e r e d  w a t e r  t o  d i y n e s s , w e i g h i n g  t h e  

r e s i d u e ,  and c a l c u l a t i n g  t h e  t o t a l  amount  o f  m i n e r a l  m a t t e r  p e r  

1 0 0 , 0 0 0  p a r t s  o f  w a t e r .  The r e s u l t s  a r e  o n l y  o f  v a l u e  com

p a r a t i v e l y ,  s i n c e  t h e  r e s i d u e  i s  h y g r o  sc  op i  c  ̂and  m o i s t u r e  i s  

a b s o r b e d  d u r i n g  t h e  w e i g h i n g .  A c o r r e c t  i d e a  o f  t h e  c o n c e n 

t r a t i o n  c o u l d  n o t  be  o b t a i n e d  by  d e t e r m i n i n g  t h e  f l u c t u a t i o n s

i n  t h e  w a t e r  l e v e l ,  b e c a u s e  w a t e r  was r u n n i n g  t h r o u g h  t h e  p o n d .

The w e i g h t  o f  c h l o r i n e  p e r  1 0 0 , 0 0 0  p a r t s  o f  w a t e r  was 

d e t e r m i n e d  by t i t r a t i o n  o f  t h e  po n d  w a t e r  a g a i n s t  s i l v e r  

n i t r a t e  u s i n g  p o t a s s i u m  c h ro rna te  a s  an  i n d i c a t o r .

The t e m p o r a r y  and  p e r m a n e n t  h a r d n e s s  o f  t h e  w a t e r  was 

c a l c u l a t e d  by H e r n e r ’ s m e t h o d .  The t e m p o r a i y  h a r d n e s s  was 

f o u n d  t o  be  n e g l i g i b l e ,  b u t  f ro m  t h e  r e s u l t s  f o r  p e r m a n e n t  

h a r d n e s s  t h e  w e i g h t  o f  c a l c i u m  p e r  1 0 0 ,0 0 0  p a r t s  o f  w a t e r  was  

c a l c u l a t e d .

The w e i g h t  o f  n i t r o g e n  due  t o  n i t r a t e s  was d e t e r m i n e d  by 

a  c o l o r i m e t r i c  m e thod  u s i n g  p h e n o l  s u l p h u r i c  a c i d  and s t a n d a r d  

s o d iu m  n i t r a t e  s o l u t i o n .  I t  was a s sum ed  t h a t  no n i t r a t e s  w e r e  

p r e s e n t  i n  t h e  w a t e r  s i n c e  no c o l o r a t i o n  was g i v e n  w i t h  

m e t a p h e n y l l e n e d i a m i n e .

The amount  o f  i r o n  i n  t h e  w a t e r  was  n o t  e s t i m a t e d  q u a n t i -
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t a t i v ô l y ,  b u t  i t s  p r e s e n c e  o r  a b s e n c e  was d e t e c t e d  by  t h e  u s e  

o f  p o t a s s i u m  f e r r i c y a n i d e  and  a l s o  by t h e  c o l o r a t i o n  o f  t h e  

s i l t .

The f o l l o w i n g  t a b l e  g i v e s  t h e  r e s u l t s  o f  t h e  w a t e r

a n a l y s i s  o f  Decem ber  1 s t  1 9 2 7 ,  F e b r u a r y  2nd 1 9 2 8 ,  M arch  1 9 t h

1 9 2 8 ,  and  2 4 t h  1928 .  The same s t a n d a r d  s o l u t i o n s  w e r e  u s e d

i n  e a c h  e s t i m a t i o n , a n d  t h e  w a t e r  t o  be  e s t i m a t e d  was c o l l e c j b e d

e i t h e r  f r o m  X o r  Y a s  i n d i c a t e d  i n  t h e  t a b l e .

D e c .  F e b .  M ar .  Mar,  Mar.  May.
1 s t .  2 n d .  1 9 t h .  1 9 t h .  1 9 t h ,  2 4 t h .

1927^  1 9 2 8 .  1 9 2 8 .  1928 .  1 9 2 8 .  1928 .

P l a c e  o f
C o l l e c t i o n .  X X X Y D Y

T o t a l  m i n e r a l s
p e r  1 0 0 , 0 0 0  c c .  7 1 . 8  7 3 . 9  6 7 . 9 5  6 1 . 8 8  -  6 1 .0

Wt. o f  C h l o r i n e
p e r  1 0 0 , 0 0 0  c c .  7 . 0 6  7 . 0 6  7 . 1 6 5  5 .9 9 8  5 . 9 9 8  5 . 9 7

VSrt. o f  C a l c iu m
p e r  1 0 0 , 0 0 0  c c .  2 8 . 9 5  2 8 . 5 6  2 4 , 9  2 1 .7 3  2 1 . 9  2 2 . 1 2

\l7t. o f  N i t r o g e n
p e r  1 0 0 , 0 0 0  c c .  2 . 0 4  2 .  2 .  2 .  -  2 .

R e l a t i v e  amoun t  No No No Much -  Much
o f  I r o n  p r e s e n t .  I r o n .  I r o n .  I r o n .  I r o n .  I r o n .

The t a b l e  shows t h a t  t h e  c o m p o s i t i o n  o f  t h e  w a t e r  a t  X was

p r a c t i c a l l y  i d e n t i c a l  on December  1 s t  and February;- 2 n d , and  t h a t

t h e  c o m p o s i t i o n  o f  t h e  w a t e r  a t  Y was  p r a c t i c a l l y  i d e n t i c a l  on

March  1 9 t h  and  May 2 4 t h ,  b u t  t h a t  on March  1 9 t h , t h e  c o m p o s i t i o n

o f  t h e  w a t e r  a t  X and  Y d i f f e r e d  c o n s i d e r a b l y .  With  r e g a r d  t o

t h e  p r e v i o u s  e s t i m a t i o n  t h e  w a t e r  a t  X showed a  ver^/ s l i g h t

i n c r e a s e  i n  t h e  c h l o r i n e  c o n t e n t ^ a n d  a  d e c r e a s e  i n  t h e  c a l c i u m

c o n t e n t .  W i th  r e g a r d  t o  t h e  w a t e r  a t  Y, t h e  c h l o r i n e  and

c a l c i u m  c o n t e n t s  w e r e  b o t h  h i g h e r ,  t h e  c h l o r i n e  c o n t e n t  b e i n g

c o n s i d e r a b l y  h i g h e r .  T h i s  f a c t  w i l l  be  r e f e r r e d  t o  l a t e r  w i t h

r e g a r d  t o  t h e  p e r i o d i c i t y  o f  t h e  S p i r o g y r a ,  The c o m p o s i t i o n  o f

t h e  w a t e r  a t  Y and  t h e  w a t e r  t a k e n  f r o m  p i p e  D b e f o r e  i t  e n t e r e d

t h e  pond  was  p r a c t i c a l l y  i d e n t i c a l .



7 .

PJÜRIODICITY OF SPIROGYRA CATAFNIFORIÆIS NOVRMRRR 1927 -
AUGUST 1 9 2 9 .

The pond  was  u n d e r  o b s e r v a t i o n  f r o m  November 1927 u n t i l  

J u l y  1 929 ,  and  d u r i n g  t h i s  t im e  t h e r e  w e r e  t h r e e  p e r i o d s  when 

t h e  S p i r o g y r a  o c c u r r e d  i n  a b u n d a n c e ,  so t h a t  p a t c h e s  o f  i t  were 

v i s i b l e  t o  t h e  n a k e d  e y e .  These  p e r i o d s  w e r e  f r o m  November 2 0 th  

1 9 2 7 ,  (when t h e  pond was  f i r s t  e x a m i n e d ) ,  t o  J a n u a r y  1 9 2 8 ,  f r o m  

F e b r u a r y  2 0 t h  1928  t o  O c t o b e r  6 t h  1 9 2 8 ,  and  f r o m  M arch  1929 t o  

A u g u s t  1929 when t h e r e b w a s  s t i l l  some o f  t h e  S p i r o g y r a  v i s i b l e .  

B e tw e e n  t h e s e  p e r i o d s  a  c a r e f u l  i n v e s t i g a t i o n  o f  t h e  pond  

showed t h a t  t h e  S p i r o g y r a  was n e v e r  c o m p l e t e l y  a b s e n t  b u t  was 

p r e s e n t  i n  m i n u t e  q u a n t i t i e s ,

1 s t  P e r i o d  November 2 0 t h  -  J a n u a r y  6 t h  1 9 2 8 .

When t h e  m a t e r i a l  was  f i r s t  c o l l e c t e d  f r o m  t h e  pond  on 

November 2 0 t h  ( T e x t  f i g .  1 )  i t  was b r i g h t  g r e e n  and  a  d i p p i n g  

b r o u g h t  up S p i r o g y r a  and  M o u g e o t i a  i n  a b o u t  e q u a l  q u a n t i t i e s .  

From t h i s  t i m e  u n t i l  J a n u a r y  6 t h  1 9 2 8 , t h e  S p i r o g y r a  d e c r e a s e d  

i n  a m o u n t , so t h a t  f o r  t h e  " c o u n t "  on J a n u a r y  6 t h  t h e r e  was o n l y  

a  v e r y  l i t t l e  S p i r o g y r a ,  and  t h i s  was  i n  s h o r t  f i l a m e n t s  amongs t  

t h e  M o u g e o t i a  w h i c h  showed no s u c h  d e c r e a s e .  On J a n u a r y  1 9 t h ,  

more  m a t e r i a l  was c o l l e c t e d  f r o m  t h e  same s p o t  f o r  m e a s u r e m e n t ,  

b u t  no S p i r o g y r a  c o u l d  b e  f o u n d .  M a t e r i a l  was t h e n  c o l l e c t e d  

f r o m  v a r i o u s  p a r t s  o f  t h e  p o n d ,  b u t  i t  c o n s i s t e d  e n t i r e l y  o f  

M o u g e o t i a ,  and  no S p i r o g y r a  c o u l d  be  s e e n .  Mud was t h e n  c o l 

l e c t e d  and  e x a m i n e d ,  b u t  t h e r e  was no t r a c e  o f  S p i r o g y r a ,  a nd  

n o t  u n t i l  F e b r u a r y  2 0 t h  d i d  i t  a p p e a r  a g a i n  i n  any q u a n t i t y .

On J a n u a r y  1 9 t h ,  a f t e r  a  b e a k e r  f u l l  o f  m a t e r i a l  h a d  b e e n  

t h o r o u g h l y  s e a r c h e d  f o r  S p i r o g y r a ,  i t  was t h r o w n  away.  I t  was 

t h e n  n o t i c e d  t h a t  a  b r o w n i s h  d e p o s i t  w a s b l e f t  a t  t h e  b o t t o m  o f  

t h e  b e a k e r .  T h i s  d e p o s i t  was  e x a m i n e d ,  i t  c o n t a i n e d  numerous  

d i a t o m s ,  and  amongs t  them  S p i r o g y r a  i n  v e i y  s h o r t  f i l a m e n t s  o r  

u n i c e l l s .  F o r t y  s e v e n  o f  t h e s e  s h o r t  f i l a r a e n t s  w e r e  m e a s u r e d  

a n d  t h e y  w e r e  o f  v a r i o u s  t y p e s ,  c o r r e s p o n d i n g  t o  t h e  v a r i o u s  

t y p e s  o f  f i l a m e n t  w h i c h  h a d  b e e n  s e e n .  The l o n g e s t  o f  t h e s e  

s h o r t  f i l a m e n t s  h a d  t w e l v e  c e l l s ,  b u t  t h e  m a j o r i t y  h a d  one o r
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two c e l l s .  T h e s e  s h o r t  f i l a m e n t s  o f  S p i r t ’g y r a  w e r e  by no means 

a b u n d a n t ,  b u t  w i t h  c a r e f u l  s e a r c h  t h e y  c o u l d ^ u s u a l l y  be  f o u n d  

i n  t h e  d e p o s i t s  f r o m  e a c h  c o l l e c t i o n .  They w e r e  f o u n d  on t h e  

f o l l o w i n g  da^/s:  J a n u a r y  2 0 t h ,  2 4 t h ,  2 7 t h ;  F e b r u a r y  6 t h ,  9 t h ,  

1 3 t h ,  1 7 t h ,  U s u a l l y  o n l y  one o r  two w ere  f o u n d  on a  s l i d e  

c row ded  w i t h  d i a t o m s ;  o c c a s i o n a l l y  t h e y  w e re  more  a b u n d a n t ;  

s o m e t im e s  t h e r e  w e r e  none  a t  a l l .  On J a n u a r y  2 4 t h  and  J a n u a r y  

3 0 t h , m a t e r i a l  c o l l e c t e d  f r o m  t h e  pond  a t  B,  n e a r  t h e  e x i t ,  

showed o c c a s i o n a l  q u i t e  l o n g  f i l a m e n t s  o f  S p i r o g y r a ^  amongs t  

t h e  M o u g e o t i a ,  a s  w e l l  a s  s h o r t  f i l a m e n t s  i n  t h e  d e p o s i t  w h i c h  

a d h e r e d  t o  t h e  b o t t o m  o f  t h e  b e a k e r ,

2nd  P e r i o d  F e b r u a r y  2 0 t h  -  O c t o b e r  6 t h  1 9 2 9 .

The s e c o n d  a p p e a r a n c e  o f  t h e  S p i r o g y r a  was  n o t e d  on 

F e b r u a r y  2 0 t h , w h e n  a  s m a l l  b r i g h t  g r e e n  clump was  s e e n  a t  t h e  

o p p o s i t e  s i d e  o f  t h e  p o n d , i n  f r o n t  o f  e n t r a n c e  p i p e  D, The 

p o n d  h e r e  was q u i t e  b rown  due  t o  t h e  p r e s e n c e  o f  an  i r o n  

b a c t e r i u m ,  and  t h e  w a t e r  was c o n s i d e r a b l y  more s h a l l o w  t h a n  a t  

t h e  o t h e r  s i d e ,  i t s  t e m p e r a t u r e  was  6 , 5  C ( T e x t  f i g ,  1 ) .  T h i s  

c lump c o n s i s t e d  e n t i r e l y  o f  S p i r o g y r a ,  e x c e p t  f o r  a  few 

i n d i v i d u a l s  o f  a  s p e c i e s  o f  C l o s t e r i u m ,  a n d  t h e  t h r e a d s  w ere  

l o n g ,  s h o r t - c e l l e d  and a p p e a r e d  t o  be  i n  a c t i v e  d i v i s i o n .

S i n c e  t h e y  c c c u r e d  i n  s u c h  a  l o c a l i s e d  a r e a  i t  seemed  p r o b a b l e  

t h a t  t h e y  h a d  a r i s e n  by  g e r m i n a t i o n  o f  z y g o t e s ,  b u t  a l t h o u g h  

a  t h o r o u g h  s e a r c h  o f  t h e  mud was made no z y g o t e s  w e r e  s e e n .  

S i n g l e  c e l l s  and  very" s h o r t  f i l a m e n t s  w e r e  s e e n  i n  t h e  mud 

c o l l e c t e d  w i t h  t h i s  m a t e r i a l ;  t h e y  w e r e  s i m i l a r  t o  t h e  l o n g  

f i l a m e n t s , a n d  h a d  p r o b a b l y  a r i s e n  by t h e  b r e a k i n g  up o f  t h e s e , ,  

f o r  t h e i r  o c c u r r e n c e  i s  g e n e r a l  t h r o u g h o u t  t h e  y e a r .  At  t h e  

o r i g i n a l  p l a c e  o f  c o l l e c t i o n  ( T e x t  f i g ,  1 ,  X ) M o u g e o t i a  was 

s t i l l  p r e s e n t  b u t  t h e r e  was  no S p i r o g y r a ,  The Sp i rogy^ra  a t  t h e  

Y i n c r e a s e d  i n  amount  t h r o u g h o u t  t h e  s p r i n g  o f  1 9 2 8 ^ and i t  was  

p r e s e n t  i n  l a r g e  q u a n t i j i y  u n t i l  J u l y ,when i t  b e g a n  t o  d e c r e a s e .  

I t  g r a d u a l l y  d e c r e a s e d  u n t i l  O c t o b e r  9 t h  when no Sp iorogyra  c o u l d  

be  s e e n  by t h e  u n a i d e d  e y e , a l t h o u g h  e x a m i n a t i o n  o f  t h e  mud
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showed t h a t  i t  was  p r e s e n t  t h e r e  ( T e x t  f i g s .  2 - 6 ) ,  A f t e r  t h e  

S p i r o g y r a  h a d  a p p e a r e d  a t  Y, i t  a l s o  a p p e a r e d  i n  o t h e r  p a r t s  

o f  t h e  p o n d ,  t h o u g h  n o t  t o  any  l a r g e  e x t e n t .  At  t h e  o r i g i n a l  

s i d e  o f  t h e  p o n d ,  a t  X, S p i r o g y r a  was  f i r s t  n o t e d  on A p r i l  2 1 s t ,  

t h e r e  was s t i l l  a  l a r g e  p a t c h  o f  g r e e n  m a t e r i a l  h e r e  w h i c h  

c o n s i s t e d  m a i n l y  o f  M o u g e o t i a  ( T e x t  f i g .  3 ) ^ h u t  t h e r e  was now 

w i t h  i t  a  few S p i r o g y r a  f i l a z a e n t s  s i m i l a r  t o  t h o s e  f o u n d  a t  Y. 

On May 3 r d  t h e  d r a i n s  w e r e  c l e a n e d  o u t . s i l t  was removed f r o m  

a r o u n d  A and  C so t h a t  t h e  l a r g e  M o u g e o t i a  p a t c h  was ve ry  much 

d i s t u r b e d  and  t e m p o r a r i l y  d i s a p p e a r e d .  However  by J u n e  1 2 t h  

t h e  M o u g e o t i a  p a t c h  h a d  a g a i n  a p p e a r e d  a r o u n d  X and s h o r t  

f i l a m e n t s  o f  S p i r o g y r a  w e r e  f o u n d  i n  i t ,  On J u n e  2 4 t h  t h e  

p a t c h  c o n s i s t e d  e n t i r e l y  o f  M o u g e o t i a  and T r ib o n e m a  and  no 

S p i r o g y r a  was s e e n .  On A u g u s t  7 t h  t h e r e  v/as no g r e e n  p a t c h  

v i s i b l e  a t  t h i s  s i d e  o f  t h e  pond  ( T e x t  f i g .  4 ) ,  b u t  by S e p te m 

b e r  4 t h  i t  h ad  a p p e a r e d  a g a i n  ( T e x t  f i g .  5 ) ^a nd  c o n s i s t e d  o f  

M o u g e o t i a  amongs t  w h i c h  w e re  r a r e  f i l a m e n t s  o f  S p i r o g y r a  o f  

t h e  n a r r o w  t y p e .  T h i s  p a t c h  o f  M o u g e o t i a  was  exam ined  on 

S e p t e m b e r  1 8 t h ,  O c t o b e r  23rd,K 3 1 s t , November 8 t h , a n d  1 6 t h ,  b u t  

no S p i r o g y r a  was f o u n d  i n  i t .  At  t h e  S .E ,  o f  t h e  p o n d ,  j u s t  

t o  t h e  r i g h t  o f  t h e ' e x i t  B, t h e  S p i r o g y r a  was  f i r s t  n o t e d  t o  

h a v e  r e a p p e a r e d  on A p r i l  2 1 s t  1 9 2 8 ,  when a  g r e e n i à h  p a t c h ,  i n  

w a t e r  b row n  w i t h  i r o n ,  was  e x a m i n e d ,  and f o u n d  t o  c o n t a i n  b o t h  

t y p e s  o f  S p i r o g y r a  am o n g s t  a b u n d a n t  i n d i v i d u a l s  o f  a  s p e c i e s  o f  

C l o s t e r i u r a ;  S p i r o g y r a  was  a l s o  n o t e d  am ongs t  C a l l i t r i c h e  i n  t h e  

d e e p e r  w a t e r  f u r t h e r  f r o m  t h e  b a n k .  At  t h e  o p p o s i t e  s i d e  o f  th e  

p o n d ,  t o  t h e  H .E .  o f  e n t r a n c e  A, S p i r o g y r a  was  f i r s t  n o t e d  on 

May 5 t h  1928 i n  a  v e r y  s m a l l  a r e a  o f  a  g r e e n  scum t h a t  a p p e a r e d  

t h e r e ^ m a i n l y  o f  M o u g e o t i a .  T h i s  g r e e n  p a t c h  i n c r e a s e d  i n  s i z e :  

on A u g u s t  7 t h  ( T e x t  f i g .  4 )  i t  c o n s i s t e d  o f  Lemna,  M o u g e o t i a ,  

Oedogonium^and  C l o s t e r i u m ,  a nd  i n  e v e r y  e x a m i n a t i o n  a b o u t  one 

f i l a m e n t  o f  S p i r o g y r a .  On S e p t e m b e r  4 t h  ( T e x t  f i g .  5) i n  t h i s  

c o m p a r a t i v e l y  s m a l l  p a t c h ^ O e d o g o n i u m  and  M o u g e o t i a  w e r e  s t i l l  

a b u n d a n t ;  Cosmarium was  l o c a l l y  abundanjk S p i r o g y r a  f i l a m e n t s  o f
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t h e  n a r r o w  t y p e  w e r e  r a r e .  From S e p t e m b e r  4 t h  t o  November 8 t h ,  

o c c a s i o n a l  S p i r o g y r a  f i l a m e n t s  o f  t h e  w id e  a nd  n a r r o w  t y p e s  

w e r e  s e e n  i n  t h i s  p a t c h , b u t  on November 1 6 t h  no S p i r o g y r a  was 

f o u n d ,  t h e  p a t c h  c o n s i s t i n g  e n t i r e l y  o f  Oedogon ium and  M o u g e o t i a  

As h a s  b e e n  s t a t e d ,  t h e  p a t c h  o f  S p i r o g y r a  w h i c h  l a y  

a r o u n d  Y was  v i s i b l e  u n t i l  O c t o b e r  6 t h  1 9 2 8 ,  I t  h a d  d e c r e a s e d  

i n  s i z e  f r o m  J u l y  1 9 2 8 , and  on S e p t e m b e r  4 t h , o n l y  a  v e r y  m i n u t e  

g r e e n  p a t c h  c o u l d  be  s e e n  ( T e x t  f i g .  5 ) ,  T h i s  h a d  i n c r e a s e d  i n  

s i z e  by  S e p t e m b e r  1 8 t h  when i t  was  l a r g e  enough  t o  c o v e r  t h e  

p a lm  o f  o n e » s  h a n d .  However  on  O c t o b e r  5 t h  a nd  6 t h  i t  was  

a g a i n  v e iy  s m a l l ,  and a f t e r  m a t e r i a l  h a d  b e e n  c o l l e c t e d  f o r  

e x a m i n a t i o n ,  no t r a c e  o f  t h e  S p i r o g y r a  c o u l d  b e  s e e n  i n  t h e  

p o n d .  From t h i s  t i m e  t o  t h e  t h i r d  a p p e a r a n c e  o f  t h e  S p i ro g y - r a  

i n  any  q u a n t i t y ,  t r a c e s  o f  i t  w e r e  f o u n d  i n  t h e  mud a r o u n d  Y.

The f o l l o w i n g  i s  a  r e c o r d  o f  t h e  r a r e  f i l a m e n t s  o f  S p i r o g y r a  

f o u n d  d u r i n g  i t s  a p p a r e n t  d i s a p p e a r a n c e  £ v m&. d u r i n g  t h e  w i n t e r  

O c t o b e r  1928  -  M arch  1 9 2 9 ,

O c t o b e r  8 t h  and  9 t h .  E x a m i n a t i o n  o f  t h e  mud a t  Y 
r e v e a l e d  v l g o r o u ' s  f i l ^ i e n t s  o f  S p i r o g y r a  a t  t h e  p l a c e  
w h e r e  t h i s  was  l a s t  s e e n .

O c t o b e r  2 3 r d .  No S p i r o g y r a  was f o u n d  i n  t h e  mud a t  
Y, b u t  w h i l e  u p r o o t i n g  t h e  g r a s s  w h i c h  h a d  grown i n  t h e  
p o n d ,  a  v e r y  s m a l l  t u f t  o f  g r e e n  f i l a m e n t s  was s e e n  a t  Y,
I t  was  f o u n d  t o  c o n t a i n  v e r y  l o n g  t h r e a d s  o f  a c t i v e l y  
d i v i d i n g  S p i r o g y r a .  A f t e r  e x a m i n a t i o n  t h e  t u f t  was  r e 
p l a c e d  i n  t h e  p o n d .

O c t o b e r  31 s t .  No S p i r o g y r a  was f o u n d  i n  mud c o l l e c t e d  
f r o m  a r o u n d '  Y".

November 7 t h .  A m i n u t e  t u f t  o f  g r e e n  f i l a r a e n t s  was  
s e e n  a t  p l a c e l C "  I t  c o n s i s t e d  o f  veiy* v i g o r o u s  S p i r o g y r a ;  
t h e  c e l l s  w e r e  v e r y  s h o r t  a nd  t h e  c h l o r o p l a s t  so c o m p a c t ,  
t h a t  i t  c o u l d  h a r d l y  be  r e c o g n i s e d  a s  a  s p i r a l  b a nd  e x c e p t  
a t  t h e  end  o f  a  f i l a m e n t .  A f t e r  e x a m i n a t i o n  t h i s  t u f t  was 
r e p l a c e d  i n  t h e  p o n d .

Novemb e r  1 2 t h .  A s m a l l  p o r t i o n  o f  mud was  c o l l e c t e d  
f r o m  t h e  S.Vf.**of Y. The mud seemed s l i g h t l y  d a r k e r  i n  
c o l o u r  a t  t h i s  p a r t , a n d  on e x a m i n a t i o n  q u i t e  a  number o f  
v i g o r o u s  f i l a m e n t s  o f  S p i r o g y r a  w e r e  f o u n d  i n  i t .  The 
mud c o l l e c t e d  v/as l e f t  i n  t h e  t u b e  t i l l  November 1 4 t h  when 
q u i t e  a  l i t t l e  t u f t  o f  S p i r o g y r a ,  v i s i b l e  t o  t h e  n a k e d  eye ,  
h a d  g i w n  o u t  o f  i t .

November 1 4 t h .  A s m a l l  p o r t i o n  o f  mud was c o l l e c t e d  
f r o m  Y and  a f t e r  a  l o n g  s e a r c h  o n l y  tv/o f i l a m e n t s  o f  
S p i r o g y r a  w e re  f o u n d  i n  i t :  one  l o o k e d  v i g o r o u s  w i t h  a
com pac t  c h l o r o p l a s t ,  t h e  o t h e r  l e s s  so w i t h  a  l a x  c h l o r e - -  
p l a s t .  T h i s  mud was  k e p t  u n t i l  November 22nd when two 
more f i l a m e n t s  w e r e  f o u n d , a n d  one  o f  t h e s e  h a d  a  number o f  
s m a l l  o i l  g l o b u l e s  i n  t h e  c e l l s .

November 1 6 t h .  A t h o r o u g h  e x a m i n a t i o n  o f  t h e  mud
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a r o u n d  Y v/as made b u t  no S p i r o g y r a  c o u l d  be  f o u n d .
November 2 1 s t . A s m a l l  p o r t i o n  o f  .mud o f  a  d e e p e r  

c o l o u r  t h a n  t h e  r e s t  was n o t e d  i n  p l a c e  Y ; a  s m a l l  araount 
was c o l l e c t e d  e nough  t o  c o v e r  a  s h i l l i n g , a n d  on e x a m in 
a t i o n  i t  was fo u n d  t o  c o n t a i n  two f i l a m e n t s  and  a  u n i c e l l  
o f  S p i r o g y r a .  One o f  t h e  f  i l  ciments l o o k e d  v e r y  v i g o r o u s  
w i t h  s h o r t  c e l l s  and  a  com pac t  c h l o r o p l a s t ,  t h e  o t h e r  h a d  
l o n g e r  c e l l s  and  t h e  c h l o r o p l a s t  was  n o t  so c o m p a c t .  On 
D ecember  4 t h ,  t h e  C o l l e g e  A u t h o r i t i e s  o r d e r e d  t h e  y e a r l y  
c l e a n i n g  o f  t h e  pond  and some o f  t h e  a c c u m a l a t e d  s i l t  was 
r em ove d .  The pond  v/as h o w e v e r  l e f t  u n d i s t u r b e d  a r o u n d  X 
and  Y, i n  c a s e  t h e  r e m o v a l  o f  t h e  s i l t  s h o u l d  i n v o l v e  t h e  
r e m o v a l  o f  t h e  r a r e  f i l a m e n t s  o f  S p i r o g y r a  w h i c h  w e r e  s t i l l  
p r e s e n t .  The g r e a t e r  amount  o f  s i l t  a t  X and  Y n a t u r a l l y  
becaiae d i s p e r s e d  o v e r  t h e  t h e  f l o o r  o f  t h e  p o n d .

D ecember  5 t h .  A " s t r i n g y " b i t  o f  mud was  c o l l e c t e d  
f r o m  Y. The s t r i n g i n e s s  was c a u s e d  by  t h e  p r e s e n c e  o f  a  
d e a d  f i l a m e n t o u s  a l g a  p r o b a b l y  V a u c h e r i a  b u t  am ongs t  i t  
t h e r e  w e r e  q u i t e  a  number o f  S p i r o g y r a  f i l a m e n t s .  T he se  
f i l a m e n t s  w e r e  v e r y  v i g o r o u s  w i t h  s h o r t  c e l l s  ancl'compact 
c h l o r o p l a s t s .  The mud was r e p l a c e d  i n  t h e  p o n d .

J a n u a r y  1 9 t h  1 9 2 9 .  The mud was t h o r o u g h l y  e x a m in ed  
a round~ l r  b u t  no" S p i r o g y r a  was  f o u n d .

Januaiy_^^^th_.  A " s t r i n g y "  l o o k i n g  p o r t i o n  o f  f l o a t 
i n g  m a t e r i ' a l ' w a s ’ c o l l e c t e d  f r o m  Y, I t  a p p e a r e d  t o  be  
s l i g h t l y  g r e e n  and  was  f o u n d  t o  c o n t a i n  a b u n d a n t  C l o s t e r i u m  
a nd  some M o u g e o t i a  a r o u n d  t h e  r e m a i n s  o f  C a l l i t r i c h e ,
A f t e r  a  l o n g  s e a r c h  one  f i l a m e n t  o f  S p i r o g y r a  was f o u n d  i n  
i t ;  i t  h a d  a  v e i y  p a l e  c h l o r o p l a s t  w h i c h  was p a c k e d  w i t h  
s t a r c h  g r a i n s .  The m a t e r i a l  was a g a i n  e xa m ined  on J a n u a r y  
2 9 t h  a n d  a  l o n g  v i g o r o u s  f i l a m e n t  o f  S p i r o g y r a  was f o u n d .  
The m a t e r i a l  was k e p t  u n t i l  F e b r u a r y  4 t h  when two more 
f i l a m e n t s  o f  S p i r o g y r a  w e re  f o u n d .  One o f  t h e s e ,  a  s h o r t  
f i l a m e n t  h a d  l o n g  c e l l s  and a  l a x  c h l o r o p l a s t ,  t h e  o t h e r  
was a  l o n g  f i l a m e n t  a nd  h a d  s h o r t  c e l l s  w i t h  a  compact  
c h l o r o p l a s t .

F e b r u a r y  6 t h .  A s m a l l  p o r t i o n  o f  C a l l i t r i c h e  c o v e r 
ed wiTh mud was  c o l l e c t e d  f r o m  j u s t  S .E .  o f  Y, a t  t h e  edge  
o f  t h e  a r e a  brown w i t h  t h e  i r o n  b a c t e r i a  a nd  g r e e n  w i t h  
Chlamydomonas.  The r u s t  b rown mud was  e xa m ined  and  a s  
w e l l  a s  a b u n d a n t  Chlanydoraonas  t h e r e  was f o u n d  t o  be 
a b u n d a n t  C l o s t e r i u m .  A f ew  M o u g e o t i a  f i l a m e n t s  w e r e  a l s o  
s e e n ,  and  a f t e r  c a r e f u l l y  t e a s i n g  o u t  t h e  mud i n  w h i c h  
t h e y  v/ere  v e r y  w e l l  h i d d e n , r a r e  S p i r o g y r a  f i l a r a e n t s  w e re  
f o u n d .  The m a t e r i a l  was  k e p t  i n  t h e  l a b o r a t o r y  i n  a  
s pec i r aen  t u b e  amd f r e q u e n t l y  ex a m in ed  f o r  S p i r o g y r a  f i l a 
m e n t s .  A num ber  o f  t h e s e  w e re  f o u n d ,  and r o u n d  a b o u t  
F e b r u a r y  1 9 t h  t h e y  w e r e  f o u n d  e a s i l y ,  one o r  two b e i n g  
p r e s e n t  i n  e a c h  s l i d e  o f  m a t e r i a l  m o u n te d .  E i t h e r  t h e  
S p i r o g y r a  h a d  i n c r e a s e d  i n  a m o u n t , o r  e l s e  i t  was l o c a l l y  
a b u n d a n t  e v e n  w i t h i n  so s m a l l  an  a r e a  o f  mud a s  h a d  b e e n  
c o l l e c t e d  i n  t h e  t u b e .  Hy M arch  1 s t  t h e r e  was n o t  much 
S p i r o g y r a  l e f t  i n  t h e  t u b e  and so t h i s  was p l a c e d  u n d e r  
c o n s t a n t  i l l u m i n a t i o n  o f  30 C .P .  On March 4 t h ^ a  number o f  
S p i r o g y r a  t h r e a d s  c o u l d  be  s e e n  i n  t h e  w a t e r ,  a n d  by 
March  1 6 t h  t h e s e  h a d  g r e a t l y  i n c r e a s e d  i n  number and a  
t h i c k ,  l o n g  f u f t  o f  S p i r o g y r a  t h r e a d s  was p r e s e n t ,  v i s i b l e  
t o  t h e  n a k e d  e y e .  S i x t y  e i g h t  o f  t h e s e  f i l a m e n t s  w ere  
m e a s u r e d  and  a  number o f  o t h e r s  w e r e  employed f o r  v a r i o u s  
t e s t s .

F e b r u a r y  2 1 s t .  A v e i y  s m a l l  g r e e n i s h  p a t c h  o f  
C a l l i t r i c h e  a nd  mud was c o l l e c t e d  f r o m  t h e  edge  o f  t h e  
i r o n  p a t c h  t o  t h e  S . E .  o f  Y. The g r e e n e s s  was  due  t o  
M o u g e o t i a ;  f o r  a  l o n g  t i m e  n6 S p i r o g y r a  c o u l d  b e  f o u n d , b u t  
a f t e r  a  l o n g  s e a r c h  ÿwo s h o r t  f i l a m e n t s  w e re  f o u n d ,  one o f  
t h e s e  h a d  a  v e r y  p a l e  c h l o r o p l a s t  a n d  b o t h  h a d  c h l o r o p l a s t s
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p a c k e d  w i t h  s t a r c h .
F e b r u a r y  21 s t  a nd  2 4 t h .  A few  g r e e n  f l o a t i n g  p a t c h e s  

h a d  a p p e a r e d  i n '  t h e  nTiddlè o f  t h e  p o n d ,  t h e y  c o n s i s t e d  o f  
M o u g e o t i a  a n d  T r i b o n e m a , b u t  no S p i r o g y r a  was f o u n d  i n  them, 
A s m a l l  g r e e n  p a t c h  h a d  a p p e a r e d  a t  B, i t  c o n s i s t e d  o f  
M o u g e o t i a  b u t  a f t e r  a  l o n g  s e a r c h  one  l o n g  f i l a m e n t  o f  
S p i r o g y r a  was  f o u n d  i n  i t .

March  1 s t .  A s m a l l  amount  o f  m a t e r i a l  was  c o l l e c t e d  
f r o m  one *of~ t h e  g r e e n  p a t c h e s  i n  t h e  m i d d l e  o f  t h e  pond  
S.'//, o f  Y. I t  c o n s i s t e d  m a i n l y  o f  M o u g e o t i a , b u t  some 
T r ib o n e m a  amd C l o s t e r i u r a  was p r e s e n t .  Two S p i r o g y r a  
f i l a m e n t s  w e r e  f o u n d  a f t e r  a  t h o r o u g h  s e a r c h .  B o t h  l o o k e d  
v e r y  v i g o r o u s ,  h a v i n g  s h o r t  c e l l s  w i t h  compac t  c h l o r o p l a s t s

March  1 s t .  A v e r y  s m a l l  p o r t i o n  o f  f a i n t l y  g r e e n  mud 
w i t h  C a l l i t r i c h e , w a s  c o l l e c t e d  f ro m  t h e  S . E .  o f  Y. The 
g r e e n  c o l o u r  was  due  t o  M o u g e o t i a  w h i c h  was a b u n d a n t .  I n  
i t  w e r e  f o u n d  two s h o r t  f i l a m e n t s  o f  S p i r o g y r a .  The 
m a t e r i a l  was k e p t  i n  t h e  l a b o r a t o r y  and on March  5 t h ,  7 t h ,  
and 8 t h , f i l a m e n t s  o f  S p i r o g y r a  w e re  f o u n d  looJSing v e r y  
v i g o r o u s ,  w i t h  s h o r t  c e l l s  and  compac t  c h l o r o p l a s t s ,  
p r o b a b l y  i n  a  s t a t e  o f  d i v i s i o n .

M arch  7 t h .  Mud and some o f  t h e  f l o a t i n g  g r e e n  
m a t e r i a l ^ w a s * c o l l e c t e d  f r o m  S.W. o f  Y and  e x a m i n e d .  No 
S p i r o g y r a  was  f o u n d  t h e r e .  A g r e e n  p a t c h  N .E .  o f  A was  
a l s o  e x a ra ine d ,  i t  c o n s i s t e d  o f  M o u g e o t i a  a n d  M i c r o s p o r a  
b u t  t h e r e  was  no S p i r o g y r a ,

March  1 2 t h .  A s m a l l  p o r t i o n  o f  s t r i n g y  mud was 
c o l l e c t e d * f r o m  t h e  S . E .  o f  Y a t  t h e  edge o f  t h e  i r o n  p a t c h .  
I t  c o n s i s t e d  o f  M o u g e o t i a  a n d  T r ib o n e m a  a nd  C l o s t e r i u m ;  
b u t  8 p i ro g } " ra  was a b s e n t .

M arch  1 8 t h .  A s m a l l  p o r t i o n  o f  g r e e n i s h  " s t r i n g y "  
mud was  c o l l e c t e d  f r o m  t h e  S . E .  o f  Y.  T h e r e  was a b u n d a n t  
T r ib o n e m a  and  some M o u g e o t i a  and  C l o s t e r i u m  p r e s e n t ,  and  
e a c h  s l i d e  o f  m a t e r i a l  exam ined  h a d  one o r  two f i l a i a e n t s  
o f  S p i r o g y r a .  The m a t e r i a l  was  k e p t  i n  t h e  L a b o r a t o r y  and  
a g a i n  ex a m in ed  on M arch  1 9 t h , w h e n  a  w ho le  clurap o f  S p i r o 
g y r a  f i l a m e n t s  was  e x t r a c t e d .  A f t e r  b e i n g  k e p t  i n  t h e  
l a b o r a t o r y  t h e  mud s a n k  t o  t h e  b o t t o m  o f  t h e  c o n t a i n i n g  
t u b e ^ a n d  a  t h i c k  t m f t  o f  l o n g  t h r e a d s  o f  S p i r o g y r a  c o u l d  
b e  s e e n  g r o w i n g  f r o m  i t .  T h i s  c o l l e c t i o n  made on March 
1 8 t h  was  t h e  f i r s t  i n  w h i c h  S p i r o g 2.^ra a p p e a r e d  i n  any 
q u a n t i t y .  The g r e e n  a l g a l  p a t c h e s  f l o a t i n g  i n  t h e  m i d d l e  
o f  t h e  po n d  h a d  now become a b u n d a n t .  Some m a t e r i a l  was 
c o l l e c t e d  f r o m  t h e m ^ i t  c o n s i s t e d  m a i n l y  o f  M o u g e o t i a  b u t  
a  few  f i l a m e n t s  o f  S p i r o g y r a  w e re  p r e s e n t .

M arch  2 1 s t .  M a t e r i a l  was c o l l e c t e d  f r o m  f l o a t i n g  
g r e e n - b r o w n  " s t r i n g y "  p a t c h e s ,  and  f r o m  t h e  m i d d l e  o f  t h e  
p o n d .  I n  e a c h  c a s e  t h e r e  was  a b u n d a n t  M o u g e o t i a  w i t h  
q u i t e  a  l o t  o f  C l o s t e r i u m  and  some S p i r o g y r a ,  tw o ,  t h r e e ,  
o r  more f i l a m e n t s  on e a c h  s l i d e  o f  m a t e r i a l  e x a m i n e d .  The 
S p i r o g y r a  v a r i e d  i n  a b u n d a n c e  i n  e a c h  c o l l e c t i o n ,  some 
s l i d e s  o f  m a t e r i a l  showed a  number o f  S p i r o g y r a  f i l a m e n t s ^  
o t h e r s  o n l y  two o t  t h r e e .

Ma r c h  2 2nd a n d 2 3 r d  -  2 5 t h .  I n  m a t e r i a l  c o l l e c t e d  
f r o m  j u s t  t o  t h e  S~.1T. o f  Y - ( t h e  g r e e n  p a t c h e s  h a d  n o t  
a r i s e n  a t  Y ) - M o u g e o t i a  was  a b u n d a n t ,  t h e r e  wate a b o u t  
t h r e e  f i l a m e n t s  o f  S p i r o g y r a  on e a c h  s l i d e  e x a m in e d ,  and 
s o m e t im e s  many mare a s  t h e  S p i r o g y r a  o c c u r r e d  i n  l i t t l e  
c l u m p s .  By M arch  2 6 t h  some S p i r o g y r a  was p r e s e n t  i n  a l l  
t h e  p a t c h e s  o f  g r e e n e s s  i n  t h e  p o n d .

A p r i l  4 t h .  D a r k e r  g r e e n  c lum ps  c o u l d  be  s e e n  among 
t h e  g r e e n  f l b a ' i i n g  m a s s e s  w h i c h  w e r e  p r e s e n t  o v e r  a b o u t  
h a l f  t h e  p o n d .  These  c lu m p s  w e re  f o u n d  t o  c o n s i s t  p u r e l y  
o f  S p i r o g y r a  w h i c h  h a d  become once  a g a i n  v i s i b l e  t o  t h e  
n a k e d  e y e .
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F eb ru ary  81 # t  and 2 4 th . A few  g r e e n  f l o a t i n g  p a tc h e s  
had ap p eared  l a  th e  m id àtii o f  th e  p on d , th e y  c o n s ia t e d  o f  
M ou geotia  and Tribonem a^but no S p ir o g y r a  w as found  in  them. 
A em a il g r e e n  p a tc h  had appeared  a t  B> i t  c o n s i s t e d  o l  
M ou geotia  b u t a f t e r  a  lo n g  s e a r c h  on e lo n g  f i la m e n t  o f  
S p ir o g y r a  w as found  In  i t .

March l e t .  A s m a ll  amoMnt o f  m a te r ia l  w as c o l l e c t e d  
from  one o f  W e  g r e e n  p a tc h e s  in  th e  m id d le  o f  th e  pond  
S.W, o f  T , I t  c o n s i s t e d  m a in ly  o f  M o u g e o t i a , b u t some 
Tribonem a and C lo s te r iu m  w as p r e s e n t .  Two Spi.rogjrra  
f i la m e n t s  w ere  fou n d  a f t e r  a  th o ro u g h  search *  B o th  lo o k e d  
v e r y  v ig o r o u s ,  h a v in g  s h o r t  s e l l s  w i t h  com pact c h lo r o p la s t s  

March 1 s t .  A v e r y  s m a ll  p o r t io n  o f  f a i n t l y  g r e e n  mud 
w ith  b a i l i t r i c K e ,  was c o l l e c t e d  from  th e  S .E , o f  Y . The 
g r e e n  c o lo u r  was due t o  M o u g eo tia  w h ich  was ab u n d an t. In  
i t  w ere found two sh o r t  f i l a m e n t s  o f  3plrog:,"ra. The 
m a t e r ia l  was k e p t i n  th e  la b o r a to r y  and on March 5 th , 7 t h ,  
and 8 t h , f i l a m e n t s  o f  S p ir o g y r a  w ere fou n d  l o o t i n g  very  
v ig o r o u s ,  w ith  s h o r t  c e l l s  and com pact c h l o r o p la s t s ,  
p rob ab ly  In  a s t a t e  o f  d i v i s i o n .

March 7 th . Kud and some o f  th e  f l o a t i n g  g r e e n  
m a t e r ia l  w as c o l l e c t e d  from  3.W . o f  Y and exam ined* No 
B p ir o g y r a  was fou n d  t h e r e .  A g r e e n  p a tc h  N .E . o f  A w as  
a l s o  exam in ed , i t  c o n s is t e d  o f  M ou geo tia  and M icro sp o ra  
b u t th e r e  w as no S p ir o g y r a .

March 1 2 th , A sm a ll p o r t io n  o f  s t r in g y  mud was 
o o l l e c t o d  from  th e  S,M , o f  Y a t  th e  edge o f  th e  Ir o n  p a tc h .  
I t  c o n s i s t e d  o f  M o u g eo tia  and Tribonem a and C lo s te r iu m :  
b u t S p ir o g y r a  was a b s e n t ,

March 1 6 th . A »m&l?t p o r t io n  o f  g r e e n is h  " s t r in g y * 
mud w as * o b ï ï  ec >7«d from  th e  S .E . o f  Y . There Was abundant 
Tribonem a and some M ou geo tia  amd C lo s te r iu m  p r e s e n t ,  and 
each  s l i d e  o f  m a te r ia l  exam ined had one o r  two f i la m e n t s  
o f  S p ir o g y r a . The m a t e r ia l  was k e p t  in  th e  L a b ora tory  and  
a g a in  exfuaiaed on March IVth^when a  w h ole  cli^iap o f  S p ir o *  
g y r a  f i l a m e n t s  was e x t r a c t e d .  A f t e r  b e in g  k e p t in  th e  
la b o r a to r y  th o  mud sank  to  th e  b o tto m  o f  th e  c o n t a in in g  
tu b e , and. a  t h ic k  t t f t  o f  lo n g  th r ea d *  o f  S p ir o g y r a  c o u ld  
b e  seo n  grow in g  from  i t .  T îiis  c o l l e c t i o n  made on March 
1 8 th  was th e  f i r s t  in  w h ich  S p irog : ra  ap peared  in  any 
q u a n t i ty .  The g r e en  a l g a l  p a tc h e s  f l o a t l a g  in  th e  m id d le  
o f  th e  pond had now become ab u n d an t. Some m a t e r ia l  was 
c o l l e c t e d  from  t h e m ,i t  c o n s is t e d  m a in ly  o f  M ou geo tia  b u t  
a  few  f i la m e n t s  o f  S p ir o g y r a  w ere p r e s e n t .

.March 2 1 s t .  M a te r ia l  was c o l l e c t e d  fr o s i f l o a t i n g  
green -b row n  * s tr ia g y "  p a t c h e s ,  and from  th e  m id d le  o f  th e  
pond , l a  ea c h  c a se  th e r e  w as abundant M ou geo tia  w ith  
q u it e  a  l o t  o f  C lo s te r iu m  and some S p ir o g y r a , tw o , t h r e e ,  
o r  more f i l a m e n t s  on ea ch  s l i d e  o f  a a t e r ir .41 exam in ed . The 
S p ir o g y r a  v a r ie d  in  abundance in  each  o o l l e c t i o n ,  some 
s l i d e s  o f  m a te r ia l  showed a  number o f  SpirogQ r a  f i la m e n t s ,  
o t h e r s  Only two oJf t h r e e ,

Maroh S2nd and 33rd * i^ftth. l a  m a te r ia l  o o l l e o t e d  
from  5 u s i  to  th e  W. o f  Ÿ - ( t h e  g r e e n  p a tc h e s  had mot 
a r ie e n  a t  Y ) -M o u g eo tia  w as ab u n d an t, th e r e  wase ab ou t  
th r e e  f i la m e n t #  o f  S p ir o g y r a  on each  s l i d e  exam in ed , and  
som etim es many mare a# th e  â p ir a g y r a  ooou rred  in  l i t t l e  
olu m p s. T5y M arch 2d th  some S p ir o g y r a  w as p r e s e n t  In  a l l  
th e  p a tc h e s  o f  g r e e n e s s  In  th e  pond .

A p r il  4 th*  D arker g r e o a  clum ps c o u ld  be s e e n  among 
th e  greon  f l b a l i n g  m a sses  w h ich  w ere p r e s e n t  o v e r  about  
h a l f  th e  p on d . T hese clum ps w ere fo u n d  to  c o n s i s t  p u r e ly  
o f  S p ir o g y r a  w h ich  had becom e o n e s  a g a in  v i s i b l e  t o  th e  
naked eye.
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3 r d  P e r i o d  A p r i l  1929 -  A u g u s t  1929 and  s u b s e q u e n t l y .
ww . ^  ~m, !»■ ■ ■ I » I m ,, tm « ̂ i. —i , mi, . -i jTi m mi mm , »i .-w... ■■ , ■■, - - — — ■ ■ ■ " ■— » -  -  .i ^  S  #.«.

The S p i r o g y r a  t h e n  h a d  r e a p p e a r e d  by  A p r i l  1 9 2 9 .  On 

A p r i l  2 6 t h  t h e  pond  was exa ra in ed ,  and t h e  y e l l o w  g r e e n  a l g a l  

p a t c h e s  h a d  s p r e a d  so t h a t  t h e y  c o m p l e t e l y  c o v e r e d  t h e  whole  of  

t h e  c e n t r a l  p o r t i o n  o f  t h e  p o n d .  They h a d  n o t  s p r e a d  q u i t e  to  

Y , b u t  o n l y  t o u c h e d  t h e  f o r m e r  l i m i t s  o f  t h e  S p i r o g y r a  p a t c h  

w h i c h  p r e v i o u s l y  o c c u r r e d  a t  t h i s  p l a c e ;  a t  X t h e r e  was  no 

g r e e n e s s  (T e x t  f i g .  7 ) .  I t  i s  c u r i o u s  t h a t  t h e  S p i r o g y r a  

s h o u l d  n o t  r e a p p e a r  i n  e i t h e r  o f  t h e  p l a c e s  w h e re  p r e v i o u s l y  

i t  h a d  b e e n  a b u n d a n t .  The s t a l i n g  o f  t h e  w a t e r ^ o r  t h e  e x h a u s t 

i o n  o f  any g r o w t h  f a c t o r  f r o m  i t  i n  t h e s e v t w o  r e g i o n s ,  w ou ld  

b e  p r e v e n t e d  b o t h  by  d i f f u s i o n ,  and  t h e  s lo w  b u t  s t e a d y  o u t f l o w  

o f  t h e  w a t e r  o f  t h e  p o n d .  On December  4 t h  t h e  pond  was  p a r t l y  

c l e a n e d  o u t  and  some o f  t h e  s i l t  w h i c h  was  c o n s t a n t l y  accumu

l a t i n g ,  30 t h a t  t h e r e  was v e r y  l i t t l e  f r e e  w a t e r  was reraoved .

The s i l t  a r o u n d  Y and  X was l e f t  u n t o u b h e d  and  i t  was e x p e c t e d  

t h a t  t h e  S p i r o g y r a  w ou ld  a p p e a r  i n  t h e s e  p l a c e s .  However  no 

S p i r o g y r a  o r  M o u g e o t i a  a p p e a r e d  a t  X o r  Y^and  m o r e o v e r  t h e  

a r e a  a r o u n d  Y f r e e  f ro m  A l g a e , c o r r e s p o n d e d  t o  t h e  a r e a  w h i c h  

was n o t  c l e a n e d  o u t .  Thus p o s s i b l y  t h e  mud c o n t a i n e d  some 

s t . ^ l i n g  s u b s t a n c e  w h i c h  p r e v e n t e d  g r o w t h .  E x a m i n a t i o n  o f  t h e  

g r e e n  p a t c h e s  showed  t h a t  S p i r o g y r a  was p r e t t y  g e n e r a l l y  

d i s t r i b u t e d  i n  t h e m , a n d  t h e  edge  o f  t h e  p a t c h  n e a r e s t  Y c o n 

s i s t e d  p u r e l y  o f  S p i r o g y r a .  The S p i r o g y r a  i n c r e a s e d  i n  amount  

and  t h e  -Mougeot ia  d e c r e a s e d  , t h e  a l g a l  p a t c h e s  c h a n g i n g  f rom  

y e l l o w  g r e e n  t o  d a r k  g r e e n .  By May 1 3 t h  t h e  g r e e n  a r e a  was 

a l m o s t  p u r e  S p i r o g y r a , e x c e p t  a t  t h e  N.W, o f  t h e  pond  w h e r e  t h e r e  

was  M o u g e o t i a .  The S p i r o g y r a  l a y  i n  t h i c k  d a r k  g r e e n  wads 

b e lo w  t h e  s u r f a c e  o f  t h e  w a t e r .  By J u n e  6 t h  t h e  S p i r o g y r a  h a d  

grown i n  t o w a r d s  t h e  e n t r a n c e  p i p e  D and C o v e re d  Y; i t s  a p p e a r 

a n c e  was  somewhat d i f f e r e n t ,  v e r y  few  o f  t h e  t h i c k  d a r k  g r e e n  

w ads  w e r e  p r e s e n t . b u t  t h e  s u r f a c e  o f  t h e  p o n d  was  c o v e r e d  w i t h  

d u l l  g r e e n  p a t c h e s .  To t h e  8 . # .  o f  Y, w h e r e  t h e  S p i r o g y r a  

f i r s t  a p p e a r e d  i n  a b u n d a n c e  i n  A p r i l  1 9 2 9 ,  t h e r e  was a  l a r g e
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a r e a  c o v e r e d  w i t h  b l a c k  m a t e r i a l ,  t h i s  was  f o u n d  t o  c o n s i s t  

o f  d e a d  and d e c a y i n g  S p i r o g y r a .  To t h e  S . E ,  o f  Y, C a l l i t r i c h e  

and  g r a s s  had  a p p e a r e d ,  and  am ongs t  t h i s  t h e r e  w e r e  d a r k  g r e e n  

m a s s e s  o f  S p i r o g y r a  w h i c h  h a d  o c c a s i o n a l  f i l a m e n t s  i n  c o n j u g 

a t i o n .  By J u n e  1 4 t h  c o n j u g a t i o n  was f a i r l y  g e n e r a l  i n  t h e  

p o n d ,  b u t  a t  t h e  same t im e  t h e r e  v/ere a  f ew  d a r k  g r e e n  wads 

b e lo w  t h e  s u r f a c e  o f  t h e  w a t e r  w h ic h  c o n s i s t e d  o f  p u r e l y  

v e g e t a t i v e  m a t e r i a l .  C o n j u g a t i o n  c o n t i n u e d  t h r o u g h o u t  J u n e  and  

t h e  amount  o f  S p i r o g y r a  r a p i d l y  d e c r e a s e d .  I t  i s  c u r i o u s  t h a t  

t h r o u g h o u t  t h e  c o n j u g a t i o n  p e r i o d  vei^/ fev/ z y g o t e s  w e r e  found- ,  

a l t h o u g h  f i l a m e n t  p a i r s  l a c e d  t o g e t h e r  by  c o n j u g a t i o n  t u b e s  

w r r e  a b u n d a n t .  C o n j u g a t i n g  m a t e r i a l  was c a r e f u l l y  w a t c h e d  f r o m  

d ay  t o  d a y , a n d  i t  was  f o u n d  t h a t  many o f  t h e  f i l a r a e n t  p a i r s  

d i e d ^ g i v i n g  r i s e  t o  b r o w n i s h  b l a c k  p a t c h e s  w h ic h  s a n k  i n t o  t h e  

mud.  The pond  was  a ^ n  ex a m in ed  on J u l y  2 2 n d , a n d  t h e r e  was no 

s i g n s  o f  c o n j u g a t i o n  i n  any p a r t .  At  Y t h e r e  w e re  a  few 

t h i c k  wads  o f  S p i t o g y r a ;  t h e r e  w e r e  no w ads  e l s e w h e r e  a l t h o u g h  

t h e  f o r m e r  g r e e n  a r e a  s t i l l  c o n t a i n e d  a b u n d a n t  S p i r o g y r a ,  To 

t h e  N .E .  o f  A , t h e r e  was a b u n d a n t  M o u g e o t i a  and  a  f ew  S p i r o g y r a  

f i l a m e n t s  o f  v a r i o u s  w i d t h s .  At  X , a  b r i g h t  g r e e n  p a t c h  h a d  

now a p p e a r e d ,  i t  c o n s i s t e d  o f  M o u g e o t i a  am ongs t  w h i c h  o c c a s i o n 

a l  f i l a m e n t s  o f  S p i r o g y r a  c o u l d  be  f o u n d .  On A ugus t  9 t h  t h e  pond  

was e xa m ined  and  f o u n d  t o  c a n t a i n  v e r y  l i t t l e  S p i r o g y r a  (T e x t  

f i g ,  8 ) .  At Y t h e r e  was no S p i r o g y r a ,  t h e  pond  was c h o k e d  up 

w i t h  mud and t h e r e  was no f r e e  w a t e r ;  t h i s  was p a r t l y  due  t o  

t h e  d r a i n a g e  p i p e s  h a v i n g  b e e n  c l e a n e d  o u t ,  t h e  pond  i t s e l f  

b e i n g  l e f t  u n t o u c h e d .  To t h e  S . E .  o f  Y t h e r e  was a  s m a l l  

p a t c h  o f  M o u g e o t i a  and  two u n i c e l l s  o f  Spirog^-rat jiwere f o u n d  i n  

m a t e r i a l  c o l l e c t e d  f ro m  i t ;  t h e s e  u n i c e l l s  a p p e a r e d  t o  be d y i n g .  

At  X t h e r e  was no S p i r o g y r a  b u t  a  l i t t l e  d e c a y i n g  M o u g e o t i a  was 

f o u n d .  B e tw e e n  A and  C ( T e x t  f i g .  8)  t h e r e  was an  a r e a  c o n t a i n 

i n g  d a r k  g r e e n  p a t c h e s  c o n s i s t i n g  p u r e l y  o f  S p i r o g y r a .  T h i s  

was  t h e  f i r s t  t im e  s i n c e  1 9 2 7 , t h a t  S p i r o g y r a  h a d  b e e n  n o t e d  i n  

a b u n d a n c e  a t  t h i s  s i d e  o f  t h e  p o n d .  A p o r t i o n  o f  g r e e n  m a t e r i a l
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f r o m  n e a r  t h e  m i d d l e  o f  t h e  pond  was c o l l e c t e d ,  i t  c o n s i s t e d  

p u r e l y  o f  S p i r o g y r a .  M a t e r i a l  f r o m  a  l a r g e  g r e e n  p a t c h  t o  t h e  

N .E ,  o f  A was c o l l e c t e d ,  i t  c o n s i s t e d  m a i n l y  o f  M o u g e o t i a  b u t  

i n  e a c h  s l i d e f u l  o f  m a t e r i a l  e x a m i n e d ,  two o r  t h r e e  f i l a m e n t s  

o f  S p i r o g y r a  w e re  s e e n ,  and  t h e s e  w e re  o f  v a r i o u s  w i d t h s .

The above  a c c o u n t  o f  t h e  p e r i o d i c i t y  o f  S p i r o g y r a  i n  t h e  

p o n d ,  i n d i c a t e s  t h a t  w i t h  r e g a r d  t o  t h e  2nd and  3 r d  p e r i o d s  

o f  i t s  a b u n d a n c e ,  t h e  same s p e c i e s ,  S . c a t a e n i f o r m i s  was  p r e s e n t .  

B e tw een  t h e s e  two p e r i o d s ,  when t h e  S p i r o g y r a  h a d  p r a c t i c a l l y  

■ d i s a a p e a r e d  f r o m  t h e  p o n d ,  r a r e  f i l a r a e n t s  w h i c h  had  s u r» / iv e d  

f r o m  t h e  2nd p e r i o d  w e r e  f o u n d  p e r e n n a t i n g  i n  t h e  mud; t h e s e  

f i l a m e n t s  e s t a b l i s h e d  t h e  c o n t i n u i t y  o f  t h e  S p i r o g y r a ,  f r o m  

t h e  2n d ,  t o  t h e  3 r d  p e r i o d  o f  i t s  a b u n d a n c e .  P a r t i c u l a r l y  

c l e a r  e v i d e n c e  o f  t h i s  c o n t i n u i t y  was shown by a  c u l t u r e ,  

p r e v i o u s l y  r e f e r r e d  t o ,  s t a r t e d  f r o m  a  c o l l e c t i o n  made on 

F e b r u a r y  6 t h ,  when no S p i r o g y r a  c o u l d  be  s e e n  i n  t h e  p o n d .  The 

s r a a l l  p o r t i o n  o f  mud and  C a l l i t r i c h e  t h e n  c o l l e c t e d , w a s  t a k e n  

f r o m  n e a r  Y w h e re  t h e  S p i r o g y r a  o f  t h e  2nd p e r i o d  ha d  b e e n  

a b u n d a n t .  I t  was f o u n d  t o  c o n t a i n  p e r e n n a t i n g  f i l a m e n t s  o f  

S p i r o g y r a  w h i c h  w e r e  w e l l  h i d d e n  i n  t h e  m u d ,a n d  o n l y  f o u n d  on 

c a r e f u l l y  t e a s i n g  t h i s  o u t  on a  s l i d e .  B e tw e e n  F e b r u a r y  6 t h  

and  March  1 s t , a  c u l t u r e  o f  t h i s  m a t e r i a l  was k e p t  i n  a  s p e c i m e n  

t u b e  i n  t h e  l a b o r a t o r y  and  d u r i n g  f r e q u e n t  e x a m i n a t i o n  o f  t h e  

m u d , e i g h t e e n  p e r e n n a t i n g  f i l a m e n t s  w e re  f o u n d .  By March  1 s t ,  

t h e  mud vas  be c o m in g  e x h a u s t e d  o f  i t s  f i l a m e n t s  and was p l a c e d  

u n d e r  c o n s t a n t  i l l u m i n a t i o n  o f  20 C .P ,  On March  4 t h ^ a  few 

f i l a m e n t s  c o u l d  be  s e e n  w i t h  t h e  n a k e d - e y e  g r o w i n g  f r o m  t h e  

mud,  and  by March 1 6 t h  ^ t h e r e  was a  t h i c k  l o n g  t u f t  o f  S p i r o g y r a  

f i l a m e n t s  c u r l i n g  r o u n d  t h e  s p e c i m e n  t u b e ,  and  v e r y  e a s i l y  

v i s i b l e  t o  t h e  n a k e d  e y e .  T h i s  t u f t  o f  S p i r o g y r a  had  o b v i o u s l y  

a r i s e n  by  g r o w t h  o f  - t h e  p e r e n n a t i n g  f i l a m e n t s  and  t h i s  d e v e l o p 

m en t  i n  c u l t u r e ,  was  p a r a l l e l e d  by  t h a t  i n  t h e  p o n d ,  f o r  a  

s i m i l a r  r a p i d  a p p e a r a n c e  o f  t h e  S p i r o g y r a  was  o b s e r v e d  a  few 

d a y s  l a t e r .  W i t h o u t  q u e s t i o n  t h e  saine s p e c i e s  S . c a t a e n i f o r m i s
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a c c o u n t e d  f o r  t h e  2nd  and  3 r d  p e r i o d s  o f  a h u n h a n c e  o f  t h e  

S p i r o g y r a ,

W i t h  r e g a r d  t o  t h e  1 s t  p e r i o d  o f  a b u n d a n c e  o f  t h e  S p i r o g y r a  

t h e r e  i s  no p r o o f  t h a t  i t  i s  t h e  same s p e c i e s  t h a t  w as  p r e s e n t :  

i t  o c c u r r e d  a t  t h e  o p p o s i t e  s i d e  o f  t h e  p o n d ,  i t  was n e v e r  

o b s e r v e d  i n  c o n j u g a t i o n ,  and  i t s  p r e v i o u s  h i s t o r y  w as  unknown.  

H ow ever  t h e r e  i s  no e v i d e n c e  t o  l e a d  one  t o  s u p p o s e  t h a t  i t  

w a s  a n o t h e r  s p e c i e s  t h a t  w as  t h e n  p r e s e n t  f o r  i t  h a s  n e v e r  b e e n  

s e e n  s i n c e .  Had t h e  S p i r o g y r a  c o l o n i e s  o f  t h e  1 s t  a n d  2nd  

p e r i o d s  a p p e a r e d  i n  t h e  same p a r t  o f  t h e  p o n d  ^ t h e r e  w o u l d  h a v e  

b e e n  no h e s i t a t i o n  i n  a c c e p t i n g  t h e m  a s  t h e  same s p e c i e s  ; b u t ,  

a s  h a s  b e e n  s t a t e d ,  t h e  S p i r o g y r a  o f  t h e  2nd  p e r i o d  a p p e a r e d  

a t  t h e  o p p o s i t e  s i d e  o f  t h e  p o n d .  At f i r s t  t h i s  seem ed  t o  

i n d i c a t e  t h a t  t h e y  w e r e  d i f f e r e n t  s p e c i e s  ^but  l a t e r  o b s e r v a t i o n s  

h a v e  shown t h a t  S p i r o g y r a  c a n  g row  and  d i s a p p e a r  w i t h  e x t r e m e  

r a p i d i t y .  F o r  i n s t a n c e  ^on J u l y  22nd  1 9 2 9 ^ t h e r e  was  a b u n d a n t  

S p i r o g y r a  a r o u n d  Y b u t  none  a t  a l l  a t  t h e  o p p o s i t e  s i d e  o f  t h e  

p o n d .  On A u g u s t  9 t h ^ t h e r e  was  no S p i r o g y r a  a t  Y b u t  a  new 

p a t c h  h a d  a r i s e n  ajt t h e  o p p o s i t e  s i d e  o f  t h e  p o n d ,  w h e r e  t h e r e  

h a d  b e e n  no S p i r o g y r a  i n  a b u n d a n c e  s i n c e  t h e  1 s t  p e r i o d .  I t  

i s  p o s s i b l e  t h a t  t h e  S p i r o g y r a  o f  t h e  2nd p e r i o d  a r o s e  f r o m  t h e  

u n i c e l l s  a n d  s h o r t  f i l a m e n t s  o f  t h e  S p i r o g y r a  o f  t h e  1 s t  p e r i o d ,  

w h i c h  h a v e v b e e n  m e n t i o n e d  a b o v e .  T h e s e  u n i c è l l s  and f i l a r a e n t s  

v/ere'  o n l y  n o t e d  a r o u n d  X,  and  B, b u t  i t  i s  p o s s i b l e  t h a t  t h e y  

a l s o  e x i s t e d  i n  t h e  mud a t  Y.  H o w e v e r ,  t h e  p r e s e n c e  o f  u n i c e l l s  

an d  s h o r t  f i l a m e n t s  i s  by  no m ea n s  c o n f i n e d  t o  a  p e r i o d  when  

t h e  S p i r o g y r a  i s  d i s a p p e a r i n g ,  t h e y  c a n  be  f o u n d  a t  any t i r a e .

The S p i r o g y r a  o f  t h e  1 s t  p e r i o d  d i f f e r s  f r o m  t h a t  o f  t h e  2nd  

a n d  3 r d  p e r i o d s  i n  t h a t  i t  shows a  g r e a t e r  r a n g e  o f  v a r i a t i o n  

w i t h  r e g a r d , t o  c e l l  l e n g t h  a n d  b r e a d t h .  I t  c o n t a i n e d  a  num ber  

o f  t y p e s  o f  t h e  same s p e c i e s  m e r g i n g  i n t o  e a c h  o t h e r ^ a n d  two 

o f  t h e s e  t y p e s  w e r e  s i m i l a r  t o  two t y p e s  o f  t h e  2nd  a n d  3 r d  

p e r i o d .  I n  t h e  f o l l o w i n g  a c c o u n t  t h e r e f o r e  i t  w i l l  b e  a s s u m e d
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t h a t  t h e  i S p i r Q g y r a  o f  t h e  1 s t ,  2nd. and 3 r d  p e r i o d  i s  S . c a t a e n i -  

f o r m i s .

The phenomenon o f  p e r i o d i c i t y , a l t h o u g h  p o s s i b l y  l a r g e l y  

due  t o  a n  i n h e r e n t  t e n d e n c y ,  i s  known t o  be  i n f l u e n c e d  by a  

l a r g e  number  o f  f a c t o r s  s u c h  a s  c h a n g e s  i n  l i g h t  i n t e n s i t y ,  

c h a n g e s  i n  t h e  t e m p e r a t u r e  o f  t h e  w a t e r ,  c h a n g e s  i n  t h e  c o n 

c e n t r a t i o n  o f  s a l t s  i n  t h e  w a t e r ,  e t c .  The t e m p e r a t u r e  o f  t h e  

pond  w a t e r  a t  va r& ous  t i m e s  o f  t h e  y e a r  h a s  a l r e a d y  b e e n  g i v e n  

and  t h e  p e r i o d i c i t y  o f  S p i r à g y r a  c a t a e n i f o r m i s  w i t h  r e f e r e n c e  

t o  t h l *  w i l l  now be  d i s c u s s e d .

At  t h e  end o f  t h e  1 s t  p e r i o d  on J a n u a r y  6 t h  1 9 2 8 ^ t h e  

t e m p e r a t u r e  was 7 . 5  C, w h i l e  a t  t h e  b e g i n n i n g  o f  t h e  2nd 

p e r i o d  on F e b r u a r y  2 0 t h  1 9 2 6 , i t  was  6 , 5  G. B e tw e e n  t h e s e  d a t e s  \ 

when no S p i r o g y r a  was  v i s i b l e  i n  t h e  p o n d ,  t h e  t e m p e r a t u r e  on 

F e b r u a r y  2nd was r e c o r d e d  a s  6 C, Thus f r o m  t h e  t im e  t h e  

S p i r o g y r a  d i s a p p e a r e d ,  t o  t h e  t i m e  when i t  r e a p p e a r e d ,  t h e r e  

was  v e r y  l i t t l e  c h a n g e  i n  t e m p e r a t u r e ,  so t h a t  t e m p e r a t u r e  was 

p r o b a b l y  n o t  a c t i n g  a s  a  l i m i t i n g  f a c t o r  t o  t h e  r e a p p e a r a n c e  

o f  t h e  S p i r o g y r a ,  At  t h e  end o f  t h e  2nd p e r i o d ,  on O c t o b e r  6 t h  

1928 ,  t h e  t e m p e r a t u r e  was  1 1 . 2 5  C, by  November 7 t h , i t  h a d  su n k  

t o  9 , 5  C ,and  be tv feen  F e b r u a r y  1 2 t h , a n d  F e b r u a r y  2 1 s t  1929^ i t  

was a t  0 C and  t h e  pond was p a r t i a l l ÿ  f r o z e n  o v e r .  On F e b r u a r y  

2 1 s t  1 9 2 9 , t h e  t e m p e r a t u r e  was c o n s i d e r a b l y  l o w e r  t h a n  t h e  p r e 

v i o u s  y e a r  and  S p i t o g y r a  was s t i l l  p r a c t i c a l l y  a b s e n t  f r o m  t h e  

pond ;  w h e r e a s  i n  t h e  p r e v i o u s  y e a r ,  i t  h a d  e n t e r e d  upon  i t s  

S p r i n g  p h a s e  a t  t h i s  t i m e .  At t h e  b e g i n n i n g  o f  t h e  3 r d  p e r i o d  

o f  a b u n d a n c e  o f  t h e  S p i r o g y r a  i n  A p r i l  1 929 ,  t h e  t e m p e r a t u r e  was 

7 C, I t  h a d  b e e n  7 o r  7 . 5  C s i n c e  March  2 1 s t  and  i t  was  a b p u t  

t h i s  t i m e  t h a t  t h e  S p i r o g y r a  f i l a m e n t s  w e r e  f i r s t  f o u n d  t o  be  

i n c r e a s i n g  i n  t h e  p o n d .  The t e m p e r a t u r e  o f  t h e  w a t e r  a t  t h e  

b e g i n n i n g  o f  t h e  2nd a nd  3 r d  p e r i o d s  was v e r y  n e a r l y  t h e  same  ̂

and  p o s s i b l y  t h a  l a t e r  a p p e a r a n c e  o f  t h e  S p i r o g ÿ r a  i n  1929^ was 

due  t o  low  t e m p e r a t u r e s  a c t i n g  a s a a  l i m i t i n g  f a c t o r  t o  g r o w t h .
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t h a t  t h e ' i S p i r o g y r a  o f  t h e  1 s t ,  2nd and 3 r d  p e r i o d  i s  S . c a t a e n i -  

f o r r / i i s .

The phenomenon  o f  p e r i o d i c i t y ,  a l t h o u g h  p o s s i b l y  l a r g e l y  

d ue  t o  an  i n h e r e n t  t e n d e n c y ,  i s  known t o  be  i n f l u e n c e d  by a

l a r g e  number  o f  f a c t o r s  s u c h  a s  c h a n g e s  i n  l i g h t  i n t e n s i t y ,

c h a n g e s  i n  t h e  t e m p e r a t u r e  o f  t h e  w a t e r ,  c h a n g e s  i n  t h e  c o n 

c e n t r a t i o n  o f  s a l t s  i n  'che w a t e r ,  e t c ,  Tlie t e m p e r a t u r e  o f  t h e  

pond  w a t e r  a t  v a r i o u s  t i m e s  o f  t h e  y e a r  h a s  a l r e a d y  b e e n  g i v e n  

a nd  t h e  p e r i o d i c i t y  o f  S p i r A g y r a  c a t a e n i f o r m i s  w i t h  r e f e r e n c e  

t o  t h l *  w i l l  now be  d i s c u s s e d .

At  t h e  end o f  t h e  1 s t  p e r i o d  on J a n u a r y  6 t h  1 9 2 8 , t h e  

t e m p e r a t u r e  was 7 , 5  0 ,  w h i l e  a t  t h e  b e g i n n i n g  o f  t h e  2nd j

p e r io d ,  on F e b r u a r y  2 0 t h  1 9 2 8 , i t  was  6 , 5  G, B e tw e e n  t h e s e  d a t e s  ^

when no S p i r o g y r a  was v i s i b l e  i n  t h e  p o n d ,  t h e  t e m p e r a t u r e  on 

F e b r u a r y  2nd was r e c o r d e d  a s  6 C. Thus f r o m  t h e  t im e  t h e  

S p i r o g y r a  d i s a p p e a r e d ,  t o  t h e  t i m e  when i t  r e a p p e a r e d ,  t h e r e  

was  v e r y  l i t t l e  c h a n g e  i n  t e m p e r a t u r e ,  so t h a t  t e m p e r a t u r e  was 

p r o b a b l y  n o t  a c t i n g  a s  a  l i m i t i n g  f a c t o r  t o  t h e  r e a p p e a r a n c e  

o f  t h e  S p i r o g y r a .  At  t h e  end o f  t h e  2nd p e r i o d ,  on O c t o b e r  6 t h  

1928 ,  t h e  t e m p e r a t u r e  was  1 1 . 2 5  C, by  November 7 t h , i t  h a d  su n k  

t o  9 , 5  C , and  b e t w e e n  F e b r u a r y  1 2 t h , a n d  F e b r u a r y  2 1 s t  1 9 2 9 ^ i t  

was  a t  0 C and t h e  pond was p a r t i a l l ÿ  f r o z e n  o v e r .  On F e b r u a r y  

2 1 s t  1 9 2 9 , t h e  t e m p e r a t u r e  was c o n s i d e r a b l y  l o w e r  t h a n  t h e  p r e 

v i o u s  y e a r  and  S p i t o g y r a  was s t i l l  p r a c t i c a l l y  a b s e n t  f r o m  t h e  

pond ;  w h e r e a s  i n  t h e  p r e v i o u s  y e a r ,  i t  h a d  e n t e r e d  upon  i t s  

S p r i n g  p h a s e  a t  t h i s  t i m e .  At  t h e  b e g i n n i n g  o f  t h e  3 r d  p e r i o d  

o f  a b u n d a n c e  o f  t h e  S p i r o g y r a  i n  A p r i l  1 929 ,  t h e  t e m p e r a t u r e  was 

7 0 ,  I t  h a d  b e e n  7 o r  7 . 5  C s i n c e  March 2 1 s t  and  i t  was  a b p u t  

t h i s  t i m e  t h a t  t h e  S p i r o g y r a  f i l a i a e n t s  w e r e  f i r s t  f o u n d  t o  be  

i n c r e a s i n g  i n  t h e  p o n d .  The t e m p e r a t u r e  o f  t h e  w a t e r  a t  t h e  

b e g i n n i n g  o f  t h e  2nd and  3 r d  p e r i o d s  was v e r y  n e a r l y  t h e  same  ̂

a nd  p o s s i b l y  t h a  l a t e r  a p p e a r a n c e  o f  t h e  S p i r o g ÿ r a  i n  1929^ was 

due  t o  low  t e m p e r a t u r e s  a c t i n g  a s a a  l i m i t i n g  f a c t o r  t o  g r o w t h .
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The r e s u l t s  o f  w a t e r  a n a l y s i s  c a r r i e d  o u t  d u r i n g  and 

b e tw e e n  t h e  1 s t  and  2nd p e r i o d s  o f  a b u n d a n c e  o f  t h e  S p i r o g y r a i  

may b e a r  some r e l a t i o n  t o  p e r i o d i c i t y .  W ith  r e g a r d  t o  c h l o r i n e  

c o n t e n t  i t  w as f o u n d  t h a t  a t  Y, when t h e  S p i r o g y r a  r e a p p e a r e d ,  

t h e  c h l o r i n e  c o n t e n t  w as c o n s i d e r a b l y  lo w e r  t h a n  i t  h a d  p r e 

v i o u s l y  b e e n  a t  X, when t h e  S p i r o g y r a  was g ro w in g  t h e r e .  No 

S p i r o g y r a  h a d  r e a p p e a r e d  a t  X a n d  t h e  c h l o r i n e  c o n t e n t  h a d  n o t  

d e c r e a s e d ,  b u t  was v e ry  s l i g h t l y  h i g h e r  t h a n  when t h e  S p i r o g y r a  

was p r e s e n t .  T h is  h i g h  c h l o r i n e  c o n t e n t  may h a v e  a c t e d  a s  an  

i n h i b i t i n g  f a c t o r  t o  t h e  s p r i n g  p r o w th  o f  t h e  S p i r o g y r a ,

A n o t h e r  f a c t o r  w h ic h  n ay  b e a r  some r e l a t i o n  to  t h e  p e r i o d 

i c i t y  o f  t h e  S p i r o g y r a  i s  t h e  araount o f  i r o n  i n  t h e  pond , and 

t h i s  i s  c o r r e l a t e d  w i t h  t h e  p e r i o d i c i t y  o f  i r o n  b a c t e r i a .  At 

X, when t h e  S p i r o g y r a  was d i s a p p e a r i n g  i n  D ecem ber  1 9 2 7 , and 

a f t e r  i t  h a d  d i s a p p e a r e d ,  t h e r e  w as no t r a c e  o f  i r o n  i n  t h e  

w a t e r , w h i c h  gave  no r e a c t i o n  w i t h  p o t a s s i u m  f e r r i c y a n i d e .  On 

F e b ru a ry  2 0 t h  1 9 2 8 ^ th e r e  was no i r o n  a t  X b u t  t h e r e  was a b u n 

d a n t  i r o n  a t  Y w h ere  t h e  S p i r o g y r a  f i r s t  a p p e a r e d .  H ere  t h e  

mud was a  r u s t y - b r o w n  c o l o u r  due t o  t h e  p r e s e n c e  o f  i r o n  

b a c t e r i a , a n d  t h e  w a t e r  r e a c t e d  w i t h  p o t a s s i u m  f e r r i c y a n i d e  

i n d i c a t i n g  t h e  p r e s e n c e  o f  i r o n .  The i r o n  p a t c h  a t  Y s p r e a d  

S .E .  t o  B and  t h e  S p i r o g y r a  a l s o  s p r e a d  i n  t h i s  d i r e c t i o n .  A 

s i m i l a r  p a r a l l e l i s m  b e tw e e n  t h e  a r e a  o f  t h e  pond  o c c u p ie d  by 

Aron b a c t e r i a ,  and  t h e  a r e a  c o v e r e d  by  S p i r o g y r a  was shown i n  

1 9 2 9 .  On D ecem ber 4 t h  19 28 , a f t e r  t h e  2nd p e r i o d  o f  a b u n d a n ce  

o f  t h e  S p i r o g y r a ,  t h e  pond  w as c l e a n e d  o u t ,  and  a  q u a n t i t y  o f  

s i l t  rem oved f ro m  a l l  p a r t s  e x c e p t  X and  Y. A f t e r  t h e  pond  h a d  

b e e n  c l e a n e d  o u t ,  t h e r e  w as no v i s i b l e  s i g n  o f  t h e  p r e s e n c e  o f  

i r o n  b a c t e r i a ,  t h e  mud w as n o t  a  r u s t y - b r o w n  c o l o u r  i n  anyr 

p o r t i o n  og t h e  p o n d .  On Januaiy , 1 7 t h  t h e r e  was a  b r o a d  b e l t  

o f  a  r u s t y - r e d  c o l o u r  s p r e a d i n g  f ro m  B r i g h t  a c r o s s  t h e  c e n t r e  

o f  t h e  p o n d .  By J a n u a r y  2 8 t h  t h i s  p a t c h  h a d  s p r e a d  to w a rd s  Y 

a n d  C l o s t e r i u m  w as a b u n d a n t  i n  p a r t s  o f  i t .  By F e b r u a r y  6 t h  

t h e  p o r t i o n  o f  t h e  i r o n  p a t c h  b e tw e e n  B and Y was c o v e r e d  w i t h
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Chlajwydoraonas b u t  t h e  p a t c h  h a d  n o t  e n c r o a c h e d  upon X o r  Y 

w h e re  t h e  pond  h a d  n o t  b e e n  c l e a n e d  o u t .  G re e n  a l g a l  p a t c h e s  

c o n t a i n i n g  a  l i t t l e  S p i r o g y r a  g r a d u a l l y  a r o s e  a l l  o v e r  t h e  a r e a  

f o r m e r l y  r i c h  i n  i r o n  b a c t e r i a .  The p a t c h e s  s p r e a d , a n d  t h e  

S p i r o g y r a  i n  them  m u l t i p l i e d ^ s o  t h a t  by A p r i l  2 6 t h  ( T e x t  f i g .  7) 

a  l a r g e  a r e a  o f  t h e  pond  was c o v e r e d  w i t h  them  and t h e  S p i r o g y r a  

was a g i n  p r e s e n t  i n  a b u n d a n c e .  Thus i n  b o t h  1928 and  1929 t h e  

S p i r o g y r a  a r o s e  i n  a r e a s  w h ic h  w e re  r u s t y - r e d  due to  i r o n  

b a c t e r i a .  T h is  may m e r e ly  i n d i c a t e  t h a t  t h e  S p i r o g y r a  and  th e  

i r o n  b a c t e t i a  n e e d  t h e  same c o n d i t i o n s  f o r  g ro w th ,  b u t  i t  seems 

to  s u g g e s t  t h a t  t h e  p r e s e n c e  o f  i r o n  i s  n e c essa ry * ,  o r  f a v o u r 

a b l e ,  t o  t h e  r a p i d  g ro w th  o f  S p i r o g y r a .

VARIATION IN SIZE OF CELL 19_2_7_ -  JUDY 1 9 2 9 .

M ethod of  C o l l e c t i ng D a t a .

G a t h e r i n g s  o f  f r e s h  m a t e r i a l  w ere  ex am in ed  a t  f o r t n i g h t l y  

i n t e r v a l s  and  t h e  f o l l o w i n g  v e g e t a t i v e  c h a r a c t e r s  w e re  i n v e s t i g 

a t e d :  c e l l  l e n g t h ,  c e l l  b r e a d t h ,  number o f  c h l o r o p l a s t s  and 

t u r n s  o f  c h l o r o p l a s t  p e r  c e l l ,  w i d t h  o f  c h l o r o p l a s t ,  num ber o f  

p y r e n o i d s  p e r  c e l l ,  s t a r c h  c o n t e n t ,  o i l  c o n t e n t  and  n a t u r e  o f  

w a l l .  Some o f  t h e s e  c h a r a c t e r s  w e re  ex am in ed  s t a t i s t i c a l l y  

and f o r  t h i s  p u r p o s e  a  c e r t a i n  number o f  f i l a m e n t s  w e re  m ea su red  

e a c h  f o r t n i g h t  by m eans o f  a  m ic r o m e te r  e y e p i e c e  g r a d u a t e d  i n  

l / l O t h s  o f  a  m i l l i m e t r e .  To o b t a i n  an  e x p r e s s i o n  f o r  t h e  mean 

c e l l  l e n g t h  i n  a  f i l a m e n t ,  t h e  number o f  c e l l s  i n  an  a r b i t r a r y  

l e n g t h  was c a l c u l a t e d  f o r  e a c h  f i l a m e n t .  The l e n g t h  c h o s e n  

was 960 m ic r o n s  w h ic h  was t h e  l e n g t h  o f  t e n  c e l l s  o f  t h e  f i r s t  

f i l a m e n t  e x a m in e d .  The f i r s t  t h r e e  o r  f o u r  c e l l s  w e re  m e a su re d  

i n d i v i d u a l l y  and t h e  num ber o f  t u r n s  o f  t h e  c h l o r o p l a s t  An e a c h  

o f  t h e s e  w as n o t e d .  T hen , p r o v i d i n g  t h a t  t h e  f i l a m e n t  was 

f a i r l y  s t r a i g h t ,  t h e  r e s t  o f  t h e  c e l l s  w e re  m e a s u re d  i n  g r o u p s
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c h o s e n  p u r e l y  f o r  c o n v e n ie n c e ;  t h u s  i f  s i x  c e l l s  h a p p e n e d  to  

l i e  a l o n g  t h e  s c a l e  t h e  t o t a l  l e n g t h  o f  t h e  s i x  was n o te d  

dowm. The w i d t h  i n  any one f i l a m e n t  was fo u n d  to  h e  c o n s t a n t  

w i t h  b u t  few  e x c e p t i o n s ,  and  so a s  a  r u l e  o n ly  one m ea su rem e n t  

o f  t h e  w i d t h  was m ade, AH t h e s e  m e a s u re m e n ts  w ere  made w i t h  

t h e  low  pow er o b j e c t i v e  ( m a g n i f i c a t i o n  X 1 0 0 ) ;  b u t  t h e  w i d t h  

o f  t h e  c h l o r o p l a s t ,  w h ic h  w as o n ly  d e t e r m i n e d  i n  one c e l l  o f  

e a c h  f i l a m e n t ,  was m e a s u re d  w i t h  t h e  h i g h  pow er  o b j e c t i v e  

( m a g n i f i c a t i o n  X 4 2 0 ) .  I t  was n e c e s s a r y  t h a t  th e  f i l a m e n t s  

m e a s u r e d  w h ic h  w e re  t o  r e p r e s e n t  t h e  e n t i r e  p o p u l a t i o n ,  s h o u ld  

be  c h o s e n  a t  random , so t h a t  t h e  p e r s o n a l  f a c t o r  s h o u ld  be  

e l i m i n a t e d  a s  f a r  a s  p o s s i b l e ,  A l a r g e  num ber o f  s l i d e s  o f  

m o u n te d  m a t e r i a l  w e re  e x a m in e d ,  o n ly  a  few  f i l a m e n t s  b e i n g  

m e a s u r e d  on e a c h  s l i d e .  The m ic r o s c o p e  u s e d  f o r  t h e  w ork  was 

f i t t e d  v / i t h  a  m e c h a n ic a l  s t a g e ,  so  t h a t  c h a n c e  m e a s u re m e n ts  eoW. 

c o u l d  more e a s i l y  b e  m ade, and  t h e  p o s s i b i l i t y  o f  c o u n t i n g  t h e  

same c e l l  tw icw  w as a v o id e d .  When t h e  c e l l s  a r e  s h o r t  and  t h e  

c h l o r o p l a s t s  c o m p a c t , i t  i s  o f t e n  v e r y  d i f f i c u l t  t o  s e e  t h e  

t r a n s v e r s e  w a l l s  u n d e r  low  p o w e r ,  and  i n  F e b r u a r y  1928 i t  was 

f o u n d , i m p o s s i b l e  t o  m e a s u re  t h e  f i r s t  f o u r  c e l l s  i n d i v i d u a l l y .  

H o w e v e r , s in c e  t h a t  t i m e ,  R u th e n iw a  Red h a s  b e e n  fo u n d  t o  be  a n  

e x c e l l e n t  s t a i n  f o r  w a l l s  and  t o  show up t h e  t r a n s v e r s e  w a l l s  

q u i t e  c l e a r l y , a n d  s i n c e  i t  c a u s e s  no s h r i n k a g e , t h e  m a t e r i a l  

h a s  b e e n  m oun ted  i n  i t  and  u s e d  f o r  some o f  t h e  m e a s u r e m e n ts .

F o r  t h e  m a j o r i t y  o f  t h e  m e a s u re m e n ts  f r e s h  m a t e r i a l  h a ô  b e e n  

c o l l e c t e d  d a i l y  t h e  f o r t n i g h t l y  c o u n t s  t a k i n g  a t  l e a s t  t h r e e  

and  u s u a l l y  f o u r  w ho le  d a y s ,  f o r  i t  was f o u n d  t h a t  t h e  a p p e a r 

a n c e  o f  t h e  m a t e r i a l  a l t e r e d  when i t  was k e p t  i n  t h e  l a b o r a t o r y  

t h e  c e l l s  a s  a  w h o le  b ecom ing  l o n g e r ,  p r e s u m a b ly  by g r o w th  and 

th e  a b s e n c e  o f  d i v i s i o n .  The p y r e n o i d s  f r e q u e n t l y  c a n n o t  be  

s e e n  i n  f r e s h  m a t e r i a l , e i t h e r  w i t h  o r  w i t h o u t  t h e  a d d i t i o n  o f  

i o d i n e , a n d  t h u s  a  s e p a r a t e  m e a su rem e n t  o f  t h e  num ber o f  p y r e n 

o i d s  p e r  c e l l  h a d  t o  be  made w i t h  f i x e d  and  s t a i n e d  m a t e r i a l .
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T h e r e f o r e  a t  e v e r y  m e a su rem e n t  o f  f r e s h  m a t e r i a l ,  two s l i d e s  

w e re  p r e p a r e d  o f  m a t e r i a l  f i x e d  w i t h  B o u i n ' s  o r  H erm ann’ s f l u i d ,  

and  s t a i n e d  w i t h  i r o n  a lum  h a e m a t o x y l i n .  T h is  s t a i n  was fo u n d  

t o  d i f f e r e n t i a t e  t h e  p y r e n o i d s  c l e a r l y , a n d  t h e  two s l i d e s  w ere  

u s e d  f o r  t h e  m ea su re m e n t  o f  p y r e n o i d  nu raher , c h l o r o p l a s t  t u r n s ,  

and  c e l l  l e n g t h  o f  200 c e l l s  c h o s e n  a t  random . Time l i m i t e d  

t h e  number o f  m e a s u re m e n ts  made f ro m  t h i s  f i x e d  m a t e r i a l ;  t h e y  

w i l l  b e  r e f e r r e d  t o  b e lo w .

The f o l l o v / i n g  t a b l e s  1 ,  2 , and  3 , sum m arise  t h e  r e s u l t s  o f  

t h e  f o r t n i g h t l y  c o u n t s , a n d  show a t  a  g l a n c e  t h e  r a n g e  i n  v a r i 

a t i o n  o f  c e l l  l e n g t h ,  c e l l  w i d t h , a n d  t h e  num ber o f  c h l o r o p l a s t  

t u r n s  p e r  c e l l ,  t h r o u g h o u t  t h e  20 m o n th s .  U n le s s  o t h e r w i s e  

i n d i c a t e d ,  f r e s h  m a t e r i a l  was m e a s u r e d , a n d  t h e  d a t e  r e f e r s  t o  

t h e  f i r s t  d a y  o f  t h e  m e a s u re m e n t .  Some o f  t h e  r e s u l t s  f ro m  t h e  

f i x e d  m a t e r i a l ,  m e n t io n e d  a b o v e ,  h a v e  b e e n  i n c o r p o r a t e d  i n t o  

t a b l e  3 ; i n  t h e s e  c a s e s  200 c e l l s  w ere  m e a s u re d  b u t  t h e  num ber 

o f  f i l a m e n t s  c o u ld  n o t  be c o u n t e d .  Where i t  i s  i n d i c a t e d  t h a t  

t h e  r e s u l t s  h a v e  b e e n  t a k e n  f ro m  a  c u l t u r e  u n d e r  a r t i f i c i a l  

l i g h t  i t  r e f e r s  t o  t h e  c u l t u r e  a l r e a d y  m e n t io n e d ,  made f ro m  a  

s m a l l  p o r t i o n  o f  mud and  C a l l i t r i c h e ,  w h ic h  w as c o l l e c t e d  on 

F e b r u a r y  6 t h  1 9 2 8 ,  p l a c e d  u n d e r  c o n s t a n t  i l l u m i n a t i o n  on  M arch 

1 s t  1 9 2 8 ,  and  m e a s u r e d  on M arch  2 1 s t  1 9 2 8 .  The t o t a l  num ber o f  

f i l a m e n t s  f to m  w h ic h  t h e  m e a s u re m e n ts  w e re  o b t a i n e d ,  i s  i n d i c a t 

ed i n  t h e  t a b l e s ;  when t h e  m e a s u re m e n ts  w e re  f i r s t  m ade, th e  

w id e  and  n a r ro w  t y p e s  o f  f i l a m e n t  w ere  t h o u g h t  t o  r e p r e s e n t  two 

s p e c i e s ,  and t h u s  t h e i r  m e a s u re m e n ts  w e re  r e c o r d e d  s e p a r a t e l y .  

A bout 200 f i l a m e n t s  o f  t h e  w id e  ty p e  w e re  u s u a l l y  m e a s u r e d ,  and  

a s  many o f  t h e  n a r ro w  t y p e  a s  w e re  fo u n d  b y  c h a n c e  d u r i n g  t h e  

m e a s u re m e n t  o f  t h e  w id e .  I n  t h e  t a b l e s  t h e  w id e  and  n a r ro w  

t y p e s  h a v e  b o t h  b e e n  i n c l u d e d  an d  so th e  t o t a l  num ber o f  f i l a 

m e n ts  v a r i e s .  I n  t a b l e s  and  2 t h i s  v a r i a t i o n  i n  num ber h a s  

b e e n  a l l o w e d  f o r  a n d  th e  r e s u l t s  c a l c u l a t e d  f o r  200 and  100

f i l a m e n t s  r e s p e c t i v e l y .  A l l  t h e  m e a s u re m e n ts  o f  c e l l  l e n g t h  

and  w i d t h  a r e  g i v e n  i n  m i c r o n s .  The t h r e e  p e r i o d s  o f  ab u n d a n ce
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o f  t h e  S p i r o g y r a  r e f e r r e d  t o  a b o v e ,  a r e  i n d i c a t e d  by l a r g e  

b r a c k e t s .

R ecor d  and  i n t e r p r e t a t i o n  o f  d a t a  c o l l e c t e d .

T a b l e 1 .  I n  T a b le  1 t h e  f r e q u e n c y  o f  f i l a m e n t s  made up 

o f  c e l l s  o f  d i f f e r e n t  l e n g t h s ,  i s  shown i n  t e r m s  o f  t h e  num ber 

o f  c e l l s  i n  t h e  c h o s e n  l e n g t h  o f  960 m i c r o n s .  On r e f e r e n c e  t o  

t h e  t a b l e  i t  w i l l  be s e e n  t h a t  t h e  c l a s s  i n t e r v a l  i s  t a k e n  a s  

o ne ;  f o r  e x a m p le ,  a l l  f i l a m e n t s  h a v o n g  more t h a n  f o u r  c e l l s  

and  f i v e  o r  f e w e r  c e l l s  i n  t h e  g i v e n  l e n g t h , a r e  i n c l u d e d  i n  

t h e  c l a s s  4 - 5  a t  t h e  h e a d  o f  t h e  t a b l e :  S i m i l a r l y  a l l  f i l a m e n t s

w i t h  m are t h a n  f i v e  c e l l s  and  s i x  o r  f e w e r  c e l l s ,  a r e  i n c l u d e d  

i n  t h e  c l a s s  5 - 6 .  The c l a s s  i n t e r v a l  c o u ld  h a v e  b e e n  t a k e n  a s  

i  s i n c e  t h e  num ber o f  c e l l s  i n  t h e  g i v e n  l e n g t h  was c a l c u l a t e d  

to  t h e  n e a r e s t  q u a r t e r  o f  a  c e l l .  H ow ever t h e  l a r g e r  c l a s s  

i n t e r v a l  h a s  b e e n  u s e d , s i n c e  i t  i s  p r e f e r a b l e  f o r  d ia g ra ra s  and  

s m a l l  s a m p l e s .  The v a l u e  o f  a  s e r i e s  o f  g r a p h s  was c o n s i d e r e d  

i n  c o n n e c t i o n  w i t h  t h e  t a b l e  b u t  t h e i r  i r r e g u l a r i t i e s  w e re  

f o u n d  t o  be  g r e a t ,  and  t h e y  w ere  no c l e a r e r  t h a n  t h e  t a b l e ,  so 

t h e y  h a v e  b e e n  o m i t t e d .  The t a b l e  d o e s  n o t  show a  r e g u l a r  

d i s t r i b u t i o n  o f  t h e  f i l a m e n t s  i n  e a c h  m e a s u r e m e n t ,  p o s s i b l y  

t h i s  i s  l a r g e l y  due  t o  t h e  r e l a t i v e l y  s m a l l  num ber o f  f i l a m e n t s  

m e a s u r e d ,  v i z .  a b o u t  2 0 0 ,  T h i s  num ber was o c c a s i o n a l l y  i n c r e a s 

ed  t o  240 and  300 b u t  t h e  i r r e g u l a r i t i e s  w e re  j u s t  a s  g r e a t .  

E v i d e n t l y  i n  o r d e r  t o  e l i m i n a t e  t h e m , t h e  num ber o f  f i l a m e n t s  

m e a s u re d  m u s t  be  v e r y  g r e a t l y  i n c r e a s e d .  The l e a s t  t im e  t a k e n  

f o r  a  m e a su rem e n t  was t h r e e  w ho le  d a y s ,  i t  u s u a l l y  t o o k  f o u r  

d a y s  and  o c c a s i o n a l l y  f i v e  d a y s  a c c o r d i n g  t o  t h e  e a s e  w i t h  

w h ic h  t h e  c r o s s  w a l l s  c o u l d  be  s e e n ,  A v e r y  l a r g e  i n c r e a s e  i n  

t h e  num ber o f  f i l a m e n t s  m e a s u re d  w ou ld  be  a lm o s t  p h y s i c a l l y  

i m p o s s i b l e  f o r  onv  w o r k e r , a n d  s i n c e  t h e  t im e  t a k e n  w ou ld  be 

c o n d i d e r a b l y  more t h a n  a  w eek , f o r t n i g h t l y  o b s e r v a t i o n s  w o u ld  

b e  u s e l e s s .  I n  t h e  t a b l e  t h o s e  f i l a m e n t s  w i t h  v e r y  l o n g  c e l l s

w i l l  be  f o u n d  to  t h e  l e f t  s i n c e  t h e  g i v e n  l e n g t h  w i l l  o n ly  

c o n t a i n  a  few  c e l l s .  C o n v e r s e ly  t h o s e  f i l a m e n t s  w i t h  v e r y  s h o r t
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c e l l s  w i l l  be  fo u n d  a t  t h e  r i g h t  o f  t h e  t a b l e .  The t a b l e  shows 

t h a t  on t h e  w h o le  t h e  f i l a m e n t s  o f  t h -  1 s t  p e r io d ,  had. l o n g e r  

c e l l s  t h a n  t h o s e  o f  t h e  2nd and 3 rd  p e r i o d s , a n d  t h e r e  w ere  no 

f i l a m e n t s  w i t h  v e r y  s h o r t  c e l l s .  I t  a l s o  shows t h a t  t h e  m a j o r -  

i t y  o f  f i l a m e n t s  h a d  s h o r t e r  c e l l s  i n  t h e  2nd and  3 r d  p e r i o d ,  

f o r  t h e  s h a d e d  a r e a  m oves t o  t h e  r i g h t  f ro m  t h e  1 s t  p e r i o d  

o n w a rd s .  T h i s  a r e a  i n c l u d e s  a t  e a c h  f o r t n i g h t l y  m e a s u re m e n t  

o n ly  t h e  c l a s s e s  h a v i n g  10 o r  m are  f i l a m e n t s .  Thus t h e  t o t a l  

r a n g e  o f  t h e  num ber o f  c e l l s  i n  t h e  g i v e n  l e n g t h  i s  c o n s i d e r 

a b l y  l e s s  i n  t h e  1 s t  p e r i o d  t h a n  i n  e i t h e r  o f  t h e  o t h e r s .  The 

minimum num ber o f  c e l l s  i n  t h e  g i v e n  l e n g t h  i s  o n ly  one l e s s  

t h a n  t h e  minimura num ber i n  t h e  2nd and  3 rd  p e r i o d s , a n d  t h i s  

s u p p o r t s  t h e  v ie w  a l r e a d y  t a k e n  t h a t  t h e  same s p e c i e s  was 

p r e s e n t  i n  a l l  t h r e e  p e r i o d s .  I n  t h e  2nd and  3 r d  p e r i o d s , t h e  

r a n g e  o f  t h e  num ber o f  c e l l s  i n  t h e  g i v e n  l e n g t h  i s  c o n s i d e r 

a b l y  g r e a t e r  and  much mAre v a r i e d  t h a n  i n  t h e  1 s t  p e r i o d .  I t  

d i f f e r s  f o r  e a c h  m e a s u re m e n t  ,b u t  i n  s p i t e  o f  t h e  s ro a l l  num ber 

o f  f i l a m e n t s  m e a s u r e d , i t  c a n  be  s e e n  t h a t  t h e r e  i s  no s e a s o n a l  

v a r i a t i o n  i n  t h i s  r a n g e ,  w h ic h  i s  a s  g r e a t  i n  F e b r u a r y  1323  a s  

i n  J u n e  1 9 2 8 .  I n  t h e  f i r s t  m e a s u re m e n t  o f  t h e  2nd p e r i o d  t h e  

m o s t  f r e q u e n t  n u a b e r  o f  c e l l s  t o  t h e  g i v e n  l e n g t h  i s  1 7 - 1 8 ,  I f  

o n ly  t h e  f r e s h l y  c o l l e c t e d  m a t e r i a l  i s  c o n s i d e r e d  t h e  m o s t  

f r e q u e n t  num ber o f  c e l l s  i n  t h e  g i v e n  l e n g t h  i s  1 7 - 1 8 , and  2 0 - 2 1 ,  

and  i n  a l l  p r o b a b i l i t y  l i e s  b e tw e e n  t h e s e  two m axim a. The 

c o r r e s p o n d i n g  n u i ib e r  o f  c e l l s  i n  t h e  m e a s u re m e n ts  a t  t h e  b e g i n 

n i n g  o f  t h e  3 r d  p e r i o d , i . e .  M arch  2 1 s t  and  A p r i l  22nd 1 3 2 9 , i s  

c o n s i d e r a b l y  g r e a t e r ,  2 5 - 2 6 , and  2 7 - 2 8 , r e s p e c t i v e l y , a n d  t h e  

t a b l e s  e x t e n d  much f u r t h e r  t o  t h e  r i g h t  show ing  t h a t  a t  t h e s e  

t i m e s  s h o r t e r  c e l l s  w e re  p r e s e n t ;  t h i s  i s  a l s o  shown i n  t a b l e  3 

f o r  t h e  m in im uu  c e l l  l e n g t h  i s  l e s s  a t  t h e s e  t i m e s  t h a n  a t  any  

o t h e r .  The m a t e r i a l  o f  t h e  3 r d  p e r i o d  a r o s e  f ro m  p e r a n n a t i n g  

f i l a m e n t s ,  t h e  o r i g i n  o f  t h e  m a t e r i a l  o f  t h e  2nd p e r i o d  i s  n o t  

know n, p o s s i b l y  i t  a r o s e  f ro m  z y g o t e s  f o r  i t s  a p p e a r a n c e  was
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v e i y  s u d d e n  and  i n  a  v e r y  s m a l l  p o r t i o n  o f  t h e  p o n d .  From 

M arch  6 t h  t o  May 1 s t  i n c l u s i v e , t h e  m o s t  f r e q u e n t  nuriiher o f  c e l l s  

t o  t h e  g i v e n  l e n g t h  i s  r e m a r k a b l y  c o n s t a n t  co m p ared  w i t h  t h e  

r e s t  o f  t h e  t a b l e ;  i t  l i e s  b e tw e e n  12 and  1 5 .  Sn May 1 5 t h  t h i s  

s u d d e n ly  c h a n g e s  t o  26 and  27 , t h e  num ber o f  f i l a m e n t s  w i t h  

l e s s  t h a n  15 c e l l s  to  t h e  g i v e n  l e n g t h  i s  g r e a t l y  d e c r e a s e d ,  

a n d  t h e  t a b l e  i s  e x te n d e d  much f u r t h e r  to  t h e  r i g h t .  T h is  

i n d i c a t e s  t h a t  t h e  c e l l s  on May 1 5 t h  w e re  c o n s i d e r a b l y  s h o r t e r ,  

an d  t h a t  e i t h e r  m ore a c t i v e  d i v i s i o n  o r  l e s s  r a p i d  g r o w t h ,h a d  

o c c u r r e d  b e tw e e n  May 1 s t  and  May 1 5 t h .  T h e re  w as no m arked  

c h a n g e  i n  t h e  m e t e o r o l o g i c a l  c o n d i t i o n s  w h ic h  w p u ld  a c c o u n t  f o r  

t h i s , a n d  i t  was p r o b a b l y  d e p e n d e n t  on some i n t e r n a l  f a c t o r  o f  

c e l l  d e v e lo p m e n t .

Thus t a b l e  1 i n d i c a t e s  t h a t  v / i t h  r e g a r d  t o  t h e  num ber o f  

c e l l s  i n  a  g i v e n  l e n g t h  t h e r e  i s  no s e a s o n a l  v a r i a t i o n  i n  S . 

c a t a e n i f o r m i s .  A l th o u g h  t h e  m ost  f r e q u e n t  num ber and  t h e  r a n g e  

i n  num ber v a r i e s ,  t h e  v a r i a t i o n  i s  o c c a s i o n e d  by i n d i v i d u a l  

c e l l  d e v e lo p m e n t .

C e l l  d i v i s i o n .  I t  w as e x p e c t e d  t h a t  t h e  jm easu rem en ts  f ro m  

w h ic h  T a b le  1 v/as d raw n u p ,  w o u ld  f u r n i s h  i n f o r m a t i o n  a b o u t  

c e l l  d i v i s i o n ,  e s p e c i a l l y  i f  t h i s  was r e s t r i c t e d  t o  c e r t a i n  

p e r i o d s .  H ow ever t h e  t a b l e  g i v e s  no i n f o r m a t i o n  a b o u t  t h i s  

e x c e p t  to  i n d i c a t e  t h a t  a c t i v e  d i v i s i o n  p r o b a b l y  o c c u r r e d  

b e tw e e n  May 1 s t  a n d  May 1 5 t h  1 9 2 8 .  S e v e r a l  a t t e m p t s  h a v e  b e e n  

made t o  d e t e r m i n e  t h e  t i m e s  a t  w h ic h  c e l l  d i v i s i o n  o c c u r s , a n d  

t o  f i n d  w h e t h e r  i t  i s  c o n f i n e d  t o  any  p e r i o d .  On F e b r u a r y  2 7 t h  

a n d  2 8 t h  1 9 2 8 ,  j u s t  a f t e r  t h e  S p i r o g y r a  h a d  a p p e a r e d  i n  a b u n d 

a n c e ,  i t  was f i x e d  i n  f o r m a l i n ,  70^, and  9 3 ^ . a l c o h o l ,  a t  two 

h o u r l y  i n t e r v a l s  t h r o u g h o u t  e a c h  n i g h t .  The m a t e r i a l  i n  

a l c o h o l  was n o t  w e l l  f i x e d , a n d  t h a t  i n  f o r m a l i n  was n o t  f i x e d  

w e l l  enough  f o r  s t a i n i n g ^ a n d  so some o f  i t  was a t t a c h e d  to  

s l i d e s  by L a n d ’ s s l i d e  f i x a t i v e  and  a  d r o p  o f  B o u i n ’ s s o l u t i o n  

w as a d d e d .  The s l i d e s  w e re  t h e n  s t a i n e d  by  t h e  g e n t i a n  v i o l e t
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o r  i r o n  a lum  h a e m a t i x y l i n  m eth o d  ahd  ex a m in ed  f o r  e v id e n c e  o f  

n u c l e a r  d i v i s i o n .  V ery  l i t t l e  e v id e n c e  w as  o b t a i n e d  b u t  t h r e e  

c e l l s  i n  d i v i s i o n  w e re  n o t e d  i n  m a t e r i a l  s t a i n e d  i n  g e n t i a n  

v i o l e t  and  f i x e d  a t  11 p . m . ,  12 m A d n ig h t ,a n d  2 a .m .  r e s p e c t i v e 

l y .  Two c e l l s  i n  d i v i s i o n  w e re  s e e n  i n  f i l a m e n t s  f i x e d  a t  11 

p .m .  and  s t a i n e d  w i t h  i r o n  a lu m  h a e m a t o x y l i n .  The m a t e r i a l  i n  

a l c o h o l  w as s t a i n e d  w i t h  c h l o r - s i n c - i o d i n e  and  e x a m in ed  f o r  

in g r o w in g  w a l l s ,  some o f  t h e  f i l a m e n t s  w e re  q u i t e  w e l l  f i x e d  

a n d  two in g r o w in g  w a l l s  w e re  s e e n  i n  one  f i l a m e n t .  A s i m i l a r  

s t t e m p t  to  d e t e r m i n e  t h e  t im e  o f  d i v i s i o n  was made o n  M arch  

2 3 r d  1928 and  e x a m i n a t i o n  o f  s t a i n e d  p r e p a r a t i o n s  showed 

d i v i s i o n  i n  one c e l l , o f  t h r e e  f i l a m e n t s  f i x e d  a t  1 1 .1 0  p .m . , 

a n d  one  f i l a m e n t  f i x e d  a t  3 .2 0  a .m .  I n  1 9 2 9 ,d u r i n g  t h e  3 rd  

p e r i o d  o f  a b u n d a n c e  o f  t h e  S p i r o g y r a , o t h e r  a t t e m p t s  w e re  made 

t o  d e t e r m i n e  t h e  t im e  o f  d i v i s i o n .  On M arch  2 2 n d ,a n d  2 3 r d ,  

m a t e r i a l  w as f i x e d  a t  t h e  pond  i n  medii.im c h r o m - a c e t i c  and  

B o u i n ’ s f l u i d  a t  6 p . m . ,  11 p . m . ,  12 m i d n i g h t ,  1 a . m . ,  6 a .m .  

and  12 noon . The m a t e r i a l  f i x e d  c o n t a i n e d  o n ly  a  l i t t l e  

S p i r o g y r a ,b u t  e x a m i n a t i o n  o f  a  num ber o f  f i l a m e n t s  s t a i n e d  w i t h  

i r o n  a lu m  h a e m a t o x y l i n  g a v e  no e v id e n c e  o f  d i v i s i o n .  L a t e r  t h e  

m a t e r i a l  was s t a i n e d  w i t h  i o d i n e  and a  l a r g e  num ber o f  f i l a 

m e n ts  e x a m in e d .  Two f i l a m e n t s  f i x e d  a t  6 a .m .  h a d  a  num ber o f  

c e l l s  i n  w h ic h  f o r m a t i o n  o f  t h e  t r a n s v e r s e  w a l l s  was n o t  q u i t e  

c o m p le te  f o r  t h e  b l a c k e n e d  c h l o r o p l a s t  h a d  n o t  b e e n  n i p p e d  i n  

tw o . E v i d e n t l y  d i v i s i o n  h a d  r e c e n t l y  o c c u r r e d  i n  t h e s e  two 

f i l a m e n t s ,b u t  t h e y  w e re  t h e  o n l y  two i n  a  l a r g e  num ber o f  

f i l a m e n t s  e x a m in ed  w h ic h  h a d  b e e n  f i x e d  a t  t h e  same t i m e .  I n  

m a t e r i a l  f i x e d  a t  11 p .m .^  a  l a r g e  num ber o f  f i l a m e n t s  w e re  

e x a m in ed  i n  i o d i n e  and  f o u r  w e re  s e e n  s h o w in g  d i v i s i o n  i n  one 

o r  two c e l l s  o n l y .  Some o f  t h e  m a t e r i a l  f i x e d  i n  F e b r u a r y  1928 

was t h e n  ex am in ed  i n  i o d i n e , b u t  o n ly  one  c e l l  f i x e d  a t  6 a .m . 

showed d i v i s i o n .  Zimmerman’ s m eth o d  o f  i r r i g a t i n g  f i l a m e n t s  

on a  s l i d e  w as u s e d  t o  d e t e r m i n e  t h e  f r e q u e n c y  o f  d i v i s i o n ,
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b u t  w i t h o u t  s u c c e s s .  On M arch  2 1 s t ,  22nd ,and . 2 3 r d ,  s l i d e  c u l 

t u r e s  w e re  s e t  up c o n t a i n i n g  an  e a s i l y  r e c o g n i s a b l e  f i l a m e n t  

w hose  c e l l s  h a d  b e e n  m e a s u r e d .  The s l i d e  c u l t u r e s  w e re  s e t  up 

b e tw e e n  10 and  11 p . m . , a n d  p l a c e d  i n  a  damp a tm o s p h e r e  t i l l  

t h e  n e x t  m o rn in g  when t h e  c e l l s  w e re  a g a i n  m e a s j i r e d  and  any 

d i v i s i o n  n o t e d .  D i v i s i o n  o c c u r r e d  i n  f o u r  o f  t h e  c u l t u r e s , b u t  

o n l y  i n  one o r  two c e l l s  o f  v e r y  l o n g  f i l a m e n t s .  D u r in g  t h e  

f o r t n i g l i t l y  m e a s u re m e n ts  made i n  1929, a  num ber o f  f i l a m e n t s  

w e re  m e a s u re d  i n  i o d i n e  a t  v a r i o u s  t i m e s  o f  t h e  d a y ? a n d  i n s t a n c e  

o f  d i v i s i o n  w e re  s e e n  a t  a l l  t im e s  o f  t h e  d a y .  M a t e r i a l  h a s  

b e e n  ex am in ed  on M arch  2 1 s t ,  ( f r e s h l y  c o l l e c t e d  m a t e r i a l  and  . 

f i l a m e n t s  f ro m  t h e  c u l t u r e  i n  a r t i f i c i a l  l i g h t ) - ,  A p r i l  22n d ,

May 3 r d , and  d i v i s i o n  h a s  b e e n  n o t e d  a t  9 a . m . ,  1 0 .2 5  a . m . ,

12 n o o n ,  3 p . m . ,  6 p . m . ,  9 p . m . ,  10 p . m . ,  12 m i d n i g h t .

The r e s u l t s  o b t a i n e d  d e a l i n g  w i t h  c e l l  d i v i s i o n  a r e  f o r  

t h e  m o st  p a r t  n e g a t i v e ,  b u t  t h e y  i n d i c a t e  t h a t  s i m u l t a n e o u s  

d i v i s i o n  o f  t h e  c e l l s  o f  a  f i l a m e n t  d o e s  n o t  o c c u r ,  and  t h a t

d i v i s i o n  i s  n o t  f i x e d  t o  one  t im e  o f  t h e  d%r o r  n i g h t .  They

a l s o  i n d i c a t e  t h a t  when t h e  f i l a m e n t s  a r e  i n  an  a c t i v e  c o n d i t i o n  

( a s  i n  1 9 2 9 )  d i v i s i o n  may o c c u r  a t  any  t im e  o f  t h e  d a y  o r  n i g h t .

T a b l e 2 .  I n  T a b le  2 t h e  p e r c e n t a g e  d i s t r i b u t i o n  o f  f i l a 

m e n ts  a c c o r d i n g  t o  w i d t h  i s  g i v e n .  The t a b l e  shows t h a t ,  a s  h a s  

a l r e a d y  b e e n  m e n t io n e d ,  t h e  f i l a m e n t s  o f  t h e  1 s t  p e r i o d  w e re  o f

v a r i o u s  w i d t h s ,  w h e r e a s  t h o s e  o f  t h e  2nd and  3 r d  p e r i o d s  w e re

o f  two d i s t i n c t  w i d t h s ,  1 2 .5  and  17.5iL, and  w e re  named t h e  n a rro w  

and  w id e  t y p e  r e s p e c t i v e l y .  T h e se  two t y p e s  c o u l d

a t  once  be  d i s t i n g u i s h e d  u n d e r  t h e  m ic r o s c o p e  w i t h o u t  m e a s u r e 

m e n t ,  b u t  a p a r t  f ro m  t h e i r  w i d t h  t h e r e  was no o t h e r  d i f f e r e n c e  

b e tw e e n  th e m . I t  c a n  b e  s e e n  f r o m  T a b le  2 , t h a t  t h e  n a r r o w  t y p e  

w as  p r e s e n t  t h r o u g h o u t  t h e  m e a s u r e m e n ts ,  i t  w as  n e v e r  p r e s e n t  

i n  g r e a t  a b u n d a n c e , i t s  maximum a b u n d a n c e  b e i n g  b e tw e e n  F e b r u a r y  

and  May 1 9 2 8 ^when 2 7 ^  o f  t h e  f i l a m e n t s  c o u n t e d  w e re  t h e  n a r ro w
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P erce  n t a g e  d i s t r i b u t i o n  o f  f i l a m e n t s  a c c o r d i n g  t o  w i d t h .

W id th  o f  F i l a m e n t s  i n  M ic r o n s .Number o f
D a te  o f  f i l a m e n t s  W id th s  e s t i m a t e d  a s  v a r y i n g
M easu rem en t  w hose  w i d t h s  by  2 .5  ,
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^  C u l t u r e  u n d e r  a r t i f i c i a l  l i g h t .  

M e a su re m e n t  a t  t im e  o f  c o n j u g a t i o n .



2 7 .

t y p e .  The w i d t h  o f  any  one  f i l a m e n t  i s  u s u a l l y  c o n s t a n t ,  and 

o n ly  one m e a s u re m e n t  o f  w i d t h  w as made on e a c h  f i l a m ie n t  r e c o r d e d  

i n  t h e  t a b l e .  H ow ever a  few  f i l a m e n t s ,  h e r e  d e s c r i b e d ,  w ere  

s e e n ,  i n  w h ic h  t h e  w i d t h  a p p e a r e d  d i f f e r e n t  i n  v a r i o u s  r e g i o n s  

a nd  so m ore t h a n  one  m e a s u re m e n t  was m ade . D u r in g  t h e  m e a s u r e 

m e n ts  on M arch  2 0 t h  1 9 2 8 ,  A p r i l  1 8 t h  1 9 2 8 , and  M arch  2 1 s t  1 9 2 9 ,  

f o u r  f i l a m e n t s  h a d  a  w i d t h  o f  1 2 .5  (i a t  one  p o i n t  and 15/il a t  

a n o t h e r .  D u r in g  t h e  m e a s u r e m e n ts  o f  November 2 3 rd  1927 , one 

f i l a m e n t  h a d  a  w i d t h  o f  15/U a t  one  p o i n t  and  1 7 .  ^  a t  a n o t h e r .

I n  t h e  same m e a s u re m e n t  one f i l a m e n t  h a d  a  w i d t h  o f  1 7 .5 y h . in  one 

r e g i o n  and  2 0 a  i n  a n o t h e r .  D u r i n g  t h e  m e a s u re m e n t  o f  M arch  

2 1 s t  1 9 2 9 , one f i l a m e n t  h a d  a  w i d t h  o f  1 2 , 5 u i n  one r e g i o n  and  

1 7 .5 ,U i n  a n o t h e r .  T h i s  v a r i a t i o n  i n  w i d t h  i n  t h e  same f i l a 

m e n t ,  w h ic h ,  i n  t h e  l a s t  r e c o r d e d  c a s e ,  i s  a  v a r i a t i o n  f ro m  t h e  

w id e  t p  t h e  n a r r o w  t y p e ,  j u s t i f i e s  t h e  i n c l u s i o n  o f  t h e  two 

t y p e s  a s  one s p e c i e s .  A t t h e  same t im e  t h e  two a r e  n o t  p r o v e d  

t o  be  t h e  same s p e c i e s  and  t h e i r  m e a s u r e m e n ts  h a v e  t h e r e f o r e  

a lw a y s  b e e n  k e p t  s e p a r a t e .  I t  w as  h o p e d  ÿ h a t  t h i s  q u e s t i o n  

w o u ld  be  s e t t l e d  a t  th e  c o n j u g a t i o n  p e r i o d  b u t  v e r y  few  z y g o te s  

w e re  o b s e r v e d ,  a n d  none a s  t h e  r e s u l t  o f  c o n j u g a t i o n  b e tw e e n  

f i l a m e n t s  o f  t h e  w id e  and  n a r r o w  t y p e .  N e v e r t h e l e s s  f i v e  f i l a 

m en t  p a i r s  o f  t h e  w id e  and  n a r r o w  t y p e ,  w e re  o b s e r v e d  and  t h e  

c o n j u g a t i o n  p r o c e s s  w as a p p a r e n t l y  p r o c e e d i n g  q u i t e  n o r m a l l y .

I n  two o f  t h e s e  t h e  w id e  f i l a m e n t s  h a d  becom e d i f f e r e n t i a t e d  a s  

t h e  f e m a le  f i l a m e n t .  A l th o u g h  t h e s e  o b s e r v a t i o n s  p o i n t  t o  t h e  

f a c t  t h a t  t h e  w id e  and  n a r ro w  t y p e s  a r e  t h e  same s p e c i e s , i t  i s  

j u s t  p o s s i b l e  t h a t  t h e y  a r e  d i f f e r e n t  s p e c i e s  and  t h a t  t h e y  

w e re  c o n j u g a t i n g  t o  fo rm  a  h ^ h r i d .  T a b le  2 shows t h a t  t h e  

f i l a m e n t s  f a l l  n a t u r a l l y  i n t o  two c l a s s e s  a s  r e g a r d s  t h e i r  

w i d t h  a n d  m o re o v e r  t h e r e  a r e  v e r y  few  t r a n s i t i o n a l  f i l a m e n t s .

The d i v i d i n g  l i n e  1 , 5  b e tw e e n  t h e s e  c l a s s e s  i s  q u i t e  a r b r i t a r y  

f o r  f r o m  e x t e r n a l  a p p e a r a n c e s  t h e r e  i s  n o t h i n g  t o  i n d i c a t e  t h a t

a l l  t h o s e  f i l a m e n t s  w i t h  a  w i d t h  15 s h o u l d  be  i n c l u d e d  w i t h
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t h o s e  o f  t h e  n a r r o w  t y p e .  By f a r  t h e  m a j o r i t y  o f  t h e  f i l a m e n t s  

i n  t h e  c l a s s  1 5 - 1 7 , 5  h a v e  a  w i d t h  o f  e x a c t l y  17,5yiL and  t h u s  

t h e  d i v i s i o n  o f  t h e  f i l a m e n t s  i n t o  two c l a s s e s  i s  e v e n  more 

m ark ed  t h a n  t h e  t a b l e  show s. The r a n g e  o f  w i d t h  i n  t h e  2nd and 

3 r d  p e r i o d s  i s  c o n s t a n t  10-2C^l(. As f a r  a s  c a n  b e  j u d g e d  f ro m  

20 m o n th s  o f  o b s e r v a t i o n  t h e  d i s t r i b u t i o n  o f  t h e  f i l a m e n t s  o f  

v a r i o u s  w i d t h s  i s  n o t  s e a s o n a l , f o r  a l t h o u g h  f ro m  F e b r u a iy - M a y  

! 1928  t h e  n a r ro w  t y p e  o f  f i l a n i e n t  h a d  i t s  maximum a b u n d a n c e ,  

i  t h e r e  w as no c o r r e s p o n d i n g  a b u n d a n c e  i n  1 9 2 9 ,  I n  t h e  1 s t  p e r i o d  

t h e  f i l a m e n t s  a s  a  w h o le  a r e  n a r r o w e r  and  t h e  r a n g e  i n  c e l l  

w i d t h  i s  g r e a t e r .  T h e re  a r e  v e ry  few  f i l a m e n t s  w i t h  a  w i d t h  

g r e a t e r  t h a n  17.5^11, some h a v e  a  w i d t h  IC^d, a  w i d t h  n o t  o t h e r 

w i s e  r e c o r d e d  i n  t h e  t a b l e .  A l th o u g h  t h e  t a b l e  shows no f i l a 

m e n t s  w i t h  a  w i d t h  10 (̂1 i n  t h e  2nd and  3 r d  p e r i o d s ^  s u c h  f i l a m e n t s  

w e re  t w i c e  o b s e r v e d  once  a t  t h e  end o f  t h e  2nd p e r i o d  ,and  once  

i n  t h e  3 r d  p e r i o d .  On M arch  7 t h  1 9 2 9 ,  w hen t h e  pond  w as b e i n g  

f r e q u e n t l y  exariiined f o r  t h e  r e a p p e a r a n c e  o f  S p i r o g y r a ,  some 

g r e e n  scum w as c o l l e c t e d .  I t  w as fo u n d  t o  c o n t a i n  o n l y  M ougeo- 

t i a  a n d  M i c r o s p o r a  and  was l e f t  i n  t h e  l a b o r a t o r y  i n  a  s p e c im e n  

t u b e .  On M arch  2 4 t h  a  s m a l l  b u t  d i s t i n c t l y  d e e p e r  g r e e n  t u f t  

w as s e e n  g ro w in g  f r o m  t h e  mud.,and i t  w as f o u n d  t o  c o n s i s t  

l a r g e l y  o f  t h e  n a r r o w  t y p e  o f  S p i r o g y r a  w i d t h  lO jx  a n d  l e s s  

f r e q u e n t l y  1 5 ^ .  S i m i l a r l y  t h e  t a b l e  i n d i c a t e s  no f i l a m e n t s  

w i d t h  2 2 ,5 U in  t h e  3 r d  p e r i o d  b u t  o c c a s i o n a l  r a r e  f i l a m e n t s  o f  

t h i s  w i d t h  h a v e  b e e n  s e e n .  I n  t h e  1 s t  p e r i o d  t h e  f i l a m e n t s  do 

n o t  so  o b v i o u s l y  f a l l  i n t o  two c l a s s e s  a s  r e g a r d s  w i d t h .  A l 

th o u g h  t h e  m a j o r i t y  o f  f i l a m e n t s  i n  t h e  c l a s s  1 5 - 1 7 .5  h a v e  a  

w i d t h  1 7 , 5 | t  t h e r e  a r e  m ore t r a n s i t i o n a l  t y p e s  i n  t h e  c l a s s  

1 2 ,5 - 1 5  . The n a r r o w e r  f i l a m e n t s  a r e  on t h e  w h o le  m ore a b u n d a n t  

a n  e x c e p t i o n  b e i n g  t h e  c o u n t  o f  Novem ber 2 3 r d  1 9 2 7 .  T h i s  

e x c e p t i o n  c a n  be  e x p l a i n e d :  t h e  m e a s u re m e n t  o f  November 2 3 r d  

w as t h e  f i r s t  m e a s u re m e n t  roade, a n d  i t  was t h o u g h t  t h a t  two 

s p e c i e s  o f  S p i r o g y r a  w e re  p r e s e n t ,  a  n a r ro w  s p e c i e s  w i t h  l o n g
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c e l l s  and  a  l a x  c h l o r o p l a s t  and  a  w id e  s p e c i e s  w i t h  s h o r t e r  

c e l l s  and  a  c o m p a c t  c h l o r o p l a s t .  As t h e  m e a s u re m e n t  w ent on 

t h e s e  two " s p e c i e s "  w e re  f o u n d  t o  h a v e  many t r a n s i t i o n s ^ a n d  by  

t h e  end o f  t h e  m e a s u re m e n t  t h e y  w e re  no l o n g e r  c o n s i d e r e d  a s  

" s p e c i e s "  b u t  v a r i e t i e s  o f  t h e  same s p e c i e s .  H ow ever a t  t h e  

b e g i n n i n g  o f  t h e  m e a s u re m e n t  t h e r e  i s  no d o u b t  t h a t  t h e  w i d e r  

f i l a m e n t s  w i t h  s h o r t e r  c e l l s  and  m ore com pac t  c h l o r o p l a s t ,  w e r e  

c h o s e n  f o r  m e a s u r e m e n t .

T a b le  5 .  T a b le  3 shows t h e  r a n g e  o f  v a r i a t i o n  i n  c e l l  

l e n g t h  and  i n  t h e  num ber o f  c h l o r o p l a s t  t u r n s  d u r i n g  20 m o n th s .  

The m e a s u re m e n t  o f  t h e  w id e  and  n a r ro w  t y p e s  o f  f i l a m e n t  h a v e  

b e e n  g i v e n  s e p a r a t e l y ,  a n d  t h e  t o t a l  r a n g e  c o l l e c t e d  f ro m  b o t h .  

R e f e r e n c e  t o  T a b l e  2 ,  w i l l  show t h a t ,  a p a r t  f ro m  t h e  1 s t  p e r i o d ,  

t h e  num ber o f  f i l a m e n t s  o f  t h e  n a r r o w  t y p e  i s  n e v e r  g r e a t e r  t h a n  

28*?̂  o f  t h e  t o t a l  num ber m e a s u r e d .  H ence  one  w o u ld  e x p e c t  t h a t  

t h i s  t o t a l  r a n g e  o f  v a r i a t i o n  w o u ld  n o t  be  much a f f e c t e d  by 

t h e  f i l a m e n t s  o f  t h e  n a r r o w  t y p e .  T a b le  3 shows t h a t  t h i s  i s  

t h e  c a s e ,  f o r ,  e x c e p t  w i t h  r e s p e c t  t o  t h e  maximum, num ber o f  

c h l o r o p l a s t  t u r n s  p e r  c e l l ,  t h e  t o t a l  r a n g e  o f  v a r i a t i o n  i n  

c e l l  l e n g t h ,  a n d  i n  num ber  o f  c h l o r o p l a s t  t u r n s ,  i s  u n a l t e r e d  

by  i n c l u s i o n  o f  t h e  n a r r o w  t y p e  o f  f i l a m e n t s .  The t a b l e  shows 

t h a t  i n  t h e  1 s t  p e r i o d  , t h e  r a n g e  i n  c e l l  l e n g t h  i s  g r e a t e r  t h a n  

i n  t h e  o t h e r  two p e r i o d s :  t h e  maximum c e l l  l e n g t h ,  2 2 0 -2 3 0  

m i c r o n s ,  i s  c o n s i d e r a b l y  g r e a t e r ,  and  t h e  minihium c e l l  l e n g t h ,  

3 0 - 4 5  m i c r o n s ,  i s  s l i g h t l y  g r e a t e r ,  e x c e p t  i n  t h e  c a s e  o f  t h e  

m e a s u re m e n t  on  J a n u a r y  6 t h .  The r a n g e  i n  t h e  nuiaBer o f  c h l o r o 

p l a s t  t u r n s  p e r  c e l l  i s  a l s o  g r e a t e r  t h e  maximum v a r y i n g  f ro m  

8 t o  and  t h e  minimum f r o m  2 i  t o  2 t ,  The 2nd a n d  3 r d  p e r i o d s  

a r e  n o t  m ark e d  o f f  f ro m  e a c h  o t h e r  by  a  d i f f e r e n t  r a n g e  o f  

v a r i a t i o n .  The maximum c e l l  l e n g t h  ( e x c l u d i n g  t h o s e  m ea su rem e n t  

w h e re  o n ly  f i f t y  o r  f e w e r  f i l a m e n t s  h a v e  b e e n  m e a s u r e d )  v a r i e s  

f r o m  8 0 - 1 9 0 ,  and  t h e  minimum c e l l  l e n g t h  f ro m  1 5 - 3 5 .  The m a x i 

mum num ber o f  c h l o r o p l a s t  t u r n s  p e r  c e l l  v a r i e s  f ro m  4 t  t o  8



T a b le  3 .

R ange  o f  v a r i a t i o n  i n  c e l l  l e n g t h  and  t h e

ew ideffôm
b e i l  l e n g t h  i n  m i c r o n s .  _

i n ’’n a r r o w  " f  6 rm"
D a te  o f No. o f f i l a m e n t  w i d t h f i l a m e n t  w i d t h t o t a l  r a n g

f i l a m e n t s . 1 5 - 2 0 1 0 -1 5 ^ __
m e a s u r e m e n t . ! m e a s u r e d . maximum [minimum maximuiï minimum l e n g t h .

, Nov: 2 3 rd ;(p i 200 220 180 50 45 2 2 0 -4 5
D ec: 7 t h . 200 200 280 50 40 2 8 0 -4 0
D ec: 2 1 s t , 200 200 230 50 40 2 3 0 -4 0
J a n :  6 t h .  

" F e b :  2 8 t h .
200 120 220 30 45 2 2 0 -3 0

80 20 8 0 -2 0
M arch  6 t h . 241 140 160 30 40 1 6 0 -3 0It 100 30 1 0 0 -3 0
M a rc h  2 0 t h . 50 90 90 30 45 9 0 -3 0
A p r i l  2nd . 220 130 150 35 50 1 5 0 -3 5
A p r i l  1 8 t h . 224 170 160 20 30 1 7 0 -2 0

» A p r i l  2 5 t h 100 30 1 0 0 -3 0
May 1 s t . 217 190 150 20 60 1 9 0 -2 0
May 1 5 t h . 210 ' 100 i 75 20 • 40 1 0 0 - 2 0
May 2 9 t h . 211 ! 105 75 25 25 1 0 5 - 2 5II II 1 90 25 9 0 -2 5
J u n e  1 3 t h . 211 190 110 25 40 1 9 0 -2 5
Ju n e  2 6 t h . 204 ' 110 : 80 25 50 1 1 0 -2 5
J u l y  1 0 t h . 204 120 80 25 60 1 2 0 -2 5
J u l y  2 4 t h . 203 90 70 20 50 9 0 -2 0
Aug: 7 t h . 203 120 110 20 45 1 2 0 -2 0

II " 100 25 1 0 0 -2 5
S e p t :  4 t h . 200 140 90 20 30 1 4 0 -2 0
S e p t :  1 8 t h . 203 100 40 20 35 1 0 0 -2 0
O c t :  5 t h . 47 70 50 25 50 7 0 -2 5

II 155 20 1 3 5 - 2 0
M arch  2 1 s t  ly ; 63 120 25 1 2 0 - 2 5

II 200 180 85 15 25 1 8 0 -1 5
A p r i l  4 t h . 51 70 70 20 60 7 0 -2 0
A p r i l  2 2 n d . 301 80 50 15 50 8 0 -1 5

II " 60 15 6 0 -1 5
"1" J u n e  1 2 t h . 200 100 75 15 55 1 0 0 -1 5

#  J u n e  2 5 t h , 130 60 10 6 0 -1 0
J u l y  2 2 n d . 48 140 120 30 50 1 4 0 -3 0

F i x e d  m a t e r i a l  m e a s j i r e d .  ^ C u l t u r e  u n d e r  a r t i f i c i a l  l i g h t .



T a b le  3 ( c o n t i n u e d )

num ber o f  c h l o r o p l a s t  t u r n s  p e r  c e l l  d u r i n g  20 m o n th s .
chloroplast turns per cell.

l I o s T  f r e q u e n t -  
l e n g t h  i n  e a c h  
f o r t n i g h t l y  
m e a s u r e m e n t .

X h^w ide ’’" f o r m  
f i l a m e n t  w i d t h  

. 1 5 - 2 0  . 
maxiiauiapii iiiiaum

i n "  narrcrw " f  0 n a  
f i l a r a e n t  w i d t h  

1 0 - 1 5  .  
maximum minimum

m>8t r r e q u e n t  
t o t a l  r a n g e i n u m b e r  i n  eac  

j f o r t n i g h t l y  
i n  n u m b er ,  im e a s u re m e n t .

9 0 -1 0 0
100-110

7 0 -8 0
6 0 -9 0
3 0 - 4 0
Ô0-70
4 0 -5 0
5 0 -6 0
6 0 -7 0
6 0 -7 0
4 0 - 5 0
6 0 -7 0
3 0 -4 0
4 0 - 5 0
3 0 - 5 0
4 0 - 5 0
4 0 - 5 0
4 0 -5 0
4 0 - 5 0
4 0 - 5 0
3 0 -4 0
3 0 - 4 0
3 0 -4 0
3 0 -4 0
3 0 -4 0
4 0 - 5 0
3 0 -4 0
2 0 -3 0
2 0 -3 0
2 0 -3 0
3 5 -4 0
3 0 -4 0
50 -6 0

8
8
7
7i
6
7

i
7
#
6
6i
6
6i
6
5
5&
6
8 i
6
5&
6
8 
6
5
6

3

3
9

I
3
7

7i
6

6 i
5
5f
5
6#
5
4
5 r

Ï»2s
li2
2
I t
2
2
21
I t -212 
2 
1
li
1
l i
1

li

1
2
Ï

I
I2g
3

a
l i2
4i
li
3

8 -2i 
9 i-2 &
9 - 2 i
&T-22-
7 i - i i
7 i - 26i-2
7 i - l i
7 i-2
7 - l i  
6 i - 27i-2
6 | - « l i
6i-2
6 i - 2
6 i - 26t-li
6 - I t
5 - l i
6 - l  i  
6 -2  
8 i - l i  
6 - l i  
5 i - l i  
6 -2
8 -2 
6 —1
5 - l i
6 -1  
& t - l i
4 i - l  

6 —l i

4i
4
5 
5
3
3i

3t  a n d  4
2 i
4

3 i  a n d  4 
4 
4
2i ^

3 3 2
3

3 a n d  3t  
3 i

8
3
3

I2
2

■M easurement a t  t im e  o f  c o n j u g a t i o n .  * C o n j u g a t i n g  f i l a m e n t  p a i r s  m e a s u r e d .
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and  t h e  mindmium num ber f ro m  l « 2 i .  l u  s h o u l d  b e  n o t e d  t h a t  th e  

l e a s t  v a l u e  f o r  t h e  minimum num ber  o f  c h l o r o p l a s t  t u r n s  and  t h e  

minimum c e l l  l e n g t h  d u r i n g  t h e  w h o le  o f  t h e  2nd and  3 r d  p e r io d ^  

i s  fo u n d  a t  t h e  b e g i n n i n g  o f  t h e  3 r d  p e r i o d .  T h i s  a g r e e s  w i t h  

t h e  c o n c l u s i o n  dra»;n  f ro m  t a b l e  1 ,  t h a t  t h e  s h o r t e s t c e l l s  a t  

t h i s  t im e  a r e  s h o r t e r  t h a n  a t  t h e  c o r r e s p o n d i n g  t im e  i n  t h e
year

p r e v i o u s  y e a r  o r  any  o t h e r  t im e  i n  t h a t  t i m e .  The t a b l e  shows 

t h a t  t h e  v a r i a t i o n  i n  t h e  maximuia c e l l  l e n g t h  and  t h e  maximum 

num ber o f  c h l o r o p l a s t  t u r n s  i s  n o t  s e a s o n a l , b u t  i s  p r o b a b l y  

l a r g e l y  due  t o  t h e  r e l a t i v e l y  s m a l l  num ber o f  f i l a m e n t s  m e a s 

u r e d .  T h i s  i s  p r o b a b l y  t h e  c a s e  w i t h  r e s p e c t  t o  t h e  v a r i a t i o n  

i n  minimum c e l l  l e n g t h  and  num ber o f  c h l o r o p l a s t  t u r n s , b u t  t h i s  

v a r i a t i o n  i s  v e r y  s m a l l  co m p a red  v f i t h  t h e  o t h e r . .  The t a b l e  

shows t h e  m o s t  f r e q u e n t , o r  mean c e l l  l e n g t h  and  num ber o f  

t u r n s  o f  c h l o r o p l a s t  p e r  c e l l  a t  e a c h  m e a s u r e m e n t .  T h i s  was 

o b t a i n e d  f ro m  t h e  f i r s t  f o u r  c e l l s  o f  e a c h  f i l a m e n t  m e a s u r e d ,  

t h e s e ,  b u t  n o t  n e c e s s a r i l y  a l l  b e i n g  m e a s u r e d  i n d i v i d u a l l y .

The maximum c e l l  l e n g t h  w h ic h  was f o u n d  d u r i n g  t h e  tw e n ty  

m o n th s  i s  28(^4, &ud t h i s  c e l l  o c c u r r e d  i n  a  f i l a m e n t  lO /i w id e  

o f  t h e  1 s t  p e r i o d .  The l e n g t h  o f  t h i s  c e l l  w as t h u s  28 t im e s  

i t s  w i d t h .  The minimum c e l l  l e n g t h  w h ic h  was f o u n d  d u r i n g  t h e  

t w e n ty  m o n th s  i s  15yd,and t h i s  c e l l  o c c u r r e d  i n  a  f i l a m e n t  1 7 . 5yU_ 

w id e  f o u n d  i n  t h e  3 r d  p e r i o d .  The l e n g t h  o f  t h i s  c e l l  w as  l e s s  

t h a n  o n c e  i t s  w i d t h .  The c o r r e s p o n d i n g  r a n g e  i n  t h e  num ber o f  

c h l o r o p l a s t  t u r n s  p e r  c e l l  d u r i n g  t h e  t w e n ty  m o n th s  i s  9 r - l .

S.ce, t a e n i f o r m i s  i s  s t a t e d  t o  be  a  s p e c i e s  v e r y  v a r i a b l e  i n  t h e  

l e n g t h  o f  i t s  c e l l s  and  i n  t h e  k e y  a r r a n g e d  by B o rg e  and  P a s c h e r  

t h e  w i d t h  i s  g i v e n  a s  2 0 - 2 ' ^  show ing  a  r a n g e  o f  7/.t; t h e  c e l l  

l e n g t h  i s  g i v e n  a s  2-5& t i m e s  t h e  w i d t h  a n d  t h e  num ber o f  

c h l o r o p l a s t  t u r n s  p e r  c e l l  a s  l t - 6 .  T a b le  2 shows t h a t  t h e  

w i d t h  o f  t h e  f i l a m e n t s  i s  10-20 /.l  show ing  a  r a n g e  o f  IC^j. ( i n  t h e  

c a s e  o f  2 f i l a m e n t s  t h e  w i d t h  w as  s l i g h t l y  g r e a t e r  t h a n  2 0 ) ;  

t h a t  t h e  c e l l  l e n g t h  i s  1 - 2 8  t i m e s  t h e  w i d t h  and  t h a t  t h e
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num ber o f  c h l o r o p l a s t  t u r n s  i s  1 - 9 ^ .  I t  h a s  a l r e a d y  b e e n  s t a t e d  

t h a t  t h e r e  i s  no p r o o f  t h a t  t h e  S p i r o g y r a  o f  t h e  1 s t  p e r i o d ,  o r  

e v e n  t h e  n a r r o w  t y p e  o f  t h e  2nd  a n d  3 r d  p e r i o d ,  i s  S . c a t a e n i -  

f o r m i s .  I f  t h e s e  f i l a m e n t s  a r e  e x c lu d e d  t h e  w i d t h  o f  S . c a t a e n i -  

f o r m i s  i s  1 5 -2 0  s h o w in g  a  v a r i a t i o n  o f  5 ; t h e  maximum c e l l  

l e n g t h  i s  190 i n  a  f i l a m e n t  1 7 . 5  w i d e ,  i . e .  11 t i rd e s  t h e  

w i d t h ;  t h e  minimurd c e l l  l e n g t h  r e m a in s  u n a l t e r e d  and  t h e  num ber  

o f  c h l o r o p l a s t  t u r n s  v a r i e s  f ro m  1 - 8 .  T hus  t h e  c e l l  l e n g t h  i s  

c o n s i d e r a b l y  m ore v a r i e d  t h a n  i s  r e p o r t e d  by  B o rg e  a n d  B a s c h e r ,  

and  a l s o  t h e  num ber o f  c h l o r o p l a s t  t u r n s  p e r  c e l l  b u t  t h i s  

v a r i a t i o n  i s  n o t  s e a s o n a l .

A n e c e s s a r y  p r e c a u t i o n .  D u r i n g  t h e  f i r s t  o f  t h e  f o r t n i g h t 

l y  m e a s u r e m e n ts  o f  t h e  2nd  p e r i o d  w hen t h e  S p i r o g y r a  a p p e a r e d  

t o  be v e i y  v i g o r o u s ,  t h e  m e a s u re m e n t  o f  i n d i v i d u a l  f i l a a u e n t s  

w as  e a s i e r  i f  t h e  m a t e r i a l  h a d  b e e n  k e p t  o v e r - n i g h t  i n  t h e  

l a b o r a t o r y .  The c r o s s  w a l l s  c p u l d  b e  s e e n  m ore e a s i l y ,  p r e s u m 

a b l y  b e c a u s e  g r o w t h ,  u n a c c o m p a n ie d  by  d i v i s i o n ,  h a d  o c c u r r e d  i n  

t h e  l a b o r a t o r y .  D u r i n g  t h i s  f i r s t  m e a s u r e m e n t ,  a b o u t  h a l f  t h e  

m a t e r i a l  was c o l l e c t e d  d a i l y ,  a n d  t h e  o t h e r  h a l f  w as t a k e n  f r o m  

t h e  m a t e r i a l  c o l l e c t e d  on  t h e  f i r s t  d a y  and  k e p t  i n  t h e  l a b o r a 

t o r y .  T a b le  4 ,  c o n s t r u c t e d  i n  t h e  same way a s  T a b le  1 ,  i n d i c a t e  

t h e  d i f f e r e n c e  b e tw e e n  r e c o r d s  made f r o m  f r e s h l y  c o l l e c t e d  a n d  

l a b o r a t o r y  m a t e r i a l :  t h e  f r e s h l y  c o l l e c t e d  m a t e r i a l  h a d  s h o r t e r  

c e l l s .

T a b le  4 ,

3> flT £  OF  

MF AAURF M E N T

No', of 

ritosuped

N U M B E - R  o p  C E IL S  . A G r l V E N  L E N G T H  O F  F /L flM E lM T -.

S-IJ r^-/olo I I  I I - l i  17 l i  l i - I L  l ^ - d U- i - j  i j - i% l e - i a  fa -^o'so i l S l - n  ai-SSJf-ot i t  o? IV-JS 3£-aa Itj-id U>-3I V - Î 2  33-33 33 3t S i-ii'S f-S t y, -3S

Naltnio-I n^ea s u f f i t  
ai l ^cK col l ech. d

Mo-l'er’iN co(let.W
Mfosui’eJ Ftt ■ j i 'E it '*•

/ 0 8  

Ô fi
1 2 1 1  3  l b  S'  9 ; / 6 ' 3  é F  «  C Jj S  S  S  S  -h 3 3  3 / ' (  

; 1 3  3  /  /

I n  a l l  t h e  s u b s e q u e n t  m e a s u r e m e n ts ,  m a t e r i a l  w as  c o l l e c t e d  

d a i l y  t o  a v o i d  t h e  e r r o r  due  t o  g r o w t h .  I n  some o f  t h e  m e a s u r e 

m e n ts  t h e  m a t e r i a l  o f  t h e  f i r s t  d a y  o f  m e a s u r e m e n t  w as k e p t  i n  

t h e  l a b o r a t o r y ,  a n d  a  f e w  ■ ■ filam en ts  w e re  m e a s u r e d  some d a y s  

l a t e r ;  t h e s e  w e re  c o m p a re d  w i t h  t h e  same n u m b er  m e a s u r e d  on  t h e
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f i r s t  d a y .  The m a t e r i a l  m e a s u r e d  w as i n s u f f i c i e n t  t o  c o n s t r u c t  

a  t a b l e  s u c h  a s  t h e  a b o v e ,  b u t  t h e  maximum a n d  minimum num ber of  

c e l l s  t o  t h e  g i v e n  l e n g t h  w as  a s c e r t a i n e d  f o r  t h e  f r e s h l y  

c o l l e c t e d  a n d  l a b o r a t o r y  k e p t  m a t e r i a l .  The r e s u l t s  a r e  g i v e n  

i n  t a b l e  5 , a n d  t h e y  show t h a t  i n  e a c h  c a s e  t h e  maximum and  

minimura num ber o f  c e l l s  t o  t h e  g i v e n  l e n g t h  i s  g r e a t e r  i n  t h e  

f r e s h l y  c o l l e c t e d  m a t e r i a l .  T h i s  c l e a r l y  i n d i c a t e s  t h a t  g r o w th  

o c c u r s  i n  t h e  l a b o r a t o r y  a n d  t h e  m a t e r i a l  s h o u l d  be  m easured , 

i m m e d i a t e l y  a f t e r  c o l l e c t i o n .

T a b le  5 .

D a t e  o f n  
c o l l e c t i o n  

i n  1 9 2 8 .

D a te
o f

m e a s u r e m e n t .

Number o f  
f i l a m e n t s  
m e a s u r e d .

Maximur/i n o ,  
o f  c e l l s  t o  

s t a n d a r d  
l e n g t h .

MinimiJim n o ,  
o f  c e l l s  t o  

s t a n d a r d  
l e n g t h .

F e b .  2 1 s t . F e b .  2 1 s t . 21 35 1 6 .

II II F e b .  2 5 t h . 21 18 t 11

M arch  6 t h . M arch  6 t h . 14 23 11

II II M arch  1 2 t h . 14 15 11

A p r i l  1 8 t h . A p r i l  1 8 t h . 40 34

II II A p r i l  2 1 s t . 40 24 6

May 1 s t . May 1 s t . 30 21 9

II II May 8 t h . 30 21 7

May 1 5 t h . May 1 5 t h , 24 46 17

II II May 2 1 s t . 24 18 9

May 2 9 t h May 2 9 t h , 25 30 17

II II J u n e  6 t h . 25 16 9

Summary o f  t a b l e s  1 - 5 .  I t  c a n  be  s e e n  f ro m  t h e s e  t a b l e s  

t h a t  i n  S p i r A g y r a  c a t a e n i f o m i s  f o u n d  b e tw e e n  F e b r u a r y  1928  and  

J u l y  1929  t h e r e  i s  a  c o n s i d e r a b l e  r a n g e  i n  c e l l  l e n g t h ,  c e l l  

w i d t h  a n d  t h e  num ber  o f  t u r n s  o f  t h e  c h l o r o p l a s t  p e r  c e l l .  T h is  

r a n g e  shows no s e a s o n a l  v a r i a t i o n  b u t  i s  o c c a s i o n e d  by  i n d i v i d 

u a l  c e l l  d e v e lo p m e n t .  I n  t h e  S p i r o g y r a  f o u n d  b e tw e e n  N ovem ber 

1927 a n d  J a n u a r y  19 2 8  th e  r a n g e  f o r  a l l  t h e s e  v a l u e s  i s  i n c r e a s 

e d .  A t  t h i s  t im e  i t  d i d  n o t  a p p e a r  t o  b e  i n  so  v i g o r o u s  and  

a c t i v e l y  d i v i d i n g  a  s t a t e  a s  s u b s e q u e n t l y .  The i n c r e a s e d  r a n g e
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o f  v a r i a t i o n  may h a v e  b e e n  o c c a s i o n e d  by  s e n e s c e n c e ,  t h e  a p p e a r 

a n c e  a n d  d e s d r i p t i o n  o f  some o f  t h e  f i l a m e n t s  i n d i c a t e  t h a t  t h e  

S p i r o g y r a  w as  e n t e r i n g  on  a  s e n e s c e n t  s t a g e .  T h e re  w as  no su c h  

s e n e s c e n t  s t a g e  w hen  t h e  S p i r o g y r a  d i s a p p e a r e d  i n  O c t o b e r  1 9 2 8 ,  

an d  t h i s  be c o r r e l a t e d  w i t h  t h e  a b s e n c e  o f  c o n j u g a t i o n ^ a n d  

t h e  p r o d u c t i o n  o f  p e r e n n a t i n g  f i l a m e n t s  a s  a  m eans  o f  r e p r o 

d u c t i o n .  I t  i s  n o t  known w h e t h e r  c o n j u g a t i o n  o c c u r r e d  i n  1 9 2 7 ,  

i t  o c c u r r e d  i n  1929  b u t  i t  w as  o n l y  c o m p l e t e d  i n  a  f e w  c a s e s .

A s e n e s c e n t  p e r i o d  w as  n o t  o b s e r v e d  d u r i n g  t h e  au tum n  ; o n l y  

v e r y  few  f i l a m e n t s  s u r v i v e d  t h e  c o n j u g a t i o n  p e r i o d .  T henpond  

h a d  becoj.ie c h o k e d  up w i t h  s i l t  a n d  i t s  c o n d i t i o n  was n o t  n o r m a l .

VARIATION IN THE CHLOROPLAST.

V a r i a t i o n  i n  n u m b er .

W h ile  S . c a t a e n i f o r m i s  was b e i n g  m e a s u r e d  f o r  c e l l  l e n g t h  

a n d  b r e a d t h ,  f i l a m e n t s  w e re  s e e n  i n  w h ic h  some o r  a l l  o f  t h e  

c e l l s  h a d  two c h l o r o p l a s t s ,  w h ic h  t u r n e d  w i t h i n  t h e  c e l l s  i n  

o p p o s i t e  d i r e c t i o n s .  A t  f i r s t  smch f i l a m e n t s  w e re  n o t  m e a s u r e d ,  

a s  t h e y  w e r e  t h o u g h t  t o  b e l o n g  t o  a  d i f f e r e n t  s p e c i e s ,  b u t ,  a s  

t a b l e  4  shov fs , so  many t r a n s i t i o n s  h a v e  b e e n  s e e n  b e tw e e n  

f i l a r i i e n t s  h a v i n g  two c h l o r o p l a s t s  i n  a l l  t h e  c e l l s ,  a n d  f i l a 

m e n t s  h a v i n g  two c h l o r o p l a s t s  i n  o n l y  one c e l l ,  t h a t  i t  i s  

p r o b a b l e  t h a t  a l l  t h e  f i l a m e n t s  w e r e  S . c a t a e n i f o r m i s .  A c c o r d in g  

t o  t h e  k e y  a r r a n g e d  by  B o rg e  a n d  P a s c h e r  f o r  t h e  i d e n t i f i c a t i o n  

o f  s p e c i e s  o f  S p i r o g y r a ,  one w o u ld  r e g a r d  f i l a i a e n t s  h a v i n g  two 

c h l o r o p l a s t s  i n  a l l  t h e  c e l l s  a s  b e l o n g i n g  t o  a  d i f f e r e n t  g ro u p  

o f  s p e c i e s  f ro m  t h e  r e s t ;  b u t  h e r e  t h e  many t r a n s i t i o n a l  f i l a 

m e n t s  j u s t i f y  t h e i r  i n c l u s i o n  i n  t h e  one s p e c i e s .  B e s i d e s  t h e  

f i l a m e n t s  r e c o r d e d  i n  t h e  t a b l e  a s  h a v i n g  some c e l l s  w i t h  two 

c h l o r o p l a s t s ,  (an d  t h e s e  i n c l u d e  a l l  t h a t  w e r e  s e e n  d u r i n g  t h e  

f o r t n i g h t l y  m e a s u r e m e n t s ,  made d u r i n g  t h e  e x a m i n a t i o n  o f  l a r g e  

a m o u n ts  o f  m a t e r i a l )  o n l y  two o t h e r  f i l a m e n t s  w e r e  f o u n d  w i t h

two c h l o r o p l a s t s  i n  some o f  t h e  c e l l s .  One w as  s e e n  on  F e b r u a r y
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F r e q u e n c y  o f  F i l a m e n t s  h a v i n g  c e l l s  w i t h  two c h l o r o p l a s t s  p e r  c e l l .  

D a te  o f

Me asurerae n t

Num ber o f  
f i l a m e n t s  
m e a s u r e d

Number o f  f i l a m e n t s  s e e n  h a v i n g  two 
c h l o r o p l a s t s  p e r  c e l l ,  a n d  p a r t i c u l a r s  
o f  t h e s e ,

1 9 2 7 .
;i Nov: 2 3 r d  

! D e c :  2 1 s t  
— — 1 9 2 8 .  

F e b :  22nd  
M a rc h  6 t h

M arch  2 0 t h  
A p r i l  2nd

I  A p r i l  1 8 t h
I
I  May 1 s t

LV
P

A
May 2 9 t h  
J u n e  1 3 t h

J u n e  2 6 t h

J u l y  1 0 t h  
J u l y  2 4 t h

Aug; 7 t h  
S e p t ;  4 t h

S e p t :  1 8 t h

O c t :  5 t h

—  1 9 2 9 .  
M a rc h  2 1 s t

^ M a r c h  2 1 s t

A p t i l  22nd

1 No. o f  
f i l a m e n t s

T o t a l  n o .  
o f  c e l l s .

1
No. o f  
c e l l s  w i t h  
2 c h l o r o 
p l a s t s .

No. o f  
c e l l s  w 
1 c h i 01 
p l a s t .

200 i 4 oo CO oo
200 1 00 oo 1

200 1 CO oo few
241 2 13 12 1

00 h a l f h a l f
201 1 oo Oo 0
220 3 oo oo 1

00 h a l f h a l f
00 oo 0

224 2 oo CO 0
CO few 00

217 7 15 15 0
64 50 14

9 8 1
00 GO 0
00 0 0 0

24 1 23
. 13 5 13

211 1 CQ h a lf h a l f
211 2 OO oo few

' 00 CO few
204 2 Oo 00 f ew

00 few œ
204 1 00 00 few
203 2 46 43 3

44 26 18
203 1 18 2 16
200 2 00 00 00

00 4 oo
203 2 00 CO 00

00 few 00
47 3 CO 00 f e w

CO CO CO
00 few oo

200 2 41 6 35
00 few oo

63 2 27 1 26
27 2 25

301 3 26 9 17
36 3 33
43 18 25

Cvl under Li picial



3 4 .

22nd  1929 w hen  S p i r o g y r a  f i l a m e n t s  w e re  v e r y  r a r e  i n  t h e  pond  

a n d  t h e n  o n l y  o c c u r r e d  i n  t h e  m ud. I n  t h i s  f i l a m e n t  a b o u t  h a l f  

t h e  c e l l s  h a d  two c h l o r o p l a s t s .  The o t h e r  w as  s e e n  on M arch  

1 6 t h  1929  i n  a  s m a l l  p o r t i o n  o f  mud w h ic h  h a d  b e e n  c o l l e c t e d  on 

F e b r u a r y  6 t h  1 9 2 9 ,

Tab l e  6 .  T a b l e  6 show s t h a t  ^ o c c a s i o n a l  f i l æ n e n t s  h a v i n g  c e l l s  

w i t h  two c h l o r o p l a s t s  w e r e  f o u n d  d u r i n g  e v e r y  m o n th  when t h e  

S p i r o g y r a  w as  p r e s e n t .  Thus t h e i r  o c c u r r e n c e  c a n n o t  b e  c o n n e c t é  

w i th ,  e x t e r n a l  c o n d i t i o n s ,  b u t  i s  d e p e n d e n t  on some i n t e r n a l  

c o n d i t i o n  o f  t h e  c e l l .  T hose  c e l l s  w i t h  two c h l o r o p l a s t s  a r e  

n e a r l y  a lw a y s  a d j a c e n t  i n  t h e  f i l a m e n t , b u t  o c c a s i o n a l l y  t h e y  

h a v e  b e e n  f o u n d  i n  m ore  t h a n  one  p a r t ,  s e p a r a t e d  by  c e l l s  w i t h  

one  c h l o r o p l a s t .

V a r i a t i on i n  c h a r a c t e r .

The r a n g e  i n  t h e  num ber o f  c h l o r o p l a s t  t u r n s ,  a n d  t h e  m o s t  

f r e q u e n t ,  o r  m ean , num ber o f  c h l o r o p l a s t  t u r n s  p e r  c e l l ,  f o u n d  

a t  e a c h  m e a s u r e m e n t ,  i s  shown i n  T a b le  3 .  T h i s  t a b l e  h a s  a l 

r e a d y  b e e n  d i s c u s s e d .

T a b l e 7 .  The v a r i a t i o n  i n  w i d t h  o f  t h e  c h l o r o p l a s t  i s  shown i n  

T a b le  7 ,  a n d  t h e  p e r c e n t a g e  o f  f i l a m e n t s  o f  v a r i o u s  c h l o r o p l a s t  

w i d t h  i s  shown i n  t h i s  t a b l e .  The w i d t h  o f  t h e  c h l o r o p l a s t  w as 

u s u a l l y  c o n s t a n t  i n  anj^ one  f i l a m e n t  a n d  o n l y  one  m e a s u re m e n t  

o f  i t  w as m ade; t h i s  w as  w i t h  t h e  h i g h  p o w e r  o b j e c t i v e  a n d  i n  

t h e  t a b l e  i t  i s  g i v e n  i n  m i c r o n s .  The t a b l e  i s  c o m p i le d  i n  t h e  

same w ay ,  a n d  f ro m  the  same s e t s  o f  m e a s u r e m e n ts  a s  T a b le  2 ,  

w h ic h  h a s  a lready^  b e e n  e x p l a i n e d .  The edge  o f  t h e  c h l o r o p l & s t  

i s  e i t h e r  s m o o th  o r  s e r r a t e d ,  an d  t h i s  i s  u s u a l l y  d e p e n d e n t  on 

i t s  w i d t h .  Wide c h l o r o p l a s t s  a r e  u s u a l l y  s e r r a t e d ,  w h e r e a s  

n a r r o w  o n e s  a r e  sm o o th  i n  o u t l i n e .  O c c a s i o n a l  f i l a m e n t s  h a v e  

b e e n  s e e n  i n  w h ic h  t h e  c h a r a c t e r  o f  t h e  c h l o r o p l a s t  i s  d i f f e r e n t  

a t  e i t h e r  e n d ;  one  end  h a v i n g  a  c o m p a r a t i v e l y  w id e  c h l o r o p l a s t  

w i t h  a  s e r r a t e d  e d g e ,  a n d  t h e  o t h e r  a  n a r r o w  c h l o r o p l a s t  w i t h  a  

sm o o th  e d g e .  The t a b l e  shows t h a t  i n  t h e  2nd a n d  3 r d  p e r i o d s
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P e r c e n t a g e  d i s t r i b u t i o n  o f  f i l a m e n t s  w i t h  r e g a r d  t o  t h e  w i d t h  o f

t h e i r  c h l o r o p l a s t .

: D a te  o f Nuiaber Width: Of c h l o r o p l a s t  i n m ic r o n s

1 m e a s u re m e n t  
1 1927 

D e c :  7 t h

o f  f i l a m e n t s  
m e a s u r e d .  ^

208

. 2 4 - . 3 6 . 3 6 - . 4 8

4

. 4 8 - . 6 0  

44

. 6 0 - . 7 1  

51

. 7 1 - . 8 3  

1

63-9

!

___ D ec :  2 1 s t
l a a s

J a n :  6 t h

189

189

.5 3

.5

52

72

4 4 . 5

2 7 .5

M arch  6 t h 164 4 86 10

M arch  2 0 t h 1 48 3 93 4

A p r i l  2nd 149 . 5 5 92 2 . 5

A p r i l  1 8 t h 197 11 6 . 5 79 3 . 5

May 1 s t 187 10 1 6 . 5 68 5 .5

May 1 5 t h 173 1 . 5 12 84 2 . 5

May 2 9 t h 186 10 85 5

J u n e  1 3 t h 182 4 8 82 5 .5

J u n e  2 6 t h
j

183 5 . 5 86 8 .5

J u l y  l O t h 188 2 94 3 . 5 .5

J u l y  2 4 t h 191 1 . 5 8 9 .5 8 1 . 0

Aug: 7 t h 195  1 . . 5 8 . 5 8 4 .0 3 . 5 1 . 0

S e p t :  4 t h 196 9 8 .5 1 . 5

S e p t ; 199 1 90 6 .5 2 . 0

__ O c t :  5 t h
r—  1929  

^  M a rc h  2 1 s t

46

63 68 23

87

9

13

M a rc h  2 1 s t . 177  1 .5 95 4 . 5

A p r i l  22nd 199 90 10

J u l y  22nd 45 3 5 .5 6 4 .5

C u l t u r e  u n d e r  a r t i f i c i a l  l i g h t .
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o f  a b u n d a n c e  o f  t h e  S p i r o g y r a ,  t h e  m a j o r i t y  o f  f i l a m e n t s  h a v e  

a  c h l o r o p l a s t  w i d t h  . ^ - , 7 1  , W here t h e r e  i s  a  r e l a t i v e l y  h i g h  

p e r c e n t a g e  o f  f i l a m e n t s  w i t h  a  n a r r o w e r  c h l o r o p l a s t  , 3 6 - , 6 0  

( e . g .  A p r i l  1 8 th -M a y  1 5 t h  1 9 2 8 ) ,  t e s t s  w i t h  i o d i n e  h a v e  shown 

t h a t  t h e r e i s  a l s o  r e l a t i v e l y  l i t t l e  s t a r c h  i n  t h e  f i l a m e n t s .

I n  t h e  c u l t u r e  k e p t  u n d e r  c o n s t a n t  i l l u m i n a t i o n  f r o m  M arch  1 s t -  

M arch  2 1 s t ,  t e s t s  w i t h  i o d i n e  show ed t h a t  m o s t  o f  t h e  f i l a m e n t s  

h a d  no s t a r c h  a t  a l l ^ a n d  t h e  t a b l e  shows t h a t  t h e  m a j o r i t y  h a d  

t h e  n a r r o w  t y p e  o f  c h l o r o p l a s t .  T h i s  c u l t u r e  c l e a r l y  i n d i c a t e s  

t h a t  t h e  f i l a m e n t s  c a n n o t  b e  d i v i d e d  i n t o  t y p e s  o r  v a r i e t i e s  

b a s e d  on t h e  w i d t h  o f  t h e  c h l o r o p l a s t .  The f i l a m e n t s  f o u n d  i n  

t h e  c u l t u r e  b e f o r e  i l l u m i n a t i o n  h a d  w i d e r  c h l o r o p l a s t s , a s  a l s o  

h a d  t h e  f i l a m e n t s  w h ic h  a p p e a r e d  i n  t h e  p o n d ,  i n  t h e  r e g i o n  

f r o m  v /h ic h  t h e  mud f o r  t h e  c u l t u r e  h a d  b e e n  e x t r a c t e d .  D u r i n g  

t h e  1 s t  p e r i o d  t h e  n a r r o w e r  t y p e  o f  c h l o r o p l a s t  w as m ore a b u n 

d a n t  t h a n  a t  any  o t h e r  t i m e ,  a s  t h e  t a b l e  sh o w s .  From D e cem b er  

7 t h  t o  J a n u a r y  6 t h  1 9 2 8 ,  when t h e  S p i r o g y r a  w as r a p i d l y  d e c r e a s 

i n g  i n  a m o u n t ,  t h e  p e r c e n t a g e  o f  f i l a i u e n t s  w i t h  t h e  n a r r o w e r  

c h l o r o p l a s t  w as g r e a t l y  i n c r e a s e d .  P o s s i b l y  t h e  n a r r o w e r  

c h l o r o p l a s t ,  and  t h e  a b s e n c e  o f  s t a r c h  i n  i t ,  a r e  c h a r a c t e r s  

w h i c h  f o l l o w  on  s e n e s c e n c e .  F i l a r a e n t s  w h ic h  a p p e a r  t o  b e  d y i n g  

h a v e  a  n a r r o w  c h l o r o p l a s t  w i t h  a  s m o o th  e d g e ,  a n d  a s  h a s  a l r e a d y  

b e e n  s t a t e d  t h e  S p i r o g y r a  o f  t h e  1 s t  p e r i o d  seem ed  t o  b e  e n t e r 

i n g  i n t o  a  s e n e s c e n t  s t a g e .  At t h e  end  o f  t h e  2nd  p e r i o d ,  t h e r e  

w as  no i n c r e a s e  i n  t h e  p e r c e n t a g e  o f  f i l a m e n t s  w i t h  a  n a r ro w  

c h l o r o p l a s t ,  a n d  no s i g n s  o f  s e n e s c e n c e  i n  t h e  f i l a m e n t s  m e a s 

u r e d ,  w h ic h  a p p e a r e d  t o  b e  a c t i v e l y  d i v i d i n g  a n d  v i g o r o u s .  

V a r i a t i o n s  i n  r e l a t i o n s h i p s .  T a b l e s  8 a n d  9 show t h e  r e l a t i o n  

b e tw e e n  t h e  num ber o f  c h l o r o p l a s t  t u r n s  p e r  c e l l ,  and  t h e  l e n g t h  

o f  c e l l  a n d  num ber o f  p y r e n o i d s .  The d a t a  f o r  t h e s e  t a b l e s  

w as  o b t a i n e d  f ro m  m e a s u r e m e n ts  o f  t h e  s l i d e s  o f  f i x e d  and  

s t a i n e d  m a t e r i a l  r e f e r r e d  t o  on  p a g e  2 1 .  A t e a c h  t im e  o f  m e a s 

u r e m e n t  200 c e l l s  s e l e c t e d  a t  random  w e r e  i n v e s t i g a t e d  w i t h
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R e l a t i o n s h i p  b e tw e e n  l e n g t h  o f  c e l l  a n d  n u m b er  o f  t u r n s  o f

c h l o r o p l a s t  p e r  c e l l .

^Maximura, T 
minimum f  ; 

D a t e  o f  & a v e r a g e  I n u m b e r  o f  t u r n s  o f  c h l o r o p l a s t  p e r  c e l l .

F i x a t i o n c e l l  i n  
m i c r o n s . l - l ' s

L ,  .

l i - 2  2 - 2 4 2 i - 3 3 - 3 i 3 ^ -4 4 - 4 ^ 4 i - 5 5 - 5 i
[■" 'T ■ 

5 i - 6 '  6-6&
1

1928  
Feb  : 2 8 t h Maxlmuiii 25 30 40 50 55 80 60 65 60 80

i

- Miniiaum 25 20 25 25 35 40 35 50 60 80

A v e ra g e 25 25 30 35 42 46 50 56 60 80

^ a r r ô t h Maximura 50 60 80 85 90 95 LOO 85 ' 80

Minimum 30 35 35 35 50 55 60 80

A v e ra g e 39 46 5 3 .6 5 7 .6 6 9 .5 7 9 .2 8 6 .2 7 3 .5 80

A p l : 2 5 t h Maximum 35 40 50 65 60 70 tLOO 75 80

Minimum 30 30 30 35 35 45 50 55 80

A v e ra g e 3 2 .5 3 4 .1 3 7 .9 4 6 . 2 50 5 5 .6 58 6 2 .5 80

May 3 0 t h Maximum 30 40 45 55 70 60 80 90 85

Minimum 25 25 25 35 35 45 50 60 85

A v e r a g e 2 6 .6 3 4 .7 3 6 . 8 4 4 .3 4 9 .4 5 3 .5 6 1 .2 73 85

A u g : 7 t h Maximum 35 60 60 60 90 90 90 90 LOO

Miniiaaam 25 25 30 40 45 50 45 70 90

A v e ra g e 2 8 .5 3 5 .7 3 9 .1 4 6 .3 5 7 .4 6 4 .7 6 6 .4 80 9 7 .5

O c t : 8 t h  :Maximum 30 45 45 55 55 55 125
I

65 L35

Minimum 20 25 25 35 40 45 1 45 55 135

A v e ra g e 26 28 34 41 46 40 62 59 135
1 9 2 9 .  

A p l : 2 6 t h Maximum 20 30 35 40 45 60 45 50 50

Minimum 15 20 20 25 30 35 45 50 50

Ave r a g e 1 9 . 4 2 2 .7 2 6 .4 3 2 .3 37 4 0 . 9 45 50 50
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r e g a r d  t o  t h e  num ber  o f  c h l o r o p l a s t  t u r n s ,  t h e  c e l l  l e n g t h ,  and  

t h e  n u n b e r  o f  p y r e n o i d s .  The num ber  o f  f i l a m e n t s  c o n c e r n e d  i s  

n o t  know n; i t  w as  p r o b a b l y  l e s s  t h a n  2 0 0 ,  f o r  o n l y  two s l i d e s  

o f  m a t e r i a l  w e re  u s e d  a t  e a c h  t i m e  o f  m e a s u r e m e n t .  The num ber 

o f  c h l o r o p l a s t  t u r n s  w as f o u n d  t o  t h e  n e a r e s t  h a l f  t u r n ,  and  

f o r  e a c h  v a l u e  o f  t h i s  t h e  maximum and  minimum c e l l  l e n g t h  and  

num ber  o f  p y r e n o i d s  w as  f o u n d .  The a v e r a g e  v a l u e  o f  a l l  t h e  

c e l l ^ l e n g t h s  and  p y r e n o i d s  n u m b e r s ,  w as c a l c u l a t e d  f o r  e v e r y  

v a l u e  o f  t h e  num ber o f  c h l o r o p l a s t  t u r n s .  The r e s u l t s  f r o m  

t h e s e  m e a s u r e m e n ts  a r e  c o l l e c t e d  t o g e t h e r  i n  T a b l e s  8 a n d  9 . and  

T a b le  9 i s  i l l u s t r a t e d  by  a  g r a p h .

T a b l e 8 .  T a b le  8 show s t h a t  t h e  roaximum, minimum, a n d  a v e r a g e  

c e l l  l e n g t h s ,  a n d  t h e  num ber o f  c h l o r o p l a s t  t u r n s  a r e  d i r e c t l y  

p r o p o r t i o n a l  t o  e a c h  o t h e r .  The r e l a t i o n  i s  n o t  so d e f i n i t e  a s  

t h e  t a b l e  i n d i c a t e s ,  f o r  i n  some c a s e s  t h e r e  a r e  c o n s i d e r a b l e  

d i f f e r e n c e s  i n  t h e  l e n g t h s  o f  c e l l s  h a v i n g  t h e  same num ber  o f  

c h l o r o p l a s t  t u r n s ;  c o n v e r s e l y ,  c e l l s  o f  t h e  same l e n g t h  f r e 

q u e n t l y  h a v e  a  v a r y i n g  nuraber o f  c h l o r o p l a s t  t u r n s .  T he  t a b l e  

a l s o  show s t h a t  t h e  a v e r a g e  c e l l  l e n g t h  c o r r e s p o n d i n g  t o  e a c h  

v a l u e  o f  t h e  c h l o r o p l a s t  t u r n s  i s  n o t  c o n s t a n t ,  b u t  v a r i e s  

t h r o u g h o u t  t h e  y e a r  f ro m  f o r t n i g h t l y  m e a s u re m e n t  t o  f o r t n i g h t l y  

m e a s u r e m e n t .  F o r  e v e i y  v a l u e  o f  t h e  c h l o r o p l a s t  t u r n s  t h e  a v e r 

a g e c e l l  l e n g t h  i s  s h o r t e s t  a t  t h e  b e g i n n i n g  o f  t h e  3 r d  p e r i o d ,  

i n  A p r i l  1 9 2 9 .  A s i m i l a r  c o n c l u s i o n  was o b t a i n e d  f ro m  t h e  

m e a s u re m e n t  o f  f r e s h  m a t e r i a l  ( c f .  T a b l e s  1 and  3 ) ,

T a b l e 9 .  T a b le  9 a n d  t h e  g r a p h  i l l u s t r a t i n g  i t  show t h a t  t h e  

maximum, minimum, a n d  a v e r a g e  n um ber  o f  p y r e n o i d s ,  and  t h e  

num ber o f  c h l o r o p l a s t . t u r n s , a r e  d i r e c t l y  p r o p o r t i o n a l  t o  e a c h  

o t h e r .  As i n  t h e  c a s e  o f  c e l l  l e n g t h ,  t h i s  r e l a t i o n  d o e s  n o t  

a lw a y s  h o l d ,  f o r  t h e r e  a r e  s o m e t im e s  c o n s i d e r a b l e  d i f f e r e n c e s  

i n  t h e  n u m b er  o f  p y r e n o i d s  i n  c e l l s  h a v i n g  t h e  sarae num ber  o f  

c h l o r o p l a s t  t u r n s .  The a v e r a g e  p y r e n o i d  n u m b er  p e r  c e l l ,  

c o r r e s p o n d i n g  t o  t h e  v a r i o u s  v a l u e s  o f  t h e  c h l o r o p l a s t  t u r n s ^



TABLE 9 .

R e l a t i o n s h i p  b e tw e e n  num ber  o f  p y r e n o i d s  and  n um ber  o f  t u r n s
I >■■■■ ,11»  ...«m . _ «. — ■IIIIM,.,! JBi. ■ ■ ■ <-m W ■ I ■ ■ II —  » .  Ml I — ■ ■. i  . .1, i i  m, I .11 ' IW  mi lU —  — 11 —i 1 11

Of c h l o r o p l a s t  p e r  c e l l .

D a te  o f
Maximum, 
rainimuiii 
8c a v e r a g e  
num ber  o f  
p y r e n o i d s  
p e r  c e l l .

........ '

F um ber  o f  t u r n s  o f  c h l ( j r o p l a s t  p e r  c e l l

F i x a t i o n
1 - l i

1

i i - 2 . 2 - 2 t

1

2 i - ^ 3 -3 + 3+ -4 4 - 4 + 4 + -5 5—5+i 5 + -6 6-6+

1 9 2 8 ,  
F e b : 2 8 t h Maxiiiiur-'i 13 13 16 17 ,! 20 22 26 24 27 22

Minimum 13 Ü 1 8
i

9 11 11 13 14 19 22

A v e ra g e 13 11 13 13 15 17 18 20 23 22

M a r : 6 t h Maximum 12 19 18 18 23 25 24 21 24

Miniiaum 9 8 10 10 11 16 14 19 24

A v e ra g e 11 12 14 15 17 19 19 20 24

A p l : 2 5 t h Maximum
. . .

12 15 16 20 21 21 22 21 18

Minimum 8 8 10 12 11 12 16 18 18

A v e ra g e 11 12 13 15 16 17 19 20 18

May 3 0 t h Maximum 14 15 17 20 25 26 24 23 24

Minimum 7 9 8 11 14 14 15 18 24

A v e ra g e 10 12 13 16 18 20 20 21 24

A u g : 7 t h Maximum 14 17 18 21 25 24 28 25 24

Minimum 9 9 11 11 11 ' 14 14 20 20

A v e ra g e 11 13 14 15 17 18 22 22 22

O c t  : 8 t h Maximum 17 20 21 24 27 25 27 27 24

Minimum 11 10 12 14 15 16 21 22 24

A v e r a g e 13 14 16 19 21 21 24 24 24

A p l : 2 6 t h Maximura 13 14 16 17 23 22 19 27 27

Minimura 6 7 10 9 11 13 19 27 27

A v e r a g e 9 10 11 14 17 17 19 27 27
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d o e s  n o t  a l t e r  a p p r e c i a b l y  f r o m  f o r t n i g h t l y '  m e a s u r e m e n t  t o  

f o r t n i g h t l y  m e a s u r e m e n t  t h r o u g h o u t  t h e  y e a r , e x c e p t  i n  t h e  c a s e  

o f  t h e  m e a s u r e m e n t s  made on  O c t o b e r  8 t h  1 9 2 8 ,  when  f o r  e v e r y  

va l j^e  i t  i s  h i g h e r .  T h i s  i s  c l e a r l y  shown i n  t h e  g r a p h  accom -  

pa n ^ ' in g  T a b l e  9 ,  The t a b l e  shows t h a t  t h e  minimum num ber  o f  

p y r e n o i d s  i s  a l s o  g r e a t e r  a t  t h a t  t im e ^  f o r  e v e i^ '  v a l u e  o f  t h e  

c h l o r o p l a s t  t u r n s ,  a n d  i n  m o s t  c a s e s  t h e  maximum number i s  a l s o  

g r e a t e r .  The m a t e r i a l  f i x e d  on O c t o b e r  8 t h ,  w as  f r o m  t h e  l a s t  

m i n u t e  t u f t  o f  S p i r o g y r a  v i s i b l e  i n  t h e  pond  a t  t h e  end  o f  t h e  

2nd  p e r i o d .  As h a s  b e e n  s t a t e d ,  t h e  f i l a m e n t s  a t  t h e  end  o f  

t h e  2nd p e r i o d ,  d i s a p p e a r e d  i n t o  t h e  mud,  and  p e r e n n a t i n g  f i l a 

m e n t s  w e re  l a t e r  f o u n d .  A l t h o u g h  t h e s e  p e r s i s t e d  a l l  t h r o u g h  

t h e  w i n t e r ,  a nd  m u s t  h a v e  b e e n  v e r y  r é s i s t e n t ,  t h e y  w e r e  no 

d i f f e r e n t  i n  e x t e r n a l  a p p e a r a n c e  f r o m  t h e  o r d i n a r y  v e g e t a t i v e  

f i l a i u e n t s .  P o s s i b l y  t h e  i n c r e a s e d  p y r e n o i d  num ber  on  O c t o b e r  

8 t h  1928  i s  a  c h a r a c t e r i s t i c  f e a t u r e  o f  p e r e n n a t i n g  f i l a n e n t s  | 

a s  a  w h o l e ,  w h e r e b y  a  g r e a t e r  am oun t  o f  s t a r c h  ca n b e  f o r m e d ;  ! 

t h e  f i l a i i i e n t s  a t  t h i s  t i m e  w e r e  c e r t a i n l y  p a c k e d  w i t h  s t a r c h .  I 

I n  a l l  t h e  m e a s u r e m e n t s  some p y r e n o i d s  w e r e  s e e n  i n  d i v i s i o n ,  

o r  s t i l l  i n  c o n t a c t  a f t e r  d i v i s i o n ,  and  a  f e w  w e r e  s e e n  w h i c h  

w e r e  d i s t i n c t l y  s m a l l e r  t h a n  t h e  r e s t ,  a s  t h o u g h  t h e y  h a d  j u s t  

b e e n  f o r m e d .

VARIAITOkT IIT ITATURk AiTD AIvlOmiT OP RkSkEVk POODS.

S t a r c h  Con t e n t ,

t h e n  t h e r e  i s  o n l y  a  l i t t l e  s t a r c h  i n  t h e  c e l l s  i t  i s  

c o n f i n e d  t o  t h e  p y r e n o i d  s h e a t h ,  b u t  when t h e r e  i s  a b u n d a n t  

s t a r c h  t h e  w h o l e  o f  t h e  c h l o r o p l a s t  i s  a l s o  p a c k e d  w i t h  s t a r c h  

g r a i n s .  When t h e  g r a i n s  i n  t h e  c h l o r o p l a s t  a r e  p a r t i c u l a r l y  

a b u n d a n t  t h e y  c a n  s o m e t i m e s  be  s e e n  w i t h o u t  s t a i n i n g ,  f o r  t h e y  

g i v e  t h e  c h l o r o p l a s t  a  g r a n u l a r  a p p e a r a n c e .  A t  o t h e r  t i m e s  t h e  

i n d i v i d u a k  g r a i n s  c a n n o t  b e  s e e n  b u t  t h e  w h o l e  c h l o r o p l a s t  

a p p e a r s  g l a s s y  a n d  r e p l e t e  w i t h  s t a r c h .  S o m e t im e s  t h e r e  a r e
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o n l y  a  f ew  s t a r c h  g r a i n s  i n  t h e  c h l o r o p l a s t :  s o m e t i m e s  t h e s e  a r e  

a b s e n t  e v e n  f r o m  t h e  p y r e n o i d  s h e a t h ,  a n d  t h e  f i l a m e n t  h a v e  no 

s t a r c h .  The a m o u n t  o f  s t a r c h  h a s  b e e n  t e s t e d  by  t h e  a c t i o n  o f  

i o d i n e  o n  f r e s h  m a t e r i a l  a n d  on  m a t e r i a l  p r e s e r v e d  i n  f o r m a l i n  

o r  medium c h r o m - a c e t i c  a c i d ;  i n  a l l  t h r e e  c a s e s  t h e  r e - a c t i o n  

i s  s i m i l a r  a n d  i s  c o n s t a n t  t h r o u g h o u t  a n y  one  f i l a m e n t .  C o t t o n  

b l u e  h a s  a l s o  b e e n  u s e d  t o  i n d i c a t e  t h e  amoun t  o f  s t a r c h  p r e s e n t  : 

a f t e r  s t a i n i n g  f o r  two o f  t h r e e  h o u r s  i n  c o t t o n  b l u e  an d  d e -  

s t a i n i n g  i n  d i l u t e  g l y c e r i n e ,  t h e  s t a r c h  g r a i n s  r o u n d  t h e  

p y r e n o i d s  and  i n  t h e  c h l o r o p l a s t  c a n  be  s e e n  w i t h  h i g h  m a g n i f i -  

c a t i o n  t o  be  w e l l  d i f f e r e n t i a t e d ,  a l t h o u g h  t h e y  a r e  q u i t e  u n 

s t a i n e d  by  t h e  c o t t o n  b l u e .  The f o l l o w i n g  r e s u l t s  h a v e  b e e n
m a t e r i a l

c o l l e c t e d  f r o m  f r e s h  o r  p r e s e r v e d  o r  b o t h  t e s t e d  i n  one  o r  b o t h

o f  t h e  a b o v e  w a y s ,

1 s t  P e r i o d  The am oun t  o f  s t a r c h  w a s  n o t  a s c e r t a i n e d

u n t i l  t h e  e n d  o f  t h i s  p e r i o d ,  when  t h e  S p i r o g y r a  h a d  a l 
m o s t  d i s a p p e a r e d  f r o m  t h e  p o n d .  I t  w as  t h e n  f o u n d  ( i n  
J a n u a r y  1 9 2 8 )  t h a t  t h e  s h o r t  p i e c e s  o f  f i l a m e n t s  w h i c h  
w e r e  t h e n  p r e s e n t  h a d  a b u n d a n t  s t a r c h ,  t h e  c h l o r o p l a s t s  
a p p e a r i n g  h o m o g e n o u s l y  b l a c k  when  s t a i n e d  w i t h  i o d i n e .
T h e s e  s h o r t  p i e c e s  o f  f i l a m e n t s  w e r e  o n l y  d i s c o v e r e d  on 
c a r e f u l  e x a m i n a t i o n  o f  t h e  d e p o s i t  l e f t  a t  t h e  b o t t o m  o f  
a  v e s s e l  w h i c h  h a d  c o n t a i n e d  p o n d  m a t e r i a l ,

2nd  P e r i o d  The S p i r o g y r a  was  f i r s t  n o t e d  t o  h a v e  r e 
a p p e a r e d  on  F e b r u a r y  2 1 s t  1928  an d  i t  w a s  t e s t e d  f o r  
s t a r c h  b e t w e e n  F e b r u a r y  2 1 s t  and  F e b r u a r y  2 9 t h .  F r e s h  and  
p r e s e r v e d  m a t e r i a l  was  t e s t e d ,  a n d  i t  was  f o u n d  t h a t  
s t a r c h  was  p r e s e n t  i n  m o s t  o f  t h e  f i l a m e n t s ,  a n d  i n  a  few  
o f  t h e m  t h e  c h l o r o p l a s t s  h a d  a  number o f  s t a r c h  g r a i n s .
Some o f  t h e  f i l a m e n t s  h a d  no s t a r c h  g r a i n s  i n  t h e  c h l o r o 
p l a s t ,  and  some h a d  no s t a r c h  a t  a l l .

On M arch  2 3 r d  a l l  t h e  f i l a m e n t s  w e r e  n o t e d  t o  h a v e  
s t a r c h ,  i n  some^ o f  t h em  t h e  c l i l o r o p l a s t  w a s  p a c k e d  w i t h  
s t a r c h  a b d  was  s t a i n e d  c o m p l e t e l y  b l a c k  w i t h  i o d i n e .  The 
a m oun t  o f  s t a r c h  p r e s e n t  a t  t h e s e  t i m e s  was  n o t  so g r e a t  
a s  i n  t h e  f o l l o w i n g  a u tum n  f o r  i t  c o u l d  n o t  be  s e e n  i n  t h e  
c h l o r o p l a s t s  w i t h o u t  s t a i n i n g .

On A p r i l  4 t h , A p r i l  2 5 t h ,  May 5 t h , May 1 9 t h ,  i n  a l 
m o s t  a l l  t h e  f i l a m e n t s  t h e r e n w a s  ^  s t a r c h  p r e s e n t ,  e v e n  
t h e  p y r e n o i d  s h e a t h  v/as u n s t a i n e d  by  i o d i n e .  On A p r i l  4 t h
a n d  May 5 t h  f r e s h  m a t e r i a l  w a s  t e s t e d ,  a n d  on t h e  o t h e r
two d a t e s  p r e s e r v e d  m a t e r i a l  w a s  u s e d  a n d  t e s t e d  w i t h  
i o d i n e  and  c o t t o n  b l u e .

On May 50 t h  a n d  J u n e  2nd  t h e  amount  o f  s t a r c h  v a r i e d ,  
amd a  f e w  f i l a m e n t s  h a d  a b u n d a n t  s t a r c h  and  h a d  s t a r c h  
g r a i n s  d i s p e r s e d  t h r o u g h o u t  t h e  c h l o r o p l a s t ,  b u t  t h e  m a j o r 
i t y  h a d  o n l y  a  l i t t l e  s t a r c h  o r  no s t a r c h  a t  a l l .

On J u n e  1 8 t h  -  2 3 r d  t h e  m a j o r i t y  o f  f i l a m e n t s  h a d  no
s t a r c h .

On J u n e  2 7 t h  t h e  amount  o f  s t a r c h  v a r i e d ,  i n  some
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f i l a m e n t s  t h e r e  w a s  no s t a r c h  a t  a l l ,  i n  o t h e r s  t h e r e  was 
a  l i t t l e  s t a r c h  ,a nd  i n  a  f e w  t h e  w h o l e  c h l o r o p l a s t  was 
t u r n e d  b l a c k  by  i o d i n e .

On J u l y  1 3 t h  a n d  J u l y  2 4 t h  a l l  t h e  f i l a m e n t s  h a d  some 
s t a r c h  a n d  i n  a  f ew  t h e  w h o l e  c h l o r o p l a s t  w as  p a c k e d  w i t h  
s t a r c h ,  t h i s  w as  e s p e c i a l l y  t h e  c a s e  i n  t h o s e  f i l a m e n t s  
s h o w in g  t h e  b e g i n n i n g s  o f  c o n j u g a t i o n .

On A u g u s t  7 t h  t h e  m a j o r i t y  o f  f i l a m e n t s  o n l y  h a d  a  
v e r y  l i t t l e ' s t a r c h  c o n f i n e d  t o  a  n a r r o w  p y r e n o i d  s h e a t h  -  
a  few  h a d  n u m e r o u s  s t a r c h  g r a i n s  i n  t h e  c h l o r o p l a s t .

On S e p t e m b e r  4 t h  t h e  m a j o r i t y  o f  f i l a m e n t s  h a d  
a b u n d a n t  s t a r c h  t h e  c h l o r o p l a s t  b e i n g  p a c k e d  w i t h  s t a r c h  
g r a i n s .

On S e p t e m b e r  1 8 t h  a l l  t h e  f i l a m e n t s  c o n t a i n e d  s t a r c h ,  
i n  some o n l y  t h e  p y r e n o i d  s h e a t h  was  s t a i n e d ,  b u t  i n  some 
t h e  w h o l e  c h l o r o p l a s t  was  s t a i n e d  a n d  c o n t a i n e d  num erous  
s t a r c h  g r a i n s .

A f t e r  O c t o b e r  5 t h  t h e  S p i r o g y r a  h a d  a l m o s t  c o m p l e t e l y  
d i s a p p e a r e d  f r o m  t h e  p o n d ,  b u t  c a r e f u l  s e a r c h  showed t h a t  
f r o m  t h i s  t i m e  t o  i t s  r e a p p e a r a n c e  i n  b u l k  i n  A p r i l  1929 
t h e r e  w e r e  a  f ew  v i g o r o u s  p e r e n n a t i n g  f i l a m e n t s  i n  t h e  mud; 
t h e s e  f  i l w i i e n t s  h a d  b r i g h t  g r e e n  c o m p a c t  c h l o r o p l a s t s  ^some 
o f  t h e m  w e r e  t e s t e d  w i t h  i o d i n e .

On ]Tovember 1 2 t h  a  l o n g  f i l a m e n t  was  t e s t e d ,  b u t  i t  
c o n t a i n e d  no s t a r c h . ””

On D e c e m b e r  1 s t  a  f i l a m e n t  was  t a k e n  f r o m  mud w h i c h  
h a d  b e e n  k e p t  i n  t h e  l a b o r a t o r y  f r o m  O c t o b e r  6 t h .  The 
p y r e n o i d s h e a t h s  c o n t a i n e d  s t a r c h ,  b u t  t h e r e  w e r e  no s t a r c h  
g r a i n s  i n  t h e  c h l o r o p l a s t s .

On Decembe r  5 t h  a nd F e b r u a r y  4 t h  1929  two l o n g  f i l a 
m e n t s  w e r e  t e s t e d  w i t h  i o d i n e  a n d  t h e  p y r e n o i d  s h e a t h s  
c o n t a i n e d  s t a r c h .

On J a n u a r y  2 8 t h  a n d  F e b r u a r y  22nd  two l o n g  f i l a m e n t s  
w e r e  t e s t e d ,  a n d  f o u n d  t o  c o n t a i n  s t a r c h  g r a i n s  i n  t h e  
c h l o r o p l a s t  a s  w e l l  a s  i n  t h e  p y r e n o i d  s h e a t h .

On F e b r u a r y  6 t h  two f i l a m e n t s  w e r e  t e s t e d ,  one  h a d  
a  c h l o r o p l a s t  p a c k e d  w i t h  s t a r c h ,  b u t  t h e  o t h e r  h a d  no 
s t a r c h  a t  a l l  a n d  t h e  p y r e n o i d  s h e a t h  w a s  u n s t a i n e d .

On F e b r u a r y  2 1 s t  two s h o r t  f i l a m e n t s  w e r e  f o u n d  a n d  
b o t h  h a d  a b u n d a n t  s t a r c h  t h e  c h l o r o p l a s t  c o n t a i n i n g  
n u m e r o u s  s t a r c h  g r a i n s .  One o f  t h e s e  f i l a m e n t s  h a d  a  p a l e  
l a x  c h l o r o p l a s t  a n d  l o o k e d  l i k e  a  " r e s t i n g  f i l a m e n t " .

On M arch  1 8 t h  a  f i l a m e n t  was  t e s t e d  a n d  f o u n d  t o  
c o n t a i n  a b u n d a n t  s t a r c h ,  t h e  c h l o r o p l a s t  b e i n g  s t a i n e d  
a l m o s t  c o m p l e t e l y  b l a c k .

On M arch  2 1 s t  a  number o f  f i l a m e n t s  f r o m  t h e  c u l t u r e  
u n d e r  a r t i f i c i a l  l i g h t  w e r e  t e s t e d  a n d  s t a r c h  w a s  f o u n d  
t o  b e  a l m o s t  c o m p l e t e l y  a b s e n t .  The c u l t u r e  was  made f r o m  
mud c o l l e c t e d  on F e b r u a r y  6 t h  an d  p l a c e d  u n d e r  c o n s t a n t  
i l l u m i n a t i o n  on  M a rc h  1 s t .

I n  mud c o l l e c t e d  on  M a rc h  1 s t  and  k e p t  i n  t h e  l a b o r a -  
tor^r  t i l l  M a rc h  2 4 t h  f o u r  f i l a m e n t s  w e r e  t e s t e d  w i t h  i o d i n e ^  
two o f  t h em  h a d  v e r y  l i t t l e  s t a r c h ,  t h i s  b e i n g  c o n f i n e d  t o  
a  v e r y  n a r r o w  s h e a t h  r o u n d  t h e  p y r e n o i d s ,  i n  a n o t h e r  t h e  
p y r e n o i d  s h e a t h s  w e r e  s t a i n e d  a n d  t h e r e  w e r e  v e r y  s m a l l  
s t a r c h  g r a i n s  i n  t h e  c h l o r o p l a s t ,  w h i l e  t h e  t h i r d  h a d  
a b u n d a n t  s t a r c h  n u m ero u s  g r a i n s  b e i n g  s t a i n e d  i n  t h e  
c h l o r o p l a s t .

On M a rc h  2 4 t h  a  f i l a m e n t  was  t e s t e d  w i t h  i o d i n e ,  t h e  
p y r e n o i d  s h e a t h s  w e r e  w i d e ,  a n d  t h e r e  w e r e  num erous  t i n y  
s t a r c h  g r a i n s  i n  t h e  c h l o r o p l a s t .  T h i s  f i l a m e n t  was  f o u n d  
i n  mud w h i c h  h a d  b e e n  k e p t  i n  t h e  l a b o r a t o r y  f r o m  M a rc h  
7 t h , i t  d i d  n o t  a p p e a r  v i g o r o u s  l i k e  t h e  o t h e r  f i l a m e n t s  
d e s c r i b e d .

On M arch  2 5 t h  t h e  S p i r o g y r a  i n  t h e  p o n d  w a s  b e g i n n i n g  
t o  become a b u n d a n t  a g a i n ,  a n d  v a r i o u s  f i l a m e n t s  w e r e  t e s t e d
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w i t h  i o d i n e .  The ajaoun t  o f  s t a r c h  v a r i e d  g r e a t l y ,  some 
f i l a i u e n t s  h a d  no s t a r c h ,  e v e n  t h e  p y r e n o i d s  w e r e  u n s t a i n e d .  
O t h e r s  h a d  a  l i t t l e  s t a r c h ,  w h i l e  t h e  m a j o r i t y  h a d  a b u n 
d a n t  s t a r c h ,  t h e  c h l o r o p l a s t  b e i n g  p a c k e d  w i t h  s t a r c h  
g r a i n s .

3 r d  p e r i o d .  The S p i r o g y r a  h a d  r e a p p e a r e d  i n  q u a n t i t y  
by  A p rT l 'T 9 '2 '9^ a nd  on A p r i l  4 t h  some m a t e r i a l  w a s  t e s t e d  
w i t h  i o d i n e .  M os t  o f  t h e  f i l a m e n t s  h a d  some a t a r c h ,  b u t  
a  f ew  w e r e  u n s t a i n e d .  The m a j o r i t y  c o n t a i n e d  a  l o t  o f  
s t a r c h ,  a n d  n u m e r o u s  s t a r c h  g r a i n s  c o u l d  be  s e e n  i n  t h e  
c h l o r o p l a s t .

A p r i l  1 6 t h ,  1 9 t h ,  2 2 n d ,  2 4 t h .  On t h e  w h o l e  t h e  f i l a 
m e n t s  C O r% ln "  a  ib V  o f  s t^ r ^ lb E e  n u m b e r  o f  s t a r c h  g r a i n s  
i n  t h e  c h l o r o p l a s t  v a r i e s ,  b u t  t h e r e  a r e  some i n  n e a r l y  a l l  
t h e  f i l a m e n t s .  A f e w  f i l a m e n t s  w e r e  s e e n  w h i c h  c o n t a i n e d  
no s t a r c h .

On May 1 s t  a nd May 1 3 t h  a l l  t h e  f i l a m e n t s  c o n t a i n e d  
a b u n d a n t  s t a r c h ' ,  T h e  c h l o r o p l a s t s  b e i n g  p a c k e d  w i t h  s t a r c h  
g r a i n s . .

On .Tune 1 5 t h  v e g e t a t i v e  m a t e r i a l  h a d  n o t  so  much 
s t a r c h  a s  p r e v i o u s l y  b u t  t h e  amount  v a r i e d  v e r y  g r e a t l y .
Some f i l a m e n t s  h a d  v e r y  l i t t l e  s t a r c h  a n d  o n l y  a  v e r y  
n a r r o w  s t a r c h  s h e a t h  was  s t a i n e d  by  i o d i n e ,  o t h e r s  h a d  a  . 
w i d e r  s t a r c h  s h e a t h  b u t  no s t a r c h  g r a i n s  i n  t h e  c h l o r o 
p l a s t ,  w h i l e  o t h e r s  h a d  n u m e r o u s  s t a r c h  g r a i n s  i n  t h e  
c h l o r o p l a s t .  I n  c o n j u g a t i n g  f i l a i u e n t s ,  t e s t e d  a t  t h e  
same t i m e ,  t h e r e  w a s  a b u n d a n t  s t a r c h  t h e  c h l o r o p l a s t  b e i n g  
p a c k e d  w i t h  s t a r c h  g r a i n s .

On J u l y  22nd t h e  amount  o f  s t a r c h  v a r i e d  v e r y  g r e a t l y ,  
a n d  thw two e x t r e m e s  w e r e  f i l a m e n t s  w h i c h  h a d  no s t a r c h  a t  
a l l  ( t h e s e  w e r e  u s u a l l y  f i l a m e n t s  w i t h  l o n g  c e l l s  a n d  l a x  
c h l o r o p l a s t s )  an d  f i l a m e n t s  w h o s e  c h l o r o p l a s t s  w e r e  p a c k e d  
w i t h  s t a r c h .

C o n c l u s i o n s .  The am oun t  o f  s t a r c h  p r e s e n t  i n  t h e  f i l a m e n t s  

v a r i e s ,  b u t  t h e  v a r i a t i o n  i s  by  no m eans  s e a s o n a l ,  F i l a m e n t s  w± 

w i t h  a b u n d a n t  s t a r c h ,  a n d  f i l a m e n t s  w i t h  l i t t l e  o r  no s t a r c h ,  

a r e  p r e s e n t  a t  t h e  same t i m e  a n d  i n  t h e  same c o l l e c t i o n  o f  

m a t e r i a l .  Thus  t h e  a m oun t  o f  s t a r c h  i n  t h e  f i l a m e n t s  c a n n o t  b e  i i 

d e p e n d e n t  on  e x t e r n a l  c o n d i t i o n s  s u c h  a s :  t e m p e r a t u r e ,  c o n c e n -  ! 

t r a t i o n  o f  t h e  w a t e r  o f  t h e  p o n d ,  l i g h t  i n t e n s i t y ;  b u t  i s  

r a t h e r  d e t e r m i n e d  by  c o n d i t i o n s  o f  i n d i v i d u a l  c e l l  d e v e l o p m e n t .

T h e r e  i s  e v i d e n t l y  some r e l a t i o n  b e t w e e n  t h e  c o n d i t i o n  o f  t h e  

c e l l s  d u r i n g  c o n j u g a t i o n ,  a n d  t h e i r  s t a r c h  c o n t e n t ;  b o t h  i n  

1 9 2 8  a n d  1 929  a l l  t h o s e  f i l a m e n t s  w h i c h  h a d  s t a r t e d  t o  c o n j u g a t e  

c o n t a i n e d  a b u n d a n t  s t a r c h .  I n  v e g e t a t i v e  m a t e r i a l  t e s t e d  a t  

t h e  same t i m e ,  t h e  s t a r c h  c o n t e n t  v a r i e d  v e r y  g r e a t l y .  The 

am oun t  o f  s t a r c h  i n  t h e  c e l l s  a p p a r e n t l y  d o e s  n o t  i n f l u e n c e  c e l l  

d i v i s i o n .  I n  M a rc h  1 9 2 9 ,  i n  f i l a m e n t s  s t a i n e d  w i t h  i o d i n e ,  c e l l  

d i v i s i o n  was  n o t e d  i n  c e l l s  w h i c h  h a d  t h e  c h l o r o p l a s t  p a c k e d
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w i t h  s t a r c h ,  c e l l s  w h i c h  h a d  o n l y  a  l i t t l e  s t a r c h ,  a n d  c e l l  

o f  f i l a m e n t s  f r o m  c u l t u r e  u n d e r  a r t i f i c i a l  l i g h t  v^hich h a d  no 

s t a r c h .  The a b s e n c e  o f  s t a r c h  i n  t h e  f i l a m e n t s  o f  t h i s  was 

p r o b a b l y  d u e  t o  e x h a u s t i o n .  Vei^" r a p i d  g r o w t h  a n d  d i v i s i o n  must  

h a v e  p r e v i o u s l y  o c c u r r e d  i n  t h i s  c u l t u r e  f o r  t h e  f i l a m e n t s  t o  

h a v e  become so a b u n d a n t .

O i l  C o n t e n t .

When t h e r e  i s  a  c o n s i d e r a b l e  amount  o f  o i l  p r e s e n t  i n  t h e  

c e l l s ,  i t  t a l e e 8 t h e  f o r m  o f  g l o b u l e s ,  w h i c h  a r e  d i s p e r s e d  s u p e r 

f i c i a l l y  i n  t h e  c e l l ,  a nd  a r e  u s u a l l y  o n ,  o r  a b o v e ,  t h e  c h l o r o 

p l a s t .  T h e s e  g l o b u l e s  a r e  s t a i n e d  r e d  b y  Sudan  I I I  i n  a b o u t  

t e n  m i n u t e s ,  a n d  t h e y  c a n  t h e n  be  s e e n  w i t h  low m a g n i f i c a t i o n ,  

s o m e t i m e s  a d d i t i o n a l  t i n y  r e d  g l o b u l e s  c a n  b e  s e e n  i n  t h e  c y t o 

p l a s m .  The s u p e r f i c i a l  g l o b u l e s  a r e  h i g h l y  r e f r a c t i v e ,  and  a r e  

s t a i n e d  a  b r o w n i s h  g r e y  c o l o u r  by  o sm ic  a c i d ,  t h e y  a r e  c l e a r l y  

g l o b u l e s  o f  o i l  o r  f a t .  When t h e y  a r e  p a r t i c u l a r l y  a b u n d a n t ,  

a s  a t  t h e  t i m e  o f  c o n j u g a t i o n ,  t h e r e  i s  a  v i s i b l e  d i f f e r e n c e  i n  

t h e  a p p e a r a n c e  o f  t h e  c h l o r o p l a s t s ,  t h e  l a r g e  o i l  g l o b u l e s  c a n  

e a s i l y  be  s e e n  w i t h o u t  s t a i n i n g ,  a n d  t h e y  g i v e  t h e  c h l o r o p l a s t  

a  g r a n u l a r  a p p e a r a n c e .  T h i s  a p p e a r a n c e  a r o s e  i n  c u l t u r e s  s e t  

up d u r i n g  t h e  c o n j u g a t i o n  p e r i o d ,  i n  a n  a t t e m p t  t o  i n d u c e  

c o n j u g a t i o n .  The c u l t u r e  s o l u t i o n s  u s e d  w e r e : -  3 ^  c a n e  s u g a r  i n  

d i s t i l l e d  w a t e r  r e n e w e d  w i t h  t h e  same s t r e n g t h  o f  c a n e  s u g a r ;  

t h e  sarae r e n e w e d  w i t h  d i s t i l l e d  w a t e r ;  c a l c i u m  p h o s p h a t e  s o l u 

t i o n  c o n t a i n i n g  1 mgm o f  p h o s p h o r o u s  p e r  l i t r e  o f  p o n d  w a t e r ;  

t h e  same i n  d i s t i l l e d  w a t e r ;  p o n d  w a t e r  c o n t a i n i n g  a  f e w  f i l a 

m e n t s  o f  S p i r o g y r a ,  A l l  t h e s e  c j i l t u r e s  w e r e  p l a c e d  on  t h e  r o o f  

o f  t h e  l a b o r a t o r y ,  and  a n o t h e r  c u l t u r e ,  c o n t a i n i n g  a  f e w  f i l a 

m e n t s  o f  S p i r o g y r a  i n  p o n d  w a t e r ,  was  p l a c e d  i n  t h e  l a b o r a t o r y .  

On J u n e  1 2 t h ,  when  t h e  f i l a m e n t s  w e r e  p l a c e d  i n  t h e s e  c u l t u r e s  

t h e  c h l o r o p l a s t s  a p p e a r e d  q u i t e  n o r m a l  a n d  no o i l  g l o b u l e s  

c o u l d  b e  s e e n .  When t h e y  w e r e  e x a m i n e d  on  J u n e  2 1 s t ,  i n  o n l y  

one  c u l t u r e  w as  t h e  p r e v i o u s  n o r m a l  a p p e a r a n c e  shown,  t h i s  was
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i n  t h e  c u l t u r e  c o n t a i n i n g  c a l c i u m  p h o s p h a t e  i n  d i s t i l l e d  w a t e r .  

I n  a l l  t h e  o t h e r  c u l t u r e s  t h e  f i l a m e n t s  h a d  v e r y  g r a n u l a r  c h l o r o  

p l a s t s ,  a n d  e v e n  w i t h  low m a g n i f i c a t i o n ,  t h e y  l o o k e d  veiy^ 

d i f f e r e n t  f r o m  t h e i r  p r e v i o u s  a p p e a r a n c e .  T h i s  d i f f e r e n c e  i n  

a p p e a r a n c e  v/as shown t o  h e  d u e  t o  t h e  p r o d u c t i o n  o f  l a r g e  s u p e r 

f i c i a l  o i l  g l o b u l e s ,  a n d  a l s o  t o  t h e  p r o d u c t i o n  o f  a  num ber  o f  

s t a r c h  g r a i n s  i n  t h e  c h l o r o p l a s t s .

At  a l l  t i m e s  o f  t h e  y e a r  a  f u r t h e r  " r e a c t i o n "  i s  g i v e n  w i t h  

Sudan  I I I , f o r  a f t e r  f i l a m e n t s  h a v e  b e e n  l e f t  i n  t h i s  f o r  some 

t i m e ,  t h e  w h o l e  c h l o r o p l a s t  be c o m e s  s t a i n e d  a  r e d d i s h  c o l o u r  o f  

v a r y i n g  i n t e n s i t y ,  a n d  i n  t h i s  r e d  c h l o r o p l a s t  s m a l l  g r a n u l e s ,  

a l s o  r e d ,  b u t  n o t  s p e c i a l l y  d i f f e r e n t i a t e d ,  c a n  b e  s e e n .  I t  i s  

n o t  known w h e t h e r  t h i s  " r e a c t i o n "  h a s  a n y  s i g n i f i c a n c e :  i f  i t  

i n d i c a t e s  t h a t  t h e  c h l o r o p l a s t  m a t r i x  i s  p e r m e a t e d  w i t h  f a t  o r  

w h e t h e r  i t  i s  m e r e l y  a  g e n e r a l  s t a i n i n g  o f  t h e  c h l o r o p l a s t .  A 

s i m i l a r  " r e a c t i o n "  o r  g e n e r a l  s t a i n i n g  o f  t h e  c h l o r o p l a s t  i s  

shown w i l  o i l  o f  a l k a n i n  a f t e r  some h o u r s .

I t  h a s  a l r e a d y  b e e n  s t a t e d  t h a t  t h e  l a r g e  s u p e r f i c i a l  o i l  

g l o b u l e s ,  a r e  s t a i n e d  a  b r o w n i s h  g r e y  c o l o u r  by  o sm ic  a c i d ,  b u t  

a n  a d d i t i o n a l  r e a c t i o n  i s  g i v e n ,  f o r  i n  t h o s e  f i l a m e n t s ,  a nd  

a l s o  i n  t h o s e  w i t h o u t  o i l  g l o b u l e s ,  a  b l a c k  p r e c i p i t a t i o n  i s  

p r o d u c e d  s u p e r f i c i a l l y  i n  t h e  c e l l s .  A c o r r e s p o n d i n g  b l u e  p r e 

c i p i t a t i o n  i s  p r o d u c e d  when f i l a m e n t s  a r e  t r e a t e d  w i t h  n i l e  b l u e  

s u l p h a t e ;  t h i s  i s  a  s t a i n  f o r  u n s a t u r a t e d  f a t t y  a c i d s  a s  w e l l  

a s  f o r  f a t s ,  a n d  so t h e  b l u e  p r e c i p i t a t i o n  w i t h  n i l e  b l u e  ,and 

t h e  b l a c k  one  w i t h  o s m ic  a c i d ,  seem  t o  i n d i c a t e  t h e  p r e s e n c e  o f  

a  f a t t y  s u b s t a n c e  i n  a  v e i y  f i n e l y  d i v i d e d  s t a t e  ( P l a t e  V . )

When f i l a m e n t s  a r e  im m ers e d  f o r  a  l o n g  t i m e  i n  v e r y  d i l u t e  

s o l u t i o n s  o f  t h e s e s t a i n s  v i z :  d a h l i a ,  m e t h y l e n e  b l u e  a n d  e o s i n ,  

s u p e r f i c i e l  p r e c i p i t a t i o n s  t h e  same c o l o u r  a s  t h e  s o l u t i o n s ,  a r e  

f o r m e d  i n  t h e  c e l l s .  P r e s u m a b l y  t h e s e  p r e c i p i t a t i o n s  i n d i c a t e  

t h e  p r o t o p l a s m ,  o r  i n c l u s i o n s  i n  t h i s ,  w h i c h  h a v e  become 

c o l o u r e d  b y  t h e  s o l u t i o n s .  I n  t h e  c a s e  o f  n i l e  b l u e  s u l p h a t e .
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a n d  ü s m i c  a c i d ,  t h e  p r e c i p i t a t i o n s  a r e  n o t  m ere  c o l o u r a t i o n s  o f  

t h e  p r o t o p l a s m ,  f o r  i n  t h e  c a s e  o f  o sm ic  a c i d ,  a  d e f i n i t e  

c o l o u r  c h a n g e  i s  p r o d u c e d ,  m o r e o v e r  n e i t h e r  o f  t h e  p r e c i p i t 

a t i o n s  i s  a l t e r e d  by  d i l u t e  g l y c e r i n e .  I t  i s  n o t  known w h e t h e r  

t h e s e  r e a c t i o n s  i n d i c a t e  t h e  p r e s e n c e  o f  f a t t y  s u b s t a n c e s , o r  o f  

t a n n i n  i n  t h e  p r o t o p l a s m .  Osmic a c i d  s t a i n s  t a n n i n s  a s  w e l l  a s  

f a t s ,  a n d  i s  f o u n d  t o  r e a c t  w i t h  t a n n i c  a c i d ,  g i v i n g  a  b l u e -  

b l a c k  c o l o u r a t i o n .  The p r e c i p i t a t i o n  p r o d u c e d  i n  t h e  f i l a r a e n t s  

by  o s m ic  a c i d ,  h a s  a  b l u i s h  t i n g e ,  and  i s  n o t  l i k e  t h e  b row n  

b l a c k  c o l o u r  p r o d u c e d  w i t h  t h e  l a r g e  o i l  g l o b u l e s .  W h a t e v e r  

t h e  n a t u r e  o f  t h e  r e a c t i o n ,  i t  v a r i e s  i n  i n t e n s i t y  i n  d i f f e r e n t  

f i l a m e n t s ,  a n d  i t  d o e s  n o t  o c c u r  i n  m a t e r i a l  p r e s e r v e d  i n  

g l y c e r i n e ,  f o r m a l ,  o r  s p i r i t ,  o r  i n  m a t e r i a l  v /h ic h  h a s  b e e n  

t r e a t e d  w i t h  i o d i n e .  The r e a c t i o n s  w i l l  be  c o n s i d e r e d  h e r e  w i t h  

t h o s e  f o r  o i l ,  a n d  t h e  f o l l o w i n g  r e s u l t s  h a v e  b e e n  o b t a i n e d .

1 s t  P e r i o d .  O i l  w a s  c e r t a i n l y  n o t  a b u n d a n t  i n  t h i s  p e r i o d ,  
f o r  no i n d i c a t i o n  o f  i t s  p r e s e n c e  w as  n o t e d  i n  u n s t a i n e d  
m a t e r i a l .  The s h o r t  p i e c e s  o f  f i l a m e n t s  f o u n d  i n  J a n u a r y  
1929  g a v e  no r e a c t i o n  w i t h  s u d a n  I I I ,

2nd  P e r i o d . R e a c t i o n s  w i t h  s u d a n  I I I ,  
ï^rom" P e b r u a r y  -  J u n e  1 9 2 8 , o n l y  r a r e  f i l a m e n t s  w e r e  

s e e n ,  w h i c h  h a d  a  f e w  s m a l l  s u p e r f i c i a l  o i l  g l o b u l e s .
On J u n e  1 6 t h  a  f ew  f i l a i z i e n t s  w i t h  a b u n d a n t  l a r g e  

s u p e r f i c i a l  o i l  g l o b u l e s  w e r e  s e e n .  The o i l  g l o b u l e s  w e r e  
s i m i l a r  t o  t h o s e  w h i c h  w e r e  a l w a y s  p r e s e n t  i n  t h e  r a r e  
f i l a m e n t s  w h i c h  a^^ iempted  c o n j u g a t i o n  a t  t h i s  t i m e  a n d  
d u r i n g  J u l y .

On J u n e 2 6 t h  a n d  2 9 t h  a  l a r g e  number o f  t h e  f i l a m e n t s  
e x a m i n e d  d u r i n g  a  m e a s u r e m e n t  h a d  a b u n d a n t  o i l  g l o b u l e s .

On J u l y  1 2 t h  S p i r o g y r a  c o l l e c t e d  f r o m  f o u r  o f  t h e  
p l a c e s  w h e r e  i t  o c c u r r e d  i n  a b u n d a n c e ,  was  t e s t e d  w i t h  
s u d a n  I I I .  Two o f  t h e  p l a c e s  h a d  f i l a m e n t s  w i t h  a b u n d a n t  
p i l  g l o b u l e s ,  and  among them  f i l a m e n t s  a t t e m p t i n g  c o n j u g a 
t i o n ,  a l s o  w i t h  a b u n d a n t  o i l .  The o t h e r  two p l a c e s  h a d  
f i l a m e n t s  w h i c h  w e r e  m o s t l y  w i t h o u t  o i l ,  an d  among them  
t h e r e  w e r e  no i n s t a n c e s  o f  c o n j u g a t i n g  f i l a m e n t s .

On J u l y  1 8 J h  f i l a m e n t s  c o l l e c t e d  f r o m  t h e  same p l a c e s  
w e r e  a l l  f o u n d  t o  c o n t a i n  a b u n d a n t  o i l .

On J u l y  2 4 t h  -  2 8 t h  a l m o s t  a l l  t h e  f i l a m e n t s  h a d  abund 
a n t  o i l .

On A u g u s t  7 t h  -  1 0 t h  o n l y  a  f e w  f i l a m e n t s  c o n t a i n e d  
o i l  g l o b u l e s .  The t e m p e r a t u r e  o f  t h e  a i r  h a d  b e e n  c o n 
s i d e r a b l y  h i g h e r  s i n c e  t h e  p r e v i o u s  t e s t  a n d  a p p a r e n t l y  t h e  
S p i r o g y r a  h a d  i n c r e a s e d  i n  amount  f o r  i t  c o v e r e d  a  l a r g e r  
a r e a  o f  t h e  p o n d .

On S e p tem b e r  4 t h  -  7 t h  n e a r l y  a l l  t h e  f i l a m e n t s  l a  d 
a b u n d a n t  o i l  g l o b u l e s .

On S e p t e m b e r  1 8 t h  a n d  O c t o b e r  6 t h  v e i y  f ew  f i l a m e n t s  
h a d  t h e  l a r g e  o i l  g l o b u l e s  p r e v i o u s l y n o t e d  b u t  t h e  m a j o r 
i t y  o f  t h em  h a d  a  f ew  x j u i t e  s m a l l  g l o b u l e s .

B e t w e e n  O c t o b e r  6 t h  1928  a nd  A p r i l  1929  o c c a s i o n a l
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t e s t s  w e r e  loade on  t h e  r a r e  p e r e n n a t i n g  f i l a m e n t s  w h i c h  
w e r e  t h e n  p r e s e n t .

On ITovember 8 t h  a n d  9 t h  a  f i l a m e n t  1 2 , 5  i n  w i d t h  a nd  
a  f i l a m e n t  1 7 , 6  w e r e  b o t h  f o u n d  t o  h a v e  s m a l l  s u p e r f i c i a l  
o i l  g l o b u l e s .

On IToveraber 1 2 t h  a  v i g o r o u s  f i l a m e n t  w i t h  a  com pac t
c h l o r o p l a s t  was  f o u n d  t o  h a v e  no o i l .

On JTovember 1 7 t h  a  s h o r t  f i l a m e n t ,  w h i c h  h a d  b e e n  k e p t  
i n  c u l t u r e  i n  T h e  l a b o r a t o r y  s i n c e  November 9 t h ,  was  f o u n d  
t o  h a v e  a  v e r y  l a r g e  num ber  o f  s m a l l  s u p e r f i c i a l ,  o i l  
g l o b u l e s .

On ITovember  2 2 n d  two v i g o r o u s  f i l a m e n t s  w i t h  c o m p a c t  
c h l o r o p l a s t s  weYe " t e s t e d .  They  h a d  b e e n  k e p t  i n  c u l t u r e  
i n  t h e  l a b o r a t o r y  s i n c e  November 1 4 t h .  One o f  t h em  h a d
no o i l  g l o b u l e s  b u t  t h e  o t h e r  h a d  a  f e w .

On D e c e m ber  1 s t  a  v i g o r o u s  f i l a m e n t  was  s e e n  w i t h  a  
l a r g e  numbe'r o f  o i l  g l o b u l e s .

On F e b r u a r y  6 t h  a n d  M a rc h  1 s t  1929  f i l a m e n t s  h a d  no 
o i l  g l o b u l e s .

On M a rc h  1 8 t h  two f i l a m e n t s  w e r e  t e s t e d ,  o n e  h a d  o i l , 
t h e  o t h e r  îaad a  f e w  g l o b u l e s .

On M a rc h  21 s t  a n d  2 2 n d  s e v e r a l  f i l a m e n t s  w e r e  t e s t e d ,  
b u t  o n l y  r a r e  " f i l a m e n t s  h a d  o i l  g l o b u l e s .

R e a c t i o n s  w i t h  o sm ic  a c i d  a n d  n i l e  b l u e .  F rom 
F e b r u a r y  t o  S e p t e m b e r  19 2 8  v a r i o u s  t e s t s  w e r e  made w i t h  
o s m i c  a c i d .  I n  e a c h  c a s e  a  b l a c k  p r e c i p i t a t i o n  w a s  p r o 
d u c e d  i n  t h e  c y t o p l a s m ,  t h e  aiiiount v a r i e d  i n  d i f f e r e n t  
f i l a m e n t s ,  b u t  w as  u s u a l l y  q u i t e  a b u n d a n t .  On A p r i l  2 5 t h  
i t  w as  n o t e d  t h a t  v e r y  l i t t l e  p r e c i p i t a t i o n  was  f o u n d  i n  
t h e  l û n g ,  i . e .  t h e  more  m a t u r e  c e l l s .

From  O c t o b e r  1928  t o  M a rc h  1929 some o f  t h e  o c c a s i o n a l  
p e r e n n a t i n g  f i l a m e n t s  w e r e  t e s t e d  w i t h  o s m i c  a c i d  a n d  n i l e  
b l u e .

On D ecem b e r  1 2 t h  a  f i l a r , l e n t , w h i c h  w as  e x t r a c t e d  f r o m  
a  c u l t u r e  djf  mud k e p T  i n  t h e  l a b o r a t o r y  s i n c e  O c t o b e r  6 t h ,  
was  t e s t e d  w i t h  o s m ic  a c i d .  I t  c o n t a i n e d  o i l  i n  t h e  f o r m  
o f  l a r g e  s u p e r f i c i a l  g l o b u l e s ,  b u t  t h e s e  w e r e  m aske d  by  
t h e  v e r y  d e n s e ,  b l a c k ,  p r e c i p i t a t i o n  w h i c h  was  f o r m e d .
A p a r t  f r o m  t h i s  f i l a m e n t ,  t h e  m a j o r i t y  o f  p e r e n n a t i n g  f i l a 
m e n t s  shov/ed o n l y  a  l i t t l e  p r e c i p i t a t i o n ,  w i t h  o sm ic  a c i d ,  
o r  n i l e  b l u e ;  l e s s  t h a n  t h a t  f o r m e d  when t h e  S p i r o g y r a  was 
a b u n d a n t .

B e t w e e n  M a rc h  7 t h  a n d  2 1 s t  v a r i o u s  t e s t s  w e r e  made 
w i t h  n i l e  b l u e  a n d  o s m ic  a c i d  on  f i l a m e n t s  o f  t h e  l i g h t  
c u l t u r e .  I n  t h e  m a j o r i t y  o f  f i l a m e n t s  t h e  p r e c i p i t a t i o n  
w a s  v e i y  s p a r s e ,  a n d  i n  two f i l a m e n t s  t e s t e d  w i t h  n i l e  
b l u e  i t  was  a b s e n t ,  ( P l a t e  V f i g s .  3 a n d  4 ) .

B e t w e e n  M a rc h  1 8 t h  an d  2 4 t h , t e s t s  w i t h  n i l e  b l u e  a n d  
o s m ic  a c i d  a n  f i l a m e n t s  f r o m  t h e  p o n d ,  w h i c h  w e r e  b e c o m i n g  
much m ore  a b u n d a n t ,  showed c o p i o u s  p r e c i p i t a t i o n s  i n  t h e i r  
c e l l s  ( P l a t e  V f i g s .  1 ,  2 a n d  5 ) .

3 r d  P e r i o d . R e a c t i o n s  w i t h  s u d a n  I I I .
TTn A p r i l  22nd  1929  a  f e w  t i n y  r e d  g l o b u l e s  c o u l d  be  

s e e n  w i t h  h i g h  m a g n i f i c a t i o n  i n  m o s t  o f  t h e  f i l a r u e n t s .
On May 1 s t  t h e  m a j o r i t y  o f  f i l a m e n t s  h a d  no o i l ,  b u t  

o c c a s i o n a l l y  a  f ew  t i n y  g l o b u l e s  w e r e  s e e n .
On May 1 3 t h  no o i l  g l o b u l e s  w ere  s e e n  i n  any  f i l a m e n t s
F r o m J u n e  ‘Ï 2 t h  -  2 4 t h  t h e  m a j o r i t y  o f  v e g e t a t i v e  

f i l a m e n t s  c o n t a i n e d  no o i l .  C o n j u g a t i n g  f i l a m e n t s  e x a m in ed  
a t  t h e  same t i m e ,  a n d  b e f o r e  a n d  a f t e r  h a d  a b u n d a n t  l a r g e  
s u p e r f i c i a l  o i l  g l o b u l e s .

* J^-ly  22nd t h e  m a j o r i t y  o f  f i l a m e n t s  h a d  no o i l
g l o b u l e s ,  a n d  T h e r e  w e r e  no c o n j u g a t i n g  f i l a m e n t s ,  A f ew  
f i l a m e n t s  w e r e  s e e n  w i t h  c e l l s  c o n t a i n i n g  a b u n d a n t  o i l  
g l o b u l e s .

F i l a m e n t s  t e s t e d  w i t h  n i l e  b l u e  and  o s m i c  a c i d  on
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A p r i l  4 t h  1929  showed a  l a r g e  amount  o f  p r e c i p i t a t i o n .

C o n c l u s i o n .  The o i l  c o n t e n t  o f  t h e  c e l l s  a p p e a r s  t o  b e  

v e r y  d e f i n i t e l y  r e l a t e d  t o  t h e  p r o c e s s  o f  c o n j u g a t i o n .  B o t h  i n  

19 2 8  a n d  1929  a l l  f i l a m e n t  p a i r s  w h i c h  w e re  s e e n  i n  t h e  p r o c e s s  

o f  c o n j u g a t i o n  h a d  a  l a r g e  number  o f  o i l  g l o b u l e s  p l a c e d  s u p e r 

f i c i a l l y  on  t h e  c h l o r o p l a s t .  T h e s e  g l o b u l e s  w e r e  e a s i l y  v i s i 

b l e  w i t h o u t  s t a i n i n g .  I n  1 9 2 8 ,  a t  t h e  c o n j u g a t i o n  p e r i o d ,  a l 

m o s t  a l l  t h e  f i l a m e n t s  h a d  v e i y  a b u n d a n t  o i l ,  b u t  c o n j u g a t i o n  

w as  a p p a r e n t l y  a r r e s t e d  i n  t h i s  y e a r ^ f o r  o n l y  f ew  f i l a m e n t s  

a t t a i n e d  i t .  I n  1929  c o n j u g a t i o n  o c c u r r e d  i n  a  l a r g e  num ber  

o f  f i l a m e n t s ,  a n d  t h e s e  h a d  a l l  d e v e l o p e d  a b u n d a n t  o i l ;  t h e  

m a j o r i t y  o f  t h e  v e g e t a t i v e  f i l a m e n t s ^  p r e s e n t  a t  t h e  same t i m e ,  

h a d  no o i l  g l o b u l e s .  The f u n c t i o n  o f  t h e  o i l  i s  o b s c u r e ;  

a p p a r e n t l y  i t s  p r e s e n c e  i s  n o t  e s s e n t i a l  f o r  t h e  r e s i s t a n c e  o f  

t h e  p e r e n n a t i n g  f i l a m e n t s ,  f o r  i n  some o f  t h em  no o i l  c a n  b e  

d e m o n s t r a t e d .  B o t h  i n  1 9 2 8  a n d  1929 o i l  g l o b u l e s  w e r e  o n l y  v e r y  

r a r e l y  s e e n  e a r l y  i n  t h e  s e a s o n .

The p r e c i p i t a t i o n s  w h i c h  a r e  d e v e l o p e d  w i t h  n i l e  b l u e  a n d  

o s m i c  a c i d  i n d i c a t e  t h e  p r e s e n c e  o f  a  r e s e r v e ,  w h i c h  may o r

may n o t  be  o f  a  f a t t y  n a t u r e .  T h i s  r e s e r v e  shows no s e a s o n a l

v a r i a t i o n  i n  a m o u n t , b u t  a p p e a r s  t o  be i n f l u e n c e d  b y  t h e  a g e

o f  t h e  c e l l s  f o r  i t  i s  l e s s  i n  t h e  l o n g e r  more  m a t u r e  c e l l s .

I t  was  l e s s  i n  t h e  p e r e n n a t i n g  f i l a m e n t s  a n d  f i l a m e n t s  f r o m  t h e  

c u l t u r e  u n d e r  a r t i f i c i a l  l i g h t ,  i n d i c a t i n g  t h a t  t h e  r e s e r v e  i s  

u s e d  up a s  t h e  f i l a m e n t s  a p p r o a c h  e x h a u s t i o n .  T h i s  r e s e r v e  w i l l  

b e  d i s c u s s e d  f u r t h e r  i n  c o n n e c t i o n  w i t h  w a l l  f o r m a t i o n .

THF CELL WALL.

R e a c t i o n s  o f  _ t ^ ^ J V a l ^

The e e l l  w a l l  o f  S . c a t a e n i f o r m i s  h a s  b e e n  t e s t e d  a t  v a r i o u s  

t i m e s  o f  t h e  y e a r  w i t h  a  num ber  o f  r e a g e n t s .  I t  h a s  b e e n  f o u n d  

t h a t  t h e r e  a r e  v e r y  f ew  s u b s t a n c e s  t h a t  s t a i n  t h e  c e l l  w a l l ,  

a n d  i t  i s  t h e r e f o r e  d i f f i c u l t  t o  make o u t  t h e  s t r u c t u r e  o f  t h i s  

i n  s u c h  a  s m a l l  s p e c i e s .  R u t h e n i u m  r e d  h o w e v e r  s t a i n s  t h e  w a l l  

v e r y  c l e a r l y  i n  f r e s h  m a t e r i a l  a t t a l l  t i m e s  o f  t h e  y e a r .  I t
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h a s  b e e n  f o u n d  v e r y  u s e f u l  when m e a s u r i n g  t h e  c e l l s ,  b e c a u s e  i t  

shows  up t h e  t r a n s v e r s e  w a l l s  v e r y  c l e a r l y ,  w h i l e  c a u s i n g  no 

i m m e d i a t e  s h r i n k a g e  o f  t h e  p r o t o p l a s m .  The s i g n i f i c a n c e  o f  

t h i s  r e a c t i o n  i s  n o t  known,  a n d  t h e  e f f e c t  i s  n o t  p e r m a n e n t , 

f o r  t h e  w a l l s  r a p i d l y  become c o l o u r l e s s  a f t e r  t h e  a d d i t i o n  o f  

d i l u t e  g l y c e r i n e .  R u t h e n i u m  r e d  h a s  l i t t l e  o r  no a c t i o n  on  t h e  

w a l l s  o f  m a t e r i a l  p r e s e r v e d  i n  f o r m a l  o r  medium c h r o m - a c e t i c  

a c i d ,  t h e  w a l l s  a r e  n o t  t h e n  s t a i n e d  c l e a r l y .  ¥ i l e  b l u e  s u l 

p h a t e i s  a n o t h e r  s t a i n  w h i c h  h a s  b e e n  v e r y  u s e f u l  i n  t h e  e l u c i d 

a t i o n  o f  t h e  w a l l  s t r u c t u r e :  t h e  w a l l s  a r e  s t a i n e d  v e r y  c l e a r l y  

by i t  and  t r a n s v e r s e  w a l l s  a r e  c l e a r l y  shown;  t h e  s t a i n  i s  u s e 

f u l  f o r  f i x e d  m a t e r i a l ,  f o r  t h e  w a l l s  a r e  s t a i n e d  j u s t  a s  

b r i g h t l y  a s  i n  f r e s h  m a t e r i a l .  The c o l o u r  r a p i d l y  f a d e s  i n  t h e  

w a l l s  an d  i s  a t  o n c e  r em o v e d  by  d i l u t e  g l y c e r i n e .  The r e a c t i o n  

w i t h  i o d i n e  a n d  s u l p h u r i c  a c i d shows t h a t  t h e  w a l l s  a r e  com

p o s e d  o f  c e l l u l o s e ,  f o r  t h e y  s w e l l  a n d  a r e  s t a i n e d  b l u e .  W i t h  

c h l o r - z i n c - i o d i n e  t h e  b e h a v i o u r  o f  t h e  w a l l s  v a r i e s  a t  d i f f e r e n t  

t i m e s  o f  t h e  y e a r  ( t h e  same s t a c k  o f  c h l o r - z i n c - i o d i n e  was  

u s e d  f o r  e v e r y  t e s t ) .  The f o l l o w i n g  i s  a  r e c o r d  o f  t h e  t e s t s *  

made w i t h  c h l o r - z i n c - i o d i n e  a t  v a r i o u s  t i m e s  o f  t h e  y e a r .

1 s t  P e r i o d .  D u r i n g  t h e  f i r s t  a p p e a r a n c e  o f  t h e  
S p i r o g y r a  i n  a b u n d a n c e  no t e s t s  w e r e  m ade ,  b u t  a t  t h e  e nd  
o f  t h i s  p e r i o d  s h o r t  p i e c e s  o f  f i l a m e n t s  o f  v a r i o u s  t y p e s ,  
w h i c h  w e r e  f o u n d  i n  t h e  d e p o s i t s  f r o m  t h e  p o n d  m a t e r i a l ,  
w e r e  t e s t e d ,  a n d  r e p o r t e d  t o  s t a i n  w e l l  w i t h  c h l o r - z i n c -  
i o d i n e .

2nd  P e r i o d .  The S p i r o g y r a  a g a i n  a p p e a r e d  i n  a b u n d a n c e  
o n  F e b r u a r y  2 1 s t  1 9 2 8 ,  a n d  t e s t s  i n  F e b r u a r y  a n d  M arch  
showed t h a t  t h e  w a l l s  w e r e  s t a i n e d  v e r y ^  v e r y  f a i n t l y  b l u e  
b y  c h l o r - z i n c - i o d i n e ; t h i s  was  a l l o w e d  t o  a c t  f o r  a  l o n g  
t i m e ,  b u t  t h e  c o l o u r  o f  t h e  w a l l s  becam e  no d e e p e r .  I n  
A p r i l ,  May a n d  J u n e  t h e  w a l l s  w e r e  q u i t e  u n c o l o u r e d  e v e n  
a f t e r  l e a v i n g  t h e  f i l a m e n t s  t w e n t y - f o u r  h o u r s  i n  c h l o r -  
z i n c - i o d i n e ,  I t  was  f o u n d  t h a t  t h i s  same m a t e r i a l  a f t e r  
p r e s e r v a t i o n  i n  f o r m a l i n ,  9 3 ^  s p i r i t , o r  medium c h r o m -  
a c e t i c  a c i d  g a v e  a n  i m m e d i a t e  b l u e  c o l o u r a t i o n  w i t h  c h l o r -  
z i n c - i o d i n e ,  a n d  f r e s h  m a t e r i a l  w as  f o u n d  t o  g i v e  a  s l i g h t  
r e a c t i o n  a f t e r  t r e a t m e n t  w i t h  c a u s t i c  p o t a s h .  T h e s e  f a c t s  
s u g g e s t  t h a t  d u r i n g  t h i s  p e r i o d ,  t h e r e  i s  e i t h e r  some 
d i f f e r e n c e  i n  t h e  p h y s i c a l  o r  c h e m i c a l  c o n d i t i o n  o f  t h e  
c e l l u l o s e ,  w h i c h  r e n d e r s  i t  l e s s  r e a c t i v e ,  o r  t h a t  t h e  
c e l l u l o s e  i s  m i x e d  w i t h  some o t h e r  s u b s t a n c e ,  o r  s u b s t a n c e s  
t h a t  m a s k s  i t s  r e a c t i o n .

From O c t o b e r  1928  t o  M a rc h  1929  t h e  S p i r o g y r a  was  
v e r y  s c a r c e  a n d  o n l y  o c c a s i o n a l  p e r e n n a t i n g  f i l a m e n t s  w e r e  
f o u n d  i n  t h e  mud. A f e w  o f  t h e s e  w e r e  t e s t e d  w i t h  c h i o r -
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z i n c  i o d i n e ,  a n d  t h e  r e s u l t s  a r e  a s  f o l l o w s : -
On DeGe m ber  1 s t  a n d 5 t h  v e r y  l o n g  f i l a m e n t s ,  w h i c h  

l o o k e d  v e r y  v i g o r o u s ,  w i t h  s h o r t  c e l l s  a n d  a  c o m p a c t  
c h l o r o p l a s t ,  w e r e  t e s t e d ,  t h e  w a l l s  w e r e  a t  onc e  s t a i n e d  
d e e p l y  b l u e ,  b u t  a p a r t  f r o m  t h i s  t h e y  a p p e a r e d  no d i f f e r 
e n t  f r o m  t h o s e  o f  f i l a i u e n t s  w h i c h ,  t e s t e d  i n  t h e  p r e v i o u s  
A p r i l ,  h a d  g i v e n  no r e a c t i o n .

On J a n u a r y  ^ ^ h  1929  a  f i l c m i e n t  w i t h  l o n g  c e l l s  a n d  
a  f i l a m e n t " w i t h  sholFE" c e l l s  w e r e  t e s t e d .  The w a l l s  o f  
b o t h  w e r e  a t  o n c e  s t a i n e d  f a i n t l y  b l u e  a n d  a f t e r  one  h o u r  
t h e y  w e r e  d e e p l y  a n d  b r i g h t l y  s t a i n e d .  I t  was  f o u n d  t h a t  
t h e  d e e p e r  c o l o u r  w a s  a t  o n c e  p r o d u c e d  i f  t h e  f i l a m e n t s  
w e r e  f i r s t  t r e a t e d  w i t h  i o d i n e .

On M arch  8 t h  a  f i l a i u e n t  w a s  t e s t e d ,  i t  h a d  b e e n  l i v i n g  
i n  mud v /h ic h  h a d ” b e  en  k e p t  i n  t h e  l a b o r a t o r y  f r o m  M a rc h  
1 s t  a n d  w as  p a l e  g r e e n  an d  h a d  v e r y  l i t t l e  s t a r c h .  I t  
c o n t a i n e d  l o n g  a n d  s h o r t  c e l l s  w i t h  c o m p a c t  c h l o r o p l a s t s .  
The w a l l s  w e r e x q u i t e  u n s t a i n e d  a f t e r  20 m i n u t e s  b u t  a f t e r  
s i x  h o u r s  t h e y  w e r e  s t a i n e d  f a i n t l y  b l u e .

On M a rc h  1 1 t h ,  1 5 t h  a n d  2 2 n d , f i l a i a e n t s  f r o m  a  c u l t u r e  
w h i c h  h a d  been"  u n d e r  c o n s t a n t "  i l l u i a i n a t i o n  f r o m  M a rc h  1 s t ,  
w e r e  t e s t e d :  i n  one  f i l a m e n t  w h i c h  h a d  jusjfe b e e n  t r e a t e d  
w i t h  i o d i n e ,  t h e  w a l l s  w e r e  a t  o n c e  s t a i n e d  b l u e  ; i n  t h e  
o t h e r  tv/o f i l a i a e n t s  t h e  w a l l s  w e r e  s t a i n e d  v e r y ^  v e r y  
f a i n t l y  b l u e ,  t h i s  a t  f i r s t  c o u l d  o n l y  b e  s e e n  i n  t h e  
t r a n s v e r s e  w a l l s ,  b u t  a f t e r  15 m i n u t e s  t h e  w h o l e  f i l a m e n t s  
w e r e  v e r y  f a i n t l y  b l u e .

On M a r c h  22nd  f r e s h  m a t e r i a l ,  w h i c h  w as  b e c o m i n g  
much more  a b u n d a n T  i n  t h e  p o n d ,  w as  t e s t e d ,  a  v e r y ^  v e r y  
f a i n t  b l u e  c o l o u r  c o u l d  a t  o n c e  be  s e e n  i n  t h e  t r a n s v e r s e  
w a l l s  and  a f t e r  h a l f  an  h o u r  t h e  w h o l e  f i l a m e n t s  w e r e  v e r y  
v e r y  f a i n t l y  s t a i n e d .

3 r d  P e r i o d .  F i l s u a e n t s  t e s t e d  i n  A p r i l ,  J u n e ^ a n d  
A u g u s t , we r e  a  t"̂  o n c e  s t a i n e d  f a i n t l y  b l u e  by  c h l o r - z i n c  
i o d i n e ,  a f t e r  a  few  m i n u t e s  t h e  c o l o u r  d e e p e n e d .  The t e s t  
i n  J u n e  w a s  p e r f o r m e d  on  c o n j u g a t i n g  f i l a i a e n t s .

W a l l  f o r m a t i o n .

I t  h a s  a l r e a d y  b e e n  m e n t i o n e d  t h a t  t h e  w a l l s  a r e  s t a i n e d ,  

o r  c o l o u r e d ,  by  n i l e  b l u e  s u l p h a t e ,  ÎTo i m p o r t a n c e  i s  a t t a c h e d  

t o  t h i s  a s  a  r e a c t i o n ,  t h e  c o l o u r  s o o n  f a d e s ,  a n d  i s  a t  o n c e  

r e m o v e d  b y  d i l u t e  g l y c e r i n e  ( P l a t e  T  f i g ,  3 ) .  The s u p e r 

f i c i a l  b l u e  p r e c i p i t a t i o n  w h i c h  i s  f o r m e d  w i t h  n i l e  b l u e ,  a n d  

a  s i m i l a r  b l a c k  p r e c i p i t a t i o n  f o r m e d  w i t h  o s m i c  a c i d ,  i s  n o t  

r e m o v e d  bj^ d i l u t e  g l y c e r i n e .  T h e r e  i s  some e v i d e n c e  t o  show 

t h a t  t h e s e  p r e c i p i t a t i o n s  may be  c o n n e c t e d  v / i t h  w a l l  f o r m a t i o n .  

B e tv /een  M a rc h  7 t h  a n d  2 1 s t  v a r i o u s  t e s t s  w i t h  n i l e  b l u e ,  a n d  

o s m ic  a c i d ,  w e r e  made on  f i l a m e n t s  f r o m  t h e  c u l t u r e  u n d e r  a r t i 

f i c i a l  l i g h t ;  t h e  p r e c i p i t a t i o n  p r o d u c e d  w a s  v e r y  s p a r s e .  I n  

two o f  t h e  f i l a m e n t s  t r e a t e d  w i t h  n i l e  b l j i e  t h e r e  v/as no p r e 

c i p i t a t i o n , b u t  t h e  p l a s m a  m em brane  w a s  s t a i n e d  b l u e  ( P l a t e  Y
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f i g ,  3 ) ;  a  s i m i l a r  f i l a m e n t  t r e a t e d  w i t h  o sm ic  a c i d  showed o n l y  

a  v e r y  s l i g h t  p r e c i p i t a t i o n ,  w h i l e  t h e  p l a s m a  mem brane  was  

s t a i n e d  a  g r e y i s h  b l a c k  c o l o u r .  T e s t s  made a t  a b o u t  t h e  same 

t i m e  on f i l a m e n t s  f r o m  t h e  pond  showed c o p i o u s  p r e c i p i t a t i o n s  

w i t h  n i l e  b l u e  and  o sm ic  a c i d .  The f i l a m e n t s  f r o m  t h e  c u l t u r e  

u n d e r  a r t i f i c i c i l  l i g h t  h a d  r e c e n t l y  u n d e r g o n e  v e r y  r a p i d  

d i v i s i o n  f o r  t h e y  h a d  v e r y  r a p i d l y  i n c r e a s e d .  They a p p e a r e d  

l e s s  v i g o r o u s  t h a n  t h o s e  f r o m  t h e  p o n d  h a v i n g  much l o n g e r  c e l l s   ̂

a  p a l e r  c h l o r o p l a s t ,  and  l i t t l e  o r  no s t a r c h ;  i n  f a c t  t h e y  

a p p e a r e d  t o  b e  i n  an  e t i o l a t e d  c o n d i t i o n ,  and  w e r e  p r o b a b l y  i n  

a  s t a t e  o f  e i c h a u s t i o n .  • The v e r y  s p a r s e  p r e c i p i t a t i o n  w h i c h  was  

p r o d u c e d  i n  t h em  s u g g e s t e d  t h a t  d u r i n g  t h e i r  a c t i v e  g r o w t h  

m a t e r i a l  h a d  b e e n  u s e d  up f r o m  t h e  p r o t o p l a s t s ,  and  h a d  n o t  

b e e n  r e p l a c e d .  The f i l a m e n t s  w h i c h  h a v e  l i t t l e  o r  no p r e c i p i 

t a t i o n ,  B,nd i n  w h i c h  t h e  p l a s m a  membra^ne i s  d i s t i n c t l y  s t a i n e d ,  

s u g g e s t  t h a t  t h e  p r e c i p i t a t i o n s  p r o d u c e d  i n  t h e  p r o t o p l a s m ,  i s  

c o n n e c t e d  v / i t h  t h e  m a t e r i a l s  u s e d  i n  w a l l  f o r m a t i o n ,  f o r  w h e r e  

t h e  p l a s m a  membrane  i s  i n  c o n t a c t  w i t h  t h e  w a l l  t h e r e  i s  a  more  

d e e p l y  s t a i n e d  r e g i o n .  The more  d e e p l y  s t a i n e d  r e g i o n s  a p p e a r  

i n  m i d d l e  f o c u s  a s  l a r g e  d o t s  a l o n g  t h e  w a l l ^ w h i l e  i n  t o p  f o c u s  

t h e  p l a s m a  membrane a p p e a r s  t o  h a v e  a  b a n d  l i k e  s t r u c t u r e  

( P l a t e  V f i g .  3 ) .

Co n c l u s i o n . I n  t h e  r a r e  p e r e n n a t i n g  f i l a m e n t s  a n d  t h e  

a b u n d a n t  v e g e t a t i v e  f i l a m e n t s  d e r i v e d  f r o m  th em ,  t h e  c e l l u l o s e  

r e a c t i o n  w i t h  c h l o r - z i n c  i o d i n e  was  g i v e n  more  r e a d i l y  t h a n  i n  

t h e  a b u n d a n t  v e g e t a t i v e  f i l a m e n t s  o f  t h e  p r o c e e d i n g  p e r i o d .

When no r e a c t i o n  i s  g i v e n ,  t h e  c e l l  w a l l  i s  p r e s u m a n l y  p e r r a e a t e d  

by  m a s k i n g  s u b s t a n c e s .  The p e r i o d s  d u r i n g  w h i c h  t h e s e  m a s k i n g  

s u b s t a n c e s  a r e  a b u n d a n t ,  a r e  n o t  d e p e n d e n t  on s e a s o n a l  c h a n g e s ,  

f o r  a l t h o u g h  t e s t s  on t h e  f i l a r a e n t s  o f  19 2 8  i n d i c a t e  t h a t  t h e  

c e l l u l o s e  r e a c t i o n s  a r e  g i v e  more  r e a d i l y  a s  t h e  y e a r  a d v a n c e s ,  

t h i s  w a s  n o t  c o n f i r m e d  i n  1 9 2 9 .
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S t r u c t u r e  o f  t h e  M a t u r e  W a l l .

The c e l l  w a l l  o f  S p i r o g y r a  c a t a e n i f o r m i s , i n  common w i t h  

o t h e r  s p e c i e s ,  i s  composed  o f  a n  i n n e r  c e l l u l o s e  l a y e r  and  an  

o u t e r  s h e a t h  o r  " c u t i c l e " c o n t i n u o u s  o v e r  a l l  t h e  c e l l s .  T h i s  

" c u t i c l e "  i s  e x t r e m e l y  t h i n  a n d  c a n n o t  h e  s e e n  d i s t i n c t  f r o m  t h e  

i n n e r  c e l l u l o s e  l a y e r  i n  n o r m a l  l i v i n g  v e g e t a t i v e  f i l a r a e n t s .  

C l e a r  e v i d e n c e  o f  i t s  p r e s e n c e  c a n  h e  s e e n  i n  m a t e r i a l  p r e s e r v e d  

i n  f o r m a l i n  and  s t a i n e d  i n  c h l o r - z i n c  i o d i n e  o r  n i l e  b l u e  s u l 

p h a t e ;  f o r  i n  t h i s  m a t e r i a l  t h e  t r a n s v e r s e  w a l l s  o f  a d j a c e n t  

c e l l s  a r e  d i s t i n c t l y  s e p a r a t e d ,  and  t h e  c u t i c l e  c a n  b e  s e e n  

p a s s i n g  o v e r  t h em .  The " c u t i c l e "  was  a l s o  c l e a r l y  s e e n  i n  

l i v i n g  m a t e r i a l  i n  a  c u l t u r e  o f  a  f ew  f i l a i a e n t s  w h i c h  h a d  b e e n  

k e p t  i n  t h e  l a b o r a t o r y  a n d  a e r a t e d  f r o m  A p r i l  3 0 t h  t o  J u n e  1 1 t h .  

On e x a m i n a t i o n ,  t h e s e  f i l a m e n t s  a p p e a r e d  s t a l e  a n d  i n  a  few  

c a s e s  t h e  " c u t i c l e "  c o u l d  b e  s e e n  q u i t e  d i s t i n c t  f r o m  t h e  i n n e r  

c e l l u l o s e  l a y e r .  The " c u t i c l e "  w a s  d e m o n s t r a t e d  i n  t h e  f o l l o w 

i n g  way i n  n o r m a l  f i l a m e n t s .  The f i l a m e n t s  w e r e  s t a i n e d  i n  

r u t h e n i u m  r e d ,  an d  t h e n  s u l p h u r i c  a c i d  w as  a d d e d ,  t h e  c e l l s  w ere  

a t  o n c e  p l a s m o l y s e d ,  a nd  t h e  t r a n s v e r s e  w a l l s  s e p a r a t e d  so t h a t  

t h e  c u t i c l e  c o u l d  b e  s e e n  p a s s i n g  o v e r  t h e m .  The " c u t i c l e "  h a s  

a l s o  b e e n  s e e n  a t  v a r i o u s  t i m e s  i n  b r o k e n  f i l a m e n t s ,  o r  f i l a 

m e n t s  w h i c h  a r e  j u s t  b r e a k i n g ,  a n d  t h i s  s t a t e  o f  a f f a i r s  i s  

p a r t i c u l a r l y  n o t i c e a b l e  d u r i n g  t h e  c o n j u g a t i o n  p e r i o d .  I n  a  

s p e c i e s  w i t h  so t h i n  a  " c u t i c l e "  a s  S . c a t a e n i f o r m i s ,  i t  i s  

d i f f i c u l t  t o  d e t e r m i n e  how f a r  t h e  r e a c t i o n s  a p p a r e n t l y  d u e  t o  

t h e  w a l l  a s  a  w h o l e  a r e c a l s o  t h o s e  o f  t h e " c u t i c l e " .  C o l o u r  

r e a c t i o n s  o f  t h e  " c u t i c l e "  c a n n o t  b e  s e e n  i n  n o r m a l  f i l a i a e n t s ,  

b u t  c o n v i n c i n g  e v i d e n c e  o f  them  h a s  b e e n  o b t a i n e d  f r o m  one  o r  

two a b n o r m a l  f i l a m e n t s ,  f r o m  p a r t s  w h e r e  t h e  " c u t i c l e "  h a s  be  

come s e p a r a t e d  f r o m  t h e  i n n e r  c e l l u l o s e  l a y e r .  T h i s  e v i d e n c e  

shows t h a t  t h e  " c u t i c l e "  i s  f a i n t l y  s t a i n e d  by  c h l o r - z i n c  

i o d i n e  w h e r e a s  t h e  i n n e r  c e l l u l o s e  l a y e r  i s  d e e p l y  s t a i n e d .

The d i f f e r e n c e  i n  t h e  d e p t h  o f  c o l o u r  i s  due  t o  t h e  r e l a t i v e
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t h i c k n e s s  o f  t h e  l a y e r s  c o n c e r n e d .  The " c u t i c l e "  i s  a l s o  

s t a i n e d  by  n i l e  b l u e  s u l p h a t e  i n  common w i t h  t h e  r e s t  o f  t h e  

w a l l ,  b u t  i t  i s  q u i t e  u n s t a i n e d  by  r u t h e n i u m  r e d  w h i c h  s t a i n s  

t h e  r e s t  o f  t h e  w a l l  b r i g h t  r e d  ( T e x t  f i g s .  9 a n d  1 0 ) ,

X-u h i d e  S h x i n e d  

f a indM tr/ue

Jia / olII s h a - i n e d  G -lue

Wo.l( s ta in e d  W i l 'R

"RuMieni u rn  "Red.

.Cul" ic le  u n s f a  1 rie c<.

T e x t  f i g .  9 .  D r a w i n g  w i t h  T e x t  f i g .  1 0 .  D r a w i n g  w i t h
c a m e r a  l u c i d a  o f  f i l a r a e n t  f r o m  c a m e r a  l u c i d a  o f  f i l a r a e n t  f r o m  
m a t e r i a l  p r e s e r v e d  i n  f o r m a l  t h e  c u l t u r e  k e p t  u n d e r  a r t i -  
May 1 9 t h  1928  s h o w in g  c u t i c l e  f i c i a l  l i g h t . F i l a m e n t  s t a i n e d  
a n d  i n n e r  w a l l  l a y e r  s t a i n e d  w i t h  r u t h e n i u m  r e d  on  M arch  
w i t h  c h l o r - z i n c  i o d i n e ,  1 1 t h  1 9 2 9 .  O n ly  t h e  i n n e r  w a l l

l a y e r  was  s t a i n e d .

T r a n s v e r s e  W a l l s .  Some d i f f i c u l t y  was a t  f i r s t  e x p e r i 

e n c e d  i n  e l u c i d a t i n g  t h e  s t r u c t u r e  o f  t h e  t r a n s v e r s e  w a l l s ,  

b e c a u s e  no s t a i n  c o u l d  b e  f o u n d  w h i c h  d i f f e r e n t i a t e d  them  

c l e a r l y ,  an d  i t  w as  v e r y  d i f f i c u l t ,  e s p e c i a l l y  i n  p r e s e r v e d  

m a t e r i a l ,  t o  s e e  t h e i r  l i m i t s .  R u t h e n i u m  r e d  was f o u n d  t o  b e  a  

g o o d  s t a i n  f o r  f r e s h  m a t e r i a l  b u t  w a s  o f  no v a l u e  f o r  p r e s e r v e d  

m a t e r i a l ,  C h l o r - z i n c  i o d i n e , a nd  i o d i n e  a n d  s u l p h u r i c  a c i d ,  

b o t h  s t a i n  t h e  w a l l s  o f  m a t e r i c i l  p r e s e r v e d  i n  f o r m a l i n  and  

s o m e t i m e s  o f  f r e s h  m a t e r i a l ,  b u t  t h e y  a l s o  c a u s e  d i s t o r t i o n  o f  

t h e  w a l l s  a n d  t h u s  o b s c u r e  t h e  s t r u c t u r e  o f  t h e  t r a n s v e r s e  w a l l s  

R i l e  b l u e  s u l p h a t e  was  f o u n d  t o  b e  a  u s e f u l  s t a i n  f o r  p r e s e r v e d  

m a t e r i a l ,  i t  showed  up t h e  t r a n s v e r s e  w a l l s  v e r y  c l e a r l y  and  

t h e i r  s t r u c t u r e  c o u l d  b e  made o u t .  I t  a p p e a r s  t h a t  t h e  m i d d l e  

l a m e l l a  b e t v / e e n  t h e  t r a n s v e r s e  w a l l  d i s s o l v e s ,  so t h a t  a t  t h i s  

p o i n t  t h e  c e l l s  a r e  h e l d  t o g e t h e r  s o l e l y  by  t h e  " c u t i c l e " .  I n  

l i v i n g  m a t e r i a l ,  t h e  t u r g i d i t y  o f  t h e  c e l l s  u s u a l l y  k e e p s  t h e  

t r a n s v e r s e  w a l l s  d i s t e n d e d  a g a i n s t  e a c h  o t h e r ,  so t h a t  t h e y
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a p p e a r  t o  b e  j o i n e d  when s t a i n e d  w i t h  r u t h e n i u m  r e d  a n d  n i l e  

b l u e  s u l p h a t e .  H o w e v e r ,  s o m e t i m e s  i n  c e l l s  w h i c h  a r e  d y i n g ,  

t h e  t r a n s v e r s e  w a l l s  c a b  be  s e e n  s e p a r a t e d  f r o m  e a c h  o t h e r  a n d  

s u n k  i n t o  t h e  c e l l  c a v i t y ,  so t h a t  t h e i r  o u t l i n e s  f o r m  a  b i 

c o n v e x  l e n s d - T i k e  s t r u c t u r e ,  ( t e x t  f i g ,  1 1 ) .  S u c h  c e l l s  m u s t  

b e  much r e d u c e d  i n  t u r g o r .  T h i s  c h a n g e  i n  t h e  s h a p e  o f  t h e  

w a l l s  was  i n d i c a t e d  a s  f o l l o w s ,  A v i g o r o u s  l o o k i n g  f i l a m e n t  was 

p l a c e d  i n  a  h a n g i n g  d r o p  c u l t u r e  on F e b r u a r y  1 6 t h  1 9 2 9 ,  t h e  

t r a n s v e r s e  w a l l s  a p p e a r e d  d i s t e n d e d  a g a i n s t  e a c h  o t h e r ;  t h e  

f i l a m e n t  was  a g a i n  o b s e r v e d  on  F e b r u a r y  1 8 t h ,  i t  was  d y i n g ,  a n d  

i n  a d j a c e n t  c e l l s  one p a i r n o f  t r a n s v e r s e  w a l l s  was  s e p a r a t e d  

w h i l e  a n o t h e r  p a i r  w as  j o i n e d .  I t  a p p e a r s  t h a t  when  t h e c e l l s  

o f  a  f i l a m e n t  a r e  p l a s m o l y s e d  t h e i r  t u r g i d i t y  i d  r e d u c e d ,  t h u s  

t h e  t r a n s v e r s e  w a l l s  s e p a r a t e ,  a n d  t h e  b i c o n v e x  l e n s e - l i k e  

s t r u c t u r e  i s  p r o d u c e d .

T e x t  f i g .  11 show t h e  same p a i r  o f  t r a n s v e r s e  w a l l s  d r aw n  

i n  r u t h e n i u m  r e d  b o t h  when  t h e  w a l l  s t r u c t u r e  i s  n o r m a l ,  and  

a f t e r  t h e  a d d i t i o n  o f  i o d i n e  a n d  s u l p h u r i c  a c i d  a n d  when  p l a s -  

m o l y s ê s  o c c u r s .

b.

T e x t  f i g .  1 1 .  D r a w i n g s  w i t h  c a m e r a  l u c i d a  o f  a  f i l a m e n t  i n  
ru then i i / im  r e d  ( a )  sh o w in g  n o r m a l  a p p e a r a n c e  o f  t r a n s v e r s e  w a l l s  
( b )  a p p e a r a n c e  o f  t h e  same w a l l s  a f t e r  a d d i t i o n  o f  s u l p h u r i c  
a c i d *  The t r a n s v e r s e  w a l l s  a r e  shovm i n  m i d d l e  f o c u s .

P l a s m o l y s è s  i s  b r o u g h t  a b o u t  by  f o r m a l i n ,  by  93^  s p i r i t ,  a n d  by

medium c h r o m - a c e t i c  a c i d ,  b u t  w i t h  t h e  l a s t  two named f i x a t i v e s

i t  d o e s  n o t  a l w a y s  j o c c u r ,  a n d  a l l  s t a g e s  c a n  b e  s e e n  b e t w e e n

t h o s e  w h e r e  t h e  t r a n s v e r s e  w a l l s  a r e  c o m p l e t e l y  j o i n e d  a n d  t h o s e

w h e r e  t h e y  a r e  c o m p l e t e l y  s e p a r a t e d .  F r e q u e n t l y  t h e  t r a n s v e r s e

w a l l s  become p a r t i a l l y  s e p a r a t e d  by  p l a s m o l y s è s  a n d  t h e y  s t i l l

r e m a i n  t o u c h i n g  a t  t h e i r  o u t e r  e d g e s .  T e x t  f i g ,  12 i n d i c a t e s

t h e  d i f f e r e n c e  i n v t h e s e  c a s e s .
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a
T e x t  f i g ,  1 2 .  P i l " a ra e n t s  f r o m  m a t e r i a l  f i x e d  J u l y  1 3 t h  1 9 2 8  i n  
f o r m a l  a n d  s t a i n e d  w i t h  n i l e  b l u e  s u l p h a t e ,  ( a )  t r a n s v e r s e  w a l l s  
c o m p l e t e l y  s e p a r a t e d  ( h ) t r a n s v e r s e  w a l l s  j o i n e d  a t  t h e  e d g e s .

The s o l u t i o n  o f  t h e  m i d d l e  l a m e l l a  m u s t  t a k e  p l a c e  v e r y  s o o n

a f t e r  t h e  t r a n s v e r s e  w a l l s  a r e  f o r m e d ,  f o r  m a t e r i a l  p r e s e r v e d

i n  f o r m a l  j u s t  a f t e r  i t s  f i r s t  a p p e Errance i n  F e b r u a r y  1928

shows t h a t  i t  h a d  a l r e a d y  t a k e n  p l a c e ,  t h e  t r a n s v e r s e  w a l l s

a p p e a r i n g  s e p a r a t e d  when t r e a t e d  w i t h  n i l e  b l u e  s u l p h a t e .  The

c e l l s  o f  t h e s e  f i l a m e n t s  m u s t  h a v e  b e e n  r e c e n t l y  f o r m e d  f o r  t h e

S p i r o g y r a  was  m u l t i p l y i n g  r a p i d l y  a nd  h e n c e  d i v i d i n g .

CONJUGATION.

I n  1927 no c o n j u g a t i o n  w as  n o t e d  i n  t h e  p o n d ,  t h i s  was  n o t  

u n d e r  o b s e r v a t i o n  u n t i l  N ovem ber ,  so t h a t  i t  i s  q u i t e  p o s s i b l e  

t h a t  c o n j u g a t i o n  o c c u r r e d  e a r l i e r  i n  t h e  y e a r .  I n  1 9 2 8  t h e  

S p i r o g y r a  was  u n d e r  c o n t i n u a l  o b s e r v a t i o n ,  b u t  no t z u e  c o n j u g 

a t i o n  was  s e e n .  R a r e  a t t e m p t s  a t  c o n j u g a t i o n  w e r e  s e e n  a t  t h e  

end o f  J u n e ,  a n d  t h e s e  a t t e m p t s  w e r e  more  f r e q u e n t  d u r i n g  J u l y ,  

when two o r  t h r e e  c o u l d  b e  o b s e r v e d  i n  l o o k i n g  t h r o u g h  one  

s l i d e  o f  m a t e r i a l .  H o w e v er ,  i n  no f i l a m e n t  w a s  a  m a t u r e  z^ 'go te  

s e e n ,  a n d  o n l y  i n  one  f i l a m e n t  p a i r  was  t h e  b e g i n n i n g  o f  p r o t o 

p l a s m i c  f u s i o n  shown.  E v i d e n t l y  some c o n d i t i o n  was  i n h i b i t i n g  

c o n j u g a t i o n ,  o r  p o s s i b l y ,  i n  S . c a t a e n i f o r m i s ,  i t  d o e s  n o t  o c c u r  

e v e r y  y e a r .  The v a r i o u s  a t t e m p t s  a t  c o n j u g a t i o n  w e r e  a l l  shown 

i n  v e r y  s h o r t  f i l a m e n t  p a i r s ,  w h i c h  c o u l d  e a s i l y  b e  d i s t i n g u i s h 

ed  b e c a u s e  t h e y  w e r e  v e r y  t h i c k l y  c o a t e d  w i t h  d e t r i t u s .  Some
kad

o f  t h e  f i l a m e n t  p a i r s  w e r e  w i d e l y  s e p a r a t e d ,  andy^ m ode ra te ly  

l o n g  c o n j u g a t i o n  t u b e s ;  o t h e r s  w e r e  o n l y  s l i g h t l y  s e p a r a t e d ,  

a n d  h a d  v e r y  s h o r t  c o n j u g a t i o n  t u b e s .  No c h a n g e  was  o b s e r v e d  

i n  a n y  o f  t h e s e  f i l a m e n t s  when  t h e y  w e r e  k e p t  w e t  a n d  o b s e r v e d  

l a t e r  i n  t h e  d a y .  One o f  t h e  e a r l i e s t  s i g n s  o f  c o n j u g a t i o n  was 

shown i n  a  f l a s k  c o n t a i n i n g  90 c c s  o f  po n d  w a t e r  a n d  i n  w h i c h ,
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on  A p r i l  S O t h ^ a b o u t  e i g h t  l o n g  S p i r o g y r a  f i l a m e n t s  w e r e  i n t r o 

d u c e d .  The f l a s k  w a s  l e f t  i n  t h e  l a b o r a t o r y  a s  a  c o n t r o l  t o  a  

s i m i l a r  f l a s k  w h i c h  was  c o n s t a n t l y  a e r a t e d .  B o t h  f l a s k s  w e r e  

e x a m i n e d  on  J u n e  4 t h ,  I n  t h e  a e r a t e d  f l a s k  t h e  f i l a m e n t s ,  w h i c h  

h a d  b r o k e n  up i n t o  s h o r t e r  p i e c e s  a n d  w e r e  s c a t t e r e d  i n  t h e  

f l a s k ,  w e r e  m o s t l y  d e a d ,  b u t  one o r  two q u i t e  h e a l t h y  f i l a m e n t s   ̂

w e r e  s e e n .  I n  t h e  u n a e r a t e d  f l a s k ,  t h e  f i l a i a e n t s  w e r e  i n  a  

l o o s e  c o l o u r l e s s  t a n g l e ,  a nd  on  e x a m i n a t i o n  o f  t h i s ,  i t  was  s e e n  

t h a t  cJLl t h e  f i l a i a e n t s  w e r e  d e a d ,  b u t  t h a t  many o f  t h em  h a d  

a t t e m p t e d  c o n j u g a t i o n ,  a n d  w e r e  u n i t e d  by  c o n j u g a t i o n  t u b e s  

w h i l e  v a r i o u s  u n s a t i s f i e d  c o n j u g a t i o n  t u b e s  h a d  b e e n  p r o d u c e d .

D u r i n g  May, J u n e  a n d  J u l y  t h e  S p i r o g y r a  w a s  p l a c e d  i n  

v a r i o u s  c u l t u r e  s o l u t i o n s  i n  an  a t t e m p t  t o  i n d u c e  c o n j u g a t i o n ,  

v i z :  B r i s t o l ’ s  s o l u t i o n ,  K n o p ’ s s o l u t i o n ,  v a r i o u s  s t r e n g t h s  o f  

c a n e  s u g a r  s o l u t i o n ,  c a l c i u m  p h o s p h a t e  s o l u t i o n  (1  iiimg P p e r  

l i t r e )  d i s t i l l e d  w a t e r .  T h e s e  c u l t u r e s  w e r e  s e t  up i n  t h e  

l a b o r a t o r y  u n d e r  o r d i n a r y  c o n d i t i o n s ,  a n d  u n d e r  a r t i f i c i a l  

i l l u m i n a t i o n  o f  30 C . P . ; t h e y  w e r e  a l s o  s e t  up i n  t h e  o p e n  a i r ,  

i n  t h e  s h a d e ,  a n d  i n  t h e  s u n ,  i n  w h i c h  c a s e  e x c e s s i v e  h e a t  v/as 

j u r e v e n t e d  by  s u r r o u n d i n g  t h e  c u l t u r e s  w i t h  w a t e r .  I t  was  

i n t e r e s t i n g  t o  n o t e  t h a t  no a t t e m p t s  a t  c o n j u g a t i o n  w e r e  f o u n d  

i n  t h e s e  c u l t u r e s  u n t i l  a f t e r  t h e  c o n j u g a t i o n  p e r i o d  h a d  s e t  i n  

a n d  a t t e m p t s  a t  c o n j u g a t i o n  w e r e  f o u n d  i n  t h e  p o n d .  Then  i t  

was  n o t e d  t h a t  c a n e  s u g a r  s o l u t i o n  a c t e d  a s  a  s t i m u l u s  t o  

c o n j u g a t i o n  a n d  i n  3ji s o l u t i o n s  o f  t h i s ,  one  o r  two f i l e m i e n t s  

w i t h  z y g o t e s  w e r e  o b t a i n e d .

On A u g u s t  7 t h  t h e r e  w e r e  no s i g n s  o f  c o n j u g a t i o n  and  no 

f i l a i a e n t s  c o u l d  be  f o u n d  w h i c h  h a d  a t t e m p t e d . i t .  P r o b a b l y  t h e y  

h a d  a l l  d i e d ,  f o r  i n  J u l y ,  w hen  t h e s e  a t t e m p t s  w e r e  f a i r l y  

f r e q u e n t ,  s m a l l  g r e y  p a t c h e s  c o u l d  b e  s e e n  i n  t h e  p o n d ,  a n d  t h e y  

c o n s i s t e d  o f  d e a d  f i l a m e n t  p a i r s  w h i c h  h a d  a t t e m p t e d  c o n j u g a t i o n

I n  1929  c o n j  u g a t i o n  v/as f i r s t  n o t e d  a t  t h e  b e g i n n i n g  o f  

J u n e  a n d  i t  w as  c o n s t a n t l y  o b s e r v e d  u n t i l  t h e  end  o f  t h e  m o n th
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w h e n  c o n j u g a t i n g  f i l a m e n t  p a i r s  w e r e  o b s e r v e d  i n  a l l  p a r t s  o f  

t h e  p o n d  c o v e r e d  by  S p i r o g y r a ,  On J u l y  22nd  t h e  p o n d  w as  a g a i n  

o b s e r v e d ,  a n d  t h e r e  w e r e  no s i g n s  o f  c o n j u g a t i o n  a l t h o u g h  t h e r e  

w a s  s t i l l  q u i t e  a  l o t  o f  S p i r o g y r a  i n  t h e  p o n d .  D e t a i l s  o f  t h e  

m e t h o d  o f  c o n j u g a t i o n  a n d  d r a w i n g s  a r e  g i v e n  i n  t h e  s e c o n d  p a r t  

o f  t h i s  p a p e r .  A l t h o u g h  l a r g e  m a s s e s  o f  m a t e r i a l  e n t e r e d  up o n  

c o n j u g a t i o n ,  z y g o t e s  w e r e  v e r y  r a r e ,  a n d  t h e  f o l l o w i n g  o b s e r 

v a t i o n  i n d i c a t e s  haw v e r y  s c a r c e  t h e y  w e r e .  I n  a n  h o u r  a n d  a  

h a l f  s i x  s l i d e s  o f  m a t e r i a l  w e r e  e x a m i n e d ;  e a c h  s l i d e  c o n s i s t e d  

o f  f i l a a i e n t s  u n i t e d  i n  p a i r s  by  c o n j u g a t i o n  t u b e s ,  b u t  o n l y  

7 f i l a m e n t  p a i r s  w e r e  s e e n  v / i t h  z y g o t e s  a n d  3 w i t h  p a r t h e n -  

o s p o r e s .  The m a t e r i a l  w a s  n o t  t o o  you n g  t o  h a v e  f o r m e d  z y g o t e s  

b e c a u s e  c o n j u g a t i n g  f i l a m e n t s  h a d  b e e n  o b s e r v e d  i n b t h e  same 

p l a c e  f o r  s e v e r a l  d a y s . ,  M a s s e s  o f  m a t e r i a l  w h i c h  h a d  a t t e m p t e d  

c o n j u g a t i o n ,  and  showed c o n j u g a t i o n  t u b e s ,  d i e d ,  and  t h e r e  was  

a  l a r g e  b l a c k  p a t c h  a t  D ( t e x t  f i g .  1 )  w h i c h  c o n s i s t e d  o f  d e 

c a y i n g  c o n j u g a t i n g  f i l a m e n t s .  T h i s  p a t c h  o f  d e c a y i n g  f i l a m e n t s  

a p p e a r e d  a t  t h e  p l a c e  w h e r e  t h e  S p i r o g y r a  w a s  f i r s t  a b u n d a n t  

i n  1 9 2 9 .
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( 1 )

INTRODUCTION.

The l a c i n g  t o g e t h e r  o f  t h e  f i l a m e n t s  o f  S p i r o g y r a  d u r i n g  

c o n j u g a t i o n  h a s  b e e n  d e s c r i b e d  i n  t h e  f o l l o w i n g  way;  ’’two 

t h r e a d s  become r a n g e d  p a r a l l e l  t o  one a n o t h e r ,  a n d  t h e i r  

o p p o s i n g  c e l l s  d e v e l o p  f i n g e r  l i k e  p r o t r u s i o n s ^ w h i c h  g row 

t o w a r d s  e a c h  o t h e r  t i l l  t h e y  m e e t  a n d  f u s e ;  a f t e r  t h i s  t h e  

s e p a r a t i n g  w a l l  b r e a k s  down so t h a t  a n  o p e n  t u b e  ( t h e  c o n j u g 

a t i o n  c a n a l )  i s  e s t a b l i s h e d . ” T h i s  q u o t a t i o n  i s  a n  e x t r a c t  

f r o m  one o f  o u r  w e l l  known a nd  much  u s e d  t e x t  books.^  (4  )

D e s c r i p t i o n s  s u c h  a s  t h e  a b o v e  a r e  u l t i m a t e l y  d e r i v e d  f r o m  

t h e  r e c o r d s  o f  De B a r y , H a b e r l a n d t ,  K l e b s ,  an d  o t h e r  e a r l y  

w o r k e r s .  Now i f  r e f e r e n c e  b e  made t o  t h e  o r i g i n a l  p a p e r s  o f  

t h e s e  a u t h o r s , i t  w i l l  b e  n o t e d  t h a t  t h e i r  d e s c r i p t i o n s  o f  t h e  

e a r l y  s t a g e s  o f  c o n j u g a t i o n  a r e  v e r y  s c a n t y .  I t  i s  t r u e  t h a t  

e a c h  o f  t h e m  q u i t e  d e f i n i t e l y  s t a t e s  t h a t  t h e  p a p i l l a e  f r o m  

o p p o s i t e  c e l l s  g row o u t  and  m e e t  e a c h  o t h e r ,  b u t  d e t a i l s  a s  t o  

t h e  t i m e  t a k e n  f o r  t h i s  p r o c e s s ,  a nd  t h e  d i s t a n c e  a p a r t  o f  t h e  

f i l a m e n t s  a t  t h e  b e g i n n i n g  o f  t h e  p r o c e s s , a r e  c o m p l e t e l y  a b s e n t .  

The f o l l o v / i n g  q u o t a t i o n  i s  f r o m  De B a r y  ' s  c l a s s i c  p a p e r ,  a n d  i s  

t h e  o n l y  r e f e r e n c e  he  male e s  t o  w h a t  e v e n  t h e n  h e  d e s c r i b e s  a s  

t h e  ’’w e l l  known wa^-” i n  w h i c h  t h e  f i l a m e n t  p a i r s  become l a c e d  

t o g e t h e r . " D i e  p a a r w e i s e  V e r b i n d u n g  d e r  g e l l e n ,  w e l c h e  c o p u l i r e n ,  

d u r c h  k u r z e ,  g e g e n e i n a n d e r  w a c h s e n d e  und  m i t  e i n a n d e r  

ve rv /a chse nde , ,  A u s t ü l p u n g e n  i s t  a l l g e m e i n  b e k a n n t .  I n  d e n  

m e i s t e n  DaHrnn f i n d e t  z w i s c h e n  d e n  Z e l l e n  v o n  z w e i  n e b e n e i n a n d e r -  

l i e g e n d e n  B a de n  e i n e  l e i t e r f o r m i g e  V e r e i n i g u n g  s t a t t ” (3) O v e r t o n  

( 1 0 ) ,  H a b e r l a n d t  ( s ' ) ,  a n d  K l e b s  ( ^ ) ,  a l l  r e m a r k  on  t h e  c e r t a i n t y  

w i t h  w h i c h  t h e  p a p i l l a e  m e e t  a n d  a r e  f o r m e d  on t h e  s i d e s  o f  

t h e  f i l a m e n t s  w h i c h  a r e  t u r n e d  t o w a r d s  e a c h  o t h e r ;  t h a t  t h i s  

f a c t  p u z z l e d  t h e m , s h o w s  t h a t  t h e y  h a d  no c o n c e p t i o n  o f  t h e  

f i l a m e n t s  f i r s t  l y i n g  i n  c o n t a c t ,  when t h e  m u t u a l  c h e m i c a l  

a t t r a c t i o n  ( w h i c h  t h e y  a s s u m e )  c o u l d  so e a s i l y  b e  a c c o u n t e d  f o r  

a t  c o r r e s p o n d i n g  p l a c e s  o f  t h e  f i l a m e n t s .

€>zurda h a s  r e c e n t l y  r e v i v e d  a n d  s u p p o r t e d  c e r t a i n  o b s e r -



^Footnote

I n  a  l a t e r  e d i t i o n  o f  t h i s  b o o k ,  p u b l i s h e d  ( a f t e r  t h e  

p r e s e n t  w o r k  w a s  s t a r t e d )  i n  1 9 2 7 ,  t h i s  q u o t a t i o n  r u n s  a s  

f o l l o w s : -  " . . . . . . t w o  t h r e a d s  become r a n g e d  p a r a l l e l  t o  one

a n o t h e r ,  a n d  t h e i r  o p p o s i n g  c e l l s  d e v e l o p  f i n g e r  l i k e  

p r o t r u s i o n s ,  t h e  t i p s  o f  w h i c h  a r e  i n  c o n t a c t  w i t h  one  a n o t h e r ;  

a f t e r  t h i s  t h e  s e p a r a t i n g  w a l l  b r e a k s  down so t h a t  a n  o p e n  

t u b e  ( t h e  c o n j u g a t i o n  c a n a l )  i s  e s t a b l i s h e d .
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v a t i o n s  o f  H e n i l e b e n ^ an d  d e s c r i b e s  ( a )  a n  e s s e n t i a l l y  d i f f e r e n t  

m e t h o d  f o r  t h e  l a c i n g  t o g e t h e r  o f  t h e  f i l a m e n t s .  T h e s e  o b s e r 

v e r s  h o l d  t h a t  i n  t h e  e a r l i e s t  s t a g e s  o f  c o n j u g a t i o n  t h e  f i l a 

m e n t s  a r e  u n i t e d  i n  p a i r s  o r  b u n d l e s ;  t h a t  o p p o s i n g  p r o t u b e r 

a n c e s  a r e  l a t e r  p u t  o u t  f r o m  t h e  s i d e s  o f  t h e  f i l a m e n t s  w h i c h  

a r e  i n  c o n t a c t ;  t h a t  t h e s e  p r o t u b e r a n c e s  a r e  t h u s  i n  c o n t a c t  

f r o m  t h e  f i r s t  moment  o f  t h e i r  f o r m a t i o n ,  a n d  t h a t  by t h e i r  

g r o w t h  i n  l e n g t h , t h e  f i l a m e n t s  a r e  p u s h e d  a p a r t .

The p r e s e n t  a c c o u n t  o f  c o n j u g a t i o n  i n  S.  v a r i a n s ,  S.  w e b e r i ^  

a n d  S. c a t a e n i f o r m i s , i s  g i v e n  a s  f u r t h e r  e v i d e n c e  f o r  t h i s

l a t t e r  m e t h o d .  I t  may i n d e e d  b e  t h e  u s u a l  m e t h o d  f o r  a l l

s p e c i e s  o f  S p i r o g y r a ,

SQURCDS OB jMTERIAL,

O b s e r v a t i o n s  on t h e  p r o c e s s  o f  c o n j u g a t i o n  i n  S p i r o g y r a  

a r e  o f  n e c e s s i t y  l i m i t e d  t o  t h e  s e a s o n  a t  w h i c h  t h i s  o c c u r s .

I n  t h e  m a j o r i t y  o f  s p e c i e s  c o n j u g a t i o n  i s  c o n f i n e d  t o  t h e  

s p r i n g  m o n t h s ,  o c c u r r i n g  b e t w e e n  A p r i l  and  J u n e ,  b u t  i t  i s  n o t

n e c e s s a r i l y  a n  a n n u a l  e v e n t .  I n  1928  c o n j u g a t i o n  was  v e r y

s c a r c e ,  a n d  a l t h o u g h  two s p e c i e s  o f  S p i r o g y r a  w e r e  exaci iined 

f o r t n i g h t l y  t h r o u g h o u t  t h a t  y e a r ,  no o b s e r v a t i o n s  on c o n j u g a t i o n  

w e r e  m a d e , a s  t h i s  o n l y  r a r e l y  o c c u r r e d .  I n  b o t h  c a s e s  t h e  

s p e c i e s  shew ed  a  t e n d e n c y  t o  c o n j u g a t e ,  b u t  t h i s  was  n o t  

r e a l i s e d .  C o n j u g a t i o n  c o u l d  n o t  b e  i n d u c e d  i n  c u l t u r e  by  t h e  

r e c o g n i s e d  m e t h o d s ,  t h o u g h  e v i d e n c e  h a s  s i n c e  b e e n  o b t a i n e d  

i n d i c a t i n g  t h a t  once  i t  h a s  b e g un  i n  n a t u r e , i t  may b e  s t i m u l a t e d  

a n d  h a s t e n e d  i n  c u l t u r e .  I n  m o s t  s p e c i e s  o f  S p i r o g y r a  t h e  

p e r i o d  o f  c o n j u g a t i o n  i s  v e i y  s h o r t , a n d  t h u s  n o t  o n l y  m us t  e v e i y  

moment  o f  t h i s  p e r i o d  b e  u s e d  f o r  r e c o r d i n g  o b s e r v a t i o n s ,  b u t  

a  s h a r p  l o o k  o u t  m u s t  b e  k e p t  f o r  t h e  f i r s t  s i g n s  o f  c o n j u g a t i o n  . 

I t  i s  e s s e n t i a l  t h a t  t h e  s p e c i e s  u s e d  s h o u l d  b e  n e a r  a t  h a n d  

b e c a u s e  f r e s h  m a t e r i a l  m u s t  f r e q u e n t l y  b e  c o l l e c t e d .  W hi le  t h e  

o b s e r v a t i o n s  h e r e  g i v e n  w e r e  b e i n g  r e c o r d e d , c o l l e c t i o n s  w e r e  

made a t  l e a s t  once  a  d a y ^ a n d  s o m e t i m e s  t w i c e  a  d a y .  I n  1929  

a  number  ofi l o c a l i t i e s  w i t h  S p i r o g y r a  w e r e  o b s e r v e d , a n d  d u r i n g
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t h e  s e a s o n  o f  c o n j  u g a t i o n , t h r e e  s p e c i e s  w e r e  f o u n d  whose  

c o n j u g a t i o n  f o l l o w e d  c o n v e n i e n t l y  one a f t e r  t h e  o t h e r ,

S . w e b e r i  K u t z .  v/as t h e  f i r s t  met  w i t h  i n  c o n j u g a t i o n .  I t  

was f o u n d  i n  c o n s p i c u o u s  g r e e n  p a t c h e s  i n  a  v e r y  n a r r o w  d i t c h  

n e a r  H o l l o w a y  S a n a t o r i u r a , a b o u t  two and  a  h a l f  m i l e s  f r o m  R o y a l  

H o l lo w a y  C o l l e g e .  The d i t c h  h a d  b e e n  k e p t  u n d e r  o b s e r v a t i o n  

s i n c e  t h e  p r e v i o u s  a u t u m n , a n d  t h e  S p i r o g y r a  s e e n  t o  h a v e  d i s 

a p p e a r e d  w i t h o u t  c o n j u g a t i o n  i n  N ovem ber,  I t  was  f o u n d  i n  a  

d i f f e r e n t  p a r t  o f  t h e  d i t c h  on A p r i l  1 9 t h  1929  when i t  was  a l 

r e a d y  i n  c o n j u g a t i o n .  C o n j u g a t i o n  h a d  a p p a r e n t l y  o n l y  j u s t  s e t  

i n ,  s i n c e  no z y g o t e s  w e r e  t o  be  f o u n d ,  a n d  n e a r l y  a l l  t h e  c o n 

j u g a t i n g  f i l a i i e n t s  w e r e  o f  t h e  same w id th ^  a n d  h a d  n o t  d e v e l o p e d  

t h e  c h a r a c t e r i s t i c  s w o l l e n  f e m a l e  c e l l s  w h i c h  i n  c u l t u r e  a r e  

f o r m e d  s i x t y  h o u r s  a t  t h e  m o s t  a f t e r  t h e  f i l a m e n t  p a i r s  a r e  i n  

c o n t a c t .  D a r l y  s t a g e s  i n  c o n j u g a t i o n  w e r e  f o u n d  u n t i l  May 8 t h ,  

b u t  a f t e r  t h i s  o n l y  v e g e t a t i v e  f i l a m e n t s  a n d  f i l a m e n t s  i n  t h e  

l a t e r  s t a g e s  o f  c o n j u g a t i o n .  The d i t c h  was o b s e r v e d  a b o u t  a  

f o r t n i g h t  l a t e r  a n d  t h e r e  was  no t r a c e  o f  any S p i r o g y r a ,  T h i s  

i s  one i n s t a n c e  ofi many t h a t  h a v e  shown t h e  r a p i d y  w i t h  w h i c h  

S p i r o g y r a  c a n  d i s a p p e a r  f r o m  a  p o n d .

S . v a r i a n s  (Hat}., ) K u t z .  v a r .  s c r o b i c u l a t a  S tockm .  was  n e x t  

f o u n d  i n  a  f ew  b r i g h t  g r e e n  f l o a t i n g  p a t c h e s  among a b u n d a n t  

V a u c h e r i a , i n  a  much l a r g e r  d i t c h  t h r o u g h  w h i c h  t h e r e  was  a  s lo w  

movement  o f  t h e  w a t e r ;  t h e  d i t c h  was  a b o u t  one a n d  a  h a l f  m i l e s  

f r o m  R o y a l  Ho 11 ov/ay C o l l e g e ,  B e f o r e  z y g o t e  f o r m a t i o n  t h e s e  p a t c h  

e s  c o u l d  e a s i l y  be  d i s t i n g u i s h e d  f r o m  t h e  V a u c h e r i a  w i t h  t h e  

n a k e d  e y e , b e c a u s e  o f  t h e i r  b r i g h t  g r e e n  c o l o u r , a n d  a f t e r  a  l i t 

t l e  e x p e r i e n c e , t h o s e  p o r t i o n s  o f  t h e m  c o n t a i n i n g  e a r l y  s t a g e s  

o f  c o n j u g a t i o n , c o u l d  be  d i s t i n g u i s h e d  f r o m  t h o s e  c o n t a i n i n g  on ly  

l a t e r  s t a g e s , i . e .  f i l a m e n t  p a i r s  w i t h  m a t u r e  t u b e s ,  by  t h e  f a c t  

t h a t  t h e  f o r m e r  p o r t i o n s  w e r e  d e n s e r  a n d  o f  a  d e e p e r  g r e e n  

c o l o u r .  The S p i r o g y r a  was  q u i t e  o u t  o f  r e a c h  b y  h a n d ,b u t  s m a l l  

p o r t i o n s  c o u l d  b e  w i t h d r a w n  on t h e  end  o f  a  l o n g  s t i c k  w i t h o u t  

a n y  d i s t u r b a n c e  o f  t h e  m a i n  m a s s .  The e a s e  w i t h  w h i c h  t h e  

S p i r o g y r a  c o u l d  t h u s  be  l i f t e d  o u t  o f  t h e  d i t c h , s u g g e s t e d  t h a t
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i t  was  i n  r e l a t i v e l y  s h o r t  f i l a m e n t s  w h i c h  w as  f o u n d  t o  be t h e  

c a s e .  The m a t e r i a l  w as  f i r s t  f o u n d  c o n j u g a t i n g  on  May 1 6 t h , a n d  

e a r l y  s t a g e s  w e r e  f o u n d  u n t i l  J u n e  4th^ when  t h e r e  w as  o n l y  a  

v e r y  s m a l l  g r e e n  p a t c h  o f  S p i r o g y r a  i n  t h e  d y k e ,

S.  c a t a e n i f o m i s  (Han.  ) K u t z .  h a d  b e e n  u n d e r  o b s e r v a t i o n  

i n  a  s m a l l  p o n d  i n  t h e  g r o u n d s  o f  R o y a l  H o l l o w a y  C o l l e g e  s i n c e  

a u tu m n  1 9 2 7 .  A f e w  a t t e m p t s  a t  c o n j u g a t i o n  w e r e  made i n  J u n e  

1 9 2 8 ,  b u t  no z y g o t e s  w e r e  f o u n d ,  a n d  o n l y  one f i l a m e n t  p a i r  

s h e w i n g  p r o t o p l a s m i c  f u s i o n .  T h i s  a l m o s t  c o m p l e t e  a b s e n c e  o f  

c o n j u g a t i o n  may h a v e  b e e n  c o n n e c t e d  w i t h  t h e  h e a v y  r a i n  o f  t h e  

p r e v i o u s  a u tu m n  a n d  w i n t e r ;  c o n j u g a t i o n  was  known t o  b e  s c a r c e  

i n  1 9 2 8 ,  On J u n e  6 t h  1929  a  c o l l e c t i o n  o f  t h i s  m a t e r i a l  showed 

r a r e  f i l a m e n t  p a i r s  w i t h  c o n j u g a t i o n  t u b e s ,  a n d  a  v e r y  t h o r o u g h  

s e a r c h  w as  made i n  a l l  p o r t i o n s  o f  t h e  p o n d  f o r  f u r t h e r  i n s t a n c e  

o f  c o n j u g a t i o n .  A l t h o u g h  t h e  p o n d  w as  v e r y  s m a l l  c o n j u g a t i o n  

w a s  a t  f i r s t  v e r y  much l o c a l i s e d ,  a n d  was  o n l y  f o u n d  t o  o c c u r  

w i t h  any  f r e q u e n c y  i n  one  s m a l l  a r e a .  The p o n d  was  t h o r o u g h l y  

e x a m i n e d  e a c h  day  a n d  b y  J u n e  1 1 t h  c o n j u g a t i o n  s t a g e s  w e r e  

f o u n d  i n  a l l  p a r t s  w h e r e  t h e  S p i r o g y r a  was  p r e s e n t .

I t  i s  w o r t h y  o f  n o t e  t h a t  t h e s e  t h r e e  s p e c i e s  showed 

c o n j u g a t i o n  f i r s t  i n  s h a l l o w  w a t e r , i n  a  p a r t  o f  t h e  p o n d  o r  

d i t c h  t h a t  was  t e n d i n g  t o  d r y  u p .  I n  t h e  c a s e  o f  8 . w e b e r i  one 

p a r t  o f  t h e  d i t c h  h a d  v e r y  l i t t l e  w a t e r ,  and  i n  p l a c e s  t h e  

S p i r o g y r a  w as  l y i n g  on damp mud; a n o t h e r  p a r t  o f  t h e  d i t c h  h a d  

q u i t e  a  l o t  o f  w a t e r ,  a n d  h e r e  c o n j u g a t i o n  d i d  n o t  s e t  i n  t i l l  

l a t e r :  f o u r  d a y s  a f t e r  i t  h a d  b e e n  o b s e r v e d  i n  t h e  f i r s t  p a r t ,  

t h e r e  w e r e  o n l y  r a r e  f i l a m i e n t s  h e r e  s h o w i n g  c o n j u g a t i o n .  I n  

t h e  c a s e  o f  S , v a r i a n s  c o n j u g a t i o n  s t a r t e d  e a r l i e r  i n  a  p a r t  o f  

t h e  d i t c h  w h e r e  t h e  w a t e r  w a s  n o t  m ore  t h a n  an  i n c h  o r  so d e e p .  

I t  was  c o m p l e t e l y  o v e r  i n  t h i s  p a r t  when o n l y  b e g i n n i n g  i n  t h e  

f l o a t i n g  m a s s e s  4n t h e  d e e p e r  p a r t s  o f  t h e  d i t c h  ,w h e r e  t h e r e  was 

o v e r  two f e e t  o f  v / a t e r .  I n  t h e  c a s e  o f  S . c a t a e n i f o r r n i s  c o n 

j u g a t i o n  s t a g e s  w e r e  a t  f i r s t  a l m o s t  c o m p l e t e l y  c o n f i n e d  t o  a  

p o r t i o n  o f  t h e  p o n d  w h e r e  t h e  s i l t  caiae t o  t h e  s u r f a c e  o f  t h e
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w a t e r  a n d  s u p p o r t e d  P o a  f l u i t a n s  and  C a l l i t r i c h e .  Thus  a g a i n  

t h e  c o n j u g a t i n g  S p i r o g y r a  was  i n  v e r y  s h a l l o w  -wa te r  i n  f a c t  

a l m o s t  on m a r s h ,  a l t h o u g h  t h e r e  was  p l e n t y  o f  w a t e r  e l s e w h e r e  

i n  t h e  p o n d .  I n  s u c h  s h a l l o w  a r e a s  t h e  S p i r o g y r a  w o u l d  become 

s u b j e c t e d  t o  g r e a t e r  v a r i a t i o n s  i n  t e m p e r a t u r e  a n d  i n  c o n c e n 

t r a t i o n  o f  t h e  w a t e r ,

C z u r d a  h a s  s t a t e d  t h a t  f r o m  t h e  e a r l i e s t  s t a g e s  o f  c o n 

j u g a t i o n  t h e  f i l a m e n t s  become c o v e r e d  w i t h  d e t r i t u s  w h i c h  i s  

r i c h l y  d e p o s i t e d  on  th em .  T h i s  m e s s y  a p p e a r a n c e  o f  t h e  f i l a 

m e n t s  m akes  o b s e r v a t i o n s  on e a r l y  s t a g e s  o f  c o n j u g a t i o n  v e r y  

d i f f i c u l t ,  a s  t h e  s m a l l  p a p i l l a e  ( p r o t u b e r a n c e s )  a nd  e v e n  t h e  

l i m i t s  o f  t h e  w a l l  a r e  o f t e n  q u i t e  o b s c u r e d .  I t  was  f o r t u n a t e  

f o r  t h e  p r e s e n t  o b s e r v a t i o n s  t h a t  m o s t  o f  t h e  m a t e r i a l  o f  S.  

w e b e r i  and  S , v a r i a n s  e x a m i n e d ,  d i d  n o t  p a s s  t h r o u g h  t h i s  m e s s y  

c o n d i t i o n n a s  t h e  w a t e r  i n  w h i c h  t h e y  w e r e  g r o w i n g  w a s  f r e e  f r o m  

d e t r i t u s ,  A s m a l l  p a t c h  o f  S , v a r i a n s  was  h o w e v e r  o n c e  o b s e r v e d  

i n  a  s h a l l o w  a n d  v e r y  muddy a r e a  a t  t h e  s i d e  o f  t h e  d i t c h ^ t h i s
4

w as  c o l l e c t e d , a n d  on e x a m i n a t i o n  i t  was  f o u n d  t h a t  some o f  t h e  

f i l a m e n t s  w e r e  show in g  e a r l y  s t a g e s  o f  c o n j u g a t i o n , a n d  t h e s e  

m o r e o v e r  w e r e  r i c h l y  c o a t e d  w i t h  d e t r i t u s .  C u l t u r e s  w e r e  s e t  

up f r o m  t h i s  m a t e r i a l  a n d  i t  was  f o u n d  t h a t  w h e r e a s  t h e  l a r g e r  

p i e c e s  o f  d e t r i t u s  p r o v e d  u s e f u l  f o r  t h e  r e c o g n i t i o n  o f  s e l e c t e d  

p a r t s  o f  t h e  f i l a m e n t s ,  a s  a  w h o l e  t h e y  o b s c u r e d  t h e  s m a l l  

p a p i l l a e  and  t h e  c e l l  o u t l i n e .  Amongs t  t h i s  m a t e r i a l  p o r t i o n s  

o f  v e g e t a t i v e  o r  n o n - c o n j u g a t i n g  f i l a m e n t s  w e r e  a l s o  s e e n  

c o v e r e d  w i t h  d e t r i t u s ,  s u g g e s t i n g  t h a t  t h e  c h a n g e s  w h i c h  o c c u r  

i n  t h e  m u c i l a g e  s h e a t h ,  ( r e f e r r e d  t o  b e l o w )  a n d  w h i c h  a c c o u n t  

f o r  t h e  s t i c k i n g  t o g e t h e r  o f  t h e  f i l a m e n t  p a i r s ,  may o c c u r  

b e f o r e  t h e y  come i n t o  c o n t a c t .  T h e s e  p a r t i c u l a r  f i l a m e n t s  so 

much  c o a t e d  w i t h  d e t r i t u s  a r e  a g a i n  r e f e r r e d  t o  i n  t h e  p a r a 

g r a p h  on t h e  c e l l  w a l l ,  t o w a r d s  t h e  e l u c i d a t i o n  o f  v /h ich  t h e y  

c o n t r i b u t e d .  I n  S , c a t a e n i f o r m i s  t h e  c o n j u g a t i n g  m a t e r i a l  n e a r l y  

a l w a y s  showed t h i a jm e s s y  a p p e a r a n c e , w h i c h  i n c r e a s e d  f r o m  t h e  t im e  

t h e  f i l a m e n t  p a i r s  w e r e  l y i n g  i n  c o n t a c t  t o  t h e  t i m e  when m a t u r e
I Î
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t u b e s  w e r e  f o u n d  a n d  f e m a l e  c e l l s  d i f f e r e n t i a t e d .  T h i s  was 

n o t e d  i n  J u n e  1 9 2 8 ,  t h e  r a r e  f i l a m e n t s  a t t e m p t i n g  c o n j u g a t i o n  

c o u l d  a t  once  b e  d i s t i n g u i s h e d  e v e n  w i t h  a  low  p o w e r  o b j e c t i v e ^  

t h o u g h  t h e  i n d i v i d u a l  c e l l s  a n d  c o n j u g a t i o n  t u b e d  w e r e  q u i t e  

o b s c u r e d  a n d  c o u l d  o n l y  b e  s e e n  w i t h  h i g h  m a g n i f i c a t i o n .  T h i s  

a c c u m u l a t i o n  o f  d e t r i t u s  f i n a l l y  l e a d s  t o  a  v i s i b l e  d i f f e r e n c e  

i n  t h e  m a c r o s c o p i c  a p p e a r a n c e  o f  t h e  a l g a :  t h e  d a r k  g r e e n  w a d s  

c h a n g i n g  t o  y e l l o w  g r e e n  m a s s e s .  Where t h e  d e t r i t u s  i s  p a r t i c 

u l a r l y  r i c h l y  d e p o s i t e d  i t  i s  v e r y  d i f f i c u l t ,  e v e n  w i t h  h i g h  

m a g n i f i c a t i o n ^ t o  s e e  w h e t h e r  t h e  f i l a m e n t  p a i r s  h a v e  any  

p a p i l l a e  o r  c o n j u g a t i o n  t u b e s ,  o r  e v e n  t o  s e e  w h e t h e r  z y g o t e s  have 

b e e n  f o r m e d .  As w a s  s u g g e s t e d  i n  t h e  c a s e  o f  S , v a r i a n s  t h e  

m e s s y  a p p e a r a n c e  o f  t h e  c o n j u g a t i n g  f i l a r a e n t s  d e p e n d s  on t h e  

am oun t  o f  d e t r i t u s  i n  t h e  w a t e r .  The p o n d  i n  w h i c h  S . c a t a e n i -  

f o r m i s  was  g r o w i n g  c o n t a i n e d  a  p a r t i c u l a r l y  l a r g e  amount  o f  

s i l t ,  a n d  t h i s  w a s  r e s p o n s i b l e  f o r  t h e  r i c h l y  c o a t e d  f i l a m e n t s .  

Some f i l a m e n t d  p a i r s  sh o w in g  e a r l y  s t a g e s  o f  c o n j u g a t i o n  w e r e  

f o u n d  among a  d e e p  g r e e n  wad o f  m a t e r i a l  w h i c h  was  a l m o s t  

e n t i r e l y  v e g e t a t i v e ,  t h e y  w e r e  q u i t e  f r e e  f r o m  d e t r i t u s , p r e s u m 

a b l y  b e c a u s e  t h e  wad h a d  n o t  y e t  b r o k e n  up and  so t h e y  h a d  n o t  

come i n t o  i n t i m a t e  c o n t a c t  w i t h  t h e  s i l t y  w a t e r ,

METHOD OF TAKING AND RECORDING OBSERVATIONS,

G e n e r a l . I n  t h e  t h r e e  s p e c i e s  i n v e s t i g a t e d  f o r  e a r l y  s t a g e s  

o f  c o n j u g a t i o n ,f r e s h  m a t e r i a l  h a s  b e e n  u s e d  e n t i r e l y ^ s i n c e  i t  i s  

e s s e n t i a l  t h a t  c o n j u g a t i o n  s h o u l d  b e  f o l l o w e d  t h r o u g h .  A t  t h e  

same t i m e  some o f  t h e  m a t e r i a l  was  f i x e d  i n  medium c h r o m - a c e t i c  

a c i d , a n d  i n  f o r m a l i n .  B e f o r e  f i x a t i o n  t h e  m a t e r i a l  w a s  knftwn t o  

c o n t a i n  e a r l y  s t a g e s  o f  c o n j u g a t i o n ,  i . e .  f i l a m e n t  p a i r s  i n  

c l o s e  c o n t a c t ,  o r  s l i g h t l y  s e p a r a t e d  by u n p a i r e d  p a p i l l a e ,  o r  

by  p a i r e d  p a p i l l a e , an d  i t  w a s  h o p e d  t h a t  s t a i n e d  p r e p a r a t i o n s  

o f  t h e s e  s t a g e s  w o u l d  b e  o b t a i n e d .  H o w e v er ,  i n  a l l  c a s e s ,  

e x a m i n a t i o n  o f  t h e  m a t e r i a l  f i x e d  i n  medium c h r o m - a c e t i c  a c i d  

showed t h a t  t h e r e  w e r e  no f i l a m e n t  p a i r s  i n  c o n t a c t ,  o r  s e p a r a t 

ed by u n p a ir e d  o r  p a ir e d  p a p i l l a e .  The f i x a t i v e  h a d  t h e r e f o r e
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d e s t r o y e d  a l l  e a r l y  s t a g e s  o f  c o n j u g a t i o n  by  d i s s o l v i n g ,  o r  

d e s t r o y i n g ,  a n  a d h e s i v e ,  ( a  " m u c i l a g e  s h e a t h " ) ,  w h i c h  f i r m l y  

u n i t e s  t h e  f i l a m e n t  p a i r s .  I n  t h e  c a s e  o f  S , v a r i a n s ,  s o m e t im e s  

e v e n  t h e  c o n j u g a t i o n  t u b e s  v/ere  f o u n d  b r o k e n  a t  t h e  f o r m e r  

l i m i t s  o f  t h e  two p a p i l l a e ,  b u t  t h i s  was  n o t  t h e  c a s e  w i t h  t h e  

o t h e r  two s p e c i e s .  An e v e n  m ore  c o n v i n c i n g  p r o o f  t h a t  m a t e r i a l  

f i x e d  i n  m e d i u m - c h r o m - a c e t i c  a c i d  i s  o f  no u s e  f o r  t h e  o b s e r 

v a t i o n  o f  e a r l y  s t a g e s  o f  c o n j u g a t i o n ,was  shown by m ea ns  o f  S.  

c a t a e n i f o r m i s .  A l o n g  f i l a m e n t  p a i r  c l o s e l y  i n  c o n t a c t  a l l  t h e  

wa^j, was  t r e a t e d  w i t h  mediimi c h r o m - a c e t i c  a c i d  a n d  o b s e r v e d  

u n d e r  t h e  m i c r o s c o p e .  B e f o r e  a n d  i m m e d i a t e l y  a f t e r  t h e  a d d i t i o n  

o f  t h e  f i x a t i v e  t h e  f i l a m e n t s  w e r e  f i r m l y  u n i t e d  a nd  c o u l d  n o t  

b e  s e p a r a t e d  by  t e a s i n g  w i t h  n e e d l e s .  The s l i d e  c o n t a i n i n g  

them  w as  p l a c e d  o v e r n i g h t  i n  a  damp a t m o s p h e r e  a n d  e x a m i n e d  i n  

t h e  m o r n i n g ^ w h e n  i t  w a s  h o p e d  t h a t  f i x a t i o n  b e i n g  c o m p l e t e  t h e  

f i l a i i i e n t  p a i r  c o u l d  b e  s t a i n e d .  However  by  m o r n i n g  t h e  two 

f i l a m e n t s  h a d  become c o m p l e t e l y  s e p a r a t e d  a n d  none  o f  t h e  f i l a 

m e n t s  on t h e  s l i d e  showed any  t r a c e  o f  h a v i n g  b e e n  u n i t e d .  

M a t e r i a l  o f  3 , v a r i a n s  a n d  S . c a t a e n i f o r m i s  h a s  a l s o  b e e n  p r e 

s e r v e d  i n  f o r m a l i n  ^and a  s i m i l a r  s e p a r a t i o n  o f  t h e  f i l a r a e n t s  

h a s  b e e n  n o t e d ;  e v e n  i f  some o f  t h e  e a r l y  s t a g e s  r e m a i n ,  i t  

w o u l d  b e  v e r y  d i f f i c u l t  t o  s e e  t h em  b e c a u s e  o f  t h e  s h r i n k a g e  

a n d  t a n g l i n g  o f  t h e  f i l a m e n t s .  The o n l y  f i x a t i v e  f o u n d  i n  

w h i c h  e a r l y  s t a g e s  w e r e  p r e s e r v e d  was  p i c r o n i g r o s i n ,  a  f i x a t i v e  

n o t  u n i v e r s a l l y  e m p l o y e d ;  e v i d e n c e  a s  t o  t h e  o c c u r r e n c e  o f  

f i l a m e n t s  i n  c o n t a c t ,  o r  s l i g h t l y  s e p a r a t e d  b y  p a p i l l a e ,  c a n  

c e r t a i n l y  b e  o b t a i n e d  f r o m  s u c h  m a t e r i a l ^ b u t  i t  i s  n o t  n e a r l y  

so  c l e a r  a s  i n  l i v i n g  m a t e r i a l ,

G z u r d a  h a s  d r a w n  a t t e n t i o n  t o  t h e  r a p i d i t y  w i t h  w h i c h  

e a r l y  s t a g e s  a r e  p a s s e d  t h r o u g h  ,a n d  h i s  o b s e r v a t i o n s  on t h e  

c o n j u g a t i o n  p r o c e s s  vrere  made on t h e  s p o t .  He was f o r t u n a t e  

e n o u g h  t o  f i n d  w ads  o f  S p i r o g y r a  i n  w h i c h  c o n j u g a t i o n  s t a r t e d  

s i m u l t a n e o u s l y ^ s o  t h a t  a n y o n e  f i l a m e n t  p a i r  r e p r e s e n t e d  t h e  

s t a g e  r e a c h e d  by  t h e  w h o l e  wad .  Thus  he  made o b s e r v a t i o n s  and



( 8 )

t o o k  p h o t o g r a p h s  o f  p o r t i o n s  o f  a  wad a t  a  c e r t a i n  t i m e ,  and 

l a t e r  made f u r t h e r  o b s e r v a t i o n s  a n d  t o o k  f u r t h e r  p h o t o g r a p h s  

o f  d i f f e r e n t  f i l a m e n t s  f r o m  t h e  same w a d .  I n  t h i s  way he  f o l 

l o w e d  c o n j u g a t i o n  t h r o u g h .  W i t h  t h e  t h r e e  s p e c i e s  i n v e s t i g a t e d  

h e r e  s u c h  a  m e t h o d  v/as n o t  p o s s i b l e .  C o n j u g a t i o n  w a s  n o t  

s i m u l t a n e o u s  i n  a n y  o f  t h e  w ads  a n d  t h e  l o c a l i t i e s  w e r e ,  t o o  

t h i c k l y  p o p u l a t e d  f o r  o b s e r v a t i o n s  t o  be  made on t h e  s p o t .  

O b s e r v a t i o n s  a n d  p h o t o g r a p h s  w e r e  t h e r e f o r e  c o n f i n e d  t o  t h e  

l a b o r a t o r y  w h e r e  t h e y  w e r e  made a s  so o n  a f t e r  c o l l e c t i o n  a s  

p o s s i b l e .

The n e c e s s i t y  f o r  f r e q u e n t  c o l l e c t i o n  o f  m a t e r i a l  w as  v e r y  

so o n  r e a l i s e d ;  t h e  e a r l i e s t  s t a g e  o f  c o n j u g a t i o n ,  v i z :  t h e  

a r r a n g e m e n t  o f  t h e  f i l a m e n t s  i n  p a i r s  o r  b u n d l e s ,  w as  o n l y  

f o u n d  i n  m a t e r i a l  e x a m i n e d  i m m e d i a t e l y  a f t e r  c o l l e c t i o n , a n d  d i d  

n o t  o c c u r  a f t e r  t h e  m a t e r i a l  h a d  b e e n  r em o v e d  f r o m  i t s  n a t i v e  

h a b i t a t ^ a l t h o u g h  t h e  d e v e l o p m e n t  o f  t h i s  s t a g e  c o n t i n u e d .

A f t e r  one  d a y  i n  t h e  l a b o r a t o r y  no e a r l y  s t a g e s  w e r e  f o u n d  i n  

m a t e r i a l  w h i c h ,  i m m e d i a t e l y  a f t e r  c o l l e c t i o n ,  h a d  shown a  number  

o f  t h e s e .  An e x c e p t i o n  t o  t h i s  w as  f o u n d  i n  8 , w e b e r i ,  i n  

w h i c h  s p e c i e s  t h e  e a r l i e s t  s t a g e  o f  c o n j u g a t i o n  was  i n i t i a t e d  

i n  c u l t u r e s  k e p t  u n d e r  a r t i f i c i a l  l i g h t .  T h i s  i l l u m i n a t i o n  

n e c e s s a r i l y  i n v o l v e s  t h e  r a i s i n g  o f  t h e  t e m p e r a t u r e  t o  b e t w e e n  

1 7 “ a n d  20 C, a n d  t e m p e r a t u r e  may be  a  f a c t o r  t o  b e  t a k e n  

a c c o u n t  o f .  When th m s  i l l u m i n a t e d ,  c u l t u r e s  w h i c h  h a v e  b e e n  

i n  t h e  l a b o r a t o r y  f o r  a  d a y  o r  s o ,  and  t h e r e f o r e  no l o n g e r  show 

e a r l y  s t a g e s ,  b e g i n  t o  d e v e l o p  th e m  a f r e s h ,  E v e n  i n  t h i s  

s p e c i e s  t h e  n e c e s s i t y  f o r  t h e  f r e q u e h ^  c o l l e c t i o n  o f  m a t e r i a l  

i s  n o t  h o w e v e r  e l i m i n a t e d ^ b e c a u s e  e a r l y  s t a g e s  a r e  n o t  t o  be  

f o u n d  a f t e r  a  d a y  o r  so u n d e r  a r t i f i c i a l  l i g h t ;  t h e  f i l a m e n t s  

h a v e  a l l  b y  t h a t  t i m e  r e a c h e d  some s t a g e  o f  c o n j u g a t i o n ,  o r  

e l s e  i n  u n p a i r e d  f i l a m e n t s  h a v e  d e v e l o p e d  i r r e g u l a r  p a p i l l a e  i n  

a l l  d i r e c t i o n s ,  f r o m  some o r  a l l  o f  t h e  c e l l s .  O b v i o u s l y  t h e n  

o b s e r v a t i o n s  on t h e  e a r l y  s t a g e s  o f  c o n j u g a t i o n  c a n  o n l y  be  

made by  a  w o r k e r  who h a s  n e a r  t o  h i s  l a b o r a t o r y ^ l o c a l i t i e s  i n
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w h i c h  S p i r o g y r a  f l o u r i s h e s ^ s o  t h a t  d a i l y  c o l l e c t i o n s  c a n  he 

made a n d  e x a m i n e d  a t  o n c e .

S p e c i a l . A s m a l l  p o r t i o n  o f  t h e  c o n j u g a t i n g  m a t e r i a l  was  

s n i p p e d  o u t  o f  t h e  wad o r  d ra w n  o u t  on a  n e e d l e .  G l a s s  n e e d l e s  

w e r e  u s e d  a s  l i k e l y  t o  h e  l e s s  i n j u r i o u s  t h a n  m e t a l  o n e s  t o  

s u c h . h i g h l y  s e n s i t i v e  m a t e r i a l .  The m a t e r i a l  was  g e n t l y  t e a s e d  

o u t  on a  s l i d e  i n  a  d r o p  o f  i t s  n a t u r a l  w a t e r  a n d  o b s e r v e d  u n d e r  

t h e  m i c r o s c o p e .  When two f i l a m e n t s  l a y  i n  c o n t a c t ,  a n d  t h e r e  

w e r e  no p a p i l l a e  f r o m  e i t h e r ,  t h e y  may h a v e  so come t o g e t h e r  

e i t h e r  t h r o u g h  c h a n c e  o r  b e c a u s e  t h e y  w e r e  " g l u e d "  t o g e t h e r  

p r e p a r a t o r y  t o  c o n j u g a t i o n .  T h i s  c o u l d  b e  a s c e r t a i n e d  b y  

a g i t a t i n g  t h e  w a t e r  r o u n d  them  ^or  b y  m ov ing  a  p r o j e c t i n g  end  

o f  one o f  t h e  f  i l  ciment s .  T r e a t e d  t h u s  ^ v e g e t a t i v e  f i l a m e n t s  i n  - 

c o n t a c t  b y  c h a n c e  i m m e d i a t e l y  s e p a r a t e  o r  s l i d e  a l o n g  one  

a n o t h e r :  w h e n - t h e  f i l a i u e n t s  a r e  " g l u e d "  t o g e t h e r  t h e y  c a n n o t  

b e  s e p a r a t e d  a t  a l l .  By a p p l y i n g  t h i s  t e s t  t o  t h e  f i i i a m e n t  p a i r ^  

t h e  c o n j u g a t i n g  o n e s  Ccui a t  o n c e  b e  i d e n t i f i e d ,  a n d  i n  t h i s  

i n v e s t i g a t i o n  s u c h  i d e n t i f i c a t i o n  h a s  b e e n  i n f a l l i b l e ,  A f i l a 

m en t  p a i r  A and  B was  t h e n  s e l e c t e d  w h i c h  c o u l d  be  r e c o g n i s e d  

l a t e r  b y  some s p e c i a l  c h a r a c t e r ,  e , g ,  by  t h e  l e n g t h  o f  A a n d  B,  

by  t h e  e n d s  o f  t h e  f i l a r a e n t s  w i t h  r e f e r e n c e  t o  e a c h  o t h e r ,  

w h e t h e r  e n d i n g  n a t u r a l l y  o r  t h r o u g h  a  b r e a k ,  by  t h e  p o s i t i o n  

o f  a  d e a d  c e l l  o r  c e l l s ,  by t h e  p o s i t i o n  o f  t h e  f i l a i a e n t  p a i r  

on t h e  s l i d e  : t h i s  l a s t  was o n l y  o f  u s e  i f  t h e y  w e re  n e a r  t h e  

o u t s i d e  o f  t h e  d r o p .  An e a s i l y  r e c o g n i s a b l e  p o r t i o n  o f  t h e  

f i l a m e n t  p a i r  was  s e l e c t e d  f o r  o b s e r v a t i o n ^ a n d  e a c h  c e l l  o f  

f i l a m e n t  A was  n u m b e r e d  a nd  d e s c r i b e d , a n d  t h e  c h a n g e s  i n  A w i t h  

r e g a r d  t o  t h e  c e l l s  o f  t h e  c o r r e s p o n d i n g  f i l a m e n t  B w e re  n o t e d  

down a t  e a c h  o b s e r v a t i o n .

As e a r l y  s t a g e s  i n  c o n j u g a t i o n  were  n o t  v e r y  f r e q u e n t l y  

f o u n d ,  t h e  s e l e c t i o n  o f  c o n j u g a t i n g  p a i r s ; a n d  s e t t i n g  up o f  t h e  

c u l t u r e s , t o o k  c o n s i d e r a b l e  t i m e .  O u t l i n e  d r a w i n g s  w i t h  c a m e r a  

l u c i d a  w e r e  made a s  f a r  a s  t i m e  a l l o w e d ,  b u t  a s  i t  v/as t h o u g h t  

n e c e s s a r y  t o  make a s  loany o b s e i * v a t i o n s  a s  p o s s i b l e ,  t h e s e  h a d
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f r e q u e n t l y  t o  b e  made i n  n o t e  f o r m ,  Wliere d r a w i n g s  h a d  b e e n  

made h o w e v e r , a n y  s u b s e q u e n t  d i v i s i o n  o f  t h e  c e l l s  i n  t h e  

c o n j u g a t i n g  f i l a m e n t s ,  was m ore  r e a d i l y  o b s e r v e d .

A f t e r  t h e  f i r s t  o b s e r v a t i o n  t h e  s l i d e  w as  t r a n s f e r r e d  t o  

a  p e t r i  d i s h  l i n e d  w i t h  w e t  f i l t e r  p a p e r ,  a  c o n s t a n t l y  m o i s t  

a t m o s p h e r e  b e i n g  t h u s  a s s u r e d .  By t h i s  m ea ns  t h e  c u l t u r e s  

c o u l d  b e  k e p t  o v e r  n i g h t  w i t h o u t  d r y i n g  u p .  I n  t h e  c a s e  o f  S.  

w e b e r i  a n d  S . c a t a e n i f o r m i s  . t h e s e  d i s h e s  w e r e  p l a c e d  u n d e r  

c o n s t a n t  a r t i f i c i a l  i l l u m i n a t i o n  o f  30  O .P .  a s  t h i s  s eem ed  t o  

h a s t e n  p a p i l l a  f o r m a t i o n .  I n  t h e  c a s e  o f  S . v a r i a n s  a r t i f i c i a l  

l i g h t  vfas o f  no h e l p  b u t  r a t h e r  seem ed  t o  h i n d e r  t h e  p r o c e s s .  

U nde r  t h e s e  c o n d i t i o n s  t h e  f i l a m e n t  p a i r s  a r e  f o u n d  t o  r e m a i n  

n o r m a l  and  v i g o r o u s , a n d  d e v e l o p m e n t  p r o c e e d s  u n t i l  t h e  p r o 

d u c t i o n  o f  f e m a l e  c e l l s ,  a b o u t  s i x t y  h o u r s  a f t e r  c o n t a c t  i n  

S . w e b e r i  a n d  t h i r t y - s i x  i n  S . v a r i a n s .  I n  S , c a t a e n i f o r m i s  t h e  

f o r m a t i o n  o f  c o n j u g a t i o n  t u b e s  on t h e  r a r e  o c c a s i o n s  when i t  

o c c u r s  i n  c u l t u r e ,  i s  e x t r e m e l y  s l o w .  More o f t e n  t h a n  n o t  t h e  

c u l t u r e s  show no g r o w t h .  I n  t h e  c a s e  o f  t h i s  s p e c i e s  t h e  c u l t  

t u r e s  a r e  much  m ore  d i f f i c u l t  t o  s e t  u p ;  t h e  c o n j u g a t i n g  f i l a 

m e n t s  a r e  r e l a t i v e l y  s h o r t  a n d  t e n d  t o  b rea l c  up d u r i n g  c o n 

j u g a t i o n  ,^and t h u s  u n l e s s  a l l  o t h e r  f i l a m e n t  p a i r s  a r e  r em ove d  

f r o m  t h e  c u l t u r e  t h e y  c a n n o t  b e  r e c o g n i s e d  w i t h  c e r t a i n t y .  T h i s  

i s  a  d i f f i c u l t  m a t t e r ^ f o r  t h e  f i l a m e n t s  a r e  s h o r t  a n d  v e r y  

s m a l l , a n d  a r e  s h i f t e d  a b o u t  w i t h  t h e  r e s t  o f  t h e  m a t e r i a l  on  

t h e  s l i d e .  How ever  w i t h  t h e  a i d  o f  a  d i s s e c t i n g  m i c r o s c o p e  

s e v e r a l  c u l t u r e s  c o n t a i n i n g  i s o l a t e d  f i l a m e n t  p a i r s  w e r e  s e t  

u p ,  a nd  f u r t h e r  d e v e l o p m e n t  p r o c e e d e d  i n  a  f ew  o f  th e m .

A f t e r  i t  w a s  r e a l i s e d  t h a t  p a p i l l a  f o r m a t i o n  a n d  g r o w t h  

o c c u r s  c o m p a r a t i v e l y  r a p i d j y  i n  S . v a r i a n s ,  c u l t u r e s  o f  t h i s  

s p e c i e s  w e r e  p e r m a r a e n t l y  k e p t  on t h e  s t a g e  o f  a  m i c r o s c o p e  a n d  

o b s e r v e d  f r o m  t:ime t o  t i m e .  T h i s  s a v e d  a l l  t h e  t i m e  n e c e s s a r i 

l y  s p e n t  i n  a g a i n  f i n d i n g  t h e  s e l e c t e d  f  i l a i a e n t s  , a n d  e n s u r e d  

t h a t  t h e y  w e r e  n o t  l o s t  s i g h t  o f .  B e t w e e n  e a c h  o b s e r v a t i o n  a  

w a t c h  g l a s s  was  p l a c e d  o v e r  t h e  s l i d e ^ a n d  t h e  c u l t u r e  was
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f r e q u e n t l y  r e p l e n i s h e d  w i t h  d i s t i l l e d  w a t e r .  A number o f  s u c h  

c u l t u r e s  v/as  s e t  up on t h e  s t a g e s  o f  d i f f e r e n t  m i c r o s c o p e s ,  and  

f r e q u e n t  d r a w i n g s  w i t h  c a m e r a  l u c i d a  w e r e  m a d e .  R e f e r e n c e  t o  

t h e  d r a w i n g s  a c c o m p a n y i n g  t h e  t a b l e s  w i l l  show t h a t  t h e  s i z e  

i s  n o t  a l w a y s  t h e  s a m e , b e c a u s e  t h e  m a g n i f i c a t i o n  o f  t h e  l e n s e s  

d i f f e r e d .  I t  was  f o u n d  t h a t  t h i s  m e t h o d  c o u l d  n o t  b e  a p p l i e d  

s u c c e s s f u l l y  t o  S . w e b e r i  a n d  S . c a t a e n i f o r m i s ,  a s  t h e  p r o c e s s  o f  

p a p i l l a  f o r m a t i o n  was  so  s l o w .

I n  p r o o f  o f  t h e  s t a t e m e n t s  a n d  d r a w i n g s  h e r e  p r e s e n t e d  o f  

t h e  e a r l y  s t a g e s  o f  c o n j u g a t i o n ,  p h o t o g r a p h s  o f  t h e  f i l a m e n t  

p a i r s  w e r e  t a k e n .  H e r e  a g a i n  was  f e l t  t h e  n e c e s s i t y  f o r  

f o l l o w i n g  t h r o u g h  t h e  c o n j u g a t i o n  p r o c e s s , a n d  t h i s  i n v o l v e d  t h e  

t a k i n g  o f  a  p h o t o g r a p h  o f  a n  e a r l y  s t a g e  o f  c o n j u g a t i o n , a n d  a  

s e c o n d  p h o t o g r a p h  o f  t h e  sarue p o r t i o n  o f  t h e  f i l a m e n t  p a i r  a t  

a  l a t e r  s t a g e .  The d i f f i c u l t i e s  e n c o u n t e r e d  i n  o b t a i n i n g  s u c h  

a  p a i r  o f  p h o t o g r a p h s  w e r e  g r e a t .  A f t e r  t h e  f i r s t  p h o t o g r a p h  

h a d  b e e n  t a k e n  t h e  f i l a m e n t  p a i r  f r e q u e n t l y  d i e d ,  o r  was  l o s t  

t o  v i e w ,  o r  t h e  f i l a m e n t s  o f  t h e  p a i r  w e r e  o v e r l a p p i n g  i n  t h e  

p a r t  p r e v i o u s l y  p h o t o g r a p h e d ,  so t h a t  a  s e c o n d  p h o t o g r a p h  c o u l d  

n o t  be  t a k e n .  No c o v e r s l i p  c o u l d  b e  p l a c e d  o v e r  t h e  f i l a m e n t  

p a i r  s i n c e  t h i s  i n h i b i t e d  f u r t h e r  g r o w t h , a n d  t h u s  t h e  p h o t o 

g r a p h s  h a d  t o  b e  t a k e n  t h r o u g h  a  d r o p  o f  v / a t e r  w h i c h  v a r i e d  i n  

d e p t h .  The t i m e  e x p o s u r e  n e c e s s a r y  v a r i e d  w i t h  t h e  d e p t h  o f  t h e  

w a t e r ,  a nd  w i t h  t h e  p o s i t i o n  o f  t h e  f i l a i u e n t  p a i r  w h e t h e r  a t  t h e  

s u r f a c e  o r  t h e  b o t t o m  o f  t h e  d r o p .  D u r i n g  t h e  e x p o s u r e  w h i c h  

w a s  r e d u c e d  a s  f a r  a s  p o s s i b l e  by  u s i n g  s t r o n g  i l l u m i n a t i o n  

f r o m  a  p o i n t  o ’ l i t e  l am p t h e  f i l a m e n t  p a i r s  f r e q u e n t l y  moved ,  

b e i n g  p u s h e d  b y  swimming u n i - c e l l u l a r  a n d  o t h e r  l i v i n g  o r g a n i s m s  

n e c e s s a r i l y  i n c l u d e d  i n  t h e  d r o p  f o r  t h e  w e l l  b e i n g  o f  t h e  

S p i ro g y ^ r a .  Thus  t h e  a c h i e v m e n t  o f  a  p a i r  o f  p h o t o g r a p h s  was  

l a r g e l y  a  m a t t e r  o f  c h a n c e ,  a n d  a  good  p a i r  w e l l  n i g h  i m p o s s i 

b l e .  The p h o t o g r a p h s  h a v e  l i t t l e  v a l u e  a s  p h o t o g r a p h s ,  b u t  t h e y  

s e r v e  a s  e v i d e n c e  f o r  t h e  e a r l y  s t a g e s  o f  t h e  c o n j u g a t i o n  

p r o c e s s .



(12)

OBSERVATIONS Aim RECORDS,

The W a l l  o f  Sp i r o g y r a .

B e f o r e  p r o c e e d i n g  t o  a  d e s c r i p t i o n  o f  t h e  p r o c e s s  o f  

c o n j u g a t i o n ,  s o m e t h i n g  m u s t  be  s a i d  w i t h  r e g a r d  t o  t h e  s t r u c 

t u r e  o f  t h e  c e l l  w a l l .  The v / a l l  o f  S p i r o g y r a  i s  s a i d  t o  c o n 

s i s t  o f  a n  i n n e r  w a l l  o f  c e l l u l o s e  a r o u n d  e a c h  c e l l , a n d  a n  

o u t e r  w a l l  c o n t i n u o u s  o v e r  t h e  w h o l e  f i l a m e n t .  T h i s  o u t e r  v / a l l  

h a s  b e e n  r e f e r r e d  t o  u n d e r  v a r i o u s  nam es :  v i z .  H ü l l h a u t  (de 

B a r y ) ;  C u t i c u l a  o r  C u t i c u l a r s c h i c h t  ( S t r a s s b u r g e r ,  O l t m a n n s ) ;  

G a l l e r t s c h e i d e  ( K l e b s  ) ^i'‘' ) . S . v a r i a n s  when t r e a t e d  w i t h  i n d i a n  i n k ,  

m e t h y l  v i o l e t ,  o r  m e t h y l e n e  b l u e ^ s h o w s  t h a t  t h i s  o u t e r  w a l l  i s  

c om pose d  o f  two d i s t i n c t  l a y e r s  v i z :  a  f i r m  l a y e r  d i r e c t l y  i n  

c o n t a c t  w i t h  t h e  c e l l u l o s e  v / a l l ,  w h i c h  l a y e r  m a t k s  t h e  v i s i b l e  

l i m i t  o f  t h e  w a l l  i n  u n s t a i n e d  f i l a m e n t s ,  a n d  a n  o u t e r  m u 0 c i l -  

a g e  s h e a t h  o f  v a r y i n g  w i d t h ^ w h i c h  i s  s t a i n e d  b l u e  a n d  v i o l e t  

by m e t h y l e n e  b l u e  and  m e t h y l  v i o l e t  r e s p e c t i v e l y ,  a n d  w h i c h  i s  

q u i t e  i n v i s i b l e  i n  u n s t a i n e d  f i l a m e n t s .  T h e s e  tv/o l a y e r s  o f  

t h e  o u t e r  w a l l  c o r r e s p o n d  t o  t h e  c u t i c l e  ( C u t i c u l a )  a n d  m u c i l a g e  

l a y e r  ( S c h l e i m s c h i c h t ) d e s c r i b e d  by  B e n e c k e i O . A l t h o u g h  n o t  

d e m o n s t r a b l e  ,t h e r e  i s  i n d i r e c t  e v i d e n c e  t o  show t h a t  a  v e r y  

n a r r o w  m u c i l a g e  s h e a t h  i s  p r e s e n t  i n  t h e  two n a r r o w  s p e c i e s  S,  

w e b e r i  a n d  S , c a t a e n i f d r m i s ;  m o r e o v e r  t h e s e  f i l a m e n t s  s h i n e  up 

c l e a r l y  i n  i n d i a n  i n k .  S i n c e  t h e  mucmlage  s h e a t h  i s  o f  v a r y i n g  

t h i c k n e s s ,  K l e b * s  i d e a  t h a t  t h e  " G a l l e r t s c h e i d e "  ( o r  i n  t h i s  

c a s e  p a r t  o f  i t )  i s  p r o b a b l y  a  s e c r e t i o n  o f  t h e  c e l l  i s  v e r y  

a c c e p t a b l e .  I n  S . v a r i a n s  a n d  p r e s u m a b l y  t h e  o t h e r  s p e c i e s  

m e n t i o n e d  a b o v e ,  t h e  m u c i l a g e  s h e a t h  i s  p r e s e n t  i n  b o t h  v e g e t a 

t i v e  a n d  c o n j u g a t i n g  f i l a m e n t s  a n d  t h e  s t r u c t u r e  o f  t h e  c e l l  

w a l l  a p p e a r s  t o  r e m a i n  u n c h a n g e d .  T e x t  f i g :  1 i s  a n  o u t l i n e  

d r a w i n g  w i t h  cannera l u c i d a  o f  t h e  w a l l  o f  S . v a r i a n s  i n  a  v e g e t a 

t i v e  f i l a m e n t  a n d  i n  a  c o n j u g a t i n g  p a i r .  The f i l a i u e n t s  h a d  

b e e n  t r e a t e d  w i t h  m e t h y l e n e  b l u e  w h i c h  a f t e r  some t i m e  c a u s e d  

d e a t h  o f  ^ h e  c e l l s ^ a n d  h e n c e  t h e  w a l l  s t r u c t u r e  became more  

e a s i l y  v i s i b l e .  I n  some c a s e s  t h e  t r a n s v e r s e  w a l l s  h a â  s e p -
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a r a t e d  a n d  t h e  c u t i c l e  c o u l d  h e  s e e n  p a s s i n g  o v e r  t h e m .
Mucilcu^e SKeixhK,

L

b .

- Cellulose loLweT».

\  C u t i c l e .

T e x t  f i g ,  1 .  S p i r o g y r a  v a r i a n s  ( a )  v e g e t a t i v e  f i l a i . e n t  ("b ) c o n 

j u g a t i n g  f i l a i u e n t  p a i r  i n  s o l u t i o n  o f  l u e t h y l e n e  b l u e .

G z u r d a  l i a s  s t a t e d  w i t h  r e g a r d  t o  t h e  e a r l y  s t a g e s  o f  c o n 

j u g a t i o n  i n  S . s e t i f o r m i s ^ t h a t  t h e  f i l a m e n t s  a r e  c e m e n t e d  t o 

g e t h e r  hy  m eans  o f  t h e  s w o l l e n  i n d i s t i n c t  " p r i m a r y  c e l l  w a l l  

l a y e r " ,  "Es i / s t  j e d o c h  n i c h t  n u r  e i n  a c h e i n h a r e s  V e r h l e h t s e i n  

s o n d e r n  e i n e  a u s g e / s p r o c h e n e  ^ e r h i t t u n g  d e r  F a d en  . l i t t e l s  d e r  

v e r q u o l l e n e n ,  u n d e u t l i c h  g e s c h i c h t e t e n  p r i m a r e n  K a n d s c h i c h t  

( I - iU l l h a u t , de B a r y  ; C u t i c u l a  O de r  C u t i e u l a r s c h i c h t , S t r a s s -  

h u r g e r ,  O l t m a n n é ;  G a l l e r t s c h i d e  K l e h s ) .  951 t h  r e g a r d  t o  t h e  

s p e c i e s  h e r e  i n v e s t i g a t e d  t h i s  s t a t e m e n t  m u s t  be  m o d i f i e d .  By 

t h e  t e r m  " p r i m a r y  c e l l  v f a l l  l a y e r "  C z u r d a  i s  d e n o t i n g  a  l a y e r  

w h i c h  h e  s a y s  i s  i d e n t i c a l  w i t h  t h e  " h ü l l h a u t "  o f  da  B a r y  i , e ,  

w i t h  t h e  w h o l e  o f  t h e  o u t e r  w a l l ^ i n c l u d i n g  t h e  c u t i c l e .  I n  S,  

v a r i a n s ,  S , w e b e r i , a n d  S . c a t a e n i f o r m i s , t h e  f i l a m e n t s  a r e  c e m e n te d  

t o g e t h e r  by  t h e  m u c i l a g e  s h e a t h ,  a n d  t h i s  i s  a n  i n v i s i b l e  p a r t  

o f  t h e  o u t e r  w a l l ,  w h i c h  m o r e o v e r  i s  v e r y  e a s i l y  r em o v e d .  >To 

c h a n g e  c a n  be  o b s e r v e d  i n  t h e  " c u t i c l e " - i n  t h e s e  s p e c i e s  t h e  

v i s i b l e  l i m i t  o f  t h e  o u t e r  w a l l - d u r i n g  c o n j u g a t i o n .  I n  8 . v a r i a n t  

w h e r e  t h e  f i l a m e n t s  a r e  l y i n g  i n  v e r y  c l o s e  c o n t a c t ^ n o  s w e l l i n g  

o f  t h e  w a l l  a s  r e p o r t e d  b y  C z u r d a  h a s  b e e n  n o t e d ^ a n d  a  m u c i l a g e  

s h e a t h  c a n n o t  b e  d e m o n s t r a t e d  b e t w e e n  t h e  f i l a m e n t s .  On t h e
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o t h e r  h a n d  w h e r e  t h e y  a p p e a r  t o  h e  s l i g h t l y  a p a r t ,  i t  c a n  h e  

shown t h a t  t h e y  a r e  h o u n d  t o g e t h e r  hy  m u c i l a g e , t h e  m u c i l a g e  

s h e a t h  p r e s u m a b l y  a l t e r e d .  I m m e r s i o n  i n  i n d i a n  inJc shows t h a t  

when t h e  f i l a m e n t  p a i r s  a r e  v e r y  s l i g h t l y  p u s h e d  a p a r t  hy 

r e c e n t l y  f o r m e d  p a p i l l a e  ^ t h e  " s p a c e ” b e t w e e n  t h e m  i s  o c c u p i e d  

hy m u c i l a g e ,  h u t  t h i s  i s  n o t  t h e  c a s e  when t h e  f i l a m e n t s  a r e  

m ore  w i d e l y  s e p a r a t e d  t h r o u g h  t h e  g r o w t h  o f  t h e  t u b e s .  I t  i s  

d i f f i c u l t  t o  p r o v e  t h a t  t h i s J ’m u c i l a g e  " i s  n o t  t h e  a l t e r e d  

" p r i m a r y  c e l l  w a l l  l a y e r "  a s  G z u r d a  c l a i m s  h u t  o n l y  p a r t  o f  i t .  

The f o l l o w i n g  c a s e  i n d i c a t e s  t h e  d i f f i c u l t y  o f  i n t e r p r e t a t i o n ,  

h u t  a t  t h e  same t i m e  i t  s u p p l i e s  p r o o f  o f  t h e  d o u b l e  n a t u r e  o f  

t h e  o u t e r  w a l l .

a b

T e x t  f i g .  2 .  S p i r o g y r a  v a r i a n s  ( a )  f l l w n e n t  p a i r  i n  0 . 1  ^  

R u t h e n i u m  Red ( h )  t h e  sarae p a i r  a f t e r  a d d i t i o n  o f  P i c r o n i g r o s i n .

T e x t  f i g ,  2 i s  t h e  o u t l i n e  s k e t c h  o f  a n  e a r l y  s t a g e  o f  

c o n j  u g a t i o n  i n  S , v a r i a n s  t r e a t e d  w i t h  r u t h e n i u m  r e d .  T h i s
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s t a i n s  t h e  w a l l s  v e r y  c l e a r l y ^  a l t h o u g h  i t  d o e s  n o t  c o n c l u s i v e l y  

d i f f e r e n t i a t e  t h e  w a l l  ü ^ e r s ,  a n d  t h e r e  w as  no i n d i c a t i o n  t h a t  

t h e s e  h a d  b e e n  a l t e r e d  i n  a n y  w a y .  W h i l e  t h i s  f i l a m e n t  p a i r  

was w a t c h e d  b e n e a t h  t h e  m i c r o s c o p e ,  p i c r o n i g r o s i n  was  a d d e d  t o  

k i l l  and  f i x  i t ;  t h e  v i s i b l e  l i m i t s  o f  t h e  f i l a m e n t s  w e re  a t  

o n c e  s t a i n e d  a  g r e e n i s h  b l a c k ,  a n d  b e t w e e n  t h e  f i l a m e n t s  t h e r e  

a p p e a r e d  a  g r e e n i s h  b l a c k  l i n e  ( s e e  f i g . ) .  T h i s  l i n e  m u s t  i n 

d i c a t e  t h e  common s u r f a c e  o f  t h e  two f  i l a r a e n t  s , a n d  i t  c o u l d  be  

i n t e r p r e t e d  a s  t h e  o u t e r  l i m i t  e i t h e r  o f  t h e  c u t i c l e ,  o r  o f  t h e  

m u c i l a g e  s h e a t h .  T h a t  t h e  l a t t e r  i n t e r p r e t a t i o n  i s  c o r r e c t  was  

shown a s  f o l l o w s .  A f i l a m e n t  p a i r  A a nd  B i n  an  e a r l y  s t a g e  o f  

c o n j u g a t i o n  was  t r e a t e d  w i t h  m et l i j c l ene  b l u e .  A h a d  s m a l l  

p a p i l l a e  w h i c h  i n  m o s t  c a s e s  w e r e  n o t  t o u c h i n g  t h e  w a l l  o f  B .

B h a d  o n l y  one c e l l  w i t h  a  p a p i l l a , a n d  t h i s  was  u n i t e d  w i t h  t h e  

c o r r e s p o n d i n g  p a p i l l a  f r o m  A , f o r m i n g  a  c o n j u g a t i o n  t u b e .  The 

f i l a m e n t s  w e r e  f i r m l y  g l u e d  t o g e t h e r  a nd  c o u l d  n o t  b e  moved 

a p a r t ;  t h i s  a n d  t h e  a d d i t i o n a l  f a c t  t h a t  m e t h y l e n e  b l u e  s t a i n e d  

t h e  d e b i s  b e t w e e n  th em  i n d i c a t e d  t h e  p r e s e n c e  o f  m u c i l a g e .  The 

f i l a i a e n t  8 w e r e  o b s e r v e d  u n d e r  t h e  m i c r o s c o p e  a n d  c h i  o r  z i n c  

i o d i n e  was  d r m / n  b e n e a t h  t h e  c o v e r s l i p .  The debr i s  i m m e d i a t e l y  

d i s a p p e a r e d ,  t h e  f i l a i a e n t s  a t  f i r s t  s h r a n k  a n d  t h e n  r e g a i n e d  

t h e i r  n o r m a l  s i z e , b u t  t h e y  w e r e  no l o n g e r  c o n n e c t e d  e x c e p t  b y  

t h e  one  c o n j u g a t i o n  t u b e ,  a n d  a t  t h e  s l i g h t e s t  t o u c h  o f  t h e  

c o v e r s l i p  t h e y  moved a p a r t .  T hus  t h e  c o n n e c t i n g  m u c i l a g e  h a d  

b e e n  d e s t r o y e d .  A f t e r  some t i m e  t h e  f i l a m e n t s  w e re  s t a i n e d  

f a i n t l y  b l u e , a n d  a f t e r  t h e  a d d i t i o n o f  g l y c e r i n e  t h e  " c u t i c l e "  

c o u l d  b e  c l e a r l y  s e e n  a c r o s s  t h e  now s e p a r a t e d  t r a n s e r v s e  w a l l s .  

The m e t h o d  was  t h e r e u p o n  a p p l i e d  t o  z y g o t e  m a t e r i a l  o f  S . v a r i a n s  

a n d  S , w e b e r i .  On t r e a t m e n t  w i t h  c h l o r  z i n c  i o d i n e  t h e  c e l l  

w a l l s  w e r e  s t a i n e d  a nd  t h e  c u t i c l e  c o u l d  b e  c l e a r l y  s e e n  a bove  

t h e  s e p a r a t e d  t r a n s v e r s e  w a l l s .

The s m a l l  p o r t i o n  o f  S . v a r i a n s  p r e v i o u s l y  r e f e r r e d  t o  , 

w h i c h  c o n t a i n e d  c o n j u g a t i n g  f i l a m e n t s  v e r y  r i c h l y  c o a t e d  w i t h  

d e t r i t u s , s eem ed  a t  f i r s t  t o  s u p p o r t  C z u r d a * s  v i e w  t h a t  t h e
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p r i m a r y  c e l l  w a l l  l a y e r  o r  c u t i c l e  i s  g r e a t l y  s v m l l e n  and 

i n d e f i n i t e  i n  c o n t o u r .  T h i s  was  a l s o  t h e  c a s e  i n  t h e  r i c h l y  

c o a t e d  c o n j u g a t i n g  f i l a r a e n t s  o f  S . c a t a e n i f  o r r a i s ,  a n d  seeraed t o  

b e  t h e  c a s e  whe-n s u c h  f i l a m e n t s  w e r e  t r e a t e d  w i t h  i n d i a n  i n k ,  

a s  t h e  l i r a i t 3 o f  t h e  w a l l  w e r e  h i d d e n .  R u t h e n i u m  r e d  showed up 

t h e s e  l i r a i t 3 q u i t e  c l e a r l y  w i t h i n  a  m u c i l a g e  s h e a t h  c o v e r e d  w i t h  

d e t r i t u s ,  b u t  w i t h o u t  t h e  a b o v e  e v i d e n c e  i t  c o u l d  n o t  h a v e  b e e n  

c o n c l u s i v e l y  shown t h a t  t h i s  m u c i l a g e  s h e a t h  was  n o t  t h e  a l t e r e d  

s w o l l e n  p r i r a a r y  c e l l  w a l l  l a y e r  o r  c u t i c l e ,  F i l a m e n t s  o f  S,  

c a t a e n i f  o r r a i s  w h i c h  w e r e  f  i r r o l y  g l u e d  t o g e t h e r  w e r e  t r e a t e d  

w i t h  c h l o r  z i n c  i o d i n e  i n  t h e  sarae way a s  t h o s e  o f  S . v a r i a n s ;  

a s  i n  t h e  l a t t e r  s p e c i e s  t h e y  a t  onc e  became f r e e  b u t  t h e  c u t i 

c l e  r e m a i n e d  u n c h a n g e d .  V e r y  c l e a r  p r o o f  o f  t h e  p r e s e n c e  o f  

t h e  c u t i c l e  c a n  b e  s e e n  w h e n ,  a s  f r e q u e n t l y  h a p p e n s  i n  t h i s  

s p e c i e s ,  t h e  c o n j u g a t i o n g  f i l a m e n t s  b r e a k  up;  t h e  c u t i c l e ,  

a p p a r e n t l y  u n a l t e r e d ,  c a n  b e  s e e n  a t  t h e  b r o k e n  e n d s  ( s e e  

c a s e  1 . ) .

M e th o d  o f  P a i r i n g  o f  F i l a m e n t s .

E x a m i n a t i o n  o f  m a t e r i a l  o f  S . w e b e r i ,  S . v a r i a n s  a n d  S.  

c a t a e n i f  o r m i s ,  shovrs ,  i n  a c c o r d a n c e  w i t h  G zurda*  s o b s e r v a t i o n s  

t h a t  a t  t h e  b e g i n n i n g  o f  c o n j u g a t i o n  t h e  f i l a m e n t s  l i e  i n  

c o n t a c t  i n  p a r a l l e l  p a i r s  o r  b u n d l e s .  I n  S . c a t a e n i f o r m i s  

b u n d l e s  o f  f i l a r a e n t s  a r e  more  f r e q u e n t l y  Diet w i t h  t h a n  p a i r s  

o f  f i l a m e n t s .  S u c h  p a i r s  o r  b u n d l e s  o f  f i l a a e n t s  a r e  f i r m l y  

s t u c k  t o g e t h e r  a n d  c a n n o t  b e  s e p a r a t e d  by  t e a s i n g  w i t h  n e e d l e s .  

As h a s  b e e n  a l r e a d y  m e n t i o n e d  t h e  p r e s e n c e  o f  m u c i l a g e  c a n  be  

shown i n  a l l  t h r e e  s p e c i e s  b y  t h e  i n d i a n  i n k  m e t h o d :  when 

im raer sed  i n  i n d i a n  i n k  t h e  f i l a m e n t s  s h i n e  up c l e a r l y .  M u c i l 

a g e  c a n  a l s o  be  d e m o n s t r a t e d  i n  v e g e t a t i v e  f i l a m e n t s ,  a n d  i n  

S . v a r i a n s  some o f  t h e  v e g e t a t i v e  a n d  c o n j u g a t i n g  f i l a m e n t s  show 

q u i t e  a  w i d e  m u c i l a g e  s h e a t h .  I t  i s  p r o b a b l y  due  t o  some 

a l t e r a t i o n  i n  t h i s  m u c i l a g e  s h e a t h  t h a t  t h e  f i l a m e n t s  a r e  so 

f i r m l y  s t u c k  t o g e t h e r ;  t h e  c u t i c l e  i s  e v i d e n t  a s  s o m e t h i n g  

d i s t i n c t ,b o t h  f r o m  t h e  m u c i l a g e  s h e a t h  w i t h o u t , a n d  t h e  c e l l u l o s e
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l a y e r  w i t h i n ;  e x c e p t  a t  t h e  p l a c e  w h e r e  t h e  c o n j u g a t i o n  t u b e  

f o r m s  i t  a p p a r e n t l y  r e m a i n s  u n c h a n g e d  d u r i n g  c o n j u g a t i o n ^

P o s s i b l y  t h i s  s t i c k i n g  t o g e t h e r  o f  t h e  f i l a m e n t s  i s / t h e  

same n a t u r e  a s  t h e  a d h e s i o n s ,w h i c h ,  t o g e t h e r  w i t h  g e n i c u l a t i o n s ,  

w e r e  i n t e r p r e t e d  b y  de B a r y  a s  e a r l y  s t a g e s  i n  c o n j u g a t i o n  i n  

S i r o g o n i u m  a n d  C r à ^ t e r o s p e r m u m .  He n o t e d  t h e s e  phenom ena  i n  

M o u g e o t i a  a n d  M e s o c a r p u s  a s  w e l l , a n d  t h a t  i n  t h e s e  g e n e r a  t h e y  

h a d  no c o n n e c t i o n  w i t h  c o n j u g a t i o n .  Be B a r y  r e g a r d e d  t h e  a d 

h e s i v e  a s  a  s t r o n g l y  d e v e l o p e d  p o r t i o n  o f  t h e  " H u l l h a u t " :  h i s  

c o m p r e h e n s i v e  t e r m  f o r  t h e  s h e a t h  o u t s i d e  t h e  c e l l u l o s e  l a y e r .

I n  a  s h o r t  p a p e r  e n t i t l e d  " A d h e s i o n s  a n d  G e n i c u l a t i o n s " ,  L l o y d  

e n t e r s  f u l l y  i n t o  t h e  s u b j e c t ,  a n d  a s  a  r e s u l t  o f  h i s  i n v e s t i g 

a t i o n s  i n  S . l o n g a t a  he  c o n c l u d e s  t h a t  t h e  a d h e s i o n s  a n d  g e n i c u 

l a t i o n s  f o u n d  a t  t h e  t i m e  o f  c o n j u g a t i o n  h a v e  no d i r e c t  r e l a 

t i o n  t o  t h i s  p r o c e s s .  He s t a t e s  t h a t  i n  S . l o n g a t a  i t  i s  o f t e r n  

i m p o s s i b l e  t o  s e e  any  d e f i n i t e  a d h e s i v e  m a t e r i a l  w i t h o u t  s t a i n 

i n g ,  b u t  t h a t  a f t e r  s t a i n i n g  i t  ma^r b e  s e e n  t o  be  " q u i t e  

d i s t i n c t  f r o m  t h e  c u t i c l e ,  an d  d o e s  n o t  i n  any  d e g r e e  p a s s  o v e r  

i n t o  i t " .  He t h e r e f o r e  r e g a r d s  t h e  a d h e s i v e  a s  t h e  m a t e r i a l  

o f  t h e  s h e a t h  m o d i f i e d  i n  some way t h o u g h  he  a d d s  " t h e  p o s s i b i l 

i t y  o f  a  s e c r e t i o n  n a t u r a l l y  s u g g e s t s  i t s e l f " .  As h a s  b e e n  

a l r e a d y :  s t a t e d  t h e  a d h e s i o n s  w h i c h  o c c u r  d u r i n g  c o n j u g a t i o n  i n  

t h e  t h r e e  s p e c i e s  h e r e  i n v e s t i g a t e d , a r e  p r o b a b l y  due  t o  a n  

a l t e r a t i o n  i n  t h e  m u c i l a g e  s h e a t h  w h i c h  i s  q u i t e  d i s t i n c t  f r o m  

t h e  c u t i c l e ,  a n d  w i t h  r e g a r d  t o  t h i s  s h e a t h  L l o y d ' s  i d e a  o f  a  

s e c r e t i o n  i s  a c c e p t a b l e .

I n  S . w e b e r i ,  S . v a r i a n s , a n d  S . c a t a e n i f o r m i s , t h e  f i l a m e n t s  

w h i c h  a r e  a l r e a d y  i n  c o n t a c t , p u t  o u t  s l i g h t  p a p i l l a e  a g a i n s t ,  

r a t h e r  t h a n  t o w a r d s  e a c h  o t h e r .  The p a p i l l a  f r o m  one  o f  t h e  

o p p o s i t e  c e l l s  a r i s e s  f i r s t , a n d  l a t e r  t h e  c o r r e s p o n d i n g  p a p i l l a  

i s  p r o d u c e d  a t  t h e  p l a c e  o f  c o n t a c t  o f  t h e  f i r s t .  T h u s ,  a s  

C z u r d a  h a s  s t a t e d ,  t h e  p a p i l l a e  a r e  i n  c o n t a c t  f r o m  t h e  f i r s t  

moment  o f  t h e i r  f o r m a t i o n .  By t h e  g r o w t h  o f  t h e s e  p a p i l l a e  t h e  

p a i r e d  f i l a r a e n t s  o r  f i l a m e n t  b u n d l e s  become s e p a r a t e d , a n d  t h e
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f a m i l i a r  a p p e a r a n c e  o f  f i l a m e n t s  l a c e d  t o g e t h e r  b y  c o n j u g a t i o n  

t u b e s  i s  s e e n .  P r o o f  f o r  t h e s e  s t a t e m e n t s  w i l l  b e  f o u n d  i n  

t a b l e s  a n d  d r a w i n g s  a t  t h e  end  o f  t h i s  p a p e r  w h i c h  s u m m a r i s e  

c o n s e c u t i v e  o b s e r v a t i o n s  on f i l a m e n t  p a i r s  o r  b u n d l e s ^ f r o m  t h e  

t i m e  t h e y  vrere i n  c o n t a c t , t o  t h e  t i m e  t h a t  d e a t h  o c c u r r e d  o r  

some o t h e r  m i s a d v e n t u r e  b e f e l l  t h e m ,

S . w e b e r i  was t h e  f i r s t  s p e c i e s  t o  b e  f o u n d  i n  c o n j u g a t i o n  

a n d  f r e s h  m a t e r i a l  was  c r i t i c a l l y  e x a m i n e d  f o r  e a r l y  s t a g e s .

At  f i r s t  t h e  m e t h o d  o f  o b s e r v a t i o n  vras m e r e l y  s t a t i s t i c a l ,  

a b u n d a b t  m a t e r i a l  was  m o u n te d  and  e x a m i n e d  f o r  e a r l y  s t a g e s ,  

i . e .  s t a g e s  w h e r e  t h e  f i l a m e n t s  o f  a  p a i r  w e r e  n o t  s e p a r a t e d  b y  

a  w i d e  s p a c e  a s  a t  m a t u r i t y .  T h e s e  s t a g e s  w e r e  r a r e  b u t  s e v e r a l  

w e r e  f o u n d  a n d  d r a w n ,  ( e . g .  c a s e s  2 7 ,  2 8 ,  2 9 . )  a n d  t h e y  c o n 

c l u s i v e l y  shov/ed t h a t  i f  t h e  f i l a r a e n t s  a r e  n o t  i n  c o n t a c t  v/hen 

p a p i l l a e  a r e  f i r s t  p u t  o u t , t h e y  a r e  v e r y  c l o s e  t o g e t h e r ,  a n d  

t h a t  f r o m  t h e  t i m e  when  s l i g h t  o p p o s i t e  p a p i l l a e  a r e  t o u c h i n g  

t o  t h e  t i m e  when  t h e y  h a v e  d e v e l o p e d  m a t u r e  c o n j u g a t i o n  t u b e s ,  

t h e  d i s t a n c e  a p a r t  o f  t h e  f i l a m e n t s  i n c r e a s e s .  T h e s e  c o n c l u 

s i o n s  w e r e  d e d u c e d  f r o m  a  number  o f  c a s e s  o b s e r v e d  b u t  n o t  

f o l l o w e d  t h r o u g h .  Ho d e v e l o p m e n t  w as  n o t e d  when  s u c h  s t a g e s  

w e r e  w a t d h e d  t h r o u g h o u t  t h e  d a y ,  i n  s p i t e  o f  t h e  f a c t  t h a t  t h e  

s l i d e  was  c o n t i n u a l l y  i r r i g a t e d .  I t  was  n o t  u n t i l  i t  v/as f o u n d  

t h a t  i n  t h i s  s p e c  i e s  a r t i f i c i a l  l i g h t  a c t s  a s  a  s t i m u l u s  t o  

c o n j u g a t i o n ,  a n d  t h e  s p e c i a l  m e t h o d s  o f  c u l t u r e  d e s c r i b e d  a b o v e  

w e r e  e m p l o y e d ,  t h a t  t h e  d e v e l o p m e n t  o f  e a r l y  s t a g e s  c o u l d  be  

f o l l o w e d .  The t a b l e s  a n d  d r a w i n g s  o f  t h i s  s p e c i e s , s h o w  t h e  

d e v e l o p m e n t  o f  t w e n t y - s i x  f i l a m e n t  p a i r s  f r o m  a n  e a r l y  s t a g e  o f  

c o n j u g a t i o n  w h e r e  t h e  f i l a m e n t s  w e r e  i n  c o n t a c t  o r  w e r e  s e p 

a r a t e d  by  v e r y  s l i g h t  p a p i l l a e ,  t o  a  l a t e r  s t a g e  w h e r e  t h e y  

w e r e  f u r t h e r  a p a r t  a n d  h a d  d e v e l o p e d  l a r g e  o p p o s i t e  p a p i l l a e  

o r  m a t u r e  t u b e s .

I n  e a c h  s l i d e  c u l t u r e  o f  t h e  m a t e r i a l  e x a m i n e d  ,aj id  t h e  

num ber  o f  t h e s e  e x a m i n a t i o n s  g r e a t l y  e x c e e d e d  t h e  c a s e s  h e r e  

r e p o r t e d ,  s e a r c h  was  made f o r  e v i d e n c e  o f  t h e  u s u a l l y  d e s c r i b e d
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m e t h o d  o f  c o n j u g a t i o n .  I n  s l i d e  c u l t u r e s  o f  S . w e b e r i  s u c h  

e v i d e n c e  w as  n e v e r  f o u n d .  One veiy^ s u g g e s t i v e  c a s e  was  o b s e r v e d  

w h e r e  on a  s l i d e  w h i c h  h a d  b e e n  u n d e r  a t i f i c i a l  l i g h t  f o r  two 

d a y s ,  two f i l a m e n t s  A a h d  B w e r e  p a r a l l e l  f o r  a  s h o r t  d i s t a n c e ,  

a n d  A h a d  t h r e e  c e l l s  w i t h  w i d e  p a p i l l a e  a n d  B h a d  ohe  c e l l  w i t h  

a  w i d e  p a p i l l a  o p p o s i t e  one  o f  t h e  p a p i l l a e  f r o m  A, The s l i d e  

w as  a g a i n  p l a c e d  u n d e r  a r t i f i c i a l  l i g h t  a n d  o b s e r v e d  t h e  f o l l o w 

i n g  d a y ,  b u t  t h e  f i l a m e n t s  h a d  b o t h  t u r n e d  o v e r  so t h a t  t h e  

p a p i l l a e  w e r e  on t h e i r  o u t e r  s i d e s .  A nua iber  o f  o t h e r  f i l a m e n t s  

showed  i r r e g u l a r  p a p i l l a e ,  p r o b a b l y  a  p a t h o l o g i c a l  phen o m e n o n ,  

a n d  p o s s i b l y  due  t o  t h e  e f f e c t  o f  a r t i f i c i a l  l i g h t .  W i t h  b u t  

two e x c e p t i o n s ,  t h e  m a t e r i a l  c o l l e c t e d  f r o m  t h e  p a r t  o f  t h e  

d i t c h  w i t h  p l e n t y  o f  w a t e r , w h e r e  c o n j u g a t i o n  v/as o b s e r v e d  f r o m  

i t s  f i t s t  a p p e a r a n c e ,  showed  no p a p i l l a e  f r o m  u n p a i r e d  f i l a m e n t s ,  

s u c h  p a p i l l a e  i f  f o u n d  w o u l d  h a v e  s e r v e d  a s  e v i d e n c e ,  t h o u g h  

n o t  a s  p r o o f , f o r  t h e  u s u a l  v i e w  o f  c o n j u g a t i o n ,  s i n c e  t h e  a b s e n c e  

o f  t h e  f e l l o w  f i l a i a e n t  c o u l d  h a v e  b e e n  e x p l a i n e d  a s  due  t o  i t s  

l o s s  d u r i n g  m o u n t i n g .  The e x c e p t i o n s  r e f e r r e d  t o  w e r e  b o t h  

s e e n  i n  t h e  p r o j e c t i n g  e nd  o f  one  o f  t h e  f i l a m e n t s  o f  a  c o n 

j u g a t i o n  p a i r ,  many o f  t h e  c e l l s  i n  t h i s  u n p a i r e d  r e g i o n  h a v i n g  

f o r m e d  p a p i l l a e .  C u l t u r e s  o f  t h i s  m a t e r i a l  when k e p t  f o r  two 

o r  t h r e e  d a y s  u n d e r  a r t i f i c i a l  l i g h t   ̂showed  n u m ero u s  i r r e g u l a r  

p a p i l l a e  f r o m  u n p a i r e d  f i l a m e n t s ^ t h u s  a g a i n  s u g g e s t i n g  t h a t  

t h i s  i s  a  p a t h o l o g i c a l  p h e n o m e n o n .  One o r  two c u l t u r e s  w e r e  

made i n  t h e  f o l l o w i n g  way so  t h a t  t h e  m a t e r i a l  was  n o t  d i s t u r b 

ed  d u r i n g  m o u n t i n g .  A c o v e r s l i p  w as  i n s e r t e d  b e n e a t h  t h e  

f i l a m e n t s  a n d  t h e y  w e r e  s n i p p e d  r o u n d  t h e  edge  o f  t h e  c o v e r s l i p  

so t h a t  t h i s  c o u l d  b e  l i f t e d  o u t .  I t  w a s  t h e n  l a i d  on a  s l i d e  

a n d  k e p t  m o i s t  a s  d e s c r i b e d  a b o v e .  Ho f i l a r a e n t s  w e r e  o b s e r v e d  

t o  c o n j u g a t e  u n l e s s  t h e y  w e r e  p r e v i o u s l y  i n  c o n t a c t .  Thus i n  

S . w e b e r i  no e v i d e n c e  h a s  b e e n  o b t a i n e d  i n  s u p p o r t  o f  t h e  u s u a l  

d e s c r i p t i o n  o f  c o n j u g a t i o n .

S . v a r i a n s  w as  n e x t  f o u n d  i n  c o n j u g a t i o n  a n d  a  l a r g e  amount  

o f  m a t e r i a l  w a s  a v a i l a b l e ;  t h u s ,  a s  t h e  t a b l e s  a n d  d r a w i n g s
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show, i t  was  p o s s i b l e  t o  f o l l o w  a  l a r g e  number  o f  f i l a m e n t  

p a i r s  t h r o u g h  t h e  c o n j u g a t i o n  p r o c e s s .  B e s i d e s  t h e  one h u n d r e d  

a n d  e l e v e n  c a s e s  f o l l o w e d  t h r o u g h  f r o m  e a r l y  s t a g e s  o f  c o n 

j u g a t i o n  when  t h e  f i l a m e n t s  w e r e  i n  c o n t a c t  o r  s e p a r a t e d  by  

s l i g l i t  p a p i l l a e  t o  t h e  t i m e  when t h e y  w e r e  s e p a r a t e d  by  l a r g e  

p a p i l l a e  o r  m a t u r e  t u b e s ,  a  l a r g e  num ber  w e r e  s e e n  w h i c h  h a v e  

n o t  b e e n  r e p o r t e d ;  s e v e r a l  e a r l y  s t a g e s  w e r e  u s u a l l y  o b s e r v e d  

i n  t h e  s e t t i n g  up o f  one c u l t u r e  b u t  o n l y  one was  s p e c i a l l y  

n o t e d  a nd  f o l l o w e d  t h r o u g h .  I n  S . v a r i a n s  b e s i d e s  t h o s e  f i l a 

m e n t  p a i r s  w h i c h  a r e  o b v i o u s l y  i n  c o n t a c t  ( e . g .  c a s e s  4 2 ,  4 3 . )  

t h e r e  a r e  p a i r s  w h i c h  a p p e a r  t o  b e  s l i g h t l y  s e p a r a t e d  so t h a t  

t h e  s m a l l  p a p i l l a e  f r o m  one  f i l a m e n t  do n o t  r e a c h  t h e  v i s i b l e  

l i m i t  o f  t h e  o t h e r  f i l a a e n t  ( e . g .  c a s e s  1 ;  1 5 . )  T h a t  t h i s  

s e p a r a t i o n  i s  n o t  r e a l  w a s  shown a s  f o l l o w s .  T e s t s  w i t h  i n d i a n  

i n k  on s e v e r a l  s u c h  p a i r s  h a v e  a l w a y s  shown t h a t  t h e  a r e a  

b e t w e e n  th em  i s  o c c u p i e d  b y  a  m u c i l a g i n o u s  s u b s t a n c e , and  t h a t  

t h e y  a r e  t h e r e f o r e  i n  c o n t a c t  by  t h e  o u t e r  l i m i t  o f  t h e i r  

m u c i l a g e  s h a a t h  ( s e e  t e x t  f i g .  3 . )

T e x t  f i g .  3 S p i r o g y r a  v a r i a n s  F i l a m e n t  p a i r  imraersed  i n

I n d i a n  I n k .
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I n  t h e  c a s e s  f o l l o w e d  t h r o u g h  c o n j u g a t i o n  and  t h e r e f o r e  n o t  

t e s t e d  w i t h  i n d i a n  i n k , t h e  p r e s e n c e  o f  a n  a d h e s i v e  v/as i n d i c a t e d  

hy  t h e  f a c t  t h a t  t h e  f i l a m e n t s  w o u l d  n o t  move a p a r t .  I n  t h i s

c o n n e c t i o n  i t  i s  s i g n i f i c a n t  t h a t  t h e  n im c i l a g e  s h e a t h  i n  v e g 

e t a t i v e  f i l a m e n t s  v a r i e s  i n  w i d t h ,  some f i l a r a e n t s  when  t r e a t e d  

w i t h  i n d i a n  i n k  o r  s t a i n e d  w i t h  m e t h y l e n e  b l u e  show a  v/ ide 

s h e a t h , w h e r e a s  i n  o t h e r s  i t  i s  s o m e t im e s  so n a r r o w  t h a t  i t s  

p r e s e n c e  c a n  o n l y  be  i n f e r r e d  by  t h e  f a c t  t h a t  t h e  f i l a m e n t s  

s h i n e  up c l e a r l y  when  i m m e r s e d  i n  i n d i a n  i n k .

A l t h o u g h  i n  S . v a r i a n s  t h e  n o r m a l  p r o c e s s  o f  t u b e  f o r m a t i o n

i s  e s s e n t i a l l y  a s  h a s  b e e n  d e s c r i b e d  i . e .  t h e  f i l a m e n t s  a r e  

f i r s t  i n  c o n t a c t ,  some e v i d e n c e  h a s  b e e n  o b t a i n e d  s h o w in g  t h a t  

tubfes  c a n  grow t o g e t h e r  f r o m  c e l l s  w h i c h  a r e  n o t  i n  c o n t a c t  

a c c o r d i n g  t o  t h e  u s u a l  d e s c r i p t i o n  o f  c o n j u g a t i o n .  W i t h  b u t  

one a p p a r e n t  e x c e p t i o n ,  t o  be  m e n t i o n e d  l a t e r ,  t h i s  m e t h o d  o f  

c o n j u g a t i o n  h a s  o n l y  b e e n  f o u n d  i n  f r e e  p o r t i o n s  o f  f i l a m e n t s  

w h i c h  h a v e  a l r e a d y  c o n j u g a t e d  e l s e w h e r e ,  i n  t h e  way d e s c r i b e d  

a b o v e .  I t  i s  i n  t h e s e  p o r t i o n s  t h a t  t h e  u s u a l l y  d e s c r i b e d  

m e t h o d  o f  t u b e  f o r m a t i o n  t a k e s  p l a c e  a n d  a f t e r  t h i s  i s  c o m p l e t e  

s u c h  p o r t i o n s  c a n  be  r e c o g n i s e d  by  t h e  g r e a t e r  l e n g t h  o f  t h e  

t u b e s  ( e . g .  c a s e s  70 ,  1 0 0 . ) .  I n  t h e  num erous  c u l t u r e s  e x a m i n e d , 

a n d  i n  t h e s e  t h e  f i l a m e n t s  p a i r s  f a r  e x c e e d e d  t h e  number  h e r e  

r e p o r t e d ,  o n l y  n i n e  c a s e s  w e r e  s e e n  w h e r e  t u b e s  h a d  grov/n 

t o g e t h e r  a n d  m e t , a n d  i n  t h r e e  o f  t h e s e  c a s e s  o n l y  one  c e l l  w as  

c o n c e r n e d .  O c c a s i o n a l l y  i n  l o o k i n g  t h r o u g h  f i x e d  m a t e r i a l  a  

s m a l l  p o r t i o n  o f  a  f i l a m e n t  p a i r  c a n  be  s e e n  i n  w h i c h  t h e  f i l a 

m e n t s  a r e  s e p a r a t e d  by  a b n o r m a l l y  l o n g  t u b e s .  As h a s  b e e n  

s t a t e d  t h e s e  t u b e s  p o i n t  t o  t h e  p r e v i o u s  o c c u r r e n c e  o f  t h e  

u s u a l  m e t h o d s  o f  c o n j u g a t i o n .  P o s s i b l y  s u c h  i n s t a n c e s  t h a t  

h a v e  b e e n  o b s e r v e d  w h e r e  t h e  p a p i l l a e  grow t o g e t h e r  a n d  m e e t ,  

a r e  a b n o r m a l ,  b e c a u s e  t h e y  a r e  o n l y  f o u n d  i n  f i l a m e n t s  t h a t  h a v e  

e l s e w h e r e  c o n j u g a t e d  n o r m a l l y .  M o r e o v e r  when  t h e  m a i n  m ass  o f  

m a t e r i a l  i s  i n  c o n j u g a t i o n  t h e  f i l a / a e n t s  b e i n g  s e p a r a t e d  by  

t u b e s ,  t h e  p r o d u c t i o n  o f  a b n o r m a l  p a p i l l a e  and  t h e  s w e l l i n g  o f
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c e l l s  o f  u n p a i r e d  f i l a m e n t s  i s  v e r y  f r e q u e n t .  T h i s  phenomenon

i s  f u r t h e r  f o u n d  i n  t h e  d i v e r g i n g  e n d s  o f  c o n j u g a t i n g  f i l a m e n t s

a n d  i n  t h o s e  c e l l s  ( t h e  odd c e l l s )  w h i c h  h a v e  no p a r t n e r s .  By

t h e  t i m e  t h a t  c o n j u g a t i o n  t u b e s  a r e  f u l l y  f o rm e d  i n  t}ie p a i r e d

f i l a m e n t s  o r  p a i r e d  p a r t s  o f  f i l a m e n t s  ^ t h e s e  u n s a t i s f i e d

p a ^ v i l l a e  h a v e  c h a n g e d  i n t o  w i d e  b u l g e s .  The one a p p a r e n t

e x c e p t i o n  r e f e r r e d  t o  was  c a s e  4 9 .  Two f i l a m e n t s  w h i c h  w e r e

c u r v e d  l a y  n e a r  t o g e t h e r  i n  t h e  f o r m  o f  a n X ,  I n  t h e  m i d d l e

r e g i o n  o f  t h e  X  w h e r e  t h e  f i l a r a e n t s  w e r e  n e a r l y  t o u c h i n g  t h e r e

.«/ere t h r e e  p a i r s  o f  c e l l  s whose  p a p i l l a e  h a d  n o t  y e t  met  ( s e e

c a s e  4 9 . )  T'-e f i l a ^ i e n t s  w e r e  a p p a r e n t l y  n o t  i n  c o n t a c t  i n  any  
t h r e e

p a r t  a n d  y e t  t h e s e ^ c e l l s  f o r m e d  c o n j u r a t i o n  t u b e s  a n d  l a t e rA
a n o t h e r  p a i r  o f  c e l l s  q u i t e  w i d e l y  s e p a r a t e d  f o r m e d  a  c o n j u g 

a t i o n  t u b e .  How ever  t h i s  c a s e  t o o  c a n  b e  c l a i m e d  a s  one i n  

w h i c h  t h e  f i l a m e n t s  w e r e  i n  c o n t a c t  t h r o u g h  t h e  o u t e r  l i m i t  o f  

a  w i d e  m u c i l a g e  s h e a t h .  The p r e s e n c e  o f  a n  a d h e s i v e  was  

i n d i c a t e d  s i n c e  no s p e c i a l  c a r e  w as  t a k e n  i n  m o u n t i n g  t h e  

c u l t u r e  and  t h e y  r e m a i n e d  t o g e t h e r .  I t  s e em s  i n c o n c e i v a b l e  

t h a t  t h e  t h r e e  p a i r s  o f  c e l l s  w i t h  o p p o s i t e  p a p i l l a e  w o u l d  h a v e  

r e m a i n e d  i n  p o s i t i o n  u n l e s s  t h e  f i l a i u e n t s  h a d  b e e n  bou n d  

t o g e t h e r  i n  t h i s  t e g i o n  b y  m u c i l a g e .

8 . c a t a e n i f 6 r m i s  was  t h e  t h i r d  s p e c i e s  f o u n d  i n  c o n j u g a t i o n  

b u t  i t  p r o v e d  v e r y  d i f f i c u l t  o f  o b s e r v a t i o n .  Many c u l t u r e s  

w i t h  e a r l y  s t a g e s  w e r e  s e t  up a n d  w a t c h e d  b u t  d e v e l o p m e n t  was  

v e r y  s lo w  a n d  o n l y  t o o k  p l a c e  i n  t h o s e  c u l t u r e s  w h i c h  w e r e  

a r t i f i c i a l l y  i l l u m i n a t e d .  The t a b l e s  a n d  t h e i r  a c c o m p a n y in g  

d r a w i n g s  a r e  o f  s e v e n t e e n  f i l a m e n t  p a i r s  o b s e r v e d  f r o m  t h e  

t i m e  t h e y  w e r e  i n  c o n t a c t  o f  s l i g h t l y  s e p a r a t e d  by  s m a l l  

p a p i l l a e  ^to t h e  t i m e  when  some o f  t h e i r  c e l l s  w e r e  w i d e l y  

s e p a r a t e d  b y  l a r g e  p a p i l l a e  o r  b y  t u b e s .  Time l i m i t e d  t h e  

num ber  o f  o b s e r v a t i o n s  m ade ,  f o r  a s  h a s  a l r e a d y  b e e n  s t a t e d  

c u l t u r e s  o f  t h i s  s p e c i e s  t o o k  much l o n g e r  t o  s e t r u p  a n d  t h e  

d e v e l o p m e n t  o f  t h e  e a r l y  s t a g e s  w a s  v e r y  s lo w  a n d  v e r y  r a r e  ;
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t h u s  i n  f o l l o w i n g  t h e  d e v e l o p m e n t  o f  t h e  s e v e n t e e n  f i l a m e n t  

p a i r s  o v e r  f o r t y  c u l t u r e s  w e r e  s e t  u p .  A l l  t h e  u n s u c c e s s f u l  

c u l t u r e s  g i v e  e v i d e n c e  f o r  t h e  m e t h o d  o f  c o n j u g a t i o n  d e s c r i b e d  

h e r e , e a c h  o f  t h e m  c o n t a i n e d  one  o r  more  f i l a r a e n t  p a i r s  w h i c h  

w e r e  i n  c o n t a c t  o r  s l i g h t l y  s e p a r a t e d  by  s m a l l  p a p i l l a e .  I n  

s e t t i n g  up t h e  l a t e r  c u l t u r e s  a  l a r g e  num ber  o f  f i l a r a e n t  p a i r s  

w e r e  s e e n  i n  w h i c h  t h e  f i l a m e n t s  f i r m l y  a d h e r e d  t o g e t h e r  a n d  

c o u l d  n o t  b e  s e p a r a t e d  by  t e a s i n g  w i t h  n e e d l e s ;  t h e s e  w e r e  n o t  

u s e d  f o r  t h e  c u l t u r e s  s i n c e  i t  was  f o u n d  t h a t  d e v e l o p m e n t  was  

m ore  l i k e l y  t o  p r o c e e d  i n  f i l a m e n t  p a i r s  w h i c h  showed p a p i l l a e .

O b s e r v a t i o n s  on t h i s  s p e c i e s  h a v i n g  g i v e n  no e v i d e n c e  i n  

s u p p o r t  o f  t h e  g e n e r a l l y  a c c e p t e d  v i e w  o f  t u b e  f o r m a t i o n .  I n  

l i v i n g  m a t e r i a l  u n p a i r e d  f i l a m e n t s  w i t h  p a p i l l a e  h a v e  n e v e r  b e e n  

s e e n , e v e n  when  t h e  c u l t u r e s  h a v e  b e e n  k e p t  u n d e r  a r t i f i c i a l  

l i g h t .  T h i s  e v i d e n c e ,  a l t h o u g h  n e g a t i v e ,  g i v e s  s t r o n g  s u p p o r t  

t o  t h e  m e t h o d  o f  t h e  l a c i n g  t o g e t h e r  o f  t h e  f i l a m e n t  p a i r s  h e r e  

d e s c r i b e d .

P a p i l l a  F o rm a t i o n .

W i th  r e g a r d  t o  p a p i l l a  f o r m a t i o n ,  G z u r d a  h a s  s t a t e d  t h a t  

i n  S p i r o g y r a  s p e c i e s  i n  g e n e r a l ,  t h e  p a p i l l a e  a r e  f i r s t  p r o 

d u c e d  b y  t h e  m a l e  c e l l s ,  w h i l e  i n  t h o s e  Z y g n e m a l e s  w h i c h  f o r m  

x y g o t e s  i n  t h e  c o n j u g a t i o n  c a n a l ,  p a p i l l a  f o r m a t i o n  i s  s i m 

u l t a n e o u s  on e i t h e r  s i d e :  " d e r  B e g i n n  d e r  P a p i l l e n b i l d u n g  a n  

d e n  b e i d e n  P a r t n e r z e l l e n  n i c h t  g l e i c h z e i t i g  e r f o l g t ,  s o n d e r n  

d a s  an  d e n  mannl ichen  Z e l l  en  d i e  V o r s t u l p u n g e n  z u e r s t  z u  

b e o b a c h t e n  s i n d .  B e i  a n d e r e n  Z y g n e m a l e n ,  b e i  d e n e n  s i c h  d i e  

Z y g o t e n  im C o ^ u l a t i o n s k a n a l  b i l d e n  e r f o l g t  d i e  P a p i l l e n a n l a g e  

g l e i c h z e i t i g " ,

S . v a r i a n s .  O b s e r v a t i o n s  on t h e  e a r l i e s t  s t a g e s  o f  p a p i l l a  

f o r m a t i o n ,  show t h a t  i n  S , v a r i a n s  t h e  o p p o s i t e  p a p i l l a e  w h i c h  

a r e  i n  c o n t a c t  f r o m  t h e  f i r s t  moment o f  t h e i r  f o r m a t i o n ,  a r e  

n o t  p r o d u c e d . s i m u l t a n e o u s l y , b u t  t h a t  one o f  t h e  p a i r i n g  c e l l s  

p r o d u c e s  t h em  b e f o r e  t h e  o t h e r .  The c e l l s  w h i c h  p u t  o u t  t h e  

f i r s t  p a p i l l a e  a r e  u s u a l l y  r e s t r i c t e d  t o  one f i l a a e n t  o f  a  p a i r ,
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t h i s  h a s  b e e n  f o u n d  t o  b e  t h e  c a s e  i n  f i f t y - o n e  f i l a m e n t  p a i r s  

o b s e r v e d .  I n  e i g h t  f i l a m e n t  p a i r s  o b s e r v e d ,  p a p i l l a e  a p p e a r e d  

i n d i f e r e n t l y  f r o m  t h e  c e l l s  o f  e i t h e r  f i l a m e n t .  Of t h e  f i f t y -  

one  c a s e s  m e n t i o n e d  s e x  was  c l e a r l y  d i f f e r e n t i a t e d  i n  t w e n t y -  

f i v e ,  e i t h e r  b y  b u l g i n g  o f  t h e  f e m a l e  c e l l s  on t h e  s i d e  o f  t h e  

c o n j u g a t i o n  c a n a l ,  o r  b y  z y g ù t e  f o r m a t i o n ,  t h e  r e s t  d i e d  w i t h o u t  

s h o w i n g  s u c h  d i f f e r e n t i a t i o n .  I n  e l e v e n  o f  t h e s e  t w e n t y - f i v e  

c a s e s ,  t h e  m a l e  c e l l s  p r o d u c e d  t h e  f i r s t  p a p i l l a e ,  a n d  i n  

f o u r t e e n ,  t h e  f e m a l e  c e l l s  p r o d u c e d  t h e m .  Thus  a l t h o u g h  p a p i l l a  

f o r m a t i o n  i n  p a i r e d  c e l l s  i s  n o t  s i m u l t a n e o u s , t h e  f i r s t  f o r m e d  

p a p i l l a  i s  n o t  d e t e r m i h e d  b y  t h e  s e x  o f  t h e  f i l a m e n t . S i n c e  no 

i n s t a n c e s  o f  c r o s s - c o n j u g a t i o n  h a v e  b e e n  o b s e r v e d  t h e  f i l a m e n t s  

a r e  p r e s u m a b l y  u n i s e x u a l ,  t h e  s e x  h a v i n g  b e e n  d e t e r m i n e d  i n  t h e  

v e g e t a t i v e  p e r i o d  b e f o r e  c o n j u g a t i o n  s e t  i n .

S . w e b e r i .  I n  S . w e b e r i  s i l i l a r  c o n c l u s i o n s  c a n  be  drav/n 

a s  t o  t h e  f o r m a t i o n  o f  p a p i l l a e ,  b u t  f e w  c a s e s  h a v e  b e e n  f o l 

l o w e d  t h r o u g h  t o  t h e  t i m e  o f  d i f f e r e n t i a t i o n  o f  f e m a l e  c e l l s ;  

t h e  m a j o r i t y  o f  f i l a m e n t  p a i r s  i n  c u l t u r e  d i e d  b e f o r e  t h i s  

o c c u r r e d , s i n c e  t h e  p r o d u c t i o n  a n d  g r o w t h  o f  p a p i l l a e  was  so 

much s l o w e r  t h a n  i n  S . v a r i a n s .  S i x  c a s e s  h a v e  b e e n  o b s e r v e d  

w h e r e  t h e  p a p i l l a e  w e r e  p r o d u c e d  i n d i f f e r e n t l y  f r o m  t h e  c e l l s  

o f  e i t h e r  f i l a m e n t  o f  a  p a i r ,  t h u s  a g a i n  c l e a r l y  s h o w i n g  t h a t  

t h e  f i r s t  f o r m e d  p a p i l l a  i n  p a i r e d  c e l l s  i s  n o t  d e t e r m i n e d  b y  

t h e  s e x  o f  t h e  f i l a m e n t .  E i g h t e e n  c a s e s  h a v e  b e e n  o b s e r v e d  

s u g g e s t i n g  t h a t  t h e  c e l l s  f o r m i n g  t h e  f i r s t  p a p i l l a e  a r e  r e 

s t r i c t e d  t o  one  o f  t h e  f i l a m e n t s  o f  a  p a i r ;  i n  one o f  t h e s e  

c a s e s  t h i s  f i l a m e n t  was t h e  f e m a l e  f i l a m e n t .  I t  i s  p r e s u m e d  t h à t  

t h e  f i l a m e n t s  a r e  u n i s e x u a l  s i n c e  no i n s t a n c e s  o f  c r o s s - c o n 

j u g a t i o n  h a v e  b e e n  s e e n .

S . c a t a e n i f o r m i s . I n  S . c a t a e n i f o r m i s  a  number  o f  o b s e r 

v a t i o n s  h a v e  shown t h a t  p a p i l l a  f o r m a t i o n  i s  n o t  s i m u l t a n e o u s  

i n  t h e  p a i r e d  c e l l s .  S o m e t im e s  t h e  f i r s t  f o r m e d  p a p i l l a e  grow 

t o  a  c o n s i d e r a b l e  s i z e ,  a l m o s t  t h e  m a t u r e  s i z e ,  b e f o r e  t h e  

o p p o s i t e  p a p i l l a e  a r e  p r o d u c e d ;  s o m e t i m e s  t h e y  a r e  v e r y  s m a l l .
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( c f .  c a s e s  3 and  5 . )  I n  S . v a r i a n s  and  S . w e b e r i ,  t h e  f i r s t  

f o rm e d  p a p i l l a e  a r e  u s u a l l y  v e r y  s m a l l  when t h e  o p p o s i t e  

p a p i l l a e  a r e  p r o d u c e d ,  an  e x c e p t i o n  i s  shown f o r  S . v a r i a n s  i n  

c a s e  1 8 .  I n  t h i s  s e n s i t i v e  s p e c i e s ,  so d i f f i c u l t  to .  c u l t u r e ,  

p r o d u c t i o n  o f  p a p i l l a e  and  d i f f e r e n t i a t i o n  o f  f e m a l e  c e l l s  o n l y  

r a r e l y  o c c u r  i n  c u l t u r e ,  and  i n  any c a s e  d e v e lo p m e n t  i s  v e r y  

s l o w ,  t h u s  ver}" few  f i l a i j i e n t  p a i r s  h a v e  "been o b s e r v e d  f r o m  t h e  

t i m e  o f  p r o d u c t i o n  o f  u n p a i r e d  p a p i l l a e ,  t o  t h e  t im e  o f  d i f f e r 

e n t i a t i o n  o f  f e m a l e  c e l l s .  T h r e e  f i l a x a e n t  p a i r s  h a v e  b e e n  n o t e d  

i n  w h i c h  t h e  f i r s t  fo rm ed  p a p i l l a e  w e re  p r o d u c e d  i n d i f f e r e n t l y  

f r o m  t h e  c e l l s  o f  e i t h e r  f i l a m e n t ,  and one o f  t h e s e ,  ( c a s e  1 . ) ,  

was  o b s e r v e d  u n t i l  t h e  d i f f e r e n t i a t i o n  o f  s w o l l e n  f e m a l e  c e l l s  

t h r o u g h o u t  one o f  t h e  f i l a m e n t s .  T h i s  one c a s e  shows t h a t  t h e  

f i r s t  f o rm e d  p a p i l l a e  may o c c u r  i n  e i t h e r  raale o r  f e m a l e  f i l a 

m e n t s .  P r e s u m a b l y  t h e  o t h e r  two c a s e s  w o u ld  h a v e  shown t h e  same 

t h i n g ,  s i n c e  i n  a l l  c a s e s  w h e r e  f e m a l e  c e l l s  h a v e  b e e n  r e c o g 

n i s e d  t h e y  h a v e  b e e n  r e s t r i c t e d  t o  one o f  t h e  f i l a m e n t s  o f  a  

p a i r .  Of t h e  num erous  c a s e s  o b s e r v e d  w h e r e  t h e  c e l l s  f o r m i n g  t h e  

f i r s t  p a p i l l a e  a r e  r e s t r i c t e d  t o  one o f  t h e  f i l a m e n t s  o f  a  p a i r ,  

o n l y  f o u r  h a v e  b e e n  f o l l o w e d  t h r o u g h  u n t i l  t h e  d i f f e r e n t i a t i o n  

o f  f e m a l e  c e l l s .  I n  one o f  t h e s e  t h e  f i r s t  p a p i l l a e  w e re  p r o 

d u c e d  by t h e  f e m a l e  c e l l s ,  a nd  i n  t h r e e  t h e y  w e re  p r o d u c e d  by 

t h e  m a le  c e l l s .  Thus even  f r o m  t h e s e  l i m i t e d  o b s e r v a t i o n s  i t  

may be  c o n c l u d e d  t h a t  t h e  p r o d u c t i o n  o f  t h e  f i r s t  p a p i l l a e  i s  

n o t  d e t e r m i n e d  by t h e  s e x  o f  t h e  c e l l .

These  r e s u l t s  a r e  n o t  i n  a g r e e m e n t  w i t h  t h o s e  o f  C z u r d a ,  

n o r  w i t h  t h o s e  o f  L lo y d  who s t a t e s ,  w i t h  r e g a r d  t o  t h e  number of  

s p e c i e s  i n c l u d i n g  S . w e b e r i  a nd  S . v a r i a n s ,  t h a t  " t h e  t u b e s  grow 

o u t  i n  s e q u e n c e  a n d  i t  seems c e r t a i n  t h a t  t h e  m ale  i s  a lw a y s  t h e  

f i r s t  a n d  t h e  f e m a l e  t u b e  i s  c o n s e q u e n t l y  a lv /ays  t h e  s h o r t e r " ( s )  

However  t h e y  c o n f o r m  w i t h  H a b e r l a n d t ' s  o b s e r v a t i o n s  w h i c h  p o i n t  

t o  t h e  f a c t  t h a t  t h e  p a p i l l a e  o f  c o r r e s p o n d i n g  c e l l s  a r e  n o t  

p r o d u c e d  s i m u l t a n e o u s l y ,  b u t  t h a t  s o m e t im e s  t h e  m a l e ,  som e t im es  

t h e  f e m a l e , " f r u h e r  e i n e n  C o p u l a t i o n s s c h l a u c h  t r e i b t " ( f ) .  As 

C z u r d a  s t a t e d  t h e s e  o b s e r v a t i o n s  may be  p a s s e d  o v e r  s i n c e  

H a b e r l a n d t  d i d  n o t  o b s e r v e  t h e  b e g i n n i n g s  o f  p a p i l l a e  f o r m a t i o n ,
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b u t  d e d u c e d  them  f r o m  t h e  l e n g t h s  o f  t h e  m a le  anfl f e m a l e  p o r 

t i o n s  o f  t h e  c o n j u g a t i o n  c a n a l s ,  a s su ra ing  t h a t  t h e s e  grew 

e q u a l l y  i n  l e n g t h  i n  a  g i v e n  t i m e .  T h a t  t h i s  i s  n o t  t h e  c a s e  

h o w e v e r , h a s  b e e n  shown i n  S . v a r i a n s ,  w h e r e  t h e  c o n j u g a t i o n  

c a n a l  i s  o f t e n  l o n g e r  f r o m  t h e  f e i a a l e  c e l l ,  i n  t h o s e  c a s e s  

where  t h e  male  c e l l  h a s  b e e n  o b s e r v e d  t o  p r o d u c e  t h e  f i r s t
CL

p a p i l l a ;  and agjin i n  S . w e b e r i  and  S . c a t a e n i f o r m i s  w h e r e  t h e  

com ponen t  p a r t s  o f  t h e  c o n j u g a t i o n  c a n a l s  h a v e  n o t  b e e n  f o u n d  

t o  be  u n e q u a l  i n  l e n g t h ,  i n  t h o s e  c a s e s  w h e r ^ p a p i l l a  f o r m a t i o n  

h a s  b e e n  o b s e r v e d  e a r l i e r  i n  one o f  t h e  c o n j u g a t i n g  c e l l s .

R a t e  o f  P a p i l l a  a n d  Tube F o r m a t i o n .

I n  S . v a r i a n s  b o t h  p r o d u c t i o n  and  g r o w t h  o f  p a p i l l a e  a r e  

c o n s i d e r a b l y  more r a p i d  t h a n  i n  t h e  o t h e r  two s p e c i e s .  F i l a 

m en t  p a i r s  w h i c h  b e t w e e n  9 . 0 . am. and  1 2 . 0 . pm. w ere  i n  v e r y  

c l o s e  c o n t a c t  o r  showed v e r y  s l i g h t  p a p i l l a e ,  w e r e  a l r e a d y  

s e p a r a t e d  by  t u b e s  when o b s e r v e d  b e t w e e n  7 . 0 . am. and  1 1 . 0 . am. 

t h e  f o l l o w i n g  m o r n i n g .  F r e q u e n t  o b s e r v a t i o n s  on s l i d e  c u l 

t u r e s  k e p t  on t h e  s t a g e  o f  a  m i c r o s c o p e  h a v e  shown t h a t i n . l e s s  

t h a n  t h r e e  h o u r s  a  f i l a m e n t  p a i r  showing  v e r y  s l i g h t  p a p i l l a e  

f r o m  one o f  t h e  f  i l a n i e n t s  .raay h a v e  d e v e l o p e d  c o n s i d e r a b l y  

l a r g e r  u n i t e d  p a p i l l a e  f r o m  b o t h ,  and  w i t h i n  t w e n t y - f o u r  h o u r s  

may h a v e  d i f f e r e n t i a t e d  f e m a l e  c e l l s  ( s e e  c a s e  5 . )  W i t h i n  an  

h o u r  and  a  q u a r t e r  s l i g h t  p a p i l l a e  w e r e  o b s e r v e d  t o  h a v e  

d e v e l o p e d  f ro m  f i l a m e n t s  w h i c h  p r e v i o u s l y  l a y  i n  c o n t a c t  and  

showed no p a p i l l a e .  I n  t h i s  c a s e  a r t i f i c i a l  i l l u m i n a t i o n  d o e s  

n o t  h a s t e n  t h e  p r o d u c t i o n  o r  g r o w t h  o f  p a p i l l a e .  O b s e r v a t i o n s  

on t h e  m a t e r i a l  i n  i t s  n a t u r a l  h a b i t a t  h a v e  shown t h a t ,  a s  i n  

c u l t u r e ,  t h e  f o r m a t i o n  o f  t u b e s  o c c u r s  v e r y  r a p i d l y .  M a t e r i a l  

was c o l l e c t e d  a t  6 . 0 . pm. f r o m  a  s m a l l  b r i g h t  g r e e n  p a t c h ;  t h e  

p o s i t i o n  o f  t h e  r e m a i n d e r  was  c a r e f u l l y  n o t e d ,  t h i s  b e i n g  

p o s s i b l e  s i n c e  t h e r e  w ere  no o t h e r  r e a l l y  b r i g h t  g r e e n  p a t c h e s ,  

The m a t e r i a l  was exam ined  a s  soon  a s  p o s s i b l e  a nd  showed a  

num ber  o f  f i l a m e n t  p a i r s  i n  e a r l y  s t a g e s  o f  c o n j u g a t i o n ,  i . e .  

i n  c o n ta c j ;  o r  w i t h  v e r y  s l i g h t  p a p i l l a e ,  one o r  two o f  t h e s e
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s t a g e s  w ere  o b s e r v e d  i n  e a c h  p o r t i o n  o f  m a t e r i a l  m o u n te d .  

M a t e r i a l  was  c o l l e c t e d  f r o m  t h e  same wad a t  7 . 3 0 . am. t h e  n e x t  

m o r n i n g ,  and  on e x a t / i i n a t i o n  no e a r l y  s t a g e s  o f  c o n j u g a t i o n  w ere  

f o u n d  b u t  a b u n d a n t  f i l a m e n t  p a i r s  u n i t e d  by  t u b e s ,  none  o f  

t h e s e  f i l a m e n t  p a i r s  showed p r o t o p l a s m i c  f u s i o n .  I n  t h i s  s p e c i e s  

t h e  p r o d u c t i o n  o f  p a p i l l a e  h a s  b e e n  o b s e r v e d  t o  o c c u r  a t  any 

t i m e  d u r i n g  t h e  d a y ,  and  t h u s ,  u n l i k e  S . s e t i f o r m i s  a s  r e p o r t e d  

by  O z u r d a ,  e a r l y  s t a g e s  a r e  n o t  c o n f i n e d  t o  t h e  e a e n i n g  h o u r s .

I n  S . w e b e r i  t h e  p r o c e s s  i s  on t h e  w h o le  much s l o w e r .  The 

S h o r t e s t  t i m e  t a k e n  f o r  t h e  p r o d u c t i o n  o f  m a t u r e  t u b e s  a nd  t h e  

d i f f e r e n t i a t i o n  o f  f e m a l e  c e l l s  was  t w e n t y - s i x  a nd  a  h a l f  h o u r s  

f r o m  t h e  t i m e  t h a t  t h e  f i l a m e n t s  o f  t h e  p a i r  w e re  o b s e r v e d  i n  

c o n t a c t ,  t h i s  was  i n  a  c u l t u r e  k e p t  u n d e r  a r t i f i c i a l  l i g h t  o f  

'30  C . P .  w h i c h  seem s t o  s t i m u l a t e  t h e  p r o c e s s .  T h r e e  o t h e r  

f i l a m e n t  p a i r s  w e r e  o b s e r v e d  t o  t h e  same sStdge and  t h e y  t o o k  

c o n s i d e r a b l y  more  t i m e ,  t h i r t y - f o u r  t o  f o u r t y - f o u r  h o u r s .  I n  

c u l t u r e s  u n d e r  a r t i f i c i a l  l i g h t ,  t h e  t i m e  t a k e n  f o r  t h e  p r o 

d u c t i o n  o f  s l i g h t  p a p i l l a e  f r o m  f i l  a m e n t s  i n  c o n t a c t ,  r a n g e s  

f r o m  f o u r  t o  n i n e t e e n  h o u r s ,  t h u s  i n d i c a t i n g  t h a t  t h e  f i l a m e n t s  

may p r o b a b l y  l i e  i n  c o n t a c t  f o r  some h o u r s  b e f o r e  p a p i l l a e  a r e  

p r o d u c e d .  The c o r r e s p o n d i n g  t i m e  f o r  t h e  f o r m a t i o n  o f  t u b e s  

r a n g e s  f ro m  t h i r t y - n i n e  t o  s i x t y - f o u r  h o u r s ,  and i s  t h u s i i c o n -  

s i d e r a b l y  l o n g e r  t h a n  i n  S . v a r i a n s .  Eo i n d i c a t i o n  o f  t h e  t i m e  

t a k e n  f o r  t h e s e  p r o c e s s e s  i n  n a t u r e  h a s  b e e n  o b t a i n e d ,  a s  c o n 

j u g a t i o n  was m ore  o r  l e s s  c o n t i n u o u s  i n  t h e  d i t c h ,  a nd  t h e r e  

w e r e  no e a s i l y  r e c o g n i s a b l e  w a d s .

I n  S . c a t a e n i f o r m i s , i f  and  when p r o d u c t i o n  o f  p a p i l l a e  

a nd  f u r t h e r  g r o w t h  o c c u r  i n  c u l t u r e ,  t h e s e  p r o c e s s e s  a r e  v e i y  

s l o w ,  ’̂ he t i m e  f o r  t h e  p r o d u c t i o n  o f  p a p i l l a e  f r o m  f i l a m e n t s  

l y i n g  i n  c o n t a c t ,  r a n g e s  f r o m  n i n e  t o  t w e n t y - t h r e e  h o u r s ,  and 

t h e  c o r r e s p o n d i n g  t i m e  f o r  t h e  f o r m a t i o n  o f  t u b e s ,  r a n g e s  f ro m  

t h i r t y - n i n e  t o  s e v e n t y - f o u r  h o u r s ,  Fven  when one o f  t h e  f i l a 

m e n t s  h a s  p r o d u c e d  p a p i l l a e ,  a  l o n g  t im e  e l a p s e s  b e f o r e  t h e  

o p p o s i t e  p a p i l l a e  a r e  p r o d u c e d ,  and  a g a i n  b e f o r e  t u b e s  a r e
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f o r m e d .  These  r e s u l t s  h a v e  b e e n  c o l l e c t e d  f r o m  c u l t u r e s  k e p t  

u n d e r  a r t i f i c i a l  l i g h t ;  no i n d i c a t i o n  o f  t h e  t im e  t a k e n  f o r  

t h e s e  p r o c e s s e s  u n d e r  n a t u r a l  c o n d i t i o n s  c a n  be  g i v e n .

The P o s i t i o n  o f  t h e  E u c l e u s  i n  C o n j u g a t i n g  C e l l s .

L l o y d  ( b ) s t a t e s  t h a t  d u r i n g  t h e  g r o w t h  o f  t h e  c o n j u g a t i o n  

t u b e  i n  S . c r a s s a ,  t h e  n u c l e u s  moves f r o m  t h e  c e n t r e  o f  t h e  c e l l  

t o w a r d s  t h e  i n n e r  m ou th  o f  t h e  t u b e ,  and  t h u s  p a s s e s  t h r o u g h  

t h e  t u b e  s o o n e r  t h a n  i t  o t h e r w i s e  w o u l d .  He a t t a c h e s  no 

i m p o r t a n c e  t o  t h i s  f a c t ,  and  d o e s  n o t  r e g a r d  i t  a s  g i v i n g  s u p 

p o r t  t o  H a b e r l a n d t  i n  h i s  c o n c e p t i o n #  t h a t  t h e  n u c l e u s  l i e s  i n  

t h e  p l a c e  o f  t h e  m o s t  i n t e n s i v e  g r o w t h  ( f ) .  B e f o r e  L l o y d ’ s 

w c r k  O z u r d a  ( a )  h a d  s t a t e d  t h a t  d u r i n g  t h e  f o r m a t i o n  o f  p a p i l l a e  

t h e  n u c l e u s  l e a v e s  i t s  o r i g i n a l  p o s i t i o n  i n  t h e  c e n t r e  o f  t h e  

c e l l ,  a n d  becomes  s h i f t e d  t o  t h e  s i d e  o p p o s i t e  t o t h e  p a p i l l a .

On p a g e  458 o f  t h e  same p a p e r ,  he  s t a t e s ,  t h a t  i n  s p i t e  o f  many 

o b s e r v a t i o n s ,  a n  e x c e p t i o n  t o  t h i s  r u l e  was n e v e r  f o u n d  i n  any  

s p e c i e s ,  and  f u r t h e r ,  t h a t  i n  s p i t e  o f  t h e  m os t  e x h a u s t i v e  and  

s u c c e s s i v e  o b s e r v a t i o n s  o f  t h e  w h o le  c o n j u g a t i o n  p r o c e s s ,  t h e  

n u c l e u s  i s  n e v e r  met  w i t h  i n  t h e  n e i g h b o u r h o o d  o f  t h e  c o n j u g 

a t i o n  p a p i l l a .  He m o d i f i e s  t h e s e  s t a t e m e n t s  w i t h  r e g a r d  t o  

n a r r o w  s p e c i e s ,  s u c h  a s  S . w e b e r i  and S . v a r i a n s ,  by  a d d i n g ,  t h a t  

a l t h o u g h  n o t  d e m o n s t r a t e d ,  i t  i s  q u i t e  c o n c e i v a b l e  t h a t  t h e  

n u c l e u s  may be  d raw n  i n t o  t h e  p a p i l l a  e n t a n g l e d  i n  t h e  c h l o r o -  

p l a s t  t u r n s  i f  t h e y  s i n k  i n t o  t h e  p a p i l l a .  B o t h  L l o y d  a n d  

O z u rd a  c r i t i e à s e  H a b e r l a n d t ’s  s t a t e m e n t  t h a t  t h e  n u c l e u s  l i e s  

i n  t h e  p l a c e  o f  t h e  m os t  i n t e n s i v e  g r o w t h ,  a n d  i s  t h e r e f o r e  

f o u n d  n e a r  t h e  g r o w i n g  t u b e .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  p o s i t i o n  o f  t h e  n u c l e u s  

h a s  o n l y  b e e n  obs e r v e d  i n  S . v a r i a n s ,  s i n c e  t h e  o t h e r  s p e c i e s  

a v a i l a b l e  w e r e  so s m a l l ,  t h a t  t h e  n u c l e u s  c o u l d  n o t  be  s e e n  i n  

f r e s h  m a t e r i a l .  I n  S . v a r i a n s  c o n j u g a t i n g  f i l a m e n t  p a i r s  w e r e  

o b s e r v e d ,  and  i n  a l l  c a s e s  w h e r e  t h e  n u c l e u s  was  s e e n  i n  t h e  

l i v i n g  c e l l ,  i t  was  i n  t h e  m i d d l e  o f  t h e  c e l l  when t h e  p a p i l l a e  

w e r e  s m a l l ,  an d  i n  t h e  same p l a c e  o r  on  t h e  s i d e  o p p o s i t e  t o
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t h e  p a p i l l a e  when t h e s e  h a d  f o r m e d  t u b e s .  T h i s  i n d i r e c t  e v i 

d e n c e  h a s  b e e n  s u p p o r t e d  by d i r e c t  e v i d e n c e  o b t a i n e d  f r o m  a  

number o f  c ? lL tu re s  virhich h a v e  b e e n  f o l l o w e d  t h r o u g h  t h e  e a r l y  

s t a g e s  o f  c o n j u g a t i o n .  Such  c u l t u r e s  show t h a t  d u r i n g  t h e  

f o r m a t i o n  o f  t h e t u b e  t h e  n u c l e u s  p a s s e s  f r o m  t h e  m i d d l e  o f  t h e  

c e l l  t o  t h e  s i d e  o p p o s i t e  t h e  t u b e . ( s e e  t e x t  f i g .  4 ) .

a. b.
T e x t  f i g .  4 .  S e m i - d i a g r a m m a t i c  s k e t c h e s  w i t h  ca ra e ra  l u c i d a  o f  

S p i r o g y r a  v a r i a n s  ( a )  p o r t i o n  o f  f i l a m e n t  p a i r  showing  p o s i t i o n  

o f  n u c l e i  i n  f o u r  c e l l s  ( b )  t h e  same p o r t i o n  t w e n t y - t h r e e  h o u r s  

l a t e r .

E x c e p t i o n s  t o  t h i s  s t a t e m e n t  h a v e  b e e n  n o t e d  i n  s h o r t  c e l l e d  

f i l a m e n t s  w h i c h  h a v e  c om pa c t  c h l o r o p l a s t s .  I n  s u c h  c e l l s  i t  i s  

i m p o s s i b l e  t o  o b s e r v e  t h e  n u c l e u s  w i t h o u t  s t a i n i n g  s i n c e  i t  i s  

h i d d e n  by  t h e  c h l o r o p l a s t ,  P i c r o n i g r o s i n  and  d i l u t e  i o d i n e  

h a v e  b e e n  f o u n d  t o  be  t h e  b e s t  s t a i n s  a s  t h e y  c a u s e  s c a r c e l y  

any  s h r i n k a g e .  S i n c e  t h e y  do n o t  a l t e r  t h e  p o s i t i o n  o f  t h e  

n u c l e u s  i n  c e l l s  w he re  i t  c a n  be  o b s e r v e d  i n  t h e  l i v i n g  s t a t e ,  

t h e r e  i s  no r e a s o n  t o  s u p p o s e  t h a t  t h e y  a l t e r  i t s  p o s i t i o n  i n  

t h e s e  s h o r t  c e l l e d  f i l a m e n t s .  A f t e r  s t a i n i n g  s u c h  f i l a m e n t s  

i t  can  be  s e e n  t h a t  when t h e  t u b e s  a r e  f u l l y  grown , t he  m os t  

u s u a l  p o s i t i o n  o f  t h e  n u c l e u s  i s  a t  t h e  s i d e  o f  t h e  c e l l  w h i c h  

i s  o p p o s i t e  t o  t h e  t u b e ,  b u t  when t h e  c h l o r o p l a s t  h a s  grown 

i n t o  t h e  t u b e  t h e  n u c l e u s  i s  a l s o  f r e q u e n t l y  t o  be  f o u n d  t h e r e .  

I t  h a s  n e v e r  b e e n  o b s e r v e d  i n  o r  n e a r  t h e  r e g i o n  o f  t h e  t u b e  

u n l e s s  b u r i e d  i n  t h e  c h l o r o p l a s t , a h d  t h u s  a s  O z u r d a  s u g g e s t s  i t  

i s  p r o b a b l y  c a r r i e d  t h e r e  p a s s i v e l y  w i t h  t h e  c h l o r o p l a s t  ( s e e  

t e x t  f i g ,  5 ) .



( 3 0 )

T e x t  f i g .  5 .  S e m i - d i a g r a m m a t i c  s k e t c h  w i t h  c a m e r a  l u c i d a  o f  a  

f i l a m e n t  p a i r  o f  S p i r o g y r a  v a r i a n s  s t a i n e d  w i t h  p i c r o n i g r o s i n .

I t  m i g h t  he  c o n t e n d e d  t h a t  t h i s  u n e x p e c t e d  p o s i t i o n  o f  t h e  

n u c l e u s  a t  t h e  s i d e  f a r t h e s t  f ro m  t h e  c o n j u g a t i o n  t u b e ,  i s  a  

s i g n  o f  d e g e n e r a t i o n  i n  t h e  c e l l ;  h o w e v e r  t h e  c o n d i t i o n  h a s  

b e e n  o b s e r v e d  i n  many c a s e s  and  i t  h a s  b e e n  a t t a i n e d  w h i l e  

n a t u r a l  and  v i g o r o u s  g r o w t h  o f  p a p i l l a e  i s  t a k i n g  p l a c e .  I t  

a l s o  o c c u r s  i n  m a t e r i a l  w h i c h  i s  o b s e r v e d  i m m e d i a t e l y  a f t e r  

c o l l e c t i o n  f ro m  t h e  n a t i v e  h a b i t a t .  M o r e o v e r  i n  t h o s e  few c a s e s  

w h e r e  a  n u c l e u s  i s  f o u n d  n e a r  t o  t h e  t u b e ,  t h e  m a j o r i t y  o f  t h e  

c e l l s  o f  t h a t  f i l e i m e n t  have  t h e  n u c l e u s  on  t h e  o p p o s i t e  s i d e  

a s  t h o u g h  t h i s  w e r e  t h e  n a t u r a l  p o s i t i o n .

S i z e  a n d  Growth  o f  C o n j u g a t i n g  C e l l s .

S . w e b e r i . L l o y d  ( 8 ) s t a t e s  v f i t h  r e g a r d  t o  S . w e b e r i  t h a t  

w i t h  v e r y  few e x c e p t i o n s  t h e  r e l a t i v e  s i z e  o f  t h e  m ale  a nd  

f e m a l e  g a m e t e s  i s  s u c h  t h a t  t h e  m ale  i s  s m a l l e r ;  he  a d d s  t h a t  

" t h e  e x c e p t i o n s  show t h a t  t h e  s m a l l e r  s i z e  o f  t h e  m a le  i s  n o t  

e s s e n t i a l  t o  s u c c e s s f u l  c o n j u g a t i o n " .  S . w e b e r i ,  a s  f a r  a s  h e r e  

i n v e s t i g a t e d ,  d o e s  n o t  c o n f o r m  t o  t h i s  r u l e  ; i n  t h e  same f i l a 

ment  p a i r  t h e  f e m a l e  c e l l s  may be  l o n g e r  o r  s h o r t e r  t h a n  t h e i r  

p a r t n e r  m a le  c e l l s .  The f o l l o w i n g  a r e  m e a s u r e m e n t s ,  i n  t h e  

c a s e  o f  f o u r  p a i r s  o f  c o n j u g a t i n g  f i l a m e n t s ,  o f  c o r r e s p o n d i n g  

c e l l s  o f  t h e  f e m a l e  f i l a m e n t  ( A ) ,  a nd  t h e  m ale  f i l a m e n t  ( B ) .

The l e n g t h s  a r e  g i v e n  i n  m i c r o n s .
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S . w e b e r i .

A B A B A B A B

6 1 . 8 4 7 . 4 66 78 7611 4 7 . 4 5 9 .5 4 0 .5

56 5 2 .3 5 2 .3 7 6 .1 64 7 6 . 1 4 0 . 5 64

64 56 5 2 . 3 7 1 .3 5 9 . 5 7 6 .1 50 odd

6 1 . 8 5 2 . 3 5 9 .5 66 56 69 3 5 . 6

4 5 . 2

7 3 . 6

43

f e m a le c e l l s f e m a le c e l l s f  ericule c e l l s f e m a l e c e l l s
l o n g e r . s h o r t e r . l o n g e r  o r  

s h o r t e r .
l o n g e r  o r  

s h o r t e r .

T h i s  v a r i a b i l i t y  i n  t h e  r e l a t i v e  s i z e  o f  t h e  m ale  and  f e m a l e  

c e l l s  i s  a l s o  shown by e x a m i n a t i o n  o f  z y g o t e  m a t e r i a l .  Un

e q u a l  l e n g t h  o f  t h e  g a m e t e s  r e s u l t s  i n  t h e  p r o d u c t i o n  o f  odd ,  

i . e .  u n p a i r e d ,  c e l l s  i n  one o r  o t h e r  f i l a r a e n t  o r  i n  b o t h .  

F i f t y - t w o  f i l a m e n t  p a i r s  w i t h  z y g o t e s  w e re  e xam ined ;  f o u r t e e n  

h a d  no odd c e l l s ,  e l e v e n  h a d  odd c e l l s  i n  b o t h  f i l a m e n t s ,  

e i g h t e e n  h a d  odd c e l l s  o n l y  i n  t h e  m ale  f i l a m e n t ,  and  n i n e  h a d  

odd  c e l l s  o n l y  i n  t h e  f e m a l e  f i l a m e n t .  I f  t h e  m ale  c e l l s  w e r e  

c o n s i s t e n t l y  s h o r t e r  t h a n  t h e  f e m a le  c e l l s ,  odd c e l l s  w ou ld  be 

r e s t r i c t e d  t o  t h e  male  f i l a m e n t .

B o t h  g r o w t h  i n  l e n g t h  o f  c e l l ,  and  c e l l  d i v i s i o n  may o c c u r  

a f t e r  a p p r o x i m a t i o n  o f  t h e  f i l a m e n t s  f o r  c o n j u g a t i o n .  Only one 

o f  t h e  f i l a m e n t  p a i r s ,  whose  c e l l s  w ere  m e a s u r e d  a t  t h e  b e g i n 

n i n g  o f  c o n j u g a t i o n ,  was a v a i l a b l e  f o r  a  f u r t h e r  m easu rem en t  

when  t h e  f i l a m e n t s  were  s e p a r a t e d  by  o p p o s i t e  p a p i l l a e .  F i v e  

p a i r s  o f  c e l l s  w e r e  m e a s u r e d ,  i n  t h r e e  t h e  f e m a le  showed t h e  

g r e a t e s t  g r o w t h ,  and i n  two t h e  m a l e .  The m e a s u r e m e n t s  a r e  

g i v e n  b e low  and  f o u r t e e n  h o u r s  e l a p s e d  b e t w e e n  m e a s u re m e n t  (1 )  

and  m ea s u rem e n t  ( 2 )

S . w e b e r i .

A ( l ) A(2) 3 ( 1 ) B ( 2 )

7 3 . 6 83 118 118

7 3 . 6 78 69 7 1 . 3

64 7 3 . 6 6 1 . 8 6 1 . 8

7 1 . 3 7 3 . 6 6 1 . 8 66

64 64 7 1 .3 7 3 . 6
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S . v a r i a n s .  I n  S . v a r i a n s  a  s i m i l a r  v a r i a t i o n  i n  t h e  r e l a 

t i v e  s i z e  o f  male  and f e m a l e  c e l l s  i s  f o u n d  a s  t h e  f o l l o w i n g  

t a b l e s  w i l l  show. I n  e a c h  c a s e  A i s  t h e  f e m a l e  f i l a m e n t  and 

m ea s u rem e n t  (1 )  was made when t h e  two f i l a m e n t s  w ere  i n  c o n t a c t ^  

a n d  (2 )  when t h e y  w e re  s e p a r a t e d  by c o n j u g a t i o n  t u b e s .  F i n e  

t o  t w e l v e  h o u r s  e l a p s e d  b e t w e e n  t h e  two m e a s u r e m e n t s .

S . v a r i a n s .

A ( l ) A(2) B ( l ) B(2 ) A ( l ) A (2) 3 ( 1 ) 3 ( 2 )

43 5 2 .4 4 0 . 5 4 7 . 4 5D 50 4 5 . 2 4 7 . 4

4 0 , 5 43 3 5 . 6 4 0 . 5 38 38 4 7 . 4 4 7 . 4

4 0 . 5 4 5 . 2 38 43 3 5 . 2 4 0 . 5 4 7 . 4 50

4 5 . 2 4 5 . 2 3 5 . 6 38 4 0 . 5 43 43 4 7 . 4

f e m a l e  c e l l s  l o n g e r . f e m a le  c e l l s  l o n g e r  o r  
s h o r t e r .

A ( l ) A(2) B ( l ) 3 ( 2 ) A ( l ) A(2) 3 ( 1 ) 3 ( 2 )

38 38 38 38 43 43 72 72

4 7 . 4 4 7 . 4 38 38 3 5 . 6 3 5 . 6 72 72

38 38 38 38 3 5 . 6 3 5 .6 66 66

3 5 . 6 3 5 . 6 4 0 . 5 4 0 . 5 3 5 . 6 3 5 . 6 66 66

f e m a l e  c e l l s  l o n g e r  o r  
s h o r t e r .

f e m a l e  c e l l s s h o r t e r .

A ( l ) A(2) B ( l ) 3 ( 2 ) A ( l ) A(2) B ( l ) 3 ( 2 )

4 5 . 2 50 56 56 43 43 7 1 . 3 7 1 ,3

4 5 . 2 4 7 . 4 80 80 3 5 . 6 3 5 . 6 7 1 .3 8 1 . 3

4 7 . 4 4 7 . 4 78 78 3 5 . 6 3 5 . 6 66 66

4 7 . 4 50 3 5 . 6 3 5 . 6 66 66

f e m a l e  c e l l s s h o r t e r . f e m a l e  c e l l s s h o r t e r .

A ( l ) A(2) B ( l ) 3 ( 2 ) A ( l ) A(2) 3 ( 1 ) 3 ( 2 )

50 5 9 . 5 64 66 50 50 4 0 . 5 4 0 . 5

43 5 2 . 3 56 6 1 .8 4 0 . 5 4 0 . 5 4 0 , 5 4 0 . 5

4 0 . 5 4 5 . 2 5 9 .5 7 3 .6 4 5 , 2 4 5 . 2 4 0 . 5 4 0 . 5

4 7 . 4 6 1 . 8 5 9 . 5 83 50 SO 4 0 , 5 4 0 . 5

f e m a l e  c e l l s s h o r t e r . f e m a l e  c e l l s  l o n g e r  o r  e q u a l .

T h i s  v a r i a b i l i t y  i n  t h e  R e l a t i v e  s i z e  o f  m a le  and  f e m a l e  c e l l s
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i s  a l s o  shown by o b s e r v a t i o n s  on z y g o te  m a t e r i a l .  T h i r t y  f i l a 

m ent p a i r s  w i t h  z y g o t e s  w e re  e x a m in e d ,  i n  e i g h t  t h e r e  w ere  no 

odd c e l l s ,  i n  two t h e r e  w ere  odd c e l l s  i n  b o t h  f i l a m e n t s ,  i n  

t e n  t h e r e  w ere  odd c e l l s  o n ly  i n  t h e  f e m a le  f i l a m e n t ,  and  i n  

t e n  t h e r e  w ere  odd c e l l s  o n ly  i n  t h e  m a le .

S . c a t a e n i f o r m i s .

F o u r  o r  f i v e  c e l l s  and  t h e i r  p a r t n e r s  w ere  m e a s u re d  i n  

s i x t y - f i v e  c o n j u g a t i n g  f i l a m e n t s ,  and  i n  t h i r t y - f o u r  o f  t h e  

f i l a m e n t s  t h e  l o n g e r  c e l l  o f  a  p a i r  o c c u r r e d  i n d i f f e r e n t l y  i n  

e i t h e r  f i l a m e n t .  Only e i g h t  f i l a m e n t  p a i r s  showed s e x u a l  

d i f f e r e n t i a t i o n ,  i n  two t h e  f e m a le  c e l l s  w ere  s h o r t e r  and  i n  

two t h e y  w ere  l o n g e r ,  w h i l e  i n  t h e  o t h e r  f o u r  so m e t im es  t h e  

m a l e ,  so m e t im es  t h e  f e m a le  c e l l  was t h e  l o n g e r .  T hese  m e a s u r e 

m e n ts  a r e  g i v e n  b e lo w  and  i n  e a c h  c a s e  f i l a m e n t  A i 6  t h e  f e m a le  

f i l a m e n t .  T h i s  s p e c i e s  was v e r y  d i f f i c u l t  t o  kep#  u n d e r  c u l t u r e  

a n d  no o b s e r v a t i o n s  w ere  made on g ro w th  d u r i n g  c o n j u g a t i o n .

A l s o ,  no o b s e r v a t i o n s  w e re  made on z y g o te  m a t e r i a l ,  s i n c e  t h i s  

was so s c a n t y ,

S . c a t a e n i f o r m i s .

A B A B A B A B

3 7 ,1 3 1 ,9 3 5 ,6 21 3 3 .3 2 8 .5 3 7 ,1 3 3 ,3

5 2 .3 3 3 .3 1 8 .5  odd 3 5 .6 3 5 .6 3 5 .6 3 7 .1

43 3 0 .9 3 5 .6 21 3 5 .6 3 5 .6 21,4odd

43 3 0 .9 1 8 ,5  odd 3 3 .3 3 3 .3 4 0 .5 2 1 .4

3 5 .6 1 6 .6 21.4odd

3 5 .6 1 8 ,5 3 5 .6 2 1 .4

fe m a le c e l l s f  emiJfee c e l l s f e m a le c e l l s f e m a le c e l l s
l o n g e r . l o n g e r . e q u a l o r l o n g e r  oad

l o n g e r . s h o r t e r .

A B A B A B A B

2 / .  8 3 3 .3 2 3 .8 3 3 .3 4 0 .5 3 5 .6 3 7 ,1 3 5 .6

2 3 .8 2 8 .5 2 3 .8 2 8 .5 3 5 ,6 2 8 .5 3 5 .6 4 0 .5

2 3 .8  odd 2 3 .8 3 0 ,9 3 3 .3 3 3 .3 4 0 .5 3 5 .6
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2 3 .8  3 0 .9 2 3 .8  odd 3 0 .9  3 5 .6 43 3 3 .3

2 1 .4  2 8 .5 2 1 .4  2 8 .5

f e m a le  c e l l s f e m a le  c e l l s f e m a le  c e l l s f e m a le  c e l l s
s h o r t e r . s h o r t e r . l o n g e r  and l o n g e r  and

s h o r t e r . s h o r t e r .

Thus i n  S .w e b e r i ,  S , v a r i a n s  and  S . c a t a e n i f o r m i s ,  l e n g t h  

o f  c e l l  i s  n o t  a  s e x u a l  c h a r a c t e r .  I n  t h e  e a r l y  s t a g e s  o f  c o n 

j u g a t i o n  w i d t h  i s  n o t  a  s e x u a l  c h a r a c t e r  i n  S .w e b e r i ,  w here  

t h e  f i l a m e n t s  a r e  o f  t h e  same w i d t h .  I n  S . v a r i a n s ,  and  S. 

c a t a e n i f o r m i s , t h e  f i l a m e n t s  may be  o f  a  d i f f e r e n t  w i d t h  f ro m  

t h e  ver}  b e g i n n i n g  o f  c o n j u g a t i o n .  T h is  i s  shown f o r  S . v a r i a n s  

i n  c a s e  43 ( s e e  c a s e  43 and  P l a t e  1 ) ,  b u t  a l t h o u g h  t h e  f i l a 

m e n ts  w ere  f o l l o w e d  t h r o u g h  c o n j u g a t i o n ,  d e v e lo p m e n t  c e a s e d  

b e f o r e  t h e  d i f f e r e n t i a t i o n  o f  f e m a le  c e l l s  and  t h e  s e x  o f  t h e  

f i l a m e n t s  w as n e v e r  known. Amongst v e g e t a t i v e  m a t e r i a l  o f  S. 

c a t a e n i f o r m i s ,  w h ic h  w as u n d e r  o b s e r v a t i o n  f ro m  Fovem ber 1927 

t o  Ju n e  1 9 2 9 ,  a  n a rro w  t y p e  o f  f i l a m e n t  f r e q u e n t l y  a p p e a r e d .  

D u r in g  o b s e r v a t i o n s  on c o n j u g a t i o n  o f  t h i s  s p e c i e s ,  f i v e  f i l a 

m en t p a i r s  w e re  n o t e d  i n  w h ic h  one o f  t h e  f  i l  anient s was o f  t h e  

n a r ro w  t y p e .  I n  two c a s e s  t h i s  n a r ro w  f i l a m e n t  was c l e a r l y  t h e  

m a le  a s  t h e  o t h e r  f i l a m e n t ,  o f  n o rm a l  w i d t h  a t  t h e  c r o s s  w a l l s ,  

h a d  d e v e lo p e d  t h e  c h a r a c t e r i s t i c  s w o l le n  fe m a le  c e l l s  ( s e e  c a s e  

1 8 ) .  I n  n e i t h e r  o f  t h e s e  c a s e s  w ere  z y g o te s  d e v e lo p e d  and  i t  

i s  n o t  known w h e t h e r  t h e s e  two t y p e s ,  t h e  w i§e  a n d  t h e  n a r r o w ,  

a r e  v a r i e t i e s  o f  t h e  same s p e c i e s  o r  w h e th e r  t h e y  a r e  d i f f e r e n t  

s p e c i e s ,  and  t h e i r  c o n j u g a t i o n  a  h y b r i d i s a t i o n .

I n  S . v a r i a n s ,  when g ro w th  o f  t h e  c e l l s  o c c u r r e d  d u r in g  

c o n j u g a t i o n ,  t h a t  o f  t h e  f e m a le  c e l l s  was n o t  fo u n d  t o  be 

r e g u l a r l y  g r e a t e r  t h a n  t h a t  o f  t h e  m a l e s .  C zu rd a  fo u n d  t h a t  i n

S . a e t i f o r m i s  t h e  f e m a le  f i l a m e n t  became mush t w i s t e d  ro u n d  t h e  

m a le  d u r i n g  c o n j u g a t i o n  due t o  t h e  f a c t  t h a t  g r e a t e r  g ro w th  

o c c u r s  i n  t h e  f e m a le  c e l l s .  Fo m arked  t w i s t i n g  o f  t h e  f i l a m e n t s  

r o u n d  e a c h  o t h e r  h a s  b e e n  s e e n  i n  any o f  t h e  t h r e e  s p e c i e s  h e r e  

d e s c r i b e d ;  t h e  c o n j u g a t i o n  t u b e s  a r e  u s u a l l y  o r i e n t a t e d  a t  

r i g h t  a n g l e s  t o  t h e  p a i r e d  f i l a i a e n t s  and  a r e  n o t  d i s t o r t e d .
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T h ese  f a c t s  and  t h e  t a b l e s  g i v e n  above p ro v e  t h a t  g r e a t e r  

g ro w th  i n  l e n g t h  o f  t h e  c e l l s  i s  n o t  c o n f in e d ,  t o  one f i l a m e n t  

o f  a  p a i r .

D i v i s i o n  du r i n g  c o n j u g a t i o n  h a s  b e e n  n o te d  i n  a l l  t h r e e  

s p e c i e s .  I n  S . c a t a e n i f o r m i s  i t  h a s  b e e n  obsem red  i n  o n ly  two 

c a s e s ,  i n  S .w e b e r i  i n  t h r e e  c a s e s  (two o f  t h e s e  show ing  d i v i s i o n  

i n  b o t h  f i l a i a e n t s  ) ,  and  i n  S . v a r i a n s  t h e r e  was much more m a t e r 

i a l  a v a i l a b l e  and  d i v i s i o n  h a s  b e e n  n o t e d  i n  tw e n ty  c a s e s .  I n  

two o f  t h e  tw e n ty  c a s e s  d i v i s i o n  was n o t e d  i n  b o t h  f i l a m e n t s  

b u t  i n  e i g h t e e n  i t  was o n ly  n o t e d  i n  f i l a m e n t  A, T h e re  i s  t h e  

p o s s i b i l i t y  t h a t  i t  may a l s o  hawe o c c u r r e d  i n  B and  b e e n  u n 

n o t i c e d  s i n c e  a t  f i r s t  o n ly  f i l a m e n t  A was o b s e r v e d  i n  d e t a i l .

I n  t h r e e  o f  t h e  e i g h t e e n  c a s e s  A l a t e r  d e v e lo p e d  i n t o  t h e  f e m a le  

f i l a m e n t  and  i n  t h r e e  c a s e s  i n t o  t h e  m a le ,  show ing  ÿ h a t  t h i s  

l a t e  d i v i s i o n  d u r i n g  c o n j u g a t i o n  i s  n o t  c o n c e r n e d  w i t h  s e x .

Fem ale  Cel l s  and  Z y g o t e s .  I n  a l l  t h r e e  s p e c i e s  a  v i s i b l e  

d i f f e r e n t i a t i o n  o f  sex  o c c u r r e d  some t im e  a f t e r  t h e  e a r l y  s t a g e s  

o f  c o n j u g a t i o n  h a d  b e e n  p a s s e d  t h r o u g h .  T h i s  d i f f e r e n t i a t i o n  

i n v o l v e d  a  s w e l l i n g  o f  t h e  f e m a le  c e l l s  b u t  i n  S . v a r i a n s  i t  

w as som e tim es  v e r y  s l i g h t  and  w as m e r e ly  a  b u l g i n g  o u t  o f  t h e  

f e m a le  c e l l  t o w a r d s  t h e  c o n j u g a t i o n  t u b e .  I n  S .w e b e r i  and  S. 

v a r i a n s  f e m a le  c e l l s  w ere  n e v e r  d i f f e r e n t i a t e d  u n t i l  a f t e r  t u b e  

f o r m a t i o n ,  t h e  s h o r t e s t  t im e  b e i n g  t w e n t y - s i x  h o u r s  i n  S ,w e b e r i .  

a nd  tw e n ty - tw o  h o u r s  i n  S . v a r i a n s ,  f ro m  t h e  t im e  t h e  f i l a m e n t s  

o f  t h e  p a i r  w e re  i n  c o n t a c t .  I n  S . c a t a e n i f  o rm is  f e m a le  c e l l s  

w e re  som e tim es  d i f f e r e n t i a t e d  when t h e  f i l a m e n t  p a i r s  w ere  s t i l l  

o n l y  u n i t e d  by p a p i l l a e ,  b u t  t h e  s h o r t e s t  t im e  w as t h i r t y - n i n e  

h o u r s  f ro m  t h e  t im e  th e  f i l a m e n t s  w ere  i n  c o n t a c t .  Z y g o te s  

w e re  n e v e r  fo rm e d  i n  t h e  c u l t u r e s  o f  S . c a t a e n i f o r m i s ;  i n  c u l 

t u r e s  o f  S .w e b e r i  and  S . v a r i a n s  t h e y  w e re  o c c a s i o n a l l y  fo rm ed  

b u t  by t h e  t im e  t h e  f i l a m e n t  p a i r s  h a d  d e v e lo p e d  f ro m  an  e a r l y  

s t a g e  o f  c o n j u g a t i o n  t o  t h e  s t a g e  o f  p r o t o p l a s m i c  f u s i o n . t h e  

c u l t u r e s  w ere  s t a l e .
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COFCLUSIOF.

I n  t h e  p r e s e n t  a c c o u n t  i t  h a s  b e e n  shown t h a t  i n  t h r e e  

s p e c i e s  o f  S p i r o g y r a ,  S .w e b e r i ,  S . v a r i a n s  and  S . c a t a e n i f o r m i s ,  

t h e  g e n e r a l l y  a c c e p t e d  v iew  o f  t h e  m ethod  o f  t u b e  f o r m a t i o n  

m ust b e  c & l le d  i n  q u e s t i o n .  I n  two ofi t h e s e  s p e c i e s ,  S .w e b e r i  

and  S . v a r i a n s ,  t h i s  h a s  a l r e a d y  b e e n  r e p o r t e d  by C z u rd a .  I t  

seems v e r y  p r o b a b l e  t h a t  t h e  new m ethod  o f d e s c r i b i n g  t u b e  

f o r m a t i o n  may a p p ly  t o  a l l  s p e c i e s  o f  S p i r o g y r a ,  e s p e c i a l l y  

s i n c e  i t  h a s  b e e n  fo u n d  t o  t a k e  p l a c e  i n  s p e c i e s  w h ic h  h a v e  b e e n  

r e p o r t e d  t o  become l a c e d  t o g e t h e r  i n  t h e  " u s u a l  w a^" .  H em leben  

( 6 )i.was t h e  f i r s t  t o  q u e s t i o n  t h e  o l d  s t o r y  and  he u s e d  S . c r a s s a  

a  s p e c i e s  w h ic h  de B a ry  e v i d e n t l y  u s e d ,  f o r  he  r e f e r s  t o  i t  

s t a t i n g  t h a t  i t  i s  d i f f i c u l t  t o  c u l t u r e  f o r  any l e n g t h  o f  t im e .  

I n  h i s  e x p e r i m e n t a l  w ork  on c o n j u g a t i o n ,  K le b s  u se d  S p i r o g y r a  

w e b e r i ,  b u t  he  c l e a r l y  d i d  n o t  o b s e r v e  e a r l y  s t a g e s  o f  c o n j u g 

a t i o n  s i m i l a r  t o  t h o s e  r e p o r t e d  by  C z u rd a  and  i n  t h e  p r e s e n t  

a c c o u n t .  L lo y d ,  i n  a  s tu d y  on a d h e s i o n s  a n d  g e n i c u l a t i o n s ,  

u s e d ,  among o t h e r  s p e c i e s ,  S . v a r i a n s  and h e  s t a t e s  t h a t  " d u r i n g  

c o n j u g a t i o n  no a d h e s i o n s  w ere  o b s e r v e d  ( e x c e p t  o f  c o u r s e  o f  t h e  

c o n j u g a t i o n  t u b e " .  B o th  i n  C z u rd a * s  p a p e r  and  i n  t h e  p r e s e n t  

a c c o u n t  i t  h a s  b e e n  shown t h a t  i n  S , v a r i a n s  a d h e s i o n s  p l a y  a  

p r o m in e n t  p a r t  i n  t h e  e a r l y  s t a g e s  o f  c o n j u g a t i o n .

O b v io u s ly  i f  t h e  new s t o r y  o f  tu b e  f o r m a t i o n  i s  a c c e p t e d  

t h e r e  m ust  be  some e x p l a n a t i o n  why su c h  a  w i d e ly  d i s t r i b u t e d  

\ and g e n e r a l l y  u s e d  p l a n t  a s  S p i r o g y r a  t h i s  m ethod  h a s  so lo n g  

re m a in  u n d e t e c t e d .  H ere  a r e  a  few  p o s s i b l e  r e a s o n s  why t h e  

e a r l y  s t a g e s  o f  c o n j u g a t i o n  h a v e  b e e n  so g e n e r a l l y  p a s s e d  o v e r .

1 )  E a r l y  s t a g e s  may be  q u i c k l y  i n i t i a t e d  and p a s s e d  

t h r o u g h  i n  n a t u r e ;  t h u s  i n  S . s e t i f o r m i s  w h ic h  C z u rd a  u se d  

v/here  c o n j u g a t i o n  i s  s im u l t a n e o u s  i n  a  w ad, t h e  e a r l y  s t a g e s  

w o u ld  b e  m is s e d  u n l e s s  t h e  wad w as c o n s t a n t l y  u n d e r  o b s e r v a t i o n .

2 )  E a r l y  s t a g e s  may be  r e s t r i c t e d  t o  a  s e t  t im e  o f  t h e  

d a y ,  C z u rd a  h a s  r e p o r t e d  t h i s  t o  be  t h e  c a s e  i n  S . s e t i f o r m i s .

3 )  E a r l y  s t a g e s  a r e  n o t  i n i t i a t e d  a f t e r  t h e  m a t e r i a l  h a s
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b e e n  rem oved  fro m  i t s  n a t i v e  h a b i t a t .  T h i s  i s  e v i d e n t  f ro m  t h e  

p r e s e n t  w ork  and  h a d  b e e n  p r e v i o u s l y  o b s e r v e d  by C z u rd a ,

4 )  I n d i r e c t  e v id e n c e  a s  t o  t h e  e a r l y  s t a g e s  o f  c o n j u g 

a t i o n ,  draw n f ro m  o b s e r v a t i o n s  o f  l a t e r  s t a g e s ,  m ig h t  g i b e  a  

m i s t a k e n  i m p r e s s i o n .  F o r  i n s t a n c e  i n  f i l a r a e n t  p a i r s  l a c e d  t o 

g e t h e r  by c o n j u g a t i o n  t u b e s ,  t h e  p r e s e n c e  o f  o p p o s i t e  c e l l s  

w h ic h  h a v e  p a p i l l a e  w h ic h  Shve a p p a r e n t l y  n o t  y e t  m e t ,  w o u ld  

i n d i c a t e  t h e  way i n  w h ic h  t h e  t u b e s  have  b e e n  fo rm e d  i n  t h e  

r e s t  o f  t h e  f i l a m e n t  p a i r ,  i . e .  by  o p p o s i t e  p a p i l l a e  w h ic h  

grow to w a r d s  one a n o t h e r  and m e e t .  However i n  f o l l o w i n g  th r o u g h  

s l i d e  c u l t u r e s  o f  S . v a r i a n s  s e v e r a l  o f  t h e s e  o p p o s i t e  c e l l s  

h a v e  b e e n  s e e n ,  and  i n  e a ch  c a s e  t h e  c e l l s  w ere  f o r m e r l y  i n  

c o n t a c t ,  t h e  s e p a r a t i o n  o f  t h e i r  p a p i l l a e  b e i n g  b r o u g h t  a b o u t

by t h e  more r a p i d  g ro w th  o f  t h e  n e ig h b o u r i n g  p a p i l l a e .

5) The e x a m i n a t i o n  o f  f r e s h  m a t e r i a l  o f  c o n j u g a t i n g  

S p i r o g y r a  i s  f r e q u e n t l y  m ost d i s c o u r a g i n g  t o  t h e  i n v e s t i g a t o r ,  

b e c a u s e  t h e  l i m i t s  o f  t h e  f i l a m e n t  p a i r s  a r e  o f t e n  a lm o s t  com

p l e t e l y  h i d d e n  by a  c o p io u s  c o a t i n g  o f  d e t r i t u s .  D u r in g  c o n 

j u g a t i o n  t h e  f i l a m e n t s  become s t i c k y  and  i f  g ro w in g  i n  w a t e r  

c o n t a i n i n g  s e d im e n t  t h e y  become c o a t e d  w i t h  i t .  As maj/ be  

im a g in e d ,  i t  i s  d i f f i c u l t  t o  s e e  ev en  m a tu r e  c o n j u g a t i o n  t u b e s ,  

and  i t  i s  s t i l l  more d i f f i c u l t  t o  s e e  t h e  young  p a p i l l a e ,

6 )  I n  c u l t u r e ,  p a p i l l a e  may b e  p u t  o u t  i r r e g u l a r l y  w i t h

no r e l a t i o n  t o  a n o t h e r  f i l a m e n t .  T h i s  h a s  b e e n  s e e n  i n  S .w e b e r i  

an d  S . v a r i a n s ,  a n d ,  i n  t h e  a b s e n c e  o f  e a r l y  s t a g e s ,  m ig h t  be  

u s e d  a s  e v id e n c e  f o r  t h e  g e n e r a l l y  a c c e p t e d  v iew  o f  c o n j u g a t i o n ,  

t h e  a b s e n c e  o f  t h e  o p p o s i t e  p a p i l l a e  b e i n g  e x p l a i n e d  a s  due t o

l o s s  o f  t h e  fellfi ïw  f i l a m e n t  i n  m o u n t in g .

7)  I t  i s  t r u e  t h a t  o c c a s i o n a l l y  C e l l s  w h ic h  a r e  n o t  i n

c o n t a c t  may c o n j u g a t e  by  p a p i l l a e  w h ic h  grow to w a rd s  e a c h

o t h e r  and  m e e t .  T h i s  h a s  b e e n  f o u n d  i n  S . v a r i a n s ,  b u t  o n ly  

r a r e l y  and i n  f i l a m e n t  p a i r s  w h ic h  h a v e  e l s e w h e r e  c o n j u g a t e d .  

T h i s  i s  p o s s i b l y  a b n o rm a l ,  b u t  i f  e a r l y  s t a g e s  w e re  b e in g
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d e d u c e d  f ro m  l a t e r  s t a g e s ,  one s u c h  c a s e  m ig h t  h e  u s e d  to  

i n d i c a t e  t h e  g e n e r a l l y  a c c e p t e d  v iew  o f  c o n j u g a t i o n .

8 )  F i x e d  m a t e r i a l  may a lw a y s  g i v e  e v id e n c e  i n  s u p p o r t  o f  

t h e  g e n e r a l l y  a c c e p t e d  v ie w  o f  c o n j u g a t i o n .  T h i s  h a s  b e e n  

shown t& be  th e  c a s e  when t h e  t h r e e  s p e c i e s  h e r e  i n v e s t i g a t e d  

w e re  f i x e d  i n  medium c h r o m - a c e t i c  a c i d .  W hereas b e f o r e  f i x 

a t i o n  th e  m a t e r i a l  c o n t a i n e d  a  num ber o f  f i l a m e n t  p a i r s  i n  

c o n t a c t ,  o r  s l i g h t l y  s e p a r a t e d  by s m a l l  p a p i l l a e ,  and  no s i n g l e  

f i l a m e n t s  w i t h  p a p i l l a e ,  a f t e r  f i x a t i o n  t h e  same m a t e r i a l  

showed no p a i r e d  f i l a m e n t s  u n l e s s  t h e y  w ere  s e p a r a t e d  by c o n 

j u g a t i o n  t u b e s  o r  l a r g e r  p a p i l l a e ,  b u t  num erous s i n g l e  f i l a m e n t s  

w i t h  p a p i l l a e  o f  v a r i o u s  s i z e s .  H ow ever, p a r t  o f  t h e  same 

m a t e r i a l  f i x e d  i n  p i c r o n i g r o s i n ,  s t i l l  showed t h e  e a r l y  s t a g e s  

s e e n  b e f o r e  f i x a t i o n .  T h i s  m a t e r i a l ,  f i x e d  i n  c h r o m - a c e t i c  

a c i d ,  may t h e n  be  i n t e r p r e t e d  a s  g i v i n g  s u p p o r t  t o  t h e  g e n e r a l 

l y  a c c e p t e d  v ie w  o f  c o n j u g a t i o n ,  C z u rd a  h a s  r e p o r t e d  t h a t  he 

u s e d  medium c h r o m - a c e t i c  a c i d  a s  a  f i x a t i v e  and  t h a t  e v e iy  

e x a m in a t io n  o f  l i v i n g  m a t e r i a l  w as a c co m p a n ie d  by  f i x a t i o n  o f  

some o f  t h i s .  He h a s  n o t  m e n t io n e d  t h a t  t h e  e a r l y  s t a g e s  o f  

c o n j u g a t i o n  a r e  d e s t r o y e d  by  f i x a t i o n ,  a l t h o u g h  am ongst t h e  

s p e c i e s  he u s e d  f o r  h i s  o b s e r v a t i o n s  w e re  two o f  t h e  t h r e e  

s p e c i e s  w h ic h  h a v e  b e e n  u s e d  i n  t h i s  i n v e s t i g a t i o n ,  b u t  h i s  

p h o t o g r a p h  o f  a  p o r t i o n  o f  a  c o n j u g a t i n g  wad i n d i c a t e s  t h a t  even  

l a r g e  p a p i l l a e  may become s e p a r a t e d  a f t e r  f i x a t i o n .

I t  i s  c l e a r  t h e n  t h a t  d i r e c t  o b s e r v a t io n s m o n  t h e  e a r l y  

s t a g e s  o f  c o n j u g a t i o n  c a n  o n ly  be made u n d e r  s p e c i a l  c o n d i t i o n s .  

C z u rd a  h a s  s t a t e d  t h a t  t h e y  c a n  o n ly  be  made on t h e  s p o t ,  b u t  

i t  h a s  b e e n  f o u n d  p o s s i b l e  t o  make s u c h  o b s e r v a t i o n s  i n  th e  

l a b o r a to i y ^ ,  im m e d ia te ly  a f t e r  c o l l e c t i o n  i f  s p e c i a l  m e th o d s  o f  

c u l t u r e  a r e  u s e d .  I n  t h e  p a p e r s  o f  t h e  o l d e r  w o r k e r s  t h e r e  i s  

no i n d i c a t i o n  t h a t  su ch  m e th o d s  have  b e e n  u s e d ;  de B a ry » s  o n ly  

m e n t io n  o f  c u l t u r e s  i s  t h a t  w id e  s p e c i e s ,  su c h  a s  S . c r a s s a ,  a r e  

n o t  s u i t a b l e  f o r  o b s e r v a t i o n s  on p r o t o p l a s m i c  f u s i o n ,  f o r  t h e y  

a r e  n o t  a b l e  t o  s t a n d  e v e n  a  s h o r t  c u l t u r e  on t h e  s l i d e .  Had
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t h e  s p e c i a l  ^ m a n ip u la t io n s  b e e n  u s e d  t h a t  a r e  n e c e s s a r y  f o r  t h e  

o b s e r v a t i o n  o f  s u c h  s t a g e s ,  t h e y  w o u ld  s u r e l y  h a v e  b e e n  men

t i o n e d ,  As C z u rd a  h a s  s a i d  t h e  e a r l y  d e s c r i p t i o n s  o f  c o n ju g a t io n  

d e a l  a lm o s t  e n t i r e l y  w i t h  t h e  l a t e r  s t a g e s  o f  t h i s  p r o c e s s :  v i z :  

p r o t o p l a s m i c  f u s i o n  and  z y g o te  f o r m a t i o n ;  t h e  d e s c r i p t i o n s  o f  

t h e  m ethod  by w h ic h  t h e  f i l a m e n t s  become l a c e d  t o g e t h e r  a r e  

v e r y  s h o r t .  T h e re  i s  no i n d i c a t i o n  o f  t h e  d i s t a n c e  b e tw e e n  t h e  

f i l a m e n t s  when p a p i l l a e  a r e  f i r s t  f o r m e d ,  no d r a w in g s  o f  t h i s  

s t a g e ,  and  no r e c o r d s  o f  t h e  t im e  t a k e n  f o r  t h e  p r o d u c t i o n  and  

g r o w th  o f  t h e  p a p i l l a e .  I n  c o n s i d e r a t i o n  o f  t h e s e  f a c t s ,  and  

o f  t h e  g r e a t  d i f f i c u l t y  w h ic h  w o u ld  be  e n c o u n te r e d  i n  m o u n t in g  

p a r a l l e l  f i l a m e n t s  v / i t h o u t  d i s p l a c e m e n t ,  i t  seem s p r o b a b l e  t h a t  

t h e  o b s e r v a t i o n s  o f  t h e s e  e a r l y  w o r k e r s  on t h e  b e g i n n i n g s  o f  

c o n j u g a t i o n  w e re  n o t  d i r e c t l y  o b t a i n e d ,  b u t  w ere  d e d u c e d  f ro m  

t h e  l a t e r  s t a g e s ,  o r  p o s s i b l y  f ro m  o b s e r v a t i o n s  on f i x e d  m a t e r 

i a l .

smmiABY.

R e c o r d s  o f  o b s e r v a t i o n s  on e a r l y  s t a g e s  o f  c o n j u g a t i o n  

i n  S . w e b e r i ,  S . v a r i a n s  and  S , c a t a e n i f o r m i s  a r e  g i v e n .

E a r l y  s t a g e s  o f  c o n ju g - a t io n  a r e  o n ly  f o u n d  i n  f r e s h l y  

c o l l e c t e d  m a t e r i a l .

I n  a l l  t h r e e  s p e c i e s  t h e  f i l a i a e n t s  f i r s t  l i e  i n  c o n t a c t  

and  a r e  s t u c k  t o g e t h e r  by  a  m u c i l a g e  s h e a t h .

P a p i l l a e  a r e  l a t e r  p u t  o u t  f ro m  t h e  c e l l s  o f  t h e  f i l a m e n t s  

w h e re  t h e y  a r e  i n  c o n t a c t .

The f i r s t  fo rm e d  p a p i l l a  may a r i s e  i n  e i t h e r  f i l a m e n t  and  

i s  i n d e p e n d e n t  o f  s e x .  The s e c o n d  p a p i l l a  a r i s e s  a t  t h e  p l a c e  

o f  c o n t a c t  o f  t;* e f i r s t .

The two p a p i l l a e  a r e  i n  c o n t a c t  f ro m  t h e  f i r s t  moment o f  

t h e i r  f o r m a t i o n  a n d  by  t h e i r  g r o w th  i n  l e n g t h  t h e  f i l a m e n t s  a r e  

p u s h e d  a p a r t .

The p a p i l l a e  become f l a t t e n e d  on e a c h  o t h e r  a t  t h e i r  a p i c e s  

a n d  c o n j u g a t i o n  t u b e s  a r e  fo rm e d ,  and  t h e  f a m i l i a r  a p p e a r a n c e  

o f  t h e  f i l a m e n t s  l a c e d  t o g e t h e r  i s  a t t a i n e d .
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Key t o  t h e  Sym bols u s e d  i n  t h e  f o l l o w i n g  T a b l e s .

F i l a m e n t s  c l o s e l y  i n  c o n t a c t  - ( m u c i l a g e  s h e a t h  v e r y  
t h i n ? )

F i l a m e n t s  i n  c o n t a c t  t h r o u g h  m u c i l a g e  ( m u c i la g e  
s h e a t h  w i d e ? )

F i l a m e n t s  s e p a r a t e d .

F i l a m e n t s  d i v e r g i n g .

P a p i l l a  f ro m  c e l l  o f  f i l a m e n t  A c l o s e l y  i n  c o n t a c t  
w i t h  f i l a m e n t  B.

P a p i l l a  f ro m  c e l l  o f  f i l a r a e n t  B c l o s e l y  i n  c o n t a c t  
w i t h  f i l a m e n t  A.

P a p i l l a  i n  c o n t a c t  w i t h  o p p o s i t e  f i l a m e n t  t h r o u g h  
m u c i l a g e .

P a p i l l a  s e p a r a t e d  f ro m  o p p o s i t e  f i l a m e n t .

X  O p p o s i t e  p a p i l l a e  i n  c o n t a c t .

_    P a p i l l a e  f l a t t e n e d  on e a c h  o t h e r  f o r m in g  a  c o n j u g a t i o n
j  t u b e  t h o u g h  t h e  common w a l l  i s  n o t  n e c e s s a r i l y

d i s s o l v e d ,

F .B .  w i t h  r e g a r d  t o  sy m b o ls  and  t a b l e s .

( a )  A may be  t h e  m ale  o r  f e r a a le  f i l a m e n t ;  w h ere  s e x  i s  l a t e r  

d i f f e r e n t i a t e d  i t  i s  n o t e d  i n  t h e  t a b l e s .

(b ) The num bers  r e f e r  t o  t h e  c e l l s  o f  f i l a i a e n t  A, n o t  n e c e s s 

a r i l y  t o  t h o s e  o f  B . Fumber 1 m e r e ly  d e n o t e s  t h e  f i r s t  

c e l l  o b s e r v e d .

( c )  E a c h  sym bol r e f e r s  t o  one c e l l  i n  f i l a m e n t  A. I t  maa" 

c o r r e s p o n d  t o  more o r  l e s s  t h a n  one c e l l  o f  f i l a m e n t  B.

( d )  Odd c e l l s  a r e  a lw a y s  n o te d  i n  f i l a m e n t  A a n d  i n  S .w e b e r i  

and  S . c a t a e n i f o r m i s  t h e y  h a v e  a l s o  b e e n  n o t e d  i n  B. I n  

S . v a r i a n s  t h e y  hav e  b e e n  n o t e d  w h e re  d r a w in g s  hav e  b e e n  

made and  a l s o  i n  t h e  f o l l w o i n g  c a s e s :  7 0 ,  7 3 ,  7 5 , 76 , 7 9 , 

8 2 ,  8 4 ,  8 6 ,  8 7 ,  8 8 ,  8 9 ,  91, 92 , 9 4 , 96 , 9 7 ,1 0 0 ,  10 1 ,  1 0 4 .

( e )  The s i z e  o f  t h e  p a p i l l a  v a r i e s  a n d  i s  n o t  i n  anywa]/- i n d i 

c a t e d  by  t h e  sym bol:  a  p a p i l l a  i n d i c a t e d  i n  t h e  f i r s t  

co lum n i s  o f t e n  m e r e ly  a  s l i g h t  s w e l l i n g ,  i n  co lum ns two 

and  t h r e e  i t  may be  a  w e l l  d e v e lo p e d  p r o t u b e r a n c e ,

( f  ) A l l  d r a w in g s  have  b e e n  made w i t h  c a m e ra  l u c i d a ;  s l i g h t

d i s c r e p a n c i e s  i n  t h e  d r a w in g s  a r e  due  t o  t h e  d e p t h  o f  t h e  

w a t e r  t h a t  h a d  t o  be  f o c u s s e d  t h r o u g h .



(g )  F o r  d r a w in g s  o f  S . c a t a e n i f o r i u i s  a n d  S .w e b e r i  O b j e c t i v e s  

a nd  ~t h a v e  b e e n  u s e d  w i t h  O c u l a r  4 g i v i n g  a p p ro x im a te  

m a g n i f i c a t i o n s  o f  100  and  420 r e s p e c t i v e l y .

F o r  d r a w in g s  o f  S . w a r i a n s ,  a  l a r g e r  s p e c i e s ,  O b j e c t i v e s  & 

a n d i  h a v e  b e e n  u s e d  w i t h  O c u la r  2 g i v i n g  a p p r o x im a te  

m a g n i f i c a t i o n s  o f  60 and  250 r e s p e c t i v e l y .  I n  t h e  c a s e  o f  

d r a w in g s  1 -5 7  t h e  m a g n i f i c a t i o n  h a s  n o t  b e e n  n o t e d  s i n c e  

v a r i o u s  m ic r o s c o p e s  h a v e  b e e n  u s e d  t h e  c u l t u r e s  b e in g  k e p t  

p e r m a n e n t l y  on t h e  s t a g e .

W ith  t h e  f o l l o w i n g  d ra v / in g s  a  s c a l e  w i l l  b e  f o u n d  g i v i n g  

t h e  t o t a l  m a g n i f i c a t i o n  o f  t h e  d r a w in g s  made w i t h  c a m e ra  

l u c i d a .

S .w e b e r i  d r a w in g s  1 a n d 2 .

S . v a r i a n s  d r a w in g  6 0 .

S . c a t a e n i f  o rm is  d r a w in g s  3 and  4 ,

(h )  D i v i s i o n  h a s  b e e n  n o t e d  w here  i t  o c c u r s .

(1 )  F i l a m e n t  C i s  a n o t h e r  f i l a m e n t  t h a t  may be f o u n d  p a i r i n g  

w i t h  A.

( j ) A l l  t h e  t i m e s  g i v e n  r e f e r  t o  Summer T ime.

(k )  The o b s e r v a t i o n s  f o l l w o  on t h r o u g h  t h e  day  a n d  f ro m  day  t o  

da^'. The d a t e  i s  g i v e n  w here  t h e r e  may be d o u b t  a s  to  

w h ic h  day  t h e  t im e  r e f e r s  t o

( 1 )  Terms s u c h  a s  " d e a d " ,  " f r e e "  i n d i c a t e  t h e  c o n d i t i o n  o f  

c e l l s  w h ic h  hav e  s e r v e d  a s  d i s t i n g u i s h i n g  m ark s  i n  t h e  

f i l a m e n t  p a i r s .

(m) Where t h e r e  a r e  no sym b o ls  ( e x c e p t  i n  t h e  l a s t  co lum n) i t  

may be a ssu m ed  t h a t  o b s e r v a t i o n s  h a v e  b e e n  r e n d e r e d  im

p o s s i b l e  by  t h e  o v e r l a p p i n g  o f  t h e  f i l a m e n t s  t h e  c o n 

d i t i o n  o f  t h e s e  c e l l s  may be  d e d u c e d  f ro m  t h a t  o f  n e i g h 

b o u r i n g  c e l l s .



Gases  1 - 1 1 1 .

T a b l e s  o f  c o n j u g a t i o n  s t a g e s  i n  

S p i r o g y r a  v a r i a n s ,  

i l l u s t r a t e d  by d r a w in g s  made 

w i t h  t h e  c a m e ra  l u c i d a .
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ITo.

n

1 .

9 .  2 0 .  a m ,

| (

7 .  4 5 , p m .

k

2 .

K k

3 . o A d  _

4 .
k X

5 . >1 X

6 .
o J d  Ctil 33,

X

O d d

X

1 -  < =

5 . 3 0 , p m . 1 0 .  5 0 ,  a m .

1 .

6 , 2 0 , p m .

!
1 0 , 0 . a m ,

' 9 , r  Is).

) c
2 .
3 .

4 .

5 .

6 .

7 .

8.
9.

10 .

4 .  A 1 .  

2 .
3 .

4 .

5 .

6 .

7 .

8 . 
9.

10,

11,
1 2 .
1 3 .

1 4 ,

T i m  op  OBSERVATIONS.

9 , 1 5 , am.

OJd

5 . 0 , pm.

f> 5 htws p.r,.oJp_ cells.

1 0 , 2 0 , pm, 1 0 , 0 , am.

m

1 1 . 0 , am,

) < '

A

1 1 . 3 0 . am.

Z L .
fl cornu(ja.Unxj wiCk —"j  |  fl conjugo.Iîivj wit’K

pito-mer»!' C o|- \ pilan 2r>.l" C
^ ' j J  of Î soils

□ r
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No.

5 . A 1 4 .  

3  % 1 5 .

1 6 .

1 7 .

1 8 .

1 9 .

20.

6 . A 1 .

2 .
3 .

4 .

5 .

5 ~ oo

7 .  A 1 .

2 .
3 .

4 .

5 .

6 . 

7 .

8 .  A 1 .

2 .

3 .

4 .

5 .

6.

7 .

8 . 

9 .

10.

TBÜÜ OP OBSERVATIONS.

9 .35 .a i î i .  1 . 5 0 .  pm. 5 . 1 0 .  pm.

OcW ceW TS
Xodd C£,tl "B

9 , 3 5 .pm,

1 1 . 0 . pm.

A

X

X

XE
X

1 0 . 0 . am.

9 . 0 .  am.
£' » !> .7

1 0 . 0 . pm. 1 1 . 1 5 . am.

o d d  ceil B  ■

9 . 3 0 . am.

IB sKows Pemcule c&ils

9 . 0 . am.

A 1 h o s

d.\vi d û d .

X



i

7— :— r

\ ___

V

to  3 5 .  /? .fT

9 . P .M .

8 P M.



îT o .

9 .  A 1 .

TlIiÛii 0? OBSERVATIONS,

9.35.ajtii. 1 2 ,4 5 ,p m .  3.45,pra.

X

A, d wi i ^ i o n  ( o

9 . 3 0 . am,
—7—

(U)

2 .

3 .

4 .

3 - 8 .

9 .

10.
11.
12.
1 3 .

1 4 .

1 5 .

1 6 .

1 7 .

1 8 .

A
1 0 , 1 5 . pm.

A
1 1 .  5 0 , ara.

i O . i  te/

1 0 .  A 1 . , 1

2 . 1 J _

3 . J 2

4 . 1 X
5 . X

5 . X

1" X
8 .  1( X

1c X
1 0 .  • F X
1 1 .  1

1 2 .  1f X
1 3 - (B t  X

1 0 .2 0 ,p m .  1 1 . 2 0 , am.l<|.é -7ci ^  6 l c j  .

1 1 .  A 1 . ' X

2 .  1 I 1

1 2 . 5 .pm .
3~f. C .

5̂ 2̂ jo& m /?.

1 2 . l 0 . p m ,
3-f. i  i j

5~ m H



I X .

T

3

3
li- ao ■R IM. 30. f.

3

1'^. N ao»\, 3 {. <r. Ï-J,

■' N .,„ , 31. s .  iq



Uo.

1 2 .  A 1 .

2 .

3 .

4 .

5 .

6 .  

7 .

1 3 .  A 1 .

2 .

3 .

4 .

5 .

6 . 

7 .

1 4 .  A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .  

9 .

10.
11.
1 2 .
1 3 .

1 4 .

T i m  op  OBSPRVATIOTTS.

lO .O .a ro .  1 1 . 0 . ani. 2 . 0 , pm.

1 oad (_e.ll T3 1 odd

t1
X

X X
1 0 , 3 0 . pm. 1 2 . 5 . pm

j _

1 0 . 4 5 . pm* 1 2 . 1 0 . pm.

)

c

5 . 0 .  pm. q - 2 ù.n.M
 1-- Skows

X

X

X

« m o . le c e U s .

Od d cell B , odd (jell ,



&' ) o  7>.n.

S o .  S.

II.  f f . n .

/ 2. ■ Moû(\



îTo. TBilK 0?  OBSÜlRVATIO>îS,

1 6 .  A 1 .

2 .

5 .

4 .

5 .

6 .

7 .

8 .

9 . 

10, 
11. 
1 2 .

1 7 .  A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9.

10. 
11.

1 1 . 0 . am. 2 .0 .pm . 4 .0 .p m

1 . ( XV X

2 . ( XX )  <
3 .

4 .
(

5 . < X X

6 . ( X X
10 . 3 0 . pm. 12 Woûn.

9 .3 0 .  ara.

X

X

C

1 0 .4  5.pra. 1 2 .5 .p m .

fl sKôWS ftrY\o-le 

c e l l s .
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No.

1 8 .  A 1 .

A ï  2.

3 .

4 .

5.

6 .

7 .

1 9 .  A 1 .

2 .

3 .

4 - 8 .

9 .

10.
11.

12 -24 ,

2 0 . A 7 .

B.

9 .

10.
11.

1 2 .
1 3 .

1 4 .

1 5 .

1 6 .

1 7 .

1 8 .

1 9 .

2 0 .

TBŒ OF o b s e r v a t io n s .

2 . 4 5 . p r a .  4 . 4 5 . p m .  6 . 1 5 . p m .

X

OdJ C£J| 3 Odd cell 3

1 1 . 0 . p m .  2 . 0 . p m .

1 1 . 0 . p m .  2 , 0 . p m .

X

X

X
X

X

X

Odd --cit %

9 . 1 5 . am.

A shows 

i  e m a J e .  cel ls .

O d d  cpM  3 .



1 1

r

^ oucke: C



No,

2 1 .
A 1 .

2 .

3 .

4 .

5 .

6 .

2 2 .  A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .  

9 .

10.
11.
1 2 .
1 3 .

1 4 .

2 3 .  A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .  

9 .

10.

4 . 0 . pm.

1 1 . 3 0 . pm.

>1

deaol

X

X

X

X

TIKE 0 ?  OBSEEVATIONS.

9 . 0 .  pm. 9 .30 .â2 ïi .  l l . 3 0 . s j D .

(

X

I

( Kos 

ciivtded. 

Coî ] ü̂ cvl'™j

v :  m: C

X
X

X
2 , 3 0 . pm.

X

1 1 . 0 .  pm. l O . 3 0 . ciXiii

O d d ,

J3 SKowS ĵtyyioL CSMS.
' I coni'ujoJrntj 

y  \ vdlf F>l- C

Con.]' oqo- tiMJ

fu: c.

1 2 . 6 , pm.

(, z^gohij m 3



2 4

i c

t  IÛ . T. n -30 . f  2y.

£j : Î , p . M 31. s ■ Icj .



Fo.

2 4 .  A 1 .

а .

3 .

4 .  

5 •

б , 

7 .

9 .

10.

2 5 . A 1 .

2 .
3 .

4 .

5 - 9 .

9 - 1 6 .

1 7 .

1 6 - 2 4 .

2 5 -2 6 .

27-00

2 6 .  A 1 .

2 .
3 . ,

4 .

5 .

6 .
7 .

4 . 0 .  jpxii.

TII.([K OF OBSJiRVATIOFS. 

5 , 3 0 . pm. 2 . 0 . pm.

Sli/I IP 
d i'v is iû ft

Odd

has

1 1 . 4 5 . pm. 2 . 3 0 , pm.

6 . 1 0 . pm. 9 . 4 5 . £mi.

X

X

9 . 0 . am.
IB s k o v v s  f s m o - l e  

cells .

1 0 . 0 .  am,

y ‘̂ 0 lés iy\ 13

9 . 5 0 . pm,

)

)
)



2 7

yrl, 3’-

to . rt n, 31. f X<

cj .  n  n .  I . i a ^ .



F o .

27 .

A 6 .

7 .

8 .

9.

10.
11.
1 2 .
1 3 .

1 4 .

1 5 .

28 . A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9.

2 9 .  A 1 0 .

11.
1 2 .
1 3 .

1 4 .  

1 6 .

16-19 ,

2 0 .
2 1 .
2 2 .
2 3 .

7 . 3 0 . pm.

TBIE OF OBSDWATIOFS.

8 . 4 0 . pm. 9 , 3 0 . pm.

K a s  I

dwided . I ^

Odd

1 0 . 0 . am.

Odd -3

odd CttI 
Odd Ctll TS

Odd tM.1 n,

Odd uO 6

3 . 3 0 . pm. 9 . 0 . am.

dio-l.

1 1 . 3 0 . pm. 1 1 . 0 .  am,

I Y

X

X

X

X
odd ctl> -B

Odd te ll B

X  od d cc.ll 13

X

X
Odd ciUl n

odd  ceU P)

9 . 0 . am.

3  "Zycjo l^s  I P

Od d

o d d  c^n 3

odd '-ei-l Û 

O d d  c-eJI g  

Odd cCl/ 73.

Odd cel/ 73 

odd cE-U ri



3 0 .

13

A T M

T. NI.

3



3 0 .

75

A T NI

T. M ,

3

n . No->n. 1. L ■ ïa .



ÎTo.

30 . A 1 .

2 .

3 .

4 .

5 .

6.

3 1 . A 1 .

2.

3 .

4 .

5 .

6 .

7 .

8 .

9.

10. 
11. 
1 2 .
13 .

14 .

15 .

16 .

3 2 .  A 1-9 ,

10.
11. 
1 2 .

T n m  OF OBSERVATIONS.

2 .3 0 .p m . 4.0 .pru. 7 .0 .pm ,

X

X

X

X

X

9 .3 0 .  aiii,

X

X

lO.Opiii,

X

X

X

v\dwiclmcj

dead.

X

X

X

X
9 .1 5 .  pni.

odd .

9 .30 .a in .

Y

1 2 .0 .  ÎTo on.

9 . 0 .  am.

X>ea d .

13 . r  = n
1 4 . K 1 c
15 . K 1 (
16 . ^  1 (
1 7 . k 1 (
1 8 . k  1 c
1 9 . k____



3 3

J3

I I  . T . n

(o . Ao.flry. 2 . (



ITo.

3 3 .  A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 ,

3 4 .  A 1 .

2 .

3 .

4 .

5 .

6 . 

7 -

35 . A 1 .

2 .

3 .

4 .

5 .

6 .

7.

8 . 

9 .

10. 
11.
1 2 -

36 .  A 1 .

2 .

3 .

4 -

TIIŒ OP OBSERVATIONS.

ô.O.pra. l l .O .p m .  1 0 . 4 0 . au.

c Jd cell 3

odd Q£im 

O d d  ceil 3

X

X
X

8 . 3 0 . pm.

9 . 3 0 , pm.

1 1 . 3 0 . pm.

X

X

X

X

X

)

Odd =-«dd 3

Odd

Odd teilTÎ

9 . 3 0 . am.

% :

1 0 . 0 . am.

i r

3 =  

3 :

1 1 .1 6 .  am.,

9 . 3 0 . am.

S 1̂ jem&fe

f  op

U OÇids sKavvi

PuSiorv



3  7.

19

lb S  'ICj

-B.

I? f  .



ÎTO.

3 7 .  A 1 1 .

6 . 2 5 . pm.

12 . 1
1 3 . 1
1 4 . K
15 .

16 .

1 7 .

1 8 . X
1 9 . X

3 8 ,  A 1 .

9 . 4 5 , pm, 

1
2 .

3 .

4 .

1

1

1
5 - 1 0 . 1

11 .

12 . X
13 . K
14 .

1 5 .

1 6 . k
1 7 - X

3 9 ,  A 1 .

9 . 3 0 . pm.
li f.l:|

2 . K
3 . K
4 . K
5 . X
6 . X
7 . X
8 . X

Tuvas 0? OBSERVATIONS.

1 1 . 0 , am. 9 . 0 . am.

I BsJittvis nao-|ê ■

I fijitotx

1 1 , 0 , am.

)  (

7 . 3 0 . am.

(

9 . 3 0 , pm.

7?> S h o w s  - ■pemoJe c a lls .  

"Zcj CJ o h es  in  Th ,

2 . 2 5 . pm.<«
73 SK«-WÇ Pam3-(s cells
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I a • 30 r.M. 3-^. ly

II.



No.

40 .  A . I .

3% 2 .

3 .

4 .

5 .

6.

7 .

8.

9 .

1 0 .  

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

1 6 -1 8 .

1 9 .

20 . 

21. 

22 .

23.

24.

4 1 .  A 1 - 8 .

9.

1 0 . 

1 1 .  

1 2 .

1 3 .

1 4 .

1 5 .

1 6 .

1 7 .

1 8 .  

1 9 - 2 9 .

TIMM OF OBSERVATIONS.

5 . 2 0 . pm. 8 . 3 0 . pm. 1 0 . 1 5 . pm.

V fl arul 1i 
T i' J iv i i’i.

ar*it Ti
R T r \  d i v i s i o n

X

X
X

1 0 . 3 0 . pm. 1 0 . 0 . am.

8 .3 0 .  pm,

13 S h o w s  f e m a le  ce lls .

^  dead 

deoJ

odd



k ‘1

Cj.  L, s .  T». M

b f L I./.

3

Ŝ O.T./y.
' 7- *■■

'PKol'ojPo-l''' 3 3

9. A.M.
18 5 a-.|.



No.

4 2 .  A 1 .

2.

3 .

4 .

5 .

6 .

4 3 .  A 1 .

2 .

3 .

4 .

5.

6 .

7.

8 . 

9 -

4 4 .  A 1 .

2 .

4 - 9 .

1 0 .

1 1 .

1 2 - 1 3 .

1 4 .

1 5 .

1 6 .  

1 7 - 2 1 .

2 2 .

2 3 .

2 4 .

25 .

2 6 .

Tllvffi OP OBSERVATIONS.

9 .45 .p rii .  9 . 0 . am. 2 . 0 . pm.

8.30.pm i. 7 .3 0 .  am.

odd }

>1
0 ^ ^

1 1 . 3 0 . pm, 3 . 3 0 . pm.

X

)  c

O J J i

)  C

odd.

9 .3 0 .  a a .

^4 olés I n  B .



ij, S',

i l -  A - n .  I I .  5  i .

.-T . 3o ? n . g-, îr

9.

lo . i. Î . "p. n.



No.

4 5 .  A

1 .  

2 .

3 .

4 e t c .

TIÎ.tE OP OBSERVATIONS,

1 1 .3 0 .  an . 5 .3 0 .  pm.

8 . 0 . pin, 1 0 . 0 . a i

4 6 .  A 1 - 9 .

10 .

11 .

1 2 .

1 3 .

1 4 -1 7 .

18 .

19 .

20.

4 7 .  A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9.

1 0 .

1 1 .

12 .

4 8 .  A 1 .

3 .

3 .

4 — oo

X

X

X

l l . 4 5 . p L i ,

X

X

1 0 . 0 .  piii.

1 1 . 1 5 . am

1 1 . 1 5 . am.



8 .  P . M.  '7

(O 3A. i«.r. "1-



F o .

4 9 .  A 1 -  ûo

a

c

d

6

f

e

h -

i  -  (X5

5 0 .  A 1 .

3%  2 .

? .

4 .

5 .

6 .

7 .

8 .

9 .

1 0 .

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

1 6 .

51 .  A 1 .  

2 .  

3 .

4 -0 0

T i m  OF OBSERVATIONS.

8 . 0 . pm. 1 0 . 3 0 . am. 1 1 . 0 . am.

) (

) (

1 0 , 0 . pm.

X
X

X

X

)  C 

> C

I c 
/ \

11* 2 0 . pm« 3 . 1 5 . pm »

> (  

)  c  

(

> (

>  (

1 c

9 .3 0 .  am.

> c

(

9 . 3 0 . am.
3  -R, f e m o - l e  c e U s ,

Z.  ̂̂  olè m 3 

2'  ̂ 0̂ If (Â JB

>  <
"5.

B 

wv S.

iv\ ]?.

|h 0

h r

(



d  o c

cj ïo . A. IV—\

3



No.

52 . A 1 .

2 .

3 .

4 -  oo

53 . A 1 .

S?-. 2.

3 .

4 -  CO

54 .  A 1-Ü.

1 0 .

I l r l 3

1 4 .

1 5 .

16 .

1 7 .

18 .

1 9 .

20 .  

21 . 

22 .

23.

24 .

55 . A 1 .

2 .

3 .

4 -  00

5 6 .  A 1 .

2 .

3 .

4-.03

9 . 0 , pm.

1 0 . 1 5 . pm.

X

X
X

TIMiC OF 0B8FBVATI0N8.

9 ,3 0 .  am..

1 1 . 1 5 . pm. 1 0 . 4 0 . am.
5,0 .5

9 . 1 0 , pm. 1 2 . 5 . pm,

>

> <

dead.

A
1 0 . 1 5 . pm. 1 1 . 3 0 . am,

5 . 3 0 . pm.
■2. 1 - s .

In ri„ no xUs

ctUj in wkjuJ, ôutjc. 
6  show& ce-'.l s .

1 1 .3 0 .  aril,

9 . 0 .  aiifi.

X

>

A

X |c



5

lO.-p.M ly .i-

IB Ko.5 (rr»<

/ O '  3 0 ,  /-) M. ‘ 9 . 5 ,



No.

57 . A 1 .

2 .

3 .

4 .

5 .

6.

7 .

8 .  

9 .

1 0 .

11.
1 2 .

5 8 .  A 1 .

2.

5 ,

4 .

5 .

6 .

7.

8 ,  

9 .

1 0 .

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

TIMU OF OBSERVATIONS.

1 0 . 0 .  pm. 9 . 3 0 . am. 10 .3 0 .a iu ,

>>

1 0 . 0 . pm. 9 . 3 0 , am.

A 1 .

8 , 0 , pm. 9 . 0 , am.

X
2 . X 1
3 . X 1

4 -  oo X 1

)



(o 0

6. 2.;

i q  S '. 2^-j.

1%

la ■ - i o  7> n  I i  s  1'̂ -4

I ^  Mo ûh

3  g

iO  -30 "Pfl l i  . S - .Z a

3

I 2. N ocn itj . 6 '. 1 ( |_



DTo.

50 . A 1 .

2 .

3 .

4 .

5 . 

6 -1 9 .

20. 
2 1 . 
2 2 .
23 .

2 4 .

2 5 .

2 6 . 

2 7 - 3 4 .

3 5 .

3 6 .

37.

38 .

6 1 . A 1 - 8 .

9 - 1 0 .

11. 

1 2 .

1 3 .

1 4 .

1 5 .

62 . A 1 .

2 .

3 .

4 .

5 .

6-00

T im  op OBSERVATIONS,

1 0 . 3 0 . pm. 1 2 , 5 , pm.

O d d  c e t l  n

X

X

X
X

X

X

X

k

X

X

o d d  C t l l  Ti

1 0 . 3 0 . pm. 1 . 0 . pm.

(

1 1 . 1 5 . pm. 2 . 0 , pm,



63

/

3otl^ ■v̂ aMS dissolyyeî .

ê it

3

— _  a  i ?  ■ T .n  z o .  S'.



ITo.

63 . A 1 .

S. 

3 . 

4 •

5.

6 .

7.

8 . 

V.

10.

6 4 . A 1 .

4 9. 2 .

3 .

4 .

5 .

6 .
7 .

8 .
9 .

10.
11 .
1 2 .
1 3 .

14 .

1 5 .

6 5 .

A 1 .  

2 .
3 .

4 .

5 .
6 .
7 .

8 , 0 , pm.

8 . 1 5 . pm.

>1
X
X

X

X
X

m iE  op OBSERVATIONS.

9 .3 0 .  a:m.

)

de<ij.

1 0 . 3 0 , pm. 1 . 0 , pm.

Odd

)

>

)
9 .1 5 ,a ta .

2 . 4 5 . pm.

"Z vj  ̂o/e in d  , 

Z'j<5ol« in

O d d

'P|arn' (̂ USIon >'l5p (mj 

'Pcu’Tia I fusion .

X

X

diuid̂ d



3

CJ ■ I 5- . P  .^7

9 . is .-p .n .

3



FOo

6 6 . A 1 ,

2 .
3 .

ï .

5 - 1 9 .

20.
2 1 .
2 2 .
23.

2 4 - 0 0

67 . A 1 .

2 .
3 .

4 .

5 -0 0

68. A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .
9,

10.

6 9 . A 1 - 4 .

5.

6 .
7.

8 .
9.

10.

9 . 1 5 . pm.

9 . 1 5 , pm.

X

X

X

X

X
9 . 1 5 . pm.

c

T i m  OF OBSjfKVATIOFS,

1 0 , 0 , am,

I SK oW â

I f em ale

 1—  c e l l s .

1 0 . 0 .  am.

1 0 . 0 . am,

1 0 . 0 . pm, 1 2 . 3 0 , pm.

(



10

f t .

! 4'i t ■ib

^ _____

' 5 - ^ 0  . P. M,

3 S

I 0 . 3 ;  C

7  /

I O' IS . ?  M

Z . ? M.



Ko.

70 . A 10-1?, 

14-16

17-20,

2 1 .
2 2 . 

23-24, 

25-26.

27.

28.

71. A 1 .

2.

3 .

4 .

5 .

6. 
7 .

29. >
30. >
31. > c

32. > <

33 . Odd

34. > <

35 . )

36. >
37 ,

38 . >
39 . ) ' C

40 . >
4 1 . ) (
42 . ) c

4 3 . ) c

4 4 .
A -6 fh dj

(

T im  OP OBSERVATlOITS.

1 1 . 2 5 . am. 9 .0 .a ,u .

odd

. fl shows cei(5

f lic ,

ciivi7ed

ûcl d

Odè

O d d >

1 0 .1 5 .p m . 2 .0 .p m ,



No.

72 . A 8 .

9.

10. 
11. 
1 2 .

7 3 .  A 1 1 .

1 2 .
13 .

1 4 .

15 .

16 .

1 7 .

1 8 .

1 9 .

2 0 . 
2 1 . 
2 2 .
23.

24.

74 . A 1 .

2 —4 .

5 .

6 .

7 .

8 ,  

9 .

10 .
1 1 .

1 2 .

1 3 .

Tim OF OBSERVATIONS,

1 0 . 1 5 . pm. 1 . 0 . pm.

)  
ojj ^

X
1 0 . 5 0 . pm.

X

X

X

X

X

X

X
X

>
>

9 . 0 . am.

X

X
X

X 

X 

X

9 . 0 . am.

/3  s / if lw s  I ’e m a /i»  c t U s .

O dd cjtU n ,

O d d  ctll 3 O d d  c e -L l T i

)  (

1 1 . 3 0 . pm. 3 , 1 5 . pm. Q.O.a^a.

X

Odd.

X
X

X

X

X

X

)  (



No.

75 . A 1 .

2 .

3 .

4 .

76 . A 1 .

2 .

3 .

4 .

5.

6 . 

7 .

77. A 1 .

2 .

3 .

4 .

5.

6 .

78 . A 1 .

3 .

4 .

5 .

6 .

7 ,

a.
9.

10-

Ti:VlE OF OBSERVATIONS.

5.45.p;(i, 6 . 4 5 . pm, 8 .  5 0 , pm. 1 0 . 3 0 . pm.

S tv ll IIA 

o L iv iS io r

d e a d

A
7 . 0 . pm.

3 IS dead

X

X

6 . 4 0 . pm. 9 . 0 . pm.

X
O d d

odd ^

dead

X
1 1 . 2 0 . pm,

Odd

X dead

7 .3 0 .  ara.

1 1 . 0 , pm. 1 . 4 5 . pm.

1 w
A (.vided

'& h&S
d.w idled

Tj IS d e a d

dead

X
X

1 0 . 3 0 . pm. 1 1 . 0 . pm,

1 AîsAows o-(e cçKs.

O d d

1 0 . 0 . am,



No.

79 . A 1 .

2 .

3 .

4 .

5 .

6 .

8 0 .  A 1 .

2.

3 .

4 .

5.

8 1 . A 1 - 7 .

A9. 8 .

9 .

1 0 .  

1 1 .  

1 2 .

1 3 .

1 4 .

1 5 .

1 6 .

1 7 .

1 8 .

1 9 .

2 0 .

2 . 0 . pm.

X

TIME OF OBSERVATIONS.

1 0 .3 0 .  am. 2 . 0 .  pm. 3 . 3 0 .  ptii,

X 
X 

X 

X

X 
X

8 . 4 5 , pm.

5 . 0 . pm,

X

X
X

3 . 3 0 . pm.

X X
1 1 . 1 5 . pm. 3 . 0 . pm.

O d d

O d  cl

X

A

O d d .

9 . 0 .  am.

fi c] has 
dwldej ,



No,

8 2 . A 1 .

2 .

3 .

4 .

5.

6 .

7 .

8 . 

9 .

10.
1 1 .

1 2 .

1 3 .

1 4 .

8 3 .  A 1 .

2 .

3 .

4 .

5 . 

Ô,

7 .

8 .  

9 .

1 0 .

1 1 .

TIME OF OBSERVATIONS.

ô.O.pra, 1 0 .3 0 .  pm. 1 0 . 0 .  am.

A l l  c e l l s  v g

3 . 4 5 . pm.

1
lia d iv ifion

X

X

X

fig has 
divided

% r\ d  iV IS ia a

X

3rd ivismia

Od d

X
X

X

9 . 2 0 . pm, 1 2 . 5 . pm. 1 2 , 5 . pm,

] T[\rr>.'' lota

^ fus'iea

  ?\vX' f̂üsUnv

X )  ( > C

>

)

)

)

A

odd

flg has  

d IV ideol.



No.

84 .

^  ^ A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9 .

1 0 .

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

1 6 .

1 7 .

1 8 .

1 9 .

2 0 .

8 5 ,  A 1 - 2 .

3 .

4 .

5 .

6 .

7 -14 ,

1 5 .

16 -20 ,

21.

6 . 1 5 . pm.

X
X

O d  d

X
X

X

X
Odd

9 , 3 0 . pm.

TIME OF OBSERVATIONS.

1 0 . 0 . am. 4 . 0 . pm.

o d  d

odd

s h o w s  fe :n \d f c

1 2 . 0 , Noon.



No.

8 6 .  A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8.

9.

1 0 .

8 7 .

A 1 .

2 .

3 .

4 .

5 .

6 .

7 - 9 .

1 0 .  

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

8 6 .  A 1 - 3 .

4 .

5 .

6 .

7 .

a.

8 . 4 5 , pm.

>

)

)

)

>

>
\
y

3u Odd

)  C
1 0 . 0 . pm.

X
X

TIME OF OBSERVATIONS.

1 1 , 0 , am.

d ea d .

dead

9 . 1 5 . pm. 1 1 . 3 0 . am.

)
1510 Odd 

-  "B n ,  o d d .

19 Odd 
3  ih  ■■

Cl 1*1 Odd

■ -p 10 Odd 
Tb 51

" 3 1 3  od d .

2 . 0 . pm.

Odd ceil ■&. 

Odd ZtU B 

O d d  c t U 3



No. TIME OF OBSERVATIONS.

8 9 .  A 1 .

2 .

3 .

4 .

5.

6 .

7 .

8 .  

9 .

1 0 .

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

90 . A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .  

9 .

1 0 .

1 1 ,

1 2 ,

1 3 .

1 4 .

1 5 .

1 6 .

1 0 .5 0 . am.
3 0 .

F ï*ce

5 . 0 . pm.

X

1 0 . 0 . pm.

F pee

O d d

O dd

O d d

Odd

O d d

9 . 0 ,  am.

X

X

X

X

X

A

9 . 0 . am.
3l. 5-2̂

A  S h o w s  ^ e r r u x J t  c e l l s ,

/ . 6. 3-ĉ.

T h  ho-s 3  c e l l s .

1 1 . 1 0 , pm. 2 , 0 , pm.

I d I Slams l" /̂* dulaims = S-S



No.

9 1 .  A 1 .

Af. 2 .

3 .

4 .

5.

6 .

7 .

8 . 

9 ,

1 0 .

1 1 .

1 2 .
1 3 .

1 4 .

1 5 .

92 . A 1 -3

4 .

5 .

6 .

7 .

8 . 

9 .

1 0 .

1 1 .

1 2 -

9 3 .  A 1 .

2.

3 .

4 .

5 .

6 .

9 .3 0 .  pm.

m m  OF OBSERVATIONS.

1 2 , 5 , pm. 9 . 0 . am.

I ^  A.  IS I ' e r a a . k  ^  i la .nn.er , / '

j —  f i  s K o w s  s U < jh H i j  s w o l l e n  c c H - ï

 j  ÎL  e .r rv |b l ' 'j  c e l l s  i n  3 .

X
X (
X

Odd cell 3

Odd c jc .1 /3

Odd c e l l3 ,

X
X

1 0 . 3 0 . pm,

)  I
9 . 0 .  am.

>  (

d e a d  .

O d d  cell 3 Odld ce ll 1 3 .

9 . 4 5 . pm. 9 , 0 , am.



No.

94 , A 1 .

2 .

3 .

4 .

5 . 

Ô, 

7 ,  

3 .

10.
l l r o o

a .

b .

c .

d .

e .

f . 

E -

95 . A 1 ,  

2 ,

3 .

4 .

5.

6 .

7 .

8 .  

9.

TIME OF OBSERVATIONS.

1 1 . 0 , pm, 9 . 0 , am.

6 . 2 0 , pm,

o d d  cel l 3  ( % 6  d w  I d e d j .

>

XI

Odd
)

O d d .

1 0 . 0 , am.

> (  

X  

X

X
X

1 1 , 0 . am,

> (

> C

>

>



No.

96.

A 1 .

2 .

3 .

4 .

5.

6 .

7 .

8 .

9.

10. 
11.

97 . A l .

2 ,

3.

4 .

5 .

6 .
7 .

8 .

98 . A 1 - 9 .

10.
11.

1 2 -

99 . A 1-CP

TIME OF OBSERVATIONS,

1 1 . 5 . pm. 3 . 3 0 . pm.

O d d  t e l l 3

X
Odd ot-U 3 .

1 1 . 1 0 . pm. 1 2 ,5
S9.5.ap

9 . 0 ,  pm. 7 .2 0

ft I h a s  

d wided ,

f l I  h a s

d i v i d e d .

pm,
. &'• IP

9 , 0 ,  am.31 f .l? .
in. 3

B.shows.: f emak ct-LlS,

O cl é  csdL  B  •

Odd cell rj

am.

1 0 , 1 5 , pm, 7 , 4 0 . am.

1 -
Cells Ti have

\ V



0 0

.1'
' . e l l s  1- 0 0 .

-ilû-rv\«^rs 5e r<iM .

Cefis a- - f--



]STo.

100 . A 1 .

2.

4 .

5.

6.

7.

8 -  00.

а .

"h.

c .

d .

e .

f .

101 . A 1 .

2.

3 .

4 .

5.

б.

7 .

8 .

9.

10.
11.
1 2 .
1 3 .

14 ,

1 0 2 .  A 2 -1 8 .

19 .

20.
2 1 .

2 2 -  CO

T i m  OF O-RSj&RVATIOWS. 

1 1 . 5 0 . pm. 1 2 . 5 . pm. 9 . 0 . am.

% IS deod

1 2 . 5 . am.5Ç-5

1 2 . 1 5 . am.2.6-Sâ

/

X

Odd

> <

)  (

)  (

)  (

>  (

1 2 .1 0 .  pm.
2f|. 5*. %cj.

O d d

O d d

1 1 . 5 0 . am,
2<?.S.2<J

dead CfJls of fl Sw/oll̂ n.

O d  d

fl

"Zvj  ̂0 l« fl

Z'j ̂  ol« fl

9 . 0 . am.
31. ïq,

3 j   ̂o/êS ir. IB,

9 .0 .  am.
'il S'ICJ

Z'j ̂  0 Its in /)



Wo.

1 0 3 .  A 1 .

2.

3 .

4 .

5 .

6 .

7 .

8.

9.

10. 
11. 
1 2 .
13 .

14 .

1 0 4 .  A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9.

10. 
11. 
1 2 .
1 3 .

1 4 .

1 0 5 .  A 2 - 2 4 .

25 .

2Ô.

2 7 .

TIME OF OBSERVATIOWS.

1 2 ,1 5 .  am. 11.50,arii ,

1 1 . 0 , am

X

(

X

X

9 . 0 , pm.

X

j  olês i n / )  

j{  g k o w s  ^ e m o - i e  c e , l l s .

Odd cell 3 .

OcJJ

5 . 0 .  pm.

O d d

1 0 . 1 5 , pm.

A SKowS Êermle- 

CtHs

9 . 0 .  am,'ilS'ldj
ce lls  in B

'Z-'-j g alêî m /d.

O d d .

O d d

Odd

)  (
1 0 . 0 ,  am,

>  <

)



Wo.

106 . A 1 .

107 . A 1-00

108 . A l -o o

1 0 9 .  A l - o o

1 1 0 .  A 1 -  cto

TIME OF OBSERVATlows,

9 . 1 5 . pm. 1 0 . 3 0 . am.

2 . X — L
3 . X - j

4 . X 1^.

5 - 8 . X Z L :
9. X ..1

9 . 3 0 . pm. 1 0 . 0 . am.

9 . 5 0 . pm. 1 0 . 0 . am.

1 0 . 0 , pm. 1 0 . 0 . am.

X Z E I
1 0 . 1 5 . pm. 1 0 . 0 . am.

1 0 . 0 . am.

9 . 4 5 . pm. 1 0 . 0 . am. 1 0 . 0 . am.

I F ç r r \ a . k  c t - l l s .

1 0 . 0 . am
F e m  cx k  c e l l s .

1 1 1 .  A 1 -  w



C ases 1 - 2 9 .

T a b le s  o f  c o n j u g a t i o n  s t a g e s  i n  

S p i r o g y r a  w e b e r i ,  

i l l u s t r a t e d  by d r a w in g s  made 

w i t h  t h e  cam era  l u c i d a .



fl

30.fl.rY

5- ■î Sr -

X.

?v-
J
3

•3

f  ./j-.



ÎTo,

1 .  A 1 .

2.

2 . A 1 .

2 . 

3 .

4 .

5 .

6 .

7 .

8 . 

9 .

10.
11.

1 2 .

TIMl OF OBSERVATIONS;'

1 1 « 3 0 .am. 5 .4 5 .p m . 9 .35 .p m .

1 . 0 , pm.

dead

X

X
4 .0 .p m .

dead

X

X

X

X
1 2 .1 5 .p m .

dead

X 
. X 

X 

X 

X 

X 

X 

X 
X

X

7 . 25,pm,

d e a d .

N û  c k a  n j t .

I r \  a  n  j  '

1 0 .1 5 .p m . 7 .4 0 .  ara.

3 . A 1 .  

2 .

3 .

4 .

5. 

ô .

X

X

6,40,piîi.

X

X

X

X

X



V.

3, ? |̂

3

7  • 'J r  .  ft , r(

li- kf ? n-

I-30 . -pM

3w I (lor. Kct.̂  occupeô



No.

4 • A 1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 . 

9 .

10. 
11. 
1 2 .
1 3 .

1 4 .

TIÎÆE OF o bserv a tio n s .

1 2 . 5 0 . pm. 3 , 0 . pm. 9 . 5 0 . pm, 9 . 4 0 . pm.

f e n v x l f i  ccMs

S’ K_c> VJ f\ ■

5 .  A 1 .

2 .

3 .

4 .

5 .

6 . 

7 .

1 2 . 4 5 . pm, 5 . 4 0 . pm.

>

1 0 . 0 . pm. 7 . 2 0 , am.

X
X

X

Bi divided,

(\ divided

t^çdivided.
X

)

f l j  d iv id e d .

/I/ dlVldl*

X



6

3

f. S . in

3

3,-P M.

3 -P . n

.3

f a;



Mo.

6 ,  A l .  

2.

3 .

4 .

5.

6 . 

7 .

7. A 1 .  

2 .

3 .

4 .

5 .

6 .

8 .  A 1 .  

2 .

3 .

4 .

5 .

6 .  

7 -

3 .45 ,pm ,

4 . 0 . pm.

5 .4 5 .p m .
6 -s

TD./LE OP OBSPRVATIOMS.

7 . 3 5 . am. S.O.pm.

Odd

X  
X

X 
X
Odd

X

y . i o . p m .

9 . 55 . pm.

1 1 , 5 5 v p m .

X

X

X
X

X

X
7 . 4 0 . am.7.s. ay

X

X

X

X
X

X

X

)

1 2 .5 0 .  m.
J] ShowS

CtUs.

o d d

O d d ,

7 . 1 5 . am.

1 0 . 0 . am. 
?
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No. TITÆE 0 ?  OBSiüRVATIONS.

9 . A 1 .  

2 .

3 .

4 .

5 .

6 .  

7 .

1 0 .  A 1 .

2 .

3 .

4 .

5.

6 .

1 1 .  A 1 ,

2 .

3 .

4 .

5 .  

ô -

1 2 .  A 1 .
fl? P

3 .

4 .

5 .

6 —8 i

9.

10.

5 . 3 0 . pm.

Ff'pe.

1 2 .5 ,p m ,  7 . 3 0 . am.

7 . 3 0 . ara.

7 . 0 ,  pm.

y .SO .pm .
1 sa<|.

X
o dd  c»ll T~i

1 2 . 5 . pm.

;
fl sK»w5 pervvx-Ze

2 .4 0 .p ra .
9 f

7 . 4 5 . ara.
■9 r.a<)

X

9 . 3 0 . ara. 9 . 0 .  ara.

A sho-ws pemo-(«- ce,lls



3 .

7

■7. ? 0 . ü rj

1 0  . r .  n .

. f t - n



ÎTo.

1 3 .  A 1 .

2.

3 .

4 .

5.

6 . 

7 . 

3 .

7,0 .pra ,

TII'ÆE OF OBSlOTATIOîTS,

7 , 3 0 ,  ara,

X

X

X

X

X

X
X

X

1 4 .
I — oo

a .

b .

(r - oo

lO .O .pm .
9

1 1 . 0 . am.
10.f îf.

1 5 .  A 6 .

7 .

8 .  

9 .

10.

1 2 . 2 5 .  51, 6 , 5 0 . pm.

A

1 6 .  A 1 .  

2 .

lO .O .pm ,
la.s-.yq.

7 . 0 . am,
13 s 

\
/

N
/

1 0 .3 0 .  ara.
i<(.f .a<5.

3 .



7 .

11 36 n.



Ho, T i m  OF OBSFRVATIOHS,

1 7 .  A 1 .  

2.

3 .

4 .

5 . 

Ô .

7 .

8 .

1 2 .  2 5 , pm, 6 . 4 5 , pm. 1 1 .3 0 .  am..
i.S <}.q. t . S  5<?.

X

Ojlol «il ft. Odd c£M

5 . 3 0 , pm.

1 8 .  A 1 ,

f\^ 2 .
3 ,

4 .

5 ,

6 .

7 .

8 . 
9.

10.

9 ,5 0 , | j ra .
’'T

X
od d.

d e o - d

7 , 3 0 . am.

X
O d d

X
X

X

A

1 . 5 0 , pm. 9- f 39.

I ft .Ska\qs

Odd. mo. It

I c e l l s .

>

1 9 .  A 1 .  

2 .
3 .

4 .

5 .

6 .

7 .

1 2 , 2 0 . pm.
y.s.i-j

1 1 , 3 0 . am.
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îTo.

2 0 . A 1 .

2 .

3 .

4 .

5 .

6 .
7 -10 ,

11 .
1 2 .
1 3 .

TIliÜC OF OBSERVATIONS.

12 ,20 .p ra . 3 .3 5 .p m . ^ .3 0 ,p r i. 7 .5 0 .  am,

X
X

Odd.

X
X

12 .  35 .pra .
' I-S'  • f j

2 1 .  A 1 .  

75 2 .
3 .

4 .

5 ,

6 ,

7 .

8 . 
9.

10 .

7 . 4 5 . am.

X
X
X
X

X

X
X
X
X

X

9 . 3 0 , am.

Firy\Ji(€ cefty ir\ 3
on irv plarr̂ en̂.

2 2 , A 1 .  

2 . 
3 .  

4 -

9 .3 0 ,p m . 7 . 4 5 . arn. S.O .pm.

X

X

X

X

2 . 0 . pm.
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3
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No. TllŒ  OF OBSERVATIONS.

23 . A 1 .

2 .
3 .

4 .

5 .

6 .

1 0 . 2 0 . pm. 7 . 4 0 . am.
S- f

1 . 0 . pm.
4.5- a-y,

c l = - 6 S y ^  fl Sha\ Ŝ> ^emaJe ce//S,

cl. =  / •  / /A.

24. A 1 .  

2 . 
3 ,

10.0.pm.
o d  d

9 . 0 , am.

Odd

5 . 0 . pm.

odd .

X

2 5 .  A 1 .  

2 .
3 .

4 .

5 .

6 .

7 .

8 .  

9 .

5 . 3 0 . pm, 1 1 . 3 0 . am, 8 . 1 5 . pm,

T )  W  I S t o r

o f .  f t .

2 6 . A 1 .  

2 .
3 .

4 .

5 .

6 .

5 . 5 0 . pm,

free

1 0 . 0 . am

f  r e t

X 

X

X

A

8 . 3 0 . pm.

free  ■ F e m a / t

Jhown.



C ases 1 -1 9 .

T a b l e s  o f  c o n j u g a t i o n  s t a g e s  i n  

S p i r o g y r a  c a t a e n i f o r m i s ,  

i l l u s t r a t e d  by  d r a w in g s  raa^c 

w i t h  t h e  c a m e ra  l u c i d a .
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3
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No. T im  OF OBSERVATIONS.

1 .  A 1 .  

 ̂  ̂ 2 .

3 .

4 .

5.

6 .
7 .

8 . 

9 .

10.
11.

1 2 .
1 3 .

1 4 .

15 .

1 2 . 1 5 . pm.
ClLiCj.

u  in

tûlf'-lb.tl’ till 

H  : iAja«j

9 . 0 . pm. 1 0 , 0 .  cua.

JJ (jpikcn.

3 ùpahif

p, (rPoke.ii

H

X
X 3 lipi/ten

"B (rFoken

T5 tpslcen

X üdd CS.U IP 3

d  IV

A A À

2 , 0 . pm.
n-L-icj.
f e m o - k  cexis m  f!

'ppof'oKlaSiTMc
f̂ usion an Hi-6-T(j

  rt> S-Pofcep

À

•3 (jpdæn

OdJ ceil inTi.

2 .  A 1 .  

2 .
3 .

4 .

5 . 4 5 . pm.

X

X

1 0 . 3 0 . am.

No cKar\^e •

9 . 0 . am.

c e p s  skûVin.
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ÎTo, TIIÆE 0? OB&KRVATIOïTS,

3 .  A 1 .  

%% 2 .

3 .

4 .

5.

6 .

13$

6 . 0 .  p i u .

y

X

X

9 . 0 .  arn.ist.acf,
shows

7. \ 1
8 . \ 1
9. y 1

.0 .

8 .3 0 .pm. 7 . 0 . am

1 . \
/ X

2 . N,
y X

3 . N
y X

4 . X X
5. X X
6 . X X
7 . Odd.

8 . X
9 . X

9 . 0 . am. 8 .3 0 ,  am.

T3 s ko (A/S ^e riAO-lf Cf-Ws,

O dd  tel l  -B

Odd ceÜT3

Odd
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Wo. TIFJS OP OBSERVATIONS.

1 0 . 3 0 . am.
M -

5 . A 1 .

f\% 2 .

3 .

4 .

5 -13

1 4 .

1 5 .

1 6 .

6 .  A I .

4 .

5 .

6 .

7 .  A 1 .

2 .

3 .

4 .

5 .

8 .  A 1 .

2 .
3 .

4 .

5 .

6 .
7 .

8. 
9.

10 .

6 . 5 0 . pm.

X
1 2 . 3 0 . pm.

i 611.

X 
X

À
5.45.pr{i.

8 . 0 ,  pm.
9 (

X

1 2 . 5 . pm.
I I . sKows fernnle 

^  ctUs.

Ti Spoken

X 
X

1 0 . 0 . am.
ii..b i<j.

A Shows peovil?

X
X

X
1 . 0 . pm.

II- i . i j .

Ferrvxie ceXlr

Slv)Wn

X 
X
X

9 . 0 . am.

l̂ Ysawisusi\

/A T vn divtisioix.

X

X
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11. 30. d a/.

3>

1 Naor 10 6 .

r . t i .  '?•



Fo, TIME op OBSERVATIONS.

1 1 . 3 0 , am. 1 2 . 0 , Noon.
lo- b X<j

1 .

2. " '■

3 . X X
4 . X X
5 . X X
6 .
7 .

8 .

9 .

10.

Kas dvvided i 13 Ki*s divided.

X

X

X

X

1 0 .  A 1 .

3 .

4 .

5 .

6 .  

7 .

X 

X

9 . 0 .  pm. 1 0 . 0 . am. 9 . 0 . am.
fX \'i b-X,j. is .bx^ .

/■
<

No ckoir^e. 1

m arv'j cG-U ,

-------------

X

( ŝkows ê̂ Yvxk neWs.

9 .

10.
11.
1 2 .
1 3 .

1 4 .

1 5 .

X
odd

k

Odd
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23
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TIME Op OBSERVATIONS.

1 1 . A 1 .

2.

3 .

'̂ Od(A aMlB 

Odd cell 3
X

O dd CZ.U B

X

1 2 .  A 1 . 

2 .
3 .

4 .

5 .

6 .
7 .

8 . 
9 .

10.
11.
1 2 .

1 0 . 3 0 . pm,
1  6 .

1

X

1 . 1 0 , pm.
•j.i.Zcj

Ftlo.ifne,ir\h: vepvj vv̂ock 

U-nolcLKv u^.

X

RÏ : A
Cort|

X

X  F'l- A

X 'K. fü:
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3
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lo. A - n  .V. é . 7 (
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3
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T i m  0?  OBSERVATIONS,

1 3 .
n

A  1 .  

2 . 
3 .

1 4 .  A  1 -  Oô

6 . 1 5 .  p m .

nI  ̂/

>

X
l l . 5 0 . f c u u .

7 4 If

lîücKiiaj

1 0 , 0 , a m .
Ih- i. ^cj.

ft sh)t ŝ I’ema.le

>

)

>

X

.O.fctm.

‘XCZÜS

Swollen aiili

9 . 0 .  p m .
7 4

x f nom Xtceiis.

%  r̂>omîLeeüs

1 5 .  A 1 -  o o

1 0 . 3 0 .

, ft -4 C 
louckv »\J

► p m . 1 0 . 0 . p m .
'Fll»>>'e.Kx(S rvauUa 0-PjMl' U|v.

• y ^  1 Pcrni a jStvv ctUi'

1 2 . 5 . p m .
9 .4 .â .

l O . O . ^ m ^
F\lavv'<fvrs rn\ilkbP ok«r\.\j\\.

1 1 . 0 . a m .

1 6 .  A 1 -  OO
tVp«o.oLs

pvo CtUs, c tU s .

1 7 .  A 1 - 3 .

1 2 . 3 5 . p m .

Y

8 . 0 ,  p m .
1 419 .

1 1 . 5 0 . a m .

TB> SKowS ^ « .P n o J < -  C J tU s

4 .

5 .

X
o d d

alopj I Ù -  P i b - m s n - h

O d d

6 . X

7 . o d d Odd.

8 . X X



DESCRIPTION OF PLATES.

PLATE I .

P h o to g r a p h s  o f  l i v i n g  f i l a m e n t s  o f  S . v a r i a n s  x  250 .

P h o to .  1 .  An e a r l y  s t a g e  o f  c o n j u g a t i o n  i n  S . v a r i a n s .  Case 43 

p h o to g r a p h e d  a t  8 .3 0  p .m .  x  250 .

P h o to ,  2 .  The same s e l l s  p h o to g r a p h e d  a t  12 m id n ig h t  3-|- h o u r s  

a f t e r  t h e  f i r s t  p h o t o g r a p h ,  x  250 .

P h o t o .  3 .  The same c e l l s  p h o to g r a p h e d  a t  7 .3 0  a .m . 11 h o u r s  

a f t e r  t h e  f i r s t  p h o t o g r a p h ,  x  250 .

PLATE I I .

P h o t o g r a p h s  o f  l i v i n g  f i l a m e n t s  o f  S .w e h e r i  x  420 ,

P h o t o .  4 .  An e a r l y  s t a g e  o f  c o n j u g a t i o n  i n  S .w e h e r i .  Case 20 

p h o to g r a p h e d  a t  5 .  p .m .  x  4 2 0 .

P h o to .  5 .  The same c e l l s  p h o t o g r a p h e d  a t  1 .3 0  p .m . 20|- h o u r s

a f t e r  t h e  f i r s t  p h o t o g r a p h  x  4 2 0 .  N ote  t h a t  d i v i s i o n  

h a s  o c c u r r e d  i n  h o t h  f i l a m e n t s .  D iag ram s o f  t h e s e  

p h o t o g r a p h s  acco m p an y in g  Case 2 0 .

P h o to .  6 .  An e a r l y  s t a g e  o f  c o n j u g a t i o n  i n  S .w e h e r i .  Case 10 

p h o to g r a p h e d  a t  7 .3 0  a .m .  x  4 2 0 .  A d ra w in g  (made 

w i t h  c a m e ra  l u c i d a )  o f  t h e  l a t e r  s t a g e  o f  c o n j u g a t i o n  

a c c o m p a n ie s  Case 1 0 ,

PLATE I I I .

P h o to g r a p h s  o f  l i v i n g  f i l a m e n t s  o f  S .w e h e r i  x  250 ,

P h o to .  7 .  An e a r l y  s t a g e  o f  c o n j u g a t i o n  i n  S .w e h e r i .  Case 9 

p h o to g r a p h e d  a t  9 ,3 0  p .m .  x  2 50 . fs*.

P h o to .  8 .  The same c e l l s  p h o t o g r a p h e d  a t  1 1 .3 0  a .m . 14 h o u r s  

a f t e r  t h e  f i r s t  p h o t o g r a p h ,  x  2 5 0 .

P h o t o .  9 .  A t y p i c a l  e a r l y  s t a g e  o f  c o n j u g a t i o n  i n  S .w e h e r i  

X 250 .

PLATE IV .

P h o to g r a p h s  o f  l i v i n g  f i l a m e n t s  x  250 .

P h o t o .  1 0 ,  A c o n j u g a t i n g  d i l a m e n t  p a i r  o f  S . v a r i a n s .  Case 63 

p h o to g r a p h e d  1 3 i  h o u r s  a f t e r h t h e  f i r s t  s i g n s  o f



c o n j u g a t i o n  w ere  n o t e d  x  250 .

P h o to .  1 1 .  A t y p i c a l  e a r l y  s t a g e  o f  c o n j u g a t i o n  i n  S . c a t a e n i -  

f o n n i s  x  250 . M a tu re  c o n j u g a t i o n  t u b e s  w e re  fo rm ed  

b e tw e e n  t h e s e  f i l a m e n t s  b u t  a  f u r t h e r  p h o to g r a p h  

c o u ld  n o t  be o b t a i n e d .

PLATE V.

C o p ie s  o f  p a i n t i n g s  o f  p o r t i o n s  o f  f i l a m e n t s  o f  S . c a t a e n i f o r m i s

s t a i n e d  w i t h  d i l u t e  n i l e  b l u e  s u l p h a t e  o r  2 ^  osm ic  a c i d .

P i g ,  1 ,  A f i l a i i i e n t  c o l l e c t e d  on M arch 1 8 t h  1929 and  t r e a t e d  

w i t h  n i l e  b l u e  s u l p h a t e .  T here  was a  l a r g e  aiaount 

o f  b l u e  p r e c i p i t a t i o n  w h ich  was u n a l t e r e d  by d i l u t e  

g l y c e r i n e .  The w a l l s  m ere  a t  f i r s t  s t a i n e d  p u r p l e  

b u t  t h i s  r a p i d l y  f a d e d .

P i g .  2 .  A f i l a m e n t  c o l l e c t e d  a t  th e  same t irae  and t r e a t e d  

w i t h  osm ic  a c i d .  The c o p io u s  b l a c k  p r e c i p i t a t i o n  

was u n a l t e r e d  by d i l u t e  g l y c e r i n e .

P i g ,  3 ( a ) .  A f i l a r a e n t  e x t r a c t e d  f ro m  th e  c u l t u r e  u n d e r  a r t i 

f i c i a l  l i g h t  on M arch 2Dth 1929 and t r e a t e d  w i t h  n i l e  

b l u e  s u l p h a t e .  The p r o t o p l a s m  was c o l o u r e d  b l u e  

b u t  v e r}  l i t t l e  b l u e  p r e c i p i t a t i o n  c o u ld  be  s e e n .

The p u r p l e  c o l o u r  o f  t h e  w a l l s  f a d e d  w h i l e  th e  f i l a 

m en t w as b e in g  p a i n t e d  b u t  t h e  b l u e  c o l o u r  r e m a in e d ,  

( b ) .  The same f i l a m e n t  a f t e r  t h e  a d d i t i o n  o f  d i l u t e

g l y c e r i n e .  The b l u e  c o l o u r  a p p e a r e d  t o  be c o n f i n e d

t o  t h e  o u t e r  p r o t o p l a s m i c  l a y e r .

P i g .  4 .  A f i l a m e n t  e x t r a c t e d  f ro m  t h e  c u l t u r e  u n d e r  a r t i 

f i c i a l  l i g h t  on M arch  l o t h  1929 and  t r e a t e d  w i t h  

osm ic  a c i d .  The p r e c i p i t a t i o n  was v e r y  s l i g h t  (C f .  

f i g .  2 ) .

P i g ,  5 ,  A f i l a m e n t  e x t r a c t e d  f ro m  t h e  pond  on M arch 2 0 th  1929

and t r a a t e d  w i t h  n i l e  b l u e  s u l p h a t e .  The w a l l s  w ere  

u n c o lo u r e d  b u t  t h e  b l u e  p r e c i p i t a t i o n  was p r o d u c e d  

im m e d ia te ly .  The f i l a m e n t  was k e p t  i n  a  damp



cham ber  and  p a i n t e d  on M arch 22nd  i t s  a p p e a r a n c e  

b e i n g  q u i t e  u n a l t e r e d .  T here  w as no c hange  i n  t h e  

b l u e  p r e c i p i t a t i o n  a f t e r  t h e  a d d i t i o n  o f  d i l u t e  

g l y c e r i n e .



PLATE I.

PKo l"o I .

PKô o 1.

PUor» 3.



TLATE 1 .

"PkoTo I4.

"PKoho s.

P K 01'o 6



-PLATE 3 .

?Wob p.

\

Pko^ 8.

• ''i S ________ * • ‘ 5 ,

"Phcit'o Cj.



?LATE if.

\

\ : 9  i

?kob 10.

7̂ Kot"o I I .



PLATE. E

Ftq. I . Aq 2 .

F i <j . 3o. Fia. 3/r. Fiû . 4

F i a .  E  .


