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In a paper in the Annals of Botany, vol. XXVI., 1912, it 
was suggested that Peranema cvatheoides. D. Don occupied a
position intermediate between the Cyatheaceae and the Aspidieae

¥
group of Polypodiaceae. Various features of the mature plant, 
including those of the vascular system and the sporangium, 
suggested a relationship with the species of Nephrodium and 
especially with Filijc-mas. Rich. Developmental stages of the 
sorus and sporangium have since been studied in material grown 
in the Glasgow Botanic Garden and kindly forwarded to me by 
Professor F. 0. Bower, F.R.8. Fresh spores were sent from 
India through the kindness of the Director of the Calcutta 
Botanic Garden and young plants were reared from them by Mr.
L. B. Stewart, Plant Propagator in the Royal Botanic Garden, 
Edinburgh. In the Edinburgh Garden there are now half-a-dozen 
strong and healthy plants of Peranema. I tender my thanks to 
the gentlemen to whose courtesy this result is due.

DEVELOPMENT OF THE SORUS.
From the earliest stages available it appears that the 

sorus is very soon after its appearance covered almost complete­
ly by the indusium (fig. 1). This indusium is composed, in the 
main, of a single series of cells, though near the highest point 
of its curve and near its tip there are two cell-layers. It 
forms a scale attached at one side along a semi-circular line 
to the under surface of the leaf and bent over the top of the 
receptacle. At one point the receptacle is, for a width of three 
cells, uncovered by the indusium. Below this point are one or 
two cells continuous with the series forming the epidermis of 
the leaf and with walls thickened like those of the cells of the 
indusium (fig.l). This suggests the presence of a small second 
flap./



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

i n  t h e s e  a  d i s t i n c t  s m a l l  s e c o n d  f l a p  o r  edge  o f  a  cup i s

p r e s e n t  ( f i g s .  2 a n d  3 ) .  I n  f i g .  3 t h e  f u r t h e r  c u r v i n g  o v e r tifthe
I

m a in  i n d u s i a l  f l a p  i s  shown.  T h i s  i s  s t i l l  m ore  a c c e n t u a t e d  i n  

f i g s .  4 a n a  5 ,  w h e re  t h e  commencement o f  a n  e x t e n s i o n  o f  t h e  

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

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

( f i g .  6 ) .  When t h e  r e c e p t a c l e  g row s  o u t  f u r t h e r  a s  t h e  n a r r o w  

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

v e r y  m a r k e d .  I t  i s  t h e n  c u r v e d  b a c k  on one  s i d e ,  u n t i l  t h e  

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

t o  t h e  s u r f a c e  o f  t h e  l e a f  ( f i g .  7 ) .  The e a r l i e s t  i n d i c a t i o n s  

o f  t h i s  r e c u r v i n g  a t  t h e  s i d e  a r e  s e e n  i n  f i g s .  4 an d  5 .

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

a  m e re  k n o b ,  s e e n  on t h e  l e f t  s i d e  o f  f i g .  7 ,  a t  t h e  t o p  o f  t h e  

s t a l k .  The e x t r e m e  t i p  o f  t h e  i n d u s i u m  i s  b e n t  i n ,  ( f i g .  7) 

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

w h i c h  a p p e a r s  on t h e  s u r f a c e  o f  t h e  s o r u s  as" an  e l o n g a t e d  p o r e .  

T h i s  s l i t  m a rk s  t h e  edge  o f  t h e  ’’cup"  f o r m i n g  t h e  i n d u s i u m .

I n  a  t r a n s v e r s e  o r  o b l i q u e  s e c t i o n  o f  t h e  m a t u r e  s o r u s  t h e  two 

e d g e s  o f  t h e  ,fc u p ’' may be  s e e n  ( c f .  f i g .  18 an d  Ann. o f  B o t .

X X V I , ' p i .  XXIX, f i g .  1 5 ) .

. T h e se  s e c t i o n s  t h r o u g h  t h e  s o r u s  show t h a t  t h e  i n d u s i u m  

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

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

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

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

d e r  o f  t h e  i n d u s i u m  c u r v e  i n  t o  fo r m  a  por6.
The r e c e p t a c l e ,  a t  f i r s t  o n l y  s l i g h t l y  r a i s e d  a b o v e  t h e  

s u r f a c e  o f  t h e  l e a f  ( f i g .  1) becom es  p u s h e d  o u t  on t h e  s i d e  a t  

f i r s t  u n c o v e r e d  b y  t h e  i n d u s i u m  ( f i g s .  2 an d  4) a n d  may r e m a i n  

e x p o s e d /
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e x p o s e d  u n t i l  s p o r a n g i a  a p p e a r  ( f i g .  2 ) .  I n  some s o r i  t h e  i n d u s i u m  

c o v e r s  t h e  r e c e p t a c l e  e n t i r e l y ,  e v e n  "befo re  t h e  s p o r a n g i a  a r e  f u l l y  

d e f i n e d  ( f i g .  3 ) .

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

on ( f i g s .  3 ,  4 a n d  6 ) ,  t h e  c e n t r a l  p a r t  b e i n g  c o n t i n u o u s  w i t h  t h e

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

The s i d e  o f  t h e  i n d u s i u m  i n  f i g s .  4 and. b up  a l m o s t  t o  t h e  " k i n k "  

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

s t a l k  ( t h e  p o r t i o n  up t o  t h e  s h a r p  b e n d  b e l o w  t h e  s t a r t  o f  t h e  i n d u s i a l

f l a p  i n  f i g .  7 ) .  The n um ber  o f  c e l l s  f r o m  s i a e  t o  s i a e  a c r o s s  t h e  b a s e  

o f  t h e  s o r u s  i n  f i g .  5 i s  e x a c t l y  t h e  same a s  t h e  number a c r o s s  t h e

s t a l k  o f  t h e  m a t u r e  s o r u s  i n  f i g .  7 ,  w h i l e  t h e  number o f  c e l l s  f r o m
\

a  t o  b i n  f i g .  5 c o r r e s p o n d s  e x a c t l y  w i t h  t h e  num ber  f r o m  a  t o  b i n  

f i g .  7 .  (A c o u n t i n g  o f  t h e  num ber  o f  c e l l s  i n  l e n g t h  and w i d t h  o f  

t h e  s t a l k  o f  t h e  s o r u s  f i g u r e d  i n  f i g .  13 Ann. o f  B o t . XXVI, p i .  XXIX 

g i v e s  p r e c i s e l y  t h e  same r e s u l t s .  As t h i s  s o r u s  was c u t  f r o m  

a n o t h e r  p l a n t  a n d  t h e  f i g u r e  was made l o n g  b e f o r e  t h e  m a t e r i a l  w h ich  

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

t o  o b s e r v e  how c l o s e l y  t h e  s o r i  a d h e r e  t o  one t y p e  o f  c o n s t r u c t i o n .  

C o m p a r i s o n  o f  H e r b a r i u m  s p e c i m e n s  c o l l e c t e d  a t  w ide  i n t e r v a l s  o f  

t i m e  shows how c o n s t a n t l y  t h e  s o r i  preserve t h e  same s i n e  a n d  f o r m . )

The e l o n g a t e d  c o n d i t i o n  o f  t h e  c e l l s  o f  t h e  s t a l k  i n  f i g .  7 s u g g e s t s  

what a  c o m p a r i s o n  o f  f i g s .  4 ,  6 a n d  7 makes  o b v i o u s ,  t h a t ,  t o  p r o d u c e  

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

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

i n  t h e  young  s o r u s  a r e  c o n t i n u o u s  w i t h  t h e  i n d u s i u m .  A p p a r e n t l y  

e e l l - d i v i s i o u s  go on i n  t h e  s u p e r f i c i a l  l a y e r s  o f  t h e  young  sorus 
u n t i l  s p o r a n g i a  a r e  i n i t i a t e a  on t h e  r e c e p t a c l e .  Then a  l e n g t h e n i n g  

o f  t h e  i n d i v i d u a l  c e l l s  o f  r e c e p t a c l e  an d  s u p e r f i c i a l  l a y e r s  produces 
t h e  s t a l k  o f  t h e  m a t u r e  sorus.

The r e c e p t a c l e  i n  t h e  y o u n g e s t  s t a g e s  ex am in ed  h a s  i n  t a n g e n t i a l  

s e c t i o n /



s e c t i o n  t h e  o u t l i n e  o f  a n  h o u r - g l a s s  ( f i g .  s ) .  I n  m e d i a n  s e c t i o n  

i t  i s  shown c u r v e d  a t  i t s  t i p  t o w a r d s  t h e  edge  o f  t h e  l e a f  ( f i g .  l ) .

I t  w i d e n s  a t  i t s  a p e x  a s  i t  g ro w s  o l d e r  ( f i g .  3 ) ;  i t s  l o w e r  p o r t i o n  

b e c o m e s  c o n s t r i c t e d ,  i t s  a p e x  b r o a d l y  d o m e - s h a p e d  ( f i g s .  5 a n a  6 ) .  The 

b r o a d  d o m e -s h a p e  i s  f o u n d  i n  t h e  f u l l y  d e v e l o p e d  s o r u s  ( f i g .  7 ) .

I n  e v e n  t h e  y o u n g e s t  l e a v e s  w h i c h  b e a r  s p o r a n g i a ,  t h e  v a s c u l a r  t i s s u e  

i n  t h e  v e i n s  i s  d e f i n e d .  The you n g  s o r u s  i s  a l w a y s  p r o d u c e d  b e l o w  

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

t h e  s o r u s .

I n  t h e  e a r l i e s t  s t a g e s  no t r a c h e i d a l  t i s s u e  i s  p r e s e n t  i n  t h e  

u p p e r  p o r t i o n  o f  t h e  r e c e p t a c l e  o r  i n  t h e  s t a l k  ( f i g s .  1 ,  2 ,  4 a n d  6 ) ,  

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

o f  t h e  s t a l k ,  become v e r y  much e l o n g a t e d  and a r e  n a r r o w  e v e n  i n  a 
f a i r l y  y o ung  s o r u s  ( f i g .  6 ) .  When t h e  s t a l k  r e a c h e s  i t s  f u l l  l e n g t h ,  

t h e  c e l l s  o f  i t s  c e n t r a l  r e g i o n  a r e  more  o r  l e s s  i n  p r o c e s s  o f  c h a n g e  

i n t o  t r a c h e i d e s ;  t r a c h e i d e s  a r e  a t  t h e  same t i m e  defined in the 
r e c e p t a c l e  p r o p e l ’ . I n  t h e  m a t u r e  s o r u s  t h e  t r a c h e i d a l  s y s t e m  r u n s  

a s  a  n a r r o w  s t r i p  up  t h r o u g h  t h e  s t a l k  o f  t h e  s o r u s  an d  e n d s  a s  a  f a n  

b e l o w  t h e  a p e x  o f  t h e  w id e  r e c e p t a c l e .  T h r o u g h  t h e  b a s e  o f  t h e  

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

t r a c h e i d e s  i n  t h e  v a s c u l a r  s t r a n d  o f  t h e  v e i n  up o n  w h ic h  t h e  s o r u s  

i s  i n s e r t e d  ( c f .  A n n a l s  o f  b o t a n y  XXVI, f i g .  1 3 ) .

S p o r a n g i a  a p p e a r  upon  t h e  r e c e p t a c l e  a s  so o n  a s  i t  b e g i n s  t o  

l e n g t h e n  ( f i g .  2 ) .  The f i r s t  s p o r a n g i u m  o c c u r s  i n  v a r y i n g  p o s i t i o n s  

on t h e  s u r f a c e  -  s o m e t im e s  n e a r  t h e  j u n c t i o n  o f  t h e  l a r g e  i n c m s i a l  

f l a p  w i t h  t h e  r e c e p t a c l e  ( f i g .  3 ) ;  s o m e t im e s  n e a r  t h e  edge  o f  t h e  

r e d u c e d  f l a p  ( f i g .  2 ) ;  s o m e t im e s  midway b e t w e e n  t h e s e  p o s i t i o n s  ( f i g . 4 )

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

c l o s e  t o  i t  ( f i g .  4 ) .  Two s p o r a n g i a  o f  a p p r o x i m a t e l y  t h e  same age  

s o m e t im e s  o c c u p y  p o s i t i o n s  n e a r  t h e  a p e x  o f  t h e  r e c e p t a c l e ,  w h i l e  o t h e r s  

v e r y  s l i g h t l y  y o u n g e r ,  a p p e a r  n e a r e r  t o  i t s  m a r g i n s  ( f i g .  b ) .

A c o m p a r i s o n  o f  t h e  c o n d i t i o n  shown i n  f i g .  5 w i t h  t h a t  i n  f i g , 7 

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

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

t h e  s e q u e n c e  i s  i n  t h e  m a in  b a s i p e t a l  h u t  t h a t  t h e  s p o r a n g i a  succeed ,  

one a n o t h e r  r a p i d l y .

I n  t i g .  7 t h e  y o u n g e s t  s p o r a n g i a  f i g u r e d  a r e  a t  t h e  a p e x  o f  t h e  

r e c e p t a c l e ,  among t h e  s t a l k s  o f  t h e  o l d e s t .  T h i s  m ix e d  c o n d i t i o n  o f  

t h e  m a t u r e  s o r u s  was f i g u r e d  i n  Ann. o f  h o t .  XXVI p i .  XXIX, f i g s .  1 3 ,  

1 4 ,  and 1 5 .  The s u g g e s t i o n  made i n  t h e  e a r l i e r  p a p e r  ( i b i d .  p .  2 5 4 )  

t h a t  t h e  s o r u s  i s  o f  a  m ix e d  t y p e  upon  a G r a d a t e  r e c e p t a c l e  i s  c o n ­

f i r m e d  b y  t h e  d e t a i l s  shown i n  f i g s .  5 a n d  7 .  The s e q u e n c e  o f  

s p o r a n g i a  shown i n  t h e s e  f i g s .  p r o v e s  t h a t  t h e  s u c c e s s i o n  o f  t h e  

e a r l i e s t  s p o r a n g i a  i s  e s s e n t i a l l y  b a s i p e t a l .

DEVELOPMEIIT OF THE SPORANGIUM.

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

f i g u r e d  i n  f i g s .  9 ,  1 0 ,  11 an d  1 2 .  The c e l l  w h i c h  b e co m e s  a  

s p o r a n g i u m  i s  o f t e n  w e d g e - s h a p e d  ( f i g .  9 ) .  The f i r s t  v / a l l  may be  

t r a n s v e r s e  ( f i g s .  9 and  1 0 )  o r  o b l i q u e  ( f i g s . 11 a n d  1 2 ) .  The o b l i q u e

v / a l l  more  f r e q u e n t l y  o c c u r s ,  t o  j u d g e  b y  t h e  c o n d i t i o n  o f  v a r i o u s
.

l a t e r  s t a g e s  ( f i g s .  15 and 1 6 ) .  P i g .  14 s u g g e s t s  a  l a t e r  c o n d i t i o n  

o f  t h e  t y p e  shown i n  f i g .  9 .  V/here t h e  f i r s t  w a l l  i s  t r a n s v e r s e  t h e  

one  w h ic h  i m m e d i a t e l y  s u c c e e d s  i t  i s  o b l i q u e  ( f i g s .  13 anc  1 4 ) .  And 

t h i s  s e c o n d  o b l i q u e  w a l l  commonly m e e t s  t h e  f i r s t  a t  i t s  j u n c t i o n  w i t h  

t h e  l a t e r a l  v / a l l  ( f i g s .  13 and  1 4 ) .  Where t h e  f i r s t  v / a l l  i s  o b l i q u e ,  

i t  may m ee t  t h e  l a t e r a l  v / a l l  a t  i t s  j u n c t i o n  w i t h  one o f  t h e  w a l l s  

f o r m i n g  t h e  w e d g e - s h a p e d  b a s e  o f  t h e  c e l l  ( f i g s .  15 a n d  1 6 ) ;  i t  may 

m e e t  t h e  l a t e r a l  w a l l  a b o u t  h a l f - w a y  down i t s  l e n g t h  ( f i g .  1 2 ) ,  o r  i t  

may m ee t  one o f  t h e  b a s a l  w a l l s  ( f i g .  1 1 ) .  A w a l l  n e x t  c u t s  t h e  

o b l i q u e  w a l l  a t  r i g h t  a n g l e s  ( f i g .  1 5 )  and t h a t  w h ic h  s u c c e e d s  t h i s  i s

p a r a l l e l  t o  t h e  f i r s t  o b l i q u e  w a l l  ( f i g .  1 6 ) .  I n  f i g .  17 i s  shown

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

s t a l k  a r e  d e f i n i t e l y  d e l i m i t e d .  The l a t e r  s t a g e s  i n  t h e  d e v e lo p m e n t  

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

d e s c r i b e d  ( i o c .  c i t . , p .  254 ) . T h e /



The mature sporangium is long-stalked and has an oblique 
annulus, the cells of which are continuous past the stalk 
(loc. cit. pi. XXIX, figs. 16 and 19).

Ve can now consider how these features of the sorus and 
sporangium affect the systematic position already assigned 
(loc. cit. pp. 264, 265) to Peranema.

The character of the vascular system and the structure of 
the mature sorus and sporangium led to the conclusion that 
Peranema occupied a position intermediate between the 
Cyatheaceae and the Aspidieae group of Polypodiaceae. A basal 
indusium of cup-type is characteristic of the Cyatheaceae 
(Bower, *99, p. 52). In Peranema the cup is "developed un­
equally on its two sides and contracted at its rim, which is 
turned inwards" (Davie, *12, p. 253). The early stages show 
that it is of the Cyathea-type, with a part of one side of the 
cup lagging behind the rest of the indusium (cf. above, pp. 1,
2, and 3). The stalk is apparently a late growth, due to an 
elongation of certain cells of the receptacle and superficial 
layers. The sorus with its basal cup-indusium is certainly 
of Cyatheaceous type. The form of the receptacle - widely 
dome-shaped at maturity - recalls that found among the Gradatae 
(Bower, Land Flora, p. 635). The first sporangia arise at the 
apex of the receptacle; the subsequent sporangia follow in 
basipetal sequence. But the mature sorus is a mixed one.
This shows a step in advance of the Cyatheaceae. The sporangium 
develops in the manner of one of the Gradatae (loc. cit. p. 638). 
The wedge-shaped base and the oblique first wall correspond to 
similar features in the sporangia of Thyrsonteris and Alsonhila 
(loc. cit. pp. 590, 603). The early segmentations in the 
sporangia in figs. 14, 15 and 16 are of the Cyatheaceous type. 
Those/
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T h o se  f o u n d  i n  f i g s .  11 a n d  12 a r e  a p p a r e n t l y  a l s o  t o  h e  f o u n d  

i n  some s p e c i e s  c f  ITephrodium ( K u n d i g ,  ) .  The e CJo r l y

d i v i s i o n s  shown i n  f i g s .  10 a n d  13 r e s e m b l e  t h o s e  i n  t h e  P o l y -  

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

P e r a n e m a ,  w i t h  i t s  l o n g  s t a l k  an d  a l m o s t  v e r t i c a l  a n n u l u s  h e a r s  

some r e s e m b l a n c e .  Thus  some s p o r a n g i a  f i g u r e d  r e s e m b l e  t h o s e  

o f  t h e  C y a t h e a c e a e ,  o t h e r s  t h o s e  o f  t h e  P o l y p o d i a c e a e . And a s  

a  w h o le  t h e  s p o r a n g i u m  o f  P e r a n e m a  i s  i n t e r m e d i a t e  b e t w e e n  t h o s e  

c h a r a c t e r i s t i c  o f  t h e  C y a t h e a c e a e  a n d  t h o s e  f o u n d  i n  t h e  P o l y ­

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

c h a r a c t e r s .  We h a v e  t h e n  to  s e t  a g a i n s t  a  d i s t i n c t l y  I T e p h r o d i o i d  

v a s c u l a r  s y s t e m ,  m ix e d  s o r u s ,  an d  " a s p i d i o i d "  s p o r e s  ( D a v i e  ’ 12 ,  

p p .  2 5 5 ,  264)  a  C y a t h e a c e o u s  i n d u s i u m  an d  e a r l y  s p o r a n g i a l  

s e g m e n t a t i o n ,  a  G r a d a t e  r e c e p t a c l e  an d  e a r l y  s p o r a n g i a l  s e q u e n c e  

an d  s p o r e - n u m b e r  ( l o c .  c i t .  p .  2 5 4 ) .  We c o n c l u d e  t h a t  Peranema 
i s  a  f e r n  d e s c e n d e d  f r o m  a  C y a t h e a c e o u s  l i n e  a n d  somewhat a d v a n c e d  

on t h e  m a in  C y a t h e a c e o u s  t y p e  t o w a r d s  a  " k e p h r o d i o i d "  t y p e .

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

t i o n s ,  i n  t h e  l i g h t  w h i c h  i t  t h r o w s  up o n  t h e  s o r u s  o f  Hephrodium. * 
I f  t h e  w h o le  o f  one  s i d e  o f  t h e  cup o f  t h e  C y a t h e a c e o u s  s o r u s  

w e r e  to  b e  s u p p r e s s e d ,  an d  t h e  o t h e r  s i d e  much d e v e l o p e d  so a s  

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

I n  Pe ranem a.  we h a v e  i n  t h e  e a r l y  s o r u s  a  p a r t i a l  s u p p r e s s i o n  o f  

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

r e m a i n d e r  o f  t h e  i n d u s i u m .  I f  we f o r  t h e  moment n e g l e c t  t h e  

presence o f  t h e  s t a l k ,  we h a v e  i n  t h e  e a r l y  P e r a n e m a  s o r u s  t h e  

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

t h a t  o f  N e p h ro d iu m .  The e x t e n s i o n  o f  t h e  s o r u s  o f  P e ra n e m a  

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

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

I n /
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I n  w e l l - d e v e l o p e d ,  s o r i  t h e  s p o r a n g i a  a r e  a c t u a l l y  p r o d u c e d  a l l  r o u n d  

t h e  s t a l k  ( c f .  f i g .  1 8 ) .  E v e n  i n  t h e  o r d i n a r y  s o r u s  t h e r e  i s  a 

t e n d e n c y  t o  e x t e n d  t h e  r e c e p t a c l e  u p w a r d s  t o w a r d s  t h e  l e a f - s u r f a c e  

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

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

s u r f a c e  o f  t h e  l e a f ) ,  w h i l e  t h e  i n d u s i u m  b eco m es  v e r y  much s t r e t c h e d  

o u t  o v e r  t h i s  e x t e n s i o n .  The s e c t i o n  f i g u r e d  i n  f i g .  18 was c u t  

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

s o r u s ,  an d  i t  shows how t h e  l a r g e  " f l a p "  o f  t h e  i n d u s i u m  becom es  

e x t e n d e d  on t h e  s i d e  o f  t h e  s t a l k  f r o m  w h ic h  i t  a r o s e  an d  p u s h e a  some 

d i s t a n c e  a l o n g  t h e  s t a l k  a s  two n a r r o w  p o u c h e s .  I n  t h e  s o r i o f  

ITephr o a ium a n d  P o l y s t i c h u m  t h e  r e c e p t a c l e  i s  p r e s e n t  r o u n d  t h e  s t a l k  

a n d ,  i n  ITephr o d i u m , f o r m s  two p o u c h e s  on one s i d e  o f  i t  -  m ak in g  the 
l o b e s  o f  t h e  " k i d n e y " .  I n  P e r a n e m a , h o w e v e r , t h e  r e c e p t a c l e  i s  

a l w a y s  a b o v e  t h e  i n d u s i u m ;  i n  l i e p h r o d iu m  and  Polystichtan i t  comes t o  

b e  b e l o w .

A p p a r e i i t l y  t h e r e  a r o s e  i n  t h e  s o r u s  o f  P e ra n e m a  a  n e e d  f o r  s p a c e  

i n  w h i c h  t o  d e v e l o p  more  s p o r a n g i a .  I n s t e a d  o f  t h e  r e c e p t a c l e  b e i n g  

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

a t t a c h e d . ,  r e c e p t a c l e  a n d  i n d u s i u m  w ere  s h o t  o u t  b eyond  t h e  s u r f a c e ,  w e l l  

b e l o w  w h ic h  t h e  f u r t h e r  e l a b o r a t i o n  t o o k  p l a c e .  T h e re  s u c h  e x t e n s i o n s  

a n d  i n v o l u t i o n s  a s  a r e  f i g u r e d  f o r  one s o r u s . i n  f i g .  18  h a d  ample  room 

t o  d e v e l o p .  To c o n c l u d e  t h e  c o m p a r i s o n ,  t h i s  p a r a l l e l  b e tw e e i .  t h e  

oondition i n  t h e  m a t u r e  s o r u s  o f  P e ran em a  a n d  t h a t  i n  a  m a t u r e  s o r u s  

o f  I l e p h ro d iu m  h e l p s  t o  s t r e n g t h e n  t h e  v ie w  t h a t  P e ran em a  o c c u p i e s  

a n  i n t e r m e d i a t e  p o s i t i o n  b e t w e e n  t h e  C y a t h e a c e a e  a n d  t h e  A s p i d i e a e  

g r o u p  o f  P o l y p o d i a c e a e  ( w h i c h  i n c l u d e s  t h e  g e n u s  lie oh r  o a i u m ).
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THE PROTHALLUS.

S c h l u m b e r g e r  ( ’ 11) .has  d e s c r i b e d - t h e  p r o t h a l l i  o f  D l a c a l p e  

a s p  1 d i o i d e s , 1 1 * ,  W o o d s ia  o b t u s a , T o r r e y ,  a n d  W. i l v e n s i s . B r .

On t h e  p r o t h a l l u s  o f  J D iaca lp e  he  f o u n d  m u l t i  c e l l u l a r  h a i r s ,  m a i n l y  

.on t h e  r e g i o n  o f  t h e  c u s h i o n .  T h e s e  s o m e t im e s  h a d  g l a n d u l a r  

h e a d s ,  l e s s  f r e q u e n t l y  w e r e  d e v o i d  o f  th e m .  S i m i l a r  h a i r s  w e r e  

f o u n d  on t h e  p r o t h a l l i  o f  W oods ia  ob t u s a ,  w h i l e  on t h e  p r o t h a l l u s  

° f  Woodsia.  i  1 v e n s i s  g l a n d u l a r  h a i r s ,  u s u a l l y  on a  o n e -  o r  tw o-  

c e l l e d  s t a l k ,  w e r e  p r e s e n t .

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

C y a t h e a c e a e  (He im ,  ’9 6 ) .  Thus  t h e  p r o t h a l l u s  o f  D i a c a l p e  r e ­

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

p r o t h a l l u s  shows a  movement f ro m  s u c h  a n  a f f i n i t y  t o w a r d s  t h e  

F c 1 yp o d i  ac  e a e  *

On t h e  p r o t h a l l u s  o f  P e r a n e m a  g l a n d u l a r  h a i r s  a r e  p r e s e n t ,  

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

t h e  c u s h i o n  a r e  l a r g e r  t h a n  t h o s e  on t h e  w i n g s ;  b o t h  t y p e s  a r e  

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

f i g u r e d  b y  S c h l u m b e r g e r  f o r  t h e  p r o t h a l l i  o f  JD iac a lp e  a n d  W o o d s i a . 

Many o f  t h e  h a i r s  on t h e  c u s h i o n  a r e  •-.laced u p o n  s l i g h t l y  r a i s e d  

s u p e r f i c i a l  c e l l s  ( f i g .  19) an d  r e s e m b l e  t h e  e x am p le  f i g u r e d  b y  

S c h l u m b e r g e r  f r o m  Woods i a  i l v e n s i s  ( l o c .  c i t .  f i g .  1 .  9 ) .  At t h e  

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

h a i r s  w h i c h  a r e  p r e s e n t  on t h e  p r o t h a l l i  o f  H e p h r o a i um F i l i x -mas 

(Kny, ’9 5 ,  Taf*  XCV11 and  C . ) .

From t h e  s t r u c t u r e  o f  t h e  a n t h e r i d i a  on t h e  p r o t h a l l i  d e s c r i b e d  

b y  h im ,  S c h l u m b e r g e r  was  a b l e  t o  fo r m  s e r i e s  l i n k i n g  t h e  

C y a t h e a c e a e  w i t h  t h e  P o l y p o d i a c e a e  ( c f . JBauJke, ’ 7 6 ) .  JD iaca lpe  h a s  

a  d i v i d e d  l i d - c e l l  i n  i t s  a n t h e r i d i u m ;  W o o d s ia  o b tu sa ,  h a s  a  

d i v i d e d  l i d - c e l l  o f  two u n e q u a l l y - s i z e d  p a r t s ;  W o o d s ia  i l v e n s i s  

h a s  an  u n d i v i d e d  l i d - c e l l .  • I n  t h e  l a s t  s p e c i e s  t h e  r u p t u r e  c f  

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

j u s t /



just as in the other two.
. Heim {’96) distinguished between the more primitive families 

of Cyatheaceae, Hymenophyllaceae, etc., and the Poli^podiaceae 
on the method of rupture of the antheridium. In the former.the
lid-cell was discharged; in the latter it was broken through
(loc. cit. pp. 356, 369).

Schlumberger points out that in Woodsia ilvensis the remains 
of the cuticle which covers the lid-cell persist as a fringe round 
the neck of the antheridium after the lid-cell has been discharged 
The resemblance to the ruptured antheridium of the Polypodiaceae 
is then so close as to destroy the value of the antheridial 
dehiscenee-method as a differential criterion (Schlumberger ’11, 
p. 396). In Peranema the lid-cell of the antheridium is 
generally undivided and is discharged at the maturity cf the 
antheridium, which then presents exactly the appearance of the 
i#i^#ridium, of Woodsia ilvensis. figured by Schlumberger (loc. 
cit. figs. 7 and 8). Only one antnenaium
divided lid-cell (fig. 2 0 ), though many were examined in the
youngest, semi-mature and mature stages. This feature of one 
antheridium, l W B S B W 8 B | ^ ^ ^ ^ ^ | ^ y ^ ^ ^ ^ ^ o m ^ o f t h e g l a n -  
dular hairs, mentioned above, shows that Peranema retains a 
suggestion of the Cyatheaceous type in its prothallus, which on 
the whole approaches even more closely than that of Woodsia 
ilvensis to the type of the Polypodiaceae.

Among the three closely related genera within the Woodsieae- 
Woodsiinae group, to which Peranema undoubtedly belongs, the 
sequence now appears to be Woodsia - JDiacalpe - Peranema. Woodsia 
has a Gradate sorus, and prothallial features which relate it to 
the Cyatheaceae; Diacalpe has a mixed sorus, with a basal 
Indusium, and an unmistakable Cyatheoid prothallus, which give it 
an intermediate position; Peranema has a mixed sorus with a 
modified/



modified basal indusium and a Dephrodioid prothallus, which 
place it near to the Aspidieae. Already in the features of the 

1 sori and prothalli of Woodsia and Diacalpe we have had indications 
of a line pointing towards the Polypodiaceae, but clearly origi­
nating in the Cyatheaceae. The extraordinary similarity of the 
vascular systems of Peranema and Diacalpe and Nephrodium Filix- 
ma's has laid the end of that line in the Aspidieae; the details 
in the description of the mature sporangia of Diacalpe and 
Peranema have confirmed the theory founded on the vascular system 
(Davie *12, p. 264). And now in the account of the development 
of the sorus and sporangium of Peranema we have evidence which 
strengthens this view.

Peranema is not itself a link between the Cyatheaceae and 
the Polypodiaceae. But features in its development, taken in 
conjunction with features of Woodsia and Diacalpe, suggest that 
the process of evolution has moved through types likp the 
Cyatheaceae to types like those found in the Aspidieae group of 
Polypodiaceae. The account given above of the sorus, sporangium 
and prothallus of Peranema permits us with confidence, to assert 
that the phyletic iine already traced by Professor Bower from 
the Gleicheniaceae through the Cyatheaceae (Bower *12) has 
proceeded through the Woodsieae-Woodeiinae group to the-';.,
Aspideae group of the Polypodiaceae. Further stages along this

kline nrobably moved from Neohrodium (of whose sorus, we now/ IN'
1 ' s \ s vpossess an interpretation) through Aspidium and Poliystichum bp 

Polypodium.



SUMMARY.

The s o r u s  o f  P e r anema c y a t h e o j . d e s , I). Don,  a r i s e s  s u p e r ­

f i c i a l l y  on t h e  u n d e r  s i d e  o f  t h e  l e a f ;  " i t  h a s  a  "basa l  

i n d u s i u m ,  o f  e j j p - t y p e ,  w i t h  one p o r t i o n  o f  t h e  c u p  s u p p r e s s e c  

i n  d e v e l o p m e n t  a n d  t h e  o t h e r  o v e r a r c h i n g  t h e  r e c e p t a c l e  a n d  

"becoming c o n t r a c t e d  a t  i t s  r i m ;  t h e  r e c e p t a c l e  i s  o f  t h e  

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

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

c o n t i n u o u s  w i t h  t h e  i n d u s i u m .

The e a r l y  s p o r a n g i a  a r i s e  i n  " b a s i p e t a l  s e q u e n c e ;  t h e  m a t u r e  

s o r u s  i s  a  m ix e d  o n e .

The s p o r a n g i u m  i n  i t s  e a r l y  s e g m e n t a t i o n  s o m e t i m e s  f o l l o w s  

t h e  C y a t h e a c e o u s  t y p e ,  s o m e t im e s  t h e  t y p e  o f  t h e  P o l y p o d i a c e a e .

The p r o t h a l l u s  "bears  g l a n d u l a r  h a i r s ,  s o m e t i m e s  s l i g h t l y  

r a i s e d  a b o v e  t h e  l e v e l  o f  t h e  s u r f a c e  up o n  u n i c e l l u l a r  "bases ;  

t h e  a n t h e r i d i u m  h a s  "been f o u n d  i n  e v e r y  c a s e  b u t  one  t o  h a v e  

a n  u n d i v i d e d  l i d - c e i l .

On a  g e n e r a l  c o m p a r i s o n  o f  t h e  f e a t u r e s  o f  P e ra n e m a  an o . t h e  

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

P o l y p o d i a c e a e ,  a  g r o u p i n g  W oods ia  -  D i a c a l p e  -  P e ra n e m a  i s  

s u g g e s t e d .  W oods ia  comes n e a r e s t  t o  t h e  C y a t h e a c e a e ,  P e r  anemia 

t o  t h e  P o l y p o d . i a c e a e .

The m a t u r e  s o r u s  o f  P e ra n e m a  i s  h e l d  t o  b e  r e l a t e d  t o  t h a t  

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

t o  t h e  A s p i d i e a e  g r o u p  o f  P o l y p o d i a c e a e .



DESCRIPTION OF PLATES.

F i g u r e s  1 ,  8 ,  9 ,  1 0 ,  1 3 ,  14 ,  15 ,  1 6 ,  17 h a v e  b e e n  d ra w n  w i t h  
/

t h e  a i d  c f  a n  Abbe c a m e r a  l u c i d a .

■ F i g u r e s  2 ,  3 ,  4 ,  5 ,  6 ,  7 ,  1 1 ,  1 2 ,  18 ,  19 ,  20 h a v e  b e e n  d raw n  

w i t h  t h e  a i d  c f  a  L e i t z  d r a w i n g  a p p a r a t u s .

F i g .  1 .  V e r t i c a l  s e c t i o n  t h r o u g h  a  v e r y  y o u n g  s o r u s  o f
P e r a n e m a  c y a t h e o i a e s , L .  L o n ,  s h o w i n g  one  l a r g e  i n d u s i a l  
f l a p  a l m o s t  c o m p l e t e l y  c o v e r i n g  t h e  r e c e p t a c l e .  ho 
s p o r a n g i a  h a v e  b e e n  d e v e l o p e d  on t h e  r e c e p t a c l e .  At 
t h e  r i g h t  s i d e  t h e r e  a r e  one  o r  two c e i l s  w i t h  t h i c k e n e d  
c e l l - w a l l s ,  r e p r e s e n t i n g  t h e  l a g g a r d  p o r t i o n  o f  t h e  
i n d u s i u m .  X 4 5 0 .

F i g .  2 .  V e r t i c a l  s e c t i o n  t h r o u g h  a  s l i g h t l y  o l d e r  s o r u s .
The r e c e p t a c l e  h a s  become e x t e n d e d  t h r o u g h  t h e  gap 
b e t w e e n  t h e  p o r t i o n s  o f  t h e  i n d u s i u m .  The l a g g a r d  
p o r t i o n  o f  t h e  i n d u s i u m  i s  now d i s t i n c t ,  a n d  t h e  w h o le  
i n d u s i u m  shows a  c u p - s h a p e .  One s p o r a n g i u m  i 3  
i n i t i a t e d  n e a r  t h e  l o w e r  m a r g i n  o f  t h e  r e c e p t a c l e .
X 1 5 0 .

F i g .  3 .  V e r t i c a l  s e c t i o n  t h r o u g h  a  y o ung  s o r u s  s h o w i n g  t h e
m o d i f i e d  c u p - s h a p e  o f  t h e  i n d u s i u m .  One p o r t i o n  o f  t h e  
i n d u s i u m  c o m p l e t e l y  o v e r l a p s  t h e  r e c e p t a c l e .  A 
s p o r a n g i u m  i s  j u s t  i n i t i a t e d  n e a r  t h e  j u n c t i o n  o f  t h e  
r e c e p t a c l e  a n a  t h e  l a r g e  i n d u s i a l  f l a p .  X 1 5 0 .

F i g .  4 .  V e r t i c a l  s e c t i o n  t h r o u g h  an  o l d e r  s o r u s ,  s h o w i n g
t h e  " k i n k "  a t  t h e  h i g h e s t  p o i n t  o f  t h e  l a r g e  i n d u s i a l
f l a p .  One s p o r a n g i u m  o c c u p i e s  t h e  c e n t r e  o f  t h e  
r e c e p t a c l e ,  w h i l e  a  s l i g h t l y  y o u n g e r  one  i s  i n i t i a t e d  
n e x t  t o  i t .  X 1 5 0 .

F i g .  5 .  V e r t i c a l  s e c t i o n  t h r o u g h  a n  o l d e r  s o r u s ,  s h o w in g
t h e  e x t e n s i o n  o f  t h e  l a r g e  i n d u s i a l  f l a p  o v e r  t h e  
r e c e p t a c l e ,  w h i c h  i s  now w i d e l y  d o m e - s h a p e d .  Two 
s p o r a n g i a  o f  a p p r o x i m a t e l y  e q u a l  a g e  o c c u p y  t h e  
summit  o f  t h e  r e c e p t a c l e ;  y o u n g e r  s p o r a n g i a  o c c u r  
n e a r e r  i t s  e d g e s .  X 150 .

F i g .  6 .  . V e r t i c a l  s e c t i o n  t h r o u g h  a n  o l d e r  s o r u s ,  sh o w in g
t h e  e x t e n s i o n  o f  t h e  r e c e p t a c l e  a n d  t h e  c e l l s  c o n t i n u o u s  
w i t h  t h o s e  o f  t h e  i n d u s i u m ,  f o r m i n g  t h e  s t a r t  o f  t h e  
’’s t a l k ” o f  t h e  s o r u s .  The c e l l s  a t  t h e  b a s e  o f  t h e  
r e c e p t a c l e ,  i n  t h e  d e v e l o p i n g  s t a l k ,  a r e  c o n s i d e r a b l y  
e l o n g a t e d  a n d  n a r r o w ,  b u t  no t r a c h e i d e s  a r e  a t  t h i s  
s t a g e  p r e s e n t  i n  t h e  s o r u s .  One s p o r a n g i u m  i s  s e e n  
a t  t h e  summit  o f  t h e  r e c e p t a c l e .  X 1 5 0 .

F i g .  7 .  V e r t i c a l  s e c t i o n  t h r o u g h  a  s e m i - m a t u r e  s o r u s ,  sh o w in g
t h e  " s t a l k ” f u l l y  d e v e l o p e d .  The m a in  i n d u s i a l  f l a p  
now c o m p le te ly "  c o v e r s  t h e  w i d e  r e c e p t a c l e  a n d  i s  
i n c u r v e d  a t  i t s  t i p .  The s m a l l  knob, o p p o s i t e  t o  t h i s  
i n c u r v e d  t i p  r e p r e s e n t s  t h e  r e m a i n s  o f  t h e  l a g g a r d  
p o r t i o n  o f  t h e  i n d u s i u m .  The ”k i n k ” shown i n  f i g u r e s  
4 a n d  5 h a s  d e v e l o p e d  a s  t h e  s e r i e s  o f  c e l l s  on t h e  
r i g h t  o f  t h e  s o r u s  a n d  now e x t e n d s  a l m o s t  a t  r i g h t  
a n g l e s  t o  t h e  " s t a l k ” . The y o u n g e s t  s p o r a n g i a  o c c u r  
among t h e  s t a l k s  o f  t h e  o l a e s t  a t  t h e  sum m it  o f  t h e  r e ­
c e p t a c l e ;  q u i t e  young  S p o r a n g i a  a p p e a r  a t  i t s  m a r g i n s .  
The s e q u e n c e  o f  s p o r a n g i a  i s  t h u s  a t  f i r s t  b a s i p e t a l ,  
a n a  l a t e r  m i x e d .  X 65 .
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8 .*  T a n g e n t i a l  s e c t i o n  t h r o u g h  a  v e r y  you n g  s o r u s ,  
s h o w i n g  t h e  r e c e p t a c l e  a n d  m a n y - l a y e r e d  i n d u s i u m .
X 4 5 0 . '

9 .  A y o u n g  s p o r a n g i u m ,  s h o w i n g  a  w e d g e - s h a p e d  c a s e .
The f i r s t  d i v i s i o n - w a l l  i s  t r a n s v e r s e .  X 450 .

1 0 .  A n o t h e r  fo rm  o f  y o u n g  s p o r a n g i u m ,  w i t h  a  t r a n s v e r s e  
f i r s t  d i v i s i o n - w a l l . X 4 5 0 .

1 1 .  A y o u n g  s p o r a n g i u m ,  w i t h  w e d g e - s h a p e d  ha.se a n d  
o h l i a u e  f i r s t  d i v i s i o n - w a l l .  X 6 6 0 .

1 2 .  Two y o u n g  s p o r a n g i a ,  w i t h  o b l i q u e  f i r s t  d i v i s i o n -  
w a l l  s  m e e t i n g  t h e  l a t e r a l  w a l l s  o f  t h e  s p o r a n g i a .
X 6 6 0 .

1 3 .  A y o u n g  s p o r a n g i u m ,  o f  t h e  t y p e  shown i n  f i g .  10 ,  
w i t h  t h e  s e c o n d  d i v i s i o n - w a l l  o b l i q u e  a n d  m e e t i n g  t h e  
f i r s t  t r a n s v e r s e  d i v i s i o n - w a l l  a t  i t s  j u n c t i o n  w i t h  
one  o f  t h e  l a t e r a l  w a l l s .  X 4 5 0 .

1 4 .  A y o u n g  s p o r a n g i u m  o f  t h e  t y p e  shown i n  f i g .  9 ,
w i t h  a n  o b l i q u e  d i v i s i o n - w a l l  s u e c e e d i n g  t h e  f i r s t  
t r a n s v e r s e  d i v i s i o n - w a l l .  X 4 5 0 .  ,

1 5 .  A y o ung  s p o r a n g i u m ,  o f  t h e  t y p e  shown i n  f i g .  12 ,  
w i t h  an  o b l i q u e  s e c o n d  d i v i s i o n - w a l l  m e e t i n g  t h e  
f i r s t  d i v i s i o n - w a l l .  X 4 5 0 .

1 6 .  An o l d e r  s p o r a n g i u m ,  o f  t h e  t y p e  shown i n  f i g .  15 ,  
w i t h  t h e  c o v e r i n g  c e l l  o f  t h e  c a p s u l e  d e f i n e d  a n d  an  
o b l i q u e  o h i r d  d i v i s i o n - w a l l  m e e t i n g  t h e  s e c o n d  w a l l  
a n d  p a r a l l e l  t o  t h e  f i r s t .  X 4 5 0 .

1 7 .  A spo ran g iu m ,  w i t h  t h e  s t a l k  a n d  t h e  c e n t r a l  c e l l  
d e f i n e d .  X 450

1 8 .  T r a n s v e r s e  s e c t i o n  a c r o s s  a  m a t u r e  s o r u s  j u s t  a b o v e
t h e  j u n c t i o n  o f  t h e  s t a l k  a n d  t h e  s p o r a n g i u m - b e a r i n g  
p o r t i o n .  The l i p s  o f  t h e  l a r g e  i n d u s i a l  f l a p  a r e  
shown on t h e  u p p e r  s i d e  o f  t h e  f i g u r e .  On t h e  l o w e r
s i d e ,  i n  t h e  r i g h t - h a n d  c o r n e r ,  i s  one  o f  t h e  p o c k e t -  
e x t e n s i o n s  o f  t h e  i n d u s i u m ,  c o v e r i n g  s e v e r a l  s p o r a n g i a .  
I n  t h e  l e f t - h a n d  c o r n e r  i s  t h e  u p p e r  p a r t  o f  a  s i m i l a r  
p o c k e t ,  w h i c h  e x t e n d s  f u r t h e r  down t h e  s t a l k  t h a n  t h e  
r i g h t - h a n d  p o c k e t .  X 3 5 .

1 9 .  U n i c e l l u l a r  g l a n d u l a r  h a i r  f r o m  t h e  c u s h i o n  o f  t h e  
p r o t h a l l u s .  I t  i s  s i t u a t e d  upon  a  s i n g l e  s u p e r f i c i a l  
c e l l ,  t h e  w a l l  o f  w h i c h  i s  r a i s e d  s l i g h t l y  a b o v e  t h e  
g e n e r a l  l e v e l  o f  t h e  s u r f a c e  o f  t h e  p r o t h a l l u s .  X 6 6 0 .

2 0 .  V e r t i c a l  s e c t i o n  t h r o u g h  an a n t h e r i d i u m ,  s h o w i n g  
a  d i v i d e d  l i d - c e l l ,  a n d  c o n t a i n i n g  s e v e r a l  c o i l e d  
s p e r m a t o z o i d s . X 6 6 0 .
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