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P r e f a c e

A n c ie n t  p l a n t  a a r e  r a r e l y  recovered ,  a s  com ple te  e n t i t i e s  

and. th e  d i s c o v e r y  o f  a l l  o f  th e  p a r t s  n e c e s s a r y  t o - g iv e  a  com­

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

i s  r a r e l y  a c c o m p lish e d ;  t h e r e f o r e  i t  i s  n e c e s s a r y  to  d e a l  w i th  

t h e  a v a i l a b l e  p l a n t  p a r t s  a s  o rg an  g e n e ra  and s p e c i e s .  The 

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

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

o f  each  p l a n t ;  i t s  c o r r e l a t i o n  w i th  a l l i e d  fo rm s and t h e  u t i l i z a ­

t i o n  o f  t h i s  i n f o r m a t io n  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  ph y lo g en y  

and e v o l u t i o n  o f  b o t h  a n c i e n t  and modern p l a n t s .

The f o l l o w i n g  i n v e s t i g a t i o n s  and d i s c u s s i o n s  o f  some 

o f  th e  p rob lem s i n h e r e n t  i n  th e  s tu d y  o f  P a l e o z o i c  p l a n t s  a re  

b a s e d  on spec im ens  w hich w ere c o l l e c t e d  from  t h e  Iv iid d le -w es te rn  

U n i te d  S t a t e s  by P r o f e s s o r  Jo h n  II. H o sk in s  and th e  a u t h o r  

o v e r  a  p e r i o d  o f  s e v e r a l  y e a r s  and now housed  a t  th e  U n i v e r s i t y  

o f  C i n c i n n a t i .  S in c e  1939 we have c o l l a b o r a t e d  i n  a s tu d y  

o f  c e r t a i n  o f  t h e s e  sp ec im en s  a s  ev id e n c e d  by 5 p a p e r s  and 

7 a b s t r a c t s  p u b l i s h e d ,  and t h e  p r e s e n t a t i o n  o f  8 p a p e r s  b e f o r e  

s c i e n t i f i c  s o c i e t i e s .  I t  i s  a lm o s t  im p o s s ib le  i n  th e  p r e s e n t  

r e p o r t ,  w i th o u t  s a c r i f i c i n g  c o n t i n u i t y ,  t o  d e l i m i t  t h e  s e c t i o n s
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w hich a r e  t i ie  r e s u l t  o f  ou r  c o l l a b o r a t i o n s ,  from  th o s e  w hich 

have b een  f o r m u l a t e d  e n t i r e l y  by m y s e l f .  As -unpublished  p o r t i o n s  

o f  t h i s  p a p e r  and a d d i t i o n a l  p a r t s  which a r e  a s  y e t  in c o m p le te  

w i l l  e v e n t u a l l y  be p u b l i s h e d  u n d e r  j o i n t  a u t h o r s h i p ,  i t  seems 

a d v i s a b l e  t o  a c c e p t  j o i n t  r e s p o n s i b i l i t y  f o r  a l l  new s p e c i e s  

o r  c o m b in a t io n s  h e r e i n  p r o p o s e d .

I t  h a s  seemed d e s i r a b l e  to  t r e a t  g e n e r a l  c o n s i d e r a t i o n s  

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

a s  s e p a r a t e  p a r t s .  T h is  o r g a n i z a t i o n  r e q u i r e s  s e p a r a t e  con­

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

o f  t h e  p a p e r  a s  a  w ho le .

A. T . C ross
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Part I

G e n e ra l  C o n s id e r a t io n s  

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

Rounded or i r r e g u l a r l y  sh ap ed  c o n c r e t i o n s  a r e  found i n  

many c o a l  b e d s .  In  B r i t a i n  and  A m erica t h e y  a r e  u s u a l l y  

c a l l e d  " c o a l - b a l l s "  w hereas  i n  Germany and o th e r  C e n t r a l  

E uropean  c o u n t r i e s  t h e y  a r e  r e f e r r e d  t o  a s  " T o r f d o lo m i te n " ,

” T o r f k a l k s t e i n e " , 11 T o r f s p h a e r o s i d e r i t e " , e t c .  These con ­

c r e t i o n a r y  m asses  r a n g e  i n  s i z e  from a b o u t  o n e - h a l f  c e n t im e te r  

t o  s e v e r a l  m e te r s  in  d i a m e te r .  £hey a r e  o f t e n  found  twinged 

o r  i n  a  c h a i n - l i k e  s e r i e s  in  s i t u  i n  t h e  c o a l  seam or oc­

c a s i o n a l l y  i n  t h e  o v e r ly i n g  s h a l e s .  U s u a l ly ,  how evor, th o  

c o n c r e t i o n s  in  th e  f i r e - c l a y s  an d  s h a l e s  be low  and above t h e  

c o a l  a r e  o f  a d i f f e r e n t  s o r t ;  t h e y  may be a )  e p i g e n e t i c ,

i . e . ,  t h e y  w ere  d e v e lo p e d  in  t h e  s e d im e n ts  a f t e r  th e y  w ere 

d e p o s i t e d ,  a s  i s  shown by t h e  t r a n s g r e s s i o n  o f  t h e  b e d d in g  

p la n e s  o r  lam in ae  o f  t h e  e n c l o s i n g  se d im e n ts  th ro u g h  them; 

o r  b) s y n g e n e t i c  ( o f t e n  d i a g e n e t i c a l l y  a l t e r e d  s u b s e q u e n t l y ) ,  

w h ich  d e v e lo p ed  by c o n c e n t r i c  a c c r e t i o n ^ d u r i n g  s e d im e n ta t io n ^  

a b o u t  a n u c l e u s .  The n u c le u s  may be e i t h e r  an  o rg a n ic  f rag m e n t
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such  a s  a l e a f ,  seed  o r  s h e l l ,  as  i s  t h e  c a s e  in  t h e  w ell-know n 

i r o n s t o n e  c o n c r e t io n s  from  I.iazon C reek , I l l i n o i s ,  or an i n ­

o rg a n ic  body such  as  a p ie c e  o f  r o c k  or a m in e r a l  c r y s t a l .  C oa l-  

b a l l s  a r e  d i s t r i b u t e d  w i th o u t  much o rd e r  th ro u g h  t h e  seam o f  

c o a l  and  in  t h e  r o o f  s h a l e s .  They n o rm a l ly  o ccu r  i n  l e n s e s  or 

p o c k e ts  and  a r e  c o m p le te ly  s u r ro u n d e d  by c o a l .  '^he l a y e r  o f  

d a rk  s h in y  c o a l ,  c a l l e d  " g l a n c e - c o a l "  w hich im m e d ia te ly  s u r ­

ro u n d s  t h e  n o d u le  may be s p l i t  c l e a n l y  away from th e  f o s s i l  

p l a n t  mass b u t  t h e  exposed  s u r f a c e s  n o rm a l ly  do n o t  g iv e  any  

c lu e  as  t o  t h e  c o n t e n t s .

Coal b a l l s  c o n s i s t  o f  dark -b row n  to  y e l lo w -b ro w n ,  more 

or l e s s  s o l i d  m asses  o f  d o lo m it- ized ,  c a l c i f i e d  or s i l i c i f i e d  

p l a n t  r e m a in s .  S i d e r i t i c  c o a l  b a l l s  a r e  l e s s  common th a n  

c a l c a r e o u s  c o a l  b a l l s .  V ary in g  q u a n t i t i e s  o f  i r o n  s u l f u r ,  

aluminum, manganese and o th e r  ch em ica ls  a r e  p r e s e n t  i n  t h e  

forms o f  i n o r g a n i c  com poinds. ih e  c o a l  b a l l s  w hich  show t h e  

b e s t  p r e s e r v a t i o n  o f  t h e  p l a n t  m a t e r i a l  a r e  t h o s e  w hich  a r e  

m ost n e a r l y  p u re  c a lc iu m  c a r b o n a te  o r  s i l i c o n  o x id e .  Most 

o f  t h e  c o a l  b a l l s  known from  d e p o s i t s  in  A m erica a r c  c a l c i f i e d  

w hereas  t h e  s i l i c i f i e d  n o d u le s  a r e  e q u a l ly  common i n  E urope .

Those w hich  c o n t a i n  a  h ig h  p e r c e n ta g e  of i m p u r i t i e s  such  as  

v a r io u s  i r o n  s u lp h id e s  o r  i r o n  o x id e  o f t e n  show l i t t l e  

s t r u c t u r e  in  t h e  c o n ta in e d  p l a n t  f r a g m e n ts .
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. Coal b a l l s  w ere form ed in  p o s i t i o n  and  a r e  r e a l l y  con­

c r e t i o n a r y  f o rm a t io n s  o f  p e a t ,  p r o o f  o f  t h i s  i n  s i t u  fo rm a t io n  

i s  e v id e n t  f ro m  t h e  numerous r e c o r d s  w here  s i n g l e  l a r g e  stem s 

o r  s t i g m a r i a n  r o o t l e t s  have been found  e x te n d in g  th ro u g h  a 

u n i l a t e r a l  s e r i e s  o r  c h a in  o f  c o a l  b a l l s  s t i l l  in. p o s i t i o n  i n  

th e  c o a l .  That c o a l  b a l l s  m ust have form ed in  t h e  p e a t  s t a g e  

i s  b o rn e  o u t  by t h e  f a c t  t h a t  t h e  n o d u le s  a r e  sometimes con ­

s i d e r a b l y  l a r g e r  th a n  th e  t h i c k n e s s  o f  t h e  e n t i r e  c o a l  seam.

In  a l l  c a s e s  t h e  c o a l  a p p e a r s  t o  be com pressed  a s  has a c t u a l l y  

b een  t h e  c a s e ,  t o  l e s s  th a n  o n e - f o u r t h  i t s  o r i g i n a l  v e r t i c a l  

d im e n s io n .  The l a y e r s  o f  c o a l  a r e  domed over t h e  c o a l  b a l l s  

and  s lo p e  away from  them in  a l l  d i r e c t i o n s .  1he l a c k  o f  

d i s t o r t i o n  o r  c o m p re ss io n  o f  th e  n o d u le  w ould seem t o  i n d i c a t e  

t h a t  t h e  p r o c e s s e s  o f  f o s s i l i z a t i o n  o f  t h e  m asses o f  p l a n t  

a g g r e g a te s  had  been  c o m p le te d  v e r y  e a r l y  i n  t h e  h i s t o r y  o f  t h e  

d e p o s i t .  F u r th e rm o re ,  c o a l  b a l l s  m ust have  been  fo rm ed  b e f o r e  

t h e  p l a n t  o rg an s  had s u f f e r e d  an y  c o n s id e r s .b le  d e s t r u c t i o n  by  

d e c o m p o s i t io n  and  c o m p re ss io n  w hich  c o u ld  o n ly  be in  th e  

e a r l i e r  s t a g e s  o f  p e a t  f o r m a t io n .  O ften  even th e  m ost d e l i c a t e  

p l a n t  o rg a n s  can be r e c o g n i z e d ,  th o u g h  some a r e  i n  a p o o re r  

s t a t e  o f  p r e s e r v a t i o n  th a n  o t h e r s .

D i s t o r t i o n  or d e s t r u c t i o n  o f  t h e  t i s s u e s  i s  o f t e n  found 

when t h e r e  i s  c o n s id e r a b le  a c c u m u la t io n  o f  an i r o n  s u l f i d e ,
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e i t h e r  i n  t h e  form o f  m r c a s i t e  o r  i r o n  p y r i t e .  In  t h e s e  c a s e s ,  

i t  seems t h a t  t h e  c a r b o n iz e d  c e l l - w a l l  has  a c t e d  a s  t h e  l o c u s  

f o r  t h e  a c c u m u la t iv e  g row th  o f  t h e  p y r i t e  i n t o  a c r y s t a l l i n e  

a g g r e g a t e .  The s u b s e q u e n t  g row th  i s  th e n  to w ard  t h e  c e n t e r  o f  

t h e  c e l l  o r  i n t o  t h e  i n t e r c e l l u l a r  s p a c e s .  I t  i s  o n ly  w i th  

s e c o n d a ry  p y r i t i z a t i o n  ( i . e .  r e c r y s t a l l i z a t i o n  o f  t h e  p y r i t e )  

t h a t  th e  c e l l  w a l l s  a r e  c r o s s e d  and th u s  d e s t r o y e d  o r  d i s t o r t e d .  

D uring  p r im a r y  p y r i t i z a t i o n  t h e  p y r i t e  r e p l a c e s  t h e  c r y s t a l s  

o f  c a lc iu m  c a r b o n a te  i n  t h e  c a l c i f i e d  c o a l  b a l l s .  C a l c i f i c a t i o n ,  

d o l o m i t i z a t i o n  and  s i l i c i f i c a t i o n  do n o t  d e s t r o y  t h e  t i s s u e s .  

A c t u a l l y  t h e  p l a n t  c e l l  w a l l s  h ave  n o t  been  r e p l a c e d  by m i n e r a l s  

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

b u t  com plex o r g a n ic  compounds. P o l l e n ,  s p o re s  and r e s i n

g lo b u le s  a r e  t h e  b e s t  p r e s e r v e d  o f  a l l  s t r u c t u r e s  fo u n d  i n  c o a l  

d e p o s i t s .  F a t t y  o r  waxy t i s s u e s  such  a s  horn ;/ s e e d  c o a t s  and  

o u t i c u l a  a r e  a l s o  u s u a l l y  w e l l  p r e s e r v e d .

The p l a n t  rem a in s  e n c lo s e d  i n  a  c o a l  b a l l  may be  seen

e i t h e r  1) by  s p l i t t i n g  t h e  c o a l  b a l l s  in  a p la n e  o f  f r a c t u r e ,

w h ich  i s  u s u a l l y  p a r a l l e l  t o  t h e  s h o r t  a x i s ,  2) by  o b s e r v a t i o n  

o f  a c u t  and  p o l i s h e d  s u r f a c e ,  3) by  t h e  p r e p a r a t i o n  o f  t h i n  

s e c t i o n s ,  4) by  u se  o f  t h e  p e e l  m ethod , or 5) by m a c e r a t i o n  

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

T hese t e c h n iq u e s  w i l l  be  d i s c u s s e d  s u b s e q u e n t ly .
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Coal b a l l s  w ere  fo u n d  in  l ing land  a s  e a r l y  as  1841. Coal 

f i e l d s  o f  H o l la n d ,  Belg ium , F r a n c e ,  Germany, C z e c h o s lo v a k ia ,  

and  t h e  Donetz b a s i n  i n  R u s s ia  have  y i e l d e d  e x t e n s i v e  c o l l e c t i o n s  

In  t h e  U n i te d  S t a t e s  t h e y  w ere  f i r s t  fo u n d  in  I l l i n o i s  by Dr.

G. H. Cady who t r a n s m i t t e d  them t o  P r o f e s s o r  A. C. Noe f o r  s tu d y  

(S c h o p f ,  1 9 4 1 ) .  S in c e  t h a t  t im e  th e y  have  been  found in  Iowa, 

K an sas ,  T exas, I n d i a n a ,  w e s te r n  K en tucky ,  West V i r g i n i a ,  and 

r e c e n t l y  one h a s  been  fo u n d  in  t h e  g l a c i a l  d r i f t  i n  s o u th w e s te rn  

Ohio, p r o b a b ly  fro m  t h e  e a s t e r n  K en tucky  c o a l  f i e l d s .  Schopf 

(1941) has  g iv e n  a r a t h e r  com ple te  a c c o u n t  o f  t h e  o c c u r r e n c e  

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

d e p o s i t s .  (See a l s o  P l a t e  13, p a r t  I I I ) .

P r e p a r a t i o n  o f  t h e  m a t e r i a l  f o r  s tu d y

The s u c c e s s  o f  t h e  s t u d y  o f  f o s s i l s  depends t o  a  c o n s id e r a b l  

e x t e n t  on t h e  p r e s e r v a t i o n  o f  c o l l e c t i o n s  from  o x i d a t i o n  and t h e  

p r o p e r  p r e p a r a t i o n  o f  them  f o r  s t u d y .  Many t e c h n iq u e s  have  been  

w orked o u t  i n  v a r io u s  p a l e o b o t a n i c a l  l a b o r a t o r i e s  th r o u g h o u t  t h e  

w o r ld ,  b u t  o f t e n t im e s  t h e y  rem a in  u n p u b l i s h e d  u n t i l  l a t e r  w o rk e rs  

have  d i s c o v e r e d  them  i n d e p e n d e n t l y .  The t e c h n iq u e s  w h ich  we 

em ployed a r e  e i t h e r  e s s e n t i a l l y  u n m o d i f ie d ,  s t a n d a r d  p ro c e d u re s  

o r  embody im p o r t a n t  im provem ents  o r  t h e y  a r e  e n t i r e l y  new. A 

b r i e f  o u t l i n e  o f  t h e s e  w i l l  s u f f i c e .
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I t  i s  o f t e n  a d v i s a b l e  t o  p r e p a r e  c a s t s  and molds t o  

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

i t  i s  found  n e c e s s a r y  t o  s e c t i o n  t h e  spec im ens  f o r  p r o p e r  s tu d y .  

A i r - d r y i n g ,  l i q u i d  r u b b e r  w h ich  h as  r e c e n t l y  been d ev e lo p ed  

may be a p p l i e d  t o  a  specim en  a s  p a i n t .  A f t e r  a d e s i r a b l e  t h i c k ­

n e s s  has  been  o b ta in e d  by s u c c e s s iv e  c o a t s  o f  r u b b e r ,  a  b a c k in g  

o f  c h e e s e c l o t h  may be embedded i n  an a d d i t i o n a l  c o a t  o f  r u b b e r ,  

t h u s  g iv i n g  g r e a t e r  r i g i d i t y  t o  th e  m old , and  e n a b l in g  i t  t o  

h o ld  i t s  sh ap e  p e rm a n e n t ly .  '-The ru b b e r  mold may th e n  be r e ­

moved by  l i f t i n g  a c o r n e r  and s t r i p p i n g  i t  o f f .  This  mold 

p r e s e i 'v e s  even t h e  m ost m in u te  d e t a i l s  o f  t h e  s u r f a c e  con­

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

d e f i n i t e l y .  I t  i s  o f t e n  a d v i s a b l e  t o  make a p l a s t e r  c a s t  o f  

t h e  b ack  o f  t h e  r u b b e r  mold i n  w hich  i t  may b e  p l a c e d  to  

f a c i l i t a t e  making p o s i t i v e  c a s t s  l a t e r .

The r u b b e r  mold m us t be  dampened j u s t  b e f o r e  p o u r in g  t h e  

p l a s t e r  i n t o  i t  i n  o r d e r  t h a t  t h e  p l a s t e r  w i l l  n o t  be  w i th ­

h e l d  by a i r  b u b b le s  from  t h e  m in u te  markings upon t h e  s u r f a c e .

In dam pening t h e  m old, i t  s h o u ld  be f i r s t  d ip p ed  in  w a te r  and 

th e n  a l l  th e  f r e e  w a te r  sh o u ld  be  removed by a g e n t l e  s t r e a m  

o f  a i r .  A f i n e  g ra d e  o f  p l a s t e r  s h o u ld  be  used  e s p e c i a l l y  i f  

t h e  spec im en  shows im p o r ta n t  s u r f a c e  o rn a m e n ta t io n .  The r a t e  

o f  s e t t i n g  o f  t h e  p l a s t e r  may be s low ed  ( f o r  d e t a i l e d  work) 

by t h e  u s e  o f  i c e  c o ld  w a te r  and  even f u r t h e r  by t h e  u se  o f
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s a l t  w a te r .  Hot w a te r  w i l l  h a s t e n  t h e  t im e  o f  s e t t i n g ,  which 

i s  o f t e n  u s e f u l  i n  p r e p a r a t i o n  o f  l a r g e  a n d /o r  t h r e e  d im e n s io n a l  

c a s t s .  ^um a r a b i c  o r  g lu e  d i s s o l v e d  o r  su spended  in  w a te r  may­

be added  t o  t h e  w e t  p l a s t e r  t o  make t h e  r e s u l t i n g  c a s t  s t r o n g e r .  

W ater s o l u b l e  p a i n t s  o f  t h e  d e s i r e d  c o l o r ,  i . e . ,  t h e  one most 

n e a r l y  s i m u l a t i n g  t h e  m a t r i x ,  may be suspended  i n  t h e  w a te r  b e ­

f o r e  m ix in g  i t  w i t h  t h e  p l a s t e r .  -L'he p l a s t e r ,  when p o u re d ,  

sh o u ld  have t h e  c o n s i s t e n c y  o f  m o la s s e s ,  i . e . ,  i t  sh o u ld  be 

t h i c k  b u t  n o t  s t i f f .

A method o f  e n l a r g i n g  c a s t s  o f  specim ens b e a r i n g  d e f i n i t e  

s u r f a c e  c o n f i g u r a t i o n s  o r  p o s s e s s in g  a  d e f i n i t e  shape  h as  beer- 

worked o u t  by s e v e r a l  p a l e o n t o l o g i s t s .  The r u b b e r  m olds o f  

t h e  o r i g i n a l  specim en a r e  made in  t h e  same way a s  th o s e  a l ­

r e a d y  d e s c r ib e d  e x c e p t  t h a t  t h e  c h e e s e c l o t h  b a c k in g  m ust be 

o m i t t e d .  The molds a r e  th e n  p la c e d  i n  k e ro s e n e  and a l lo w ed  

t o  rem a in  u n t i l  t h e y  have  expanded t o  a b o u t  one and a h a l f  

t im es  t h e i r  o r i g i n a l  s i z e .  The mold i s  th e n  c a r e f u l l y  l i f t e d  

o u t ,  t h e  e x c e ss  k e ro s e n e  i s  t a k e n  up w i th  a  b l o t t e r ,  and  i t  i s  

p la c e d  in  a sand  m old. This sand  b ack in g  i s  a lm o s t  n e c e s s a r y ,  

f o r  t h e  r u b b e r  has  l o s t  much o f  i t s  t e n s i l e  s t r e n g t h  and  w ould 

b r e a k  down u nder  th e  w e ig h t  o f  t h e  p l a s t e r  i f  u n s u p p o r te d .  A 

p i a s t e r  c a s t  i s  th e n  made in  t h i s  e n la rg e d  r u b b e r  m old . Fromi .  O

t h i s  e n la rg e m e n t  a n o t h e r  r u b b e r  mold may be made. The s t e p  

may be r e p e a t e d  s e v e r a l  t i m e s .  E xpansion  i s  q u i t e  u n i fo rm
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t h r o u g h o u t  t h e  r u b b e r  so t h a t  d i s t o r t i o n  i n  t h e  e n la rg e m e n ts  

i s  a lm o s t  n o n - e x i s t e n t .  I f  t h e  f i r s t  mold i s  t a k e n  from a  

p l a s t e r  c a s t  w h ich  has  been  c o l o r e d  a s  d e s c r ib e d  ab o v e ,  p a r t  

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

s t e p s  o f  e n la rg e m e n t .

F r i a b l e  o r  w et im p re s s io n s  o r  c a s t s  o f  f o s s i l s  may be p r e ­

s e rv e d  i n  t h e  f i e l d ,  in  s e v e r a l  w ays .  Rubber m olds may be made 

o f  l a r g e  c a s t s  o r  m a t e r i a l  w h ich  may n o t  be  moved e i t h e r  be­

c au se  o f  s i z e  o r  c o n d i t i o n .  S m a l le r  specim ens may be  c o m p le te ly  

embedded i n  Duco Cement t o  h o ld  them  t o g e t h e r .  This may be  d i s ­

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

f o r  s t u d y .  C o l lo d io n  and  c e l l u l o s e  a c e t a t e  may be  u sed  to  

g r e a t  a d v a n ta g e  i n  embedding d ry  m a t e r i a l  w h ich  i s  v e ry  f r i a b l e .  

N i t r o - c e l l u l o s e  s o l u t i o n  o r  c e l l u l o s e  a c e t a t e  may be c h e a p ly  

and a d e q u a t e l y  made by s u b s t i t u t i n g  movie f i l m  f o r  g u n c o t to n  

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

be rem oved from  t h e  f i l m  w i th  h o t  w a te r  b e f o r e  d i s s o l v i n g  i t  i n  

amyl a c e t a t e .  A s u p e r s a t u r a t e d  s o l u t i o n  o f  gum s a n d a ra c  i n  

a l c o h o l  may be  u s e d  t o  p r e s e r v e  t h e  m a t e r i a l  e i t h e r  w e t o r  d ry .  

This i s  t h e  b e s t  p r e s e r v a t i v e  we have  found f o r  a l l  a ro u n d  use 

and i t  has t h e  a d v a n ta g e s  o f  b e in g  s im p le  t o  p r e p a r e  and i n ­

e x p e n s iv e .  I t  d r i e s  on t h e  spec im en  i n t o  a  c l e a r  s h in y  f i l m  

t h a t  i s  im p e rv io u s  t o  m ost a c i d  fum es, -water and  d u s t .  I t  

does n o t  s h r i n k  n o r  become m i lk y  when p u t  on a  w e t  specim en
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a s  does c e l l u l o s e  a c e t a t e .

P h o to g ra p h in g  o r i g i n a l  sp ec im en s  i s  som etim es d i f f i c u l t  

due t o  s u r f a c e  m a rk in g s  o r  m i n e r a l  d i s c o l o r a t i o n .  I f  t h e  

ru b b e r  mold o f  t h e  o r i g i n a l  spec im en  i s  shaded  u n i fo rm ly  

w h i t e  by th e  p r e c i p i t a t e  o f  t h e  d en se  fumes g iv e n  o f f  when 

ammonium c h l o r i d e  i s  h e a t e d  i n  an ammonium c h l o r i d e  t u b e ,  a 

p i c t u r e  may be made o f  t h e  mold and  t h e s e  d i f f i c u l t i e s  a r e  

overcom e. I t  i s  b e s t  t o  o v e rex p o se  and  u n d e rd e v e lo p  b o th  t h e  

n e g a t i v e  and t h e  p r i n t s ,  f o r  such  a p ro c e d u re  i n c r e a s e s  t h e  

shadow and c o n t r a s t .  O ften  n e g a t i v e s  w i l l  become c o v e re d  w i th  

f in g e rm a rk s  due t o  c a r e l e s s  o r  e x c e s s i v e  h a n d l in g .  vie have 

been  a b l e  t o  remove t h e s e  in  m ost i n s t a n c e s  from  e i t h e r  s u r ­

f a c e  by w ash in g  t h e  f i l m  in  c o l d  w a te r  f o r  f i v e  t o  t e n  m in u te s ,  

t r a n s f e r r i n g  i t  t o  a  w et g l a s s  p l a t e  or f e r r o t y p e  b o a rd ,  and 

w ip in g  i t  f i r m l y  w i t h  a w e l l - s o a k e d  cham ois s k i n .

C u t t in g  and  g r i n d i n g  spec im ens  may be done i n  a number 

o f  w ays. Cine m ethod  r e c e n t l y  im proved  upon in  our l a b o r a t o r i e s  

i n  o r d e r  t o  o b t a in  some s p e c i a l  s e c t i o n s  i s  t h e  u se  o f  a f i n e  

w i r e  and some a b r a s i v e  (Carborundum  or* A l o x i t e )  pow der. A 

b o a rd  has  been f i t t e d  t o  a  v i s e  i n  t h e  f o l l o w in g  manner ( F ig .  1 , 

p i .  I ) : h o le s  w ere  b o re d  i n t o  i t  t o  c o r r e l a t e  w i t h  th e  p o s i t i o n  

o f  t h e  s h a f t  o f  an  o r d i n a r y  com m ercia l v i s e ,  t h e  v i s e  i s  t h e n  

t a k e n  a p a r t  an d  t h e  b o a rd  i n s e r t e d  over t h e  s h a f t  w h ich  i s  th e n
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P l a t e  I

P i g .  1 .  A p p a ra tu s  u se d  t o  f a c i l i t a t e  m aking c u t s  i n  

f o s s i l s  w i th  a  f i n e  w ire  and carborundum . A s i n g l e  p u l l e y  

w hich a c t s  a s  one o f  t h e  two g u id e s  when p r o p e r l y  f a s t e n e d  

t o  th e  f ram e  i s  shown i n  t h e  u p p e r  l e f t  hand c o r n e r .
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r e a s s e m b le d ;  a t  e ach  end o f  t h e  b o a r d ,  w hich  ex te n d s  a b o u t  s i x  

in c h e s  on e i t h e r  s i d e  o f  t h e  v i s e  s h a f t ,  a  p u l l e y  i s  mounted 

r i g i d l y ,  u p s id e  down, and  t h e  b a s e  o f  th e  p u l l e y  fram e i s  c u t  

o u t  t h u s  e x p o s in g  t h e  b a s e  o f  th e  p u l l e y .  The specim en t o  be 

c u t  i s  p a r t i a l l y  embedded i n  s e a l i n g  wax w hich  may b e  clam ped 

in  t h e  v i s e  or f a s t e n e d  t o  th e  b o a r d .  The w i r e  i s  th e n  drawn 

over  one p u l l e y ,  a c r o s s  t h e  spec im en  and over  th e  second  p u l l e y .  

The p u l l e y s  a c t  as g u id e s  t o  i n s u r e  a s t r a i g h t  c u t .  Number 30- 

36 gauge s t e e l  or t i n n e d  w i r e  i s  found  t o  be q u i t e  s u i t a b l e  

a lo n g  w i t h  number 400 g r i n d i n g  powder a s  t h e  a b r a s i v e .  W ith 

t h i s  s im p le  d e v i c e ,  a p e r f e c t l y  s t r a i g h t ,  a lm o s t  p o l i s h e d  c u t  

may be  made w i th  t h e  l o s s  o f  l e s s  th a n  200 m ic ro n s  o f  t h e  

m a t e r i a l .

The method o f  m aking  p e e l s  i s  so w e l l  known t h a t  few 

comments c o n c e rn in g  th e  s tu d y  and m oun ting  o f  p e e l s  s u f f i c e .

A l l  p e e l s  w ere  f i r s t  g iv e n  a p r e l i m i n a r y  e x a m in a t io n .  I f  

t h e  specim en c o n t a in e d  v e r y  l i t t l e  m a r c a s i t e  or p y r i t e ,  ob­

s e r v a t i o n  o f  t h e  ro u g h  ( lo w e r )  s u r f a c e  w i th  d i r e c t  l i g h t  

p ro v e d  b e s t .  O ther  p e e l s  seemed t o  show c o n s i d e r a b l y  more 

d e t a i l  when s t u d i e d  by r e f l e c t e d  l i g h t  w i th  t h e  ro ugh  s u r f a c e  

o f  t h e  p e e l  down, i . e . ,  a s  t a k e n  from th e  c o a l  b a l l .  A f t e r  a  

p r e l i m i n a r y  e x a m in a t io n ,  some o f  th e  b e t t e r  o r  more t y p i c a l  

p e e l s  w ere mounted i n  Canada b a lsam  a f t e r  h av in g  f i r s t  been 

c l e a r e d  w i th  E y c le s h y m e r1s s o l u t i o n .  Mounted p e e l s  may be
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o b se rv e d  w i t h  h ig h  m a g n i f i c a t i o n s ,  an o i l  im m ersion  ( 1 .8  mm..) 

o b j e c t i v e  b e in g  u se d  f o r  o b s e r v a t i o n  o f  t h e  s t r u c t u r e  o f  c e l l  

w a l l s  and o f  s p o r e  c o n f i g u r a t i o n .
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F u r t h e r  s t u d i e s  on th e  c o a l  b a l l  f l o r a  o f  Iowa

C o l l e c t i o n s

C oal b a l l s  have b e e n  found  i n  n e a r l y  a l l  co a l  p ro d u c in g  

c o u n t i e s  o f  s o u t h - c e n t r a l  Iow a. D r .  L . R. W ilson  o f  Coe C o l le g e ,  

Cedar R a p id s ,  Iowa and s e v e r a l  o f  h i s  s t u d e n t s  made c o l l e c t i o n s  

from  m in es  n e a r  ivhat Cheer and Des M oines , Iowa, a s  e a r l y  a s  

19 37 . At a b o u t  th e  same t im e  H r .  W i l l i a m  C. D a rrah  o f  H a rv a rd  

d i v e r s i t y  (1939) beg an  an  e x t e n s i v e  c o l l e c t i o n  w i th  th e  

i n v a l u a b l e  a i d  o f  H r .  F r e d e r i c k  0 .  Thompson o f  Des M oines . 

C o l l e c t i o n s  f o r  t h e  U n i v e r s i t y  o f  C in c in n a t i  were begun  in  

1939 by P r o f e s s o r  J o h n  i l .  H o sk in s ,  Mr. K. M. K osanke, and th e  

a u t h o r ,  and d u r in g  t h e  f o l l o w i n g  summer, D r .  Th. J u s t  o f  th e  

U n i v e r s i t y  o f  N o tre  Dame and D r .  A. H. B l i c k l e  o f  Ohio U n iv e r ­

s i t y  j o i n e d  D r .  H o sk in s  and th e  a u t h o r  i n  a  r a t h e r  ex ten d ed  

e x p e d i t i o n ,  a  p o r t i o n  o f  which was d e v o te d  t o  th e  c o l l e c t i o n  

o f  a d d i t i o n a l  c o a l  b a l l s .

In  a l l ,  we o b ta in e d  spec im ens  from  18 m ines i n  7 c o u n t i e s .  

Over 2 ,000  c o a l  b a l l s  w e ig h in g  a b o u t  t h r e e  and o n e - h a l f  to n s
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w ere c o l l e c t e d ,  more th a n  h a l f  o f  w hich were fo und  i n  two 

m in e s ,  th e  Angus and th e  A t l a s  f ro m  n e a r  O sk a lo o sa ,  Mahaska 

C ounty , Iow a. Vie have s e c t i o n e d  1 ,5 5 0  o f  t h e s e  c o a l  h a l l s  

and o f  t h e s e  ab o u t 450 w ere w o r th y  o f  c a r e f u l  s t u d y .

The B anner  Coal M ine, n e a r  I n d i a n o l a ,  V/arren C ounty , Iowa, 

h a s  y i e l d e d  75 c o a l  b a l l s ,  m ost o f  which w ere p o o r ly  p r e s e r v e d .  

One u n u s u a l  spec im en , c o n t a i n i n g  a  s i n g l e  p e t r i f i e d  cone was 

t h e  s u b j e c t  o f  an e x t e n s i v e  i n v e s t i g a t i o n ,  an  a b s t r a c t  o f  

w hich  i s  in c lu d e d  h e r e  i n  P a r t  IV . T h i s  c o a l  i s  i n  t h e  Des 

M oines S e r i e s ,  a s  a r e  a l l  t h e  o t h e r s  i n v e s t i g a t e d ,  and i s  

p r o b a b ly  t h e  Lower Coal o f  Lugn’ s L ucas  County R e p o r t  (1 9 2 7 ) ,  

t h e  o l d e s t  c o a l  i n  t h e  P e n n s y lv a n ia n  o f  Iow a . I t  c o r r e l a t e s  

f a v o r a b l y  w i th  t h e  Lower C a rb o n d a le  o f  I l l i n o i s .

The second  and l a r g e s t  c o l l e c t i o n  t o  be worked was t h a t  

o f  t h e  m a t e r i a l  from  t h e  Angus M ine, a  l a r g e  s t r i p  mine, f i v e  

m i l e s  n o r t h e a s t  o f  O sk a lo o s a ,  Inahaska C oun ty . The c o a l  b a l l s  

r e c o v e r e d  h e re  were fo u n d  p r i n c i p a l l y  i n  l e n s  o r  p o c k e t  i n  

t h e  u p p e r  o f  t h e  two seams o f  c o a l . The lo w e r  seam a p p e a r s  

t o  be d e v o id  o f  c o a l  b a l l s .  A bout 200 spec im ens  w ere  s t u d i e d  

f ro m  t h i s  c o l l e c t i o n .

The A t l a s  Coal M ine, a n o t h e r  l a r g e  s t r i p  m in e ,  s i x  m i l e s
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south, o f  O s k a lo o s a ,  a l s o  y i e l d e d  l a r g e  numbers o f  good s p e c i ­

m ens. T h is  m a t e r i a l  o c c u r s  i n d i s c r i m i n a t e l y  th ro u g h o u t  t h e  

s i n g l e  v e i n  o f  c o a l .  Though th e  number o f  c o a l  b a l l s  t o  be 

fo und  i s  f a r  g r e a t e r  t h a n  a t  th e  Angus M ine, and p r o b a b ly  

even g r e a t e r  th a n  th o s e  o r i g i n a l l y  a v a i l a b l e  a t  t h e  S h u le r  

M ine, n o r t h  o f  V/aukee, D a l l a s  C ounty , Iow a, d u r in g  1937 , 1938 

and 1939 when t h e  s o u th  v/ing o f  t h a t  mine was b e in g  e x t e n s i v e l y  

w orked , t h e  d e g re e  o f  p r e s e r v a t i o n  i s  l e s s ,  and s e c o n d a ry  

p y r i t i z a t i o n  h a s  d e s t r o y e d  t h e  p l a n t  m a t e r i a l  c o m p le te ly  i n  

a m a j o r i t y  o f  t h e  c o a l  b a l l s .

The Angus and  th e  A t l a s  M ines have  f u r n i s h e d  m ost o f  t h e  

p l a n t  spec im ens  t o  be  r e p o r t e d  i n  t h i s  p a p e r .  Our c o l l e c t i o n  

from  t h e  S h u le r  Mine h a s  n o t  been  w orked , b u t  D a r ra h (1 9 3 S ,

1941) h a s  p u b l i s h e d  r a t h e r  com ple te  l i s t s  o f  th e  f l o r a  w hich  

he h a s  fo und  t h e r e .  Only o c c a s i o n a l  spec im ens  f rom  t h e  14 

o t h e r  c o l l e c t i o n s  have b e e n  exam ined , and i n  t h e s e  s e l e c t e d  

c o a l  b a l l s  no a d d i t i o n a l  s p e c i e s  have  y e t  b een  e n c o u n t e r e d .

E x a c t  s t r a t i g r a p h i c  c o r r e l a t i o n s  have  n o t  b e e n  made f o r  

any b u t  t h e  c o a l  seam ex p o sed  in  t h e  s t r i p - m i n i n g  o p e r a t i o n s  

a t  t h e  B anner  C oal Mine a s  a l r e a d y  d i s c u s s e d .  L o c a l  m in ing  

e n g i n e e r s  c o n s i d e r  b o th  t h e  A t l a s  and  Angus c o a l  seams to  

be  th e  sam e. On t h e  b a s i s  o f  p l a n t  c o n te n t  o f  t h e  c o a l  b a l l s
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we q u e s t i o n  t h i s  c o r r e l a t i o n  a t  t h e  p r e s e n t  t i m e .  W ithout 

d o u b t b o th  seams a r e  i n  th e  u p p e r  p a r t  o f  th e  Des M oines S e r i e s ,  

b u t ,  a s  we w i l l  show d i r e c t l y ,  t h e  f l o r a  o f  t h e  two m ines  

does  n o t  c o r r e s p o n d  a s  c l o s e l y  a s  i t  s h o u ld ,  c o n s id e r i n g  t h e  

f a c t  t h a t  t h e  m ines  a r e  o n ly  a b o u t  n in e  m i l e s  a p a r t .

F l o r a

The c o n s p ic u o u s  p l a n t  a ssem b lag e  f ro m  t h e  Angus Coal 

l l in e  sp ec im en s  i s  p r i n c i p a l l y  t h e  C o r d a i t a l e s - P t e r i d o s p e r m a e -  

F i l i c a l e s  t y p e ,  w i th  l e s s e r  num bers o f  S p h e n o p h y l l a l e s ,  C a la m i t -  

a l e s  and  L e p id o d e n d r a l e s ,  i n  t h a t  o r d e r  o f  ab u n d an c e .  T h is  

c o r r e s p o n d s  c l o s e l y  t o  t h e  f l o r u l e  s e t  up f o r  t h e  S h u le r  Mine 

n e a r  Des M o in es ,  and a  few o t h e r s  o f  l e s s e r  im p o r ta n c e ,  by 

D a r ra h  (1939) .

On t h e  o t h e r  h an d ,  t h e  A t l a s  Mine a p p e a r s  t o  h a r e  had a  

more a b u n d a n t  assem b lage  of. C a l a m i te s ,  S p h e n o p h y l l a l e s ,  and 

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

w i th  r e s p e c t i v e l y  f e w e r  numbers o f  C o r d a i t a l e s ,  p t e r i d o s p e r m a e ,  

and  F i l i c a l e s  s p e c i e s .

D i s r e g a r d i n g  t h e  u n e q u a l  n u m e r i c a l  o c c u r r e n c e  o f  t h e  more 

c o n s p ic u o u s  s p e c i e s ,  t h e  f l o r a  f rom  t h e  two m ines  i s  e s s e n t i a l l y  

h o m o ta x ia l ,  w hich  c o r r e l a t e s  v e r y  c l o s e l y  w i th  t h a t  r e c o rd e d
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from  I l l i n o i s ,  K ansas  and  T e x a s .  The whole a s p e c t  i s  somewhat 

s i m i l a r  t o  t h a t  o f  t h e  Y /e s tp h a l ia n  C and S te p h a n ia n  f l o r a s  

o f  E u ro p e .

T a b u l a t i o n  o f  S p e c ie s

I t  i s  im p o s s ib le  a t  t h i s  tim e to  g iv e  more th a n  an  incom­

p l e t e  and g e n e r a l i z e d  l i s t  o f  th e  s p e c i e s  o f  f o s s i l  p l a n t s  

found  i n  th e  Iowa c o a l  b a l l s .  Some have b e e n  p o s i t i v e ly -  

i d e n t i f i e d  to  s p e c i e s ;  o t h e r s  Qhly t e n t a t i v e l y .  A l a r g e  number 

o f  t h e  specim ens  r e c o v e re d  m u s t ,  f o r  t h e  p r e s e n t ,  rem a in  

t a b u l a t e d  u n d e r  g e n e r i c  d e s i g n a t i o n  u n t i l  new m a t e r i a l  i s  r e ­

c o v e re d ,  o r  u n t i l  a d d i t i o n a l  s e c t i o n s  r e v e a l  c r i t i c a l  s t r u c t u r e s .  

I t  may be p o s s i b l e  t o  e s t a b l i s h  s p e c i f i c  i d e n t i f i c a t i o n  f o r  

some, o n ly  a f t e r  a  co m p le te  r e i n v e s t i g a t i o n  h a s  been  ac c o m p lish e d  

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

P a r t  I I I  o f  t h i s  r e p o r t .

The t e n t a t i v e  t a b u l a t i o n  s u b m it te d  h e r e  c o r r e s p o n d s  in  

g e n e r a l  t o  l i s t s  p u b l i s h e d  by D a r ra h  w hich have been  p r e v i o u s l y  

c i t e d .  He h a s  r e c o r d e d  s e v e r a l  s p e c i e s  which have n o t  a s  y e t  

b e e n  found  i n  o u r  m a t e r i a l ,  and l i k e w i s e ,  we have e n c o u n te r e d  

an  even  g r e a t e r  number which h a s  a p p a r e n t l y  n o t  r e c o v e r e d ,
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Ly c on o d i!n a  1 e s

Lepid.odend.rcn V e l t h e im i i  S t e r n b e r g .
L. s e l a g i n c i d e s  S te rn b e rg  
L ep idodend ron  so .
L ep id o d en d ro n  sp p .  (3) ( l e a v e s )

L e p id o s t r o b u s  f u l i g i n o s u s  L e c l e r c q  
L e o id o s t r o b u s  sp p .  (2 )

L e p id o p h lo io s  sp .  (s tem )
L e p id o p h lo io s  sp p .  (2 )  ( l e a v e s )

B o th ro d en d ro n  sp .  (mundum. ?)

B o th r o s t r o b u s  mundus Vi'illiarason 
B o th r o s t r o b u s  s p p .  (2)

L e p id o ca rp o n  Lomaxi S c o t t  
L ep id o ca rp o n  io e n s e  H osk ins  and Cross

L ep id o p h y llu m  sp .

S i g i l l a r i a  s p .  (s tem ) 
S i g i l l a r i a  sp .  ( l e a v e s )

S t ig m a r ia  f i c o i d e s  B ro n g n ia r t  
S t ig m a r ia  s p .

A r t i c u l a t a l o s

Sphenophyllum  p l u r i f o l i a t o n  Vi'illiamson 
Sphenophyllum  i n s i g n e  Vifilliamson

B ow nanites  t r i s p o r a n g i a t u s  n .  sp .

C a la m i te s  suckowi B ro n g n ia r t

A r th ro d e n d ro n  (? )  sp .

A s t e r o p h y l l i t e s  s p .

A n n u la r i a  sp .

C alarnostachys sp .
P a le o s t a c h y n  sp .
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F i l i c a l e s

S t a u r o p t e r i s  s o .  ( O l d h a m i a ? )

Z y g o p te r i s  ( ? )  sp .

S c o t t i  p .  B e r t r a n d  
s d . ( d iup  sy  1 on? ) 
sp.

A n k y r o u te r i s  (? )  sp .

B o t r y o p t e r i s  t r i d e n t a t a  ( F e l i x )  posthumus 
B. f 'o r e n s i s  R e n a u l t  
B. a m e r ic a n a  Graham
13. R e n a u l t i  G.E. B e r t r a n d  and K. G o r n a i l l e  
B. c y l i n d r i c a  W ill iam so n  
B. r a d i a t a  D arrah

A n a c h o r o p t e r i s  i n v o l u t a  H o s k in s  
A n a c h o r o p t e r i s  s p .  ( w i l l i a m s o n i ? )

P s a r o n iu s  so .

A s te r o th e o a  sp .

S c o l e c o p t e r i s  sp .

P ty c h o c a rp u s  (? )  sp .

P te r id o s p e rm a e

H ete rang ium  sp .

Cono stoma o b i  on gum W ill iam so n  

Lagenostom a s p .  ( o v o id e s ? )

H e d u l lo s a  s p .  (N oei?)

A l e t h o p t e r i s  sp .  

i i e u r o p t e r i s  sp .

T r ig in o c a r p u s  spp . (3)

E t a p t e r i s  
E t a p t e r i s  
E t a o t e r i s
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P a c h y t e s t a  g ig a n t e a  Ad. B r o n g n ia r t  

H habdocarpus so .

G a r p o l i t h e s  s p .

C o r d a i t a l e s

C o r d a i t e s  sp p .  (2) (s tem s)  
C o r d a i t e s  sp p .  (2) ( l e a v e s )

IJesoxylon sp .

Amyelon s p .  ( r a d i c a n s ? )

C o rd a ia n th u s  s h u l e r i  D arrah  
C o rd a ia n th u s  sp .

C a rd io c a rp u s  s p i n a t u s  
C a rd io c a rp u s  sp .
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R e fe re n c e s

D a r ra h ,  YYilliam C. 1939 --T he  f o s s i l  f l o r a  o f  Iowa co a l  b a l l s .  

I .  D isc o v e ry  and o c c u r r e n c e .  B o t.  Mus. L e a f l .  H arv a rd  

Univ. 7 ( 8 ) ;1 2 5 - 1 3 6 .

----------------- 1941— S tu d ie s  o f  A m erican c o a l  b a l l s .  Amer. Jo u rn .

S c i .  2 5 9 :3 3 -5 3 .

Lugn, A. L* 1927— G eology o f  Lucas County ; Iowa G eol. S u rv .  

3 2 :1 0 1 -2 3 7 .

S ch o p f ,  James M. 1941— C o n t r i b u t io n s  t o  P e n n s y lv a n ia n  p a l e o ­

b o ta n y .  L azocarpon  o e d ip te rn u m , s p .  n o v .  and S i g i l l a r i a n  

r e l a t i o n s h i p s .  I l l i n o i s  S t a t e  G eo l.  S u rv .  R ep t .  o f  

i n v e s t i g a t i o n s .  No. 7 5 ;3 - 4 0 .  U rbana ,  111,

Y /alton , John . 1923— On a  new m ethod o f  i n v e s t i g a t i n g  f o s s i l  

p l a n t  im p re s s io n s  o r  i n c r u s t a t i o n s .  Ann. Bot. 3 7 :3 7 9 .
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Part III

R e v is io n  o f  t h e  P a le o z o ic  Cone Genus Bowmanites ( S p h e n o p h y l l a le s )

I n t r o d u c t i o n

F r u c t i f i c a t i o n s  o f  Sphenophyllum  w ere  known from  c o m p re s s io n s  

f o r  many y e a r s  b e f o r e  c a s t s  o r  f ra g m e n ts  o f  p e t r i f i e d  s t r o b i l i  

w i t h  s t r u c t u r e  p r e s e r v e d  w ere  f i r s t  s t u d i e d  by W ill iam so n  i n  1871.

As e a r l y  as  1838 P r e s l  d e s c r ib e d  a specim en o f  Sphenophyllum  

under  t h e  name R o t u l a r i a  m a r s i l e a e f o l i a  S te r n b e r g  w h ich  showed 

two l a t e r a l l y  d e v e lo p ed  c o n e s .  Germar (1845) f i g u r e d  s e v e r a l  

s p e c i e s  o f  Sphenophyllum  b e a r i n g  f r u c t i f i c a t i o n s  and i n  1855 

G e in i t z  i l l u s t r a t e d  a  r a t h e r  p o o r ly  p r e s e r v e d  cone w h ich  he  a t ­

t r i b u t e d  t o  Sphenophyllum  em arg inatum .

A c a s t  o f  a cone w h ich  h as  s in c e  b een  r e f e r r e d  t o  Spheno­

p hy llum  ( Z e i l l e r ,  1893) was found  b e f o r e  1840 (B inney ,  1871) 

in  a  n o d u le  o f  c l a y - i r o n  s to n e  from n e a r  P o n ty p o o l ,  South  Y/ales, 

by  J .  b . Bowman. B inney  d e s c r i b e d  t h i s  spec im en  a s  Bowmanites 

ca m b re n s is  i n  1870 and  p u b l i s h e d  Bov/man's o r i g i n a l  u n p u b l i s h e d  

d raw ings  i n  h i s  memoir o f  1871.
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S in c e  t h a t  t im e  f i v e  a n a t o m i c a l l y  d i f f e r e n t  ty p e s  o f  

cones  b e lo n g in g  to  Sphenophyllum  h ave  been  d e s c r i b e d  under  t h e  

g e n e r i c  names o f  V olkm annia, Bow m anites, Sphenophyllum  and 

S p h e rx o p h y llo s ta c h y s . Only t h r e e  o f  t h e s e  f i v e  g e n e r a l  t y p e s  

a r e  known from  m a t e r i a l  w i th  s t r u c t u r e  p r e s e r v e d .  The f i r s t  

o f  t h e s e  p e t r i f i e d  cones  was d e s c r ib e d  by  W il l ia m so n  in  1871 

(1876) u n d e r  t h e  name o f  Volkmannia Daws o n i  from  t h e  Lower 

C o a l-m e a s u re s  o f  England  n e a r  Oldham. L a t e r  W illiam son  ob­

t a i n e d  and  s t u d i e d  o t h e r  specim ens o f  t h e  same ty p e  from 

c a l c a r e o u s  n o d u le s  i n  t h e  c o a l  seams a t  C in d e r  H i l l s  n e a r  

H a l i f a x ,  an d  from  D u le s g a te .

A n o th e r  f ra g m e n t  o f  a cone o f  t h i s  same g e n e r a l  ty p e  

was r e c o r d e d  by L e c l e r c a  (1925) w hich  she  a s s ig n e d  t o  

Sphenophyllum  Dawsoni b e t a .  The specim en  o c c u r r e d  i n  a c o a l  

b a l l  from  t h e  Bouxharmont b ed s  o f  V v e r is te r .  T h is  h o r i z o n  in  

Belgium  i s  c o r r e l a t e d  w i th  t h e  Lower C o a l-m easu re s  o f  E n g lan d .

More r e c e n t l y  (Koopmans, 1928) t h e  Dutch F i n e f r a u -  

I'lebenbank h o r i z o n ,  w hich  i s  a l s o  e q u i v a l e n t  t o  t h e  Lower C o a l-  

m e a s u re s ,  h a s  y i e l d e d  a p r e s e r v e d  specim en  w h ich  Koopmans has 

p l a c e d  i n  t h i s  g ro u p .  He s u g g e s t s  t h a t  i t  m ig h t  b e lo n g  t o  

form a a l p h a  o r  b e t a  o r  even p o s s i b l y  gamma w hich  i s  more an 

i n d i c a t i o n  o f  t h e  c o n fu s e d  s t a t u s  o f  t h i s  w hole  complex th a n  

a  r e f l e c t i o n  on e i t h e r  h i s  good w ork  o r  th e  c o n d i t i o n  o f  t h e
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m a t e r i a l .

Two o th e r  unnamed f r a g m e n ts  o f  s i l i c i f i e d  Sphenophyllum  

f r u c t i f i c a t i o n s  w ere d i s c o v e r e d  i n  t h e  Grand ’C ro ix  s i l c i f i e d
y

magmas n e a r  S a i n t  E t i e n n e  by  m. 3 .  R e n a u l t .  He d e s c r ib e d  

and  f i g u r e d  one o f  t h e s e  i n  h i s  e a r l y  i n v e s t i g a t i o n  upon t h e  

s t r u c t u r e  o f  Sphenophyllum  ( R e n a u l t ,  1877) and  l a t e r  i n  Cours 

de B o ta n ia u e  F o s s i l e  (1 8 S 2 ) .  Z e i l l e r  (1S93) s t u d i e d  and  d e s ­

c r i b e d  th e  o r g a n i z a t i o n  o f  t h e  o t h e r  as  a g r e e in g  w i th  S. 

c u n e i f o l iu m  and S. Dawsoni. The taxonom ic  p o s i t i o n  o f  t h e s e  

w i l l  be  re v ie w e d  l a t e r .

The second  g e n e r a l  ty p e  t o  b e  d e s c r ib e d  from  a p e t r i ­

f a c t i o n  was found  i n  t h e  K id d le  Upper C a rb o n i fe ro u s  c o a l  seam 

o f  H i e d z i e l i s k o ,  n e a r  Jaw orzno (C racow ), P o land  and d e s c r ib e d  

by  Solm s-Laubach in  1895 a s  Bowmanites RBmeri.

The t h i r d  g e n e r a l  ty p e  known as  Sphenophyllum  f e r t i l e  

was f i r s t  d e s c r i b e d  by  S c o t t  i n  1905 on t h e  b a s i s  o f  a  w e l l  

p r e s e r v e d  f r u c t i x i c a t i o n  from  t h e  Lower C o a l-m easu res  o f  

Shore L i t t l e b o r o u g h ,  i n  L a n c a s h i r e .  L e c l e r c q  (1930) r e p o r t e d  

t h e  d i s c o v e r y  o f  some a d d i t i o n a l  m a t e r i a l  o f  S. f e r t i l e  from  

t h e  Bouxharmont beds  i n  t h e  c o a l  b a s in  o f  L ie g e ,  Belgium  

w hich she  l a t e r  d e s c r i b e d  i n  g r e a t  d e t a i l  ( L e c l e r c q ,  1935, 

1936A, 1935B, 1 9 3 7 ) .
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The o n ly  o th e r  t a n g i b l e  r e c o r d  o f  a  p e t r i f i e d  Spheno­

p h y llu m  f r u c t i f i c a t i o n ,  o f  w h ich  we a r e  aw are ,  a p p e a r s  q u e s t i o n ­

a b l e .  Koopmans (1933 , p i .  I I ,  f i g .  21) f i g u r e d  a  p a r t  o f  a 

s e c t i o n  t a k e n  th ro u g h  a c o a l  b a l l  from t h e  A e g ir  H orizon  ( b a s a l  

A e s tp h a l i a n  C o r  Lower A l le g h e n y )  i n  t h e  p ro v in c e  o f  Limburg 

(The I I e th e r  1 anas  ) .  T h is  p h o to g ra p h ,  w hich  was made by  r e f l e c t e d  

l i g h t  from a p o l i s h e d  and  e tc h e d  s u r f a c e ,  shows an o b l iq u e  

s e c t i o n  th ro u g h  t h e  t i p  o f  a  s t r o b i l u s  w hich  he b e l i e v e s  t o  be 

a new s p e c i e s  o f  S p h e n o p h y l lo s ta c h y s .  The maximum d im ens ions  

o f  t h i s  spec im en  by our m easurem ents  b a s e d  on th e  p h o to g ra p h  

a r e  t h r e e  m i l l i m e t e r s  i n  d ia m e te r  by  f i v e  m i l l i m e t e r s  o f  

l e n g t h .  Ho u n q u e s t io n e d  Sphenophyllum  cone o f  such sm all  

d im en s io n s  h a s  been  r e c o r d e d  a s  f a r  a s  we can a s c e r t a i n .  I t  

i s  im p o s s ib l e  t o  f i n d  i n  t h i s  i l l u s t r a t i o n  an y  t r a c e  o f  t h e  

p e c u l i a r  e lo n g a te d  s p o ra n g io p h o re s  w h ich  a r e  c h a r a c t e r i s t i c  

o f  t h e  f e r t i l e  ap p en d ag es  o f  S phenophyllum . In  v iew  o f  t h e  

s i z e ,  a p p e a r a n c e ,  and  a r ra n g e m e n t  o f  t h e  s p o ra n g ia  and le a v e s  

i t  s u g g e s t s  t h e  f e r t i l e  t i p  o f  a b ra n c h  o f  C ord& ites  ( C o r d a i a n th u s ) .

The s t r u c t u r e  o f  t h e  p e t r i f i e d  s t r o b i l u s  o f  Sphenophyllum , 

found  i n  1941 (H osk ins  and  C ro s s ,  1941, 1942) i n  a c o a l  b a l l  from 

t h e  c o a l  o f  t h e  Des K oines  S e r i e s  o f  t h e  P e n n s y lv a n ia  p e r i o d  

i n  t h e  Angus M ine, n e a r  O sk a lo o sa ,  Mahaska County , Iowa, e n a b le s  

us t o  c o r r e c t  t h e  i n t e r p r e t a t i o n  o f  c e r t a i n  m o rp h o lo g ic a l  de­

t a i l s  o f  Sphenophyllum. c o n e s .  These f i n d i n g s  t o g e t h e r  w i th  t h e
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d i s t i n c t i v e  c h a r a c t e r s  o f  t h i s  spec im en  w a r r a n t  i t s  d e s c r i p t i o n  

as  a new s p e c i e s .

Because  o f  th e  complex v a r i a t i o n s  w h ich  a p p e a r  i n  v a r io u s  

modes o f  p r e s e r v a t i o n  in  s p e c i e s  o f  Sphenophyllum  cones  r e p o r t e d  

as  co m p re ss io n s  o r  im p r e s s i o n s ,  and  b e c a u se  o f  t h e  d i f f i c u l t i e s  

e n c o u n te re d  in  any  a t t e m p t  t o  e s t a b l i s h  d i a g n o s t i c  c h a r a c t e r s  

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

no  e f f o r t  i s  made a t  t h i s  t im e  t o  c o r r e l a t e  t h e  Iowa spec im en  

w i th  o th e r  knovm A m erican  m a t e r i a l  w hich  has n o t  been  c a r e f u l l y  

s t u d i e d .  F o r t u n a t e l y  some o f  t h e  c o m p re ss io n  m a t e r i a l s  from  

r e g io n s  o t h e r  t h a n  t h e  U n i te d  S t a t e s  have been  more c r i t i c a l l y  

examined so  t h a t  a  co m p ar iso n  w i t h  a v a i l a b l e  p e t r i f i e d  m a t e r i a l  

i s  p o s s i b l e .  Such spec im ens  a r e  in c lu d e d  in  t h e  fo l lo w in g  

d i s c u s s i o n s .

The S t r u c t u r e  and  A f f i n i t i e s  o f  a hew S p e c ie s  o f  Bowmanites from  Iowa.

M a t e r i a l ,  P r e p a r a t i o n  and  P r o c e d u re .

The spec im en  o f  a cone o f  Sphenophyllum  i n  c o a l - b a l l  h o .

B-1706 from t h e  Des Moines S e r i e s  c o a l ,  Angus m ine ,  n e a r  O sk a lo o sa ,  

Iowa, xvhich we have  n o te d  e a r l i e r  ( p a r t  I I )  was f i r s t  ex p o sed  by  

a  v e r y  o b l iq u e  t r a n s v e r s e  s e c t i o n  th ro u g h  th e  m id d le  o f  t h e  f r a g m e n t .  

In  t h e  s u b s e q u e n t  c o u r s e  o f  s tu d y  s e v e r a l  a d d i t i o n a l  c u t s  w ere
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made by t h e  w i r e - c u t t i n g  t e c h n iq u e  ( p a r t  I )  w hich  exposed  in  

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

two r a d i a l  l o n g i t u d i n a l  s e c t i o n s  in  t h e  m i d - p o r t i o n  o f  t h e  cone , 

two o b l i q u e l y  t r a n s v e r s e  and  two o b l i q u e l y  t a n g e n t i a l  s e c t i o n s .  

2-35 p e e l  s e c t i o n s  w ere  ta k e n  s e r i a l l y  from  each s u r f a c e  and 

numbered c o n s e c u t i v e l y .  Each o f  t h e  20 s u r f a c e s  i s  r e p r e s e n t e d  

by  a l e t t e r ,  i .  e . ,  1706a -  1 7 0 6 t  i n c l u s i v e .  R e p r e s e n t a t i v e  p e e l s  

from  each  s e r i e s  a n d  i n  s e v e r a l  c a s e s ,  t h e  co m ple te  s e r i e s  o f  

spec im ens  from  a s i n g l e  s u r f a c e  w ere m ounted in  Canada b a lsa m .

In  a l l ,  o f  a p p r o x im a te ly  500 p e e l  s e c t i o n s  made, over  300 

w ere  m ounted . O b s e rv a t io n s  w ere  made a t  v a r i o u s  m a g n i f i c a t i o n s  

i n c l u d i n g  t h e  use  o f  an  o i l  im m ersion  o b j e c t i v e  f o r  t h e  s t u d y  

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

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

t h e  m i d - s e c t i o n  (3 cm .) o f  t h e  sp ec im en . N e i t h e r  t h e  b a s a l  

n o r  t h e  a p i c a l  ends o f  t h e  cone w ere p r e s e n t  a t  t h e  t im e  o f  

f o s s i l i z a t i o n  and a b o u t  one c e n t i m e t e r  o f  each  o f  t h e  b ro k en  

ends ( a b u t t i n g  on t h e  edges  o f  th e  c o a l  b a l l )  i s  p o o r l y  p r e ­

s e r v e d .  One s i d e  i s  g r e a t l y  f l a t t e n e d  ( F i g s .  2 ,  3) i n d i c a t i n g  

t h e  p o s i t i o n  i n  w h ich  t h e  cone l a y  a s  i t  f e l l  i n t o  t h e  p l a n t  

l i t t e r .  This  f l a t t e n i n g  b e f o r e  f o s s i l i z a t i o n  c l e a r l y  

em phasizes  t h e  f r a g i l e  n a t u r e  o f  t h i s  s p e c i e s  a s  w e l l  a s  o th e r  

f e r t i l e  s h o o ts  o f  Sphenophyllum  in  g e n e r a l .
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G e n e ra l  m orphology

The cone i s  n o t  l e s s  th a n  1 .6  c e n t i m e t e r s  i n  d ia m e te r  

a t  any  p o i n t .  There i s  no  e v id e n c e  o f  t a p e r i n g  a t  e i t h e r  end 

o f  t h e  6 cm. f rag m e n t  in  our p o s s e s s i o n .  S e v e ra l  e v id e n c e s  

c l e a r l y  show t h a t  t h i s  specim en  underw en t some decay  and  d i s ­

o r g a n i z a t i o n  b e f o r e  p e t r i f i c a t i o n  and  th e  decayed  ends p r o b a b ly  

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

f o s s i l i z a t i o n ,  i . e . ,  d u r in g  t h e  c h e m ic a l  a l t e r a t i o n  ( s e c o n d a ry  

p y r i t i z a t i o n )  o f  t h e  c o a l  b a l l .  The d i s t a l  end o f  n e a r l y  a l l  

t h e  h o r i z o n t a l  p o r t i o n s  ( p e d i c e l s )  o f  t h e  s t e r i l e ,  d o r s a l  

( i n f e r i o r )  segm ent o f  t h e  s p o r o p h y l l s  i s  a b s e n t .  R a r e ly  can  

a  f ra g m e n t  o f  t h e  u p tu rn e d  p o r t i o n ,  t h e  la m in a ,  o f  a s p o r o p h y l l  

be  found  ( F i g s .  1, 4 ,  5 ) .  Some o f  t h e  o u te rm o s t  v e r t i c e l s  o f  

s p o r a n g ia  a r e  d i s p l a c e d  o r  e n t i r e l y  m i s s in g  ( F ig s .  2 , 3) on 

t h e  u n f l a t t e n e d  s i d e ,  and a r e  q u i t e  c ru s h e d  and d i s t o r t e d  on 

t h e  f l a t t e n e d  s i d e .  Some f r e e  s p o r a n g ia  a r e  found  e lse w h e re  

in  t h e  same c o a l - b a l l  and  even some l e a f - l i k e  f ra g m e n ts  w hich  

may p o s s i b l y  be  th o s e  o f  th e  m i s s in g  la m in a e  have been  o b s e rv e d .

A r a d i a l  l o n g i t u d i n a l  s e c t i o n  th ro u g h  th e  a x i s  p a r a l l e l  

t o  t h e  b edd ing  p l a n e ,  o r  f l a t t e n e d  s i d e ,  g iv e s  t h e  t r u e  a p p e a ra n c e  

o f  t h e  s t r u c t u r e  o f  t h e  cone ( F ig .  1 ) .  S im i l a r  s e c t i o n s  t a k e n  

p e r p e n d i c u l a r  t o  t h e  b e d d in g  p l a n e  show e x c e l l e n t  o r g a n i z a t i o n  

on one (u p p e r )  s i d e  o n ly ,  w i t h  an  a lm o s t  u n r e c o g n iz a b le  t a n g l e
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P l a t e  I

F ig .  1 .  R a d ia l  l o n g i t u d i n a l  s e c t i o n  th ro u g h  
th e  cone o f  Bowmanites t r i s p o r a n g i a t u s  shorving 
g e n e r a l  f e a tu r e 's  o f  th e  v a r io u s  o rg an s ’. The 
v a s c u l a r  e le m e n ts  and t h e  i n n e r  c o r t e x  o f  t h e  
a x i s  h a v e  n o t  been  p r e s e r v e d .  (C o m p o s it io n  from 
B-1706 R2, 1706 R14~ 1706 S2, 1706 S 1 4 ) .
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o f  c ru s h e d  s p o r o p h y l l s ,  s p o ra n g io p h o re s  and s p o r a n g ia  on 

t h e  o t h e r  ( f l a t t e n e d  s i d e .

A xis

Tho a v e r a g e  d ia m e te r  o f  t h e  a x i s  b a se d  on d i r e c t  m e asu re ­

ment o f  t h e  fo u r  w id e ly  s e p a r a t e d  t r a n s v e r s e  s e c t i o n s  i s  

4 .5  mm. The g r e a t e s t  d ia m e te r  o f  a b o u t  6 mm. o c c u rs  a t  t h e  

n o d e s .  Such a n o d a l  s w e l l i n g  i s  t y p i c a l  f o r  m ost o f  th e  

A r t i c u l a t a l e s .

The e n t i r e  c e n t r a l  c y l i n d e r  o f  t h e  a x i s  i s  m is s in g  a s  i s  

t h e  s u r r o u n d in g  zone o f  in n e r  c o r t e x ,  w h ich ,  on o th e r  s p e c i e s ,  

i s  made up o f  s e v e r a l  l a y e r s  o f  v e r y  d e l i c a t e  parenchyma c e l l s .  

The n a t u r e  o f  t h e  s t e l e ,  i . e .  w h e th e r  t r i a r c h  o r  h e x a rc h  in  

a r ra n g e m e n t  o f  t h e  xy lem , i s  unknown. The e x a c t  n a t u r e  o f  

t h i s  c h a r a c t e r ,  so i m p o r t a n t - i n  th e  d i s t i n c t i o n  betw een 

Bowmanites Dawsoni and  B. S c o t t i i ,  may l a t e r  be found  w i t h  t h e  

r e c o v e r y  o f  a d d i t i o n a l  m a t e r i a l .

The o u t e r  c o r t e x  o f  t h e  a x i s  i n  t h e  Iowa specim en i s  

f a i r l y  w i l l  p r e s e r v e d .  I t  i s  composed o f  r a t h e r  f i r m - w a l l e d ,  

w e l l - o r g a n i z e d  parenchym a c e l l s  w h ich  a r e  s h a r p l y  r e d u c e d  in  

s i z e  to w ard  t h e  p e r i p h e r y  o f  t h e  a x i s .  The c o u r s e  and d i s p o s i ­

t i o n  o f  t h e  c e n t r i p e t a l  v a s c u l a r  b u n d le s  th ro u g h  th e  o u te r  

c o r t e x  a r e  c l e a r .  They a p p e a r  t o  t r a v e r s e  t h i s  o u te r  zone i n  

a n  upward an  ou tw ard  d i r e c t i o n  i n  a p p r o x im a te ly  o n e - t h i r d  th e  

l e n g t h  o f  a n  i n t e r n o d e  ( F ig s .  5 , 7 , 8 ) .  There  a p p e a rs  t o  be
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P l a t e  I I

F i g .  2 . True t r a n s v e r s e  s e c t i o n  o f  t h e  cone o f  Bowmanites 
t r i s p o r a n g i a t u s  th r o u g h  t h e  r e g i o n  o f  a  n o d e .  (Compare W ith 
F i g .  3 ) .  The i n c r e a s e  i n  t h i c k n e s s  o f  c o r t i c a l  t i s s u e  and 
t h e  d e c r e a s e  i n  th e  number o f  s p o r a n g ia  i s  t y p i c a l .  (1706 Nl)

F i g .  3 .  T ra n s v e r s e  s e c t i o n  ta k e n  th ro u g h  a n  i n t e r n o d a l  r e g io n ,  
somewhat low er  th a n  t h e  s e c t i o n  shown i n  F ig .  2 .  F o te  t h a t  t h e  
s p o r a n g ia  o ccu r  i n  t h r e e  c o n c e n t r i o  v e r t i c e l s  and in  r a d i a l l y  
a r r a n g e d  rows from t h e  a x i s .  These rows i n d i c a t e  i n d i v i d u a l  
b r a c t s .  M ic ro sc o p ic  e x a m in a t io n  o f  s e r i a l  s e c t i o n s  o f  t h e  
c ru s h e d  s i d e  show i t  t o  have  a b o u t  9 r a d i a l  rows m aking a  t o t a l
o f  18 b r a c t s  and rows o f  s p o r a n g i a .  (1706 N9)
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a s e r i a l  seq u en ce  o f  b i f u r c a t i o n s  w h ich  r e s u l t  ii i t h e  s i n g l e  

v a s c u l a r  s u p p ly  f o r  each  i n d i v i d u a l  s p o ra n g io p h o re  and b r a c t .  

The p rob lem  o f  t h e  t r u e  n a t u r e  o f  t h e s e  b i f u r c a t i o n s  (H irm er ,  

1933; T r o l l ,  1953) w i l l  be  re v ie w e d  l a t e r .

The i n t e r n o d e s  a r e  a b o u t  1 .5  -  2 .0  mm. i n  l e n g t h  and th e  

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

d i s t a n c e  ( F i g s .  1 , 4 ,  5 ) .

S e v e ra l  f o r e i g n  r o o t l e t s  t r a v e r s e  t h e  h o l lo w  c e n t r a l  

a r e a  o f  t h e  a x i s  ( F ig s .  1 ,  2 ) .

S p o ro p h y l ls

The f e r t i l e  l e a v e s  o r  l e a f - l i k e  o rg an s  w h ich  b e a r  th e  

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

s p o r o p h y l l s  or b r a c t s .  M o rp h o lo g ic a l ly  and a n a t o m i c a l l y  

t h e s e  b r a c t s  a r e  d iv i d e d  i n t o  two p r i n c i p a l  ty p e s  o f  seg m en ts .  

'The m o rp h o lo g ic a l  d o r s a l  segm ent i s  i n f e r i o r  t o  t h e  v e n t r a l  

segm ent ( - s )  and  t h e  l a t t e r  a p p e a r s  s u p e r f i c i a l l y  t o  be  bo rne  

upon i t s  up p er  s u r f a c e .  Y/e may c o n s id e r  t h e  two segm ents  to  

be  a s i n g l e  d iv i d e d  s p o r o p h y l l  a r i s i n g  from  t h e  a x i s  a t  a 

s i n g l e  no d e .  A common v a s c u l a r  b u n d le  o r  l e a f  t r a c e  w h ich  

d i v i d e s  d ic h o to m o u s ly  i n  t h e  o u t e r  c o r t e x  s u p p l i e s  b o th  

s e g m e n ts .
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We w i l l  f i r s t  c o n s id e r  t h e  d o r s a l  ( i n f e r i o r )  segment 

w h ich  i s  u s u a l l y  r e f e r r e d  t o  in d e p e n d e n t ly  as th e  b r a c t  

or " s p o r o p h y l l . ’1 I t  i s  a l e a f - l i k e  s t r u c t u r e  com prised  o f  

a h o r i z o n t a l  p o r t i o n ,  t h e  p e d i c e l ,  a n d  a more or l e s s  e r e c t  

d i s t a l  p o r t i o n  o f  v a r y in g  l e n g t h s ,  t h e  lamina.. In  most 

s p e c i e s  t h e  p o i n t  o f  j u n c t u r e  o f  t h e s e  two p o r t i o n s  i s  i n -  

d i s c e r n a b l e  and t h e  lam in a  c u rv e s  e v e n ly  upward from  th e  

p e d i c e l  and  o v e r la p s  t h e  lam in a  o f  t h e  s u p e r i o r  sporophyll.^  

and in  some c a s e s  may e x te n d  th e  l e n g t h  o f  s e v e r a l  i n t e r ­

n o d e s .  The o v e r la p p in g  o f  t h e  la m in a e  may be d e f i n i t e l y  

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

o r  l e s s  v e r t i c a l l y  f rom  t h e  p e d i c e l ,  b u t  in  many c a s e s  th e  

s p o r o p h y l l s  a r e  o n ly  a r i s t a t e  and  d i v e r g e n t ,  w h ereas  i n  a 

few forms th e y  do n o t  o v e r la p  a t  a l l  (B. f ' e r t i l i s ,  B. 

t r i c h o m a t o s u s , e t c . ) .  O c c a s io n a l ly  t h e  d i s t a l  p o r t i o n  o f  

t h e  p e d i c e l  i s  s u b te n d e d  i n t o  a h e e l  o r  s p u r  a s  i n  B. 

a n g u s t i f o l i u s  ( F ig .  1 8 ) .

The b r a c t s  o f  our specim ens a r e  a r r a n g e d  in  su p e rp o se d  

w h o r ls  upon th e  a x i s .  I t  seems m ost p r o b a b le  t o  us t h a t  

t h i s  i s  a sound g e n e r i c  c h a r a c t e r .  O c c a s io n a l  r e p o r t s  o f  

a l t e r n a t i n g  w h o r ls  have  been made ( Z e i l l e r ,  1893, W ill iam so n  

and S c o t t ,  1 8 94 ) ,  b u t  d i s t o r t i o n  d u r in g  c o m p re ss io n  may be 

h e l d  r e s p o n s i b l e  in  t h e  c a s e  o f  Bowmanites c u n e i f o l iu m  and
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r e i n t e r p r e t a t i o n  o f  W i l l i a m s o n 's  spec im ens  may be in  o r d e r .

The d e f i n i t e  s u p e r p o s i t i o n  o f  c o n s e c u t iv e  w h o rls  o f  s t e r i l e  

Sphenophyllum  l e a v e s  j u s t i f i e s  t h e  e x p e c t a t i o n  o f  a  s i m i l a r  

c o n d i t i o n  in  f r u c t i f i c a t i o n s .  A lso  th o s e  s p e c ie s  w h ich  do n o t  

p ro d u ce  t r u e  cones  (3 .  c h a r a e f o r m i s , 13. m a jo r ,  e t c . )  seem t o  

have d e f i n i t e  s u p e r p o s i t i o n  o f  w h o r ls  o f  f e r t i l e  l e a v e s .

The number o f  b r a c t s  p e r  w h o r l  i s  d i f f i c u l t  t o  d e te rm in e  

b e c a u se  o f  t h e i r  l a t e r a l  c o n f lu e n c e  i n t o  a  c o l l a r  o r  d i s c  

s u r r o u n d in g  th e  a x i s ,  b u t  18 w ere  c o u n ted  in  f o u r  d i f f e r e n t  

s e c t i o n s .  This number can  a c c u r a t e l y  be d e te rm in e d  by  a 

s tu d y  o f  o b l iq u e  t a n g e n t i a l  s e c t i o n s  such as  t h a t  shown in  

F ig .  10, w here  th e  v a s c u l a r  b u n d le s  o f  t h e  s p o r o p h y l l s  a r e  

e v i d e n t ,  and  t h e  f r e e  t i p s  o f  t h e  b r a c t s  a r e  exposed  as t r a n s ­

v e r s e  s e c t i o n s .  There i s  a lw ays one v a s c u l a r  b u n d le  p e r  

b r a c t .  The number 18 may have no s i g n i f i c a n c e ,  f o r  th e  number 

o f  b r a c t s  p e r  w h o r l  seems to  v a r y  from  14-20  in  un d o u b ted  

spec im ens  o f  3 .  Daws o n i .  T ra n s v e r s e  s e c t i o n s  ( f i g s .  2 , 3) 

show' 18 rows o f  s p o r a n g ia  above t h e  w horl  o f  b r a c t s  w hich  

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

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

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

i . e . ,  f o r  a b o u t  2 mm.

The p r i n c i p a l  body o f  t i s s u e  o f  t h e  p e d i c e l  i s  a  s t r o n g
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F ig .  4 .  R a d i a l  s e c t i o n  o f  cone show ing a t t a c h m e n t  o f  s p o r a n g io -  
p h o re  t o  s p o r a n g ia .  A s p o ra n g io p h o re  o f  t h e  t h i r d  n ode  i s  
shewn a s  i t  becomes f r e e  from  t h e  b r a c t  i n  " t h i r d  p o s i t i o n . ”
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parenchym a c o n t in u o u s  w i th  and s c a r c e l y  d i s t i n g u i s h a b l e  from 

t h a t  o f  t h e  o u te r  c o r t e x  o f  t h e  a x i s .  Toward t h e  d i s t a l  end 

and  in  t h e  more f r a g i l e  lam in a  1 p o i ' t i o n  o f  th e  b r a c t  t h i s  

parenchym a more n e a r l y  a p p ro x im a te s  t h e  d e l i c a t e  t i s s u e  o f  t h e  

i n n e r  c o r t e x  o f  t h e  a x i s .  The t h i c k n e s s  o f  th e  p e d i c e l  

d i m i n i s h e s ,  accom panied  by a d e c r e a s e  in  number o f  c e l l s  from  

t h e  p o i n t  o f  a t t a c h m e n t  t o  t h e  a x i s ,  w here  i t  i s  a b o u t  1 mm. 

t h i c k ,  t o  a b o u t  0 .5  mm. in  t h i c k n e s s  d i s t a l l y .  One or two 

rows o f  s m a l l e r  c e l l s  a r e  im m e d ia te ly  s u b j a c e n t  t o  t h e  

e p id e rm is  w hich  i s  a c l e a r l y  d i f f e r e n t i a t e d  t i s s u e .

The s l e n d e r  v a s c u l a r  b u n d le  t r a v e r s e s  th e  m id d le  o f  t h e  

b r a c t  j u s t  below  i t s  upper  s u r f a c e .  I t  i s  composed o f  b u t  

few  e l e m e n t s ,  t h e  s m a l l e r  s p i r a l  members b e in g  e x t e r i o r  t o  

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

t h e  s t a t e m e n t  made by W ill iam so n  and  S c o t t  (1894 , p .  936) t h a t  

t h e  xy lem  o f  th e  l e a f  t r a c e  b u n d le  i s  c e n t r i p e t a l .  The phloem  

m u s t have  been to o  d e l i c a t e  t o  be  p r e s e r v e d  f o r  we have  n o t  been  

a b l e  t o  o b s e rv e  i t .

S p o ra n g io p h o re s

The u p p e r  segm ent o f  t h e  s p o r o p h y l l  may be d iv id e d  two o r  

t h r e e  t im e s  and i s  u s u a l l y  much m o d i f i e d .  The s p o ra n g io p h o re s  

a r i s e  from  t h e  same node a s  do t h e i r  c o u n t e r p a r t s ,  t h e  b r a c t s .
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In  our specim en t h e  s jo r a n g i o p h o r e  i s  a  lo n g  ( 2 . 5 - 6 . 0  mm.), 

s l e n d e r ,  s t a l k - l i k e  s t r u c t u r e ,  a b o u t  0 .1  mm. in  diam. f o r  m ost 

o f  i t s  l e n g t h .  U s u a l ly  t h e  d i s t a l  end ( 0 . 3 - 0 . 5  m i . )  i s  g r a d u a l ­

l y  e n la r g e d  u n t i l  i t  i s  a b o u t  0 .4  mm. in  diam . w here i t  f u s e s  

i n d i s t i n g u i s h a b l y  w i th  i t s  sp o ran g iu m . The s p o ra n g io p h o re s  

i n  our s p e c i e s  a r e  a lw ays  t h r e e  t im e s  a s  numerous as  t h e  b r a c t s ,  

i . e . ,  t h e r e  a r e  a lw ays  t h r e e  s p o ra n g io p h o re s  p e r  b r a c t .  They 

a r i s e  s e p a r a t e l y ,  s i d e - b y - s i d e  on th e  b r a c t  s u r f a c e  and  c l o s e  

t o  t h e  a x i s  ( F ig .  1 0 ) .  In  a  t a n g e n t i a l  s e c t i o n  th ro u g h  th e  

cone n e a r  t h e  a x i s ,  t h e y  f i r s t  a p p e a r  as  mounds o f  t i s s u e ,  

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

b r a c t  ( F ig .  1 0 ) .  In  a r a d i a l  s e c t i o n  o f  t h e  co n e ,  th e y  a p p e a r  

a s  d e n s e ly  o r g a n iz e d ,  r a d i a l l y  e lo n g a te d ,  r i d g e s  o f  s p e c i a l  

t i s s u e  w hich  become s e p a r a t e d  from  th e  b r a c t  s u r f a c e  w i t h i n  

0 .3  mm. o f  t h e  a x i s .  This s e p a r a t i o n  o c c u rs  in  t h r e e  d i s t i n c t  

p o s i t i o n s ,  i . e . , ' a x i l l a r y ,  be tw een  0 . 1 - 0 . 1 5  mm. and  0 .1 5 - 0 . 2 5  mm. 

f o r  t h e  t h r e e  l a t e r a l l y  a d j a c e n t  s p o ra n g io p h o re s  o f  each  b r a c t .  

vTe have n o t  been  a b l e  t o  a s c e r t a i n  w h e th e r  t h e  s p o ra n g io p h o re  

w hich  b e a r s  t h e  in n e rm o s t  spo rang ium  alw ays  a r i s e s  in  t h e  same 

p o s i t i o n ,  i . e . ,  be tw een  th e  o t h e r  two o r  on th e  r i g h t  o r  l e f t  

s i d e  o f  th e  b r a c t  b a s e ,  e t c .  N e i t h e r  have we been  a b l e  t o  

p ro v e  t h a t  t h e  s p o ra n g io p h o re  w h ich  f i r s t  becomes f r e e  from 

t h e  b r a c t  s u r f a c e  ( F ig .  7) b e a r s  th e  f i r s t  spo rang ium ; t h a t  

t h e  s p o ra n g io p h o re  a r i s i n g  in  " se c o n d  p o s i t i o n "  ( F ig .  5)
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F i g .  5 .  R a d ia l  s e c t i o n  show ing " t h i r d  p o s i t i o n "  sp o ra n g io p h o re  
a r i s i n g  from  th e  lo w e s t  b r a c t ,  and  " se c o n d  p o s i t i o n "  on t h e  m id d le  
and  up p er  b r a c t s .  The f ra g m e n t  o f  t h e  s p o ra n g io p h o re  above  t h e  
s t u b  o f  t h e  one on t h e  m id d le  b r a c t  b e lo n g s  t o  i t  a s  i s  shown by- 
s e r i a l  s e c t i o n s .  The o u te rm o s t  spo ran g iu m  o f  t h e  lo w e s t  b r a c t  h as  
been  c u t  q u i t e  o b l i q u e l y  and  shows t h e  p e c u l i a r  n a t u r e  o f  i t s  
e p id e rm a l  c e l l s .  Dark a r e a s  be low  t h e  p o i n t  o f  j u n c t u r e  o f  t h e  
b r a c t  w i th  t h e  a x i s  a r e  v a s c u l a r  t r a c e s .  (1706 R 2).
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a lw ays  b e a r s  t h e  s e c o n d  sp o ran g iu m , and  t h a t  from  " t h i r d  

p o s i t i o n "  ( F ig s .  4 ,  5, 8) t h e  o u te rm o s t  sporang ium , b u t  in  

s e v e r a l  c a s e s  t h i s  i s  known t o  be t r u e  i n  our m a t e r i a l .  We 

have fo und  no c a s e s  t o  t h e  c o n t r a r y .  bue t o  t h e  f l e x i b l e  

n a t u r e  o f  t h e  s p o ra n g io p h o re s a n d  to  t h e  crowded c o n d i t i o n s  

o f  t h e  s p o r a n g ia ,  t h e  s p o r a n g io p h o r e s  f o l l o w  a t o r t u o u s  

c o u r s e  t o  t h e i r  t e r m i n a t i o n s  and may t h e r e f o r e  be  t r a c e d  

o n ly  be o b s e r v a t i o n  o f  s e r i a l  s e c t i o n s .  V a r io u s  a c c e s s o r y  

hooks and  lo o p s  o c c u r  ( F ig .  4 ) .  Above t h e  t h i r d  b r a c t  on 

t h e  r i g h t h a n d  s i d e  i n  F ig .  1 ,  t h e  s i n g l e  s p o ra n g io p h o re  has  

been  c u t  th ro u g h ,  t r a n s v e r s e l y ,  4 t im e s  ( S e r i a l  s e c t i o n s  

make p o s s i b l e  t h e  c o n f i r m a t i o n  o f  t h e i r  c o n t i n u i t y ) .

The c o u r s e  o f  t h e  m a tu re  s p o ra n g io p h o re s  g e n e r a l l y  ex­

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

beyond t h e i r  r e s p e c t i v e  s p o r a n g ia ,  w here  th e y  r i s e  v e r t i c a l l y  

a lm o s t  t o  ‘t h e  low er  s i d e  o f  t h e  s u p e r i o r  w horl o f  p e d i c e l s ,  

th e n  become n o t i c e a b l y  i n f l a t e d  or expanded and s h a r p l y  r e ­

c u rv e d  to w ard  t h e  a x i s  ( F i g s .  1 , 9 ) .  The e p id e r m is ,  w hich  

i s  s t r o n g l y  d i f f e r e n t i a t e d  th r o u g h o u t ,  becomes even more 

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

th i c k n e s s  o f  t h e i r  w a l l s  i n  t h e  t e r m i n a l  p o r t i o n  o f  th e  

s p o r a n g io p h o r e .  . These c e l l s  a l s o  seem to  c o n t a in  c o n s i d e r a b l e  

o r g a n ic  r e s i d u e .
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In  t r a n s v e r s e  s e c t i o n ,  t h e  s p o ra n g io p h o re s  a r e  u s u a l l y  

ro u n d e d  (F ig .  14) b u t  o c c a s i o n a l  h e a r t - s h a p e d  or even i n -  

v a g i n a t e d  s e c t i o n s  a r e  found . These l a t t e r  o ccu r  when two 

w id e l y  s e p a r a t e d  g roups  o f  (o r  s i n g l e )  e p id e rm a l  c e l l s  seem 

t o  e n l a r g e  more th a n  t h e  o t h e r s .  The e p id e r m is ,  w h ich  i s  

o c c a s i o n a l l y  more th a n  one c e l l  t h i c k  a t  t h e  d i s t a l  end o f  

t h e  sD o ra n g io p h o re ,  s u r ro u n d s  a  weak hypoderrnal t i s s u e  w hich 

i s  o n ly  i m p e r f e c t l y  p r e s e r v e d .  Between t h i s  and t h e  v a s c u l a r  

b u n d le  t h e r e  i s  a  s p a c e  n a r k in g  t h e  fo rm er  p r e s e n c e  o f  d e l i c a t e  

c o r t i c a l  t i s s u e  and  phloem . The v a s c u l a r  b u n d le  i s  a p p a r e n t l y  

c o l l a t e r a l  and  c o n s i s t s  o f  s e v e r a l  e le m e n t s .  The number o f  

e le m e n ts  i n c r e a s e s  d i s t a l l y  th ro u g h  th e  c o u r s e  o f  t h e  s p o ra n g io ­

p h o re  u n t i l  a s  many a s  20 a r e  p r e s e n t  a t  t h e  d i s t a l  e x t r e m i t y .  

Most o f  th e  e le m e n ts  a&e" s p ira l^ ,  b u t  o c c a s i o n a l  s c a la r i f 'o r m  

t r a c h e i d s  a r e  fo u n d .

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

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

has  been  s u b j e c t  t o  sh a rp  c o n t r o v e r s y .  H irm er s u g g e s t s  t h a t  

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

a s  i t  e n t e r s  t h e  b r a c t i g e r o u s  d i s c  t o  s u p p ly  b o th  th e  s p o ra n g io ­

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

In  a  s e r i e s  o f  s e c t i o n s  ta k e n  from s u r f a c e  1706a and  o th e r s  

o f  our spec im en , we have c o n c l u s i v e  e v id e n c e  t h a t  th e  v a s c u l a r  

s t r a n d  a p p ro a c h e d  t h e  node v e r t i c a l l y  an d  o u tw a rd ly  and  a t  a
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p o i n t  a b o u t  0 .5  mm. from  t h s  a n g le  form ed by  t h e  a t ta c h m e n t  

o f  t h e  b r a c t  w i th  th e  a x i s ,  i t  f o rk e d  d ic h o to m o u s ly ,  th e  

o u t e r  ( d o r s a l )  s t r a n d  p a s s in g  o u t  o f  t h e  c o r t e x  i n t o  th e  b r a c t  

w i th o u t  f u r t h e r  d i v i s i o n  and t h e  in n e r  ( v e n t r a l )  p o r t i o n  u n d e r ­

go ing  two s u c c e s s iv e  d ic h o to m ie s  t o  r e s u l t  in  t h r e e  eq u a l  

v a s c u l a r  b u n d le s .  Each o f  t h e  l a t t e r  i s  s e p a r a t e  and d i s t i n c t  

b e f o r e  i t  em erges from th e  c o r t e x  o f  t h e  a x i s .  F u r th e r  i t  has 

been  p o s s i b l e  t o  p ro v e  t h a t  t h e  d o r s a l  segment o f  t h e  s e c o n d  

d icho tom y , i . e . ,  t h e  f i r s t  s e r i a l  d i v i s i o n  o f  t h e  v e n t r a l  

s t r a n d  w h ich  s u p p l i e s  t h e  s p o r a n g io p h o r e s ,  s u p p l i e d  th e  

s p o ra n g io p h o re  w hich  becomes f r e e  from t h e  s u r f a c e  o f  t h e  b r a c t  

in  t h e  " t h i r d  p o s i t i o n "  ( F ig .  8 ) .  The d o r s a l  ( o u t e r )  segment 

r e s u l t i n g  from  t h e  t h i r d  d icho tom y o f  t h e  l e a f  t r a c e  a lw ays 

s u p p l i e s  t h a t  sp o ra n g io p h o re  a r i s i n g  from  th e  b r a c t  i n  " se co n d  

p o s i t i o n . "  The v e n t r a l  o r  i n n e r  segm ent o f  th e  same s e r i a l  

d i v i s i o n  s u p p l i e s  t h e  a x i l l a r y  s p o ra n g io p h o re .  x'he s e c t i o n s  

1706a 5 -7  show t h i s  s e r i e s  c o m p le te ly .

The s i g n i f i c a n c e  o f  t h e s e  s e r i a l  d ic h o to m ie s  i s  n o t  

d e f i n i t e .  I t  w i l l  be r e c a l l e d ,  how ever, t h a t  we have g iv e n  

e v id e n c e  t o  t h e  s p e c i f i c i t y  o f  each  s p o ra n g io p h o re  w i th  r e s p e c t  

t o  t h e  s p o r a n g ia  and  t o  t h e  p o s i t i o n  where i t  becomes f r e e  from 

t h e  b r a c t ,  v i z .  " a x i l l a r y  ( f i r s t ) ,  s eco n d ,  or t h i r d  p o s i t i o n " ,  

s p o r a n g io p h o r e s ,  su p p ly  f i r s t ,  second  o r  t h i r d  (o u te rm o s t )  

s p o r a n g ia  r e s p e c t i v e l y .  Such a deve lopm en t does n o t  p r e c lu d e
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th e  m o rp h o lo g ic a l  i n t e r p r e t a t i o n  o f  t h e  o r i g i n  o f  s p o ra n g io ­

p h o re s  i n  Sphenophyllum  as  b e in g  b i f u r c a t i o n s  or segm ents  

o f  e q u a l  r a n k  -with t h e  b r a c t s  ( v e n t r a l  segm en ts )  of' t h e  s p o ro ­

p h y l l  s (H irm er ,  1927, i;' i g .  4 2 0 ) .  N e i t h e r  does i t  e x c lu d e  

th e  p o s s i b i l i t y  t h a t  t h e  m ost d i s t a l  spo rang ium  and i t s  

sp o ra n g io p h o re  d e v e lo p e d  f i r s t  from  a nev.r p rim ord ium  and each 

o f  t h e  more p ro x im a l  s p o ra n g io p h o re s  r e p r e s e n t e d  a s u b se q u e n t  

and e q u a l  dev e lo p m en t from  a d d i t i o n a l  a x i l l a r y  p r im o rd ia  

( T r o l l ,  1933, T e x t - f i g .  5 ) .

T r o l l  and Goebel r e g a r d  t h e  developm ent o f  s p o r a n g io ­

p h o re  arms in  t h e  S p h e n o p h y l l a le s  as  a n a la g o u s  t o  t h e  

developm ent o f  t h e  an d ro ec iu m  o f  Hypericum  s p .  In  t h e  

l a t t e r  t h e r e  a p p e a r s  t o  be a m u l t i p l i c a t i o n  o f  t h e  number 

o f  p r im o r d ia  r a t h e r  th a n  tho  s e r i a l  d i v i s i o n  o f  a s i n g l e  

p r im o rd iu m . 'They a l s o  b e l i e v e  t h a t  such  a d d i t i o n a l  p r im o r d ia  

o ccu r  d u r in g  e s p e c i a l l y  f a v o r a b l e  grow th  p e r i o d s .  Bower’ s 

te rm  " p le io g e n y "  (1 911 , p .  2 8 9 ) ,  w h ich  c o n n o te s  an i n c r e a s e  

i n  number o f  p a r t s  beyond t h e  norm al or t y p i c a l ,  -would, 

a c c o r d in g  to  T r o l l ,  be  a p p l i c a b l e  t o  f r u c t i f i c a t i o n s  o f  th e  

S p h e n o p h y l l a le s .  He b e l i e v e s  t h e  t h e o r y  o f  s e r i a l  or 

c o l l a t e r a l  f i s s i o n  t o  be  in a d e q u a te  t o  e x p l a in  th e  o r i g i n  

o f  s p o r a n g io p h o r e s ,  p a r t i a l l y  on t h e  b a s i s  t h a t  no com parab le  

l i v i n g  form s ( i n c l u d i n g  th e  E q u i s e ta c e a e )  p o s s e s s  s e r i a l  

d i v i s i o n .  H is  s tu d y  o f  E au ise tu m , w hich  s e rv e d  as  a b a s i s
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f o r  su c h  a  s t a t e m e n t ,  i s  o f  q u e s t i o n a b l e  v a lu e  i n  v iew  o f  t h e  

s e v e r a l  o u t s t a n d i n g  d i f f e r e n c e s  be tw een  t h a t  genus and  Spheno- 

p h y l lu m . S e v e r a l  o f  th e  l i v i n g  ly c o p o d s  show s t r u c t u r e s  w hich  

a r e  c l e a r l y  s i m i l a r  t o  t h o s e  found  i n  t h e  s p h e n o p h y l l s .  L iv in g  

E q u ise tu m  i s ,  a t  b e s t ,  o n ly  d i s t a n t l y  r e l a t e d  t o  Sphenophyllum , 

and  p e rh a p s  s c a r c e l y  more c l o s e l y  r e l a t e d  t o  i t  th a n  c e r t a i n  

L ycopods . Such an i n t e r p r e t a t i o n  a s  T r o l l ' s  i n v o lv e s  t h e  id e a  

t h a t  each  w h o r l  o f  s p o ra n g io p h o re s  a s  w e l l  as  t h e  l e a f y - b r a c t s  

a r i s e  from i n d i v i d u a l  n o d e s ,  betw een w h ic h ,  t h e  s u p p re s s e d  

i n t e r n o d e s  a r e  s c a r c e l y  e v i d e n t .  This c o n d i t i o n  i s  c h a r a c t e r ­

i s t i c  o f  s e v e r a l  a l l i e d  g e n e ra  such  a s  C a la m o s ta c h y s ,  P a le o -  

s t a c h y a ,  e t c .  '-The s o l u t i o n  o f  t h e  p ro b le m  o f  s e r i a l  segm en ta­

t i o n  of l e a f y  o rg a n s  o f  p l a n t s  i s  beyond t h e  scope  o f  t h i s  

p a p e r .  S c o t t  (1920 ,  p .  94) s t a t e s  t h a t  t h e  s p o ra n g io p h o re s  

o f  Sphenophyllum  f r u c t i f i c a t i o n s  a r e  ap p en d ag es  o f  th e  b r a c t  

f rom  w hich  th e y  a r i s e  by  e v id e n c e  o f  b o th  anatom y and  p o s i t i o n ,  

he  i s  a l s o  s u r e  t h a t  C h e i r o s t r o b u s  s p o r o p h y l l s  w ere  f i r s t  

s e r i a l l y  d iv i d e d  i n  two p l a n e s  and l a t e r  c o l l a t e r a l l y  ( p a lm a te ly )  

segm ented  ( S c o t t ,  1920, p .  1 0 4 ) .  H irmer (1933) i s  a p ro p o n e n t  

o f  t h i s  i n t e r p r e t a t i o n  and i n  an answ er t o  T r o l l ’ s c o n t e n t io n  

(1933) t h a t  s e r i a l  s e g m e n ta t io n  i s  unknown in  t h e  p l a n t  kingdom 

b u t  t h a t  p l e i o g e n y  i s  o f  no rm al o c c u r r e n c e  he c o n te n d s  t h a t  

c e r t a i n  l i v i n g  gymnosperms show s e r i a l  s e g m e n ta t io n .
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The c o u r s e  o f  t h e  v a s c u l a r  b u n d le  and  i t s  method o f  

b r a n c h in g ,  a c c o r d in g  t o  T r o l l  ( 1 9 3 3 ) ,  i s  g e n e r a l l y  an i n ­

d i c a t i o n  o f  t h e  n o d a l  c h a r a c t e r  i n  t h e  above  m en tio n ed  c o n e s .  

L a t e r  in  t h e  same p a p e r ,  how ever ,  he im p l ie s  t h a t  t h e  c o u r s e  

o f  t h e  v a s c u l a r  b u n d le s  o f  t h e  Sphenophyllum  cones  c a n n o t  be 

u s e d  a s  a b a s i s  f o r  a rg u m e n t .  H irm er (1953) rem a ins  r e s o l u t e  

i n  h i s  e a r l i e r  p o s t u l a t i o n ,  w h ich  a g r e e s  w i tn  S c o t t ’ s (1897, 

1 9 0 6 ) ,  o f  t h e  s e r i a l  s e g m e n ta t io n  o f  th e  s p o ro p h y l l  i n t o  

s p o ra n g io p h o re s  and  b r a c t s .  The d i r e c t  e v id e n c e  o f  s e r i a l  

s e g m e n ta t io n  o f  t h e  l e a f  t r a c e  i n  our specim en l e a d s  us t o  

c o n c lu d e ,  f o r  t h e  p r e s e n t ,  t h a t  t h e  s p o ra n g io p h o re s  an a  b r a c t s  

a r e  d e r iv e d  from  t h e  b i f u r c a t i o n  o f  t h e  l e a f  t r a c e  and  t h e r e ­

f o r e  b e lo n g  to  t h e  same n o d e ,  a  c h a r a c t e r i s t i c  w hich we b e l i e v e  

t o  b e  o f  g e n e r i c  r a n k .

S p o r a n g i a

Three s p o r a n g ia  a r e  b o rn e  l i n e a r l ? /  above each  b r a c t  

member o f  t h e  w h o r l .  They a r e  n o t  l e s s  th a n  1 .7  mm. i n  s h o r t ­

e s t  d ia m e te r  and some a r e  a t  l e a s t  2 .4  mm. The s p o ra n g ia  a r e  

b o rn e  a t  t h e  e n l a r g e d  t i p s  o f  t h e  s p o ra n g io p h o re s  w hich  b e a r  

t h e  same r e l a t i o n s h i p  t o  them  a s  t h e  f u n i c u l u s  does t o  an 

a n a t ro p o u s  o v u le  ( F ig s .  4 , 9 ) .  The spo rang ium  r e s t s  d i r e c t l y  

on th e  s u r f a c e  o f  t h e  b r a c t  be low  and r e a c h e s  t h e  b a s e  o f  t h e  

b r a c t  ab o v e .  This c o n d i t i o n  shows c l e a r l y  i n  t r u e  m edian
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F ig .  6 . S in g le  spo rang ium  shown i n  t r u e  m edian  s e c t i o n .  N ote 
t h a t  i t  r e s t s  on t h e  b r a c t  (BR) be low  and  a lm o s t  to u c h e s  th e  one 
ab o v e .  The c ru s h e d ,  d e l i c a t e  i n n e r  s p o r a n g i a l  w a l l  ( I .  SPG) i s  
c l e a r l y  v i s i b l e .  The g e n e r a l ,  g ra d u a l  d e c r e a s e  in  t h e  s i z e  o f  
t h e  m u c h - th ic k e n e d  c e l l s  o f  t h e  o u te r  s p o r a n g i a l  w a l l  (0 .  SPG) 
from  t h e  u p p er  d i s t a l  s i d e  t o  t h e  low er  and  a x i a l  s i d e  i s  q u i t e  
e v i d e n t .  (1706 R 14).
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s e c t i o n  ( F ig .  6 ) and  i n  o b l iq u e  t a n g e n t i a l  s e c t i o n  (F ig .  1 0 ) .

The s p o ra n g io p h o re  p a s s e s  t o  one s i d e  o r  t h e  o t h e r ,  sometimes 

c a u s in g  a s l i g h t  f u r ro w  ( F ig .  1 0 ) on t h e  low er s id e  o f  t h e  

sp o ran g iu m , and  a t t a c h e s  t o  one s i d e  o r  t h e  o th e r  o f  t h e  to p  

b u t  n e v e r  d i r e c t l y  in  t h e  m id d le .  The s p o r a n g ia  a r e  crowded 

c l o s e l y  t o g e t h e r  and  v e r y  r a r e l y  ( F ig .  3) one o f  t h e  s p o ra n g ia  

i n  t h e  i n n e r  o f  t h e  t h r e e  c o n c e n t r i c  v e r t i c e l s  does n o t  d e v e lo p .  

In  su c h  a  c a s e ,  t h e r e  a r e  b u t  two s p o r a n g ia  p e r  i n d i v i d u a l  b r a c t .  

This s p a t i a l  r e l a t i o n s h i p  r e s u l t s  i n  a d e n s e ly  crowded c y c l e  o f  

s p o r a n g ia  n e a r e s t  th e  a x i s ,  an d  th e  second  and t h i r d  v e r t i c e l s  

a r e  s u c c e s s i v e l y  l e s s  crow ded. A com parison  o f  F ig s ,  1 and  2 

w i th  F i g .  10 shows t h i s  c h a r a c t e r  r a t h e r  c o n c l u s i v e l y .

There i s  no j u s t i f i c a t i o n ,  a c c o r d in g  to  t h e  g e n e r a l  

p i c t u r e  g iv e n  by our m a t e r i a l ,  f o r  such  an  h y p o t h e t i c a l  a r e a l  

d i s t r i b u t i o n  o f  s p o r a n g ia  a s  p ro p o s e d  b y  H irm er (1927, F i g s .

417 , 419 , 4 2 1 ) .  These f i g u r e s  a r e  b a s i c a l l y  unsound and 

u n f o r t u n a t e l y  m i s l e a d i n g .  In  th e  f i r s t  p l a c e ,  m a t e r i a l  

f i g u r e d  by B inney  (1 8 7 1 ) ,  W il l ia m so n  (1874 , 1876, 1890 ) ,  

W il l ia m so n  and S c o t t  (1 8 9 4 ) ,  So lm s-L aubach  (1 8 9 6 ) ,  L e c le r c a  

(1 9 2 5 ) ,  Koopmans (1 9 2 8 ) ,  and o t h e r s  shows a r a t h e r  d e n s e ly  

crow ded o r g a n i z a t i o n  and  t h e  r e s u l t a n t  d i s t o r t i o n  w hich n o r ­

m a l ly  accom pan ies  such  c ro w d in g .  Those f i g u r e s  show f u r t h e r  

t h a t  t h e  s p a c e  betw een th e  w h o r ls  o f  b r a c t s  i s  more or l e s s

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



- 55 -

F i~ .  7 . E n la rg e d  s e c t i o n  show ing a t t a c h m e n t  o f  b r a c t  t o  a x i s  
o f  t h e  s t r o b i l u s .  The v a s c u l a r  b u n d le  s u p p ly in g  t h e  s p o ra n g io p h o re  
o f  " f i r s t  p o s i t i o n "  ( a x i l l a r y )  i s  n o t  shown. The v a s c u l a r  b u n d le  
w h ich  seems t o  l e a d  t o  i t  i s  shown i n  o th e r  s e c t i o n s  t o  s u p p ly  a 
s p o ra n g io p h o re  w hich  a r i s e s  from t h e  b r a c t  s u r f a c e  i n  " t h i r d  
p o s i t i o n " .  R o te  t h e  p o i n t  o f  b i f u r c a t i o n  o f  t h e  b u n d le ,  one h a l f  
o f  w hich  s u p p l i e s  t h e  b r a c t .  (1706 R16).

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



c o m p le te ly  f i l l e d  w i th  s p o r a n g ia .  To a t t e m p t  t o  p r o j e c t  s p o ra n g ia  

o f  n o rm al s i z e  on t h e  s p o ra n g io p h o re s  a s  shown i n  H ir rn e r ’ s above 

m e n t io n e d  f i g u r e s  w ould  r e s u l t  im m e d ia te ly  i n  t h e  n e c e s s i t y  o f  

p l a c i n g  some above  o r  belovr t h e  o t h e r s .  Our f i g u r e s  a s  w e l l  

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

t h i s  i s  n o t  t h e  c a s e ,  b u t  r a t h e r  t h e  s p o r a n g ia  a r e  u s u a l l y  b o rne  

in  a s i n g l e  p la n e  above t h e  b r a c t .  E x c e p t io n  t o  t h i s  i s  found 

i n  Bowmanites f e r t i l i s  and p e rh a p s  B. Hbmeri.

The s p o r a n g i a l  w a l l  i s  made up o f  two p r i n c i p a l  l a y e r s .

The o u t e r ,  o r  e p id e r m is ,  i s  co m p rised  o f  l a r g e ,  g r e a t l y  th i c k e n e d  

c e l l s .  They a r e  a s  l a r g e  a s ,  and c o n t in u o u s  w i th  t h o s e  o f  th e  

e p id e rm is  o f  t h e  d i s t a l  end  o f  t h e  s p o r a n g io p h o r e ,  an d  a r e  i n ­

d i s t i n g u i s h a b l e  from them . There a p p e a r s  t o  be  a  g r a d u a l  

d im in u t io n  in  s i z e  o f  t h e  c e l l s  o f  t h e  sporang ium  in  a l l  d i r e c t ­

io n s  from  t h i s  p o i n t  o f  a t t a c h m e n t .  The t h i c k e n i n g  i s  o c c a s io n ­

a l l y  i r r e g u l a r  and g iv e s  t h e  s u p e r f i c i a l  a p p e a ra n c e  o f  an  a n n u lu s .  

Though s u ch  a  s t r u c t u r e  has  b een  s u g g e s te d  ( Z e i l l e r ,  1893; 

W il l ia m so n  and S c o t t ,  1 8 9 4 ) ,  and  i s  w i t h i n  t h e  r e a lm  o f  p o s s i b i l i t y ,  

s e r i a l  s e c t i o n s  o f  our m a t e r i a l  t e n d  t o  show t h a t  t h e  t h i n  p l a c e  

i n  t h e  s p o r a n g i a l  w a l l  ( F ig .  14) i s  a g roove  a p p a r e n t l y  r e s u l t i n g  

from  t h e  p ro x im a l  p o s i t i o n  o f  t h e  s p o ra n g io p h o re  a s  i t  c i rc u m ­

s c r i b e s  t h e  d i s t a l  s i d e  o f  t h e  sp o rang ium .
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F i j i  8 . The s p o ra n g io p h o re  w hich  i s  g iv e n  o f f  t h e  b r a c t  ( l e f t )  i n  
t h i r d  p o s i t i o n  i s  shown h e re  t o  be s u p p l i e d  by  a  v a s c u l a r  bu n d le  w hich 
i s  th e  a d a x i a l  ( i n n e r )  segm ent o f  t h e  d i v i s i o n  o f  th e  l e a f  t r a c e  ( lo w er  
r i g h t ) .
F ig .  9 .  E n la rg e d  spo rang ium  showing i n c r e a s e  i n  s i z e  o f  t h e  s p o r a n g io ­
p h o re  a s  i t  r i s e s  from i t s  b r a c t  component an d  ex ten d s  t o  t h e  b a s e  o f  
t h e  b r a c t  above and  t h e r e  b e a r s  t h e  spo rang ium  in  an a n a t ro p o u s  f a s h i o n .  
Due t o  t h e  n a t u r e  o f  t h e  s e c t i o n ,  t h e  sporang ium  a p p e a r s  p y r i f o r m .  This  
i s  due t o  t h e  a t t a c h m e n t  o f  t h e  sp o ra n g io p h o re  to  one s id e  o r  t h e  o th e r  
o f  t h e  spo ran g iu m  r a t h e r  t h a n  d i r e c t l y  i n  t h e  m id d le  o f  t h e  d i s t a l  s i d e .

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



R
eproduced 

with 
perm

ission 
of the 

copyright ow
ner. 

Further 
reproduction 

prohibited 
w

ithout 
perm

ission.

F ig .  10. E n larged  s e c t io n  o f  F ig .  15. Coalesced  b r a c t  bases  ( c o l l a r )  ( a t  cor of p i c t u r e )  show tu e  ia s e u  s.jomn- 
g iophores  as  humps o f  t i s s u e  in  t h i s  o b l iq u e  s e c t i o n .  In th e  lower w horl of b r a c t s ,  (bottom ) some s e p a r a t io n  
i s  shown (low er r i g h t )  i n t o  in d iv id u a l  b r a c t s .  See d is c u s s io n  i n  t e x t ,  pp. 40, 43, and 52.
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The in n e r  s p o r a n g i a l  ’.va il  i s  made up o f  2 -4  l a y e r s  o f  

v e r y  w eak, t h i n - w a l l e d ,  parenchym a c e l l s  w hich  a r e  u s u a l l y  

c o l la p s e d *  These a r e  much s m a l l e r  th a n  th e  e p id e rm a l  c e l l s  

(T 'ig s .  4 ,  5, 7 , 9 ,  14) and  a r e  a p p a r e n t l y  c o n t in u o u s  w i th  and 

i n d i s t i n g u i s h a b l e  from th e  d e l i c a t e  i n n e r  t i s s u e  o f  t h e  s p o r a n g io ­

p h o re  ( F ig s .  4 ,  9 ) .  The v a s c u l a r  b u n d le  o f  t h e  l a t t e r  o rg an  i s  

t e r m in a t e d  a b r u p t l y  j u s t  b e f o r e  r e a c h i n g  th e  i n n e r  m a rg in  o f  

th e  f r a g i l e  hypoderm al t i s s u e .  The t e r m i n a t i o n  o f  t h e  v a s c u l a r  

b u n d le  i s  p ro b a b ly  t h e  o n ly  d i s t i n g u i s h i n g  p o i n t  w h ich  m arks 

th e  end o f  t h e  s p o ra n g io p h o re .

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

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

S p o r e s

Spores  o f  Sphenophyllum  f r u c t i f i c a t i o n s  have  been f i g u r e d  

by s e v e r a l  a u t h o r s .  The h i g h l y  c h a r a c t e r i s t i c  o rn a m e n ta t io n  

o f  t h e  s p o re  v ra l l  has  been  more or l e s s  c o n fu s e d .  7 / i l l i a m s o n  

and  S c o t t  (1894 , p .  939) s t a t e  t h a t  " t h e i r  c e l l - w a l l  p o s s e s s e s  

a  h i g h l y  c h a r a c t e r i s t i c  o rn a m e n ta t io n ,  c o n s i s t i n g  o f  p ro m in e n t  

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

o f  t h e  exospo rium , by a  r e t i c u l u m  o f  e l e v a t e d  r i d g e s . "  Knox 

(1 9 3 8 , F ig .  1 2 0 ) shows a s i n g l e  s p o re  ta k e n  from  Bowmanites 

Dawsoni a s  h a v in g  much e n l a r g e d ,  p ro m in e n t  s p i n e s ,  c o n n e c te d  

by  l e s s e r  r i d g e s .  A cco rd ing  t o  our m a t e r i a l ,  from  w hich
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F i g .  11 . Enlarged, s p o re  showing p u s t u l o s e  w a l l  w i th  good t e t r a d  s c a r .  
F i g .  12 . S pore  w i th  f a l s e l y  ’’sp inos.e"  a p p e a ra n c e .  Caused by  a p o r t i o n  
o f  t h e  s p o re  m o ther  c e l l  membrane p e r s i s t i n g  on i t s  w a l l .
F i g .  13 . H a b i t  showing s e v e r a l  ty p e s  o f  s p o re s  i n  one sm a l l  a r e a .  The 
s p o re  t o  t h e  l e f t  i s  v e ry  s i m i l a r  t o  t h a t  shown i n  F ig .  11 an d  t h e  
s p o re  t o  t h e  low er  r i g h t  c o r r e s p o n d s  t o  * 'ig .  1 2 .
F ig .  14 . S e c t i o n  showing d i f f e r e n c e  i n  s i z e  o f  s p o r a n g io p h o r e s ,  de­
p e n d in g  on t h e  p r o x im i ty  t o  p o i n t  o f  a t t a c h m e n t  t o  s p o r a n g ia .
F i g .  15 . O b liq u e  l o n g i t u d i n a l  s e c t i o n  showing f u s i o n  o f  b r a c t s  i n t o  
a  c o l l a r  a t  l e f t .  N ote t h e  d e f o r m i ty  o f  t h e  b r a c t  b a s e s  on t h e  c ru s h e d  
s i d e .  P a r t s  o f  t h r e e  w h o r ls  o f  b r a c t s  a r e  shown.
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f i g u r e s  have  been o b ta in e d  ( F ig .  13)., t h a t  a r e  a lm o s t  i d e n t i c a l  

w i th  th o s e  shown by  '•■■•illiamson (1890 , F i g s .  17, 18) and  th o s e  

f i g u r e d  by  Knox, t h i s  i s  n o t  t h e  c a s e ,  m a c e ra t io n  o f  t h e  s p o r ­

a n g ia  and i s o l a t i o n  o f  t h e  sp o re s  show, r a t h e r ,  a c o n t in u o u s  

n e tw o rk  o f  h eav y  r i d g e s  w i th  a s o r t  o f  b i p o l a r  o r i e n t a t i o n  on 

t h e  e x in e .  The l a r g e  " f a l s e  s p in e s "  w hich  a r e  shown w e l l  i n  

F ig .  12 , w h ich  was t a k e n  from  a t h i n  s e c t i o n ,  a p p e a r  t o  be 

f ra g m e n ts  o f  t h e  s p o re  m.other c e l l  membrane. These p ro m in en ces  

o r  b i t s  o f  t i s s u e  a r e  l o s t  i n  m a c e r a t io n  w hich  f u r t h e r  sub­

s t a n t i a t e s  our i n t e r p r e t a t i o n .  A d e f i n i t e  t e t r a h e d r a l  de­

h i s c e n c e  s c a r  i s  u s u a l l y  p r e s e n t  ( F ig s .  11, 13) on t h e  i n t i n e  

as  w e l l  a s  on t h e  e x in e .  The i n t i n e  has  a n u s tu lo s e  or 

g r a n u la r  c o n f i g u r a t i o n  on i t s  s u r f a c e .

There i s  no e v id e n c e  o f  h e t e r o s o o r y  i n  our sp ec im en . The 

s p o re s  do have  a  v a r i a t i o n  i n  s i z e  form 95A^to 124^  e x c l u s i v e  

o f  t h e  r i d g e s  and " s p i n e s "  i n  t h e  same sporang ium , i . e . ,  as  

shown in  F i g .  1 1 . These r i d g e s  u s u a l l y  a r e  n o t  more th a n  15 

h ig h  th u s  g iv i n g  an  o v e r a l l  d ia m e te r  o f  a b o u t  130-140 a| t o  

th e  s p o r e s .  R e n a u l t ' s  r e p o r t e d  n e t e r o s p o r y  (1377) i s  known 

t o  be  a m i s i n t e r p r e t a t i o n .  He c o n s id e r e d  a p e c u l i a r  t a n g e n t i a l  

s e c t i o n  th ro u g h  a spo rang ium  t o  be a s e c t i o n  th ro u g h  a m egaspo re .  

Z o b e l ’ s r e p o r t  o f  h e t e r o s p o r y  (1910) h as  been  g e n e r a l l y  d i s p r o v e n .  

I t  i s  r e a d i l y  c o n c e iv a b le  t h a t  some o f  t h e  sp o re  m other  c e l l s
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or even some o f  t h e  i n d i v i d u a l  members o f  t h e  t e t r a d  dev e lo p ed  

l e s s  c o m p le te ly  th a n  o t h e r s ,  or w ere  even c o m p le te ly  a b o r t i v e  

in  a  spo rang ium  so  t i g h t l y  packed  w i th  s p o r e s .

A f f i n i t i e s

kIi t h  a l l  t h e s e  c h a r a c t e r s  i n  mind we f e e l  t h a t  our specim en 

i s  d i s t i n c t  from  p r e v i o u s l y  r e p o r t e d  f r u c t i f i c a t i o n s .  ,4e t h e r e ­

f o r e  d e s ig n a t e  i t  as  a new s p e c i e s .

In  an a t t e m p t  t o  name, c l a s s i f y  and c o r r e l a t e  i t  w i th  

o t h e r  Sphenophyllum  f r u c t i f i c a t i o n s  we became aware o f  s e r io u s  

d i s c r e p a n c i e s  and c o n f l i c t s  i n  p r e v io u s  r e p o r t s .  Furihiter we 

w ere  u n a b le  t o  d i s c o v e r  t h e  c o n s i s t e n t  u s e  o f  c l e a r l y  d i s t i n c t i v e  

c h a r a c t e r i s t i c s  i n  p r e v io u s  d e s c r i p t i o n s  o f  new s p e c i e s .  In  

o rd e r  t o  p o s i t i v e l y  p l a c e  our spec im en  on r e c o r d  i t  th e n  be­

came n e c e s s a r y  to  i n v e s t i g a t e  a l l  t h e  p r e v io u s  r e p o r t s  o f  

f e r t i l e  s h o o ts  o f  Sphenophyllum , and  t o  show t h e  more e v id e n t  

d i s c r e p a n c i e s  and p o i n t s  o f  c o n f u s io n .  The f o l lo w in g  d i s c u s s io n  

w i l l  g iv e  a d e q u a te  j u s t i f i c a t i o n  t o  our c o n t e n t io n s  and  make 

p o s s i b l e  t h e  r e v i s i o n  o f  t h e  e n t i r e  g en u s .  F o l lo w in g  t h a t  r e ­

v i s i o n ,  a s  com ple te  a d e s c r i p t i o n  a s  p o s s i b l e  i s  g iv e n  o f  a l l  

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

name o f  our new s n e c ie s  i s  t h e r e  i n c l u d e d .
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D is c u s s io n

In  t h e  a t t e m p t  t o  c l a s s i f y  our s p e c i 7nen a s  a s p e c i e s  

o f  t h e  f r u c t i f i c a t i o n s  o f  Sphenophyllum  we e n c o u n te r e d  p.;reat 

d i f f i c u l t i e s  b e c a u se  o f  th e  p r e s e n t  c o n fu s e d  s t a t u s  o f  th e  

c l a s s i f i c a t i o n  o f  t h e s e  f o s s i l s .  To b e g in  w i th ,  t h e  name 

S p h e n o p h y l lo s ta c h y s  as  a p p l i e d  t o  t h e  cones o f  th e  g enus 

Sphenophyllum  o n ly  r e c e n t l y  g a in e d  f a v o r  among l e a d i n g  

p a l e o b o t a n i s t s  (H irm er,  Zimmerman, W a l to n ) .  This name, 

th o u g h  r e c o g n iz e d  a t  i t s  i n c e p t i o n  by  Seward (1898) a s  a 

s e s q u i p e d a l i a n  one, w ould  n o r m a l ly  be a c c e p t a b l e  b eca u se  

o f  i t s  b a s i c  m ean ing , i . e . ,  d e s i g n a t i n g  t h e  cones  o r  s t r o b i l i  

o f  t h e  S p h e n o p h y l l a le s .  U n f o r t u n a t e l y ,  f o r  r e a s o n s  o f  p r i o r ­

i t y ,  t h e  v a l i d i t y  o f  t h e  name i s  q u e s t i o n a b l e .

A cco rd in g  t o  t h e  p r e s e n t  r u l e s  o f  b o t a n i c a l  n o m e n c la tu r e ,  

and  more e s p e c i a l l y  th o s e  p e r t a i n i n g  t o  p a l e o b o ta n y ,  we a r e  

o b l i g e d  t o  u se  t h e  f i r s t  name a p p l i e d  t o  a  p lan t ,  o r  g roup o f  

p l a n t s  s i n c e  1820, t h e  dabe s e l e c t e d  f o r  a b s o l u t e  p r i o r i t y  

o f  f o s s i l s ,  a s  lo n g  as  t h i s  name has  been v a l i d l y  p u b l i s h e d ,  

u n l e s s  s t r o n g  e v id e n c e  i s  s u b m i t te d  t h a t  any  change o f  a 

name w e l l  e s t a b l i s h e d  by lo n g  and c o n s i s t e n t  u sag e  v/ould 

c r e a t e  s e r i o u s  c o n f u s io n .  In  su ch  a c a s e  s t e p s  c o u ld  be 

ta k e n  t o  have t h a t  name r e t a i n e d  as  a  nomen conservandum .
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For r e a s o n s  w e l l  known t o  a l l  who -work w i th  th e  f r a g m e n ta ry  

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

d e s i g n a t i o n s  f o r  v a r i o u s  p l a n t  o rg a n s  a s  w e l l  a s  f o r  e n t i r e  

p l a n t s .  O b v io u s ly  t h i s  n e c e s s i t y  p o s e s  a d d i t i o n a l  taxonom ic  com­

p l i c a t i o n s  b u t  i n  r e a l i t y  i s  a  c o n v e n ie n t  s i m p l i f i c a t i o n  o f  th e  

t a s k  o f  a s s i g n i n g  o rg an s  o r  f ra g m e n ts  o f  o rg an s  t o  th e  p l a n t s  

w h ich  b o re  them . A lth o u g h  o rg a n ic  c o n n e c t io n  i s  th e  o n ly  p r o o f  

o f  d e f i n i t e  r e l a t i o n s h i p ,  e v id e n c e  o f  an o r g a n ic  c o n n e c t io n  

betw een  two p l a n t  f ra g m e n ts  i n  one c a s e  may n o t  be  r e g a r d e d  a s  

p r o o f  o f  t h e  f a c t  t h a t  a l l  s i m i l a r  spec im ens  m us t b e a r  i d e n t i c a l  

r e l a t i o n s h i p .  The r e a s o n  f o r  t h i s  awkward s i t u a t i o n  i s  th e  

n e c e s s i t y  o f  c o n s i d e r i n g  t h e  t im e  r e l a t i o n s h i p  in  a d d i t i o n  t o  

th e  g e o g ra p h ic  an d  s t r u c t u r a l  r e l a t i o n s h i p s .  However, we do 

n o t  doub t t h a t  t h e  cones  c o n s id e r e d  in  t h i s  p a p e r  r e p r e s e n t  

t h e  -well known and  im p o r ta n t  P a le o z o ic  cone genus b e lo n g in g  

t o  Sphenophyllum .

In  h i s  e x c e l l e n t  memoir (1893) Z e i l l e r  c la im e d  t h a t  c e r t a i n  

p r e v i o u s l y  d e s c r ib e d  f r u c t i f i c a t i o n s  w ere  u n d o u b te d ly  th o s e  o f  

Sphenophyllum  and  t h a t  t h e  Bowmanites Dawsoni W ill iam so n  cones 

as  w e l l  a s  c e r t a i n  o t h e r s ,  e x c e p t  ’two, known o n ly  from im­

p r e s s i o n  m a t e r i a l  w e re ,  l i k e  some l e a f  r e m a in s ,  r e f e r a b l e  t o  

Sphenophyllum  c u n e i f o l iu m .  This i n t e r p r e t a t i o n  was g e n e r a l l y  

c o n s id e r e d  sound and was s u b s e q u e n t l y  a d o p te d  i n  p r i n c i p l e  by 

v a r io u s  a u t h o r s  (W il l ia m so n  and  S c o t t ,  1894; Seward, 1898;
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K id s to n ,  1901; S c o t t ,  1905, e t  a l . ) .  The s t a t e m e n t  t h a t  a l l  

s i m i l a r  specim ens from h o r iz o n s  w id e ly  s e p a r a t e d  g e o l o g i c a l l y  

and  g e o g r a p h i c a l l y  a r e  s i m i l a r l y  r e l a t e d  i s  u n t e n a b le .  Re­

c o g n iz in g  t h i s  d i f f i c u l t y ,  Seward (1898) p ro p o se d  th e  d i s t i n c t  

o rgan  genus S p h e n o p h y l lo s ta c h y s  f o r  t h e  cones a s s i g n a b l e  mor­

p h o l o g i c a l l y  a n d /o r  a n a t o m i c a l l y  t o  t h e  genus Sphenophyllum , 

b u t  whose o r g a n ic  r e l a t i o n s  w i th  t h e  p l a n t s  c o u ld  n o t  be shown. 

However, a t  l e a s t  two o t h e r  g e n e r i c  names had been  c r e a t e d  

e a r l i e r  th a n  Sew ard ’ s f o r  cones now known t o  have s p h e n o p h y l la c e o u s  

a f f i n i t i e s •

Volkmannia S t e r n b e r g  (1 8 2 5 ) ,  one o f  t h e s e  e a r l y  cone g e n e ra ,  

i n c lu d e d  e l o n g a t e d ,  d i s t i c h o u s  cones  a r r a n g e d  e i t h e r  on l a t e r a l  

b ra n c h e s  o r  a t  t h e  t i p s  o f  s te m s .  Most o f  t h e  d i v e r s e  specim ens  

i n c lu d e d  in  t h i s  h e te ro g e n e o u s  group w ere  c o r r e l a t e d  w i th  

v e g e t a t i v e  re m a in s  o f  A s t e r o p h y l l i t e s ,  o th e r s  w i th  C a lam ite s  

and  a few S p h e n o p h y l l a l e s .  The f i r s t  s p e c ie s  d e s c r ib e d ,  V. 

d i s t a c h y a  S te r n b e r g  (1 8 2 5 ) ,  was l a t e r  (1833) r e f e r r e d  by th e  

same a u th o r  t o  V. a r b o r e s c e n s ,  w h ich  h a s  s in c e  been  t r a n s f e r r e d  

t o  C a la m i te s  a r b o r e s c e n s .  L a t e r  G e in i t z  (1855) and F e i s tm a n te l  

(1869) c a l l e d  i t  t h e  f r u c t i f i c a t i o n  o f  A s t e r o p h y l l i t e s  f o l i o s u s  

and  f i n a l l y  t h e  l a t t e r  a u t h o r  (1872) b e l i e v e d  i t  t o  be i d e n t i c a l  

w i th  M acro s tac h y a  g r a c i l i s  S t u r .  The seco n d  s p e c i e s  o f  Vollonannia 

o r i g i n a l l y  d e s c r ib e d  b y  S te r n b e r g  was V. p o ly s t a c h y a .  A p p a r e n t ly  

i t  i s  now r e f e r a b l e  t o  C a lam ostachys  p o ly s t a c h y a ,  a l th o u g h  i t  has
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a l s o  been c o n s id e r e d  as  t h e  f r u c t i f i c a t i o n  o f  A s t e r o p h y l l i t e s  

r i g i d u s  and c l a s s i f i e d  under  t h e  g e n e r i c  d e s ig n a t io n s  o f  

B ruckm annia, C a l a m i te s ,  P a r a c a la m o s ta c h y s ,  A s t e r o p h y l l i t e s ,  

and  P a la e o s t a c h y a .

Under t h e  p r e s e n t  r u l e s  o f  n o m e n c la tu re  V olkm annia, t h e n ,  

s h o u ld  be a p p l i e d  t o  t h e  cones  o f  t h e  ty p e  w hich  were o r i g i n a l l y  

d e s c r ib e d  xvhen t h i s  g e n e r i c  name was p ro p o s e d .  C a lam o s tac h y s ,  

w h ich  was c r e a t e d  by Schim per (1869) f o r  a p o r t i o n  o f  V olkm annia, 

and  w hich  i s  now known t o  i n c lu d e  S t e r n b e r g ' s  o r i g i n a l  ty p e  

m a t e r i a l ,  s h o u ld  r i g h t f u l l y  be r e d u c e d  t o  synonymy. There i s  no 

j u s t i f i c a t i o n  f o r  r e t a i n i n g  a  name o f  t h e  b a s i s  o f  "euphony" 

(Sew ard , 1898, p .  351) n o r  on t h e  b a s i s  o f  c l a r i t y  as  s u g g e s te d  

by Schim per (1 8 6 9 ) .  However, t h e  lo n g  a c c e p ta n c e  and p r e s e n t  

w id e s p re a d ,  'uniform  a p p l i c a t i o n  o f  th e  name C a lam o s tac h y s ,  ana  

th e  obv ious  i m p l i c a t i o n s  o f  t h e  r e l a t i o n s h i p  o f  t h i s  o rgan  genus 

t o  C a la m i te s  a r e  p ro b a b ly  s u f f i c i e n t  grounds f o r  recommending 

th e  r e t e n t i o n  o f  t h i s  name. In  such a  c a s e ,  o th e r  forms w hich  

w ere  e r r o n e o u s ly  in c lu d e d  un d er  t h e  name Volkmannia may n o t  r e ­

t a i n  t h e  name, even a f t e r  t h e  complex assem b lag e  o f  u n r e l a t e d  

forms has  been t r a n s f e r r e d  e l s e w h e re .  Once t h e  type  m a t e r i a l  i s  

removed from  a  g e n u s ,  t h e r e  i s  no f u r t h e r  b a s i s  f o r  r e t a i n i n g  th e  

name and i t  s h o u ld  t h e n  be c o n s id e r e d  a nomen r e j i c i e n d u m .  There­

f o r e  t h e  i n c l u s i o n  un d er  t h e  name Volkmannia o f  v a r io u s  s p e c i e s  

now r e c o g n iz e d  a s  f r u c t i f i c a t i o n s  o f  Sphenophyllum , su ch  a s  V.

Dawso n i ,  c a n n o t  j u s t i f y  t h e  r e t e n t i o n  o f  t h e  name as v a l i d  f o r  

S p h e n o p h y l lu m  f r u c t i f i c a t i o n s .
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Taxonomic T re a tm e n t

Bowmanites (B inney)  H osk ins  ana C ro s s ,  emend.

1871 Bowmanites B inney , P a l e o n t .  Soc. 1 8 7 0 :5 9 -6 0 ,  p i .  X I I ,  

f i g s .  1 ,  l a ,  l b ,  1c ,  2 ,  3 .

1822 S p h e n o p h y l l i t s s  B r o n g n ia r t ,  C l a s s ,  d .  v e g e t .  f o s s . :

9 ,  3 4 ; (p ro  p a r t e ) .

1823 R o t u l a r i a  S t e r n b e r g ,  E s s a i  f l o r a  monde p r im . 1 ( 2 ) ;3 4 ,

37; 1 ( 4 ) : 3 2 ; ( p r o  p a r t e ) .

1825 Volkmannia S t e r n b e r g ,  V e rs .  e i n .  g e o g n . - b o t .  D a r s t .  d .

F l o r a  d . V o rw e l t .  F a s c .  IV. I ,  4 ;4 2 .  Tentamen 

p .  .XXIX. (p ro  p a r t e ) .

1828 Sphenophyllum  B r o n g n ia r t ,  p rod rom e, p .  6 8 . (p ro  p a r t e ) .

1898 S p h e n o p h y l lo s ta c h y s  Sew ard, F o s s i l  P l a n t s  1 :4 0 1 -4 0 2 .

1909 M onosphenophyllum L o ts y  -  V o r l .  tt. B o t.  Staimnesgesch.

2 :5 2 5 ,  f i g .  349, I I I .

1909 D isphenophy llum  L o ts y  -  I b i d .  2 ;5 2 5 ,  f i g .  349, IV.

1909 B ifu rc o sp h e n o p h y l lu m  L o ts y  -  I b i d .  2 :5 2 5 ,  f i g .  350, I I  1 ,  2 .

1909 T e t r a s p h e n o p h y llu m  L o tsy  -  I b i d .  2 :5 2 5 -5 2 6 ,  f i g .  550, I I I .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-  7 1  -

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

or i n  a s e r i e s  o f  lo o s e  w h o r ls  a l t e r n a t i n g  w i th  v e g e t a t i v e  

l e a v e s ,  b o rn e  t e r m i n a l l y  o r  on l a t e r a l  b r a n c h e s ,  u s u a l l y  l e s s  

th a n  2 .5  cm. in  diam. and  10 cm. i n  l e n g t h ,  hom osporous; 

c o m p a c t ly  o r g a n iz e d  o r  l a x ,  u s u a l l y  c o v e re d  w i th  t h e  o v e r la p p in g  

la m in a e  o f  s u c c e s s i v e  w h o r ls  o f  s p o r o p h y l l s  o r  sometimes o n ly  

by  p e l t a t e  e x p a n s io n s  o f  s u o ra n g io p h o re s  (B. f e r t i l i s ,  J3. Rbrneri ? ) ;  

a x i s  s m a l l  w i th  s m a l l  n e x a rc h  or t r i a r c h  xy lem  s u r ro u n d e d  by  a  

weak parenchym a and  a  s t r o n g e r  o u t e r  c o r t e x .  S in g le  v a s c u l a r  

s t r a n d s  a r e  g iv e n  o f f  a t  each  p o i n t  o f  t h e  xylem  w hich  d iv i d e  

a s  t h e y  t r a v e r s e  t h e  c o r t e x  i n  an upward d i r e c t i o n  to  s u p p ly  

each  l e a f  member o f  t h e  w h o r l .  B e fo re  e n t e r i n g  t h e  l e a f  t h e  

v a s c u l a r  b u n d le  d i v i d e s  i n t o  an i n f e r i o r  ( d o r s a l )  s t r a n d  w h ich  

p a s s e s  i n t o  th e  s t e r i l e  b r a c t  and e x te n d s  d i s t a l l y  a t  l e a s t  t o  

i t s  la m in a  ( i f  p r e s e n t ) ,  an d  a  s u p e r i o r  ( v e n t r a l )  s t r a n d  w h ich  

may d i v i d e  ( p r o b a b ly  d ic h o to m o u s ly )  once o r  tw ic e  t o  g iv e  r i s e  

t o  t h e  i n d i v i d u a l  v a s c u l a r  b u n d le  w h ich  t r a v e r s e s  t h e  e n t i r e  

l e n g t h  o f  each  s p o ra n g io p h o re  and t e r m i n a t e s  a b r u p t l y  a t  t h e  

p o i n t  o f  a t t a c h m e n t  t o  t h e  spo ran g iu m .

S p o ro p h y l ls  u s u a l l y  much m o d i f ie d ,  th o u g h  some a r e  i n ­

d i s t i n g u i s h a b l e  from  v e g e t a t i v e  l e a v e s ,  u s u a l l y  su p e r im p o sed ,  

a lw ays  c o n s i s t i n g  o f  a  s t e r i l e  d o r s a l  ( i n f e r i o r )  segm ent and 

one t o  s e v e r a l ,  b ra n c h e d  o r  u n b ra n c h e d ,  v e n t r a l  ( s u p e r i o r )  

segm ent or s eg m en ts ,  t h e  s p o r a n g io p h o r e s , w hich  b e a r  d i s t a l l y
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s m a l l  ( 0 . 5 - 3 . 0  mm .), e lo n g a t e - o v o i d  ( o f t e n  d i s t o r t e d )  s p o r a n g ia ,  

e i t h e r  s i n g l y  or i n  p a i r s ,  from  in f u n d i b u l i f o r m  o r p e l t a t e  ex­

p a n s io n s .  Bases o f  s p o r o p h y l l s  ( b r a c t s )  f u s e d  i n t o  a  c o l l a r ­

l i k e  d i s c ;  t i p s  f r e e .  S p o ra n g io p h o re s ,  th o u g h  a n a t o m i c a l l y  

d i s t i n c t  when t h e y  emerge from  a x i s ,  a r i s e  from t h e  s u p e r i o r  

s u r f a c e  o f  t h e  d i s c  ( f u s e d  b r a c t  b a s e s )  n e a r  t h e  a x i s  and b e a r  

t h e i r  s p o r a n g ia  i n  one p la n e  in  one t o  s e v e r a l  c o n c e n t r i c  c y c l e s  

above each  node  ( e x c e p t  B. f e r t i l i s ) .

S p o r a n g ia l  w a l l  o f  two l a y e r s ,  t h e  o u te r  w i th  l a r g e  c e l l s  

g r e a t l y  th i c k e n e d  on t h e i r  in n e r  and l a t e r a l  w a l l s ,  t h e  i n n e r  

l a y e r  o f  two t o  f o u r  rows o f  d e l i c a t e  c e l l s  w h ich  a p p e a r  t o  be  

c o n t in u o u s  w i th  t h e  parenchym a o f  t h e  s p o ra n g io p h o re .  S p o ra n g ia  

d e n s e ly  p a c k e d  w i t h  l a r g e  numbers o f  i s o s p o r o u s  s p o re s  w hich  may 

v a r y  s l i g h t l y  i n  s i z e  i n  t h e  same s p e c i e s .  Spores  u s u a l l y  w i t h  

a r i d g e d  ( f a l s e l y  s p in o s e )  e x in e  and a  more d e l i c a t e  i n t i n e  w i th  

t r i r a d i a t e  t e t r a d  s c a r  o f t e n  p r e s e n t .

A t p r e s e n t  I S  s p e c i e s  a r e  r e c o g n iz e d  a s  v a l i d ;  b o rn e  on 

p l a n t s  known by l e a f  im p re s s io n s  o r  s tem  anatom y a s  Sphenophyllum .

The o u t s t a n d in g  c h a r a c t e r s  w h ich  d e l i m i t  t h i s  genus from  

o th e r  a l l i e d  g e n e ra  (C a la m o s ta c h y s ,  C h e i r o s t r o b u s ,  C i n g u l a r i a ,  

P a l e o s t a c h y a ,  e t  a l . )  a r e  i t s  homospory, t h e  d i v i s i o n  o f  f e r t i l e  

b r a c t s  i n t o  a  s t e r i l e  d o r s a l  s p o r o p h y l l  and  a  f e r t i l e ,  v e n t r a l
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s p o r a n g i o p h o r e ( - s ) , t h e  p e d i c e l l a t e  or s t a l k e d  n a t u r e  o f  th e  

s p o r a n g i a ,  t h e  c o n f i g u r a t i o n  o f  t h e  s p o re s  and  t h e  t r i a r c h  or 

h e x a rc h  n a t u r e  o f  t h e  xylem  o f  th e  a x i s .

Known a s  c o m p re ss io n s ,  c a s t s  and  p e t r i f a c t i o n s  from  N o r th  

A m erica , E urope , A sia  and  t h e  E a s t  In d ie s *

Bower and  o th e r s  (Bower, 1955, pp . 151-152 ; Seward, 1910, 

p .  7; W alton , 1940, p .  70) s u g g e s te d  t h a t  th e  o rgan  genus f o r  

f e r t i l e  s h o o ts  r e l a t e d  t o  Sphenophyllum  i s  h e te ro g e n o u s  and  t h a t  

c e r t a i n  form s sh o u ld  he  removed from  i t  i n  v iew  o f  t h e i r  a p ­

p a r e n t  m o rp h o lo g ic a l  d i f f e r e n c e s .  h u t  a f t e r  a c a r e f u l  i n v e s t i ­

g a t i o n  o f  m ost o f  t h e  r e c o r d s  o f  f e r t i l e  s h o o ts  o f  Sphenophyllum  

and  an a n a l y s i s  o f  t h e  group a s  a w h o le ,  we c o n c lu d ed  t h a t  

Bowmanites i s  a homogeneous o rgan  genus and p r e p a r e d  t h e  above 

g e n e r i c  d e s c r i p t i o n  i n  a c c o rd a n c e  w i t h  t h i s  i n t e r p r e t a t i o n .

F u r t h e r ,  on t h e  b a s i s  o f  t h e  number o f  s p o r a n g ia  b o rn e  

on e v e ry  s p o ra n g io p h o re ,  t h e  s p e c i e s  h e r e  in c lu d e d  in  t h e  genus 

Bowmanites can be  p la c e d  i n  t h e  f o l lo w in g  t h r e e  d i s t i n c t  s e c t i o n s ,  

i . e . ,  S im p l ic e s ,  J u g a t i  and C o n f e r t i .  D e s c r ip t i o n s  o f  t h e s e  

s e c t i o n s  a r e  g iv en  be low  and a r e  fo l lo w e d  by a ke;/ t o  t h e  v a l i d  

s p e c i e s ,  each o f  w h ich  i s  t h e n  d e s c r ib e d  a s  f u l l y  a s  p o s s i b l e .
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S e c t io n  S im p l ic e s  H o sk in s  and C ross

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

w i th  s t e r i l e  b r a c t s  from  w h ich  t h e y  may o r  may n o t  be  d i s t i n g u i s h ­

a b l e .  Always one spo ran g iu m  b o rn e  ( o f t e n  i n  an a n a t ro p o u s  f a s h i o n )  

a t  t h e  e n l a r g e d  d i s t a l  end o f  a  more or l e s s  e lo n g a te d  s p o r a n g io -  

p h o re ;  one t o  f i v e  s p o r a n g ia  p e r  b r a c t  a r r a n g e d  in  a s  many c o n c e n t r i c  

v e r t i c e l s  in  one p la n e  above e ac h  w h o r l  o f  s p o r o p h y l l s .

S e c t io n  J u g a t i  H osk ins  and C ross

S p o ro p h y l l s  m o r p h o l o g ic a l l y  d i f f e r e n t  from  s t e r i l e  

l e a v e s  and a lw ays  a r r a n g e d  in  d i s t i n c t  c o n e s .  S p o ra n g ia  b o rn e  in  

p a i r s  on a d i s t a l ,  p e l t a t e  e x p a n s io n  o f  t h e  b ran ch e d  o r  u n b ran ch e d  

s p o r a n g io p h o r s .  Two t o  t h i r t y - f o u r  s p o ra n g ia  p e r  s p o r o p h y l l ,  o f t e n  

n o t  a r r a n g e d  in  a  s i n g l e  p l a n e  b u t  d e n s e ly  packed  be tw een  two 

s u c c e s s iv e  w h o r ls  o f  s p o r o p h y l l s .

S e c t io n  C o n f e r t i  H o sk in s  and  C ross

S p o ro p h y l l s  n e v e r  a r r a n g e d  in  d i s t i n c t  cones  and  o f t e n  

i n d i s t i n g u i s h a b l e  from  s t e r i l e  l e a v e s .  S p o ra n g ia  b o rn e  i n  c l u s t e r s  

o f  f o u r  on a t e r m in a l  d i s c - l i k e  e x p a n s io n  o f  t h e  s p o r a n g io p h o r e .

Four t o  e i g h t  s p o r a n g ia  (one o r  two c l u s t e r s )  p e r  s p o r o p h y l l  

a r r a n g e d  in  a  s i n g l e  p l a n e  above  th e  s " t e r i l e  p e d i c e l .
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Key t o  t h e  s p e c i e s  o f  Bowmanites

I  S p o ra n g ia  b o rn e  s i n g l y  on s p o ra n g io p h o re s  ----- S e c t io n  S im p l ic e s

a M ostly  one or two ( r a r e l y  t h r e e )  s p o ra n g io p h o re s  p e r  b r a c t ,  

b Always one s p o ra n g io p h o re  p e r  b r a c t  and  one w h o r l  o f  

s p o r a n g ia  p e r  n ode .

c S p o ra n g ia  b o rn e  on e l o n g a t e  s p o ra n g io p h o re

  s i m p l e x  ( 1 )

cc S p o ra n g io p h o re  v e r y  s h o r t ;  s p o r a n g ia  a p p e a r in g  

s e s s i l e .

d S p o ra n g ia  b o rn e  a x i a l l y ;  s p o r o p h y l l s  

m o d e ra te ly  c u rv e d  and  s h o r t .

 B. t r i c h o m a to s u s  (2)

dd S p o ra n g ia  b o rn e  somewhat d i s t a l l y  on

p e d i c e l .  Lamina o f  s p o r o p h y l l  v e r t i c a l  

t o  p e d i c e l  and  e x te n d e d  be low  i t  t o  

fo rm  a  sp u r  o r  h e e l .

  3 .  a n g u s t i f o l i u s  (3)

bb U s u a l ly  two s p o ra n g io p h o re s  p e r  b r a c t  (som etim es 

one or t h r e e ) .

c Two ( r a r e l y  one) w h o r ls  o f  s p o r a n g ia  p e r  n o d e .  

Cone s m a l l .  S t e l e  t r i a r c h  i n  p e t r i f i e d  

sp ec im en s .
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d P e t r i f a c t i o n s ;  s p o ra n g io p h o re s  g r e a t l y

e l o n g a t e d . ----------------------------- B. S c o t t i i  (4)

dd C om press ions ;  s p o ra n g io p h o re s  s h o r t .

e Cones s m a l l ,  com pact; s p o r o p h y l l s  

much d i s s e c t e d .

  B. t e n e r r im u s  (5)

ee  Cones 5-8 cm. lo n g ,  l a x ;  s p o r o p h y l l s

n o t  d i s s e c t e d .  ----  B. g r a c i l i s  ( 6 )

cc Two, w h o r ls  o f  s p o r a n g ia  p e r  node (som etim es

t h r e e  w h o r ls  on t h e  same c o n e ) .  Cones l a r g e ,  

i f  p r e s e n t ;  s t e l e  h e x a rc h  i n  p e t r i f i e d  s p e c i ­

mens.

d F e r t i l e  b r a c t s  a r r a n g e d  i n  d e f i n i t e  cones

e P e t r i f a c t i o n s --------------B. Dawsoni (7)

ee  C om pressions

f  w e s tp h a l i a n  A, B, and p e rh a p s

C.   B. c u n e i f o l i u s  ( 8 )

f f  S te p h a n ia n  o r  W e s tp h a l ia n  D

  B. v e r t i c i l l a t u s  (9)

dd F e r t i l e  b r a c t s  n o t  a r r a n g e d  in  d e f i n i t e

c o n e s .  ----- B. c h a ra e fo rm is  (10)

a a  Always t h r e e  o r  more s p o ra n g io p h o re s  p e r  b r a c t .  S p o ra n g ia  

a lw ays  i n  t h r e e  o r  more v e r t i c e l s  i n  one p la n e  p e r  n o d e ,  

b Three c o n c e n t r i c  v e r t i c e l s  o f  s p o ra n g ia  p e r  n o d e .

  B. t r l s p o r a n g i a t u s  (11)
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bb Four or more c o n c e n t r i c  v e r t i c e l s  o f  s p o r a n g ia

p e r  node  33. c a m b re n s is (12)

I I  Two or more s p o r a n g ia  b o rn e  on each s p o ra n g io p h o re .

a S o o ra n g ia  b o rn e  i n  p a i r s  on s p o ra n g io p h o re s  ----- S e c t io n  J u g a t i

b S p o ra n g io p h o re s  u n b ran ch e d ;

c u s u a l l y  3 p e r  s p o r o p h y l l  - — B. Rbmeri (13 )

cc U s u a l ly  1 p e r  s p o r o p h y l l ------------- J>. la x u s  ( I d )

bb S p o ra n g io p h o re s  much b ra n c h e d ;  14-18 p e r  s p o r o p h y l l .

  B. f e r t i l i s  (15)

a a  S p o ra n g ia  b o rn e  i n  c l u s t e r s  o f  f o u r  on each  s p o r a n g io ­

p h o re  ----  S e c t io n  Co n f e r t i

b One s p o ra n g io p h o re  p e r  b r a c t  t e r m in a t e d  by  a l a r g e  

(one cm.) d i s c  w hich  b e a r s  t h e  s p o r a n g ia .

  B. K id s to n i  (16 )

bb Two s p o ra n g io p h o re s  p e r  b r a c t  t e r m i n a t e d  by a much 

r e d u c e d  d i s c  (som etim es o n ly  a  p o i n t  o f  c o a l e s c e n c e  

o f  s p o r a n g ia  b o s e s ) .

c S p o ra n g io p h o re s  and g roups  o f  s p o r a n g ia  i n  two 

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

on u n d iv id e d  b r a c t s  -----B. m a jo r  (17)

cc S p o ra n g io p h o re s  a r i s i n g  s i n g l y  on a d j a c e n t  

h a l v e s  o f  each  b r a c t  fo rm in g  one c o n c e n t r i c  

w h o r l  o f  s p o r a n g io p h o re s .

  B. t e n u i s s i m u s  (18)
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D e s c r i p t i o n  o f  S p e c ie s  

_) Bowmanites s im p le x  H osk ins  and  C ro s s ,  s p e c .  n o v .

1877 Sphenophyllum  s p .  R e n a u l t ,  Ann. S c i .  R a t .  B o t . , s e r .  6 , 

4 :3 0 3 -3 0 4 ,  p i .  9 ,  f i g s .  9 -1 1 .

1882 Sphenophyllum  sp .  R e n a u l t ,  Cours B o t.  F o s .  2 :1 0 2 -1 0 3 ,

p i .  15 , f i g s .  7 -8 ,  p i .  16 , f i g s .  3 .

1893 Sphenophyllum  sp .  Z e i l l e r ,  Mem. Soc. G eo l.  F ra n c e ,

P a l e o n t .  Mem. 1 1 :2 8 -3 0 ,  p i .  7 ,  f i g s .  5 , 5A, 5B, 5C, 5D.

1893 Sphenophyllum  sp .  Z e i l l e r ,  I b i d : 3 4 - 3 6 .

Cones v e r y  s m a l l ,  11 mm. lo n g  x 3 -5  mm. d ia m e te r .  Sub- 

g lo b o s e  spo rang ium  b o rn e  s i n g l y  on s h o r t  s p o ra n g io p h o re  w h ich  

i s  a t t a c h e d  t o  i t  a s  in  B. Dav/soni; one p e r  b r a c t  b o rn e  a  s h o r t  

d i s t a n c e  from  a x i s .  S po res  v e r y  s m a l l ;  c o n f i g u r a t i o n  unknown. 

S p o r o p h y l l s  i n s e r t e d  on t h e  a x i s  a t  an a n g l e  o f  9 0 ° .  P e d i c e l s  

o f  s p o r o p h y l l s  a b o u t  1  mm. i n  l e n g t h  and la m in a e  a r i s e  v e r t i c a l l y  

f o r  a b o u t  2  m i l l i m e t e r s .

One c o n c e n t r i c  w horl o f  s p o r a n g ia  above  each  w h o r l  o f  

b r a c t s ,  t h e  s m a l l  s i z e ,  and  t h e  p ro m in e n t  i n s e r t i o n  o f  t h e  

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

These spec im ens  a l s o  o ccu r  much l a t e r  g e o l o g i c a l l y ,  i . e . ,  Upper 

C arb . ( S t e f a n i a n ) ,  th a n  B. S c o t t i i  and  B. Dawsoni.
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p la - te  IX

F i g .  16. L o n g i tu d in a l  ( n e a r  r a d i a l )  s e c t i o n  o f  Bowmanites s im p le x . 
( A f t e r  Z e i l l e r ,  1893) .  a ,  b ,  c ,  and  d , a r e  s e c t i o n s  o f  t h e  much b ro k en  
a n d  d i s t o r t e d  s p o r a n g ia .  C o type .
F i g .  17 . Cotype o f  B. s im p le x  ( A f t e r  R e n a u l t  1 8 7 7 ) .  17a shows a much 
f l a t t e n e d  spo ran g iu m  and  a  b r a c t .  17b was i n t e r p r e t e d  b y  R e n a u l t  a s  a 
m e g asp o re .  The p e c u l i a r  e p id e rm a l  c e l l s  o f  t h e  sp o ran g iu m  o f t e n  p r e s e n t  
su ch  a  p i c t u r e  ( s e e  F ig .  5 ) .  Both  t h e s e  specim ens  w ere  found  by  R e n a u l t  
th o u g h  Z e i l l e r  s t u d i e d  t h e  one f i g u r e d  i n  F i g .  16.
F i g .  18. Bowmanites a n g u s t i f o l i u s  ( A f t e r  S ch im per,  1 8 7 4 ) .  N o te  t h e  h e e l  
a t  t h e  end o f  th e  p e d i c e l  and t h e  b a s e  o f  t h e  la m in a .
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/
S t e f a n i a n  (G rand C r o ix ) ;  s i l i c i f i e d  magmas n e a r  S a i n t - n t i e n n e ,  

F r a n c e .

P e t r i f a c t i o n s  (O nly  two specim ens know n.)

(2) Bowmanites t r i c h o m a to s u s  ( S t u r )  H osk ins  and C ro s s ,  comb. n o v .

1882 Sphenophyllum  te n e rr im u m  W e iss ,  Aus. S t e i n k . ; 12 , p i .  X, 

f i g .  63; n o t  E t t .

1884 Sphenophyllum  te n e rr im u m  W eiss em end., A bhand l.  g e o l .

S p e c i a l k .  v .  P re u s s e n  u .  d .  T h t tr in g isc h e n  S t a a t e n .

5 (2 )* 1 9 9 ,  p i .  XVI, f i g s .  4 - 5 .

1687 A s t e r o p h y l l i t e s  t r i c h o m a to s u s  S t u r ,  Abh. k .  k .  G eol.

R e i c h s a n s t .  Wien 1 1 ( 2 ) ;2 0 2 ,  p i .  1 5 ,  f i g s .  1 -4 .

1887 Sphenophyllum  t r ic h o m a to su m  S t u r ,  i b i d

True cones  fo rm ed . S p o ra n g ia  o v o id ,  b o rn e  s i n g l y  and 

n e a r l y  s e s s i l e  ( p r o b a b ly  b o rne  on s h o r t  s p o ra n g io p h o re )  one 

p e r  s p o r o p h y l l ,  a  s h o r t  d i s t a n c e  from  t h e  a x i s .  B r a c t s  o r  

s p o r o p h y l l s  n o t  s h a r p l y  b e n t  up a t  d i s t a l  e x t r e m i t i e s  b u t  

r a t h e r  g e n t l y  c u rv e d  from  h o r i z o n t a l  p o r t i o n  ( p e d i c e l ) .

U s u a l ly  c o n s id e r e d  t o  be  s e s s i l e  b u t  b e t t e r  m a t e r i a l  may show 

s p o r a n g io p h o r e s  p r e s e n t ,  a  c h a r a c t e r i s t i c  o f  th e  g e n u s .
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C a r b o n i f e r o u s ;  Karvrin, K a r l s f l b t z ;  Dombrau. f .  2 ,  3 . ;  A u s t r i a .  

Y o rk ian  (M. C o a l -m e a s u re s ) ;  C o o p e r 's  p i t ,  W orsbro’ D a le ,  B a rn s le y ,  

Y o r k s h i r e ,  b h a le  and ro c k  over  B a rn s le y  "T h ic k  Coal" 

( K id s to n ’ s m a t e r i a l ) .

Y /e s tp h a l ia n  B; South  W ales .

Suchaer  (U. W estphal A ); O s t r a u -K e rw n i r , e t c .

C o m press ions .

5 ) Bowmanites an g u s t i f o l i u s  (Germ.) H oskins  and C ro s s ,  comb. n o v .

1848 S p h e n o p h y l l i t e s  a n g u s t i f o l i u s  Germar, V e r s t e i n .  S t e i n k .  

Y fe ttin  u .  L bbe j t ln ;  18, p i .  V I I ,  f i g s .  4 - 7 .

1850 Sphenophyllum  a n g u s t i f o l i u m  U nger, Gen, e t  Sp. P l a n t .

F o s s . : 71.

1864 Sphenophyllum  a n g u s t i f o l i u m  (U ng .)  Coem. and Kx. em end., 

l lo n o g rap h ie  Sphen. : 26 , p i .  I ,  f i g s .  7 ,  7A, 7B.

1869 Sphenophyllum  a n g u s t i f o l i u m  (G erm .) Schim per, T r a i t ^

P a l e o n t .  Ve/ge/t .  1 :3 4 3 -4 4 ,  A t l a s ;  p i .  25 , f i g s .  1 -4 .

1882 Sphenophy llum  a n g u s t i f o l i u m  Germar, in  R e n a u l t ,  Cours B ot. 

F o s . ;  8 8 -8 9 ,  p i .  13 , f i g s .  1 9 -23 .

Cones d e f i n i t e ,  l a x ,  e lo n g a te d  (10 cm. i ) ,  s l e n d e r ,  b o rn e  

a s  f e r t i l e  l a t e r a l  b r a n c h e s  o f  in d e t e r m i n a t e  g row th . One su b -
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g lo b o se  sp o ran g iu m  p e r  b r a c t  b o rn e  p r o b a b ly  on a s h o r t  

s p o ra n g io p h o re  w h ich  i s  a t t a c h e d  t o  t h e  u p p e r  s u r f a c e  o f  t h e  

b r a c t  n e a r  t h e  a x i s .  ( P o s s i b l y  i n  o ld e r  specim ens t h e  

s p o ra n g io p h o re  a s  w e l l  a s  t h e  b r a c t  e lo n g a te d  and  th u s  t h e  

spo rang ium  i t s e l f  i s  n o t  b o rn e  i n  an a x i l l a r y  p o s i t i o n  b u t ,  

r a t h e r ,  d i s t a l l y  upon t h e  p e d i c e l ) .  D i s t a l  p o r t i o n  o f  

s p o r o p h y l l  p e d i c e l  a p p e a r s  cupped , h a v in g  ( e x t e r n a l l y )  t h e  

a p p e a ra n c e  o f  a h e e l .  P ro b a b ly  6  b r a c t s  p e r  w h o r l .

U. U . , G arb, o r  P erm ian  ( s t e p h a n i a n  o r  R o t h l i e g e n d e s ) ;

South  W ales ,  Germany.

C om press ions .

c) Bowmanites S c o t t i i  H osk ins  an d  C ro s s ,  s p e c .  n o v .

1895 S p h en o p h y llu m Daws on i  ( W i l l . )  'W ill ,  and  S c o t t ,  P h i l .

T ra n s .  Roy. Soc. London. B. 1 8 5 :9 5 5 -9 5 9 ,  p i s .  LXXVI 

and  LXXXV, f i g s .  26 and  54.

1898 S p h e n o p h y l lo s ta c h y s  Dawsoni ( W i l l . )  Seward, F o s s i l  P l a n t s  

1 :4 0 1 ;  (ex  p a r t e ) .

1908 Sphenophyllum  Dawsoni ( W i l l . )  V / i l l .  and S c o t t ,  form a b e t a

S c o t t .  S tu d ie s  i n  F o s s .  B o t . ,  2nd e d . , 1 :1 0 0 ,  1 0 2 -1 0 6 , 

f i g .  4 2 .
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1909 M onosphenophyllum Dawsoni ( ' / J i l l . )  L o t s y ,  V o r l .  liber

B ot.  Stam mesgesch. 2 :5 2 5 ,  f i g .  349 , I I I .  ( p ro  p a r t e ) .

1920 Sphenophyllum  Dawsoni ( W i l l . )  W i l l ,  and  S c o t t ,  forma b e t a  

S c o t t .  S tu d ie s  in  F o s s .  B o t . ,  3 rd  e d . , 1 :8 9 ,  92, 94 , 

f i g .  91.

1925 Sphenophyllum  Dawsoni fB, W i l l . ,  i n  L e c l e r c q ,  Mem. Soc. G eol.  

B e lg iq u e :3 4 .

1925 Sphenophyllum  Dawsoni p .  S ch im p .,  i n  L e c l e r c q ,  i b i d .  p i .  V I I ,  

f i g s .  5, 5a .

1927 S p h e n o p h y l lo s ta o h y s  Dawsoni ( W i l l . )  Sew ard, fo rm a p .  S c o t t ,  

in  H irm er ,  Handb. P a l& obo t.  1 :3 5 6 - 5 7 ,  n o t  Sph. Dawsoni 

o f  f i g .  416 .

D e f i n i t e  cones  s m a l l ,  over  15 mm. lo n g  x  5 .5  t o  6 .5  mm. i n  

diam . G lobose  (som etim es d i s t o r t e d )  s p o r a n g ia  ( a b o u t  0 . 5 - 1 . 0  mm. 

i n  d ia m .)  b o rn e  s i n g l y  on e lo n g a te d  s p o r a n g io p h o r e s ,  2  p e r  b r a c t  

( r a r e l y  one) in  2  c o n c e n t r i c  v e r t i c e l s  be tw een  each  two w h o r ls  

o f  s p o r o p h y l l s . .  S p o ra n g io p h o re s  s l e n d e r  ( 0 .1 5  mm. i n  d ia m .)  

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

t h e  a x i s j  i n f l a t e d  o r  s w o l le n  ( 0 .4  mm. d ia m .)  w here  t h e y  j o i n  

t h e  s p o r a n g ia .  Sporiangium  su sp e n d ed  l i k e  an a n a t ro p o u s  o v u le  

i n  r e g a r d  t o  i t s  f u n i c u l u s .  S po res  s p h e r i c a l ,  6 5 - 8 5 i n  diam .
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i n c l u d i n g  a n a s to m o s in g  r i d g e s  o f  exosp o r iu m  w h ich  g iv e  a 

f a l s e  s p in o s e  a p p e a r a n c e .  S p o ro p h y l ls  a b o u t  15 p e r  w h o r l ,  

e l o n g a t e d ,  c u rv in g  g e n t l y  upw ards d i s t a l l y  and  o v e r la p p in g  

la m in a e  o f  s e v e r a l  s u p e r i o r  v e r t i c e l s ;  f u s e d  a t  b a se  i n t o  

n a r ro w  c o l l a r  and  i n s e r t e d  on th e  a x i s  a t  t h e  nodes  a t  a n  

a n g le  o f  a b o u t  4 5 ° ;  a b o u t  5 w h o r ls  p e r  c e n t i m e t e r  o f  t h e  a x i s .  

A s s o c i a t e d  w i th  S phenophyllum  p l u r i f o l i a t u m  W i l l .  (= m y r io -  

ph y llu m  C r e p in ) .

This s p e c i e s  e s s e n t i a l l y  s i m i l a r  i n  anatom y to  Bowmanites 

Dawsoni ( W i l l . )  W eiss e x c e p t  f o r  i t s  t r i a r c h  xy lem  ( i n s t e a d  o f  

h e x a r c h ) ,  i t s  s m a l l e r  number o f  s p o r a n g ia  be tw een  each 2  w h o r ls  

o f  b r a c t s ,  an d  i t s  g e n e r a l l y  s m a l l e r  s i z e .

L. C o a l -m e a su re s ;  H a l i f a x ,  E ng land .

Bouxharmont b e d s ;  W e r i s t e r ,  B elg ium .

P e t r i f a c t i o n s .

(5) Bowmanites t e n e r r im u s  ( E t t . )  H osk ins  and  C ro s s ,  comb. n o v .

1854 Sphenophyllum  te n e r r im u m  k t t i n g s h a u s e n ,  Abh. k .  k .  G eolog. 

R e i c h s a n s t .  2 ( 3 ) : 3 0 - 3 1 ;  (p ro  p a r t e ) .

1874 Sphenophyllum  te n e r r im u m  ( E t t . )  H e lm hacker , Berg -  und 

h tt t tenm . J a h r b .  2 2 ( l ) ; 5 0 - 5 3 ,  p i .  I l l ,  f i g s .  14 , 15.

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-  85 -

1877 S phenophyllum  te n e r r im u m  ( n ' t t . )  S t u r ,  Abh. 1c. k .  Geol.

R e i c h s a n s t .  8 ( 2 ) ;1 0 8  ( 2 1 4 ) ,  p i .  V I I .  f i g s .  12-14 .

Cones com pact,  v e r y  s m a l l ,  t e r m i n a l .  S p o ra n g ia ,  p ro b a b ly  

on s h o r t  p e d i c e l s ,  a r r a n g e d  i n  one or two c o n c e n t r i c  v e r t i c e l s  

p e r  w h o r l  o f  b r a c t s ;  a x i l l a r y  i n  p o s i t i o n .  E s s e n t i a l l y  s i m i l a r  

( th o u g h  s m a l l e r )  t o  Bowmanites c u n e i f o l i u s  b u t  f o r  one o u t s t a n d ­

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

segm ents  a r e  l i n e a r  a n d  r i b b o n - l i k e .  A r i d g e  o r  f o l d  on t h e  

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

p o s i t i o n  o f  s p o ra n g io p h o re .

U. U. C a rb o n i fe ro u s ; (K u lm )  A u s t r i a .

L . N am urian (a ) ; S i l e s i a .

C o m p re ss io n s .

( 6 ) Bowmanites g r a c i l i s  (C re p in )  H oskins  a n d  C ro s s ,  comb. n o v .

1880 Sphenophyllum  g r a c i l e  Cre*pin, B u l l .  Soc. Roy. B o t.  B e lg iq u e ,  

s e r .  2 , 1 9 ;8 -1 0 .

1893 Sphenophyllum  g r a c i l e  (C re p in )  Z e i l l e r ,  emend. Uem. Soc.

G eo l.  F r a n c e ,  P a l e o n t .  Hem. 11 , 4 : 2 5 - 2 6 .  T e x t - f i g .  H»

C ones, known o n ly  from  im p r e s s io n s ,  l a x ,  5 -8  cm. lo n g ,  3 -5  mm. 

w id e ,  p r o b a b ly  c o v e re d  w i th  o v e r la p p in g  la m in a e .  Ovoid s p o ra n g ia
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P l a t e

•jfcu '

F ig s .  19 , 30. O b l iq u e ly  t r a n s v e r s e  and  l o n g i t u d i n a l  s e c t i o n s  o f  B. S c o t t i i  
a f t e r  b ' i l l i a m s o n  a n d  S c o t t ,  1394.
F ig ,  21 . Bowmanites g r a c i l i s .  i io te  s p o ra n g io p h o re  (SPH) b e a r i n g  s p o r a n g ia  
i n  t y p i c a l  f a s h i o n .  ( A f te r  Z e i l l e r ,  1 8 9 3 . ) .
F ig ,  22 . B. te n n e r im u s  a c c o r d in g  t o  S t u r .  ( A f t e r  R e n a u l t ,  1 8 8 2 ) .
F ig .  23 . Bowmanites sp .  Kaw asaki (1931 , F ig .  2 0 ) .  P o s s i b l y  B. s im p lex  or 
B. t r i c h o i r i a to s u s , Hut c e r t a i n l y  a member o f  t h e  B im p l ic e s .  ~
F i g ~  2 4 -2 6 .  Bowmanites c u n e i f o l i u s  a f t e r  Z e i l l e r ,  1893. The s p o r a n g io ­
p h o re s  (SPH) and s p o ra n g ia  i n  tw o ’ s on each  b r a c t  shows c l e a r l y .  F i g .  25 . 
shows a s i n g l e  w h o r l  o f  b r a c t s  w i th  s p o r a n g ia  removed showing c u p - l i k e  
f u s io n  o f  t h e  s e v e r a l  b r a c t s  i n t o  a  c o l l a r .
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b o rn e  s i n g l y  on s h o r t ,  t h i c k  s p o r a n g io p h o r e s ,  p r o b a b ly  2  

(som etim es  1 ) p e r  b r a c t  i n  one or two c o n c e n t r i c  v e r t i c e l s  

be tw een  two w h o r ls  o f  6  l e a v e s  e a c h ,  p e r  n o d e .  M o rp h o lo g ic a l ly  

t h e s e  cones  re s e m b le  t h o s e  o f  Bowmanites S c o t t i i  and  even t h e  

d im en s io n s  o f  t h e  com p arab le  s t r u c t u r e s  o f  t h e  two a g r e e  f a i r l y  

w e l l  w i t h  one a n o t h e r .  The spec im ens  s t u d i e d  by  Z e i l l e r  seem 

t o  i n d i c a t e  t h a t  a t  l e a s t  some o f  them w ere  im m a t u r e . .

C a rb o n i fe ro u s  (C harbonnages  des P r o d u i t s ) ;  B elg ium

C o m p re ss io n s .

( 7 ) Bowmanites Dawsoni ( W i l l . )  W e iss ,  A bhand l.  g e o l .  S p e c i a l k .

v .  P re u s s e n  u .  d .  I h t i r in g i s c h e n  S t a a t e n  5 (2 )  ;2 0 0 -2 0 2 .  

1384.

1871 (1876) Volkmannia Dawsoni W i l l i a m s o n ,  Mem. L i t .  an d  P h i l .

Soc. M a n c h e s te r ,  s e r .  3 ,  5 :2 8 -4 0 ,  p i .  I - I I I ,  f i g s .  1 -7 .

1893 Sphenophyllum  c u n e i f o l iu m  Z e i l l e r ,  Mem. Soc. G eo l.  F ra n c e ,  

P a l e o n t .  Mem. 1 1 ,  4 : 1 - 3 9 ,  p i .  I I ,  f i g s .  1 -3 ,  p i .  I l l ,  

f i g s .  1 , 2 ; ( p r o  p a r t e ) .

1895 Sphenophyllum  Dawsoni ( W i l l . )  W i l l ,  a n d  S c o t t ,  P h i l .  T ran s .  

Roy. Soc. London B 1 8 5 :9 3 3 -9 5 9 ,  p i .  LXXVI, f i g .  25; 

p i .  LXXXV, f i g s .  5 5 -5 8 ,  (p ro  p a r t e ) .
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1898 S p h e n o p h y l lo s ta c h y s  Dawsoni ( W i l l . )  Seward, F o s s i l  P l a n t s

1 . 401 ; ( p r o  p a r t© ) .

1901 Sphenophyllum  o u n e i fo l iu m  ( S t e r n b . )  K id s to n ,  T rans .  N a t .

H i s t .  Soc. Glasgow. 6 ( l ) ; 1 2 4 - 2 7 ,  f i g .  23 ; (p ro  p a r t e ) .

1908 Sphenophyl lu m  Dawsoni ( W i l l . )  formac*.. S c o t t ,  S tu d ie s  in

F o s s .  B o t . ,  2nd ed .  1 ;1 0 0 >  10 2 -1 0 6 , f i g .  43 .

1909 Monosphenophy11urn Dawsoni (Wi 1 1 . )  L o t s y ,  V o r l .  tl. B o t.

S tam m esgesch. 2 ;5 2 5 ,  f i g .  349 , I I I ;  ( p r o  p a r t e ) .

1914 Bowmanites Dawsoni W i l l . ,  i n  P e lo u r d e ,  P a l e o n t .  V e g e t . : 70 .

1920 Sphenophy llum  Dawso n i  ( W i l l . )  form a S c o t t ,  S tu d ie s  i n  F oss .  

B o t . ,  3 rd  e d . , 1 :9 2 - 9 6 ,  f i g .  4 6 .

1927 S p h e n o p h y l lo s ta c h y s  Dawsoni ( W i l l . )  Seward f o r m a t  S c o t t  e t  

f o r m a S c o t t ,  i n  H irm e r ,  Handb. P a lf io b o t .  1 :3 5 5 -5 6 ,  

f i g s .  4 1 6 -4 1 8 ;  n o t  Sph. Dawsoni (’W i l l . )  Seward fo rm a p  

S c o t t ,  i b i d . : 3 5 6 ,  l i n e  15 t o  end o f  p a g e .

1940 Sphenophyllum  ( S p h e n o p h y l lo s t a c h y s ) Dawsoni (W il l )  'w i l l .

and  S c o t t ,  i n  W alto n ,  F o s s i l  p l a n t s *70-72, f i g .  4 7 .

Cones l a r g e ,  10-12  mrn. o r  more i n  d ia m . ,  s e v e r a l  cm. lo n g ;  

a x i s  2 .5  mm. d ia m .;  h e x a rc h  xy lem  c h a r a c t e r i s t i c .  Subg lobose  

s p o r a n g ia  (som etim es  d i s t o r t e d )  b o rn e  s i n g l y ,  i n  an  a n a t ro p o u s
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f a s h i o n  ( i . e .  p e n d a n t  and  su sp e n d e d  on th e  s p o ra n g io p h o re  f rom  

i t s  a d a x i a l  s i d e ) ,  u s u a l l y  2 , som etim es t h r e e  p e r  b r a c t ,  d i s ­

p o sed  in  two ( o r  o c c a s i o n a l l y  t h r e e )  c o n c e n t r i c  v e r t i c e l s  above 

each  w h o r l  o f  b r a c t s ;  1 -2  mm. in  diam. ( i ) .  S p o ra n g io p h o re s  

lo n g ,  s l e n d e r ,  0 .1 5  mm. i n  diam. w here  th e y  become f r e e  from 

s u r f a c e  o f  b r a c t  and  i n f l a t e d  (o r  in f u n d i b u l i f o r m )  to  a b o u t  

0 .4  mm. i n  diam . w here  t h e y  f u s e  w i t h  th e  w a l l  o f  s p o ra n g ia  

■which i s  a p p a r e n t l y  one l a y e r  o f  c e l l s  t h i c k .  S p o re s ,  7 5 - 1 0 0 -^ 

i n  diam . ( a v e r a g e  f o r  1 2  sp ec im en s)  i n c l u d i n g  r id g e d  ex o sp o r iu m , 

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

on endospo rium . S p o ro p h y l l s  ( b r a c t s )  14-20  p e r  w horl f u s e d  i n t o  

a c o l l a r  a t  t h e i r  b a s e s ,  i n s e r t e d  a t  an  a n g le  o f  a b o u t  30°  and  

c u r v in g  g e n t l y  upw ard; la m in a e  o v e r l a p p in g  s e v e r a l  s u p e r i o r  

w h o r l s ;  b u n d le  d iv i d e s  upon e n t e r i n g  c o l l a r  o f  fu se d  b r a c t s  

g iv i n g  r i s e  t o  a s t r a n d  f o r  i t s  r e s p e c t i v e  b r a c t  and a n o t h e r  

s t r a n d  w hich  b i f u r c a t e s  a g a in  and s u p p l i e s  t h e  two s p o r a n g io p h o r e s .  

A s s o c i a t e d  i n d i r e c t l y  b u t  r a t h e r  c o n c l u s i v e l y  w i th  v e g e t a t i v e  

re m a in s  o f  Sphen o p h y llu m  c u n e i f o l iu m .

The s p e c i a l  f e a t u r e s  o f  t h i s  s p e c ie s  a r e  t h e  l a r g e  s i z e  o f  

i t s  c o n e s ,  t h e  p r e s e n c e  i n  m o s t  c a s e s  o f  two s p o ra n g io p h o re s  

p e r  b r a c t ,  and  t h e  h e x a rc h  xy lem . By c o m p ar iso n  B. S o o t t i i  h a s  

s m a l l e r  cones and  a t r i a r c h  xy lem , w hereas  B. t r i s p o r a n g i a t u s  

i s  g e n e r a l l y  l a r g e r  and  has  o r d i n a r i l y  t h r e e  w h o r ls  o f  s p o r a n g ia  

p e r  n o d e .
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L. C o a l -m e a s u re s ;  H a l i f a x ,  Oldham, S h o re ,  S t a l y b r i d g e  and 

Bacup, G re a t  B r i t a i n .

F in e f r a u -N  ebenbank; IT e t h e r  l a n d s .

P e t r i f a c t i o n s .

i )  Bowmanites c u n e i f o l i u s  ( S t e r n b . )  H osk ins  and  C ro s s ,  comb. n o v .

1823 R o t u l a r i a  c u n e i f o l i a  S t e r n b e r g ,  V ersuch  I .  F a s c .  1 1 :3 3 ,  p i .  

XXVI, f i g s .  4a and  4b .

1880 Sphenophyllum  c u n e i f o l iu m  ( S t e r n b . )  Z e i l l e r ,  Ve'get. f o s s .  du 

t e r r .  h o u i l .  de l a  F r a n c e :3 0 ,  p i .  CLXI, f i g s .  1 ,  2 . (p ro  

p a r t e ) .

1884 Bow manites germ an icus  W eiss ,  A bhand l.  g e o l .  S p e c i a lk .

P re u s s e n  u .  d .  T h t l r in g isc h e n .  2 :2 0 1  ( 2 8 7 ) ,  p i .  XXI, 

f i g .  1 2 c

1893 Sphenophyllum  c u n e i f o l iu m  ( s t e r n b . )  Z e i l l e r ,  Mem. Soc. G eol.

F r a n c e ,  P a l e o n t .  Mem. 11, 4 ; l - 3 9 ,  p i .  I ,  p i .  I I ,  f i g s .  

1 -3 ,  p i .  I l l ,  f i g s .  1 -2 .

1911 Bowmanites germ an icus  Jongmans, Heded. Ryks. Ops. van D e lfs  

3 :4 1 7 ,  f i g .  391.

Cones d e f i n i t e ,  l a x ,  more th a n  1 cm. i n  diam . an d  up t o  10 cm.
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i n  l e n g t h .  Known a s  im p re s s io n s  f rom  e s s e n t i a l l y  th e  same 

h o r i z o n s  a s  B. Dawsoni and  p r o b a b ly  i d e n t i c a l  w i t h  i t .  Two 

(som etim es  t h r e e )  c o n c e n t r i c  w h o r ls  o f  s p o r a n g ia  b o rn e  on 

e l o n g a te d  p e d i c e l s  w h ich  a r i s e  from  t h e  s u p e r i o r  s u r f a c e s  o f  

t h e  14-20  b r a c t s  w h ich  a r e  f u s e d  i n t o  a  c o l l a r  or cup a t  t h e i r  

b a s e s ,  and a r e  e x te n d e d  v e r t i c a l l y ,  t h e i r  l i n e a r  l a n c e o l a t e  

t i p s  o v e r l a p p in g  s e v e r a l  s u p e r i o r  w h o r l s .

The specim ens  o f  "Weiss and  Jongm ans, i . e . ,  B. ge rm an icus  

W e iss ,  a r e  somewhat s m a l le r  t h a n  t h e  cones  u s u a l l y  found  on 

un d o u b ted  Sphenophyllum  c u n e i f o l iu m  s tem s  and  t h e  s p o ra n g ia  

a r e  m a rk e d ly  s m a l l e r  b u t  t h e y  a r e  p o s s i b l y  im m ature . B ecause  

t h e  p e t r i f i e d  specim ens o f  u n d o u b te d  B. Dawsoni have n o t  b een  

fo und  in  c o n n e c t io n  w i th  v e g e t a t i v e  p a r t s  o f  Sphenophyllum  

c u n e i f o l iu m  S t e r n b . ,  i t  i s  b e s t  n o t  t o  combine h e r e  t h a t  s p e c i e s  

w i t h  Bowmanites c u n e i f o l i u s .

M. and L. C o a l -m e a su re s ;  G re a t  B r i t a i n .

Yfestjthalian A; F re n c h  and  B e lg ia n  c o a l f i e l d s .

M. U. C a r b o n i f e r o u s ;  Germany.

C o m p ress io n s .
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(g) Bowmanites v e r t i c i l l a t u s  ( S c n l o t h . ) H osk in s  and C ro ss ,  comb. n o v .

1804 Sphenophyllum  v e r t i c i l l a t u m  S c h lo th e im ,  F l o r a  d . V o rw e l t ;  57, 

p i .  2 , f i g .  24 .

1B37 Sph e n o p h y l l i t e s  S c h lo th e i r a i i  Germar, I s i s ;  425 ,  p i .  2 ,  f i g .  1 ,  

a ,  b .

1855 Sphenophyllum  em arg ina tum  B r o n g t . ,  i n  G e i n i t z ,  Die V e r s t ,  de r  

S t e i n k .  fo rm  in  S ach sen ;  12 , p i .  20 , f i g .  7.

1883 Sphenophyllum  em arg inatum  B ro n g t ,  i n  Schenk , P f l a n z .  V e r s t .  

R i c h t .  "C h ina"  4 ;2 2 0 ,  p i .  XXXVIII, f i g .  1 .

1910 Sphenophyllum  v e r t i c i l l a t u m  S c h l o t h . ,  i n  Z o b e l ,  i n  p o t o n i / ,

Abb. und B e s c h r .  No. 138; 1 -1 0 ,  f i g s .  1 -7 .

Two ty p e s  o f  cones  p o s t u l a t e d ;  i f  a c t u a l l y  p r e s e n t ,  t h i s  

s p e c i e s  w ould  be  t h e  o n ly  e s t a b l i s h e d  h e t e r o s p o r o u s  member o f  t h e  

g e n u s .  Fem ale cones  s i m i l a r  i n  s t r u c t u r e  t o  t h e  cones o f  Bowmanites 

c u n e i f o l i u s  ( s c a r c e l y  d i s t i n g u i s h a b l e  from  t h e  im m ature specim ens 

o f  t h e  l a t t e r ) .  Male cones w i th  num erous s p o r a n g ia  ( 0 .5  mm. i n  

d ia m .)  crowded in  s e v e r a l  a x i l l a r y  v e r t i c e l s  a t  each n o d e .  The 

s p o r e s  o f  t h e s e  a r e  su p p o se d ly  ro u n d  and w i th o u t  o rn a m e n ta t io n .

The o t h e r  ( f e m a le ? )  s p o r a n g ia  a r e  e l o n g a t e d ,  a x i l l a r y ,  1 mm. i n  

d i a m e te r ,  and  e q u a l  i n  number t o  t h a t  o f  t h e  s u b te n d in g  b r a c t s ,  

and  c o n t a i n  m a c ro sp o re s  (No s p o re s  have been  i l l u s t r a t e d ) .
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We b e l i e v e  t h a t  f u r t h e r  i n v e s t i g a t i o n  w i l l  r e v e a l  t h a t  t h e

two fo rm s a r e  a c t u a l l y  s e p a r a t e  s p e c i e s  o r  t h a t  t h e  "m ic ro -

s p o r a n g i a t e "  cone i s  v e r y  im m atu re .  This w ould  a c c o u n t  f o r  
and

th e  s m a l l e r  s i z e . ^ t h e  unornam en ted  ( im m atu re )  s p o re s ,  out; n o t  

th e  e x t r a  w h o r ls  o f  s p o ra n g ia  'which a r e  more d i f f i c u l t  t o  

e x p l a i n .

Though t e n t a t i v e l y  s e p a r a t e d  t h i s  s p e c i e s  seems t o  b e lo n g ,  

a t  l e a s t  in  p a r t ,  t o  B. c u n e i f o l i u s  ( " m ic r o s p o r a n g ia te "  c o n e s ) ,  

w h e re a s  th e  re m a in d e r  b e lo n g s  p o s s i b l y  t o  B. t r i c h o m a to s u s  

( " m a c ro s p o ra n g ia te "  co n es)  o r  an  unknown s i m i l a r  form .

U. U. C a r b o n i f e r o u s ;  L i t i t z  n e a r  p i l s e n ,  Bohemia.

Stephanian or W e s t f a l i a n  D; Germany, R u s s i a ,  e t  a l .

C o m p re ss io n s .

(10) Eowmanites c h a ra e fo rm is  (Jongm ans) H osk ins  and  C ro s s ,  comb. n ov .

1912 Sphenophyllum  c h a ra e fo rm e  Jongmans, Ann. k .  k .  N a t .  Hofmus.

Wrie n  1912: 4 4 9 -4 5 0 ,  p i .  6 .

No d e f i n i t e  cones  p r e s e n t .  S p o ra n g ia  b o rn e  in  a n a t ro p o u s  

f a s h io n ,  s in g ly ,  a t  t h e  s l i g h t l y  e n l a r g e d  t i n  o f  s l e n d e r  s p o r a n g io p h o r e s .  

2  s p o ra n g io p h o re s  or more a r i s e  from  t h e  v e n t r a l  ( a d a x i a l )  s u r f a c e  

o f  eac h  b r a c t  n e a r  t h e  a x i s .  F e r t i l e  l e a v e s  o r  b r a c t s  s i m i l a r  i n
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a p p e a ra n c e  t o  s t e r i l e  l e a v e s  an d  o f  same number (9 ? )  p e r  w horl*  

V e g e ta t iv e  stem s a r e  s l e n d e r ,  1 -2  mm. i n  d ia m . ,  w i t h  lo n g  

(3 cm. £) i n t e r n o d e s ;  l a t e r a l  b r a n c h e s ,  w i th  i n t e r n o d e s  2 cm. 

lo n g ,  b e a r  f e r t i l e  l e a v e s  a t  t h e i r  n o d e s .

Jongmans n o te d  a l o n g i t u d i n a l  r i d g e  on t h e  s u r f a c e  o f  

s e v e r a l  s p o ra n g ia  w hich  s u g g e s te d  t o  him a  p o s s i b i l i t y  t h a t  a 

f u s e d  p a i r  o f  s p o r a n g ia  i n s t e a d  o f  a  s i n g l e  one w ere  b o rn e  

t e r m i n a l l y  on each s p o ra n g io p h o re .  U n less  t h i s  c o n d i t i o n  i s  

d e f i n i t e l y  e s t a b l i s h e d ,  B. c h a r a e f o r m is  m ust be p l a c e d  i n  th e  

s e c t i o n  S im p l i c e s .

L. U. C a r b o n i fe r o u s ,  F r a n z i s k a  v e i n ,  O s trau  s e c t i o n ;

H ruschau , Lower S i l e s i a .

C o m p ress io n s .

(11) Bowmanites t r i s p o r a n g i a t u s  H osk ins  and C ro s s ,  s p e c .  n o v .

D e f i n i t e  cone l a r g e r  th a n  th o s e  o f  3 .  s im p le x , B. S c o t t i i , 

and  B. Dawsoni; n o t  l e s s  th a n  16 mm. diam . and s e v e r a l  ( 6 -f) cm. 

lo n g .  A xis  over 4 .5  mm. i n  d iam . V a s c u la r  c y l i n d e r  o f  a x i s  

unknown. T hree , e s s e n t i a l l y  s p h e r i c a l ,  l a r g e  ( 1 .7  -  2 .4  mm. d ia m .)  

s p o r a n g ia  b o rne  s i n g l y  i n  an  a n a t ro p o u s  manner above  each  o f  t h e  

18 b r a c t s  o f  each  w h o r l ,  a lw ays  a p p e a r in g  a s  t h r e e  c o n c e n t r i c  

s e r i e s  o r  v e r t i c e l s  o f  s p o ra n g ia  above each  w horl  o f  s p o r o p h y l l s .
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S p o r a n g ia l  w a l l  tw o - la y e r e d  w i th  an  o u t e r  s i n g l e  l a y e r  o f  l a r g e  

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

l a r g e ,  1 0 0  -  1 3 0 ^  i n c l u d i n g  i r r e g u l a r  exospo rium  o f  a n a s to m o s in g  

r i d g e s  w i t h  b i p o l a r  o r i e n t a t i o n  ( c e n t r a l  body o f  s p h e re  80 -  1 1 5 .^ ) .  

Spo res  d e n s e ly  packed  in  s p o r a n g ia ;  i n t i n e  w i th  p ro m in e n t  t r i -  

r a d i a t e  t e t r a d  s c a r .  S p o ra n g io p h o re s  s l e n d e r  ( 2 5 0 -<-t) g r e a t l y  

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

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

fo rm ed  by t h e  l a t e r a l l y  f u s e d  b a s e s  o f  t h e  b r a c t s ;  i n f u n d i b u l i f o r m  

a t  d i s t a l  end from  w hich spo rang ium  i s  su sp e n d e d .  S p o ro p h y l ls  

i n s e r t e d  a t  an a n g le  o f  a b o u t  2 0 ° ;  la m in a e  t u r n e d  a b r u p t l y  upward 

a t  d i s t a l  end o f  p e d i c e l s  and  o v e r la p p in g  s e v e r a l  (? )  w h o r ls  

ab o v e .  S in g le  b u n d le  b i f u r c a t e s  i n  o u te r  c o r t e x ,  t h e  d o r s a l  

( i n f e r i o r )  s t r a n d  s u p p ly in g  th e  b r a c t  and  t h e  v e n t r a l  ( s u p e r i o r )  

s t r a n d  g iv i n g  r i s e  t o  t h r e e  b r a n c h e s ,  i n  two s im u l ta n e o u s  d i v i s i o n s ,  

ivhich a r e  s e p a r a t e  and su r ro u n d e d  by  pa ren ch y m ato u s  t i s s u e  and 

a p p e a r  a s  r i d g e s  f u s e d  t o  th e  s u r f a c e  o f  t h e  b r a c t  a t  t h e  p o i n t  

o f  em ergence f ro m  t h e  o u te r  c o r t e x .

The c h a r a c t e r i s t i c  and c o n s t a n t  o c c u r r e n c e  o f  t h r e e  s p o r a n g ia  

p e r  b r a c t  i n  t h r e e  c o n c e n t r i c  w h o r ls  p e r  node  i n  any  s e c t i o n ,  i n  

a d d i t i o n  t o  t h e  l a r g e r  s i z e  o f  s p o r e s  and  cone in  g e n e r a l ,  a r e  

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

g e o l o g ic  o c c u r r e n c e  i s  m a rk e d ly  l a t e r  th a n  t h a t  o f  B. Dawsoni,

B. S c o t t i i ,  3 .  c u n e i f o l i u s ,  b u t  somewhat e a r l i e r  th a n  t h a t  o f
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B. s im p le x .

U. C a r b o n i f e r o u s ,  Des Moines S e r i e s  (= L. C arb o n d a le  o f  

I l l i n o i s  = L. A l le g h e n y  o f  E a s t e r n  U. S. = u . 

Y fes tp h a l ian  C o f  E u ro p e ) :  O sk a lo o sa ,  Mahaska County, 

Iowa.

p e t r i f a c t i o n .

( IE )  Bowmanites c a m b re n s is  B in n ey ,  P a l e o n t .  S o c . : 59. p i .  X I I ,  

f i g s .  1 ,  l a ,  l b ,  l c ,  2 , 3 .  1871

1888 Bowmanites c a m b re n s is  (B inney) Howse, C a t . ,  N a t .  H i s t .  

T ra n s ,  o f  N o r th u m b er lan d ,  e t c .  1 0 :3 8 ,  f i g .  2 .

1893 Sphenophyllum  c u n e i f o l iu m  ( S t e r n b . )  Z e i l l e r ,  Mem. Soc.

G eo l.  F r a n c e ,  P a l e o n t .  Mem. 11 , 4 :3 - 3 9 .  (p ro  p a r t e ) .

1927 Sphenophyl l o s t a c h y s  Daws on i  (’H i l l . )  Seward, forma gamma

H irm er,  Handb. P a lH o b o t .  1 :3 5 7 .  f i g s .  419 ,  420 .

L a rg e  cones a b o u t  10 cm. lo n g  and 1 -2  cm. i n  d ia m . , b o rn e

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

t o  B. Daws o n i  b u t  w i th  4 -5  p e d i c e l l a t e d  s p o ra n g ia  p e r  b r a c t  and 

c o n s e q u e n t ly  4 -5  c o n c e n t r i c  w h o r ls  o f  s p o r a n g ia  betw een each  

i n t e r n o d e .  P ro b a b ly  a l l  s p o r a n g ia  b o rn e  l i n e a r l ; /  upon t h e  b r a c t  

and n o t  i n  a l t e r n a t i n g  g roups  o f  one and two a s  p o s t u l a t e d  by
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P la te  X I

F i g s .  2 7 -3 1 .  R e p ro d u c t io n s  o f  B in n e y 's  f i g u r e s  (1871) o f  Bowmani t e s  
c a m b re n s is .  F i g .  27. The s p o ra n g ia  i n  t h i s  f i g u r e  w ere  i n t e r p r e t e d  as 
s p o re s  b y ”"Binney. F i g .  30 shoves a p h o to  o f  a mold o f  t h e  b a s e  o f  t h e  cone 
and F i g .  31 i s  a  r e p r o d u c t i o n  o f  a  d raw ing  made by H r. Bowman when he had 
a l l  t h e  f ra g m e n ts  o f  th e  cone a t  h and .  F ig s .  3 2 -3 3 .  Bowmanites c h a ra e fo rm is  
Jongmans (1912) showing l a x  n a t u r e  o f  v e g e t a t i v e  b ra n c h  and  th e  lo n g ,  u r -  
m o d i f ie d  l e a v e s  w hich  b o re  t h e  s p o ra n g ia  i n  t h e i r  a x i l s .
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H irm er .  Sometimes d i s p l a c e d  t o  t h e  one o r  t h e  o th e r  s i d e  o f  

t h e  b r a c t  i f  n o t  i n  l i n e a r  a r r a n g e m e n t .

About 24 b r a c t s  p e r  w horl whose a t t e n u a t e d  lam in ae  o v e r ­

la p  c h a r a c t e r i s t i c a l l y  t h e  s u p e r i o r  w h o r ls  fo rm ing  a b r i s t l y  

s h e a th  a s  in  n e a r l y  a l l  cones o f  Sphenophyllun .

L. C o a l -m e a su re s ;  n e a r  P o n ty p o o l ,  S. W ales, and Bensham 

Seam; Ja r ro w .

C a s ts  and c o m p re ss io n s .

(13) Bowmanites Rbmeri  S o lm s-L aubach , J a h r b .  d. 1c. lc. G eol.

R e i c h s a n s t .  v«ien 4 5 (2 )  ;225 ,  p i .  IX. f i g s .  1 - 4 ,  p i .  X 

f i g s .  1 -1 0 .  1895.

1398 S p h e n o p h y l lo s ta c h y s  Rbmeri ( S o lm s-L a u b .) Seward, F o s s i l  

P l a n t s  1*405, f i g s .  107c , 107d.

1901 Sphenophyllum  R&neri (S o lm s-L a u b .)  K id s to n ,  T ra n s .  N a t .  

H i s t .  Soc, Glasgow, n . s . ,  6 ( l ) : 1 2 7 - 8 .  f i g .  24.

1909 D isphenophyllum  RBmerii (S o lm s-L a u b .)  L o t s y ,  V o r l .  ti. Bo 

Stam mesgesch. 2 ;5 2 5 ,  f i g .  349 , IV.

1920 Bowmanites Rbmeri S o lm s-L a u b .,  i n  S c o t t ,  S tu d ie s  in  F oss  

B o t . ,  3 rd  e d . , 1 :9 6 - 9 9 ,  f i g s .  4 8 ,  4 9 .
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1927 S p h e n o p h y l lo s ta c h y s  (Bow m a n ite s ) Roem eri (S o lm s-L a u b .)

Sew ard, i n  h i r m e r  Handb. p a l d o b o t . : 357. f i g s .  4 2 1 -2 3 .

1940 Bowmanites RBmeri S o lm s-L a u b .,  i n  W alton ,  S tu d y  o f  F o s s .

P l a n t s :  73.

W ell d e v e lo p e d  c o n e s ,  a p p ro x .  1  cm. i n  d i a m . ; l e n g t h  

s e v e r a l  cm. ( i n d e f i n i t e ) ;  a x i s  unknown. S p o ra n g ia  e l o n g a t e -  

o v o id ,  1 - 2  mm. lo n g  w i t h  w a l l  s e v e r a l  c e l l s  i n  t h i c k n e s s ,  

a t t a c h e d  i n  p a i r s  by t h e i r  a b a x i a l  s i d e  t o  t h e  p e l t a t e  t i p s  

o f  t h e  s l e n d e r ,  e lo n g a te d  s p o ra n g io p h o re s  6  p e r  b r a c t  on 3 un­

b ra n c h e d  s p o ra n g io p h o re s  ( a p p e a r in g  a s  3 c o n c e n t r i c  v e r t i c e l s  

o f  s p o r a n g ia  p e r  w h o r l  o f  b r a c t s  i n  r a d i a l  s e c t .  o f  t h e  cone 

a s  i n  B. t r i s p o r a n g i a t u s ) . A l l  3 s p o ra n g io p h o re s  a r i s e  from  

s u r f a c e  o f  t h e  b r a c t ,  p r o b a b ly  from  a p o i n t  n e a r  t h e  a x i s .

S po res  n e a r l y  s p h e r i c a l ,  100 a*, i n  d ia m . ,  d e n s e ly  crow ded , w i th  

two w a l l s ,  t h e  i n t i n e  membranous and  o f t e n  f o l d e d ,  t h e  e x in e  

t h i c k  and b e a r i n g  numerous a n a s to m o s in g  r i d g e s .  S p o ro p h y l l s  

s e p a r a t e  a lm o s t  t o  b a s e  (number p e r  w horl unknow n); a r r a n g e d  

in  s u p e rp o s e d  w h o r ls  w i t h  t h e  n a r ro w  t i p s  o v e r la p p in g  s e v e r a l  

w h o r ls  ab o v e .

M. U. C a r b o n i f e r o u s ;  N i e d z i e l i s k o ,  n e a r  Cracow, P o la n d .  

P e t r i f a c t i o n  ( o n ly  one specim en know n.)
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(14) Bowmanites l a x u s  H a l l e ,  P a l e o n t .  S i n i c a  A. 2 ( l ) : 5 2 - 5 4 ,  

p i .  11 , f i g s .  1 - 4 .  1927.

W ell d e v e lo p e d  c o n e s ,  o v e r  one cm. in  d ia m . ,  more th a n  

5 cm. lo n g ;  a x i s  t h i c k  (4 mm. in  d i a m . ) ;  p ro m in e n t  r i d g e s ,  

opposed  a t  t h e  n o d e s ,  i . e . ,  n o t  a l t e r n a t i n g ;  in t e r n o d e s  l e s s  

th a n  3 mm. i n  l e n g t h .  S p o ra n g ia  s u b - g lo b o s e ,  1 . 0 - 1 . 5  am. i n  

d ia m . ,  a t t a c h e d  i n  p a i r s  by t h e i r  a b a x i a l  s i d e  t o  th e  p e l t a t e  

t i p  o f  t h e  s l e n d e r ,  e lo n g a te d  ( 2 .5  mm.) s p o ra n g io p h o re ;  2 

( r a r e l y  4) p e r  b r a c t  on 1 (2 )  u n b ra n c h e d  s p o ra n g io p h o re s  

( u s u a l l y  a p p e a r in g  a s  one v e r t i c e l  o f  s p o r a n g ia  p e r  w h o r l  o f  

b r a c t s  in  a r a d i a l  s e c t i o n  o f  th e  c o n e .  S p o ra n g io p h o re  a p p e a rs  

t o  a r i s e  from  t h e  s u r f a c e  o f  each  b r a c t  i n  an a lm o s t  a x i l l a r y  

p o s i t i o n .  T h is  c o n d i t i o n  p l u s  t h e  p e l t a t e ,  b i s p o r a n g i a t e  t i p ,  

r e c a l l  G i n g u l a r i a . S p o res  unknown. S p o ro p h y l l s  o r  b r a c t s  

c o n f l u e n t  f o r  a b o u t  h a l f  t h e i r  l e n g t h  ( fo rm in g  t h e  c h a r a c t e r i s t i c  

d i s c )  w h ich  i s  a b o u t  tw ic e  t h e  d ia m e te r  o f  t h e  l e n g th  o f  th e  

i n t e r n o d e s .  T ips  o f  i n d i v i d u a l  b r a c t s  f r e e ,  s u b u l a t e ,  and  o f t e n  

p e r p e n d i c u l a r  t o  th e  a x i s ;  o n ly  o c c a s i o n a l l y  r e c u r v e d  and n e a r l y  

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

w h o r l  o f  b r a c t s .

S e v e r a l  cones  b o rn e  on th e  t h i c k  a x i s  ( p o s s i b l y  t h a t  o f  

Sphenophyllum  T h o n i i )  a s  l a t e r a l  a p p en d a g es  a t  each  n o d e .
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The s i n g l e  v e r t i c a l  o f  p a i r e d  s p o ra n g ia  p e r  b r a c t ,  and t h e  

l a c k  o f  o v e r l a p p in g  o f  t h e  s h o r t e r  s p o r o p h y l l s  w hich  a r e  a l s o  more 

b r o a d ly  fu s e d  l a t e r a l l y ,  d i f f e r e n t i a t e  t h i s  s p e c i e s  from  B. Rttmeri. 

A d d i t i o n a l  m a t e r i a l  from China c o l l e c t e d  in  a  s l i g h t l y  younger 

s t r a t u m  (ivi. S h ih h o ts e  S e r i e s ,  Bed 31) and f i g u r e d  by H a l l e  (1927 , 

p p .  5 4 -5 5 ,  p i .  11 , f i g s .  5 -3 )  a p p e a r s  t o  b e lo n g  t o  t h i s  s p e c i e s  

b u t  c a r e f u l  s tu d y  o f  th e  o r i g i n a l  m a t e r i a l  w ould  be n e c e s s a r y  

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

L. Perm ian  (L. S h ih h o t s e  S e r i e s ) ;  C h e n c h ia y u , (E a s t  s e c t i o n ;  

p l a n t  b e a r i n g  bed  1 4 ) .

C om press ions .

(15) Bowmanites f e r t i l i s  ( S c o t t )  H osk ins  and  C ro ss ,  comb. n o v .

1906 Sphenophyllum  f e r t i l e  S c o t t ,  P h i l .  T ran s ,  ^oy . Soc. London 

B 1 9 8 ;1 7 -4 0 ,  p i s .  I I I - V ,  t e x t - f i g s .  1 -3 .

1909 D ifu rc o s p h s n o p h y llu m  f e r t i l e  ( S c o t t )  L o t s y ,  Y o r l .  ti. B o t.  

S tam m esgesch. 2 ;5 2 5 ,  f i g .  350, I I  1 , 2.

1927 S p h e n o p h y l io s ta c h y s  f e r t i l i s  ( S c o t t )  H irm er ,  Handb. 

p a lS o b o t .  1 ;3 5 7 ,  359 , f i g s .  42 4 -2 5 .

1936 Sphenophyllum  f e r t i l e  ( S c o t t )  L e c le r c q  em end., Ann, Soc.

O eol. B e lg iq u e  5 9 :2 2 2 -2 4 8 .  p i s .  I-X .
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1936 S p h e n o p h y l lo s ta c h y s  f e r t i l e  ( S c o t t )  H irm er ,  i n  L e c le r c q

P ro c .  S ix th  I n t .  B ot.  Cong. 1*234, 259.

1937 Sphenophyllum  f e r t i l e  ( S c o t t )  L e c l e r c q ,  Ann. Soc. C-eol.

B e lg iq u e  60*170-172 , f i g s .  1 -4 .

D e f i n i t e  com pact cones  p r e s e n t ;  a t  l e a s t  6  cm. lo n g  by 

1 - 2 .5  cm. i n  d ia m . ,  n o t  c o v e re d  by s p o r o p h y l l  l a m in a e .  S p o ran g ia  

e l l i p s o i d a l ,  1 . 5 - 2 . 5  x 1 . - 1 . 5  mm., su r ro u n d e d  by  a  s i n g l e  l a y e r  

o f  c e l l s  w i th  r a d i a l l y  th i c k e n e d  w a l l s ;  2  p e r  s p o ra n g io p h o re  

b ra n c h  ( b i s p o r a n g i a t e )  and  22-34 p e r  s p o r o p h y l l ,  d e n s e ly  crow ded. 

Spo res  e l l i p s o i d a l ,  90-96  x  65-7CL/U., w i th o u t  h e a v i l y  r i d g e d  

e x o s o o re .  Each node b e a r s  6  s p o r o p h y l l s  d i v i d e d  i n t o  18 b r a c t s ,  

w hich  a r e  s l i g h t l y  f u s e d  a t  t h e i r  b a s e s ;  6  o f  them v e n t r a l  

( a d a x i a l ) ,  f e r t i l e  and  f o r k e d ;  1 2  d o r s a l  ( a b a x i a l ) ,  s t e r i l e ,  

u n b ran ch e d  and l a c k i n g  u p tu rn e d  p o r t i o n s ;  14-18 s p o ra n g io p h o re s  

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

s p o ra n g io p h o re  b e a r i n g  t e r m i n a l l y  a more o r  l e s s  p e l t a t e  ex­

p a n s io n ;  some a r e  s t e r i l e ,  'whorls o f  s p o r o p h y l l s  su p e rp o se d  

and  p a r t i a l l y  c o v e re d  e x t e r n a l l y  by p e l t a t e  s p o ra n g io p h o re  t i p s .

L. C o a l -m e a s u re s ;  Shore  ^ i t t l e b o r o u g h ,  L a n c a s h i r e .  

Bouxharmont B eds; A s s i s e  de C h & te le t ,  Belg ium .

P e t r i f a c t i o n s .
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(16) Bowmanites K id s to n i  (Hem.) H osk ins  and C ro s s ,  comb, n o ? ,

1914 Sphenophyllum  s p .  K id s to n ,  T ra n s .  Roy. S oc . E d inbu rgh  

1(1).*131, p i .  X, f i g s .  5 , 5 a .

1931 Sphenophyllum  K id s to n i  Hem., Ann. B o t.  4 5 ( 1 7 7 ) ;4 1 -4 4 ,  

p i s .  I I ,  I I I ,  f i g s .  1 - 8 ,  17 , t e x t - f i g .  2.

D e f i n i t e  cones  a b s e n t .  S p o ra n g ia  o ccu r  i n  f o u r s  ( t e t r a -  

s p o r a n g ia )  i r r e g u l a r l y  among f o l i a g e  i n  one v?horl p e r  n o d e .  

S p o ra n g ia  1 .1  mm. in  d ia m .,  o v a l  o r  " f i g - s h a p e d , "  i . e . ,  

b r o a d e r  t h a n  lo n g  and f l a t t e n e d  a t  a p e x .  S p o ra n g io p h o re  

v e ry  s h o r t ,  a t t a c h e d  t o  u n d e r s id e  o f  b ro a d  ( 1 . 0  mm) d i s c ,  

w h ich  b e a r s  s p o r a n g ia ,  a n d  a r i s i n g  from  c o l l a r e t t e  n e a r  a x i s  

( n o t  c l e a r l y  s e e n ) .  6  l e a v e s  p e r  n o d e ,  v e r y  d e e p ly  d i s s e c t e d  

(4 -7  t e e t h ) .

S m a l le r  th a n  B. m a jo r  and  l a r g e r  th a n  B. t e n u s s im u s .

Mid Y ork ian  S e r i e s  (B a r n s le y  C o a l ,  "Monckton R o c k , " ) ;

R oys ton ,  n e a r  B a r n s le y .  Y o rk s h i r e  Coal F i e l d  ( a l s o  

S t a f f o r d s h i r e  c o a l  f i e l d ) .  Spec. n o s .  ’AH 2154,

AvH 2155, m  2158, e t c .

C o m p ress io n s .
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P l a t e  X II

4

F i g s .  3 4 -3 5 .  Bowmanites m a jo r  showing r a t h e r  c l e a r l y  t h e  g ro u p in g  of 
s p o r a n g ia  i n  two g ro u p s  o f  f o u r  each  p e r  b r a c t .  ( A f t e r  K i a s t o n . )  
F i g s .  36. B. t e n u i s s i m u s .  A much s m a l l e r  p l a n t  t h a n  B. m a jo r .  Uote 
t h e  b roken- group o f  f o u r  s p o ra n g ia  a t  "s." . ( A f te r  K ia s to n ,  T 9 1 6 ) . 
F i g s .  3 7 -3 9 .  B. l a x u s  H a l l e .  F i g s .  37 and 39 show r a t h e r  c l e a r l y  
one spo rang iophore"  b e a r i n g  two s p o r a n g ia  p e r  b r a c t .
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(17) Bowmanites m a jo r  (Bronn) H oskins and C ro s s ,  comb. nov.

1828 R o t u l a r i a  m a jo r  Bronn, i n  B i s c h o f f ,  Die K ryp togain ischen  

GewMchse 2 :1 3 9 ,  p i .  X I I I ,  f ig *  2 a ,  2b .

1835 Sphenophyllum  m ajus  Bronn, L-ethoea G eol.  1 :3 2 ,  p i .  V I I I ,

f i g s .  9a ,  9b.

1909 T e tra sp h e n o p h y l lu m  m ajus (K ia s to n )  L o t s y ,  V o r l .  ti. Eo t.

Stam m esgesch. 2 :5 2 5 -2 6 ,  f i g .  350 , I I I .

1951 S phenophyllum  m ajus  (Bronn) Hem. em end ., jinn. Bot. 45:

3 9 -4 0 ,  p i .  I l l ,  f i g s .  16 , 1 6 a ,  and  t e x t - f i g s .  1 ,

A, B, and C.

No d e f i n i t e  cones  d e v e lo p e d .  S p o ra n g ia  o c c u r  i n  fo u r s  

( t e t r a s p o r a n g i a )  i r r e g u l a r l y  on l e a f  b r a c t s ,  t h e  w h o r ls  o f  

w h ich  may a l t e r n a t e  w i th  s i m i l a r  w h o r ls  o f  s t e r i l e  l e a v e s .  

S p o ra n g ia  a b o u t  1 .5  mm. in  d ia m . ,  p y r i f o r m ,  a t t a c h e d  t o  a  

much r e d u c e d  c e n t r a l  d i s c  (som etim es  o n ly  a p o i n t )  o r  p l a c e  

o f  c o n f lu e n c e  o f  t h e i r  a t ta c h m e n t  t o  t h e  lo n g  s l e n d e r  s p o ra n g io -  

p h o re  w hich  a r i s e s  on t h e  f r e e  s u r f a c e  o f  th e  f u s e d  c o l l a r  

(fo rm ed  b y  l a t e r a l  c o n f lu e n c e  o f  b r a c t  b a s e s )  n e a r  t h e  a x i s .

Two s p o ra n g io p h o re s  and  two g roups  o f  f o u r  s p o r a n g ia  p e r  

b r a c t  fo rm  2  c o n c e n t r i c  r i n g s  o f  s p o r a n g ia l  g roups  p e r  w h o r l ,  

b u t  may o f t e n  be much d i s p l a c e d .  The p l a n t  i s  l a r g e r  th a n
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Bowmanites K id s to n i  w h ich  i t  r e s e m b le s  c l o s e l y .

i ' i d -Y o rk ia n  S e r i e s .  (S h a le  over B a rn s le y  T hick  C o a l ) ;  n e a r  

B a rn s le y .  Y o r k s h i r e  c o a l f i e l d .  Spec. Nos. YiH 855, 

vVH 2172, e t c .

C om press ions .

(18) Bowmanites t e n u i s s i m u s  (K id s to n )  H osk ins  and C ro s s ,  comb. n o v .

1914 Sphenophyllum  te n u is s im u m  K id s to n ,  T ran s .  Roy. Soc. E d inbu rgh  

5 0 ;1 2 9 ,  p i  XVI, f i g s .  3 ,  4 ,  4 a ,  5 ,  t e x t - f i g .  6 .

D e f i n i t e  cones a b s e n t .  A sp o ra n g io p h o re  a r i s e s  from  each  

h a l f  o f  th e  d iv id e d  f e r t i l e  l e a v e s  w hich  a r e  m o r p h o lo g ic a l ly  

s i m i l a r  t o  s t e r i l e  l e a v e s .  F our sm a l l  ( l e s s  th a n  1 mm. i n ­

c lu d in g  b a s a l  s t a l k )  p y r i f o r m  s p o ra n g ia  a r e  b o rne  on t h e  d i s c ­

l i k e  t e r m in a l  end o f  t h e  s p o ra n g io p h o re .  The d i s c  i s  re d u c e d  

a lm o s t  t o  a p o i n t  i n  t h i s  s p e c i e s .  (The d i s c  may be  form ed 

from  t h e  c o n f lu e n c e  o f  t h e  much s h o r t e n e d ,  s t a l k - l i k e  a t t a c h m e n ts  

o f  t h e  s p o r a n g i a . )  The p o r t i o n  o f  t h e  p l a n t  b e a r i n g  t h e  f e r t i l e  

l e a v e s  i s  v e r y  s l e n d e r  ( s t a l k ,  1  mm. i n  d ia m .) ,  s e v e r a l  c e n t i m e t e r s  

lo n g  and  has  lo n g  (7 mm.) i n t e r n o d e s .

M. U. C a rb o n i fe ro u s  (W e s tp h a l ia n  S e r i e s ) ;  C o se ly  n e a r  D udley , 

C l a y s c r o f t ,  E ng land .

C o m p ress io n s .
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Bower, F . 0. 1908— The O r ig in  o f  a  Land F l o r a .  London.

----------------- 1911—B o te s  on th e  m orphology  o f  O ohioglossum

( C h e i r o g lo s s a )  palm atum , L. Ann. B ot.  2 5 :2 7 6 -2 9 8 .

—--------------1935— p r i m i t i v e  Land P l a n t s  a l s o  known a s  th e  A rch e -

g o n ia t a e .  London.

B inney , E. h .  1868— O b s e rv a t io n s  on t h e  s t r u c t u r e  o f  f o s s i l

p l a n t s  found  in  t h e  C a rb o n i fe ro u s  s t r a t a .  P a r t  I .  C a la m i te s  

and Calam odendron. P a l e o n t .  Soc. 1867; 1 -3 2 .  London.

----------------- 1870—A n o te  on t h e  o rg an s  o f  f r u c t i f i c a t i o n  and  f o l i a g e

o f  Calamodendron commune ( ? ) •  T ra n s ,  n i t .  and P h i l .  Soc. 

M an ch es te r ,  3 rd  s e r . , 4 :

----------------- 1871— O b s e rv a t io n s  on t h e  s t r u c t u r e  o f  f o s s i l  p l a n t s

found  in  t h e  C a r b o n i fe r o u s  s t r a t a ,  p a r t  I I .  L e p id o s t ro b u s  

and  some a l l i e d  c o n e s .  p a l e o n t .  Soc. 1870: 3 3 -6 2 .  London.

B r i q u e t ,  John, e t  a l .  1 9 3 5 - - I n t e r n a t i o n a I  P u le s  o f  B o ta n ic a l  

N o m e n c la tu re ,  e t c .  3 rd  ed .  1 -2 6 .  J e n a .

C a r p e n t i e r ,  A l f r e d .  1932— E tude  de v/p-etaux  a s t r u c t u r e  c o n s e rv e d .  

S i l e x  S te p h a n ia n  de G ra n d ?C ro ix  ( L o i r e ) ,  hem. e t  Trav . 

F a c u l t e s  C a th o l iq u e  L i l l e  4 0 :3 - 3 0 .  L i l l e .

C a r r u t h e r s ,  1867— On t h e  S t r u c t u r e  o f  t h e  f r u i t  o f  C a la m i te s .  

J o u r .  B o t.  5 :3 4 9 -3 5 6 .

Coemans, E. and J .  J .  K ickx . 1864— j.ionographie des Sphenophyllum  

d 'E u ro p e .  B u l l .  Roy. B e lg iq u e ,  s e r .  2 , 1 8 :1 -1 3 4 .  B r u x e l l e s .
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C re p in ,  F . 1880—H o tes  o a l e ^ p h y t o l o g i a u e s ; p r e m ie re  n o t e :

O b se rv a t io n s  s u r  l e s  Sphenophyllum . B u l l .  Soc. hoy. B ot. 

B e lg iq u e ,  s e r .  2 ,  1 9 ;8 -1 0 ,  2 2 -29 .

D arrah ,  V/. C. 1S39— The f o s s i l  f l o r a  o f  Iov/a c o a l  b a l l s .  I .

D isc o v e ry  and o c c u r r e n c e .  B ot.  -A s .  L e a f l .  H a rv a rd  U n iv . ,

7 ( 8 ) ;  125-136

 --------------1941— S tu d ie s  o f  American c o a l  b a l l s .  A uer .  J o u r .  S c i .

2 3 9 ( 1 ) ;33-53  •

E t t i n g s h a u s e n ,  9. von . 1854— Die S te in lcoh len  f l o r a  von R a d n i tz

in  BBhmen. Abh. lo. k .  G eo l.  R e i c h s a n s t .  iiiien. 2 ( 3 ) : 3 0 - 3 1 .  

Gerrnar, E. F. 1848— Die V e r s te in e ru n g e n  des S t e i n k o h le n g e b i r g e s  

von W e t t in  und Lbbejttn  iin S a a l k r e i s ,  b i l d l i c h  d a r g e s t e l l t  

und b e s c h r ie b e n  2 :1 3 -1 9 .  H a l l e .

H a l l e ,  T. G. 1927— p a l e o z o ic  p l a n t s  from  C e n t r a l  S h a n s i .  P a l e o n t .

S i n i c a .  /S'er. A, 2 ( 1 ) ; 5 - 3 1 6 .  P ek in g .

H elm hacker, 1374— E in ig e  B eitr& ge zur K e n n tn is s  der  F lo r a

des Stidrandes d e r  o b e r s c h l e s i s c h - p o l n i s c h e n  S te i n k o h le n -  

f o r m a t io n .  B erg -  und h ti t ten m fin n isch ss  J ah rb u ch  2 2 :5 0 -5 3 .  

Hemingway, W. 1931— R e s e a rc h e s  on C oal-m easu re  p l a n t s .  Spheno- 

p h y l l s  from  t h e  Y o rk s h i r e  and D e rb y s h ire  c o a l f i e l d .  Ann.

B ot. 4 5 :3 9 -4 8 .

H irrner, Hax. 1927— Handbuch d e r  P a l& o b o tan ik .  I .  J.lUnchen und B e r l i n .

----------------- 1932A— p a l S o b o t a n ik ;  in  F . von D 'e t t s t e i n ,  F o r t .  B o t.

1 :8 5 -1 0 1 .
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— - —  ------ 1S323— L ie  Deutung des w e i b l i c h e n  B lU te n z a p fe n s  der

C o n i f e r e n .  B er .  D eu ts .  Bot. Ges. 5 0 : ( 4 7 )  -  ( 5 2 ) .

----------------- 1933— Bemerkungen zur 1‘h o o r i e  d e r  s e r i a l e n  S p a l tu n g

d e r  B l o t t e r .  E in e  E rw iderung  an H e r rn .  W. T r o l l .  B er.  D eu ts .

B o t.  Ges. 51*127-148.

----------------- 1937— p a l& o b o ta n ik j  in  F . von h e t t s t e i n ,  F o r t .  Bot.

6 :7 1 -1 0 3 .

Bowse, R. 1888— A c a ta lo g u e  o f  f o s s i l  p l a n t s  from t h e  H u tton

c o l l e c t i o n .  H a t .  H i s t .  T ra n s .  N o r th u m b e r la n d .  1 0 :3 8 .  New­

c a s t l e .

H o sk in s ,  J .  xl. and  A. i1. C ro ss .  1S41— F u r t h e r  s t u d i e s  on th e  c o a l  

f l o r a  o f  Icw a. Amer. J o u r .  B ot.  28 :9s “5 s .

----------  - a n d   ------------1942—New i n t e r p r e t a t i o n s  o f  S p n e n o p h y l lo s ta c h y s

b a s e d  on a p e t r i f i e d  spec im en  from an Iowa c o a l  b a l l .  T ran s .  

I l l i n o i s  S t a t e  Acad. S c i .  3 5 :6 8 -6 9  ( A b s t r a c t ) .

Jon n a a n s ,  7.0 J .  1912— Sphenophyllum  c h a r a e f  orme, nov . s p e c .  A nnal.  

k .  k .  n a t u r l i s t .  Hofmus. 7/ien 2 6 (1 9 1 2 ) :  4 4 9 -4 5 0 .

----------------- 1 9 1 4 — E q u i s e t a l e s  I ,  I I ,  H I .  F o s s i l iu m  C a ta lo g u e  I I ,

P l a n t a e .  E d i te d  by Ji. J .  Jongmans. P a r s  2, 3 ,  and  4 .  B e r l i n .

----------------- 1 9 1 5 — E q u i s e t a l e s  IV and  V. Loc. c i t .  P a r s  5 and 7 .

----------------- 1922—" E q u is e t a le s  VI. Loc. c i t .  P a r s  9.

—,-------------1924— E q u i s e t a l e s  V I I .  Loc. c i t .  P a rs  11.

----------------- 1936— L y c o p o d ia le s  V. F o s s i l i u m  C a ta lo g u s  I I .  P l a n t a e .

E d i t e d  by  •>'. J .  Jongmans. r a r s  21. Loc. c i t .  The Hague.
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   and W. G othan . 1934— P erm o -K arb o n isch e  f l o r a  a u f

S um atra ,  N ie d e r l a n d i s c h e n  I n d i a n .  A cta  P. Acad. S c i .

N ovi Lync. 88:54—63.

- - --------------and   -------- - 1 9 3 5 — Die p a lM o b o ta n isc h e n  E r g i b n i s s e  d e r

D .jam bi-B xped ition  1S25. J a n r b .  Llijnw. I ' le d e r la n d is c h e n  I n d i e  

f o r  1950, 5 9 :7 1 -2 0 1 .  B a t a v i a .

----------------- , T. G. H a l l e ,  and >i. G o than . 1935— P ro p o se d  a d d i t i o n s

to  t h e  I n t e r n a t i o n a l  R u le s  o f  B o ta n i c a l  N o m e n c la tu re .  A dopted

by t h e  F i f t h  I n t e r n a t i o n a l  C o n g re s s ,  Cam bridge, 1930: 3 -1 5 .  J e n a .

K aw asak i,  3. 1931— The f l o r a  o f  t h e  H e ian -S v s tem . P a r t  I I ,  A t l a s .

B u l l .  C-eol. S u rv .  Chosen, ( K o re a ) .  6 ( 2 ) :  P i .  XIX.

K id s to n ,  R o b e r t .  1890— Gn t h e  f r u c t i f i c a t i o n  o f  Sphenophyllum  

t r ic h o m a to su m , S t u r ,  from  t h e  Y o rk s h i r e  c o a l  f i e l d .  P ro c .

Roy. Phys. Soc. E d in b u rg h  1 1 :5 6 -6 2 .

  ---------- 1901— C a rb o n i fe ro u s  Lycopods and S p h e n o p h y l ls .  T ra n s .

N a t .  H i s t .  Soc. Glasgow, New s e r i e s ,  6 ( 1 ) :2 5 - 1 4 0 .

----------------- 1902— The f l o r a  o f  t h e  C a rb o n i fe ro u s  P e r io d .  I I .  p r o c .

Y o r k s h i r e  G eo l.  and P o ly t e c h .  Soc. 1 6 ( 3 ) :3 6 0 -3 6 2 .

---------------- -1911— Les^regetaux h o u i l l e r s  r e c u e i l l i s  dans l e  K a in a u t

b e i g e .  215-227 . B r u s s e l s .

--------------— 1914— Qn t h e  f o s s i l  f l o r a  o f  t h e  S t a f f o r d s h i r e  c o a l f i e l d .

P a r t  I I I .  i’r a n s .  Roy. Soc. E d in b u rg h  5 0 :7 3 -1 9 0 .

Knox, E l i z a b e t h  M. 1938— The s p o r e s  o f  P t e r i d o p h y t a ,  w i th  o b s e r v a t i o n s  

on m ic r o s p o re s  i n  c o a l s  o f  C a rb o n i fe ro u s  a g e .  P ro c .  and  T ra n s .  

B o t.  Soc. E d inbu rgh  3 2 ( 3 ) :  ¥38-*£&(»,
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Koopmans, L. G. 1928— R e s e a rc h e s  on th e  f l o r a  o f  t h e  c o a l - b a l l s  

from  t h e  "F in e f ra u -K e b e n b a n k "  h o r iz o n  in  th e  P ro v in c e  o f  

Limburg (The h e t h e r l a n d s ) .  In  A. J .  Jongmans, f l o r a  en 

f a u n a  van h e t  I 'Jederlandische ^ a rb o n .  J a r s v e r s l a g  G eol.

Bur. b e d e r l a n d i ^ h e  M ijng .  1 :1 - 5 4 .  H e e r le n .

L e c l e r c q ,  Suzanne . 1925— I n t r o d u c t i o n  a 1 ’E tude  an&tomique des 

v e g d ta u x  h o u i l l e r s  de B e lg iq u e :  Les Coal B a l l s  de l a  

Couche Bouxharmont des Charbonnages de W d r i s t e r .  Vemoires 

Soc. G eo l.  B e lg .  1 9 2 5 : l l - 7 9 .  L id g e .

----------------- 1930— E tude d ’ une coupe v e r t i c a l  dans une couche a

c o a l - b a l l s  du h o u i l l e r  de L id g e .  Ann. Soc. G eol.  B e lg iq u e  

5 4 ( 2 ) :

----------------- 1935— Sur en e p i  f r u c t i f d r e  de S p h e n o p h y l l a le .  P re m ie re

P a r t i e .  Ann. Soc. G eol.  B e lg iq u e  5 8 ( 6 - 7 ) :1 8 2 - 1 9 4 .  L ie g e .

 .------- 1956A— Sur un d p i  f r u c t i f e r e  de S p h e n o p h y l l a le .  Spheno-

p hy llum  f e r t i l e ,  S c o t t .  Deuxieme P a r t i e .  /inn. £>oc. G eol.  

B e lg iq u e  5 9 ( 8 - 9 ) : 2 2 2 -2 4 8 . L ie g e .

----------- ■----1936B— Sur l a  s t r u c t u r e  r e e l e  de S p h e n o p h y l lo s ta c h y s

f e r t i l e  S c o t t .  P r o c .  S ix th  I n t .  B ot.  Gong. 1 :2 3 4 ,  239. 

Amsterdam.

----------------- 1957— A p ro p o s  du Sphdnophyllum  f e r t i l e  Scot-fe, Ann.

Soc. G eo l.  B e lg iq u e  60 (3 )  :1 7 0 -1 7 2 . L id g e .

L o t s y ,  J .  P . 1909— V ortr& ge u b e r  B o ta n is c ’ne  S ta ram esg esch ich te .

V o l.  2 , Cormophyta Z oidogam ia; 520-526 .
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P e lo u r d e ,  F e rn a n d .  1914— p & le o n to lo g ie  V e g 6 ta le .  Cryptogames 

c e l l u l a i r e s  e t  c ryp togam es v a s c u l a i r e s .  P a r i s .

P o to n ie ,  K. 1902— ISber d ie  f o s s i l e n  F i l i c a l e s  iin a l lg e m e in e n  

und d i e  R e s te  d e r s e lb e n  z w e i f e l h a f t e r  V e rw a n d ts c h a f t .  

S p h e n o p h y l l a l e s . In E n g le r ,  A. und K. P r a n t l ,  Die R d t u r l i c h e n  

P f l a n z e n f a m i l i e n .  Band I ,  A b t.  4 :5 1 5 -5 1 9 .

 ,---------- - a n d  G othan. 1921— L enrbuch  d e r  P a l a e o b o ta n i k .  2nd ed .

B e r l i n .

P r e s l ,  C. B. 1838— B eitr& ge zu r  Kunde v o r v r e l t l i c h e n  P f l a n z e n — 

V e rh a n d l .  Ges. V a te r .  Mu s .  i n  BBhmen 1 8 3 8 :2 9 .  P r a g .

R e n a u l t ,  M. B. 1877—Ivouvelles  r e c h e r c h e s  s u r  l a  s t r u c t u r e  des 

Sphenophyllum  e t  s u r  l e u r  a f f i n i t i e s  b o t a n iq u e s .  Ann. S c i .

R a t .  D o t . ,  s e r .  6 . ,  4 :3 0 3 -3 0 4 .

----------------- 1882— Cours de B o tan iq u e  F o s s i l e .  Deuxieme Anr.ee: P a r i s .

  -------- 1890— E tudes  s u r  l e  t e r r a i n e  h o u i l l i e r  de Com entary .

F l o r e  F o s s i l e ;  481 -482 .

Schenk, A. 1890— Handbuch d e r  B o ta n ik  -  Die f o s s i l e  p f l a n z e n r e s t e  

V i e r t e r  Band. B re s la u .

Sch im per ,  W. p .  1869— T r a i t e  de P a l e o n t o l o g i e  V e g e ta le .  V ol. I .  P a r i s .

----------------- -1870-72— Same, I I .  P a r i s .

-----------------1 8 7 4 — Same, I I I .  P a r i s .

----------------- 1874— Same, A t l a s .  P a r i s .

S c h lo th e im ,  E. F . von. 1804— B e sc h re ib u n g  merkwiir d ig e r  K rS u te r -  

AbdrUcke und P f la n z e n - V e r s t e in e r u n g e n .  G otha.
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S ch o p f ,  James M. 1941A— C o n t r i b u t io n s  t o  P e n n s y lv a n ia n  P a le o b o ta n y .  

Lazocarpon  o e d ip te rn u m , s p .  n o v .  an d  J i g i l l a r i a n  r e l c t i o n s h i p s . 

I l l i n o i s  S t a t e  G eol.  S u rv .  R e p t .  o f  I n v e s t i g a t i o n s  -  Ho. 75: 

3 -4 0 .  U rbana, 111.

----------------- 1S41B— P r o p o s a l s  and  q u e s t i o n n a . i r e  c o n c e rn in g  p a l e o -

b o t a n i c a l  taxonomy. M imeographed. p p .  1 -5 5 .

S c o t t ,  D. H. 1897— On t h e  s t r u c t u r e  and  a f f i n i t i e s  o f  f o s s i l  

p l a n t s  from  t h e  P a l e o z o ic  r o c k s .  On C h e i r o s t r o b u s ,  a new 

ty p e  o f  f o s s i l  cone from  t h e  low er  C a rb o n i fe ro u s  s t r a t a  

( C a l c i f e r o u s  s a n d s to n e  s e r i e s ) .  P h i l ,  T ran s .  Roy. Soc.

London 3 .  1 8 9 :1 -5 4 .

----------------- 1906— On t h e  s t r u c t u r e  and  a f f i n i t i e s  o f  f o s s i l  p l a n t s

from  t h e  P a le o z o ic  r o c k s .  V. On a  new ty p e  o f  ^ p h e n o p h y lla c e o u s  

cone (Sphenophyllum  f e r t i l e ) from t h e  Lower Coal m e a su re s .

P h i l .  T ran s .  Aoy. Soc. London B. 1 9 8 :1 7 -4 0 .

  -------- 1908— S tu d ie s  i n  F o s s i l  B o tany . 2nd ed .  V ol. 1 . London.

----------------1920— S tu d ie s  i n  F o s s i l  B otany . 3 rd  ed .  V ol.  1 . London.

----------------- 1929— Handbuch d e r  p a l d o b o ta n ik ,  von Max H irm er .  A

r  e v i  ew. r: ew P h y t . 2 8 :8 2 -8 4 .

Seward, A. C-. 1898— F o s s i l  P l a n t s .  V ol.  1 .  Cam bridge.

----------------- 1910— F o s s i l  P l a n t s ,  V ol. 2. Cam bridge.

So lm s-L aubach , H. G raf  zu .  1891— F o s s i l  B otany  ( E n g l i s h  E d i t i o n ) .  

O xford .
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— --------------1S95A— Bowmanites R bm eri, e in e  n e u e  S p h e n o p h y lle e n  -

f r u c t i f i k a f c i o n .  J a h r b .  k .  k .  G eo l.  R e i c h s a n s t .  V.'ien 

4 5 (2 )  : 225-

----------------- 1895B— On a new form  o f  f r u c t i f i c a t i o n  in  Sp’n e n o p n y l le a e .

Ann. B o t.  9 :6 5 8 -5 9 .  ( A b s t r a c t ) .

--------------— 1896— tfber d i e  s e i n e r z e i t  von Unger b e s c h r i e b e n e n

s t r u k t u r b i e t e n d e n  i^ la n z e n r e s te  des U n te rcu lm  von S a a l f e l d  

i n  ThU ringen. V I I I .  Sphenophyllum . Abh. k .  p r e u s z .  G eolog . 

L a n d e s a n s t . ,  N. F . ,  2 5 :8 0 -8 5 .  B e r l i n .

S t e r n b e r g ,  C. von . 1823— V ersuch  e i n e r  g e o g n o s t i s c l i - b o t a n i s c h e n  

D a r s t e l l u n g  d e r  F l o r a  d e r  V o rw e l t .  F u se .  I I .  L e i p z i g .

-------------— 1825— Same, F a s c .  IV. L e i p z i g .

S t u r ,  D. 1887— Die C a rb o n -F lo ra  d e r  S c h a t z l a r e r  S c h ic h t e n .  A b t.

I I .  Die C a la m a r ie n .  Abh. k .  k .  Geol. R e i c h s a n s t .  •‘■’i e n  

1 1 ( 2 ) ; 2 0 2 .

Thoday, D. 1906— On a  s u g g e s t io n  o f  h e t e r o s p o r y  i n  Sphenophyllum  

Daws on i .  new P h y t o l .  5 :9 1 -9 3 .

Thomas, H. Hamshaw. 1955— P ro p o se d  a d d i t i o n s  t o  t h e  I n t e r n a t i o n a l  

R u les  o f  B o ta n i c a l  n o m e n c la tu r e .  S u g g e s te d  by  - ° r i t i s h  p a l e o -  

b o t a n i s t s .  J o u rn .  B o t.  7 3 :1 1 1 -1 1 3 .

T r o l l ,  V ilh e lm . 1933— Zur Deutung des B li i ten b au es  f o s s i l e r  A r t i c u l a t a l e s .

B er.  D eu ts .  B o t.  Ges. 5 1 :2 1 -3 6 .
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part IV

A C o n s id e r a t io n  o f  t h e  S t r u c t u r e  o f  L ep id o ca rp o n  

S c o t t  Based on a Lew S t r o b i l u s  from  Iowa. ( A b s t r a c t ) 1

I n t r o d u c t i o n

P a le o z o ic  ly c o p o d ia c e o u s  s t r o b i l i  and  t h e i r  i s o l a t e d  

p a r t s  have  been t h e  s u b j e c t  o f  i n t e n s i v e  s tu d y  by p a l e o b o t a n i s t s  

f o r  ov e r  one h u n d re d  y e a r s .  Aae c r i t e r i a  o r i g i n a l l y  g iv en  as  

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

by  l a t e r  w o rk e rs  th ro u g h  th e  a d d i t i o n  o f  new c h a r a c t e r i s t i c s  

or t h e  change in  i n t e r p r e t a t i o n  o f  e s t a b l i s h e d  c h a r a c t e r i s t i c s ,  

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

c a p e r  we w i l l  p o i n t  o u t  t h e  i n t e r g r a d a t i o n  and o v e r la p p in g  

p a r t i c u l a r l y  o f  L ep id o ca rp o n  and L e p i d o s t r o b u s , a r i s i n g  from 

m o d i f i c a t i o n s  o f  o r i g i n a l  d e s c r i p t i o n s ,  b o th  by d i r e c t  s t a t e ­

m ent a n d ,  i n d i r e c t l y ,  by  a s s i g n i n g  t o  one genus or t h e  o t h e r ,

1 P r e s e n t e d ,  i n  p a r t ,  i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  r e q u i r e ­
m ents  f o r  t h e  d e g re e  o f  M as te r  o f  A r t s ,  t o  th e  G ra d u a te  School 
o f  A r t s  and  S c ie n c e s ,  'U n iv e r s i ty  o f  C i n c i n n a t i .  P u b l i s h e d  
May, 1941. Amer. M id i .  Mat.
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spec im ens  w hich  p o s s e s s  c h a r a c t e r i s t i c s  o f  b o th .

The main o b j e c t i v e  o f  t h i s  p a p e r  i s  t o  c o n s id e r  th e  

d i a g n o s t i c  c r i t e r i a  o f  t h e  genus L ep id o c a rp o n  a s  o r i g i n a l l y  

d e s c r i b e d  by S c o t t  (1900 , 1 9 0 1 ) ,  and  t o  i l l u s t r a t e  th e  

c h a r a c t e r i s t i c s  o f  t h e  genus w i th  new m a t e r i a l .  The con­

t r i b u t i o n s  o f  more r e c e n t  w o r k e r s ,  A rn o ld ,  Bofjhenski, D a rrah ,

Reed and Schopf w i l l  be  c o n s id e r e d  i n s o f a r  as  t h e i r  m a t e r i a l  

c o n c e rn s  o u r s .  I t  i s  n o t  t h e  p u rp o s e  o f  t h i s  p a p e r  t o  ap p ro ac h  

a m onograph ic  s tu d y  o f  t h e  ly c o p o d ia c e o u s  cone g e n e ra .

m a t e r i a l

The m a t e r i a l  on w hich  t h i s  p a p e r  i s  b a s e d  was c o l l e c t e d  

by t h e  a u t h o r s  as  an i s o l a t e d  sp ec im en  i n  t h e  Banner Coal 

Company's l a r g e  s t r i p  m ine a b o u t  s i x  m i l e s  n o r t h  o f  I n d i a n o l a ,  

V/arren C ounty , Iowa, j u s t  e a s t  o f  U. S. Highway 6 5 -6 9 .  H ere 

t h e  v e in  o f  c o a l  i s  t h r e e  t o  f o u r  f e e t  t h i c k  an d  l i e s  a b o u t  

f i f t y  f e e t  below  t h e  s u r f a c e .  I t  i s  i n  t h e  Des Moines S e r i e s  

o f  t h e  P e n n s y lv a n ia n  P e r i o d .  The e x a c t  age  has  n o t  been  s t a t e d  

b u t  C l in e  b e l i e v e s  i t  i s  t h e  same a s  t h e  Lower Coal o f  L ugn’ s 

Lucas County  r e p o r t . ^ C o u l t e r  and  Land (1911 , 1921) and  

M atthews (1940) d e s c r ib e d  some s t r o b i l i  o f  L e p id o s t ro b u s  

C o u l t e r i  Jongmans, from  t h e  same v i c i n i t y .

C l i n e ,  L . M ., Iowa S t a t e  C o l l e g e ,  G eol.  D e p t .—-P e rs o n a l  Com­
m u n ic a t io n .
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The spec im en  c o n s i s t s  o f  a  w edg e-sh ap ed  f r a g m e n t  o f  a 

s t r o b i l u s .  From i t s  e x t e r n a l  a p p e a ra n c e  we may be c e r t a i n  

t h a t  we have t h e  e n t i r e  p o r t i o n  w h ich  was p r e s e r v e d .  The 

spec im en  i s  c a r b o n iz e d  over i t s  e n t i r e  s u r f a c e .  The p r e s e r ­

v a t i o n  o f  t h e  body o f  t h e  specim en i s  e x c e l l e n t  t o  w i t h i n  a 

few  m i l l i m e t e r s  o f  th e  s u r f a c e .  I t  i s  c a l c i f i e d  w i th  a  t r a c e  

o f  p y r i t i z a t i o n .  D i s t o r t i o n  due t o  m i n e r a l i z a t i o n  i s  n e g l i g i b l e .

A c r y s t a l l i z a t i o n  p a t t e r n  o c c u rs  w hich  may be s u f f i c i e n t l y  

c o n sp ic u o u s  t o  i n t e r f e r e  w i th  c r i t i c a l  i d e n t i f i c a t i o n  o f  s t r u c t u r e s  

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

o f  mounted p e e l s  i n  w h ich  a l l  t r a c e  o f  r o c k  m a t r i x  has  been  r e ­

moved e l i m i n a t e s  t h i s  p ro b lem .

The maximum d im en s io n s  o f  t h e  specim en a s  found  w ere  

a b o u t  s i x  and  o n e - h a l f  c e n t i m e t e r s  h ig h  ( p a r a l l e l  w i t h  t h e  a x i s ) ,  

f i v e  c e n t i m e t e r s  i n  r a d i u s  ( p e r p e n d i c u l a r  t o  t h e  a x i s ) ,  and 

t h r e e  c e n t i m e t e r s  i n  w id th  a t  t h e  c i r c u m fe re n c e  ( t a n g e n t i a l  t o  

t h e  s t r o b i l u s  a s  a w h o le ) .  T h is  l a t t e r  d im e n s io n  t a p e r e d  e v e n ly  

t o  t h e  a x i s  o f  t h e  s t r o b i l u s  and  t h e  specim en  th u s  p r e s e n t s  a 

w ed g e-sh ap ed  s u r f a c e  v/hen v iew ed  from t h e  t o p .

S i g n i f i c a n t  m easurem en ts  a t  t h e  low er p a r t  o f  th e  specim en 

w ere d i s t i n c t l y  l e s s  th a n  a t  t h e  u p p e r ; i . e . ,  t h e  s t r o b i l u s  

t a p e r e d  to w a rd  t h e  b a s e .  N e i t h e r  t h e  apex n o r  t h e  b a s e  o f  t h e  

o r i g i n a l  s t r o b i l u s  i s  p r e s e n t  b u t  t h e  t a p e r i n g  o f  our specim en
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P l a t e  I

B

I CM

■ST,

I* Ip . f t

imk
m e g .r d g . ,  s l i t  o p e rn i

mg.mem.

J E T

f ig.  I

F ig . 1. S u p erim p o sed  sketch  o f th e  u p p e r  a n d  lo w er p a rts  o f the  specim en  o f 
L ep id o c a rp o n  iocnsc a f te r  be ing  sep a ra te d  b y  cu t n o . IV ,  sh o w in g  su rfa c e  fea tu res  and  
position  o f  cuts m ad e  in the  s tu d y  o f th e  spec im en . T h e  ax is  o f  the strob ilus is a t the 
ex trem e right. T w o  transverse  su rfaces  ( to  the s tro b ilu s ) a re  le tte re d  A B C  a n d  D F E .  
A B C  w as exposed  b y  cu t no. 1 and  is n e a r the to p  o f  the  o rig in a l specim en. T h e  
su rfa c e  A C H G  o rig in a lly  ex p o sed  b y  th e  o b liq u e ly  ra d ia l cu t no . II  has b een  h a lved  
a t D E  b y  cu t no. I V .  T h e  s u rfa c e  sh o w n  is in  a  p la n e  in te rm e d ia te  b e tw een  rad ia l 
a n d  tangen tia l, and  a t  the righ t passes th ro u g h  the  o u te r co rtex  o f  the axis.
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i n d i c a t e s  t h a t  we have  a  p o r t i o n  o f  t h e  low er h a l f  o f  t h e  

e n t i r e  s t r o b i l u s .  A c c o rd in g  t o  our o b s e r v a t io n s  t h i s  f rag m e n t 

c o n t a in e d  p a r t s  o r  a l l  o f  a t  l e a s t  tw e n ty - f o u r  s p o r o p h y l l s  and 

a  p o r t i o n  o f  t h e  a x i s .  P r o b a b ly  t h i s  p a r t  was b ro k en  f r e e  

f rom  t h e  r e s t  o f  t h e  cone b e f o r e  f o s s i l i z a t i o n .

The m easurem ents  i n d i c a t e  t h a t  t h e  s t r o b i l u s  was a t  

l e a s t  t e n  c e n t im e te r s  i n  maximum d ia m e te r  and p r o b a b ly  more 

th a n  f o u r t e e n  c e n t im e te r s  lo n g .  Evon a f t e r  a r a d i a l  and  two 

h o r i z o n t a l  s u r f a c e s  ( to p  an d  b o t to m  o f  t h e  f r a g m e n t)  w ere 

exposed  by c u t t i n g  o f f  i r r e g u l a r i t i e s  and p o o r ly  p r e s e r v e d  

p o r t i o n s  o f  t h e  specim en t h e  f ra g m e n t  m easu red  over t h r e e  

c e n t im e te r s  h ig h ,  w i th  a  r a d i u s  o f  a b o u t  f i v e  c e n t im e te r s  

( F ig .  1 ) .  Yfe know o f  no o th e r  specim en o f  L e p id o c a rp o n  as  

l a r g e .  Even t h e  l a r g e  i s o l a t e d  " s e e d s "  w h ich  have been  abund­

a n t l y  c o l l e c t e d ,  do n o t  a t t a i n  t h e  o v e r - a l l  d im en s io n s  o f  

t h i r t y  m i l l i m e t e r s  lo n g  by  tw e lv e  m i l l i m e t e r s  h ig h  by f i f t e e n  

m i l l i m e t e r s  \vlde a s  i s  fo u n d  i n  many o f  o u r  s p o r o p h y l l  i n ­

v e s t e d  s p o r a n g ia .

The e le v e n  p i e c e s  o f  t h e  specim en re m a in in g  a f t e r  s e c t i o n ­

in g  c a r r y  t h e  U n i v e r s i t y  o f  C i n c i n n a t i  P a l e o b o t a n i c a l  Iiuseum. 

s e r i a l  num bers :  640 A-K. The s l i d e s  a r e  numbered a c c o r d in g  

t o  s e c t i o n  and s u r f a c e  numbers I - a ,  b—X -a ,  b and s e r i a l  p e e l s  

on each  s u r f a c e  a r e  num bered  i n  o rd e r  1-28 or l e s s .  The
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s e c t i o n s  a r e  h o u sed  i n  t h e  U n i v e r s i t y  o f  C i n c i n n a t i  p a l e o -  

b o t a n i c a l  museum, 3 o ta n y  D ep ar tm en t,  w here t h e y  a r e  a v a i l a b l e  

f o r  s tu d y .  S e v e r a l  t y p i c a l  s l i d e s  o f  t h e  s e r i e s  a r e  in  t h e  

c o l l e c t i o n s  o f  t h e  I l l i n o i s  G e o lo g ic a l  Sxirvev, th e  U n i v e r s i t y  

o f  N o tre  Dame, and Dr. L. H. YJ'ilson, Coe C o l l e g e ,  Cedar R a p id s ,  

Iowa.
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L e p id o c a rp o n  io e n s e  sp .  n o v .

S t r o b i l u s

L a rg e ,  more th a n  t e n  c e n t i m e t e r s  i n  d ia m e te r ,  a t  l e a s t  

f o u r t e e n  c e n t i m e t e r s  lo n g  and  p r o b a b ly  much l o n g e r ,  t a p e r i n g  

to w a rd  t h e  b a s e .

A x i s

O uter  c o r t e x ,  showing s p i r a l  a r r a n g e m e n t  o f  s n o r o p h y l l s ,  

o n ly  p a r t  o f  a x i s  p r e s e r v e d .  S p o ro p h y l l  t r a c e  t y p i c a l ,  v a s c u l a r  

b u n d le  c o l l a t e r a l ,  s u r ro u n d e d  by zone o f  parenchym a and s h e a th .

S p o ro p h y l l

I le g a s p o ro p h y l ls  crow ded, a r r a n g e d  i n  a  c l o s e  s p i r a l ,  a t ­

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

a x i s  f o r  two and o n e - h a l f  t o  t h r e e  an d  o n e - h a l f  c e n t i m e t e r s  t o  

t h e  u p - tu r n e d  d i s t a l  la m in a .  T ips  o f  d i s t a l  la m in a e  r e g u l a r l y  

l a c k i n g  a f t e r  a p p r o x im a te ly  two and  o n e - h a l f  c e n t i m e t e r s ,  

p e d i c e l  e x te n d e d  a b a x i a l l y  t o  fo rm  a  c o n sp ic u o u s  k e e l  th ro u g h ­

o u t ,  m e rg in g  w i th  t h e  h e e l  o f  t h e  d i s t a l  la m in a .  An u n b ran ch e d  

c o l l a t e r a l  v a s c u l a r  b u n d le ,  t r a v e r s i n g  t h e  o u te r  c o r t e x ,  e n t e r s  

t h e  b a s e  o f  t h e  s p o r o p h y l l  and  c o n t in u e s  th r o u g h o u t  i t s  known 

l e n g t h .  L a t e r a l  la m in a e  e x te n d  a ro u n d  and above t h e  spo rang ium , 

an d  t o g e t h e r  w i th  t h e  d i s t a l  la m in a ,  fo rm  an  i n v e s t i n g  s t r u c t u r e .
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P l a t e  I I

slo­ ped,

— lo t lam.
•meg. rdg
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-f. mg mem.

m m
m eg. •meg.

•s.arch . p.

(at. lam .

v.b.
Q  < . - p a r .  

 a tt. >
p e d ic e l

f ig .4

F ig . 2 . S k e tch  show ing ty p ica l tissue a rran g em en ts, parts  a n d  structu res o f a single 
m egaspo rophy ll a n d  sporang ium  as seen in a  section  tan g en tia l to the strobilus. P o s itio n  
an d  p lan e  o f cut a re  in d ic a ted  b y  inset, sl.o ., s lit-lik e  o p en in g ; m eg. rd g ., m egaspo rang ia l 
r id g e ; la t. lam ., la te ra l la m in a ; m eg. w l„  m egaspo rang ium  w a ll ;  f. m g. m em ., fu n c tio n a l 
m egaspore  m em b ran e ; s. a rch , p a d , su b -a rc h esp o ria l p a d ;  l.p ., la te ra l pad-; v .b ., v a scu la r 
b u n d le ; p a r., p a rich n o s a re a ;  p ed ., p e d ic e l; k l., keel. v : '

F ig . 3 . C am e ra  lu c id a  d ra w in g  o f a  ta n g en tia l section  th rough  d is ta l end  o f m ega- 1 
spo rang ium . T h e  ch arac te ris tic  app ea ran ce*  a n d  position  o f  ■•the th ree  n o n -fu n c tio n a l 
m egaspores (n - f .  m g .) o f t h ^  te tra d  a re  in d ic a ted  in re la tio n  to the  fun c tio n a l m ega- 
sp o re  w all (f-m eg . m e m .) . S lid e  n o . 6 4 0 -V b -2 .

F ig . 4 . D ia g ra m  o f tran sv erse  section  o f  sp o ro p h y ll n e a r  d ista l e n d  o f spo rang ium . 
B asa l tissue o f  spo rang ium  fills m uch  o f  cav ity  (m eg .) w hich  h e re  is red u ced  to a n a r ­
row  th ree -lo b ed  stru c tu re . T h e  o rig in  o f  th e  la te ra l lam inae  ( la t .  la m .)  is c le a r ly  a t 
the la te ra l m argins o f  the  p ed ice l.

F ig . 5 . D ia g ra m  o f a  sec tion  o f  sp o ro p h y ll b e y o n d  tha t show n in  F ig . 4  a n d  d is ta l
to the  spo rang ial a ttach m en t to  p ed ice l. T n e  free  tip  o f  the spo rang ium  (m eg .) ex tends 
fo r  a short d is tance  in a n  ex trem e ly  trilo b ed  form , the  in n e r sp o ran g ia l w a ll a p p a re n t ly  
closing the spo rang ium  cav ity . A l l  traces o f  the b a sa l tissues o f the sporang ium  a re  lost. 
T h e  su p erio r face  o f  the  p ed ice l (p e d . w l.)  ex tends u p w a rd  in to  th e  space be tw een  
tw o o f the spo rang ium  lobes. T h e  la te ra l lam in ae  becom e free  h igh  on the su p e r io r
fac e  o f the ped ice l, b u t th e ir  o rig in  from  the la te ra l edges o f  the  p ed ice l is ap p aren t.
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L a t e r a l  l a m in a e ,  i n  t a n g e n t i a l  s e c t i o n ,  e x te n d  a b o u t  tw e lv e  

m i l l i m e t e r s  from  t h e i r  a t t a c h m e n t  on t h e  p e d i c e l ,  a p p ro x im a te ly  

f i v e  o f  w hich  e x te n d  above th e  s p o r a n g i a l  c a v i t y ,  ex c e e d in g  

t h e  s p o r a n g i a l  r i d g e  in  h e i g h t  by some two m i l l i m e t e r s .  L a t e r a l  

la m in a e ,  p r o x im a i l y ,  in  c l o s e  c o n t a c t  w i th  s p o r o p h y l l  b a s e ;  

d i s t a l l y  t h e y  merge w i th  d i s t a l  la m in a .

L i g u le

L ig u le  p r e s e n t  on a d a x i a l  s u r f a c e  o f  s p o r o p h y l l  im m e d ia te ly  

d i s t a l  t o  spo rang ium ; a b o u t  450 m ic ro n s  i n  g r e a t e s t  w id th  and 

over one m i l l i m e t e r  i n  l e n g t h .

Sporangium

keg asp o ran g iu m  l a r g e ,  two and  o n e - f o u r t h  to  t h r e e  c e n t im e te r s  

lo n g ,  s p o r a n g i a l  c a v i t y  a p p ro x im a te ly  sev en  m i l l i m e t e r s  h ig h ,  

th e  s p o r a n g i a l  w a l l  e x te n d in g  v e r t i c a l l y  f o r  a b o u t ' t i r o  and  one- 

h a l f  m i l l i m e t e r s  fo rm in g  t h e  m e g a sp o ra n g ia l  r i d g e ;  sporang ium  

a t t a c h e d  f o r  a p p ro x im a te ly  i t s  e n t i r e  l e n g t h  a lo n g  t h e  a d a x i a l  

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

s e s s i l e ,  r e s t i n g  on " l a t e r a l  p a d s " ;  s u b - a r c h e s p o r i a l  pad  i n ­

c r e a s i n g l y  c o n sp ic u o u s  d i s t a l l y ;  d i s t a l  end o f  sporang ium  e x te n d s  

beyond a t t a c h m e n t  i n  a c h a r a c t e r i s t i c  t h r e e - l o b e d  e x t r e m i t y ,  th e  

m e g a sp o ra n g ia l  r i d g e  fo rm ing  one l o b e ,  t h e  o th e r  two i n i t i a t e d  

by e x t e n s i v e  deve lopm en t o f  s u b - a r c h e s p o r i a l  pad .
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P l a t e  I I I

d is to l  la m in a

lo L lo m Jn o

p ro x im o ' pA ldnf of d ffc rh m eftt

d s f a l  «x)en{ of a n o c h m e n t

pedfcrf b o te

F ig . 6. R econstruc tion  o f a  rad ia l section  th rough  the sp o ro p h y ll and  sporangium  o f 
JLepidocarpoti iocn.se. T h e  la te ra l lam in a  is show n o v erlap p in g  the spo rang ial ridge. 
T h e  large functiona l m egaspore  ( f .  m g .) in the s ligh tly  la rg e r m egasporang ium  (m eg . 
b o d y ) and  the th ree  n o n -fu n c tio n a l m em bers o f the te trad  (n - f .  m g) a p p e a r  in  their 
c o rrec t position a t the u p p er d is ta l e n d  o f  the  m egaspo rang ium  cav ity . T h e  ligule is 
d ista l to spo rang ial a ttachm ent.
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S p o res

F our m egaspo res  a r e  p r e s e n t  in  each m egasporium  r e s u l t i n g  

from  t h e  d i v i s i o n s  o f  a  s i n g l e  f u n c t i o n a l  m egaspore  m o t h e r - c e l l .  

Three o f  t h e s e  a r e  n o n - f u n c t i o n a l ,  750-1000 m ic ro n s  in  d ia m e te r ,  

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

a t  i t s  d i s t a l  end ; a t  f i r s t  r e m a in in g  in  c o n t a c t  i n  t y p i c a l  

t e t r a d  fo r m a t io n ,  l a t e r  becom ing d i s p e r s e d .  One f u n c t i o n a l  

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

w a l l  t h i n  and  u n ifo rm .

Garnetophyte t i s s u e

E v id en ces  o f  gam etophy te  t i s s u e  p r e s e n t  i n  m ost m e g a sp o re s ,  

a p p a r e n t l y  more s t r o n g l y  d e v e lo p e d  to w ard  d i s t a l  e x t r e m i t y .

L o c a t io n  and  h o r iz o n

From c o a l  o f  Des Moines S e r i e s ,  P e n n s y lv a n ia n  P e r io d ,  

s i x  m i l e s  n o r t h  o f  I n d i a n o i a ,  W arren C ounty , Iowa; Banner Coal 

Company s t r i p  m ine .

M a te r i a l

One c a l c i f i e d  sp ec im en , a  w edge-shaped  s e c t i o n  o f  t h e  low er 

p a r t  o f  a  s t r o b i l u s ,  c u t  i n t o  e le v e n  p a r t s  from w hich  a b o u t  200 

p e e l s  w ere  t a k e n ;  h o u se d  in  p a l e o b o t a n i c a l  C o l l e c t i o n ,  Botany  

D ep a r tm en t,  U n i v e r s i t y  o f  C i n c i n n a t i .

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-  1 2 9  -

Name o f  t y p e

L e p id o c a rp o n  i o e n s e ,  i n d i c a t i n g  t h e  g e o g r a p h ic a l  so u rc e  

o f  t h e  m a t e r i a l .

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-  1 3 0  -

D is c u s s io n

L ep id o ca rp o n  was e s t a b l i s h e d  a s  a genus ( S c o t t  1900) to  

i n c l u d e  some p r e v i o u s l y  m i s i n t e r p r e t e d  cone m a t e r i a l .  (W il l iam ­

son 1 8 7 7 ) .  S c o t t ’ s g e n e r i c  d i a g n o s i s  was r e v i s e d  ( S c o t t  1S01) 

t o  r e a d  as  f o l l o w s :

,;L e p id o c a rp o n ,g e n .  n o v .  ( S c o t t )

y/S t r o b i l i ,  w i th  t h e  c h a r a c t e r s  o f  L e p i d o s t r o b u s ,  b u t  each 

m egasporangium  i n c l o s e d ,  when m a tu re ,  i n  an  in te g u m e n t ,  growing 

up from  th e  s u p e r i o r  f a c e  o f  t h e  s p o r o p h y l l  p e d i c e l .

/yIn  te g u m e n t ,  t o g e t h e r  w i t h  t h e  lam ina  o f  t h e  s p o r o p h y l l ,  

c o m p le te ly  e n v e lo p in g  t h e  m egasporangium , o r  n u c e l l u s ,  l e a v in g  

o n ly  an  e l o n g a te d ,  s l i t - l i k e  m ic r o p y le  ab o v e .  A s i n g l e  f u n c t i o n a l  

m egaspore  o r  em bryo -sac  d e v e lo p e d  in  each  m egasporangium  and 

o ccu p y in g  a lm o s t  t h e  w h o le  o f  i t s  c a v i t y .

>yl 'e g a sp o re  u l t i m a t e l y  f i l l e d  by t h e  p r o t h a l l u s  o r  endosperm.

^ S p o ro p h y l l ,  t o g e t h e r  w i th  in te g u m e n te d  m egasporangium  and 

i t s  c o n t e n t s  d e ta c h e d  e n t i r e  f rom  t h e  a x i s  o f  th e  s t r o b i l u s ,  th e  

w hole  fo rm in g  a  c l o s e d ,  s e e d - l i k e ,  r e p r o d u c t i v e  body.

^ S e e d - l i k e  o rgan  h o r i z o n t a l l y  e l o n g a t e d ,  i n  t h e  d i r e c t i o n  of
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t h e  s p o r o p h y l l  p e d i c e l ,  t o  w h ich  t h e  m ic r o p y la r  c r e v i c e  i s  

p a r a l l e l

S c o t t ,  in  th e  same w ork, a l s o  s a y s :

"The com parison  o f  spec im ens  i n  th e  two c o n d i t i o n s " — (im m ature ,  

l a c k i n g  t h e  e n c lo s in g  l a t e r a l  l a m in a e ,  and m a tu re  w i th  t h e  la m in ae )  

"has  shown t h e  r e l a t i o n  o f  t h e  s e e d - l i k e  o rgan  o f  L ep id o ca rp o n  

t o  t h e  o r d in a r y  m egasporangium  - o f  a L e p i d o s t r o b u s .  i'he fo rm er 

d i f f e r s  from t h e  l a t t e r  i n  two p r i n c i p a l  r e s p e c t s ;  -

^ (1 )  I t  c o n t a in s  o n ly  one f u n c t i o n a l  m eg asp o re ,  w h ich  l i k e  

th e  em bryo-sac  o f  an o v u le  o r  s e e d ,  o c c u p ie s  a lm o s t  t h e  w hole  

i n t e r i o r  o f  t h e  m egasporangium , b u t  i s  accom pan ied  by  t h e  t h r e e  

o th e r  s p o re s  o f  t h e  t e t r a d  i n  an  a b o r t i v e  c o n d i t i o n .

"(2)  When m a tu re ,  t h e  m egasporangium  o f  L e p id o c a rp o n  i s  

e n c lo s e d  by an in te g u m e n t ,  w h ich  i s  a  new f o r m a t io n ,  grow ing 

up from  t h e  t i s s u e  o f  t h e  s p o r o p h y l l ,  and fo rm in g ,  t o g e t h e r  

w i th  th e  l a t t e r ,  a co m p le te  en v e lo p e  t o  t h e  sp o rang ium , o n ly  

open by a  na rro w  m i c r o p y la r  c r e v i c e  a lo n g  t h e  t o p . ”

The e s s e n t i a l  f e a t u r e s  upon w hich  t h i s  g e n e r i c  d i a g n o s i s  

was b a s e d  have been  l a r g e l y  s u b s t a n t i a t e d  by  our o b s e r v a t i o n s .

I t  may be  e x p e c te d  t h a t  t h e  d e s i g n a t i o n  o f  any  form  genus w i l l  

be e l a s t i c  enough t o  r e c e i v e  a few i r r e g u l a r  s p e c i e s .  In  r e c e n t
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w o rk s ,  how ever ,  . f i r s t  one and  th e n  a n o t h e r  e x c e p t io n  has  been  

t a k e n  u n t i l ,  in  c u l m in a t io n ,  i f  t h e s e  e x c e p t io n s  a r e  t o  be 

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

s c a r c e l y  e x i s t .

D arrah  (1941B), i n  h i s  new s p e c i e s ,  L e p id o c a rp o n  g lab rum , 

w h ich  o c c u rs  a b u n d a n t ly  as  i s o l a t e d  s e e d - l i k e  b o d ie s  i n  t h e  

c o a l  b a l l  f l o r a  o f  Iowa, and  K ansas (D a r ra h  1941A), has  c i t e d  

an  i n s t a n c e  i n  w hich  a  m a tu re  sp o ran g iu m  i s  shed  f r e e  o f  i t s  

s p o r o p h y l l .  In  g e n e r a l  e x t e r n a l  a p p e a ra n c e  he d e s c r i b e s  t h e s e  

b o d ie s  a s  b e in g  ’’smooth and l u s t r o u s "  and w i th o u t  a n y  p ro m in e n t  

s c a r s  or m a rk in g s .  He has shown t h a t ,  s t r u c t u r a l l y ,  t h i s  ty p e  

i s  e s s e n t i a l l y  a spo rang ium  w i th  a  w a l l  o f  th i c k e n e d  c e l l s ,  

w i th  no a p p a r e n t  mechanism f o r  d e h i s c e n c e .  He h a s  allcfs) shown 

t h a t  t h e s e  s p o r a n g i a l  b o d ie s  conform  i n  g e n e r a l  c h a r a c t e r  t o  

t h e  p o r t i o n  o f  L e s q u e re u x ’ s genus L e p i d o c y s t i s  (L esq u e reu x  1880) 

r e p r e s e n t e d  by L. v e s c i c u l a r i s  L e s q u e re u x .  This ty p e  h as  a  

b l a d d e r - l i k e ,  o v a l  o r  s q u a r i s h ,  sp o ran g iu m  c o n t a i n i n g  a l a r g e  

s p o r e  as  c o n t r a s t e d  t o  th e  ty p e  o f  L. f r a x i n i f o r m i s  L esq u e re u x  

w h ich  has  a spo ran g iu m  c o n t a i n i n g  many s p o r e s .

I t  i s  D a r r a h ’ s c o n t e n t i o n  t h a t  t h i s  s p e c i e s ,  L ep id o ca rp o n  

g lab rum  D a r ra h ,  r e p r e s e n t s  a "more m a tu re  c o n d i t i o n  o f  t h e  

s e e d  body  th a n  i s  u s u a l l y  o b s e rv e d  i n  t h e  f a m i l i a r  L e p id o c a rp o n "  

(D a r r a h  1S41B). In  d i s c u s s i n g  t h e s e  s p o r a n g i a l  b o d ie s  from
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P l a t e  IV

F ig . 8 . Sec tion  tangen tia l to strob ilu s show ing  essen tia lly  transverse  sections o f  sev ­
e ra l m egaspo rophy lls  a n d  m egaspo rang ia  abou t m id w ay  betw een d is ta l a n d  p rox im al
ends. S lid e  6 4 0 -V I I I  A  3.

F ig . 9. A n  en la rg ed  d e ta il from  F ig . 8 ;  la t. lam ., la te ra l la m in a ; p a l., the p a lisad e ­
like outer la y e r  o f  the  m egaspo rang ium  w a ll ;  p a r .,  the  in n e r p a ren ch y m ato u s  w all la y e r :  
m eg. cav ., m eg asp o ran g ia l c av ity ; the u nb roken  c h a rac te r  o f the spo ran g ia l w all th ro u g h ­
ou t the m eg aspo rang ia l ridge is ev iden t ( to p  m eg. rdg .)
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t h e  Iowa c o a l  b a l l s  he s t a t e s  t h a t  o n ly  th e  s m a l l e r  and more 

im m ature forms a r e  r e c o g n iz e d  as  t y p i c a l  and t h a t  " a l l  o f  th e  

se e d s  a t t a i n i n g  a maximal o r  n e a r  maximal s i z e  a r e  found i s o l a t e d . "  

He s u b s t a n t i a t e s  t h i s  l a t t e r  s t a t e m e n t  by o b s e r v a t i o n s  t h a t  t h e  

s n o r a n g i a l  b o d ie s  o f  L. Lomaxi w h ich  a r e  a t t a c h e d  t o  a s t r o b i l u s  

i n  h i s  p o s s e s s i o n  a r e  a r e  a p p r o x im a te ly  fo u r  and o n e - h a l f  m i l l i ­

m e te r s  in  l e n g th  a r e  im m ature r a t h e r  th a n  r i p e n e d ,  w h i le  th o s e  

'which have  been  shed  a v e ra g e  n e a r l y  s i x  m i l l i m e t e r s  in  l e n g t h .  

D arrah  b e l i e v e s  t h a t  he i s  e n t i r e l y  w i t h i n  t h e  bounds o f  t h e  

genus L ep id o ca rp o n  in  h i s  a s s ig n m e n t  s i n c e  t h e s e  " s e e d  b o d ie s "  

a r e  m e re ly  more m a tu re  s e e d s .  tie h ave  no b a s i s  f o r  q u e s t i o n in g  

h i s  c o n c l u s i o n s .

I t  s h o u ld  be p o i n t e d  o u t ,  how ever,  t h a t  t h i s  s p e c i e s ,  L. 

g lab rum , w hich  i s  shed  f r e e  o f  t h e  s p o r o p h y l l  upon m a t u r i t y ,  

does n o t  conform  t o  one o f  t h e  m a jo r  c h a r a c t e r i s t i c s  o f  t h e  

genus as  r e c o g n iz e d  by  S c o t t  and a l r e a d y  p o i n t e d  o u t  above , 

i . e . ,  "when m a tu re  t h e  m egasporangium  o f  L ep id o c a rp o n  i s  en­

c l o s e d  by an in te g u m e n t  -  grow ing up from t h e  t i s s u e  o f  th e  

s p o r o p h y l l "  and t h e  " s p o r o p h y l l ,  t o g e t h e r  w i th  t h e  in te g u m e n te d  

m egasporangium  and i t s  c o n t e n t s ,  i s  d e ta c h e d  e n t i r e  from  th e  

a x i s  o f  t h e  s t r o b i l u s . "

A rn o ld  (1938) has  d e s c r i b e d  as  L e p id o s t r o b u s  b r a id w o o d e n s i s , 

a  l e p id o p h y te  s t r o b i l u s  from  B raidw ood, I l l i n o i s ,  h a v in g  l a r g e
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m e g a sp o ra n g ia ,  e ach  c o n t a i n i n g  a s i n g l e  f u n c t i o n a l  n e g a s p o re  

a b o u t  two m i l l i m e t e r s  i n  l a r g e s t  d i a m e te r .  A p p ressed  to  t h e  

t r i r a d i a t e  apex o f  t h i s  s p o re  a r e  t h r e e  n o n - f u n c t i o n a l  mega­

s p o re s  m e a su r in g  a b o u t  o n e - h a l f  m i l l i m e t e r  i n  d i a m e te r .  There 

a r e  no i n v e s t i n g  la m in a e .  He a s s i g n s  t h e s e  m egaspo res  t o  t h e  

L a g e n ic u la  group o f  t h e  form  genus T r i l e t e s .  S po res  o f  t h e  

L a g e n ic u la  group a r e  g e n e r a l l y  conceded  t o  be o f  ■uncertain  

a f f i n i t y ,  b u t  some have  been  a s s ig n e d  t o  s p e c ie s  o f  L ep id o ­

s t r o b u s .  n r n o ld  b e l i e v e s  t h e s e  s n o re s  t o  be i n d i c a t i v e  o f  

t h e  d i s t i n c t  e v o l u t i o n a r y  t r e n d  among t h e  P a le o z o ic  ly c o p o d s  

in  t h e  r e d u c t i o n  in  number o f  f u n c t i o n a l  s p o re s  a n d  th e  i n c r e a s e  

i n  t h e  s i z e  o f  t h e  f u n c t i o n a l  one . He r e c o g n i z e s  L ep id o ca rp o n  

as  r e p r e s e n t i n g  t h e  h i g h e s t  a t t a in m e n t  i n  t h i s  l i n e .

B ochensk i (1936) made a  s i m i l a r  r e p o r t  on two s p e c i e s  o f  

L e p id o s t r o b u s ,  L. m a jo r ,  w i th  a  m a tu re  f u n c t i o n a l  s p o re  n e a r l y  

a  c e n t im e te r  lo n g ,  and  L. u o h d a n o w ic z i i ,  w i th  a  s m a l l e r  mega­

s p o r e .  In  b o th  t h e s e  s p e c i e s  t h e  o th e r  members o f  t h e  t e t r a d  

a r e  p r e s e n t  in  th e  m egasporangium  as  n o n - f u n c t i o n a l  s p o r e s .  

B ochensk i b e l i e v e s  t h e r e  i s  no in te g u m e n t  p r e s e n t  b u t  r e c o r d s  

t h e  o c c u r re n c e  o f  a l i k e l y  t i s s u e  a s  a rem nan t o f  t h e  p r o t h a l l u s .  

S chopf (1938A) q u e s t i o n s  t h i s  i n t e r p r e t a t i o n .

Hie o c c u r re n c e  o f  a  s i n g l e  f u n c t i o n a l  m egaspore  e s s e n t i a l l y  

f i l l i n g  t h e  s p o r a n g i a l  c a v i t y ,  i n  a s s o c i a t i o n  w i th  t h e  n o n -
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P l a t a  V

jf< t~  t et.rvf.mglat. lam.

b ig . 10. Sec tion  n ea rly  tangen tia l to ax is n ear the d ista l en d  o f  the spo rang ium . T h e  
**saddle-bags”  o r tn lo b c d  ap p e a ra n c e  o f  the d is ta l end  o f  the  sporang ium  is just 
beg inn ing  to a p p ea r , l.p ., la te ra l p a d s ;  s. a rch . p .. su b -a rch esp o ria l p a d ;  la t. lam ., 
la te ra l la m in a ; f. m g., func tiona l m cgaspo re ; te t. n f. m g., n c n -fu n c tio n a l m egaspores 
in te tra d  fo rm a tio n ; m eg. rdg., m egasporang ial r id g e ; s l.o ., s lit-lik e  open ing  betw een  
la te ra l la m in a e ; kl., an d  p ed ., keel a n d  ped icel o f a d ja c e n t sp o ro p h y ll. S lid e  no.
6 4 0 -V b  3 .
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f u n c t i o n a l  members o f  th e  t e t r a d  a r e  c h a r a c t e r i s t i c s  w hich  a g r e e  

w i th  th o s e  g iv en  by S c o t t  as  b e in g  d i a g n o s t i c  and o f  m a jo r  im­

p o r t a n c e  f o r  L e p id o c a rp o n .  A p p a r e n t ly  t h e  a b se n c e  o f  w e l l  

d e v e lo p e d  l a t e r a l  lam in ae  c l o s e l y  i n v e s t i n g  t h e  sporang ium  i s  

c o n s id e r e d  by B ochensk i t o  be  o f  s u f f i c i e n t  im p o r ta n c e  t h a t  

t h e  d i s t i n c t i o n  betw een L e p id o s t r o b u s  and L ep id o ca rp o n  may be 

b a se d  on t h e i r  o c c u r re n c e  or a b s e n c e .  The poor s t a t e  o f  p r e ­

s e r v a t i o n  o f  A r n o ld ’ s m a t e r i a l  makes f u r t h e r  c o n j e c t u r e  r e g a r d ­

in g  i t  d i f f i c u l t .  The much l a r g e r  r e l a t i v e  s i z e  o f  t h e  non ­

f u n c t i o n a l  s p o re s  t o  t h e  f u n c t i o n a l  one, th a n  i s  known t o  occur 

in  L e p id o c a rp o n ,  may be c o n s id e r e d  i n d i c a t i v e  o f  t h e  t r a n s i t i o n a l  

n a t u r e  o f  t h e  s p e c i e s  L e p id o s t r o b u s  b r a id w o o d e n s i s .  In  our 

m a t e r i a l ,  t h e  n o n - f u n c t i o n a l  s p o re s  h av e  a  much l a r g e r  a c t u a l  

s i z e  b u t  a r e  s m a l le r  p r o p o r t i o n a l l y  when c o n s id e r i n g  t h e  s i z e  

o f  t h e  f u n c t i o n a l  m egaspore .

I t  i s  obv ious  t h a t  t h e  p ro b lem  r a i s e d  by t h e  i n c l u s i o n  

w i t h i n  t h e  genus L ep id o c a rp o n  o f  L. g lab rum  D arrah  in  w hich  th e  

s i g n i f i c a n c e  o f  t h e  i n v e s t i n g  la m in a e  i s  m in im ized  and t h e  i n ­

c l u s i o n  w i t h i n  t h e  genus o f  L e p id o s t r o b u s  o f  s p e c i e s  w h ich  

p o s s e s s  b u t  a s i n g l e  f u n c t i o n a l  m e g asp o re ,  th u s  i n v o l v in g  t h e  

two s i g n i f i c a n t  c r i t e r i a  o f  S c o t t ' s  o r i g i n a l  d ia g n o s i s  o f  

L e p id o c a rp o n ,  i s  one w hich  m ust r e c e i v e  f u r t h e r  s e r i o u s  con­

s i d e r a t i o n  as  t o  t h e  g e n e r i c  l i m i t a t i o n s  o f  t h e s e  and r e l a t e d  

P a le o z o ic  ly c o p o d ia c e o u s  s t r o b i l o i d  fo rm s .
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Summary

A p o r t i o n  o f  a c a l c i f i e d  s t r o b i l u s  i s  r e c o r d e d  from  th e  

Des Moines s e r i e s  o f  Iowa, and i s  h e r e  d e s c r ib e d  a s  a new 

s p e c i e s ,  L ep id o c a rp o n  io e n s e  H osk ins  and G ross .

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

w i th  t h e  o r i g i n a l  g e n e r i c  d e s i g n a t i o n s  o f  !>. H. S c o t t .

A re v ie w  o f  some r e c e n t l y  d e s c r ib e d  s p e c i e s  o f  P a le o z o ic  

ly c o p o d ia c e o u s  s t r o b i l i  s u g g e s t s  t h e  n e e d  f o r  f u r t h e r  con­

s i d e r a t i o n  o f  t h e  g e n e r i c  l i m i t a t i o n  o f  L e p id o ca rp o n  and 

a l l i e d  g e n e ra .
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P a r t  V

TWO HEW SPECIES OF LEPIDOSTROBUS FROM THE LOITER 

POTTSVILLE OF ORANGE COUNTY, INDIANA1 

I n t r o d u c t i o n

S t r o b i l i  o f  P a l e o z o ic  ly c o p o d s  a r e  g e n e r a l l y  ab u n d an t and 

w e l l  p r e s e r v e d  in  t h e  c a l c a r e o u s  n o d u le s  and c o a l  b a l l s  from  

E u ro p e .  A m erican w o rk e rs  have a l s o  found  c o n s i d e r a b l e  L ep id o ­

s t r o b u s  m a t e r i a l ,  b u t  m ost o f  t h e s e  spec im ens  a r e  p r e s e r v e d  

o n ly  a s  f l a t t e n e d  im p r e s s io n s  i n  s h a l e s  and  c o a l .

C o u l t e r  and  Land (1911) d e s c r ib e d  a p e t r i f i e d  specim en  

fo u n d  i n  a  c o a l  p o c k e t  i n  W arren  County , Iowa. This spec im en  

was r e c o n s i d e r e d  w i t h  a d d i t i o n a l  m a t e r i a l  found  i n  t h e  same 

l o c a l i t y  l a t e r ,  and  d e s c r i b e d  a s  a  hom osporous L e p id o s t ro b u s  

( C o u l t e r  and Land, 1 9 2 1 ) .  The name L. C o u l t e r i  was a p p l i e d  

t o  t h e  m a t e r i a l  by  Jongmans (1930A ), a  f a c t  w h ich  A rn o ld  (1935) 

h as  b ro u g h t  t o  a t t e n t i o n .  The d e f i n i t e  h o r iz o n  o f  th e  c o a l  

p o c k e t  from  w h ich  th e  m a t e r i a l  was ta k e n  was n o t  d i s c u s s e d .

1 P r i n t e d  in  "The A m erican  M idland  N a t u r a l i s t , "  V ol. 24 , 
Ho. 2 ,  pp . 4 2 1 -4 3 6 ,  .September, 1940.
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S c o t t  and J e f f r e y  (1914) d e s c r i b e d  a  f ra g m e n t  o f  a  p e t r i ­

f i e d  cone  from  th e  b a s e  o f  t h e  'Waver l y  S h a le  i n  Boyle County, 

K en tucky . A rn o ld  (1935) p o i n t s  o u t  t h a t  t h e  W averly  S h a le  i s  

Lower I . I i s s i s s ip p i a n  i n  age  r a t h e r  th a n  t h e  s u g g e s te d  Upper 

D evon ian . The name L e p id o s t ro b u s  F i s c h e r i  was n o t  v a l i d  be­

c a u s e  o f  t h e  p r i o r i t y  o f  t h e  a p p l i c a t i o n  o f  t h e  name t o  some 

F re n c h  m a t e r i a l  by  R e n a u l t .  S c o t t  (1915) renam ed t h e  specim en  

L. k e n t u c k i e n s i s .

A p a r t i a l l y  p r e s e r v e d  b u t  co m p le te  ly c o p o d  s t r o b i l u s  

from  t h e  P o t t s v i l l e  s e r i e s  o f  M ich igan  was named L e p id o s t ro b u s  

B a r t l e t t i  by  A rn o ld  (1930) i n  o rd e r  t o  p l a c e  i t  on r e c o r d .

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

E uropean  c o n e s .  In  1932 A rn o ld  (1933) d e s c r i b e d  a  ly co p o d ­

ia c e o u s  s t r o b i l u s  from  t h e  Pocono s a n d s to n e  (Upper Devonian) 

o f  P e n n s y lv a n ia  a s  h a v in g  S i g i l l a r i a n  a f f i n i t i e s  on t h e  

b a s i s  o f  t h e  w h o r le d  a r ra n g e m e n t  o f  t h e  s p o r o p h y l l s .  L a t e r  

(1935) he r e f e r r e d  t h i s  specim en  t o  t h e  l e p i d o s t r o b o i d  group 

and  named i t  L. G a llo w a y i .

Graham (1935) has  d i s c u s s e d  t h e  o c c u r r e n c e  o f  s e v e r a l  

ly c o p o d ia c e o u s  s t r o b i l i  i n  c o a l  b a l l s  from  t h e  McLeansboro 

h o r i z o n  o f  I l l i n o i s .  Complete d e s c r i p t i o n  was im p o s s ib le  

due t o  i m p e r f e c t  s t a t e  o f  p r e s e r v a t i o n .  The r e l a t i o n s h i p s  

fo u n d  b e tw een  our m a t e r i a l  and  t h e  c a s t s  and p e t r i f a c t i o n s
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m e n tio n e d  above w i l l  be  d i s c u s s e d  s h o r t l y .

M a t e r i a l

The p l a n t  m a t e r i a l  t o  be  c o n s id e r e d  h e r e  was fo u n d  i n  t h e  

H in d o s ta n  s a n d s to n e  r o c k s  o f  t h e  P o cah o n ta s  group (Lower P o t t s -  

v i l l e )  o f  Orange C ounty , I n d i a n a .  'The p r e s e n c e  o f  p l a n t  f r a g ­

m ents  from  t h e  w e s te r n  p a r t  o f  t h a t  s t a t e  has lo n g  been  n o t e d .  

L esq u e re u x  (1884) l i s t s  t e n  s p e c i e s  i n c l u d i n g  sev en  f e r n s  and 

t h r e e  L e p id o d e n d ra .  D avid  W hite  (1895) r e c o r d s  and  d i s c u s s e s  

19 spec im ens  o f  l e a f  an d  wood im p r e s s io n s  from  f o u r  q u a r r i e s  

i n  t h e  n o r th w e s t  p a r t  o f  Orange County . C o u l t e r  an d  Land 

(1921) r e p o r t e d  t h e  p o s s e s s i o n  o f  some s tem  f ra g m e n ts  b u t  no 

cones  from  t h e  s a n d s to n e s  o f  w e s te r n  I n d ia n a .  W e l le r^  s t a t e s  

t h a t  e x t e n s i v e  c o l l e c t i o n s  have  b een  made from t h e  Lower p o t t s -  

v i l l e  (P o c a h o n ta s )  S e r i e s  an d  a r e  d e s c r ib e d  i n  a  m a n u s c r ip t  by 

t h e  l a t e  David W h ite .  The t h r e e  l a r g e r  cone spec im ens  w h ich  

we h a v e  ’were o b ta in e d  a  number o f  y e a r s  ago .  The re m a in d e r  

o f  our m a t e r i a l  w i t h  t h e  e x c e p t io n  o f  an e x t re m e ly  f i n e  c a s t  

o f  a  b ra n c h  t i p  o f  L e p id o d en d ro n  ( a c u le a tu m )  was c o l l e c t e d  

r e c e n t l y .  The e n t i r e  c o l l e c t i o n  was found  i n  t h e  s e v e r a l  

C h a i l l e a u x  and  Y /he ts tone  q u a r r i e s  a b o u t  6 m i le s  n o r th w e s t  o f  

O r le a n s ,  I n d i a n a .  The s a n d s to n e  i s  i n  two s t a g e s  and  v a r i e s  

from  f i n e  t o  medium g r a i n .

^ W e l le r ,  J .  M arv in , 111. G eo l.  Su rv . -  P e r s o n a l  com m unica tion .
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The u p p e r  o f  t h e  two s t a g e s  i s  t h e  m ain  m a ss iv e  body  o f  

s a n d s to n e .  I t  i s  o v e r l a i n  by  a t h i n  u n d e r c l a y .  In  t h i s  ro c k  

t h e  p l a n t s  a r e  r a t h e r  p o o r l y  p r e s e r v e d  and  n o t  a s  num erous as  

i n  t h e  t h i n l y  bedded  s a n d s to n e s  be low . S e v e r a l  l a r g e  f rag m e n ts  

o f  f a i r  s i z e d  t r e e s  w ere  fo u n d .  Gae o f  e s p e c i a l  n o t e  i s  l y i n g  

p r o s t r a t e  a lo n g  a  b e d d in g  p la n e  and one o f  t h e  b ra n c h e s  o f  th e  

f i r s t  d icho tom y  f o r k s  fo u r  more t im e s  s u c c e s s i v e l y .  A t t h e  

seco n d  d ic h o to m y , one b ra n c h  p e n e t r a t e s  a b o u t  t h r e e  f e e t  o f  

s a n d s to n e  i n  an a lm o s t  v e r t i c a l  p o s i t i o n .  Over tw e n ty  f e e t  

o f  t h e  c a s t  o f  t h i s  t r e e  vre.s exposed  in  r e l i e f  by  q u a r r y in g  

o p e r a t i o n s .  K in d le  (1896) m e n tio n s  th e  s i m i l a r  o c c u r r e n c e  o f  

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

D i r e c t l y  b e n e a th  t h i s  m a ss iv e  l a y e r ,  a  l e s s e r  zone o f  

t h i n l y  b ed d ed ,  v e r y  f i n e ,  s h a l y  s a n d s to n e  o c c u r s .  I t  i s  u n d e r -
•Z

l a i n  b y  a t h i n  c o a l .  W anless s u g g e s t s  t h a t  t h i s  i s  t h e  c o a l  

c a l l e d  Wo. 1 i n  t h e  Orange C ounty  r e p o r t  (E l ro d  and  P I c I n t i r e ,  

1 8 7 6 ) .  K in d le  (1896) has  d e s c r ib e d  t h e  w h e ts to n e  r o c k s  i n  

some d e t a i l .

The ag e  o f  t h i s  d e p o s i t  o f  p l a n t  m a t e r i a l  a t  t h e  b a s e  o f  

t h e  P o t t s v i l l e  S e r i e s  i s  i m p o r t a n t .  The p l a n t s  a r e  d i s s i m i l a r  

t o  t h o s e  known t o  o ccu r  i n  I n d i a n a ,  I l l i n o i s  and  w e s te r n  Ken­

tu c k y ,  and  a r e  p o s s i b l y  t h e  o l d e s t  i n  t h e  i n t e r i o r  c o a l  b a s i n .

V /an less ,  H a ro ld  R . ,  U niv . o f  111. -  P e r s o n a l  com m unica tion .
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P l a t e  I

F ig . I . H o lo ty p e  specim en o f  L cp id o s iro b u s  im brica lus. B ase  com ple te  a n d  lip  
m issing. x l]/s-

Fig* 2 . H y p o ty p e  specim en o f  L.. im brica tus. D is ta l en d  com plete, excep t fo r  portion  
b ro k en  ou t to  show  tip  o f  ax is. x  I
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These beds have been  c o r r e l a t e d  w i th  th e  S t a l ^ y b r i d g e  de­

p o s i t s  o f  t h e  Lower C o a l-m easu res  o f  G re a t  B r i t a i n  a n d  th e  

Bouxharmont beds  o f  Belgium ( p i .  A I I I ,  P a r t  I I ) .

The f i v e  sp ec im en s  o f  L e p id o s t r o b u s  w hich  we have p r e ­

p a re d  f o r  s tu d y  may be d iv i d e d  i n t o  two r a t h e r  obv ious  ty p e s#

Four o f  t h e  specim ens a r e  o f  t h e  f i r s t  t y p e ^ .  The 

l a r g e s t  and b e s t  exam ple o f  t h e  f i r s t  ty p e  was o n ly  p a r t i a l l y  

exposed  a lo n g  one s i d e  when fo u n d .  C a re fu l  work w i th  hammer 

and c h i s e l s  in  t h e  l a b o r a t o r y  have exposed  an e x c e l l e n t  

c i g a r - s h a p e d  co n e ,  a b o u t  1 3 .5  cm. lo n g  and  2 .5  cm. i n  d ia m e te r  

a t  t h e  b a s e .  The t i p  i s  m i s s in g .  The c e l l u l a r  d e t a i l  has 

been l o s t  th ro u g h  i m p e r f e c t  p r e s e r v a t i o n  a s  a  c a s t ,  b u t  a l l  

t h e  e x t e r n a l  m o rp h o lo g ic a l  f e a t u r e s  a r e  w e l l  shown. A f t e r  

p i c t u r e s ,  ru b b e r  m olds and p l a s t e r  c a s t s  had  been  made o f  

t h e  e n t i r e  sp ec im en , a  s e c t i o n  was c u t  th ro u g h  t h e  cone  1 .5  

cm. from  t h e  b a s e .  A f o r t u n a t e  a c c i d e n t  r e s u l t e d  in  t h e  

b r e a k in g  o f  a  p o r t i o n  o u t  o f  t h i s  low er  s e c t i o n .  This  ex­

posed  some i n t e r e s t i n g  s t r u c t u r e  w h ich  m ig h t  o n ly  have b e e n  

c o n j e c t u r e d  o th e r w i s e .  The a x i s  a t  t h e  b a s a l  p o i n t  o f  a t t a c h ­

m ent i s  a b o u t  5 mm. i n  d ia m e te r .  I t  t a p e r s  a b r u p t l y  so  t h a t  

w i t h i n  5 mm. o f  t h e  b a s e ,  t h e  d ia m e te r  i s  r e d u c e d  t o  a b o u t  

3 mm. In  c ro s s  s e c t i o n  a t  t h e  b a s e ,  a t  a p o i n t  5 mm. above 

th e  b a s e ,  and  a t  t h e  b roken  t i p  o f  t h e  spec im en , th e  a x i s  has
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13 r i d g e s  v i s i b l e  w hich  a r e  t h e  o ld  s p o r o p h y l l  b a s e s .  The 

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

i s  found  i n  L. B a r t l e t t i  an d  i n  t h e  d e s c r i p t i o n  g iv e n  by  Bower 

(1893) o f  L . B ro w n ii .  C e r t a in  o th e r  s p e c i e s  have  o n ly  11 o f  

t h e s e  s p o r o p h y l l  b a s e s  or l e s s ,  b u t  t h e r e  i s ,  a p p a r e n t l y ,  a  

r a t h e r  c o n s t a n t  number f o r  each  s p e c i e s .

T here  a r e ,  t h e n ,  n o rm a l ly  13 s p o r o p h y l l s  i n  each  s p i r a l  

r e v o l u t i o n  a b o u t  t h e  a x i s  and  i n  a l o n g i t u d i n a l  s e c t i o n  th ro u g h  

t h e  cone t h e r e  a r e  be tw een  95 and  100 such  r e v o l u t i o n s ,  i n  th e  

known 1 3 .5  cm. Such a  number o f  s p o r a n g ia  w ould  i n d i c a t e  t h e i r  

s m a l l  s i z e .

As i n  L. C o u l t e r i , L. B a r t l e t t i , L. G a l lo w a y i , and th e  

spec im ens  d i s c u s s e d  by  Graham (1 9 3 5 ) ,  t h e  s p o r o p h y l l s  a r e  b o rne  

a p p r o x im a te ly  a t  r i g h t  a n g le s  t o  t h e  cone a x i s .  The s p o ra n g ia  

a r e  r a d i a l l y  e lo n g a te d  as  i s  c h a r a c t e r i s t i c  o f  t h e  l e p i d o s t r o b u s  

ty p e  o f  ly c o p o d  co n e .  They a r e  b o rn e  a d a x i a l l y  on a p e d i c e l ,

i . e . ,  t h e  p o r t i o n  o f  th e  s p o r o p h y l l  w h ich  i s  h o r i z o n t a l .  The 

d i s t a l  end o f  t h e  s p o r o p h y l l ,  c a l l e d  t h e  la m in a  by  S c o t t  (1 9 2 0 ) ,  

t u r n s  up and  o v e r l a p s  th e  ends o f  t h e  n e x t  s e v e r a l  s p o r a n g ia .

These la m in a e  a r e  r a t h e r  n a r ro w  a t  t h e i r  b a s e s ,  n o t  over 1 .5  mm. 

w id e ,  and  a r e  u s u a l l y  l e s s  th a n  2 cm. lo n g .  They a r e  c l o s e l y  

a p p r e s s e d  th ro u g h o u t  t h e i r  l e n g t h  and a r e  i m b r i c a t e  in  a p p e a ra n c e .  

Two spec im ens  o f  t h i s  ty p e  o f  cone show t h e  i m b r i c a t e  c o n d i t i o n
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v e r y  w e l l .  An o u t s t a n d i n g  f e a t u r e  o f  t h e  s p o r o p h y l l  i s  th e  

a p p a r e n t  l a c k  o f  any  p o r t i o n  s u b te n d e d  be low  t h e  h o r i z o n t a l  

p l a n e  o f  t h e  p e d i c e l .  H irm er (1927) s t a t e s  t h a t  a  su b te n d e d  

p o r t i o n  i s  u s u a l l y  p r e s e n t  a s  does  S c o t t  (1920) who ad d s  t h a t  

t h e  form o f  t h e  w hole  s p o r o p h y l l  i s  somewhat p e l t a t e  a s  a 

r e s u l t .  when t h i s  c o n d i t i o n  e x i s t s ,  a s  i t  does i n  our second  

ty p e  o f  co n e ,  a p o r t i o n  o f  t h e  la m in a  i s  n o t  o n ly  s u b te n d e d  

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

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

o f  t h e  la m in a  i s  n o t  p e c u l i a r  a lo n e  t o  our spec im en . Graham 

(1935) d i s c o v e r e d  a  s i m i l a r  s i t u a t i o n  in  h i s  m a t e r i a l  and 

s t a t e s ,  " The l a x  n a t u r e  o f  t h e  cone and  t h e  a b se n c e  o f  a 

downward p r o j e c t i o n  o f  t h e  la m in a  d i s t i n g u i s h  t h i s  f ro m  p r e ­

v i o u s l y  d e s c r ib e d  s p e c i e s . "  Such a  c o n d i t i o n  may e x i s t  in  

o th e r  s p e c i e s  w hich  have  been  d e s c r i b e d ,  b u t  i f  s o ,  i t  i s  

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

v e r y  p ro m in e n t  on t h e  la m in a .

The s p o r a n g ia ,  w h ich  a r e  a b o u t  e i g h t  mm. in  l e n g t h  and 

s l i g h t l y  o v e r  one mm. i n  h e i g h t  a r e  r o u g h ly  w ed g e-sh ap ed  i n  

to p  v ie w . The end n e a r e s t  t h e  a x i s  i s  v e r y  n a r ro w  and  i s  

g e n e r a l l y  w edge-shaped  in  c r o s s - s e c t i o n .  The d i s t a l  end i s  

r a t h e r  b ro a d  and  f l a t t e n e d .  The s p o r a n g ia  a r e  so crowded t o ­

g e t h e r  b o th  l a t e r a l l y  and  v e r t i c a l l y  t h a t  t h e i r  s i d e s  a r e  

f l u t e d  by t h e  p r e s s u r e  from  a d j o i n i n g  s p o r a n g ia .  Due t o  t h e
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s m a l l  s i z e  o f  t h e  s p o r a n g ia  an d  t h e  d e fo rm a t io n  p r e s e n t  we a r e  

■unable t o  a s c e r t a i n  t h e  am ount, p o s i t i o n  and m echan ic s  o f  t h e  

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

b een  p ro v en  f o r  t h i s  ty p e  in  our c o l l e c t i o n s .  A c r o s s - s e c t i o n  

th ro u g h  t h e  e n t i r e  cone shows w e l l  t h e  l a t e r a l l y  com pact n a t u r e  

o f  t h e  s p o r a n g ia  and th e  v e r t i c a l  d i s t o r t i o n .

A spec im en  w hich  we r e c e n t l y  a c q u i r e d  from  t h e  ty p e  l o c a l i t y  

i s  a  w e l l  p r e s e r v e d  s a n d s to n e  c a s t .  Cnly a  s m a l l  p o r t i o n  o f  t h e  

t i p  o f  t h e  cone was v i s i b l e  o r i g i n a l l y ,  b u t  i n  our p r e p a r a t i o n  

o f  t h e  m a t e r i a l  f o r  s tu d y  we have  exposed  i t s  e n t i r e  l e n g t h  and  

t h i c k n e s s .  I t  i s  s l i g h t l y  f l a t t e n e d ,  p a r a l l e l  w i th  th e  b e d d in g  

p la n e s  o f  t h e  s a n d s to n e  m a t r i x .  The s t r o b i l u s  i s  a p p r e c i a b l y  

s m a l le r  i n  a l l  d im en s io n s  th a n  t h e  t h r e e  o r i g i n a l  specim ens 

and  t h e  num erous t r a c e s  o f  m olds and  c a s t s  w h ich  we found  

w h i l e  making our c o l l e c t i o n s .  I t  a g r e e s  i n  a l l  e s s e n t i a l  de­

t a i l s  w i th  t h e  h o lo t y p e .  The a x i s  i s  s l i g h t l y  l e s s  th a n  two 

mm. in  d ia m e te r  c o n s t a n t l y  th r o u g h o u t  i t s  l e n g t h  e x c e p t  f o r  

a b o u t  s i x  mm. o f  i t s  d i s t a l  end w h ich  t a p e r s  v e r y  s l i g h t l y  t o  

a b o u t  one and  o n e - h a l f  mm. in  d i a m e te r .  I t  i s  b l u n t l y  t e r -  

m in a te d  a b o u t  t h r e e  mm., from  t h e  a c t u a l  t i p  o f  t h e  s t r o b i l u s  

( F ig .  2 ) .  The s p o r o p h y l l s  a r e  s p i r a l l y  a r r a n g e d ,  t h i r t e e n  p e r  

r e v o l u t i o n  a b o u t  t h e  a x i s ,  and t h e  a d a x i a l l y  b o rn e  s p o r a n g ia  

a r e  d e n s e ly  crowded and  d i s t o r t e d .  The s p o r o p h y l l s  and  s p o r a n g ia
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P i . a t e  2

Figs. 3 and 4 ; L c p i d o s t r a b u s  arinccliis as split from rock, x l ' / l
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a r e  p r o g r e s s i v e l y  r e d u c e d  in  s i z e  th ro u g h o u t  t h e  d i s t a l  cm. 

o f  t h e  co n e ,  and t h e  a c t u a l  b l u n t l y  ro u n d ed  t i p  o f  t h e  a x i s  

b e a r s  e x t r e m e ly  s h o r t e n e d  and  im mature s p o ra n g ia  r a d i a t i n g  

s y s t e m a t i c a l l y  and  p r o g r e s s i v e l y  from  t h e  norm al p o s i t i o n ,  

w h ich  i s  s l i g h t l y  d e c u r r e n t  f rom  h o r i z o n t a l ,  t o  a v e r t i c a l  

p o s i t i o n  ( i . e .  p a r a l l e l  t o  t h e  cone a x i s . ) .  In  g ro s s  e x t e r n a l  

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

A seco n d  ty p e  o f  cone ,  r e p r e s e n t e d  b y  one o f  t h e  f o u r  

sp ec im en s ,  was exposed  by  s p l i t t i n g  open a r a t h e r  l a r g e ,  c u t  

s l a b  o f  g r e y  s a n d s to n e .  The. cone s p l i t  i r r e g u l a r l y  th ro u g h  

t h e  a x i s  and th u s  we have a s i n g l e  specim en  w e l l  shown on 

b o th  s l a b s .  The cone i s  somewhat f l a t t e n e d  b u t  c h i s e l i n g  has  

r e v e a l e d  t h a t  t h e  f l a t t e n e d  d ia m e te r  i s  a b o u t  2 cm. w h e reas  

t h e  norm al d ia m e te r  i s  a b o u t  2 .7  cm. Both  ends o f  t h e  cone 

a r e  m i s s in g  and no  t a p e r i n g  i s  a p p a r e n t  i n  th e  1 1 .5  cm. 

w h ich  we h a v e .  U n f o r t u n a t e l y ,  s e v e r a l  s m a l l  c o n c r e t i o n a r y  

g row ths  have e i t h e r  d e s t r o y e d  o r  d i s t o r t e d  a b o u t  o n e - h a l f  

o f  t h e  m id d le  s e c t i o n  o f  our spec im en . As in  t h e  f i r s t  ty p e  

o f  cone a l r e a d y  d i s c u s s e d ,  no  c e l l u l a r  d e t a i l  i s  v i s i b l e  b u t  

t h e  g e n e r a l  o r g a n i z a t i o n  and e x t e r n a l  m o rp h o lo g ic a l  f e a t u r e s  

a r e  w e l l  shown.

The a x i s  i s  a b o u t  5 mm. i n  d ia m e te r  th r o u g h o u t  i t s  

e n t i r e  l e n g t h .  In  c r o s s - s e c t i o n  t h e r e  a r e  u s u a l l y  e le v e n
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P l a t e  3

base  o f L cp id o s tro b u s  im bricatus  shovvinI '  l g «  j  . V U l  w».w~ ~ .  — •---
cen ter, w ith  long itud ina l sections th rough  sp o ra n g ia  su rro u n d ed  by  transverse  secti< 
o f e rect lam in ae  o f  sp o ro p h y lls  o f  low er in sertion ,

F ig . 6 . B roken  base  o f sam e cone show ing  c le a r ly , th e  outline o f  sp o ran g ia . *3 
F ig . 7 . C en tra l axis o f an o th e r specim en  o f L ep id o s tro b u s  im bricalus. *7 .
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s p o r o p h y l l  b a s e s  exposed  a s  r i d g e s  w h ich  i n d i c a t e  th e  p r e s e n c e  

o f  e l e v e n  s p o r o p h y l l s  f o r  each  r e v o l u t i o n  a b o u t  t h e  a x i s  i n  a 

s p i r a l  o r d e r .  The r e c o n s t r u c t i o n  shows 43 su ch  s p i r a l  r e v o l u ­

t i o n s  in  t h e  1 1 .5  cm. T his  number i s  l e s s  th a n  o n e - h a l f  t h a t  

fou n d  in  t h e  f i r s t  t y p e ,  a l t h o u g h  t h i s  spec im en  i s  o n ly  2 cm. 

l e s s  i n  l e n g t h .  By com puting  t h i s  a v e r a g e ,  w h ich  a g r e e s  q u i t e  

c l o s e l y  w i t h  t h e  m easurem en ts  t a k e n ,  t h e  s p o r a n g ia  a r e  s l i g h t l y  

more th a n  2 .5  mm. h ig h .

The a d a x i a l  a n g l e  o f  t h e  s p o r o p h y l l s  t o  t h e  a x i s  i s  

s l i g h t l y  g r e a t e r  th a n  a  r i g h t  a n g l e ,  i . e . ,  t h e  d i s t a l  ends o f  

t h e  s p o r o p h y l l s  s lo p e  to w ard  t h e  lo w er  end o f  t h e  cone a s  

much a s  93° o r  9 4 ° .  T h is  i s  a c c e n t u a t e d  by  a  p ro m in e n t ,  sub ­

t e n d e d  p o r t i o n  o f  t h e  la m in a  and  a t h i c k e n e d  d i s t a l  end o f  t h e  

p e d i c e l  o f  t h e  s p o r o p h y l l .  The s p o r o p h y l l s  a t  t h e  low er  end 

o f  t h e  specim en  a r e  a n g le d  s l i g h t l y  more th a n  t h i s ,  p o s s i b l y  

a s  a  r e s u l t  o f  t h e  r e l e a s e  o f  t h e  v e r t i c a l  p r e s s u r e  o f  th e  

com pacted  s p o r a n g ia  when t h e  low er  p o r t i o n  was b ro k en  away.

The d i s t o r t i o n  r e s u l t i n g  from  th e  c o n c r e t i o n a r y  grow th  in  

t h e  m id d le  o f  t h e  specim en  i s  shown by  t h e  v a r y in g  a n g le s  o f  

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

The p e d i c e l s  and  s p o r a n g ia  a r e  a r c h e d  i n  t h e  m id d le  so 

t h a t  b o th  th e  a x i a l  and  d i s t a l  ends a r e  lo w e r .  The d i s t a l  

end i s  much low er b e c a u se  o f  t h e  a n g le  o f  a t t a c h m e n t  o f  t h e
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P l a t e  4

■m m m

r er m
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F ig . 8 . G re a tly  en la rg ed  section  o f  tip o f ax is o f ty p e  specim en o f L cp id o stro b u s  
im bricaius  show ing  attachm en t o f sp o ro p h y lls . x7 .

F ig . 9 . B ro k e n  section o f base  o f  sam e specim en show ing  a b ru p tly  tap e rin g  axis. *5 .
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s p o r o p h y l l  t o  th e  a x i s .  Non© o f  t h e  d e s c r i p t i o n s  o f  c a s t s  

o r  p e t r i f i e d  American cones  r e c o r d s  e i t h e r  t h e  a r c h i n g  or 

t h e  downward s l a n t i n g  p e d i c e l s  an d  s p o r a n g ia .  Text d i s c u s s i o n s  

and  f i g u r e s  by H irm er (1 9 2 7 ) ,  F i g s .  208 and  210 o f  L e p id o s t ro b u s  

B row nii and  L. Oldhamius r e s p e c t i v e l y ,  S c o t t  (1 9 2 0 ) ,  F ig .  77 

o f  L. V e l th e im ia n u s ,  and  Solm s-Laubach  (1 8 9 1 ) ,  F ig .  25 o f  a 

d i f f e r e n t  specim en o f  L. B row nii th a n  t h a t  shown by  H irm er ,  

i n d i c a t e s  t h a t  t h e s e  c h a r a c t e r s  have  b een  n o t e d  and  c o n s id e r e d  

i n  t h e  European  m a t e r i a l .

The s p o r o p h y l l  i s  e x t r e m e ly  im p o r ta n t  i n  t h i s  second  ty p e  

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

t o  be  a t t a c h e d  t o  t h e  a x i s  b y  a  more t y p i c a l l y  s t a l k - l i k e  

p o r t i o n  w hich  i s  t u r n e d  a b r u p t l y  down a lo n g  t h e  a x i s  and  i s  

f u s e d  t o  i t  th r o u g h o u t  i t s  l e n g t h  o f  one mm. This  m ig h t  be 

c a l l e d  a  r a t h e r  e n l a r g e d  s p o r o p h y l l  b a s e .  Such a s t r u c t u r e  

i s  n o t  d i s c e r n i b l e  i n  t h e  f i r s t  ty p e  o f  c o n e .  The p e d i c e l  

i t s e l f ,  i . e . ,  t h e  h o r i z o n t a l  p o r t i o n  o f  t h e  s p o r o p h y l l  w hich  

b e a r s  t h e  s p o r a n g ia  on i t s  upper  s u r f a c e ,  i s  v e r y  n a r ro w .  This 

f e a t u r e  shows w e l l  i n  a  number o f  p l a c e s .  The p e d i c e l  i s  f l a r e d  

o u t  b r o a d l y  a t  t h e  d i s t a l  end and  i s  t h i c k e n e d  n o t i c e a b l y .  The 

la m in a  and  th e  p e d i c e l  fo rm  a  d e f i n i t e  su b te n d e d  p o r t i o n  v e ry  

s i m i l a r  t o  t h a t  m o d e l le d  a f t e r  L e p id o s t r o b u s  C o u l t e r i  ( C o u l t e r  

and  Land, 19 1 1 ) .  The la m in a  i s  3 t o  4 mm. w ide  a t  t h e  b a se  

and  30 to  40 mm. lo n g .  I t  t a p e r s  g r a d u a l l y  t o  a  w id th  o f  1 mm.
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P l a t e  5

F ig . 10. R ec o n s tru c tio n  o f cro ss-section  o f  axis o f L cp id o slro b u s  im brica lus  based  
o n  F ig . 5 . x5 .

F ig . 11. E n la rg e d  sp o ro p h y ll an d  spo ran g iu m  o f  L cp id o slro b u s  im brica lus. *2.
F ig . 12. E n la rg e d  s p o ro p h y ll a n d  sp o ran g iu m  o f  L cp id o slro b u s  arirt^Jius. *2 .

V
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i n  t h e  f i r s t  12 mm. o f  l e n g t h ,  an d  i s  c h a r a c t e r i s t i c a l l y  

a p p r e s s e d  f o r  t h e  lo w er  h a l f .  The upper  h a l f  o f  t h e  a t t e n u a t e d  

la m in a  i s  s l i g h t l y  d i v e r g e n t  and a r i s t a t e  i n  n a t u r e .  This i s  

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

n a t u r e  o f  t h e  f i r s t  t y p e  o f  cone d e s c r i b e d .  A m edian n e rv e  i s  

d e f i n i t e  f o r  t h e  l e n g t h  o f  t h e  la m in a  b u t  i s  n o t  a s  marked as  

in  t h e  f i r s t  t y p e .  Such a s p o r o p h y l l  seems t o  be  u n u s u a l ,  a t  

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

d i s t a l  ends o f  t h e  s p o r a n g i a  c a n n o t  be d e f i n i t e l y  shown. Some 

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

may be  c o n s id e r e d  a s  l i g u l e s .

The s p o r a n g ia  a r e  c l o s e l y  crowded b o th  l a t e r a l l y  and 

v e r t i c a l l y  and a r e  p r o m in e n t ly  g rooved  by  t h e  a d j a c e n t  s p o r a n g ia .  

In  c r o s s - s e c t i o n  th e y  d i f f e r  m a rk e d ly  from  th o s e  d e s c r i b e d  i n  

t h e  f i r s t  t y p e .  They a r e  n a r ro w e d  a t  t h e  a x i a l  end b u t  n o t  

w e d g e -sh a p e d .  At t h e  d i s t a l  end t h e y  a r e  o b lo n g - o v a te  i n  c r o s s -  

s e c t i o n .  The sp o ran g iu m  i s  r a t h e r  b ro a d  i n  com parison  w i th  t h e  

p e d i c e l ,  and  b r o a d l y  o v e r l a p s  i t .  In  a d a x i a l  v iew  t h e  o u t l i n e  

o f  t h e  s p o r o p h y l l  i s  g e n e r a l l y  w e d g e -sh a p e d .  The s p o re s  o f  

t h i s  cone and  o f  t h e  f i r s t  ty p e  w i l l  be  d i s c u s s e d  t o g e t h e r .

The s p o re s  o f  our cones  w ere  s e c u r e d  by  m a c e r a t i n g  t h e  

s p o r a n g i a .  In  our f i r s t  ty p e  o f  cone o n ly  one k in d  o f  sp o re  

was fo u n d .  The a v e ra g e  d ia m e te r  o f  t h i s  i s  a b o u t  26-29<«y .
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A t r i r a d i a t e  open ing  i s  p r e s e n t  i n  some an d  a b s e n t  in  o t h e r s .

An e q u a t o r i a l  f l a n g e  i s  p r e s e n t  i n  a few i n s t a n c e s .  Ylhether an ­

o th e r  ty p e  o f  s p o re  e x i s t s  and  was n o t  found  i s  n o t  known. I t  

w ould  be  u n s a f e  t o  h a z a rd  t h e  s t a t e m e n t  t h a t  t h i s  specim en i s  

homosporous on t h e  n e g a t i v e  b a s i s  o f  n o t  f i n d i n g  l a r g e r  s p o r e s .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  e x c e p t  f o r  i t s  l a r g e r  s i z e ,  

L e p id o s t r o b u s  G o u l t e r i  i s  v e ry  s i m i l a r  t o  our s p e c i e s .  Spores  

o f  b u t  one k in d  w ere  fo und  i n  L. G o u l t e r i .  The d ia m e te r  o f  

t h e s e  s p o re s  i s  com parab le  t o  t h a t  o f  th e  s p o r e s  o f  our sp ec im en . 

Campos (1925) in  d e s c r i b i n g  a c o m p le te  sp ec im en , L e p id o s t ro b u s  

f o l i a c e u s ,  f i n d s  o n ly  one s i z e  o f  s p o r e ,  an d  t h a t  m easu res  32 , 

w hich  i s  o n ly  s l i g h t l y  l a r g e r  th a n  our s p o r e s .  i n e s e  s p o re s  

a r e  v e r y  s i m i l a r  t o  o u rs  in  g e n e r a l  o u t l i n e  an d  in  th e  n a t u r e  

o f  t h e  t r i r a d i a t e  m a rk in g .  He s t a t e s  t h a t  h i s  spec im en  i s  

hom osporous. However, Mrs. D. H. S c o t t  (1906) had  d e s c r ib e d  

a m egaspo re  from  a  d i f f e r e n t  spec im en  o f  L .  f o l i a c e u s .  Campos 

j u s t i f i e s  h i s  c o n c lu s io n s  by  a  ' s t a t e m e n t  f rom  B e r ry  (1918) 

t h a t  d i f f e r e n t  cones  may p ro d u ce  two k in d s  o f  s p o r e s .  However, 

i f  two s i z e s  o f  s p o re s  a r e  known t o  o ccu r  i n  t h i s  s p e c i e s ,  i t  

i s  c e r t a i n l y  d i f f i c u l t  t o  i n d i c a t e  t h e  hom osporous n a t u r e  o f  

an y  s i n g l e  sp ec im en . Only a  c o m p le te ,  w e l l  p r e s e r v e d  cone such  

as  t h e  specim en  d e s c r ib e d  by  Campos may be s a f e l y  c a l l e d  

hom osporous.
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F igs . 14-18 . C am era  lu c id a  d raw in g s  o f  spores from  cones show ing re la tiv e  p ro ­
portions.

F ig . 14. M eg asp o rc  o f  L ep id o stro b u s  arirevius. 165 m u.
F ig . 15. M ic ro sp o re  o f L ep id o stro b u s  a nr& lus, show ing  equato ria l flange an d  tri­

ra d ia te  open ing . A b o u t 2 9  m u.
F ig . 16. M ic ro sp o re  o f  L ep id o s tro b u s  arinedus  w ith  roughened  exine. 2 9  m u.
F ig . 17. M ic ro sp o re  o f  L ep id o stro b u s  im hrica tus  w ith  single s lit open ing . 2 6  mtr 
F ig . 18. M icro sp o re  o f  L ep id o stro b u s  im brica lus  w ith  tra c e  of tr ira d ia te  opening. 

7 6  m u.
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In  s tu d y in g  t h e  s p o r e s  from our second  ty p e  o f  co n e ,  t h e  

m ic ro s p o re s  a r e  found  t o  be  p r a c t i c a l l y  i d e n t i c a l  w i th  t h e  

s p o r e s  found  i n  t h e  f i r s t  t y p e ,  i . e . ,  2 6 - 2 9 ^  . Most o f  them  

have  a  d e f i n i t e  t r i r a d i a t e  o p e n in g .  In a d d i t i o n ,  a  l a r g e r  

■spore i s  fo und  s p a r i n g l y ,  a t  a  r a t i o  o f  a b o u t  5 t o  100. Hie 

s i z e  o f  t h i s  l a r g e r  s p o r e ,  1 6 0 -1 7 0 -n, a g r e e s  f a i r l y  w e l l  w i t h  

t h e  m egaspores  f i g u r e d  by A rn o ld  (1933) f o r  L e p id o s t r o b u s  

G a l lo w a y i ,  w h ich  m easu re  a b o u t  1 5 0 j^ .  C e r t a i n  d e f i n i t e  

f e a t u r e s  show c l e a r l y  t h a t  t h e  two cones  a r e  o f  d i f f e r e n t  

s p e c i e s .  L. G a llo w ay i has  w h o r le d  s p o r o p h y l l s  and  i s  con­

s i d e r a b l y  l a r g e r .

In  o rd e r  t o  o b ta in  t h e  s p o re s  from  our m a t e r i a l ,  s e v e r a l  

t e c h n iq u e s  w ere  t r i e d  w i t h  v a r y in g  r e s u l t s .  S a n d s to n e  i s  

n o r m a l ly  a  p o o r  m a t r i x  f o r  t h e  p r e s e r v a t i o n  o f  s p o r e s .  The 

s p o r e s  w ere n o t  r e v e a l e d  in  t h e  s p o ra n g ia  when v iew ed  th ro u g h  

a  b i n o c u l a r  m ic ro s c o p e  u s in g  d i r e c t  l i g h t .  Such a  c o n d i t i o n  

c o u ld  be e x p e c te d ,  how ever ,  so t o  make s u r e  o f  t h e  p r e s e n c e  

o f  t h e  s p o r e s ,  i n d i v i d u a l  s p o ra n g ia  w ere c h ip p e d  from  t h e  cones  

and  b ro k en  i n t o  s e v e r a l  s m a l l  p i e c e s .  The m ost s a t i s f a c t o r y  

p ro c e d u re  fo und  f o r  f r e e i n g  th e  s p o re s  was f i r s t  t o  a l l o w  t h e  

m a t e r i a l  t o  s t a n d  f o r  a b o u t  15 m in u te s  in  h y d r o f l u o r i c  a c i d .  

A T ter  s e v e r a l  w a s h in g s ,  S c h u l z e ' s  s o l u t i o n  was p o u re d  o v e r  i t  

and  a l lo w e d  to  s t a n d  f o r  a b o u t  an h o u r .  This  was fo l lo w e d
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w i t h  s e v e r a l  w ash in g s  in  d i s t i l l e d  w a te r  a f t e r  w h ich  th e  

m a t e r i a l  was p la c e d  in  a Z0% s o l u t i o n  o f  NaOIi (sod ium  hy­

d r o x i d e ) .  This was a l lo w e d  t o  s t a n d  from  2-24 h o u rs  de­

p e n d in g  on t h e  amount o f  o rg a n ic  m a t e r i a l  ' p r e s e n t .  The 

ITaOH was th e n  p o u re d  o f f  and th e  m a t e r i a l  w ashed  u n t i l  

n e u t r a l i z e d .  W ith o u t  d r y in g ,  "abo p o n " ,  a  Glyco m ounting  

medium, w hich  i s  w a te r  s o l u b l e ,  was ad d e d .  The perm anen t 

mounts made from  t h i s  a r e  a v a i l a b l e  f o r  f u r t h e r  s tu d y .

I t  i s  p o s s i b l e  t h a t  th e  s p o re s  w h ich  we o b ta in e d  w ere 

m e re ly  w ashed  i n t o  or i n  some manner i n f i l t r a t e d  among t h e  

s p o r o p h y l l s  and  s p o r a n g ia  b e f o r e  f o s s i l i z a t i o n .  I f  s o ,  we 

may n o t  h av e  th e  o r i g i n a l  s p o re s  a t  a l l .  This p o s s i b i l i t y  

e x i s t s  in  a l l  m a t e r i a l  p r e s e r v e d  a s  c a s t s .  P e t r i f a c t i o n s  

i n  c o a l  b a l l s  and  c o n c r e t i o n s  a r e  l e s s  l i k e l y  t o  be con­

t a m in a t e d .  I t  i s  i n t e r e s t i n g  t o  n o t e ,  how ever,  t h a t  s e v e r a l  

f r a g m e n ts  o f  t h e  s u r ro u n d in g  m a t r ix  w ere p r o c e s s e d  i n  th e  

same manner and  t h e  p r e s e n c e  o f  s p o re s  from  t h a t  m a t e r i a l  

c o u ld  n o t  be  d e f i n i t e l y  e s t a b l i s h e d ,  w hereas  i n  t h e  m a c e ra te d  

m a t e r i a l  from  t h e  s p o ra n g ia  s p o re s  w ere  f a i r l y  num erous . The 

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

p a r t  o f  t h e  specim en o f  our seco n d  ty p e  o f  cone was found  to  

h ave  an  a b u n d a n t  s p o re  a s se m b la g e .  This c o u ld  be  e x p e c te d ,  

s i n c e  in  f o r m a t io n  t h e  c o n c r e t i o n s  d i s r u p t e d  t h e  s p o ra n g ia  

a n d  th e n  r e i n c o r p o r a t e d  them and t h e i r  c o n t e n t s .
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A ro u g h  and th i c k e n e d  e x i n e ,  w h ich  sh o u ld  be fou n d  on any 

m egaspore  u n l e s s  l o s t  b e f o r e  p r e s e r v a t i o n  (Thomson, 1934) i s  

n o t  a lw ays e v id e n t  on t h e  m egaspo res  from our second  ty p e  o f  

co n e .  C e r t a i n  e x t e r i o r  ro u g h e n in g s  a r e  p r e s e n t  in  one or two 

s p o re s  and  t h e s e  r e se m b le  somewhat t h e  m egaspore  f i g u r e d  by 

A rn o ld  f o r  L e p id o s t ro b u s  G al1ow ayi.

W ith  t h e  d i s c u s s i o n  and  c r i t e r i a  i n  m ind , we f e e l  t h a t  

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

a t u r e .  W hile  we do n o t  w is h  t o  expand t h i s  l i t e r a t u r e  w i th  

u n n e c e s s a ry  new names o f  s p e c i e s ,  i t  seems d e s i r a b l e  t o  g iv e  

t h e  spec im ens  a  name, even th o u g h  t h e y  may l a c k  some o f  t h e  

fu n d a m e n ta l  c h a r a c t e r i s t i c s  n e c e s s a r y  f o r  a com ple te  d e s ­

c r i p t i o n .  M oreover spec im ens  w h ich  a r e  n o t  g iv e n  a  name may 

e a s i l y  be  o v e r lo o k e d .  An a t t e m p t  h as  been  made t o  compare 

c r i t i c a l l y  our specim ens w i t h  c a s t s  and p e t r i f a c t i o n s  o f  

L e p id o s t r o b u s  w hich  have  a l r e a d y  been  d e s c r ib e d .

The summarized ty p e  d ia g n o s e s  f o l l o w ;

L e p id o s t ro b u s  im b r i c a t u s  H osk ins  a n d  C ross m w .—sp .

S t r o b i l u s ;  Medium s i z e ,  more th a n  1 3 .5  cm. lo n g  by 

1 . 8 - 2 . 5  cm. i n  d ia m e te r ,  e s s e n t i a l l y  c y l i n d r i c a l ,  b a s e  

(p ro x im a l  end) h o t  t a p e r e d ,  t i p  s l i g h t l y  t a p e r e d  a n d  b l u n t l y  

c o n i c a l .  Specimens p r e s e r v e d  a s  f i n e  s a n d s to n e  c a s t s .
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A x is :  A p p ro x im a te ly  4 -5  mm. i n  d ia m e te r  a t  b a s e ,  t a p e r e d

a b r u p t l y  t o  2 -3  mm. th ro u g h o u t  t h e  re m a in d e r  o f  l e n g t h  e x c e p t  

t h e  d i s t a l  end w h ich  t a p e r s  v e r y  s l i g h t l y  t o  t h e  b l u n t ,  ro unded  

t i n .  13 s p o r o p h y l l  b a s e s  p ro m in e n t  when v iew ed  in  c r o s s  s e c t i o n .  

Ho c e l l u l a r  d e t a i l  o b s e rv e d .

§ o o r o p h y l l s ; A rran g ed  s p i r a l l y ,  13 p e r  r e v o l u t i o n  a b o u t  

t h e  a x i s  and a p p r o x im a te ly  5 r e v o l u t i o n s  p e r  cm .,  p r o g r e s s i v e l y  

r e d u c e d  i n  s i z e  and m a t u r i t y  a t  t h e  im m edia te  d i s t a l  end and so 

a r r a n g e d  a s  t o  form  a  b l u n t l y - e o n i e a l  t i p .  P e d i c e l s  i n s e r t e d  

a t  r i g h t  a n g l e s  t o  a x i s  and  a b o u t  6 -8  mm. i n  l e n g t h  t o  t h e  d i s t a l  

ends w here  la m in a e  c u rv e  e v e n ly  upw ard. IIo su b te n d e d  o r  t h i c k ­

ened p o r t i o n  o f  la m in a  e v i d e n t .  Laminae 1 . 5 - 2 . 0  cm. lo n g ,  

s l e n d e r ,  n o t  o v e r  1 .5  mm. w ide a t  b a s e ,  t a p e r i n g  g r a d u a l l y  t o  

s h a rp  p o i n t ,  c l o s e l y  a p p r e s s e d ,  o v e r l a p p in g  many lam inae  a b o v e ;  

i m b r i c a t e  i n  a p p e a ra n c e .  Median n e r v e  i s  p ro m in e n t .

L i g u l e ;  D e f i n i t e  e v id e n c e  l a c k i n g ,  p o s s i b l y  b e c a u se  o f  

im p e r f e c t  p r e s e r v a t i o n .

S p o ra n g ia -  Borne a d a x i a l l y  on s p o r o p h y l l  p e d i c e l .  G r e a t l y  

e lo n g a .ted  (6 -8  mm.), w edge-shaped  i n  to p  v iew , w edge-shaped  in  

c r o s s - s e c t i o n  n e a r  a x i s  b u t  b r o a d l y  f l a t t e n e d  a t  d i s t a l  end and 

o v e r la p p in g  n a r ro w e r  s p o r o p h y l l ;  a t t a c h m e n t  n o t  d i s t i n g u i s h a b l e .  

D en se ly  crow ded v e r t i c a l l y  and  l a t e r a l l y  a n d  th u s  d i s t o r t e d .
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Imm ature a t  t i p .

S p o re s ;  Sm all ( 2 6 . 5 > j ) ,  t r i r a d i a t e  o p en in g s  i n  some; 

o b ta in e d  o n ly  b y  m a c e r a t io n .  No l a r g e r  s p o re s  fo u n d  i n  t h i s  

s t r o b i l u s .

L o c a t io n  and  h o r i z o n ;  P o cah o n ta s  s a n d s to n e ,  Lower P o t t s -  

v i l l e  s e r i e s ,  P e n n s y lv a n ia n  sy s te m . S ix  m i le s  n o r th w e s t  o f  

O r le a n s ,  Orange County , I n d i a n a ;  C h a i l l s a u x  q u a r r i e s .

Number o f  sp e c im e n s ;  F o u r .  One f a i r l y  com ple te  s t r o b i l u s ,  

t h e  h o lo ty p e  sp ec im en , w i t h  b a se  i n t a c t ;  one s l i g h t l y  s m a l l e r  

spec im en  w i th  t i p  i n t a c t ,  t h e  h y p o ty p e  sp ec im en ; two s m a l le r  

f r a g m e n ts ;  s e v e r a l  t r a c e s  o f  o th e r  s t r o b i l i  o f  p r o b a b ly  th e  

same ty p e .  H o lo ty p e ,  No. B-620 a n d  h y p o ty p e ,  No. B-1981; 

P a l e o b o t a n i c a l  Museum, B o tany  D ep ar tm en t,  U n i v e r s i t y  o f  C in­

c i n n a t i .

Name o f  s p e c i e s ;  L e p id o s t r o b u s  i m b r i c a t u s ,  a f t e r  t h e  

i m b r i c a t e  n a t u r e  and a p p e a ra n c e  o f  th e  la m in a e  o f  t h e  s p o ro ­

p h y l l s .

L e p id o s t ro b u s  a r r e c t u s  n o v . ~ s p .^ '

Cone- Medium s i z e d  c o n e ,  1 1 .5  x 2 .7  cm. In c o m p le te ,

H o s k in s ,  J .  H. and A. T. C ro s s .  1943—L e p id o s t r o b u s  a r i s t a t u s . 
H osk ins  a n d  C ro s s ,  a homonym. Amer. M id i.  N a t .  2 9 ;5 4 2 .
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b o th  ends m i s s in g .  S l i g h t l y  f l a t t e n e d .  P r e s e r v e d  a s  c a s t  i n  

f i n e  s a n d s to n e .  M idd le  o f  specim en d i s t o r t e d  b y  grow th  o f  

c o n c r e t i o n s .

A x i s : 5 mm. i n  d ia m e te r  th ro u g h o u t  known l e n g t h .  11

s p o r o p h y l l  b a s e s  on a x i s  when view ed in  c r o s s - s e c t i o n .  Mo 

c e l l u l a r  d e t a i l  p r e s e r v e d .

S p o r o p h y l l s ;  A rran g ed  s p i r a l l y ,  a b o u t  11 s p o r o p h y l l s  

p e r  r e v o l u t i o n  and  43 r e v o l u t i o n s .  A d a x ia l  a n g le  o f  p e d i c e l  

p a r t  o f  s p o r o p h y l l s  t o  a x i s ^ s l i g h t l y  g r e a t e r  th a n  r i g h t  a n g l e .  

P e d i c e l  1 .1  cm. lo n g .  P ro m in e n t  s t a l k - l i k e  s p o r o p h y l l  b a s e s  

a b o u t  1 mm. lo n g  on a x i s .  Laminae v e ry  w ide  a t  b a s e  (3 -4  mm.) 

and 30-40  mm. lo n g .  A p o r t i o n  o f  t h e  la m in a  i s  su b te n d e d  

p r o m in e n t ly  b e lo w  t h e  h o r i z o n t a l  p la n e  o f  th e  p e d i c e l  and i s  

s l i g h t l y  t h i c k e n e d .  Laminae t a p e r  r a t h e r  g r a d u a l l y  from w ide  

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

h a l f  b u t  s l i g h t l y  d iv e r g e n t  ab o v e .  A n i s t a t e  i n  a p p e a ra n c e .

L ig u le s *  P re s e n c e  q u e s t i o n a b l e .  I n d e f i n i t e  s t r u c t u r e  

a r i s e s  from  d i s t a l  end o f  p e d i c e l .

S p o ra n g ia ;  Borne a d a x i a l l y  on s p o r o p h y l l s ,  c l o s e l y  

c row ded. 1 cm. lo n g ,  w edge-shaped  in  to p  v iew , n a r ro w ,  b u t  

n o t  t r i a n g u l a r  i n  c r o s s - s e c t i o n  n e x t  t o  t h e  a x i s ,  b r o a d e r  and  

somewhat r e c t a n g u l a r - o v a t e  a t  d i s t a l  end . N arrow er p e d i c e l
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i s  b r o a d ly  o v e r la p p e d  by s p o r a n g ia .  A tta c h m e n t  t o  s p o ro p h y l l  

a p p e a r s  t o  be th ro u g h o u t  l e n g t h  by  n a r ro w  band  o f  t i s s u e .

S p o re s ;  Two s i z e s  o f  s p o r e s  have been found  by m a c e ra t in g  

s p o r a n g ia .  The s m a l l e r  s p o re s  a r e  2 7 ^  and t h e  l a r g e r  a r e  160-190*-^ . 

T r i r a d i a t e  o p en in g s  a r e  p ro m in e n t  b u t  no  b r i s t l e s  a r e  v i s i b l e ,  

t h e  e x in e  p o s s i b l y  h a v in g  b een  d e s t r o y e d .

L o c a t io n  a n d  h o r i z o n ;  P o c a h o n ta s  s a n d s to n e ,  Lower P o t t s -  

v i l l e  s e r i e s ,  P e n n sy lv a n ia ^  s y s te m . S ix  m i le s  n o r th w e s t  o f  

O r le a n s ,  Orange County , I n d i a n a ;  7/h.et s to n e  q u a r r y .

Humber o f  sp ec im en s :  One sp ec im en , exposed  by s p l i t t i n g

s a n d s to n e  b lo c k .  S p l i t  i n  h a l f .  P a l e o b o t a n i c a l  Museum,

B otany  D ep ar tm en t,  U n i v e r s i t y  o f  C i n c i n n a t i .

Name: L e p id o s t ro b u s  a r r e c t u s  a f t e r  t h e  p o s i t i o n  o f  th e

a t t e n u a t e d  la m in a e  o f  t h e  s u p e r im p o sed  s p o r o p h y l l s  w hich a r i s e  

a t  a n g le s  o f  70° t o  80° from  t h e  p e d i c e l s .  The name a r r e c t u s  

r e f e r s  t o  t h i s  c o n d i t i o n .
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SIMiAHY

1 . S e v e ra l  in c o m p le te  L e p id o s t r o b u s  cones  have been  

fo u n d  a lo n g  w i th  o th e r  p l a n t  r e m a in s  i n  t h e  ^ower P o t t s v i l l e  

s a n d s to n e s  o f  Orange County , I n d i a n a .

2 .  D ia g n o s t i c  c h a r a c t e r i s t i c s  o f  t h e  cone m a t e r i a l  a r e  

g iv e n  and  t h e  two e v id e n t  t y p e s  w hich  r e s u l t  a r e  compared w i t h  

o th e r  known c a s t s  o r  p e t r i f a c t i o n s  o f  L e p i d o s t r o b u s .

5 .  L e p id o s t ro b u s  i m b r i c a t u s  and  L . a r r e c t u s  a r e  t h e  

p ro p o s e d  s p e c i e s  names f o r  t h e  two ty p e s  o f  cones  d i s c u s s e d .

4 .  Summarized ty p e  d e s c r i p t i o n s  a r e  g iv e n  f o r  each 

s p e c i e s .
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(Bowmanites t r i s p o r n n g i a t u s  and L ep id o ca rp o n  i o e n s e ) ,  and t h e  

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

r a a n u s c r io t ;  t o  Dr. James H. *>chopf o f  t h e  I l l i n o i s  G e o lo g ic a l  

S u rv ey ,  U rbana , 1 1 1 . ,  f o r  r e a d i n g  l a r g e  p o r t i o n s  o f  th e  manu­

s c r i p t  and f o r  h i s  a d v ic e  c o n c e rn in g  s e v e r a l  taxonom ic  p rob lem s 

o f  f o s s i l  p l a n t s ;  t o  P r o f e s s o r  Theodor J u s t  o f  t h e  U n i v e r s i t y  

o f  N o tre  Dame, f o r  a s s i s t a n c e  in  t h e  w r i t i n g  o f  s e v e r a l  s e c t i o n s ,  

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

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

o f  s e v e r a l  new names (Bowmanites S c o t t i i ,  ~. s im p le x ,  L e p id o ­

s t r o b u s  a r r e c t u s ,  L. i m b r i c a t e s ) ,  and  c h e c k in g  s e v e r a l  new 

c o m b in a t io n s ,  a d v i c e  concern ing ; s e v e r a l  g e n e r a l  taxonom ic  

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

m a n u s c r i p t .
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Thanks a r e  a l s o  due many o t h e r s  who w ere  e i t h e r  d i r e c t l y  

o r  i n d i r e c t l y  in v o lv e d  i n  some p h a s e  o f  t h e  p rob lem , e s p e c i a l l y  

Dr. R ousseau  II. F low er o f  t h e  U n i v e r s i t y  o f  C i n c i n n a t i ,  f o r  

a s s i s t a n c e  i n  two t r a n s l a t i o n s  ; T: i s s  J e a n n e t e  IT. T ryn , g r a d u a te  

s t u d e n t  o f  t h e  same u n i v e r s i t y ,  f o r  h e lp  w i th  two t r a n s l a t i o n s ;  

and  Miss C-ladys O a r r o l l ,  r e s e a r c h  a s s i s t a n t ,  a l s o  o f  t h e  same 

u n i v e r s i t y ,  f o r  h e lp  w i th  t h e  p h o to g r a p h s .

F i n a l l y  my m ost s i n c e r e  a p p r e c i a t i o n  and  th a n k s  a r e  due 

t o  P r o f e s s o r  John H. H o sk in s ,  th e  c o l l a b o r a t o r  in  a l l  t h e s e  

i n v e s t i g a t i o n s ,  f o r  h i s  h e lp  and a d v ic e  c o n c e rn in g  a l l  m a t e r i a l  

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

s h i p  and t r a i n i n g .
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