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CHAPTER I 

INTRODUCTION 

Within t h e  p a s t  two decades t h e r e  has  been a  major 

r e - i n t e r p r e t a t i o n  of t h e  Cretaceous f lower ing  p l a n t  record.  

Formerly it was widely be l i eved  t h a t  t h e  angiosperms 

en tered  t h e  f o s s i l  record  du r ing  t h e  Cretaceous d i v e r s i f i e d  

i n t o  modern f ami l i e s  and genera ,  a f t e r  having evolved i n  

upland regions where t h e y  l e f t  no f o s s i l  record  (Axelrod, 

1952, 1970) . More r e c e n t  s t u d i e s  of Cretaceous f lowering 

p l a n t  remains, however, show t h a t  d u r i n g  t h i s  t ime t h e r e  

was a  s teady  inc rease  i n  both t h e  number of morphological  

types  and t h e  number of  remains t h a t  can  c o n f i d e n t l y  be 

assigned t o  modern t a x a  (Doyle, 1969; Mul le r ,  1970; Wolfe 

e t  a l . ,  1976; Doyle and Hickey, 1976; Hickey and Doyle, 

1977).  These r e s u l t s  i n d i c a t e  t h a t  t h e  Cretaceous was a  

period of major angiosperm d i v e r s i f i c a t i o n  and sugges t  t h a t  

f u r t h e r  pa leobotanica l  s t u d i e s  can y i e l d  new evidence on 

the  course and t iming of t h e  g roup ' s  evo lu t ion .  

The be l i e f  t h a t  many of t h e  e a r l i e s t  known flower- 

ing  p l a n t s  represented e x t a n t  f a m i l i e s  and genera o r i g i n a t e d  

during t h e  19th century  from t h e  s t u d y  of  l e a f  remains. 

Ear ly  pa leobo tan i s t s ,  confronted w i t h  t h e  tremendous 

d i v e r s i t y  of Cretaceous and T e r t i a r y  angiosperm l e a f  

impressions,  compared them wi th  t h e  l eaves  of e x t a n t  p l a n t s ,  



but  wi thout  adequate in format ion  on t h e  s y s t e m a t i c  

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

f l o r a .  Consequently, s t u d i e s  of Cretaceous angiosperms, 

such a s  those  by Fontaine (1889) , Ward (1905) , and Berry 

(1911) on t h e  Potomac Group, a l l i e d  t h e  bu lk  of  remains 

wi th  modern f a m i l i e s  and genera on t h e  b a s i s  of f e a t u r e s  

e i t h e r  now known t o  occur i n  numerous u n r e l a t e d  e x t a n t  

groups o r  presumed t o  have been p r e s e n t  i n  t h e  f o s s i l s .  

While Ward (1888) and Fontaine  (1889) d i d  remark about 

t h e  "a rcha ic"  appearance of t h e  o l d e s t  Cretaceous 

f lowering p l a n t  l eaves ,  t h e  m a j o r i t y  o f  p a l e o b o t a n i s t s  

be l ieved  t h a t  Ear ly  Cretaceous l e a f  f l o r a s  w e r e  modern i n  

composition (e .g . ,  Berry,  1911; Seward, 1931) . 
The most widely accepted e x p l a n a t i o n  f o r  t h i s  

s i t u a t i o n  was advanced by Axelrod (1952, 1970) , who pro- 

posed t h a t  t h e  f lowering p l a n t s  d i v e r s i f i e d  i n  t r o p i c a l  

uplands dur ing  t h e  T r i a s s i c  and J u r a s s i c ,  t h e n  descended 

i n t o  t h e  lowlands dur ing  t h e  mid-Cretaceous i n  response 

t o  increased  c l i m a t i c  e q u a b i l i t y .  Th i s  t h e o r y  explained 

t h e  "sudden" appearance of a  modern angiosperm f l o r a  

du r ing  t h e  Cretaceous and was c o n s i s t e n t  w i t h  t h e  spo rad ic  

r e p o r t s  of pre-Cretaceous angiosperm remains ( e . g . ,  Brown, 

1956; Tidwell  e t  a l .  , 1970) , which would be expected from 

a  predominantly upland group. 

The f i r s t  major cha l l enge  t o  t h i s  view came from 

s t u d i e s  of Mesozoic palynology. I n s t e a d  of  showing a  wide 



array of pollen types, Early Cretaceous angiosperm pollen 

assemblages displayed a low morphological diversity and 

few forms that could be confidently assigned to extant 

groups; while younger palynofloras showed a progressive 

increase in morphological diversity and forms assignable 

to modern taxa (e.g., Brenner, 1963; Doyle, 1969; Muller 

1970). In addition, no undisputed angiosperms were known 

from the Triassic and Jurassio pollen records (Scott et 

al., 1960; Hughes, 1961) which, like the record from modern 

sediments, should include occasional upland elements in ad- 

dition to lowland forms (Muller, 1959, 1970). These results, 

coupled with the fact that the Cretaceous pollen sequence 

showed a close correspondence to evolutionary schemes pro- 

posed on the basis of comparative morphology (Doyle, 1969), 

suggested the absence of any major pre-Cretaceous diversifica- 

tion of angiosperms. 
@ 

During the same period there was growing dissastis- 

faction with earlier angiosperm leaf identification (e.g., 

~sdler, 1950; ~rgusel and Weyland, 1950, 1954; Dilcher 

and Mehrota, 1969; pilcher and Dolph, 1970; Wolfe, 1973). 

Detailed studies of Tertiary leaves, using cuticular 

anatomy and fine venation, showed that a large number of 

old identifications were incorrect, and that many 

systematic placements were based on little more than a 

superficial resemblance to modern forms. Though the number 

of misidentifications varied with both the researcher 

and the age of the flora it tended to be quite high: 



Dilcher  (1973) es t imated t h a t  60  t o  70 p e r c e n t  of t h e  

gene r i c  and f a m i l i a l  i d e n t i f i c a t i o n s  of  Eocene leaves  

from t h e  sou theas te rn  United S t a t e s  were i n c o r r e c t .  This  

problem, along with  gene ra l  ques t ions  concern ing  t h e  

t h e o r e t i c a l  v a l i d i t y  of t h e  old  i d e n t i f i c a t i o n  methods 

(Wolfe, 1973) ,  made many r e sea rche r s  d i s t r u s t  most con- 

c l u s i o n s  about f lowering p l a n t  h i s t o r y  made on t h e  b a s i s  

of l e a f  remains, f o r c i n g  them e i t h e r  t o  r e l y  on t h e  

d i spe r sed  p o l l e n  record o r  e l s e  no t  t o  s p e c u l a t e  a t  a l l .  

Many of t h e  apparent  c o n f l i c t s  between t h e  e a r l y  

angiosperm po l l en  and megafoss i l  r eco rds  were resolved 

by r e i n v e s t i g a t i o n s  of angiosperm l e a f  remains from t h e  

Cretaceous Potomac Group o f  t h e  A t l a n t i c  C o a s t a l  P l a i n  

(Doyle and Hickey, 1972, 1976; Hickey and Doyle, 1972, 

1977; Wolfe, 1972; Wolfe e t  a l . ,  1975) .  An a n a l y s i s  of  

l e a f  a r c h i t e c t u r e ,  combined with  t h e  independent  d a t i n g  o f  

megafoss i l  l o c a l i t i e s  by palynology , showed t h a t  t h e  o l d e s t  

l e aves  cons i s t ed  of s imple ,  p inna te ly  ve ined  forms w i t h  

poor ly  organized venat ion and a l i m i t e d  r ange  of shape. 

La t e r  l eaves  showed a p rog res s ive ly  h i g h e r  d i v e r s i t y  of  

shape,  p lan  of o rgan iza t ion ,  and v e n a t i o n a l  t y p e s  a long 

wi th  a major t r end  towards increased v e i n  r e g u l a r i t y .  

When compared wi th  e x t a n t  d i c o t  l eaves ,  whose a r c h i t e c -  

t u r a l  f e a t u r e s  had become b e t t e r  known (Hickey and Wolfe, 

1975) , t h e  o l d e s t  Potomac Group leaves  e x h i b i t e d  s u i t e s  of  

c h a r a c t e r s  u sua l ly  r e s t r i c t e d  t o  woody Magnoli idae,  



while  l a t e r  leaves  possessed c h a r a c t e r  combinations found 

i n  groups such a s  Hamamelidae and Rosidae,  considered more 

advanced on t h e  b a s i s  of comparative morphology 

(Cronquist ,  1968; Takhtajan,  1969).  S ince  t h e s e  r e s u l t s  

showed a genera l  correspondence w i t h  i n t e r p r e t a t i o n s  based 

on d i spe r sed  po l l en ,  and s i n c e  a l l  pre-Cretaceous remains 

ass igned t o  t h e  f lowering p l a n t s  w e r e  shown e i t h e r  t o  l a c k  

d i a g n o s t i c  angiosperms f e a t u r e s  o r  else t o  be s t r a t i g r a -  

p h i c a l l y  misplaced ( S c o t t  e t  a l . ,  1972; Doyle, 1973; Wolfe 

e t  a l . ,  1975; Hughes, 1976) ,  it was concluded t h a t  t h e  

major adapt ive  r a d i a t i o n  of t h e  f lower ing  p l a n t s  occurred 

dur ing  t h e  Cretaceous,  r a t h e r  than  e a r l i e r  i n  t h e  Mesozoic. 

I n  an at tempt  t o  b e t t e r  unders tand t h e  r e l a t i o n -  

s h i p s  of e a r l y  f lower ins  p l a n t s  t o  each o t h e r  and modern 

forms, I began a s tudy  of  Potomac Group angiosperm l e a f  

c u t i c l e s ,  s i n c e  c u t i c u l a r  anatomy had proven va luab le  i n  

t h e  sys temat ics  of e x t a n t  angiosperms, T e r t i a r y  l e a f  

remains, and Mesozoic gymnosperms ( e . g . ,  H a r r i s ,  1932, 

1964; Krgusel and Weyland, 1950, 1954; S t a c e ,  1965) .  

A f t e r  prel iminary s t u d i e s  demonstrated bo th  a s t r o n g  

correspondence between c u t i c u l a r  anatomy and l e a f  a r c h i -  

t e c t u r e  and t h e  usefu lness  of c u t i c l e  s t r u c t u r e  i n  t h e  

sepa ra t ion  of i n t e r g r a d i n g  l e a f  complexes, a major s tudy  

was s t a r t e d  i n  1978. The i n v e s t i g a t i o n  analyzed l eaves  

from two major time i n t e r v a l s  i n  t h e  Potomac Group a s  

determined by palynology: Zone I of  Brenner,  o r  probable  



Aptian, and Subzone 1 1 - B  of Brenner, o r  probable  middle  

t o  l a t e  Albian (Hickey and Doyle, 1977 ; Doyle and Robbins, 

1977) . I n  a d d i t i o n ,  d i spe r sed  c u t i c l e  w a s  analyzed from 

Zone I t o  i n c r e a s e  t h e  number of  c u t i c l e  t y p e s  known from 

t h e  o l d e s t  p a r t  o f  t h e  sequence. Three major q u e s t i o n s  

were posed i n  t h i s  study: (1) What does  c u t i c u l a r  anatomy 

i n d i c a t e  about t h e  r e l a t i o n s h i p s  of e a r l y  angiosperm 

leaves  t o  each o t h e r  and modern forms? ( 2 )  Does c u t i c u l a r  

anatomy show evidence f o r  a Cretaceous angiosperm d i v e r s i -  

f i c a t i o n ?  and ( 3 )  I f  s o ,  t hen  what does  t h e  f o s s i l  record  

say about t h e  r e l a t i v e  advancement of d i f f e r e n t  c u t i c u l a r  

f e a t u r e s  seen i n  t h e  modern f l o r a ?  I n  t h e  fo l lowing  

pages I w i l l  a t t empt  t o  provide some answers t o  t h e s e  and 

o t h e r  ques t ions .  



CHAPTER I1 

MATERIALS AND METHODS 

Organical ly  preserved  leaves  from Zone I and sub- 

zone 11-B of t h e  Potomac Group w e r e  i d e n t i f i e d  on t h e  

b a s i s  of l e a f  a r c h i t e c t u r e  and then  analyzed f o r  t h e i r  

c u t i c u l a r  anatomy. Approximately 50 p e r c e n t  of t h e s e  

prepara t ions  were made from non-type specimens i n  t h e  

Univers i ty  of Michigan and U . S .  Na t iona l  Museum Paleo- 

bo tan ica l  Col lec t ions .  The remaining p r e p a r a t i o n s  

were made from specimens c o l l e c t e d  from 1 9 7 6  t o  1 9 7 9  

and depos i ted  i n  t h e  Un ive r s i ty  of Michigan Paleo- 

bo tan ica l  Col lec t ions .  A l l  l e a f  t y p e s  wi th  o rgan ic  

p rese rva t ion  were prepared f o r  t h e i r  c u t i c l e s .  Every 

specimen was prepared from groups having f o u r  o r  fewer 

c u t i c u l a r  remains, whi le  i n  groups w i t h  more numerous 

c u t i c u l a r  specimens each  popula t ion  was sampled u n t i l  no 

new v a r i a t i o n  was found. The l a t t e r  method was used 

t o  determine how much of t h e  range i n  s t r u c t u r a l  v a r i a t i o n  

wi th in  a  l ea f  complex was p r e s e n t  i n  every  popula t ion .  

Since a  r e l a t i v e l y  smal l  number of s t r u c t u r a l l y  

preserved specimens (be longing  t o  f i v e  d i f f e r e n t  l e a f  groups) 

were known from Zone I ,  d i spe r sed  c u t i c l e  and t i n y  l e a f  f r ag -  



ments were analyzed t o  o b t a i n  a l a r g e r  sample of c u t i c l e  

types  from t h i s  t i m e .  Angiosperm l e a f  beds  were sampled from 

two l o c a l i t i e s  along t h e  James River n e a r  Richmond, 

V i rg in i a :  Dutch Gap, da t ed  a s  lower Zone I (Upchurch 

and Doyle, ( i n  p r e s s )  and Drewrys Bluff d a t e d  a s  upper Zone 

I (Doyle, persona l  communication). S i x  a d d i t i o n a l  angio- 

spermous c u t i c l e  types  from t h e s e  l o c a l i t i e s  w e r e  

analyzed i n  d e t a i l ,  b r i n g i n g  t h e  t o t a l  number up t o  about  

12; t h i s  i s  approximately t h e  number of d i f f e r e n t  angio- 

spermous l e a f  types  recognized from Zone I on t h e  b a s i s  of 

l ea f  a r c h i t e c t u r e  (Hickey and Doyle, 1977) . 
Modern r e f e rence  m a t e r i a l s ,  ob t a ined  from t h e  

Univers i ty  of  Michigan and Harvard U n i v e r s i t y  h e r b a r i a ,  

were prepared f o r  t h e i r  l e a f  c u t i c l e s  t o  tes t  i d e a s  on 

t h e  r e l a t i o n s h i p s  of c e r t a i n  Potomac Group l e a f  types  t o  

modern groups and t o  provide one means of  weigh t ing the  

d i f f e r e n t  c u t i c l e  f e a t u r e s  seen i n  t h e  f o s s i l s .  A sample 

of approximately 1 0 0  s p e c i e s  from r e l a t i v e l y  p r imi t ive  

modern angiosperm groups w a s  chosen, u s i n g  t h e  Cronquist  

and Takhtajan systems of c l a s s i f i c a t i o n  as a guide.  These 

systems were used because: (1) they  a r e  widely  accepted 

by t h e  b o t a n i c a l  community, (2)  t hey  show a good co r r e s -  

pondence wi th  many f e a t u r e s  of l e a f  a r c h i t e c t u r e  (Hickey 

and Wolfe, 1975) , and ( 3 )  t h e  p r i m i t i v e n e s s  and advanced- 

ness  of t h e  var ious  groups shows a r ea sonab le  correspon- 

dence t o  t h e  o rde r  of appearance i n  t h e  f o s s i l  record of  

many morphological f e a t u r e s  which c h a r a c t e r i z e  them, such 



a s  p o l l e n  t y p e  (Wolfe e t  a l . ,  1975; Hickey and Doyle, 1977) .  

Sampling w a s  concent ra ted  a t  t h e  l e v e l  o f  f a m i l y  and 

o r d e r ,  and was most comprehensive when a modern group 

showed some s i m i l a r i t i e s  t o  a f o s s i l  form. 

P r e p a r a t i o n  Methods 

The c u t i c l e  of f o s s i l  l e a f  remains  w a s  p repared  

f o r  l i g h t  microscopy u s i n g  a combinat ion o f  s t anda rd  

methods ( c f .  Di lcher ,  1974) . A f t e r  d e m i n e r a l i z a t i o n  i n  HF, 

each l e a f  fragment was macerated i n  a s o l u t i o n  of con- 

c e n t r a t e d  HN03 and KC103 c r y s t a l s ,  fo l lowed by a 5 per-  
, 

cen t  NaOH o r  KOH. The f r e e d  c u t i c l e  was t h e n  s t a i n e d  i n  

s a f r a n i n  0 and mounted i n  g l y c e r i n e  j e l l y .  

Dispersed c u t i c l e  was ob ta ined  by d i s a g g r e g a t i n g  

a rock sample i n  H F  o r  NaC03, t hen  s i e v i n g  t h e  s l u r r y  

through 100-mesh sc reen .  Unoxidized p l a n t  f ragments ,  

found a t  Drewrys B lu f f ,  w e r e  macerated and s t a i n e d  a s  

above excep t  t h a t  a  c e n t r i f u g e  was used f o r  p rocess ing .  

The c u t i c l e s  were mounted i n  g l y c e r i n e  j e l l y .  ( f o r  - s l i d e s )  

o r  i n  g l y c e r i n e  between two p a r a f f i n - s e a l e d  cover  s l i p s .  

Na tu ra l ly  macerated c u t i c l e ,  found a t  Dutch Gap, was 

mounted i n  g lyce r ine  on p a r a f  f  i n - s e a l e d  s l i d e s .  

F o s s i l  l e a f  c u t i c l e  was a l s o  observed w i t h  scanning  

e l e c t r o n  microscopy. For e x t e r n a l  f e a t u r e s ,  l e a f  fragments 
1, 

were demineral ized i n  H F ,  r i n s e d  i n  3X d i s t i l l e d  w a t e r ,  a i r  

d r i e d  t h e n  a f f i x e d  t o  SEM s t u b s  covered w i t h  d r i e d  Duco 

cement i n s i d e  a chamber s a t u r a t e d  w i t h  ace tone  vapor;  t h i s  



minimized problems wi th  shr inkage and cracking .  Stained 

c u t i c l e  t h a t  was l e f t  over from l i g h t  microscope prepara- 

t i o n s  was a l s o  used, s i n c e  t e s t  obse rva t ions  made on t h e  

c u t i c l e  from one l e a f  revea led  no change i n  s t r u c t u r e  due 

t o  s t a i n i n g .  A l l  specimens were coa ted  wi th  gold and 

observed a t  1 5  kv. 

Modern c u t i c l e  was prepared f o r  l i g h t  microscopy 

by macerating i n  J e f f r e y ' s  s o l u t i o n  (1:l concent ra ted  HN03 

and 20  pe rcen t  C r O g ) ,  t hen  s t a i n i n g  and mounting a s  f o r  

t h e  f o s s i l  ma te r i a l s .  Approximately one square  cent imeter  

of l e a f  m a t e r i a l , ,  u sua l ly  from the  margin,  was macerated f o r  

each specimen, s ince  t h e  r e s u l t i n g  p r e p a r a t i o n  showed 

f e a t u r e s  of  t h e  l ea f  margin a s  w e l l  a s  t h e  upper and lower 

epidermis.  Cut ic le  from t h e  rnidvein r e g i o n  was a l s o  

prepared when it was a v a i l a b l e .  



CHAPTER I11 

THE TERMINOLOGY OF CUTICULAR ANATOMY 

Since t h e  study of angiosperm l e a f  c u t i c l e s  i s  

pursued by r e l a t i v e l y  few workers, many f e a t u r e s  of cu- 

t i c u l a r  anatomy and t h e i r  terminology are unfami l i a r  t o  

most b o t a n i s t s .  Compounding t h i s  problem i s  a l ack  of 

agreement over  t h e  d e f i n i t i o n  of c e r t a i n  te rms,  such a s  

those  p e r t a i n i n g  t o  stornatal anatomy. A S  a p a r t i a l  solu-  

t i o n  t o  t h i s  problem, t h e  p resen t  c h a p t e r  i s  devoted t o  t h e  

c u t i c u l a r  f e a t u r e s  seen i n  Potomac Group d i c o t  l eaves  and 

t h e i r  terminology; t h i s  i s  no t  a comprehensive t r ea tmen t  

of c u t i c u l a r  anatomy i n  genera l .  The terms have been 

pr imar i ly  adopted from Stace  (1965) and Di lcher  (1 974) , 
with those suppl ied by o t h e r  workers noted below. 

The Nature of t h e  C u t i c l e  

The c u t i c l e  i s  t h e  outermost l a y e r  of t h e  epider-  

m i s  which funct ions  i n  r e t a r d i n g  water  l o s s  from t h e  under- 

ly ing  t i s s u e .  I t  i s  an a c e l l u l a r  s t r u c t u r e  s e c r e t e d  by 

t h e  epidermal c e l l s  which i s  composed of  waxes, c u t i n  

( e s t e r f i e d  long-chain carboxyl ic  and hydroxicarboxylic  

a c i d s ) ,  c e l l u l o s e ,  and sometimes o t h e r  subs tances  (Martin 

and Juniper ,  1970).  The c u t i c l e  forms a cont inuous shee t  



over t h e  epidermis  t h a t  i s  almost  always th ickened  a t  t h e  

boundaries of a d j a c e n t  epidermal c e l l s ,  producing a series 

of inwardly  p r o j e c t i n g  r i d g e s  c a l l e d  c u t i c u l a r  f l anges .  

These f l a n g e s  reproduce t h e  o u t l i n e s  o f  t h e  under ly ing  

c e l l s  as seen  i n  s u r f a c e  view, bu t  are much narrower t h a n  

t h e  a n t i c l i n a l  w a l l s  o f  t h e  epidermal  ce l l s ;  when r e f e r r i n g  

t o  t h e  con tours  of t h e  c e l l s ,  t h e  t e n n s  f l a n g e  and w a l l  c a n  

be used in te rchangeab ly .  

The o v e r a l l  t h i c k n e s s  of t h e  c u t i c l e ,  measured 

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

both  between d i f f e r e n t  s p e c i e s  and between d i f f e r e n t  organs  

of t h e  same p l a n t .  I t  can range from less t h a n  one 

micrometer i n  t h i cknes s  (very  t h i n )  t o  ove r  5 0  micrometers 

(very  t h i c k ) .  C u t i c u l a r  t h i cknes s  i s  dependent  on bo th  

g e n e t i c  and environmental  f a c t o r s ,  making it a less t h a n  

r e l i a b l e  taxonomic c h a r a c t e r  by i t s e l f  even a t  t h e  l e v e l  o f  

s p e c i e s ;  commonly on t h e  same p l a n t  it w i l l  v a r y  between 

sun and shade l e aves  (S t ace ,  1965) . However, when used 

w i th  o t h e r  c h a r a c t e r s  t h a t  show a s t r o n g  c o r r e l a t i o n  w i t h  

environment, c u t i c l e  t h i cknes s  can p rov ide  in format ion  on 

t h e  ecology of  t h e  p a r e n t  p l a n t s ,  s i n c e  it o f t e n  i s  

p r o p o r t i o n a l  t o  t h e  xeromorphy of  t h e  o rgan  ( c f .  S t ace ,  

1965) . 

C u t i c u l a r  Fea tures  

C e l l  Form 

C e l l  form r e f e r s  t o  t h e  geomet r ic  a t t r i b u t e s  of  t h e  -- 



epidermal  cells.  I n  c u t i c u l a r  s t u d i e s  t h i s  p r i m a r i l y  

denotes  f e a t u r e s  s e e n  i n  s u r f a c e  view,  s i n c e  t h e  c u t i c l e  

i s  r a r e l y  developed on t h e  i n n e r  s u r f a c e  o f  t h e  epidermis .  

The major  c a t e g o r i e s  of c e l l  form are -- c e l l  s i z e ,  - c e l l  shape ,  

t h e  number - of a n t i c l i n a l  w a l l s ,  and a n t i c l i n a l  w a l l  

p a t t e r n .  

C e l l  s i z e  i s  a measure of  c e l l  l e n g t h  and width  -- 
i n  s u r f a c e  view. I t  r e f e r s  t o  bo th  t h e  a b s o l u t e  s i z e  o f  

a  c e l l  and i t s  s i z e  r e l a t i v e  t o  o t h e r  ep idermal  c e l l s .  

C e l l  shape i s  a  measure of c e l l  e l o n g a t i o n .  Two 

shapes a r e  recognized:  i s o d i a m e t r i c ,  o r  w i t h  l e n g t h  

and w i d t h  approximately e q u a l ,  and e l o n g a t e ,  o r  w i t h  a 

l e n g t h  t o  width r a t i o  g r e a t e r  t h a n  1 .5 .  Where t h e  two 

shapes  a r e  found mixed t o g e t h e r ,  c e l l  shape i s  des igna ted  

a s  mixed; t endenc ie s  i n  c e l l  shape may be no ted  when one 

type  predominates.  

The number - o f  a n t i c l i n a l w a l l s  refers t o  t h e  

number of l a t e r a l  w a l l s  v i s i b l e  i n  a  s u r f a c e  view of t h e  

c u t i c l e .  I n  Potomac Group angiosperms t h i s  number ranges  

from f o u r  t o  seven. 

A n t i c l i n a l  w a l l  p a t t e r n  deno te s  t h e  contour  

de f ined  by t h e  a n t i c l i n a l  w a l l s  o f  t h e  ce l l .  Three major 

types  are recognized:  s t r a i g h t ,  cu rved ,  and undula te  

(Text - f ig .  1, a - c ) .  Undulate w a l l s  a r e  f u r t h e r  desc r ibed  

by t h r e e  parameters :  ampl i tude ,  o r  h a l f  t h e  d i s t a n c e  

from t h e  c r e s t  t o  t h e  t rough ,  wavelength,  o r  t h e  d i s t a n c e  



between ad j acen t  c r e s t s ,  and frequency,  o r  t h e  number of 

wavelengths p e r  s i d e  (Text-f ig .  1, d ) .  Because t h e  degree  

of wa l l  undula t ion  t y p i c a l l y  shows a high amount of  v a r i a -  

t i o n  wi th in  a spec i e s  o r  even an i n d i v i d u a l  specimen, 

only maximum amplitude,  maximum wavelength,  and maximum 

frequency a r e  measured. A n t i c l i n a l  w a l l  p a t t e r n  commonly 

v a r i e s  on an  ind iv idua l  p l a n t  i n  response t o  d i f f e r e n t  

l i g h t  i n t e n s i t i e s ,  such t h a t  shade l eaves  have more curved 

o r  undulate  a n t i c l i n a l  w a l l s  than sun l eaves  (S tace ,  1965) .  

Topographic Fea tures  

Sur face  s c u l p t u r e  is t h e  p a t t e r n  o f  r e l i e f  seen  

on t h e  o u t e r  c u t i c l e  su r f ace .  Three major t y p e s  a r e  found 

i n  Potornac Group angiosperm leaves:  p s i l a t e ,  s t r i a t e ,  

and p a p i l l a t e .  P s i l a t e  s cu lp tu re  ( P l .  5 ,  f i g .  34) con- 

s ists  of a smooth t o  minutely lumpy, more o r  l e s s  

f e a t u r e l e s s  o u t e r  c u t i c l e  su r f ace .  S t r i a t e  s c u l p t u r e  

i s  comprised of a va r ious ly  organized system of r i d g e s ,  

which can show s u b p a r a l l e l  alignment (P l .  1, f i g .  lo), 

enclose  polygonal  a r e a s  (P l .  3, f i g .  22) , o r  r a d i a t e  

from a p a r t i c u l a r  reg ion  ( P l .  3,  f i g .  2 0 )  . P a p i l a t t e  

s cu lp tu re  c o n s i s t s  of c o n i c a l  t o  knob-l ike p r o j e c t i o n s  

which can be  formed from s o l i d  c u t i n ,  hollow reg ions  

t h a t  were occupied by t h e  c e l l  w a l l  and perhaps  t h e  

cytoplasm ( P l .  4 ,  f i g .  27) , o r  some combination of t h e  

two ( P l .  4 ,  f i g .  29) . Commonly t h e r e  i s  on ly  one p a p i l l a  



Anticlinal wall patterns in Potomac Group angio- 

sperms: a = straight; b = curved; c =undulate; d 

parameters used to describe undulate anticlinal walls. 
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per  c e l l ,  which u s u a l l y  i s  c e n t r a l l y  l o c a t e d .  A f o u r t h  

s c u l p t u r a l  t ype ,  i n  which t h e  c u t i c l e  i s  fo lded  over  

on i t s e l f  ( P I .  2 ,  f i g .  1 3 ) ,  was observed b u t  n o t  con- 

s i d e r e d  a d i s t i n c t  t y p e  because it probably  r e p r e s e n t s  

an a r t i f a c t  of p r e se rva t ion  ( c f .  below).  

I n t e r n a l  s c u l p t u r e  is  t h e  topographic  p a t t e r n  o f  

t h e  i n n e r  c u t i c l e  s u r f a c e .  Three t ypes  a r e  recognized  

i n  Potomac Group angiosperm leaves :  smooth, q r a n u l a r ,  

and a l v e o l a r .  Smooth s c u l p t u r e  (P I .  1, f i g .  9) c o n s i s t s  

of a  smooth, more o r  less f e a t u r e l e s s  i n n e r  c u t i c l e  

s u r f a c e .  Granular s c u l p t u r e  ( P I .  2 ,  f i g .  17) c o n s i s t s  

of numerous, c l o s e l y  spaced g r a i n s  o f  c u t i n .  Alveo la r  

s c u l p t u r e  (PI .  20, f i g .  192) i s  comprised of  numerous 

i n t e r n a l  chambers t h a t  open i n t o  t h e  i n n e r  c u t i c l e  

su r f ace ;  t h i s  i s  not  t o  be  confused w i t h  t h e  a l v e o l a r  

m a t e r i a l  p r e s e n t  on t h e  c u t i c l e  s u r f a c e  i n  such e x t a n t  

groups as Winteraceae (Bai ley and Nast ,  1944, Bongers, 

1973).  

Stornatal Apparatus 

The stomata and t h e i r  surrounding c e l l s  pos se s s  

numerous c h a r a c t e r s  o f  sys temat ic  importance.  Each stoma 

( p l u r a l  s tomata)  c o n s i s t s  of one p a i r  o f  guard c e l l s ,  

which a r e  gene ra l l y  bean-shaped, and a s tornata l  pore .  

The s tomata  may be l e v e l  w i t h  t h e  ep ide rmis ,  r a i s e d  



( i . e . ,  unde r th rus t  by t h e  adjacent  c e l l s ) ,  o r  sunken 

t o  v a r i o u s  degrees ,  depending ( i n  p a r t )  on t h e  degree 

of water  s t r e s s  t o  which t h e  p l an t  i s  s u b j e c t e d .  

Adjacent t o  each stoma a r e  two or  more c e l l s  c a l l e d  

t h e  c o n t a c t  c e l l s  (Daghlian, 1 9 7 9 )  o r  neiqhborinq 

which toge ther  w i t h  t h e  guard c e l l s  a r e  known 

a s  t h e  s tomata l  complex o r  s tomatal  appara tus .  These 

c e l l s  may resemble t h e  o t h e r  epidermal c e l l s  i n  a l l  

r e s p e c t s ,  o r  e l s e  be d i f f e r e n t i a t e d  from them i n  some 

way ( s p e c i a l i z e d ) .  

A s e r i e s  of terms has been used t o  denote  t h e  

d i f f e r e n t  c e l l  wal l s  of t h e  stomatal  complex (Text-fig.  

2 ) .  I n  most flowering p l a n t s  each guard ce l l  possesses  

two p e r i c l i n a l  and four  a n t i c l i n i l  w a l l s .  The p e r i c l i n a l  

wa l l  ad j acen t  t o  t h e  e x t e r n a l  environment i s  known a s  

t h e  o u t e r  w a l l ,  - and t h e  one facing t h e  i n s i d e  of t h e  

l ea f  i s  c a l l e d  t h e  i n n e r  wal l .  The a n t i c l i n a l  wal l  

which l i n e s  t h e  s tomatal  pore i s  termed t h e  p o r a l  w a l l ,  

while t h e  one which abuts  on t h e  con tac t  c e l l s  is 

termed t h e  epidermal w a l l .  The w a l l s  which s e p a r a t e  

t h e  ad jacen t  guard c e l l s  a r e  known a s  t h e  - end wa l l s  -1 

and t h e  a r e a s  of con tac t  between t h e  end w a l l s  and 

epidermal w a l l s  a r e  termed t h e  s tomata l  p o l e s .  The 

c o n t a c t  c e l l s  and o t h e r  assoc ia ted ,  s p e c i a l i z e d  c e l l s  

have b o t h  t h e  ou te r  and inne r  w a l l s ,  b u t  on ly  two types  



Text-f ig .  2 

The wa l l s  and c u t i c u l a r  th ickenings  of t h e  

stomatal  complex. Drawing a  i s  a  sur face  view of t h e  

epidermis, b  i s  a c ross - sec t iona l  view. Legend: BC = 

back c a v i t y ;  EW = end wa l l ;  EpW = epidermal w a l l ;  FC = 

f ron t  cav i ty ;  I W  = i n n e r  wal l ;  ISL = inner  s tomata l  

ledge; OSL = ou te r  s tomata l  ledge; OW = ou te r  wa l l ;  PW = 

poral wal l ;  RW = r a d i a l  wal l ;  Ssc = substomatal chamber; 

TP = T-piece; TW = t a n g e n t i a l  wa l l .  





of a n t i c l i n a l  wal ls  a r e  recognized: (1) t h e  r a d i a l  

w a l l s ,  which l i e  along a r a d i u s  drawn from t h e  s tomatal  

pore,  and ( 2 )  t h e  t a n g e n t i a l  wa l l s ,  which a r e  o r i en ted  

a t  r i g h t  angles t o  t h e  r a d i a l  wal l s .  

I n  most f lowering p l a n t s  and a l l  Potomac Group 

angiosperms the  c u t i c l e  i s  unevenly developed over  

the  stomata (Text-fig. 2 ) .  The guard c e l l s  commonly 

lack c u t i c l e  on t h e i r  inner  wa l l s ,  and many t i m e s  t he  

end w a l l s  lack f langes a s  w e l l .  The c u t i c l e  of t h e  

guard c e l l s  i s  commonly t h i n n e r  than  t h a t  of t h e  un- 

s p e c i a l i z e d  c e l l s ,  but  ad jacen t  t o  t h e  s tomata l  pore 

it can  be thickened t o  form s tomata l  ledges.  Those 

which occur toward t h e  o u t s i d e  of t h e  s tomata l  pore 

a r e  termed ou te r  stornatal ledges and enclose  a f r o n t  

c a v i t y ,  while those ad jacen t  t o  the  mesophyll of t h e  

leaf  a r e  ca l l ed  inner  s tomatal  ledges and enclose  a 

back c a v i t y .  I n  some cases  t h e  o u t e r  w a l l s  of t h e  guard 

c e l l s  a r e  thickened t o  form l m e l l a e  ( P I .  2 ,  f i g -  1 5 )  , 

which can be macera t ion-res is tan t ,  as i n  e x t a n t  

Magnoliales, o r  e l s e  l i g n i f i e d ,  a s  i n  most e x t a n t  

gymnosperms (Baranova, 1 9 7 2 )  . F i n a l l y ,  t h e  c u t i c l e  may 

be thickened i n  a T-shaped p a t t e r n  a t  t h e  stornatal  po les ,  

forming what a r e  known a s  T-pieces. 

Stomatal shape can be descr ibed  by s e v e r a l  

parameters.  Stomatal o u t l i n e  i s  t h e  o v e r a l l  shape of 

the a r e a  enclosed by t h e  epidermal w a l l s  of t h e  guard 



cells ;  common shapes inc lude  c i r c u l a r  (L/W equa l s  I ) ,  

e l l i p t i c  (L/W between 1 and 2), and e l o n g a t e  (L/W 

g r e a t e r  than  2 ) .  The s tomata l  po les  may conform t o  t h e  

general  s tomatal  o u t l i n e  o r  e l s e  d e v i a t e  from it by 

being f l a t t e n e d  o r  t r u n c a t e .  I n  angiosperms t h e  stoma- 

t a l  po le s  a r e  l e v e l  w i th  t h e  s tomata l  po re ,  b u t  i n  most 

gymnosperms t h e  po les  a r e  e l e v a t e d ;  t h e  l a t t e r  cond i t ion  

can be observed under SEM o r  by focus ing  up and down 

on an ind iv idua l  stoma w i t h  t h e  l i g h t  microscope. 

The arrangement and s p e c i a l i z a t i o n  o f  t h e  neigh- 

boring c e l l s  form t h e  b a s i s  o f  s tomata  c l a s s i f i c a t i o n  

i n  f lowering p l a n t s .  While Di l che r  (1974) l i s ts  over  

2 0  stornatal types  f o r  e x t a n t  angiosperms, on ly  s i x  types  

a r e  known from Potornac Group d i c o t s .  These a r e  

def ined a s  fol lows:  (1) anomocytic, o r  w i thou t  s p e c i a l i z e d  

neighboring c e l l s  (Text-f ig .  3a) , ( 2 )  p a r a c y t i c ,  o r  wi th  

one l a t e r a l  subs id ia ry  ( o r  s p e c i a l i z e d )  c e l l  p e r  guard 

c e l l ,  (Text-fig.  3b) , (3)  hemiparacyt ic ,  o r  w i t h  one 

l a t e r a l  subs id ia ry  ce l l  pe r  stoma (Text - f ig .  3c ,  ( 4 )  

l a t e r o c y t i c  (Text-f ig .  3 d ) ,  o r  wi th  t h r e e  t o  s e v e r a l  

l a t e r a l ,  s p e c i a l i z e d  c o n t a c t  c e l l s  p e r  stoma (den Hartog 

and Baas, 1978) , (5 )  complex l a t e r o c y t i c ,  o r  l a t e r o c y t i c  

stomata wi th  more than one o r d e r  of s u b s i d i a r y  cel ls  

(Text-fig.  3e) , and ( 6 )  c y c l o c y t i c ,  o r  w i t h  a  r i n g  of 

spec ia l i zed  c e l l s  (Text-f ig .  3 f )  . The epidermis  of an 

ind iv idua l  l e a f  may possess  one s tomata l  t ype  o r  have 



The s i x  mature stornatal  types  found i n  Potomac 

Group dicotyledons.  a  = anomocytic; b = paracy t i c  

(brachyparacytic)  ; c = hemiparacytic;  d = l a t e r o c y t i c ;  

e = complex l a t e r o c y t i c ;  f = cyc locy t i c .  





s e v e r a l  mixed toge the r ,  depending on t h e  s p e c i e s .  The 

form and degree of c u t i c l e  development on t h e  s u b s i d i a r y  

c e l l s  i s  a l s o  u se fu l  i n  d i s t i n g u i s h i n g  l e a f  groups;  t h e  

terminology i s  i d e n t i c a l  t o  t h a t  f o r  o t h e r  epidermal  

c e l l s .  

Trichomes and Trichome Bases 

The epidermis of many l eaves  posses ses  outgrowths 

known a s  tr ichomes (o r  h a i r s ) .  Though t h e r e  appears  

t o  be  some disagreement on t h i s  t o p i c ,  t h e  c e l l  o r  

c e l l s  which c o n s t i t u t e  t h e  outgrowth a r e  commonly con- 

s i d e r e d  t h e  trichorne proper ,  wh i l e  t h e  a r e a  o f  a t t a c h -  

ment t o  t h e  epidermis and t h e  a d j a c e n t .  c e l l s  a r e  known 

a s  t h e  trichome base. Whereas i n  e x t a n t  p l a n t s  t h e  

h a i r s  a r e  almost  always a v a i l a b l e .  f o r  s t u d y ,  i n  f o s s i l s  

they  a r e  o f t e n  absent  e i t h e r  because o f  t h e i r  a b s c i s s i o n  

before  l e a f  f a l l  o r  because of  a l ack  o f  c u t i c l e ,  which 

renders  them more s u s c e p t i b l e  t o  decay. A s  a r e s u l t  

angiosperm pa l eobo tan i s t s  s t u d y  t h e  s t r u c t u r e s  of  tri- 

chome bases  t o  ga ther  in format ion  on t h e  s y s t e m a t i c  

a f f i n i t i e s  of t h e i r  f o s s i  1s. 

The trichome base i s  comprised of  two r e g i o n s :  

(1) t h e  f o o t ,  o r  area  of h a i r  a t t achment ,  and ( 2 )  t h e  

base c e l l s ,  which a r e  a d j a c e n t  t o  t h e  f o o t .  The f o o t  - 
may c o n s i s t  o f  e i t h e r  a p o r e ,  i n t o  which f i t s  t h e  

b a s a l  c e l l  (s) of t h e  h a i r ,  o r  one t o  many f o o t  c e l l s ,  t o  - 



which t h e  h a i r  i s  a t tached .  The f o o t  c e l l  may resemble 

t h e  o t h e r  epidermal c e l l s  i n  a l l  r e s p e c t s ,  b u t  commonly 

it i s  modified i n  some way. Common m o d i f i c a t i o n s  of  

t h e  f o o t  c e l l  i nc lude  d i f f e r e n c e s  i n  s i z e ,  shape ,  number 

of c e l l  s i d e s ,  a n t i c l i n a l  w a l l  p a t t e r n ,  c u t i c l e  t h i c k n e s s ,  

and r e l a t i o n  t o  t h e  ad j acen t  c e l l s .  Often a  s c a r  w i l l  

remain on t h e  f o o t  c e l l  where t h e  t r ichome was a t t ached .  

This may c o n s i s t  of a  pore (PI .  3 ,  f i g .  2 4 )  , a  round 

depress ion  i n  t h e  o u t e r  c u t i c l e  ( P I .  2 ,  f i g .  11) , and/or  

a  r i m  of th ickened c u t i c l e  demarcating t h e  e x t e r i o r  w a l l  (s) 

of t h e  basalmost tr ichome c e l l  (s) (e. g. , P1. 8 ,  f i g s .  

6 4 ,  65 ) .  The base c e l l s  o f t e n  a r e  unmodified,  b u t  i n  

some cases  t hey  d i f f e r  from t h e  o t h e r  ep idermal  c e l l s  i n  

t h e i r  s i z e ,  shape,  and/or r a d i a l  o r g a n i z a t i o n .  

Trichome s t r u c t u r e ,  which e x h i b i t s  a  h igh  d i v e r s i t y  

i n  modern f lower ing  p l a n t s ,  i s  r e l a t i v e l y  s imple  i n  

Potomac Group angiosperms. Trichomes may be u n i c e l l u l a r ,  

b i c e l l u l a r ,  o r  m u l t i c e l l u l a r ,  wi th  a l l  t h e  m u l t i -  

c e l l u l a r  t ypes  being c l a s s i f i e d  a s  u n i s e r i a t e  ( c o n s i s t -  

i ng  of one row of c e l l s )  . I n  t h e  Potomac Group, h a i r  

shape i s  e i t h e r  hemispher ical ,  g lobose ,  o r  e l o n s a t e ,  and 

t h e  h a i r  apex may be rounded o r  po in t ed .  Ha i r s  a r e  

gene ra l ly  o r i e n t e d  away from t h e  l e a f  s u r f a c e ,  b u t  some- 

t imes t h e y  a r e  p r o s t r a t e  ( l y i n g  f l a t  a g a i n s t  t h e  l e a f  

s u r f a c e ) ;  c a r e  must be taken t o  be s u r e  t h a t  t h e  p r o s t r a t e  



o r i e n t a t i o n  i s  no t  t h e  r e s u l t  of  compression a f t e r  

f o s s i l i z a t i o n .  

Other  Types of S p e c i a l i z e d  Epidermal C e l l s  

I n  a d d i t i o n  t o  t r i chomes ,  o t h e r  t y p e s  of spec ia l -  

i z e d  c e l l s  a r e  found on t h e  ep idermis ;  t h e s e  e i t h e r  

occur  s i n g l y  o r  i n  groups.  While i n  e x t a n t  f lowering 

p l a n t s  t h e s e  cel ls  a r e  c l a s s i f i e d  on t h e  b a s i s  of t h e i r  

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

c o n t e n t s  a r e  a lmost  always a b s e n t  and f u n c t i o n  cannot 

be  d i r e c t l y  observed.  Hence, c o n t e n t s  and func t ion  must 

be i n f e r r e d  e i t h e r  by a  comparison of  t h e  c e l l s  wi th  

s i m i l a r  t y p e s  i n  c l o s e  modern r e l a t i v e s  o r  through 

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

s e v e r a l  d i s t i n c t  t ypes  of  s t r u c t u r e s  can possess  s i m i l a r  

c u t i c u l a r  f e a t u r e s  ( R o s e l t  and Schneider ,  1969) , a  l e s s  

s p e c i f i c  terminology has  been adopted.  The t h r e e  major 

c a t e g o r i e s  o f  s t r u c t u r e  recognized  i n  t h i s  s tudy  a r e  

i d i o b l a s t s ,  co rk  war t s  and wound s t r u c t u r e s ,  and 

s e c r e t o r y  s t r u c t u r e s .  

An i d i o b l a s t  i s  d e f i n e d  a s  " a  s p e c i f i c  c e l l  which 

i s  c l e a r l y  d i s t i n g u i s h e d  from t h e  o t h e r  c e l l s  of  t h e  

t i s s u e  i n  which it a p p e a r s ,  e i t h e r  by s i z e ,  s t r u c t u r e ,  

o r  c o n t e n t "  (Fahn, 1 9 6 7 )  . However, t h e  c e l l  i s  o f t e n  

given a s p e c i f i c  t i t l e  when t h e  c o n t e n t s  o r  func t ion  



are known (such as myrosin cell or mucilage cell), and 

the term idioblast is not used. Because of this usage 

the term idioblast will be used to denote a specialized 

cell whose contents and function are unknown. 

Cork warts, or cork bodies in the epidermis, 

commonly produce a round hole in the cuticle that is 

surrounded by numerous radial files of cells. These 

structures tend to be taxonomically restricted in 

extant flowering plants, and hence have systematic 

value, but unfortunately resemble wound tissue produced 

in response to insect feeding, mechanical damage, or the 

eruption of fungal fruiting bodies through the epidermis. 

Because of their sporadic occurence within individual 

leaf groups and the occurrence of fungal fruiting bodies 

on many leaves, all such structures were attributed to 

wounding. 

Secretory structures may be composed of epidermal 

cells, the epidermis and other tissues, or cells in the 

mesophyll. In the first two types, the outer cuticle 

typically is thin relative to the other cells and/or 

is perforated by one or more pores (Roselt and Schneider, 

1969; Martin and Juniper, 1970). Other criteria, 

such as maceration-resistant contents and resemblances 

to secretory str.uctures in extant relatives are used 

whenever possible to corroborate the interpretation. In 

the case of mesophyll secretory structures, a secretory 



function can be inferred by the presence of maceration- 

resistant contents and their similarity to secretory 

structures in extant relatives. Secretory structures 

may further be classified on the basis of cell number, 

cell form, and their relationships to other cells. 



CHAPTER IV 

ZONE I ANGIOSPERM LEAVES 

Zone I angiosperm l e a v e s  e x h i b i t  a  low d i v e r s i t y  

i n  t h e i r  f e a t u r e s  of v e n a t i o n ,  shape ,  and marg ina l  conf i -  

gu ra t ion  compared t o  later  Cre taceous  and modern flower- 

i n g  p l a n t s .  I n  c o n t r a s t  t o  t h e  s i x  t y p e s  of  primary 

venat ion recognized by Hickey (1973) f o r  e x t a n t  d i c o t s  , 

a l l  Zone I leaves  a r e  b u i l t  on a fundamental ly  p inna t e  

p lan ,  though some show a  tendency f o r  t h e  b a s a l  c l u s t e r i n g  

of t h e  secondar ies  (Doyle and Hickey, 1976) .  A l l  pre-  

v ious ly  r epo r t ed  l e a f  t ypes  p o s s e s s  f e s tooned  

brochidodromous secondary v e n a t i o n ,  and a  new s e r r a t e  

form from Drewrys Bluff  has  s imple  craspedodromous 

secondar ies .  Zone I l e a v e s  show a  l i m i t e d  number of 

shapes,  ranging from narrowly obovate  t o  r en i fo rm,  and 

a l l  have e i t h e r  decur ren t  or  a c u t e  b a s e s  (Hickey, 1978) . 
The margins of most l eaves  are e n t i r e ,  b u t  one form 

(Vitiphyllum Font. ) i s  p i n n a t e l y  lobed and s e v e r a l  a r e  

s e r r a t e ;  i n  t h e  l a t t e r  t h e  t e e t h  a r e  a l l  i r r e g u l a r l y  

spaced, have a convex-convex (A-1) shape ,  and posses s  

glandular  t i p s  (Hickey and Doyle,  1977; p e r s o n a l  observa- 

t i o n s ) ,  which c o n t r a s t s  w i t h  t h e  wide v a r i e t y  o f  t o o t h  

types  found i n  modern f lower ing  p l a n t s  (Hickey and 

Wolfe, 1975).  Zone I l e a v e s  a l s o  d i s p l a y  a  low taxomonic 



d i v e r s i t y  compared t o  t h o s e  from younger Potomac Group 

sediments: Hickey and Doyle (1977) r ecogn ize  over  30 

l ea f  types  from Subzone 1 1 - B  a s  opposed t o  on ly  12 from 

Zone I .  These Zone I l e a f  groups a l s o  show a  s t r o n g  

tendency t o  i n t e rg rade  w i t h  one ano the r ,  i n  c o n t r a s t  t o  

t h e  younger leaves .  

The most s t r i k i n g  c h a r a c t e r i s t i c  of  Zone I 

l ea f  vena t ion ,  found i n  every  group, i s  t h e  low degree  

of r e g u l a r i t y  p resen t  i n  t h e  o r g a n i z a t i o n  of t h e  ve ins .  

The secondary ve ins  show an i r r e g u l a r  p a t t e r n  of spac ing  

and enclose  a r eas  of v a r i a b l e  s i z e  and shape ( e .g . ,  P I .  1, 

f i g .  5 )  . T e r t i a r y  v e i n s  g e n e r a l l y  have a more o r  l e s s  

random course  and o f t e n  a r i s e  a t  v a r i a b l e  a n g l e s ,  wh i l e  

t h e  quaternary and h igher  o r d e r  v e i n s  a r e  commonly hard 

t o  d i s t i n g u i s h  from t h e  t e r t i a r i e s .  Th i s  set  of f e a t u r e s ,  

which corresponds t o  Hickey ' s  " f i r s t  rank" p a t t e r n  of 

venat ion,  has been i n f e r r e d  t o  be p r i m i t i v e  f o r  t h e  

d i c o t s  on t h e  b a s i s  of i ts  preva lence  i n  such woody 

Magnoliid f ami l i e s  as  Winteraceae and Cane l laceae  (Hickey, 

1971).  However, t h e  f a c t  t h a t  s e v e r a l  f o s s i l  l e a f  t ypes  

show l e s s  vena t iona l  r e g u l a r i t y  t han  any modern mesic 

angiosperm suggests  t h a t  some Zone I l e a v e s  may be  more 

p r imi t ive  than  anything now e x t a n t  (Wolfe e t  a l .  , 1975) . 
A l l  Zone I l ea f  remains w i th  c u t i c l e  were 

c o l l e c t e d  from a  4 cm t h i c k  bed of c l a y  exposed a t  t h e  

nor thern end of Drewrys B lu f f .  The c laybed i s  found 

approximately 9 m above high t i d e  l e v e l  i n  a  2 0  m t h i c k  



s e c t i o n  of  g r a v e l s ,  sands ,  and t h i n  c l a y  u n i t s  t h a t  

show numerous e r o s i o n a l  c o n t a c t s  and f ining-upward 

sequences, f e a t u r e s  which Glaser  (1969)  cons idered  

t y p i c a l  of lower Potomac Group sed iments  and evidence 

f o r  t h e i r  f l u v i a l  o r i g i n .  Th i s  l e a f  bed s h a r p l y  over- 

l ies  a  complex sequence o f  c o a r s e  s ands  and g r a v e l s  

and i s  o v e r l a i n  by a t  l e a s t  two meters of  c l a y s  and f i n e  

sands t h a t  show e x t e n s i v e  r o o t  burrowing.  The p o l l e n  

f l o r a  f a l l s  w i t h i n  upper Zone I o f  Brenner (Doyle, 

pe rsona l  communication), c o n s i s t e n t  w i t h  t h e  s i m i l a r i t i e s  

seen between t h e  angiosperm l e a f  f l o r a  o f  t h i s  bed and 

those  from Freder icksburg  and Bal t imore ,  a l s o  palyno- 

l o g i c a l l y  da t ed  a s  upper Zone I (Doyle and Hickey, 1976) . 
Noncuticular  angiosperm l e a v e s  a r e  known from upper Zone 

I sediments toward t h e  sou the rn  end o f  Drewrys Bluff  

(Doyle and Hickey, 1976) and remains o f  t h e  

che i ro l ep id i aceous  c o n i f e r  Pseudof r ene lops i s  parceramosa 

(Font.)  Watson occur  i n  a c l a y b a l l  from t h e  n o r t h e r n  

end of t h e  exposure ,  nea r  t h e  base  o f  t h e  sequence t h a t  

has pa lyno log ica l l y  been d a t e d  as lower Zone I (Upchurch 

and Doyle, i n  p r e s s )  . 
Five d i s t i n c t  d ico ty ledonous  l e a f  t y p e s  a r e  

recognized from t h e  Drewrys Bluf f  l o c a l i t y .  The- most 

abundant form, r ep re sen t ed  by more t h a n  20 specimens,  

i s  a  narrowly l a n c e o l a t e  l e a f  w i t h  numerous s e r r a t i o n s ,  

simple crapedodromous secondary v e n a t i o n ,  and e l o n g a t e  



a r e o l a t i o n ;  it does n o t  c l o s e l y  resemble any p rev ious ly  

descr ibed  spec i e s  of Ea r ly  Cretaceous angiosperm l e a f  

( D .  B. Leaf Type #1--PI. 1, f i g s .  1, 2 The second most 

abundant type ,  represen ted  by fou r  sp'ecimens , i s  an 

e longa te  l e a f  ass ignable  t o  Eucalyptophyllurn ob longi fo l ium 

Font. on t h e  b a s i s  of i t s  midvein composed o f  two d i s c r e t e  

vascu la r  s t r a n d s  which f u s e  a p i c a l l y ,  numerous i r r e g u l a r l y  

spaced secondary ve ins ,  prominent i n t r a m a r g i n a l  v e i n ,  and 

e longa te  a r e o l a t i o n  (PI .  I ,  f i g .  4 )  . ~ h ' i s  type  was 

prev ious ly  known only from t h e  F rede r i cksburg  l o c a l i t y  o f  

Fontaine (1889). The t h i r d  t y p e  c o n s i s t s  o f  t h r e e  fragments 

which possess  numerous i n t e r n a l  s e c r e t o r y  c e l l s  and a  

r e t i c u l a t e  p a t t e r n  of h igher  o r d e r  v e n a t i o n  sugges t ive  

of t h a t  found i n  Ficophyllum Font.  ( c f .  Ficophyllum-- 

PI .  1, f i g .  3 ) .  The f o u r t h ,  which c o n s i s t s  o f  one whole 

l e a f  and one l a r g e  fragment,  has  t h e  e l l i p t i c a l  shape and 

marginal  s e r r a t i o n s  c h a r a c t e r i s t i c  of t h e  genus 

Celastrophyllum but d i f f e r s  from a l l  known Potomac Group 

spec i e s  i n  having bo th  a  low number o f  secondary v e i n s  

and no d i s t i n c t  p e t i o l e  (Celastrophyllum--PI. 1, f i g .  5 )  . 
The f i f t h  form c o n s i s t s  of  an obova te ,  e n t i r e  margined 

fragment w i th  marginal  t e a r s  t h a t  resemble  t e e t h ,  c l o s e l y  

spaced secondary v e i n s ,  and t e r t i a r y  v e i n s  which a r i s e  a t  

d i v e r s e  angles  but  t end  t o  enc lose  e l o n g a t e  a r e a s  o r i e n t e d  

p a r a l l e l  t o  t h e  secondary v e i n s ;  it i s  s i m i l a r  t o  i l l u s t r a t -  

ed specimens of t h e  Celas t rophyl lum obovatum Font. complex 

from Balt imore b u t  d i f f e r s  i n  i t s  much s m a l l e r  s i z e  ( c f .  



Celastrophyllum obovatum Font. --PI.  1, f i g .  6 )  . Cer ta in  

c h a r a c t e r i s t i c  Zone I l e a f  t y p e s ,  such a s  p i n n a t e l y  loba te  

forms (Vitiphyllum) , e longa te  obovate leaves  wi th  e n t i r e  

margins (Roqersia F o n t . ) ,  and reniforme l eaves  w i t h  b a s a l l y  

congested secondary ve ins  (Proteaephyllum reniforme Font. ) , 

a r e  absent.  Roughly a t h i r d  o f  t h e  l e a f  a r c h i t e c t u r a l  

v a r i a t i o n  from Zone I i n  t h e  Potomac Group i s  p r e s e n t  i n  t h i s  

assemblage, s ince  about 1 2  l e a f  types  have been previous ly  

recognized f o r  t h i s  i n t e r v a l  (Hickey and Doyle, 1977).  

Cut icu lar  Desc r ip t ions  

Whole Leaves 

Upper Cut ic le  (Text - f ig .  4 )  --The upper c u t i c l e  of  

t h e  Drewrys Bluff leaves shows wide v a r i a t i o n  i n  i t s  

development, ranging from ve ry  t h i n  and l ack ing  w e l l -  

defined f langes i n  Celastrophyllum ( P I .  1, f i g .  7)  and c f .  

Ficophyllum ( P l .  1, f i g .  8)  t o  medium o r  t h i c k  and having 

well-defined f langes i n  Eucalyptophyllum and D.B.  Leaf type 

#1 ( P I .  1, f i g s .  9 ,  1 0 )  . Each l e a f  possesses  a mixture  of 

i sodiametr ic  and elongate  ce l l s  wi th  f o u r  t o  many w a l l s ,  

which a r e  predominantly s t r a i g h t  i n  Eucalyptophyllum, but  

curved i n  D.B.  Leaf Type #l .  Stomata a r e  found i n  high 

frequencies on t h e  upper epidermis  i n  both s p e c i e s  of 

Celastrophyllum ( P l .  1, f i g .  7 )  and i n  lower f requencies  

on the  upper c u t i c l e  of c f .  Ficophyllum ( P I .  1, f i g .  8 ) .  

Their occurrence i s  co r re l a t ed -  wi th  a low maximum th ickness  

of both t h e  upper and lower c u t i c l e s ,  sugges t ing  mesic growth 



c o n d i t i o n s  f o r  t h e  p a r e n t  p l a n t s  ( c f .  S a l i s b u r y ,  1927) .  

Upper c u t i c l e  s u r f a c e  s c u l p t u r e  i s  r e l a t i v e l y  

s imple .  Every s p e c i e s  excep t  D.B. Leaf Type #1 posses ses  

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

c u t i c u l a r  f o l d s  i n  bo th  s p e c i e s  of Celas t rophyl lum and 

c f .  Ficophyllum ( P l .  1, f i g s .  7  , 8)  . These f o l d s  v a r y  

g r e a t l y  i n  t h e i r  width  and occur  only  on t h i n  c u t i c l e s ,  

sugges t ing  t h a t  t h e y  are a r t i f a c t s  o f  p r e s e r v a t i o n .  S t r i a t e  

s c u l p t u r e  i s  p r e s e n t  i n  D.B. Leaf Type #1 and c o n s i s t s  

of t i g h t l y  s inuous  s u b p a r a l l e l  r i d g e s  t h a t  a r e  one p m  wide 

and t r a v e r s e  c e l l  boundar ies  ( P l .  1, f i g .  1 0 ) .  I n t e r n a l  

s c u l p t u r e  i s  ve ry  uniform, be ing  more o r  l e s s  smooth i n  

every spec i e s .  

Hair  bases  are known from t h e  upper c u t i c l e s  o f  

Eucalyptophyllum and D.B .  Leaf Type #l. Each h a i r  base  

i s  formed by a  s m a l l ,  t h ickened  f o o t  c e l l  and s e v e r a l  

unmodified base c e l l s  which u n d e r t h r u s t  t h e  f o o t  ( P l .  1, 

f i g .  9 ) .  The shape of t h e  f o o t  ranges  from i s o d i a m e t r i c  

t o  e l o n g a t e  and branched,  and each p o s s e s s e s  f o u r  t o  many 

s t r a i g h t  o r  curved a n t i c l i n a l  w a l l s .  Trichome a b s c i s s i o n  

s c a r s  (when p r e s e n t )  a r e  c e n t r a l l y  p o s i t i o n e d ,  c i r c u l a r ,  

and under 1 0  i n  d i ame te r ,  sugges t ing  t h a t  t h e  h a i r s  

were u n s e r i a t e  ( P l .  2 ,  f i g .  11) . These h a i r  bases  a r e  

r a r e  and widely  s c a t t e r e d  i n  Leaf Type # I ,  b u t  a r e  

numerous and c l u s t e r e d  i n  Eucalyptophyllum ( P l .  1, f i g .  

9) 



Lower C u t i c l e  (Text-f ig.  5)--The lower c u t i c l e  i s  a s  t h i c k  

a s  t h e  upper  c u t i c l e  i n  eve ry  group e x c e p t  D.B.  Leaf Type 

#I ,  where it i s  t h i n n e r ,  ( P I .  2 ,  f i g .  1 4 )  and c f .  

Ficophyllum, where it i s  t h i c k e r  (P I .  2 ,  f i g .  13) . The 

c e l l s  o f  t h e  lower epidermis  a r e  t h e  same s i z e  and shape as 

those  on t h e  upper ep idermis ,  b u t  have more curved a n t i -  

c l i n a l  w a l l s  i n  t hose  groups w i t h  wel l -developed f l anges .  

The c e l l s  of Eucalyptophyllum ( P l .  2 ,  f i g s .  12 ,  17)  and 

c f  . Ficophyllum (PI .  2 ,  f i g .  13)  have a m i x t u r e  of s t r a i g h t  

and curved  w a l l s ,  whi le  t h e  c e l l s  of  D.B. Leaf Type #1 have 

a mix tu re  of curved and s i n u o u s  w a l l s  ( P I .  2 ,  f i g .  1 4 )  . 
Two t y p e s  of s u r f a c e  s c u l p t u r e  a r e  known from t h e  

lower c u t i c l e .  P s i l a t e  s c u l p t u r e ,  w i t h  a s s o c i a t e d  cu t i cu -  

l a r  f o l d s  ( a r t i f a c t s  of  p r e s e r v a t i o n ? )  i s  found i n  

Celas t rophyl lum and c f .  Ficophyllum (P I .  2 ,  f i g .  13) . 
Complex s t r i a t e  s c u l p t u r e  i s  p r e s e n t  i n  D.B. Leaf 

Type #1 and i n  Eucalyptophyllum. I n  D.B.  Type #1 t h e r e  a r e  

s t r i a t i o n s  on t h e  guard ce l l s  c o n c e n t r i c  t o  t h e  s toma ta l  

pore,  o t h e r  s t r i a t i o n s  t h a t  r a d i a t e  from t h e  pe r iphe ry  

of t h e  guard c e l l s ,  and s u b p a r a l l e l  s t r i a t i o n s  i n  non- 

s tomata l  r eg ions  (P l .  2 ,  f i g .  14)  . I n  Eucalyptophyllum 

t h e r e  are two d i s t i n c t  s i z e  c l a s s e s  of  s t r i a t i o n s :  t h e  

smal le r  ones a r e  1 p wide i n  s u r f  ace  v i e w  and t end  

t o  r a d i a t e  from t h e  s tomata ,  w h i l e  l a r g e r  ones 



Text - f ig .  4 

Features of t h e  upper c u t i c l e ,  Zone I angiosperms 



Text-fig. 4 UPPER CUTICLE, ZONE I ANGIOSPERMS 
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a r e  4 p  wide,  t end  t o  e n c l o s e  a r e a s  t h a t  a r e  t h e  

same shape as t h e  under ly ing  cel ls ,  and commonly connect 

w i t h  t h e  s m a l l e r  s t r i a t i o n s  (P I .  2 ,  f i g .  12; P1. 3 ,  f i g .  

2 2 ) .  I n t e r n a l  s c u l p t u r e  i s  smooth i n  a l l  l e a f  groups 

excep t  Eucalyptophyllum, where it i s  d i s t i n c t l y  

g r a n u l a r  ( P l .  2 ,  f i g .  17) . 
I n  c o n t r a s t  t o  t h e  d i v e r s i t y  of form seen i n  t h e  

u n s p e c i a l i z e d  c e l l s ,  t h e  s tornatal  appara tus  i n  every l ea f  

group conforms t o  t h e  same b a s i c  p lan  of cons t ruc t ion .  

While t h e  guard c e l l s  may be e i t h e r  l e v e l  wi th  t h e  r e s t  

of t h e  epidermis  o r  e l s e  sunken, a s  i n  Eucalyptophyllum 

(PI .  3 ,  f i g .  22) , each p a i r  of guard c e l l s  l ies i n  one 

p l a n e ,  a s  i s  t y p i c a l  of  modern angiosperms, wi th  t h e  

p o l e s  a t  t h e  same l e v e l  a s  t h e  s tomata l  pore;  t h i s  d i f f e r s  

from t h e  predominant c o n d i t i o n  f o r  gymnosperms, i n  which 

t h e  s tomata l  p o l e s  a r e  e l e v a t e d  r e l a t i v e  t o  t h e  pore 

( H a r r i s ,  1932) . Outer s tornatal  ledges ( P l .  2 ,  f i g .  15, 

S L ) ,  commonly found i n  e x t a n t  f lower ing  p l a n t s  b u t  

r a r e l y  encountered i n  gymnosperms (cf  . F l o r i n ,  1931; 

S t a c e ,  1965) ,  a r e  p r e s e n t  i n  every  s p e c i e s ;  i n  a d d i t i o n ,  

m a c e r a t i o n - r e s i s t a n t ,  l a m e l l a r  th ickenings  a r e  found i n  t h e  

o u t e r  w a l l s  of a t  l e a s t  some guard c e l l s  i n  every l ea f  

( P l .  1 2 ,  f i g .  1 5 ,  L )  . These l amel l ae  axe i d e n t i c a l  t o  

t h o s e  c h a r a c t e r i s t i c  of e x t a n t  I l l i c i a l e s  and Magnoliales 

(Baranova, 1972; p e r s o n a l  o b s e r v a t i o n s ) ,  bu t  a r e  l e s s  



Features of the lower cuticle, Zone I angiosperms 



Text-fig. 5 LOWER CUTICLE, ZONE I ANGIOSPERMS 
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regularly developed on an individual leaf than in the 

modern forms. 

The most striking feature of the stomatal apparatus 

in the Drewrys Bluff materials is the high variation found 

on an individual leaf in both the specialization and 

arrangement of the cells adjacent to the guard cells, 

producing stomata that conform to several of the conven- 

tionally recognized mature stomatal types. Many stomata 

might be classified as paracytic, but often they show 

more irregularity than is typical for paracytic stomata 

in extant angiosperms: one of the two subsidiary cells 

in an individual stoma often does not extend the 

full length of the adjacent guard cell, and the polar 

contact cells may be smaller than the nearby unspecialized 

cells (Pl. 2, figs. 12, 17, P). Many other stomata lack 

specialized contact cells and conform to the anomocytic 

type, (e. g., P1. 2, figs. 14, 16) , but in others the 
contact cells are all somewhat smaller than the un- 

specialized cells and the stomata might be classified as 

cyclocytic (Pl. 2, fig. 17, C) . Some stomata have three 

or more specialized lateral contact cells and conform 

to the laterocytic type (Pl. 2, fig. 17, LC) , but others 
possess only one specialized lateral contact cell and 

thus could be classified as hemiparacytic (Pl. 2, fig. 17, 

H). Compounding matters is the tendency for each of the 



above s tomatal  types  t o  i n t e r g r a d e  wi th  one ano the r ,  

making at tempts  t o  c l a s s i f y  them according t o  accepted 

schemes f u t i l e .  This wide d i v e r s i t y  i n  c o n t a c t  c e l l  

arrangement and s p e c i a l i z a t i o n  d i f f e r s  from t h e  cond i t ion  

i n  most l a t e r  Potomac Group angiosperm leaves  ( c f .  below) 

and i n  the  bulk o f  e x t a n t  Magnoliales  descr ibed  by 

Baranova (1972) ,  which a r e  a lmost  always uniformly 

pa racy t i c .  I n  c o n t r a s t  t o  t h e s e  groups,  however, c e r t a i n  

o the r  Magnoliid t a x a  have been repor t ed  t o  possess  t h e  

same p a t t e r n  of stornatal  v a r i a t i o n  a s  Zone I leaves :  

Austrobaileyaceae (Bai ley  and Swarny , 1949) , Sarcandra 

of t h e  Chloranthaceae (Swamy, ' 1953--PI. 2 ,  f i g .  13) , and 

t h e  Schisandraceae (Bai ley and Nast,  1948) . I n  a d d i t i o n ,  

i l l u s t r a t i o n s  from Baranova (1972) and Bongers (1973) 

i n d i c a t e  t h a t  Liriodendron i n  t h e  Magnoliaceae and 

Takhtajania  and Drimys w i n t e r i  i n  t h e  Winteraceae possess  

t h i s  condi t ion  a s  w e l l .  

Two types  of tr ichome bases  a r e  known from t h e  

lower c u t i c l e .  The f i r s t ,  i d e n t i c a l  t o  t h a t  seen on t h e  

upper c u t i c l e ,  is o c c a s i o n a l l y  found i n  Leaf Type #1 

( P l .  3 ,  f i g .  1 9 ) .  The second, found i n  very  low frequency 

i n  both Eucalyptophyllum and D.B. Leaf Type #l and here  

termed the  " r a d i o s t r i a t e "  h a i r  base ,  c o n s i s t s  of a  smal l ,  

polygonal, s t r a i g h t - s i d e d  f o o t  c e l l  t h a t  bea r s  a  c e n t r a l  

trichome a b s c i s s i o n  s c a r ;  t h e  s c a r  c o n s i s t s  of a  c i r c u l a r  

region i n  t h e  c e n t e r  of t h e  c e l l  w i t h  s t r i a t i o n s  t h a t  



r a d i a t e  from t h e  pe r iphe ry  (P l .  3 ,  f i g .  2 0 ) .  S t r u c t u r e s  

s i m i l a r  t o  t h i s  h a i r  base  a r e  r e p o r t e d  t o  b e a r  a b a x i a l ,  

deciduous e t h e r e a l  o i l  c e l l s  i n  modern I l l i c i a l e s  and 

s e c r e t o r y  cells i n  c e r t a i n  Magnoliaceae (Ba i l ey  and 
.. . 

Nast ,  1948; Baranova, 1962; ~ Z h n i c h e n ,  1976) , s t r o n g l y  

sugges t ing  t h a t  t h e s e  l eaves  a l s o  bore  e t h e r e a l  o i l  c e l l s  

o r  s e c r e t o r y  c e l l s  on t h e  a b a x i a l  ep idermis .  

I n  a d d i t i o n  t o  t h e s e  presumed s e c r e t o r y  t r ichomes 

numerous i n f e r r e d  s e c r e t o r y  c e l l s  a r e  p r e s e n t  on t h e  

lower epidermis  of  Eucaluptophyllurn ( P l .  2 ,  f i g .  12 ,  G 1 )  . 
Each s e c r e t o r y  c e l l  i s  rounded, has  a t h i n  o u t e r  c u t i c l e ,  

and i s  l e v e l  w i th  t h e  a d j a c e n t  c e l l s  o r  else p a r t i a l l y  

unde r th rus t  by them. These s e c r e t o r y  c e l l s  a r e  s i m i l a r  i n  

appearance t o  t h e  e t h e r e a l  o i l - b e a r i n g  c e l l s  on t h e  

a b a x i a l  epidermis  o f  I l l i c i a l e s  and c e r t a i n  Chloranthaceae 

such a s  Ascar ina  po lys tachya ,  excep t  t h a t  t h e  l a t t e r  t end  

t o  be more rounded and more u n d e r t h r u s t  by t h e  a d j a c e n t  

c e l l s  ( c f .  ~ S h n i c h e n ,  1976; p e r s o n a l  o b s e r v a t i o n s ) .  Th i s  

s t r u c t u r a l  s i m i l a r i t y  sugges t s  t h a t  t h e  s e c r e t o r y  c e l l s  

i n  t h e  f o s s i l  a l s o  conta ined  e t h e r e a l  o i l s .  

The l eaves  of bo th  Celas t rophyl lum t y p e s  and c f .  

Ficophyllum lack epidermal  s e c r e t o r y  s t r u c t u r e s  b u t  c o n t a i n  

s e c r e t o r y  c e l l s  i n  t h e  mesophyll.  These c e l l s  a r e  s p h e r i -  

c a l ,  t h i n  wal led ,  average 1 0  p i n  d i ame te r ,  and o f t e n  

con ta in  da rk  c o n t e n t s  ( P l .  3 ,  f i g .  2 1 )  . They show 

numerous s i m i l a r i t i e s  i n  s i z e ,  shape ,  and appearance 



of  c o n t e n t s  t o  e t h e r e a l  o i l  c e l l s  i l l u s t r a t e d  by Sturm 

(1971) and Jahnichen  from p r e p a r a t i o n s  of e x t a n t  and 

T e r t i a r y  angiosperm l e a f  c u t i c l e s .  

Dispersed C u t i c l e  

I n  a d d i t i o n  t o  p r o v i d i n g  c u t i c l e  fragments 

comparable w i t h  Eucalyptophyllum and D.B.  Leaf Type #I ,  

t h e  s t u d y  o f  p l a n t  d e b r i s  y i e l d e d  s i x  new c u t i c l e  types  

w i t h  angiospermous f e a t u r e s .  These s i x  new t y p e s ,  

t o g e t h e r  less t h a n  1% a s  abundant a s  t h e  gymnosperm 

f ragments  i n  t h e  sample, are s i m i l a r  t o  t h e  whole leaves  

i n  such  f e a t u r e s  a s  s torna ta l  c o n s t r u c t i o n  and h a i r  base 

type,. The d i s t i n c t n e s s  o f  t h e  new c u t i c l e  t y p e s ,  a s  

can  be  s e e n  i n  T e x t - f i g s .  4 and 5 ,  i s  due t o  unique 

c h a r a c t e r  combinat ions  and q u a n t i t a t i v e  d i f f e r e n c e s  ( e .g . ,  

h a i r  b a s e  f requency)  a s  w e l l  a s  s e v e r a l  c h a r a c t e r i s t i c s  

n o t  found i n  t h e  whole l e a v e s .  

C u t i c u l a r  f l a n g e s  development i s  more d i v e r s e  

i n  t h e  d i s p e r s e d  forms. Genera l ly  t h e  unspec ia l i zed  c e l l s  

p o s s e s s  t h e  same t y p e  o f  f l a n g e  a s  t h a t  seen  i n  t h e  whole 

l e a v e s ;  t h a t  i s ,  t h e  f l a n g e  t a p e r s  smoothly towards t h e  

i n s i d e  o f  t h e  l e a f  and narrows t o  a  r i d g e  a t  i t s  t i p  

( c f .  P1 .  2 ,  f  i g .  17) . I n  Dispersed  C u t i c l e  Type #1, 

however, t h e  f l a n g e s  a r e  v e r y  wide (8 , a b r u p t l y  

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



groove in their center (PI. 3, fig. 23), which may 

represent the middle lamella of the cell wall (cf. 

Stace, 1965). The guard cells of the dispersed cuticle 

types also exhibit a higher diversity than the Drewrys 

Bluff leaves in that some of them possess T-pieces at the 

poles. In Dispersed Cuticle Type #1 the walls where the 

stomatal poles contact the neighboring cells are more 

strongly thickened than the end walls of the guard cells 

(PI. 3, fig. 23) . In contrast, both parts of the stomatal 

poles have strong cuticular thickenings in Dispersed 

Cuticle Type #3, and the top piece characteristically 

curves towards the opposite end of the stoma (Pl. 3, 

fig. 24; arrow). 

Surface sculpture also shows greater diversity. 

Many cuticle types, in contrast to whole ieaves, are 

papillate, with centrally located papillae on the un- 

modified epidermal cells. These papillae are generally 

either hollow, as in Dispersed Cuticle Type #2 (PI. 4 

fig. 27), or partially solid, as in Dispersed Cuticle 

Types # 3  and #5 (Pl. 4, figs. 28, 29). When striations 

are also present, they radiate from the papillae. 

One new hair base type is found in Dispersed 

Cuticle Type #3. This consists of a polygonal, more or 

less isodiametric foot cell and several unmodified, strong- 

ly underthrusting base cells (Pl. 3, figs. 25,26). The 

outer wall of the foot cell is heavily cutized except at 



t h e  p o i n t  o f  tr ichome a t tachment ,  where t h e r e  i s  a  pore 

12 pm i n  d iameter .  This  h a i r  base i s  most s i m i l a r  t o  

t h e  type  found on t h e  upper c u t i c l e  of Eucalyptophyllum, 

b u t  d i f f e r s  i n  t h a t  t h e  l a t e r a l  wa l l s  of t h e  f o o t  a r e  

n o t  th ickened and t h e  t r ichome a b s c i s s i o n  s c a r  

c o n s i s t s  of  a  pore.  

Discuss ion  

When compared w i t h  e x t a n t  d i c o t  leaves  Zone I 

angiosperms e x h i b i t  a  l o w  d i v e r s i t y  i n  c u t i c u l a r  s t ruc -  

t u r e .  A s  a  r u l e ,  t h e s e  l eaves  show more d i v e r s i t y  i n  

t r a i t s  commonly found t o  have l i t t l e  sys temat ic  import- 

ance i n  modern f lower ing  p l a n t s  than  i n  those  which 

g e n e r a l l y  have high sys temat ic  va lue  ( c f .  Metcalfe and 

Chalk,  1950; S t a c e ,  1965; Vanstaveren and Baas, 1973; 

Jansen and Baas, 1973) .  Examples of t h e  former inc lude  

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

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

t h e  major t y p e s  of s u r f a c e  s c u l p t u r e  l i s t e d  by Dilcher 

(1974) a r e  p r e s e n t  i n  t h e  Zone I leaves .  I n t e r n a l  

s c u l p t u r e  shows t h e  range of form l i s t e d  by Di lcher  

(1974) and a n t i c l i n a l  w a l l  p a t t e r n  ranges from s t r a i g h t  

t o  s t r o n g l y  undu la te ,  a s  i n  e x t a n t  f lowering p l a n t s .  In 

c o n t r a s t ,  t h e  p l a n  of s tornatal  o rgan iza t ion ,  s t r u c t u r e  



of t h e  h a i r s / h a i r  b a s e s ,  and c o n s t r u c t i o n  of t h e  sec re to -  

r y  c e l l s  show a  r e l a t i v e l y  narrow range of  d i v e r s i t y .  

Although i n d i v i d u a l  s tomata  might be assigned t o  s e v e r a l  

of t h e  c o n v e n t i o n a l  t y p e s  recognized i n  modern angio- 

sperms, a l l  Zone I angiosperms show t h e  same p a t t e r n  of 

v a r i a t i o n  i n  t h e i r  s tomata1  s t r u c t u r e .  Only t h r e e  

kinds of  t r ichome bases  a r e  p r e s e n t ,  as opposed t o  many 

i n  modern f lower ing  p l a n t s ,  and i n  each t h e  f o o t  c e l l  is  

t h e  o n l y  p a r t  e x h i b i t i n g  s u b s t a n t i a l  mod i f i ca t ion ,  un- 

l i k e  many modern and l a t e r  f o s s i l  t ypes  (cf . Rosel t  and 

Schneider ,  1 9 6 9 ) .  Trichomes appear  t o  have been exclu- 

s i v e l y  u n i s e r i a t e ,  and w e r e  poor ly  c u t i n i z e d  and/or shed 

before  l e a f  f a l l ;  conspicuous ly  absent  a r e  t h e  w e l l -  . 

c u t i n i z e d  p e l t a t e  s c a l e s ,  p r o s t r a t e  h a i r s ,  and var ious  

m u l t i s e r i a t e  t r ichomes  c h a r a c t e r i s t i c  of many e x t a n t  

d i c o t s .  F i n a l l y ,  a l l  g l ands  a r e  u n i c e l l u l a r  and poorly 

d i f f e r e n t i a t e d  from t h e  a d j a c e n t  c e l l s ,  which c o n t r a s t s  

with t h e  we l l -de f ined ,  m u l t i c e l l u l a r  s e c r e t o r y  organs 

found i n  many modern f lower ing  p l a n t s .  Thus, c u t i c u l a r  

anatomy s u p p o r t s  t h e  concept  t h a t  Zone I angiosperms had 

a t t a i n e d  o n l y  a  f r a c t i o n  of t h e  sys temat i c  d i v e r s i t y  

present  i n  modern angiosperms (Hickey and Doyle, 1977)  

and t h e  i d e a  t h a t  many complex epidermal s t r u c t u r e s  i n  

modern f l o w e r i n g  p l a n t s  a r o s e  l a t e r  i n  angiosperm 

evo lu t ion .  



While t h e  c u t i c l e  of  t he  Drewrys Bluff leaves 

does not permit  assignments t o  extant  fami l i es  o r  orders ,  

it does suggest  more d i s t a n t  r e l a t i onsh ips  between two 

leaf  types  and modern t axa .  The a f f i n i t i e s  of 

Eucalyptophyllum have always been problematic, s ince  i t s  

combination o f  vena t iona l  f ea tu re s  i s  unknown i n  

extant  angiosperms (Wolfe e t  a l . ,  1975) and i ts  

elongate a r e o l a t i o n  i s  more c h a r a c t e r i s t i c  of f e rn s  

than f lower ing p l a n t s  (Hickey and Doyle, 1977) . How- 

ever,  c u t i c u l a r  anatomy c l e a r l y  i nd i ca t e s  angiospermous 

a f f i n i t i e s :  t h e  p lan  of stornatal const ruct ion i s  

shared wi th  o t h e r  Zone I angiosperms and other  cu t i cu l a r  

fea tu res ,  such a s  h a i r  base types ,  abaxia l  secre tory  c e l l s ,  

and sunken stomata,  a r e  seen i n  some contemporaneous and 

younger Potomac Group angiosperm leaves (Upchurch, 1978, 

1979 and below).  I n  add i t i on ,  Eucalyptophyllum possesses 

three f e a t u r e s  today found together  i n  Chloranthaceae 

and I l l i c i a l e s :  (1) t h e  Zone I pa t t e rn  of s tomatal  organi- 

zat ion ( 2 )  abax i a l  s ec re to ry  c e l l s ,  and ( 3 )  r a d i o s t r i a t e  

ha i r  bases.  This  r e l a t i o n s h i p  i s  supported by t he  

s t ruc tu re  of t h e  primary ve in ,  which i s  composed of  

two d i s c r e t e  vascu la r  bundles t h a t  fuse  wi th in  t h e  lamina 

( P l .  1, f i g .  4 ) ,  a s  is t y p i c a l  of Sarcandra i n  t h e  

Chloranthaceae (Swamy and Bai ly ,  1950). This does not  

mean t h a t  t h e  f o s s i l  r e a d i l y  f i t s  i n t o  e i t h e r  modern 



taxon,  however, s i n c e  it appears t o  d i f f e r  from both i n  

i t s  e l o n g a t e ,  sunken s tomata wi th  t r u n c a t e  po les ,  r e t i c u -  

l a t e  p a t t e r n  of s t r i a t i o n s ,  and poss ib ly  i t s  l e s s  rounded 

a b a x i a l  g lands  a s  w e l l  a s  i n  i t s  d i s t i n c t i v e  l ea f  a rch i -  

t e c t u r e .  Hence, Eucalyptophyllum probably r e p r e s e n t s  

an e x t i n c t  evo lu t ionary  l i n e  of a t  l e a s t  o r d i n a l  

rank ( c f .  Hickey and Doyle, 1977) which has r e l a t i o n s h i p s  

wi th  both modern Chloranthaceae and I l l i c i a l e s .  

C u t i c u l a r  anatomy sugges t s  s i m i l a r  a f f i n i t i e s  f o r  

D.B. Leaf Type #1, s i n c e  it possesses  a combination of 

f e a t u r e s  a p p a r e n t l y  r e s t r i c t e d  t o  Schisandraceae 

( I l l i c i a l e s )  and Sarcandra (Chloranthaceae) : (1) t h e  Zone 

I p a t t e r n  of s tomata l  o r g a n i z a t i o n ,  ( 2 )  stomata longer  

than 30 p, ( 3 )  r a d i o s t r i a t e  h a i r  bases ,  and ( 4 )  

s t r i a t i o n s  bo th  c o n c e n t r i c  t o  and r a d i a t i n g  from t h e  

s tomata l  pore  ( P l .  2 ,  f i g .  1 4 ;  P I .  3 ,  f i g .  18; PI. 4 ,  

f i g s .  30, 3 3 ) .  This  r e l a t i o n s h i p  i s  supported by t h e  t o o t h  

s t r u c t u r e  of t h e s e  l eaves  (PI .  1, f i g .  2 ) :  t h e  biconvex 

(A-1) shape,  c e n t r a l  v e i n  w i t h  a g landular  t i p ,  and p a i r  

of l a t e r a l  v e i n s  which f u s e  wi th  t h e  c e n t r a l  ve in  a r e  a l l  

c h a r a c t e r i s t i c  of t h e  Chloranthoid t o o t h  type ,  found today 

i n  t h e  Choranthaceae,  I l l i c i a l e s ,  Trochodendrales and 

Ranunculales (Hickey and Wolfe, 1975).  These s i m i l a r i t i e s  

with Chloranthaceae and I l l i c i a l e s  do not  mean t h a t  t h e  

f o s s i l  should be assigned t o  e i t h e r  e x t a n t  group, however, 

s ince  i t s  s imple craspedodromous secondary venat ion  and 



e longa te  a r e o l a t i o n  a r e  n o t  c h a r a c t e r i s t i c  of e i t h e r  group 

( c f .  Hickey and Wolfe, 1975; personal  obse rva t ions ) .  Hence, 

l i k e  Eucalyptophyllum, D.B .  Leaf Type #1 may belong t o  a  

complex o f  Cretaceous f lower ing  p l a n t s  t h a t  a l s o  included 

t h e  a n c e s t o r s  of modern I l l i c i a l e s  and Chlorentheceae. 

Two d i s p e r s e d  c u t i c l e  types  show a  s imi la r  

p a t t e r n  of a f f i n i t i e s  wi th  e x t a n t  f lowering p l a n t s .  

The f i r s t ,  Dispersed C u t i c l e  Type # 6  from Dutch Gap 

( P l .  4 ,  f i g s .  31, 3;) , possesses  numerous r a d i o s t r i a t e  

h a i r  bases  and r a r e  rounded i d i o b l a s t s  ( s e c r e t o r y  cells?)  

on t h e  lower epidermis ,  sugges t ing  a  r e l a t i o n s h i p  wi th  t h e  

Chloranthaceae and I l l i c i a l e s ;  however, i t s  s t r u c t u r e  

i s  t o o  g e n e r a l i z e d  t o  permit  a  more d e f i n i t e  systematic  

assignment.  The second, Dispersed C u t i c l e  Type #3 from 

Drewrys Bluff  ( P l .  3 ,  f i g s .  2 4 ,  26; PI .  4 ,  f i g .  28), 

resembles modern I l l i c i a l e s  i n  i t s  p a t t e r n  of s tomatal  

s t r i a t i o n s ,  T-pieces,  and c u t i c u l a r  th inn ing  over t h e  

s u b s i d i a r y  ce l l s ,  and i s  s i m i l a r  t o  members of t h e  

Schisandraceae i n  t h e  c o n s t r u c t i o n  of i t s  stomatal  

complex. It  a l s o  has a  h a i r  base  s i m i l a r  t o  one i l l u s t r a -  

t ed  by ~ z h n i c h e n  ( 1 9 7 6 )  f o r  t h e  Eocene spec ies  Schisandra 

europaea,  except  t h a t  t h e  base  c e l l s  more s t rong ly  under- 

t h r u s t  t h e  f o o t  c e l l s .  I n  s p i t e  of t h e s e  marked s imi la-  

r i t ies ,  however, t h e  f o s s i l  d i f f e r s  from a l l  e x t a n t  

members o f  t h e  o r d e r  by i t s  s l i g h t l y  s h o r t e r  stomata 

which l a c k  l amel l ae  (average 2 7  p a s  opposed t o  30 t o  70 



p a s  l i s t e d  by Bai ley  and Nast ,  1948) and t h e  absence 

of a b a x i a l  g lands  and r a d i o s t r i a t ~  h a i r  bases  (which 

could,  however, be a  f u n c t i o n  of t h e  minute s i z e  of  t h e  

one known specimen).  Th i s  p a t t e r n  of cha rac te r  d i s t r i -  

bu t ion  i n  d i s p e r s e d  c u t i c l e  suppor t s  t h e  p i c t u r e  

der ived from whole l e a v e s  t h a t  a  number of Zone I angio- 

sperm l e a v e s  w e r e  r e l a t e d  i n  some way t o  Chloranthaceae 

and I l l i c i a l e s ,  b u t  cannot  be placed wi th in  e i t h e r  modern 

group. 

The r e s u l t s  i n d i c a t e  t h e  need f o r  caut ion  i n  

i n t e r p r e t i n g  s i m i l a r i t e s  between t h e  p o l l e n  of 

Zone I and modern angiosperms. While monosulcate p o l l e n  

g r a i n s  a s s igned  t o  C l a v a t i p o l l e n i t e s  c f .  huqhesi i  a s  

desc r ibed  by Doyle e t  a l .  (1975) c l o s e l y  resemble 

Ascarina of  t h e  Chloranthaceae (Walker, 1976 a ,  b; 

Muller ,  1981) , no angiosperm l e a f  wi th  preserved 

c u t i c l e  o r  d i s p e r s e d  c u t i c l e  type  possesses  a l l  of 

the  c h a r a c t e r s  needed t o  be assigned conf iden t ly  t o  

e x t a n t  Chloranthaceae.  S ince  t h e  Ascarina type  of 

po l l en  i s  i n f e r r e d  t o  be a n c e s t r a l  t o  t h e  o t h e r  p o l l e n  

types w i t h i n  t h e  family (Walker, 1976 b), s i m i l a r  p o l l e n  

could a l s o  have been c h a r a c t e r i s t i c  of t h e  l a r g e r  Ear ly  

Cretaceous. a n c e s t r a l  complex from which t h e  Chloranthaceae 

a re  d e r i v e d ,  which may have been much more p r i m i t i v e  than  

the  modern fami ly  i n  non-palynological  cha rac te r s .  

Desp i t e  t h e  f a c t  t h a t  o r g a n i c a l l y  preserved leaves  



from Zone I cannot  be a s s igned  t o  modern f a m i l i e s  o r  

o r d e r s ,  many of t h e i r  s t r u c t u r a l  f e a t u r e s  provide 

a d d i t i o n a l  evidence f o r  t h e o r i e s  which p o s t u l a t e  t h e  

subc lass  Magnoliidae (though n o t  n e c e s s a r i l y  Magnoliales!)  

a s  t h e  most p r i m i t i v e  l i v i n g  angiosperm group.  acer ration- 

r e s i s t a n t  guard c e l l  l ame l l ae ,  found i n  many Zone I angio- 

sperms, a r e  today r e s t r i c t e d  t o  Magnoliidae (Baranova, 

1 9 7 2 ) ,  a s  a r e  r a d i o s t r i a t e  h a i r  bases  bear ing  g landu la r  

h a i r s .  E t h e r e a l  o i l  c e l l s  of  t h e  type i n f e r r e d  t o  have 

been p r e s e n t  i n  t h e  mesophyll of t h r e e  l e a f  groups 

today a r e  c h a r a c t e r i s t i c  of Magnoliidae (Cronquis t ,  

1 9 6 8 ) .  F i n a l l y ,  t h e  v a r i a b l e  arrangement and s p e c i a l i z a -  

t i o n  of t h e  neighboring c e l l s  i n  Zone I stomata a r e  p r e s e n t  

i n  s e v e r a l  woody Magnoliid groups,  i nc lud ing  

Austrobai leyaceae,  Schisandraceae,  and Sarcandra of t h e  

Chloranthaceae. Leaf a r c h i t e c t u r a l  s t u d i e s  provide a  

compatible p i c t u r e  of e a r l y  Potomac Group angiosperms: 

Zone I l eaves  possess  numerous Magnoliid f e a t u r e s  

such a s  fes tooned brochidodromous secondary vena t ion  and 

" f i r s t  rank" o r g a n i z a t i o n ,  b u t  cannot be c l o s e l y  r e l a t e d  

t o  any one family wi th in  t h e  subc la s s  (Wolfe e t  a l . ,  

1975; Hickey and Doyle, 1977) .  

The unusual ly  v a r i a b l e  s tomata1 s t r u c t u r e  seen  

i n  Zone I leaves  t akes  on a d d i t i o n a l  phylogenet ic  i n t e r e s t  

when viewed i n  t h e  con tex t  of l a t e r  Potomac Group angio- 

sperm l eaves .  Subzone 11-B l eaves  d i f f e r  from Zone I 
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forms i n  possess ing  s tomata which genera l ly  show a  lower 

v a r i a b i l i t y  i n  ne ighbor ing  c e l l  arrangement and spec ia l -  

i z a t i o n  on an i n d i v i d u a l  l e a f ,  al though t h e  t o t a l  range 

of stomatal  s t r u c t u r e  i n  t h e  e n t i r e  angiosperm element 

i s  s i m i l a r  t o  t h a t  found on an i n d i v i d u a l  Zone I l e a f .  

For example, c o r d a t e  l eaves  assigned t o  Populophyllurn 

reniforme Font. possess  s tomata l  complexes t h a t  a r e  

almost e n t i r e l y  anomocytic (P l .  5 ,  f i g .  3 4 )  , while  those  

from a  new s e r r a t e  l e a f  from Red Po in t  a l l  have a  r i n g  

of neighboring c e l l s  w i t h  s t r o n g l y  overarching p a p i l l a e  

(P l .  5 ,  f i g .  35) . Menispermites potomacensis stomata 

range from anomocytic t o  p a r a c y t i c ,  bu t  never conform 

t o  t h e  l a t e r o c y t i c  o r  c y c l o c y t i c  types  ( P l .  2 1 ,  f i g s .  

2 0 4 - 2 0 6 )  , whi le  t h e  " p l a t a n o i d s "  (e. g . ,  P 1 .  5 ,  f i g .  36) 

and Sapindopsis Font. (P l .  5 ,  f i g .  37) always produce 

stomata wi th  s p e c i a l i z e d  l a t e r a l  c o n t a c t  c e l l s .  This  

temporal p a t t e r n  of  s tomata l  d i s t r i b u t i o n  suggests  a  

major evolu t ionary  t r e n d  d u r i n g  t h e  Ear ly  Cretaceous 

towards decreased s tomata l  v a r i a t i o n  on an i n d i v i d u a l  

l e a f ,  with t h e  l a t e r  s tomata l  p a t t e r n s  being der ived  

from the  Zone I p a t t e r n  by a  dec rease  i n  t h e  v a r i a b i l i t y  

of subs id iary  c e l l  arrangement and s p e c i a l i z a t i o n .  

I f  t h i s  t rend  i s  v a l i d  f o r  t h e  d i c o t s  as a  whole then 

t h e  uniformly p a r a c y t i c  c o n d i t i o n ,  considered p r i m i t i v e  

f o r  the  f lowering p l a n t s  by Takhtajan ( 1 9 6 9 )  , Baranova 

(1972) , and Thorne (1976) , i s  a c t u a l l y  der ived .  



According t o  t h i s  i n t e r p r e t a t i o n  such Magnoliid t a x a  

a s  Aus t roba i leyaceae  , Schisandraceae  , Sarcandra  i n  t h e  

Chloranthaceae,  and T a k h t a j a n i a  and Drimys w i n t e r i  a r e  

more p r i m i t i v e  i n  t h e i r  s t o m a t a l  s t r u c t u r e  t han  most 

members of  t h e  o r d e r  Magnol ia les .  S i m i l a r l y  Li r iodendron ,  

unique w i t h i n  Magnoliaceae by i t s  posses s ion  of t h e  Zone 

I p a t t e r n  o f  s to rna ta l  v a r i a t i o n ,  might be i n t e r p r e t e d  

as an e a r l y  l i n e  of  e v o l u t i o n  which, though s p e c i a l i z e d  

i n  many r e s p e c t s ,  a c t u a l l y  r e t a i n s  t h e  p r i m i t i v e  s toma ta l  

condi t ion .  

This  proposed t r e n d  of  s t o m a t a l  evo lu t ion  

appears t o  a g r e e  w i t h  some p r e v i o u s l y  p o s t u l a t e d  evolu- 

t i o n a r y  t r e n d s  i n  e x t a n t  Magnoli idae b u t  no t  w i t h  o t h e r s .  

On t h e  one hand,  t h e r e  i s  a  g e n e r a l  agreement w i t h  i n f e r -  

red t r e n d s  i n  wood anatomy and leaf a r c h i t e c t u r e .  Two of  

t h e  t a x a  w i t h  t h e  Zone I s t o m a t a l  p a t t e r n ,  t h e  Winteraceae 

and Sarcandra  i n  t h e  Chloran thaceae ,  a r e  v e s s e l l e s s ,  

while most Magnol i iae  w i t h  v e s s e l s  pos ses s  p a r a c y t i c  

o r  o t h e r  s to rna ta l  t y p e s  p o s t u l a t e d  t o  be de r ived  from 

t h e  Zone I form ( B a i l e y ,  1 9 4 4 ;  Metca l fe  and Chalk, 1950, 

Swamy, 1953; p e r s o n a l  o b s e r v a t i o n s ) .  S t u d i e s  of  angio- 

sperm l e a f  a r c h i t e c t u r e  by Hickey (1971) and Hickey 

and Doyle (1 977) have concluded t h a t .  t h e  l a r g e  s i z e  

and t endenc ie s  f o r  more r i g i d l y  organized  vena t ion  found 

i n  such Magnol ia les  as Magnoliaceae,  Annonaceae, 

and Myr i s t i caceae  a r e  advanced f e a t u r e s  compared t o  



those  i n  Zone I angiosperms and t h e  e x t a n t  Canel laceae 

and Winteraceae;  i n  t h e  la t ter  fami ly  t h o s e  members 

wi th  t h e  Zone I s t o m a t a l  t y p e  l a c k  s tornata l  p lugs  of 

a l v e o l a r  m a t e r i a l ,  a p o s s i b l e  advanced f e a t u r e  which 

sets most o f  t h e  f ami ly  a p a r t  from o t h e r  Magnoliales 

(Baranova, 1972; Bongers, 1973) . 
On t h e  o t h e r  hand, t h e  proposed t r e n d s  i n  s tomata l  

s t r u c t u r e  appea r  t o  c o n f l i c t  w i t h  Walker ' s  (1976b) 

scheme f o r  p o l l e n  e v o l u t i o n  i n  monosulcate Magnoliidae. 

Extant  members o f  t h e  s u b c l a s s  can be d iv ided  i n t o  t h r e e  - 

palynologica l  groups on t h e  b a s i s  o f  g r a i n  s i z e ,  shape,  

and ex ine  s t r u c t u r e ,  which Walker i n t e r p r e t s  as grades 

of evo lu t ion .  Taxa w i t h  h i s  Grade I p o l l e n ,  such a s  

Degeneriaceae, Magnoliaceae and p r i m i t i v e  Annonaceae, 

genera l ly  posses s  unformly p a r a c y t i c  s tomata ,  whi le  

t h e  Zone I s t o m a t a l  p a t t e r n  i s  on ly  found i n  t a x a  

wi th  h i s  Grade I1 o r  Grade I11 p o l l e n  ( c f .  Walker, 

1976b; Praglowski ,  1979; Endress  and Honegger, 1980) . 
The Potomac Group d a t a  conform t o  t h i s  g e n e r a l i z a t i o n ,  

s ince  Zone I angiospermous monosulcates  a r e  ass igned 

t o  Grade I11 by Walker (1976b) .  This  c o n f l i c t  might 

be reso lved  by p o s t u l a t i n g  t h a t  s t i l l  e a r l i e r ,  pre-  

Zone I angiosperms had Grade I p o l l e n  and uniformly 

p a r a c y t i c  s tomata  and t h a t  t h e  v a r i a b l e  Zone I p a t t e r n  

a rose  through t h e  breakdown o f  t h e  p a r a c y t i c  type .  

However, t h i s  h y p o t h e s i s  p r e d i c t s  t h a t  angiosperm leaves  



wi th  p a r a c y t i c  s tomata  e x i s t e d  somewhere du r ing  Zone I 

t i m e ,  and u n t i l  such l eaves  a r e  found it must be con- 

s i d e r e d  unsupported by f o s s i l  evidence.  I n  any case ,  

even i f  t h e  Zone I s tornatal  p a t t e r n  i s  not  p r i m i t i v e  f o r  

t h e  angiosperms a s  a  whole,  it may s t i l l  be a n c e s t r a l  

t o  t h e  p a r a c y t i c ,  l a t e r o c y t i c ,  and anornocytic stomata 

found i n  e x t a n t  d i c o t s  w i t h  t r i c o l p a t e  o r  der ived  

p o l l e n  t y p e s ,  s i n c e  t h e  more p r i m i t i v e  members of  t h i s  

group p o s s e s s  an ex ine  s t r u c t u r e  comparable to  t h a t  of  

Grade 111 monosulcates and s i n c e  many of t h e  Subzone 

11-B d i c o t s  w i t h  c u t i c l e  can be r e l a t e d  t o  t r i c o l p a t e  

o r  t r i c o l p a t e - d e r i v e d  t a x a  on t h e  b a s i s  of l e a f  

a r c h i t e c t u r e  (Hickey and Doyle, 1 9 7 7 ) .  Fu r the r  s t u d y  

of E a r l y  Cretaceous l e a f  c u t i c l e s  from both lower and 

middle p a l e o l a t i t u d e s ,  a s  w e l l  a s  a  r igo rous  a n a l y s i s  

of proposed e v o l u t i o n a r y  t r e n d s  f o r  t h e i r  agreement 

wi th  one a n o t h e r  us ing  such c l a d i s t i c  methods a s  

c h a r a c t e r  c o m p a t i b i l i t y  (e. g. , Meacham, 1 9 8 0 )  , a r e  

needed t o  r e s o l v e  t h e  problem of whether o r  no t  t h e  

observed t r e n d  i n  i n c r e a s e d  stornatal  r e g u l a r i t y  

a p p l i e s  t o  t h e  angiosperm a s  a  whole. 



CHAPTER V 

SUBZONE 1 1 - B  ANGIOSPERMS 

Subzone 1 1 - B  angiosperm l eaves  show a s i g n i f i -  

c a n t l y  h i g h e r  s t r u c t u r a l  d i v e r s i t y  t han  Zone I forms,  

but  s t i l l  less t h a n  t h a t  i n  modern f lower ing  p l a n t s .  

I n  c o n t r a s t  t o  j u s t  a fundemental ly  p i n n a t e  p l a n  of o rg in i za -  

t i o n ,  as i n  Zone I d i c o t s ,  Subzone 1 1 - B  l eaves  conform 

t o  s e v e r a l  o f  Hickey1 s (1971) primary vena t ion  types .  

For example, Populophyllum Font .  (PI .  2 0 ,  f i g .  188) 

possesses  actinodromous pr imary  vena t ion ,  wi th  t h e  

p r imar i e s  a l l  r a d i a t i n g  from a s i n g l e  p o i n t .  The 

"p l a t ano ids"  a r e  pa l inac t inodromous ,  w i t h  t h r e e  t o  

many pr imary v e i n s  t h a t  a l l  d i v e r g e  a t  d i f f e r e n t  p o i n t s ,  

whi le  Menispermites  potomacensis  Berry  has  p r imar i e s  t h a t  

arch towards t h e  apex. Secondary vena t ion  i s  more 

d i v e r s e ,  s i n c e  i n  a d d i t i o n  t o  t h e  fes tooned brochido- 

dromous t y p e  s o  c h a r a c t e r i s t i c  of  Zone I d i c o t s  Subzone 

1 1 - B  l e a v e s  have s imp le  brochidodromous secondary 

vena t ion ,  a s  i n  some " p l a t a n o i d s "  ( c f .  Hickey and 

Doyle, 1 9 7 7 ) ,  v e n a t i o n  t h a t  approaches eucamptodromous, 

a s  i n  some p i n n a t e l y  compound Sapindops is  l eaves  (PI .  9,  

f i g .  8 0 ) ,  and mixed craspedodromous v e n a t i o n ,  a s  i n  one 

p i n n a t e l y  compound Sapindops is  l e a f  l e t  ( P I .  9 ,  f i g .  79) . 
Three new c l a s s e s  of  l e a f  shape  a r e  p r e s e n t  i n  Subzone 11- 



B: palmate ly  lobed ,  a s  i n  t h e  "p l a t ano ids"  ( P I .  15 ,  

f i g .  138) , d e e p l y  p i n n a t i f i d ,  a s  i n  Sapindopsis  

v a r i a b i l i s  from Brooke ( p l .  6 ,  f i g .  39)  , and p i n n a t e l y  

compound, a s  i n  younger Subzone 1 1 - B  s p e c i e s  of 

Sapindopsis (e .g .  Hickey and Doyle, 1977, f i g .  4 5 )  . 
Leaf bases  a r e  a l s o  more d i v e r s e ,  w i t h  c o r d a t e  and 

p e l t a t e  t y p e s  be ing  found i n  a d d i t i o n  t o  t h e  o l d e r  

ones. F i n a l l y ,  t h e  c o n f i g u r a t i o n  of t h e  l e a f  margin 

e x h i b i t s  a g r e a t e r  d i v e r s i t y :  i n  a d d i t i o n  t o  t h e  

convex-convex (A-1) t y p e  of  s e r r a t i o n  found i n  Zone 

I ,  concave-convex (C-1) t e e t h  are found i n  a  few 

p inna te ly  compound specimens o f  Sapindopsis  from West 

Brothers  ( P l .  9 ,  f i g s .  79 ,  82) and s t r a igh t - convex  (B-1) 

t e e t h  a r e  c h a r a c t e r i s t i c  o f  a  new s e r r a t e  l e a f  from Red 

Poin t  ( P l .  1 9 ,  f i g .  1 7 3 ) .  

A key d i f f e r e n c e  between Zone I and Subzone 11- 

B d i c o t  leaves i s  t h e  s t r o n g  tendency f o r  t h e  l a t t e r  t o  

show g r e a t e r  r e g u l a r i t y  i n  t h e i r  v e i n  o r g a n i z a t i o n :  

gene ra l ly  t h e  v e i n s  have more r e g u l a r  courses  and t h e  

vein  o r d e r s  a r e  e a s i e r  t o  d i s t i n g u i s h  from one another .  

While t h e  " f i r s t  rank" syndrome of  Hickey (1971) i s  

p re sen t  i n  many groups ,  o t h e r s ,  such a s  some p i n n a t e l y  

compound Sap indops i s  l e a v e s  (e. g . ,  P1. 9 ,  f i g .  80) , 
conform t o  H i c k e y ' s  "second rank" syndrome, where t h e  

secondary v e i n s  a r e  r e g u l a r l y  spaced and enc lose  a r e a s  

of s i m i l a r  s i z e  and shape  b u t  t h e  t e r t i a r y  vena t ion  i s  



s t i l l  poorly organized.  Others ,  such as  Platanoid #1 

( P l .  3 ,  f i g .  130) , have both regu la r  secondary venat ion 

and t e r t i a r y  v e i n s  t h a t  a l l  have t h e  same o r i e n t a t i o n ,  

conforming t o  Hickey's " t h i r d  rank" syndrome. This 

g r e a t e r  vena t iona l  r e g u l a r i t y  shows a c o r r e l a t i o n  with 

phylogenic advancement i n  modern mesic angiosperms, i n d i c a t -  

ing  t h a t  t h e  h igher  d i v e r s i t y  of Subzone 1 1 - B  leaves i s  

a c t u a l l y  due t o  an evo lu t ionary  d i v e r s i f i c a t i o n  and no t  

t h e  immigration of a  h igh ly  evolved group from elsewhere 

(Hickey and Doyle, 1977) . Fur the r ,  leaves wi th  a r i g i d l y  

organized system of quaternary  v e i n s ,  found i n  such advanced 

extant  groups a s  Fagaceae, do no t  appear u n t i l  t h e  Late 

Cretaceous ( ~ i c k e y  , ' 197 8 )  , i n d i c a t i n g  t h a t  Early Cretaceous 

angiosperms s t i l l  had not  a t t a i n e d  t h e  l e v e l  of advance- 

ment p r e s e n t  i n  many modern forms. 

S i x  major l e a f  a r c h i t e c t u r a l  types  wi th  preserved 

c u t i c l e  a r e  known from Subzone 11-B .  These are :  (1) 

p i n n a t i f i d  leaves  and s i m i l a r  fragments r e l a t a b l e  t o  

Sapindopsis v a r i a b i l i s  Fon t . ,  ( 2 )  p inna te ly  compound 

leaves and numerous i s o l a t e d  l e a f l e t s  of t h e  type r e l a t e d  

t o  Sapindopsis by Hickey and Doyle (1977) , (3)  pa l inac t ino-  

dromous, l o b a t e  l eaves  belonging t o  t h e  "p la tanoid"  complex, 

( 4 )  a smal l ,  e longa te  l ea f  w i t h  numerous s t raight-convex 

(B-1) s e r r a t i o n s ,  ( 5 )  actinodromous leaves  with co rda te  

bases belonging t o  Populophyllurn reniforme Font . ,  and ( 6 )  

s eve ra l  fragments of acrodromous leaves belonging t o  



Menispermites potomacensis Berry. These forms c o n s t i t u t e  

only a  smal l  f r a c t i o n  of t h e  t o t a l  number of l ea f  types 

recognized f o r  Subzone 11-B by Hickey and Doyle (1977),  but  

never the less  r e p r e s e n t  a  l a r g e  p a r t  of t h e  range of morphol- 

ogy seen i n  t h e  l eaves  a t  t h i s  time. 

Desc r ip t ion  of  Mater ia ls  

Sapindopsis  v a r i a b i l i s  Fontaine 

Leaves r e l a t a b l e  t o  Sapindopsis v a r i a b i l i s  dominate 

c o l l e c t i o n s  from t h e  Bank near  Brooke l o c a l i t y  i n  Northern 

V i r g i n i a ,  da ted  a s  middle Subzone 11-B by Hickey and Doyle 

(1977) . Most of t h e  o r g a n i c a l l y  preserved mate r i a l s  a re  

r a t h e r  f ragmentary,  but  t h e i r  s i m i l a r i t y  t o  whole leaves 

i n  vena t ion  and c u t i c u l a r  anatomy c l e a r l y  i n d i c a t e s  t h a t  

a l l  belong t o  Sapindopsis.  The specimens show some varia-  

t i o n  i n  l e a f  a r c h i t e c t u r e  and c u t i c u l a r  anatomy, but  

cannot be d iv ided  i n t o  more than  one spec ies .  Hence, t h e  

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

i n  t h e s e  m a t e r i a l s  as v a r i a t i o n  wi th in  one taxon. 

The l e a f  i s  deeply p i n n a t i f i d ,  wi th  a  decurrent  

wing of laminar t i s s u e  running along t h e  r ach i s  (PI. 6 ,  

f i g s .  3 8 ,  39) . Each lobe has a  narrow e l l i p t i c  shape, 

acute  apex, d e c u r r e n t  base ,  and an e n t i r e  margin. The 

venat ion  of each lobe i s  brochidodromous, with numerous 

secondary v e i n s  t h a t  a r i s e  a t  an acute  angle  g r e a t e r  than 

45O (PI .  6 ,  f i g .  40 ) .  Most secondary veins  on an 

i n d i v i d u a l  l e a f  ab rup t ly  a r c h  towards t h e  apex, a s  



i s  t y p i c a l  f o r  - S. v a r i a b i l i s  (P l .  6 ,  f i g .  4 0 ) .  The 

t e r t i a r y  vena t ion  i s  r e t i c u l a t e  and randomly o r i e n t e d ,  

wi th  perhaps  a s l i g h t  tendency t o  be d i r e c t e d  towards t h e  

midvein ( P l .  6 ,  f i g .  4 1 ) .  The qua ternary  vena t ion  i s  re- 

t i c u l a t e  and randomly o r i e n t e d .  

Upper Cuticle--The upper epidermis  of - S. v a r i a b i l i s  shows 

moderate c u t i n i z a t i o n ,  w i t h  most c e l l s  having wel l -def ined 

f l a n g e s  ( P l .  6 ,  f i g s .  42-44) . The shape of t h e  unspec ia l -  

i z e d  cel ls  ranges  from i s o d i a m e t r i c  t o  e longa te ,  and each 

c e l l  may possess  from f o u r  t o  s i x ,  s t r a i g h t  t o  curved a n t i -  

c l i n a l  w a l l s .  I n  non-veinal  reg ions  most c e l l s  have a d i s -  

t i n c t l y  grouped appearance,  such t h a t  t h e  epidermis can be 

subdivided i n t o  a s e r i e s  of  domains, each c o n s i s t i n g  of  two 

o r  more cel ls  packed i n t o  a r ec t angu la r  a r e a ,  l i k e  t i l e s  on 

a f l o o r  ( P l .  6 ,  f i g s .  42, 4 3 )  . Commonly t h e  c e l l s  o f  one  

domain p o s s e s s  a markedly d i f f e r e n t  o r i e n t a t i o n  than  t h e  

c e l l s  o f  a d j a c e n t  domains, and occas iona l ly  t h e  f l a n g e s  

which demarcate  t h e  cells  w i t h i n  a domain a r e  t h i n n e r  t h a n  

t h o s e  a t  t h e  boundary of  two ad jacen t  domains. This  l a s t  

f e a t u r e  s u g g e s t s  t h a t  each domain o r g i n a t e s  from a s i n g l e  

protodermal  i n i t i a l ,  s i n c e  i n  modern f lowering p l a n t s  t h e  

d i v i s i o n  of an epidermal  c e l l  a f t e r  growth has ceased 

it produces  a r e l a t i v e l y  t h i n  c u t i c u l a r  f lange  between t h e  

two daugh te r  c e l l s  ( S t a c e ,  1965) . I n  c o n t r a s t ,  t h e  c e l l s  

of t h e  v e i n a l  a r e a s  ( P l .  6 ,  f i g .  44) e x h i b i t  l o n g i t u d i n a l  

a l ignment  and l a c k  domains. I n  a d d i t i o n ,  t h e  reg ion  above 



t h e  pr imary v e i n  i s  t h e  on ly  p a r t  of t h e  upper epidermis 

t h a t  b e a r s  s tomata  ( P l .  6 ,  f i g .  4 4 ) .  

Su r face  s c u l p t u r e  on t h e  upper c u t i c l e  shows some 

v a r i a t i o n ,  r ang ing  from smooth t o  s t r i a t e ,  wi th  many 

specimens having i n t e r m e d i a t e  condi t ions  ( P l .  6 ,  f i g .  45).  

When p r e s e n t ,  t h e  s t r i a t i o n s  a r e  about o n e p  wide, 

s u b p a r a l l e l  excep t  n e a r  t r ichome bases ,  and t r a v e r s e  c e l l  

boundaries .  I n t e r n a l  s c u l p t u r e  i s  a l s o  v a r i a b l e ,  ranging 

from smooth i n  t h i n  c u t i c l e s  t o  g ranu la r  i n  t h i c k e r  ones 

(PI .  6 ,  f i g s .  42, 451. 

Two t y p e s  of h a i r  bases  a r e  found on t h e  upper c u t i -  

c l e .  The f i r s t ,  i d e n t i c a l  t o  t h e  f i r s t  t ype  found i n  Zone 

I angiosperms,  c o n s i s t s  of a  heavi ly  cu t in i zed  polygonal 

f o o t  c e l l  which i s  u n d e r t h r u s t  by s e v e r a l ,  o f t e n  r a d i a l l y '  

o r i e n t e d  base  c e l l s  (P I .  6 ,  f i g s .  43, 47) ;  i t s  frequency 

ranges  from common t o  rare. The second t y p e ,  found i n  

very  low frequency on only  a  few specimens, c o n s i s t s  of 

a  c i r c u l a r  t r ichome a b s c i s s i o n  s c a r  t h a t  bears  r a d i a t i n g  

s t r i a t i o n s  from i t s  edge ( P l .  7 ,  f i g .  48) . Since it was 

only  observed  on an SEM p r e p a r a t i o n ,  i t s  r e l a t i o n s h i p  t o  

t h e  u n d e r l y i n g  c e l l s  cannot  be adequately  determined. 

Lower Cuticle--The lower epidermis  v a r i e s  widely i n  i t s  

c u t i n i z a t i o n ,  r ang ing  from t h i n  wi th  poorly  cu t in i zed  

a n t i c l i n a l  w a l l s  t o  t h i c k  and possess ing  d i s t i n c t  f langes  

( P I .  7 ,  f i g s .  49, 50) . The non-veinal reg ions  are com- 

p r i s e d  of  cel ls  s i m i l a r  t o  t h o s e  on t h e  upper epidermis ,  



except t h a t  t h e y  l a c k  t h e  s t r o n g  tendency t o  appear grouped. 

Veinal a reas  a r e  w e l l  developed beneath lower o r d e r  ve ins  

and a r e  more c l e a r l y  de f ined  t h a n  corresponding reg ions  on 

t h e  upper c u t i c l e .  The zone beneath t h e  primary v e i n  o f  

each lobe i s  composed of  up t o  50  l o n g i t u d i n a l  f i l e s  of 

c e l l s  (PI. 7 ,  f i g .  5 1 ) ,  and r eg ions  beneath t h e  secondary 

veins  c o n s i s t  of  s e v e r a l  rows of l o n g i t u d i n a l l y  o r i en ted  

c e l l s  t h a t  t end  t o  be  longe r  than  c e l l s  from t h e  i n t e r -  

v e i n a l  reg ions .  T e r t i a r y  and h igher  o r d e r  v e i n a l  a r e a s  

a r e  not  s t r o n g l y  developed,  and c o n s i s t  of one t o  s e v e r a l  

rows of  l o n g i t u d i n a l l y  o r i e n t e d  c e l l s  each. 

Sur face  s c u l p t u r e  shows some d i v e r s i t y  i n  t h e  

Brooke specimens, bo th  w i t h i n  i n d i v i d u a l  leaves  and 

between l eaves  o f  t h e  popu la t ion .  Most c e l l s  bear  

s t r i a t i o n s  t h a t  average 1 . 2  ,urn i n  wid th ,  and many 

a l s o  possess  one,  c e n t r a l ,  p a r t i a l l y  s o l i d  p a p i l l a  each 

( P l .  7 ,  f i g s .  52-54). I n  non-pap i l l a t e  c e l l s  t h e  s t r i a -  

t i o n s  e x h i b i t  a  tendency f o r  s u b p a r a l l e l  o r i e n t a t i o n  and 

a r e  continuous between c e l l s ,  bu t  i n  p a p i l l a t e  c e l l s  they  

r a d i a t e  from t h e  p a p i l l a e  and tend  t o  t e rmina te  near  t h e  

a n t i c l i n a l  w a l l s .  Some i n d i v i d u a l  l eaves  completely l ack  

p a p i l l a e ,  bu t  most possess  a  mixture  of p a p i l l a t e  and 

non-papi l la te  c e l l s  (P I .  7 ,  f i g s .  52,  53) and some a r e  

even c h a r a c t e r i z e d  by a  predominance of  p a p i l l a e  on t h e  

lower c u t i c l e  ( P I .  7 ,  f i g .  5  4 )  . I n t e r n a l  s c u l p t u r e  shows 

s i m i l a r  v a r i a b i l i t y ,  r a n g i n g  from smooth t o  somewhat 

granular  ( P 1  . 7 ,  f i g s .  55 ,  5  6 )  ; t h i s  v a r i a t i o n  can be 



observed between d i f f e r e n t  c e l l s  of t h e  same l e a f ,  sugges t ing  

t h a t  it may i n  p a r t  be  a  p r e s e r v a t i o n a l  f e a t u r e .  

The s to rna t a l  a p p a r a t u s  c o n s i s t s  of a  p a i r  of  

s l i g h t l y  sunken guard cel ls  and two t o  many v a r i a b l y  

s p e c i a l i z e d  ne ighbor ing  c e l l s  (PI .  7 ,  f i g s .  52, 54, 58) . 
The p o l e s  a r e  commonly f l a t t e n d  t o  t r u n c a t e ,  and i n  some 

stomata t h e  l a t e r a l  r e g i o n s  o f  t h e  epidermal  w a l l s  a r e  

a l s o  f l a t t e n e d ,  p roduc ing  a  jagged,  somewhat i r r e g u l a r  

s tomata l  o u t l i n e  ( P I .  7 ,  f i g s .  5 4 ,  5 8 ) .  The guard ce l l s  

a r e  t h i n l y  c u t i n i z e d  e x c e p t  a d j a c e n t  t o  t h e  s tornata l  pore ,  

where t h e  c u t i c l e  i s  th i ckened  t o  form o u t e r  and i n n e r  

s tomata l  l e d g e s  (PI .  7 ,  f i g s .  56, I S L ;  f i g .  57, OSL) . 
These ledges  e n c l o s e  f r o n t  and back c a v i t i e s  of  v a r i a b l e  

shape, b u t  g e n e r a l l y  t h e y  are e l o n g a t e  and somewhat po in ted  

a t  t h e  p o l e s .  I n  a d d i t i o n ,  t h e  back c a v i t y  i s  o f t e n  some- 

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

The arrangement  and s p e c i a l i z a t i o n  o f  t h e  neigh- 

bor ing ce l l s  e x h i b i t  much d i v e r s i t y  on an i n d i v i d u a l  

l e a f ,  b u t  u n l i k e  t h e  c o n d i t i o n  i n  Zone I a n g i o s p e n s  t h e  

l a t e r a l  c o n t a c t  c e l l s  a r e  a lmos t  always s p e c i a l i z e d .  These 

and a d j a c e n t  modi f ied  cells form t h e  s u b s i d i a r y  c e l l s ,  

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

compression, d i f f e r e n t  a n t i c l i n a l  w a l l  p a t t e r n ,  and t h i n n e r  

c u t i c l e s  (P I .  7 ,  f i g s .  54-56, 58;  PI .  8 ,  f i g .  5 9 ) .  The sub- 

s i d i a r i e s  commonly bea r  s t r i a t i o n s  which r a d i a t e  from t h e  

s tomata ,  and i n  s t r o n g l y  p a p i l l a t e  l eaves  ( e . g . ,  P I .  7 ,  



f i g .  58) t h e y  a l s o  bea r  p a p i l l a e .  The s tomata l  complexes 

on one l e a f  g e n e r a l l y  conform t o  s e v e r a l  of t h e  commonly 

recognized t y p e s .  Some a r e  p a r a c y t i c ,  w i th  one l a t e r a l  

s u b s i d i a r y  p e r  guard c e l l  ( e - g . ,  P1 .  7 ,  f i g .  54 upper 

s toma).  A number o f  s t o m a t a l  complexes possess  t h r e e  o r  

more l a t e r a l  c o n t a c t  cells  t h a t  e x h i b i t  a t  l e a s t  a  smal l  

amount o f  s p e c i a l i z a t i o n ,  and hence conform t o  t h e  simple 

l a t e r o c y t i c  t y p e  (e. g. , P I .  7 ,  f i g .  5  4 ,  lower stoma) 

and i n  many s tomata  one o r  more c e l l s  ad jacen t  t o  t h e s e  

s u b s i d i a r i e s  a l s o  show modi f i ca t ion ,  producing complex 

l a t e r o c y t i c  s tomata  ( P l .  7 ,  f i g s .  55, 5 8) . Some stomata 

a r e  surrounded by a  r i n g  of  weakly s p e c i a l i z e d  cells,  

conforming t o  t h e  c y c l o c y t i c  type  ( P I .  7 ,  f i g .  56) , 

and i n  o t h e r s  l a t e r o c y t i c  s tomata  a r e  embedded i n  a  

r i n g  of weakly s p e c i a l i z e d  cells .  I n  many s tomata l  

types  t h e  o u t e r  and i n n e r  s u b s i d i a r y  c e l l s  appear t o  

be de r ived  from t h e  t a n g e n t i a l  d i v i s i o n  of protodermal 

c e l l s  nea r  t h e  end of development, s i n c e  t h e  t a n g e n t i a l  

w a l l s  of  t h e  s u b s i d i a r i e s  a r e  o f t e n  l e s s  c u t i n i z e d  than  

t h e  r a d i a l  w a l l s ,  and i n  some stomata t h e r e  i s  one 

p a p i l l a  l o c a t e d  ove r  t h e  c u t i c u l a r  f l a n g e  which sepa ra t e s  

an o u t e r  and an i n n e r  s u b s i d i a r y  c e l l  ( P l .  7, f i g .  5 8 ) .  

The o u t l i n e  formed by t h e  t a n g e n t i a l  wa l l s  of t h e  

s u b s i d i a r y  may be smooth, b u t  most o f t e n  it i s  jagged, 

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

and/or  t h e  d i f f e r e n c e  i n  t h e  r a d i a l  dimensions of  two 



a d j a c e n t  s u b s i d i a r i e s  ( P I .  7 ,  f i g s .  5 4 ,  55,  58) . 
Two types  of h a i r  bases  a r e  found on t h e  lower 

c u t i c l e .  They a r e  both  s i m i l a r  t o  h a i r  bases from t h e  upper 

c u t i c l e ,  bu t  e x h i b i t  a  wider  range of s t r u c t u r a l  v a r i a t i o n  

t h a n  t h e i r  upper epidermal  coun te rpa r t s  and tend t o  

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

t o  t h e  lower epidermis .  

The f i r s t  h a i r  base  t y p e ,  found i n f r e q u e n t l y  on 

some specimens, c o n s i s t s  of a  polygonal f o o t  c e l l  and 

s e v e r a l ,  o f t e n  r a d i a l l y  e longa te  base cel ls  ( P l .  8 ,  f i g s .  

60-63). Unlike Zone I l e a v e s ,  t h e  s i z e  of  t h e  f o o t  i s  

v a r i a b l e ,  ranging from s i g n i f i c a n t l y  smal le r  t o  much longer  

than  t h e  ad jacen t  c e l l s .  The o u t l i n e  of t h e  f o o t  c e l l  

ranges from i s o d i a m e t r i c  t o  e longa te  and i r r e g u l a r l y  

branched, a s  i n  Zone I forms, bu t  t h e  shape of t h e  lumen 

i s  more d i v e r s e :  i n  most f o o t  c e l l s  it is  t h e  same a s  t h e  

o v e r a l l  o u t l i n e  of t h e  c e l l ,  but  i n  a t  l e a s t  one t h e  a n t i -  

c l i n a l  w a l l s  a r e  unevenly c u t i n i z e d ,  producing a  lumen t h a t  

appea r s  c i r c u l a r  i n  s u r f a c e  view ( P l .  8 ,  f i g .  63 ) .  This 

l a t t e r  h a i r  base i s  n e a r l y  i d e n t i c a l  t o  t h e  type  which 

c h a r a c t e r i z e s  P la t ano id  # 2 ,  except  t h a t  it lacks  a  pore and 

t h e  o u t e r  c u t i c l e  i s  p u n c t a t e .  The puncta te  o u t e r  c u t i c l e  

i n  many f o o t  c e l l s  and t h e  t o t a l  absence of a s soc ia t ed  

t r ichomes o r  tr ichome a b s c i s s i o n  s c a r s ,  however, sugges ts  

t h a t  t h e s e  s t r u c t u r e s  may be i d i o b l a s t s  r a t h e r  than  h a i r  

bases .  



The second h a i r  base type ,  a l s o  found i n  low frequen- 

cy, c o n s i s t s  of a  rounded trichome absc iss ion  s c a r  and two 

o r  more subtending c e l l s  (P l .  8 ,  f i g s .  64-72). Because of 

i t s  s i m i l a r i t y  t o  t h e  r a d i o s t r i a t e  h a i r  bases found i n  Zone 

I angiosperm leaves  t h i s  s t r u c t u r e s  i s  termed t h e  "complex 

r a d i o s t r i a t e "  trichorne base.  The s c a r  ranges from c i r c u l a r  

t o  e l l i p t i c a l  i n  shape, and i s  formed of a  r idge  of c u t i n  

t h a t  bears  r a d i a t i n g  s t r i a t i o n s .  I n  a  few ins tances  t h e  

basa l  c e l l  of t h e  h a i r  possesses  one o r  more cu t in ized  

pro t rus ions  t h a t  a r e  cont inuous with t h e  s c a r  and or iented  

p a r a l l e l  t o  t h e  epidermis ,  g iv ing  t h e  sca r  a  c h a r a c t e r i s t i c  

"plumed" appearance ( P l .  8 ,  f i g .  6 4 ,  P I . )  . The placement 

of t h e  s c a r  and t h e  s p e c i a l i z a t i o n  of t h e  underlying c e l l s  

show a  v a r i a b i l i t y  both w i t h i n  ind iv idua l  leaves and 

between d i f f e r e n t  l e a v e s ,  producing a  s e r i e s  of intergrad-  

ing morphotypes. I n  some ins tances  two f o o t  c e l l s  with 

thickened f l anges  bea r  t h e  trichome along t h e  zone of 

contac t  (Pl .  8, f i g .  6 5 ) ,  but  i n  o t h e r s  only one of t h e  

two c e l l s  bea r s  t h e  tr ichome ( P I .  8 ,  f i g .  6 6 )  and i n  some 

h a i r  bases t h e  tr ichome may be placed over t h e  junction of 

one of two s p e c i a l i z e d  c e l l s  and an adjacent  unspecial ized 

c e l l  ( P l .  8, f i g .  67 ) .  Sometimes t h e  absc iss ion  sca r  r e s t s  

on s e v e r a l  c e l l s  wi th  t h i c k  c u t i c u l a r  f l anges ,  which may be 

a s  l a r g e  a s  t h e  ad jacen t  c e l l s  o r  s i g n i f i c a n t l y  smaller 

than them (Pl .  8 ,  f i g s .  68, 69) .  I n  s t i l l  o t h e r  cases  t h e  

sca r  i s  subtended by cells t h a t  e x h i b i t  no s u b s t a n t i a l  

modification (P l .  8, f i g s .  70-72) . Compressed h a i r s  a r e  



occas iona l ly  a t t a c h e d  t o  t h e  h a i r  bases ,  and i n  every 

case they a r e  u n i c e l l u l a r  and hemispherical  t o  e longa te ,  

wi th  a  puncta te  c u t i c l e ,  sugges t ing  a  g landular  

func t ion  (PI .  8 ,  f i g s .  6 5 ,  71) . This i n f e r r e d  func t ion  i s  

f u r t h e r  supported by t h e  f a c t  t h a t  i n  many of t h e  more 

heavi ly  c u t i n i z e d  t r ichomes t h e r e  i s  a  c i r c u l a r  t o  ova l  

zone of weakness i n  t h e  o u t e r  c u t i c l e  which allows t h e  

c e n t r a l  reg ion  t o  a c t  a s  an operculum (PI .  8 ,  f i g .  6 6 ,  arrow) . 
I n  a d d i t i o n  t o  t h e s e  tr ichomes many leaves  bear  

s t r u c t u r e s  which a r e  s i m i l a r  t o  t h e  a b a x i a l  glands p resen t  

i n  Zone I l eaves .  Each c o n s i s t s  of a  s i n g l e ,  c i r c u l a r  

s ec re to ry  c e l l  w i t h  a  t h i n  o u t e r  c u t i c l e  and s e v e r a l  

ad jacent ,  unmodified ce l l s  t h a t  a r e  l e v e l  w i th  t h e  

sec re to ry  c e l l  o r  u n d e r t h r u s t  it t o  va r ious  degrees (P l .  

8,  f i g s .  73-77). The o u t e r  w a l l  of t h e  s e c r e t o r y  c e l l  

d i sp lays  s u b s t a n t i a l  v a r i a t i o n  i n  i t s  shape on both 

ind iv idua l  l eaves  and between d i f f e r e n t  l eaves ,  ranging 

from f l a t  and l e v e l  w i t h  t h e  rest of  t h e  epidermis t o  

c y l i n d r i c a l  and s t r o n g l y  p ro t rud ing .  I n  t h e  l a t t e r  case  

t h e  c e n t r a l  a r e a  sometimes l a c k s  c u t i c l e ,  sugges t ing  

t h a t  t h e  s t r u c t u r e  may r e p r e s e n t  t h e  b a s a l  p a r t  of a  

glandular  h a i r  (PI .  8 ,  f i g .  7 7 ) .  Occasional ly  t h e  o u t e r  

c u t i c l e  of t h e  s e c r e t o r y  c e l l  i s  puncta te  ( P I .  8 ,  f i g .  731 , 

making t h e  d i f f e r e n t i a t i o n  of  glands and t h e  prev ious ly  

mentioned s e c r e t o r y  t r ichomes d i f f i c u l t  and somewhat 

a r b i t r a r y ;  however, t h e s e  v a r i a n t s  can gene ra l ly  be 



dis t inguished  from t h e  l a t t e r  by t h e  absence of r a d i a t i n g  

s t r i a t i o n s  and t h e  on ly  p a r t i a l  unde r th rus t ing  of t h e  

surrounding c e l l s .  

Pinnately-Compound Sapindopsis 

P i n n a t e l y  compound l e a v e s  wi th  organic  preserva- 

t i o n  a r e  known from t h r e e  l o c a l i t i e s  i n  Maryland 

dated a s  upper Subzone T I - B  by Doyle and Hickey (1976): 

(1) West Bro the r s ,  n e a r  Washington, D.C . ,  ( 2 )  Stump Neck, 

southwest of Washington, D.C. ,  near  t h e  Potornac River ,  and 

( 3 )  Red P o i n t ,  a t  t h e  n o r t h e r n  end of Chesapeake Bay. 

Most of t h e  m a t e r i a l s  a r e  f ragmentary,  b u t  t h e i r  numerous 

s i m i l a r i t i e s  i n  v e n a t i o n  and c u t i c l e  s t r u c t u r e  t o  whole 

leaves  i n d i c a t e  t h a t  t h e y  a l l  belong t o  t h e  same complex. 

While t h e r e  i s  some d i v e r s i t y  i n  l e a f  a r c h i t e c t u r e  and 

c u t i c u l a r  anatomy bo th  w i t h i n  and between popula t ions ,  

t h e r e  i s  no c l e a r - c u t  way t o  a s s i g n  t h e s e  remains t o  more 

than one taxon. Hence, t h e  fo l lowing  d e s c r i p t i o n s  w i l l  ' 

r e f e r  t o  a l l  t h e  m a t e r i a l s ,  except  when a  p a r t i c u l a r  

c h a r a c t e r i s t i c  is  r e s t r i c t e d  t o  on ly  one o r  two l o c a l i t i e s .  

The l e a f l e t s  are s l i g h t l y  t o  s t r o n g l y  asymmetric 

a t  t h e  base and range  from e l l i p t i c  t o  ova te  i n  shape,  

with L/W from 2 t o  5 ( P I .  9 ,  f i g s .  78-80, 8 3 ) .  When 

preserved t h e  apex i s  a c u t e  ( P l .  9 ,  f i g .  78A) and t h e  

base ranges from c u n e a t e  t o  decu r ren t ,w i th  each l e a f l e t  

possessing a  d i s t i n c t  p e t i o l u l e  ( P I .  9 ,  f i g s .  78B, 8 3 )  . Con- 

t r a r y  t o  Hickey and Doyle (1977) laminar r e s i n  glands 



a r e  not  p resen t  i n  any of t h e s e  leaves:  examination of 

l e a f l e t s  with t h e  SEM i n d i c a t e s  t h a t  t h e  supposed glands 

a r e  i n  f a c t  epidermal e r u p t i o n s  of probable fungal  o r i g i n  

( P l .  9 ,  f i g .  8 4 ) .  The l e a f l e t s  have brochidrodrornous t o  

eucamptodromous secondary v e i n s  t h a t  gent ly  curve towards 

the  apex ( P l .  9 ,  f i g s .  78-83). Their number ranges from 8 

t o  1 6  and both t h e  t h i c k n e s s  of t h e  secondaries r e l a t i v e  

t o  t h e  primary ve in  and t h e i r  spacing a r e  inve r se ly  cor- 

r e l a t e d  with t h e i r  number. Intersecondary ve ins  a r e  pre- 

sent  and connect with both t h e  secondaries  and t e r t i a r i e s  

( P l .  9 ,  f i g .  81 ) .  The t e r t i a r y  venat ion i s  r e t i c u l a t e  and 

may be d i r e c t e d  ob l ique ly  t r a n v e r s e  t o  t h e  secondaries  and/ 

o r  p a r a l l e l  t o  them. The o r i e n t a t i o n  of t h e  t e r t i a r i e s ,  

which may vary between d i f f e r e n t  p a i r s  of secondary v e i n s  . , 

on t h e  same l e a f  and d i f f e r e n t  leaves  of a populat ion,  i s  

p a r t i a l l y  a func t ion  of  t h e i r  angle of o r i g i n .  T e r t i a r y  

veins  always o r i g i n a t e  a t  a c u t e  angles  on t h e  primary v e i n s  

and on t h e  exmedial ( b a s a l )  s i d e  of t h e  secondaries,  b u t  

vary widely i n  t h e i r  divergence angles  on t h e  admedial 

( ap ica l )  s i d e  of t h e  secondary veins .  Near t h e  margin t h e  

t e r t i a r i e s  g e n e r a l l y  a r i s e  a t  an obtuse angle ,  but  towards 

t h e  midvein t h e i r  angle  of o r i g i n  ranges from acute  t o  ob- 

tuse .  I n  t h e  f i r s t  extreme t h e  t e r t i a r i e s  have an ascend- 

ing appearance, while  i n  t h e  l a t t e r  they  a l l  appear t o  des- 

cend towards t h e  midvein; most leaves  possess a mixture of 

t h e  two condi t ions  ( P l .  9 ,  f i g s .  80,811 . The former s i t u a -  

t i o n  i s  more common a t  West Brothers ,  while t h e  l a t t e r  i s  



c h a r a c t e r i s t i c  of Red P o i n t  ma te r i a l s ;  Stump Neck leaves 

a re  in te rmedia te  i n  t h i s  r e spec t .  The quaternary and 

higher o rde r  venat ion  i s  r e t i c u l a t e  and not  always well  

preserved. The u l t i m a t e  venat ion was not  seen. 

Upper Cuticle--The upper c u t i c l e  of t h e  p innate ly  compound 

leaves i s  genera l ly  a s  t h i c k  a s  i n  t h e  p i n n i t a f i d  leaves 

(Pl .  10 ,  f i g s .  85-89) . The c e l l s  of t h e  upper epidermis 

a re  s l i g h t l y  smal ler  than  i n  t h e  Brooke mate r i a l s ,  

measuring 12-50 by 11-37 p, but  have a  s imi la r  form 

and p a t t e r n  of  o rgan iza t ion .  The non-veinal c e l l s  have 

a  mixed shape and f o u r  t o  s i x ,  s t r a i g h t  o r  curved an t i -  

c l i n a l  wa l l s  ( P l .  10,  f i g s .  85, 86, 88, 89) .  In  most 

specimens t h e s e  c e l l s  have a  grouped appearance, a s  i n  t h e  

p i n n a t i f i d  l eaves ,  bu t  t h i s  i s  d i f f i c u l t  t o  see  i n  a  few 

leaves from West Brothers  wi th  predominantly isodiametr ic  

c e l l s  ( P l .  10,  f i g .  8 8 ) .  Veinal regions lack the  grouped 

appearance of t h e  c e l l s  and a r e  wel l  developed only above 

the  primary ve in .  The primary ve ina l  zone i s  comprised 

of up t o  SO o r  more rows of loose ly  organized c e l l s  ( P l .  

10, f i g .  87).  Stomata a r e  sometimes present  i n  t h i s  area 

and resemble t h o s e  from t h e  lower epidermis i n  most s t ruc-  

t u r a l  f e a t u r e s .  Higher o r d e r  v e i n a l  regions lack stomata 

and c o n s i s t  of  two o r  more rows of c e l l s  each. 

The s u r f a c e  of t h e  upper c u t i c l e  ranges from smooth 

t o  s t r i a t e ,  a s  i n  t h e  p i n n a t i f i d  leaves (P l .  1 0 ,  f i g s .  85- 

87 ,  90) .  The s t r i a t i o n s  a r e  l e s s  than one p wide and 



resemble s t r i a t i o n s  from t h e  lower c u t i c l e  i n  o r i e n t a t i o n .  

P a p i l l a t e  s c u l p t u r e  i s  r a r e  and only found i n  some West 

Brothers  specimens: when p r e s e n t ,  t h e  ma jo r i t y  o f  c e l l s  on 

an ep idermis  posses s  p a p i l l a e .  I n  some leaves  t h e  p a p i l l a e  

a r e  s h o r t  and c o n s i s t  of  th ickened  reg ions  i n  t h e  o u t e r  

c u t i c l e  (P l .  10 ,  f i g .  88) , b u t  i n  o t h e r s  they  p r o j e c t  more 

s t r o n g l y  and a r e  complete ly  hollow (P l .  1 0 ,  f i g .  89) . 
I n t e r n a l  s c u l p t u r e  ranges  from smooth t o  g r a n u l a r ,  a s  i n  

t h e  p i n n a t i f i d  l eaves .  

The h a i r  bases  on t h e  upper c u t i c l e  s t r o n g l y  

resemble t h e  two t y p e s  found i n  t h e  p i n n a t i f i d  l eaves .  

The f i r s t  t y p e  c o n s i s t s  o f  a  th ickened ,  polygonal  f o o t  

c e l l  and s e v e r a l  s c a r c e l y  modif ied base  c e l l s  ( P l .  10 ,  

f i g s .  90, 9 1 ) .  T h i s  h a i r  base  i s  i d e n t i c a l  t o  i t s  counte r -  

p a r t  i n  p i n n a t i f i d  Sapindops is  i n  p r a c t i c a l l y  a l l  

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

i n  f o o t  ce l l  shape ,  deg ree  o f  base  c e l l  unde r th rus t ing ,  

base c e l l  o r i e n t a t i o n ,  and h a i r  base d i s t r i b u t i o n .  The 

second type  i s  a  v a r i a n t  o f  t h e  complex r a d i o s t r i a t e  

h a i r  base  (PI .  10 ,  f i g s .  92-96) . A s  i n  t h e  Brooke 

specimens t h e  t r i chome a b s c i s s i o n  s c a r  c o n s i s t s  o f  a  

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

t h e  r a d i a t i n g  s t r i a t i o n s  a r e  absen t  and t h e  shape ranges  

from c i r c u l a r  ( P I .  10 ,  f i g s .  92, 93) o r  i r r e g u l a r l y  

lobed (PI .  10 ,  f i g s .  94, 95) t o  e longa te  (PI.  1 0 ,  f i g .  

9 6 ) .  Genera l ly  each  t r i chome a b s c i s s i o n  s c a r  i s  

subtended by two t o  many base  c e l l s  t h a t  e x h i b i t  



some d i v e r s i t y  i n  s i z e .  A t  one extreme t h e  base cells  

a r e  a s  l a rge  a s  t h e  unmodified c e l l s  ( f o r  example, PI .  1 0 ,  

f i g .  9 3 ) ,  while  a t  t h e  o t h e r  they  a r e  a l l  s i g n i f i c a n t l y  

smal ler  ( P I .  10 ,  f i g s .  94-97) ; i n  t h e  l a t t e r  i n s t a n c e  t h e  

region occupied by t h e  base  c e l l s  has a  s i m i l a r  s i z e  and 

shape t o  t h e  t r ichome a b s c i s s i o n  s c a r .  This p a t t e r n  of  

v a r i a t i o n  i n  base c e l l  s i z e  i s  present  both on i n d i v i d u a l  

leaves  and between d i f f e r e n t  leaves  i n  t h e  West  roth hers 

and Stump Neck popu la t ions ,  w i t h  specimens from t h e  

l a t t e r  l o c a l i t y  g e n e r a l l y  showing higher  degree of base  

c e l l  modi f ica t ion .  Trichomes a r e  a t t ached  t o  a  few h a i r  

bases,  and i n  a l l  c a s e s  t h e y  a r e  low-lying s t r u c t u r e s  

which a r e  a t t ached  t o  t h e  epidermis  by t h e i r  long axes  

( P I .  1 0 ,  f i g s .  93-95) . These tr ichomes always p o s s e s s  

a  t h i n ,  punctate  c u t i c l e ,  sugges t ing  a g landular  

funct ion.  

Lower Cuticle--The lower c u t i c l e  i s  u s u a l l y  a s  t h i c k  as 

t h e  upper c u t i c l e  of  t h e  same l e a f .  The non-veinal  c e l l s  

a r e  approximately t h e  same s i z e  a s  t h o s e  on t h e  upper 

epidermis, measuring 10-45 by 8-37 p, and a r e  

s i m i l a r  i n  shape and number of a n t i c l i n a l  wa l l s  ( P l .  1 0 ,  

f i g .  98) . Unlike t h e  cel ls  of  t h e  upper ep idermis ,  how- 

ever ,  they lack  a grouped appearance and, on most l e a v e s ,  

have undulate a n t i c l i n a l  w a l l s ,  wi th  up t o  5  wavelengths/  

s i d e  and a  maximum ampli tude of 6 p. Veinal a r e a s ,  a s  i n  

p i n n a t i f i d  Sapindops is ,  a r e  most s t r o n g l y  developed on t h e  



lower c u t i c l e .  The pr imary v e i n a l  reg ion  of  each l e a f l e t  

c o n s i s t s  of  up t o  100 l o n g i t u d i n a l  f i l e s  of  predominantly 

fou r - s ided  c e l l s  ( P I .  11, f i g .  9 9 )  . Secondary v e i n a l  

r e g i o n s  are r e l a t i v e l y  t h i n  and c o n s i s t  of  up t o  1 0  rows 

of f o u r  t o  s i x  s ided  c e l l s ,  which sometimes a r e  much 

l o n g e r  t h a n  t h e  a d j a c e n t  c e l l s ,  whi le  t e r t i a r y  and higher  

o r d e r  v e i n a l  zones a r e  v a r i a b l e  i n  t h e i r  development and 

c o n s i s t  o f  one t o  s e v e r a l  rows of  c e l l s  each. 

S c u l p t u r a l  f e a t u r e s  i n  t h e  p i n n a t e l y  compound 

l e a v e s  are a l s o  v e r y  s i m i l a r  t o  t hose  i n  t h e  p i n n a t i f i d  

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

p s i l a t e ,  w i t h  most l e a v e s  f a l l i n g  somewhere i n  t h e  middle 

( P l .  11, f i g s .  100, 1 0 1 ) ;  when p r e s e n t ,  t h e  s t r i a t i o n s  

measure under  1 p wide,  u n l i k e  t hose  o f  t h e  p i n n a t i f i d  

l eaves .  P a p i l l a e  are known o n l y  from a  few W e s t  Brothers 

specimens,  where t h e y  occu r  on t h e  m a j o r i t y  of c e l l s ,  

and c o n s i s t  o f  t h i c k e n i n g s  i n  t h e  o u t e r  c u t i c l e ,  a s  on t h e  

upper l e a f  s u r f  ace .  I n t e r n a l  s c u l p t u r e  ranges  from smooth 

i n  t h e  t h i n n e r  c u t i c l e s  ( P l .  11, f i g .  104) t o  somewhat 

g r a n u l a r  i n  t h i c k e r  ones ( P l .  11, f i g .  1 0 2 ) .  

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

t o  t h a t  s e e n  i n  Sapindops is  v a r i a b i l i s  i n  i t s  e s s e n t i a l  

f e a t u r e s .  The s tomata  a r e  l e v e l  w i th  t h e  epidermis t o  

s l i g h t l y  sunken (P I .  11, f i g s .  100,  101) and measure 

13-42 by 7-25 urn. The s t o m a t a l  o u t l i n e  i s  e l l i p t i c ,  

a s  i s  - S. v a r i a b i l i s ,  b u t  t h e  p o l e s  a r e  rounded t o  

f l a t t e n e d  and never  t r u n c a t e  ( P I .  11, f i g s .  100,  103-105). 



The c u t i c l e  o f  t h e  guard cel ls  i s  t h i n  except  near  t h e  , 

s toma ta l  p o r e ,  where it i s  thickened t o  form o u t e r  and 

i n n e r  s t o m a t a l  l edges  ( P l .  11, f i g s .  101, 1 0 2 ) .  The shape 

of t h e  f r o n t  and back c a v i t i e s  i s  gene ra l ly  e longa te  

and somewhat p o i n t e d  a t  t h e  ends  (PI.  11, f i g s .  100- 

1 0 5 ) .  

The arrangement  and s p e c i a l i z a t i o n  of  t h e  

neighboring cel ls  i s  e s s e n t i a l l y  t h e  same a s  t h a t  seen i n  

S. v a r i a b i l i s ,  excep t  t h a t  some stomata possess  a s  many a s  - 

four  o r d e r s  of  s p e c i a l i z e d  c e l l s .  The l a t e r a l  con tac t  

c e l l s  always show some s p e c i a l i z a t i o n ,  as evidenced by 

t h e i r  s i m i l a r  s i z e ,  r a d i a l  compression, d i s t i n c t  a n t i c l i n a l  

w a l l  p a t t e r n ,  and c u t i c u l a r  t h i n n i n g  (P l .  11, f i g s .  100- 

1 0 5 ) .  Of ten  t h e s e  c e l l s  b e a r  s t r i a t i o n s  t h a t  r a d i a t e  from 

t h e  s tomata  ( P l .  11, f i g .  l o o ) ,  bu t  i n  c o n t r a s t  t o  t h e  

s i t u a t i o n  i n  t h e  p i n n a t i f i d  l e a v e s  p a p i l l a e  a r e  always 

absent .  P o l a r  , c o n t a c t  c e l l s  and o t h e r  c e l l s  ad j acen t  t o  

t h e  c o n t a c t  c e l l s  o f t e n  show s p e c i a l i z a t i o n  a s  w e l l ,  but  they 

tend to  l a c k  t h e  t h i n  o u t e r  c u t i c l e s  c h a r a c t e r i s t i c  of t h e  

l a t e r a l  c o n t a c t  c e l l s .  Though some p a r a c y t i c  stomata a r e  

encountered (P I .  .11, f i g .  103,  f a r  l e f t  s t oma) ,  t h e  majo- 

r i t y  cor respond  t o  some form of l a t e r o c y t i c  o r  cyc locy t i c .  

Some s tomata  are s imple  l a t e r o c y t i c  ( e . g . ,  P1. 11, f i g .  

100, lower s t o m a t a ) ,  b u t  many s tomata  a r e  weakly cyc locy t i c  

( P l .  11, f i g .  103,  lower two s tomata;  f i g .  105, lower r i g h t  

stoma) and o t h e r  l a t e r o c y t i c  s tomata  a r e  embedded i n  a  



partial to complete ring of weakly specialized cells 

(e.g., P1. 11, fig. 104). While it is possible for all of 

these subsidiary cell patterns to exist on the same leaf, 

only two or three are predominant in most leaves. How- 

ever, these different stornatal types are all considered 

part of a more general stomata1 pattern, since the 

frequency of the different stornatal types on an individual 

leaf seems to show continuous variation within a population. 

Two types of probable hair bases/hairs occur on 

the lower cuticle, which are similar to types found on 

the upper leaf surface. Like - S. variabilis, the 

distinction between these two types and abaxial secretory 

structures is not hard and fast, and within 'an entire 

population it is common to see complete intergradation 

between these two classes of structures, making their 

distinction somewhat arbitrary. The first type of hair 

base consists of a polygonal, somewhat thickened foot cell 

and several underthrusting base cells that sometimes 

exhibit radial orientation (Pl. 12, fig. 106) . Rare 

variants include larger, more highly branched polygonal 

cells with thin outer cuticles (Pl. 12, fig. 107) and 

rounded cells with very thin outer cuticles (Pl. 12, fig. 

108) , which closely resemble abaxial glands (cf. below) . 
These "hair bases" (which could, in fact, represent 

idioblasts in at least some cases, since no attached hairs 



have been found) almost always occur s ingly ,  but  sometimes 

they a r e  organized i n t o  c l u s t e r s  of two o r  more cel ls  

( P l .  1 2 ,  f i g s .  1 0 9 - 1 1 1 ,  a r rows) .  The second type  o f  h a i r  

base i s  t h e  "complex r a d i o s t r i a t e "  h a i r  base, which shows 

even more s t r u c t u r a l  d i v e r s i t y  than i n  t h e  p i n n a t i f i d  

leaves. The shape of t h e  trichome o r  i t s  a b s c i s s i o n  scar 

i n  surface view i s  v a r i a b l e ,  ranging from c i r c u l a r  ( P I .  

1 2 ,  f i g .  1 1 2 ) ,  somewhat loba te  (Pl .  1 2 ,  f i g .  1 1 3 ) ,  o r  el- 

l i p t i c a l  ( P l .  1 2 ,  f i g .  1 1 4 ,  arrows) t o  extremely e longa te  

( P l .  12, f i g s .  115, 1 1 6 ) ,  and preserved h a i r s  a r e  never 

t a l l e r  than t h e y  a r e  broad. Radiating s t r i a t i o n s  range 

from s t rong ly  developed t o  almost completely absent .  When 

t h e  trichorne i s  t h i n l y  c u t i n i z e d  t h e  junction of  i t s  o u t e r  

wall  and t h e  o t h e r  epidermal c e l l s  is  t h i c k l y  c u t i n i z e d  

(e.g., P1. 1 2 ,  f i g .  1 1 5 ) ,  but  when t h e  outer  c u t i c l e  of 

the  trichome i s  t h i c k  t h i s  f e a t u r e  i s  absent ( P l .  1 2 ,  

f igs .  1 1 2 ,  1 1 3 ) .  Some h a i r s  have c i r c u l a r  t o  o v a l  zones 

of weakness on t h e i r  o u t e r  su r faces ,  producing opercu la  

s imilar  t o  t h o s e  seen i n  - S. v a r i a b i l i s  (e.g. P 1 .  1 2 ,  f i g .  

113, O P ) .  The presence of t h i n  c u t i c l e s  and/or opercu la  

' o n  many of t h e s e  h a i r s  sugges ts  t h a t  a t  l e a s t  some had a 

glandular f u n c t i o n .  Others have one o r  more heav i ly  c u t i -  

nized l a t e r a l  p r o t r u s i o n s  t h a t  a r e  wider than t h e  str ia- 

t i o n s  ( P l .  12 ,  f i g s .  115-117, arrows) , again t y p i c a l  of - S.  



variabilis. Subtending cells show a comparable diversity in 

number, arrangement, and specialization. A few hairs are 

attached to the center of one epidermal cell: this cell 

is generally unmodified, but in one Red Point hair base it 

is smaller than the adjacent cells and has straight anti- 

clinal walls, as in Zone I forms (PI. 12, fig. 112). 

Most hairs are subtended by two or more epidermal cells 

which show the same variable pattern of specialization as 

on the upper cuticle (Pl. 12, figs. 113-116) , and in a 
few rare instances the trichome abscission scar is 

elevated above the surface of the epidermis by one or two 

polygonal, straight walled, thinly cutinized cells (PI. 12, 

figs. 118, 119) . The hairs and hair bases generally occur 

singly, but in one specimen from Stump Neck they are also 

found in clusters (PI. 12, fig. 120). 

Abaxial structures with an inferred secretory 

function are present in many leaves. Each consists of one 

(rarely two) round, specialized cell (s) and several adjacent, 

scarcely modified cells (Pl. 13, figs. 121-125). The special- 

ized cells have a thin outer cuticle and occasionally 

possess maceration-resistant contents, suggesting a 

secretory function (Pl. 13, fig. 123). As in the pinnati- 

fid leaves the three-dimensional shape of the secretory 

cells exhibits much variation, even on an individual leaf. 

Some secretory cells are flat and tabular in shape (Pl. 13, 

figs. 122-124), but others are hemispherical or bulbous 



and some a r e  even c y l i n d r i c a l  ( P l .  13 ,  f i g s .  121, 125) . 
Cyl indr ica l  c e l l s  o f t e n  l a c k  c u t i c l e  i n  t h e i r  c e n t r a l  

regions ,  sugges t ing  t h a t  t h e y  r e p r e s e n t  t h e  bases of 

glandular  h a i r s  o r  s t a l k e d  g lands  ( P l .  13,  f i g .  1 2 1 ) .  

A few sec re to ry  c e l l s  pos ses s  opercu la  on t h e i r  ou t e r  

wa l l s ,  r e c a l l i n g  some h a i r s  a t t ached  t o  "complex r a d i a s t r i a t e t l  

h a i r  bases (P l .  1 3 ,  f i g .  126) . Each s e c r e t o r y  c e l l  a l s o  

e x h i b i t s  much v a r i a t i o n  i n  i t s  p o s i t i o n  r e l a t i v e  t o  t h e  

adjacent  c e l l s ,  a s  i n  t h e  p i n n a t i f i d  l eaves .  I n  some 

cases  it is  l e v e l  w i t h  t h e  a d j a c e n t  c e l l s  (P l .  13 ,  f i g s .  

121-123), bu t  i n  o t h e r s  it i s  p a r t i a l l y  o r  completely 

under thrus t  by them ( P I .  13 ,  f i g s .  124, 125 ) .  These 

subtending c e l l s  show l i t t l e  mod i f i ca t ion  except  f o r  

occasional  r a d i a l  e l o n g a t i o n .  

F ina l ly  one p r o s t r a t e  h a i r  was found a t tached  t o  

a  poorly s p e c i a l i z e d  c e l l  i n  one W e s t  Brothers  specimen 

(P l .  13, f i g .  127 ) .  L i t t l e  can be  s a i d  about i t s  

s t r u c t u r e  s i n c e  t h e  a p i c a l  r e g i o n s  a r e  l ack ing .  



The P l a t a n o i d s  

A number of o r g a n i c a l l y  preserved l e a f  fragments 

ass ignable  t o  t h e  p l a t a n o i d  complex occur i n  c o l l e c t i o n s  

from Stump Neck. These m a t e r i a l s  possess a t  l e a s t  one of t h e  

following f e t u r e s  which a r e  c h a r a c t e r i s t i c  of t h e  p la tanoids  

and t h e i r  i n f e r r e d  r e l a t i v e s  i n  t h e  Potomac Group ( c f .  

Hickey and Doyle, 1977) : (1) palinactinodromous 

primary vena t ion ,  ( 2 )  t r i l o b a t e  shape,  and ( 3 )  percur ren t  

t e r t i a r y  vena t ion ,  o f t e n  wi th  s t i t c h e d  i n t e r t e r t i a r y  

veins .  Though o n l y  t e n  d i f f e r e n t  l ea f  c u t i c l e s  were 

s tudied i n  d e t a i l ,  t h r e e  d i s t i n c t  groups can be recognized 

on t h e  b a s i s  of h a i r  base  s t r u c t u r e ,  presence o r  absence 

of glands,  gland t y p e ,  and c e l l  s i z e .  I t  i s  d i f f i c u l t  

t o  determine how s t r o n g l y  l e a f  a r c h i t e c t u r e  c o r r e l a t e s  

wi th  c u t i c u l a r  anatomy, s i n c e  t h e  p re se rva t ion  of t h e  

ma te r i a l s  i s  f ragmentary,  b u t  s e v e r a l  d i s t i n c t i v e  f ea tu re s  

of venation and margin were s een  i n  only one o r  two 

c u t i c l e  groups. Hence, t h e  fo l lowing  d e s c r i p t i o n s  of 

leaf  a r c h i t e c t u r e  should be considered t e n t a t i v e ,  

pending t h e  s tudy  of  more complete m a t e r i a l s .  

P l a t a n o i d  Type #1 

Each of t h e  f o u r  specimens from t h i s  c u t i c l e  

group lacks  an apex,  base ,  and evidence of  loba t ion .  The 

margin i s  absent  from t h e  a p i c a l  reg ions  of  t h e  l e a f ,  bu t  

it i s  e n t i r e  near  t h e  base  ( P I .  1 3 ,  f i g s .  128, 1 2 9 ) .  



The primary v e n a t i o n  i s  palinactinodromous;  t h a t  i s ,  w i th  

a c e n t r a l  pr imary v e i n  and two l a t e r a l  p r imar ies  t h a t  

d iverge from it a t  s l i g h t l y  d i f f e r e n t  p o i n t s  (P l .  13 ,  

f i g .  128) .  The l a t e r a l  p r i m a r i e s  o r i g i n a t e  w e l l  above 

t h e  lea f  base  and each produces a t  l e a s t  two th inne r  basa l  

branches t h a t  curve  away from t h e  base t o  connect  w i t h  t h e  

supradjacent  branch ( P l .  1 3 ,  f i g .  129) .  The secondary 

veins  a r e  t h i c k  r e l a t i v e  t o  t h e  pr imar ies  and a r i s e  a t  

an acu te  angle ;  t h e  one connec t ion  observed between two 

adjacent  secondary v e i n s  i s  brochidodromous. The t e r t i a r y  

veins  a r e  p r e c u r r e n t ,  g e n e r a l l y  branched, have a convex 

o r  sinuous shape ,  and a r i s e  a t  a c u t e  o r  r i g h t  ang le s ,  (P l .  

13,  f i g .  130, T ) .  The q u a t e r n a r y  vena t ion  i s  r e t i c u l a t e ,  

and a s  i n  many s p e c i e s  of e x t a n t  P l a t anus ,  t h e r e  a r e  s t i t c h e d  

i n t e r t e r t i a r i e s ,  a t  l e a s t  between t h e  primary ve ins  (P l .  

13, f i g .  130, I T )  . The f i f t h  and higher  o r d e r s  of venation 

a r e  d i f f i c u l t  t o  s e e  on t h e  specimens. 

Upper Cuticle--The upper c u t i c l e  of P la tanoid  Type #1 has 

a s t rong  tendency t o  d i s i n t e g r a t e  upon maceration.  When it 

is  preserved it has  a medium t h i c k n e s s  and wel l -def ined 

f langes  and t h e  c e l l s  measure 27-60 by 15-45 ,urn. The 

c e l l s  of non-veinal  r e g i o n s  have mixed shape and four  

t o  s i x ,  curved t o  r a r e l y  undu la t e  a n t i c l i n a l  w a l l s ,  w i th  

up t o  one wavelength p e r  s i d e  an an amplitude n o t  exceed- 

i ng  2 . 5 ~  ( P l .  1 4 ,  f i g .  1 3 1 ) .  These c e l l s  e x h i b i t  



a tendency t o  appear  grouped, though never a s  much a s  i n  most 

Sapindopsis specimens. The r eg ion  above t h e  primary v e i n  

was preserved i n  one p r e p a r a t i o n  and c o n s i s t s  of numerous 

rows of l o n g i t u d i n a l l y  a l i g n e d ,  e longa te  c e l l s  w i t h  u sua l -  

l y  fou r  s t r a i g h t  o r  curved w a l l s  each (P l .  1 4 ,  f i g .  1 3 2 ) .  

A s  i n  Sap indops i s ,  s tomata a r e  found only i n  t h i s  r e g i o n ;  

t h e i r  s t r u c t u r e  d i f f e r s  from lower epidermal stomata i n  

t h a t  t h e  s u b s i d i a r y  c e l l s  always l ack  p a p i l l a e .  

S u r f a c e  s c u l p t u r e  on t h e  upper c u t i c l e  i s  

p s i l a t e  under l i g h t  microscopy (PI .  1 4 ,  f i g s .  131- 

132) .  I n t e r n a l  s c u l p t u r e  i s  more d i f f i c u l t  t o  i n t e r p r e t ,  

s i n c e  many a r e a s  of t h e  c u t i c l e  appear t o  be p a r t i a l l y  de- 

graded; it i s  t e n t a t i v e l y  considered t o  be smooth. 

Only one h a i r  base  was found on t h e  upper c u t i c l e .  

This c o n s i s t s  o f  an o v a l  t r ichome absc i s s ion  s c a r  t h a t  i s  

formed of a r i d g e  of c u t i n  and rests over  s e v e r a l  un- 

modified ep idermal  c e l l s  ( P l .  1 4 ,  f i g .  131, a r row) .  Th i s  

h a i r  base i s  i d e n t i c a l  t o  some v a r i a n t s  o f  t h e  complexradio- 

s t r i a t e  h a i r  base  t h a t  a r e  found on t h e  upper epidermis  of 

Sapindopsis ,  b u t  l a c k s  t h e  r a d i a t i n g  s t r i a t i o n s  t h a t  a r e  

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

Lower Cut ic le - - In  c o n t r a s t  t o  t h e  upper c u t i c l e ,  t h e  lower 

c u t i c l e  of P l an t ano id  #1 s u r v i v e s  maceration i n t a c t .  I t  has 

a medium t h i c k n e s s ,  w i t h  most c e l l s  possess ing wel l -  

developed f l a n g e s ,  and t h e  c e l l s  measure 21-54 by 15-30 



~un.  The cel ls  of  non-veinal  reg ions  resemble t h e i r  

coun te rpa r t s  on t h e  upper epidermis i n  shape and 

number of  c e l l  s i d e s ,  b u t  d i f f e r  by t h e i r  curved 

t o  s t r o n g l y  undula te  l a t e r a l  w a l l s ,  which have up t o  

4+ wavelengths p e r  s i d e  and a  maximum amplitude of 5  

p n  (P l .  14 ,  f i g s .  133, 1 3 4 ) .  Veinal  a r eas  e x h i b i t  

g r e a t e r  d i f f e r e n t i a t i o n  from non-veinal zones than 

on t h e  upper ep idermis ,  and have c e l l s  wi th  four  t o  s i x ,  

s t r a i g h t  and s l i g h t l y  undula te  a n t i c l i n a l  w a l l s .  The a rea  

beneath t h e  pr imary v e i n  c o n s i s t s  of more than  30 

l o n g i t u d i n a l  f i l e s  of  c e l l s ,  which a r e  more heav i ly  

c u t i n i z e d  t h a n  t h e  non-veinal  c e l l s  (P l .  1 4 ,  f i g s .  135, 

136) .  Secondary v e i n a l  r eg ions  were not  observed, bu t  

those  primary t e r t i a r y  and higher-order  ve ins  c o n s i s t  

of up t o  8 rows of  l o n g i t u d i n a l l y  a l igned ,  e longate  

c e l l s  t h a t  t e n d  t o  be longer  t han  t h e  ad jacen t  non- 

v e i n a l  c e l l s .  

The s u r f a c e  of  non-veinal  regions  i s  p s i l a t e ,  

many c e l l s  a l s o  bear  one hollow, cen t ra l ly -pos i t ioned  

p a p i l l a  each  ( P l .  14 ,  f i g s .  133,  134 ) .  Veinal  regions  

range from p s i l a t e  t o  weakly s t r i a t e  and always lack  

p a p i l l a e  ( P l .  14 ,  f i g s .  135,  136) . I n t e r n a l  s c u l p t u r e  

i n  both r e g i o n s  i s  smooth t o  g ranu la r .  

The s tornata l  appara tus  i s  very s i m i l a r  t o  t h a t  

found t h e  p i n n a t i f i d  members of Sapindopsis,  c o n s i s t i n g  



of  a  p a i r  of  s l i g h t l y  sunken guard c e l l s  and con tac t  c e l l s  

which always show s p e c i a l i z a t i o n  l a t e r a l  t o  t h e  guard c e l l s  

(P l .  1 4 ,  f i g s .  133 ,  1 3 4 ) .  The stomata range from 15-30 

by 8-23 and a r e  g e n e r a l l y  e l l i p t i c  t o  e longa te ,  w i t h  

t r u n c a t e  po les .  The guard c e l l s  a r e  more t h i n l y  c u t i n i z e d  

than t h e  ad j acen t  c e l l s ,  b u t  have prominent o u t e r  s toma ta l  

ledges t h a t  e n c l o s e  more o r  l e s s  e longa te ,  somewhat rounded 

f r o n t  c a v i t i e s .  

Subs id i a ry  c e l l s  can be d i s t i ngu i shed  from o t h e r  

c e l l s  by t h e i r  g e n e r a l l y  t h i c k e r  ( r a t h e r  than  t h i n n e r )  

c u t i c l e s ,  s t r a i g h t  o r  uniformly curved a n t i c l i n a l  w a l l s ,  

smal ler  s i z e ,  and t endenc ie s  f o r  r a d i a l  compression. 

They show t h e  same p a t t e r n  of  topographic  v a r i a b i l i t y  a s  

t h e  unspec ia l ized  c e l l s ,  r ang ing  from f l a t  t o  f r equen t ly  

p a p i l l a t e ,  and t h e i r  arrangement fol lows t h e  same p a t t e r n  

of v a r i a t i o n  as i n  Sapindopsis .  The l a t e r a l  con tac t  c e l l s  

always e x h i b i t  some s p e c i a l i z a t i o n ,  whi le  t h e  ad jacen t  

c e l l s  may be u n s p e c i a l i z e d  o r  modified t o  var ious  degrees .  

Many s tomata l  complexes a r e  b rachyparacy t ic ,  and t h e s e  

have two, t h r e e ,  o r  f o u r  s u b s i d i a r y  c e l l s  pe r  stoma (P l .  

1 4 ,  f i g .  133, upper  l e f t  stoma) . Simple and complex 

l a t e r o c y t i c  s tomata  are a l s o  q u i t e  common, and t h e  l a t t e r  

have a  maximum of  two complete o rde r s  of subs id i a ry  c e l l s  

(PI.  1 4 ,  f i g s .  133,  134) . The e x t r a  o rde r  of  s u b s i d i a r y  

c e l l s  i s  commonly produced by t h e  secondary d i v i s i o n  of 

t h e  con tac t  c e l l s .  Often one o r  more of t h e  po la r  c o n t a c t  

c e l l s  a r e  a l s o  s p e c i a l i z e d ,  b u t  r a r e l y  i s  t h e r e  a  complete 



r i n g  of s p e c i a l i z e d  c e l l s  around a  stoma. 

Complex r a d i o s t r i a t e  h a i r  bases a r e  found on t h e  

lower c u t i c l e .  Each c o n s i s t s  of  a  c i r c u l a r  t o  e l l i p t i c a l  

trichome a b s c i s s i o n  s c a r  t h a t  i s  subtended by one o r  more 

c e l l s ,  which may be unspec i a l i zed  (PI .  1 4 ,  f i g .  133) o r  

somewhat s m a l l e r  t han  ad j acen t  c e l l s  (PI .  1 4 ,  f i g .  136, 

arrow).  A s  i n  Sapindopsis  many s c a r s  bear  one o r  more 

e longate ,  h e a v i l y  c u t i n i z e d  l a t e r a l  p ro t rus ions ,  which 

a r e  much wider  t h a n  any a s s o c i a t e d  s t r i a t i o n s  and 

conf luent  w i t h  t h e  o u t e r  c u t i c l e  s u r f a c e  (PI.  1 4 ,  f i g s .  

133, 136, a r rows)  . I n  r eg ions  beneath t h e  primary v e i n s  

s t r i a t i o n s  a r e  a t t a c h e d  t o  t h e  s c a r  (PI .  1 4 ,  f i g .  1361, 

but  t h e s e  a r e  absen t  i n  non-veinal  a r e a s  (PI .  1 4 ,  f i g .  

133) .  Preserved h a i r s  a r e  sometimes a t tached  t o  t h e  

h a i r  bases. A s  i n  Sapindopsis .  t hey  a r e  never t a l l e r  

than they a r e  broad.  

I n t e r g r a d i n g  wi th  t h e s e  a t tached  h a i r s  a r e  l a r g e  

protruding ce l l s  w i t h  an i n f e r r e d  s e c r e t o r y  func t ion  (PI.  

1 4 ,  f i g s .  134,  G 1 ,  137) . Each c e l l  has a  t h i c k ,  sometimes 

puncta te  o u t e r  c u t i c l e  and c y l i n d r i c a l  t o  bulbous shape. 

The c u t i c l e  i s  cont inuous over  t h e  t h e  bulbous c e l l s  

( P I .  1 4 ,  f i g s .  133,  134,  G I ) ,  b u t  o f t e n  absent  from t h e  

apex of c y l i n d r i c a l  c e l l s  (PI .  1 4 ,  f i g .  137) . Each 

sec re to ry  c e l l  i s  p o s i t i o n e d  a t  t h e  junct ion of two 

o r  more unmodified c e l l s ,  which under thrus t  it t o  va r ious  

degrees (PI.  1 4 ,  f i g s .  133,  134,  G I )  . These s e c r e t o r y  



c e l l s  resemble t h o s e  from Sapindopsis i n  t h e i r  p o s i t i o n i n g ,  

both  on t h e  l e a f  s u r f a c e  and r e l a t i v e  t o  t h e  o t h e r  c e l l s .  

They a l s o  c l o s e l y  resemble t h e  more s t r o n g l y  pro t rud ing  

s e c r e t o r y  c e l l s  o f  Sapindopsis  i n  t h e i r  shape and gene ra l  

appearance. 

P l a t ano id  Type #2 

Each of t h e  t h r e e  l e a f  fragments from t h i s  group 

l a c k s  an apex. The l o b a t i o n ,  base ,  and margin a r e  

absen t  from two o f  t h e  specimens, bu t  t h e  t h i r d  possesses  

two narrow l o b e s  s epa ra t ed  by a rounded s i n u s ,  a  probable 

cuneate  b a s e ,  and an e n t i r e  margin ( P l .  15,  f i g .  138) . 
The primary vena t ion  appears  t o  be palinactinodromous 

i n  a l l  specimens,  b u t  d i f f e r s  from t h e  o t h e r  c u t i c u l a r  

p l a t a n o i d s  i n  s e v e r a l  r e s p e c t s .  F i r s t ,  i n  t h e  one l ea f  

w i th  a p re se rved  base  t h e  l a t e r a l  pr imaries  d iverge  from 

t h e  base  of  t h e  lamina ( P l .  15 ,  f i g .  139 ) .  Second, t h e  

l a t e r a l  p r i m a r i e s  form an ang le  of 45O o r  less i n  a l l  of  

t h e  l e a v e s ,  and show a tendency t o  curve away from t h e  mid- 

v e i n  ( P l .  1 5 ,  f i g s .  138, 1 4 1 )  . Third,  t h e  most b a s a l  branch 

of each l a t e r a l  primary may va ry  considerably  i n  i t s  s i z e ,  

ranging from n e a r l y  a s  t h i c k  a s  t h e  source  ve in  (P l .  15 ,  

f i g .  140) t o  much t h i n n e r  (P l .  15 ,  f i g .  1 4 1 ) .  The secondary 

ve ins  a r e  t h i n  compared t o  t hose  of t h e  o t h e r  p l a n a t o i d s ,  

a r i s e  a t  a c u t e  a n g l e s ,  and curve  towards t h e  apex ( P l .  



15,  f i g .  1 4 1 ,  2  '1 . The i r  connect ions  wi th  o t h e r  secondar ies  

were not v i s i b l e  i n  t h e  m a t e r i a l s .  The t e r t i a r y  and 

higher o rder  v e i n s  a r e  e i t h e r  no t  preserved o r  e l s e  

d i f f i c u l t  t o  see i n  t h e  specimens. 

Upper Cut ic le-- In  c o n t r a s t  t o  t h e  condi t ion  i n  P la tanoid  

# I ,  t he  upper c u t i c l e  of P l a t ano id  #2 i s  s t rong ly  

r e s i s t a n t  t o  macera t ion .  It has a  medium th ickness  

and prominent c u t i c u l a r  f l a n g e s  (PI .  15,  f i g .  1 4 2 )  . 
The c e l l s  a r e  s i g n i f i c a n l t y  sma l l e r  than i n  t h e  o t h e r  

p l a t ano ids ,  measuring 9-30 by 6-21)lm, and have a  mixed 

shape. I n  non-veinal  r eg ions  t h e  c e l l s  a r e  predominantly 

i sod iamet r ic  and have f o u r  t o  s i x  s t r a i g h t  a n t i c l i n a l  

wa l l s  (P l .  16,  f i g .  1 4 2 ) .  Veinal  a r e a s  a r e  s t rong ly  

developed over t h e  primary v e i n s  and weakly developed 

above t h e  o t h e r s .  The primary v e i n a l  region c o n s i s t s  

of over 50 l o n g i t u d i n a l  f i l e s  of  four-s ided c e l l s  

wi th  s t r a i g h t  a n t i c l i n a l  w a l l s  (PI .  15,  f i g .  1 4 4 ) .  

Higher o rder  v e i n a l  zones c o n s i s t  of one t o  s e v e r a l  c e l l  

rows each. 

The s c u l p t u r a l  f e a t u r e s  of  t h e  upper c u t i c l e  a r e  

s i m i l a r  t o  t h o s e  of P l a t ano id  #l .  Surface s c u l p t u r e  

i s  p s i l a t e  under bo th  l i g h t  and scanning e l e c t r o n  

microscopy i n  t h e  non-veinal  zones ( P I .  15,  f i g s .  

1 4 2 ,  143) and ranges  from p s i l a t e  t o  weakly s t r i a t e  

i n  t h e  v e i n a l  a r e a s  (PI .  15,  f i g .  145) . I n t e r n a l  sculp- 

t u r e  i s  smooth t o  somewhat g r a n u l a r  ( P I .  15 ,  f i g .  142) . 



I n f r e q u e n t  h a i r s  occur  on both t h e  venal  and non- 

v e i n a l  a r eas .  They a r e  u n i c e l l u l a r ,  e longate  and measure 

3-7 )xn i n  diameter  (PI .  15 ,  f i g s .  143, 145) .  Dif- 

f e r e n t  l eng ths  of  h a i r  a r e  preserved i n  macerated c u t i c l e s ,  

sugges t ing  t h a t  t h e  c u t i n i z a t i o n  of t h e  h a i r s  i s  va r i ab l e .  

Each h a i r ,  a t t a c h e d  t o  t h e  epidermis by a  peg base ,  f i t s  

i n t o  a  pore  of  v a r i a b l e  diameter .  The ad jacen t  c e l l s  

show l i t t l e  mod i f i ca t ion  except  f o r  heavy c u t i n i z a t i o n  near  

t h e  pore (P l .  15 ,  f i g .  1 4 2 ,  T B ) :  t h i s  c u t i n i z a t i o n  has an 

i r r e g u l a r  p a t t e r n  and i s  v a r i a b l e  i n  i t s  development on an 

i n d i v i d u a l  l e a f .  

Lower-Cuticle--The lower c u t i c l e  i s  almost a s  t h i c k  

a s  t h e  upper c u t i c l e  from t h e  same l e a f ,  and most c e l l s  

possess  d i s c e r n a b l e  f l anges  ( P l .  16 ,  f i g s .  146-150). Non- 

v e i n a l  c e l l s  measure 8-24 by 5-12 /urn, have a  mixed 

shape,  and possess  a t  l e a s t  fou r  s t r a i g h t  t o  gen t ly  curved 

a n t i c l i n a l  w a l l s  (PI .  1 6 ,  f i g .  146) . v e i n a l  c e l l s  a re  

predominantly four -s ided  and organized i n t o  rows. The c e l l s  

beneath t h e  primary ve ins  a r e  much l a r g e r  than t h e  o the r  

c e l l s  and a r e  organized i n t o  numerous well-defined rows 

(P I .  1 6 ,  f i g .  1 4 7 ) .  C e l l s  beneath t h e  secondary and 

higher  o rde r  v e i n s ,  i n  c o n t r a s t ,  a r e  no l a r g e r  than 

ad j acen t  c e l l s  and organized i n t o  fewer than  9 rows. 

The s c u l p t u r a l  f e a t u r e s  of t h e  lower c u t i c l e  

resemble t h o s e  i n  P l a t ano id  #l. The su r f ace  s cu lp tu re  



of non-veinal c e l l s  i s  p s i l a t e ,  and many of t h e s e  c e l l s  

a l s o  possess one  c e n t r a l ,  hollow p a p i l l a  each (PI.  1 6 ,  

f i g .  1 4 9 ,  arrow) . Veina l  c e l l s ,  i n  c o n t r a s t ,  l a ck  p a p i l l a e .  

The primary v e i n a l  r eg ion  ranges  from p s i l a t e  t o  weakly 

s t r i a t e ;  when p r e s e n t ,  t h e  s t r i a t i o n s  a r e  1 p wide 

and o r i en t ed  p a r a l l e l  t o  t h e  v e i n s  (P l .  16 ,  f i g s .  147, 

151) .  Secondary and h ighe r  o r d e r  vena l  a r e a s  a r e  p s i l a t e .  

I n t e r n a l  s c u l p t u r e  i s  smooth t o  f a i n t l y  g ranula r  under 

SEM (P l .  16,  f i g .  1 5 0 ) .  

The s t o m a t a l  appa ra tus  c o n s i s t s  of a  p a i r  of 

t h i n l y  c u t i n i z e d  guard c e l l s  and t h r e e  o r  more weakly 

spec i a l i zed  c o n t a c t  ce l ls  (PI .  1 6 ,  f i g s .  146, '150 ) . The 

guard c e l l s  a r e  l e v e l  w i th  t h e  epidermis b u t  o f t e n  a r e  

embedded i n  t h e  l a te ra l  c o n t a c t  c e l l s  (PI. 16, f i g .  146, 

arrow) . The s tomata  measure 15-33 by 10-18 p and have 

a  broadly e l l i p t i c  shape and rounded po les .  A s  i n  t h e  

o the r  p l a t a n o i d s ,  t h e  guard c e l l s  possess o u t e r  

and inne r  s t o m a t a l  l edges ,  which enc lose  e longa te  f r o n t  

and back c a v i t i e s  (P l .  16 ,  f i g s .  1 4 6 ,  150, ISL) . 
The s u b s i d i a r y  c e l l s  a r e  n o t  s t r o n g l y  s p e c i a l i z e d ,  

b u t  can be d i s t i n g u i s h e d  from unmodified c e l l s  by t h e i r  

t h inne r  c u t i c l e s ,  smoothly curved t a n g e n t i a l  w a l l s ,  

r a d i a l  compression, and t h e  absence of a s soc i a t ed  glands  

(PI .  16,  f i g s .  146 ,  1 5 0 ) .  The i r  p a t t e r n  of arrangement i s  

t h e  same a s  i n  Sapindops is  and t h e  o t h e r  p la tanoids :  they  

a r e  always p r e s e n t  l a t e r a l  t o  each guard c e l l  and commonly 



a r e  located a t  one  o r  bo th  s tomata1 poles .  Hence t h e  most 

f requent  arrangement of s u b s i d i a r y  c e l l s  i s  l a t e r o c y t i c  

( P l .  1 6 ,  f i g s .  146 ,  arrow, 150) b u t  cyc locy t i c  and types  

t r a n s i t i o n a l  between l a t e r o c y t i c  and cyc locy t i c  a r e  

a l s o  known. I n  c o n t r a s t  t o  t h e  o t h e r  p la tanoids  

brachyparacytic s tomata  a r e  r a r e .  

Two types  of  h a i r  b a s e s  are found on t h e  lower 

c u t i c l e .  The f i r s t  c o n s i s t s  of  a smal l ,  th ickened,  

polygonal f o o t  ce l l  and s e v e r a l  ad j acen t ,  unmodified base 

c e l l s  ( P l .  16 ,  f i g .  148, TB) ; t h i s  is  i d e n t i c a l  t o  t h e  

type found i n  a l l  o t h e r  Subzone 11-B angiosperms. The 

second type i s  i d e n t i c a l  t o  t h e  one found on t h e  upper 

c u t i c l e ,  bu t  i s  more uniform i n  i t s  cons t ruc t ion .  The 

pore shows less v a r i a t i o n  i n  wid th  and has a  c i r c u l a r  o r  

e l l i p t i c a l  shape ( P I .  16 ,  f i g .  152,  arrows) . Many h a i r  

bases have i r r e g u l a r l y  th ickened  c u t i c l e  on t h e  base c e l l s ,  

a s  on t h e  upper ep ide rmis ,  b u t  i n  some t h e  th ickening i s  

vaguely ring-shaped. Ha i r s  a r e  p re sen t  beneath t h e  p r i -  

mary ve in  and i n  non-veinal  a r e a s ;  and a s  on t h e  upper . 
c u t i c l e  they a r e  v a r i a b l y  c u t i n i z e d  and appear t o  be 

u n i c e l l u l a r .  ( P I .  1 6 ,  f i g .  151, H) . 
Abaxial ce l l s  w i t h  an i n f e r r e d  s e c r e t o r y  func t ion  

occur i n  high f requency on non-venal reg ions .  Commonly 

they  a r e  absent  from t h e  c u t i c l e  and leave c h a r a c t e r i s t i c  

round white a r e a s  ( P I .  16 ,  f i g .  1 4 6 ,  arrows; f i g .  150, 

a r rows) ,  bu t  when preserved  they  a r e  hemispherical  and have 



a  t h i n ,  minute ly  puncta te  o u t e r  c u t i c l e  ( P I .  1 6 ,  f i g .  154, 

G l ) .  Each s e c r e t o r y  c e l l  has a  peg base which f i t s  i n t o  

a  round t o  i r r e g u l a r l y  polygonal pore formed by the  margins 

of t h e  a d j a c e n t  c e l l s  ( P l .  1 6 ,  f i g .  150, G I ) .  These 

s e c r e t o r y  s t r u c t u r e s  d i f f e r  from those i n  Platanoid #1 

by t h e i r  s m a l l e r  s i z e  and hemispherical  r a t h e r  than 

c y l i n d r i c a l  o r  bulbous shape. They resemble some 

glands from Sapindopsis i n  most e s s e n t i a l  f ea tu res  but  

l a c k  t h e  c h a r a c t e r i s t i c  s t r u c t u r a l  d i v e r s i t y .  

I n  a d d i t i o n  t o  t h e s e  s t r u c t u r e s  secre tory  c e l l s  

occur  i n  t h e  mesophyll a t  l e a s t  one specimen ( P l .  16,  

f i g .  1 5 3 ) .  These c e l l s  a r e  subspher ica l ,  possess dark 

c o n t e n t s ,  and measure 24-27  p i n  diameter. Mace- 

r a t e d  o i l  c e l l s  i n  modern angiosperms, such as  those 

i l l u s t r a t e d  by JShnichen (1 976) f o r  I l l i c i a l e s ,  have 

c o n t e n t s  w i t h  a  s i m i l a r  appearance t o  those found i n  

t h e  f o s s i l  s e c r e t o r y  c e l l s .  

P la tanoid  Type # 3  

Three specimens belong t o  t h i s  c u t i c l e  group, but  

only  two a r e  l a r g e  enough t o  provide r e l i a b l e  information 

on l e a f  a r c h i t e c t u r e .  One possesses an obtuse apex and 

a  lobed margin wi th  rounded s inuses ,  bu t  lacks t h e  

b a s a l  r e g i o n s  ( P l .  1 7 ,  f i g .  155) .  The o the r  has t h e  base 

and pr imary vena t ion  p a r t i a l l y  preserved, but  lacks t h e  

a p i c a l  r e g i o n s  ( P I .  1 7 ,  f i g .  156, 158) . This specimen 

has a  probable  decur ren t  base and a  p e t i o l e  over 2 cm 



long. I t  cannot  be determined whether o r  no t  t h e  primary 

venation i s  pal inact inodromous,  s ince  only  two of t h e  

primary v e i n s  a r e  p reserved .  The angle between t h e  l a t e r a l  

and c e n t r a l  pr imary v e i n s  i s  approximately 30°, which i s  

wi th in  t h e  range  measured f o r  P la tanoid  #l. The l a t e r a l  

primary g ives  r i s e  t o  b a s a l  branches a t  acu te  angles ,  but  

t h e i r  t e rmina t ion  cannot be  seen.  The secondary ve ins  a r e  

t h i c k  r e l a t i v e  t o  t h e  primary and a r i s e  a t  an acu te  angle  

(P l .  1 6 ,  f i g .  1 5 5 ) .  I n  t h e  a p i c a l  regions  t h e  secondar ies  

a r e  brochidodromous, b u t  b a s a l l y  t h e  secondar ies  may run 

d i r e c t l y  i n t o  t h e  lobes .  The t e r t i a r y  ve ins  a r e  per- 

c u r r e n t ,  g e n e r a l l y  unbranched, and o r i g i n a t e  a t  acute  

t o  near ly  r i g h t  a n g l e s  (PI .  16,  f i g .  157, T) . The quater-  

nary vena t ion  i s  r e t i c u l a t e ,  and one poss ib l e  s t i t c h e d  

i n t e r t e r t i a r y  v e i n  was observed (PI .  1 6 ,  f i g .  157, IT?) . 
The f i f t h  and h i g h e r  o r d e r  vena t ion  i s  r e t i c u l a t e .  

Upper Cuticle--The upper c u t i c l e  o f  P la tanoid  #3 tends  t o  

fragment upon macera t ion .  I t  was preserved i n  one prepara- 

t i o n ,  and t h i s  forms t h e  b a s i s  of  t h e  d e s c r i p t i o n .  

The upper c u t i c l e  is  of medium th i ckness  t o  t h i n  

and a l l  c e l l s  have d i s c e r n a b l e  f l a n g e s  ( P l .  17,  f i g s .  159, 

1 6 1 ) .  The c e l l s  measure 20-50 by 1 0 - 1 8 p  and have a 

mixed shape, and f o u r  t o  s i x ,  s t r a i g h t  o r  curved a n t i c l i n a l  

wal l s .  Non-veinal c e l l s  show no one p re fe r r ed  o r i e n t a t i o n  

and have a vague ly  grouped appearance ( P l .  17 ,  f i g s .  159, 

1 6 1 ) .  Veinal  c e l l s ,  i n  c o n t r a s t ,  a r e  organized i n t o  poor ly  



def ined  rows. The a r e a s  above t h e  primary ve ins  o f  25 o r  

more rows of  c e l l s  t h a t  show l o n g i t u d i n a l  alignment (P l .  

17 ,  f i g s .  160,  1 6 2 ) .  Secondary and higher-order reg ions  

have p r o g r e s s i v e l y  fewer rows of l o n g i t u d i n a l l y  a l igned  

c e l l s .  

Su r f ace  s c u l p t u r e  appears  smooth under l i g h t  

microscopy, b u t  numerous f i n e  p i t s  a r e  v i s i b l e  under SEM 

(P l .  1 7 ,  f i g .  160) . I n t e r n a l  s c u l p t u r e  i s  more d i f f i c u l t  

t o  de te rmine ,  s i n c e  t h e  c u t i c l e  t e n d s  t o  d i s i n t e g r a t e  upon 

macerat ion,  b u t  it appears  t o  be g ranu la r  (P l .  17,  f i g s .  

159,  1 6 1 ) .  

Trichome bases  a r e  r e s t r i c t e d  t o  v e i n a l  regions  on 

t h e  upper c u t i c l e .  I n  each base  t h e  trichome i s  placed 

above t h e  j u n c t i o n  of two o r  more c e l l s ,  which u sua l ly  

unde r th rus t  t h e  h a i r  complete ly  ( P l .  1 7 ,  f i g s .  160, 162, 

T B ) .  The b a s a l  c e l l  o f  t h e  t r ichome i s  w e l l  cu t i n i zed  and 

always preserved  i n  macerated c u t i c l e s .  I t  measures about 

2 0 ~  i n  d iamete r  a t  i t s  wides t  r eg ion  and has t h e  shape 

of  a  c y l i n d e r  o r  f l a t - t opped  cone. Adjacent t o  each 

h a i r  t h e r e  i s  a narrow, u s u a l l y  weakly developed,  r ing-  

shaped zone of th ickened  c u t i c l e  on t h e  base c e l l s .  

The base  c e l l s  a r e  g e n e r a l l y  a s  l a r g e  a s  t h e  ad jacen t  

c e l l s ,  b u t  i n  a  few h a i r  bases  t h e y  a r e  s i g n i f i c a n t l y  

smal le r .  Among Potomac Group l eaves  t h e s e  trichome 

bases  most c l o s e l y  resemble t h e  t y p e  p re sen t  i n  P la tano id  

#1, from which t h e y  d i f f e r  i n  t h e  more r e g u l a r  p o s i t i o n i n g  

of t h e  h a i r  r e l a t i v e  t o  t h e  base  c e l l s  and t h e  more 



r e g u l a r  c u t i n i z a t i o n  of t h e  h a i r .  

Lower Cuticle--The lower c u t i c l e  shows g r e a t e r  r e s i s t a n c e  

t o  macerat ion t h a n  t h e  upper c u t i c l e .  It has well-developed 

f l anges  and ranges  from medium t o  t h i n  ) P I .  18,  f i g s .  163, 

1 6 4 ) .  The c e l l s  have a  mixed shape and measure 15-30 by 

12-30 urn. The non-veinal  c e l l s  have curved t o  undulate 

a n t i c l i n a l  w a l l s ,  wi th  up t o  1 0  wavelengths/side and a  

maximum ampli tude of  4 urn ( P I .  18,  f i g .  1 6 4 ) .  Veinal c e l l s  

have gene ra l ly  s t r a i g h t  w a l l s  and lack undulat ions  e n t i r e l y .  

The r eg ion  beneath  t h e  primary ve in  c o n s i s t s  of more than  

50 rows of  c e l l s  which a r e  always e longate  except ad jacen t  

t o  some h a i r s  (P I .  18 ,  f i g s .  165, 168 ) .  Secondary and 

higher-order  v e i n a l  a r e a s  were n o t  found i n  t h e  prepara- 

t i o n s .  

Sur face  s c u l p t u r e  i s  s i m i l a r  t o  t h e  o the r  p l a t ano ids .  

Non-veinal r eg ions  a r e  p s i l a t e  ( P l .  18, f i g .  1 6 6 ) .  I n  

c o n t r a s t ,  v e i n a l  r eg ions  possess  numerous, poorly developed 

s t r i a t i o n s  t h a t  run  p a r a l l e l  t o  t h e  vein  a x i s  a s  i s  t y p i c a l  

of t h e  o t h e r  p l a t a n o i d s  ( P l .  18,  f i g .  169) .  I n t e r n a l  

s c u l p t u r e  i n  bo th  r eg ions  i s  g ranu la r  under l i g h t  microscopy 

and SEM ( P l .  18 ,  f i g s .  163, 1 6 4 ,  172) .  

The s tornata l  appara tus  i s  nea r ly  i d e n t i c a l  t o  

p i n n a t i f i d  Sapindopsis  and t h e  o t h e r  p l a t ano ids  i n  i t s  

p lan  of c o n s t r u c t i o n .  Each p a i r  of guard c e l l s  i s  s l i g h t l y  

sunken (Pl. 18, f i g .  1 6 6 )  and measures 15-23 by 8-12 



p. The s tomata  have an e l l i p t i c a l  shape and 

f l a t t e n e d  t o  t r u n c a t e  po le s  (PI .  18 ,  f i g s .  163, 1 6 4 )  . The 

guard c e l l s  a r e  t h i n l y  c u t i n i z e d  except  near t h e  s tomata l  

pore,  where t h e y  posses s  w e l l  developed o u t e r  s tomatal  

ledges. The shape  of  t h e  f r o n t  c a v i t y  ranges from 
\ 

e l l i p t i c a l  t o  e l o n g a t e ,  and t h e  ends a r e  always some- 

what pointed ( P I .  18 ,  f i g .  1 6 3 ) .  

The s u b s i d i a r y  c e l l s  of  P l a t ano id  # 3  are no t  

s t rong ly  s p e c i a l i z e d ,  b u t  can be d i s t i n g u i s h e d  from t h e  

o the r  c e l l s  by t h e i r  s t r a i g h t  o r  uniformly curved a n t i -  

c l i n a l  w a l l s ,  s m a l l e r  s i z e ,  and t endenc ie s  f o r  r a d i a l  

compression. I n  a lmost  every  s t o m a t a l  complex t h e  l a t e r a l  

con tac t  c e l l s  e x h i b i t  some s p e c i a l i z a t i o n ,  whi le  t h e  

ad jacen t  c e l l s  may be u n s p e c i a l i z e d  o r  modified t o  

var ious  degrees .  Many s t o m a t a l  complexes a r e  

brachyparacyt ic  ( P I .  18 ,  f i g .  1 6 4 ,  P) , and t h e s e  may have 

up t o  fou r  s u b s i d i a r y  c e l l s  p e r  stoma. Simple and 

complex l a t e r o c y t i c  s tomata  are a l s o  q u i t e  common (PI.  18,  

f i g .  163; f i g .  164 ,  LC) and t h e  l a t t e r  may have a  maximum 

of two complete o r d e r s  o f  s u b s i d i a r y  c e l l s .  The e x t r a  

o rde r  of s u b s i d i a r y  c e l l s  i s  commonly produced by t h e  

secondary d i v i s i o n  of one o r  more l a t e r a l  con tac t  c e l l s  

along a  t a n g e n t i a l  p lane  ( P I .  1 8 ,  f i g .  1 6 4 ,  L C ) .  I n  some 

stomata one o r  more of  t h e  p o l a r  c o n t a c t  c e l l s  a r e  a l s o  

spec i a l i zed ,  b u t  r a r e l y  i s  t h e r e  a  complete r i n g  of 

spec i a l i zed  c e l l s  around a  stoma; t h u s ,  t he se  stomata 



a r e  u s u a l l y  t r a n s i t i o n a l  between l a t e r o c y t i c  and cyc locy t i c  

t y p e s  ( P l .  1 8 ,  f i g .  164, T ) .  

The h a i r  bases  from t h e  lower c u t i c l e  s t r o n g l y  

resemble  t h o s e  of t h e  upper c u t i c l e .  Hair bases from 

v e i n a l  r e g i o n s  resemble t h o s e  from t h e  upper epidermis 

i n  a l l  r e s p e c t s  excep t  t h a t  t h e  range of v a r i a t i o n  i n  base 

c e l l  s i z e  i s  g r e a t e r :  a t  one extreme t h e  base c e l l s  a r e  

a s  l a r g e  a s  t h e  a d j a c e n t  c e l l s  (PI .  18 ,  f i g .  1 6 7 1 ,  whi le  

a t  t h e  o t h e r  each  h a i r  i s  subtended by numerous base 

c e l l s  which are minute compared t o  t h e  o t h e r  ones ( P I .  18,  

f i g .  168 ,  a r rows)  . This  l a t t e r  case  resembles t h e  s i t u a -  

t i o n  found i n  some v e i n a l  h a i r  bases from Pla tanoid  #I,  

e x c e p t  t h a t  t h e  p o s i t i o n i n g  of t h e  h a i r  i s  much l e s s  

v a r i a b l e ,  s u c h  t h a t  t h e  junc t ion  of two c e l l s  o r  two c e l l  

rows always p a s s e s  underneath  t h e  c e n t e r  of  each h a i r  

(P I .  1 8 ,  f i g .  168,  arrows)  . Non-veinal h a i r  bases a r e  

more d i s t i n c t  t h a n  t h o s e  on t h e  upper c u t i c l e  around t h e  

h a i r - b a s e  c e l l  j u n c t i o n  and t h e  base c e l l s  tend t o  be 

r a d i a l l y  e l o n g a t e  ( P l .  1 8 ,  f i g s .  170, 1 7 2 ) .  

New S e r r a t e ,  Red Poin t  

One l e a f  fragment belonging t o  a  new s e r r a t e  l e a f  

t y p e  w a s  c o l l e c t e d  i n  1 9 7 2  from Red Po in t  (P l .  19 ,  f i g .  

17 3 )  . T h i s  f o s s i l  measures 5  cm long by 1.5 cm wide 

and r e p r e s e n t s  t h e  b a s a l  p o r t i o n  of a  simple l e a f .  The 

margin i s  s e r r a t e ,  w i t h  numerous s t ra ight-convex (B-1) 

t e e t h ,  and t h e  base  i s  d e c u r r e n t .  The primary v e i n  is  



s t r a i g h t  and t h e  secondary and higher  o rder  venat ion 

i s  obscure .  

Upper Cuticle--The upper c u t i c l e  fragments r e a d i l y  upon ' 

macerat ion.  Only one smal l  p i ece  was found i n  t h e  

p r e p a r a t i o n  and t h i s  forms t h e  b a s i s  f o r  t h e  desc r ip t ion .  

The upper c u t i c l e  i s  t h i n  and possesses wel l  

developed c u t i c u l a r  f l anges  (P l .  19 ,  f i g .  174) .  The 

c e l l s  measure 32-50 by 17-32 and have an e longate  

shape. They posses s  fou r  t o  s i x ,  s t r a i g h t  o r  curved 

a n t i c l i n a l  w a l l s  and show no one p re fe r r ed  o r i e n t a t i o n ,  

though ad j a c e n t  c e l l s  e x h i b i t  a tendency f o r  alignment. 

The one p re se rved  p i e c e  of c u t i c l e  appears t o  have come 

from a non-veinal  reg ion .  

Su r f ace  s c u l p t u r e  on t h e  upper c u t i c l e  i s  genera l ly  

smooth. I n t e r n a l  s c u l p t u r e  appears smooth under l i g h t  

microscopy. 

Lower C u t i c l e - I n  c o n t r a s t ,  t h e  lower c u t i c l e  i s  s t r o n g l y  

r e s i s t a n t  t o  macerat ion ( P I .  19 ,  f i g .  175) .  Unlike t he  

s i t u a t i o n  i n  a l l  o t h e r  Potomac Group angiosperms every 

w a l l  of t h e  epidermal c e l l s  possesses  a c u t i c l e .  The 

c u t i c l e  i s  moderate ly  developed over t h e  o u t e r  and a n t i -  

c l i n a l  w a l l s ,  b u t  it i s  t h i n  over t h e  i n n e r  wal l s  and can 

only be recognized i n  l i g h t  microscopy by i t s  wrinkled 

appearance (PI .  17 ,  f i g .  176,  I C )  . The c e l l s  measure 20-38  

by 18-28 urn i n  s u r f a c e  view and have a mixed shape. Non- 

v e i n a l  c e l l s  g e n e r a l l y  have s i x  o r  seven a n t i c l i n a l  wa l l s  



and a  random o r i e n t a t i o n  ( P l .  1 9 ,  f i g .  175 ) .  Veinal  r eg ions  

a r e  found o n l y  beneath  t h e  primary and secondary ve ins .  The 

primary v e i n a l  zone c o n s i s t s  o f  mostly e longa te ,  four-s ided 

c e l l s  w i t h  s t r a i g h t  a n t i c l i n a l  w a l l s  t h a t  a r e  organized i n t o  

a t  l e a s t  15 c l e a r  rows (PI .  19,  f i g .  177) . Secondary v e i n a l  

reg ions  are no more than  4 c e l l s  wide and c o n s i s t  of 

c e l l s  t h a t  are weakly organized i n t o  rows (PI. 19,  f i g .  

178) .  These c e l l s  resemble t hose  from non-veinal regions  

i n  most r e s p e c t s ,  b u t  d i f f e r  i n  t h e i r  p a t t e r n  of s u r f a c e  

s c u l p t u r e .  

S u r f a c e  s c u l p t u r e  c o n s i s t s  of s t r i a t i o n s  and 

p a p i l l a e .  I n  non-veinal  r eg ions  each c e l l  possesses one 

l a r g e ,  hollow, c e n t r a l  p a p i l l a  and numerous f i n e  s t r i a -  

t i o n s  t h a t  r a d i a t e  from i t s  summit (PI.  19,  f i g s .  175, 

17 9 )  . I n  c o n t r a s t ,  t h e  v e i n a l  a r eas  a r e  predominantly 

non-pap i l l a t e  and possess  s t r i a t i o n s  t h a t  e x h i b i t  sub- 

p a r a l l e l  o r i e n t a t i o n  (PI .  19 ,  f i g s .  177; 178) .  The. 

primary v e i n a l  r eg ion  possesses  a  few p a p i l l a t e  c e l l s .  

These p a p i l l a e  are lower t h a n  t h o s e  from t h e  non- 

v e i n a l  cells  and o f t e n  c o n s i s t  of  a  region of 

th ickened c u t i c l e  i n  t h e  c e n t e r  of  each c e l l .  S t r i a t i o n s  

a r e  p r e s e n t  on t h e  p a p i l l a t e  c e l l s ,  bu t  e x h i b i t  sub- 

p a r a l l e l  o r i e n t a t i o n  l i k e  t h o s e  on t h e  o t h e r  v e i n a l  

c e l l s .  I n t e r n a l  s c u l p t u r e  i s  uniform i n  a l l  r eg ions ,  

appear ing smooth under l i g h t  microscopy. 



The s tornata l  complex belongs  t o  a d i s t i n c t i v e  

type  found i n  no o t h e r  Potomac Group angiosperm l e a f .  

Each stoma i s  l e v e l  w i t h  t h e  ep idermis  and surrounded 

by numerous c e l l s  w i t h  s t r o n g l y  overa rch ing  p a p i l l a e  

( P l .  1 9 ,  f i g s .  175,  179,  180,  1 8 2 ) .  The stomata range 

from 2 0  t o  38 ,urn long  by 18  t o  2 8  wide, and l i k e  

o t h e r  Potomac Group angiosperms have t h i n l y  c u t i n i z e d  

guard c e l l  w a l l s  excep t  n e a r  t h e  stornatal  pore. Unlike 

t h e  guard c e l l s  i n  t h e s e  o t h e r  angiosperms, however, t h e  

guard c e l l s  possess  m a c e r a t i o n - r e s i s t a n t  lamel lae  b u t  l a ck  

stornatal  ledges  e n t i r e l y .  The l ame l l ae  a r e  t h i c k ,  c r e scen t -  

shaped, and always p r e se rved  i n  t h e  o u t e r  guard c e l l  w a l l s  

( P I .  1 9 ,  f i g .  180) . Many s tomata  a l s o  possess  a p a i r  of 

i d e n t i c a l  l ame l l ae  on t h e i r  i n n e r  w a l l s ,  which may be  

l a t e r a l l y  d i s p l a c e d  due t o  compression a f t e r  f o s s i l i  za-  

t i o n  (P l .  1 9 ,  f i g .  1 8 1 ) .  

The c o n t a c t  ce l ls  resemble  non-veinal  c e l l s  i n  

t h e i r  s i z e ,  shape,  and p a t t e r n  o f  s u r f a c e  s c u l p t u r e ,  b u t  . 

may be somewhat s m a l l e r  i n  many s tomata  ( P l .  1 9 ,  f i g .  182) . 
Thei r  most d i s t i n c t i v e  f e a t u r e  i s  t h e  possess ion  of  p a p i l l a e  

t h a t  always s t r o n g l y  ove ra r ch  t h e  guard c e l l s  (PI .  1 9 ,  

f i g s .  175, 179 ) .  Th i s  s to rna ta l  t y p e  i s  t e n t a t i v e l y  

c l a s s i f i e d  a s  weakly c y c l o c y t i c ,  s i n c e  t h e  c o n t a c t  c e l l s  

a l l  e x h i b i t  t h e  same deg ree  of  s p e c i a l i z a t i o n  r e l a t i v e  t o  

t h e  ad jacen t  c e l l s .  

Rare h a i r  ba se s  are p r e s e n t  on bo th  t h e  v e i n a l  
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and non-veinal r eg ions .  These a r e  i d e n t i c a l  t o  t h e  

type found i n  most major l e a f  groups, which cons i s t s  

of a smal l ,  th ickened  f o o t  c e l l  and seve ra l  scarce ly  

modified base  c e l l s  ( P l .  1 9 ,  f i g s .  182, 183) .  The f o o t  

c e l l  i s  polygonal  and ranges from isodiamet r ic  t o  branched 

I n  r a r e  i n s t a n c e s  t h e  b a s a l  p o r t i o n  of a h a i r  i s  a t tached 

t o  t h e  f o o t  c e l l  ( P l .  1 9 ,  f i g .  184) .  The base c e l l s  

vary i n  t h e i r  degree  of unde r th rus t ing ,  a s  i n  o the r  

Potomac Group angiosperms. The d i s t r i b u t i o n  of these  

h a i r  bases i s  s p o r a d i c ,  w i t h  many a reas  possessing 

c l u s t e r s  of two o r  more (PI .  1 9 ,  f i g .  182) and o thers  

lacking them e n t i r e l y  ( P I .  1 9 ,  f i g .  175) .  

Populophyllum r e n i f o m e  Fontaine 

Many l e a v e s  a s s ignab le  t o  Populophyllum reniforme 

Fontaine a r e  known from t h e  Bank near  Brooke l o c a l i t y .  

A number of specimens show good organic  preserva t ion ,  and 

8 of them w e r e  chosen f o r  c u t i c u l a r  study. The major i ty  

of remains a r e  i n  a fragmentary s t a t e ,  bu t  t h e i r  s t rong  

s i m i l a r i t i e s  t o  whole  l eaves  i n  vena t ion ,  marginal 

conf igu ra t ion ,  and c u t i c u l a r  anatomy i n d i c a t e  t h a t  they 

a l l  belong t o  t h e  same taxon. The leaves  have an 

o r b i c u l a t e  shape  and range from 3.2 t o  over 6 cm long 

by 3.6 t o  7 cm wide. The margin i s  e n t i r e  o r  weakly 

c renula te  ( P l .  2 0 ,  f i g .  185,  arrow) and t h e  base v a r i e s  

from shallow t o  deeply  co rda te  (P I .  2 0  f i g s .  186-188) . 
The primary v e n a t i o n  i s  actinodromous , with seven 



primary ve ins  t h a t  o r i g i n a t e  from t h e  same p o i n t  a t  

t h e  l e a f  base  ( P l .  20 ,  f i g .  1 8 8 ) .  The course  of  t h e  

p r imar ies  i s  s t r a i g h t  a t  t h e  base ,  bu t  o f t e n  becomes 

s inuous  o r  s l i g h t l y  z i g  zag  towards t h e  margin. The 

c e n t r a l  primary v e i n  ex t ends  t o  t h e  apex and gives  o f f  

fou r  o r  fewer p a i r s  of  secondary v e i n s  a t  a c u t e  angles .  

The l a t e r a l  p r i m a r i e s  and t h e  secondary v e i n s  b i f u r c a t e  

and anastomose r e p e a t e d l y  t o  form two o r  more s e t s  of 

i n t r amarg ina l  l oops  ( P l .  20,  f i g .  189) . The t e r t i a r y  

and qua t e rna ry  v e i n s  a r e  d i f f i c u l t  t o  d i s t i n g u i s h  from 

one ano ther  and a r e  o rgan ized  i n  a r e t i c u l a t e  p a t t e r n  

( P l .  20, f i g .  189) . F i f t h  and h i g h e r  o r d e r  ve ins  appear 

t o  be random. 

Upper Cuticle--The upper c u t i c l e  o f  Populophyllum i s  

t h i n  and d i f f i c u l t  t o  p r e p a r e ,  b u t  possesses  w e l l -  

de f ined  f l a n g e s  ( P l .  20, f i g s .  190 ,  1 9 1 ) .  Non-veinal 

cells have a mixed shape and a r e  l a r g e  compared t o  those  

from o t h e r  Subzone 11-B angiosperm l eaves ,  measuring 

26-80 by 24-42 p. The c e l l s  pos se s s  from f o u r  t o  many, 

s t r a i g h t  t o  u n d u l a t e  a n t i c l i n a l  w a l l s ;  t h e  degree  of 

w a l l  cu rva tu re  t e n d s  t o  v a r y  between specimens and 

undulate  w a l l s  have a maximum frequency of 2 +  wave- 

l eng ths  p e r  s i d e  and maximum ampli tude of 4 p. Not 

uncommonly, t h e  c e l l s  have a grouped appearance (P l .  29, 

f i g .  1 9 0 ) ,  b u t  t h i s  grouping i s  n o t  a s  s t r o n g  a s  t h a t  

seen  i n  some specimens of  Sap indops i s .  Veinal  c e l l s  a r e  



g e n e r a l l y  e l o n g a t e ,  have a w a l l  p a t t e r n  s i m i l a r  t o  non- 

v e i n a l  c e l l s ,  and are o r g a n i z e d  i n t o  two o r  more rows o f  

l o n g i t u d i n a l l y  o r i e n t e d  ce l l s ,  which g e n e r a l l y  l a c k  a 

grouped appearance  ( P l .  20, f i g .  191) . 
S u r f a c e  s c u l p t u r e  on t h e  upper c u t i c l e  i s  

ext remely  s imple ,  b e i n g  p redominan t ly  smooth. I n t e r n a l  

s c u l p t u r e ,  i n  c o n t r a s t ,  i s  r a t h e r  complex ( P I .  20,  f i g ,  

192) .  The c e n t r a l  area o f  e a c h  c e l l  has  a smooth t o  

minu te ly  p i t t e d  i n n e r  c u t i c l e ,  b u t  t h e  r e g i o n  a d j a c e n t  

t o  t h e  f l a n g e s  p o s s e s s e s  a complex system o f  chambers 

t h a t  open o n l y  i n t o  t h e  i n n e r  c u t i c l e  s u r f a c e  ( a l v e o l a r  

s c u l p t u r e ) .  I n  l i g h t  microscopy t h e  chambers ( o r  a l v e o l i )  

appear  as d o t s ,  b u t  under  SEM t h e y  can  be seen  t o  have 

a more i r r e g u l a r  s h a p e  and anastomose among themselves.  

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

Populophyllum a p a r t  from a l l  o t h e r  Subzone 1 1 - B  angio- 

sperm l e a f  c u t i c l e s  examined i n  t h i s  s tudy .  

Hai r  bases  are p r e s e n t  o n  t h e  upper c u t i c l e .  Each 

c o n s i s t s  of a  s m a l l ,  t h i c k e n e d ,  polygonal  f o o t  c e l l  and 

s e v e r a l  under  t h r u s t i n g  b a s e  c e l l s  which, as i n  

Sap indops i s ,  r a n g e  from unmodif ied  t o  r a d i a l l y  o r i e n t e d  

( P l .  20 , f i g .  1 9 3 ) .  

Stomata a r e  found on t h e  upper  epidermis  o f  one 

specimen. They a r e  a lways  much less f r e q u e n t  t h a n  on t h e  

lower epidermis  and a r e  i d e n t i c a l  t o  lower epidermal  

s tomata  i n  t h e i r  s i z e  and s t r u c t u r e .  



Lower Cuticle--The lower c u t i c l e  i s  genera l ly  t h inne r  t han  

t h e  upper c u t i c l e ,  w i t h  most c e l l s  possess ing  d i sce rnab le  

f langes  ( P I .  2 0 ,  f i g .  194) . The c e l l s  of t h e  non-veinal 

regions  c l o s e l y  resemble t h o s e  from t h e  upper epidermis 

i n  most r e s p e c t s ,  i n c l u d i n g  s i z e ,  shape ,  number of w a l l s ,  

w a l l  contour ,  and i n  having a  s l i g h t  tendency t o  appear 

grouped. Veinal  a r e a s  on t h e  lower epidermis  a l s o  e x h i b i t  

l i t t l e  d i f f e r e n t i a t i o n  from t h e  upper epidermal ve ina l  

reg ions ,  and c o n s i s t  o f  two t o  many r o w s  of l ong i tud ina l ly  

a l igned  c e l l s  ( P I .  21,  f i g .  1 9 5 ) .  Sur face  s cu lp tu re ,  

i n t e r n a l  s c u l p t u r e ,  and t h e  s t r u c t u r e  and frequency of 

h a i r  bases  a r e  a l l  s i m i l a r  t o  t h o s e  o f  t h e  upper c u t i c l e .  

The stomata a r e  sma l l  r e l a t i v e  t o  t h e  neighboring 

c e l l s  ( P l .  20,  f i g .  1 9 4 ) .  The s tomata  measure 29-45 by 

20-30 p, have an e l l i p t i c a l  shape,  and o f t e n  a r e  

f l a t t e n e d  a t  t h e  p o l e s  ( P I .  21,  f i g .  198 ) .  The guard 

ce l l  wa l l s  a r e  more t h i n l y  c u t i n i z e d  than  those  of 

unspec ia l ized  c e l l s ,  except  a d j a c e n t  t o  t h e  s tomatal  

pore ,  where they form o u t e r  and i n n e r  s tomata l  ledges 

( P l .  21, f i g .  196) . A s  i n  o t h e r  Subzone 11-B angiosperms 

t h e  f r o n t  and back c a v i t i e s  have an e longa te ,  somewhat 

v a r i a b l e  shape. The guard c e l l s  a r e  l e v e l  wi th  t h e  

o t h e r  epidermal c e l l s ,  b u t  o f t e n  a r e  embedded i n  t h e  

c o n t a c t  c e l l s  ( e .g . ,  P I .  2 1 ,  f i g .  1961 arrows) , pro- 

ducing t h e  f a l s e  impress ion of p a r a c y t i c  stomata ( P I .  2 1 ,  

f i g .  198 ) .  



The ne ighbor ing  c e l l s  of t h e  s tomatal  complex show 

a marked s i m i l a r i t y  t o  unspec i a l i zed  c e l l s  i n  t h e i r  c u t i c l e  

t h i ckness ,  form, and s c u l p t u r a l  p a t t e r n s ,  being d i s t i n -  

guishable  only by the ' i r  p o s i t i o n  and,  i n  many cases ,  some- 

what smal le r  s i z e  ( P l .  2 1 ,  f i g s .  197, 1 9 8 ) .  Most s tomatal  

complexes a r e  anomocytic, b u t  some possess smal l  con tac t  

c e l l s  which appear  t o  be de r ived  from t h e  obl ique d i v i s i o n  

of a subs id i a ry  ce l l  i n i t i a l ,  producing stomata t h a t  might 

be c l a s s i f i e d  a s  weakly monocyclic ( P l .  2 1 ,  f i g .  197, lower 

r i g h t  stoma).  T h i s  f e a t u r e  of t h e  stornatal  complex has 

only  been observed i n  Populophyllum and se rves  t o  d i s t i n -  

guish it from t h e  o t h e r  angiosperm groups examined i n  t h i s  

study.  

Another c h a r a c t e r i s t i c  f e a t u r e  of Populophyllum i s  

t h e  presence of an i r r e g u l a r l y  shaped c u t i c l e  l a y e r  beneath 

t h e  stomata ( P l .  2 1 ,  f i g .  198) . The exac t  morphological 

na tu re  of t h i s  l a y e r  remains i n  doubt ,  bu t  it i s  t e n t a t i v e l y  

i n t e r p r e t e d  e i t h e r  a s  a p a r t i a l l y  c u t i n i z e d  substornatal 

chamber o r  a s  a c u t i n i z e d  hypodermis t h a t  has been t o r n  

away from t h e  c u t i c l e  i n  a r e a s  between t h e  stomata. 

Menispermites potomacensis  Berry 

Several  o r g a n i c a l l y  p reserved  specimens were co l -  

l ec t ed  from Stump Neck t h a t  pos ses s  a combination of l e a f  

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

potomacensis Berry.  Of t h e s e  remains only one lea f  f rag-  

ment y ie lded  p r e p a r a b l e  c u t i c l e .  This  fragment measures 

4.5 cm long by 5 cm wide and r e p r e s e n t s  t h e  b a s a l  p o r t i o n  



of a simple l e a f  (PI .  21,  f i g .  199 ) .  The base i s  d e c u r r e n t  

and f l a r e s  outwards on one s i d e  t o  form a shallow l o b e .  

The margin i s  poor ly  preserved  b u t  appears t o  be sha l lowly  

loba t e ,  a s  i s  t y p i c a l  of - M. potomacensis. The primary vena- 

t i o n  i s  acrodromous, w i t h  a c e n t r a l  primary ve in  and 3 p a i r s  

of l a t e r a l  p r imar i e s  t h a t  are of  equa l  th ickness .  These 

l a t e r a l  p r imar ies  f l a r e  o u t  from near  t h e  l e a f  base and 

branch near  t h e  margin t o  form a t  l e a s t  one order  o f  

brochidodromous loops .  No secondary v e i n s  were observed.  

The t e r t i a r y  and h ighe r  o r d e r  vena t ion  i s  obscure and 

d i f f i c u l t  t o  i n t e r p r e t .  

Upper Cuticle--The upper c u t i c l e  i s  t h i n  and lacks  w e l l -  

developed f l a n g e s ,  making t h e  c e l l  o u t l i n e s  d i f f i c u l t  t o  

s ee  wi thout  photographic  enhancement. Non-veinal c e l l s  

a r e  i sod iame t r i c ,  measure 18-38 by 15-30 pm, and have 

four  o r  more s t r a i g h t ,  a n t i c l i n a l  w a l l s  (PI .  2 1 ,  f i g .  2 0 0 )  . 
Veinal  a r eas  were found on ly  above t h e  primary v e i n s ,  

perhaps due t o  t h e  h igh  f ragmenta t ion  t h a t  occurred 

dur ing  maceration.  These r eg ions  c o n s i s t  of 1 0  o r  more 

long i tud ina l  f i l e s  o f  e longa te  c e l l s  wi th  fou r ,  s t r a i g h t  

o r  curved a n t i c l i n a l  w a l l s  (PI .  2 1 ,  f i g .  201) . The cells 

of t h e  primary v e i n a l  a r e a s  a r e  a lmost  always sma l l e r  

than non-veinal c e l l s .  

Surface s c u l p t u r e  i s  p s i l a t e  i n  both t h e  v e i n a l  and 

non-veinal reg ions .  I n t e r n a l  s c u l p t u r e  is  more d i f f i c u l t  

t o  a s c e r t a i n ,  s i n c e  t h e  c u t i c l e  has a somewhat degraded 

appearance; it is t e n t a t i v e l y  i n t e r p r e t e d  a s  smooth. 



Lower Cuticle--The lower ep idermis  i s  a s  t h i n l y  c u t i n i z e d  

a s  t h e  upper ep ide rmi s .  Non-veinal c e l l s  a r e  s i g n i f i c a n t l y  

smal le r  t h a n  t h o s e  o f  t h e  upper c u t i c l e  and measure 18-25 

by 1 5 - 1 8 ~  ( P l .  21 ,  f i g .  202 ) .  They a r e  f u r t h e r  d i f f e r e n -  

t i a t e d  from upper  ep idermal  ce l l s  by t h e i r  mixed shape 

and t h e i r  u n d u l a t e  a n t i c l i n a l  w a l l s ,  which have up t o  

t h r e e  wave l engh t s / s i de  and a  maximum ampli tude of t w o  

um. Veinal  a r e a s  show g r e a t e r  development on t h e  lower 

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

f i v e  s i ded ,  e l o n g a t e  ce l l s .  The reg ion  beneath  t h e  pr imary 

ve in  i s  over  2 5  c e l l s  wide ( P l .  21,  f i g .  2 0 3 ) ,  and two 

higher  o r d e r  v e i n a l  a r e a s  w e r e  observed t h a t  a r e  s i x  and 

nine  c e l l s  wide  r e s p e c t i v e l y .  

S u r f a c e  s c u l p t u r e  on bo th  t h e  v e i n a l  and non-veinal  

r eg ions  i s  p s i l a t e ,  a s  on t h e  upper c u t i c l e .  I n t e r n a l  

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

c u t i c l e  a l s o  a p p e a r s  somewhat degraded.  

Stomata are conf ined  t o  non-veinal a r e a s  and t h e  

boundaries of v e i n a l  and non-veinal  r eg ions .  Each s t oma ta l  

complex c o n s i s t s  o f  one guard c e l l  p a i r  and t h r e e  t o  f i v e  

va r i ous ly  s p e c i a l i z e d  c o n t a c t  c e l l s  (P I .  21, f i g s .  202, 

204-206) . The s t oma ta  a r e  l e v e l  w i th  t h e  epidermis and 

a r e  t h e  s m a l l e s t  o f  any Potomac Group angiosperm, measuring 

12-18 by 5-15 ,um. The guard c e l l s  have r e l a t i v e l y  

we l l - cu t i n i zed  ep ide rma l  w a l l s  and prominent o u t e r  

s tomata l  l e d g e s ,  which e n c l o s e  minute f r o n  c a v i t i e s .  



( P l .  2 1 ,  f i g s .  204-206) . The stomata a r e  mostly e l l i p t i c a l  

i n  o u t l i n e ,  r a r e l y  c i r c u l a r  o r  e longa te ,  and have rounded 

t o  f l a t t e n e d  p o l e s .  

Each s to rna ta l  complex possesses  t h r e e  t o  f i v e  con- 

t a c t  c e l l s  w i t h  v a r i o u s  degrees  of  s p e c i a l i z a t i o n .  I n  many 

stomata t h e  c o n t a c t  c e l l s  e x h i b i t  no apprec iab le  modifica- 

t i o n  (P l .  2 1 ,  f i g .  2 0 5 ) ,  and t h e  stornatal apparatus conforms 

t o  t h e  anornocytic t y p e  a s  de f ined  by Metcalfe and Chalk 

(1950). The m a j o r i t y  of  s tomata ,  however, e i t h e r  possess 

one s p e c i a l i z e d  cel l  l a t e r a l  t o  t h e  stoma (P l .  2 1 ,  f i g .  206, 

arrow) , conforming t o  t h e  herniparacytic t ype ,  o r  else 

possess one s p e c i a l i z e d  c e l l  ad j acen t  t o  each guard c e l l  

( P I .  2 1 ,  f i g .  204, arrows) , conforming t o  t h e  brachyparacytic 

type.  Menispermites potomacensis appears t o  lack t h e  

l a t e r o c y t i c  and weakly c y c l o c y t i c  stomata t h a t  would a l s o  

be found on a Zone I l e a f ,  b u t  t h e  poor p reserva t ion  of t h e  

c u t i c l e  makes t h i s  conc lus ion  t e n t a t i v e .  

One h a i r  base  i s  known from t h e  lower c u t i c l e .  This 

c o n s i s t s  of a s m a l l ,  th ickened ,  polygonal f o o t  c e l l  which i s  

under thrus t  by t h e  a d j a c e n t ,  unmodified base c e l l s  (P l .  2 1 ,  

f i g .  203, T B ) .  I t  i s  i d e n t i c a l  t o  t h e  type  found i n  a l l  

o t h e r  Subzone 1 1 - B  l e a f  groups.  

D i v e r s i t y  of S t r u c t u r a l  Features  

When compared wi th  t h e  12 angiospermous c u t i c l e  types  

from Zone I ,  t h e  8 t ypes  known from Subzone 11-B show many 

new f e a t u r e s  i n  a d d i t i o n  t o  some found i n  t h e  e a r l i e r  



leaves. These younger leaves a l s o  exhib i t  a  higher o v e r a l l  

s t r u c t u r a l  d i v e r s i t y ,  which i s  s t i l l  low compared t o  t h a t  of 

Tert iary and e x t a n t  angiosperms. This increased d i v e r s i t y  

i s  p a r t i c u l a r l y  prominent i n  t h e  construction of t h e  stoma- 

t a l  apparatus,  trichome bases ,  and abaxial  glands, which a r e  

features t h a t  t end  t o  show low v a r i a b i l i t y  a t  the  generic 

level  i n  e x t a n t  f lowering p l a n t s  (Stace,  1965) . The new 

features found i n  Subzone 11-B angiosperm c u t i c l e s  can a l s o  

be re l a t ed  t o  ' s t ruc tu res  found i n  e a r l i e r  o r  contemporaneous 

leaves, suggest ing t h e i r  r e l a t i v e l y  recent  evolutionary 

or igin.  

Two d i s t i n c t  p a t t e r n s  of guard c e l l  thickenings a r e  

present i n  Subzone 11-B leaves ,  a s  opposed t o  one type i n  

Zone I. Zone I guard c e l l s  possess both outer  stomatal 

ledges and macera t ion-res is tan t  - lamellae,  a t  l e a s t  i n  t h e  

whole leaves ( P l .  2 ,  f i g .  15)  . Subzone 1 1 - B  stomata, i n  

cont ras t ,  possess  e i t h e r  ou te r  stomatal  ledges o r  maceration- 

r e s i s t a n t  lamel lae ,  bu t  never both. Maceration-resistant 

lamellae occur only  i n  t h e  new s e r r a t e  leaf  from Red Point 

( P l .  1 9 ,  f i g s .  180, 181) , while a l l  other  leaf  groups 

have outer  stornatal  ledges (e. g. , P1. 11, f i g .  1 0 0 )  . 
The former p a t t e r n  of  guard c e l l  thickenings i s  t y p i c a l  

of many ex tan t  Winteraceae and Magnoliaceae (Baranova, 

1 9 7 2 ;  Bongers, 1973) ,  while t h e  l a t t e r  i s  found i n  many 

non-magnoliid d i c o t s ,  which almost always lack 

macerat ion-resis tant  larnellae i n  t h e i r  guard c e l l s  

(Baranova, 1972; personal  observa t ions) .  



Four major  p a t t e r n s  o f  neighboring c e l l  arrangement 

and s p e c i a l i z a t i o n  a r e  p r e s e n t  i n  t h e  stomata of Subzone 

1 1 - B  angiosperms, a s  opposed t o  on ly  one i n  Zone I. Each 

p l an  of o r g a n i z a t i o n  i s  a l s o  l e s s  v a r i a b l e  than t h e  Zone I 

condi t ion  i n  c o n t a c t  c e l l  arrangement and/or s p e c i a l i z a t i o n .  

The f i r s t ,  found i n  Menispermites potomacensis, has a  lower 

v a r i a b i l i t y  i n  t h e  arrangement of spec i a l i zed  contac t  c e l l s .  

Some stomata l a c k  s p e c i a l i z e d  c o n t a c t  c e l l s ,  conforming t o  

t h e  anomocytic t y p e ,  bu t  o t h e r s  on t h e  same leaf  possess one 

o r  more l a t e r a l  s p e c i a l i z e d  c e l l  each,  conforming t o  t h e  

hemiparacytic and p a r a c y t i c  t ypes  (P l .  2 1 ,  f i g s .  204-206) . 
Conspicuously a b s e n t  a r e  t h e  l a t e r o c y t i c  and weakly cyclo- 

c y t i c  stomata t h a t  would a l s o  be p re sen t  on a  l ea f  from 

Zone I. The new s e r r a t e  l e a f  from Red Po in t  posses t h e  

second major s t o m a t a l  p a t t e r n ,  which e x h i b i t s  a  low diver-  

s i t y  i n  both ne ighbor ing  c e l l  arrangement and spec i a l i za t ion .  

Each s tomata l  complex has  a  r i n g  of 6 o r  more subs id ia ry  

c e l l s  t h a t  a r e  d i f f e r e n t i a t e d  from t h e  ad jacen t  c e l l s  by 

t h e i r  s l i g h t l y  s m a l l e r  s i z e  and p a p i l l a e  which always over- 

a r c h  t h e  guard c e l l s  (PI .  19 ,  f i g s .  175, 179) .  The c l a s s i -  

f i c a t i o n  of t h e s e  s tomata  a s  e i t h e r  anomocytic o r  cyc locy t i c  

i s  somewhat a r b i t r a r y ,  b u t  i n  any case  t hey  have a  uniform 

p l a n  of cons t ruc t ion .  The t h i r d  s tomata l  t ype ,  found i n  

Populophyllum ren i fo rme ,  more o r  l e s s  conforms t o  t h e  anomo- 

c y t i c  type a s  d e f i n e d  by Metcalfe  and Clarke ( 1 9 5 0 ) .  I n  t h i s  

l e a f  group t h e  c o n t a c t  c e l l s  form a  r i n g  around each stoma 



and e x h i b i t  l i t t l e  m o d i f i c a t i o n  except  f o r  some r a d i a l  

e l onga t i on  and an o c c a s i o n a l  c e l l  t h a t  i s  smal le r  than  

t h e  o t h e r s  ( P l .  2 0 ,  f i g .  194; P1. 21, f i g .  1 9 7 ) .  The 

f o u r t h  and most widespread p l a n  of  s tomata l  o rgan i za t i on  i s  

found i n  Sap indops i s  and t h e  "p l a t ano ids " .  I n  t h e s e  s tomata  

t h e  l a t e r a l  c o n t a c t  ce l ls  a r e  a lmost  always s p e c i a l i z e d ,  b u t  

show some v a r i a t i o n  on  an  i n d i v i d u a l  l e a f  i n  t h e i r  number 

and arrangement (PI .  5 ,  f i g s .  3 6 ,  37)  . The p o l a r  c o n t a c t  

cel ls  and o t h e r  cells a s s o c i a t e d  w i t h  t h e  stomata may a l s o  

e x h i b i t  m o d i f i c a t i o n ,  b u t  v a r y  cons iderab ly  i n  both  t h e i r  

arrangement and d e g r e e  o f  s p e c i a l i z a t i o n .  This  v a r i a t i o n  i s  

r e spons ib l e  f o r  t h e  d i v e r s i t y  s een  on an i n d i v i d u a l  l e a f  i n  

mature stornatal  t y p e s ,  which can  possess  up t o  fou r  o rde r s  

o f  s p e c i a l i z e d  cells i n  some specimens of p i n n a t e l y  compound 

Sapindopsis .  Desp i t e  t h e  d i v e r s i t y  of s tornatal  types  pro- 

duced by t h i s  p l a n ,  however, t h e  l a t e r a l  c o n t a c t  cells a r e  

always s p e c i a l i z e d ,  u n l i k e  t h e  s i t u a t i o n  i n  Zone I stomata.  

When compared t o  e x t a n t  f l ower ing  p l a n t s ,  Subzone 1 1 - B  l eaves  

s t i l l  e x h i b i t  a  low d i v e r s i t y  i n  t h e  t o t a l  number of  even 

conven t iona l ly  recognized  s t o m a t a l  types :  conspicuously 

absen t  a r e  such t y p e s  a s  d i a c y t i c ,  p a r a l l e l o c y t i c ,  a n i s o c y t i c ,  

and h e l i c o c y t i c ,  which c h a r a c t e r i z e  many groups of e x t a n t  

d i c o t s  (Metcal fe  and Chalk,  1950; S t ace ,  1965; Payne, 

1970) . 
The t r i chome base s  o f  Subzone 11-B l eaves  a l s o  pos se s s  

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

Zone I forms. The most s y s t e n l a t i c a l l y  widespread 



h a i r  base ,  found i n  every major leaf complex, c o n s i s t s  of 

a  smal l ,  th ickened ,  polygonal  f o o t  c e l l s  and s e v e r a l  

under thrus t ing  base  c e l l s  (e.g. ,  P1. 1 8 ,  f i g s .  9 0 ,  91 ) .  

This type  i s  i d e n t i c a l  t o  one o f  t h e  Zone I forms except  

t h a t  t h e  base cells  o f t e n  show r a d i a l  o r i e n t a t i o n .  

The second. h a i r  base  t y p e ,  termed t h e  complex r ad io -  

s t r i a t e  base ,  i s  found i n  Sapindopsis  and Pla tanoid #l. 

Like t h e  r a d i o s t r i a t e  h a i r  base from Zone I many r ep re -  

s e n t a t i v e s  of  t h i s  type  have a  t r ichome absc i ss ion  s c a r  * 

with r a d i a t i n g  s t r i a t i o n s  ( e .g . ,  P1. 1 2 ,  f i g .  112) . How- 

ever ,  it is more v a r i a b l e  t han  t h e  Zone I form and e x h i b i t s  

severa l  important  d i f f e r e n c e s .  F i r s t  t h e  s c a r  o f t e n  lacks  

r a d i a t i n g  s t r i a t i o n s  and can have a v a r i a b l e  shape, rang- 

ing from c i r c u l a r  t o  e longa te .  Second, t h e  basa l  p o r t i o n  

of some t r ichomes possesses  s t r o n g l y  cu t in ized  outgrowths 

o r i en t ed  p a r a l l e l  t o  t h e  epidermal  s u r f a c e ,  g iving t h e  

abc iss ion  s c a r  a c h a r a c t e r i s t i c  "plumed" appearance. 

F i n a l l y ,  t h e  b a s e  cells show a  wide range of v a r i a t i o n  i n  

t h e i r  s p e c i a l i z a t i o n  and placement r e l a t i v e  t o  t h e  ab- 

s c i s s i o n  s c a r .  The t h i r d  h a i r  base  type,  r e s t r i c t e d  t o  

Pla tanoid # 2 ,  c o n s i s t s  of a  c i r c u l a r  t o  ova l  pore and 

severa l  base c e l l s  t h a t  u n d e r t h r u s t  it (P l .  1 6 ,  f i g .  152 ) .  

The base c e l l s  show a v a r i a b l e  p a t t e r n  of c u t i c u l a r  

th ickening i n  t h e i r  o u t e r  w a l l s  a d j a c e n t  t o  t h e  pore :  many 

h a i r  bases have i r r e g u l a r l y  shaped thickening whi le  o t h e r s  

have a  poor ly  d e f i n e d  r i n g  of th ickened c u t i c l e .  

Hairs  a r e  i n f r e q u e n t l y  preserved i n  macerated 



c u t i c l e s  and are i n  a l l ,  ca ses  u n i s e r i a t e .  These h a i r s  

appear t o  be v a r i a b l y  c u t i n i z e d ,  s i n c e  i n  some h a i r  bases 

none of t h e  t r i chome i s  preserved ,  y e t  i n  o the r s  l a rge  p a r t s  

o f  t h e  h a i r  remain i n t a c t  (P l .  15,  f i g .  153; P1. 16,  f i g .  

152) .  The f o u r t h  t y p e  is r e s t r i c t e d  t o  Pla tanoid # 3  (P l .  

1 8 ,  f i g s .  167-172). A s  i n  t h e  complex r a d i o s t r i a t e  h a i r  

base t h e r e  i s  a  r i n g  o f  th ickened c u t i c l e  near t h e  base  of 

t h e  h a i r  and ( i n  v e i n a l  r eg ions )  t h e  tendency f o r  base 

cells t o  be s m a l l e r  t han  o t h e r  c e l l s .  However, t h e  h a i r  

c o n s i s t s  of a t  l e a s t  two c e l l s ,  t h e  b a s a l  which i s  always 

wel l -cu t in ized  and has  t h e  shape o f  a  t runca t e  cone. Its 

pos i t i on ing  r e l a t i v e  t o  t h e  base  c e l l s  i s  a l s o  much more 

r egu la r :  t h e  h a i r  i s  almost always pos i t ioned  d i r e c t l y  

over  t h e  j unc t ion  of two o r  more c e l l s .  Compared t o  Zone 

I forms t h e  t r i chomes  and t r ichome bases  of Subzone 11-B 

a r e  more d i v e r s e ,  bu t  r e l a t i v e  t o  T e r t i a r y  and ex t an t  d i c o t s  

t hey  s t i l l  show a low complexity and s t r u c t u r a l  d i v e r s i t y .  

Conspicuously a b s e n t  a r e  such types  as cu t in i zed  p e l t a t e  

s c a l e s ,  m u l t i s e r i a t e  h a i r s ,  and h a i r  bases wi th  a  uniform 

p a t t e r n  of s t r o n g  base  c a l l  s p e c i a l i z a t i o n ,  which a r e  

found i n  many groups of f o s s i l  and modern angiosperms 

(Metcalfe and Chalk,  1950; S t ace ,  1965; L i tke ,  1966; 

Baranova, 1972; D i l c h e r ,  1974) . 



Two major  t ypes  o f  a b a x i a l  s ec re to ry  s t r u c t u r e s  

a r e  p re sen t  i n  Subzone 11-B l eaves ,  a s  opposed t o  only  

one i n  Zone I l eaves .  Unlike t h e  glands i n  Zone I ,  Sub- 

Zone 11-B s e c r e t o r y  s t r u c t u r e s  i n t e rg rade  wi th  c e r t a i n  h a i r  

base t ypes ,  s u c h  a s  t h e  complex r a d i o s t r i a t e  h a i r  base. 

The f i r s t  t y p e ,  found i n  bo th  types  of Sapindopsis, c o n s i s t s  

of a  round s e c r e t o r y  c e l l  w i t h  a  t h i n  o u t e r  c u t i c l e  and 

s e v e r a l  a s s o c i a t e d  c e l l s  t h a t  under thrus t  t h e  s ec re to ry  ce l l  

t o  va r ious  deg rees  ( P l .  13 ,  f i g s .  121-125) . Unlike 

comparable s t r u c t u r e s  from Zone I ,  t h e  s ec re to ry  c e l l s  i n  

Sapindopsis show a  wide a r r a y  of  t h r e e  dimensional shapes ,  

ranging from t u b u l a r  and l e v e l  w i t h  t h e  epidermis t o  bulbous 

o r  c y l i n d r i c a l  and s t r o n g l y  protruding.  The second type of 

abax ia l  s e c r e t o r y  s t r u c t u r e  i s  found i n  P la tanoids  -#I and # 2 .  

A s  i n  Sapindops is  and Zone I l eaves ,  t he se  glands have a 

s i n g l e  rounded s e c r e t o r y  c e l l  w i th  a  t h i n  o u t e r  c u t i c l e .  

Unlike t h e  s e c r e t o r y  c e l l s  o f  t h e  o t h e r  l e a f  groups, however, 

they always have p ro t rud ing  o u t e r  wa l l s  and t h e  base c e l l s  

always u n d e r t h r u s t  t h e  s e c r e t o r y  c e l l  ( P l .  1 4 ,  f i g s .  134, 

GL, 137; P1. 1 0 ,  f i g s .  150,  154, G l ) .  Compared t o  Zone I 

leaves  Subzone 1 1 - B  angiosperms possess a  l a r g e r  number 

of s e c r e t o r y  s t r u c t u r e s ,  b u t  compared t o  modern forms t h e i r  

d i v e r s i t y  and s t r u c t u r a l  complexity a r e  s t i l l  low. 

Conspicuously a b s e n t  i s  t h e  d i v e r s e  a r ray  of mult i-  

c e l l u l a r  s e c r e t o r y  s t r u c t u r e s  found i n  many groups of 

e x t a n t  d i c o t s  (Metcalfe  and Chalk, 1 9 5 0 ) .  



A f f i n i t i e s  of  Subzone 1 1 - B  Dicot Leaves 

I n  a d d i t i o n  t o  showing t h a t  Subzone 1 1 - B  d i c o t  

leaves possess  a h ighe r  s t r u c t u r a l  d i v e r s i t y  than t h e i r  

Zone I c o u n t e r p a r t s ,  c u t i c u l a r  anatomy a l s o  provides 

evidence on t h e  a f f i n i t i t e s  o f  s e v e r a l  d i f f e r e n t  l e a f  

groups wi th  each  o t h e r .  F i r s t ,  c u t i c u l a r  anatomy i s  h igh ly  

c o n s i s t e n t  w i th  t h e  i d e a  t h a t  t h e  p inna t e ly  compound leaves  

of  upper Subzone 11-B a r e  der ived  from t h e  complex of 

p i n n a t i f i d  l e a v e s  p r e s e n t  i n  middle Subzone 1 1 - B  (Doyle and 

Hickey, 1 9 7 6 ) ;  s i n c e  t h e  two groups a r e  v i r t u a l l y  i d e n t i c a l  

i n  t h e i r  c u t i c u l a r  f e a t u r e s .  I n  both  groups t h e  stomata a r e  

s l i g h t l y  sunken and t h e  p a t t e r n s  of subs id i a ry  c e l l  arrange- 

ment and s p e c i a l i z a t i o n  a r e  p r a c t i c a l l y  i d e n t i c a l ,  

inc lud ing  t h e  tendency f o r  t h e  l a t e r a l  con tac t  c e l l s  

t o  have t h i n n e r  c u t i c l e  t han  any of  t h e  o the r  assoc ia ted  

c e l l s .  The same two c l a s s e s  o f  tr ichomes/tr ichome bases 

a r e  p resen t  i n  bo th  l e a f  t y p e s ,  and on t h e  lower c u t i c l e  

they  i n t e r g r a d e  w i t h  i n f e r r e d  sec re to ry  s t r u c t u r e s .  The 

sec re to ry  s t r u c t u r e s  a r e  s i m i l a r  i n  both l e a f  groups and 

e x h i b i t  t h e  same p a t t e r n  of v a r i a t i o n  i n  a  population 

ranging from level w i t h  t h e  l e a f  su r f ace  t o  s t rongly  

pro t rud ing  and u n d e r t h r u s t  by t h e  adjacent  c e l l s .  Surf ace 

s cu lp tu re  i n  b o t h  groups i s  s t r i a t e  and t h e  s t r i a t i o n s  

tend  t o  have a  s u b p a r a l l e l  o r i e n t a t i o n  i n  non-papi l la te  

l eaves ,  except  where t hey  r a d i a t e  from t h e  stomata. The 



d i f f e rences  between t h e  two groups tend t o  be a mat ter  of 

degree r a t h e r  t han  kind:  t h e  s torna ta l  po le s  tend  t o  be more 

f l a t t ened  i n  t h e  p i n n a t i f i d  l e a v e s ,  t h e  s i z e  of s t r i a t i o n s  

and degree of a n t i c l i n a l  w a l l  undula t ion  on t h e  lower 

epidermis d i f f e r  between t h e  two groups,  and t h e  maximum 

number of o rde r s  o f  s p e c i a l i z e d  c e l l s  a s soc ia t ed  w i t h  t h e  

stomata is  higher  i n  t h e  p i n n a t e l y  compound leaves .  

Cu t i cu la r  anatomy i s  a l s o  c o n s i s t e n t  wi th  t h e  idea  

o f  a r e l a t i o n s h i p  between t h e s e  groups of p i n n a t i f i d  and 

p inna te ly  compound leaves  ( h e r e a f t e r  r e f e r r e d  t o  a s  

Sapindopsis) and members of  t h e  p l a t a n o i d  complex (Hickey 

and Doyle, 1977) . Close a f f i n i t i e s  have been i n f e r r e d  on 

t h e  bas i s  of tendency f o r  t h e  t e r m i n a l  l e a f l e t s  o f .  

Sapindopsis t o  resemble p l a t a n o i d  l e a v e s  and on t h e  

a s soc ia t ion  of t h e  two l ea f  groups w i t h  t h e  same 

inf lorescence  type.  C u t i c u l a r  anatomy revea l s  a p a t t e r n  

of overlapping c h a r a c t e r  d i s t r i b u t i o n s  i n  many f e a t u r e s  

t h a t  t i e s  t h e  p l a t a n o i d s  t o g e t h e r  w i t h  Sapindopsis ,  

p a r t i c u l a r l y  t h e  p i n n a t i f i d  members of t h e  group. Both 

complexes sha re  t h e  same p a t t e r n  of s u b s i d i a r y  c e l l  

arrangement and s p e c i a l i z a t i o n  found i n  no o t h e r  Sub- 

zone 11-B d i c o t s ,  and i n  a d d i t i o n  P l a t a n o i d s  #1 and #3 

possess e l l i p t i c ,  somewhat sunken s tomata  w i t h  f l a t t e n e d  

t o  t runca te  po le s ,  l i k e  p i n n a t i f i d  Sapindopsis .  Complex 

r a d i o s t r i a t e  h a i r  bases  a r e  found i n  Sapindopsis and 

Platanoid #l .  I n  a d d i t i o n ,  t h e  c h a r a c t e r i s t i c  r ing-  



shaped c u t i c u l a r  t h i c k e n i n g  a t  t h e  b a s e  of t h e  h a i r  and 

t h e  tendency f o r  t h e  base c e l l s  i n  v e i n a l  r eg ions  t o  be 

s m a l l e r  t h a n  t h e  a d j a c e n t  c e l l s  r e l a t e  t h i s  h a i r  base t o  

t h e  type  found i n  P l a t a n o i d  # 3 .  I n t e r e s t i n g l y ,  P l a t a n o i d s  

#1 and # 3  a r e  more s i m i l a r  t o  e a c h  o t h e r  i n  f e a t u r e s  of 

t h e i r  l e a f  a r c h i t e c t u r e  t h a n  t h e y  a r e  t o  any o t h e r  Subzone 

1 1 - B  group. P l a t a n o i d s  # 1  and ,  #2 p o s s e s s  i s o l a t e d  s e c r e t o r y  

c e l l s  r e s t r i c t e d  t o  t h e  lower  e p i d e r m i s ,  which i n  P l a t a n o i d  

# 1  show a  s t r o n g  t e n d e n c y  t o  i n t e r g r a d e  w i t h  complex 

r a d i o s t r i a t e  h a i r  bases, a s  i n  S a p i n d o p s i s .  These s e c r e t o r y  

cel ls  a r e  less v a r i a b l e  i n  t h e i r  shape  and p o s i t i o n i n g  

r e l a t i v e  t o  o t h e r  cel ls  t h a n  t h o s e  i n  Sapindopsis  and t end  

t o  resemble t h e  more s t r o n g l y  p r o t r u d i n g  ones i n  t h e  l a t t e r  

group. F i n a l l y ,  t h e  c h a r a c t e r i s t i c  h a i r  base  found i n  

P l a t a n o i d  #2,  w i t h  ; . i ts  c i r c u l a r  p o r e  and i r r e g u l a r l y  

th ickened  o u t e r  c u t i c l e ,  s t r o n g l y  resembles  a  v a r i a n t  of 

one h a i r  base  t y p e  p r e s e n t  i n  p i n n a t i f i d  Sapindopsis .  

The o t h e r  t h r e e  l e a f  groups  p o s s e s s  c u t i c u l a r  

f e a t u r e s  t h a t  a r e  e i t h e r  found i n  no o t h e r  l e a f  group 

o r  e l s e  a r e  s o  widespread  s y s t e m a t i c a l l y  a s  t o  be of 

l i t t l e  use  i n  e v a l u a t i n g  r e l a t i o n s h i p s .  Populophyllum 

reni forme has  a  t y p e  o f  t r i chome b a s e  found i n  every  

major  Subzone 11-B l e a f  complex and s e v e r a l  f e a t u r e s  

unique t o  i t s e l f ,  which  i n c l u d e  predominantly anomocytic 

s tomata ,  l a r g e  e p i d e r m a l  ce l l s ,  and a  d i s t i n c t i v e  

p a t t e r n  of i n t e r n a l  s c u l p t u r e .  Menispermites  potomacensis ,  

r e f e r r e d  t o  t h e  complex o f  act inodromous l eaves  which 



i n c l u d e s  Populophyllum (Hickey ,and Doyle,  1977) , s t a n d s  

a p a r t  from Populophyllum and o t h e r  l e a f  groups by i t s  s m a l l  

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

arrangement t h a t  r a n g e s  from anomocytic  t o  hemiparacyt ic  

and p a r a c y t i c .  F i n a l l y ,  t h e  new s e r r a t e  l e a f  from Red P o i n t  

i s  unique i n  p o s s e s s i n g  m a c e r a t i o n - r e s i s t a n t  l amel lae  i n  

i t s  guard c e l l s  w h i l e  l a c k i n g  s t o r n a t a l  ledges  e n t i r e l y ,  

i n  i t s  r i n g  of  s u b s i d i a r y  ce l l s  which a l l  b e a r  s t r o n g l y  

o v e r a r c h i n g  p a p i l l a e ,  and i n  t h e  c u t i n i z a t i o n  of t h e  i n n e r  

w a l l s  o f  t h e  ep ide rmal  c e l l s .  The i s o l a t i o n  o f  each o f  t h e s e  

l e a f  groups from a l l  o t h e r s  i n  f e a t u r e s  o f  c u t i c u l a r  anatomy 

s u g g e s t s  t h a t  t h e y  may a l l  b e  d i s t a n t l y  r e l a t e d  t o  each o t h e r  

and t o  members o f  t h e  S a p i n d o p s i s  - P l a t a n o i d  group. 

C u t i c u l a r  anatomy a l s o  p r o v i d e s  new evidence  on t h e  

a f f i n i t i e s  o f  some Subzone I I - B  d i c o t s  t o  modern forms. F i r s t ,  

t h e  numerous s i m i l a r i t i e s  s e e n  between P l a t a n o i d  # 3  and 

e x t a n t  P la tanaceae  s t r o n g l y  s u p p o r t  Hickey and Doyle 's  

(1977) s u g g e s t i o n  t h a t  t h e  Potomac Group p l a t a n o i d s  , a r e  

r e l a t e d  t o  t h e  Hamamelidales . P l a t a n o i d  #3 c l o s e l y  

resembles  modern P l a t a n u s  i n  i t s  s t o r n a t a l  p a t t e r n  and t h e  

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

t o g e t h e r  se t  t h e  l a t t e r  a p a r t  from r e l a t e d  f a m i l i e s  such 

as Hamamelidaceae and Myrothamnaceae. The stomata conform 

t o  t h e g e n e r a l .  S a p i n d o p s i s  - P l a t a n o i d  p a t t e r n ,  i n  which 

t h e  l a t e r a l  c o n t a c t  c e l l s  always e x h i b i t  some s p e c i a l -  

i z a t i o n ,  b u t  t h e  o t h e r  ad j-acent c e l l s  range  from unspec ia l -  

i z e d  t o  d i s t i n c t l y  modi f i ed  ( P I .  2 2 ,  f i g .  2 0 9 )  . Each 



ha i rbase  c o n s i s t s  o f  a  s i n g l e  f o o t  c e l l  t h a t  i s  posit ioned 

over  t h e  junct ion o f  two o r  more b a s e  c e l l s  ( P l .  1 8 ,  f i g s .  

167-172; P1.  2 2 ,  f i g s .  207, 208) .  Each f o o t  c e l l  has t h e  

shape of a  t r u n c a t e  cone, w i t h  i t s  wides t  por t ion  a t  t h e  

s u r f a c e  of t h e  ep idermis ,  and a t  t h e  junc t ion  of the  foot  

and underlying base  c e l l s  t h e r e  i s  o f t e n  a  r i n g  of thickened 

c u t i c l e  ( P l .  18,  f i g .  170, arrow; P I .  22, f i g .  207, arrow).  

The base c e l l s  show some v a r i a t i o n  i n  t h e  v e i n a l  a reas ,  

ranging  from a s  l a r g e  a s  t h e  a d j a c e n t  cells t o  d i s t i n c t l y  

sma l l e r  ( P l .  18,  f i g .  168, arrow; P I .  22, f i g s .  207, 208).  

These s i m i l a r i t i e s ,  a long wi th  t h e  over lapping  charac te r  

d i s t r i b u t i o n s  t h a t  r e l a t e  P la t ano id  #3 t o  t h e  o ther  

p l a t ano ids  suppor t  t h e  concept t h a t  t h e  Potomac Group 

p l  a tanoids  a r e  r e p r e s e n t a t i v e s  o f  t h e  complex t h a t  gave 

r ise t o  t h e  modern Platanaceae.  T h i s  does not mean t h a t  a l l  

t h e  f e a t u r e s  of t h e  modern family had evolved by Subzone 

11 -B :  Pla tanoid # 3  d i f f e r s  from a l l  e x t a n t  Platanaceae 

by i t s  smal le r  stomata (15-23 microns long a s  opposed t o  an 

average of over 40 mic rons ) ,  s t r o n g l y  f l a t t e n e d  stomata1 

p o l e s ,  l a t e r a l  c o n t a c t  c e l l s  wi th  wel l -def ined flanges along 

t h e  t a n g e n t i a l  w a l l s ,  and lack  of s t r i a t i o n s  on the  non- 

v e i n a l  c e l l s .  

Cut icu lar  anatomy i s  a l s o  c o n s i s t e n t  with  t h e  pro- 

posed r e l a t i o n s h i p  of  Sapindopsis and t h e  ex tan t  subclass  

Rosidae (Hickey and Doyle, 1977) , b u t  knowledge of c u t i c l e  

s t r u c t u r e  i n  e x t a n t  d i c o t s  i s  not  y e t  ex tens ive  enough f o r  

t h i s  t o  be considered c e r t a i n ,  Sapindops is  shows many 



s i m i l a r i t i e s  t o  t h e  e x t a n t  Cunoniaceae and Sapindaceae i n  

s tomata1  anatomy and h a i r  base  cons t ruc t ion .  The stomata of 

bo th  f a m i l i e s  possess  l a t e r a l  c o n t a c t  c e l l s  t h a t  a r e  

commonly sma l l e r  t h a n  t h e  a d j a c e n t  c e l l s  and t h a t  show 

pronounced c u t i c u l a r  t h i n n i n g  ad j acen t  t o  t h e  guard c e l l s  

( P I .  22, f i g s .  210, 213) . The c e l l s  a d j a c e n t  t o  t h e  l a t e r a l  

c o n t a c t  c e l l s  a r e  o f t e n  sma l l  a s  w e l l ,  producing stomata 

w i t h  up t o  two o r d e r s  o f  s p e c i a l i z e d  c e l l s .  Hair base 

c o n s t r u c t i o n  i n  Sapindaceae is  d i f f e r e n t  from Sapindopsis, 

b u t  c e r t a i n  Cunoniaceae s t r o n g l y  resemble t h e  l a t t e r  group, 

p a r t i c u l a r l y  Weimannia c r e n a t a .  The a b a x i a l  h a i r  bases of 

W .  - c rena t a  conform t o  t h e  same p a t t e r n s  of cons t ruc t ion  as 

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

c e l l  shape and s i z e  (compare PI .  2 2 ,  f i g .  211 with  P1 .  8 ,  

f i g .  62 and PI .  22, f i g .  2 1 2  w i t h  P1. 1 2 ,  f i g .  1 0 8 ) .  

  he o t h e r  groups of  Subzone 11-B d i c o t s  cannot be 

c o n f i d e n t l y  r e l a t e d  t o  e x t a n t  angiosperms on  t h e  b a s i s  of 

c u t i c l e  s t r u c t u r e .  Fu r the r  sys t ema t i c  s t u d i e s  of ex tan t  

d i c o t  l ea f  c u t i c l e s  w i l l  be under taken t o  b e t t e r  determine 

t h e i r  r e l a t i o n s h i p  t o  modern forms. 

Cut icu la r  Evolu t ion  i n  Ear ly  Angiosperms 

A comparison o f  Subzone 11-B angiosperm leaves wi th  

Zone I forms sugges t s  s e v e r a l  evo lu t iona ry  t r e n d s  i n  t h e  

l e a f  c u t i c l e s .  These t r e n d s  have been i n f e r r e d  by using 

t h e  o r d e r  of appearance i n  t h e  f o s s i l  record  t o  determine 

t h e  p o l a r i t y  of a  morphocline.  T h i s  method was chosen f o r  

t h r e e  reasons .  F i r s t ,  it i s  independent o f  t h e  presumed 



modern a f f i n i t i e s  of t h e  f o s s i l  forms and can be used t o  t e s t  

hypotheses on t h e  r e l a t i v e  advancement of  modern taxa. 

Second, t h i s  method can be used t o  determine whether o r  n o t  

t h e  informal  l ea f  groups used by Doyle and Hickey (1976) 

and ~ i c k e y  and Doyle (1977) a r e  po lyphy le t i c  s i n c e  it i s  

independent of t h e  proposed c l a s s i f i c a t i o n .  Th i rd ,  s i n c e  

p o l a r i t y  i s  determined independent ly  of o t h e r  c h a r a c t e r s ,  it 

avoids  t h e  p i t f a l l s  o f  c h a r a c t e r  c o r r e l a t i o n ,  where an  

advanced cha rac t e r  can e a s i l y  be m i s i n t e r p r e t e d  as p r i m i t i v e  

because it occurs i n  a p r i m i t i v e  group.  The use o f  s t r a t i -  

g raph ic  d a t a  makes t h e  assumption t h a t  t h e  f o s s i l  r e c o r d  i s  

good enough t o  provide  t h e  c o r r e c t  sequence of 

c h a r a c t e r  s t a t e  changes w i t h i n  a group,  bu t  does n o t  assume 

t h a t  t h e  record w i l l  provide t h e  a n c e s t o r s  of a l l  t a x a .  

Th i s  means t h a t :  ( I )  t h e r e  i s  no f a c t o r ,  such a s  a f a c i e s  

s h i f t  o r  c l i m a t i c  change, t h a t  b i a s e s  t h e  t ime  of  occurence  

of  an organism i n  t h e  f o s s i l  r eco rds  and ( 2 )  t h e  odds of  

f o s s i l i z a t i o n  f o r  t h e  d i f f e r e n t  groups of organisms a r e  

roughly equal .  The f i r s t  assumption appears t o  be  s u p p o r t e d  

by published accounts (e  . g. , Glasser  , 196 9)  and unpub l i shed  

observa t ions  of Potomac Group sedimentology,  which imply  t h e  

p e r s i s t e n c e  of f l u v i a l  cond i t ions  from Zone I through Sub- 

zone 11-B i n  t h e  ou tc rop  b e l t .  The second assumption may 

be l e s s  v a l i d ,  s i n c e  Zone I angiosperm leaves  a r e  rare 

compared t o  Subzone 11-B t ypes .  However, t h i s  problem 

i s  a t  l e a s t  p a r t i a l l y  o f f s e t  by t h e  i n t e n s i v e  s e a r c h  f o r  



angiospermous d i s p e r s e d  c u t i c l e  from Zone I ,  s i n c e  1 2  

c u t i c l e  types  a r e  known from t h i s  t i m e  a s  opposed t o  only 

8 i n  Subzone 1 1 - B .  

The only c h a r a c t e r s  used i n  t h i s  ana lys i s  were those  

considered t o  be morphological ly  equ iva l en t ;  t h a t  i s ,  

homologous i n  t h e  s ense  o f  Remane (1952) and Kaplan (1977). 

Two cha rac t e r s  were considered e q u i v a l e n t  i f  t hey  met a t  

l e a s t  one of t h r e e  c r i t e r i a :  (I) equ iva l en t  p o s i t i o n  i n  a 

common ground p lan ;  ( 2 )  s p e c i a l  q u a l i t i e s ,  o r  ( 3 )  

connection through i n t e r m e d i a t e  s t r u c t u r e s .  Equivalent  posi-  

t i o n  r e f e r s  t o  t h e  p o s i t i o n  on t h e  l e a f  su r f ace ,  which i n  

t h i s  s tudy was e i t h e r  on bo th  s i d e s  o f  t h e  l e a f  o r  

r e s t r i c t e d  t o  t h e  a b a x i a l  epidermis .  Since two o r  more 

phene t i ca l ly  d i s t i n c t  s t r u c t u r a l  t y p e s  could be considered 

equiva len t  on t h e  b a s i s  o f  p o s i t i o n ,  t h e  s u b c r i t e r i o n  of  

o v e r a l l  resemblance w a s  a l s o  used, w i t h  s t r u c t u r e s  i n  Zone 

I angiosperm l eaves  s e r v i n g  a s  p o i n t s  of o rgan iza t ion .  

Spec i a l  q u a l i t i e s  r e f e r s  t o  p r o p e r t i e s  of a s t r u c t u r e  t h a t  

a r e  independent o f  p o s i t i o n ;  f o r  a c u t i c u l a r  example, a  

func t iona l  stoma i n  f lower ing  p l a n t s  always c o n s i s t s  of 

two guard c e l l s ,  no m a t t e r  what i t s  p o s i t i o n .  

Connection through in t e rmed ia t e  s t r u c t u r e s  r e f e r s  t o  t h e  

connection of two un l ike  s t r u c t u r e s  by one o r  more i n t e r -  

mediate forms, which can be found on t h e  same organ  ( i n  t h i s  

case  t h e  l e a f ) ,  w i t h i n  members of  a populat ion o r  c u t i c l e  

group, o r  between d i f f e r e n t  l e a f  / c u t i c l e  groups. This 

method proved t h e  most va luab le  of  t h e  t h r e e  f o r  e s t a b l i s h i n g  



s t r u c t u r a l  equivalencies .  

Proposed Evolut ionary Trends 

1. (a )  Outer s tomata l  l edges  p r e s e n t  on guard c e l l s  
(b) Outer s tomatal  l edges  absent .  

A l l  Zone I angiosperm l eaves  possess  o u t e r  stoma- 

t a l  ledges,  which i n  many groups a r e  a s soc ia t ed  with 

macera t ion- res i s tan t  lamel lae .  Subzone 11-B  angiosperms 

a l l  possess o u t e r  stornatal  l edges ,  except  f o r  a new 

s e r r a t e  form from Red P o i n t ,  which has  well-developed 

lamellae but  lacks  s tomata l  l edges  e n t i r e l y .  The l a t e r  

occurrence of t h e  l edge le s s  cond i t ion  and i ts  r e s t r i c t i o n  

t o  one l ea f  group a r e  both c o n s i s t e n t  w i th  t h e  concept t h a t  

it rep resen t s  an advancement w i t h i n  t h e  d i c o t s .  However, 

t h e  f a c t  t h a t  t h i s  group i s  known from only one specimen 

suggests  t h a t  t h e  t r a i t  may have a r i s e n  much e a r l i e r .  

Dispersed c u t i c l e  s t u d i e s  should be undertaken t o  determine 

more accura te ly  t h e  f i r s t  t i m e  of  appearance f o r  t h i s  

cha rac te r .  

2 .  ( a )  Guard c e l l  l amel lae  p r e s e n t  (b) Guard c e l l  
lamellae absent.  

The major i ty  of d i c o t  l eaves  i n  Zone I possess 

macera t ion- res i s tan t  lamel lae  while  t h e y  a r e  absent among 

Subzone 11-B forms except  f o r  t h e  new S e r r a t e  a t  Red Point .  

The decreased percentage of t a x a  wi th  guard c e l l  lamellae 

i n  Subzone 1 1 - B  i s  c o n s i s t e n t  w i t h  t h e  t rend  proposed by 

Baranova ( 1 9 7 2 )  on the  b a s i s  of  comparative anatomy i n  

e x t a n t  Magnoliidae. 



3 .  (a) Zone I p a t t e r n  of s tomata1  v a r i a t i o n  (b) The 
four  Subzone 11-B p a t t e r n s  of v a r i a t i o n  i n  neighboring 
c e l l  arrangement and s p e c i a l i z a t i o n .  

A s  d i scussed  i n  Chapter  I V  Subzone 11-B angio- 

sperm stomata d i f f e r  from t h e i r  Zone I counte rpar t s  by 

having a  lower v a r i a t i o n  i n  ne ighbor ing  c e l l  arrangement 

and s p e c i a l i z a t i o n ,  y e t  t h e  range i n  convent ional ly  

recognized s toma ta l  t ypes  i n  t h e  angiosperm element i s  

s i m i l a r  t o  t h a t  seen on a  Zone I l e a f .  A s  a  r e s u l t  each of 

t h e  fou r  Subzone 11-B p a t t e r n s  seen  i n  t h i s  s tudy  i s  i n f e r r e d  

t o  be independently de r ived  from Zone I p a t t e r n  by a  

dec rease  i n  s tomata l  v a r i a t i o n  on a n  i n d i v i d u a l  l e a f .  

4 .  ( a )  R a d i o s t r i a t e  h a i r  base  (b) Complex r a d i o s t r i a t e  
h a i r  base  (c) P l a t a n o i d  # 3  t y p e  o f  h a i r  base.  

Zone I leaves  posses s  t h r e e  t y p e s  of h a i r  bases. 

Two a r e  s i m i l a r  t o  each o t h e r  i n  t h a t  each possesses  a  

f o o t  c e l l  t h a t  i s  s t r o n g l y  c u t i n i z e d  on  a t  l e a s t  one wal l .  

The r a d i o s t r i a t e  h a i r  base  l a c k s  t h e  h e a v i l y  cu t in i zed  foo t  

and has  r a d i a t i n g  s t r i a t i o n s  from t h e  base  of t h e  h a i r ,  

u n l i k e  t h e  o t h e r s .  I t  i s  most s i m i l a r  t o  t h e  complex 

r a d i o s t r i a t e  h a i r  base ,  found i n  Sapindops is  and Pla tanoid 

#1. The complex r a d i o s t r i a t e  h a i r  base  shows a higher  

v a r i a t i o n  i n  t h e  s t r u c t u r e  o f  t h e  s c a r ,  i t s  pos i t i on ing  

r e l a t i v e  t o  t h e  base c e l l s ,  and t h e  number and s p e c i a l i z a t i o n  

of t h e  base c e l l s .  While many of  t h e s e  h a i r  bases  bear 

l i t t l e  resemblance t o  t h e  r a d i o s t r i a t e  t y p e ,  they  a r e  

connected by a  s e r i e s  o f  i n t e r m e d i a t e  s t r u c t u r e s  t o  forms 

t h a t  s t rong ly  resemble t h e  r a d i o s t r i a t e  type.  The P la tanoid  



#3 t ype  i s  l ikewise  d i s s i m i l a r  t o  most complex r a d i o s t r i a t e  

h a i r  bases ,  b u t  some o f  t h e  l a t t e r  approach it i n  t h e  

f e a t u r e s  of h a i r  p o s i t i o n i n g ,  base  c e l l  mod i f i ca t ion ,  and 

shape of t h e  c u t i c u l a r  t h i c k e n i n g  a t  t h e  trichome base 

c e l l  junct ion.  The r a d i o s t r i a t e  type  i s  t h e  o l d e s t ,  whi le  

t h e  most d ive rgen t  (and t h e  i n f e r r e d  in t e rmed ia t e )  a r e  

f i r s t  seen i n  younger sediments .  

5 .  (a )  Abaxial s e c r e t o r y  s t r u c t u r e s  f l a t  wi th  epidermis 
(b) Abaxial s e c r e t o r y  s t r u c t u r e s  ranging from f l a t  t o  

p ro t rud ing .  
(c) Abaxial s e c r e t o r y  s t r u c t u r e s  always p ro t rud ing  from 

epidermal s u r f a c e .  

Potomac Group angiosperm l eaves  possess  a wide range 

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

cells. I n  Zone I they  a r e  a l l  f l a t  w i t h  t h e  s u r f a c e  of t h e  

ep idermis ,  whi le  i n  Subzone 1 1 - B  they  span t h e  f u l l  range 

o f  v a r i a t i o n .  I n  Sapindopsis  t h i s  d i v e r s i t y  can be seen 

w i t h i n  a  populat ion o r  even on an i n d i v i d u a l  l e a f .  I n  

c o n t r a s t ,  t h e  s e c r e t o r y  c e l l s  i n  P l a t a n o i d  #1 and #2 always 

p ro t rude  from t h e  s u r f a c e  o f  t h e  ep idermis .  One end of t h e  

series i s  found i n  Zone I ,  t h e  o t h e r  (and t h e  i n t e rmed ia t e  

s t a te )  a r e  f i r s t  seen i n  Subzone 11-B.  

6 .  ( a )  Highly d i s t i n c t  a b a x i a l  h a i r  ba ses  and s e c r e t o r y  
s t r u c t u r e s .  (b )  I n t e r g r a d a t i o n  of t h e s e  two 
s t r u c t u r a l  t ypes .  

I n  Zone I leaves  a l l  h a i r  bases  and a b a x i a l  s e c r e t o r y  

s t r u c t u r e s  a r e  d i s t i n c t .  I n  c o n t r a s t ,  t hey  show complete 

i n t e r g r a d a t i o n  even on t h e  same l e a f  i n  Sapindopsis and 

P l a t a n o i d  # I ,  found i n  Subzone 1 1 - B .  Th is  sugges t s  a t r e n d  



less d i f f e r e n t i a t i o n  between t h e s e . t w o  s t r u c t u r a l  

t ypes ,  a t  l e a s t  i n  t h i s  subgroup of Potornac Group angio- 

sperm leaves .  

7. (a )  I n t e r n a l  s c u l p t u r e  smooth t o  g ranu la r .  (b) I n t e r -  
n a l  s c u l p t u r e  a l v e o l a r .  

A l l  Zone I l e a v e s  have smooth t o  g ranula r  i n t e r n a l  

s cu lp tu re ,  a s  i s  t y p i c a l  o f  e x t a n t  f lowering p lan ts .  This  

holds t r u e  f o r  every  Subzone 11-B l e a f  t ype  except 

Populophyllum reniforme , which has  an ex t ens ive  system of 

chambers t h a t  open t o  t h e  i n n e r  c u t i c l e  s u r f a c e  near t h e  

f langes .  These chambers appear  a s  l i g h t  a r eas  under l i g h t  

microscopy, making t h i s  p a t t e r n  d e t e c t a b l e  without t h e  SEM. 

The l a t e r  appearance of  t h i s  t r a i t ,  a s  w e l l  a s  i t s  confine- 

ment t o  one l ea f  t y p e ,  suppor t s  t h e  i dea  t h a t  it r e p r e s e n t s  

an advancement. 

Systematic D i s t r i b u t i o n  of Advanced Features  

The sys t ema t i c  d i s t r i b u t i o n  of t h e s e  pos tu la ted  

advanced f e a t u r e s  i n  Subzone 11-B d i c o t  l eaves  s t r o n g l y  

cor robora tes  t h e  p h e n e t i c  re-Lat ionships  i n f e r r e d  on t h e  

bas i s  of over lap  i n  c u t i c u l a r  f e a t u r e s .  F i r s t ,  t h e  p i n n a t i -  

f i d  and p inna te ly  compound l e a v e s  r e f e r r e d  t o  Sapindopsis 

by Hickey and Doyle (1977) ,  which a r e  v i r t u a l l y  i d e n t i c a l  

i n  a l l  a spec t s  of t h e i r  c u t i c u l a r  s t r u c t u r e ,  possess 

advanced f e a t u r e s  f o r  f i v e  of  t h e  seven cha rac t e r  groups;  

t h e  l o s s  of l amel lae  i n  t h e  guard c e l l s ,  t h e  Sapindopsis 

stornatal p a t t e r n ,  complex r a d i o s t r i a t e  h a i r  bases ,  a b a x i a l  

s ec re to ry  s t r u c t u r e s  t h a t  range from l e v e l  wi th  t h e  ep idermis  



t o  s t rong ly  p r o t r u d i n g ,  and t h e  i n t e r g r a d a t i o n  of t h e s e  

s e c r e t o r y  c e l l s  Fd t h  h a i r  bases  and t h e i r  assoc ia ted  h a i r s .  

These advancements o r  s t i l l  more de r ived  condi t ions  a r e .  a l l  

found i n  t h e  " p l a t a n o i d s "  b u t  a r e  a b s e n t  from t h e  o t h e r  

t h r e e  l ea f  groups,  w i t h  t h e  excep t ion  of t h e  l o s s  of 

l amel lae ,  found i n  Menispermites potomocensis and 

Populophyllum r e n i  f o m e .  This  possess ion  of  numerous 

advanced f e a t u r e s  by Sapindopsis  and t h e  p la tanoids  

s t r o n g l y  suppor t s  t h e  r e l a t i o n s h i p  i n f e r r e d  by Hickey and 

Doyle (1977) f o r  t h e  two groups. I f  Sapindopsis i s  indeed 

an e a r l y  member o f  s u b c l a s s  Rosidae and t h e  p l a t ano ids  do 

indeed r e p r e s e n t  t h e  Pla tanaceous a l l i a n c e ,  then c u t i c u l a r  

anatomy suppor t s  t h e  concept t h a t  e x t a n t  Pla tanaceae and 

subc lass  ~ o s i d a e  a r e  more c l o s e l y  r e l a t e d  than  has gene ra l ly  

been thought (Hickey and Doyle, 1977) .  Fur ther  s t u d i e s  

on t h e  d i s t r i b u t i o n  of  c u t i c u l a r  f e a t u r e s  i n  modern angio- 

sperms, coupled w i t h  s t u d i e s  of  t h e  reproduc t ive  s t r u c t u r e s  

a s soc i a t ed  wi th  b o t h  t h e  f o s s i l  l e a f  groups,  a r e  needed t o  

t e s t  t h i s  hypothes i s .  

The d i s t a n t  r e l a t i o n s h i p s  t o  o t h e r  l e a f  groups 

i n f e r r e d  f o r  Menispermite potornacensis, Populophyllum 

reniforme, and t h e  new s e r r a t e  from Red Poin t  a r e  supported 

by t h e  genera l  r e s t r i c t i o n  of advanced f e a t u r e s  t o  on ly  

one l ea f  type. The new s e r r a t e  from Red Po in t  possesses  

t h e  advanced f e a t u r e s  o f  no s t o m a t a l  ledges  and i t s  

c h a r a c t e r i s t i c  s t o m a t a l  which a r e  shared with  no 



other  leaf group. The s tomatal  type of Menispermites 

potomacensis i s  i n f e r r e d  t o  be derived separately of the 

o ther  contemporaneous stomatal  types.  Populophyllum 

reniforme has i t s  own uniquely derived stornatal type and 

t h e  advanced f e a t u r e  of a lveolar  i n t e r n a l  sculpture. The 

l a t t e r  two groups do share t h e  t r a i t  of no stornatal 

lamellae, but t h i s  i s  a l s o  found i n  the  Sapindopsis- 

platanoid complex as  w e l l .  This may mean t h a t  the new 

s e r r a t e  from Red Point  i s  more d i s t a n t l y  related t o  t h e  

o ther  leaf groups than they a r e  t o  each other;  however, 

t h e  f a c t  t h a t  t h e  l o s s  of lamellae can be inferred t o  

have taken p l a c e  more than once i n  t h e  Magnoliaceae ( c f .  

Baranova, 1 9 7 2 )  suggests  t h a t  o ther  characters  a re  needed 

before t h i s  hypothesis  can be accepted. 

Conclusions 

I n  conclus ion ,  t h e  study of leaf  cu t i c l e s  provides 

new evidence f o r  Cretaceous angiosperm evolution. The low 

d i v e r s i t y  of c u t i c u l a r  f ea tu res  seen i n  Zone I ,  along with 

t h e  progressive inc rease  i n  d i v e r s i t y  seen i n  l a t e r  

Cretaceous and T e r t i a r y  Cu t i c l e s ,  i n d i c a t e s  tha t  the 

flowering p l a n t s  were undergoing a s teady d ive r s i f i ca t ion  

throughout t h i s  t ime and t h a t  the  angiosperms had yet t o  

approach even a s i g n i f i c a n t  f r a c t i o n  of t h e i r  overal l  di-  

v e r s i t y  by t h e  end of  t h e  Early Cretaceous. The f a c t  t h a t  

t h e  order of appearance of c u t i c u l a r  features  shows a 

general correspondence with t h e  relat ive/pr irni t iveness  or  



advances of modern c o u n t e r p a r t s  i n f e r r e d  on t h e  b a s i s  

o f  comparative morphology provides  a d d i t i o n a l  evidence f o r  

t h e  genera l  v a l i d i t y  o f  modern systems of angiosperm 

c l a s s i f i c a t i o n .  This  correspondence,  a long  with  t he  f a c t  

t h a t  t h e  Potomac Group record  has supp l i ed  lea f  remains 

w i t h  f e a t u r e s  i n t e r m e d i a t e  between t h o s e  of  some modern 

groups,  i n d i c a t e s  t h a t  f u t u r e  s t u d i e s  of f o s s i l  f lowering 

p lan  remains should provide a d d i t i o n a l  s o l u t i o n s  t o  ou r  

understanding of angiosperm phylogeny. 
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Plate 1 

Zone I angiosperm leaves  

Fig.  1. D.B.  Leaf Type # I ,  showing numerous convex- 

convex (A-1) s e r r a t i o n s  and simple 

craspedodromous secondary venation.  x1.5. 

Fig.  2 .  D . B .  Leaf Type #1, close-up of t o o t h  from same 

specimen, showing t h e  g landular  t i p ,  medial 

ve in ,  and two l a t e r a l  v e i n s  t h a t  fuse  with t h e  

medial v e i n  (arrows) . x25. 

Fig.  3 .  c f .  Ficophyllum, t r a n s f e r  of l e a f  fragment 

showing r e t i c u l a t e  h igher  order  ve ins .  The two 

t h i c k  ve ins  running from l e f t  t o  r i g h t  a re  

i n t e r p r e t e d  t o  be secondaries .  x3. 

Fig.  4 .  Eucalyptophyllum oblongifol ium, specimen photo- 

graphed i n  i n f r a - r e d  l i g h t  which shows a two- 

stranded primary v e i n ,  i r r e g u l a r l y  space secon- 

d a r i e s ,  and an i n t r a m a r g i n a l  v e i n  (arrow).  . x2. 

Fig.  5. Celastrophyllum sp .  Note stem fragment associa-  
t ed  with t h e  l e a f  base. x1.5. 

Fig.  6.  c f .  Celastrophyllum obovatum, obovate leaf  f rag-  

ment wi th  marginal  t e a r s  showing secondary and 

t e r t i a r y  venat ion .  x3. 

Fig .  7 .  Celastrophyllum s p . ,  upper c u t i c l e  showing 

stomata and s u b p a r a l l e l  f o l d s .  x160. 

F ig .  8. c f .  Ficophyllum, upper c u t i c l e  with f a i n t  f l an -  

ges ,  occas ional  f o l d s ,  and one stoma ( top  of 

frame).  x160. 

F ig .  9. Eucalyptophyllum, upper c u t i c l e  showing promi- 

nent f l anges ,  numerous h a i r  bases ,  and p s i l a t e  

s c u l p t u r a l  f e a t u r e s .  x400. 

F ig .  1 0 .  D.B. Leaf Type #1, upper c u t i c l e  showing promi- 

nent f langes  and numerous f i n e  s t r i a t i o n s  t h a t  

t r a v e r s e  c e l l  boundaries .  x250. 



P l a t e  1 



P l a t e  2 

Zone I an-qiosperm c u t i c l e s  

Fig. 11. Eucalyptophyllum, SEM o f  outer  surface of 

upper c u t i c l e  showing trichome absciss ion sca r s .  

x1000. 

Fig. 1 2 .  Eucalyptophyllum, lower c u t i c l e  with paracyt ic  

(P)  and l a t e r o c y t i c  (LC) stomata and glandular 

c e l l s  ( G )  . x400. 

Fig. 13. c f .  Ficophyllum, g e n e r a l  shot of lower c u t i c l e  

showing s u b p a r a l l e l  f o l d s  and v a r i a b l e  stomatal  

complexes. x160. 

Fig. 1 4 .  D.B. Leaf Type # I ,  anomocytic stoma showing 

c h a r a c t e r i s t i c  p a t t e r n  of  s t r i a t i o n s  on t h e  

s tomata l  complex. 

Fig. 15. c f .  Ficophyllum, stoma showing lamellar  th icke-  

nings (L)  and o u t e r  stornatal  ledges (SL) on 

guard c e l l s .  ~ 1 0 0 0 .  

Fig. 1 6 .  c f .  Ficophyllum, stoma u n c l a s s i f i a b l e  as any 

one conven t i a l  t y p e  showing a  high range of  

v a r i a t i o n  i n  c o n t a c t  c e l l  s i z e .  x750. 

Fig. 1 7 .  Eucalyptophyllum, SEM o f  inner  sur face  of lower 

c u t i c l e  showing g ranu la r  s c u l p t u r e  and four  

convent ional ly  recognized stomata types: para- 

c y t i c  ( P )  , c y c l o c y t i c  ( C )  , hemiparacytic (H) , 
and l a t e r o c y t i c  (LC)  . x1000. 
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Pla t e  3 

Extant and Zone I angiosperm l ea f  c u t i c l e s  

Fig. 18. Sarcandra qlaba (Chloranthaceae) , p a r t i a l l y  

macerated lower c u t i c l e  showing the  Zone I 

pa t te rn  of  v a r i a t i o n  i n  con tac t  c e l l  arrange- 

ment and spec i a l i za t i on .  x200. 

Fig. 1 9 .  D.B. Leaf Type #I ,  e longate  and branched h a i r  

base from lower c u t i c l e .  x400. 

Fig. 20 .  Eucalyptophyllum, r a d i o s t r i a t e  h a i r  base from 

lower c u t i c l e  (arrow) . x400. 

Fig. 2 1 .  c f .  Celastrophyllum obovatum, secretory 

c e l l  associated with t h e  c u t i c l e  (arrow) . 
x400. 

Fig. 22 .  Eucalyptophyllum, SEM of o u t e r  surface of lower 

c u t i c l e  showing sunken stomata wi th  outer  stoma- 

t a l  ledges and two s i z e s  of  s t r i a t i o n s .  x1000. 

Fig. 23. dispersed Cut ic le  Type #1 from Dutch Gap, 

stomata1 complex with T-pieces.  Note a l s o  

the c h a r a c t e r i s t i c  grooves i n  the  broad c u t i -  

cu l a r  f langes .  x400. 

Fig. 24-  

26 .  Dispersed Cut ic le  Type # 3  from Drewrys Bluff .  

Fig. 2 4 .  CLose-up of stoma showing s t r i a t i o n  pa t te rn  

s imi la r  t o  D . B .  Leaf Type #1 and strongly 

developed T-pieces. Arrow po in t s  t o  top 

p a r t  ["crossbar"]  of  T-piece. x1000. 

Fig. 25. Hair base showing thickened ou te r  c u t i c l e  with 

pore (arrow) . x1000. 

Fig. 2 6 .  Same ha i r  base showing s t rong ly  underthrusting 

base c e l l s  (arrow). x1000. 
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P l a t e  4 

Lower c u t i c l e s  of Sarcandra (Chloranthaceae) and Zone I 

angiosperms. 

F ig .  27.  Dispersed C u t i c l e  Type #2 from Dutch Gap, 

showing two s tomata  and a  hollow p a p i l l a  (arrow) . 
x400. 

F ig .  28. Dispersed C u t i c l e  Type # 3  from Drewrys B l u f f ,  

genera l  s h o t  showing s t r a i g h t - w a l l e d  , poly- 

gonal cel ls  wi th  p a r t i a l l y  s o l i d  p a p i l l a e  and 

r a d i a t i n g  s t r i a t i o n s .  x200. 

Fig.  2 9 .  Dispersed C u t i c l e  Type #5 from Dutch Gap, 

l o n g i t u d i n a l l y  a l i g n e d  ce l l s  with  s t r i a t i o n s  

and p a r t i a l l y  s o l i d  p a p i l l a e .  x160 - 
Fig. 30. Sarcandra g l a b r a ,  f u l l y  macerated lower c u t i c l e  

showing l ame l l a r  t h i c k e n i n g s  i n  t h e  guard c e l l s  

and p a t t e r n  of s t r i a t i o n s  s i m i l a r  t o  D.B. Leaf 

Type #1. x400. 

F ig .  31. d i spersed  C u t i c l e  Type #6 from Dutch Gap 

showing numerous r a d i o s t r i a t e  h a i r  bases 

(arrows) .  x200. 

F i g .  32. Dispersed C u t i c l e  Type #6 rounded i d i o b l a s t  

s e c r e t o r y  c e l l  (arrow) . x400. 

F ig .  3 3 .  Sarcandra q l a b r a ,  r a d i o s t r i a t e  h a i r  base from 

lower c u t i c l e .  x1000. 
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P l a t e  5 

Stomata o f  Subzone II-B angiosperms. 

Fig.  3 4 .  Populophyllum r e n i f o m q ,  anomocytic stomata. 

x250. 

Fig. 35. New Ser ra te  from Red P o i n t ,  two stomatal 

complexes which each have a  r ing  of contact 

c e l l s  w i t h  s t rong ly  overarching papi l lae  (st) . 
x400. 

Fig. 36. Platanoid #1, complex l a t e r o c y t i c  stomata. 

x400. 

Fig. 3 7 .  Pinnate ly  compound Sapindopsis,  stomata which 

conform t o  t h e  l a t e r o c y t i c  type. Note the 

tendency fo r  t h e  s tomata l  complex t o  be 

surrounded by a  r i n g  of c e l l s  t h a t  a re  smaller 

than  t h e  adjacent c e l l s .  x400. 
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Sapindopsis v a r i a b i l i s  

F ig .  38. Specimen w i t h  3 t e r m i n a l  lobes.  x l .  

Fig .  39. Specimen w i t h  l a t e r a l  lobes and wing o f  

laminar t i s s u e  a long  t h e  r ach i s .  x l .  

Fig .  40 .  Close up of  upper l e f t  lobe i n  fig. 40, 

showing brochidodromous arches t h a t  ab rup t ly  

curve towards t h e  apex. x3, 

F ig .  4 1 .  Same lobe a s  f i g .  40, showing random r e t i c u l a t e  

t e r t i a r y  and qua te rna ry  venat ion (upper  r i g h t )  . 
x5. 

Fig.  42 .  SEM of upper c u t i c l e ,  showing domains of 

c e l l s  and weakly g r a n u l a r  i n t e r n a l  s t r u c t u r e .  

x360. 

Fig .  43. Upper c u t i c l e ,  showing s t rong ly  grouped appea- 

rance of c e l l s  and h i g h  frequency h a i r  bases. 

x136. 

F ig .  44. Region above primary v e i n  (upper h a l f  of  photo] 

showing weakly a l i g n e d  c e l l s  and s tomata  ( l i g h t  

round r eg ions  ( . x136. 

F ig .  45. Upper c u t i c l e ,  showing widely spaced s t r i a t i o n s  

and g ranu la r  i n t e r n a l  scu lp ture .  x425. 

F ig .  46. Hair base  from upper c u t i c l e ,  showing s l i g h t l y  

punc ta te  o u t e r  c u t i c l e  of  foo t  c e l l .  x340. 

Fig .  47. SEM of  h a i r  base ,  upper c u t i c l e .  x340. 
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Sapindopsis v a r i a b i l i s  

Fig. 48. SEM of probable complex r a d i o s t r i a t e  ha i r  base 

from upper c u t i c l e  ( a r row) .  x1200. 

Fig. 4 9 .  SEM of inner  su r face  of a t h i n  lower cu t i c l e .  

x850. 

Fig. 50. SEM of inner  su r face  of a t h i c k  lower cu t i c l e .  

x340. 

Fig. 51. Region beneath a  primary v e i n ,  lower cu t i c l e .  

x136. 

Fig.  52. Lower c u t i c l e ,  showing prominent s t r i a t i o n s ,  a  

mixture of p a p i l l a t e  and non-papillate c e l l s ,  

and one stomatal  complex wi th  t h e  cha rac te r i s t i c  

c u t i c u l a r  th inning  over  t h e  l a t e r a l  contact 

c e l l s .  x340. 

Fig.  53. SEM of lower c u t i c l e ,  showing c h a r a c t e r i s t i c  

s t r i a t i o n  pa t t e rns  of  p a p i l l a t e  and non- 

p a p i l l a t e  c e l l s .  x340. 

Fig.  54. Lower c u t i c l e  of a  predominantly pap i l l a t e  

epidermis, showing a  p a r a c y t i c  (top) and 

l a t e r o c y t i c  (bottom) s tomata,  each surrounded 

by a  p a r t i a l  r i n g  of weakly modified c e l l s .  

x340. 

Fig.  55. SEM of lower c u t i c l e  showing s l i g h t l y  granular 

c u t i c l e  and s t rong ly  s p e c i a l i z e d  l a t e r a l  c e l l s  

(arrows) . x850. 

Fig.  56. SEM of another lower c u t i c l e  showing a  more o r  

l e s s  p s i l a t e  i n t e r n a l  s c u l p t u r e  pa t t e rn  and a  

weakly cyclocyt ic  stoma wi th  prominent inner 

stomatal  ledges ( I S L )  . ~ 1 0 0 0 .  

Fig.  57. SEM of outer su r face  of t h e  lower c u t i c l e ,  

showing a  s l i g h t l y  sunken stoma with outer  

stomatal  ledges (OSL) . x1530. 

Fig.  58. Stoma from a  predominantly p a p i l l a t e  c u t i c l e ,  

showing angular s tomata l  o u t l i n e  and pap i l l ae  



on t h e  subs id iary  cells. The lower r i g h t  pa i r  

of subs id iary  c e l l s  i s  separated by a  t h i n l y  

cut in ized  t a n g e n t i a l ,  which passes beneath a  

p a p i l l a .  x850. 



P l a t e  7 
.- 



P l a t e  8 

Sapindopsis v a r i a b i l i s ,  lower c u t i c l e  

F ig .  5 9. Complex l a t e r o c y t i c  stoma showing marked cu t i -  

F i g .  

F ig .  

F ig .  

F ig .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

c u l a r  th inn ing  over  t h e  l a t e r a l  con tac t  c e l l s .  

x340. 

Polygonal h a i r  base  w i t h  t h i c k l y  cu t in i zed  a n t i -  

c l i n a l  wal l s  (arrow) . x340. 

SEM of inner  c u t i c l e  s u r f a c e  showing a h a i r  

base wi th  r a d i a l l y  e longa te  base  c e l l s .  x850. 

Hair base with an e longa te ,  polygonal f o o t  c e l l .  

x340. 

Hair base on a  vena l  reg ion  w i t h  a  c i r c u l a r  

lumen. This form i s  ve ry  s i m i l a r  t o  t h e  type 

t h a t  c h a r a c t e r i z e s  P la t ano id  # 2 .  x850. 

Hair base with heav i ly  c u t i n i z e d  l a t e r a l  pro- 

t r u s i o n s  ( P l )  t h a t  g ive  it a  "plumed" appearance. 

x340. 

Hair base with two base c e l l s  t h a t  have t h i c k  

c u t i c u l a r  f l anges .  The h a i r  i s  pos i t ioned  over 

t h e i r  junction and has  a  punc ta t e  o u t e r  cuticle. 

Note t h e  zone of  weakness where t h e  h a i r  i s  a t -  

tached t o  t h e  base  c e l l s  (arrow) . x850. 

Hair base with two base c e l l s  and a  h a i r  a t t a -  

ched t o  only one of them. Note t h e  development 

of an operculum on t h e  o u t e r  c u t i c l e  of  t h e  

h a i r  (arrow) . x850. 

Hair base with two modified base  c e l l s  and a 
trichome absc is ion  s c a r  placed over one base 

c e l l  and t h e  ad jacen t  unmodified c e l l s  (arrow) . 
x340. 

Hair a t tached t o  t h r e e  base  c e l l s  wi th  t h i c k  

f langes  and an ad jacen t ,  unmodified c e l l  

(arrow) . x340. 
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Figs.  73- 

7 7 .  

Fig.  7 3 .  

Fig.  7 4 .  

Fig.  75 .  

Fig.  76 .  

Fig. 7 7 .  

F igs .  78- 

84. 

Fig. 78. 

Fig. 7 9 .  

Fig. 80. 

Fig. 81. 

Fig. 8 2 .  

Fig.  83. 

Abaxial secre tory  s t ruc tu re s ,  Sapindopsis 

v a r i a b i l i s .  

Secretory c e l l  with t h i c k  r i m  and punctate  o u t e r  

cu t i c l e  (arrow) . x340. 

Same c e l l  as f i g .  73 (arrow) showing p a r t i a l  

underthrusting of adjacent  c e l l s .  x340. 

SEM of ou te r  c u t i c l e  surface  showing round abax ia l  

secretory s t r u c t u r e  (Gland) t h a t  i s  p a r t i a l l y  

underthrust by t he  adjacent  c e l l s .  x850. 

Cylindrical  secre tory  c e l l  lacking c u t i c l e  i n  

cen t r a l  region (arrow) . 
Same c e l l  as i n  f i g .  76  (arrow), showing complete 

underthrusting of subtending c e l l .  x340. 

Pinnately compound Sapindopsis leaves from 

West Brothers. 

Two adjacent l e a f l e t s ,  one with an acu te  apex (A) 

and with a  decurrent  , asymetric base (B) . x l  . 
Leaflet  with one l a r g e ,  concave-convex (C-1) 

tooth and mixed craspedodromous secondary 

venation. 

Leaflet  wi th  eucamptodromous secondary veins  and 

t e r t i a r i e s  obliquely or iented  toward mid-vein. 

x2. 

Close-up of l e a f l e t  i n  f i q .  78  B ,  showinq 

festooned brochidodromous secondary venat ion,  

intersecondary veins,  va r iab le  anule of  t e r t i a r v  

vein o r ig in ,  and randomly oriented higher  o rde r  

veins. x5. 

CLose-up of l e a f l e t  i n  f i g .  7 9 ,  showins d e t a i l s  

of tooth  (arrow) . x5. 

Obovate l e a f l e t  with widely s ~ a c e d  secondary 

veins. x l .  



Fig .  84 .  SEM of upper l e a f  s u r f a c e  showing e r u p t i o n s  o f  

probable funga l  o r i g i n .  x 255.  
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P l a t e  10 

P i n n a t e l y  compound Sapindops i s ,  c u t i c l e  

F igs .  85- 

97. 

F i g .  85. 

F ig .  8 6 .  

F ig .  87. 

F ig .  88. 

F i g .  89. 

F ig .  90. 

F ig .  9 1 .  

F ig s .  92-  

97. 

F ig .  92. 

F ig .  93. 

F i g .  9 4 .  

F ig .  95. 

F ig .  96. 

F i g .  97. 

F i g .  98. 

Upper C u t i c l e .  

S t r i a t e  c u t i c l e  w i t h  grouped cells. x136. 

P s i l a t e  c u t i c l e  w i t h  less s t rong ly  grouped 

cel ls  and t h e  base  c e l l s  from a  c o m ~ l e x  

r a d i o s t r i a t e  h a i r  b a s e  (arrow) . 136x. 

Region above primary v e i n  showing t h e  weak 

o r g a n i z a t i o n  o f  c e l l s  i n t o  rows and stomata 

( S t )  . x136. 

C e l l s  w i t h  s h o r t ,  s o l i d  p a p i l l a e .  x340. 

C e l l s  wi th  t a l l e r ,  ho l low p a p i l l a e .  x340. 

C l u s t e r s  of h a i r  b a s e s ,  x136. 

Close-up of h a i r  ba se ,  showing thickened foo t  

ce l l .  x340. 

Complex r a t i o s t r i a t e  h a i r  bases .  

Upper focus  h a i r  showing punc ta te  c u t i c l e .  

x340. 

Lower focus o f  h a i r  i n  f i g .  92 showing 

th ickened c u t i c l e  a t  b a s e  and r a d i a t i n g  s t r i a -  

t i o n s .  x340. 

Upper focus o f  an i r r e g u l a r l y  loba te  h a i r .  

x340. 

Lower focus of h a i r  i n  f i g .  94, showing small  

subtending c e l l s .  x340. 

Elongate tr ichome a b s c i s s i o n  s c a r  wi th  small  

subtending cells (arrow) . x136. 

Close-up of smal l  sub t end ing  cells i n  a  h a i r  

base.  x340. 

Lower Cu t i c l e .  x136. 
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P inna te  l v  compound Sapindops is  , lower c u t i c l e  

F ig .  99 .  C e l l s  beneath  pr imary ve in .  x136. 

F ig .  1 0 0 .  L a t e r o c y t i c  s tomata  showing c h a r a c t e r i s t i c  

c u t i c u l a r  t h i n n i n g  over  t h e  subs id i a ry  c e l l s .  

x5 10. 

F i g .  1 0 1 .  SEM of o u t e r  c u t i c l e  s u r f a c e  showing s l i g h t l v  

sunken stoma ( s l )  . x340. 

F ig .  1 0 2 .  SEM of i n n e r  c u t i c l e  s u r f a c e  showing q r a n u l a r  

i n t e r n a l  s c u l p t u r e  and a s t o m a t a l  complex w i t h  

well-developed i n n e r  s t o m a t a l  l edqes  (ISL) . 
x1530. 

F ig .  103. Stomata conforming t o  t h r e e  convent iona l lv  

recognized types  : p a r a c v t i c  (stoma a t  f a r  

l e f t )  , weakly c y c l o c v t i c  ( lower +NO s tomata ,  

c e n t e r )  , and complex l a t e r o c v t i c  (upper 

two s tomata ,  c e n t e r ) .  x510. 

F iq .  1 0 4 .  La t e rocy t i c  stoma w i t h  s t r o n g l y  s p e c i a l i z e d  

s u b s i d i a r i e s  t h a t  i s  embedded i n  a  p a r t i a l  

r i n g  of weakly modif ied cel ls .  x510. 

F i g .  105. La t e rocy t i c  ( l e f t )  and c v c l o c y t i c  ( r i q h t )  

s tomata w i t h  s u b s i d i a r v  c e l l s  t h a t  a r e  poor lv  

d i f f e r e n t i a t e d  from t h e  su r round ing  c e l l s .  

x510. 
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P l a t e  1 2  

P i n n a t e l y  compound Sapindopsis  h a i r s  and h a i r  bases 

from t h e  lower c u t i c l e  

Fig.  106. Hair base w i t h  r a d i a l l y  o r i en ted  base c e l l s  

(a r row) .  x340. 

Fig.  107. Hair base ( ? )  w i t h  l a r g e ,  polygonal,  branched 

f o o t  c e l l .  x340. 

Fig.  108. Rounded h a i r  base ( ? )  t h a t  s t ronq ly  resembles 

an abax ia l  s e c r e t o r y  c e l l .  x340. 

Fiq.  109- 

111. C l u s t e r  of h a i r  bases  (arrows) . 
Fig .  109. Upper focus. x340. 

Fig.  1 1 0 .  Middle focus.  x340. 

F i s .  111. Lower focus. x340. 

Fiq.  112- 

120. Complex r a d i o s t r i a t e  h a i r  bases .  

Fig. 112. Heavily c u t i n i z e d  h a i r  with r a d i a t i n g  s t r i a t i o n s  

a t tached t o  a  s m a l l ,  polygonal c e l l  wi th  

s t r a i g h t  a n t i c l i n a l  w a l l s  (a r row) .  x340. 

F ig .  113. Heavily c u t i n i z e d  h a i r  with o ~ e r c u l u m  (OP)  . 
x340. 

Fig.  1 1 4 .  Hairs on a  r eg ion  beneath t h e  ~ r i m a r v  vein 

(arrows) .  Note t h e i r  v a r i a b l e  pos i t ioning  

r e l a t i v e  t o  t h e  underlying c e l l s .  x340. 

Fig.  115. Hair with t h r e e  s t r o n s l y  cu t in ized  l a t e r a l  

pro t rus ions  (arrows)  . x340. 

Fiq.  116. Hair base wi th  one l a t e r a l  p ro t rus ion  (arrow) . 
x340. 

F i s .  117. Hair base w i t h  a  t a p e r e d  l a t e r a l  pro t rus ion  

(arrow) . x850. 

Fig .  118- 

119. Hair base wi th  polyuonal ,  s t ra ight -wal led  c e l l s  

between t h e  a b s c i s s i o n  s c a r  and r e s t  of epidermis. 

Fig.  118. Upper focus showinu s c a r  and r a d i a t i n g  s t r i a t i o n s .  

x850. 



Fig .  1 1 9 .  Lower focus  showins sub t end ing  cel ls .  x850. 

Fis. 1 2 0 .  C l u s t e r  of round, dome-shaped h a i r s .  x340. 
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P l a t e  13  

Figs. 1 2 1 -  

1 2 7 .  

Fig. 1 2 1 .  

Fig. 1 2 2 .  

Fig. 123. 

Fig. 1 2 4 .  

Fig. 125. 

Fig. 1 2 6 .  

F i s .  127. 

F iss .  128- 

130. 

Fig. 128. 

Fig. 1 2 9 .  

Fig. 130. 

Pinnately compound Sapindopsis lower c u t i c l e  

Strongly p ro t rud ing  s e c r e t o r y  c e l l  l e v e l  t h a t  

i s  not under thrus t  by t h e  o t h e r  epiderrqal c e l l s .  

x850. 

Two-celled s e c r e t o r y  s t r u c t u r e  l e v e l  wi th  the  

adjacent  cells. x340. 

Secretory ce l l  w i t h  macera t ion- res i s t an t  

contents (arrow).  x340. 

Secretory cel l  completely under thrus t  by t h e  

epidermal cells (ar row) .  The small  l i g h t  dots 

i n s i d e  t h e  c e l l  r e p r e s e n t  con ten t s  t h a t  survived 

maceration. x510. 

SEM of s e c r e t o r y  ce l l  which l acks  c u t i c l e  i n  the  

c e n t r a l  region (Gland) . x850. 

Secretorv c e l l  wi th  operculurn (arrow) . x340. 

P ros t ra t e  h a i r  a t tached t o  unmodified epider- 

mal c e l l .  x850. 

Leaves of P la tanoid  #l. 

Basal por t ion  of l e a f  w i t h  palinactinodrornous 

primary venat ion .  x l  . 
Basal por t ion  of a  l a t e r a l  lobe.  x l .  

Close-up of l e a f  i n  f i g .  128 showing t e r t i a r v  

veins  (T) , s t i t c h e d  i n t e r t e r t i a r i e s  ( I T )  , and 

f a i n t  quaternary venat ion .  x5. 
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P l a t a n o i d  #1, c u t i c l e .  

F ig .  131. Upper c u t i c l e  of  non-veinal  r e s i o n  wi th  a h a i r  

base  t h a t  resembles  t h e  complex r a d i o s t r i a t e  

type.  x340. 

F ig .  132. U ~ p e r  c u t i c l e  above pr imary  v e i n  showing l o n a i -  

t u d i n a l l y  a l i g n e d  c e l l s  and s tomata  ( s t )  . 
x136. 

F i g .  133. Lower c u t i c l e  w i t h  s toma ta ,  complex r a d i o s t r i a t e  

h a i r  b a s e s ,  and s e c r e t o r v  cel ls .  Stomata1 

types  i n c l u d e  p a r a c y t i c  (upper  l e f t  and upper  

r i g h t )  and complex l a t e r o c y t i c  (upper c e n t e r  

and lower l e f t )  . One complex r a d i o s t r i a t e  

h a i r  base  (arrow) b e a r s  l a t e r a l  p ro t rus ions .  

x340. 

F i g .  134. Lower c u t i c l e  w i t h  s e c r e t o r y  c e l l  (GI). Most 

c e l l s  have a  c e n t r a l  ho l low p a p i l l a  and undu- 

l a t e  c l i n i c a l  w a l l s .  x340. 

F i g .  135. Reqion benea th  pr imary v e i n  showing numerous 

h a i r  bases .  x136. 

F i s .  136. Region benea th  primary v e i n  showins s t r i a t i o n s  

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

s u t b t e n d i n g  c e l l s .  One h a i r  base  (arrow) has  a 

l a t e r a l  p r o t r u s i o n  and b a s e  cel ls  t h a t  are 

smal le r  t h a n  t h e  a d j a c e n t  cel ls .  x340. 

F i g .  137. Close-up o f  a  c y l i n d r i c a l  s e c r e t o r y  c e l l  t h a t  

l acks  c u t i c l e  i n  i t s  c e n t r a l  reg ion .  x850. 
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Pla tanoid  # 2 ,  l ea f  f ragments  and upper c u t i c l e  

Fig .  1 3 8 .  Lobate fragment showing rounded s inus  and exme- 

d i a l l y  cu rv ing  l a t e r a l  pr imary vein .  x l .  

Fig.  1 3 9 .  Close-up o f  f i g .  1 3 8  showing l a t e r a l  primary 

ve ins  t h a t  o r i g i n a t e  a t  t h e  base  of t he  lea f  

(arrows) . x3. 

Fig.  1 4 0 .  Leaf fragment w i t h  a t h i c k  b a s a l  branch of t h e  

l a t e r a l  pr imary v e i n  (arrow) . x 3 .  

Fiq. 1 4 1 .  Leaf fragment showing t h i n ,  a ~ i c a l l y  curving 

secondarv v e i n  ( 2 " )  . x2. 

Fig.  1 4 2 .  Upper c u t i c l e  of non-veinal  r eg ion  with  trichome 

base (TB) . x340. 

Fiq.  1 4 3 .  SEM of upper c u t i c l e  from 2 non-veinal region 

showing p s i l a t e  s u r f a c e  s c u l ~ t u r e  and basa l  

por t ion  o f  a  h a i r  (H) . 1 7 0 0 .  

Fig.  1 4 4 .  Region above a  pr imary v e i n ,  upper c u t i c l e .  

1 3 6 x .  

Fig.  1 4 5 .  Region above a  p r i m a r y  v e i n  showing weakly s t r i a t e  

sur face  s c u l p t u r e  and two a t t a c h e d  ha i r s .  (HI. 

x 1 7 0 0 .  
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P l a t ano id  # 2 ,  lower c u t i c l e  

Fig .  1 4 6 .  General  s h o t  showing l a t e rocy t i c  stoma embedded 

i n  t h e  s u b s i d i a r y  cells (arrow) and numerous 

l i g h t  r eg ions  marking t he  point  of s ec r e to ry  

c e l l  a t tachment .  x510. 

Fig .  147. C e l l s  beneath  primary vein showing weakly s t r i a t e  

s u r f  a ce  s c u l p t u r e .  x340. 

Fig.  148. Trichome base  on v e i n a l  a rea  (TB) . x340. 

F iq .  149. Close-up of non-veinal c e l l s  showing prominent 

p a p i l l a e  (arrow) . x850. 

F ig .  150. SEM o f  s t oma ta l  complex and associa ted  c e l l s .  

The guard c e l l s  bear  i nne r  s tomatal  ledqes 

(ISL) . The s u b s i d i a r i e s  have f a i n t  c u t i c u l a r  

f l a n g e s  and a r e  arranged i n  a  complex l a t e r o -  

c y t i c  p a t t e r n .  Numerous sec re to ry  c e l l s  ( G l )  

a r e  pos i t i oned  between two o r  more unspecia l ized 

c e l l s .  x1700. 

Fig .  151. C e l l s  beneath  primary vein  with an a t t ached  h a i r .  

(H). x1700. 

F ig .  152. H a i r  bases  beneath primary vein  showing pores and 

base  cel ls  w i t h  i r r e g u l a r  c u t i c u l a r  th ickenings  

(arrow) . x340. 

Fiq .  153. Mesophyll s e c r e t o r y  c e l l s  (arrows) ~ 3 4 0 .  

Fig .  15 4. Non-veinal reg ion  showins p s i l a t e  s u r f a c e  sculp-  

t u r e ,  s e c r e t o r y  cells ( G 1 )  , and regions  where 

t h e  s e c r e t o r y  c e l l s  were abscised (ar rows) .  

x3400. 
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P la tanoid  #3, l e a f  fragments and upper c u t i c l e  

Fig .  155. Leaf f ragment  w i t h  secondary veins and l o b a t e  

margin. x l .  

Fig.  156. Leaf f ragment  w i t h  p re se rved  base and p e t i o l e .  

x l  . 
Fig.  157. Close-up o f  f i g .  155 showing percurrent  ter- 

t i a r y  v e i n s  (T) , p o s s i b l e  s t i t c h e d  i n t e r t e r t i a r y  

( I T ? )  and r e t i c u l a t e  qua t e rna ry  and higher o r d e r  

vena t ion .  x5. 

Fig.  158. Close-up o f  f i g .  156 showing base and p e t i o l e .  

x2. 

Fig. 159. Upper c u t i . c l e  o f  non-veinal  region. x340. 

Fig.  160. SEM of  o u t e r  c u t i c l e  ove r  primary ve in ,  upper 

c u t i c l e ,  showing l o n g i t u d i n a l l y  al igned c e l l s ,  

trichome bases  (TB) , and wound s t r u c t u r e  (arrow) . 
x850. 

Fig .  161. SEM of i n n e r  c u t i c l e  s u r f a c e ,  upper ep idermis ,  

showing f a i n t l y  g r a n u l a r  i n t e r n a l  s cu lp tu re .  

x340. 

Fig. 162. Veinal  r e g i o n  on upper c u t i c l e  wi th  h a i r  base  

(TB). ~ 1 5 0 .  
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P l a t ano id  #3,  lower c u t i c l e  

Fig.  163, General s h o t  o f  non-veinal reg ion .  x340. 

Fig. 1 6 4 .  SEM of  i n e n r  c u t i c l e  s u r f a c e  showing g r a n u l a r  

s cu lp tu re  and t h e  fo l lowing  s tomata l  t ypes :  

pa racy t i c  (P) , l a t e r o c y t i c  (LC) and t r a n s i t i o n a l  

between l a t e r o c y t i c  and c y c l o c y t i c  (T) . x850. 

Fig .  165. General s h o t ,  r eg ion  beneath primary ve in .  x340. 

Fig.  166. Outer c u t i c l e  s u r f a c e ,  non-veinal r e g i o n ,  showing 

p s i l a t e  s c u l p t u r e  and s l i g h t l y  sunken stoma 

with o u t e r  s toma ta l  l edges  (OSL) . ~ 1 7 0 0 .  

Fig .  167. Close-up o f  h a i r  bases  on v e i n a l  c e l l s ,  showing 

sca rce ly  modified base  c e l l s  and a p o o r l y  d e f i -  

ned r i n g  o f  th ickened c u t i c l e  (arrow) . x5 10.  

Fig.  168. Hair bases  under primary v e i n  ( a r r o w s ) .  showing 

base c e l l s  t h a t  a r e  sma l l  r e l a t i v e  t o  o t h e r  v e i n a l  

c e l l s  and t h e  placement of  t h e  f o o t  c e l l  over  

t h e  junc t ion  of  two o r  more c e l l s .  x340.  

Fig.  169. SEM of r e g i o n  beneath primary v e i n  showing 

s t r i a t e  s c u l p t u r e  and s e v e r a l  h a i r  bases .  

Fig .  170. Hair base  on non-veinabl r eg ion  w i t h  a  prominent 

r i n g  of th ickened c u t i c l e  (arrow) . x340. 

Fig .  171. SEM of o u t e r  c u t i c l e  s u r f a c e ,  non-veinal  r e g i o n ,  

showing p a r t i a l l y  c o l l a p s e d  h a i r  base .  ~ 1 7 0 0 .  

Fig.  172. SEM of i n n e r  c u t i c l e  s u r f a c e  showing g r a n u l a r  

s cu lp tu re  and h a i r  base.  x850. 



P l a t e  18 
. - - - -- - . - - 



P l a t e  1 9  

New Se r r a t e ,  R e d  Po in t  

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

F ig  . 

Fig. 

Fig.  

F ig  . 

173 Fragment of  an e longate  l e a f  with a  decurrent  

base and numerous s traight-convex (B-1)  

s e r r a t i o n s .  x2. 

1 7 4 .  Upper Cu t i c l e .  x340. 

175. General s h o t  of lower c u t i c l e  with two stomata 

( S t ) .  x340. 

176. Close-up o f  lower c u t i c l e  showing c u t i c l e  on 

the  i n n e r  epidermal s u r f a c e  (IC) . x850. 

1 7 7 .  Region beneath primary ve in  showing rows of 

c e l l s ,  p a r a l l e l  s t r i a t i o n s ,  and trichome base 

( T B ) .  x212. 

178. C e l l s  beneath secondary ve in  showing t h e  low 

pap i l l a e  on ve ina l  c e l l s .  x212. 

1 7  9. Close-up of  'stoma showing s t r i a t e  subs id ia ry  

c e l l s  w i th  overarching pap i l l a e .  x850. 

180. Lower focus  of f i g .  179, showing maceration- 

r e s i s t a n t  lamellae i n  t h e  guard c e l l s  and two 

under thrus t ing  subs id ia ry  c e l l s  (arrow) . x85 0. 

181. Close-up of stoma showing l a t e r a l l y  d i sp l aced  

outer  and inner  lamellae.  x 8 5 0 .  

1 8 2 .  C l u s t e r  o f  h a i r  bases on lower c u t i c l e .  x340. 

183. Close-up of h a i r  base ,  lower focus.  x850. 

1 8 4 .  Close-up of h a i r  base ,  upper focus ,  showing 

base of a t tached h a i r  (arrow).  x850. 
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Populophyllum ren i fo rme  

Fig .  

Fig .  

Fig.  

Fig .  

Fig.  

Fig .  

Fig .  

Fig.  

Fig .  

Fig. 

Leaf fragment w i t h  c r e n u l a t e  margin (ar row) .  

x l  . 
Leaf w i t h  sha l lowly  c o r d a t e  base. x l .  

Leaf fragment w i t h  a more deeply cordate  base. 

x l .  

Close-up o f  f i g .  186 showing actinodrornous 

pr imary vena t ion .  x2. 

Leaf fragment photographed with in f ra - red  l i g h t  

showing in t r a -marg ina l  loops and random re t i cu -  

l a t e  t e r t i a r y  and q u a t e r n a r y  venation.  x2. 

Non-veinal r e g i o n ,  upper c u t i c l e .  x  2 .  

Veina l  r eg ion ,  upper c u t i c l e .  x136. 

SEM of  i n n e r  c u t i c l e  s u r f a c e ,  which i s  minutely 

p i t t e d  except  a d j a c e n t  t o  t h e  f langes ,  where 

t h e r e  are numerous chambers t h a t  open i n t o  

t h e  i n n e r  c u t i c l e  s u r f a c e .  x850. 

Hair base  w i t h  r a d i a l l y  e longate  base c e l l s ,  

upper c u t i c l e .  x340. 

Stomata on lower c u t i c l e  showing anomocytic 

p a t t e r n  o f  ne ighbor ing  ce l l  arrangement. x212. 
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Figs.  195- 

198. Lower C u t i c l e  of  Populophyllum reniforme . 
Fig. 195. Veinal r eg ion ,  lower c u t i c l e .  

Fig. 1 9 6 .  Guard c e l l s  wi th  o u t e r  s tomata l  ledges.  

The stomata i s  embedded i n  t h e  l a t e r a l  con tac t  

c e l l s  (arrows) . xl700. 

Fig.  197. Two stomata. The lower r i g h t  stoma has con tac t  

c e l l s  of  ve ry  d i f f e r e n t  s i z e s  which g ive  t h e  

stomatal  complex an i r r e g u l a r  appearance s i m i l a r  

t o  some Zone I stomata.  x212 .  

Fig. 198. Close-up of stoma showing an i r r e g u l a r l y  shaped 

piece o f  c u t i c l e  beneath it. x340. 

Figs. 199 -  

20 6.  Menispermites potomacensis 

Fig. 1 9 9 .  Leaf fragment. XI. 

Fig. 200 .  Upper c u t i c l e  of non-veinal a r e a  showing poly- 

gonal c e l l s  wi th  s t r a i g h t  w a l l s .  x340. 

Fig. 201 .  Upper c u t i c l e  showing c e l l s  wi th  undula te  

a n t i c l i n a l  w a l l s .  x136. 

Fig. 2 0 2 .  Lower c u t i c l e  showing c e l l s  w i t h  undula te  a n t i -  

c l i n a l  wa l l s .  x136. 

Fig. 203. Lower c u t i c l e  showing c e l l s  beneath primary 

ve in  and trichome base (TB) . x136. 

Fig. 2 0 4 .  Pa racy t i c  s t o m a t a l  complex w i t h  two s u b s i d i a r y  

c e l l s  ( a r rows) .  x510. 

Fig. 205. Anomocytic stoma. x510. 

Fig. 206 .  Anomocytic stoma ( l e f t )  and hemiparacyt ic  stoma 

wi th  a  narrow s u b s i d i a r y  c e l l  (arrow).  x510. 
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Cuticles of ex t an t  angiosperm leaves. 

Fig. 207. Platanus chiapensis  (Platanaceae) , upper c u t i c l e  

showing h a i r  bases from ve ina l  regions. Note 

how t h e  h a i r s  a r e  always positioned over t h e  

junction of four  cells,  t h e  base c e l l s  a r e  

smaller  than t h e  o t h e r  c e l l s ,  and the  c u t i c l e  i s  

thickened around t h e  base of  each hai r  i n  t h e  

shape of a  r i n g  (arrow) . 136. 

Fig. 208. - P.  ch iapens i s ,  lower c u t i c l e  of same specimen 

showing ve ina l  h a i r  bases with weakly spec i a l i zed  

base c e l l s .  Again, note t h e  regu la r i ty  i n  t h e  

posi t ioning of t h e  ha i r s  above the base c e l l s .  

x136. 

Fig. 2 0 9 .  Platanus sp . ,  two stomata1 complexes from t h e  

lower c u t i c l e  t h a t  conform t o  the  complex 

l a t e r o c y t i c  type. Note how the  t angen t ia l  

wal ls  of many subsidiary  cells are  poorly 

cu t in ized  (arrows).  I n  poorly cut inized leaves  

the  stomata appear anomocytic. x340. 

Figs. 210-  

212 .  Weinmannia c r ena t a  (Cunoniaceae) , lower c u t i c l e .  

Fig. 210 .  Stomata showing Sapindopsis pat tern  of sub- 

s i d i a r y  ce l l  arrangement and spec i l i za t ion .  

x510. 

Fig. 2 1 1 .  Hair base from same c u t i c l e  as  f i g .  210, 

showing an e longa te  foo t  c e l l  with thickened 

a n t i c l i n a l  wa l l s  and base c e l l s  with r a d i a l  

o r i e n t a t i o n .  x340. 

Fig. 212.  Another h a i r  base from the  same c u t i c l e  as  

f i g .  2 1 0  where t h e  foo t  c e l l  has a more 

i sodiametr ic  shape. x340. 

Fig. 2 13. Allophyllus a p e t a l a  (Sapindaceae) , stomata 

showing the  Sapindopsis p a t t e r n  of subs id ia ry  

c e l l  arrangement and spec ia l i za t ion .  x510. 
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