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IN T RO D U C TIO N

S iro g o n iu m  s t ic t ic u in  ;(EngL Bofco ) K u e tz in g  i s  an  u n b ra n c h e d ,  

f i l a m e n to u s ,  c h lo ro p h y ta n  a lg a  in  th e  f a m i ly  Z y g n e m a ta c e a e ,  w h ich  i s  

one  of th e  m o s t  w id e ly  d i s t r i b u t e d  g ro u p s  of f r e s h - w a t e r  a lg a e .  M e m ­

b e r s  of th is  f a m i ly  a r e  c o m m o n ly  fo u n d  a s  "pond  s c u m s "  on th e  s u r f a c e  

of p o n d s ,  la k e s ,  an d  s lo w -m o v in g  s t r e a m s .  T he  genus S iro g o n iu m  i s  

f a r  l e s s  c o m m o n  in  o c c u r r e n c e  th a n  S p i r o g y ra ,  Z y g n em a , a n d  

M o u g eo t ia , the  m o r e  f a m i l i a r  m e m b e r s  of the  f a m ily .

S e v e r a l  c h a r a c t e r s  a r e  e m p lo y e d  in  s e p a r a t in g  the  g e n e r a  

S iro g o n iu m  an d  S p i r o g y r a :  T h e  o r i e n ta t io n  of c h lo r o p la s t s ,  p r e s e n c e  

o r  a b s e n c e  of a  m u c i la g in o u s  sh ea th ,  a n d  th e  type  of c o n ju g a t io n .  , In 

m o s t  s p e c ie s  of S p i r o g y r a  the  c h lo r o p la s t s  a r e  d e f in i te ly  s p i r a l e d
A

w h ile  in  S iro g o n iu m  the  p l a s t i d s  a r e  r e l a t i v e l y  s t r a ig h t .  . A  f e a tu r e  

often  c h a r a c t e r i s t i c  of th e  Z y g n e m a ta c  e ae  i s  th e  s l im y  f e e l in g  c a u s e d  

by th e  p e c to s e  m u c i la g in o u s  s h e a th  e x t e r n a l l y  a p p o se d  to th e  c e l l  w a ll .  

T he  s h e a th  i s  a b s e n t  in  S iro g o n iu m , r e s u l t i n g  in  a  f i l a m e n t  th a t  i s  

c o a r s e  to th e  touch . S ex u a l r e p r o d u c t io n  in  the  Z y g n e m a ta c  e a e  is  

c o m m o n ly  of the  type  know n a s  s c a l a r  i f  o r  m  con ju g a t io n ,  a l th o u g h  

l a t e r a l  c o n ju g a t io n  an d  th e  f o r m a t i o n  of p a r t h e h o s p o r e s  a n d  akinete-r 

l ik e  b o d ie s  a l s o  o c c u r  (S m i th , . 1950). In  S p i r o g y r a  a  c o n sp ic u o u s  tube  

f o r m s  b e tw een  th e  two c o n ju g a t in g  f i l a m e n ts ;  th e  m a le  g a m e te  p a s s e s



th ro u g h  th e  tu b e  in to  th e  i e m a le  g a m e ta n g iu m .  In  S iro g o n iu m  a  tube  

l ink ing  the  c e l l s  i s  a b se n t , ,  r e s u l t i n g  in  d i r e c t  c o n ju g a t io n  (T r a n s e a u ,  

1951; T iffan y  a n d  B r i t to n ,  1952; R an d h aw a , 1959)° In a d d it io n ,  th e
I

genus  S iro g o n iu m  p o s s e s s e s  both: m o rp h o lo g ic a l  an d  p h y s io lo g ic a l  

a n is o g a m y  ( F r i t s c h , . 1935); S p i r o g y r a  d e m o n s t r a t e s  p h y s io lo g ic a l  

a n is o g a m y  only .

The d i s c u s s io n s  found  in  th e  l i t e r a t u r e  fo r  S i ro g o n iu m  or. any  

of i t s  s p e c ie s  a r e  e x c lu s iv e ly  of a  d e s c r i p t i v e  and  ta x o n o m ic  n a tu r e .

In th e  e a r l y  l i t e r a t u r e  th e  p r e s e n t  w r i t e r  h a s  found no in d ic a t io n  th a t  

in v e s t ig a t io n s  h a v e  b e en  m a d e  on th is  o r g a n i s m . in  the  l a b o r a to r y  u n d e r  

c o n t r o l l e d  c o n d i t io n s .  H o w ev er ,  s tu d ie s  on S. m e la n o s p o r u m  have  

b e en  r e p o r t e d  an d  a r e  in  p r o g r e s s  (H oshaw , 1963).

. In  th e  p r e s e n t  in v e s t ig a t io n  of S. s t i c t i c u m  i t  w a s  n e c e s s a r y  

to i s o l a t e  s m a l l  f r a g m e n t s  of f i l a m e n ts  in to  t e s t  tu b e s  of s o i l - w a te r  

m e d ia  to e s t a b l i s h  c lo n a l  c u l t u r e s .  T h e  c u l tu r e s  w e r e  m a in ta in e d  in  

a n  e n v i ro n m e n ta l ly  c o n t r o l l e d  c h a m b e r .  The m a jo r  o b je c t iv e s  of th is  

r e s e a r c h ,  u s in g  c lo n a l  c u l t u r e s , , in c lu d e  a  d e ta i le d  e x a m in a t io n  of th e  

v e g e ta t iv e  m a t e r i a l  fo r  m o r p h o lo g ic a l  and. c y to lo g ic a l  d a ta ;  th e  a p p l i c a ­

tio n  of m e th o d s  to in d u c e  con ju g a t io n ; a n d  th e  c r i t i c a l  o b s e r v a t io n s  of 

th e  s e x u a l  s t a g e s .  . In  a d d i t io n , . z y g o s p o r e s  an d  g e r m l in g s  w e r e  s tu d ie d  

f r o m  th e  o r ig in a l  c o l le c t io n .



R E V IE W  O F  L IT E R A T U R E

T a x o n o m y  an d  M o rp h o lo g y . . The genus  S iro g o n iu m  w as  e s t a b ­

l i s h e d  by K u e tz in g  (1843} and. in  h is  L a t in  d ia g n o s is  S« s t i c t i c u m  w as  

th e  only  s p e c ie s  m e n tio n e d ,  th e r e b y  in s t i tu t in g  th is  s p e c ie s  a s  th e  type  

fo r  th e  g e n u s .  • P r i o r  to the  e s t a b l i s h m e n t  of th e  g en u s ,  th is  a lg a  w as  

know n-as  C o n fe rv a  s t i c t i c a  E n g l .  Dot. . (Sm ith , 1813}. H is to r ic a l ly ,  a l l  

a lg a e  w e r e  d e s ig n a te d  a s  F u c u s , .  C o r a l l i n a , Ulva, o r C o n f e r v a . . A s  

m ic r o s c o p y  d e v e lo p e d  a s  a  to o l  f o r  b io logy , a lg a e  w e r e  s tu d ie d  in  d e ta i l  

by E u r o p e a n  s c i e n t i s t s .  . The m e m b e r s  of th e  genus  C o n fe rv a  w e r e  

g r a d u a l ly  r e m o v e d  a n d  c l a s s i f i e d  in to  ta x a  b a s e d  on s i m i l a r  c h a r a c -
j '

t e r i s t i c s ,  th u s  d e le t in g  th e  g enus  C o n fe rv a  f r o m  th e  p r e s e n t  s y s te m  of 

c l a s s i f i c a t i o n  (R andhaw a, 1959).

. S ix  y e a r s ,  a f t e r  e s ta b l i s h in g  the  g enus  S iro g o n iu m , K u e tz in g  

(1849) v a l id ly  p u b l i s h e d  th e  d e s c r ip t i o n s  of S. s t i c t i c u m . (E ng l.  Dot. ) 

K u e tz in g .a n d  t h r e e .o t h e r  s p e c i e s :  S. b r e v i a r t i c u l a tu m  K u e tz in g , . S. 

B ra u n i i  K u e tz ing , an d  S. n o ta b i le  K u e tz in g .  - D e B a ry  (1858) e l a b o r a te d  

on th e  o b s e r v a t io n s  of K uetz ing . an d  s t a t e d  th a t  S. B r a u n i i  a n d  S. 

b r  e v ia r  t ic u la tu m  w e r e  id e n t i c a l  w ith  S. s t i c t i c u m . - A m o n g  th e  m a n y  

sy n o n y m s  r e c o r d e d  in  th e  e a r l y  l i t e r a t u r e  o f S. s t i c t i c u m  a r e  M o u g e - 

o t ia  s t i c t i c a  K u e tz ing , C o n fe rv a  s t i c t i c a  Engl... Bot. a n d  S p i r o g y ra  

t r i s p i r a  M en eg h in i (K uetz ing , 1849). . W olle  (188.7) a l s o  s t a t e d  th a t  th e
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names S° h r  e v ia r t i c u la tu m  K u e tz in g , . So B raun ii .  K u e tz in g , . Z y g n e m a  

c u rv a tu m  Ago an d  C h o a s p e s  s e r p e n t in a  G ra y  w e r e  o nce  a p p l ie d  to th is  

a lg a .  . T he  d i s c u s s io n  of th e  v e g e ta t iv e  a n d  s e x u a l  p r o c e s s e s  g iven  by 

G ra y  in  1 821 w a s  e x t r e m e l y  lu c id  a n d  quite" s i m i l a r  to th a t  of K u e tz in g  

,22 y e a r s  l a t e r  (W est, I904)o F o r  y e a r s  a f t e r  the  r e c o g n i t io n  of th is  

g en u s ,  m any, of i t s  s p e c ie s  w e r e  in c lu d e d  u n d e r  S p i ro g y ra ;  r e c e n t ly  

Fbrescott (1951) l i s t e d  S p i r o g y r a  p s e u d o f lo r id a n a  P r e s c o t t  an d  S p i r o g y ra  

s t i c t i c a  W il le  f r o m  c o l le c t io n s  in  th e  W e s t e r n  G r e a t  L a k e s  a r e a .  One 

y e a r  e a r l i e r ,  h o w ev er , .  S m ith  (1950) in c lu d e d  S iro g o n iu m  in  h is  te x t  

a n d  l i s t e d  s ix  s p e c i e s . . S iro g o n iu m  w a s  r e c o g n iz e d  a g a in  a s  a  s e p a r a t e  

g enus  by T r a n s e a u  (1951) who m o n o g ra p h e d  th e  Z y g n e m a ta c e a e  w ith  

ta x o n o m ic  k e y s  an d  d e s c r ip t i o n s  of e a c h  of th e  12 s p e c i e s .  . A  m o r e  

r e c e n t  m o n o g ra p h  of the  f a m i ly  w a s  p u b l i s h e d  by R an d h a w a  (1 9 5 9 ) in  

w h ich  15 s p e c ie s  w e r e  d e s c r ib e d .  . A l th o u g h  th is  a lg a  i s  d i s t r i b u t e d  

o v e r  a  w ide  g e o g ra p h ic  r a n g e  e s p e c ia l l y  in  w a rm  c l im a te s '(R a n d h a w a ,  

1959), i t  i s  not found  in  th e  l a r g e  q u a n t i t ie s  a s  i s  S p i r o g y r a  (Smith, 

1950).

V e g e ta t iv e ly ,  th e  c e l l s  of S iro g o n iu m  a r e  c y l in d r i c a l ,  u n ited  

in  u n b ra n c h e d  f i l a m e n t s , . an d  la c k  p o r e s  (Sm ith , . 1950). . Such  c e l l s  

g r e a t ly  r e s e m b l e  v e g e ta t iv e  c e l l s  of S p i r o g y r a  in  th a t  bo th  p o s s e s s  

s e v e r a l  n a r r o w  c h lo r o p la s t s  (T r a n s e a u ,  1951) a n d  p la n e  s e p ta  (R a n d ­

haw a, 1959). The c h lo r d p la s t s ,  u s u a l ly  t h r e e  to s ix  in  S. s t i c t i c u m  

(T ra n s e a u ,  1951; R an d h aw a , 1959), a r e  c o m p a r a t iv e ly  s t r a ig h t ,  e a c h



b e a r in g  n u m e ro u s  p y re n o id s ,  s t r u c t u r e s  p o s s e s s i n g  a  p r o te i^ a c e o u s  

c o r e  s u r r o u n d e d  b y  m in u te  s t a r c h  p l a t e s  (R andhaw a, . 1959)° T h is  

In d ian  p h y c o lo g is t  a l s o  s t a t e d  th a t  th e  a b s e n c e  of a  l a y e r  of m u c i l a g i ­

nous  p e c t in  c a u s e s  th e  f i l a m e n t  to be c o a r s e  to the  to u c h  an d  e n ab le s  

i t  to be  th e  h o s t  fo r  n u m e r o u s  a q u a t ic  e p ip h y tic  o r g a n i s m s .  The len g th  

of th e  a v e r a g e  v e g e ta t iv e  c e l l  i s  f r o m  2 - 4  t im e s  i t s  d i a m e te r  a l th o u g h  

i t  m a y  a t t a in  a  s iz e  of 7 o r  m o r e  d i a m e t e r s  (T r a n s e a u ,  1951), . The 

p r o to p l a s t  i s  u n in u c le a te  u n d e r  n o r m a l  c o n d i t io n s  (S m i th , . 1950),

G ro w th  a n d  C u l tu r e  T e c h n iq u e s ,  J o h a n s e n  (1940) s t a t e 4  "It 

i s  , , , d if f icu l t  to k e e p  m e m b e r s  o f th e  Z y g n e m a ta le s  in  c u l tu r e  

v e g e ta t iv e ly  a n d  i s  s c a r c e l y  w o r th  a t t e m p t in g ,  " F o r tu n a t e ly ,  o th e r  

b o ta n i s t s  a t t e m p te d  th e  c u l tu r in g  of th e  Z y g n e m a ta le s ,  an d  m o r e  

s p e c i f i c a l ly  the  Z y g n e m a ta ce a ev  w ith  good  g ro w th  be ing  o b ta in e d .  B o ld  

(1942) in  an  e x te n s iv e  p a p e r  d i s c u s s e d  the  g ro w th  of n u m e r o u s  a lg a e  

u n d e r  l a b o r a to r y  co n d i t io n s  a n d  in  h is  le n g th y  b ib l io g ra p h y  c i t e d  w o rk  

on su c h  g e n e r a  a s  S p i r o g y r a  a n d  Z y g n e m a , M o re  r e c e n t l y  A l le n  (1958) 

a n d .R ic k e r t  (1963) h a v e  g ro w n  a n d  m a i n t a i n e d  S p i r o g y r a  in  a  c o n t r o l l e d  

e n v i ro n m e n t  an d  T h o m a s  (1963) h a s  a l s o  e f fe c te d  e x c e l le n t  g ro w th  in  

the  l a b o r a to r y  w ith  Z y g n e m a ,  , A x e n ic  c u l tu r e s  a r e  d if f icu l t  to ob ta in  

in  th e s e  f i l a m e n to u s  a lg a e .  B o ld  (1942) s t a t e d , " T h e  f i l a m e n to u s  

Z y g n e m a ta le s  a r e  am o n g  th e  m o s t  d if f ic u l t  o r g a n i s m s  to o b ta in  in  

b a c t e r i a - f r e e  co n d i t io n  b e c a u s e  of t h e i r  g e la t in o u s  s u r f a c e  l a y e r s  and



th e  a b s e n c e  of m o t i le  c e l l s -  " H o w ev er ,  piare c u l tu r e s  h a v e  been  

a c q u i r e d  in  Z y g n e m a  by t r e a t i n g  the  a lg a  w ith  w e ak  c o n e e i i t r a t io n s  

of p e n ic i l l in  G (T h o m as ,  1963).

T he  in i t i a l  s te p  in  th e  m a in te n a n c e  of l a b o r a to r y  c u l tu r e s  

in v o lv e s  th e  i s o la t io n  of th e  a lg a  f r o m  a  n a tu r a l  c o l l e c t i o n . . F i l a m e n t -  . 

ous f o r m s  c an  be b ro k e n  in to  f r a g m e n t s  m e c h a n ic a l ly  w i th  th e  a id  of a  

n e e d le  o r  s c a lp e l  (Hewin, 1959); s u c h  s e g m e n ts  a r e  th e n  t r a n s f e r r e d  

to a  s o i l - w a te r  m e d iu m  (F ir in g sh e im , 1946) fo r  g ro w th  a n d  d e v e lo p ­

m e n t .  The u se  of in o rg a n ic  m e d ia  h a s  b e e n  e m p lo y e d  e x te n s iv e ly  a n d  

d e s c r ib e d  by B old  (1942), A l le n  (1958), S t a r r  (I960), H offm an  (1961), 

M a c h l is  (1962), T h o m a s  (1963), an d  o t h e r s .

. C o n ju g a t io n . • S ex u a l r e p r o d u c t io n  in  th e  Z y g n e m a ta c e a e  i s  by 

c o n ju g a t io n  in  w h ich  a m o e b o id  g a m e te s  a r e  in v o lv e d  (R andhaw a, 1959). 

Such un ion  m a y  o c cu r  b e tw ee n  two d i f f e r e n t  .f i la m e n ts ,  a s  in . sc  a t a r i - 

f o r m  co n ju g a t io n ,  o r  b e tw een  ad jo in in g  c e l l s  of th e  s a m e  f i l a m e n t ,  th u s  

r e s u l t i n g  in  l a t e r a l  c o n ju g a t io n  (Sm ith , 1950). T he  s c a l a r i f o r m  type  i s

found  in  400 of the  533 s p e c ie s  of th e  f a m i ly  w h ich  w e r e  d e s c r ib e d  by
< ' ,

T r a n s e a u  (1951). . A c c o rd in g  to S m ith  (1950) t h e r e  a r e  m a n y  f a c to r s  

co n d it io n in g  th e  in d u c t io n  of s e x u a l i ty  in  th e  f i l a m e n ts  in  n a tu r e .

T h e s e  in c lu d e  s e a s o n a l  p e r io d ic i ty  of e n v i r o n m e n ta l  f a c t o r s  a n d  th e  

r a t i o  b e tw ee n  th e  s u r f a c e  an d  v o lu m e  of th e  ce l l ,  w ith  th o s e  h av ing  

th e  g r e a t e s t  r a t i o  b e co m in g  s e x u a l  f i r s t .  . C h an g es  in  t e m p e r a t u r e .



i l lu m in a tio n -  an d  m i n e r a l  c o n te n t  of th e  w a te r  a p p a r e n t ly  a r e  of l i t t l e  

b e n e f i t  in  p ro m o t in g  .sexualityo

. In the  genus  S iro g o n iu m  an  e v o lu t io n a ry  a d v a n c e  in  sex u a l  

r e p r o d u c t io n  i s  s e e n  o v e r  th a t  of S p i ro g y ra ;  the  f o r m e r  d e m o n s t r a t e s  

both  p h y s io lo g ic a l  a n d  m o rp h o lo g ic a l  a n i s o g a m y  w h ile  th e  l a t t e r  show s 

only p h y s io lo g ic a l  a n is o g a m y  ( F r i t s c h 9 1935; R andhaw a, 1959)*- .

A c c o rd in g  to F r i t s c h  (1935) th e  c o n ju g a t in g  c e l l s  m e e t  by g e n ic u la t io n .
\

T h is  p h e n o m en o n  in v o lv e s  a  bend ing  o r  f le x in g  of th e  f e r t i l e  c e l l s ,  th u s  

r e s u l t i n g  in  a  ta n g le d  n e t  ( T r a n s e a u ,  1951), D u r in g .p r o g a m e ta n g ia l  

f o r m a t io n  t h e r e  i s  u s u a l ly  one d iv is io n  o c c u r r in g  in  th e  f e m a le ,  f o r m ­

ing  a  s t e r i l e  c e l l  an d  the  g a m e ta n g iu m ;  two d iv is io n s  o c c u r  in  the  m a le ,  

th u s  p ro d u c in g  two s t e r i l e  c e l l s  a n d  th e  g a m e ta n g iu m  ( T r a n s e a u ,  1951; 

R an d h aw a , 1959)« F r i t s c h  (1935) s t a t e d  th a t  th e s e  p r e p a r a t o r y  d iv is io n s  

o c c u r  " a s  a  g e n e r a l  r u l e "  a n d  T r a n s e a u  (1951) in d ic a te d  th a t  " th e  

d e v e lo p m e n t  of g a m e ta n g ia  i s  h igh ly  v a r i a b l e  in . s o m e  c o l le c t io n s ,  "

O nce th e  g a m e ta n g ia  h a v e  d ev e lo p ed , s m a l l  p r o j e c t i o n s  a r i s e  

f r o m  th e  f e m a le  c e l l  a n d  c o m e  in  c o n ta c t  w ith  th e  m a le  c e l l  (Randhaw a,

1 959)o , A t th e  ju n c t io n  of the  f i l a m e n t s  a  p e c t ic  o r m u c i la g in o u s  r in g  

d ev e lo p s  ( F r i t s c h , '  1935; S m ith , 1950; T r a n s e a u ,  19.51; R an d h aw a ,

1959) caus ing , a d h e r e n c e  of th e  c e l l s .  . A p p o s e d  c e l l s  do no t d eve lop  a  

c o n ju g a t io n  tu b e  (Sm ith , 1950; T r a n s e a u ,  1951; R an d h aw a , 1959). T he  

z y g o s p o r e s ,  u s u a l ly  e l l ip s o id a l  in  sh a p e  ( D e B a r y , . 1858; T r a n s e a u ,

1951; R an d h aw a , 1959), p o s s e s s  a  m e d ia n  s p o r e  w a l l  th a t  m a y  v a r y



in  c o lo r  f r o m  ye llow  to b la c k  an d  i s  v a r i o u s l y  o rn a m e n te d  (R andhaw a, 

1959). . -

. Z y g o s p o re  G e rm in a t io n .  V a r io u s  te c h n iq u e s  to p r o m o te  the  

g e r m in a t io n  of z y g o s p o r e s  o r  o o s p o re s  in  the  l a b o r a to r y  h a v e  b een  

e x p lo r e d . .  S t a r r  (1955) s t a t e d  th a t  s u c c e s s i v e  d ry in g  a n d  w e t t in g  p r o v e s  

b e n e f ic ia l  in  p ro m o t in g  g e r m in a t io n  fo r  s o m e  a l g a e . . A g in g  i s  o f ten  a  

n e c e s s a r y  f a c to r  b e fo re  g e r m in a t io n  c a n  o c c u r  ( S ta r r ,  1 955). S t a r r  

h a s  a l s o  in c lu d e d , . am o n g  h is  te c h n iq u e s ,  t r a n s f e r  to f r e s h  m e d ia  an d  

f r e e z in g  fo l lo w e d  by t r a n s f e r  to f r e s h  m e d ia .

. In h is  w o rk  on C h la m y d o m o n a s , L ew in  (1949) fo u n d  th a t  

s t a r v a t i o n  of th e  z y g o te s  d u r in g  th e i r  d e v e lo p m e n t  r e d u c e d  th e  t h i c k ­

n e s s  of th e  w a l ls  a n d  th e r e b y  s h o r te n e d  d o rm a n c y .  . A c c o rd in g  to Cook 

(1962),. P r in g s h e im  o b ta in e d  th e  g e r m in a t io n  of o o s p o r e s  of B u lb o - 

c h a e te  i n t e r m e d i a  a f t e r  a  t h r e e - m o n t h  d o r m a n c y  w ith o u t  s p e c ia l  t r e a t ­

m e n t .  T h e  g e r m in a t io n  of th e  o o s p o r e s  of B u lb o c h ae te  h i lo e n s i s ,  h o w ­

e v e r ,  r e q u i r e d  th a t  the  m a t e r i a l  be s to r e d  in  t ig h t ly  c lo s e d  c o n ta in e r s  

fo r  s e v e r a l  w e e k s  a t  r e l a t i v e l y  h igh  t e m p e r a t u r e s .  T he  a c t io n  of 

b a c t e r i a  and  fungi on th e  v e g e ta t iv e  m a t e r i a l  an d  o o s p o re  w a l l s  p r o ­

m o te d  the  l ib e r a t io n  of th e  m a t u r e  o o s p o r e s .  . T r a n s f e r  of o o s p o r e s  to 

f r e s h  m e d ia  f r o m  d a r k n e s s  to l ig h t  r e s u l t e d  in  g e r m in a t io n  (Cook, .1 9 6 2 ) .

In  h e r  w o rk  w ith  S p i r o g y r a , . A l le n  (1958) p l a c e d  z y g o te s  in  th e  

d a r k  a  few  days  a f te r  th ey  w e r e  f o r m e d .  . M a tu r e  z y g o s p o r e s  w e r e



o b ta in e d  abou t te n  d ay s  a f t e r  th e  in i t i a t io n  of th e  d a r k  t r e a t m e n t .  T h e s e  

s t r u c t u r e s  w e r e  cu t  out, d r i e d  f o r  a  m in im u m  of t h r e e  d ay s ,  c o v e r e d  

w ith  s o i l - w a t e r  s u p e r n a ta n t ,  a n d  r e t u r n e d  to a  Lighted a r e a .  , G e r m i n a ­

t io n  o c c u r r e d  in  72 h o u r s  on an  a l t e r n a t in g  l i g h t - d a r k  c y c le  o r  l e s s  

t im e  w a s  n e c e s s a r y  u n d e r  co n tin u o u s  l ig h t  to e f fec t  g e rm in a t io n .

R i c k e r t  (1963) fo l lo w e d  a  s i m i l a r  te c h n iq u e ,  but p la c e d  th e  z y g o s p o r e s  

on d e s m id  a g a r  ( S ta r r ,  I960 ) . . G e r m in a t io n  o c c u r r e d  in  ab o u t  two 

w e e k s .

. F r i t s c h  (1935) s t a t e d  th a t  z y g o s p o r e s  of th e  Z y g n e m o id e a e  

p o s s e s s  th ic k  w a l l s  w h ich  a r e  t h r e e - l a y e r e d ;  the  o u te r  l a y e r  i s  c u t i -  

c u la r iz e d ;  th e  m id d le  one b e a r s  d i s t in c t iv e  m a r k in g s  an d  i s  c o lo re d ;  

and  th e  in n e r  la y e r  i s  t r a n s p a r e n t .

In  S iro g o n iu m  g e r m in a t io n  i s  u n u su a l  b e c a u s e  th e  f i r s t  c r o s s  

w a l l  of the  g e r m l in g  i s  f o r m e d  so m e  d i s t a n c e  f r o m  th e  p o in t  w h e re  th e  

f i l a m e n t  e m e r g e s  f r o m  the z y g o s p o r e  (S m ith , 1950).



. M ETHODS AND M A T E R IA L S

C o lle c t io n  an d  I s o la t io n .  . A - n a tu r a l  c o l le c t io n  of S iro g o n iu m  

s t i c t i c u m  (E ngl. Bot. ) K u e tz in g  w as  o b ta in e d  f r o m  D r .  G. W . . P r e s c o t t ,  

P r o f e s s o r  of Botany, a t  M ich ig an -S ta te  U n iv e r s i ty ,  in  Aug-ust, 1963.

T he  m a t e r i a l  w as  c o l l e c te d  f r o m  " a  s m a l l  o x -bow  ty p e  of lagoon , only 

ab o u t 1 0 0  x  2 0 0  f t . , 3 m i l e s  so u th  of th e  tow n of K a l i s p e l l ,  M o n tan a  on 

U. S. H ighw ay No. 93. T he  p la n t  f o r m e d  a  y e l l o w i s h - g r e e n  m a t  an d  

w as  e n ta n g le d  a b o u t E l o d e a " ( P e s c o t t ,  p e r s o n a l  c o m m u n ic a t io n ) .

A s  th e  c o l le c t io n  w a s  e x a m in e d  u s in g  a  d i s s e c t in g  m ic r o s c o p e ,  

f i l a m e n ts  w h ich  a p p e a r e d  h e a l th y  and  u n ifo rm  i n  s t r u c t u r e  w e r e  

s e l e c t e d  fo r  i s o la t io n .  V a r io u s  m e th o d s  w e r e  u s e d  to i s o l a t e  th is  

m a t e r i a l .  One m e th o d  th a t  p r o v e d  s u c c e s s f u l  w as  th e  u s e  o f a  g la s s  

hook fo r  p ick in g  up s m a l l  f i l a m e n t s .  T h is  hook w as  p r e p a r e d  by d r a w ­

ing  out a  g la s s  p ip e t te  to a  f in e  p o in t  a n d  th e n  s e a l in g  th e  en d  by q u ic k ly  

p a s s in g  the  g l a s s  th ro u g h  th e  f l a m e  of a  B u n sen  b u r n e r .  - A n o th e r  

te c h n iq u e  a p p l ie d  i n  i s o la t in g  f r a g m e n t s  of th is  a lg a  w a s  th e  u s e  of 

s t a i n l e s s  s t e e l  s u r g i c a l  n e e d le s  to b r e a k  up the  f i l a m e n t s  in to  s e c t io n s  

of a  few  c e l l s .  - Such p ie c e s  w e r e  th e n  r e c o v e r e d  w ith  a  g l a s s  p ip e t te  o r  

w ith  the  en d .o f  a  s u r g i c a l  n e e d le .  - S c i s s o r s  w e r e  a ls o  e m p lo y e d  to cu t  

th e  n e t  in to  s m a l l  s e c t io n s  fo r  p ie c e s  to t r a n s f e r .  . A f te r  f r a g m e n t s  

w e r e  r e m o v e d  f r o m  th e  p e t r i  d ish  c o n ta in in g  th e  n a tu r a l  c o l le c t io n ,

10



th ey  w e r e  c l e a n s e d  by a  s e r i e s  of w a sh in g s  in  d i s t i l l e d  w a tero  The f i l ­

a m e n t s  w e r e  then  p la c e d  in  t e s t  tu b e s  o f F r i n g s h e i m gs s o i l - w a te r  m e d -  

i u m  ( S t a r r f I 9 6 0 ) 6 , W hen su f f ic ie n t  g ro w th  w as  obtained^ the  n e ts  w e r e  

t r a n s f e r r e d  to m i lk  b o t t le s  co n ta in in g  th e  s o i l - w a te r  m edium o

, C lona l c u l tu r e s  w e r e  o b ta in e d  f r o m  g e r m l in g s  a s  w e ll  a s  f r o m  

the  i s o la t io n  of s m a l l  p i e c e s  of filam entSo  .A g e d  z y g o s p o r e s  f r o m  the  

. P r e s c o t t  c o l le c t io n  w e r e  d r i e d  fo r  a  2 4 - h r  p e r io d ,  th e n  r e w e t  w ith  s o i l -  

w a te r  su p e rn a tan to  G e r m l in g s  r e s u l t i n g  f r o m  th e  g e r m in a t io n  of the  

z y g o s p o r e s  w e r e  t r a n s f e r r e d  in to  s o i l - w a te r  m edium ^

G ro w th  a n d .M a in te n a n c e 0

M e d ia e. C u l tu r e s  of S o  - s t ic t i c u m  w e r e  g row n  a n d  m a in ta in e d  

in  s t e a m e d  s o i l - w a te r  m e d iu m  in  t e s t  tu b e s  and  m i lk  bo ttleso  , The 

p r e p a r a t i o n  of th is  m e d iu m  e n ta i le d  p la c in g  a  s m a l l  a m o u n t  of g a rd e n  

so il ,  a p p r o x im a te ly  1 /4  te a s p o o n  fo r  t e s t  tu b e s  and  1 /2  te a s p o o n  fo r  

h a l f - p in t  m i lk  b o t t le s ,  on th e  bo ttom  of the  v e s s e h  T h e  so i l  w as  then  

c o v e r e d  w ith  d i s t i l l e d - d e m i n e r a l i z e d  w a te r ,  so th a t  th e  v e s s e l s  h e ld  

abou t 3 /4  of th e i r  capacity*  The tu b e s  an d  b o t t le s  w e r e  c o v e r e d  an d  

p la c e d  in .a  s te a m  c h a m b e r  an d  s t e a m e d  fo r  2  h o u rs  on e ac h  of two 

s u c c e s s iv e  days* The so i l  u s e d  e x c lu s iv e ly  in  the  g ro w th  of So 

s t i c t i c u m  w as  l a b e l le d  1-3, o b ta in e d  f r o m  the  L* B o .  L a n tz  f a r m  n e a r  

M o n tice l lo ,  Indianao . A  v a r i a t i o n  in  th e  s o i l - w a te r  m e d iu m  w as  m a d e  

by  a d d in g .a  s m a l l  a m o u n t  of CaCO ^ to the  t e s t  tube  or m i lk  b o tt le



a n d  th en  p la c in g  th e  s o i l  in  the  bo ttom  of th e  g la s s  c o n ta in e r .

. A t te m p ts  to g ro w  th is  o r g a n i s m  in  a  c h e m ic a l ly  d e f in e d  m  

iu m  w e r e  m a d e  d n r in g  the  c o u r s e  of th i s  r e s e a r c h .  T he  m e d ia  em  

p lo y e d  an d  th e i r  m e th o d s  of p r e p a r a t i o n  w e r e  as  fo l lo w s :

B r i s t o l ' s  So lu tion  ( S ta r r ,  I960)

S tock  so lu t io n s  of th e  fo llow ing  s a l t s  w e r e  em p lo y e d :  

NaNO^ 10. Og in  400 m l  w a te r

■ MgSO^ 7 H 2 O 3. Og in  400 m l  w a te r

K H 2 F O 4  7. Og in  400 m l  w a te r

C aC l^  1. Og in  400 m l  w a te r

K 2 H P G 4  3. Og in  400 m l  w a te r

N aC l 1. Og in  400 m l  w a te r

T en  m l  o f  e a c h  of th e s e  s to c k s  a n d  a  d ro p  of 1% F e C l^  

w e r e  ad d ed  to 940 m l  of d i s t i l l e d  w a te r .  . The pH  w as  

v a r i e d  by chang ing  the  a m o u n ts  of m o n o b a s ic  an d  d i ­

b a s ic  p o ta s s iu m  p h o sp h a te ;  a  p H  of 6 . 8  w as  u se d .

. M o d if ied  B r i s t o l ' s  Solu tion  

a n d  A g a r  ( S ta r r ,  I 9 6 0 )

T he s a m e  p r o c e d u r e s  w e r e  fo l lo w e d  a s  above , bu t 15g 

of a g a r  were; ad d ed . In  a d d it io n ,  40 m l  of s o i l - w a te r  

s u p e r n a ta n t  w e r e  s u b s t i t u te d  fo r  40 m l of d i s t i l ld d  

w a te r .  M in u te  a m o u n ts  of b io tin , v i ta m in  B - 12, a n d  .



S te in 's  t r a c e  e le m e n t  so lu t io n  (Stein, 1958) w e r e  a d d ed  

in  so m e  in s ta n c e s*

. D e s m id  A g a r  M edium  (S ta r r ,  I960).

T h is  m e d iu m  w as  e m p lo y e d  w ith o u t  the a d d i t io n  of agar* 

To 1000 m l  of p y r e x - d i s t i l l e d  w a te r ,  10 m l  of e a c h  of 

the  fo llow ing  w e r e  added :

0 0 1 % so lu t io n  of MgSO^ ° TH^Q 

0 .1%  so lu t io n  o f  K 2 H P Q 4

1 * 0 % so lu t io n  of KNO '3

M inu te  a m o u n ts  of b io tin , v i t a m in  B - 1 2, a n d  S te in 1 s 

t r a c e  e le m e n t  so lu t io n  (Stein, 1958) w e re  a d d ed  in  

so m e  in s ta n c e s*

„ C z u r d a ' s  M ed ium  (Allen, 1958}

To 995 m l  of p y r  e x - d i s t i l l e d  w a te r ,  one m l  of the  f o l ­

low ing so lu t io n s  w a s a d d e d :

10* 0% KNOg

i * 0 % k 2 h p o 4

1* 0% M gS04  

0* 2% P e S 0 4 

0* 5% CaSO^

T he pH  w as  a d ju s te d  to 6 * 8  u s in g  H2 S 0 4  an d  _EOH* 

A ga in , b io tin , . v i t a m in  B -1 2 , an d  S te in 's  t r a c e  e le m e n t
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so lu t io n  (S tein, 1958) w e r e  a d d e d . in  s m a l l  a m o u n ts .

. T r a c e  E l e m e n t  S o lu tion  (Stein, 1958)

H 3 B 0 3  2 . 8 6 g

,M n S 0 4 - H 20  2 = 05g

ZnC l :2  0 . 1  Og

C u S 0 4  « 5HzO 0. 08g

H 2 M o 0 4  ° H20  0. 02g

D ouble  d i s t i l l e d  w a te r  1 .0  l i t e r

C o n t r o l le d  E n v i r o n m e n t . T he  c u l tu r e s  of S. s t ic t ic u m  w e r  e 

g ro w n  in  a  c h a m b e r  on a  12:12 h r  l ig h t - d a r k .c y c l e .  T he  t e m p e r a t u r e  

r e m a i n e d  2 0  + 2°  C w ith  i l lu m in a t io n  of 2150-3250  lux f r o m  1 1 0 -w a t t  

c o o l -w h i te  f l u o r e s c e n t  l ig h t  b u lb s .  U n s u c c e s s fu l  a t t e m p ts  w e r e  m a d e  

to g ro w  th e  a lg a  a t  a  t e m p e r a t u r e  of 26° C on a  16:8 h r  l i g h t - d a r k  

c y c le  a t  3250-4300  lu x  f u r n i s h e d  by 4 0 -w a t t  c o o l -w h i te  f l u o r e s c e n t  

bu lb s .

C y to logy  a n d  M o rp h o lo g y .

M e a s u r e m e n t s .  . M o rp h o lo g ic a l  d a ta  w e r e  o b ta in e d  by p la c in g  

f i l a m e n ts  on c le a n  s l id e s  a n d  co v e r  e d  w ith  #2 co v e r  s l i p s .  The 

p r e p a r a t i o n s  w e r e  e x a m in e d  u s in g  a  B a u s c h  and  L o m b  zoom  co m p o u n d  

m ic r o s c o p e  h av in g  10X, 43X, a n d  97X (oil i m m e r s i o n )  o b je c t iv e s .  .A n  

A m e r i c a n  O p tic a l  p h a s e - l i g h t  m ic r o s c o p e  w ith  .o b je c t iv e s  of 10X, 20X,
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43X, and.9-7X w a s  a ls o  e m p lo y e d .  B o th .o p t ic a l  i n s t r u m e n t s  w e r e  f i t t e d  

w ith  e y e p ie c e  m i c r o m e t e r s  w h ich  h a d  b e e n  c a l i b r a t e d  by u s in g  a  s ta g e  

m i c r o m e t e r  to o b ta in  m e a s u r e m e n t  in  m i c r o n s .  U nits  in d ic a t in g  th e  

len g th  a n d  w id th  of th e  c e l l ,  th e  le n g th  an d  w id th  of th e  c h lo r o p la s t s ,  

the  p r o p o r t io n s  of the  n u c le u s  a s  w e l l  a s  the  n u m b e r  an d  r e l a t i v e  s iz e  

of th e  n u c leo l i ,  a n d  th e  d im e n s io n s  of th e  z y g o s p o r e  w e r e  r e c o r d e d .

In ad d it io n ,  the  n u m b e r  of p y re n o id s  p e r  p l a s t i d  w e r e  c o u n te d  and  

r e c o r d e d .

' S ta in ing . . V ita l  s t a in s  w e r e  a p p l i e d  to the  c e l l s  to d e te r m in e

th e  p r e s e n c e  of s p e c i f ic  o r g a n e l l e s  o r  m e ta b o l i t e s .  To e s t a b l i s h  the
(

p r e s e n c e  of m i to c h o n d r ia ,  a  so lu t io n  of J a n u s  G r e e n  B in  w a te r  (1:

10, 000) w a s  u s e d  in  m o u n tin g  the  f i l a m e n t s  on th e  s l id e .  To d eno te  

th e  p r e s e n c e  an d  lo c a t io n  of p e c t in ,  a n  a q u eo u s  so lu t io n  of ru th e n iu m  

r e d  (1:5, 000) w a s  a p p l ie d  to th e  f i l a m e n t s  an d  a l lo w ed  to r e a c t  fo r  

a p p r o x im a te ly  one h o u r .  To d e te r m in e  th e  d is t r ib u t io n  of f a t s  an d  o i ls  

w ith in  the  cell , .  C h ry s o id in  Y w as  u s e d  in  a  1:10, 000 so lu t io n .

. O th e r  s ta in s  th a t  w e r e  u s e d  to  d e m o n s t r a t e  th e  p r e s e n c e  of 

m e ta b o l i t e s  in c lu d e d  Sudan III to lo c a te  oil, fa t,  an d  c u t in  ( J e n se n ,  

1962)..  I o d in e - p o ta s s iu m  io d id e  (I-K I) (Jo h a n se n ,  1940) w a s  a p p l ie d  to 

d eno te  the  c e l l u la r  a r e a s  im p o r t a n t  in  s t a r c h  s y n th e s i s  a n d  s to r a g e .

T he s t r u c t u r e  of th e  n u c le u s  w a s  s tu d ie d  in te n s iv e ly  an d  

a t t e m p ts  to o b s e r v e  s o m a t ic  d iv is io n s  w e r e  m a d e .  M a t e r i a l  fo r
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o .b se rv a tio n s  of m i t o s i s  w as  p r e s e r v e d  in  the  fo llow ing  f ix a t iv e : ;  O.o 5g 

of iod in e ,  lg ;o f  p o ta s s iu m  io d id e ,  4 m l of g la c ia l  a c e t ic  a c id ,  24 m l of 

c o m m e r c i a l  fo rm a lin , ,  an d  400 m l  of d is t i l le d ,  w a te r  (C ave  a n d  Bo cock, 

1951)o  ̂ O nce  the  a lg a  w a s  p la c e d  in  th e  f ix ing  so lu tio n ,  i t  co u ld  be 

r e t a i n e d  w ith o u t  c y to lo g ic a l  a l t e r a t i o n  up to 72 hours*  The f ix e d  

m a t e r i a l  w as  p la c e d  on a  s l id e  in  a c e to c a r m in e ,  h e a te d ,  a n d  observed*  

A m o r d a n t  of 0 ** 4% f e r r i c  h y d ro x id e  in  p ro p io n ic  a c id  an d  two p a r t s  

a b s o lu te  a lco h o l  (C ave  a n d  B ocock , 1951) w as  s o m e t im e s  a d d e d  b e fo re  

th e  a c e to c a r m in e  t r e a tm e n t*  P r o p i o c a r m i n e  ( H a r r i s ,  p e r s o n a l  

c o m m u n ic a t io n )  w as  s u b s t i t u t e d  fo r  the  m o r e  c o m m o n ly  u s e d  a c e t o ­

c a r m in e  r e s u l t i n g  in  a  b e t t e r  d e f in ed  s ta im

In d u c tio n  of C o n ju g a t io n * ■ V a r io u s  te c h n iq u e s  w e r e  a p p l ie d  to
> ' ■ , 1

in d u ce  co n ju g a t io n  in  S*. s t i c t i c u m * . T he  s i m p l e s t  a t t e m p t  w a s  th a t  of

re m o v in g  th e  n e t  f r o m  th e  m i lk  b o t t le  by m e a n s  of a  s t e r i l e  w i r e  loop

and  p la c in g  the  n e t  in  a  deep  p e t r i  d ish  (2 0 m m  x  1 0 0 m m ) co n ta in in g

f r e s h  s o i l - w a te r  s u p e r n a ta n t* , T h is  d ish  w as  th en  p la c e d  u n d e r  a  l ig h t

bank  a t  3 2 5 0 -4 3 0 0  lux a t  2 6  + 2 ° C o r  r e t u r n e d  to the  c u l tu r e  ch am b er*

P e r io d i c  o b s e r v a t io n s  of the  n e ts  w e r e  m a d e  an d  s e x u a l  s ta g e s

e x a m in e d  a n d  r e c o r d e d  p h o to g ra p h ic a l ly *  M o d if ic a t io n s  of th is  b a s ic

m e th o d  in c lu d e d  p la c in g  the  d ish  in  lo w e r  l igh t in t e n s i ty  (ca* 1 1 0 0

lux) in  the  c h a m b e r  an d  u s in g  a  1 : 1  m i x tu r e  of d i s t i l l e d  w a te r  - so i l - .

w a te r  s u p e r n a ta n t  fo r  the  algae*
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T he  m e th o d  d e s c r i b e d  by H oshaw  (1961) fo r  C o s m a r i u m  an d  

O edogon ium  w a s  a t t e m p te d  in_S. s t i c t i c u r m  M ating  d i s h e s  w e r e  p r e ­

p a r e d  w ith  deep  p e t r i  d is h e s  f i t t e d  w ith  a  w a tc h  g la s s  on a  g la s s  t r i ­

an g le .  . S o i l - w a te r  s u p e r n a ta n t  w as  pu t in  th e  w a tch  g la s s ;  f i l a m e n ts  of 

S. s t i c t i c u m  w e r e  t r a n s f e r r e d  to the  l iq u id .  . The b o tto m  of the  p e t r i  

d ish  w a s  f i l l e d  w ith  20 m l  of a  f r e s h l y  p r e p a r e d  5% so lu t io n  of NaHCOg. 

T he  m a t in g  d is h e s  w e r e  c o v e r e d  and  p la c e d  u n d e r  a  l ig h t  of 3250-4300  

lux  a t  26 + 2 ° C. : O b s e r v a t io n s  w e r e  m a d e  i n  24 a n d  48 h o u r s .

. F i l a m e n t s  in d ic a t in g  e a r ly  s ta g e s  of s e x u a l i ty  w e r e  r e m o v e d  

f r o m  th e  n e t  and  p la c e d  on the s u r f a c e  of 1 .5%  w a te r  a g a r  - - 15 g of a g a r ;  

1000 m l  d i s t i l l e d  w a te r  (A llen , 1 9 5 8 ) - - a n d  on B r i s t o l ' s  a g a r  (S ta r r ,  

I960 )  fo r  s tudy . T h e s e  p la t e s  w e r e  r e t u r n e d  to the  g ro w th  c h a m b e r  

an d  w e r e  o b s e r v e d  d a ily .

. Z y g o s p o re  G e rm in a t io n .  . F i l a m e n t s  co n ta in in g  z y g o s p o r e s  

f r o m  th e  o r ig in a l  c o l le c t io n  w e r e  k e p t  a t  6 °  C in  a  r e f r i g e r a t o r  u n ti l  

n eed e d .  To p r o m o te  g e r m in a t io n ,  a  few  d ro p s  of the  l iq u id  co n ta in in g  

z y g o s p o r e s  w e r e  p la c e d  in  the  bo ttom  of a  s m a l l  p e t r i  d ish .  The l id  

r e m a i n e d  off th e  d is h  f o r  24 h o u r s  to  a llow  th e  m a t e r i a l  to d ry  out. 

S o i l - w a te r  s u p e r n a ta n t  w a s  a d d ed  a n d  the  d ish  w as  p l a c e d  u n d e r  a  

f lu o r e s c e n t  l ig h t  a t  an  in te n s i ty  of 3250-4300  lux an d  a  t e m p e r a t u r e  of 

26 + 2° C„
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A t te m p ts  w e r e  m a d e  to r e m o v e  th e  z y g o s p o r e s  f r o m  th e  o ld  

f e m a le  g a m e ta n g ia l  w a i ls  u s in g  s t a i n l e s s  s te e l  d i s s e c t in g  s c i s s o r s 0 

• Z y g o s p o re s  l i b e r a t e d  in  th is  m a n n e r  sh o u ld  show a  g r e a t e r  p e r c e n ta g e  

of g e rm in a tio n s  a s  the  g a m e ta n g ia l  w a l ls  a p p a r e n t ly  in h ib i t  th e i r  

deveiopm ento

Due to the  s c a r c i t y  of the  m a te r ia l , ,  no a t t e m p ts  a t  z y g o s p o r e  

g e r m in a t io n  w e r e  m a d e  f r o m  th o se  z y g o te s  f o r m e d  in  cu lture ,,

M ic r o s c o p ic  an d  P h o to g ra p h ic  E q u ip m e n t ,, The co m p o u n d  

m i c r o s c o p e s  u s e d  d u r in g  the  c o u r s e  of th is  s tu d y  h av e  b een  d e s c r i b e d  

p rev io u s ly , ,  < A  B a u sc h  and  L,omb S te re o z o o m  d is s e c t in g  m ic r o s c o p e  

w a s  u s e d  fo r  i s o la t in g  an d  sca n n in g  p la t e s  to lo c a te  s e x u a l  stages,,

, P h o to g r a p h s  u s e d  in  th is  t h e s i s  w e r e  ta k e n  w ith  an  A m e r i c a n  O p tica l  

p h a s e - l i g h t  m i c r o s c o p e  e q u ip p ed  w ith  a  Z e i s s  a d a p te r  a n d  c am era , ,

. A ll  of th e  p i c t u r e s  w e r e  ta k e n  on K o d a c h ro m e  II T ype  A  f i lm  f r o m  

w hich  c o lo r  p r in t s  w e r e  produced ,,



. OBSERVATIONS

T he m a t e r i a l  u s e d  f o r  th e s e  s tu d ie s  w as  o b ta in e d  f r o m  i s o l a ­

t io n s  m a d e  f r o m  a  n a tu r a l  c o l le c t io n  su p p l ie d  by D r .  G. W . . P r e s c o t t .

Of th e  s e v e r a l  c lo n e s  r e s u l t i n g  f r o m  th e  i s o la t io n  of s m a l l  p i e c e s  of 

f i l a m e n t ,  two w e r e  u s e d  a s  the  b a s i s  f o r  m a in ta in in g  th e  p o p u la t io n .  

Z y g o s p o re s  f r o m  th e  n a t u r a l  c o l le c t io n  w e r e  g e r m in a te d  a n d  d e ta i le d  

e x a m in a t io n s  of the  g e r m l in g s  w e r e  m a d e .

G ro w th . Of the m e d ia  e m p lo y ed , S. s t i c t i c u m  g re w  b e s t  in  

s o i l - w a te r  m e d iu m .  T he  g ro w th  r e s p o n s e  of th e  a lg a  to  d e f in ed  i n o r ­

g an ic  so lu t io n s  a n d  a g a r  i s  s u m m a r i z e d  in  T a b le  1. I t  i s  q u ite  p r o b a b le  

th a t  o th e r  o r g a n i s m s  in  th e  u n ia lg a l  c u l tu r e s  g r e a t ly  in f lu e n c e  the  p a t ­

t e r n .o f  d e v e lo p m e n t  in  l iq u id  o r  a g a r  m e d ia .

T he g ro w th  of th e  a lg a  w a s  in f lu e n c e d  by t e m p e r a t u r e , ,  ligh t, 

a n d  p h o to p e r io d .  D u rin g  th e  c o u r s e  of th i s  s tudy , i t  w a s  found  th a t  a  

t e m p e r a t u r e  of 20 2° C a n d  a  12:12 h r  T ig h t - d a r k  c y c le  r e s u l t e d  in

h e a l th y  an d  v ig o ro u s  g ro w th .  The a p p l ic a t io n  of a  16:8 h r  l i g h t - d a r k  

c y c le  a t  26° C r e s u l t e d  in  r a p i d  d e g e n e ra t io n  of th e  c u l t u r e s .

M o rp h o lo g y . . C r i t i c a l  o b s e r v a t io n s  and  m e a s u r e m e n t s  of 

v e g e ta t iv e  c e l l s  w e r e  m a d e  f r o m  c lo n a l  c u l tu r e s .  T he  d ia m e te r  a n d

19



T ab le  1» . G row th  r e s p o n s e  of S. s t i c t i c u m  in  v a r io u s  m e d ia .

M edium R e s u l t s

S o i l -W a te r  E x t r a c t  A g a r

B r i s t o l ' s  S o lu tion

B r i s t o l ' s  S o lu tion  
. + Bio t in

B r i s t o l ' s  S o lu t ion  
+ V i ta m in  B -1 2

B r i s t o l ' s  S o lu tion  
+ T r a c e  E le m e n ts

B r i s t o l ' s  S o lu t ion  + B iotin , 
B -12 ,, and  T r a c e  E le m e n ts

C z u r d a 's  M ed ium  + B iotin , 
B -1 2 , an d  T r a c e  E le m e n t s

D e s m id  S o lu tion

The f i l a m e n ts  d ie d  w ith in  48 h o u rs ;  the  a c t io n  of b a c t e r i a  w as 
m o s t  in f lu e n t ia l  on the  d ea th  of the  a lg a e ,

A  s m a l l  am o u n t  of g ro w th  o c c u r r e d  a f te r  6  days; the  c e l l s  w e r e  
c h lo ro t ic  a n d  h e a v i ly  c o n ta m in a te d  w ith  fu n g u s .

A f te r  6  days  g row th , a  few h e a l th y  c e l l s  h a d  b een  fo rm e d ,  but 
m o s t  of th e  g ro w th  w as  c h lo ro t ic  a n d  funga l co n tam in a te d .

A f te r  6  days , a  l a r g e  n u m b e r  of h e a l th y  c e l l s  w e re  v is ib le ;  
h o w e v e r ,  the  fungus w a s  beg inn ing  to in h ib i t  f u r th e r  d e v e lo p m en t.

A f te r  6  days , a  s m a l l  am oun t of new g ro w th  h a d  o c c u r r e d ,  but 
m o s t  f i l a m e n ts  w e r e  b lack .

A f te r  4 days , no new g ro w th  h a d  o c c u r r e d  an d  m o s t  of the  
o r ig in a l  in o cu lu m  w as  dead .

A f te r  5 days, th e  o r ig in a l  in o cu lu m  w as  d e ad  and  h a d  tu r n e d  
b lack , w ith  a  b u rn e d  a p p e a ra n c e .

M o st of th e  v e g e ta t iv e  c e l l s  w e r e  v e r y  h ea lth y ;  th e  fungus 
a p p a r e n t ly  in h ib i te d  f u r th e r  g row th . , A lg a e  f o r m s  a ba ll  i n s t e a d  
of a  n e t .

D e s m id  S olu tion  
+ V i ta m in  B -12

A  slow r a t e  of g ro w th  w as  s e e n  in  th is  c u l tu r e  but the  c e l l s  w e r e  
v e r y  h e a l th y .  T h e r e  w as  so m e  fungal c o n tam in a t io n .



T a b le  1. ■ (C ontinued)

M edium R e s u l t s

D e s m id  Solu tion  
. + Bio tin

_A  r a p i d  g ro w th  r e s u l t e d  an d  h e a l th y  c e l l s  w e r e  o b s e r v e d .  
F u n g a l  c o n ta m in a t io n  a p p a r e n t ly  in h ib i te d  m o r e  n o t ic e a b le  
g row th .

W a te r  A g a r A f te r  48 h o u r s  the  f i l a m e n ts  w e r e  dead ,, p ro b a b ly  b e c a u s e  of 
th e  b a c t e r i a l  g ro w th  r a t e .

S o i l -W a te r  M edium E x t r e m e ly  v ig o ro u s  g ro w th  w as  found in  th is  m e d iu m . . F u n g a l  
c o n ta m in a t io n  w as  p r e s e n t ,  but the  g ro w th  r a t e  of the  a lg a  
s u r p a s s e d  th a t  of th e  fu n g u s .

S o i l -W a te r  M ed ium  
+ C a C 0 3

V ig o ro u s  g r o w th . r e s u l t e d  in  th is  m e d iu m , but c u l tu r e s  co u ld  
not be  s u s ta in e d  fo r  a s  lo n g ,a  p e r io d  of t im e  a s  in  th e  s o i l -  
w a te r  m e d iu m .
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le n g th  of th e  c e l l ,  th e  w id th  an d  le n g th  of the  c h io r o p la s t s ,  th e  w id th  

an d  le n g th  of th e  n u c le u s ,  a n d  th e  w id th  a n d  le n g th  of b o th  c u l tu r e d  a n d  

n a tu r a l ly  f o r m e d  z y g o s p o r e s  w e r e  d e te r m in e d .  The r e s u l t s  of th e s e  

d e te r m in a t io n s ,  a s  w e l l  a s  th e  d im e n s io n s  l i s t e d  in  T r a n s e a u  (1 951) 

a n d  R an d h aw a  (1959)) a r e  show n in  T a b le  2. In a  ty p ic a l  v e g e ta t iv e  

ce l l ,  th e  p l a s t i d s , . p y re n o id s ,  an d  n u c le u s  a r e  e a s i ly  d i s c e r n ib l e  (F ig .

• I ) .

In  ad d i t io n  to  m o rp h o lo g ic a l  c h a r a c t e r s  s u c h  a s  th e  w id th  a n d  

len g th  of th e  c e l l  a n d  th e  n u m b e r  of c h io r o p la s t s  in  e a c h  c e l l ,  the  s iz e ,  

sh ap e  a n d  d is t in c t iv e  m a r k in g s  of th e  z y g o s p o r e  a r e  im p o r t a n t  t a x o -  

n o m ic a l ly .  T he  ta x o n o m ic  k e y  d e v is e d  by T r a n s e a u  (1951) u s e s  th e  

c o n d i t io n  of the  m e d ia n  s p o r e  w a l l - - s m o o t h  o r  o r n a m e n t e d - - a s  th e  

in i t i a l  c h a r a c t e r  le ad in g  to s p e c if ic  n o m e n c l a t u r e . . R a n d h a w a  (1959) 

e m p lo y s  the  sh ap e  of th e  z y g o s p o r e  a s  th e  p r i m a r y  c h a r a c t e r  fo r  

id e n t i fy in g  th e  s p e c i e s .  W hen a  m a t u r e  z y g o s p o r e  o f  S. s t i c t i c u m  i s  

sq u ash e d ,  th e  s m o o th  ye llow  m e d ia n  s p o r e  w all  i s  v i s ib l e  (F ig . 2).

. C y to logy . F i l a m e n t s  of S. s t i c t i c u m  w e r e  s u b je c te d  to a  

v a r i e t y  of s ta in s  to d e te r m in e  th e  p r e s e n c e  of s p e c i f ic  o rg a n e l l e s  o r  

m e ta b o l i t e s .  J a n u s  G r e e n  B in  a q u e o u s  so lu tion , s p e c i f ic  fo r  lo c a t io n  

of m i to c h o n d r ia ,  w as  a p p l ie d  a s  a  v i t a l  s ta in .  The p r e p a r a t i o n s  w e r e  

e x a m in e d  c a r e f u l ly  bu t th e  a c t iv i ty  an d  p o s i t io n  of m i to c h o n d r ia  c o u ld  

not be d e f in i te ly  a s c e r t a i n e d .  E x a m in a t io n  w ith  a  p h a s e - l i g h t



T a b le  2 .. V e g e ta t iv e  m o rp h o lo g y  o£ S..- s t i c t i c a m .

S t r u c tu r e R a n g e A v e ra g e T r a n s e a u  (1951) R an d h aw a  (1959)

1D ia m e te r  of c e l l 46. 8  - 57. 48. 0A 38 — 5 6^ 38 - 56/2

L en g th  of ce ll^ 108. 0  - 413. 6/s 199. 6^4 80 - 300> 80 - 300/4

2  'L en g th  of c h lo r o p la s t 64= 8  - 254. 0/ l 158. 2/3 *---

W idth  of c h lo r o p la s t^ 3 .6  - 14. 4 / f 8 . Ip --

2L en g th  of n u c leu s 1 0 , 8  - 18. 0/ f 14. 2 / j - -

W id th  of n u c le u s ^ 7. 2 - 1 0 . 8/ i 8 . 6/ t - - --

N u m b e r  of i c h lo r o p la s t s /c e l l* 2  - 4 2 . 8 3 - 6 3 - 6

N u m b e r  of p y r e n o id s /p la s t id ^ 4 - 17 9 .4 - - , —

W idth of c u l tu r e d  z y g o s p o r e s ^ 37. 6  - 56. 4/f 47. 7 ^ —

L e n g th  of c u l tu r e d  z y g o s p o r e s 65. 8  - 84. 72 . 5 ^ ---

3
W idth  of n a tu r a l  z y g o s p o r e s 57. 0 - 64. Gjk 6 0 . 8 / 2 41 - 67/3, 40 - 67A

3
L en g th  of n a tu r a l  z y g o s p o r e s 9 L  2  - 117. 8a 1 0 0 . 6/ | 6 8  - 127/4 6 8  - 127/2

B a s e d  on 100 m e a s u r e m e n t s  
^ B a s e d  on 20 m e a s u r e m e n t s  
^ B a s e d  on 15 m e a s u r e m e n t s
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m i c r o s c o p e  a l s o  f a i l e d  to  d i s c lo s e  th e  p o s i t io n .o f  th e  c h o n d r io s o m e .  

R o d - s h a p e d  s t r u c t u r e s ,  s ta in e d  d a r k  b lue , w e r e  o b s e r v e d  w ith  the  a id  

of p h a s e - l i g h t  m ic r o s c o p y .  . It w a s  no t p o s s ib le  to s t a t e  d e f in i te ly  th a t  

t h e s e  b o d ies  w e r e  m i to c h o n d r ia ,  due p a r t i a l l y  to  the  p r e s e n c e  of 

n u m e r o u s  b a c i l lu s - ty p e  b a c t e r i a  on th e  o u te r  c e l l  w a l l .

. To a s c e r t a i n  the  lo c a t io n  of p e c t in ,  ru th e n iu m  r e d  w as  e m ­

p lo y e d  a s  a  v i t a l  s ta in .  F i l a m e n t s  w e r e  p l a c e d  in  the  s ta in  fo r  a p p r o x i ­

m a te ly  one h o u r  b e fo re  c r i t i c a l  o b s e r v a t io n s  w e r e  m a d e .  . T h is  m e t a b o ­

l i te  w as  lo c a te d  by th e  p in k  c o lo r in g  i m p a r t e d  to the  s t r u c t u r e s  c o m ­

p o s e d  of p e c t in .  The s e p ta  in d ic a te d  a  p e c t in a c e o u s  c o m p o s i t io n .  . In  

add ition , a  r in g  of p e c t in  w a s  n o te d  a t  th e  p o in t  of a d h e r e n c e  of the  two 

p a p i l l a e  (Fig.. 3).

T he  a p p l ic a t io n  of C h ry s o id in  Y in  a q u eo u s  so lu t io n  in d ic a te d  

the  p r e s e n c e  of o il  an d  f a t  s u b s ta n c e s  in  th e  z y g o s p o r e .  , H o w ev e r ,  a  

m o r e  d e f in i t iv e  s t a in  w a s  o b ta in e d  u s in g -S u d an  III. . W hen th is  m i c r o - 

c h e m ic a l  r e a g e n t  w a s  a p p l ie d  to young g e r m l in g s ,  s e v e r a l  l a r g e  r e d  

d ro p le t s ,  deno ting  th e  p r e s e n c e  of l ip id  c o m p o u n d s ,  w e r e  o b s e r v e d .  

T h e s e  d r o p le t s  w e r e  s c a t t e r e d  th ro u g h o u t  the  c e l l s  of the  g e rm l in g .  

W hen z y g o s p o r e s  w e r e  s q u a s h e d  an d  s ta i n e d  w ith  Sudan III, a  l a r g e  

q u a n t i ty  of f a t  a n d  o il  w as  n o te d  (F ig .  4).

To lo c a te  th e  c e n t e r s  of s t a r c h  s y n th e s i s  an d  s to r a g e  w ith in  

the ce l l ,  io d in e - p o ta s s iu m  io d id e  (I-K I) w a s  em p lo y e d .  . F i l a m e n t s  

p la c e d  in  th is  so lu t io n  w e r e  c r i t i c a l l y  o b s e r v e d .  T he  p y re n o id s
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q u ick ly  tu r n e d  a  b lu e - b la c k  c o lo r  an d  b e c a m e  c l e a r l y  v i s ib le ,  in d ic a t in g  

th e  lo c a t io n  of s t a r c h y  s u b s ta n c e s  (Fig*. 5)„

, N u m e ro u s  a t t e m p t s  to o b s e r v e  m i to t i c  d iv is io n s  in  the  f i l a ­

m e n ts  w e r e  m a d e ,  . Due to th e i r  r a p i d  g ro w th  r a t e ,  g e r m  l in g s  p r o v e d  

the  m o s t  s u i ta b le  m a t e r i a l  fo r  th e  s tu d y  of c e l l  d iv is io n .  S m e a r s  w e r e  

p r e p a r e d ,  u s in g  p r o p i o c a r m i n e  a s  the  n u c leo p h i l ic  s ta in .  - S. ■ s t i c t i c u m  

h a s  a  r e l a t i v e l y  n a r r o w  n u c le u s  u s u a l ly  c o n ta in in g  a  s in g le  n u c le o lu s ,  

a l th o u g h  two n u c le o l i  h a v e  b e en  n o te d  o c c a s io n a l ly .  H e te r o c h r o m a t in  

i s  p r e s e n t  in  th e  i n t e r p h a s e  n u c le u s  in  l a r g e  p r o p o r t io n s ,  th u s  often  

g iv ing  the  a p p e a r a n c e  of n u m e ro u s  m in u te  c h r o m o s o m e s .  In the  

in v e s t ig a t io n  of th e  n u c le a r  b e h a v io r  of S. s t i c t i c u m  one  in s t a n c e  of 

p ro b a b le  m i to s i s  in  a  m e ta p h a s e  s ta g e  w a s  o b s e r v e d .  . T h e  n u c le a r  

m e m b r a n e  and  n u c le o lu s  w e r e  no t v i s ib le .  No e s t i m a t e  of th e  c h r o m o ­

s o m a l  n u m b e r  w as  m a d e .

. C o n ju g a t io n . ■ S. s t i c t i c u m  i s  a  h o m o th a l l ic  o r g a n i s m  in  w h ich  

c o n ju g a t io n  f r e q u e n t ly  o c c u r s  in  the  c u l tu r e  v e s s e l .  A s  th e  f i l a m e n ts  

e lo n g a te ,  th e y  b e c o m e  a t t a c h e d  to e a c h  o th e r  in  v a r io u s  p la c e s ,  thus  

f o r m in g  a  n e t .  . The a t t a c h m e n t  i n i t i a t e s  th e  f i r s t  s ta g e  in  co n ju g a t io n .  

F r e q u e n t ly  z y g o s p o r e s  w il l  be f o r m e d  in  m a t e r i a l  on w h ic h  no e f fo r t  

to in d u c e  co n ju g a t io n  h a s  b een  m a d e .

Of the  te c h n iq u e s  a t t e m p te d  to in d u c e  c o n ju g a t io n ,  only one 

w as  s u c c e s s f u l .  H ea l th y  n e t s  w e r e  p la c e d  in  deep  p e t r i  d is h e s  a n d



c o v e r e d  w ith  f r e s h  s o i l - w a te r  su p e rn a ta n to  - Som e s ta g e s  of s e x u a l i ty  

w e r e  n o te d  in. s e v e r a l  c u l t u r e s ,  but two d i s h e s ,  e a c h  show ing  an  

a p p r e c ia b le  am o u n t  of co n ju g a t io n ,  w e r e  s e l e c t e d  fo r  d e ta i l e d  s tudy .

T h e  f i r s t  s te p  in  th e  s e x u a l  c y c le  of S. s t ic t ic u m  i s  th e  g e n u -  

f lex in g  o r  m e e t in g ,  of two f i l a m e n t s .  • A s  th e s e  f i l a m e n ts  touch , they  

a d h e r e  to e a c h  o th e r ,  a n d  s m a l l  p r o j e c t io n s  a r i s e  f r o m  a  c e l l  of e a c h  

u n ti l  th e  f i l a m e n t s  a r e  u n ite d .  • Such p r o je c t io n s  a r e  t e r m e d  p a p i l la e  

(F ig .  6 ). T he  c e l l s  th a t  p ro d u c e  p a p i l l a e  a r e  r e f e r r e d  to a s  p r o g a m e -  

ta n g ia .  . The p r o g a m e ta n g ia l  c e l l s  of e a c h  f i l a m e n t  a r e  r e s p o n s i b l e  fo r  

th e  fo rm a tio n ,  of th e  g a m e ta n g ia .  A  s m a l l  g a m e ta n g iu m . i s  f o r m e d  

f r o m  one f i l a m e n t ;  due to  th e  s ize ,  i t  i s  t e r m e d  the  m a le  g a m e ta n g iu m . 

T he  o p p o s i te  f i l a m e n t  f o r m s  th e  f e m a le  g a m e ta n g iu m  w h ich  i s  l a r g e r  

th a n  th e  m a le  an d  o ften  q u ite  in f la te d .

To in i t i a t e  th e  f o r m a t io n  of th e  g a m e ta n g iu m , the  p r o g a m e -  

ta n g iu m  u s u a l ly  u n d e rg o e s  s o m a t ic  d iv is io n  r e s u l t in g  in  th e  g a m e ta n g iu m  

a n d  a  s m a l l  c e l l .  T h is  c e l l  i s  c o n s id e r e d  a  s t e r i l e  c e l l  a n d  i s  u s u a l ly  

700 o r  l e s s  in  leng th , bu t m a y  a t t a in  a  le n g th  of 100j£, a s  o p p o se d  to a  

m in im u m  le n g th  of 108. Ô t fo r  v e g e ta t iv e  c e l l s  in  th e  l a b o r a t o r y  c u l ­

t u r e s  th a t  w e r e  s tu d ie d .  T he  d im e n s io n s  of th is  c e l l  a n d  th e  a d ja c e n t  

g a m e ta n g ia  a r e  show n in  T a b le  3. T he  d iv is io n  of th e  p r o g a m e ta n g ia l  

c e l l s  i s  v a r i a b l e  in  i t s  o c c u r r e n c e  a n d  d i s t r ib u t io n  in  the  a r e a  of the  

g a m e ta n g ia  (T ab le  4).
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T a b le  3. . D im e n s io n s  of g a m e ta n g ia  a n d  a d ja c e n t  s t e r i l e  c e l l s  of 
S.- s t ic t icu m o

S te r i l e  c e l l  a d ja c e n t  to gam  e tan g iu m G am  e ta n g i  um

A v e r a g e
len g th R an g e

A v e r a g e  S ize  R ange  
L e n g th  W idth  L e n g th W idth

M ale  5 2 , 0j% 19. 0 -1 0 3 , 0M 40, 0y££ 43, 0^  28, 0/ j 6 6 , 0 ^

F e m a l e  61., 3jyi 28, 0 -1 0 3 ,  0/% 8 9 » 0/4, 6 1 , O/o 1 69 o 0/ i 56,
..... ... ... i

T a b le  4, . F req u e n c y ,  a n d  d i s t r ib u t io n  of 25 s t e r i l e  c e l l s  in  S. s t i c t i c u m .

L o c a t io n  N u m b e r  P ‘e r C en t

A d ja c e n t  to  m a le  g a m e ta n g iu m  on ly  10 40%

A d ja c e n t  to f e m a le  gam  e tan g iu m  on ly  3 12%

A d ja c e n t  to both  g a m e ta n g ia  1 2  48%

T o ta l  25 100%
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* A f te r  g a m e ta n g ia  a r e  fo rm e d ,  th e  v e g e ta t iv e  s t r u c t u r e s  of 

th e s e  r e p r o d u c t iv e  c e l l s  b eg in  to c h an g e ,  Tire r i b b o n - l i k e  c h lo r o p la s t s  

d i s o rg a n iz e ,  f o r m in g  d e ta c h e d  s e c t io n s  of e h lo r o p la s t s  w i th in  the  

g a m e ta n g iu m .  A s the  p la s t id s  d i s o r g a n iz e ,  the  n u c le u s  b e c o m e s  

o b s c u r e d  a n d  i s  not r e c e p t iv e  to n u c le o p h i l ic  s ta in s  (F ig ,  7), ■ A s  the  

p r o c e s s  of c o n ju g a t io n  a d v a n c e s ,  th e  e n t i r e  p r o to p l a s t  w ith in  e ac h  

gam  e tan g iu m  m a s s e s , ,  f o r m in g ,a n  o v a l - s h a p e d  body w h ic h  a t  th is  

p o in t  i s  t e r m e d  a  g a m e te ,  . M o rp h o lo g ic a l  a m s o g a m y  i s  e v id e n t  in  th e  

g a m e t ic  fo r m a t io n ;  th e  m a le  g a m e te  i s  c o n s id e r a b ly  s m a l l e r  in  v o lu m e  

th a n  th e  fe m a le .  (F ig s ,  8  a n d  9).

W hen  the  g a m e te s  a r e  r e a d y  to  fu s e ,  the  m a le  g a m e te  d i s ­

o r g a n iz e s  an d  f low s th ro u g h  th e  c o n n ec t in g  tube  f o r m e d  by  th e  p a p i l l a e  

in to  th e  f e m a le  gam  e ta n g iu m . . F u s io n  o c c u r s  and  a  zy g o te  i s  f o r m e d .  

The new ly  f o r m e d  z y g o te  r e m a i n s  g r e e n  f o r  a  p e r i o d  of t im e  (F ig ,  10). 

The sh ap e  of the  z y g o te  m a y  v a r y ,  dep en d in g  p r in c ip a l ly  on the  shape , 

of th e  f e m a le  gam  e tan g iu m  (F ig .  I I )  a l th o u g h  i t  u s u a l ly  i s  e l l ip s o id  to  

ovoid . . E v e n tu a l ly ,  e a c h  zy g o te  d e v e lo p s  a  t h r e e - l a y e r e d  w a l l  and  d u r ­

ing, m a tu r a t io n  t u r n s  a  d a r k  b ro w n  (F ig . .  12) an d  i s  now t e r m e d  a  

z y g o s p o r e .

U su a l ly  th e  m a le  g a m e te  f o r m s  f i r s t  (F ig , 13), w h ile  p r o t o ­

p la s t i c  d i s o r g a n iz a t io n  i s  s t i l l  o c c u r r in g  in  the  f e m a le  g am  e ta n g iu m . 

H ow ever, in  two in s t a n c e s  i t  h a s  b e e n  o b s e r v e d  th a t  th e  f e m a le  g a m e te  

i s  th e  f i r s t  to f o r m  (F ig .  14). S ince  a t t e m p ts  to fo l lo w  th is  pair- of
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g a m e ta n g ia  th ro u g h  th e  f o r m a t io n  of a  zy g o te  w e r e  u n s u c c e s s fu l ,  i t  i s  

q u e s t io n a b le  a s  to the  e v e n tu a l  f a te  of th e  m a le  g a m e te .  It i s  p o s s ib le  

th a t  a  p h y s io lo g ic a l  in h ib i to r  p r e v e n te d  th e  m a le  g a m e te  f r o m  fo r m in g .

It i s  a l s o  p o s s ib le  th a t  p ro to g y n y  o c c u r s  in  a  g r e a t e r  n u m b e r  of the  

co n ju g a t in g  f i l a m e n ts  th a n  h a s  b een  o b s e r v e d  by th e  p r e s e n t  w r i t e r .

D ouble  c o n ju g a t io n - - tw o  p a i r s  of g a m e ta n g ia  a d ja c e n t  to e a c h  

o th e r  in  bo th  f i l a m e n t s - - w a s  not o b s e r v e d  in  S. s t i c t i c u m . : T h is  

p h e n o m en o n  h a s  b een  n o te d  in  o th e r  s p e c ie s ,  n o tab ly  in  S. m e la n o s p o r u m  

(R andhaw a) T r a n s e a u  a n d  in ;S . p h a c o s p o ru m  Skuja  (Hoshaw,. p e r s o n a l  

c o m m u n ic a t io n ) ,

. Z y g o s p o re  G e r m in a t io n ,  • Z y g o s p o r e s  f r o m  a  n a t u r a l  c o l le c t io n  

w e r e  g e r m in a t e d  a f t e r  a  2 4 - h r  d ry in g  p e r io d .  G e r m in a t io n  o c c u r r e d  

w ith in  72 -96  h r s  a f t e r  r e w e t t in g  th e  m a t e r i a l  w ith  s o i l - w a te r  s u p e r ­

n a ta n t ,  . In.S.- s t i c t i c u m  th e  z y g o s p o r e  s w e l l s  a n d ' t u r n s  g r e e n  p r i o r  to  

th e  e m e r g e n c e  of th e  g e rm l in g  (F ig ,  15), . O n e - c e l l e d  g e r m l in g s  (F ig .

1 6 ) a p p e a r  a s  th e  z y g o s p o r e s  b r e a k  open, showing, a  d e f in i te  l in e  of

) 1 ■ -

dehiscence . T h is  l in e  of d e h is c e n c e  h a s  no t  been  o b s e r v e d  b e fo re  the  

z y g o s p o r e  r u p t u r e s .  . In th e  o n e - c e l l e d  g e rm l in g  the  c h lo r o p la s t i c  

m a t e r i a l  i s  e x t r e m e l y  d e n se ,  occu p y in g  m o s t  of th e  a r e a  w ith in  the  

c e l l  w a l l .  T h e  t ip  of th e  a p ic a l  c e l l  c o n ta in s  c o l o r l e s s  c y to p la s m  a n d  

i s  u s u a l ly  r e l a t i v e l y  f r e e  of p l a s t i d  m a t e r i a l  (F ig .  17). A s  th is  f i r s t  

c e l l  e lo n g a te s  p r i o r  to s o m a t ic  d iv is io n  r e s u l t i n g  in  a  2 - c e l l e d  g e r m l in g .
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e lo n g a t io n  a l s o  b e g in s  in  th e  c h lo r o p la s t i c  s u b s ta n c e  w ith  the  f o r m a t io n  

of r ib b o n - l i k e  s t r a n d s  b e in g  e v id en t  t o w a r d  the  a p ic a l  .and b a s a l  ends* 

W hen th e  .cell h a s  u n d e rg o n e  m ito t ic  d iv is io n ,  th e  d a u g h te r  c e l l s  u s u a l ly  

d e m o n s t r a t e  c o n s id e r a b le  d i f f e r e n t ia t io n . in  th e  c h lo r o p la s t s  ('Fig.. 18). 

By th e  t im e  th e  g e r m  ling  i s  3 o r  m o r e  c e l l s  in  leng th , a l l  of th e  c h l o r o ­

p l a s t s  h av e  r e o r g a n i z e d  a n d  th e  ty p ic a l  r i b b o n - l ik e  s t r u c t u r e s  hav e  

r e f o r m e d  (F ig .  19)°

.’A  s m a l l  d e n se  a g g re g a t io n  of o rg n g e  m a t e r i a l  h a s  b een  o b ­

s e r v e d  in  th e  c e l l s  of th e  young g e r m l in g s .  In the  o n e - c e l l e d  s ta g e  

th is  body i s  lo c a te d  in  th e  r e g io n  of th e  u n d i f f e r e n t ia te d  c h lo r o p la s t i c  

m a t e r i a l .  . A s  th e  g e r m  ling  i n c r e a s e s  in  leng th , s m a l l  o rg n g e  s t r u c ­

t u r e s  h a v e  b een  o b s e r v e d  in  s e v e r a l  c e l l s ,  s c a t t e r e d  th ro u g h o u t  th e  

c h lo r o p la s t i c  m a t e r i a l .  T h is  body i s  p r i m a r i l y  lo c a l i z e d  in  th e  a p ic a l  

c e l l ,  bu t a s  th e  g e r m l in g  u n d e rg o e s  s o m a t ic  d iv is io n s ,  th e  o ra n g e  

g r a n u le s  a p p e a r  to be r a n d o m ly  d i s t r i b u t e d  in  s e v e r a l  c e l l s .  . I t  i s  

h y p o th e s iz e d  th a t  th is  body i s  c o m p o s e d  of c a r o te n o id  p ig m e n t .

. G e r m l in g s  of S. s t i c t i c u m  a r e  g e n e r a l ly  u n i fo r m  in  s iz e .  

H ow ever , two i n s t a n c e s  of l a r g e  g e r m l in g s  have  b e en  o b s e r v e d .  The 

s iz e  of one of th e  l a r g e  g e r m l in g s  s u g g e s te d  the  p o s s ib i l i t y  of p lo idy . 

The u s u a l  z y g o s p o r e  a v e r a g e s  60. 8^2 w id e  an d  100. 6 4 3  long; the  z y g o ­

s p o r e  of the  l a r g e  g e r m l in g  m e a s u r e d  98. £^1 x ,152 . O^f. T he  d ia m e te r  

of th e  c e l l s  of th is  g e r m l in g  w a s  98. 8̂  a s  o p p o sed  to th e  u s u a l  48. Qa. 

Of th e  two g e r m l in g s  in  w h ic h  th is  a b n o r m a l i ty  w a s  no ted , n e i th e r
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a t t a in e d  a  le n g th  of m o r e  th a n  two c e l l s .  If th is  p h e n o m en o n  i s  a  r e s u l t  

of p lo id y  a s  i s  p o s tu la te d ,  i t  i s  qu ite  p r o b a b le  th a t  the  c h r o m o s o m a l  

c o m p le m e n t  h in d e r e d  f u r t h e r  m i to t ic  d iv is io n s  (Fig.- 20).



F ig .  I

F ig .  2

F ig .  3

F ig .  4

. A  ty p ic a l  v e g e ta t iv e  c e l l  of S iro g o n iu m  s t ic t ic u m  f r o m  a  l a b o r - 

to ry  c u l tu r e .  N ote  the  n u c le u s  (n), c h lo r o p la s t s  (c), and  

p y re n o id s  (py). A p p ro x im a te ly  X 225.

. A  z y g o sp o re  of S. s t i c t i c u m  s q u a s h e d  to show th e  p r in c ip a l  

ta x o n o m ic  c h a r a c t e r i s t i c ,  a  sm o o th  yellow  m e d ia n  s p o r e  w a ll .  

A p p ro x im a te ly  X 465.

. A  p a i r  of g a m e ta n g ia  of £5. s t ic t ic u m  denoting  th e  p e c t ic  r in g  

( a r ro w )  in  r e s p o n s e  to s ta in in g  w ith  ru th e n iu m  r e d .  A p p r o x i ­

m a te ly  X  225.

. A  z y g o sp o re  of S. s t i c t i c u m , s m e a r e d  and  s ta in e d  w ith  Sudan 

III to d e m o n s t r a t e  l ip id  c o n ten t  a s  in d ic a te d  by th e  r e d  d r o p ­

le t s .  A p p ro x im a te ly  X 225.
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F ig .  5. A  v e g e ta t iv e  f i l a m e n t  of S. s t ic t ic u m  showing r e s p o n s e  to 

t r e a tm e n t  w ith  I -K I  to lo c a te  a r e a s  of s t a r c h  m e ta b o l i s m  

w hich  a r e  s ta in e d  b lu e - b la c k  in  c o lo r .  A p p ro x im a te ly  X  225.

F ig .  6. E a r l y  g enu flex ion  in_S. s t i c t i c u m  show ing the  a t ta c h m e n t  of

th e  p a p i l la e  (p) an d  p ro g a m e ta n g ia  ( p r ). A p p ro x im a te ly  X  225.

F ig .  7. A  p a i r  of con  jug  a n ts  of S. s t i c t i c u m  i l l u s t r a t i n g  in i t ia l  s ta g e  

of c h lo ro p la s t i c  d is o rg a n iz a t io n ;  no te  th e  m a le  g a m e ta n g iu m  

(mg), f e m a le  g a m e ta n g iu m  (fg), s t e r i l e  c e l l  (s t)  an d  oil g lo b ­

u le s  (o). A p p ro x im a te ly  X  225.

F ig .  8. M a tu r e  g a m e te s  of S. s t i c t i c u m  an d  the  a s s o c i a t e d  s t e r i l e  

c e l l s ;  no te  the  m a le  g a m e te  (m ), f e m a le  g a m e te  (f), a n d  

s t e r i l e  c e l l  (s t) .  A p p ro x im a te ly  X 225.
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F ig .  9. A  p a i r  of g a m e te s  of S. s t i c t i c u m  i l l u s t r a t i n g  m o rp h o lo g ic a l  

an d  p h y s io lo g ic a l  a n iso g a m y ; no te  the  f e m a le  g a m e te  (f), 

m a le  g a m e te  (m ), a n d  s t e r i l e  c e l l s  (s t) .  A p p ro x im a te ly  X 225.

F ig .  10. N ew ly f o r m e d  g r e e n  zygo te  of S. s t ic t ic u m  in  the  fe m a le

g a m e tan g iu m ; no te  m a le  g a m e ta n g iu m  (mg), f e m a le  g a m e -  

ta n g iu m  (fg), zygo te  (z), an d  s t e r i l e  c e l l s  (s t) .  A p p r o x i ­

m a te ly  X  225.

F ig .  11. R e c e n t ly  f o r m e d  g r e e n  zygo te  ( a r ro w )  of S. s t ic t ic u m  th a t  

d i f f e r s  f r o m  the  ty p ic a l  sh ap e  a s  s e e n  in  F ig .  10. A p p ro x i ­

m a te ly  X 225.

F ig .  12. A  m a t u r e  z y g o sp o re  (a r ro w )  of S. s t i c t i c u m  f o r m e d  in  

c lo n a l  c u l tu r e .  A p p ro x im a te ly  X 225.
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F ig .  13. T he  co m m o n  m a n n e r  of g a m e t ic  f o r m a t io n  of S. s t ic t ic u m  

in  w h ich  the  m a le  g a m e te  (m ) f o r m s  f i r s t  w h ile  the  fe m a le  

g a m e ta n g iu m  (fg) s t i l l  show s c h lo r o p la s t ic  b reak d o w n . A lso  

n o te  the  p e c t ic  r in g  (pe). A p p ro x im a te ly  X 225.

F ig .  14. E x a m p le  of p ro to g y n y  in  S. s t i c t i c u m ; the  m a le  g a m e te  h a s  

no t y e t fo rm e d ;  n o te  th e  f e m a le  g a m e te  (f), m a le  g a m e ta n g i ­

um  (m g) a n d  s t e r i l e  c e l l  (s t) .  A p p ro x im a te ly  X 225.

F ig .  15. A  z y g o sp o re  of S. s t i c t i c u m  f r o m  a  n a tu r a l  c o l le c t io n  in  th e  

f e m a le  g a m e ta n g iu m  a f t e r  ag ing  a n d  r e w e t t in g  to p ro m o te  

g e r m in a t io n .  A p p r o x im a te ly  X  225.

F ig .  16. A  young g e rm l in g  of S. s t i c t i c u m  e m e r g in g  f r q m  the z y g o ­

s p o r e .  A p p ro x im a te ly  X 225.
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F ig .  17. A  o n e - c e l l e d  g e rm l in g  of S. s t ic t ic u in  w ith  d i s o r g a n iz e d  

c h lo r o p la s t ic  m a t e r i a l  a n d  c l e a r  c y to p la sm  a t  the  a p ic a l  

end. A p p ro x im a te ly  X 225.

F ig .  18. A  tw o - c e l l e d  g e rm l in g  of S. s t ic t ic u m  showing c o m p le te  

r e o r g a n iz a t io n  of th e  c h lo r o p la s t s .  A p p ro x im a te ly  X 105.

F ig .  19. A  p o r t io n  of a  s e v e r a l - c e l l e d  g e rm l in g  show ing the  ty p ic a l

v e g e ta t iv e  s t r u c t u r e s  of S. s t i c t i c u m . A p p ro x im a te ly  X 105.

F ig .  20. A n  u n u su a l ly  l a r g e  g e rm l in g  of S. s t ic t ic u m  a c c o u n te d  fo r ,  

p o s s ib ly ,  on the  b a s i s  of p lo idy . A p p ro x im a te ly  X  225.

\





DISCUSSION

G ro w th  and  M ain.teo.ance. . A lth o u g h  d if f icu l ty  in  g ro w in g  m e m ­

b e r s  of th e  Z y g n e m a ta c e a e  i s  n o te d  in  m o s t  of the  e a r l y  l i t e r a t u r e  

(Jo h a n se n ,  1940; Bold, 1942), in  r e c e n t  y e a r s  e x c e l le n t  g ro w th  h a s  

b e en  o b ta in e d  in  s t e a m e d  s o i l - w a te r  m ed ia ,  by s e v e r a l  w o r k e r s  (Allen, 

1958; H oshaw , 1963; R ic k e r t ,  1963), . In  a c c o r d a n c e  w ith  th e  f in d in g s  

o f  A l le n  (1958) and  R i c k e r t  (1963) on: S p i r o g y r a , i t  w as  o b s e r v e d  th a t  

g ro w th  of S». s t i c t i c u m  in  d e f in ed  in o r g a n ic  m e d ia  w a s  p o o r .  It is  q u ite  

p r o b a b le  th a t  the  u s e  of o th e r  d e f in ed  m e d ia  w o u ld  y ie ld  m o r e  h e a l th y  

an d  v ig o ro u s  g ro w th  th an  th o s e  m e d ia  e m p lo y e d  during , th e  c o u r s e  o f  

th is  s t u d y . . A  b e t t e r  g ro w th  r e s p o n s e  of th e  a lg a  in  n u t r i e n t  c u l tu r e  

m ig h t  be  o b ta in e d  by v a r y in g  the  c o n c e n t r a t io n  of th e  s a l t s  in  th e  i n o r ­

g an ic  s o lu t io n s .

T he  n e c e s s i t y  of o b ta in in g  p u r e  c u l tu r e s  of a lg a e  h a s  b een  

e m p h a s iz e d  by m a n y  w o r k e r s  - (Firing s h e im ,  1946; R i c k e r t ,  1963; 

T h o m as ,  1963). B e fo re  m o r e  e x te n s iv e  w o rk  can  be done on S. 

s t i c t i c u m ,  i t  w o u ld  be h ig h ly  d e s i r a b l e  to  s e c u r e  a n d  m a in ta in  th is  

o rg a n is m  in  a  p u r e  c u l tu r e .  T he  a b s e n c e  of the  e x te r n a l  p e c t i c  s h e a th  

in  th is  genus  s h o u ld  f a c i l i t a t e  a x en ic  g ro w th .  H o w ev e r ,  in  ad d i t io n  to  

th e  p r e s e n c e  of b a c t e r i a ,  a  p a r a s i t i c  fungus  o c c u r r e d  on th e  c lo n a l
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c u l tu r e s  a n d  a p p e a r e d  to h a v e  b e en  i n s t r u m e n t a l  in  th e  r e s p o n s e  of th is  

a lg a  to  v a r io u s  m e d ia .  . T e c h n iq u e s  to e l im in a te  the  fu n g a l  c o n ta m in a n t  

m u s t  be  e m p lo y e d  b e fo re  b a c t e r i a - f r e e  c u l tu r e s  can  be  s e c u r e d .

M o rp h o lo g y  a n d  C y to logy . The m o r p h o lo g ic a l  d a ta  o b ta in e d  on

S. s t i c t i c u m  a g r e e  w i th  th a t  of T r a n s e a u  (1951), T iffany  an d  B r i t to n  

(1952), a n d  H an d h aw a  (1959)® S ince  a l l  m e a s u r e m e n t s  w e r e  o b ta in e d  

f r o m  c lo n e s  o r ig in a t in g  f r o m  i s o la t io n s  of a  s in g le  n a t u r a l  c o l le c t io n ,  

th e  v a r i a b i l i t y  of m o rp h o lo g ic a l  o b s e r v a t io n s  w ith in  th e  s p e c ie s  

e x p r e s s e d  by p r e v io u s  a u th o r s  i s  not a s  g r e a t .  The n e c e s s i t y  of o b ta in ­

ing m o r e  c o l le c t io n s  f r o m  w h ic h  c lo n e s  can  be e s t a b l i s h e d  in  th e

l a b o r a to r y  i s  e v id e n t  fo r  a  m o r e  th o ro u g h  kn o w led g e  of th e  o r g a n i s m .
i . '

■ A  p o s s ib l e  in f lu e n c e  on th e  m o rp h o lo g ic a l  d a ta  r e c o r d e d  in  

th is  t h e s i s  i s  th e  f a c t  th a t  th e  v e g e ta t iv e  m a t e r i a l  u s e d  w a s  o b ta in e d  

e x c lu s iv e ly  f r o m  l a b o r a to r y - g r o w n  c u l t u r e s .  • S ince  n e i th e r  T r a n s e a u  

(1951) n o r  R an d h a w a  (1959) m e n t io n  g ro w th  in  a  c o n t r o l l e d  e n v i ro n m e n t  

in  th e  m o n o g ra p h s  p u b l i s h e d  on th e  Z y g n e m a ta c e a e ,  i t  i s  a s s u m e d  th a t  

a l l  m a t e r i a l  s u r v e y e d  by th e s e  i n v e s t i g a t o r s  w as  f r o m  f i e ld  c o l le c t io n s .  

It i s  p ro b a b le  th a t  th e  m o rp h o lo g y  of S. s t i c t i c u m  i s  s l ig h t ly  a l t e r e d  

w hen  g ro w n  in  a  c o n t r o l l e d  e n v i ro n m e n t .

L im i te d  in f o r m a t io n  r e g a r d in g  th e  a p p l ic a t io n  of m i c r o c h e m i ­

c a l  r e a g e n t s  to m e m b e r s  of th e  Z y g n e m a ta c e a e  h a s  b e en  found  in  the  

l i t e r a t u r e .  . A lth o u g h  th e  r e s u l t s  of the  s ta in in g  te c h n iq u e s  a p p l ie d  to

i  '



So s t i c t i c u m  w e r e  r e l a t i v e l y  good, m o r e  w o rk  w ith  c y to lo g ic a l  s ta in s  

sh o u ld  be  done, ..A c o m p a r a t i v e  s tu d y  u s in g  s e v e r a l  s p e c ie s  of 

S iro g o n iu m  i s  s u g g e s te d  by th is  a u th o r  to  en h an ce  th e  v a l id i ty  of th e  

r e a c t io n  of the  m i c r o  c h e m ic a l  s t a i n s .  T he  a p p l ic a t io n  of d i f f e r e n t  

te c h n iq u e s  su ch  a s  p o l a r i z e d  l ig h t  fo r  th e  d e te c t io n  of th e  c h o n d r io -  

so m e , p e c t i n a s e  and  th e  h y d r o x y l a m i n e - f e r r i c  c h lo r id e  r e a c t io n  

( J e n se n ,  1962) fo r  lo c a l iz a t io n  of p e c t i c  s u b s ta n c e s  a r e  s u g g e s te d .

T he  u s e  of a  m i c r o m a n ip u la tp r  to d i s s e c t  out s p e c i f ic  o r g a n e l l e s  

m ig h t  a ls o  p r o v e  e x t r e m e l y  b e n e f ic ia l .

Of the  m e ta b o l i t e s  s tu d ie d  in  th i s  r e s e a r c h ,  p ro b a b ly  the  

m o s t  im p o r t a n t  one  i s  th e  l ip id  s u b s ta n c e .  In  s e v e r a l  r e f e r e n c e s  in  

th e  l i t e r a t u r e  i t  i s  s t a t e d  th a t  l a r g e  a m o u n ts  of f a t s  an d  o i ls  a c c u m u ­

la te  in  th e  g a m e ta n g ia  a n d  z y g o s p o r e s .  A lth o u g h  g a m e ta n g ia  hav e  

b e en  s ta in e d ,  a p p r e c ia b le  l ip id  s u b s ta n c e s  w e r e  not d en o ted ,  . Oil a n d  

fa t  co m p o u n d s  w e r e  n o te d  in  th e  z y g o s p o r e s  w h ich  i s  in  a c c o r d a n c e  

w ith  the  f in d in g s  of F r i t s c h  (1935) who s t a t e d  th a t  a  l a r g e  a m o u n t  of 

l ip id  m a t e r i a l  a c c u m u la te s  in  th e  z y g o s p o r e s ,

- A t te m p ts  to o b s e r v e  m i to t i c  d iv is io n  w e r e  m a d e  on S. s t i c t i c u m . 

T h is  a u th o r  a l s o  a p p l ie d  n u c le o p h i l ic  s t a i n s  to S. m e la n o s p o r u m  in  

e f fo r t s  to o b s e r v e  s o m a t ic  d iv is io n .  A lth o u g h  t h e r e  i s  no r e c o r d  of 

c h r o m o s o m a l  n u m b e r s  in  th e  ^ l i t e r a tu r e  fo r  any  m e m b e r  of the  gen u s ,  

c o u n ts  h a v e  b e e n  o b ta in e d  fo r  S p i r o g y r a ,  . D o ra is w a m i  (1946) in  h is  

w o rk  on S p i r o g y r a  c o lu m b ia n a  C z u r d a  n o te d  a  p h e n o m e n o n  a t  both  ends
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of th e  n u c le u s ,  r e f e r r i n g  to th is  f o r m a t io n  a s  a  p o la r  c ap .  Such s t r u c ­

t u r e s  w e r e  o c c a s io n a l ly  s e e n  in  c e l l s  o f S. ro e la n o s p o r u ra .  No su ch  

f o r m a t io n s  w e r e  v ie w e d  in  S. s t i c t i c u m . The Feu lgen  r e a c t io n  ( Je n se n ,  

1 9 6 2 ) to  d e te c t  th e  p r e s e n c e  of DNA w a s  a p p l ie d  to S. m e la n o s p o r u m  

w ith  a  n e g a t iv e  r e s u l t .  . F e t t e r  (1933) f a i l e d  to o b ta in  a  p o s i t iv e  r e a c t i o n  

w ith  th e  F e u lg e n  t r e a t m e n t  o n .S p i r o g y ra .  G o d w ard  (1950) in  w o rk in g  

w i th  S p i r o g y r a  fo u n d  th a t  the  n u c le o l i  c o n ta in  c o i le d  s t r u c t u r e s  r e s e m ­

b ling  c h r o m a t ic  m a t e r i a l .  . S u c h .o b s e r v a t io n s  w e r e  n o te d  in  S. s t i c t i c u m  

an d  S. m e la n o s p o r u m .  T he  s ta in e d  n u c le o l i  a p p e a r e d  to  c o n ta in  a  d e n s e  

g r a n u la r  m a t e r i a l  w h en  v ie w e d  u n d e r  h ig h  m a g n if ic a t io n .

The n e c e s s i t y  fo r  m o r e  c y to g e n e t ic  w o rk  on. S iro g o n iu m  can n o t 

be o v e r - e m p h a s i z e d .  . S ince  p io id y  h a s  b een  r e p o r t e d  in. S p ir  o g y ra  

(A llen, 1958) a n d  i s  p r e s u m e d  to o c c u r  in  o th e r  m e m b e r s  of th e  . 

Z y g n e m a ta c e a e  ( F r i t s c h ,  1935; G odw ard , 1956) c h r o m o s o m a l  s tu d ie s  

a r e  of g r e a t  im p o r t a n c e  in  v a l id a t in g  th i s  a s s u m p t io n .  . A c c o rd in g  to 

G odw ar d (1956), the  p r o b le m  of s p e c ia t io n  w ith in  S p ir  o g y ra  an d  o th e r  

r e l a t e d  g e n e r a  m a y  be  r e s o l v e d  b y . th e  a p p l ic a t io n  of c y to ta x o n o m ic  

c h a r a c t e r s .

.. S ex u a li ty .  . A t t e m p ts  to in d u c e  co n ju g a t io n  in  S. s t ic t ic u m  h a v e  

b een  l a r g e ly  u n s u c c e s s f u l .  . T h o se  c u l t u r e s  show ing a n  a p p r e c ia b le  

n u m b e r  of s ta g e s  of s e x u a l i ty  w e r e  few . C o n ju g a tio n  h a d  a p p a r e n t ly  

begun  in  th e  g ro w th  v e s s e l  r a t h e r  th a n  a s  a  r e s u l t  of m a n ip u la t io n s  by 

th e  p r e s e n t  w r i t e r .
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A  p r i m a r y  p r o b le m  im p e d in g  f u r t h e r  s tudy  of S. s t i c t i c u m  is  

the  in a b i l i ty  to in d u c e  s e x u a l i ty  by m a n ip u la t in g  e n v i ro n m e n ta l  o r  n u t r i ­

t io n a l  f a c t o r s ,  . M ethods  in  ad d i t io n  to th o s e  e m p lo y e d  by A l le n  (1958) 

a n d  R i c k e r t  (1963) on S p i r o g y r a  a r e  a d v o c a te d  in  f u tu r e  s tu d ie s ,  A  

ch an g e  in  th e  n u t r i t io n a l  c o m p o s i t io n  of v a r io u s  m e d ia ,  p a r t i c u l a r l y  a  

lo w e re d  a m o u n t  of n i t ro g e n ,  m a y  in d u c e  s e x u a l  s t a g e s .  T he  a m o u n t  of 

d i s s o lv e d  oxygen  in  th e  w a te r  and  th e  p H  a r e  p o s s ib le  in f lu e n c e s  on 

co n d it io n in g  c o n ju g a t io n  in  n a tu r e ,  « R an d h a w a  (1959), f r o m  f ie ld  o b s e r ­

v a t io n s ,  n o te d  th a t  S, s t i c t i c u m  a t ta in s  i t s  d o m in a n t  v e g e ta t iv e  g ro w th  

a t  a  pH  of 9 a n d  oxygen  c o n c e n t r a t io n  of 0, 9 p p m . H o w ev e r ,  c o n ju g a ­

tio n  only  o c c u r r e d  u n d e r  a  r a n g e  of p H  8 -8 .  5. In a t t e m p t in g  l a b o r a to r y  

e x p e r im e n t s  w ith  pH  a s  a  v a r i a b l e  f a c to r ,  i t  m ig h t  be p o s s ib le  to c o n t r o l  

s e x u a l i ty  in. S. s t i c t i c u m  a t  w il l .

The d e ta i l e d  o b s e r v a t io n s  of m o r e  s ta g e s  of s e x u a l i ty  is  

d e f in i te ly  n e c e s s a r y  b e fo re  c o n c lu s iv e  e v id en c e  can  be p r e s e n t e d  in  

f r e q u e n c y  a n d  d i s t r ib u t io n  of s t e r i l e  c e l l s ,  g a m e t ic  fo r m a t io n ,  an d  

r e p r o d u c t iv e  m o rp h o lo g y .  • One a s p e c t  th a t  n e e d s  m o r e  th o ro u g h  i n v e s ­

t ig a t io n  i s  th a t  of th e  p ro to g y n o u s  s e x u a l  r e s p o n s e .  . I t  i s  p o s s ib le  th a t  

th is  p h e n o m en o n  o c c u r s  m o r e  r e g u l a r l y  th a n  h a s  b e en  n o te d  by th is  

w r i t e r .  W hile  the  i n i t i a l  s ta g e s  o f ,fu s io n  of the  g a m e te s  h a v e  been  

o b s e r v e d ,  th e  u l t im a te  c o m b in a t io n  of th e  two p r o t o p l a s t s  to fo r m  a 

zygo te  h a s  no t  b een  v ie w ed .  . In  S. m e la n o s p o r u m  o n ce  th e  m a le  g a m e te  

h a s  f lo w e d  in to  th e  f e m a le  g a m e ta n g iu m , i t  f o r m s  a  d e n s e  ro u n d e d



s t r u c t u r e , . n e a r l y  id e n t ic a l  to th e  ty p e  f o r m e d  in  the  m a l e  g a m e ta n g iu m  

p r i o r  to the  m o v e m e n t  o f th e  m a l e  gam ete*  . I t  i s  e x c e e d in g ly  doubtful 

th a t  th is  p h e n o m en o n  o c c u r s  in  8. s t ic t icu m *

D ouble  co n ju g a t io n ,  a  p r o c e s s  in .w h ic h  two a d ja c e n t  f e m a le  

g a m e ta n g ia  in  one  f i l a m e n t  c o n ju g a te  w ith  two a d ja c e n t  m a le  g a m e ta n g ia  

i n  a n o th e r  f i l a m e n t ,  h a s  b een  o b s e r v e d  a n d  i l l u s t r a t e d  by T r a n s e a u  

(1951)» O b s e r v a t io n s  of c r o s s  co n ju g a t io n ,  a  s i tu a t io n  in  w h ic h  a d j a ­

c e n t  co n ju g an ts  of o p p o s i te  s e x e s  a r e  fo u n d  in  both  f i l a m e n t s ,  have  been, 

n o te d  by T r a n s e a u  (1951) a n d  R an d h a w a  (1959)= . N e i th e r  of th e s e  ty p e s  

of c o n ju g a t io n  h a s  b een  o b s e r v e d  in  th e  c u r r e n t  in v e s t ig a t io n  of S= 

s t i c t i c u m ; h o w e v e r ,  both  e x a m p le s  h a v e  b een  n o te d  in  m e la n o s p o r u m  

a n d  S= p h a c o s p o ru m  (H oshaw , p e r s o n a l  c o m m u n ic a t io n ) .

Z y g o s p o re  G e rm in a t io n .  . A lth o u g h  th e  r e s u l t s  of the  g e r m i n a ­

t io n  of z y g o s p o r e s  of S. s t i c t i c u m  f r o m  a  n a tu r a l  c o l le c t io n  w e r e  q u ite  

good, m o r e  s tu d y  i s  n e e d e d  on th is  p h a s e  of the  life  c y c le  of th e  a lg a .

No p e r c e n ta g e s  c o m p a r in g  v ia b le  a n d  n o n v ia b le  z y g o s p o r e s  h av e  b een  

o b ta in e d .  . Z y g o s p o re s  f o r m e d  in  c u l tu r e d  m a t e r i a l  s h o u ld  be g e r m i ­

n a te d  an d  c o n t r a s t e d  w ith  th o s e  f r o m  a  f i e ld  c o l le c t io n .  . I t  i s  p o s s ib le  

th a t  th o s e  f o r m e d  in  th e  l a b o r a to r y  w il l  d eve lop  in  a  s l ig h t ly  d i f f e re n t  

m  a n n e r .

. A n o th e r  a r e a  in  w h ic h  a d d i t io n a l  r e s e a r c h  i s  n e e d e d  in v o lv e s  

an  e x p l ic i t  s tu d y  of the  o n togeny  of th e  c h lo r o p la s t s  in  th e  young
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g e rm lin g s , ,  A  s tu d y  of th is  n a t u r e  c o u ld  e n ta i l  a  c o m p a r i s o n  of the  

on togeny  of th e  c h lo r o p la s t s  in  s e v e r a l  s p e c i e s  of S i ro g o n iu m . . If a  

m e th o d  of m a r k in g  th e  c h lo r o p la s t s  of e a c h  g a m e te  c o u ld  be d ev ised ,  

i t  w o u ld  th e n  be p o s s ib le  to d e te r m in e  the  p l a s t i d s  r e s p o n s i b l e  fo r  th e  

r e o r g a n iz a t i o n  of the  c h lo r o p la s t s  in  th e  g e rm lin g . .  A l le n  (1958) s t a t e d  

th a t  th e  c h lo r o p la s t  of th e  f e m a le  g a m e te  r e o r g a n i z e s  in  th e  g e rm l in g ,  

w h ile  th e  p l a s t i d  of th e  m a le  g a m e te  n e a r l y  d i s in t e g r a t e s  in  the  p r o c e s s  

of g a m e t ic  fu s io n .

, W hen th e  b re a k d o w n  of th e  c h lo r o p la s t  of th e  m a le  g a m e te  of 

S p i r o g y r a  o c c u r r e d ,  th e  only  r e m a in in g  m a t e r i a l  a p p e a r e d  a s  o ra n g e  

b o d ie s  of c a r o te n o id  g r a n u le s  (A llen , 1958). . In  S. s t i c t i c u m  o ra n g e  

g r a n u le s  h a v e  b e en  n o te d  in  young g e r m l in g s .  • W hen on ly  one  c e l l  h a s  

e m e r g e d  f r o m  th e  z y g o s p o r e ,  th is  o r a n g e  s t r u c t u r e  i s  c o n c e n t r a t e d  

n e a r  th e  tip  of th e  a p ic a l  c e l l  a n d  u s u a l ly  i s  p a r t i a l l y  a s s o c i a t e d  w ith  

th e  d i s o r g a n iz e d  c h lo r o p la s t .  .A s  th e  g e r m l in g  e lo n g a te s ,  th e  c e l l  . 

d iv id e s  m i to t i c a l ly  an d  a t  th e  2 -  o r  3 - c e l l e d  s tag e ,  th e s e  g r a n u le s  a p p e a r  

m o r e  n u m e r o u s ,  s m a l l e r ,  an d  a r e  lo c a t e d  r a n d o m ly  in  a l l  c e l l s .  . T h e s e  

o ra n g e  o r  c a r o te n o id  s t r u c t u r e s  h a v e  b e e n  o b s e r v e d  in  g e rm li r ig s  of S. 

m e la n o s p o r u m  (D ennis , p e r s o n a l  c o m m u n ic a t io n )  a n d  S. p h a c o s p b ru m  

.(L evinson, p e r s o n a l  c o m m u n ic a t io n )  a s  w e l l  a s  in  S. s t i c t i c u m . S ince
X-

th is  g ra n u le  of so m e w h a t  q u e s t io n a b le  o r ig in  h a s  b een  n o te d  in  S p i r o g y r a  

'(A llen , 1958), i t  m a y  be  a  c h a r a c t e r i s t i c  of the  g e r m l in g s  of



44

s e v e r a l  o r  a l l  m e m b e r s  of the  Z y g n e m a ta c e a e o  • A  d e ta i le d  s tu d y  of 

s e v e r a l  g e n e r a  w ith  r e f e r e n c e  to th i s  s t r u c t u r e  is  p r o p o s e d  to, e lu c i ­

d a te  th e  o c c u r r e n c e  a n d  d is t r ib u t io n ,  of th e s e  g ran u leso



~ . SUMMARY

I .  . C lo n a l  c u l tu r e s  of S iro g o n iu m  s t ic t ic u tn  (E ng l.  Bot« ) 

K u e tz in g  w e r e  e s t a b l i s h e d  an d  m a in ta in e d  in. F ir ings h e l m 's  s o i l - w a te r  

m e d iu m  f r o m  a  c o l le c t io n  s u p p l ie d  by D r .  G. W». P r e s c o t t .

- 2. V e g e ta t iv e  c e l l s  f r o m  the  c lo n a l  c u l tu r e s  w e r e  e x a m in e d  

c r i t i c a l l y  to o b ta in  m o r p h o lo g ic a l  d a ta .  The in f o r m a t io n  c o m p i le d  f r o m  

th is  s tu d y  w a s  c o m p a r e d  w ith  p r e v io u s ly  c i t e d  m o r p h o lo g ic a l  d a ta .

3. . M ic r o c h e m ic a l  r e a g e n t s  w e r e  a p p l ie d  to S. s t i c t i c u m .  

S ta rc h ,  l ip id  s u b s ta n c e s ,  a n d  p e c t in  w e r e  d e n o ted  in  th e  c e l l s .  . N u c le -  

o p h ilic  s ta in in g  r e v e a l e d  h e t e r o c h r o m a t i n  a s  d iffu se  p a r t i c l e s  th r o u g h ­

out the  n u c le u s .  One or two n u c le o l i  w e r e  p r e s e n t .

4. - S ta g e s  in  s e x u a l  r e p r o d u c t io n  w e r e  o b s e r v e d  an d  r e c o r d e d  

p h o to g ra p h ic a l ly .  D e ta i le d  m o rp h o lo g ic a l  o b s e r v a t io n s  w e r e  m a d e  on 

th e  co n ju g a t in g  f i l a m e n t s  a n d  the  r e s u l t s  w e r e  ta b u la te d .

. 5. - Z y g o s p o re s  w e r e  g e r m in a te d  a n d  the  p r o g r e s s  of th e i r  

d e v e lo p m e n t  w a s  r e c o r d e d .  A t te n t io n  w a s  fo c u s e d  on c h lo r o p la s t i c  

r e o r g a n iz a t io n ,  and  the  d i s t r ib u t io n  of th e  c a r o te n o id  g r a n u le s  in  the  

c e l l s  of th e  young g e r m l in g s .

6 . A r e a s  in  w h ich  m o r e  r e s e a r c h  i s  n e e d e d  a r e  d i s c u s s e d .

• Such  f i e ld s  in c lu d e  the  m a in te n a n c e  of S. s t i c t i c u m  in  d e f in ed  m e d i a
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an d  in  p u r e  c u l tu r e ;  the: e s t a b l i s h m e n t  of new c lo n e s  f r o m  o th e r  c o l l e c ­

t io n s  to v a l id a te  m o rp h o lo g ic a l  a n d  c y to lo g ic a l  data; th e  o b s e r v a t io n s  

of m o r e  s e x u a l  s ta g e s  to be a b le  to p r e d i c t  a  c o n s i s te n t  p a t t e r n  of 

co n juga tion ; an d  th e  u t i l i z a t io n  of m o r e  in te n s iv e  c y to g e n e t ic  t e c h ­

n iq u e s  to o b s e r v e  c h r o m o s o m e s  and  th e i r  b e h a v io r »
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