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SOME OBSERVATIONS ON TID̂  GROWTH OF CEDOGONIUl.I SP.

The growth of  an u n i d e n t i f i e d  s p e c ie s  of the  green 

f r e s h  w ate r  a lg a  Qe dogonium lias been i n v e s t i g a t e d  under 

n a t u r a l  c o n d i t io n s  and under vary ing  c o n d i t io n s  of c u l tu r e

The m a te r i a l  used in  the i n v e s t i g a t i o n  was c o l l e c t e d  

from a pond in  th e  Botany Garden, Royal Holloway C ollege .  

C u l tu res  were e s t a b l i s h e d  in  the  l a b o r a to r y  in  a number of 

d i f f e r e n t  s o lu t io n s  of which s o i l  e x t r a c t  s o l u t i o n  proved 

to  be the most s a t i s f a c t o r y .

Observations were made on f i l a m e n ts  of d i f f e r e n t  ages 

bo th  in  the m a te r i a l  grown in  the pond and in  the  m a t e r i a l  

grown in  c u l t u r e ,  and re co rd s  were made o f : -

1. The v a r i a t i o n  in  the  c e l l  s i z e  of th e  f i l a m e n ts  

by means of  measurements of c e l l  len g th ;

2. The d i s t r i b u t i o n  and the  s i z e  of  the  groups of 

caps which were found in  th e  f i l a m e n t s .

Attempts were made to  d i s c o v e r  whether the a d d i t i o n  

of growth su b s tan ces  to  the  c u l t u r e  medium a f f e c t e d  the 

growth of the  f i l a m e n t s .  The su b s tan ce s  used s in g ly  in  

the  v a r io u s  c u l t u r e s  were as  fo l low s

1. Yeast e x t r a c t

2. Thiamine

5. I n d o le - 3 - a c e t i c  a c id

4. Àrn a p h th a le n e -a c e t ic  a c id .

Records s i m i l a r  to  those  made on the  f i l a m e n ts  from 

the pond and from s o i l  e x t r a c t  s o lu t io n  were re p e a te d  on

/ t h e s e
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th ese  c u l t u r e s .  Attempts were a l s o  made to  i n v e s t i g a t e  

the e f f e c t  of th e s e  su b s tan ces  on the  r a t e  of  c e l l  

d iv i s io n  in  the  f i l a m e n t s .

C u l tu res  were s e t  up w i th  th e  a d d i t i o n  of c o lc h ic in e

to  f ind  th e  e f f e c t  of t h i s  subs tance  on c e l l  d i v i s io n  i n  

Qe dogonium s p .

An a t tem pt  lias been made to  use th e s e  r e s u l t s  to  

i n t e r p r e t  the  g e n e ra l  p a t t e r n  of growth and development 

in  the  s p e c ie s  o f  Qedogonium used in  t h i s  i n v e s t i g a t i o n .
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SOME OBSERVATIONS ON THE GROWTH OF OEDOGONIUÎvî SP.

1. INTRODUCTION

E ar ly  in  1950, an o p p o r tu n i ty  a rose  to  s tudy  the 

growth of  c e r t a i n  f r e s h w a te r  a lg ae  in  t h e i r  n a t u r a l  

h a b i t a t  and in  l a b o ra to r y  c u l t u r e  s i m u l t a n e o u s l y . • The 

scope of the  i n v e s t i g a t i o n  was widened to  in c lu d e  a s tudy 

of the  e f f e c t s  of some growth promoting su bs tan ces  and 

of c o lc h ic in e  on the  c u l t u r e s .

For the  purpose of t h i s  s tudy  Oedogonium s p . was 

chosen p a r t l y  because of i t s  abundance a t  Royal Holloway 

C ollege ,  the ease w ith  v/hich i t  may be c u l tu r e d  and 

because i t s  p e c u l i a r  method of c e l l  d i v i s i o n  makes i t  

p o s s ib le  to  determine p r e c i s e l y  where growth i s  about 

to  take  p lace  and where growth has occu rred .  An a d d i t io n 

a l  reason  in  favour  of  u s in g  a f i lamentous,  a lg a  v/as t h a t  

p r a c t i c a l l y  a l l  the work concerning th e  e f f e c t s  of  growth 

promoting subs tances  has been done on c u l t u r e s  o f  un i

c e l l u l a r  a l g a e .

The co lc h ic in e  produced e f f e c t s  so d i f f e r e n t  from the 

normal growth in  c u l t u r e  or  growth in  c u l tu r e  w i th  a d d i t i o n 

a l  growth promoting su b s tan ce s ,  t h a t  the r e s u l t s  of  the 

work on the  e f f e c t s  of co lc h ic in e  v / i l l  be cons idered  sep

a r a t e l y .
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The c l a s s i c  work on the  grov/th of f r e s h  w ate r  

Chlorophyceae under c o n t r o l l e d  c o n d i t io n s  i s  t h a t  of 

ICLebs (1896) which was concerned p r im a r i l y  v/ith th e  

e f f e c t  of d i f f e r e n t  p h y s ic a l  c o n d i t io n s  upon r e p ro d u c t io n .

Very l i t t l e  work appears  to  have been done on the  e f f e c t  

of c u l tu re  c o n d i t io n s  on v e g e ta t iv e  growth in  the f i l a m 

entous Chlorophyceae, a l th o u g h  th e r e  i s  c o n s id e ra b le  l i t e r 

a tu re  on the  growth of u n i c e l l u l a r  Chloropliyceae under 

c o n t ro l l e d  c o n d i t io n s  (B r i s to l -R o a c h  (1926) (1927) P e a r s a l l  

and Loose (1937),  P r a t t  (1940) (1941),  Bold (1 9 42 )) .

Work on growth promoting su b s tan ce s  in  th e  Chlorophyceae 

has been conf ined  l a r g e l y  to  th e  u n i c e l l u l a r  forms (Yin (1937), 

Leonian and L i l l e y  (1937) (1941),  Ihratt (1938),  Brannon and 

B artsch  (1939) and Brannon and S e l l  (1945)) .  Ulva and E n te r -  

omorpha have been used as  ex p e r im e n ta l  m a te r i a l  by Be Valera 

(1940), Eylin  (1941), and Suneson (1942).  The r e s u l t s  o f  

some of t h i s  work a re  c o n t r a d ic to r y  bu t  the  g e n e r a l  con

c lu s io n  reached i s  t h a t  growth promoting su b s tan ce s ,d o  no t  

a f f e c t  the c e l l  s i z e  in  the  a lg a e  i n v e s t i g a t e d  but t h a t  the  

r a t e  of c e l l  d i v i s io n  i s  in c re a s e d  by t h e i r  p re sence .

Some e f f e c t s  o f  c o lc h ic in e  on the  growth o f  C ladophora, 

Oedogonium and Hydrodictyon liave been observed by G or te r  

(1943).

There i s  l i t t l e  laiov/n concerning the  f a c t o r s  which 

in f lu e n c e  th e  growth of  Oedogonium. According to  T i f fan y

(1936), the genus t o l e r a t e s  a v/ide range of pH as  some of

/ t h e
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the  sp ec ie s  grow a t  pH 3 .4  -  6 .8  while o th e r s  grov/ a t  

a pH of 8 .8 ;  phosphates ,  n i t r a t e s  and perhaps calcium 

and magnesium s a l t s  a re  im portan t  in  i t s  growth. An 

a l t e r a t i o n  in  the c o n d i t io n s  of l i g h t ,  tem pera tu re  or 

c u l tu r e  medium causes an in c re a s e  in  zoospore fo rm ation .  

These e f f e c t s  a re  summarized by Pringsheim (1949).  Gussewa 

(1930) s t a t e s  t h a t  th e  amount of f r e e  carbon d iox ide  i s  

the  im portan t  f a c t o r  causing  zoospore fo rm a tion .  Accord

ing  to  Mainx (1931), sex ua l  re p ro d u c t io n  i s  l i k e l y  to  occur 

i f  th e  medium i s  s l i g h t l y  a l k a l i n e .
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2. MATERIALS AND METHODS USED IN THE INVESTIGATION

The Oedogonium used in  t h i s  i n v e s t i g a t i o n  v/as ob ta ined  

from a sm all  cement pond in  the Botany Garden, Royal 

Holloway College,  the  l e v e l  o f  which i s  m ain ta ined  by 

ta p  w ate r  during  dry p e r io d s .  I t  was p re s e n t  a t  a l l  t imes 

of the  y e a r  on the  s id e s  of the  pond and as  an ep iphyte  on 

v a r io u s  w a te r  p l a n t s  in c lu d in g  Typha l a t i f o l i a . Growth 

was l a r g e l y  co n c en t ra ted  c lo se  to  the w ate r  l e v e l  of the  

pond. The f i l a m e n ts  were in  g r e a t e s t  abundance during  

A p r i l  to  October and were then  found in  a d d i t i o n  on the  

p e t i o l e s  of an unnamed w a te r l i lZ y .  Growth appeared to  be 

p e r e n n ia l  s in ce  f i l a m e n t s  of a l l  ages v;ere found in  the  

pond a t  the beg inn ing  and the  end of  th e  w in t e r  and th e re  

was l i t t l e  c e l l  d iv i s io n  in  the f i l a m e n ts  du r ing  t h i s  

p e r iod  of the y e a r .  Zoospore fo rm ation  was in f re q u e n t  

dur ing  October to  A p r i l .

I t  has ,  u n fo r tu n a te ly ,  been im poss ib le  to  name t h i s  

Oedogonium s p e c i f i c a l l y ,  s ince  a t  no time in  th e  p re s e n t  

i n v e s t i g a t i o n  nor in  p rev iou s  o b se rv a t io n s  have sexua l  organs 

been found.

The c e l l s  a re  between 40 -  2 4 0 l ong and 24 -  40 

v/ide. There a r e ,  however, two d i s t i n c t  groups o f  v e g e ta t iv e  

c e l l s  in  th e  f i l a m e n ts :  th e re  a r e  c e l l s  of 140 -  2 4 0 JLc

long which r a r e l y  exceed 1)2. in  d iam ete r  and th e r e  a re  

c e l l s  of l e s s  than  1 4 0 wi t h a d iam ete r  o f  32 -  4 0 ^  .

The s h o r t e r  c e l l s  a r e  a d a rk e r  green c o lo u r  and sometimes
/ t h e y
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they  tend  to  be b ro a d e r  a t  t h e i r  upper end. The b a s a l  

c e l l  o f  the  f i lam en t  i s  u s u a l ly  80 -  120/c long and has 

as  average d iameter of 4 0 .  This c e l l  lias a h o l d f a s t  

which i s  a deep ly  lobed c i r c u l a r  p l a t e  w ith  an i r r e g u l a r l y  

s e r r a t e d  margin (F ig . l  , l ( a ) ) . The a p i c a l  c e l l  of the 

f i lam en t  does not d i f f e r  a p p re c ia b ly  from the o th e r  c e l l s  

of  the  p l a n t .

C er ta in  i s o l a t e d  c e l l s  in  e i t h e r  an a p i c a l  or  i n t e r 

c a la ry  p o s i t io n  in  the f i lam en t  may become g r e a t l y  en-  ̂

l a rg e d  (F ig .  2 ) .  These c e l l s  always have a group of caps 

and measure as  much a s  144 -  2 0 0 ^  in  l e n g th  and 52 -  92 ^  

in  d iam ete r .  The c o n ten ts  of th e s e  c e l l s  a r e  dark  g reen .  

G enera l ly  the two c e l l s  immediately benea th  the en la rged  

c e l l  show a s m a l l e r  in c re a s e  in  d iam ete r .  I t  i s  b e l ie v e d  

t h a t  these  c e l l s  a re  a k i n e t e s .  O ccas iona l ly  the  co n ten ts  

of the  en larged  capped c e l l s  become rounded and a w a l l  i s  

formed"around them. These c e l l s  appear  to have degenera ted  

and may be u n f e r t i l i z e d  oogonia a l th o u g h  no pore or s p l i t  

has ever  been seen in  th e  c e l l  w a l l .

Normal growth in  the  pond was i n v e s t i g a t e d  in  two ways.

In the  f i r s t  method, groups o f  f i l a m e n ts  were removed 

from the pond. These were measured f o r  c e l l  s i z e  and were 

examined to  f in d  the  d i s t r i b u t i o n  of  caps in  the  f i l a m e n t s .  

During A p r i l  to  October, i t  was p o s s ib le  to  d i s t i n g u i s h  the 

long f i l am en ts  o f  th e  p rev ious  season on the  pond v/all and 

the  f i lam en ts  of the cu r re n t  season  on the  w a t e r - l i l y  p l a n t s .

/ I n
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In the  second method, Oedogonium was induced to  grow 

on s l i d e s  p laced  j u s t  b enea th  the  su r fa ce  of the  w a te r  in  

the  pond. Each s l i d e  had a ho le  bored in  i t  a t  one end 

and was a t t a c h e d  to  a p iece  of s t r i n g  a c ro s s  the  pond.

The s l i d e s  were t e m p o ra r i ly  removed a t  i n t e r v a l s  and the 

f i l a m e n ts  on them were examined w i tho u t  d i s t u r b i n g  the  

h o l d f a s t s .

l i re l im inary  c u l t u r e s  were s e t  up u s in g  Knopp's s o l u t i o n ,  

an in o rg an ic  t i s s u e  c u l tu r e  s o l u t i o n  (White (1943)), s o l u t i o n  

42 (Reynolds (19 50 )) ,  pond w a te r  and s o i l  e x t r a c t  s o l u t i o n .  

The b e s t  growth was produced in  s o i l  e x t r a c t  s o l u t i o n  and 

t h i s  was used in  a l l  the  subsequent c u l t u r e  work. Mainx»s 

method of  o b ta in in g  th e  s o i l  e x t r a c t  and of  malcing up the  

s o i l  e x t r a c t  s o l u t i o n  was used (19S7) .

Although th e  s o i l  s o l u t io n  e x t r a c t  proved to  be th e  

b e s t  c u l tu r e  medium f o r  Oedogonium f i l a m e n t s ,  i t  i s  no t  

p o s s ib le  to  r e p e a t  the  exact  c o n d i t io n s  of the p rev io us  

e x t r a c t  when a f r e s h  one i s  made. This i s  a  d isadvan tage  

in  c o n t ro l l e d  exper im ents .

The pond w ate r  had a pH 7iO and t h i s  pH was used f o r  the  

c u l tu r e  medium. The s o i l  e x t r a c t  only needed a s l i g h t  

ad jus tm ent  w ith  d i l u t e  sodium hydroxide or d i l u t e  hydro

c h lo r i c  a c id  to  b r in g  i t  to  t h i s  v a lu e .  The pH ad justm ent  

in  the  e a r l y  p a r t  of  th e  work was done w i th  a comparator 

and l a t e r  e l e c t r o m e t r i c a l l y .

Attempts were made to  produce the  exper im en ta l  m a t e r i a l

/ a s
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as  a clone but  th ese  were not very  s u c c e s s f u l .  S ing le  

f i l a m e n ts  were washed s e v e r a l  t imes in  d i s t i l l e d  water  and 

p laced  in  s t e r i l e  s o i l  e x t r a c t  s o l u t io n .  Zoospores were
th ey

formed by these  s i n g l e  f i l a m e n t s  b u t o n l y  produced a sm all  

number of f i l a m e n ts  in  each c u l t u r e  and t h e i r  growth was 

very  slow in  s t e r i l i z e d  s o l u t i o n .  I t  was no t  p r a c t i c a b l e  

to use any of the  small  c lones  to  s e t  up the  c u l t u r e s .

Since t h i s  m a te r i a l  has only been found in  th e  v e g e ta t iv e  

s t a t e ,  i t  seemed l i k e l y  t h a t  the  g e n e t i c a l  c o n s t i t u t i o n  of 

the  i n d i v id u a l  f i l a m e n ts  would no t  d i f f e r  g r e a t l y .

C y l in d r ic a l  pyrex v e s s e l s  (approx im ate ly  2^" d iam eter  

by 2‘* deep) were used f o r  th e  c u l t u r e s .  lOOccs of c u l tu r e  

s o lu t io n  were p laced  in  each v e s s e l  and t h i s  q u a n t i t y  came 

to  w i th in  an in ch  of  the  to p .  Oedogonium f i l a m e n t s  growing 

on leav e s  of Typha l a t i f o l i a  were p laced  in  each v e s s e l .  

P ieces  of w a t e r l i l y  p e t i o l e s  were u n s a t i s f a c t o r y  t o  use as 

they  became mucilaginous and th e  s o l u t io n  became brov/n.

Two g l a s s  s l i d e s  were p laced  back  to  back and were put  

d iag o n a l ly  in  each v e s s e l .  The v e s s e l s ,  covered v/ith a g l a s s  

l i d  were p laced  in  a window fa c in g  n o r t h - e a s t  and were i l lu m 

in a te d  co n t in uo us ly  from above by a 40 w att  lamp. The lamp 

was 16 inches  above the  v e s s e l s .  I t  was not  p r a c t i c a b l e  to  

in t ro d u ce  tem pera ture  c o n t ro l  f o r  th e  g r e a t e r  p a r t  o f  the  

exper im en ta l  work.

Following t h i s  change of  growing c o n d i t io n s ,  zoospore

/ fo rm a t io n
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fo rm a t io n  v/as u s u a l l y  ve ry  r a p id  and w i th in  a few days

zoospores  had become a t t a c h e d  to  th e  v e s s e l  w a l l s  and to

th e  s l i d e s  j u s t  b e n e a th  th e  l e v e l  o f  th e  c u l t u r e  medium.

The g r e a t e s t  c o n c e n t r a t i o n  of  a t t a c h e d  c e l l s  was towards th e  

sou rce  of  g r e a t e s t  l i g h t ,  a l th o u g h  some f i l a m e n t s  deve loped

on th e  base of  th e  v e s s e l s .

When th e  c u l t u r e s  were e s t a b l i s h e d ,  th e  p r o p a g a t in g  

f i l a m e n t s  w e r e ’u s u a l l y  removed. The w e l l  e s t a b l i s h e d  c u l 

t u r e s  were a e r a t e d  f o r  two hours  ev e ry  few days by means 

o f  a  sm a l l  pump. The c u l t u r e  s o l u t i o n s  were changed eve ry  

t e n  days .  Tliis renewed th e  n u t r i e n t s  and e l i m in a t e d  some 

of  th e  o t h e r  f i l a m e n to u s  and u n i c e l l u l a r  a lg a e  which were 

in t ro d u c e d  by th e  o r i g i n a l  f i l a m e n t s  and which grew q u ic k ly  

in  s o i l  e x t r a c t  s o l u t i o n .  Some of th e  c o n ta m in a t io n  rem ain

ing  on th e  f i l a m e n t s  was removed by a sm a l l  camel h a i r  b ru s h .  

This was done as  l i t t l e  as  p o s s i b l e  because  th e  f i l a m e n t s  

broke v e ry  e a s i l y .  The a e r a t i o n  o f  t h e  c u l t u r e s  d e c re a se d  

th e  c o n tam in a t io n  i n  the  f i l a m e n t s .

When growth s u b s ta n c e s  were used  i n  th e  c u l t u r e  work 

th e y  v/ere d i s s o l v e d  i n  s o i l  e x t r a c t  s o l u t i o n .  Yeast  e x t r a c t  

( D i f c o ) , th ia m in e ,  i n d o l e - 3 - a c e t i c  a c i d  and a^-naphthalene- 

a c e t i c  a c id  were used i n  th e  fo l lo w in g  c o n c e n t r a t i o n s

Yeast e x t r a c t  • 100 mgs. p e r  l i t r e  (Reynolds 1950)

Thiamine O il  " " » (White 1943)

/ i n d o l e
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I n d o l e - 3 - a c e t i c  a c id p e r  l i t r e0 .1  gms 

0 .05  

0 .025 

0.0125 

0.00625

à - n a p h t h a l e n e - a c e t i c  a c i d  0 .4  gms

0 .3  

0 . 2  

0.1  

0 .05  

0 .025  

0 .0125 

0.00625

S o i l  e x t r a c t  s o l u t i o n  was used  in  the  c o n t r o l  c u l t u r e s .

The y e a s t  and th iam in e  were e a s i l y  d i s s o l v e d  h u t  the  

i n d o l e - 3 - a c e t i c  a c id  and th e  a - n a p h t h a l e n e - a c e t i c  a c id  

were d i f f i c u l t  to  d i s s o l v e  co m p le te ly ,  even hy b o i l i n g ,  

u n l e s s  a  sm al l  q u a n t i t y  o f  95^ a l c o h o l  was f i r s t  added to  

th e  c r y s t a l s .  Heat does no t  d e s t r o y  th e  a c t i v i t y  o f  t h e s e  

s u b s ta n c e s :  Brannon and B a r t s c h  (1939) found t h a t  th e y

could  a u to c la v e  i n d o l e - 3 - a c e t i c  a c id  w i th o u t  a l t e r i n g  i t s  

a c t i v i t y .  The s o l u t i o n s  of  i n d o l e - 3 - a c e t i c  a c id  and 

a - n a p h t h a l e n e - a c e t i c  a c id  were made up i n  the  s t r o n g e s t  

c o n c e n t r a t i o n  r e q u i r e d  i n  a  s e r i e s  of  c u l t u r e s  and d i l u t e d  

t o  g ive  a range  of c o n c e n t r a t i o n .  These s o l u t i o n s  needed 

c o n s id e r a b le  ad ju s tm en t  to  b r i n g  them to  pH 7 .0  b e fo re  th e

/ d i l u t i o n s
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d i l u t i o n s  v/ere made. The s o l u t i o n s  c o n ta in in g  y e a s t  

e x t r a c t  and th iam in e  v/ere a p p ro x im a te ly  pH 7 .0 .

C u l tu r e s  v/ere grown f o r  s e v e r a l  months i n  i n d o l e - 3- 

a c e t i c  a c id  and a - n a p h t l i a l e n e - a c e t i c  a c id  hu t  the  c u l t u r e s  

i n  y e a s t  e x t r a c t  and th ia m in e  could  only he m a in ta in ed  f o r  

a few weeks because zoospore  fo rm a t io n  o cc u r red  in  so many 

c e l l s  over t h i s  s h o r t  p e r io d  t h a t  th e  f i l a m e n t s  d i s i n t e g 

r a t e d :  moreover th e  b a c t e r i a l  c o n ta m in a t io n  became ex cess 

i v e .  The y e a s t  e x t r a c t  and th iam ine  s o l u t i o n s  were changed 

more f r e q u e n t l y  th an  a t  1 0 -day i n t e r v a l s  i f  th ey  became

b ad ly  co n tam in a ted .

The c o l c h i c i n e  c u l t u r e s  were s e t  up u s in g  1 .0  gms and 

0 .1  gms in  a l i t r e  o f  s o i l  e x t r a c t  s o l u t i o n :  th e  pH of

th e s e  s o l u t i o n s  d id  no t  r e q u i r e  a d ju s tm e n t .  The f i l a m e n t s  

used t o  s e t  up the  c u l t u r e s  were not  removed from th e  

v e s s e l s  and were k ep t  un der  o b s e rv a t io n  f o r  two months.

In  a d d i t i o n ,  f i l a m e n t s  o f  2 -  3 c e l l s  growing on s l i d e s  

were p la c e d  i n  th e  c o l c h i c i n e  s o l u t i o n  f o r  a  week and were 

th en  f i x e d .

V/hen o b s e rv a t io n s  were made on th e  f i l a m e n t s  from the  

pond and from th e  c u l t u r e s ,  r e c o r d s  o f  th e  c e l l  s i z e  and 

th e  d i s t r i b u t i o n  o f  th e  groups of caps w i t h i n  a  f i l a m e n t  

v/ere made s im u l ta n e o u s ly :  10 f i l a m e n t s  were examined in

each group .  Since the  c e l l s  v a r i e d  ( u t  l i t t l e  i n  d ia m e te r ,  

measurements of  c e l l  l e n g t h  were used t o  show c e l l  s i z e .  

These measurements were tak en  i n  o rd e r  from th e  base  of  th e

/ f i l a m e n t
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f i l a m e n t  and a r e  re c o rd e d  i n  th e  accompanying t a b l e s  

to  the  n e a r e s t  4 /«. . As s i n g l e  caps v/ere o f t e n  d i f f i c u l t  

t o  d i s t i n g u i s h ,  r e c o rd s  of c e l l s  v / i th  only  one cap a r e  

n o t  in c lu d e d  in  the  t a b l e s .

C e l l  shape v/as r e c o rd e d  by means o f  a r e f l e x  drawing 

a p p a r a t u s .

Oedogonium f i l a m e n t s  proved to  be v e ry  s e n s i t i v e  to  

e n v i ro n m en ta l  changes and v/hen c o n t i n u a l  o b s e r v a t io n s  were 

b e in g  made, ca re  had to  be tak en  to  cu t  down th e  i l l u m i n a t i o n  

and t o  p re v e n t  any p r e s s u r e  of t h e  c o v e r s l i p  on th e  f i l a m e n t s .  

Even so ,  e n t i r e  f i l a m e n t s  o r  some c e l l s  i n  the  f i l a m e n t s  

were o f te n  k i l l e d  i n  th e  p ro c e s s  o f  o b s e r v a t io n .

The c e l l  w a l l s ,  th e  groups  o f  caps and th e  - r i n g s  ' were 

e a s i l y  seen in  th e  l i v i n g  c o n d i t i o n  b u t  no t  so the  n u c le u s .  

C y to lo g ic a l  t e  c liniques v/ere p r i n c i p a l l y  used on th e  c o l c h i c 

in e  t r e a t e d  m a t e r i a l  bu t  d i f f i c u l t i e s  were en c o u n te red  i n  

making permanent p r e p a r a t i o n s  o f  the  f i l a m e n t s .  The most 

s a t i s f a c t o r y  r e s u l t s  were o b ta in e d  by f i x i n g  th e  m a t e r i a l  

i n  weak ch ro m o -ace t ic  f i x a t i v e  o r  i n  Navaschin *s s o l u t i o n .

The m a t e r i a l  was mordanted i n  i r o n  alum b e fo re  s t a i n i n g  

i t  w i th  a c e t o - c a r m i n e . The p r e p a r a t i o n s  were mounted in  

g l y c e r in e  j e l l y .
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3. BXPEHHvLENTAL DATA ÆD RESULTS 

A. Normal Growth in  th e  Pond

Long f i l a m e n t s  v/hich had deve loped  in  the  p re v io u s  

season  and f i l a m e n t s  d ev e lop ing  in  the  c u r r e n t  season  on 

s l i d e s  and on v / a t e r l i l y  p e t i o l e s  v/ere used to  o b ta in  measure

ments of c e l l  s i z e  and to  f in d  th e  d i s t r i b u t i o n  of  th e  ca p s .  

The p a t t e r n  of  c e l l  d i v i s i o n  v/as observed  in  young f i l a m e n t s  

on th e  v / a t c r l i l y  p e t i o l e s .

(a )  Long f i l a m e n t s  developed  in  th e  p re v io u s  s e a s o n .

Many of the  long  f i l a m e n t s  taken  from the  pond v/a l l  

c o n s i s t e d  of  70 to  100 c e l l s .  The appearance  of  th e s e  c e l l s  

i s  sliov/n i n  F ig .  3 and 3a.  E n la rged  c e l l s  as  d e s c r ib e d  on 

page 5 and shown in  F i g .  2 v/ere found in  the  f i l a m e n t s  

t l iroughout the  y e a r .  V a r i a t io n  i n  c e l l  s i z e  v/as obvious 

i n  th e s e  f i l a m e n t s  and th e  measurements o f  c e l l  l e n g t h  

ranged from 40 -  240yu and th e  c e l l  v / id th  from 24 -  40> l  . 

Although the  ran ge  i n  c e l l  l e n g t h  and i n  c e l l  w id th  v/as 

co n t in u o u s ,  i t  ap peared  t h a t  t h e r e  v/ere tv/o ty p e s  o f  c e l l s  

i n  th e  f i l a m e n t s .  These c e l l s  were d i s t i n g u i s h e d  by t h e i r  

shape and by t h e i r  c o lo u r .  There were lo n g e r ,  p a le  g re e n  

c e l l s  which were u s u a l l y  g r e a t e r  th a n  140 ju, long  and were 

about  28 /-I wide and t h e r e  v/ere s h o r t e r ,  d a rk e r  g reen  c e l l s  

v/hich were l e s s  th an  140 jx long and were about 16jn  w ide .

A l e n g t h  of  lAOjx was used to  d i s t i n g u i s h  long and s h o r t  

c e l l s  as  i t  was found t h a t  the  m a j o r i t y  o f  th e  c e l l s  i n

/ t h e
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th e  young f i l a m e n t s  were lo n g e r  th an  1 4 0 ^  and t l i a t  th e  

s h o r t e r  w ider  c e l l s  only developed  a s  the  f i l a m e n t  aged .
were

The lo n g e r  c e l l s / ^ u s u a l ly  grouped i n  t h e  b a s a l  p a r t  of  th e  

f i l a m e n t  and the  s h o r t e r  c e l l s  were i n  i s o l a t e d  groups  i n  

th e  a p i c a l  p a r t  o f  the  f i l a m e n t .  The d i s t r i b u t i o n  o f  c e l l  

l e n g th  measurements i n  th e  f i l a m e n t s  ta k e n  from th e  pond 

in  J u ly  1951 i s  shown in  Table 1. and i n  F ig .  4. The mean 

c e l l  longtl i  in  10 of  th e s e  f i l a m e n t s  was 1 6 0 .1 / c  and the  

s ta n d a rd  d e v i a t i o n  v/as-3 4 .1 .

I n t e r c a l a r y  groups o f  2 -  6 caps were f r e q u e n t  i n  the 

f i l a m e n t s .  Groups of  more th a n  t e n  caps were r a r e l y  found, 

a l th o u g h  as  many a s  20 caps v/ere counted  i n  a s i n g l e  g ro up .  

A b n o rm a li t ie s  were found in  th e s e  l a r g e  g roups  and th e s e  

a re  d e s c r ib e d  on page41 and a r e  shown i n  F ig .  28 ( 8 , - 9 ,  10 

and 11) .  I t  v/as d i f f i c u l t  t o  d i s t i n g u i s h  every  s i n g l e  cap 

p re s e n t  in  th e  f i l a m e n t  because  o f  e p i p h y t i c  growth  bu t  

groups o f  tv/o caps v/ere e a s i l y  s e e n .  Small g roups  o f  caps 

or  s i n g l e  caps  were seen on some o f  th e  a p i c a l  c e l l s  b u t  i n  

the  m a jo r i ty  o f  th e  f i l a m e n t s  th e  a p i c a l  c e l l  was devoid  of  

caps even though r i n g  fo rm a t io n  was common a t  t h e  apex o f  

the  f i l a m e n t s .  The a p i c a l  c e l l s  were f r e q u e n t l y  seen t o  lo s e  

s i n g l e  caps or  groups of  c a p s .  (F ig .  5 ) .

C e l l  d i v i s i o n  was no t  con f ined  to  d e f i n i t e  r e g io n s  i n  the  

f i l a m e n t .  I t  v/as no t  unusua l  t o  f i n d  con t iguous  c e l l s  each 

w i th  a  number o f  caps  or  t o  f i n d  sm a l l  groups o f  caps between 

two l a r g e r  g roups .  S e v e ra l  a d j a c e n t  c e l l s  were seen  to  form

/ t h e i r
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t h e i r  f i r s t  r i n g  a t  t h e  same t im e .  In m any -ce l led  

f i l a m e n t s  l i t t l e  c e l l  d i v i s i o n  o cc u r red  in  th e  long  c e l l s  

a t  the  hase of  th e  f i l a m e n t :  t h e r e  were only  a few sm a l l

groups o f  caps found in  th e s e  c e l l s .

T h e o r e t i c a l l y ,  the  number o f  caps in  th e  f i l a m e n t s  

should  be one l e s s  th an  th e  number of  c e l l s .  The number 

of  c e l l s  counted i n  t h e s e  f i l a m e n t s  always exceeded the  

number of  caps .  This  d i s c re p a n c y  was accoun ted  f o r  by th e  

l o s s  of caps from th e  a p i c a l  c e l l s ,  by th e  i n a b i l i t y  to  

count a l l  th e  s i n g l e  caps  and by th e  d i s i n t e g r a t i o n  o f  t h e  

f i l a m e n t s  fo l lo w in g  zoospore  fo rm a t io n .

The exam ina t ion  o f  th e  f u l l y  developed  f i l a m e n t s  from 

the  pond r a i s e d  two problems which r e q u i r e d  f u r t h e r  i n v e s t 

i g a t i o n .  There w as , f i r s t l y ,  the  problem of  th e  g r e a t  

v a r i a t i o n  in  c e l l  s i z e  and se c o n d ly ,  t h a t  o f  d e te rm in in g  

th e  p a t t e r n  of  c e l l  d i v i s i o n  in  th e  f i l a m e n t s .  Both t h e s e  

problems were i n v e s t i g a t e d  f u r t h e r  by u s in g  f i l a m e n t s  which 

were deve lo p in g  i n  the  f i r s t  grov/ing s e a s o n .

(b) The development o f  f i l a m e n t s  i n  th e  f i r s t  season  o f  growth 

F i lam en ts  of  one, two o r  t h r e e  c e l l s  which had been 

grown on s l i d e s  i n  c u l t u r e  were p la c e d  i n  th e  pond November 

17 th ,  1950. These f i l a m e n t s  were s t a r t e d  i n  c u l t u r e  because  

an e a r l i e r  a t t e m p t  to  e s t a b l i s h  zoospores  on s l i d e s  i n  the  

pond in  October was u n s a t i s f a c t o r y .  F i lam en ts  from the  

s l i d e s  were examined a t  i n t e r v a l s  u n t i l  September 1 s t ,  1951 

so t h a t  any changes in  th e  c e l l  s i z e  o f  th e  f i l a m e n t s  could

/b e
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be observed th ro u g h o u t  the  grov/ing sea so n .  I t  was 

im p o ss ib le  t o  measure th e  same f i l a m e n t s  each t im e the  

s l i d e s  were removed from th e  pond. These ex am ina t ion s  

were made a t  monthly i n t e r v a l s  because  f i l a m e n t s  o f t e n  

d ied  a f t e r  tem porary  removal from th e  pond. U n t i l  A p r i l ,  

i t  was p o s s i b l e  t o  r e co g n ize  th e  f i l a r a e n t s  which had been 

growing on t h e  s l i d e s  s in c e  November. When zoospore  form

a t i o n  began in  th e  pond d u r in g  A p r i l ,  th e  i d e n t i f i c a t i o n  

of  the  o r i g i n a l  f i l a m e n t s  on th e  s l i d e s  v/as l e s s  c e r t a i n .

In the subsequen t  ex am ina t io n s  th e  l o n g e s t  f i l a m e n t s  were 

assumed to |^ the  o l d e r  f i l a m e n t s .

During December and J a n u a ry ,  th e  s u r f a c e  o f  the  

v /a ter  was o f te n  f ro z e n  and t h e r e  was no c e l l  d i v i s i o n  in  

the  f i l a m e n t s  on the  s l i d e s .  The f i r s t  measurements were 

made on February  1 7 th .  The f i l a m e n t s  th en  averaged  f o u r  

c e l l s  i n  number and the  c e l l  l e n g t h  ranged  from SO -  1 4 0 /1 . 

S e v e r a l  r i n g s  were found and t h e s e  were m os t ly  i n  th e  

a p i c a l  c e l l s .  One r i n g  was found i n  a  b a s a l  c e l l  o f  a  

f i l a m e n t .  By March 2 1 s t , t h e  c e l l  number had i n c r e a s e d  to  

f i v e  or s i x  c e l l s  bu t  t h e r e  was no a l t e r a t i o n  i n  th e  c e l l  

l e n g t h .  By A p r i l  19th,v/hen th e  f i l a m e n t s  were 10 -  20 c e l l s  

lo ng ,  i s o l a t e d  c e l l s  o f  140 - 1 6 8 ^  long  had developed  and 

i n t e r c a l a r y  groups of  2 -  4 caps had formed.

The f i l a m e n t s  examined on May 9 th  were on a s l i d e  v/hich 

had no t  been p r e v io u s l y  removed from th e  pond. When com

pared  w i th  th e  p re v io u s  r e c o rd  t h e s e  f i l a m e n t s  showed no

/ i n c r e a s e
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i n c r e a s e  in  c e l l  number bu t  th e  nev/ly formed C e l l s  

showed an in c r e a s e  i n  c e l l  l e n g t h .  The newly formed 

c e l l s  measured as  much as 2 0 8 ^  long  and they  were a 

p a l e r  green  c o lo u r  th a n  the  f i r s t  formed c e l l s  i n  th e  

f i l a m e n t s .  T h e i r  d i s t r i b u t i o n  i s  shown i n  F ig .  6. 

Zoospores became p l e n t i f u l  i n  th e  pond d u r in g  A p r i l  

and f i l a m e n t s  o f  2 -  4 c e l l s  were co v e r in g  th e  s l i d e s  

a t  the  time when th e se  measurements were made. The c e l l  

l e n g th  in  th e s e  young f i l a m e n t s  was the  same a s  t h a t  of 

the  c e l l s  th en  form ing i n  the  o l d e r  f i l a m e n t s  (F ig .  6 ( a ) ) .  

The c e l l s  which formed i n  th e  o r i g i n a l  f i l a m e n t s  on the  

s l i d e s  d u r ing  F ebruary  and March were s m a l l e r  th a n  th o se  

then  d ev e lop in g  in  th e  young f i l a m e n t s  a s  th ey  had been 

formed b e fo re  normal c e l l  d i v i s i o n  began in  the  pond 

f i l a m e n t s .

On th e  s l i d e s  v/hich were examined on June 1 8 th ,  the  

f i l a m e n t s  measured were a p p ro x im a te ly  30 c e l l s  long  and 

the  m a jo r i t y  o f  the  c e l l s  were 140 -  200 }JL lon g .  Measure

ments made on J u ly  1 7 th ,  when f i l a m e n t s  were 25-42 c e l l s  

long ,  showed f o r  th e  f i r s t  t ime i s o l a t e d  i n t e r c a l a r y  c e l l s  

o f  60 -  1 4 0 ^  in  l e n g t h .  By September 1s t ,  th e  numbers o f  

th e s e  s h o r t e r  c e l l s  had in c r e a s e d  to  such an e x t e n t  t h a t  

th ey  formed th e  g r e a t e r  p r o p o r t i o n  o f  t h e  f i l a m e n t s .  These 

s h o r t e r  c e l l s  were found s i n g l y  o r  i n  g roups  in  th e s e  

f i l a m e n t s  composed o f  32 -  68 c e l l s .  I s o l a t e d  groups o f  

e n la rg e d  c e l l s  were found i n  th e s e  f i l a m e n t s  and th e y

/ re s e m b le d



-  17 -

resem bled  th o s e  shown in  F ig .  2.

Before the  f i r s t  growing season was ended, th e  l o n g e s t  

f i l a m e n t s  growing on th e  s l i d e s  showed the  same v a r i a t i o n  

in  c e l l  l e n g t h  measurements as  was found in  th e  lo n g  f i lS r-  

ments which a r e  d e s c r ib e d  in  th e  p re v io u s  s e c t i o n .  The two 

ty p es  o f  c e l l s  were p r e s e n t  in  b o th  th e s e  groups  o f  f i l a m e n t s  

o f  v a ry in g  age a l th o u g h  th e  f i l a m e n t s  from th e  s l i d e s  were 

younger and much s h o r t e r .

C e l l  l e n g th s  o f  f i l a m e n t s  a t  d i f f e r e n t  t im es  of  the y e a r  

a re  re c o rd e d  in  F ig .  7 and i n  Table  2. Changes i n  the  

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

by th e  mean v a lu e s  f o r  c e l l  l e n g t h  and by tlie S tand ard  

d e v i a t i o n s  (Tab le  3 ) .  The l a r g e r  d e v i a t i o n s  co r respo n d  

w i th  the  i n c r e a s e d  p r o p o r t i o n  o f  th e  s h o r t e r  c e l l s  i n  the  

f i l a m e n t s .

TABLE 3 Mean c e l l  l e n g t h  S tan da rd  d e v i a t i o n

1 7 .1 1 .5 0 -  1 7 .2 .5 1 109 .0  PL. + 17:9
II -  2 1 .3 .5 1 113.6 + 17 :8
II -  1 9 .4 .5 1 119 .0 + 21 .2
II -  9 .5 .5 1 142 .0 43:2
II -  1 8 :6 :5 1 177:4 + 35:6

II -  1 7 .7 :5 1 157:2 + 35:2
II 1 :8 :5 1 153.8 + 46 .9

A more s a t i s f a c t o r y i n d i c a t i o n  o f t h i s  change i n  the

com pos i t ion  of  th e  f i l a m e n t s  d u r in g  th e  t im e o f  the

o b s e rv a t io n s  i s  g iven  by d iv id in g  the  rang e  o f  o e l l  l e n g t h

/ i n t o
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i n t o  u n i t s  o f  2 0 / i  and c a l c u l a t i n g  the  p e rc e n ta g e  number 

of  c e l l s  i n  each group a t  each  exam ina t ion  (Table  4 ) .

S im i l a r  changes i n  f i l a m e n t  com posi t ion  were observed  

in  f i l a m e n t s  growing on th e  w a t e r l i l y  p e t i o l e s .  These 

f i l a m e n t s  had been l e f t  u n d i s tu r b e d  i n  th e  pond; a  s e r i e s  

of them was measured l a t e  in  May and a n o th e r  i n  th e  middle 

of  J u ly .  In May th ey  were 1 2 — 20 c e l l s  long  and were a t  

the  most s i x  weeks o ld .  The c e l l  l e n g t h  was 140 — 220/x 

(Table 5 ) .  The mean c e l l  s i z e  i n  i n d i v i d u a l  f i l a m e n t s  

was as  shown in  Table 6.

TABLE 6 Mean c e l l  l e n g t h  S tan da rd  d e v i a t i o n

158.8  + 26 .2

177 .0  + 20 :3

156.6  + 19 .3

172 .0  - + 23 .6

169.2 + 31:5

By J u l y  f i l a m e n t s  o f  40 c e l l s  were found and the  s h o r t e r  

c e l l s  of 60 -  140 / i  long  were e v id e n t  i n  th e  a p i c a l  p a r t  

o f  t h e s e  f i l a m e n t s .  The average  c e l l  l e n g t h  o f  t e n  f i l a r -  

ments was 153.3/1 and th e  s t a n d a r d  d e v i a t i o n  was + 2 7 J4.

The v a r i a t i o n  i n  c e l l  l e n g t h  was as  g r e a t ,  a f t e r  t l i r e e  

months, as  t h a t  i n  th e  long f i l a m e n t s  from th e  pond w a l l  

(Table  7 ) .

( c )  The e f f e c t  o f  the  time o f  y e a r  on c e l l  l e n g t h  and 

Zoospore format i o n .

I t  seemed p o s s i b l e  t h a t  th e  s h o r t e r  c e l l s  had formed

/ i n  th e
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i n  th e  f i l a m e n t s  d ev e lo p in g  i n  th e  f i r s t  season  of  grov/th 

because of  changes i n  th e  en v i ro n m en t . A second s e r i e s  o f  

s l i d e s  was t h e r e f o r e  p la c e d  i n  th e  pond f o r  s h o r t  p e r io d s  

between June 18 th ,  1951 and October 2 9 th ,  1951 to  i n v e s t 

i g a t e  the  e f f e c t  o f  th e  t ime o f  y e a r  a t  which a zoospore  

was formed on th e  c e l l  l e n g t h s  of  the  young f i l a m e n t  dev

e lo p in g  from i t .  The s l i d e s  were p lace d  i n  th e  pond f o r  

th e  fo l lo w in g  p e r i o d s ; -

June 1 8 th ,  1951 -  J u l y  1 8 th ,  1951

J u ly  6 th  -  ” 18 th

" 17 th  -  August 6 th

" 3 0 th  -  6 th

" 3 0 th  -  " 22nd

August 6 th  -  " 22nd

" 3 0 th  -  October 3rd

October 3rd -  " 2 9 th

Zoospore fo rm a t io n  was f r e q u e n t  u n t i l  e a r l y  October and 

f i l a m e n t s  developed  on a l l  th e  s l i d e s  p lace d  in  th e  pond. 

V/hen th e se  f i l a m e n t s  were examined a t  the  end of each o f  the 

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

t h e i r  c e l l s  were 140 -  2 2 0 /x long  (Table  8 ) .  This i n d i c a t e d  

t h a t  th e  l e n g t h  o f  c e l l s  forming in  th e  deve lop ing  f i l a m e n t  

was no t  in f lu e n c e d  by changes i n  th e  e x t e r n a l  c o n d i t io n s  of  

th e  pond d u r ing  June to  October.  The fo rm a t io n  o f  the  sm a l l 

e r  c e l l s  of 60 -  140 y  long in  th e  f i l a m e n t s  which had been 

growing i n  th e  pond f o r  t h r e e  months, was no t  caused by the

/ d e c r e a s e
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d ec rea se  i n  th e  te m p e ra tu re  of  th e  pond w a te r .

C e l l s  of 140 -  2 2 0 ^  long were formed in  th e  young 

f i l a m e n t s  du r ing  th e  growing season  i r r e s p e c t i v e  of  th e  

time o f  t h e i r  o r i g i n .  The fo rm a t io n  o f  the  s h o r t e r  c e l l s  

in  th e  f i l a m e n t s  appeared  to  depend on th e  s t a g e  o f  d e v e l 

opment i n  t h e  f i l a m e n t  r a t h e r  than  on th e  e x t e r n a l  con

d i t i o n s  of’ growth.

fd') The p a t t e r n  of  c e l l  d i v i s i o n  in  t h e  d ev e lo p in g  f i l a m e n t s ,  

Young d ev e lo p in g  f i l a m e n t s  were i n v e s t i g a t e d  to  d i s c o v e r  

t h e  p o s i t i o n  of  th e  c e l l  d i v i s i o n s .  F i lam en ts  o f  v a r y in g  

age were sc ra p ed  from th e  w a t e r l i l y  p e t i o l e s  i n  J u l y  1951.

The c e l l s  i n  t h e s e  f i l a m e n t s  numbered from 1 - 4 0  and th e  

c e l l  l e n g th  ranged  from 140 -  2 0 0 ^  . An a t tem p t  was made 

to  f in d  the  p a t t e r n  of  c e l l  d i v i s i o n  in  th e s e  f i l a m e n t s  by 

c l o s e l y  examining each  c e l l  t o  l o c a t e  e i t h e r  a  cap o r  t h e  

a p i c a l  b re a k  in  the  c e l l  w a l l  formed by a s t r e t c h e d  r i n g  

(F ig .  8 ) .  There was l i t t l e  e p i p h y t i c  growth on th e  f i l a 

ments and s i n g l e  caps were e a s i l y  re c o g n iz e d  as  a  s l i g h t  

s w e l l in g  a t  th e  apex of th e  c e l l .

Ring fo rm a t io n  was o f t e n  seen i n  th e  a p i c a l  c e l l s  o f  

th e  f i l a m e n t s ,  b u t  few of th e se  c e l l s  accum ula ted  groups 

o f  caps .  S in g le  caps were f r e q u e n t l y  seen  to  s e p a r a t e  

from th e  a p i c a l  c e l l .  O c c a s io n a l ly ,  i n  f i l a m e n t s  of  approx

im a te ly  f i v e  c e l l s ,  an a p i c a l  group  o f  caps was found w i th  

th e  cap number one l e s s  than  th e  c e l l  num b er .

In  th e  m a jo r i t y  o f  th e  f i l a m e n t s  o f  5 -  12 c e l l s  no

/ i n t e r c a l a r y
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i n t e r c a l a r y  groups o f  caps were found W t-a r»  thA-mf44 

b u t  as  th e  c e l l  number i n c r e a s e d  above 10 or 12, s m a l l  

g roups o f  caps were p r e s e n t  (F ig .  8 ) .  The a p i c a l  c e l l  

c o n t in u ed  to  d iv id e  even a f t e r  i n t e r c a l a r y  growth began.

At f i r s t  i n t e r c a l a r y  growth tended  to  occur  i n  i s o l a t e d  

p o s i t i o n s  in  the  f i l a m e n t  bu t  v e ry  soon, the  d i v i s i o n s  

sp read  to  n e igh bo u r ing  c e l l s .  This  was e v id e n t  in  f i l a 

ments w i th  a p p ro x im a te ly  20 c e l l s .

In s p i t e  o f  th e  absence o f  i n t e r c a l a r y  grov/th u n t i l  

t h e  f i l a m e n t s  were 10 o r  12 c e l l s  i n  l e n g th ,  the  m a j o r i t y  

o f  the f i l a m e n t s  had no groups  o f  a p i c a l  caps .  Approx

im a te ly  t e n  caps had t h e r e f o r e  been l o s t  from th e  a p i c a l  

c e l l  b e fo re  i n t e r c a l a r y  growth  began .  For example i n  

F ig .  8 in  f i l a m e n t s  o f  20 and 38 c e l l s  t h e r e  were only 

7 and 25 caps ,  r e s p e c t i v e l y ,  i n s t e a d  o f  th e  exp ec ted  19 

and 37. I f  i t  i s  assumed t h a t  ap p ro x im a te ly  t e n  caps had 

been l o s t  from th e  a p i c a l  c e l l  b e f o r e  th e  i n t e r c a l a r y  

groups were formed, a  c l o s e r  agreement between the  observed 

number o f  caps  and th e  t h e o r e t i c a l  number i s  o b ta in e d .

The c o r r e l a t i o n  o f  t h e  cap number and th e  c e l l  number i n  

even lo n g e r  f i l a m e n t s  i s  even more d i f f i c u l t  because  th e  

a p i c a l  c e l l  c o n t in u e s  to  lo s e  caps a f t e r  i n t e r c a l a r y  grov/th 

b e g in s .  The c o r r e l a t i o n  o f  t h e  two numbers i n  v e ry  long  

f i l a m e n t s  i s  im p o ss ib le  because  o f  th e  co n t in u ed  l o s s  of 

caps from th e  a p i c a l  c e l l  and because  o f  zoospore  fo rm a t io n .
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B. Growth of  th e  F i lam en ts  i n  C u l tu re

Two ty p e s  of Chdog;onium c u l t u r e s  were s e t  up. There

were th o se  i n  which th e  f i l a m e n t s  had begun t h e i r  deve l

opment i n  the  pond and th o s e  in  which the  f i l a m e n t s  had 

e n t i r e l y  developed in  s o i l  e x t r a c t  s o l u t i o n .  Both ty p es  

of  f i l a m e n t  were examined to  f i n d  th e  e f f e c t  o f  th e  con

d i t i o n s  of  c u l t u r e  on th e  c e l l  s i z e  and th e  d i s t r i b u t i o n  

of the  groups of c a p s .  Some o b s e rv a t io n s  were made on the  

o rd e r  of  c e l l  d i v i s i o n  i n  the  young f i l a m e n t s  and on the  

c e l l  s i z e  and cap g ro u p ing  i n  f i l a m e n t s  o f  a c lo n e .  L im ited  

o b s e rv a t io n s  were made on th e  e f f e c t s  of  e x t e r n a l  f a c t o r s  

on the  growth  o f  the  c u l t u r e s .

(a )  C e l l  s i z e  and cap g roup ing  i n  f i l a m e n t s  from the  pond 

grown in  c u l t u r e .

tedogonium f i l a m e n t s ,  which had s t a r t e d  development on 

l e a v e s  of  Typha l a t i f o l i a  i n  the  pond, were p la c e d  in  s o i l  

e x t r a c t  s o l u t i o n  and a l s o  i n  pond w a te r .  These f i l a m e n t s  

were ap p ro x im a te ly  20 c e l l e d  when p la c e d  i n  c u l t u r e  and 

th ey  had few caps .  The c e l l  l e n g t h  v a r i e d  between 140 -  2 2 0 ^  

A f t e r  two months i n  c u l t u r e  th e  c e l l  number i n  th e s e  f i l a -  

ments had doubled bu t  the  m a jo r i t y  o f  t h e s e  new c e l l s ,  i n  

b o th  s o i l  e x t r a c t  s o l u t i o n  and in  pond w a te r ,  were l e s s

th an  1 4 0 ^  in  l e n g t h  (F ig s .  9, 10, 11 and 1 1 ( a ) ) .  The

s h o r t e r  c e l l s  v/ere u s u a l l y  co n f in ed  to  th e  a p i c a l  end of 

the  f i l a m e n t s .  The range i n  c e l l  l e n g t h  of t h e s e  f i l a m e n t s

/ a f t e r
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a f t e r  th ey  had been i n  c u l t u r e  was s i m i l a r  to  t l i a t  o f  

f i l a m e n t s  grown com ple te ly  i n  th e  pond (Table 9 ) .

(b) C e l l  s i z e  and cap g roup ing  in  f i l a m e n t s  e n t i r e l y  

grown in  c u l t u r e .

The range in  th e  c e l l  l e n g t h  i n  th e  f i l a m e n t s  which 

developed e n t i r e l y  in  c u l t u r e  was n o t  as  g r e a t  as  i n  th e  

f i l a m e n t s  developed  e n t i r e l y  o r  p a r t l y  under  n a t u r a l  con

d i t i o n s  (Table 1 0 ) .  Very few c e l l s  o f  th e  lo n g e r  l e n g t h  

group were found. Host of  the  c e l l s  were i n  th e  group o f  

40 -  140 /u lo n g .  Sometimes the  l o n g e r  c e l l s  were e n t i r e l y  

l a c k in g  from th e  b a s a l  p a r t  o f  the  f i l a m e n t s .  The mean 

c e l l  l e n g t h  i n  th e  f i l a m e n t s  from s e v e r a l  c u l t u r e s  grown 

th ro u g h o u t  th e  e x p e r im e n ta l  p e r io d  was n o t  c o n s t a n t .  The 

low est  v a lue  found was 8 6 . 5/iand th e  l a r g e s t  v a lu e  was 139 .8^  

A pproxim ate ly  h a l f  of  the  f i l a m e n t s  examined had sm al l  

groups of 2 -  4 caps on the  a p i c a l  c e l l  and o c c a s i o n a l l y  • 

a p i c a l  groups o f  10 o r  12 caps were counted ;  th e  r e s t  had 

no a p i c a l  caps a t  a l l .  The f i l a m e n t s  seemed to  r e t a i n  t h e i r  

caps f o r  a  lo n g e r  time i n  c u l t u r e  than  th e y  d id  under  n a t u r a l  

c o n d i t i o n s .  When i n t e r c a l a r y  caps  o cc u r red  the  number o f  

caps i n  each group was sm a l l .

F i lam en ts  d eve lop ing  in  c u l t u r e  were n ev e r  as  long  as  

th o s e  o f  comparable age growing on s l i d e s  i n  th e  pond.’

(c )  The o rd e r  of c e l l  d i v i s i o n  in  f i l a m e n t s  dev e lo p in g  

i n  c u l t u r e .

To make p o s s i b l e  t h e  mapping o f  th e  o r d e r  o f  c e l l

/ d i v i s i o n
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d i v i s i o n  a method was d ev ised  whereby i d e n t i f i e d  f i l a m e n t s  

could  be examined a t  f r e q u e n t  i n t e r v a l s .  Narrow g l a s s  r i n g s ,  

ap p ro x im a te ly  d ia m e te r  and deep, were suspended in  

c u l t u r e s  o f  Oedogoniurn so tlxat zo osp o re s  would become 

a t t a c h e d  to  them. The ground end o f  th e  g l a s s  r i n g  was 

d iv id e d  i n t o  segments by p e n c i l  markings so t l ia t  th e  p o s i t i o n  

of  th e  a t t a c h e d  c e l l s  could  be r e c o rd e d  (F ig .  12 ) .  A double • 

l i n e  ivas p laced  i n  one p o s i t i o n  on th e  r i n g  so t h a t  i t  could  

be o r i e n t a t e d .  The g l a s s  r i n g s  were p la c e d  in  c u l t u r e  and 

the  i d e n t i f i e d  f i l a m e n t s  were examined d a i l y .  Records were 

made o f  c e l l  l e n g t h ,  o f  c e l l  shape and o f  th e  p o s i t i o n  o f  

c e l l  d i v i s i o n .  During th e  ex a m in a t io n ,  th e  g l a s s  r i n g s  v;ere 

p lace d  i n  a  sm a l l  p e t r i e  d i s h  o f  s o i l  e x t r a c t  s o l u t i o n  and 

th e  f i l a m e n t s  p r o j e c t e d  from them.

O b se rv a t io n s  were c o n t in u ed  u n t i l  th e  f i l a m e n t s  became 

overgrown w i th  o th e r  a lg a e  o r  u n t i l  zoospore  fo rm a t io n  

caused them to  d i s i n t e g r a t e .

The r e c o r d s  o f  c e l l  l e n g t h  were c o n s ta n t  from day t o  day 

u n le s s  a r i n g  liad formed and s t r e t c h e d  in  a c e l l .  Once a  

r i n g  s t r e t c h e d  to  form a c e l l  t h e r e  was no f u r t h e r  i n c r e a s e  

in  th e  s i z e  o f  th e  new c e l l :  t h e r e  was a d ec rea se  i n  l e n g t h

of ap p ro x im a te ly  4 yu. i n  a  c e l l  which had d iv id e d .  C e l l  

d i v i s i o n  o f t e n  to o k  p la c e  du r ing  th e  n ig h t  bu t  r i n g s  were 

seen  to  s t r e t c h  d u r in g  th e  daytim e. U su a l ly  i t  was p o s s i b l e  

t o  l o c a t e  th e  p o s i t i o n  of th e  new c e l l  by th e  r e c o rd  o f  the  

fo rm a t io n  of  a  r i n g  i n  p rev io u s  o b s e r v a t io n s .  I f ,  between

/ o b s e rv a t io n s
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o b s e r v a t i o n s , tlie c e l l  number i n c r e a s e d  w i th o u t  a r i n g  b e in g  

re c o rd e d ,  th e  p o s i t i o n  o f  the  upper  d a u g h te r  c e l l  could  be 

l o c a t e d  by comparison w i th  th e  r e c o rd s  o f  c e l l  s i z e  and c e l l  

c e l l  shape on the  p re v io u s  day and re c o g n is e d  by i t s  

l> r i / ;h ter  .<;reen c o lo u r .  The fo rm a t io n  of  a new i n t e r c a l a r y  

c e l l  was e a s i e r  to  r e c o g n is e  than  th e  fo rm a t io n  of  a new 

a p i c a l  c e l l  because th e  l a t t e r  f r e q u e n t l y  l o s t  i t s  cap between 

the  o b s e r v a t io n s .

These f i l a m e n t s  d id  not  form more than  n ine  c e l l s  b e fo re  

they  became overgrown or b e fo re  they  com ple te ly  d i s i n t e g 

r a t e d  th rou gh  zoospore fo rm a t io n  bu t  i t  was e v id e n t  t h a t  

capical growth a lone  or a p i c a l  and i n t e r c a l a r y  growth was 

t a k in g  p lace  in  the  young f i l a m e n t s .  This was in  c o n t r a s t  to  

th e  o rd e r  of c e l l  d i v i s i o n  in  the  m a jo r i t y  of  th e  young 

1 i l a m e n ts  d eve lop ing  in  the  pond.

The o rd e r  of  c e l l  fo rm a t io n  in  some of the  observed 

f i l a m e n t s  i s  re co rd ed  i n  F i g . 12^) .  The c e l l s  o f  th e  f i l a m e n t s  

a r e  r e p r e s e n t e d  d ia g ra m m a t ic a l ly  and th e  F igu re  i s  a  combinat

io n  of two s e t s  of d a t a .  When the  i n i t i a l  c e l l  o f  a  f i l a m e n t  

d iv id ed  the  upper  d au g h te r  c e l l  was l a b e l l e d  1 and when t h i s  

i n  tu r n  d iv id e d  the  upper  d a u g h te r  c e l l  formed was l a b e l l e d  2, 

so t h a t  a  s e r i e s  of  numbers p laced  b e s id e  th e  f i l a m e n t s  

r e p r e s e n t  the  o rd e r  i n  which the  c e l l s  were formed i n  the  

f i l a m e n t s .  The d a te  when* the  c e l l  formed i s  re c o rd e d  

b en ea th  i t .  The arrows p laced  b e n e a th  the  f i l a m e n t s  i n d i c a t e  

th e  c e l l s  which were l o s t  i n  zoospore  fo rm a t io n  ; th e

/  da te
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d a te  of  zoospore fo rm a t io n  i s  a l s o  r e c o rd e d .  V/hen c e l l s  

have been l o s t  from the  f i l a m e n t ,  b r a c k e t s  a r e  p la c e d  round 

the ,num bers  r e p r e s e n t i n g  th e  o rd e r  o f  th e  fo rm a t io n  o f  

th e s e  c e l l s .

I f  t h e  a p i c a l  c e l l  a lon e  was r e s p o n s i b l e  f o r  c e l l  form

a t i o n  in  th e  f i l a m e n t ,  th e  numbers r e p r e s e n t i n g  th e  o rd e r  

of  c .e ll  fo rm a t io n  in  t h a t  f i l a m e n t  would be in  a  s e r i e s  o f  

ascen d in g  o rd e r .  For example, i n  a f i l a m e n t  showing such 

a p i c a l  grov/th, th e  o rd e r  o f  c e l l  fo rm a t io n  i s  r e p r e s e n t e d  

in  F ig .  12(a)  i n  the fo l lo w in g  w a y : -  1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  7 .

In s e v e r a l  o f  t h e s e  f i l a m e n t s  the  a p i c a l  p a r t  was l o s t  i n  

zoospore  fo rm a t io n .  A f t e r  t h i s  liappened th e  c e l l  i n  the  

a p i c a l  p o s i t i o n  f r e q u e n t l y  d iv id e d  and a p i c a l  growth  was 

c o n t in u ed .  An example of t h i s  i s  shown i n  th e  fo l lo w in g  

s e r i e s  i n  which b r a c k e t s  i n d i c a t e  where th e  c e l l s  have been 

l o s t : -  1, 2, 3, 4, (5 ,  6, 7 , )  8, 9. V/here t h e r e  i s  i n t e r 

c a l a r y  as  v /e l l  a s  a p i c a l  growth ,  th e  numbers r e p r e s e n t i n g  

the  o rd e r  o f  c e l l  fo rm a tion  a re  no t  i n  an a sc en d in g  s e r i e s .  

An example o f  t h i s  i s  th e  s e r i e s  1, 5, 2, 3, 4, 6. I f  

a p i c a l  and i n t e r c a l a r y  c e l l  d i v i s i o n  was t a k in g  p la c e  

s im u l ta n e o u s ly  t h e r e  i s  d u p l i c a t i o n  o f  some o f  th e  numbers 

r e p r e s e n t i n g  the  o rd e r  of  c e l l  fo rm a t io n  i n  the  f i l a m e n t s .  

Examples o f  t h i s  a r e  seen  i n  th e  f o l l o w i n g : -  1, 2, 3, 6, 7, 

5, 4, 7. and 1*, 2, 4, 6, 3, 5, 4, 5.

c e l l e d  f i l a m e n t s  d id  no t  g e n e r a l l y  form a r i n g  u n t i l

/ ap p r  ox im ate ly
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a p p ro x im a te ly  te n  days a f t e r  th e  development of th e  

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

r a t e  o f  c e l l  d i v i s i o n  in  th e  i n d i v i d u a l  f i l a m e n t s  over th e  

p e r io d  of the  o b s e r v a t io n s  d i f f e r e d .  C e l l  d i v i s i o n  o cc u r red  

a t  r e g u l a r  i n t e r v a l s  in  some f i l a m e n t s  and i n  o th e r s  i t  

occu rred  a t  i r r e g u l a r  i n t e r v a l s .  Sometimes a r i n g  formed 

i n  a c e l l  s e v e r a l  days b e f o r e  i t  was seen  to  s t r e t c h .  The 

v a r i a t i o n  in  the  r a t e  o f  c e l l  d i v i s i o n  in  th e  deve lop ing  

f i l a m e n t s  du r ing  31 days i s  r e p r e s e n t e d  i n  F ig .  13. The 

dec rease  i n  c e l l  number caused by zoospore fo rm a tio n  i s  

a l s o  i n d i c a t e d ,  '..non th e  f i n a l  d i s i n t e g r a t i o n  o f  f i l a m e n t s  

took  p l a c e ,  th e  b a s a l  c e l l  was l e f t  a t t a c h e d  to  the  g l a s s  

r i n g  and i t  d id  no t  form a  zoo spo re .

(d) C e l l  s i z e  a n d cap g ro up in g  in  a c l one grovm under  

con t r o l l e d  c o n d i t i o n s .

A s e r i e s  o f  c lo n es  were s e t  up i n  an i n c u b a to r  des igned  

to  keep the  c u l t u r e s  under  c o n s ta n t  c o n d i t i o n s  o f  t e m p e ra tu re  

(20°C -  1^) and o f  i l l u m i n a t i o n .  The l i g h t  was s u p p l i e d  by 

a 60 w at t  lamp from behind  a  g l a s s  s c r e e n .  These c o n d i t i o n s  

were not  a v a i l a b l e  u n t i l  th e  l a t e r  p a r t  of  the  e x p e r im e n ta l  

work v/as i n  p r o g r e s s .

Clones were e s t a b l i s h e d  by p la c in g  a long  f i l a m e n t  i n  

a v e s s e l  o f  s t e r i l i z e d  s o i l  e x t r a c t  s o l u t i o n .  The s o l u t i o n  

was only changed i n f r e q u e n t l y  to  avoid  l o s s  of  zoospores  and 

th e  remains o f  th e  o r i g i n a l  f i l a m e n t s  were d i s c a r d e d  when

th e  s o l u t i o n  was f i r s t  changed.

/ Growth
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Growth was very  slow under  th e s e  c o n d i t i o n s  and the  

f i l a m e n t s  o f  th e  c lo n es  d id  no t  become v e ry  lo n g ,  i l f t e r  

s i x  weeks, the  l a r g e s t  c lone  v/as one w i t h  17 f i l a m e n t s .  

These f i l a m e n t s  were of  d i f f e r e n t  ages  because  some of  th e  

f i r s t  formed f i l a m e n t s  of th e  c lone had produced z o o sp o re s .

The c e l l s  of  t h e s e  17 f i l a m e n t s  grown under  c o n t r o l l e d  

c o n d i t i o n s  showed th e  same v a r i a t i o n  i n  c e l l  l e n g t h  as  d id  

the  f i l a m e n t s  grown i n  th e  l a b o r a t o r y  w i th  no c o n t r o l  o f  

tem p era tu re  or  l i g h t  (Table  11 ) .

There was no group o f  caps on the  a p i c a l  c e l l  o f  the  

f i l a m e n t  v/hich gave r i s e  t o  th e  c lo n e .  Of th e  17 f i l a m e n t s  

o f  th e  c lone two showed i n t e r c a l a r y  growth and n ine  had 

a p i c a l  caps .  Five of  th e s e  n in e  f i l a m e n t s  had a p i c a l  

groups of 3, 4 or 5 caps and th e  o t h e r  f o u r  Imd s i n g l e  

caps .  These o b s e r v a t io n s  seem to  i n d i c a t e  t h a t  t h e  p re s 

ence or absence of  a  group of  caps on th e  a p i c a l  c e l l  i s  

no t  g e n e t i c a l l y  de te rm in ed .

(e )  The e f f e c t  o f  t e m p e ra tu r e ,  l i g h t  and pH on th e  growth 

of  th e  f i l a m e n t s .

There was no te m p e ra tu re  c o n t r o l  a v a i l a b l e  f o r  most 

o f  the  e x p e r im e n ta l  work but  s in c e  th e  same v a r i a t i o n  i n  

c e l l  s i z e  occu r red  in  the  f i l a m e n t s  grown i n  th e  i n c u b a t o r  

as  i n  th ose  grown i n  th e  l a b o r a t o r y ,  i t  was i n f e r r e d  t h a t  

the  tem p e ra tu re  d id  not  e f f e c t  c e l l  s i z e .  I t  has  been 

shown t h a t  t h e  s m a l l e r  c e l l s  d ev e lop ing  in  th e  f u l l y  grown 

f i l a m e n t s  i n  th e  pond a t  the  end o f  th e  growing sea so n  were

/ n o t
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n o t  formed because  of  a d ec rea se  in  t e m p e r a tu r e .  The 

c e l l s  of th e  f i l a m e n t s  v / i th s too d  freezings-when the c u l t u r e s  

were taken  from th e  r e f r i g e r a t o r  zoo sp o res  were q u ic k ly  

formed.

I t  i s  p o s s i b l e  t h a t  i l l u m i n a t i o n ,  which in  a  pond 

sliaded by w a t e r l i l y  l e a v e s  must be weak, e x e r t s  an in f lu e n c e  

on c e l l  d i v i s i o n  and c e l l  s i z e  and t h i s  may accou n t  f o r  the  

d i f f e r e n c e s  observed between growth in  c u l t u r e  and growth 

in  the  pond. At th e  t im e ,  i t  was not  p o s s i b l e  to  c a r ry  out 

expe r im en ts  to  i n v e s t i g a t e  the  e f f e c t s  o f  i l l u m i n a t i o n  on 

growth. There was no d i f f e r e n c e  seen i n  th e  growth of  

f i l a m e n t s  i n  d a y l i g h t  or  under  th e  co n t inuous  l i g h t  from a 

40 v/att lamp (Table 1 2 ) .

When l i g h t  i n t e n s i t y  was f u r t h e r  i n c r e a s e d  by th e  use 

of a 100 w a t t  lamp th e r e  was a d e c re a se  i n  th e  r a t e  o f  c e l l  

d i v i s i o n :  ve ry  few r i n g s  were seen  i n  th e s e  f i l a m e n t s .

This  e f f e c t  does no t  ag ree  w i th  the o b s e r v a t io n s  made by 

Freund (J.928), who r e p o r t e d  a d ec rea se  i n  th e  time i n t e r v a l  

between c e l l  d i v i s i o n s  i n  i n c r e a s e d  l i g h t  i n  Oedogoniurn 

p l u v i a l e .

I n c re a s e  in  l i g h t  i n t e n s i t y  caused in c r e a s e d  zoospore  

fo rm a t io n  and a  l a r g e  number of  th e  zo o spo re s  developed 

abnormal h o l d f a s t s .  The c o n te n t s  of  many o f  th e s e  c e l l s  

were s e t  f r e e  a g a in  as  a  zoospore :  th e  zo osp o re s  escaped

by means o f  a  l i d  a t  th e  a p i c a l  end o f  th e  c e l l .  The

/ f o r m a t i o n
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fo rm a t io n  of  t h e s e  abnormal h o l d f a s t s  was seen  i n  the  

c u l t u r e s  i l l u m i n a t e d  by a  40 w a t t  lamp b u t  th e  numbers o f  

th e s e  c e l l s  were r e l a t i v e l y  few.

The f i l a m e n t s  growing i n  h ig h  l i g h t  i n t e n s i t y  were s h o r t  

because of th e  combined e f f e c t s  o f  i n c r e a s e d  zoospore  form

a t i o n  and d ec rease d  r a t e  of  c e l l  d i v i s i o n  (T ab le  13 ) .

Table 13 High l i g h t  i n t e n s i t y  (100 w a t t  lamp)

C e l l  numbers: 4, 3, 4, 5, 6, 4, 4, 2, 4, 4 

Low l i g h t  i n t e n s i t y (40 w a t t  lamp)

16, 10, 10, 13, 12, 9, 10, 8, 10, 18.

Although th e  f i l a m e n t s  i n  c u l t u r e  were grown in  co n t inu ou s  

l i g h t , c e l l  d i v i s i o n  was no t  e n t i r e l y  co n f in ed  to  th e  n i g h t 

time as  r i n g s  were found t o  be s t r e t c h i n g  in  f i l a m e n t s  tak en  

from th e  v e s s e l s  d u r in g  th e  day. i t re tschm er (1930) examined 

Oedogoniurn pacliyandrium and found tha«t c e l l  d i v i s i o n  u s u a l l y  

occurred  a t  m idnight  and t h a t  d i v i s i o n  cou ld  be induced  a t

2 - 3  p.m. i n  a r t i f i c i a l  l i g h t .  C e l l  d i v i s i o n  f r e q u e n t l y  

took  p la c e  i n  f i l a m e n t s  of  Oedogoniurn s p . d u r in g  the  day, 

under n a t u r a l  c o n d i t i o n s .

Attempts to  i n v e s t i g a t e  the  c o n t r o l  o f  pH on the  growth 

of  Oedogoniurn s p . v/ere no t  s u c c e s s f u l -  V/hen s e r i e s  o f  

c u l t u r e s  were s e t  up w i th  a range  of pH of  4, 5, 6, 6, 5, 7, 8 

and 10, the  s o i l  e x t r a c t  s o l u t i o n  behaved a s  a b u f f e r  and 

the  pH v a lu e s  g r a d u a l ly  r e v e r t e d  to  a p p ro x im a te ly  7 ,0 .  The 

f i l a m e n t s  which had been p laced  in  pH 6 .5  and 7 ,0  v/ere th e  

only  f i l a m e n t s  which appeared  normal when the  c u l t u r e s  were

/exam ined
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examined a f t e r  a week: th o se  in  s o l u t i o n  o f  pH 4, 5, 8 and

10 were - dead. A s e r i e s  o f  phosphate  b u f f e r  s o l u t i o n s  ran g 

in g  between pll 5 .7  and 8 .2  were made up a c c o rd in g  to  

Sorenson (C larke  1927) u s in g  s o i l  e x t r a c t  s o l u t i o n  as  th e  

b a s i s .  The f i l a m e n t s  were k i l l e d  in  a l l  the  s o l u t i o n s .
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C- Grov/th i n  C u l tu re  With A d d i t i o n a l  Growt h  Substa n c e s  

O b serv a t ion s  o f  growth  i n  y e a s t  e x t r a c t  and th iam ine  

c u l t u r e s  v/ere only p o s s i b l e  d u r in g  s h o r t  p e r io d s  because  

of co n tam in a t io n  by b a c t e r i a  and in c r e a s e d  zoospore  form

a t i o n ,  whereas growth in  c u l t u r e s  v /i th  in d o le - 3 - a c e  t i c  a c id  

and a -n a p h t l ia le n e  a c e t i c  a c id  was observed over a  p e r io d  o f  

s e v e r a l  months. Because of  t h i s ,  the  e f f e c t s  of  y e a s t  

e x t r a c t  and th iam in e  and of  i n d o l e - 3 - a c e t i c  a c id  on growth 

were c o n s id e red  s e p a r a t e l y .

1. The e f f e c t  o f  y e a s t  e x t r a c t  and th iam ine  on c e l l  s i z e ,  

r a t e  of  ce11 d i v i s i o n  and cap g r oup i n g .

The c u l t u r e s  v/ere s e t  up u s in g  s o i l  e x t r a c t  s o l u t i o n  and 

th e n ,  when th ey  were e s t a b l i s h e d ,  th e  p r o p a g a t in g  f i l a m e n t s  

were removed from the  v e s s e l s  and t h e  c u l t u r e  s o l u t i o n  was 

r e p la c e d  by s o i l  e x t r a c t  s o l u t i o n  c o n ta in in g  y e a s t  e x t r a c t  

(100 mgs. p e r  l i t r e )  or by s o i l  e x t r a c t  s o l u t i o n  c o n ta in in g  

th iam in e  (0 .1  mg. p e r  l i t r e ) .  This  method o f  s e t t i n g  up 

the  c u l t u r e s  he lp ed  to  reduce th e  b a c t e r i a l  c o n ta m in a t io n  in  

t h e  y e a s t  and th iam in e  c u l t u r e s .  C o n tro l  c u l t u r e s  were s e t  

up using  s o i l  e x t r a c t  s o l u t i o n .

F i lam en ts  were removed from each c u l t u r e  a f t e r  14 days 

and a g a in  a f t e r  20 days .  The c e l l  l e n g t h  was measured and 

compared w i th  t h a t  o f  th e  c e l l s  i n  the  f i l a m e n t s  i n  the  

c o n t r o l  (Table 1 4 ) .  The shape of  th e  c e l l s  which was r e c 

orded w i th  a r e f l e x  drawing a p p a ra tu s  i s  shown i n  F ig s .  15 ( a ) ,

(b)  and (c )  and th e  appearance  o f  the  f i l a m e n t s  a f t e r  20 days
i s  seen in  F ig s .  16 ( a ) ,  (b)  and ( c ) .

/The
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The a d d i t i o n  of y e a s t  o r  th iam in e  to  th e  s o l u t i o n  had 

a  d e f i n i t e  e f f e c t  on th e  s i z e  of  th e  c e l l s  o f  th e  f i l a m e n t s .

The c e l l s  were s m a l l e r  than  th e  c e l l s  in t^co n t ro l  and c e l l  

l e n g th s  o f  40 -  60 were f r e q u e n t l y  r e c o rd e d .  The c e l l s  

were somev/Iiat b a r r e l  shaped and t h i s  gave an u n u su a l  appear

ance to  th e  f i l a m e n t .  The c e l l s  were v e ry  dark  g re en  w i th  

a l i g h t  p a tc h  i n d i c a t i n g  t h e  p o s i t i o n  o f  th e  n u c l e u s .  The 

f i l a m e n t s  in  y e a s t  e x t r a c t  had a p e c u l i a r  j o i n t e d  appearance  

and they  broke e a s i l y  i n t o  segments (F ig ,  1 5 ( a ) ) .

The mean c e l l  l e n g t h  i n  th e  f i l a m e n t s  from each s o l u t i o n  

was as  fo l lo w s  (Table  15 ) .

Table 15 Mean c e l l  l e n g t h  & s ta n d a r d  d e v i a t i o n

a f t e r  14 days a f t e r  20 days

C u l tu re  + y e a s t  e x t r a c t  94. Op -  2 0 .0  / 8 0 .0 /4 -  18 .8

” + th iam ine  97 .2  -  23 .6  76 .4  -  21 .2

c o n t r o l  101 .0  -  14 .0  107.2  ± 27 .2

In y e a s t  e x t r a c t  and i n  th iam in e  c u l t u r e  th e  fo rm a t io n  

of  very  sm a l l  c e l l s  i n  the  f i l a m e n t s  was obvious a f t e r  14 

days» growth and th e  numbers o f  t h e s e  sm a l l  c e l l s  i n c r e a s e d  

w i th  t im e.

The r a t e  of  c e l l  d i v i s i o n  was i n c r e a s e d  by th e  a d d i t i o n  

of  y e a s t  e x t r a c t  and th iam ine  to  th e  c u l t u r e  s o l u t i o n .  During 

14 days,  growth was most a c t i v e  i n  th e  y e a s t  e x t r a c t  and th e  

number o f  c e l l s  i n  t h e s e  f i l a m e n t s  was from 10 to  19 ’( F i g . 1 5 ( a ) ,

(b) and ( o ) ) .  The number of  c e l l s  i n  the  f i l a m e n t s  i n  th iam in e  

v a r i e d  from 5 to  12 and th o se  i n  s o i l  e x t r a c t  s o l u t i o n  from

/ 5  t o  8
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5 to  8. The l e n g t h  of some of t h e s e  f i l a m e n t s  i s  shown 

in  Table 16.

Table 16 C e l l  numbe r  a f t e r  14 days

y e a s t  e x t r a c t  16 19 12 10 11 13 12 12 14 14

th iam in e  8 9 7 9 10 5 12 7 8 11

s o i l  s o l u t i o n  7 6 6 8 7 5 6 5 7 7

A f te r  20 days ,  zoospore  fo rm a t io n  had become so f r e q u e n t  

i n  y e a s t  e x t r a c t  and in  th iam in e  c u l t u r e s  t h a t  i t  was im

p o s s ib le  to  d e te rm ine  the  e f f e c t  of the  growth s u b s ta n c e s

on the  r a t e  of  c e l l  d i v i s i o n .

Very few groups o f  caps were found i n  any of  t h e s e  

f i l a m e n t s  and t h e r e  was no i n c r e a s e  i n  the  number o f  a p i c a l  

c e l l s  which were accum u la t ing  caps .

2. The e f f e c t s  of i n d o l e - 3 - a c e t i c  a c id  and Sr-naphtlialene- 

a c e t i c  a c id  on c e l l  s i z e ,  r a t e  of  c e l l  d i v i s i o n  and the  

d i s t r i b u t io n  of the  caps.

V/hen p r e l im in a r y  c u l t u r e s  o f  i n d o l e - 3 - a c e  t i c  a c i d  and 

3/-n a p h t h a l e n e - a c e t i c  a c id  (0 .2  gms. p e r  l i t r e )  were s e t  up, 

th e  f i l a m e n t s  i n  i n d o l e - 3 - a c e t i c  a c id  were k i l l e d  w i t h i n  a 

few days but th o se  i n  S r -n a p h th a le n e -a c e t ic  a c id  co n t in u ed  

to  grow. The c o n c e n t r a t i o n  .of i n d o l e - 3 - a c e t i c  a c id  was th en  

reduced  to  0 .1  gms. p e r  l i t r e  and t h a t  o f  a - n a p h t h a l e n e - a c e t i c  

a c id  was i n c r e a s e d  to  0 .3  gms. p e r  l i t r e .  The f i l a m e n t s  i n  

th e s e  s o l u t i o n s  were h e a l t h y  and zoospores  formed. L a te r  

the  c o n c e n t r a t i o n  o f  a - n a p h t h a l e n e - a c e t i c  a c id  was i n c r e a s e d  

to  0 .4  gms. p e r  l i t r e .  Zoospores v/ere formed and developed

/ i n t o
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i n t o  f i l a m e n t s  i n  t h i s  c o n c e n t r a t i o n .

Two typ es  o f  c u l t u r e  were s e t  up i n  b o th  i n d o l e - 3 - a c e t i c  

ac id  and c v -n a p h th a len e -a ce t ic  a c i d .  In  one, th e  p r o p a g a t in g  

f i l a m e n t s  were removed from th e  v e s s e l  when th e  c u l t u r e  was 

e s t a b l i s h e d  and in  the  o t h e r ,  the  p ro p a g a t in g  f i l a m e n t s  were 

l o f t  i n  the  c u l t u r e  v e s s e l .  A s e r i e s  of c o n c e n t r a t i o n s  of 

i n d o l e - 3 - a c e t i c  a c id  or  O r-nap l i tha lene-ace t ic  a c id  v/as used  

f o r  bo th  ty p es  of  c u l t u r e .  The c o n c e n t r a t i o n s  used w e re : -  

I n d o l e - 3 - a c e t i c  a c id  0 .1  gms. p e r  l i t r e

0 .05

0.025

0.0125

0.00625

a - n a p h t h a l e n e - a c e t i c  a c id  0.4*^ gms. p e r  l i t r e

0 .3

0 . 2

■^not used in  the  f i r s t
s e r i e s  o f  ex p e r im e n ts • ^

0 .05

0.025

0.0125

0.00625

C o n tro l  c u l t u r e s  were s e t  up in  s o i l  e x t r a c t  s o l u t i o n .

(a )  The e f f e c t  on c e l l  s i z e .

The p ro p a g a t in g  f i l a m e n t s  which had c e l l s  o f  140 -  220/^ 

long when p laced  in  c u l t u r e , were grown in  th e s e  d i f f e r e n t  

s o l u t i o n s  of i n d o l e - 3 - a c e t i c  a c id  or  a - n a p h t h a l e n e - a c e t i c

/ a c i d
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a c id  f o r  t h r e e  months. A f t e r  t h i s  p e r io d  th e  c e l l  l e n g t h  

in  f i l a m e n t s  taken  from a l l  the  i n d o l e - 3 - a c e t i c  a c id  and 

a - n a p h t h a l e n e - a c e t i c  a c id  c u l t u r e s  was measured and was 

compared w i th  t h a t  i n  the  c o n t r o l  c u l t u r e .

The range in  c e l l  l e n g t h  of  th e  f i l a m e n t s  growing in  

a l l  c o n c e n t r a t i o n s  of  i n d o l e - 3 - a c e t i c  a c id  and Or-naphthalene- 

a c e t i c  a c id  was s i m i l a r  to  t h a t  i n  the  c o n t r o l  c u l t u r e s .

C e l l s  of 60 -  1 4 0 /Li liad formed in  a l l  c u l t u r e s  so t h a t  th e  

a d d i t i o n  of  th e  growth s u b s ta n c e s  in  any o f  th e  c o n c e n t r a t 

ion s  used had not  p re v e n te d  th e  s m a l l e r  s i z e d  c e l l s  from 

forming in  c u l t u r e .  The c e l l  l e n g th s  o f  f i l a m e n t s  grown 

in  a - n a p h t h a l e n e - a c e t i c .  a c i d  (0 .3  gms. p e r  l i t r e )  a re  com

pared  w i th  th o se  o f  th e  c o n t r o l  i n  Table 17. The d i s t r i b 

u t i o n  o f  c e l l  l e n g t h  measurements i n  some o f  th e  f i l a m e n t s  

i s  seen in  F ig .  17.

A more d e t a i l e d  exam ina t ion  was made o f  th e  f i l a m e n t s  

which had grown from zoo sp o res  i n  v a ry in g  s t r e n g t h s  of 

i n d o le - 3 - a c e  t i c  a c id  or  napht  h a l  e n e - a c e t i c  a c i d .

These c u l t u r e s  were grown over a  p e r io d  o f  t h r e e  months.

Measurements of  c e l l  l e n g t h  i n  a  few of  th e  f i l a m e n t s  

grovm i n  v a ry in g  c o n c e n t r a t i o n s  o f  i n d o l e - 3 - a c e t i c  a c id  and 

a - n a p h t h a l e n e - a c e t i c  a c id  a re  g iven  i n  Tab les  18 and 19.

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

t e n  f i l a m e n t s  grovm i n  th e  s e r i e s  of  c u l t u r e s  u s in g  bo th  

th e s e  su b s ta n c e s  a re  sho\yn in  Table 20.

/ T a b le  20
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T a b l e  2 0

I n d o l e - 3 - a c e t i c  a c id  c u l t u r e s  
( 0 , 1  c u l t u r e  became v e r y  c o n t a m i n a t e d . )

.05 gms. p e r  l i t r e  

.025 " "

.0125 ” " "

.00625 " " ”

S o i l  s o l u t i o n

a - n a p l i t h a l e n e - a c e t i c  a c id  c u l t u r e s

Mean C e l l  S tandard  
TjengiE' D ev ia t io n

104.68 M 

121.48 

108.80 

1 0 0 . 8  

113 .0

-  2 0 .1 2  

i  20 .44  

-  3 0 .0  

18.92 

-  18 .28

0 .4  gms. p e r  l i t r e 122.16 p -  25 .2

, 2  "  M tl 119.04 -  1 8 .8

.1 " ” " 117.08 -  1 6 .8

.  05 " " " 113.04 ^  19 .6

.025 " " 112.04 -  17 .2

.0125 97.80 i  1 8 .4

.00625 " " " 104 .80 ^  1 8 .0

S o i l  s o l u t i o n 105.04 ±  19 .2

The range  of  th e  measurements of  c e l l  l e n g t h  found in  

th e  f i l a m e n t s  grown in  each c o n c e n t r a t i o n  of  i n d o l e - 3 - a c e t i c  

a c id  and a - n a p h t i i a l e n e - a c e t i c  a c id  was d iv id e d  i n t o  groups 

of 20 p and th e  p e rcen tag e  number of  c e l l s  i n  each o f  t h e s e  

groups was e s t im a te d  i n  th e  f i l a m e n t s  examined in  each of  

th e  c u l t u r e s .  These f i g u r e s  a r e  re c o rd e d  i n  Tab les  21 and 

22. In a l l  b u t  th e  two weakest  c o n c e n t r a t i o n s  o f  ar-naphtha- 

l e n e - a c e t i c  a c id  the  l a r g e s t  p ro p o r t i o n  o f  th e  c e l l s  i n  th e  

f i l a m e n t s  was i n  th e  g roup 104 -  120 ^  . In  th e  two o th e r

/ c o n c e n t r a t i o n s
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c o n c e n t r a t i o n s  th e  l a r g e s t  p r o p o r t io n  of th e  c e l l s  v/as 

found i n  the  group 84 -  100/< . In  th e  i n d o l e - 3 - a c e t i c

a c id  s e r i e s  th e  group c o n ta in in g  th e  l a r g e s t  p r o p o r t i o n  

o f  the  c e l l s  v a r i e d  from c o n c e n t r a t i o n  to  c o n c e n t r a t i o n .

S t a t i s t i c a l  a n a l y s i s  was a p p l i e d  t o  the c e l l  l e n g t h  

measurements in  o rd e r  to  f i n d  i f  t h e r e  was any c o r r e l a t i o n  

between the  c o n c e n t r a t i o n  of th e  two s u b s ta n c e s  used  i n  

th e  c u l t u r e s  and th e  mean c e l l  l e n g t h  (See Appendix I ) .

The c o r r e l a t i o n  c o e f f i c i e n t  was c a l c u l a t e d  f o r  the  i n d o l e -  

3 - a c e t i c  a c id  s e r i e s  and f o r  th e  a - n a p h t h a l e n e - a c e t i c  a c id  

s e r i e s  of c u l t u r e s .  A c o r r e l a t i o n  c o e f f i c i e n t  of  ±0.286 

which v/as o b ta in ed  f o r  th e  i n d o l e - 3 - a c e  t i c  a c id  s e r i e s  was 

shown by the  v a r ia n c e  r a t i o  t e s t  no t  to  be s i g n i f i c a n t ;  

whereas a c o r r e l a t i o n  c o e f f i c i e n t  o f  ±0.865 in  the  a -n a p h th a 

l e n e - a c e t i c  a c id  s e r i e s  o f  c o n c e n t r a t i o n s  v/as shov/n to  be 

s i g n i f i c a n t  a t  t h e  5^ l e v e l .  A tendency  f o r  th e  mean c e l l  

l e n g t h  to  i n c r e a s e  w i th  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  

a r -n a p h th a le n e -a c e t i c  a c id  i s  i n d i c a t e d  i n  Table 20.

(b) The e f f e c t  on th e  r a t e  of  c e l l  d i v i s i o n .

I t  was no t  p o s s i b l e  t o  e s t im a te  th e  e f f e c t  o f  i n d o l e -  

3 - a c e t i c  a c id  and a - n a p h t h a l e n e - a c e t i c  a c id  on the  r a t e  o f  

grov/th over  long  p e r io d s  as  zoospore  fo rm a t io n  made com

p a r i s o n s  of t h e  r a t e  o f  c e l l  d i v i s i o n  i n a c c u r a t e .

(c )  The e f f e c t  on th e  d i s t r i b u t i o n  and g rouping of  th e  c a p s . 

When f i l a m e n t s  from th e  pond had been grov/ing i n  i n d o l e -

3 - a c e t i c  a c id  and a r -n a p h th a le n e -a c e t i c  a c id  f o r  t l i r e e  months,

/ a n
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an accum ula t ion  of  l a r g e  numbers of  caps was found in  

many of  the  f i l a m e n t s .  These l a r g e  g roups  were more 

f r e q u e n t  in  th e  f i l a m e n t s  in  a r -n a p h th a le n e - a c e t i c  a c id  

th a n  in  i n d o l e - 3 - a c e t i c  a c i d .  The m a j o r i t y  of th e s e  

l a r g e  groups i n  a - n a p h t h a l e n e - a c e t i c  a c id  numbered 13 to  

20 caps bu t  groups a s  l a r g e  as  21 to  30 were o f t e n  found. 

Large groups were common on the  a p i c a l  c e l l  o f  f i l a m e n t s  

in  a - n a p h t l i a l e n e - a c e t i c  a c id  (F ig s .  19, 20 and 2 0 ( a ) ) .

In the  c o n t r o l  f i l a m e n t s  the  cap number r a r e l y  exceeded 

t e n .

Comparable amounts of m a t e r i a l  were ta k e n  from each of 

the  c o n c e n t r a t i o n s  of  a r -n a p h th a le n e - a c e t i c  a c id  and from 

th e  c o n t r o l ,  and r e c o r d s  were made o f  th e  g roupso f  caps 

in  thm f i l a m e n t s .  The p o s i t i o n  o f  th e  caps was re co rd ed  as  

i n t e r c a l a r y ,  i n t e r c a l a r y  which had become a p i c a l  o r  a p i c a l .  

The r e s u l t s  ob ta in ed  in  t h i s  manner were p l o t t e d  as  a s e r i e s  

of h is to g ram s  in  F ig .  21. These r e c o rd s  only  i n d i c a t e  th e  

g e n e ra l  e f f e c t  of  a - n a p h t h a l e n e - a c e t i c  a c id  on cap g roup ing  

s in c e  unequa l  numbers of  f i l a m e n t s  of  v a ry in g  ages were 

examined; th e y  do show, however, t h a t  t h e r e  was an accumr- 

u l a t i o n  of caps to  form l a r g e  g roups  in  a r -n a p h th a le n e -a c e t i c  

a c id .  This  i n c r e a s e  was no t  so obvious i n  th e  examined f i l a  

ments grown i n  th e  two weakest s o l u t i o n s .  Groups o f  caps 

were i n f r e q u e n t  i n  t h e  c o n t r o l  m a t e r i a l .

S im i l a r  r e c o rd s  were a l s o  made o f  f i l a m e n t s  which had 

been produced and grown in  i n d o le - 3 - a c e  t i c  a c id  and ar-naphta-

/ l e n e -
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l o n e - a c e t i c  a c i d  f o r  t h r e e  months. These r e s u l t s  a r e  

re co rd ed  in  f i g s .  22 and 23. The number of  caps  re c o rd e d  

f o r  th e  f i l a m e n t s  in  a - n a p h t h a l e n e - a c e t i c  a c id  (0 .2  gras, 

pe r  l i t r e )  v/ere no t  r e p r e s e n t a t i v e  of th e  c u l t u r e  because  

th e  grov/th of d iatoms and o t h e r  a lg a e  made i t  d i f f i c u l t  

t o  count th e  number o f  caps in  a g roup .

Since t h e s e  f i l a m e n t s  v/ere s h o r t e r  than  th o s e  v/hich had 

been tak en  from th e  pond and grown in  c u l t u r e ,  t h e  number 

of  caps in  each group was s m a l l e r :  th e  l a r g e s t  group

reco rded  numbered 22. The fo rm a t io n  of  l a r g e  groups of 

caps i n  th e  f i l a m e n t s  was more obvious in  a - n a p h t i i a l e n e - a c e t i c  

a c id  th an  in  i n d o l e - 3 - a c e t i c  a c i d  and th e se  l a r g e  g roups  in  

a r -n a p h th a le n e -a c e t i c  a c i d  were u s u a l l y  a p i c a l .  A lthough 

the  r e c o rd s  of  cap g rou p in g  in  th e s e  f i g u r e s  cannot be ex

p re sse d  q u a n t i t i a t i v e l y  t h e r e  i s  no doubt t h a t  l a r g e  groups 

of  caps had formed in  b o th  in d o le - 3 —a c e t i c  a c id  and a—naphthsr- 

l e n e - a c e t i c  a c id .  There were u s u a l l y  only  one or two l a r g e  

groups of  caps found in  a f i l a m e n t  which s u g g e s te d  t h a t  c e l l  

d i v i s i o n  had been c o n c e n t r a t e d  in  a few p o s i t i o n s  in  th e  

f i l a m e n t ,  a - n a p h t h a l e n e - a c e t i c  a c id  caused ma,ny o f  th e  

a p i c a l  c e l l s  to  r e t a i n  t h e i r  caps and t h e  fo rm a t io n  of  th e s e  

l a rg e  groups showed t h a t  a p i c a l  growth v/as common i n  th e  

f i l a m e n t s .  In c o n t r a s t  i n d o l e - 3 - a c e t i c  a c i d  d id  not  cause 

the  caps to  accum ulate  on th e  a p i c a l  c e l l s ,  so t h a t  i t  was 

not  p o s s i b l e  t o  decide how much a p i c a l  growth had o cc u r red .

The l a r g e  groups of  caps which formed i n  t h e  f i l a m e n t s

/ t r e a t e d
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t r e a t e d  w i th  i n d o l e - 3 - a c e  t i c  a c i d  and w i t h  a^na.pht h a l  ene -  

a c e t i c  a c id  were consp icuous  because  o f  th e  i n c r e a s e d  cap 

number and because o f  t h e  a b n o r m a l i t i e s  v / i th in  the  cap. 

group which accompanied t h i s  i n c r e a s e .  Some of th e s e  ab

n o r m a l i t i e s  a r e  shown in  F i g s . 19, 23, 26 and 27. The 

i n c r e a s e  in  th e  t h i c k n e s s  of the  caps caused  a d e c re a s e  in  

th e  s i z e  o f  th e  p r o t o p l a s t  o f  th e  c e l l .

As th e  number o f  caps in  a group  i n c r e a s e d  beyond t e n ,  

the  group became th ic k e n e d  on the  i n s i d e  tow ards  th e  a p i c a l  

end of th e  c e l l .  The t h i c k e n i n g  d id  not  ap p e a r  to  ex tend  

a long  th e  t r a n s v e r s e  v/all of th e  c e l l  (F ig .  2 4 ) .  In many 

of  the  c e l l s ,  the  t h i c k e n i n g  was uneven and th e  group had 

the  appearance  shown i n  F ig .  27. In  l a r g e  groups  of  caps ,  

the  cap m a t e r i a l  became so e x t e n s iv e  th a t  i t  appeared  to  

cut  o f f  th e  a p ic a l  p a r t  o f  the  p r o t o p l a s t  from the  r e s t  of 

th e  p r o t o p l a s t .  In a p i c a l  groups of  13 t o  30 caps i t  v/as 

f r e q u e n t l y  found t h a t  t h e  cap m a t e r i a l  co m p le te ly  f i l l e d  

the  apex o f  t h e  c e l l  (F ig .  2 3 ) .  A b n o rm a l i t i e s  which were 

s t i l l  more complex were found in  some c e l l s  as  shown in  

F ig .  26. In such  c a s e s  i t  was o f t e n  found t h a t  the p o r t i o n  

of the  p r o t o p l a s t  a d j a c e n t  to  the upper  t r a n s v e r s e  w a l l  o f  

the  c e l l  appea red  t o  be c u t  o f f  by a  s o l i d  ing row th  o f  cap 

m a t e r i a l  and t h a t  a  second p o r t i o n  o f  th e  p r o t o p l a s t  appeared  

to  be i s o l a t e d  by th e  fo rm a t io n  o f  a n o th e r  ing row th  o f  cap 

m a t e r i a l  f u r t h e r  towards th e  base  of  the  group o f  caps 

(F ig .  2 6 ) .  More th a n  two such ingrow ths  o f  t h i c k e n i n g  were

/som etim es



-  42 -

sometimes found v/i t l i in  th e  group of  caps as  i n  F ig .  28 (3 )  

and 2 8 a ( l ) . When t h e s e  groups of  caps v/ere examined i t  was 

n o t  p o s s i b l e  t o  d i s c o v e r  i f  th e  cap m a t e r i a l  co m p le te ly  

t r a v e r s e d  th e  c e l l  so t h a t  th e  p r o t o p l a s t  was a c t u a l l y  

d iv id e d  i n t o  two or  more p a r t s  or  whether th e  p r o t o p l a s t  

was only c o n s t r i c t e d  by th e  cap m a t e r i a l .  When the p r o t o p l a s t  

i s  p lasm olysed i n  d i l u t e  g l y c e r i n e ,  the  lower p o r t i o n  may 

s e p a r a t e  from the th i c k e n in g  a t  t h e  base  o f  the  group o f  

caps l e a v in g  the  upper  p o r t i o n  c l e a r l y  i s o l a t e d  as  i n  F ig .  26. 

This s u g g e s t s  t h a t  t h e  th ic k e n in g  in  some ca ses  a t  any r a t e ,  

may have been co n t in u o u s  a c r o s s  t h e  c e l l .

Abnormal r i n g  fo rm a t io n  v/as f r e q u e n t l y  r e c o rd e d  in  th e  

l a r g e  groups of caps.  S in g le  r i n g s  were o f t e n  formed v / i th in  

a group of  caps and no t  a t  th e  base of  th e  group (F ig .  19, 

2 8 ( 7 ) ) ,  and o c c a s i o n a l ly  in  th e  f i l a m e n t s  t r e a t e d  v/ith a -naph

t h a l e n e - a c e t i c  a c i d ,  more than  one r i n g  was formed in  th e  

group (F ig .  2 8 a ( 2 ) ( 3 ) ) .  The m a j o r i t y  of  such r i n g s  d id  n o t  

s t r e t c h ;  many of  th e s e  ap peared  to  be embedded i n  th e  cap 

m a t e r i a l  which ex tended  a c r o s s  th e  c e l l .  (F ig s .  26, 2 8 (3 ) ,  

2 8 a ( l ) ,  2 9 ( 2 ) ) .

S im i l a r  a b n o r m a l i t i e s  i n  w a l l  th ic lcness  and r i n g  fo rm a t io n  

were o c c a s io n a l ly  found in  th e  long  f i l a m e n t s  from th e  pond 

when a  group of  more th an  t e n  caps was found and t h e s e  a r e  

i l l u s t r a t e d  i n  F ig .  2 8 ( 1 ) ( 8 ) ( 9 ) ( 1 0 ) ( 1 1 ) .  I n d o l e - 3 - a c e t i c  a c id  

and e s p e c i a l l y  a - n a p h t h a l e n e - a c e t i c  a c i d  had th e  e f f e c t  o f  

i n c r e a s i n g  th e  f req u en cy  of  t h e  o ccu rrence  of t h e s e  abnorm

a l i t i e s  by i n c r e a s i n g  th e  number o f  caps i n  many of  t h e  g ro u p s .

/Examples
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Examples of  v e ry  abnormal c e l l  s t r u c t u r e  found i n  f i l a m e n t s  

from th e  pond and in  f i l a m e n t s  from th e  i n d o l e - 3 - a c e t i c  a c id  

and a - n a p h t h a l e n e - a c e t i c  a c id  c u l t u r e s  a r e  shown in  F ig s .  2 8 (1 ) ,  

28(2)  and 2 9 (1 ) ,  28a(4)  r e s p e c t i v e l y .  In th e s e  c e l l s  w i th  

l a r g e  groups o f  c a p s , normal c e l l  d i v i s i o n  appeared  to  have 

been h in d e red  and an i n c r e a s e  i n  c e l l  l e n g t h  had p ro b a b ly  

tak en  p lace  by th e  s t r e t c h i n g  o f  abnormal r i n g s  formed i n s i d e  

the  group o f  c a p s . P a r t  o f  th e  l a t e s t  formed caps had sep 

a r a t e d  from th e  group and was a t t a c h e d  to  the w a l l  o f  th e  

c e l l .

H o r iz o n ta l  s t r i a t i o n s  a r e  ap p a re n t  in  the  s u r f a c e  view of 

any group of  caps and have a lways been used t o  de term ine  the  

number of  caps p r e s e n t .  V/hen the l a r g e  groups d e s c r ib e d  

here  were examined in  o p t i c a l  s e c t i o n  the m a t e r i a l  o f  th e  

group of caps appeared  a s  i f  i t  was la m in a te d .  These l a y e r s  

were no t  e v id e n t  i n  t h e  s m a l l  amount of  t h i c k e n i n g  on th e  

t r a n s v e r s e  w a l l  a t  th e  c e l l  apex (F ig .  2 4 ) .  In a  l a t e r  s e c t i o n  

th e s e  f a c t s  w i l l  be c o n s id e red  i n  r e l a t i o n  to  the normal p ro

cess  of  c e l l  d i v i s i o n .



-  4 4  -

J). Growth i n  C u l tu r e s  Contai n i n g  C o lc h ic i n e ,

A s e r i e s  o f  c u l t u r e s  were s e t  up u s in g  s o i l  e x t r a c t  

s o l u t i o n  to  which c o l c h i c i n e  ha,d been added in  th e  two 

c o n c e n t r a t i o n s  o f  1 .0  gms. p e r  l i t r e  and 0 .1  gms. p e r  

l i t r e .  C o n tro l  c u l t u r e s  were s e t  up in  s o i l  e x t r a c t  

s o l u t i o n .  F i lam en ts  which had been g rowing in  th e  pond 

were p laced  in  th e  c u l t u r e s  and were l e f t  f o r  two months 

and f i l a m e n t s  of  two to  t l i r ee  c e l l s  which were growing on
C olt  k ' C  INC.

s l i d e s  in  c u l t u r e  were p laced  i n L c u l tu r e  f o r  a  week.

At th e  end of  t h i s  t ime i n  s o l u t i o n s  c o n ta in in g  c o l 

c h ic in e  of  c o n c e n t r a t i o n s  1 .0  and 0 .1  gms. p e r  l i t r e ,  th e  

c e l l s  o f  th e  f i l a m e n t s  were b r i g h t  g re e n  and in  th e  younger 

f i l a m e n t s  the  c h l o r o p l a s t s  were d i s t i n c t l y  r e t i c u l a . t e .  The 

apcearance  of th e  c h l o r o p l a s t s  may have been caused by un

fa v o u rab le  c o n d i t io n s  of growth a l t h o u g h  t h e  f i l a m e n t s  a l l  

appeared  h e a l t h y .  Zoospore formait ion  and r i n g  fo rm a t io n  was 

f r e q u e n t  in  th e  f i l a m e n t s  i n  a l l  th e  c u l t u r e s .  Abnormal c e l l  

d i v i s i o n s  w i th  a fjwollen- a p in a l  nnd had caused many c e l l s  to  

become an u n u su a l  s h a p e .w i th  a sw ollen  a p i c a l  end.

O bserva t ions  were mainly  co n f in ed  to  the  e f f e c t  o f  co l 

c h ic in e  on c e l l  d i v i s i o n .  S i m i l a r  o b s e rv a t io n s  on c o l c h i c i n e  

t r e a t e d  f i l a m e n t s  of  a  s p e c i e s  of  Oedogoniurn were made by

G or te r  (1943) u s in g  a c o l c h i c i n e  c o n c e n t r a t i o n  o f  1 .0  gms. 

p e r  l i t r e .

The o b s e rv a t io n s  made on th e  f i l a m e n t s  i n  the  two con

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

(a )  Growth
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Growth i n  c u l t u r e s  c o n ta in in g  c o l c h i c i n e  (1*0 gm s .p e r  l i t r e ' ) , 

Llost o f  the  o b s e rv a t io n s  made on th e  m a t e r i a l  from th e s e  

c u l t u r e s  ag ree  w i th  th o se  made by G o r te r  (1945) ,

Normal c e l l  d i v i s i o n  was e n t i r e l y  su p p re sse d  by t h i s  

c o n c e n t r a t i o n  o f  c o l c h i c i n e .  A lthough a p p a r e n t l y  normal r i n g  

fo rm a tio n  co n t in u ed  and th e  r i n g s  s t r e t c h e d  th e re  was no 

d i v i s i o n  of t h e  n u c leu s  and no c r o s s  w a l l  fo rm a t io n  i n  th e  

c e l l s .  The s t r e t c h e d  r i n g  became sw o l len  u nd er  th e  i n f l u e n c e  

of c o l c h i c i n e  and th e s e  s w e l l i n g s  gave an abnormal appearance  

to  th e  f i l a m e n t s  (F ig s .  30, 31 ) ,  F r e q u e n t ly  s e v e r a l  r i n g s  

formed and s t r e t c h e d  i n  s u c c e s s io n  in  a  c e l l ,  w hen t  he c e l l  

became even more abnormal i n  shape .  Very fev/ a b n o r m a l i t i e s  

were found in  th e  b a s a l  p a r t  o f  the o ld e r  f i l a m e n t s :  th e

abnormal c e l l s  were u s u a l l y  co n f in ed  to  the a p i c a l  p a r t  of  

th e  f i l a m e n t s  (F ig .  31 ) .

The c o l c h i c i n e  caused r i n g s  t o  form i n  abnormal p o s i t i o n s  

i n  some of th e  c e l l s  o f  t h e  f i l a m e n t s  and f r e q u e n t l y  more 

th an  one r i n g  was found in  a c e l l .  These abnormal r i n g s  

which d id  no t  s t r e t c h  were found in  the fo l lo w in g  p o s i t i o n s  

in  th e  c e l l : -

1. i n  th e  sw ollen  a p i c a l  p a r t  o f  an abnormal c e l l

2. in  th e  sw o llen  a p i c a l  p a r t  o f  an abnormal c e l l  and

a t  the base  of  th e  s w e l l in g

3. a t  th e  apex and a t  th e  base  o f  a  c e l l  (F ig ,  36, 3 7 ) ,

4. a t  t h e  apex and i n  th e  c e n t r a l  r e g io n  o f  a  c e l l  ( F ig .  3 0 ) .

The n u c le i in  c e l l s  in  which a ring had stretchlSvere la rg e

/ a n d
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and t l i e i r  o u t l i n e  was i n d e f i n i t e .  The p o s i t i o n  o f  th e s e  

n u c l e i  v a r i e d :  sometimes th ey  were i n  the  swollen  apex o f  th e

c e l l  and sometimes th ey  were in  the  o r i g i n a l  p a r t  o f  th e  c e l l .

The zoospores  rounded o f f  and s e c r e t e d  a w a l l  hu t  none o f  

th e s e  c e l l s  deve loped  a h o l d f a s t .  A s e r i e s  o f  r i n g s  formed 

a t  one end bu t  none o f  t h e s e  r i n g s  was found to  have s t r e t c h e d  

(F ig .  32 ) .  There was no i n d i c a t i o n  t h a t  n u c l e a r  d i v i s i o n  had 

begun in  th e s e  c e l l s .

(b) Growth in  c u l t u r e s  c o n ta in in g  c o l c h i c i n e  ( 0 .1  gms. p e r  l i t r e ) .

A f t e r  two months, i t  was found t h a t  the e f f e c t s  of  the  

weaker c o n c e n t r a t i o n  of  c o l c h i c i n e  on c e l l  d i v i s i o n  were 

more v a r i e d .  Both normal and abnormal d i v i s i o n s  had taken  

p lace  in  t h i s  m a t e r i a l .

Many o f  th e  soo sp o res  produced in  th e s e  c u l t u r e s  developed  

i n t o  a p p a r e n t l y  normal s e v e r a l - c e l l e d  f i l a m e n t s  on the  w a l l s  

of  th e  v e s s e l s :  t h e s e  f i l a m e n t s  were s i m i l a r  t o  f i l a m e n t s

deve lop ing  in  th e  c o n t r o l  (F ig .  33 ) .  S i m i l a r  grov/th was a l s o  

seen in  the f i l a m e n t s  which were d ev e lo p in g  on s l i d e s  p la c e d  

in  t h e  c u l t u r e s  f o r  a  week. The f i l a m e n t s  were 2-3  c e l l e d  

v/hen p laced  in  c o l c h i c i n e  and  o b s e rv a t io n s  a f t e r  a  week showed 

t h a t  th e  c e l l  s i z e  and th e  r a t e  of c e l l  d i v i s i o n  in  t h e s e c a -  

f i l a m e n t s  was s i m i l a r  t o  th e  c e l l  s i z e  and the  r a t e  o f  c e l l  

d i v i s i o n  in  the  c o n t r o l  (F ig s .  34, 35, 3 5 ( a ) ) .  However, many 

o f  the a p i c a l  c e l l s  i n  t h e s e  young f i l a m e n t s  becajne expanded 

a t  the t i p  and th e  n u c leu s  was o f te n  found i n  t h i s  expans ion  

(F ig .  34, 35) .

/When
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\/hen abnormal c e l l  d i v i s i o n  to o k  p lace  th e  c e l l  had 

a s i m i l a r  appearance  to  t h a t  a l r e a d y  d e s c r ib e d  f o r  th e  

s t r o n g e r  c o n c e n t r a t i o n  o f  c o l c h i c i n e . S u cce s s iv e  r i n g s  

had s t r e t c h e d  in  some o f  th e  c e l l s  w i th o u t  any c r o s s  w a l l  

fo r im k ion :  t h i s  was f r e q u e n t l y  the case  i n  th e  ge rm lings

deve lop ing  from zo o sp o re s ,  a l th o u g h  s t r o n g  h o l d f a s t s  were

developed (F ig .  33 ) .

Ring fo rm a t io n  was very  obvious in  the f i l a m e n t s  and

many of t h e s e  r i n g s  were abnori.ial in  p o s i t i o n  and number 

in  th e  c e l l .  These a b n o r m a l i t i e s  were s i m i l a r  t o  th o s e  

found in  the  s t r o n g e r  c o n c e n t r a t i o n  and r e p r e s e n t a t i v e  

examples of them a re  shov/n in  F ig s .  36, 37, 38.

V/hen th e  f i l a m e n ts  were s t a i n e d  vh th  a c e t o - c a r m i n e , 

v a r i a t i o n s  were found i n  th e  b e h a v io u r  o f  th e  n u c le u s .

Nuclear  d i v i s i o n  was g e n e r a l l y  normal in  the f i l a m e n t s  which 

had been formed in  c o l c h i c in e  and i t  had a l s o  ta k e n  p la c e  

i n  some of the  c e l l s  i n  th e  f i l a m e n t s  v/hich had been  p la c e d  

in  the  c u l t u r e .  In some o f  th e s e  c e l l s  the  n u c le u s  had 

d iv ided  and a r i n g  had s t r e t c h e d  w i th o u t  any c ro ss  w a l l  form

a t i o n ,  so t h a t  a n u c leus  was found in  bo th  p a r t s  of  th e  c e l l  

(F ig .  37) .  In o t h e r s ,  th e  n u c le u s  had d iv id e d  bu t  no r i n g s

had formed i n  t h e  c e l l  (F ig .  39 ) .  F re q u e n t ly  th e  n u c leu s  

had d iv id e d  in  th e  c e l l s  i n  which b o th  a p i c a l  and b a s a l  

c o l l a r s  were formed (F ig .  36, 37 ) .

O c c a s io n a l ly  abnormal n u c l e a r  b e h a v io u r  was seen  in  

c e l l s  i n  which o th en v ise  normal c e l l  d i v i s i o n  liad o c c u r re d .

/ B i n u c l e a t e
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B in u c le a te  c e l l s  were found w i th  an a d j a c e n t  c e l l  l a c  Icing 

a  n u c leus  (F ig .  40);  o th e r  c e l l s  had a s i n g l e  n u c leu s  

a l th o u g h  th e  a d ja c e n t  c e l l  only  c o n ta in e d  a n u c l e o l u s .

Abnormal n u c l e a r  b e h a v io u r  was more obvious in  c e l l s  

i n  which o th e r  a b n o r m a l i t i e s  were found. In many of th e  

abnormal c e l l s ,  the  n u c l e i  were s i m i l a r  t o  th o s e  in  th e  

abnormal c e l l s  i n  the s t r o n g e r  c o n c e n t r a t i o n  of  c o l c h i c i n e  : 

they  were l a r g e  b o d ie s  which had no c l e a r l y  d e f in e d  o u t e r  

l i m i t .  O cc a s io n a l ly  the  n u c leu s  appeared  to  liave d i s i n t e g 

r a t e d  i n t o  p a tch e s  of  deep ly  s t a i n i n g  m a t e r i a l  i n  th e  cy to

plasm of  the  c e l l .  The l a r g e  n u c l e i  were found e i t h e r  i n  

th e  a p i c a l  s w e l l in g  of  th e  c e l l  (F ig .  39) or  i n  the  p o s i t i o n  

where th e  c r o s s  w a l l  should  have formed o r  below i t .

These o b s e rv a t io n s  made on the  e f f e c t s  o f  c o l c h i c i n e  on 

c e l l  d i v i s i o n  i n  Oedogonium s p . show t h a t  th e  p ro c e s s e s  of 

n u c l e a r  d i v i s i o n  and r i n g  fo rm a tio n  and s t r e t c h i n g ,  no rm al ly  

c l o s e l y  r e l a t e d ,  may tak e  p la c e  in d e p e n d e n t ly  un der  abnormal 

c o n d i t io n s  o f  growth . A c o n c e n t r a t i o n  of  1 .0  gms. p e r  l i t r e  

i n h i b i t s  n u c l e a r  d i v i s i o n  and c ro s s  w a l l  fo rm a t io n  bu t  i t  

does not p re v e n t  r i n g  fo rm a t io n  and r i n g  s t r e t c h i n g .  A-lower 

c o n c e n t r a t i o n  of  c o l c h i c i n e  ( 0 .1  gms. p e r  l i t r e )  may have 

the  same e f f e c t  on some d i v id in g  c e l l s  i n  th e  f i l a m e n t s  bu t  

no obvious e f f e c t  a t  a l l  on o t h e r  s i m i l a r  c e l l s  i n  th e  same 

f i l a m e n t .
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5. DISCUSSION

Oortogonium proved to  bo s a t i s f a c t o r y  m a t e r i a l  f o r  

u se  in  a growth s tu d y  because  the  f requency  o f  v e g e t a t i v e  

r e p ro d u c t io n  ensured  an u n l im i te d  supp ly  o f  m a t e r i a l  i n  a l l  

s t a g e s  of development under  n a t u r a l  and under  c u l t u r a l  

c o n d i t io n s  and because th e  p e c u l i a r  method of c e l l  d i v i s i o n  

in  the  genus f a c i l i t a t e d  o b s e r v a t io n s  on the  p a t t e r n  o f  

development of the  f i l a m e n t s .  The n a t u r e  of  the m a . te r i a l ,  

however, was not w e l l  s u i t e d  to  q u a n t i t a t i v e  com psrisons  o f  

the  e f f e c t s  o f  t h e  v a ry in g  c o n d i t i o n s  on growth . The con

t i n u a l  d i s i n t e g r a t i o n  of th e  f i l a m e n t s  a f t e r  zoospore  form

a t i o n  made i t  im p o ss ib le  to  compare th e  r a t e  o f  c e l l  d i v i s i o n  

under  v a ry in g  c o n d i t i o n s  o f  growth over  long  p e r io d s  and made 

i t  d i f f i c u l t  to  o b ta in  q u a n t i t a t i v e  measurements o f  the  

d i s t r i b u t i o n  o f  caps and the s i z e  of  th e  cap g ro u p s .  Because 

of  unequal  r a t e s  of c e l l  d i v i s i o n  in  the f i l s m e n t s  and th e  

l o s s  of  c e l l s  in  zoospore  fo rm a t io n ,  f i l a m e n t s  of  e q u a l  l e n g t h  

were not n e c e s s a r i l y  o f  equal  age.

S o i l  e x t r a c t  s o l u t i o n  i s  n o t  an i d e a l  medium to  use  in  

ex p e r im en ta l  work c a r r i e d  on over  a long  p e r io d  because  i t  

i s  im p oss ib le  to  rep roduce  the  exac t  c o n d i t io n s  of th e  p re 

v io u s  s o l u t i o n  in  s u c c e s s iv e  e x t r a c t s .  N e i th e r  i s  i t  an i d e a l  

s o l u t i o n  t o  use in  c o n t r o l  c u l t u r e s  in  th e  work concerned  

w i th  the  e f f e c t s  of a d d i t i o n a l  growth s u b s ta n c e s ,  a s  t i i i s  

s o l u t i o n  p o s s i b l y  a l r e a d y  c o n ta in s  t r a c e s  of  growth s u b s ta n c e s

e x t r a c t e d  from the  s o i l .  S o i l  e x t r a c t  s o l u t i o n  was used  in
/ t h e
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the  controls-  c u l t u r e s  because i t  produced the  b e s t  g row th  

of  Oedogonium and i t  was expected  t h a t  the  e f f e c t s  of  th e  

a d d i t i o n a l  e x n e r im e n ta l  growth s u b s ta n c e s  on c e l l  s i z e  and 

on th e  r a t e  o f  c e l l  d i v i s i o n  would be so g r e a t  t h a t  any 

e f f e c t s  due to  th e  growth su b s tan ce s  in  th e  s o i l  e x t r a c t  

s o l u t i o n  v/ould be n e g l i g i b l e .

An i n t e r e s t i n g  f e a t u r e  of  th e  growth o f  Oedogonium s p . 

under n a t u r a l  c o n d i t i o n s  was th e  l o s s  of  caps from the 

a p i c a l  c e l l  o f  th e  f i l a m e n t s .  Caps wore f r e q u e n t l y  observed  

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

or i n  groups.  A l o s s  of cap m a t e r i a l  has been r e f e r r e d  to  

by Ih^itsch (1902) ,  (1904) and by Van V /isse l ingh  (1908) .

This l o s s  of  caps  g e n e r a l l y  occu rred  a f t e r  th e  d i v i s i o n  o f  

t h e  f i r s t  c e l l  of  the  f i l a m e n t ,  a l th o u g h  i t  was a l s o  found 

to occur  in  some of the  a p i c a l  c e l l s  o f  many c e l l e d  f i l a m e n t s .  

I n s t e a d  of a r i n g  of a d d i t i o n a l  m a t e r i a l  form ing in  t h e s e  

c e l l s  the  new c e l l  w a l l  m a t e r i a l  formed a s  a  dome shaped 

s t r u c t u r e  a t  the  c e l l  apex, the  r im  o f  th e  dome b e in g  t h i c k 

ened. In c e l l  d i v i s i o n ,  th e  a p i c a l  t h i c k e n i n g  became d iv 

ided  i n to  two l a y e r s  and th e  o u t e r  l a y e r  was l o s t  as  the  

cap. The in n e r  l a y e r  s t r e t c h e d  to  become the  w a l l  o f  t h e  

new upper  c e l l  o f  the  f i l a m e n t .  In the  p r e s e n t  s tudy  

n e i t h e r  the  s t r u c t u r e  of th e  cap m a t e r i a l  n o r  the s t a g e s  

• in  i t s  l o s s  from th e  a p i c a l  c e l l  o f  t h e  f i l a m e n t s  were 

i n v e s t i g a t e d

Normal r i n g  fo rm a t io n  c e r t a i n l y  occurred  in  a p i c a l  c e l l s

/ o f  o ld e r
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of o ld e r  f i l a m o n t s  a l th o u g h  u n f o r t u n a t e l y  no d e t a i l e d  

s tu d y  of  the  f i r s t  d i v i s i o n  of  th e  zoosnore  was made.

l.LOst of  the  a v a i l a b l e  l i t e r a t u r e  r e p o r t i n g  the  e f f e c t s  of 

growth s u b s ta n c e s  on the growth o f  a lg a e  d e a ls  v.dth work 

on c u l t u r e s  of u n i c e l l u l a r  a l g a e .  The r e f e r e n c e s  t o  t h i s  

work have been g iven  in  th e  I n t r o d u c t i o n .  Some of th e s e  

r e s u l t s  a r e  c o n t r a d i c t o r y ,  n o s s i b l y  on a c co u n t  of  v a r i a t i o n s  

in  the  c u l t u r e  c o n d i t i o n s ,  b u t  in  g e n e r a l ,  growth s u b s t a n c e s  

have been found not  t o  a f f e c t  c e l l  s i z e  in  such a lg a e  bu t  

to  i n c r e a s e  t h e i r  r a t e  of  c e l l  d i v i s i o n .  A s i m i l a r  e f f e c t  

f o r  m u l t i - o e l l u l a r  a lg ae  was found when i n d o l e - 3 - a c e t i c  a c id  

and th iam ine  were added s e p a r a t e l y  to  c u l t u r e s  of  Ulva and 

Enteromornha. (IQylin, 194%).

The o b s e rv a t io n s  r e p o r t e d  he re  on the  r a t e  of  c e l l  

d i v i s i o n  in  f i l a m e n t s  o f  Oedogonium s p . i n  y e a s t  e x t r a c t  and 

th iam ine  c u l t u r e s  a re  in  agreement w i th  t h e s e  g e n e r a l  con

c lu s io n s  b u t  the  o b s e rv a t io n s  on c e l l  s i z e  a re  n o t .  The 

a d d i t i o n  of t h e s e  s u b s ta n c e s  t o  th e  c u l t u r e  caused a d e c re a se  

in  th e  c e l l  s i z e  in  th e  f i l a m e n t s .  The r e c o r d s  o f  mean c e l l  

l e n g th  in  f i l a m e n t s  growing in  v a ry in g  c o n c e n t r a t i o n s  o f  

i n d o l e - 3 - a c e t i c  a c id  and a - n a p h t h a l e n e - a c e t i c  a c id  were sub

j e c t e d  to  s t a t i s t i c a l  a n a l y s i s  to  de te rm ine  whether the  

a d d i t i o n  of  t h e s e  growth su b s tan ce s  i n  v a ry in g  c o n c e n t r a t i o n  

made a s i g n i f i c a n t  d i f f e r e n c e  to  the  mean c e l l  s i z e  of  the  

f i l a m e n t s .  This  showed t h a t  the  v a r i a t i o n  in  the  mean c e l l

/ l e n g t h



l e n g th  in  the  d i f f e r e n t  c o n c e n t r a t i o n  of  i n d o l e - 3 - a c e t i c  

a c id  was not  s i g n i f i c a n t  h u t  t h a t  i n  th e  d i f f e r e n t  concen

t r a t i o n s  o f  a - n a p h t h a l e n e - a c e t i c  a c id  mean c e l l  l e n g t h  was 

c o r r e l a t e d  w i th  c o n c e n t r a t i o n .  These r e s u l t s  canno t ,  

however, be re g a rd e d  as  c o n c lu s iv e ;  cel 1 s i z e  may liave 

been a f f e c t e d  by th e  n a r t i a i l y  u n c o n t r o l l e d  c o n d i t i o n s  

of c u l t u r e  and a b e t t e r  e s t im a te  o f  c e l l  s i z e  would p o s s i b l y  

liave been o b ta in ed  i f  a t  each  sam pling ,  a d e f i n i t e  number o f  

c e l l s ,  r a t h e r  th an  a d e f i n i t e  number of f i l a m e n t s ,  îiad been 

talren a t  random.

The most s i g n i f i c a n t  e f f e c t  of i n d o l e - 3 - a c e t i c  a c id  and 

a - n a p h t h a l e n e - a c e t i c  a c id  i s  t h a t  of i n c r e a s i n g  th e  number 

of caps found in  some of  th e  l a r g e  groups of caps in  th e  

f i l a m e n t s  and of caus ing  a b n o r m a l i t i e s  to  form in  th e s e  

g roups .  The p o s s i b l e  i n t e r p r e t a t i o n  of t h e s e  a b n o r m a l i t i e s  

w i l l  be r e f e r r e d  t o  i n  th e  s e c t i o n  which now fo l lo w s .

The u nusua l  method o f  c e l l  d i v i s i o n  i n  Oedogonium in  

which a r i n g  o f  a d d i t i o n a l  m a t e r i a l  forms i n  the  u p per  p a r t  

of th e  c e l l  and s t r e t c h e s  t o  become p a r t  o f  th e  l a t e r a l  w a l l  

of the upper  d au g h te r  c e l l  has  a t t r a c t e d  t h e  a t t e n t i o n  of  

many B o t a n i s t s .  The s t a g e s  i n  c e l l  d i v i s i o n ,  th e  s t r u c t u r e  

of  th e  w al l  o f  th e  c e l l  and th e  s t r u c t u r e  and fo rm ation  o f  

the  r i n g  have been i n v e s t i g a t e d  by s e v e r a l  workers  i n c lu d in g  

Van V/isse l ingh  (1908) and Ohashi (1930) .  The w a l l  o f  the  

c e l l  i s  u s u a l l y  r e p r e s e n te d  as  c o n s i s t i n g  of two l a y e r s ,  

the  o u te r  l a y e r  be in g  c u t i c u l a r  and th e  i n n e r  b e in g  made of

/ c e l l u l o s e .
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c e l l u l o s e . Gome v;orl:ers c la im  t h a t  the  w a l l  c o n s i s t s  of t h r e e  

l a y e r s ,  the  o u te r  l a y e r  be ing  c h i t i n o u s  while the  middle  

l a y e r  i s  p e c to se  and the  i n n e r  l a y e r  c e l l u l o s e  (Smith  1938) .

According to  Van A i s s e l i n g h  (1903) the  r i n g  i s  formed 

i n  the  i n n e r  l a y e r  of the  c e l l  w a l l  by i n t u s s u s c e p t i o n .  Alien 

the  r i n g  s t r e t c h e s  i t  i s  i n t e r c a l a t e d  between th e  sm a l l  p a r t  

of the  o r i g i n a l  c e l l  w a l l  a t  the  c e l l  apex and the  re m a in d e r  

o f  the  old c e l l  w a l l  which i s  r e f e r r e d  to  as  a " s h e a t h " . L a t e r ,  

a f t e r  c ro s s  wall, fo rm a t io n  i s  complete a c e l l u l o s e  w a l l  i s  

l a i d  down in  b o th  the  d a u g h te r  c e l l s  i n s i d e  the  e x i s t i n g  w a l l  

l a y e r s .  The cap, which i s  e v id e n t  in  the  a p i c a l  p a r t  of th e  

c e l l  fo l lo w in g  c o l l  d i v i s i o n , i s  caused by the  s p l i t t i n g  of  the  

o u t s id e  l a y e r  of the  c e l l  w a l l  to  enab le  the  r i n g  to  s t r e t c h .

Under n a t u r a l  c o n d i t i o n s  of  growth , the  groups o f  caps i n

the m a t e r i a l  i n v e s t i g a t e d  here  were u s u a l l y  sm a l l  and t h e r e

was no i n d i c a t i o n  of  a d d i t i o n a l  w a l l  t h i c k e n i n g  i n  th e

v i c i n i t y  of the  caps : wdth added grov/th s u b s t a n c e s ,  th e  groups

o f  caps were o f t e n  l a r g e  and ve ry  t h i c k  w a l le d .  I f  a new

c e l l u l o s e  w a l l  i s  l a i d  down a f t e r  the  fo rm a t io n  of  the  two

d au g h te r  c e l l s , an i n c r e a s e  in  t h i c l a i e s s  i n  the  w a l l  b e n e a th

th e  caps i s  to  be e x p e c te d .T h is  i n c r e a s e  in  t h i c k e n in g  might

become obvious as  th e  number o f  caps g r e a t l y  i n c r e a s e  so t h a t

th e  a b n o r m a l i t i e s  observed in  the  groups w i th  a l a r g e  number of

caps in  i n d o l e - 3 - a c e t i c  a c id  and a - n a p h t h a l e n e - a c a t i c  a c id  and .
beei

i n  the  o c c a s io n a l  l a r g e  groups from th e  pond may p o s s i b l y  have|^
/ c a u s e d
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causecl by the  l a y in g  down of t h i s  a d d i t i o n a l  c e l l  w a l l  m a t e r i a l .

The abnormal t h i c k e n i n g  in  th e  l a r g e  groups of  caps 

ap p e a rs  to  be lam in a ted  ( F i g . 24 ) .  Each of the  l a y e r s  b e g in s  i n  

the  a p i c a l  p a r t  of the  c e l l  and ex tends  downwards : th e  i n n e r  

l a y e r s  ex ten d in g  f u r t h e r  tov/ards the  base  of  th e  group o f  ca p s .  

Ikich of  the  l a y e r s  in  th e  th ic] :ened  v/all  m a t e r i a l  i s  a s s o c i a t e d  

w i th  one of the  a r e a s  between the  s t r i a t i o n s  on th e  s u r f a c e  

of the  group r e p r e s e n t i n g  a cap. The la m in a ted  appearance  o f  

th e  th i c k e n in g  s u g g e s t s  t h a t  i t  has been l a i d  down a t  s u c c e s s 

ive  i n t e r v a l s  of t i m e . As the  th ic io ie s s  of  th e  w a l l  b e n e a th  th e  

caps i n c r e a s e s  w i th  each s u c c e s s iv e  c e l l  d i v i s i o n ,  th e  a r e a  

a v a i l a b l e  f o r  the  fo rm a t io n  o f  a d d i t i o n a l  l a y e r s  would d e c re a s e  

so t h a t  the  a b n o r m a l i t i e s  a s s o c i a t e d  w i th  th e  l a r g e  groups of  

caps might th en  r e s u l t .  In many of  th e  c e l l s  w i th  l a r g e  a .p ica l  

groups and in  some of the  c e l l s  w i th  l a r g e  i n t e r c a l a r y  groups  oj 

caps the  apex f r e q u e n t l y  ap p e a rs  to  be f i l l e d  w i th  ce /11  w a l l  

m a t e r i a l ( F i g .  25 ) .

As the  w a l l s  o f  the  c e l l  b en e a th  th e  group o f  caps became

th ic k e n e d  l a t e r a l l y ,  the  a p i c a l  %)art o f  th e  p r o t o p l a s t  would

become r e s t r i c t e d  and the^n  w i th  f u r t h e r  i n c r e a s e  i n  th e

number of  c e l l  d i v i s i o n s  a con t inuous  l a y e r  of  c e l l  v /all

m a t e r i a l  might be formed a c r o s s  the  c e l l  so t h a t  th e  a p i c a l

p a r / t  o f  the  p r o t o p l a s t  became cut  o f f  from th e  r e s t  o f  th e  ^

p r o t o p l a s t  of the  c e l l .  The s u c c e s s iv e  c e l l  w a l l  l a y e r s  would

th en  be formwd b en e a th  th e  con t inuous  l a y e r s  o f  c e l l  w a l l

m a t e r i a l .  I f  f u r t h e r  c e l l  d i v i s i o n  co n t inu ed  to  i n c r e a s e  th e
/ l a t e r a l
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LnÇenal . T I

U t i l i o k e n i n g ,  a  n e c o r u  p o r t i o n  o f  t î i e  p r o t o p l a s t  m i g n c  b e c o m e  

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

t l i c  c e x l l . A c o n d i t i o n  \ / l i i c h  i s  p o s s i b l y  s i m i l s . r  t o  t h i s  i s

i l l u s t r a t e d  i n  F i g .  ,

V'ho o c c u r r e n c e  o f  l o c a l i z e d  c e l l  d i v i s i o n , i n d i c a t e d  o y  

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

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

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

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

r i n g s  a p p e / a r e d  t o  b e  e m b e d d e d  i n  t h e  a b n o r m a l  m a t e r i a l  i n  t h e  

a p i c a l  p a r t  o f  a  c e l l  w i t l i  a  l a i - e  g r o u p  o f  c a p s ( F i g  1 6 ) .

The fo rm a tion  o f  abnormal caps in  bo th  a p i c a l  and i n t e r c a l 

ary  p o s i t i o n  was observed in  an unnamed s p e c ie s  o f  Oedogonium 

by F r i t s c h  (1904).  Cap m a t e r i a l  accumulated on the a p i c a l  c e l l s  

of some f i l a m e n t s  and to  a l e s s e r  e x t e n t  i n  some i n t e r c a l a r y  

c e l l s .  The a p i c a l  a d d i t i o n  o f  t h i s  cap m a t e r i a l  gave an abnormal 

r e c t a n g u l a r  appearance to  the  apex o f  the  f i l a m e n t .  This  m a te r 

i a l  was formed between the  o u te r  and the  in n e r  l a y e r  o f  the  c e l l  

w a l l  and p robab ly  r e p re s e n te d  su ccess iv e  non s t r e t c h i n g  dome 

shaped l a y e r s  o f  r i n g  m a t e r i a l  formed in  the  c e l l  apex. These 

abnormal a c c u n u la t io n s  o f  cap m a t e r i a l  were u l t i m a t e l y  seen to  

drop o f f  the a p i c a l  c e l l .  Their  fo rm ation  was p ro bab ly  due to  

unfavourable  co n d i t io n s  o f  grov/th as th ey  were only  found in  

f i l a m e n ts  which were exposed above the l e v e l  o f  the c u l t u r e  

s o l u t io n ;  the  normal d i v i s i o n  o f  the  c e l l  was suppressed  by

these  unfavourab le  c o n d i t io n s .  A s i m i l a r  interP^^QNation g iven  to
/the
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abn o rm a li t iec  d e sc r ib ed  here in the la rg e  groups o f  caps in  both  

a p i c a l  and i n t e r c a l a r y  p o s i t i o n  could account f o r  the accumulat

ion and lam ina t ion  of  the th ic k e n in g  in the c e l l s  b u t  i t  would 

not  account fo r  the f a c t  t h a t  each of  the l a y e r s  was a s s o c ia te d  

with a s in g le  cap .S ince  normal r i n g  fo rm ation  and s t r e t c h i n g  has 

o f te n  been observed dur ing  the accumulation o f  these  groups of  

caps,  i t  seems much more l i k e l y  t h a t  the a b n o rm a l i t ie s  here  are  

due to the number of  c e l l  divisions v/hich have occurred  in a 

lo c a l i z e d  p o s i t i o n .

In  normal c e l l  d i v i s io n  the p ro c esse s  o f  n u c le a r  d i v i s i o n  

follov/ed by cross  w a l l  form ation  and r i n g  fo rm ation  and i t s  

subsequent s t r e t c h i n g  to form p a r t  o f  the l a t e r a l  v/all  o f  the 

upper daughter  c e l l  seem to  be c o o rd in a te d ,  the r i n g  forming as 

the n u c le a r  d iv i s io n  p roceeds .

Nuclear d i v i s io n  was suppressed  in  a l l  the c e l l s  in  a 

c u l tu re  con ta in in g  co lc h ic in e  in  the  c o n c e n t ra t io n  o f  0 .1  gms. 

per  l i t r e ,  r in g  fo rm a tion ,  however, continued  and many o f  these  

r in g s  s t r e t c h e d  to  give an abnormal appearance to the c e l l s .  

Sometimes r in g s  continued to form in  these  c e l l s  b u t  the a d d i t i o n 

a l  r in g s  d id  n o t  s t r e t c h .  The we alee r  co n c e n t ra t io n  o f  c o lc h ic in e  

may have been c lose  to  the c r i t i c a l  c o n c e n t ra t io n  n ec es sa ry  f o r  

any e f f e c t  to be apparen t  because normal and abnormal c e l l  

d i v i s io n  took p lace  in  the c e l l s  o f  the f i la in en ts  t r e a t e d  with  

co lc h ic in e  in the co n c e n t ra t io n  of  0 .1  gms. p e r  l i t r e .  In  t h i s  

c o n c e n t ra t io n  some o f  the c e l l s  had two n u c le i  and a l though  

n u c le a r  d iv i s io n  had occurred  th e re  was no fo rm a tion  o f  the r i n g

/required
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r o q u i r e d
l ^ f o r  c e l l  d i v i s i o n .  I n  o t h e r  c e l l s ,  w i t h  m o r e  t h a n  o n e  r i n g ,  t h e  

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

The  o b s e r v a t i o n s  m a d e  o n  t h e  c o l c h i c i n e  t r e a t e d  m a t e r i a l  

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

r i n g  f o r m a t i o n  a n d  r i n g  s t r e t c h i n g  s e e m  t o  b e  c o o r d i n a t e d  i n  

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

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

c o n t a i n i n g  c o l c h i c i n e .

T h e  o b s e r v a t i o n s  r e p o r t e d  o n  t h e  g r o w t h  o f  O e d o g o n i u m  s p . 

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

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

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

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

p o s s i b i l i t y  o f  p r o d u c i n g  t h e  e x p e r i m e n t a l  m a t e r i a l  a s  a  c l o n e .  T h e  

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

o n  c e l l  s i z e  n e e d s  t o  b e  r e p e a t e d  u s i n g  t h e  c o n t r o l l e d  c o n d i t i o n s  

o f  l i g h t  a n d  t e m p e r a t u r e  nov/ a v a i l a b l e  a n d  i t  w o u l d  b e  m o r e  

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

r a n d o m  i n  e a c h  o b s e r v a t i o n  r a t h e r  t h a n  t o  m a k e  m e a s u r e m e n t s  o n  a  

d e f i n i t e  n u m b e r  o f  f i l a m e n t s .  I t  w o u l d  b e  i n t e r e s t i n g  t o  e x t e n d  

t h e  i n v e s t i g a t i o n s  r e p o r t e d  h e r e  t o  o t h e r  s p e c i e s  o f  Oedo .^ :on ium 

t o  f i n d  i f  a  common p l a n  o f  f i l a m e n t  d e v e l o p m e n t  e x i s t s  i n  t h e  

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

t h e  v a r y i n g  e x p e r i m e n t a l  c o n d i t i o n s  o f  c u l t u r e  u s e d .
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5 .  SUI.n.IARY

The growth of an u n i d e n t i f i e d  sp e c ie s  of  Oedogonium 

growing in  a pond in  the  Botany Garden, Royal Hollov/ay 

College has been i n v e s t i g a t e d  under n a t u r a l  and c u l t u r a l  

co n d i t io n s  w ith  and w i th o u t  the  a d d i t i o n  of v a r io u s  

organic  su b s tan ce s .  Records were made of the  c e l l  s i z e , 

the r a t e  of  c e l l  d i v i s i o n  and the  grouping of the  caps 

in  the f i l a m e n t s .  The o b se rv a t io n s  made on t h i s  growth 

a re  summarised h e r e .

(1) Long f i l a m e n ts  growing in  the  pond showed g r e a t  

v a r i a t i o n  in  c e l l  s i z e .  Two types  of c e l l s  were 

recognized in  these  f i l a m e n ts ,  lo n g e r  narrower pale  green  

c e l l s  and s h o r t e r  w ider  dark  green c e l l s . The s h o r t e r  c e l l s  

formed in  the  f i l a m e n ts  as  they  aged but  t h e i r  fo rm ation  

was not a response  t o  changes in  environm enta l  c o n d i t io n s .  

•(2 ) Although the growth o f  the  young fi la .ments  in  the pond 

was u s u a l ly  a p i c a l  f o r  th e  f i r s t  ten  or so d i v i s i o n s ,  

the  a p i c a l  c e l l  r a r e l y  accumulated groups of caps. S in g le  

caps and groups of caps were f r e q u e n t ly  observed f l a k i n g  o f f  

the a p i c a l  c e l l s .

(3) Groups of  caps occurred  in  the  f i l am en ts  in  i n t e r c a l a r y  

p o s i t i o n s  and each group g e n e r a l l y  numbered fewer than

ten  Gaps. Larger groups were r a r e  and when they occurred  

they  were abnormal in  form.

(4 ) I t  v/as im poss ib le  to  c o r r e l a t e  the  number of caps and th e  

number of c e l l s  in  th e  f i l a m e n ts  because o f  the  l o s s  of

/ c a p s
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caps from the  a p i c a l  œ i l  and because of the d i s i n t e g r a t i o n  

of th e  f i l a m e n t s  when zoospores were formed.

(5) Cell  s i z e  was l e s s  v a r i a b l e  in  th e  f i l a m e n t s  grown f o r  

long p e r io d s  in  c u l tu r e  in  s o i l  e x t r a c t  s o l u t i o n  than

in  th e  long f i l a m e n t s  from the  pond. The lo n g e r  c e l l s ,  

when p r e s e n t ,  were few in  number and more o f te n  were com

p l e t e l y  ab se n t .

(6) In c u l tu r e ,  growth was o f te n  i n t e r c a l a r y  in  the very  

e a r ly  s t a g e s  of the  development of the f i l a m e n t s .

(7) There was no in c re a s e  in  the  number of the  caps in  the 

cap groups in  th e  c u l tu r e d  f i l a m e n t s  but th e  p ro p o r t io n

of the  f i l a m e n t s  w i th  groups of a p i c a l  caps was in c r e a s e d ,  

p o s s ib ly  because caps were r e t a in e d  f o r  a lo n g e r  time 

before  f l a k i n g  o f f  from th e  a p i c a l  c e l l .

(8) The a d d i t i o n  of y e a s t  e x t r a c t  or th iam ine to  the  c u l t u r e s  

decreased  the  s i z e  of  the  c e l l s  but in c re a s e d  the  r a t e

of c e l l  d i v i s i o n .

(9) No s a t i s f a c t o r y  conc lus ions  can be drawn as  to  the e f f e c t  

of i n d o l e - 3 - a c e t i c  a c id  and a - n a p h th a l e n e - a c e t i c  a c id  on

c e l l  s i z e  or on the  r a t e  of c e l l  d i v i s io n .

(10) The a d d i t i o n  o f  i n d o l e - 3 - a c e t i c  a c id  and ar-naphthalene-

a c e t i c  a c id  to  the  c u l t u r e s  in c re a se d  the  s ize  of  the

groups o f  caps;  groups numbering 13 to  20 v/ere common and

groups numbering as  many as  20 to  30 were found in  c u l t u r e s
. T h i s  a l s o

v/ith a d d i t i o n a l  ar-naphthal en e-ace t i c  a c id M n c re a s e d  the  

p ro p o r t io n  of the  f i l a m e n ts  w i th  l a rg e  groups of  a p i c a l  caps.
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(10) contcl:

The in c re a s e  in  cap number in  i n d c l e - 3 - a c e t i c  ac id  and 

a - n a p h th a l e n e - a c e t i c  a c id  was accompanied by a b n o r m a l i t i e s  

in  the l a rg e  groups of c a p s .

(11) The a d d i t i o n  of c o lc h ic in e  (1 .0  gms. p e r  l i t r e )  

caused the su p p re s s io n  of  n u c l e a r  d i v i s i o n  while

r in g  form ation  con tinued ;  such r i n g s  s t r e t c h e d  in  th e  

absence of c ross  w a l l  fo rm a tio n .  A weaker s o l u t i o n  of 

c o lc h ic in e  (0 .1  gms. per  l i t r e )  produced the same e f f e c t s  

on some o f  th e  c e l l s  in  the  f i la i î ien ts  bu t  a p p a re n t ly  normal 

c e l l  d iv i s io n  con tinued  in  many of  the  c e l l s .  In o th e r  

c e l l s  the nuc leus  had d iv ided  in  the  absence  o f  r i n g  form

a t i o n .  These o b se rv a t io n s  show t h a t  the  p rocesses  o f  

n u c lea r  d i v i s i o n  and r i n g  fo rm ation  can be made to  ta k e  

p lace  indep en den t ly  of  one a n o th e r .

In conc lus ion  I  wish to  thank both  P ro fe s s o r  F.W.Jane 

and Dr. M.A.P.Madge f o r  th e  he lp  they  liave given me. I  am 

e s p e c i a l l y  g r a t e f u l  to  Dr. Madge f o r  su g g e s t io n s  made dur ing  

h e r  s u p e rv i s io n  of my v/ork. I  a l s o  wish to  thank  

LIr.R.Brinsden who i s  r e sp o n s ib le  f o r  th e  pho tographs .
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APPENDIX 1 .

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

C o r r e l a t i o n  c o e f f i c i e n t  i s  r e p r e s e n t e d  b y

x y  -  ( S x ) ( S y )  
n

I Sy""- (SyA j j

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

f r o m  t h e  f o l l o w i n g  f o r m u l a .

( n - 2 )  r ^
IL -  r  ^

I n  T a b l e  20  i n  t h e  i n d o l e  - 3 -  a c e t i c  a c i d , c u l t u r e s

X = v a l u e  o f  t h e  c o n c e n t r a t i o n
y  ’ m e a n  c e l l  l e n g t h ,
n  = n u m b e r  o f  o b s e r v a t i o n s  = J .

3x  ,  0 .0 9 4
Sy  » 5 4 8 . 8
S x y  , 1 1 . 2 6
aw- * 0 . 0 1 0 3

* 6 0 , 3 9 3 . 0

I n  t h e  a - n a p h t h a l e n e - a c e t i c  a c i d ,  c u l t u r e s i -  

n  :  8
Sx  = 0 . 7 9 4
Sy , '  8 9 1 . 1 2
S(x) 0 . 2 1 3
S(y) = 99,673*0
Sxy = 9 4 . 7 3
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Kex_tq. .Figure3 ._

F i l a m e n t s  grown u n d e r  n a t u r a l  c o n d i t i o n s

Fig. (1) Micrdghbfrograpli o f  th e  s t r u c t u r e  o f  the
h o ld f a s t  in  Oedogonium s p . M a te r ia l  f i x e d  
and s t a in e d  w i  t'h a ce t  o—c arm i n e . H o ld fas t  
i s  a t t a c h e d  to  a s l i d e ,  x 600.

(1 )a  Camera lu c id a  drawing of th e  s t r u c t u r e  of  
the h o l d f a s t .

(2) Microphotograph of the  en la rged  c e l l s  which 
a re  p o s s ib ly  ak in e te s .  x 50. N a tu ra l  
co n d i t io n .

(3) Microphotograph of  f i l a m e n ts  from the  pond. 
Natui’a l  cond it ion .X . 70.

(3 )a  Microphotograph of f i l a m e n ts  from the  pond. 
Fixed and s ta in e d  w ith  a c e to -ca rm in e .  x 160.

(4) Graphica l  r e p r e s e n t a t i o n  of  the  d i s t r i b u t i o n  
of c e l l  l e n g th  and cap grouping in  long 
f i l a m e n ts  from the pond. C e l l  l e n g th  i s  
recorded in  micrometer u n i t s  (10 u n i t s  = 40/i.)

(5) Diagrammatic r e p r e s e n t a t i o n  of the  l o s s  of 
caps by the  a p i c a l  c e l l  of f i l a m e n ts  taken 
from the  pond. November 17th ,  1950 (Drawing 
a p p a r a t u s ) .

(6) The v a r i a t i o n  in  c e l l  l e n g th  i n  f i l a m e n t s  
growing on s l i d e s  in  the  pond in  May 1951.
The f i l am en ts  were p laced  in  th e  pond November 
17th ,  1950. (Drawing a p p a r a tu s ) .

(6 )a  C ell  len g th s  in  f i l a m e n ts  developing  in  the  
pongdMay, 1951. (Drawing a p p a r a tu s ) .

(7) Graphical  r e p r e s e n t a t i o n  of  the  c e l l  l e n g th  
measurements in  f i l a m e n ts  developing on s l i d e s  
in  the  pond dur ing  November 1950 to  September 
1951. The f i g u r e  r e p r e s e n t s  f i l a m e n t s  taken 
from the pond a t  i n t e r v a l s  dur ing  t h i s  t ime. 
C e l l  l e n g th  i s  reco rded  in  micrometer u n i t s  
(10 u n i t s  = 4 0 /1 ) .

(8) Diagrammatic r e p r e s e n t a t i o n  to  show the l a c k  
of c o r r e l a t i o n  in  cap and c e l l  number in  
young f i l a m e n ts  from th e  pond.
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Filam ents  g r own under c u l t u r a l  cond i t i o n s

F ig .  (9) Microphotograpli of the  s m a l l e r  s i z e d  c e l l s
fo^viied in  c u l t u r e  in  s o i l  e x t r a c t  s o l u t i o n .
X 70. F i lam ents  were mounted in  d i l u t e  
pl l  c e r i n e .

(10) V a r ia t io n  in  c e l l  s i z e  in  a f i l a m e n t  grown 
in  c u l t u r e  in  s o i l  e x t r a c t  s o l u t i o n .
(Drawing a p p a r a t u s ) .

( 1 1 )& ( l l ) a  Formation of s m a l l e r  c e l l s  in  f i l a m e n t s  in  
c u l t u r e  in  s o i l  e x t r a c t  s o l u t i o n  and in  pond 
w a te r .  (Drawing a p p a r a t u s ) .

(12) Diagram i l l u s t r a t i n g  the  method used to  
i d e n t i f y  the  p o s i t i o n  of f i l a m e n t s  growing 
in  c u l t u r e .

(12)a Diagrammatic r e p r e s e n t a t i o n  of  the  o rd e r  of 
c e l l  d i v i s i o n  in  young f i l a m e n t s  grovm in  
c u l t u r e .

(13) G raph ica l  r e p r e s e n t a t i o n  of  th e  r a t e  of  c e l l  
d i v i s i o n  in  young f i l a m e n t s  in  c u l t u r e .

( 1 4 )  Diagrammatic r e p r e s e n t a t i o n  of th e  i r r e g u l a r  
h o l d f a s t s  formed in  f i l a m e n t s  deve lop ing  
under in c re a s e d  l i g h t  i n t e n s i t y .

F i l a ments grown i n c u l t u r e w i th  a d d i t i o n a l  growth su b s ta n c e s

Fig .  ( 1 3 ) a ,b , c .  The appearance of  f i l a m e n t s  grown f o r  14 days
in  c u l t u r e s  c o n ta in in g  (a)  y e a s t  e x t r a c t  
(100 mgs. p e r  l i t r e )  (b )  s o i l  e x t r a c t  s o l u t i o n  
and (c )  th iam ine (0 .1  mgs. p e r  l i t r e ) .
(Drawing a p p a r a t u s ) .

( 1 6 ) a ,b , c .  Miérophatographs of the  appearance o f  the  
above f i l a m e n ts  a f t e r  20 days, x 25. N a tu ra l  
c o n d i t io n .

(17) G raph ica l  r e p r e s e n t a t i o n  of  c e l l  l e n g t h  
measurements and cap d i s t r i b u t i o n  i n  f i l a m e n t s  
taken from th e  pond and grovm i n  c u l t u r e  con
t a i n i n g  a - n a p h t h a l e n e - a c e t i c  ac id  (0 .3  gms. 
p e r  l i t r e )  and in  c u l t u r e  w i th  s o i l  e x t r a c t  
s o l u t i o n .  C e l l  lë.ngth i s  r e c o rd e d  in  micro
meter u n i t s  (10 u n i t s  = 4 0 / t . ) .

(18) The abnormal appearance of th e  a p i c a l  c e l l  
in  f i l a m e n ts  grown in  c u l t u r e  c o n ta in in g

a^ n ap h th a len e -
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rv-naplitlialene—a c e t i c  ac id  (0 .4  gms. p e r  l i t r e ) .  
(Drawing a p p a r a t u s ) .

( 19) The appearance  of l a r g e  groups of caps formed 
in  a c u l t u r e  c o n ta in in g  a - n a p h th a le n e —a c e t i c  
ac id  (0 .3  gms. per l i t r e ) .  (Drawing a p p a r a tu s )

(20)&(20)a Microphot">graphs of fil-'^rnents growing in  
c u l t u r e  v/ith a - n a p h t h a l e n e - a c e t i c  a c id  
(0 .1  gms. nor l i t r e )  and in  s o i l  e x t r a c t  
s o l u t i o n  i l l u s t r a t i n g  th e  l a r g e  groups of 
caps found in  the  c u l t u r e  w ith  the  growth 
su b s tan ce ,  x 13. N a tu ra l  c o n d i t i o n .  The 
la rg e  groups o f  caps accumulated on th e  
f i l a m e n ts  in  a - n a p h t h a l e n e - a c e t i c  a c id  a re  
i l l u s t r a t e d .

(21) A s e r i e s  of h is tog ram s showing th e  s i z e  and 
the  number of the  a p i c a l  and i n t e r c a l a r y  
groups of caps in  f i l a m e n ts  p laced  in  v a ry in g  
c o n c e n t r a t io n s  of a -n ap h th a le n e —a c e t i c  a c i d .

(22) A s e r i e s  of h is tog ram s showing th e  s i z e  and 
number of th e  a p i c a l  and i n t e r c a l a z y  groups 
of caps in  f i l a m e n t s  produced and grown in  
vary ing  c o n c e n t r a t io n s  of i n d o le -3 —a c e t i c  a c i d .

(23) A s e r i e s  of  h is tog ram s showing th e  s i z e  and 
number of  the  a p i c a l  and i n t e r c a l a r y  groups 
of caps in  f i l a m e n t s  produced and grown in  
vary ing  c o n c e n t r a t io n s  o f  a - n a p h t h a l e n e - a c e t i c  
a c i d .

(24-27) Miiropho6ographs of l a r g e  groups of caps
forme a in  f i l a m e n t s  grown in  c u l t u r e  con tailor
ing  Sr-naphthal en e -ace  t i c  a c id  (0 .3  gras, p e r  
l i t r e ) .  F i lam ents  were fizzed and mounted in  
d i l u t e  g l y c e r in e .  (See below).

(24) Laminated appearance  of a group o f  
caps.  X 730.

(23) Apical  c e l l  showing th ick ened  a p i c a l
re g io n .  C e l l  c o n te n t s  have p lasm olysed .
X bOO.

(26) I n t e r c a l a r y  c e l l  v/ith l a r g e  group o f
caps showing p o s s i b l e  s e p a r a t i o n  of  th e  
p r o t o p l a s t  by the  fo rm ation  of a  con
t in u o u s  l a y e r  of  cap m a t e r i a l .  A r i n g  
appears  to  be embedded in  t l i i s  m a t e r i a l .  
C e l l  c o n te n ts  s l i g h t l y  p lasm olysed .  x 600.

(2 7 )Unequal l a t e r a l  t h i c k e n in g  in  a l a r g e  
group of caps,  x 700.
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F i g .  (28)

(2 8 )a

(29)

Diagrammatic r e p r e s e n t a t i o n  o f  abnorm
a l i t i e s  formed in  l a r g e  g r o u p s  of  caps i n  
the  f i l a m e n t s  i n  th e  pond and in  c u l t u r e  
c o n ta in in g  v a r io u s  amounts o f  i n d o l e —3— 
a c e t i c  a c i d .

Diagrammatic r e p r e s e n t a t i o n  of abnorm
a l i t i e s  formed in  l a r g e  g roups  o f  caps i n  
f i l a m e n t s  from c u l t u r e s  v / i th  Or-naphthalene -  
a c o t i c  a c i d  (o .5  gms. p e r  l i t r e ) .

Diagramms,tic r e p r e s e n t a t i o n  o f  abnorm
a l i t i e s  formed i n  l a r g e  g roups  of caps  i n  
f i l a m e n t s  from c u l t u r e s  v/i th  i n d o le —3 - a c e t i c  
a c i d .  ( 0 .1  gms. p e r  l i t r e ) .

F i la m e n ts  grown in  cu l t u re  v/ith a d d i t i o n a l  c o l c h i c i n e

F ig .  (30)&(31) Abnormal c e l l  d i v i s i o n  i n  c e l l s  o f  f i l a 
ments t r e a t e d  v / i th  c o lc l i i c in e  ( 1 .0  gms. 
p e r  l i t r e ) .  (Drawing a p p a r a t u s ) .  Rings 
have formed and s t r e t c h e d  w i th o u t  c r o s s  
w a l l  fo rm a t io n .  Abnormal r i n g s  have al ,  
formed in  th e  c e l l s .

10

(32)

(33)&(34)

(35)&(35)a

(56)&(37)

( 3 8 )

Abnormal development of  zoo sp o re s  i n  
c o l c h i c i n e  c u l t u r e  ( 1 .0  gms. p e r  l i t r e ) .
A s e r i e s  of w a l l  t h i c k e n i n g s  liave formed 
i n  th e  a p i c a l  p a r t  o f  the  c e l l ,  c e l l  d iv 
i s i o n s  b e in g  s u p p re s s e d .  (Drawing a p p a r a t u s ) .

Normal and abnormal c e l l  d i v i s i o n  i n  
f i l a m e n t s  t r e a t e d  w i t h  c o l c h i c i n e  ( 0 .1  gms. 
p e r  l i t r e ) . (Drawing a p p a r a t u s ) .

# s howi ng comparable growth  
in  f i l a m e n t s  grov/n on a  s l i d e  f o r  a  week 
in  c o l c h i c i n e  c u l t u r e  ( 0 .1  gms. p e r  l i t r e ) ,  
and in  s o i l  e x t r a c t  s o l u t i o n .  25.
M a te r i a l  v/as f i x e d  and s t a i n e d  w i th  a c e t o -  
carm ine.

Abnormal r i n g  fo rm a t io n  and n u c l e a r  bel^av- 
i o u r  in  c e l l s  i n  f i l a m e n t s  t r e a t e d  w i th  
c o l c h i c i n e  (0 .1  gms. p e r  l i t r e ) . (Drav/ing 
a p p a r a t u s ) .

M ioropkotograph o f  abnormal r i n g  fo rm a t io n  
i n  a c e l l  t r e a t e d  w i th  c o l c h i c i n e  ( 0 .1  gms. 
p e r  l i t r e ) .  Rings have formed i n  b o th  t h e  
a p i c a l  and c e n t r a l  p a r t  o f  th e  c e l l  and 
th e  n u c leu s  i s  a  p a tc h  o f  d ee p ly  s t a i n e d  
m a t e r i a l .  M a t e r i a l  f i x e d  and s t a i n e d

/ w i t h
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w ith  a c e to - o a r m i n e . x 300.

F ig .  (39-41)  Jvdic'rQpIiO_t?grapha of  n u c l e a r  b e l iav lou r
in  c e l l s  t r e a t e d  w i th  c o l c i i i c in e  (0 .1  gm 
p e r  l i t r e ) .  M a t e r i a l  f i x e d  and s t a i n e d  
w ith  a c e t o - c a r m i n e .

(39) Abnormal c e l l  d i v i s i o n  i n  c o l c h i c i n e .  
The r i n g  has  s t r e t c h e d  bu t  the  n u c l e u s  
has  no t  d iv id e d  and a l s o  the  n u c le u s  
in  th e  a p i c a l  c e l l  has d iv id e d  vn.thout 
a r i n g  being  form ed, x 320.

(40) One c e l l  of t h e  f i l a m e n t  lias two 
n u c l e i  and t h e  o t h e r  c e l l  in  l a d i n g  
a n u c le u s ,  x 320.

(41) The n u c le o lu s  i s  shown to  have sep
a r a t e d  from th e  n u c le u s  and i s  found 
in  th e  a p i c a l  p a r t  o f  t h e  c e l l  formed 
by th e  s t r e t c h e d  r i n g ,  x 320.



1 and l a .  The s t r u c t u r e  of  the  h o l d f a s t  i n  f i l a m e n ts  
o f  Qedogonium sp.

1.

X t o o

l a .



Fig  2 . Enlarged c e l l s  in  f i l a m e n t s  from the pond, which 
resemble a k i n e t e s .



F ig s .  ̂ and l a .  F i lam ents  o f  Oedogo n ium sp growing under
n a t u r a l  c o n d i t io n s .

3.

X i o .

X t t O .



D i s t r i b u t i o n  o f  c e l l  leng th  and cap grouping in  
s ix  f u l l y  developed f i l a m e n ts  from the  pond. The 
h a s a l  c e l l  i s  r e p re s e n te d  f i r s t  in  each f i l a m e n t  
( 10 u n i t s  equa l  40 p.,)

f i l a m e n t s  f r c m  w a l l  o f  p o n d . 2 7 / 7 / 5 1 .
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F ig .  The lo s s  o f  caps from the
(diagram m atic . )

a p i c a l  c e l l  o f  a f i l a m e n t .



_ F ilam ents  deve lop ing  on s l i d e s  in  the pond. The 
hatched c e l l s  r e p r e s e n t  the sm all  dark  green f i r s t  
formed c e l l s . F i l a m e n t s  were p laced  in the pond 
November 1? t h .  I 9 5 0 .

SLIDE IN POND

&

9 / 5/ 51.

1

— Fi l ament s  deve lop ing  on s l i d e s  from zoospores formed 
in  the pond.

SLIDE IN POND. 9/ 5/ 51.



F ig .  7. C e l l  s iz e  measurements in  f i l a m e n ts  which were grown 
on s l i d e s  in the pond. The measurements were made a t  
i n t e r v a l s  from November I 7 . 1950 u n t i l  August 1. I 9 5 1

p o  U N I T S

f i l a m e n t s  o n  s l i d e s  i n  p o n d . 
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(continued  on the  n e x t  p ag e . )



F ig .  7* co n t in u e d .
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Ei g A  The lack  o f  c o r r e l a t i o n  o f  cap and c e l l  number i r  
f i l a m e n ts  develop ing  in the pond.

GU Ik LL



0 ^ ‘

X lO.

c e l l s  formed in  c u l t u r e .

SOIL SOLUTION

CULTURE



F ig .  1 1 . F ila inents  from the pond, which were grown in
c u l tu re  in  s o i l  e x t r a c t  s o l u t io n .

r SOIL SOLUTION

F i g .1 1 a . F i laments  from the pond which were grown in 
c u l tu re  in  nond w a te r .

POND WATER CULTURE.



Fig .  12. Liethod used f o r  i d e n t i f y i n g  in d iv id u a l  f i l a m e n ts .
The end o f  a g l a s s  r in g  was d iv id e d  in to  segments 
by p e n c i l  markings ana the double l i n e  made the 
o r i e n t a t i o n  of  the r in g  p o s s i b l e .



F ig .  12a. The o m e r  o f  c e l l  d iv i s io n  in  young f i l a m e n ts  grov/n
in  c u l t u r e .  The uate  o f  c e l l  form ation  i s  reco rded  by 
the day and month of the y ea r  beneath each c e l l  and 
the o rde r  of  c e l l  (ortrâ-tion i s  recorded  b es iae  each 
f i l a m e n t .  The ari'ows unuerneath  the filaiments indicate- 
the d i s i n t e g r a t i o n  of  the f i l a m e n ts  by zoospores .

O R D E R  O F  C E L L  D I V I S I O N  .
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1']. The  r a t e  o f  c e l l  d i v i s i o n  i n  y o u n g  f i l a m e n t s  
i n  c u l t u r e .  Z o o s p o r e  f o r m a t i o n  i s  i n d i c a t e d  b y  
h a t c h i n g .

r a t e  OF  C E L L  D I V I S I O N .
a Z00*f09.t FORMATION

— n"' S y—n
9 D 15 »  J5 »0

/  “

F i g . 1 4 » The f o r m a t i o n  o f  i r r e g u l a r  h o l d f a s t s  i n  i n c r e a s e d  
l i g h t  i n t e n s i t y .  C n o t  d r a v / n  t o  s c a l e . )



F i f s  I'l a b and c .  F ilaments  grown f o r  14 days in  a )y e a s t  
' e x t r a c t ' l lC O 'm g s . p e r  L .)  b) s o i l  e x t r a c t  s o l u t io n  

and c) thiamine (0 . 1  mgs. p e r  L . ) .

SOIL SOLUTION
YEAST Ol’'”

SOIL SOLUTION.

a . b .

SOIL SOLUTION AND

ORGANIC SOLN.

C ,
( th ia m in e .)



î 6  a ,b  and The appearance o f  f i la i / jen ts  grown f o r  20 
■“days in  a T y e a s t  e x t r a c t  (100 mgs. p e r  L. )]})thiamine 
(0 . 1  mg pe r  L . ) and c) s o i l  e x t r a c t  s o lu t io n .

a,

b .

C .

\



F i f f . 1 7 ,  C e l l  l e n g t h  m e a s u r e m e n t s  a n d  c a p  d i s t r i b u t i o n  i n
f i l a m e n t s  t a k e n  f r o m  t h e  p o n d  a n d  g r o v r n  i n  c u l t u r e  v / m \  
i n ( 0 , 3 g m s .  p e r  l i t r e ) n a p h t h a l e n e - a c e t i c  a c i d  a n d  i n  
s o i l  e x t r a c t  s o l u t i o n *  ( 1 0  u n i t s  e q u a l  4 0  p.*)

0 3  GMS/ L n a p h t h a l e n e  - ACETIC ACID.
iq/6 " i4/q/ao

40

*o

«0
1

40

20

SO I L  S O L U T I O N .

40

20

60 a. i 13



The appearance of  f i lam en ts  which were produceu and
ta  in IRS' nanht?

4 gms per  l i t r e ) .
' . -- vviixv̂ ii vvci c pi’oaacea ana

f  co n ta in ing  naphthalene lace t i c  ac id

a -  N A P H T H A L E N E  - ACETIC

ACID  Q 4 G M S /L

i S i  "̂ he accumulation o f  l a rg e  groups of  caps in  f i l a m e n ts
gro^^ in a c u l tu re  co n ta in in g  n a o h th a le n e -a c e t ic  ac id  
1 0 . j  gms. p e r  l i t r e ) .

W
y
f—ÜJ
u

2
z
L'J

<
IH
Xa
<z

8



F ig s .  2 0  and 20a, Gap grouping in  f i l a m e n ts  grown in
( o’, I  gms• per  l i t r e ) n a p h t h a l e n e - a c e t i c  ac id  ( 2 0 ) Culture 

and in  s o i l  e x t r a c t  s o lu t io n .

2 0 .

2 0 a,

/S’



Fi.R'.21. Histograms showing the number and the s iz e  o f
a p i c a l  and i n t e r c a l a r y  groups o f  caps in  f i lam en ts  
which were taken from the pond and grown in  vary ing  
co n c e n t ra t io n s  o f  n a p h th a le n e -a c e t ic  a c id .

0  4 GMS/L NAA

laa

0  3 G M S/L .  NAA

LLi.i ■, m

0 - 2  G M S /L .  NAA.

UTL

OH G M S/L .  NAA.

d£L

6

4
2-F

0 0 5 G M S / L .  NAA 0-0 12 5  GMS/L. NAA.

0 0 0 6 2 5  GMS/L . NAA. SOIL SOLUTION.

N U M B E R  OF C A P S G RO U P



Histogr-gjns showing the number and the s iz e  of 
groups o f  a p i c a l  and i n t e r c a l a r y  caps in f i l am en ts  

F i g . 2 2 . which v/ere grov/n in  c u l tu re  in  vary ing  
• • • c o n c e n t ra t io n  o f  i n d o l e - j - a c e t i c  a c id .

0 0 2 5 .  G M S . /L .  lA A .0 0 5 .  G M S /L .  lA A .

0 0 1 2  5. G M S /L .  lA A . 0 0 0 6 2 5 .  G M S/L . »AA.

J 4 6 8 lO 12 M 18 18 20 2  4 6 8 10 12 14 ÎÂ Ig 3 0

35 G R O U P I N G

S O IL  S O L U T IO N

2 0 -

CAP

INTERCALAPX tBOOPS 
luTERCRV-rtW ___ » RPtCRU

APIOAL GROUPS



Fig 2^ . Histograms showing the number and the s iz e  o f  a p i c a l  
and i n t e r c a l a r y  groups o f  caps in  f i la jnen ts  which 
were grown in  c u l tu re  in  vary ing  co n c en t ra t io n s  o f  

n a p h th a le n e -a c e t ic  a c id .

0*2 G M ^ L .  NAA .

a rm

o i  g m s / l . N AA

0 0 5  G M S /L  NAA.

CL..

0  0 2 5  G M S / L .  N A A

n

0 - 0 1 2 5  G M V L .

N A A .

O 0 0 6 2 5  G M S / L .  

NAA.

^ .n

SOIL SOLUTION
A P I C A L  G R O U P S

i n t e r c a l a r y  "

I N T E  R-CALARY — »  A P I  C A  L

2 4  I  8  lO 12 '  14“  ï T  IS  '2 0 ' ' 2 "  " U  ‘  ' ‘ s '  ‘ 1Ô' 12 ' ' u '  'IT '

N U M B E R  O F  C A P S  I N  G FO U P



Fig. 24. Groups o f  caps found, in  f i lam en ts  which vrere
grovm i n (0 . 3  gms. per  l i t r e )n a p h th a le n e -a c e t i c  acid^ cuRUYxi.

24.

2 5 .
X 6 0 0 .



F i g . 26. Groups o f  caps in  f i l am en ts  which were grown
i n ( 0 . 3  gms. p e r  l i t r e ) n a p h t h a l e n e - a c e t i c  ac id /

F i g . 27% cuituve.

m

26 . 
X  600 .

27.

\  7 0 0



F ig . 2 8 . A bnorm alities formed in  la rg e  groups o f  caps.

JJ

n

Li

Filairj.ents from 
th e  pond.

1 .
8 .
9 .

1 0 .
1 1 .

F ilam en ts  
grown in  indo le  
3 -a c e t ic  a c id . 
CO.l gms p e r L)

2 .
3-
4 .I
7 .

F ig . 2 8 a . A bnorm alities formed in  la rg e  groups o f caps found 
in  f i la m e n ts  grown in (0 .0 $  gms p e r  l i t r e )  
naph thalene - a c e t i c  acid^uiwye.

3-



Fiff, 2 9 » A bnorm alities  found in  la rg e  groups o f caps
formed in  f ila m e n ts  grown in (0 .1  gms. p e r l i t r e j  
in o o le -3 -a c e t ic  acidjLviwYc.



1 . 0  gas , p e r  l i t r e
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P i g .  ^ 2 .   A b n o r m a l  d e v e l o p m e n t  o f  z o o s p o r e s  f o r m e d  i n
( 1 . 0  g m s .  p e r  l i t r e ) c o l c h i c i n e C u i r u v c .

0*1 7o COLCHICINE.



Fif f>  1 1 .  N o r m a l  a n d  a b n o r m a l  d e v e l o p m e n t  i n  f i l a j a e n t s
p r o d u c e d  i n ( 0 . 1  g r a s ,  p e r  l i t r e )  c o l c h i c i n e  culture .

OI% COLCHICl NE.

Fig» 14. Normal and abnorm al developm ent in  f i la m e n ts
growing on s l id e s  a f t e r  a week in ( 0 . 1  gras, p e r  
l i t r e )  c o lc h ic in e  tuLTuR£.

C O LC H IC IN E OI%

SOIL SOLUTION.



Fi,12:. ^5. and 5̂a_._ F ilam en ts  grown on s l id e s  fo r  a week
in  s o i l  e x t r a c t  s o lu tio n  and in  0 . 1  gms p e r l i t r e  
c o lc h ic in e .C o n tro l  is  F ig . 35^»

35 .
X ZSl

- ,  %
35a.

X Z5,



R i n g  f o r m a t i o n  i n  f i l a m e n t s  g r o v m
i n  c o lc h ic in e ( 0 . 1  g m s  p e r  l i t r e £ > f  So.l
EKTR̂ mCT SOL-OTlOrN4 .)

COLCHICINE OI%

3 6 .

37



F i g .  18. A b n o r m a l  R i n g  f o r m a t i o n  i n  a  c e l l  o f  a  f i l a m e n t
gro\m  i n ( 0.1  g m s .  p e r  l i t r e )  c o l c h i c i n e i Z u i h u Y c .

E.
'#

X 300.

19. The b eh av io u r o f  th e  n u c leu s  in  a c e l l  o f  a
f i la m e n t  grovm i n ( 0 . 1  gms. p e r  l i t r e )  c o lc h ic in e  
CuUvYC-

X3 X0 .



F i g .  4 0 .  N u c l e a r  b e h a v i o u r  i n  a  c e l l  o f  a  f i l a m e n t :
p 4 1  gi*ovvn i n ( 0 . 1  g m s .  p e r  l i t r e )  c o l c h i c i n e C u U u r e .

4 0 .

X3ZO .

4 1 .

K 3ZO ,



Table 1 . C e ll le n g th  m easurem ents in  f u l l y  d eve loped 
f i la m e n ts  from th e  w all o f th e  pond*

1 2 0 ^  1 1 2  
i 6 o 1 5 2
17:2
1 0 0

. 9 6
1 2 0
140
1 6 4
1 6 0
1 6 8
1 5 2

9 2
9 2

1 0 8
1 2 0
1 0 8
1 2 0
1 6 0
1 1 2
1 5 2

1 2 8
1 6 0 - 2
140
1 4 8

ii
1 7 2
1 7 2
1 7 2
1 7 2
1 7 6
1 8 8
1 6 8 - 2
1 7 6
1 6 8  
1 8 8  
1 7 2

1 6 0 - 2  1 2 8 - 2  
140 1 3 2
1 6 0  1 0 8
1 5 2 - 2  1 1 2
172 1 0 8
1 8 4  1 0 0
1 6 8  1 1 2

140-7
1 2 8

1 6 0 - 8  1 9 2  
1 8 0  2 0 8
172
1 8 0
1 9 2
1 9 2
1 9 2
1 6 0

1 3 6
1 2 8
1 3 2
1 2 0
1 6 8 - 2
1 2 0

1 5 2 - 2  1 3 2 - 3
1 7 2  1 2 8
1 7 2  1 3 2
1 9 6  4 0 - 2
1 5 2  1 2 0
1 6 8  1 6 0 - 4
1 8 0 - 4  1 6 8  
1 7 2  1 8 0
1 6 0  1 2 0
1 9 2  1 2 0
1 6 0  1 2 0
1 5 6  9 2
2 0 8 - 2 0  9 2

88-4
2 0 0

4 8
. 7 2

56
80
6 0

1 0 0
40-3

1 0 0
1 0 0

8 o>w-
1 8 8
2 0 8
1 9 6
1 0 0
131
1 2 8
1 6 4 - 2
140
1 5 2
180
2 0 0 - 3
140
1 7 2
2 0 8
1 8 4 - 3
1 5 2
204
2 2 0 - 5
1 9 2
1 9 2
1 7 6
124
140
144
140
1 6 8 - 2
1 6 4
160
1 6 0
1 7 6
1 6 0
1 7 6
1 6 0
1 6 4
1 5 2
144
1 3 2  
1 2 0

8 4

g
8 8 - 2

1 0 0
9 2
8 4 -2
8 0
9 6
140
6 8

1 1 2 - 8
148
1 7 2
1 6 8
1 7 6
1 5 2
1 2 0
1 0 0
1 0 0
1 1 2 - 1 2
1 2 8
1 6 0
1 6 4
2 0 0
144
1 7 2
1 7 2
1 5 6

■ 1 8 0
1 6 4
1 6 4
1 0 0
1 2 0
1 1 2

9 6
1 2 0
1 2 0
1 0 0
1 2 0

8 0 . 
I 2 0
140
1 6 0
1 2 0
1 0 8
1 2 0 - 3

9 2
1 1 2
140
1 2 0
1 4 8
1 3 2
140
1 2 8
1 2 8
1 6 0
1 5 2
1 3 2
1 6 0
1 6 0
140-3
1 5 2
140
1 4 8

1 5 2
140
140
140
1 5 2 - 4
140
1 6 0  •
1 7 6
1 6 0
2 0 8 - 1 0
1 1 2
1 3 6
140
1 2 8  
1 7 2  
1 5 2  . 
1 6 0 - 4  
1 2 0  
1 5 2  
1 7 2 - 2  
1 5 2
140
1 6 8
2 0 0
1 8 0

1 6 8  
2 1 2  
1 9 2  
1 6 8  
1 2 8 - 2  
1 8 0  
1 7 2  
1 6 4  
1 2 8  
1 2 0  
1 2 0  
1 0 8  ■ 
1 0 0

g
8 0
8 4

1 6 8
140
1 4 8

1 5 2
1 0 0

8 8
1 0 0

8 4

8 8 ^  
1 2 8  
1 1 2  
1 2 8  
1 3 2  
1 5 2
1 8 8
204-2
1 6 0
1 7 6 - 2
1 2 0
1 2 8
1 6 0 - 6
1 6 4
1 7 2
124
1 5 6
1 6 0
1 6 8
1 7 6
1 6 4 - 4
1 1 6
136
1 8 8 - 2
1 2 8
1 7 6
1 7 2
1 6 0
1 5 6
1 6 0
1 7 6
1 7 2 - 2
140
1 6 0
1 6 0
1 6 0
1 7 2 - 2
1 6 4
1 6 8
1 6 4
140-5
1 8 0
1 6 4
1 8 0
1 6 0

l g - 4

180

1 6 4
i 3 6
1 6 0
144
124
1 6 0
124-2
1 1 2 - 1 0
1 6 0 - 4
1 6 4

212-5
1 3 6
140
1 5 2
2 0 0
1 9 2
1 5 6
1 5 2
1 5 2
144
140



Table 2. C e ll  len g th  measurements and cap grouping in  f ila m e n ts  
grown fo r  a long p e rio d  on s l id e s  in  the pond. The 
f ila m e n ts  were examined a t  in te r v a ls  from November I 7  t l  
1 9 $0 u n t i l  September 1 s t .  19^1.

Nov.1 7 -
F eb .2 . M ^ .2 1 . A p r i l .19 . May.9. June 18 .
1 1 2 ^  1 0 8 - 2  6 0 ^. 8 4 * 1  8 0 >i c o n t,

120 120 i
1 2 0  1 1  ̂ 12^ 100 1 6 0 - 2  124 1 6 0  1 6 0- i  irM a I i i  i i

l i  ir 1% i| M Ë  z
84 ;  i S  i g . 3  i î :  i ! ^

1 3 6  168-2 2_QQ  ̂ 224 1 6 8  2 1 2  2 0 0

104 l ip  11/ 9 6  2 1 6  1 9 2  1 7 2  1 8 0
1 1 ? 128 1 3 6  124-2 1 7 6  1 8 8  1 6 0  1 7 6

“  88 i l l  i %  i i r  i :  ■ ■

M  i i i  i :  “  i% _ 3  i0 g - ^
1 1 2  1 1 2  1 1 2  7 2  144 1 8 0  ' 184
1 1 2  1 0 0  8 0  1 0 8  1 2 8  1 3 2 - 2  1 6 0  1 8 8 - 3- ill i: :i" I" I i  il
1 2 0  1 1 2  l^ ^ -2  124 1 5 2 - 2  iSo 140 160

i s i  g  i : r  i :  i ;  z  i :
, 6  „n g |§  5  1 2 0 - 2  1 7 6  1 7 2  1 6 0

1 I  g r  ig g  i “  g g  1 %  i g
1 00  , 5 s  IS S  100  200  160  168

i i  1“  fo o  h  i g  l i  Ü - 5
88 inA 1 2 9  144 200 1 6 0

j g  i p  i i o  i 2

S' - 1  1 1 1  r
1 2 0  1 7 2  1 7 2  2 3 2  1 8 4 - 4

1 9 2  2 0 0  1 7 6  1 9 2
1 8 4  156 160  160
2 1 2  2 0 0  1 6 8 -3  180

2 0 0  

1 8 8



Table . 2 . (con tinued) •

Nov.1 7 t h . -
Ju ly  1 7 th . September 1 s t .

LOQu 92m co n t. 9 6 ^ co n t. co n t.
1 7 2 1 7 6 8 8 1 2 0 1 1 2 1 2 0 - 3

8 81 7 6 224 140 1 8 0 1 2 8 - 8
1 9 2 2 2 8 9 2 2 2 0 1 0 0 6 0 - 2
2 1 6 2 2 0 64 224 8 0 9 2

7 22 0 0 - 2 1 8 8 8 8 248
1 6 8 1 4 7 240 8 8 8 0
2 0 0 1 9 2 1 0 0 2 3 2 1 2 8 8 0 - 4204 172 1 5 2 2 1 6 1 6 8 9 6
1 8 0 1 8 4 8 8 1 9 6 1 9 2 8 0
1 8 4 1 6 0 9 2 - 2 1 6 8 1 9 6 8 8
1 2 0 1 8 4 - 3 2 0 0 1 7 0 240 1 1 6 - 4
1 3 6 1 6 0 2 0 8 - 2 1 6 0 2 2 8 1 1 2
1 5 2 1 2 8 224 1 3 2 - 2 2 1 6 1 0 0
2 0 0 1 5 2 - 2 2 1 2 1 8 0 2 3 6 1 0 0
1 9 2 1 6 0 1 9 2 1 6 8 1 8 8 1 2 0 - 6140 1 6 0 2 0 0 1 3 2 1 8 4 1 2 0 - 2
1 5 2 1 5 6 - 2 1 8 0 8 0 1 8 4 - 2 140
104 1 5 2 140 1 1 2 1 9 6 1 3 2
1 2 0 - 3 1 6 0 1 2 8 1 1 2 2 1 2 1 2 0
1 3 2 1 6 0 1 2 8 1 2 0 - 5 1 8 8 1 3 6 - 3
1 2 0 - 3 1 7 2 - 3 144-6 1 6 0 8 8 - 2 104
1 3 2 148 148 1 0 0 1 8 0 1 2 0
1 1 2 1 1 6 1 3 6 1 1 2 9 2 140
1 5 2 1 5 2 140 8 0 - 4 1 1 6 1 1 2
1 6 5 - 2 144-2 1 2 8 1 2 8 1 2 8 148
1 3 2 148 1 2 8 1 0 0 1 0 8 1 2 0
1 2 0 124 8 0 1 2 0 7 2 - 2
1 5 2 1 6 0 1 5 2 1 2 0 1 3 2 8 8
1 5 2

8 0
1 6 0 - 6 1 2 0 1 2 0 148148 1 3 6

^ 8
1 2 0 2 0 0

1 2 0 - 2 1 5 2 1 5 2 1 1 ? 2 2 0148 2 0 8 1 6 8 80 8o-5 2 2 8
1 2 0 - 2 2 2 8 1 6 0 1 2 0 - 3 48 248148 204 1 6 0 84 104 2 2 0
1 2 0 2 0 0 7 2 1 2 0 2 1 6
1 9 2 1 6 8 1 1 6 9 6 - 5 1 7 2

8 0 1 5 6 1 2 0 1 2 0 2 1 2
144 140-2 1 0 0 1 0 0 1 9 2
1 5 6 1 7 6 1 1 2 - 5 1 2 0 1 9 2
1 6 8 1 5 2 1 2 0 1 1 2 1 6 8

1 2 8 1 1 2 1 5 2
148 9 2 1 0 0 1 2 0 - 2
1 5 6 - 2 1 1 2 1 0 0 - 3 1 6 0

' 1 6 0 8 8 1 2 0 1 2 0
1 6 0 1 2 0 1 0 0 140
1 0 8 - 3 1 1 6 - 2 8 0 148-2
1 5 6 8 0 1 2 8 1 5 2
148 1 0 0 1 1 2 1 1 2

co n t.
1 5 2
1 1 2
1 2 8
1 2 0
1 2 0
144-6
140

6 0
1 1 2

9 2
1 3 2
1 2 8
1 3 2
1 0 8
1 0 8
1 1 2
1 2 0
144-5
144
1 3 6

6 0
1 2 8

6 8
1 1 2
1 3 2
104
m.6 0 - 6
124
1 3 2
64-3

1 5 2
1 2 0
1 3 2
1 5 2 - 3
1 2 0

1 5 2
140-3
1 3 2

9 2

1 3 2
148
9 2



Table 4 . The changes in  the  c e l l  s iz e  com position in  f ila m e n ts  
growing on s l id e s  in  the pond from November 1 9 5 0  to  
September 1951# The percen tage  number o f c e l l s  in  each 
group o f c e l l  le n g th  measurements o f 20 are shown.

F e b .2 . M ar.2 1 . A p r.19» May.5. J u n e .lS . Aug.17» S e p t . l .

0 -  20jjl 0 0 0 0 0 0 0

24- ;-40 0 0  . 0 0 0 0 0

44- 6 0 0 0 0 0 1 1 2

6 4 - :8 o 7 2 4 9 2 3 7

8 4 - 1 0 0 33 2 8 24 1 0 4 5 14

104-120 â i 13 3 2 1 3 2 2 2

124-140 1 9 2 5 13 1 8 5 1 3 1 8

1 4 4 - 1 6 0 2 0 7 1 3 2 0 i i 9

1 6 4 - 1 8 0 0 2 2 1 3 2 8 1 5 7

1 8 4 - 2 0 0 0 0 0 1 6 2 2 14 7
204-220 0 0 0 4 8 6 5
224-240 0 0 0 2 7 3 5



Table 5» Cell length measurements in filaments growing on 
waterlily petioles in May.

lOOu.
164
1 7 2  
1 9 2  
1 7 6  
1 2 8  
1 5 6  
1 7 2
140
1 7 2  
1 6 8
204
1 8 0  
1 9 2  
1 9 6
144
1 6 0 - 3  
1 8 0  
1 8 4

Table 7. Cell length measurements in filaments growing on 
waterlily petioles in July,

8 4  n 9 6  lOOu lOpM 88u cont. 88in cont,
1 5 2  lOOu. 148 1 2 0  1 1 6  200 1 2 0  - 140
184 1 1 2  1 8 4  140 1 7 6  8 0  T̂4 o I 6 O—4
1 6 0  1 6 0  1 6 0  1 5 2  184 8 0  1 8 4  1 6 0
140 140 1 6 0  1 6 0  1 9 2  loo 2 0 0  1 5 6

lOQu 96m 1 0 0 m 8 8 m- 1 0 0 m
152 8 0 1 9 2 1 5 2 1 3 6
1 6 8 1 5 2 2 2 0 1 7 6 1 6 8
1 7 6 1 ? 6 204 1 8 0 1 9 2
1 8 0 1 9 2 1 8 4 1 7 2 2 0 0
2 0 0 1 9 2 1 6 8 2 0 0 1 9 6
2 1 6 2 1 6 1 6 8 2 1 6 1 9 2
2 0 0 224 1 9 2 2 0 0 1 6 0
1 9 6 2 0 8 1 7 2 - 4 2 0 8 1 7 6
2 0 0 184 2 2 0 1 2 0 1 6 0
1 9 2 1 9 2 2 0 8 1 9 6 1 8 8
1 6 0 1 9 2 1 9 2 1 6 0 1 9 6
1 7 6 ■ 1 8 8 1 9 6 1 7 2 1 9 2

1 6 0 1 5 6 176
1 8 8 1 6 8 • 1 8 8
140 1 6 4
140

164 1 2 8  1 6 8

ill m  ig  i#-' l i  H U
1 3 2  168 112 204 120 lé o  128
144 1 6 8  1 6 0  1 8 0  6 0 - 2  2 0 0  1 5 2 - 2
172-3 140 8 8  1 8 0  1 5 2  £ 9 2  152
1 8 8  1 2 8  7 2  1 6 8  1 2 0  1 9 2 * 1 4 0
1 6 4  1 5 2  1 0 0  1 2 8  1 2 0  1 6 0
1 5 6 - 3  1 5 2 - 2  1 2 8  144 120-2 2I 2 1 5 2
124 1 6 0  1 2 8
1 2 8  1 5 2  1 5 6
1 2 8  1 3 2  1 6 0
140-3 1 7 2  1 6 8
1 3 2  1 2 0  1 5 2
124 140
144 148
140 144
1 2 0

140 :
1 6 8

lOpM 8 8 m
1 2 0 1 1 6
140 1 7 6
152 1 8 4
1 6 0 1 9 2
1 9 2 1 7 6
1 9 2 - 2 9 2
1 9 6 1 5 2
204 1 2 0
1 8 0 6 0 - 2
1 8 0 1 5 2
1 6 8 1 2 0
1 2 8 1 2 0
144 1 2 0 - 2
140 1 1 2
140 1 2 8

8 0 - 3 1 2 0
1 6 8 8 8
1 6 0 9 6
1 6 0 7 2 - 3
1 3 2 - 3 1 1 2
140 1 2 8
1 5 2 8 0
1 2 8 - 2 1 0 0
140 1 1 2
1 2 0 140-2
1 5 2 1 1 2
1 3 2 1 2 0

1 2 0

1 2 0  1 9 6  1 3 2

1 2 8
1 3 2
1 2 0
1 3 2
140-4
1 7 2
140
144

1 1 2 - 2   ̂ 1 5 2 - 3
140
1 2 8
144
1 3 6 - 3

144
1 2 0



Table 8 . C e ll len g th  measurements in  f ila m e n ts  growing on 
s l id e s  in  the pond fo r  s h o r t  p e rio d s  o f tim e.
The measurements were made du ring  June to  O ctober
19$1#

J u n e .20- 
J u l y . 1 8 .

96m
1 1 2
1 5 6
1 6 0
152
1 8 0
1 8 8
1 6 8
1 8 0
1 9 2

1 1 2
1 2 0
1 7 2
1 8 0
1 6 8
152
180
1 8 0
1 7 6

1 0 0
1 2 8
1 5 2
140
1 5 2
1 7 2
1 7 2
1 5 6

9 6
1 0 8
1 5 2
1 7 2
léo
2 0 0
1 6 8
1 6 8
1 8 8

J u l y . 6 -  
J u ly . lB .

1 1 2 m
144
144
1 7 6
1 9 2
1 9 2
1 8 8

104
1 2 0
1 6 0
1 5 6
1 6 8
1 7 2

1 2 0
1 3 6
1 6 0
1 8 4
1 8 8
1 9 2 - 2

104
9 2

140
1 2 8
1 6 8
2 0 8
1 8 0

8 8
1 2 0
1 8 4
1 6 0
1 9 6
2 0 0
2 0 8

J u ly .  17-
Aug. 6 .

8 0 m
1 2 0
1 6 0
1 6 8
144
140

8 0
1 2 0
144
1 2 8
1 6 0
172

80

7 2
1 2 0
1 6 0
1 6 8
148

1 0 0

1 3 2
1 2 8
140
1 2 0

J u l y . 3 0 .
Aug. 22

92m
1 3 2
184
1 8 4
1 8 0
1 8 0
204
1 7 6
1 9 2
1 9 2
2 0 0
1 7 6
1 8 0
1 9 2
1 7 2

9 2
1 2 8
1 6 4
1 6 0
1 7 2
1 7 6
180
2 0 0
184-3
1 6 0
1 7 2
1 7 6
1 8 0

9 2
1 5 2
1 6 8

Aug.6 -
Aug.22.

1 1 2 m
1 0 0
1 3 2
1 6 0
1 8 4
1 8 0
1 7 2
1 9 2
1 8 8
1 6 0
2 0 0
1 9 2
1 8 0
1 6 0
1 6 0
1 6 0

8 8
1 2 8
1 6 0
1 9 2
1 9 2
1 8 8
1 6 0
2 0 0
1 9 2
1 8 8
1 6 0

1 0 0
1 3 2
2 0 0
2 0 0
204
1 9 6
1 9 2
1 7 2
1 9 2
1 6 8
1 8 0

O c t.3 -
O ct.29

1 1 ^
1 0 0

2 0 8

1 1 2
1 5 6
1 9 2
1 6 8

1 1 2
1 5 2
1 8 0
1 9 2

104
140
1 9 2
1 9 2

9 2
1 7 2

9 2
1 5 2

9 2
1 3 2
1 6 0
2 0 0
1 1 2



Table 9 . C e ll len g th  measurements in  f ila m e n ts  taken  from 
the pond February  19 th .  and grown in  c u ltu re  
fo r  two months in  s o i l  e x t r a c t  s o lu t io n  and in  
pond w a te r.

F ilam ents from 
the  pond Feb. 19th

S o il e x t r a c t  
s o lu tio n  c u ltu re

Pond w ater 
c u l tu r e .

loqiLL 84̂ co n t. 100m204 140 72 204
212 144 80 220240 192 72 208224 184 104 216200 188 100 224
208 216 96-3 220208 196 216176 220 224léo 184 220
176 200 212
160 188 204-3
136 172 204
152 192. 220
132 104 184144 104 164
128 120 104112 112 88112 120 84112 104 80
lié 120 124-7

132 180
120 124 136152 112 152212 144 100
208 140 88121 152 84
192 148 84
224 48 92
216 72 60
216 80 200-7
192 8 0 140
204 84 180
196 112-3 80
176 64 72
168 80-3 152
152 64 64
160 80 84
164 64 , 80
152 80 160
144 72 84
172 84 * 60

112 76
96 80

112 40
72 80

# 2̂
1 8 0
184
144
1 6 0
164
1 5 6
1 0 0
124
132
124
1 3 2
124
1 2 8
1 2 0
96

128
1 2 0
92^108
128
1 2 0
92

108
128

104
60—5 108

104
1 2 0

84
1 2 0
128
104
1 5 6
124

8 8
84
72
72
64-5

1 5 2
1 2 0
104
1 2 0



T a b l e  1 0 . Ce l l  l e n g t h  me a s u r e m e n t s  i n  f i l ^ m e u t s  _ d e v e l  
f r o m  z o o s p o r e s  i n  s o i l  e x t r a c t  s o l u t i o n »

JLuly  20- O c t .  23 1 9 5 c  N o v .  3 - D e c .  1 2 . M ay 5“ J ^ a e  20 I 9 5 1

1 2 8  m 1 5 6 ^
1 2 8  1 1 6  1 4 8
144  1 3 6  140
124  1 3 6  1 2 0
1 6 0  1 5 2  1 1 2
1 6 0  1 3 2  1 0 8
1 6 4  1 5 6  140
1 4 8  1 6 0  1 3 6
1 6 0  1 2 0  124
1 2 8  . 60  1 4 8
1 6 0  l é o
1 3 2  1 3 2
1 2 0  1 6 0
1 5 2  1 6 0  1 2 8
1 2 0  1 8 0  156
1 2 0  1 4 8  1 3 6
112 144  104
1 1 2  1 0 0  1 1 2
1 5 2  1 0 8  1 2 8 - 2
140 1 1 6  144
140 1 2 8  60
1 3 6  1 1 2  1 0 8
140 1 40 1 40
1 2 0  1 3 2  1 1 2
1 3 2  1 5 6

1 5 6
140

1 5 2  60  140
1 5 6  1 1 2  1 6 0
lu O  1 4 8  140
1 3 2  1 2 8  1 2 0
148  1 2 8  124
1 6 8  1 2 8  1 5 2
144  120 1 3 2
1 6 0  1 2 0  1 3 2
1 5 2  120 140
1 5 2  1 3 6  140
1 6 0  1 2 8  1 4 0
1 5 2  140 1 3 6
140 144  1 4 8
1 4 8  1 0 8  1 2 0
1 2 8  1 1 6
1 3 2  1 1 6
140 1 3 6
144  1 2 8
1 1 6  1 2 0

1 1 2  1 2 8
1 1 6
104
1 2 8

lOOjM
c ^ n t .

, 8 8 ^ " 1 0 0 ^
1 2 0 1 0 0 144 1 3 2

7 2 1 3 2 1 9 2 1 2 8
1 1 2 9 6 140 1 2 0
1 0 8 1 1 2 8 0 1 2 0

8 4 8 8 1 2 0 120
68 9 6 1 5 2 160
22 9 2 140 1 2 0

1 1 6 9 6 1 1 2 1 2 8
9 6 . 1 6 0 140
92 9 6 1 6 0
80 1 0 8 144
92 1 1 2 1 0 0 1 2 8
80 104 1 5 2 1 5 2
8 4 1 1 2 2 0 0 144
9 3 7 2 2 0 0
80 104 1 9 2
8 8 1 2 0 80

1 1 2 1 1 2 1 2 8 1 0 8
1 2 8 1 2 8 143

1 2 8 1 5 2
■ 1 2 8 1 2 0

1 0 0 80 1 6 0
38 8 8 9 2 144
8 8 9 2 140 1 5 2
72 1 0 8 120 1 3 6

1 1 2 1 0 0 1 2 0 1 7 2
9 2 . 9 2 . 1 1 2 1 6 0

1 1 2 1 1 2 140 1 5 6
8 0 1 0 8 1 2 0 1 2 0

1 2 0 64 1 5 2
1 0 0 9 6
1 1 2 88

80 9 6 8 0
1 1 2 104 1 5 2

80 1 0 8 1 2 0
1 2 8 1 0 0 1 6 8

76 1 6 8
8 4 1 5 2
80 1 2 0

1 1 2 9 2 148
1 1 2 1 6 8

1 0 8 1 6 0
1 0 0 1 5 2

9 4 1 5 2
72
8 8
8 0
96
80
8 8



Table I I .  The v a r ia t io n  in  c e l l  len g th  in  f ila m e n ts  o f a clone 
grown under c o n tro lle d  c o n d itio n s  o f l i g h t  and 
tem p era tu re .

lOOjLL
1 3 6

8 0 M 8 0 M 96u
1 3 6

8 Qm 1 1 2 U
1 1 2 1 1 2 1 1 2 1 2 0

148 1 5 2 1 2 8 1 3 6 1 3 6 1 2 8
1 3 2 1 2 8 1 3 2 1 5 2 1 2 0 144
140 104 1 1 2 1 6 0 1 5 2 1 2 8
1 8 0 1 0 8 1 2 8 1 5 2 1 6 0 1 0 8
144 1 2 0 1 1 2 1 2 8 1 6 0 1 0 0
1 3 2 1 3 2 1 3 6 124 ■ 1 7 2 LOO-4
124 124 124 1 2 0 1 7 6
1 2 0 1 5 2 - 5 140 1 1 2 1 2 8 - 2
1 3 2 1 2 0 124 9 2
1 3 2

8 0 8 0
84-3 124 1 3 6

1 3 2 124 1 5 2
1 6 0 1 3 6 144 140
1 8 0 1 3 2 84 1 1 2 - 3 1 3 6

1 0 0 1 6 8 1 3 2 1 7 2 1 2 8 1 5 2
1 6 0 196 1 5 2 1 9 6 1 2 0 9 6
2 0 0 1 8 4 1 1 6 2 0 0 124 1 5 2
148 1 8 4 1 2 8 2 0 0 1 3 6
1 7 6 1 6 0 1 3 6 1 9 6 9 6
1 7 6 1 7 2 1 2 8 1 9 2 1 0 0
1 6 8 1 7 2 1 5 2 - 1 . 1 9 6 1 1 2
1 7 6 1 6 8 1 6 0 1 5 6 1 0 0
1 6 8 1 2 0 1 6 0 144
1 7 6 1 2 8 96 1 8 0 1 6 4
1 6 0 1 1 6 140 8 8 1 6 0 1 6 8
1 2 8 140-3 1 6 0 1 2 8 1 2 0 1 6 4
1 7 2 1 2 0 1 6 8 1 7 2 1 2 8 1 6 8
184 1 3 2 1 8 0 1 5 2 140 1 6 4
1 0 8 160-1 1 6 0 1 5 2 1 2 0
1 6 0 1 3 6 1 7 2 1 2 0
1 3 2

8 8
1 2 0 1 3 6 8 0 1 2 8

1 1 2 9 6 160 1 2 0 144
140 1 3 2 1 2 8 1 6 0 1 7 2 1 2 8
144 1 6 0

124
1 2 8
1 2 8
124
1 2 0
1 2 8
140-3

1 1 2 - 5 1 6 0
1 6 0
1 8 0
140
1 6 8
1 6 0

104-1



C e ll len g th  and c e l l  number in  f ila m e n ts  grown 
in  normal d a y lig h t  and under continuous l i g h t  
from a 40 w a tt lamp. AugustS th .  u n t i l  O ctober l 8 th

lia y l ig h t  Continuous li^yht

8 Qu 104m c o n t. loSjo. 8 8 p 1 1 2 u
128 1 3 2  8 0  . 148 1 8 0  1 2 0
144 144 1 0 8  140 1 5 6  1 2 8
140 1 4 0  1 0 8  1 6 0  1 0 8  1 2 0 - 2
l l o  140 112 1 8 0  100
124 1 3 6  8 8  1 1 6  1 5 2  9 6
140 1 6 0  1 0 8  140 1 5 2  1 0 8
1 3 6  144 124 1 5 6  140 1 0 8 - 3
160 
1 5 6

9 2  
8 4  

1 2 0  
124 
124 
i l 6
1 3 6
140 
1 2 0  
1 3 6  
160 
1 7 2

8 0  
100 
1 1 6  
120 
1 0 8
124 
120

8 0  
120  
100 
1 3 2  
1 6 0 - 3  
1 3 6  
100 120
1 2 0  1 8 0
140 100
1 6 0  1 1 2
140 120
1 6 0  8 8

104*1 cont* 1 0 8 ;a BBjj
1 3 2 8 0 148 1 8 0
144 1 0 8 140 1 5 6
140 1 0 8 1 6 0 1 0 8
140 1 1 2 1 8 0
1 3 6 8 8 1 1 6 1 5 2
1 6 0 1 0 8 140 1 5 2
144 124 1 5 6 140
1 5 2 1 2 8 144
144 1 1 6 1 0 0 1 1 2
140 140 140 1 6 0
144 1 3 2 1 6 0 1 5 6
1 6 0 - 5 1 2 8 140

1 2 8 1 0 0
1 2 0 9 2 1 2 ,8
1 2 8 1 3 6 140
148 160 1 2 8
1 2 0 1 5 2 144
144 1 3 6
104 1 1 2 1 2 8
1 0 0 1 2 0 148
148 140 148
1 6 0 1 6 0

1 1 6 1 0 0
Loo 1 3 2 8 0
1 2 0 ICO 1 1 2
1 0 0 124 1 3 2
9 6 1 2 0 1 1 6
1 6 0 1 3 2 140
1 1 2 1 2 0
1 1 6 140
1 5 2 - 2 Ao 8 0 -:
124 140 1 0 0
1 0 0 1 5 2 1 1 6

8 0 1 1 2 1 2 0
1 5 2 1 5 2 1 5 2

1 2 0 140
1 0 0 1 5 2 148



T a b le .14. C e ll len g th  measurements in  filam en ts  grown in
c u ltu re  in  s o i l  e x t r a c t  s o lu tio n  and in  so lu tio n s  
o f y e a s t extract(lO O m gs.per l i t r e )  and in  thiam ine 
(O.lfigS).per l i t r e )  fo r  14 and 20 days.

A fte r 14 days.

S o il  Y east Thiamine 
e x tr a c t  e x tr a c t

A fte r 20 days.

S o il  e x tr a c t  Y east e x t r .  Thiamine

lOOjUL
104

92
112

88
88
84

100
112
124

96100
88
84

100
1 0 8

1 2 8
104

92
88

100
124
100
124

92
104

96112
l i é

92

9 ^  cont
•104 8 4

1 0 0 9 6
6 8 6 8
48--31 0 0

1 1 6 6 8
7 6 1 0 044 6 0
9 2 6 0
6 4

1 0 8 1 0 0
7 2 1 0 0
4 8 8 8
9 6 8 0
5 6 1 2 0

144 8 0
1 0 8

1 0 0 6 8
1 0 0 9 6

8 8 7 648 8 8
7 2 6 0
64-•3 7 2
8 4 40
8 0
9 2 8 8
6 0 1 2 0
7 2 92
64-2 1 0 8
92 64
8 4 84
7 2 64

1 0 0 84
8 8 6 8
8 0 48
8 0 5 6

1 2 0
1 0 0

8 0
7 6

1 2 0

8 ^
8 0
6 8

100
6 0

6 0

88
64

112
lo
44-2

100
6 0
8o
9 2
80

100

44
lo4
44
48
6 0
8 0
44
3 6
64

9 6
7 2

s

104
7 2
40
40

104

Î 8
140-3
144

84
6 0
84
68-2
88

120
6 0
9 2

124
64—4112
7 2

140
5 2 - 2

104
1 3 6
48

100
140
48
112
100
100
140
88
6 0 - 3

1 1 6
68-2

?6-3
132

8 0
88
88
84

6 0 m
7 2
8 0 - 4
84
48
8 0
68-5

1 1 6
8 4
8 0

124
6 0

104
84
88

1 1 6
9 6

100
116-2
100

84
88
88100-5
8 4
84
100

8 0
6 8

100
112

9 2 - 4
100
104

1 3 2
88
112

7 2
112
1 2 8

9 ^100
84
48
7 2
7 2

124

#
a

112
9 6
8 0

it
1 0 8

7 2
7 2
88

68
1 0 8

7 2

II
68
8 0

:
8 0

104
9 2

100
88-2
1 1 2

8 0
84
1 0 8

8 0
68
8 0
8 0
9 2

7 2
5 6

6 0 |i
100

6 0
8 0
68
84
80

8 0
104

9 2
5 2
8 0
8 0

120
5 2

g
7 2

104
6 0
8 0
6 0
68
80
7 2

104
68
64
64
8 0
8 0
6 0
8 0

100 M

I
104

II
88

&
56
84
88
72
48
44
48

104
80
7 2
8 8
64
88
6 0
84
68
8 0

P80
100
40
56

1 0 0
1 0 0

7 6
9 2

104

II
64
5 6
7 2
9 2



T able 1 7 . Cell length and cap grouping in filaments taken from 
the pond and grown for three months in soil extract 
a cif litre naphthalene -acetic

S o il e x t r a c t

co n t.
1 8 0 104
2 1 2 112-4
1 6 8 1 2 0
1 9 2 1 2 0
2 0 0 9 6
1 9 2 104
2 0 8 8 0
1 9 2 1 1 2
1 9 2 64
1 6 0 - 2 8 8
1 8 4 8 0
1 6 8 ) 8 8
144 1 0 0
1 5 6 8 0
1 6 8 8 0
2 0 8 8 4

8 0
1 6 8 104-4
1 2 8 9 6
140 9 6
1 0 8 1 1 2
1 0 8 - 2 1 2 8 - 8
1 0 8 1 1 2
1 1 2 9 2
1 1 6 1 2 0
1 2 0 - 3 64
1 2 8 9 2
1 2 0 - 5 1 1 2
1 3 6 9 6 - 2
1 6 0 8 8
1 2 0 9 6
1 2 8 1 1 6
1 2 0 104
1 0 8 104
1 1 2 1 1 6
1 0 0 1 0 8

8 0 8 8
8 8 ' 8 0

1 2 0 - 6 84
1 1 2 1 0 0
1 1 2 8 0
1 1 2 1 0 0

naphthalene-acetic acid.
co n t. co n t.
1 1 6 *l 1 0 0
104 9 6
1 2 0 - 2 1 3 6 - 5
1 1 2 144
1 1 2 1 0 8
104 104
104 1 2 8
L08 1 1 6 - 2

7 2 1 5 2
1 1 2 140
1 0 8 1 1 6

8 0
1 0 0

104
100
180
108-9

88 
172 
1 8 8  
1 7 6
192
1 8 8
208
200
1 8 0
1 8 4
1 8 0
léo
1 6 0
1 9 6
144
1 6 4 - 2
1 3 6
148
1 5 2 - 2
128
1 3 2
1 3 2

8 0
8 0
88

1 :
9 6

112-5
1 6 0
1 3 6

8 0

" 6 8

9?u.

1 1 1
1 8 4
1 8 4 - 2
192
1 8 4
1 8 0
1 7 6 - 2
1 7 6
1 8 8
1 5 2
1 3 2 - 2
1 3 6
104-2
124
144
1 3 2 - 3
1 3 2
140
144
1 1 6112 
104 
104 
L04 

84 
84

9 6
1 0 8
128-7

8 4
9 6 - 1 7
176
1 5 2
140-2
1 5 2
112
120-3
1 3 2
160
1 3 2
148-7

cont.
144 1 0 0 ;%.

G^nt. cont.
1 0 8

1 3 2 1 6 8 1 1 2 - 6 1 0 0
124-2 204 1 6 0 9 6
1 3 2 2 0 8 8 0 1 2 0
1 3 6 - 4 1 8 0 1 0 8 1 1 2
144 1 8 0 1 0 8 1 1 6
1 6 0 1 9 2 1 2 0 1 2 0
1 2 8 1 9 2 1 0 8 124
140 2 3 2 1 2 0 1 2 8
1 0 # 2 3 2 1 0 8 1 2 8
1 0 0 2 0 0 1 2 0 1 3 2
1 0 0 1 7 2 1 1 2 1 3 6
1 0 0 1 5 2 124 1 2 0
104 1 8 0 104 9 2

9 2 1 7 6 9 6 1 0 0 - 3
7 2 - 2 84 1 1 2 - 2 1 1 2
96 6 8 140-6 1 1 2 - 6

1 2 8 - 1 2 64 9 2 1 3 6
1 2 8

g
1 1 2 1 2 8

1 5 6 1 0 8 124
1 5 2 1 0 8 1 0 0 140
1 5 6 - 2 9 2 9 6 1 0 0
1 5 2 9 6 1 2 0 LOO
1 2 8 1 0 8 1 1 2 124
1 7 6 1 0 0 1 1 6 8 8
1 3 6 1 0 0 1 2 0 1 2 0
1 3 6 1 2 0 124 2 0 0
124 1 1 2 1 2 8 1 8 8 - 0 1 9
1 3 2 148-11 1 2 8 1 5 2

60 144 1 3 2 1 5 2
7 2 124 9 6 124
7 2 92 1 0 8 124

1 0 0 84 1 2 0 140
9 6 84 103
9 2 112-4 1 2 0

1 0 0 7 2 1 1 2
9 6 9 6 8 124
9 6 8 4 104

104 9 6 1 1 2 - 2
104 1 0 0 140-6
1 0 0 9 6 9 2
1 5 2 - 1 2 104-5 1 1 2



Table l ‘8. I)i s t  r i  but ion of c e l l  len g th  and cap grouping in  
filam en ts  grown fo r  th ree  months in  varying 
co n cen tra tio n s  of in d o le -3 -a c e t ic a c id . ( gms. /L ) .  
Basal c e l l  om itted .

Ï- r  r  ar#.
1 11 1 I 1 i
1111Î I
i i  “ •-> s | -  | -  ! |

I -  I  I  .s I
8 8  1 0 0

I l i  I
100-2 96 Î 2 0 - 4  10^

100

i :

140
140

1 3 6
112

1 2 8  ‘ 8 8  " h n  9 8 -
60 108 l °00

1 2 0  124-3 Qk 84
124 44 I I  100
140  ̂ 7 2  2I 2 1 2 0
1 3 6 -2  80 100 104

1 2 8 - 4



T a b l e  1 9 * D i s t r i b u t i o n  of  c e l l  l e n g t h  a n d  c a p  g r o u p i n g  i n  
f i l a m e n t s  g r o w n  f o r  t h r e e  m o . : t h s  i n  v a r y i n g  
c o n c e n t r a t i o n s  o f  n a p h t h a l e n e - a c e t i c  a c i d . f g m s . / L . ) 
B a s a l  c e l l  o m i t t e d .

0 .0 1 2 5  0 . 0 0 6 2 5  c o n t r o l0 .4
1 1 2  AL ü ïï  JU
140 140
140 1 1 6
13.2 1 1 2
124 1 1 2
1 2 0 1 0 8
1 ^ 0 1 1 2 - 2
144 1 2 0
1 4 8 - 5 104

1 3 6 - 5
1 2 0

1 1 2 1 1 2
1 6 0 1 0 8
1 6 0 1 1 2

44 72
12 0 1 0 0
20 0 9 6 - 2
1 1 2 1 0 0
12 0 1 0 0
1 1 2 130

72 1 3 6 - 4
1 0 0
124-4

1 2 0
1 3 6
11 6 1 0 0

9 6 1 2 8
72 72

112-3 1 1 2
1 1 6 1 1 2

9 6 - 2 1 2 0
1 2 0 - 3
1 0 8 - 2
1 2 0
104
1 0 0
1 0 8
1 0 0
1 1 6

0 . 1 0 : 0 2 0 .0 2 5
1 1 2  n 1 1 2 ;u 1 2 0  M
1 6 0 104 1 0 0
1 4 8 124 15 '"
120 124-3 1 2 0
1 2 0 8 4 1 1 6
124 116 9 2

124-2 104
103 104 1 1 2 - 5

9 2 - 2 10 0 12 0
1 2 0 8 0 - 3 9 2
1 1 2 88 72
1 0 0 10 0 9 2
104 1 0 0 - 2 96
1 2 0 - 5 1 0 0 1 3 6
1 2 0 1 2 8 - 4 1 1 2
12 0 120 104
1 1 2 1 2 0 1 0 8
1 1 2 1 1 2 - 2 1 0 0
1 0 8 9 6 1 0 8 - 4
1 0 8 1 1 2 9 2
1 1 6 1 1 2 1 1 2
1 1 6 140 1 1 2
1 2 0 1 1 2
1 2 8 1 2 0

1 0 8  
9 6

1 0 0  144 1 1 2
1 2 8  1 3 6  128
1 5 2  1 3 2  124
1 2 8 - 3  1 2 8  1 2 0
124  112 124

8 4  1 0 8  1 2 0 - 3
1 3 2  1 0 8  1 0 8
1 1 2  124  1 2 0

îü 8  8 o '"  i i   ̂ i l p
124  124  7 2  112  1 2 8
1 1 2  124  9 2

o 8 8 - 2  1 2 0  9 2
1 0 8  11 2  1 3 6 - 3  1 0 0 - 3  ^

1 0 8 - 2  144  1 2 0  112  . 0 8 - 4
72  120 112

1 1 6  1 2 8  1 0 4
1 2 0  1 2 8 - 2  1 1 2 - 3
1 2 8  1 3 6  1 0 8
1 2 0  1 2 0  104

1 3 6  120li
1 2 0
124



Table 21. The percen tage number of c e l l s  occu rrin g  in  each 
s iz e  group o f 2 0 /jl in  vary ing  co n cen tra tio n s  o f 
indol e - 3 - a c e t ic  a c id . ( gms. p e r l i t r e . )

C o n t r o l 0 , 0 5 . 0 . 0 2 5 . 0 .0125. 0 . 0 0 6 :

-  2 QU. — - - - -

249- 40 - - - - —

44- 60 - i #5 . 6 3 # i 2 . 6

64- 80 5 . 1 1 1 . 3 1 .4 1 1 . 5 1 2 . 4

84-100 24.7 17.8 1 7 . 7 3 0 . 4 41.5

104-120 4 5 . 3 3 4 . 0 3 2 . 0 11,5 3 4 . 8

124-140 2 3 . 0 1 2 . 1 40.0 1 3 . 0 4 . 7

144-160 4 . 5 3 . 4 6 . 8 7-0 14.6

1 6 4 - 1 8 0 — - 1.4 2 . 3 -

1 8 4 - 2 0 0 - - — - -

204-220 - - - - -
220-240



Table 2X. The percen tage nuèiber o f c e l l s  o ccu rrin g  in  each 
s iz e  group o f 2QjtL in  vary ing  co n c en tra tio n s  of 
naphthalene «-acetic a c id . ( grns. p er l i t r e . )

C ontro l 0 .4 Oq2 0 . 1 0 . 0 5 0 . 0 2 5 0 . 0 1 2 5 0 . 0 0 6 2 ^

-  2 QP- - - - - - - - —

249- 40 — - - - - - - -

44- 60 0 . 9 1.14 1 .4 0 . 6 1 . 2 2 0 . 6 7 . 9 7#45

64- 80 1 9 . 0 6 .9 1 .4 2 . 4 5-7 4 .6 2 9 . 9 3 0 . 7

84-100 1 7 . 2 1 6 . 0 14.4 1 1 . 2 21.6 2 3 . 0 4 7 . 8 4 7 ^ 1

104-120 5 1 . 5 11.0 42 ,5 57*5 44.0 4 9 . 6 1 9 . 5 9 o l
124-140 1 1 . 7 2 2 . 7

1 8 . 2
3 3 . 9 2 3 . 7 2 3 . 1 2 0 . 7 3 . 5 5 . 4

144-160 - 6 .5 4 .8 4 . 5 1 . 7 - -

164-180 — 3 . 4 - - «- - - -

1 8 4 - 2 0 0 «- 1 . 1 - - - - -

!

204-220 - — - - - - - -

224-240


