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I& INTRODUCTION 

A e  General Statement 
I, .- 

A comprehensive study of t h e  major p lant  communities 

of Viisconsin was begun i n  1948, Three phases of  th is  broad 

program have been completed previous t o  t h e  present  under- 

tak ing ,  Dr. Hobert P, gcIntosh  (1950) s tudied  t h e  upland 

f o r e s t  communities i n  southern Wisconsin by means of an 

adap ta t ion  of  t h e  mass- c o l l e c t f  on technique. Be found t h a t  

t h e  various f o r e s t  communities are no t  d i s t ingu i shab le  en- 

t i t i e s ,  r a t h e r ,  they merge i n t o  one another without sharp  

boundaries,  Consequently, he devised a continuum index 

whereby f o r e s t  s tands  may be r e l a t e d  t o  each o t h e r  by r e f e r -  

ence t o  t h e i r  t r e e  composition. 

I n  1951 M r ,  Douglas Lindsay used weed d i s t r i b u t i o n  as 

a method of d i s t ingu i sh ing  t h e  t ens ion  zone, a boundary which 

separa tes  t h e  f l o r i s t i c  province of southern Wisconsin from 

t h a t  of t h e  nor thern  p o r t i o n  of t h e  s t a t e .  

D r .  Hobert T. Brown (1951) s tud ied  the upland forests 

of nor the rn  Wisconsin i n  a somewhat s i m i l a r  manner t o  t h a t  

of illclntosh and was ab le  t o  cons t ruc t  a s imi la r  continuum. 

These two f o r e s t  continua were e s t ab l i shed  on the  b a s i s  

of phytosociological  s t u d i e s  of t h e  t r e e  composZtion o f  

many stands.  Both i n v e s t i g a t o r s  have demonstrated that var- 

i o u s  spec ies  of f o r e s t  herbs e x h i b i t  d e f i n i t e  t r e n d s  when 

t h e i r  commonness i s  p l o t t e d  aga ins t  the  continuum index. 

The nor the rn  and southern f o r e s t  cont inua of Wisconsin, 



t he re fo re ,  may be u t i l i z e d  as foundations f o r  au teco log ica l  

i n v e s t i g a t i o n s  of t h e  l e s s e r  vegeta t ion  growing i n  these  

f o r e s t s .  

The present  study has  been undertaken f o r  t h e  purpose 

of providing a view o f  t h e  d i s t r i b u t i o n  of  var ious auteco- 

l o g i c a l  c h a r a c t e r i s t i c s  of  t h e  l e s s e r  vegeta t ion  of  t h e  two 

f o r e s t  continua.  The f i r s t  r e q u i s i t e  f o r  such a study i s  a 

knowledge of t h e  v a r i a t i o n s  i n  occurrence of t h e  species  t o  

be s tudied.  T h i s  information has  been compiled frorn t h e  

f i e l d  d a t a  gathered i n  conjunction w i t h  previous inves t iga-  

t i o n s ,  I n  general ,  it may be s a i d  t h a t  the  r e s u l t s  substan- 

t i a t e  t h e  f i n d i n g s  of  &Into& and Brown who s tudied  t h e  

d i s t r i b u t i o n  of only a few species  o f  t h e  herbs.  A more 

i n t e n s i v e  study of this  subject  i s  a t  p resen t  being conduob 

ed by Uiss Margaret Gi lbe r t .  

The p lan  of  t h e  present  i n v e s t i g a t i o n  c o n s i s t s  of  the  

determinat ion o f  var ious  l i f e  h i s t o r y  c h a r a c t e r i s t i c s  of a 

l a r g e  number of  woodland herbs.  These f indings ,  when 

weighted according t o  the  commonness of t h e  spec ies   possess^ 

them, y i e l d  curves which d i s c l o s e  t r e n d s  i n  the occurrence 

of t h e s e  var ious c h a r a c t e r i s t i c s  along t h e  two f o r e s t  continua. 

The l i f e  h i s t o r y  c h a r a c t e r i s t i c s  previously mentioned 

a r e  t o  some extent  dependent upon t h e  assumption t h a t  mor- 

phology i s  c o r r e l a t e d  w i t h  physiology. Thus the  s t r u c t u r e  of 

a p l a n t  may i n d i c a t e  var ious phys io logica l  demands which it 

makes upon i t s  environment, Addit ional  s t u d i e s ,  based upon 



the physiology o f  a number o f  species ,  are presented i n  a 

l a t e r  p a r t  of this paper, 

Inasmuch a s  most previous s t u d i e s  have cont ras ted  

p l a n t s  of open sunny h a b i t a t s  (he l iophytes)  w i t h  species  of 

dense shade (sc iophytes)  l i t t l e  i s  known i n  th is  regard o f  

t h e  autecology o f  p l a n t s  oT i n t e m e d i a t e  s i t e s .  The p resen t  

study, on t h e  o the r  hand, at tempts  t o  f i l l  this  void, i n  

p a r t ,  i n  t h a t  i t  i s  concerned w i t h  a broad range of scio-  

phytes, from t h e  pioneer  t o  t h e  climax f o r e s t  communities. 

Whether 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  has a c t u a l  "sur- 

v i v a l  value" f o r  t h e  p l a n t s  normally found i n  a c e r t a i n  por- 

t i o n  of the  continuum i s  impossible t o  say at  this time. 

'2Le present  study c o n s t i t u t e s  a survey o f  t h e  v a r i a t i o n s  i n  

occurrence o f  the  l e s s e r  vegetat ion and of many a u ~ e c o l o g i -  

c a l  c h a r a c t e r i s t i c s  of that vegetat ion.  It i s  hoped t h a t  t h e  

r e s u l t s  of th is  s ~ u d y  w i l l  form a springboard f o r  f u t u r e  

i n v e s t i g a t o r s  who may w i s h  t o  stucly i n t e n s i v e l y  the  s u r v i v a l  

value of any of  t h e s e  c h a r a c t e r i s t i c s .  

@, .+- L i t e r a t u r e  Review 

No attempt i s  he re  made t o  review a l l  of the  l i S e r a t u r e  

p e r t a i n i n g  t o  d i f f e r e n c e s  between sun and shade plants, The 

fol lowing d iscuss ion  and the  extensive summaries of var ious  

a spec t s  of  t h e s e  d i f fe rences  which may be found i n  Clements 

(1905),  Warning (1909), Combes (1910), Hanson (1917), 

Burgers te in  (1920, l925) ,  Maximov ( l g ~ Q ) ,  and Rabinowitch 

(1945) serve t o  demonstrate that t h e r e  a re  many such 

d i f ferences .  



ivraximov (1929) c r ed i t s  S t ah l  as  having made the  f i r s t  

~ e a l  study of s t ruc tu ra l  d i f ferences  between sun and shade 

leaves (1883). In general, sun leaves have more pal isade 

t i s sue ,  l e s s  spongy t i s s u s ,  th icker  cu t ic le ,  th icker  epi- 

dermal c e l l  walls, fewer and/or smaller i n t e r c e l l u l a r  

spaces, and more stomata per un i t  l ea f  area. 

Later  s tud ies  have added such other  d i f ferences  as  the  

following: sun leaves are smaller and th icker  and are  held 

obliquely o r  p a r a l l e l  t o  the  sun 's  rays ,  The epidermis of 

sun leaves i s  th ick  and lacks  chlorophyll. The l a t e r a l  

walls of  epidermal c e l l s  are  not a s  sinuous i n  sun leaves as 

i n  shade leaves. Stornata are found usually on the  lower 

surface of sun leaves and are  o f ten  sunken below the  general  

surface of the  l ea f ,  while the stomata of shade species are 

found on both the upper and lower l ea f  surfaces and a re  

e i t h e r  l eve l  with o r  ra i sed  above the  general surface 

(Warming 1909) , 

Stonatal  frequency of 150 species of woodland herbs 

was studied by Salisbury (1928). He found t h a t  the nmber  

of stomata per un i t  area  of l ea f  surface increases from the  

midrib t o  tne  edges, from the  base t o  the t i p  o f  the l ea f ,  

and from the  base t o  the  top of' the  plant .  I n  general,  

stomatal s i ze  increases w i t h  an increase i n  moisture, but 

the  t o t a l  pore area  aecreases.  The numerical r a t i o  o f  

stomata t o  a l l  epidermal c e l l s  per un i t  area i s  constant f o r  

sun and shade leaves ,  Therefore stomatal frequency varia- 

t i ons  a re  due la rge ly  t o  var ia t ions  i n  the s i ze  of a l l  epi- 



dermal c e l l s .  Variations i n  stomata1 frequency can be 

c o r r e l a t e d  wi th  var ious types  of f o r e s t .  

The sun l eaves  of many t r e e  spec ies  a r e  smaller  and 

have narrower and deeper lobes  and l a r g e r  t e e t h  than  do t h e  

shade l eaves  on t h e  same ind iv idua l  t r e e s  (Hanson 1917).  

The tendency of sun leaves  t o  be concave, o f t e n  hinging 

along t h e  midrib,  while t h e  shade l eaves  on t n e  same p l a n t s  

a r e  f l a t ,  was noted by Bergen (1909). 

S tud ies  by Woodhead (1904) demonstrated, f o r  var ious 

herb spec ies ,  c e r t a i n  s t r u c t u r a l  d i f f e r e n c e s  among indiv id-  

u a l s  growing i n  d i f  r e r e n t  p l a n t  communities. Pioneer spec ies  

i n  mesic h a b i t a t s  tend t o  assume l e a f  and stem charac te r i s -  

t i c s  of shade p l a n t s ,  such a s  th inner ,  broader l eaves ,  l e s s  

stem mechanical t i s s u e ,  th inner  c u t i c l e ,  th inner  spidermal 

c e l l  wal l s  ancr nore  cb lo rop las t s .  Mesic spec ies  found i n  

more x e r i c  s i t e s ,  on t h e  o t n e r  hand, exhib i ted  s i m i l a r  d i f -  

fe rences ,  but the  t rend  was i n  the  opposi te  d i r e c t i o n .  

According t o  Lberhardt (1900) a decrease i n  humidity 

r e s u l t s  i n  t h e  forniation of  raore s c l e r e n c h p a  and woody 

t i s s u e ,  and with these ,  a t h i c k e r  stem. 

The development of conducting t i s s u e  has a l s o  been 

s tudied  by Zalenski ( 1 9 0 2 ) ~  Who measured t h e  l e n g t h  02 

vascular  t i s s u e  per  u n i t  a rea  of l e a f .  I n  general ,  t h e  con- 

duct ing  elements were found t o  be much more h ighly  developed 

i n  spec ies  of dry, open s i t e s  than  i n  those  of woodlands and 

o t h e r  moist  environments. SFmilar comparisons, but between 



t h e  sun and shade leaves  of the  same plant ,  were made by 

Sehuster  (1908), with s i m i l a r  r e s u l t s .  

Mcilougall and Penfound (1928 ), i n  studying cross- s e c t i o n s  

of sun  and shade stems from t h e  same ind iv idua l  p lan t s ,  found 

t h a t  t h e  sun stems a r e  th icke r ,  with s h o r t e r  internodes.  They 

have more sclerenchyma, much more xylem, and l e s s  p i t h ,  all 

on a percentage b a s i s .  I n  addi t ion ,  t h e  t r a c h e a l  w a l l s  are 

t h i c k e r  i n  the  sun sterns. 

S h i r l e y  (1929) has shown t h a t  at low l i g h t  i n t e n s i t i e s  

var ious p l a n t s  contain more oven-dry mat t e r  i n  t h e i r  a e r i a l  

p a r t s  than  i n   he r o o t s .  W i t h  an increase  i n  i l lumina t ion  

t h e  proport ion of dry  ma t t e r  i n  t h e  tops  inc reases .  However, 

a t  20 per  cent  of f u l l  sunl ight ,  maximum height  of t h e  p l a n t s  

i s  a t t a ined ,  a decrease being noted w i t h  e i t h e r  augmentation 

o r  diminution of t h e  amount of l i g h t .  The t o t a l  l e a f  a r e a  

pe r  p lan t  behaves i n  a s i m i l a r  manner. 

The shallow depths  reached by t h e  r o o t s  of f o r e s t  

p l a n t s ,  i n  c o n t r a s t  t o  t h e  g r e a t  depths of  t h e  spec ies  more 

c h a r a c t e r i s t i c  of open s i t e s ,  has been mentioned by Weaver 

(1919). In a sugar maple woods i n  southern Wisconsin it 

was found that t h e  r o o t  systems of t h e  herbs  were predominant- 

l y  t o  be found i n  t h e  A 1  s o i l  horizon (Scul ly  1942).  

According t o  Maximov (1929) sun p l a n t s  r equ i re  a b e t t e r  

developed r o o t  system s ince  they t r a n s p i r e  at a g r e a t e r  r a t e  

than  do shade p lan t s .  It has  been found t h a t  i f  a p lan t  i s  

moved from shade t o  b r i g h t  sun l igh t  more r o o t s  a re  developed 



and more c~nciuc t ing  elements a r e  fornileci i n  the  axial organs. 

He has  summed many of these  d i f fe rences  between sun and 

sbade p l a n t s  i n  t h e  fol lowing manner: 

" A l l  in f luences  vsjnich r e s u l t  i n  a g r e a t l y  increased  
l o s s  of water by t h e  p lant ,  o r  a r e s w i c t e d  supply 
of water t o  t h e  developing leaves,  l e a d  t o  e s s e n t i a l l y  
s i m i l a r  changes of  leaf' s t r u c t u r e ,  These s t r u c t u r a l  
changes, which may be termed rxeromorphict ,  tend to 
f a c i l i t a t e  t h e  water supply and sirnult aneoasly t o  
increaselkkne gaseous exchanges. By v i r t u e  of this, 
xerornorphic p l a n t s  a r e  d is t inguished not  by a lower 
but  by a h igher  r a t e  o f  such processes  as t r ansp i ra -  
t i o n  and assimilation.'' 

I n  order  t o  t e s t  the hypothesis  t h a t  previously de- 

sc r ibed  s t r u c t u r a l  d i f f e rences  p a r a l l e l  phys io logica l  dif-  

ferences,  ~ g n e a u  (1892) conducted a  s e r i e s  of i n t e n s i v e  ex- 

periments. bxpressing h i s  r e s u l t s  on t h e  b a s i s  of unit a r e a  

of  l e a f  sur face ,  he round considerable  d i f f e rences ,  up t o  

400 pe r  cent,  f o r  t r a n s p i r a t i o n ,  r e s p i r a t i o n  and photo syn- 

t h e t i c  r a t e s ,  In a l l  cases  the sun l eaves  &ave t h e  h igher  

values.  He a l s o  found t h a t  t h e  leaves  of sun p l a n t s  have 

raore oven-dry m a t t e r  than  the  l eaves  of shade p l a n t s  o f  t h e  

same species ,  bo th  when expressed as percentage of f r e s h  

weight and on a uni t - leaf -sur f  ace-area b a s i s ,  

The concent ra t ion  of chlorophyll  i n  sun and shade 

p l a n t s  of t h e  same species  and i t s  e f f e c t  on the  production 

of oven-dry mat ter  was s tud ied  b y  Lubiaenko (1908). In  

genera l ,  h e  found t h a t  shade leaves  contain more chlorophyl l  

pe r  uni t  of l e a f  a r e a  and l a r g e r  ch loroplas ts .  Bowever, sun 

p l a n t s  conta in  more dry m a t t e r ,  He  concluded thar; more light 

i s  needed f o r  maximum dry weight production than  f o r  maximum 



chlorophyll  formation. U w i m u m  dry w e i g h t  production i n  

chlorophyll-poor p l a n t s  occurs  a t  o r  near  f u l l  s u n l i a t ,  

bu t  i n  p l a n t s  r i c h  i n  chlorophyll  i t  t akes  place at much 

lower l i g h t  i n t e n s i t i e s .  I n  genera l  stems show l e s s  devel- 

opment i n  sun than  i n  shade, while r o o t s  show more. He 

be l ieved t h a t  l i g h t  a l s o  e x e r t s  an e f f e c t  on ass imi la t ion ,  

probably by inf luencing  forr ia t ion and d e s t r u c t i o n  of enzymes. 

Boysea Jensen (1919) s tud ied  S inaps i s  a lba,  a he l io -  

phyte grown i n  full dayl ight ,  and Oxalis a c e t o s e l l a ,  a scio-  

phyte grown i n  deep shade. He found that S inaps i s  photo- 

synthes izes  and r e s p i r e s  at  approximately e igh t  times t h e  

r a t e  of Oxalis.  Expressing t h e  t o t a l  inc rease  i n  dry weight 

over a per iod of f'our weeks a s  average d a i l y  dry m a t t e r  in-  

crease a s  a percentage of i n i t i a l  dry weight, he found a 

value of 1 5  pe r  cent f o r  S inaps i s  and 2.1 per  cent f o r  

Oxalis.  Photosynthet ic  and r e s p i r a t i o n  r a t e s  a r e  equal  i n  

S inaps i s  a t  a light i n t e n s i t y  f i v e  t imes a s  g r e a t  as t h a t  

f o r  Oxali s . 
Rabinowitch (1951) has  pointed out  that t he  leaves  of 

shade species  a re  of ten  of a darker  green color ,  because of 

t h e  presence of more chlorophyll  pe r  u n i t  a r e a  o r  unit volume. 

Shade leaves  a r e  more e f f i c i e n t  l i g h t  absorbers.  Yhe l i g n t  

s a t u r a t i o n  r a t e  i n  shade p l a n t s  i s  usual ly  much lower than 

t h a t  i n  sun p l a n t s .  

In tens ive  i n v e s t i g a t i o n s  by Hesselman l e d  t o  the  follow- 

ing  stateruents. In spr ing  most p l a n t s  e x h i b i t  a high r a t e  of 

photosynthet ic  a c t i v i t y  and t h i s  r a t e  continues i n t o  the  



summer i n  the case of shade species .  I n  the case of shade 

p lan t s ,  however, t h e  measurable photosynthet ic  r a t e  (excess  

above compensation p o i n t )  decreases  appreciably,  f requent ly  

t o  zero, as the  f o r e s t  canopy closes above them. Alon;; with 

t h i s  reuuct ion  i n  photosynthet ic  r a t e  a  decrease i n  r e s p i r a -  

t i o n  occurs.  &'orest herbs which appear a s  verna ls  i n  s l i g h t l y  

reduced l i g h t  and p e r s i s t  through the  summer i n  dense shade 

have a  much betiier development of photosynthet ic  t i s s u e s  

than spec ies  which grow and p e r s i s t  i n  moderately reduced 

l i g h t ,  

A s  long ago as  1909 Naming pointed out .that an. alcod 

h o l i c  s o l u t i o n  of chlorophyll  from shade leaves  i s  decolor- 

i zed  by b r i g h t  l i g h t  much more r a p i d l y  than one from sun 

leaves .  Rabinowitch (1945) quotes var ious authors  a s  having 

demonstrated t h a t  shade leaves nave more chlorophyll  and a 

h igher  r a t i o  of ch lorophyl l  - b : 5 than  do sun leaves .  He 

a l s o  s t a t e s  thac  chlorpphyll  inproves the  u t i l i z a t i o n  of  

the  450-480 mu l i g h t  range, which i s  common under t r e e s .  

S t r a i n  (1949) no tes  t h a t  p l a n t s  with a high concent ra t ion  of  

ch lorophyl l  b (b:&) o f t e n  l o s e  t h e  b f a s t e r  than  the  2 , 
reaching a r a t i o  of b : g Iii 1/4 o r  1/5, when exposed t o  

b r i g h t  light. 

The s u s c e p t i b i l i t y  of t h e  chlorophyll  of climax spec ies  

of f o r e s t  herbs t o  d e s t r u c t i o n  by exposure t o  b r i g h t  sun- 

l i g h t  has  been descr ibed by Kerner (1895) as follows: 

"In t h e  depth of beech-groves t h e  Woodruff (Asperula 
odora tg)  r a i s e s  i t s  leaves  arranged i n  whorls on t h e  
stem; over i t  t h e  thickly-leaved branches of t h e  



beeches bend together ,  forming a roof through whose 
i n t e r s t i c e s  only here  and t h e r e  a weak sunbeam f i n d s  
i t s  way i n t o  t h e  depths.  In t h e  dim l i g h t  the l e a f -  
s t a r s  of t h e  Yioodruff appear of a deep, dark-green 
t i n t .  Now t h e  axe of t h e  woodcutter resounds through 
t h e  Forest--the beeches a r e  f e l l e d ,  the  shading roof  
of f o l i a g e  i s  demolished, and the f l o o r  of  the  wood 
i s  exposed t o  t h e  g l a r i n g  sunbeams. Vuithin two weeks 
the  Woodruff can no longer  be recognized; it has  
become s i c k l y  and pale;  the  l e a f - s t a r s  have l o s t  
t h e i r  dark green, ana t h e  chlorophyll  has  been de- 
s t royed by t h e  g l a r i n g  l i g h t .  The same t h i w  occurs  
w i t h  f e r n s  a s  with t h e  \%oodruff,,*,All t h e s e  p l a n t s  
a r e  not organized t o  adapt themselves, i n  the  case 
of an a l t e r a t i o n  of t h e  i l lumina t ion  of  t h e i r  habitat, 
t o  t h e  nevi condi t ions and t o  p r o t e c t  themselves from 
t h e  undirmned rays f a l l i n g  on Ghern. They a r e  only 
f i t t e d  f o r  t h e  shady f l o o r  of t h e  wood, and an over- 
abundance of 1i&t i s  t h e i r  death." 

- 
Blachman and Wilson (1951) be l i eve  t h a t  shade p l a n t s  

nay b e s t  be charac ter ized  as those species  which exh ib i t  a 

pronounced r i s e  i n  l ea f -a rea  r a t i o  from an i n i t i a l  low value 

i n  b r i g h t  sunl ight  a s  t h e  amount of i l lumina t ion  i s  decreased. 

Sun p lan t s ,  on the  o the r  hand, have a high l ea f -a rea  r a t i o  

i n  f u l l  sun l igh t  and l i t t l e  change i n  t h i s  value i s  noted a t  

lower light i n t e n s i t i e s ,  Leaf-area r a t i o  i s  defined by these  

authors  as the  r e l a t i o n  of t o t a l  l e a f  a r e a  t o  t o t a l  p l a n t  

weibht . 
That t h e  osmotic pressure  of sun leaves  tends t o  be 

h igher  than  bhat of shade l eaves  on t h e  same t r e e s  was shown 

by Monselise (1951). I n  studying various k inds  of  c i t r u s  

t r e e s  he  found d i f f e r e n c e s  of  1 5  per  cent .  

In t he  i n v e s t i g a t i o n s  of Uie t r i ch  (1926), he l iophytes  

were found t o  t r a n s p i r e  much more r a p i d l y  than  scioghytes  on 

a u n i t  l e a f  a r e a  b a s i s ,  r ega rd less  of wnether sun o r  shade 

ind iv idua l s  were used and of whether the experiments were 



conducted i n  sun o r  shade. 

Huber (1924) workeu with sun anii shade branches of oak 

and measured the  stem cross-sec t ion  a rea  o f  the  a c t i v e  xylem 

p e r  u n i t  a r e a  of l e a f  sur face ,  Yhese values he compared w i t h  

t h e  t r a n s p i r a t i o n  r a t e s ,  The t r a n s p i r a t i o n  r a t e  of snade 

l eaves  was 60 per  cent  that of Ghe sun leaves,  bu t  t h e  a c t i v e  

xylern per u n i t  l e a f  a r e a  of shade branches was only 50 p e r  

cent  that of t h e  sun branches. Since more water passes  

through t h e  xylem c ross - sec t ion  per  u n i t  t i n e  i n  the  shade 

branches t h e r e  i s  a g r e a t e r  r e s i s t a n c e  t o  water passage. 

Therefore,  when more water i s  being l o s t  through t r a n s p i r a -  

t i o n  t h e  sun branches can overcome t h e i r  increased r e s i s t a n c e  

but t he  shade branches a r e  unable t o  do this  and consequently 

w i l t i n &  occurs.  

According t o  t h e  i n v e s ~ i g a t i o n s  of  dilaximov (lQ38), sun 

p l a n t s  do not  e,x.hibit ~ i l t i n g  u n t i l  25 t o  30 pe r  cent  of  

their t u r g i d  water content  has been l o s t  because t h e  c e l l  

w a l l  i s  vw,y distended i n  t h e  t u r g i d  condi t ion  and s t i l l  re-  

mains e l a s t f  c a f t e r  a g r e a t  decrease i n  volume of t h e  c e l l .  

Shade p l a n t s ,  on t h e  o t h e r  hand, exh ib i t  d e f i n i t e  s igns  o f  

w i l t i n g  a f t e r  l o s i n g  only 2 t o  3 per  cent  of their water con- 

t e n t  because the  c e l l  w a l l s  a r e  not dis tended,  even though 

under tension,  and t h e r e f o r e  co l l apse  w i t h  slight decrease 

in  c e l l  xwlurne. 

The reproduct ive capaci ty  of more than 300 spec ies  of 

B r i t i s h  p l a n t s  represent ing  d i f f e r e n t  h a b i t a t s  w a s  s tud ied  

by Sal i sbury  (1942). He founu t h a t  weight of seed o r  fruit 



i n c r e a s e s  with an inc rease  i n  t h e  amount of shade occurr ing  

i n  t h e  normal h a b i t a t  of t h e  var ious spec ies .  With advance 

i n  succession of  p lan t  c o m u n i t i e s  t h e  seed weight r i s e s ,  

and this  i n  t u r n  i n d i c a t e s  an increase  i n  t h e  amount of re- 

se rve  food supplied t h e  embryo. An exception t o  this r e l a -  

t i o n s h i p  i s  found i n  t h e  case of p a r a s i t e s  and saprophytes 

which depend t o  some ex ten t  upon n u t r i t i o n  derived from t h e i r  

hos t s .  Species which exh ib i t  a mycorrhizal  r e l a t i o n s h i p  con- 

s t i t u ~ e  a similar exception, Schirnper (1903) pointed out  t h e  

occurrence of the  ma jo r i ty  of h ibher  saprophytes i n  densely 

shaded h a b i t a t  s . 
Sal isbury  found, f u r t h e r ,  that t h e  number of seeds pro- 

duced p e r  p l a n t  decreases  w i t h  an increas ing  amount of shade, 

qpecies  which reproduce vegeta t ive ly  and which have few o r  

no seeds a r e  mainly found i n  dense shade, 

I n  h i s  c l a s s i c a l  monograph on the  disseminat ion O X  

seeds and f r u i t s  by ants ,  Sernander (1906) showed that t h e  

seeds of many p l a n t s  bea r  ex te rna l  appendages, of var ious 

s t r u c t u r a l  o r ig ins ,  which he termed elaiosomes, These bodies 

usua l ly  conta in  o i l s  o r  o the r  substances which a r e  apparent ly 

a t t r a c t i v e  t o  a n t s  (Haberlandt 1914).  The disseminules a r e  

c a r r i e d  by a n t s  f o r  s torage  i n  t h e i r  nes t s .  Later ,  a f t e r  

t h e  eliaosome has been consumed, t h e  seeds, otherwise unharmed, 

a r e  c a s t  out i n  the  v i c i n i t y  of the  nes t .  Frequently t h e  

eliasome i s  ea ten  while t h e  seed i s  being t r anspor ted  t o  t h e  

n e s t  and t he  seed i s  then  discarded (Gates 1941).  It i s  

i n t e r e s t i n g  t o  note  t h e  r e s u l t s  of var ious v i a b i l i t y  t e s t s  



conducted with such seeds a f t e r  the elaiosornes had been re- 

moved, I n  general ,  v i a b i l i t y  was unchanged, but  i n  a few 

spec ies  many more seeds gemina ted  than d id  those i n  t h e  

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

Sernander s tud ied  t h e  occurrence of these  myrmecochores, 

spec ies  w i t h  an t -d i s t r ibu ted  seeds o r  f r u i t s ,  i n  var ious  

p lan t  corumunities of Iiurope, For example, he found that of 

a l l  the spec ies  of herbs normally oocurring i n  the  f o r e s t s  

o f  southern Bavaria,  myrmecochores c o n s t i t u t e  19  pe r  cent  o f  

t h e  herbs  c h a r a c t e r i s t i c  of woodlands and only 7 per  cent  o f  

t h e  herbs more c h a r a c t e r i s t i c  of  open s i t e s .  Of the  spec ies  

found i n  a birch-aspen s tand 16.7 p e r  cent were myrmecochores; 

i n  a s l i g h t l y  grazeu birch-aspen s tand w i t h  young spruces,  

27 per  cent; and i n  a spruce stand, 50 per  cent.  In  a 

beech woods which had been cut  and which contained young 

b i r c h ,  aspen, and beech seedl ings,  o n l y  2.6 per  cent of t h e  

spec ies  were myrmecochores; i n  a l a t e r  s tage  with t h e  sap- 

l i n g s  1 - 3 meters  t a l l ,  4 per  cent;  and i n  an even l a t e r  

s t age  with a closed canopy of beech, 22.6 per  cen t ,  Con- 

s u l t i n g  var ious  f l o r a s  and l i s t s  of  spec ies  c h a r a c t e r i s t i c  

of t h e  d i f f e r e n t  kinds of &uropean f o r e s t ,  he found t h a t  

p ine  woods conta in  i'our such species;  spr'ilce woods, 9; birch-  

aspen woods, 15; beech woods, 44; and mixed oak woods, 78 

such spec ies .  

The a s s o c i a t i o n  of  vernal  species  of herbs  wi th  climax 

deciduous f o r e s t s  h a s  been pointed out by Warning (1909). 



Many o f  these  spec ies  r equ i re  a f t e r r i p e n i n g  of  the  seeds 

because the  embryo i s  not  wel l  developed at the  t i n e  of seed 

d i s p e r s a l ,  a r e s u l t  of t h e  shor t  vegeta t ive  per iod of  t h e  

parent  p l a n t s ,  He a l s o  noted the  commonness of tubers ,  

bulbs,  and o t h e r  spec ia l i zed  types of: overwintering organs 

i n  these  te rminal  f o r e s t  s tages .  In c o n t r a s t  t o  t h e  beech 

woods, t h e  oak f o r e s t s  contain many more shrubs and g r a s s e s ,  

Most of t h e  oak f o r e s t  herbs  blossom i n  t h e  spr ing  a f t e r  t h e  

c losure  of the  f o r e s t  canopy. 

Sa l i sbury  (1925) recognized f o u r  major types of  f o r e s t  

herb,  w i t h  r e spec t  t o  phenology, The pre-vernal type puts  

f o r t h  leaves  e a r l y  i n  spring, o r  even during the  previous 

autumn, These species  manufacture m o s t  of  t h e i r  food be- 

f o r e  the  l e a f i n g  of t h e  t r e e s  above them and wither a s  the  

f o r e s t  shade increases .  Since t h e s e  p l a n t s  avoid t h e  dense 

shade of summer they a r e  ab le  t o  grow i n   he extremely 

shady h a b i t a t  of t h e  climax f o r e s t .  

Yhe sumergreen  type inc ludes  those  spec ies  which form 

leaves  a f t e r  tne  t r e e  canopy h a s  cornrnenced t o  c lose .  These 

f o r m  a r e  more c h a r a c t e r i s t i c  of f o r e s t s  which admit more 

l i g h t .  Also included i n  th is  type a r e  those spec ies  w i t h  

l eaves  which appear e a r l y  and reinain i n c a c t  throughout t h e  

growing season. They a r e  consequently found i n  dark woodlands. 

The wintergreen type includes those spec ies  i n  which t h e  

photosynthet ic  organs a r e  formed i n  autumn. These remain 

a c t i v e  f o r  only a r e l a t i v e l y  shor t  i n t e r v a l ,  but  may be re- 

placed so  that the  p l a n t s  bear  l eaves  throughout the  year .  



Many of these p l a n t s  are found i n  f o r e s t  s i t e s  w i t h  even, 

year-round i l lurninat  ion. 

Species of t h e  evergreen type bea r  the  same s e t  of 

l eaves  throughout the  y e a r *  They a re  not  cornmonly found i n  

s tands  with dense snade i n  surmaer* 

With regard  t o  pheaolo&y, Sa l i sbury  (1921) has  noted 

that l e a f  development i n  the  spr ing  s t a r t s  i n  t h e  bottom 

stratum and proceeds a t  a l a t e r  d a t e  t o  t h e  h igher  l e v e l s .  

The average d a t e  of l e a f  appearance among the  f o r e s t  herbs 

i s  February 19th,  while f o r  t h e  shrub l a y e r  the  average 

d a t e  i s  March 21st,  and f o r  t h e  t r e e s ,  May 13th. &lost o f  

t h e  woodland species  blossom i n  June, but many of  the  common 

species  flower during May. On t h e  o t h e r  hand, t h e  spec ies  

of non-forested h a b i t a t s  bloom dur ing  July. Schimper (1903) 

h a s  noted t h e  g r e a t e r  production of flowers i n  sun spec ies  

as cont ras ted  with shade p l a n t s .  

The importance of cryptophytes i n  the  verna l  f l o r a  and 

of  hemioryptopnytes i n  t h e  a e s t i v a l  f l o r a  has  been noted by 

Gain (1945) a s  wel l  as b y  many o the r s .  The l i t e r a t u r e  per- 

t a i n i n g  t o  Raunkaier' s l i f e  forms w i l l  be reviewed more f u l l y  

i n  a l a t e r  s e c t i o n  of this paper. 



II, LIFh HTSYOHY CHARPICTaRISTICS 

A, Methods 

In order  t o  de te rn ine  t h e  tmportance of herb spec ies  i n  

t h e  var ious phases of f o r e s t  vegetazion some method f o r  t h e  

d e l i m i t a t i o n  of the  f o r e s t  complex was needed. For th is  

purpose t h e  upland f o r e s t  continuum of C u r t i s  and McIntosh 

(1951) i n  southern Wisconsin and t h e  s i m i l a r  con t inum f o r  

t h e  upland f o r e s t s  of t h e  nor thern  p a r t  of the  s t a t e  (Brown 

and Curtis 1952) were u t i l i z e d .  These continua embrace the 

grad ien t  from Lhe pioneer  r o r e s t  s tages,  with t h e i r  high 

l i g h t  i n t e n s i t i e s ,  Wnature s o i l s ,  and va r i ab le  moisture  

condi t ions,  t o  the  climax f o r e s t s  w i t h  t h e i r  extreme shade, 

mature s o i l s  and constant ,  abundant moiswre  condi t ions.  

1. Average Frequency Curves 

Since,  as i s  explained l a t e r  i n  this  paper, var ious 

l i f e  h i s t o r y  c h a r a c t e r i s t i c s  were t o  be weighted according 

t o  the  izuportance of the  spec ies  possessing them, it was 

necessary t o  determine t h e  cont inum d i s t r i b u t i o n  of these  

spec ies .  These values were a l s o  used i n  t h e  s e l e c t i o n  of  

the  spec ies  t o  be s tudied .  

Yhe s tands  used i n  the study of t h e  nor thern  continuum 

a r e  t h e  116 u t i l i z e d  by Brown (1951) . For the southern 

continuum s t u d i e s  t h e  d a t a  obcained i n  96 s tands  were a v a i l -  

ab le .  These were l a r g e l y  t h e  same s tands  as Dere used by 

C u r t i s  and idch tosh  ( l Q t i L ) ,  but  included s i x  a d d i t i o n a l  s tands  

with continuum index values between 300 and 600. Due t o  an 

i r r e g u l a r i t y  i n  t h e  d a t a  of some o f  the  s t a d s  i n  southern 



Viisconsin, ce r t a in  values f o r  a few species have been based 

upon d i f f e r en t  numbers of stands, Yhe range of t h i s  varia- 

t i o n  i s  shown i n  t a b l e  1. 

The procedure fo r  determining the  importance of each 

species along the  continuum was a s  follows. The avai lable  

da ta  included frequency of each species occurring i n  a par- 

t i c u l a r  stand, based upon twenty quadrats, Im. x Im,, and a 

presence l i s t  f o r  each stand. A species which appears on 

the  presence l i s t ,  but which did  not occur i n  any of t he  

quadrats, was assigned a frequency value of one per cent.  

This p rac t ice  was based upon the  assumption tha t  a f ivefo ld  

increase i n  e i t h e r  s i ze  o r  nwnber of quadrats would r e s u l t  

i n  the  occurrence of many of these species i n  a quadrat, 

The frequencies of a pa r t i cu l a r  species i n  a l l  of the  

stands i n  one continuum in te rva l ,  a subject t o  be explained 

i n  the  following sect ion,  were added and the  sum was divided 

by the  t o t a l  number of stands included within t ha t  in te rva l ,  

thus y ie loing an average frequency value f o r  tha t  species i n  

the  continuum in te rva l .  I n  t h i s  manner nine average frequency 

values were determined f o r  eacn species which occurred i n  

any stand. 

2. Size of Continuum In te rva l  

The use of the continum in t e rva l s  as described above 

was a purely a rb i t r a ry  se lect ion.  This se lec t ion  was based 

upon the ease of d ividing the continuum in to  nine equal-sized 

i n t e r v a l s  of such s i z e  that they included the  whole range of 

the continuum, Mine values were considered t o  cons t i tu te  a 



Continuum 
In terva l  

Tot a1 

Northern 
Wisconsin 

Southern 
Wisconsin 

Table 1. Numbers of stands f o r  which herb quadrat 

frequency data were available, arranged according to  

in te rva ls  along the two continua. 



s u f f i c i e n t  number o f  p o i n t s  f o r  the p l o t t i n g  of  t h e  r e s u l t -  

i n g  curves. However, t h e r e  was no assurance t h a t  t h e  f r e -  

quency curves f o r  t h e  var ious spec ies  would not  be r a d i c a l l y  

d i f f e r e n t  i f  a d i f f e r e n t  continuum i n t e r v a l  s i z e  had been 

se lec ted .  

In order  t o  c l a r i f y  this  question, average frequency 

curves f o r  t ~ e n t y  spec ies  were ca lcu la ted  on the  b a s i s  of 

n ine  d i f f e r e n t  i n t e r v a l  s e l e c t i o n s .  The c h a r a c t e r i s t i c s  o f  

zhese a i f f e r e n t  methods o f  subdiviaing t h e  continuum a r e  pre- 

sented i n  t a b l e  2. One disadvantage of f o u r  of t h e s e  

methods i s  t h a t  p o r t i o n s  o f  t h e  continuum a r e  omitted. 

There a r e  seve ra l  p o i n t s  which should be considered i n  

t h e  s e l e c t i o n  of t h e  i n t e r v a l  t o  be used. The number of 

i n t e r v a l s  should not  be so large that t h e  r e s u l t i n g  number 

of  s t ands  per  interval.  i s  very small. The consequence 

would be a l a r g e  number o f  po in t s  f o r  the p l o t t i n g  o f  curves, 

but  t h e  v a l i d i t y  of any one point ,  being based upon only a 

few stands,  would be open t o  se r ious  doubt. The v a l i d i t y  of 

th is  statement i s  shown i n  f i g u r e  1 by the  curve based upon 

27 one-hundred u n i t  i n t e r v a l s .  Yhe curve does n o t  show the 

minimum, optimum, and maximurn ranges f o r  development of t h e  

spec ies  as they occur wi th in  t h e  l i m i t s  of the  c o n t i n u a ,  

bu t  t h e  ind iv idua l  values a r e  subject  t o  much va r i a t ion .  

On t h e  o t h e r  hand, the  i n t e r v a l s  should not  be exces- 

s i v e l y  l a rge .  I n  t h e  case of nine-hundred u n i t  i n t e r v a l s ,  

t h e r e  a r e  only t h r e e  p o i n t s  for the  p l o t t i n g  of a  curve, 

c e r t a i n l y  an i n s u f f i c i e n t  number, even though t h e  number of 



Interval  Size 

100 

200 

200 

300 

300 

F i r  s t  Interval  

300- 400 

300- 500 

400- 600 

300- 600 

400- 700 

Number o f  
Intervals  

Continuum 
Ranges 
Excluded 

Table 2. Continuum intervals  and methods o f  staggering 

these for  study of eSfect o f  various arrangements on the  

resul t ing average frequency curves. 



Figure 1 

Effect of continuum interval size upon 

average frequency curves for Aster 

macrophyllus along the northern continuum 
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s t ands  upon which each value i s  based i s  extremely l a r g e .  

Each of these  i n t e r v a l s  covers a wide range of e n v i r o m e n t a l  

condi t ions,  wi th in  one of which a spec ies  may r i s e  from mfn-  

h u m  t o  optimum development. The narrow l i m i t s  of occur- 

ence of some species  would thus  be obscured. 

The i d e a l  i n t e r v a l  s i z e ,  then, i s  one which inc ludes  a 

s u f f i c i e n t  number of s tands  t o  render  bhe average values 

f a i r l y  r e l i a b l e .  A t  t h e  same tirne t h e  environmental range 

included wi th in  any i n t e r v a l  should not  be so broad t h a t  

important changes i n  t h e  importance of  a spec ies  wi th in  t h a t  

i n t e r v a l  are obscured. The number of i n t e r v a l s  must be 

suf f  i c i e n t l g  l a r g e  t h a t  t h e  p l o t t i n g  of curves i s  f a c i l i t a t e d .  

If these  requirements a r e  met the  r e s u l t i n g  curve should 

demonstrate a c l e a r  t rend ,  provided one e x i s t s ,  without t h e  

necess i ty  of applying moving averages. The i n t e r v a l  s i z e  

which rnost n e a r l y  approaches this optimum i s  t h e  300-unit 

cont f num i n t e r v a l  . 
Tnere s t i l l  remains t h e  problem of t h e  e f f e c t  of  loca- 

t i o n  of t h e  i n t e r v a l s  upon the  r e s u l t i n g  curves. It i s  

reasonable t o  suppose t h a t  the  average frequency of a spec ies  

i n  t h e  300-600 range would be d i f f e r e n t  from t h a t  i n  t h e  

400-700 and 500-800 ranges. I n  f i g u r e  2 a r e  shown two such 

curves f o r  Aster  macrophyllus. The d i f fe rences  between these  

curves a r e  seen t o  be of minor importance. S imi la r  d i f f e r -  

ences were found witn the  o t h e r  19  spec ies  s tud ied  i n  l i k e  

manner. Inasmuch as t h e  Z i r s t  of  these  th ree  arrangements 

encompasses t h e  whole range of  t h e  continuum, while t h e  o t h e r  



Figure 2 

Presence and average frequency curves for 

Aster macrophgllus 

along the northern continuum 

------- Presence 

Prequency, 300-600, e tc .  

.....e. Frequency, 400-700, e t c .  





two methods omit ce r ta in  portions, the  300-600 spacing of 

three-hundred-unit i n t e rva l s  was adopted. 

Admittedly, densi ty  would be the  i dea l  measure t o  use 

as  the  bas i s  of this  study. However, s ince the  determina- 

t i o n  o f  herb densi ty i s  a very time-consming procedure, 

and involves subject ive j udpen t  a s  t o  the dist inguishing of 

s ing l e  p lants ,  t h i s  cha rac t e r i s t i c  was not included i n  t he  

avai lable  data .  Two measures of herb d i s t r i bu t ion  were, 

however, avai lable,  namely presence and frequency, The re la-  

t i v e  value of using praesence as a measure of herb importance 

i n  the  various continum in t e rva l s  was therefore  invest igated.  

In  f igure  2 i s  p lo t ted  the  presence curve f o r  Aster 

macrophyllus f o r  comparison with the  average frequency curve, 

both based upon the  300-600 in t e rva l  systern. Three character- 

i s t i c  fea tures  of such comparisons a r e  readi ly  apparent. 

Presence values a re  normally considerably higher than t h e  

corresponding average frequency f igures .  This f a c t  l eads  t o  

a lessening of the  value of presence f o r  the present purposes 

because presence values may reach a value of 100 per cent.  

For example, Geranium maculatum i n  southern Wisconsin 

occurs i n  92 of the  96 stands includea i n  this study. The 

presence curve fo r  t h i s  species i s  a s t r a igh t  l i n e  at  100 

per cent throughout the continum, but dropping t o  50 per  

cent i n  the  f i r s t  i n t e r v a l  and t o  92 per cent i n  the  l a s t  

i n t e rva l .  The environmental range within which t h i s  species 

reaches optimum development i s  only vaguely indicated by 



such a curve, The average frequency curve f o r  t h i s  species 

exh ib i t s  a pronounced peak i n  the four th  in te rva l ,  as i s  

shown i n  f igure  3. 

The tendency of presence curves t o  exhibi t  a prolonged 

peak i s  shown i n  f igure  2. Comparison of this curve w i t h  

the  average frequency curve also shows a common tendency of 

t he  presence peak t o  begin a t  the same o r  a higher continuum 

index value than the  average frequency peak, although in a 

few cases it peaks at  a lower continuum index value. The 

width of the presence peak renders d i f f i c u l t  t h e  determina- 

t i o n  of the  i n t e rva l  i n  which the species i s  most common. 

For these reasons, then, the index of importance used 

throughout this  study i s  the  average frequency curve based 

upon nine 300-unit i n t e rva l s  extending from 300-600, 600-900, 

e t  ce te ra ,  It should be pointed out,  however, that the  

presence curve was calculated along with the  aVer,age fie- 

quency curve f o r  each species,  Far the  most p a r t  these  

presenoe curves tend t o  p a r a l l e l  the frequency curves. They 

have been of value i n  the in t e rp re t a t i on  o f  those frequency 

curves which exhibi t  a plateau a t  the  peak value, 

3.  -Species Select ion 

Inasmuch as  the present study i s  concerned with the 

lesser vegetation of the fo re s t ,  phanerophytes were excluded 

rrom consideration. A s  a r e s u l t ,  various woody plants ,  main- 

l y  chaaaephytes, were included, The use of the  term "herb" 
- 

throughout this paper i s  therefore  not warrstnted if used i n  

the  narrow sense. "Lesser vesetation" m i g h t  be preferable,  
- - 



Figure 3 

Presence and average frequency curves f o r  

Geranium raaculaturn 

along the southern continuum 

------- Presence 

Average frequency 





but  f o r  the  sake of b r e v i t y  "herb" w i l l  be  used. - - 
The average frequency curve, as  descr ibed above, was 

determined f o r  each species  appearing i n  any of t h e  s t ands  

u t i l i z e d  i n  this study. A l l  spec ies  which reached an average 

frequency g r e a t e r  than 1.5 per  cent i n  any continuum i n t e r v a l  

were included i n  t h e  l i s t  of spec ies  t o  be s tudied.  I n  o t h e r  

words, t h e  spec ies  included a r e  comon enough t o  occur i n  

t h r e e  of' every 200 quadrats l a i d  i n  s tands  w i t h  a l i m i t e d  

environmental range. T h i s  a r b i t r a r y ,  but objec t ive ,  c r i -  

t e r i o n  serveu t o  e l iminate  a l a r g e  number of spec ies  which, 

if included, would have doubled t h e  extent  o f  the  f i e l d  de ter -  

minat ions  without a l t e r i n g  tine r e s u l t  s appreciably.  Within 

a p a r t i c u l a r  continuum i n t e r v a l ,  f o r  exmple ,  one spec ies  

w i t h  an average frequency of 50 per  cent woula c a r r y  t h e  same 

weight as f i f t y  o the r  spec ies  each w i t h  an average frequency 

of one per  cent. Clearly, t h e  a d d i t i o n a l  precis ion obtained 

by including a l l  spec ies  would not  have j u s t i f i e d  the g r e a t l y  

increased  expenditure of t i m e  and expense involved, 

The nor thern  and southern continuum species  l i s t s  re- 

s u l t i n g  from a p p l i c a t i o n  of the two c r i t e r i a  ou t l ined  above 

eacLl conta in  114 species ,  of which 65 species  a r e  mutual. 

4. Oetera ina t ion  of L i f e  Bis tory  C h a r a c t e r i s t i c s  

The a v a i l a b l e  l i t e r a t u r e  has been searched L'or i n f o m a -  

t i o n  on t h e  l i f e  h i s t o r y  c h a r a c t e r i s t i c s  of t h e  spec ies  in- 

cluded i n  th i s  study. Since many of these  r e fe rences  c o n s i s t  

o f  shor t  notes ,  they are not  included i n  t h e  l i t e r a t u r e  re- 

view, un less  otherwise of importance. They a r e  a l l ,  however, 



included i n  the bibliography. Mention i s  made of the  more 

import ant  ones i n   he following explanat ions  and d e f i n i t i o n s  

of t h e  c h a r a c t e r i s t i c s  s tudied .  

In general ,  except where impracticable,  a l l  de t  ermina- 

t i o n s  were made i n  t h e  f i e l d  a f t e r  consul t ing t h e  l i t e r a t u r e  

and herbarium specimens. I n  some cases var ious authors  were 

found t o  d isagree .  I n  most of such ins tances  t h e  spec ies  

and c h a r a c t e r i s t i c  i n  quest ion were rechecked i n  t h e  f i e l d .  

Figure 4 i s  a copy of t h e  d a t a  form used i n  the  f i e l d  

s t u d i e s ,  One page was devoted t o  each species  and the  s e r i e s  

of shee ts  was c a r r i e d  i n  a neavy tnree- r ing  loose  l e a f  note- 

book which could be kept  closed by a large rubber s t r a p  cu t  

from an inner  tube ,  I n  addi t ion ,  a cord threaded through t h e  

r i n g s  and forming a loop outs ide  t h e  notebook f a c i l i t a t e d  

car ry ing  by serv ing  as a shoulder s t r a p .  The c h a r a c t e r i s t i c s  

l i s t e d  i n  t h e  first column o f  f i g u r e  4 were determined f o r  

twelve ind iv idua l s  i n  a s  roany d i f f e r e n t  f o r e s t  s tands  f o r  

each spec ies  of herb.  These determinat ions were recorded i n  

the twelve columns next  t o  t h e  l i s t  of  c h a r a c t e r i s t i c s .  A n  

attempt was made t o  study each species  i n  those s tands  i n  

which it was comon. 

The l i f e  h i s t o r y  c h a r a c t e r i s t i c s  s tudied  a r e  l i s t e d  

according t o  t h e  code presented i n  f i g u r e  5.  However, s ince  

some of t h e  ca tegor ies  a r e  subjec t  t o  var ious i n t e r p r e t a t i o n s ,  

the  d i s t i n c t i o n s  used i n  th is  study requ i re  d e f i n i t i o n .  

I n  m a n y  cases  t h e  p l a n t s  do not  f a l l  i n t o  c l e a r  sub- 

d i v i s i o n s ,  Rather, in termedia tes  occur between t h e  var ious  



digure 4 

Data form for recording 

of f i e l d  observations 



Data Form No. 26 Plant Scology Research Univ. of Wisconsin 

LIFE HIS TORY CHARACTERISTICS Species : 
- - - - - - - - - - - - I - .  

. . 
ley Characters: 

- - - - - - - - - - I - - - - - - - - - - - - - - - - - - - - - - - -  

Photosynthesis 
Vernal 
Ver. & Autumnal 
Growing season 
krergreen 
Winter rose t te  

Leaf size 
Mature canopy 
Height 
Depth 
Diameter 
Density 

Root system 
Tap root  
Fibrous 
Fascicled 
Tuberous 

Overwinters as 
Corm 
Bulb 
Rhizome 
AeI*ial buds 
Seeds 
Root tuber 
Root bud 

Pollination 
Wind 
Insect 
Both 
Cleistogamous 
Water 

Effect of f i r e  
No ef fec t  
Killed 
Weakened 
Stump sprouts 
More flowers 

Grazing effect 
No ef fec t  
Benefited 
Eaten 
Trampled out 

Veg. repro. 
Absent 
Roots 
Rhizome 
Runners 
Layers 
Freed parts 
Stump sprouts 

Seed dispersal  
Plumed 
Fleshy 
Nuts 
Hypochil 
Stick-tight 
Explosive 
Winged 
Small & l i g h t  
Tumbleweed 
No spec11 way 

Dissimilar related species: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - i - - - - - - - - - - - - - - - -  

Observations : 
I----------------------------------- 



ca tegor ies  a s  s e t  up. I n  s m e  cases,  r e d e f i n i t i o n  of  the  

groupings has  el iminated these  d i f f i c u l t i e s .  In o the r  cases,  

however, a l t e r n a t i v e  groupings were e i t h e r  no t  poss ib le ,  o r  

presented t h e  same d i f f i c u l t i e s  with regard t o  o t h e r  spec ies .  

In such cases ,  wherever possible ,  the  spec ies  i n  quest ion 

were assigned t o  che category which seems t o  be more iinportant 

eco log ica l ly .  For exaaple, i n  c l a s s i f y i n g  t h e  var ious  

spec ies  according t o  type of canopy, Aster macrophyllus was 

included i n  t h e  basa l  r o s e t t e  group i n s t e a a  of  t h e  caul ine  

group because t h e  caul ine  canopy i s  found only on f lowering 

specimens and these  a r e  much l e s s  common t h a n  t h e  vege ta t ive  

stems. In t h e  cases where t h e  importance o r  commonness of  

t h e  a l t e r n a ~ i v e s  w a s  no t  known, a d d i t i o n a l  ca tegor ies  were 

erec ted .  

L i f e  f o m s  a r e  used as defined by Raunkaier (1934) and 

a s  a l s o  descr ibed by Ennis (1928) and McDonald (1937). A s  

s t a t e d  previously,  pnanerophytes were excluded. The d e f i n i -  

t i o n  of chamaephytes a s  n o m a l l y  used, namely p l a n t s  with 

a e r i a l  overwintering buds l e s s  than  25 cm. above ground l e v e l ,  

was not  followed s t r i c t l y .  Hather, the o r i g i n a l  concept o f  

Raunkaier (who, i n c i d e n t a l l y  sa id  20-30 em. ) t h a t  chamaephytes 

a r e  p l a n t s  with t h e i r  a e r i a l  buds pro tec ted  by snow during 

t h e  winter ,  was se lec ted .  Nowhere i n  the  l i t e r a t u r e  has  

mention been found of what c o n s t i t u t e s  t h e  sur face  of the  

ground; whether i t  should be considered t h e  surface of  t h e  

A. o r  A 1  hukimn.  Hemfcryptophytes a r e  def ined as species  



with overwintering buds below the  ground l e v e l .  Throughout 

t h e  present  study, therefore ,  t h e  sur face  of t h e  A1 has bean  

s e l e c t e d  a s  t h e  "surface of the  g r o ~ d ! " i  I n  accordance with 
- - - 

t h e  usage o f  Raunkaier, t h e  one winter  annual included i n  

t h i s  study, Galium aparine,  was c l a s s i f i e d  as a  therophyte.  

These a r e  p l a n t s  whicil pass  t h e  unfavorable season as seeds. 

The assumption i s  t h a t  f o r  t h i s  spec ies  of  G a l i u m  the  dense 

shade of summer i n  a  maple woods i s  t h e  unfavorable season. 

C h a r a c t e r i s t i c  number three ,  "depth of  roots^"^ was found 

t o  r e q u i r e  only two subdivis ions although t h e  f i e l d  s t u d i e s  

were undertaken w i t h  a category f o r  each s o i l  horizon l i s t e d  

on t h e  f i e l d  form. The f i r s t  subdivision, "Al horizon,? 

inc ludes  those spec ies  whose r o o t s  were cons i s t en t ly  L'ound in  

t h a t  s o i l  l a y e r .  The second group, "indifferent: ;  means t h a t  

the r o o t s  o f  an ind iv idua l  specimen were round, i n  more than 

one horizon, so t h a t  %he l o c a t i o n  of t h e  r o o t s  could not  be 

predic ted  before  wigging. This  f e a t u r e  w a s  found t o  be 

comon f o r  t h e  ind iv idua l  p l a n t s  of t h e  spec ies  assigned 

t o  th is  category. 

"Overwintering organ" (number f o u r )  inc ludes  groupings 

which a re  f o r  t h e  most p a r t  self-explanatory.  I n  g e n e r a l  

the d e f i n i t i o n s  of Coulter,  Barnes and Cowles (1931) were 

followed. A comprehensive d iscuss ion  i s  a l s o  given by 

Holm (1929). A s  i n  t h e  ease of l i f e  form determinations,  

the o v e r ~ ~ i n t e r i n g  buds used f o r  c l a s s i f i c a t i o n ,  when the re  

a r e  comonly two Gypes, a re  those which w i l l  open t o  form 

new vegeta t ive  stems. "Crown buds" a s  used h e r e i n  a r e  
- 



equivalent t o  one group of the  "crown fomners" of  Hitchoock 

(1899, 1900)~ namely species which form the  buds a t  the  base 

of the  previous yea r ' s  stem. "Root buds" a re  adventi t ious 
* 

buds formed on roo t s  (Kolm 1925). 

"Overwintering organ depth" (number f i v e )  includes the 

subdivision " ind i f fe ren t" .  This category i s  defined d i f fe r -  

en t ly  from tihat i n  number three, "depth of roots". I n  the 
- 

present instance, no species were found w i t h  the overwinter- 

ing buds of' the  individual  specimen located i n  more than one 

horizon. However, i n  ce r t a in  species, the  buds of some in- 

dividuals  were found i n  a horizon d i f f e r en t  from t h a t  of 

o'cher p lan t s  of the  same species.  If this var ia t ion  was prom- 

inent  among: the  twelve individuals  sampled, the  species was 

included i n  the " indif ferent"  group. 

Only one subdivision, 'detached parts" ,  of characteris-  

t i c  number s i x  requires  def in i t ion.  T h i s  i s  an example of 

the  erect ion of an ada i t iona l  grouping t o  include exception- 

a l  cases. Only two species a re  here included, Cystopteris  

bulbif  era, because of i t s  bulble ts ,  and Dicentra cucul lar ia ,  

because of i t s  pecul iar  vegetative reproduction mechanism. 

Horizontal roo t s  contract  and thus p u l l  apart  the enlarged 

pe t io l e  bases c lus tered a t  the  base of the  parent p lant  

(Rimbach 1900). 

The eighth charac te r i s t i c ,  namely "canopy type", was 
- * 

subdivided a r b i t r a r i l y  according t o  the  following defini-  

t ions .  "Canopy lacking1' includes obl igate  pa ra s i t e s  and 



saprophytes, o f  which, however, only two species ,  Epifaaus 

v i r g i n i a n a  and Conopholis americana, a r e  included i n  t h e  

l i s t s  of spec ies .  A n  "umbrella-l ike canopyt1 i s  almost w i t h -  

ou t  depth,  It i s  i l l u s t r a t e d  by such species  a s  Podophy l lh  

p e l t a t m  and Botrychium virainianum. A " p r o s t r a t e  canopy" 
* - 

i s  the  type  possessed by r e c l i n i n g  species ,  such a s  Id i tche l la  

repens and G a l i m  aparine.  Species exh ib i t ing  a basa l  canopy 

inc lude  Cl in ton ia  b o r e a l i s  and, primari ly ,  o t h e r  acaulescent  

p l a n t s ,  A caul ine  canopy i s  that type which includes l e a v e s  

arranged i n  depth along the  upr ight  s ten ,  a s  i n  A r a l i a  

racemosa and Caulophyllurn t h a l i c t r o i d e s ,  

The l e a f  s i z e  c l a s s e s  i n  c h a r a c t e r i s t i c s  ntwber 1 0  and 

11 follow the  d e f i n i t i o n s  of  Raunkaier (1934). Leptophylls 

a r e  spec ies  with leaves  of an a r e a  l e s s  than  25 square 

mi l l ime te r s .  Successive boundary a reas  a r e  obtained by 

mul t ip ly ing  th i s  f i rs t  value successively by 9. A problem 

a r i s e s  regarding t h e  l e a f l e t  of compound leaves .  Should 

each l e a f l e t  be considered a l e a f ,  as Raunkaier decided, o r  

should t h e  wnole compound l e a f  be measured as a u n i t ?  I n  

her s tud ies ,  Esten (1932) agreed w i t h  t h e  dec i s ion  of  

Raunkaier, while  Withrow ( l932) ,  on the o t h e r  hand, pre- 

f e r r e d  t o  consider  the whole compound l e a f  as one l e a f .  In 

t h e  present  study both  systems were used so t h a t  a comparison 

of t h e  r e s u l t s  might be  attempted. 

Only a few of the  ca tegor ies  i n  number 16,  "seed o r  

f r u i t  d i s p e r s a l  mechanism", r equ i re  d e f i n i t i o n ,  The sub- 

d i v i s i o n  " small and l i g h t "  inc ludes  those spec ies  which 



have disserninules capable of being c a r r i e d  by che wind be- 

cause of extremely small  s i z e ,  as i s  The case with Goodyera 

pubescens and the  var ious spec ies  of Pgrola.  The term 

"elaiosome" was proposeci by Sernander (1906) and i s  d iscussed  

i n  t h e  l i t e r a t u r e  review. 

C h a r a c t e r i s t i c  number 18, "season of flower bud forma- 

t ion" ,  i s  concerned with t h e  presence of recognizable  embry- 

onic flowers i n s i d e  t h e  buds dur ing  the  winter.  The only 

comprehensive s t u d i e s  of t h i s  c h a r a c t e r i s t i c  which have been 

found i n  t h e  l i t e r a t u r e  a r e  those of Foerste  (1883, 1891).  

Such embryonic f lowers  a r e  so wel l  developed t h a t  b'oerste 

was able  t o  i d e n t i f y  Cl in tonia  b o r e a l i s ,  a spec ies  previous- 

l y  unknown t o  him, by means of t h e  flower p a r t s  Sound i n  

t h e  buds of winter  specimens. 

The use of Y u r r i l l l s  excended scneme (characteristic 

number 19)  was proaptea by ~1acDonald's i n c l u s i o n  of th i s  

c l a s s i f i c a t i o n  i n  h e r  extensive study (1937). The nutnbers 

assigned t o  t h e  subdivis ions i n   he present  study a r e  

d i f f e r e n t  from the  ones used by h e r .  One disadvantage of  

th is  nethod, a s  i t s  inventor  pointed out  ( l 9 2 Q ) ,  i s  t h e  

p o s s i b i l i t y  of including one species  i n  more than one sub- 

d i v i s i o n .  Sn t h e  present  study an attempt was made t o  in- 

clude each spec ies  only i n  t h a t  category which it  f i t s  b e s t .  

Since T u r r i l l l s  extended scheme allows f o r  the  possi-  

b i l i t y  of c l a s s i f y i n g  one species  i n t o  more than one cate- 

gory, th is  d i f f i c u l t y  has  been p a r t i a l 1 3  overcome by aeparab- 

iW3 that por t ion  of the scheme whf ch dea l s  w i t h  r;he presence 



o r  absence of spines, thorns, e t  ce tera .  This f ea tu re  was 

erected a s  a d i s t i n c t  cha rac t e r i s t i c  (number 21) .  Any such 

project ions  Pvhich might serve t o  de te r  grazing animals were 

included i n  the  f i r s t  subdivision, f o r  example, the so f t ,  

but poisonous, h a i r s  of Laportea canadensis. 

The twentieth system of c l a s s i f i c a t i o n  here in  adopted 

concerns taxonomic s t a b i l i t y ,  The species were assigned t o  

the  various categories a f t e r  an examination of the remarks 

and treatment of each species i n  Fernald (1950). Species 

containing two or  more v a r i e t i e s  were considered t o  be un- 

s t ab l e ,  The descr ip t ion of but one var ie ty  o r  the mention 

of several  f o m s  were considered t o  cons t i tu te  an adequate 

bas i s  f o r  c lass i fy ing  a species a s  intermediate. Those 

species f o r  which no va r i e t i e s ,  and a t  most one form, were 

mentioned, were included i n  the  s t ab l e  group. 

5. Use of IBiii Nachines 

Through the courtesy or members of the University 

Computing Service zhe use of cheir In te rna t iona l  Business 

biachine f a c i l i t i e s  was made possible,  &pansion of the  

scope of the  investigation was thereby made possible.  W i t h -  

out such f a c i l i t i e s  the necessary computations rnight have 

l imi ted appreciably the nuraber of cha rac t e r i s t i c s  studied. 

The coded cha rac t e r i s t i c s  were punched on I n t e r n a ~ i o n a l  

Business Machine cards,  The nine average-frequency values 

fo r  each species were rounded t o  whole numbers and these 

values were punched i n  nine consecutive two-column f i e l d s ,  



All d a t a  Tor a p a r t i c u l a r  spec ies  appeared on one card.  The 

cards  were a l s o  punched f o r  i d e n t i f i c a t i o n  of the  spec ies  

they  rep resen t .  For each species ,  t h e  page number and t h e  

number of that species  as t r e a t e d  on t h e  page i n  Grayt s 

blanual of Botany, 8th ed i t ion ,  was punched on t h e  card. 

This  system permit ted the  arrangement of cards i n  accord- 

ance w i t h  accepted taxonomic sequence and o f f e r e d   he fur-  

t h e r  advantage t h a t  a d d i t i o n a l  species  could be added and 

doveta i led  i n t o  p lace .  

Working w i t h  t he  deck of cards f o r  one continuum at  a 

time, t h e  cards  were so r t ed  with respect  t o  one l i f e  h i s t o r y  

c h a r a c t e r i s t i c .  Thus t h e  cards f o r  a l l  cryptophytes were 

separated from t h e  cards f o r  t h e  o the r  l i f e  forms. By means 

of the  t abu la t ing  machine, the  average frequency values of  

these  cards were t o t a l l e d  separa te ly  i n  t h e  nine f i e l d s .  The 

r e s u l t i n g  s e r i e s  of f i g u r e s  c o n s t i t u t e s  a  measure of  t h e  

comraonness of ind iv idua l  p l a n t s  possessing t h e  c h a r a c t e r i s t i c  

i n  quest ion i n  %he n ine  continuum i n t e r v a l s .  I n  a d d i t i o n  t o  

summing t h e  frequency values,  the  t abu la to r  a l s o  counted t h e  

number of spec ies  cont r ibut ing  t o  the  t o t a l  i n  each f i e l d .  



B. Resul t s  

1. Average Frequency Curves 

The nine average frequency values as determined f o r  

each spec ies  s tudied  a re  presented i n  t a b l e  3 f o r  the  north-  

e r n  continuun and i n  t a b l e  4 f o r  t h e  southern. Since no 

s tands  i n  t h e  l a t t e r  have a s  y e t  been found w i t h  a continuum 

index value i n  t h e  2700-3000 range, t h e r e  a re  only e igh t  

average frequency values f o r  the  southern species .  

Inspect ion  of these  s e r i e s  of values i n d i c a t e s  t h e  use- 

fu lness  of t h e  cont inua f o r  p l o t t i n g  t h e  occurrence of che 

l e s s e r  vegeta t ion ,  I n  general ,  t h e  values f a l l  away i n  bo th  

d i r e c t i o n s  from a peak of importance. It should be poin ted  

out  t h a t  t h e s e  d a t a  o f f e r  no assurance t h a t  those spec ies  

which e x h i b i t  a monotopic, i .e. d i s t i n c t l y  pioneer  o r  climax, 

d i s t r i b u t i o n  a r e  a t  t h e i r  optinium development within the  

l i m i t s  of t h e s e  continua.  For example Fragar ia  v i rg in iana  

occurs  commonly i n  oak openings and p r a i r i e s ,  while Laportea 

canadensis extends i n t o  bottomland f o r e s t s  i n  g r e a t  profusion. 

Furthermore, although i t  i s  no t  one of che c h a r a c t e r i s t i c s  

included i n  th i s  study, the v i t a l i t y  of var ious spec ies  has 

been noted during t h e  f i e l d  investigations. While these  obser- 

v a ~ i o n s  are  i n c i d e n t a l ,  i t  may not  be amiss t o  include them 

here .  Various pioneer spec ies  serve admirably t o  i l l u s t r a t e  

t h e  e f f e c t  of i n s u f f i c i e n t  l ight.  Sucn p l a n t s  as Apocynum 

androsaemiXoliu and Amorpha canescens a r e  found i n  many 

f o r e s t  s tands,  but  usua l ly  a r e  of small  s t a ~ u r e  and r a r e l y  



Table 3 

Average frequency values based upon 

nine 300-unit intervals along 

the northern continuum 



Species 

- 
Actaea pachypoda 2 x. '-1 .I 
AdiaZI t~  pedatum 3 4 3 10 
A l l i u m  tricoccum 2 
Anemone cylindrica 2 
Anemone quinquefolia 20 5 18 29 22 7 3 . .5 19 
Apocynum androsaemif olium 6 2 4 3 2 1 
Aquilegia canadensis 4 3 2 
A r d i a  nudicaulis 5 11 15 27 34 1 1s 14 19 
Aralia rac emosa 1 2 2 
Arc t os t aphylos uva-ursi 4 
Arenaria lat e r i f  lo ra  1 4 
Arisaema atrorubens 1 1 6 5 

h 
9 

Asarwn canad ens e 
Aster macrophyllus 
Aster sag i t t i fo l ius  
Atwrium filix-femina 
Botrychium virginianum 
Bacbyelytrum erectum 
care; album ina 
Carex pensylvanica 
Carex plantaginea 1 L' 

Caulophyllum t hal ic  t roid es 2 4 
Chimaphila umbellata 6 6 12 6 .  1 1 - - -  

Table 3 Average frequency values based upon nine 300-unit intervals  along the northern continuum. 



Continuum Intervals - 

Circaea alpina 
Circaea quadrisulcata 
Claytonia caroliniana 
Claytonia virginica 
Clint onia borealis 
Comandra richardslana 
Convolvulus spi t-hamaeus 
Copt is groenlandica 
Co~eopsis palmata 
Cornus canadensi s 
Cynoglosswn boreale 
Desmodium glut inosum 
Dicent ra cucullaria 
Di ervilla lonicera 
Dryopt eris dis juncta 
Dryopt eris phegopt eri s 
nryopteris spinulosa 
@if agus virginiana 
Epigaea repens 
3hythronium americanum 
Zhphorbia corollata 
Fragaria virginiana 
Galium trif lorum 
G a u l t  heria procumb ens 
Geranium maculatum 
Goodyera pubescens 
Helianthemun canadense 
Eelianthus occidentali 9 

Species 30s 600 900 1200 1200 ~8i00 2100 21600 2700 
-600 -900 -1200 -1500 4800 -2200 48c00 -2700 -3000 

3 



Species 

Continuum Int e r v d  s 

- 
Hepatica aculiloba 1 2 1 2 1 2  
Hepatica americana 2 11 3 10 4 L 5 
Eieraciun canadense 2 
mdrophyllwn vi rginianun 4 2 
Impatiens &ip&si s 1 3 
Laportea canadensis 1 4 1 
Lathyrus ochroleucus 
Lathyrus seno sus 
Linnaea borealis 
Lycopodium annot inum 
Ipopodium clavatum 
wcopodium camplanaturn 
l&opodium lucidulum 
wcopodium obscurum 
Qysimachia quadrifolia 
EIaiant hemum canadens e 
Melampyrum l ineare 
Mitchella repens 
M i  t e l l a  diphylla 
M i t  e l l a  nuda 
Monarda f i s tu losa  
Moneses unif lora  
Onoclea sens ib i l i  s 
Oryzopsis asperifol ia  
Osmorhiza claytoni 
Osmunda cinnamomea 
Osmunda Claytoniana 
Oxalis montana 



Species 

Continuum Intervals 

Panax quinquefolius 
Pedicularis canadensis 
Pediculari s 1anceola;t a 
Phyrxna lept os t achya 
Polygala pauc if olia 
Polygonaturn pubescens 
Potentilla simplex 
Prenant hes alba 
Pteridium aquilinum 
Pyrola ellipt ica 
Pyrola rotundif olia 
Fyrola secunda 
Sanguinaria canadensis 
Sani cula gregaria 
Schizachne purpurascens 
Smi lac ina rac emo sa 
Smilacina st ellata 
Smilax ecirrhata 
Smilax herbacea 
Smilax tamnoides var. hispida 
Solidago flexicaulis 
Solidago speciosa 
St rept opus roseus 
Thalictrum dioicum 



Species  

T r i en t a l i s  boreal is  
Tri l l ium grandiflorum 
Uai lar ia  grandif lora  
Ifrsularia s e s s i l i f o l i a  
Vaccinium angust if olium 
Viola canadensi s 
Viola cucu l la ta  
Viola incognita 
Viola pensylvanica 
Viola pubescens 
Waldst e i n i a  fragaroides 

Cont i n u m  Intervals 



Table 4 

Average frequency values based upon 

nine 300-unit in tervals  along 

the southern continuum 



Continuum rnt ervals 

Species 

Actea sp. 1 1 5 2 3 
Adianturu. pedatum 1 2 6 8 6 18 13 
Agrimonia gryposepala 
Allium tricoccum 
Amorpha canescens 
Amphicarpa bract eat a 
Anomone cylindrica 
Anomone quinquef olia 
Anomonella thalictroides 
Apocynw androsaemifolium 
Aquilegia canadensis 
Aralia nudicaulis 
Aralia rac emo sa 
Arenaria lat eriflora 
Arisaema atrorubens 
Asarum canadense 
Aster macrophyllus 
Aster shortii 
Athyrium f ilk-f emina 
B otrgchium virginianwn 
B rachyelyt rum erec tum 
Campanula rotundif olia 
Carex alburs ina 
Carex ~ensylvanica 

Table 4 Average frequency values based upon nine 300-mit intervals along the southern continuum, 
(~ata not available for any stands in the ninth interval.) 



Species 

Continurn Intervals 

CaulophyLlun thalictroides 3 11 
Ceanothus americanus 
Circaea qnadrisulcata 
Claytonia virginica 
Conopholis americana 
Convolvulus spithamaeus , 

Cwtotaenia canadensis 
C3apripedium calceolus var. 

pubescens 
Cystopteris bulbifera 
Cystopteris f ragilis 
Dent aria laciniata 
Desrnodium glut inosum 
Desmodium nudif lorum 
Dicent ra cucull aria 
Diervilla lonicera 
Dryopteris spinulosa 
Erythronium alb idum 
Erythronium americanum 
Xupat orium rug0 sum 
Euphorbia corollata 
Ploerkea proserpinacoides 
Fragaria virginiam 
G a l i ~  aparine 
Galium circaezans 
Galim concinnum 
Galium triflorum 



Continuum Intezals 

Species 

Geranium maculatum 
G e m  canadense 
Goodyera pubescens 
Hackelia virginiana 
Helianthemum canadense 
Helianthus strumosus 
Hepatica acutiloba 
Hieracium canadense 
IQdro~hyllum vi rginianum 
mst r i x  paty3.a 
Impatiens sp, 
Isopyrum biternaturn 
Lactuca biennis 
Laport ea caaadensis 
Lathyrus ochroleucus 
Lat hyrus veno sus 
Lysimachia quadrif olia 
Maiant hemum cmadens e 
Mitella diphylla 
TIonarda fistulosa 
.Oro@Ls epctabo$is 
Osmorhiza claytoni 
Osmorhiza longistylis 
Osmunda cinnamomea 
Osmunda clayt oniana 
Panicum lat if olium 
Prietaria pensylvanica 
Phlox divaricata 



Continuum Intervals -. 

Species 

pilea pmila 
Podophyllum peltatum 
Polemoni~ reptans 
Polygonatum pube scens 
Polyminia canadensis 
Potent illa simplex 
Prenanthes alba 
Pt eridiun- aquilinum 
Pteret is -gensylvanica 
Pgrrolz, elliptica 
lianunculus abort ivus 
Ranunculus septentrionalis 
Sanguinaria canadensi s 
Sanicula gregaria 
Smilacina racemosa 
Smilacina st ellata 
Smilax ecirrhta 
Smilax herbacea 
Smilax tamnoides var, hispida 
S olidago f lexicaulis 
Solidago speciosa 
Solidago ulmifolia 
Taenidia int egerrima 
Thalictrwn dioicum 
Trillium flexipes 
Trillium grandif lorum 
Tovar~ vi rgini m a  

Phryma lept ost acbya 20 23 16 18 13 7 1 



Species 

Continurn Intervals 

Trillium recurvatum 1 4 18 
Tsiosteum perfoliatum 1 3 1 1 1 
Uvularia grandiflora 3 14 28 22 14 21 
Teronicas t rum virginicum - 1 2 2 1 
Vicia americana 3 2 1 
Viola cucullata 5 16 8 10 8 18 10 
Viola pubescens 

25 
1 2 3 17 18 3 2 

Viola sagittata 2 2 3 



blossom i n  any but t h e  most pioneer woods. Apocynum fre- 

quently reproduces vege ta t ive ly  by means of r o o t s  when grow- 

ing  i n  t h e  open, anu this  may occass ional ly  be observed i n  

very pioneer s tands.  Uore commonly, however, t h e  stems of 

t h i s  p l a t  are  found a s  weak, small, non-flowering ind iv idua l s .  

Presumably these  a r i s e  from seeds that have blown i n t o  the  

f o r e s t  and a re  unable t o  main ta in  themselves f o r  any 

appreciable  period. 

Present ing a somewhat s imi la r  appearance i n  more climax 

s tands  i s  b p a t i e n s  capensis .  Vvhile t h e  d a t a  i n d i c a t e  t h a t  

th is  i s  a climax species ,  most such ind iv idua l s  do not  blos- 

som and a r e  depauperate i n  appearance when compared w i t h  

o t h e r s  growing i n  moist  s a y  s i t e s .  I n  marked con t ras t  t o  

i t s  normal appearance i n  maple woods i s  i t s  vigor  i n  gap 

phases i n  such woods. When severa l  t r e e s  a r e  f e l l e d  i n  such 

a  s tand Impatiens grows i n  profusion t o  a  he ight  of five 

f e e t  o r  more, and i t s  chasmogamous flowers a r e  conspicuous. 

2. L i f e  His tory  C h a r a c t e r i s t i c s  

When t h e  spec ies  l i s t s  had been compiled, a s  descr ibed  

i n  a  previous s e c t i o n  of this  paper, each spec ies  was 

c l a s s i f i e d  w i t h  re ference  t o  23 l i r e  h i s t o r y  c h a r a c t e r i s t i c s .  

These d e t e m i n a t i o n s  were coded according t o  t h e  scheme i n  

f i g u r e  5 and t h e  coded c h a r a c t e r i s t i c s  a r e  presented i n  

t a b l e s  5 and 6 f o r  t h e  nor thern  and southern continua, 

r e spec t ive ly .  



Figure 5 

Life history characteristics and 

code used for computations 



1 L i f e  form 
1 Therophyte 
2 Chamaephyt e 
3 Hernicryptophyte 
4 Cryptophyte 

2 Hoot system 
1 Fibrous 
2 Fasc ic led  
3 Tuberous 
4 Tap 

3 Depth of r o o t s  
1 I n d i f f  w e n t  
2 Al hor izon 

4 Overwintering o r g m  
1 Bulb 
2 Corm 
3 Stem bud 
4 Seed 
5 Rilizortle 
6 Crown bud 
7 Root bud 

5 Overwintering organ depth 
1 A, hor izon 
2 A1 hor izon 
3 I n d i f f e r e n t  
4 Aer ia l  

6 Vegetative reproduct ion  
1 Roots 
2 Rhizome 
3 Stolon  
4 Absent 
5 Detached p a r t  

7 Longevity 
1 l i n t e r  annual 
2 Biennia l  
3 Herbaceous perennia l  
4 Woody perennia l  
5 Annual 

8 Canopy type 
1 L a c ~ i n g  
2 Umbrella-like 
3 P r o s t r a t e  
4 Basal 
5 Cauline 

9 Leaf type 
1 Simple 
2 Compound 

1 0  Leaf s i z e  ( l e a f l e t  equals 
1 Leptophyll l e a f )  
2 PJanophyll 
3 Microphyll 
4 Mesophyll 

11 Leaf' s i z e  (compound l e a f  
equals  leaf) 

1 Leptophyll 
2 Manophyll 
3 hiicrophyll 
4 Mesophyll 
5 Nacrophyll 

1 2  Photosynthet ic  season 
1 Verna) 
2 G r o ~ i n g  season 
3 Evergreen 
4 Winter 
5 None 

13 Aer ia l  stem type  
1 Deliquescent 
2 Excurrent 
3 Reclining 
4 Acaulescent 
5 Twining 



1 4  P o l l i n a t i o n  mechanism. 
1 Insec t  
2 Wind 
3 Insec t ,  b i rd ,  and c l e i s t o -  
4 Water -garaous 
5 Cleistogamous and i n s e c t  
6 Insec t  p l u s  b i r d  
lf 3f5f6 A l l  i n s e c t  
3f 5 A l l  cleistogamous 

1 5  Blooming season 
1 -. Pre- verna l  
2 Vernal 
3 Aest iva l  
4 Autumnal 
5 Growiq  season 

1 6  Seed o r  f r u i t  d i s p e r s a l  
mechanism 

1 b i l e  shy 
2 m p l o g i v e  p l u s  elaiosorne 
3 Elaiosome 
4 S t i c k - t i g h t  
5 Sxplosive 
6 Small and light 
7 Plumed 
8 Winged 
9 No s p e c i a l  method 

17 Season of  f r u i t  r ipen ing  
1 Vernal 
2 Aes t iva l  
3 Autumnal 
4 Growin& season 

18 Season of f lower bud formation 
1 Current growing season 
2 Previous growing season 

19  Tmrill's extended scheme 
1 Deciduous shrubs 
2 Perennia l  herbs  o r  subsh~ubs ,  

p a r t i a l l y  woody at base, and 
a e r i a l  p a r t s  dy ing  back, but  
no t  t o  ground l e v e l  

3 Grasses and g r a s s - l i k e  p l a n t s  

Perennia l  he rbs  m d  
sub shrubs w i t h  run- 
ners ,  o r  sprawling 
o r  herbaceous o r  . 
s u f f r u c t i c o s e  stems 
Roset te  p l a n t s  
Perennia l  herbs  dy- 
ing down yearly,  
w i t h  perennating 
buds on more o r  l e s s  
t h i c k  s tock  a t  
ground l e v e l  
Geophytes 
Annual herbs  
Herbaceous twining 
p lan t s ,  genera l ly  
dying down each 
year 
Evergreen shrubs 

20 Taxornomy 
1 Unstable 
2 Intermediate  
3 S t a b l e  

21 Spines 
1 Plan t s  anned with 

spines,  thorns, e t c .  
2 P l a n t s  not  so armed 

22 N u t r i t i o n  
1 Obligate autotroph 
2 P a r t i a l  autotroph 
3 P a r a s i t e  

23 Flower he igh t  
1 Below 18 inches 
2 Above 18 inches 



Table 5 

Life history characteristics of 

northern species coded according 

to key in figure 5 



Species 1  2  3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Ac taea pachypoda 4 1 2 5 2 4 3 2 2 3 4 2 2 1 3 1 2 2 7 2 2 1 2  
Mianturn pedatum 8 1 2 j 2 2 3 2 2 2 4 2 4 4 3 5 2 2 7 3 2 1 1  
Alliun t ricoccwn 4 1 2 1 2 2 3 4 1 4 4 1 4 g 3 9 3 1 ? 3 2 1 1  
henone cylindrica 3 1 2 5 2 4 3 4 2 3 3 2 2 Z 3 8 2 1 6 3 2 1 1  
Anemone quinquefolia 4 1 2 5 2 2 3 2 2 2 3 3 2 k 1 9 2 2 7 2 2 1 1  
Apocynum androsaemifolium 3 1 2 7 3 1 3 5 1 3 3 2 1 1 3 8 3 1 6 2 2 1 2  
Aquilegia canadensis 3 4 1 j 1 4 3 5 2 3 3 2 1 6 2 9 2 2 6 1 2 1 1  
Aralia nudicaulis 3 1 2 5 1 2 3 2 2 3 4 2 2 1 3 1 2 2 6 3 2 1 1  
Aralia rac enosa 3 1 1 j 2 4 3 5 2 4 5 2 1 1 3 1 3 1 6 3 2 1 2  
Arc t o s t aphyl os uva-urs i 2 1 1 3 ~ 3 4 3 1 2 2 3 3 1 2 1 ~ 2 0 1 2 1 1  
Arenaria lateriflora 3 1 2 5 2 2 3 5 1 2 2 2 1 1 2 3 2 1 6 3 2 1 1  
Arisaena atrorubens 4 1 2 2 2 2 3 2 2 4 2 2 1 2 1 3 2 7 . . 1 2 1 1  
Asarum canadens e 3 1 2 5 2 2 3 2 1 4 4 2 4 5 2 3 1 2 6 L , 2 1 ' L  
Aster macrophyllus 3 1 1 5 2 2 3 4 1 4 4 3 2 1 3 8 3 1 5 1 2 1 2  
Aster sagittifolius 3 1 2 6 1 4 3 5 1 3 3 2 2 1 3 8 2 1 6 1 2 1 2  
Athyrium f ilix-f emina 4 1 2 5 2 2 3 g . 2 1 4 2 4 4 3 5 2 1 t / ; 1 2 1 1  
Botrychium virginianum 4 2 1 6 2 4 3 2 2 2 4 2 2 4 3 7 2 1 6 3 2 1 1  
Brachyelyt rum erectum 3 1 2 5 3 2 3 5 1 4 4 2 2 2 3 9 3 1 3 2 2 1 1  
Carex alburs ina 3 1 2 5 2 2 3 4 1 4 4 3 2 2 3 9 2 2 3 3 2 1 1  
Carex pensylvanica 4 1 2 5 1 3 3 5 1 3 3 3 2 2 2 9 2 2 3 1 2 1 1  
Carex plantaginea 3 1 2 5 1 2 3 4 1 4 4 3 2 2 2 9 2 2 3 3 2 1 1  
Caulophyllum thalictroides 4 1 2 5 2 2 3 5 2 3 4 2 1 1 2 1 3 2 7 3 2 1 2  
Chimaphila umbellata 3 1 1 7 2 1 4 5 1 3 3 3 2 1 3 7 3 1 0 3 2 1 1  
Circaea alpina 4 1 2 5 2 2 3 5 1 3 3 2 1 1 3 5 2 1 7 3 2 1 1  
Circaea quadrisulcata 1 2 5 2 2 3 5 1 4 4 2 1 1 3 4 3 1 7 3 2 1 1  



- Life History Characterist ics 

Species 

Claytonia caroliniana 
Cleyt onia virginica  
Clintonia boreal is  
Comandra richardsiana 
Convolvulus spithameus 
Coptis groenlandica 
Coreopsis palmata 
Cornus canadensis 
Cynoglossum boreale 
Desmodiwn glut  inosum 
Dicent r a  cucul lar ia  
Diervi l la  lonicera 
Dryopteris disjuncts 
Dryopt e r i s  phegopt e r i s  
Dryopt e r i s  spinulosa 
mifagus virginiana 
Zpigaea repens 
Erythronium americanum 
Euphorbia coro l la ta  
2ragMi.a virginiana 
G a l i u m  tr if lorum 
Gaultheria procumbens 
Geranium maculatum 
Goodyera pubescens 
Jielianthemum canadense 
Helianthus occidentalis  
Hepatica auxt i loba 
Hepatica americana 
Hieracium canadense 



Species 

Hydropbjllum v i  rg in i  c m  
Impatiens capessi s 
Laport ea canadensis 
Lat hyrus ochrol emus 
Lathyms venosus 
Linnaea boreal is  
Qycopodiuno anno t i n m  
Lycopodium clavatvz 
Lyco~odiun: complailatum 
Iyc o~odium lucidulum 
~ c o ~ o d l ~ x m  ob scumn 
Lysimachia quadrif olia 
Naianthenum canadens e 
Melaqyrum l ineere  
Mitchella repens 
M i  t e l l a  diphylla 
M i t  e l l a  nuda 
Monarda f i s t u l o  sa  
M O W S E S  -mif l o ra  
Onoclea s ens ib i l i  s 
Oryzopis asperif  o l i a  
Osmorhi za claytoni 
Osmunda cinnmomea 
Osmunda claytoniana 
Oxalis montana 
Panax quinquef ol ius  
Pediculari s canadensis 
Pediculari s lanceolatz 



Life  Ristory Characterist ics 

Species 

Phryma leptostachya 
Polygala paucifolia 
Polygonat um pub esc ens 
Pot e n t i l l a  simslex 
Prenanthes alba 
Pteridium aquiliom 
Pyrola e l l i p t i c a  
Fyrola rotundifolia 
Fyrola sscunda 
Sanguinaria cmzdensi s 
Sanicula gregaria 
S chi zachae purpurascens 
Smilacina rsceimosa 
Smilacina s t  ellah a 
Smilax eci rrhat  a 
Smi lsx herbacea 
Smilax tamoides 
Solideqo f lex icau l i s  
Solidago spsclosa 
S t  rept opus roseus 
T h ~ l i  c t  yrn dioic-m 
Tr ien ta l i s  boreal is  
Trillium grandiflorum 
Uvularia grandiflora 
U v u l ~ r i a  s e s s i l i f o l i a  
Vaccinium angustifolium 
Viola camdensis 
Viola cucullatz 
Viola incognita 
Viola p e n s y l ~ ~ i c a  
Viola pubescms 
Waldsteinia f ragarioides 



Table 6 

Life history characteristics of 

southern species coded according 

t o  key in figure 5 



Species 

Life History Characteristics 

1 2 3 4 5 6 7 8 9 lo 11 12 13 14 15 16 17 18 19 20 21 22 23 

Actaea sp. 4 1 2 5 2 4 3 2 2 3 4 2 2 1 3 1 2 2 7 2 2 1 - 2 -  
Adiantum pedatum 4 1 2 5 2 2 3 2 2 2 4 2 4 4 3 5 2 2 7 3 2 1 1  
Agrimonia grgposepala 3 1 1 5 2 4 3 5 2 3 4 2 1 1 3 4 3 1 k 3 2 l 2  
Allium tricoccum 4 1 2 1 2 2 3 4 1 4 4 1 4 1 3 9 3 1 7 3 2 1 1  
Amorpha canescens 3 1 1 3 4 3 4 5 2 2 3 2 2 1 3 9 2 1 1 3 2 1 2  
hphicarpa bracteata 3 1 1 5 1 4 3 5 2 3 3 2 5 5 3 5 3 1 6 2 2 1 2  
Anemone cylindrica 
Anemone quinquefolia 
Anemonella thalictroides 
Apocynum aildrosaemif oliun 
Aquilegia canadensis 
Bralia nudicaulis 
Aralia racemosa 
Arenaria lateriflora 
ArisaBma atrorubens 
Asarum canadease 
Aster macrophyllus 
Aster shortii 
Athyrium f ilix-f emina 
Botrychium virginianum 
Brachyelytrum erectun 
Campanula rotundifolia 
Carex albursina 
Carex pensylvanica 
Caulophyllum thalictroides 
Ceano t hus americanus 
Circaea quadrisulcata 
Claytonia virginica 
Cono-~holis americana .. 



Life History Characterist ics 

Species 

Convolvulus s p i t  hamaeus 
Cryptotaenia canadensis 
Cy-pripedium calceolus var. 

pubescens 
Cystopteris bulbifera  
Cyst opt e r i s  f r a g i l l s  
Dentaria l ac in i a t a  
Desmodim glut inosum 
Desmodium nudiflorum 
Dicent r a  cucul lar ia  
Diervi l la  lonicera 
Dryopteris spinulosa 
Eryt hronimi a lb  idum 
Erythronim americanum 
3upatorium rugosum 
lhphorbia coro l la ta  

,Floerkea proserpinacoides 
Fragaria v i  rgini  ana 
Galium aparine 
Galium circaezans 
Galium concinnum 
Gal im t r i f  lorum 
Geranium maculatum 
Gem canad ens e 
Gookvera pubescens 
H a c k ~ l i a  virginiana 
aliant h e m  canadens e 
Helianthus s t m o s u s  
Hepatica acut i loba 
Hieracium canadense 
Eydrophyllum virginianum 



Species 

Eystrix patula 
Impatiens sp. 
Isopyrum bit ernatum 
Lactuca biemis 
Laportea canadensis 
Lathyw ochroleucus 
Lathyrus venosus 
ICysimachia quadrifolia 
Ylianthemum canadens e 
Idit ella dinhylla 
Monarda f is tulo sa 
Orchis spectabilis 
Osmorhiza claytoni 
Osmorhiza longistylis 
Osmunda c iimamomea 
Osmunda clayt oniana 
Panicum latifolium 
Parietaria pensylvanica 
Phlox divaricata 
Pbyma leptostachya 
Pilea pmila 
Podoyhyllum pelt atum 
Poleaonium reptans 
Polygonaturn pubescens 
Polyminia canadens is 
Potentilla simplW 
Prenanthes alba 
Pt eridium aquilinum 
Pteretis pensylvanica 
Pyrola ellipt ica 
Raiunculus abort ivus 

Life Ristory Characteristics 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 



Life History Characteristics 

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Ranunculus septentrionalis 
Sanguinaria canadensis 
Sanicula gregaria 
Smilacina racemosa 
Smilacina st ellata 
Smilax ecirrhata 
Snilsx herbacea 
Smilax tamnoides 
Solidago flexicaulis 
Solidago speciosa 
Solidago ulmifolia 
Taenidia int egerrima 
Thalictm dioicum 
Tovara virginiana 
Trillium f lexipes 
Trillium grandiflorum 
Trillium recurvaturn 
Trios t eum perf oliatum 
Uvularia grandiflora 
Veronicas t rum vi rginicwn 
Vicia americana 
Viola cucullata 
Viola pubescens 
Viola sagittata 



A s  explained previously,  these  coded values, together  

with those i n  t a b l e s  3 and 4, were punched i n  IBiI cards and 

a s e r i e s  of "sums of average frequencies"  was t abu la ted  f o r  - 
each c h a r a c t e r i s t i c .  The numerous t a b l e s  i n  the  appendix 

con t s in  these  suns and, i n  addi t ion ,  i n d i c a t e  t h e  n m b e r  of 

spec ies  which cont r ibuted  t o  each sum. 

3 .  Conversion of Gurves &om Absolute t o  Rela t ive  Bas is  

If quadrat frequency values a r e  accepted a s  being 

i n d i c a t i v e  of densi ty ,  then the  sums of average f requencies  

a s  contained i n  t h e s e  t a b l e s  represent  the  numbers of ind i -  

v idua l s  w h i c h  e x h i b i t  a p a r t i c u l a r  l i f e  h i s t o r y  character-  

i s t i c .  These values, then, a re  on an absolu te  b a s i s ,  

If a c e r t a i n  c h a r a c t e r i s t i c  has no value i n  enabling 

p l a n t s  t o  grow under t h e  inf luence  of c e r t a i n  eavironmental 

condi t ions,  t h e  number of p l a n t s  possessing t h a t  character-  

i s t i c  may be expected t o  occur as a more o r  l e s s  constant 

propor t ion  of Lhe t o t a l  vegetat ion.  No e f f e c t  of s e l e c t i v e  

a c t i o n  by the  environment i s  ev ident ,  Any t r end  shown by 

t h e  sums of average f requencies  i s  only apparent because 

t h e  t o t a l  swa of average f requencies  f o r  a l l  spec ies  i s  

d i f f e r e n t  i n  each of t h e  n ine  continuum i n t e r v a l s .  Plants 

possessing a trait w i t h  no t r u e  s u r v i v a l  value may show a 

very d e f i n i t e  t r e n a  on an absolu te  b a s i s  because the re  i s  a 

d e f i n i t e  t r e n d  f o r  t h e  whole population. 

A considerable  d i f f e rence  may e x i s t  between t h e  appar- 

en t  t r end  on an absolute  b a s i s  and t h e  t r ena  on a r e l a t i v e  



b a s i s  as i s  shown i n  f i g u r e  6. Conseq~en t ly  a l l  sums of 

average frequencies  have been expressed as percentages of  

t h e  t o t a l  swns f o r  t h e  whole population, which are presented 

i n  the  appendix, The r e l a t i v e  values a r e  included i n  the  

t a b l e s  of the  appendix and i t  i s  with these  t h a t  the remain- 

de r  of  this  p r e s e n t a t i o n  w i l l  be concerned. 

4. De temina t ion  of S igni f icance  o f  Curves 

The curves which r e s u l t e d  from the  use of t h i s  procedure 

number more than  two hundred, Almost a complete gradual  

t r a n s i t i o n  from d e f i n i t e l y  pioneer  t o  obviously climax 

t rends  may be found among t h e  mass of  da ta .  Not a l l  of these  

t r ends  a r e  comparable i n  s igni f icance .  An attempt t o  a s s e s  

t h e  v a l i d i t y  of t h e  apparent t r ends  was made by means of  a 

method descr ibed by Snedecor (1946, pp. 388-392). B r i e f l y ,  

this rne.thod c o n s i s t s  of measuring the  reduct ion  i n  t h e  sum 

of  squares  of dev ia t ions  about a hor izon ta l  straight l i n e ,  

pass ing  through t h e  mean, when the  d a t a  a r e  f i t t e d  t o  

another  s t r a i g h t  l i n e  o r  t o  a curve of h igher  degree. 

Tes t s  of s ign i f i cance  at the  f i v e  p e r  cent l e v e l  

d i s t ingu i shed  the  curves which e x h i b i t  no apparent d e v i a t i o n  

from a h o r i z o n t a l  s t r a i g h t  l i n e  through t h e  mean. It i s  con- 

cluded t h a t  t h e  c h a r a c t e r i s t i c s  which show such a curve a r e  

varying a t  random a s  a more o r  l e s s  constant  proport ion o f  

t h e  t o t a l  population. If t h i s  assumption i s  t r u e ,  then 

t h e s e  t r a i t s  a re  n o t  of g rea t  value i n  enabling p l a n t s  t o  

f l o u r i s h  under t h e  environmental condi t ions cha rac te r i z ing  



Figure 6 

Cauline canopy along t h e  southern 

eontinurn, showing different t r e n d s  

on a b s o l u t e  and r e l a t i v e  bases 
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any one p o r t i o n  of the  continuum. I n  t a b l e  7 t h e s e  char- 

a c t e r i s t i c s  are l i s t e d  a s  showing "no t rend",  

5. Evaluat ion of S i m i f i c a n t  Curves 

The remaining curves dev ia te  s i g n i f i c a n t l y  from a 

h o r i z o n t a l  s t r a i g h t  l i n e .  Yhey, therefore ,  appear t o  be 

o f  more importance under c e r t a i n  environmental condi t ions  

than  under o the r s .  These curves may be separated more o r  

l e s s  r ead i ly ,  by i n spec t ion  and by t h e  s ign i f i cance  t e s t ,  

i n t o  t h r e e  groups, namely, pioneer and climax monotopes 

and bell-shaped curves. These t h r e e  types of curve a r e  

d i s t ingu i shed '  in table"7. 

In an attempt t o  determine the ex ten t  of  occurrence 

of these  c h a r a c t e r i s t i c s  i n  the  population, the  tthpe'e groups 

have been subdivided according t o  whether ti?e riiean i s  high 

(above 20 per  c e n t )  o r  lofi (below 20 pe r  c e n t ) ,  In f i g u r e s  

7 through 10 a r e  presented rep resen ta t ives  o f  these  seven 

types  of curve,. 

L i f e  fo rm spec t ra  show d e f i n i t e  t rends ,  a s  do l e a f  

s i z e  spec t ra .  These w i l l  be considered i n  more d e t a i l  i n  

t h e  next sec t ion .  

Tap r o o t s  appear t o  be a  pioneer t r a i t  and tuberous 

r o o t s  a r e  climax, although they, a s  wel l  a s  f a s c i c l e d  r o o t s ,  

a r e  by no means common among f o r e s t  herbs.  

A very d e f i n i t e  t rend  i s  found f o r  r o o t  depth,  Dlany 

pioneer p l a n t s  have t h e i r  r o o t s  growing i n  more than  one s o i l  



Table 7 

Class i f i ca t ion  o f  r e l a t i v e  average frequency 

curves f o r  life n i s t o r y  cha rac t e r i s t i c s ,  

High curves have means greater  than 20 per cent. 

Curves along northern and southern continua 

a r e  represented by "Nu and "8" , respectively.  



Char~c t  s r i s t i c  C------ 
Life Tom 
Theronhyt e 
Chamaephyte 
Hemicrypt o-phyt e 
C q p t  ophyt e 

Root- Sys t sm - 
Fibrous 
?ilascicled 
Tuberous 

lTaP 

De-oth of Roots 
Indifferent I- 
Ovenrint ering Organ b5- 
Corm 
Stem 3uds 
Seeds 
Rhizome 
Crown buds 
Boot buds 

Overwintering Organ Dewth 
A, Horizon 
A~ Horizon 
Indifferent 
A s  ri a1 

Vegetat i'~_eP,eproduct i 02 
Roots 
Rhi z orne 
Stolons 
Ab sent 
Detached par t s  

Low evi t y - 
Winter annual 
B i ennial 
H G ~ ~ ~ C ~ O U S  perennial 
Short-lived, woody 
Annual 
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sharact  e r i s t i c  

Gano~y 
Lacking 
Umbrella-like 
Prost ra te  
Basal 
Cauline 

Leaf ?tame 
Simple 
Compound 

Leaf Size ( l f t  = I f )  
Lept ophyll 
Nanophyll 
Microphyll 
Mesophyll 

Leaf ~ise-(cmpd If  = l f )  
Lept opkvll 
3Tanophyll 
ETicrophyll 
Mesophyll 
Macrophyll 

Photos.ynthetic Season 
Vernal t 
Growing Season 
Evergreen 
Winter 
None 

I Aerial Stem Type 
Deliquescent 
3.current 
Reclining 
Acaulescent 
Twining 

Pol l  inat* 
Insect 
Wind 
Water 
Clei s t  ogamous and insect  
Insect and bird  
Insect ,b i rd ,& clsf  s t .  
A l l  insect 
A l l  cleistonanous 

- 
Mid - 

LdL 

N S 

1v 

- 

- 
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- 
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- 
S 

- 
S 



Character is t ic  

Blooming Season 
Prevernal 
Vernal 
Aest i v a l  
But m n a l  
Growing Season 
P rwerna l  and vernal  

Seed of Fruit-gispersal  - 
Fleshy 
3xplosive and elaiosoms 
B a i o  some 
Stick- t ights  
Zxplosive 
Small and Light 
Plumed 
Winged 
No specia l  method 
All wind 
All elaiosome 
All  exxlosive 

Seas on of Fmi t Riyening 
Vernal 
Aest i v a l  
Autumnal 
>rowing season 

season of Flowsr Bud 
Formation .. 

Surrent sezson 
Previous ssason 

Cur r i l l  s Ext ended Scheme 
leciduous shrub 
?erennial  herbs o r  sub- 

shrub s ,  p a r t i a l  Iy woody 
a t  base,  and a e r i a l  
pa r t s  dying back, but 
not t o  ground l eve l  

;rass es and gras s- l ike 
'erennial herbs and sub- 

shrubs with runness, o r  
herbaceous o r  su f fmct -  
icose  stems. 

losett e plcmts 
'e renaia l  herbs dying down 

year ly ,  with perennatiag 
buds on more o r  l e s s  
th ick  stock at ground 

e r 
Low 

S 

S 
N 

S 

B S 

S 

- 
Midd 

High 

N S 

N S 



Turr&ll  s Scheme (cont .l - 
Geophytes 
Annuals 
Herb~ceous twiners 
Evergreen shrubs 

'Paononyl 
Unstable 

I Intermediate 
Stable  

Spines 
- 

Not zmed 

Nutri t ion 
Obligate autotroph I- 
P a r t i a l  aut ot roph 
Paras i te  

I Flower Height 
Below 18 inches 

IAbove 18 inches 



Figure 7 

Examples of' pioneer characteristics 

with high mean (indifferent root depth 

along northern continuum) and 

with low mean (deciduous shrubs 

along northern continuum) 



Continuum Index 



Figure 8 

Examples of characteristics of 

intermediate vegetation with high mean 

(hemicryptophyt es along southern 

continuum) and with low mean 

(evergreens along southern continuum) 
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Figure 9 

Examples of cliraax cha rac t e r i s t i c s  with 

high mean (flower buds formed during 

previous growing season a long  southern 

continuum) and w i t h  low mean (explosive 

seed dispersa l  along northern continuum) 





Figure 10 

An exmple of a character is t ic  

exhibiting "no trend" (intermediate taxonomy 
- 

along northern continuum) 
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horizon,  Clbiax p lan t s ,  on t h e  o t h e r  hand, normally have 

r o o t s  only i n  t h e  A1 horizon. The depth of this hor izon 

i s  g r e a t e r  i n  more climax s'mnds, but  this i s  not  considered 

t o  be t h e  determining f a c t o r .  IG i s  bel ieved that t h e  r o o t s  

of  mos-t c l h a x  p l a n t s  would be confined t o  th is  s o i l  l a y e r  

even where i t  i s  f a i r l y  shallow, 

Bulbs and corms a r e  exclus ive ly  climax overwintering 

organs wi th in  the  l i m i t s  of t h e  present  inves t iga t ion .  

Root buds and stem buds, on t h e  o t h e r  hand, a re  character-  

i s t i c a l l y  pioneer i n  occurrence. A n  exception t o  t h i s  l a s t  

statement i s  causea b,- the  inc lus ion  of Galiura aparine,  a 

climax winter  annual, i n  t h e  stem bud category f o r  the  

southern continuum. Since t h i s  spec ies  i s  a c t i v e l y  growing 

during t h e  winter  i t s  a c t i v e  te rminal  bud should no t  be con- 

s ide red  axi overwinterin& organ. A sepa ra te  catekory should 

have been erec ted  f o r  th is  spec ies .  Had this been done t h e  

curve f o r  southern stem buds would a l s o  show a pioneer t r e n d  

and i s  so s h v a  i n  t a b l e  7. Rhizomes as overwintering organs 

a r e  more important i n  t h e  intermediate  por t ion  of t h e  continua. 

I n  comparable manner, pioneer p l a n t s  f requent ly  over- 

winter  w i t h  a e r i a l  buds, or  i f  by means of subterranean 

organs, these  buds a r e  found i n  d i f f e r e n t  s o i l  horizons.  

Intermediate  spec ies ,  on t h e  o the r  hand, tend t o  overwinter 

w i t h  buds loca ted  i n  t h e  A. horizon t o  a g r e a t e r  ex tent  than  

e i t h e r  tile pioneer o r  climax species .  Climax vegeta t ion  

c h a r a c t e r i s t i c a l l y  overwinters with buds i n  the  A1 horizon. 



Vegetative 

c lea r ly  pioneer 

under "detached 

reproduction by s to lons  and roo t  buds are 

t r a i t s  while the specia l  types included 

par t s"  a re  climax, A s  indicated by the  

"vegetative reproduction absent" curves, vegetative 

reproduction i s  l e a s t  evident among climax vegetation. The 

t rend  i s  quite pronounced i n  che northern continuum. I n  the  

southern continuum, however, there  i s  only a s l i g h t  t rend  

i n  the  importance of v e g e t a ~ i v e  reproduction a f t e r  an abrupt 

i n i t i a l  decl ine.  

The trends $or longevity require  some explanation. 

Only one winter annual, Galium aparine, i s  included and 

since t h i s  i s  a climax plant  the trend i s  a climax one. 

Only two b ienn ia l s  are  included, namely Hackelia virginiana 

and Lactuca biennis,  and t h e  values are  too low and t o o  

i r r egu la r  t o  show any pronounced trend. Certainly b ienn ia l s  

a re  much more carmnon i n  unforested s i t e s .  Vihile the  annuals 

included i n  this  study cons t i tu te  a cliri'iax group of species 

there  are ce r ta in ly  other  annuals, not included, which might 

have caused the  trend to  be reversed. A s  with biennials ,  

annuals a r e  cha rac t e r i s t f ca l ly  pioneer p lants .  Short-lived 

woody p l an t s  are  general ly the  same species included under 

the  headings of chamaephyte and stem buds as overwintering 

organs, and therefore  show the  same pioneer t rend.  

Canopy lacking i s  another cha rac t e r i s t i c  With a paucity 

of species.  Only Gonopholis americana i s  included i n  the 

southern l i s t ,  According t o  Percival  (1931) this species i s  



paras i t i c  only upon Quercus boreal is ,  Certainly the  average 

frequency curve f o r  t h i s  species matches the importance 

curve f o r  red oak. In  the northern l i s t  only one species, 

Epif  agus virginiana, appears and th i s ,  of course, follows 

the climax trend of Fagus americana, With the exception of 

cauline canopies along the southern continuum the canopy 

trends are not pwt icu la r ly  s t r iking.  \ithat the significance 

of t h i s  trend may be i s  not known. 

No significant trend i s  apparent i n  the case o f  simple 

versus compound leaves along the southern continuum, A 

s l igh t ly  discernible trend may exist ,  and i f  so, i t  follows 

tha t  of the northern continuum, In the northern continuum 

a def in i te  trend exis t s .  W i l e  simple leaves are more 

common throughout the oontinum than compound leaves, they 

are  l e s s  important among climax vegetation and among pioneer 

plants.  The effect  of t h i s  s i tua t ion  i s  discussed fur ther  

i n  connection with leaf  s ize  spectra, i n  the next section 

of t h i s  paper. 

Many investigators have referred t o  the commonness of 

vernal photosyn-Lhetics i n  climax forests .  It i s  in te res t -  

ing t o  note that  such plants are ra ther  uncommon i n  the 

beech woods of Bri ta in  while they are  conspicuous i n  the 

Quercus robur stands, According t o  Salisbury (1916) the shade 

cast by the beeches in  winter and early spring i s  much denser 

than tha t  cast by the oak, so dense, i n  fact ,  t ha t  there i s  

not enough l i g h t  f o r  the vernal species. Evergreens, although 



l e s s  common i n  t h e  southern continuum, a r e  most important 

i n  t h e  intermediate  por t ions  of both continua.  T h i s  char- 

a c t e r i s ~ i c  of t h e  vegetat ion i s  r a t h e r  prominent i n  t h e  north- 

e r n  p ine  woods, Galium apkrine and Isopyrum biternatum are 

t h e  only winter  photosynthet ics  included i n  the  spec ies  

l i s t s  and these  a re  both climax species .  Aplectrum hyemale 

i s  another such p lant ,  but  was not  s u f f i c i e n t l y  common t o  

be included. The genera l  tendency of  climax vegeta t ion  t o  

c a r r y  on photosynthesis during seasons o the r  than summer i s  

r a t h e r  s t r i k i n g ,  M m y  of the  climax species  h e r e  included 

under the category "growing season" a c t u a l l y  car ry  on most 
- 

of t h e i r  food manufacturing a w i n g  t h e  spring as  noted by 

Hessslinan (1904) and Sal i sbury  (1916). 

On t h e  whole the  t r ends  shown f o r  a e r i a l  stem type are 

more impressive than  a r e  those f o r  canopy type.  A s  with 

t h i s  l a t t e r  s e r i e s ,  nothing i s  known of i t s  poss ib le  s igni -  

Various groupings of p o l l i n a t i o n  mechanisms were 

necessary because of the d i f f i c u l t y  of assess ing  t h e  r e l a t i v e  

importance of t h e  var ious  agencies when a c e r t a i n  s p e c i e s  i s  

known t o  e f f e c t  p o l l i n a t i o n  i n  more than one way, For ex- 

ample, Wildman (1950) has  shown that Asarm may produce 

seed without t h e  a i d  of i n s e c t s .  The determinat ion of such 

r e l a t i v e  importance f o r  each spec ies  would r e q u i r e  prolonged 

and d e t a i l e d  observat ion and experimentation over a number 

of year3 and i n  var ious s i t e s ,  lkfost spec ies  a re  he re  con- 

s ide red  t o  be dependent upon i n s e c t s  f o r  p o l l i n a t i o n .  It i s  



of i n t e r e s t  chat those  p l a n t s  vghich depend only upon i n s e c t s  

a r e  more common i n  the  pioneer  s t ages  of  t h e  continua,  The 

tendency o f  climax species  t o  be adapted t o  more than one 

p o l l i n a t i n g  agent i s  more conspicuous i n  the  nor thern  con- 

tinuwn, a l ~ h o u g h  such spec ies  do not c o n s t i t u t e  the ma jo r i ty  

of t h e  climax vegetat ion.  A very d e f i n i t e  climax mend along 

tlie nor thern  continuum i s  apparent when a l l  spec ies  bear ing  

cleistogamous f lowers  a r e  grouped. 

The prevernal  and vernal  f lower d i sp lays  i n  climax 

s tands  a re  wel l  known. The majoii$y of  the  pioneer  f o r e s t  

herbs,  i n  con t ras t ,  are a e s t i v a l  blossomers . Autumnal- 

f lowering spec ies  a r e  more c h a r a c t e r i s t i c  of open s i t e s  and 

show no t r end  i n  t h e  f o r e s t .  

Many seed d i s p e r s a l  mechanisms a r e  i n  evidence among 

f o r e s t  herbs.  Fleshy f r u i t s  a re  more important i n  t h e  

pioneer  s t ages  as a r e  those  p l a n t s  f o r  which no s p e c i a l  

method has been discovered. P l a n t s  which rely upon wind f o r  

t h e  t r a n s p o r t a t i o n  of  t h e i r  seeds a re  more important i n  t h e  

southern pioneer  s tands  and i n  t h e  nor thern  pine s tands.  

I n  both of t h e s e  communities  here may be a f a i r  amount of 

wind. Pronounced, y e t  d i s t i n c t l y  d i f f e r e n t ,  are t he  t r ends  

f o r  s t i c k - t i g h t s .  Along t h e  southern continuum these  are 

most important i n  t h e  white oak woods while along t h e  north- 

e r n  continuum they are l e s s  important but  d e f i n i t e l y  a more 

prominent f e a t u r e  of t h e  climax vegeta t ion  thm of any o t h e r  

p o r t i o n  of t h e  continuum. In similar manner t h e  curves f o r  



explosive seed d i s p e r s a l  a r e  r a d i c a l l y  d i f f e r e n t .  In the 

n o r t h  a climax t rend i s  apparent, while along t h e  southern 

continuum this  i s  a  pioneer  c h a r a c t e r i s t i c .  

Along both t h e  nor thern  and southern continua 

elaiosomes a r e  much more c h a r a c t e r i s t i c  of t h e  seeds of 

climax p l a n t s  than of  those frora pioneer vegetat ion.  It 

should be pointed out that except f o r  var ious published 

accounts bear ing  upon experiments w i t h  a  few species ,  l i t t l e  

i s  known concerning the  degree t o  vvhich ants a re  e f f e c t i v e  

i n  t r anspor t ing  t h e s e  seeds. Sernander conducted such 

experiments w i t h  t h e  seeds o f  a  l a r g e  number of European 

spec ies  and gives  a f u l l  account of them. Many of these  

spec ies  have con te rpa r t s  i n  t h e  f o r e s t s  of Wisconsin and 

t h e  seeds of these  have been compared. Ozher spec ies  which 

have seeds provided w i t h  s i m i l a r  s t r u c t u r e s  were a l s o  in- 

cluded i n  th is  category. 

It i s  of f u r t h e r  i n t e r e s t  t o  inqu i re  of the  presence 

of ants i n  t h e  climax f o r e s t s .  A s  y e t  l i t t l e  i s  known OF 

t h i s  subjec t  w i t h  regard t o  t h e  f o r e s t s  of Wisconsin, 

although an i n v e s t i g a t i o n  of  this sub jec t  i s  being planned. 

Talbot (1934) conducted such an i n v e s t i g a t i o n  i n  t h e  Chicago 

reg ion  and found t h a t  while more ants a r e  found i n  oak woods, 

t h e  Wpogeic  forms reach  a  peak of importance i n  t h e  c l i n a x  

beech-maple stands,  being found most commonly i n  dead logs .  

The two comonest  spec ies  i n  the  maple woods were &WbW 

n i g e r  a l i e n u s  americanus and Aphaenogaster f'ulva aquia  picea,  



while Formica fusca  subaenescens was found i n  some numbers. 

Gates (1941) of fe red  seeds of  T r i l l i u m  grandiflorum t o  

Lasius  n i g e r  and t h e s e  were promptly c a r r i e d  away. In l i k e  

manner Robertson (1897) found that Formica fusca  removed 

seeds of T r i l l i u m  recurvaturn, Sanguinaria canadensis, 

Erythronium albidum and Uvularia a r a n d i f l o r a  when t h e s e  

were of fered .  Whether t h e  Aphaenogaster barbara which 

Sernander found ins t rumenta l  i n  t r a n s p o r t i n g  the  seeds of 

var ious  European spec ies  i s  comparable t o  Aphaenogaster 

f u l v a  i s  not  known. 

Vernal f r u i t  r ipening  i s  alnzost exc lus ive ly  a climax 

c h a r a c t e r i s t i c ,  T h i s  follows from the  sirmila?? t rend shown 

by prevernal  and vernal  blossoming. Nost f o r e s t  herbs r i p e n  

t h e i r  seeds during the  a e s t i v a l  season, and this i s  more 

charac ter f  s t i c  of t h e  pioneer  vegetat ion.  Autumnal r r u i t  

r ipening  curves peak i n  t h e  intermediate  f o r e s t  s tages .  

Of considerable  i n t e r e s t  i s  t h e  f a c t  that  t h e  ma jo r i ty  

of climax p l a n t s  develop well-formed flower buds during t h e  

previous growing season, A s  mentioned previously,  these  

embryonic flowers a r e  wel l  enough developed t o  permit spec ies  

i d e n t i f i c a t i o n ,  a l though th i s  i s  r a r e l y  necessary s ince  the 

underground p a r t s  of most of t h e  f o r e s t  herbs a r e  q u i t e  

d i s t i n c t i v e .  Although t h e  cliznax t r e n d  i s  conspicuous 

along both  continua i t  i s  probably worth no t i c ing  t h a t  i n  

the more pioneer por t ions  t h e  values f o r  t h e  nor thern  



continuum are considerably higher than f o r  t he  comparable 

values i n  the south, 

A s  was mentioned i n  an e a r l i e r  sect ion,  'I"urrill1s 

extended s c h a e  i s  not admirably adapted t o  the  present 

purposes because i t  allows f o r  the  placing of a species into 

more than one subdivision, Certain categories a re  worthy of 

note,  however, as  these a r e  r a t h e r  d i s t i n c t  and do show def- 

i n i t e  trends. For example, deciduous shrubs and evergreen 

shrubs a r e  c l ea r ly  pioneer i n  occurrence. When combined, 

these  are generally equivalent t o  chamaephybes which show 

a s imi lar  trend. Geophytes are,  of course, s imi la r  t o  t he  

cryptophytes of Haunkaier and show a comparable climax trend. 

Grasses and grass- l ike  p l an t s  are found t o  be more important 

i n  the  intermediate port ions of both continua. Such p lan t s  

a r e  not abundant i n  the  fo re s t ,  

In  an attempt t o  eliminate some of the  d i f f i c u l t y  in- 

herent i n  T u r r i l l '  s scheme, t he  presence or  absence o f  spines 

and similar  s t ruc tu re s  was erected a s  a separate character- 

i s t i c .  The presence of  such s t ruc tures  i s  found t o  be a 

climax charac te r i s t i c ,  although always a very minor f ea tu re  

of the  vegetation. One exception t o  t h i s  statement, and 

the  reason f o r  a climax trend, i s  Laportea canadensis. Had 

the  scope of this  study included such p lan t s  as the  various 

species of Rubus an en t i r e ly  d i f fe ren t ,  and more valid,  

t rend would no doubt have resul ted .  



It h a s  long becn noted t h a t  pioneer p l a n t s  tend t o  be 

uns tab le  taxonomically, exhibicing many v a r i a n t s .  Such a 

t r end  has  been found i n  t h e  present  study f o r  both continua,  

An opposi te  t r e n d  i s  shown f o r  taxonomically s t a b l e  vegeta- 

t i o n ,  while no apparent t r end  i s  evident  f o r  intermediate  

taxonomic s t a b i l i t y .  

Almost a l l  p l a n t s  included i n  th is  i n v e s t i g a t i o n  a re  

o b l i g a t e  autotrophs . Only one p a r t i a l  autotroph, Commandra 

r ichards iana ,  was included and the  r e s u l t i n g  curve i s  there-  

f o r e  of the pioneer type. As mentioned i n  connection w i t h  

t h e  c h a r a c t e r i s t i c  of canopy lacking,  Conopholis americana 

i s  t h e  only p a r a s i t e  included i n  t h e  southern s e r i e s ,  In 

nor thern  Wisconsin t h e  occurrence of  t h e  higher  p a r a s i t i c  

and saprophytic p l a n t s  i n  climax f o r e s t s  i s  conspicuous. 

Although &pifagus v i rg in iana  was t h e  only one of these  which 

was included i n  t h e  present  study, o t h e r s  do occur. Aiaong 

these  may be mentioned lvionotropa u n i f l o r a ,  1%. - hypopithys, 

and Coralorhiza maculata, 

F ina l ly ,  t h e  spec ies  were c l a s s i f i e d  i n t o  two groups 

depending upon whether t h e i r  f lowers  a r e  normally borne 

h igher  o r  lower than a he igh t  of e ighteen  inches above the  

ground. The r e s u l t i n g  t r ends  show t h a t  low height  of 

f lowers  i s  a climax c h a r a c t e r i s t i c .  Along t h e  southern 

continuum th is  t rend i s  one of t h e  most conspicuous of  t h e  

whole s e r i e s  of curves, r i s i n g  from 32.4 pe r  cent i n  t h e  

pioneer  i n t e r v a l  t o  84.1 per  cent i n  t h e  climax. 



6 ,  Li fe  Form and Leaf S ize  Spect ra  

Various invesC%,gators have presented comparison of t h e  

f l o r a s  of  a i f f e r e n t  regions on the  b a s i s  wherein each 

spec ies  occurr ing wi th in  a region  c a r r i e s  equal weight. 

This i s  t h e  f l o r i s t i c  approach. Inasmuch a s  many of these  

r eg ions  have extended throughout p o l i t i c a l  subdivis ions,  

such as coun t r i e s  and s t a t e s  (e.g. M n i s  1928, ivIachnald 

1937), they usua l ly  include more than  one f l o r i s t i c  province 

o r  r eg ion  of r e l a t i v e l y  uniform f l o r a  (Dansereau 1951).  To 

be more e f f e c t i v e ,  t h e s e  s t u d i e s  should be r e s t r i c t e d  t o  one 

such province, a s  has been attempted by Ewer (1932) f o r  four 

regions  i n  I l l i n o i s  and by Jones f o r  Xerriamt s l i f e -zones  

on the  O l p p i c  Peninsula (1936) and Mount Rain ier  (1938).  

An even more important hprovement i n  the  technique, 

however, i s  t h e  cons t ruc t ion  of  l i f e  form spec t ra  based upon 

t h e  vegeta t ion  i n s t e a d  of t h e  f l o r a  o f  such a f l o r i s t i c  

province.  According t o  this method each spec ies  i s  weighted 

i n  propor t ion  t o  i t s  commonness, Sucrl weighti% i s  accom- 

p l i shed  by the  use of q u a n t i t a t i v e  d a t a  such a s  presence, 

frequency, and dens i ty .  Inasmuch a s  d e n s i t y  d e t  e m i n a t i o n s  

a r e  p a r t i c u l a r l y  time-consuming and d i f f  i c u l t f  e s  a r e  en- 

countered in che i n t e r p r e t a t i o n  of what c o n s t i t u t e s  one 

p l a n t ,  th i s  measure of commonness h a s  been l i t t l e  used i n  

this connection, The spec ies  a re  grouped according t o  l i f e  

form and, wi th in  each group, the  q u a n t i t a t i v e  values a r e  

swnmed. These sums a re  then  expressed as percentages of 



t h e  t o t a l  sum of such values Zor a l l  spec ies ,  Buel l  and 

Wilbur (1948) have shown t h a t  considerable  d i f f e r e n c e s  

e x i s t  between spec t ra  based on f l o r a  and vegeta t ion ,  

A s  Cain (1950) has  pointed out ,  t h i s  technique h a s  two 

important ap@cations,  t h e  comparison of the  communities 

c o n s t i t u t i n g  a successional  s e r i e s  (e .g .  Dansereau and 

G i l l e  l Q 4 9 ) ,  and t h e  comparison of equivalent  c o m u n i t i e s  

i n  d i f f e r e n t  regions.  b'or t h i s  l a t t e r  purpose h e  p o i n t s  out  

t h a t  s ince  the climax community i s  i n  equi l ibr ium with the  

r eg iona l  c l imate,  t h i s  terminal  s tage  should be t h e  one used 

f o r  such comparisons. 

I n  f i g u r e s  11 and 1 2  a r e  presented the l i f e  form 

s p e c t r a  f o r  t h e  var ious i n t e r v a l s  ale* t h e  southern and 

nor thern  continua.  These a r e  based upon the frequency d a t a  

discussed i n  t h e  preceeding pages of t h i s  paper, and t h e  

values a r e  pressnted i n  the f i r s t  t a b l e  of the  appendix. 

A sinilar p a t t e r n  i s  evident in  both s e r i e s  of spec t ra ,  In 

genera l ,  chamaephytes decrease i n  importance, a s  do t h e  hemi- 

cryptophytes.  Even more pronounced, however, i s  the  tendency 

of cryptophytes t o  increase  g rea t ly  i n  importance i n  t h e  

climax f o r e s t s .  

In ~ o r t h e r n  Wisconsin, therophytes  a r e  almost e n t i r e l y  

absent.  I n  southern '&isconsin, on t h e  o t h e r  hand, they con- 

s t i z u t e  a more important phase of: t h e  vegetat ion.  Yne h igh  

value f o r  therophytes  i n  the  climax i n t e r v a l  i s  due p r imar i ly  

t o  the  i n c r e a s i w  inportance of Floerkea proserpinacoides,  
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Galium aparine,  and Impatiens capensis.  It should be noted 

t h a t  the  f i r s t  two of these  species ,  l i k e  many of t h e  climax 

cryptophytes, a r e  no t  present  i n  t h e  a e s t i v a l  aspect .  It i s  

e s s e n t i a l ,  therefore ,  t h a t  climax s tands  be sampled i n  l a t e  

spr ing  before  these  p l a n t s  d i e  down and a f t e r  t h e  l a t e r  grow- 

ing  spec ies  becouie evident .  12 t h i s  precaut ion i s  not  follow- 

ed, a f a u l t y  spectrum i s  l i k e l y  t o  r e s u l t .  

An exauple of t h i s  s i t u a t i o n  i s  seen i n  Oosting (1942) .  

The author attewpted t o  compile a l i f e  form spectrum a s  an 

a f t e r t h o w h t ,  a f t e r  ga ther ing  his  d a t a  au r ing  the  autumn. 

The r e s u l t i n g  spectrum contains  no therophytes,  but c o n s i s t s  

of 92.3 per  cent hsmicrgptophytes and 7.7 p e r  cent crypto- 

phytes. Most of the  verna l  spec ies  are cryptophytes and they 

were missed e n t i r e l y .  

The conclusion must chherefore be accepted t h a t  coipar- 

i s o n  of t h e  l i f e  form spec t ra  of d i f f e r e n t  reg ions  should be 

based upon s t u d i e s  of comparable communities and the  study 

should be conducted a t  such a season t h a t  a l l  important 

spec ies  a r e  i n  evidence. 

Haunkaier (1934) was tne  f i r s t  t o  use  frequency a s  a 

b a s i s  Lor t h e  determinat ion of l i f e  Porn spec t ra .  A few 

i n v e s t i g a t o r s  riave s ince  f  ollowea h is  example. The r e s u l t s  

of such s tud ies ,  along w i t h  o'chers constructed from data i n  

the  l i t e r a t u r e ,  are  presented i n  f i g u r e  13. 

Cain (1945) p resen t s  two spectra f o r  t h e  cove hardwoods 

i n  t h e  Great Smoky lviountains. Tile spectrum f o r  the  v e r n a l  
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aspect  i s  based upon the  average frequency i n  t e n  s tands,  

each s tand having been sampled by means of t e n  one-square- 

meter quadrats .  His spectrum f o r  the  a e s t i v a l  aspect  was 

based upon nine s tands,  with ten six-square-meter quadrats  

per  stand. Di f fe ren t  s tands  were used f o r  t h e  two seasonal  

s tud ies .  Both s p e c t r a  a r e  included i n  f i g u r e  13 f o r  pur- 

poses of conparaison. The considerable  decrease i n  percent- 

age of cryptophytes i n  t h e  a e s t i v a l  spectrwn i s  r e a d i l y  

apparent.  

L u t z t s  (1930) frequency d a t a  f o r  a beech-hemlock s tand 

i n  northwestern Pennsylvania, based upon 118 quadrats,  each 

one meter square, were a l s o  used. The spec ies  were assigned 

t o  the various l i f e  forms according t o  the  determinat ions of  

Dansereau (1943). Vernal species  a r e  l ack ing  from this 

Pennsylvania l i s t .  

Potzger and Pr ie sne r  (1940) presented the  r e s u l t s  of 

s t u d i e s  of 8 beech-maple s tands  i n  c e n t r a l  I n d i m a .  Each 

stand was sampled i n  t h e  spring;, summer, and t a l l  by means 

o f  ten one-square-meter quadrats.  From t h e i r  d a t a  a l i f e  

form spectrum has  been prepared a s  follows. The average 

frequency values,  where present ,  f o r  che t h r e e  seasons were 

averaged f o r  each spec ies .  Since t h e  l i f e  forms of c e r t a i n  

spec ies  vary from one re&on t o  another,  lfiacUonaldf s (1937) 

l i f e  form determinat ions were used f o r  c l a s s i fy i r& these  

spec ies  i n t o  the  proper groups. The average rrequency values 

of  each group were added and t h e  sum was expressed a s  a 



percentage of the  t o t a l  f o r  a l l  species.  

Esten (1932) erected permanent quadrats i n  a beech- 

maple stand a t  Turkey Hun S ta t e  Park, Indiana. 'l'wenty-five 

quadrats, one meter square, were used, and were r ev i s i t ed  

throughout the growing season. Actual frequency value a a r e  

not given i n  her tables ,  zhe species being ass'igned t o  t he  

f i v e  frequency c lasses  of Haunkaier (0-20, 20-40, 40-60, 

60-80, 80-100 per cen t ) .  I n  order t o  construct a l i f e  form 

spectrum based on frequency, the  intermediate frequency 

values of 10, SO, 50, 70, and 90 per cent were assigned t o  

the  c lasses .  Since zhe l i f e  form o f  eacn species was given 

i n  her  tables ,  the p l an t s  viere grouped and. the spectrum cal- 

culated i n  the same manner as previously described. 

The f i f t h  and s i x t h  spect ra  presented i n  f igure  13  a re  

'?iuplicates of the  climax spect ra  of f igure  11 f o r  the  south- 

ern Wisconsin continuum and of f igure  1 2  f o r  the  northern 

hdisconsin continuum. 

Daubemire (1936) presents  frequency and density values 

i n  Minnetonka vioods, &ii~-mesota, based upon 100 quadrats, each 

x 4 meters i n  s ize.  These species were assigned t o  l i f e  

form classes  accordin& t o  the Wisconsin deterninat iona.  

Calculation of zkze spect ra  proceeded as before. Yhis inves t i -  

gator  s t a t e s  t h a t  these quadrat data were obtained during the 

l a s t  hal f  of July i n  ordex> t o  include vernal and l a t e r  species.  

Unfortunately, such vernal species a s  Claytonia, Uicentra, 

and Srgthronium were evidently missed en t i re ly .  A s  a r e s u l t ,  



t he  cryptophyte por t ion  of the spectrum i s  probably too  

small .  

The ,&ht;h spec.crum i n  f i g u r e  13 i s  drawn from the  

t a b l e  prbesenteu by Buel l  anu ibilbur (1948). Their  d a t a  

a r e  der ived from a study of t e n  climax s tands  i n  the  

I t a s c a  Park region  o f  ~Vlinnesota. In each s tand 40 quad- 

r a t s ,  g x 4 meters  were used. Only the a e s t i v a l  aspect  

was sampled and consequently what vernal  cryptophy t e s  

occur t h e r e  were missed. None appear on t h e i r  spec ies  l i s t .  

dansereau (1943) l i s t s  t h e  spec ies  occ -u r ing  i n  180 

s tands  of t h e  sugar maple grove of southern Quebec. For 

each of the  346 spec ies  the l i f e  form and p e r c e n t a ~ e  o f  

occurrence, i n  one 200-meter-square quadrat per  stand, i s  

a l s o  given. Vihile no mention of season of  study appears, 

a constancy value of 35 per  cent  f o r  Brytnronium i n d i c a t e s  

t h a t  at l e a s t  many s tands  were sarnpled i n  w e  vernal  aspect .  

Proceeding as before, the spec ies  were groupea i n t o   he var i -  

ous l i f e  Torn1 c l a s s e s  and t h e i r  conszarnce values summed and 

expressed as  percentages of che t o t a l  f o r  a l l  species .  

These l i f e  form spec t ra  have been arranged more or  l e s s  

i n  accordance w i t h  what seems t o  c o n s t i t u t e  a c l i m a t i c  

g rad ien t .  Various cons idera t ions  must be taken i n t o  account 

i n  any atternpt t o  i n t e r p r e t  t h e  seeming t r ends  depicted.  A s  

descr ibed above, t h e  var ious spec t ra  a r e  based upon b o t h  

constancy and frequency, and f o r  the determinat ion of f r e -  

quency various s i z e s ,  shapes, and numbers of quadrats were 

used. An even more important considerat ion i s  the  consider- 



able  divergence of opinion among the  i n v e s t i g a t o r s  with re- 

gard t o  the  l i f e  f'orni c l a s s  t o  ~ ~ h i c i ?  a  p a r t i c u l a r  spec ies  

belongs.  idany seern iq ly  obvious mistakes nave been inade i n  

t h i s  manner as i s  eviaenced by the  var ious publisned l i s t s ,  

and Lhe present  study i s  probably no exception. There i s  

c e r t a i n l y  honest room f o r  doubt i n   he case of in termedia te  

spec ies  and t h e  choice r e s t s  with t h e  ind iv idua l  i n v e s t i g a t o r ,  

A n  extreme example i s  'i'aylor' s (1918) system of inc luding  a l l  

spec ies  w i t h  rhizomes among t h e  cryptophytes (Ehnis 1928).  

A s  pointed out by Buel l  and Wilbur ( l948) ,  c e r t a i n  spec ies  

a l t e r  t h e i r  l i f e  form from one region  t o  another .  S tud ies  

conducted a t  var ious  seasons of t h e  year  f u r t h e r  confound 

the  a t  cer~ipt t o  d i s c e r n  t r ends ,  

In genera l ,  i f  allowarlce i s  made f o r  this  seasonal  

v a r i a t i o n  by increas ing  the cry2tophyte por t ion ,  i t  would 

appear from t h e  d a t a  t h a t  cryptophytes reach  a  peak o f  im-  

portance i n  t h e  climax f o r e s t s  of t h e  p r a i r i e - f o r e s t  border 

reg ion  and decrease i n  r e l a ~ i v e  importance t o  t h e  e a s t  and 

south. Memicryptophytes exh ib i t  an opposi te  t rend ,  while 

chanzaephytes and therophytes  a r e  v a r i a b l e  i n  importance and 

c o n s t i t u ~ e  a minor element throughout. It should be borne 

i n  mind t h a t  the  spec t ra  a re  based upon r e l a t i v e  values.  A s  

such they do not  n e c e s s a r i l y  r e f l e c t  v a r i a t i o n s  i n  t h e  

absolu te  numbers of t h e  members of a  p a r t i c u l a r  l i f e  form 

c l a s s .  

A s  Cain (1950) has  noted, t h e r e  i s  no proof that l i f e -  

forms a r e  of value f o r  t h e  surv iva l  of p l a n t s  i n  various 



cl imates .  They may, however, show such a c o r r e l a t i o n ,  

e s p e c i a l l y  k~hen comparable phases of t h e  vegeta t ional  com- 

p lex  a re  compared. It may well  be t h a t  comparison of pioneer  

vegeta t ion  v~ould y i e l d  more p o s i t i v e  r e s u l t s  than the climax. 

Raunhraier (1934) devised a system of l e a f  s i z e  c l a s s e s  

f o r  t h e  c l a s s i 2 i c a t i o n  of  zhe p l a n t s  of one l i f e  form. Only 

a few at tempts  t o  use th is  scheme have s i n c e  been made 

(idscen 1934, hithrow 1934) and these  have been upon a  f l o r -  

i s t i c  bas i s .  As i n  t h e s e  two s t u d i e s ,  no a t t a n p t  w a s  made 

i n  t h e  present  i n v e s t i g a t i o n  t o  use l ea f  s i z e  c l a s s e s  wi th in  

a p a r t i c u l a r  l i f e  form type.  All species  being s tudied  

were u t i l i z e d  without re ference  t o  l i f e  form. 

As mentioned previously i n  t h i s  paper, Esten (1932) 

considered the  l e a f l e t  of a compound l e a f  t o  be equivalent  

t o  a simple l e a f ,  while Uithrow (1932) p re fe r red  t h e  a l t e r -  

native of equating t h e  whole conpound l e a f  t o  a simple l e a f .  

I n  t h e  present  study both systems have been used. 

The f o u r  r e s u l t i n g  s e r i e s  of l e a f  s i z e  s p e c t r a  along 

t h e  continua are presentea i n  f i g u r e s  14  t o  17, with t h e  

l a r g e r  l e a f  s i z e s  nearer  t h e  bottom of t h e  columns. I n  

general ,  t h e r e  i s  evident  a t r end  toward t h e  dominance of 

l a r g e r  l eaves  i n  t h e  climax por t ions  of t h e  continua, re- 

ga rd less  of whether a compound l e a f  i s  considered a  l e a f  

o r  many leaves.  A s i m i l a r  t rend  was found by Withrow (1934) 

i n  comparing f o u r  k inds  of  vegeta t ion  i n  t h e  Cincinnat i  

region, namehy, xerophytic  (Opuntia, e t  c e t e r a )  , p r a i r i e ,  



Figure 14 

Leaf  s i ze  spectra along the southern 

continuum based upon equivalence 

of  l e a f l e t  and simple l ea f  
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Figure 15 

Leaf size spectra along the northern 

continuum based upon equivalence 

of l ea f le t  and s iap le  l ea f  
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Figure 16 

Leaf s ize  spectra along the southern 

continuum based upon the non- e quivalence 

of l e a f l e t s  and simple leaves 





Figure 17 

Leaf s i z e  spectra along the northern 

continuum based upon the non-equivalence 

of l e a f l e t s  and simple leaves 
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p i n  oak f o r e s t ,  and beech-maple climax f o r e s t .  She found, 

f o r  example, 5.9, 26.6, 51.9, and 56.1 per  cent mesophylls, 

r e spec t ive ly ,  i n  these  f o u r  s i t e s .  

It i s  of i n t e r e s t  t o  note the  e f f e c t  on these  s p e c t r a  

caused by v a r i a t i o n s  i n  the  curves f o r  simple and compound 

leaves .  For exauiple, a)ong the  nor thern  continuum, compound 

l eaves  c o n s t i t u t e  a climax c h a r a c t e r i s t i c  and consequently 

the  s e r i e s  of spec t ra  based upon compound leaves  i s  d i s t o r t -  

ed t o  some extent  when converted t o  spec t ra  based upon 

l e a f l e t s .  

I f  the values obtained i n  these  var ious  s t u d i e s  a r e  

compared f o r  climax s tands,  l i t t l e  v a r i a t i o n  i s  found. In 

f igure  18 t h e  t h r e e  climax s p e c t r a  which t r e a t  t h e  compound 

l e a f  a s  a u n i t  a r e  compared. In  the  same f i g u r e  the  t h r e e  

spec t ra  using t h e  l e a f l e t  a s  a l e a f  a r e  presented along with 

a four th .  T h i s  l a t t e r  spectrum w a s  constructed on t h e  b a s i s  

of t h e  constancy values given by Dansereau (1943) f o r  t h e  

sugar maple grove of southern Quebec. The spec ies  were 

assigned t o  l e a f  s i z e  c l a s s e s  on t h e  b a s i s  of t h e  determina- 

t i o n s  f o r  t h e  Vvisconsin s p e c t r a  and by reference  t o  herbarium 

s p e c h e n s  f o r  the  a d d i t i o n a l  species .  

On t h e  b a s i s  of t h e  s p e c t r a  presented t h e r e  s e a s  t o  be 

l i t t l e  value i n  the  comparison of t h e  cllmax heldbaceous vegeta- 

t i o n  of t h e  d i f f e r e n t  por t ions  of  t h e  deciduous f o r e s t .  E i t h e r  

system of t r e a t i n g  compound l eaves  may be se lec ted ,  but should 

be used only  f o r  comparison with o the r  spec t ra  based upon t h e  



Figure 18 

Two conparison series of leaf size 

spectra for climax vegetation within 

the eastern deciduous forest. 

Unlabelled classes are: 

At top: (vertically lined) Aphyllous 

(unshaded) Leptophyll 

At bottom: (unshaded) Macrophyll 
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same treatment. Leaf size c l a s s e s  a r e  of value, however, 

in comparing the s e v e r a l  plant communities within one region. 



'I'ne s t u u i e s  a e s c r i b e u  i n  !:art II 02  ~ i i i s  ;:&,~er ilave 

a c t e l a i s t i c s .  Various p h y s i o l o , i c ~ , l  characteris-Lies riave 

was n e c e s s a r i l y  uiii 'eiacnt . 
A, d e t n o d s  

'i'his s i u d j  is based v.Alon - h e  as l ,n . ip t ion  t h a t  t h e  t p u e s t  

uilder m e  i n f l u e n c e  01' t x c  c - l v i r o - c e n  t d  c o A x i i c i o n s  i 4 n i c h  

i'c?vor Aiihxiuuri uevelopmeni . .!?'or'. Lhis ?uppose Lle ave rage  

f r e  cluemy curaves descr i 'ued  I n  2 2r*evious s e c t i o n  o f   his 

pi:?ei' were usei;. for c m  selection oi' s i ~ e c i e s .  S i n c e  cne 

f i e l a  data were o b t a i n e u  i n  v a r i o u s  i ' o r e s ~  stwlcis l o c a t e d  

ne s r  1,iaiiison t i le  ave rage  f r equency  c a l v e s  were - m o  s e  based  

on tile s o u t h e r n  Wisconsin continuwn. 

For "ie ; . i l-zinc, s t u . d i e s ,  ten sl3ecies were s e l e c b e d  i n  

e a c h  c o n b i n u m  i n t e r v a l ,  ~ i t h  ;he exce,it ion oi '  zhe  600-900 

i n ~ e ~ v ~ ~ l ,  i n  l#rlic-i o n l y  s lx  s 2 e c i e s  v e r e  iowld  t o  r e a c h  

o ~ c i : ~ ~ ~ i  d e v ~ l o ~ ) ~ i z e n t  . Thus 76 dlf l 'ereni; s 2 e c i  e s  a r e  i n c l u d -  

t h e r e .  



This method of spec ies  s e l e c t f o n  would have c e s u l t e d  

i n  t h e  i n c l u s i o n  of CLaytonia v i rg in iana ,  Dicentra  c u c u l l a r i a  

and Erythroniurn a l b i d m  i n  Yhe 2400-2700 continuum i n t e r v a l .  

Inasmuch as these  spec ies  d i e  down before  t h e  f o r e s t  canopy 

has reached i t s  maxbutn dens i tg ,  they a r e  no t  considered t o  

be r e p r e s e n t a t i v e  o f  the  t r u e  shade vegetat ion.  Consequently 

t h e s e  t h r e e  spec ies  ape excluded. 

Since, a s  Livingston and Brown (1912) have shown, t h e  

water content o r  leaves  dec l ines  during the  day and i n c r e a s e s  

at night, t he  vrei&ts of f u l l y  t u r g i d  l eaves  a r e  b e s t  de ter -  

mined e a r l y  i n  t h e  morning during a  per iod preceeded by a 

normal amount of p r e c i p i t a t i o n .  Eight  f o r e s t  stands, each 

r e p r e s e n t a t i v e  of a d i f f e r e n t  continuum i n t e r v a l ,  were se- 

l ec ted .  Each s tand consis ted e s s e n t i a l l y  of undisturbed 

f o r e s t ,  but  included small por t ions  which h a s  been r e c e n t l y  

cut .  These s tands  were v i s i t e d  between the hours  of f o u r  

and seven o l c l o c k  (s tandard time) on consecutive mornings 

i n  e a r l y  June. The presence of abundant dew on grass out- 

s i d e  the s tands  served a s  a d d i t i o n a l  assurance that the 

p l a n t s  being studieci Rere mar f u l l  t u r g i d i t y  . The species  

s tud ied  i n  any s tand a r e  t h e  t e n  which peak i n  t h e  continuum 

i n t e r v a l  t o  which that stand belongs. 

A t r iple-beam balance was erec ted  on a  log  o r  stump i n  

t h e  woods and s h e l t e r e d  i'rom t h e  wind. A sample of l eaves  

from one of  t h e  t e n  spec ies  was c o l l e c t e d  from severa l  in-  

d i v i d u a l s  and weighed Fmmediately. The leaves  were then  

placed on logs ,  o r  o the r  exposed p o s i t i o n s  and allowed t o  



w i l t ,  while samples of t h e  o the r  qpecies were c o l l e c t e d  i n  

l i k e  manner. When w i l t i n g  was unmistakablg evident t h e  

l eaves  were reweighed. They were l a t e r  re turned  t o  t h e  

l abora to ry  f o r  determination of  t h e  oven-dry weight. In 

most ins t ances  only t h e  l eaves  were weighed, but i n  those 

cases  (e.8. Galium concinnum) where t h e  removal of enough 

l eaves  t o  g ive  an adequate sample would have been so t h e  

consuming t h a t  some water l o s s  would occur before  the  weigh- 

ing, a minimum of  stems w a s  included, Such species  a r e  in-  

d i c a t e d  by an asterisk i n  t h e  t a b l e  

Three a d d i t i o n a l  species:  F ragar i a  v i ra in iana ,  a pio- 

neer  species ,  Viola pubescens, a climax species ,  and @wmium 

maculatum, a spec ies  which reaches optimum development near 

t h e  middle of t h e  continuum, but  which occurs  cornmonly 

throughout, were s i m i l a r l y  sampled i n  a l l  of t h e  s tands  i n  

which they occurred. 

For the  chlorophyl l  s tudies ,  f i v e  of t h e  spec ies  used 

i n  each i n t e r v a l  f o r  the  vd l t ing  s tudies ,  were chosen. 

These a r e  t h e  f i v e  with highest average frequency values 

which could be  found growing undisturbed i n  the  normal shade 

of the s tand v i s i t e d  and a l s o  i n  por t ions  o f  t h a t  s tand 

which had r e c e n t l y  been cu t  i n  light logging opera t ions .  

Exanination of t h e  rhizomes and o t h e r  underground p a r t s  o f  

t h e s e  p l a n t s  were rslade i n  a l l  cases where poss ib le  t o  in- 

s u r e  t h a t  t h e  herbs had been growing t h e r e  before  t h e  

canopy had been opened. 



Eighty s e t s  o f  l e a f  samples, cons i s t ing  of l eaves  from 

f o r t y  spec ies  growing undisturbed i n  t h e  shade and from 

f o r t y  s e r i e s  of p l a n t s  of t h e  same spec ies  which were un- 

d i s tu rbed  except f o r  t h e  recent  removal of t h e  t r e e  canopy 

above them, were gathered i n  the  same stands as were used i n  

t h e  w i l t i n g  s tud ies .  Within each s e r i e s  t e n  samples were 

removed from as  many Leaves by means of a  cork borer ,  each 

2 sample having an a r e a  of 65.0 mm The l a r g e r  veins  were 

avoided. The t e n  samples were pooled and the chlorophyll  

was ex t rac ted  q u a n t i t a t i v e l y  i n  acetone and then  t rans-  

f e r r e d  q u a n t i t a t i v e l y  t o  e a y l  e t h e r .  Det e m i n a t i o n s  of t h e  

t o t a l  chlorophyll  content were made by means of t h e  Evelyn 

pho toe lec t r i c  calorimeter, using a 660 f i l t e r ,  thus  obviat-  

ing t h e  n e c e s s i t y  of removing t h e  ca ro t ino id  pigments. 

The oven-dry weight of t e n  dup l i ca te  samples was a l s o  

determined f o r  each shade s e r i e s .  

Af ter  the chlorophyl l  content had been determined f o r  

a11 f o r t y  spec ies ,  15 cc. por t ions  of the chlorophyll  solu- 

t i o n s  of t h e  shade s e r i e s  were simultaneously exposed t o  

b r i g h t  sun l igh t  f o r  a per iod of s i x  minutes i n  t es t  tubes  

placed on white paper. The t o t a l  chlorophyll  content w a s  

then  redetermined. 

B. Resu l t s  

I n  t a b l e  8 a r e  presented t h e  values obtained f o r  

each o f  t h e  76 species  s tudied.  T h i s  t a b l e  a l s o  serves  t o  

i n d i c a t e  the  spec ies  s tudied  and t h e  continuum i n t e r v a l  i n  

which each reaches optimum development. In the  f i r s t  column 



Table 8 

Species studied, arranged i n  continuum in t e rva l s  

of optimum development, w i t h  values obtained f o r  

the  cha rac t e r i s t i c s  desbribed i n  the  t e x t ,  

Values i n  f i r s t  two columns f o r  species marked 

w i t h  one a s t e r i s k  are based upon samples which 

included stems o r  woody s t ipes .  Wintergreen 

species a re  denoted by two a s t e r i sks .  

Colunins 5 and 6 contain values expressed 

as percentages of the  chlorophyll contents  

of the  o r ig ina l  shade s e r i e s  of leaves.  



Water Percent Dry weight Chlorophyll Chlorophyll Chlorophyll Chlorophgll 
1 

10s t dry of shade i n  shade i n  sun a f t e r  yhoto- per mg, 
before matter s e r i e s  s e r i e s  s e r l e s  destruction dry 1eA.f 
wil t ing 

$ mF: v- -- 
fntervals and Ssecies dp Lug L- - p me 

300-600 --- 
Ant ennaria sp., 
fipocynum androsaemifolium 
Comandra umbellata 
aphorb ia  coro l la ta  
Fragaria virginiana 
Helianthus strumosus 
Polygonat um canali  culat  um 
Pot e n t i l l a  simplex 
Pteridium aquilinum* 
Smilacina s t e l l a t a  

600-900 
Anemone quinquef o l i a  23 *C 
Gaylus sacia baccata 20.0 
Goodyera pubescens** 22.1 
Hieracium canadense 21.2 
Pa r i e t a r i a  pensylmnica 15 .5 
Vaccinium angustifolium* 21,7 

900-1200 
Agrimonia grypos epala 1 8 , O  
h a l i a  nudicauli s 18.1 
Arenaria l a t e r i f  l o r a  8.3 
Carex pensylvanica** 30.6 
Circaea quadrisulcat a 13.8 
Gem camdense 18.4 



900-1200 (continued) 
Lactuca bi ennis 9.2 
Iysimachia quadrifolia 17.2 
Phryma leptostachya 12,O 
Smilacina racemosa 21.4 

1200-1500 
Amphicarpa bract eat a 
Cypripediwn calc eolus 
Desmodium glutinosum 
Eupat orium rugosum 
Galium concinnuu* 
Gerznium maculatm 
Podophyllum peltatun 
Prenant hes alba 
Taenidia int egerrima 
Veronicastrum virginici 

1500-1800 
Arali a racemo sa 6.5 
Athyrium filix-femina 12.9 
Brachyelytrnm erectum 15.4 
Galium triflorum 4.5 
Bckelia virginiana 12 .5 
Osmunda clayt oniana* 17.1 
~anicum k t  if olium 16.3 
Pyrola ellipticae* 12.1 
Trillium grandiflorum 15.2 
Uvularia grandiflora 14.7 

Water Percent Dry weight Chlorophyll Chlorophyll Chlorophyll Chlorophyll 
lost dry of shade in shade in sun after photo- per mg, 
before matter series series series destruction dry leaf 
wilting 

Intervals and Species cs k w w % ~7 w/w 



Water Percent Dry weight Chlorophyll Chlorophyll Chlorophyll Chlorophyll 
l o s t  dry of shade i n s h a d e  i n  sun a f t e r  photo- per mg. 
before matter se r ies  s e r i e s  s e r i e s  destruction dry leaf 
w i l t  inp 

Intervals  and Species % B w w 61 d m.e 

1800-2100 
Ac taea pachypoda 
A s t  er m a c r o p ~ l l u s  
Galium circaezans 
Bys t r i x  patula* 
Maianthemm canadense 
Osmorhiza c l w t  oni 
Ranunculus abort ivus 
Sanicula gregaria 
Smilax herbacea 
Smilax t amnoides 

2100-24ao 
Arisaema atrorubens 
Asarwn canadense 
Cryptotaemia canadensis 
Hepatica acutiloba** 
Nenispermum 
M i  t e l l a  diphylla 
Osmunda cinnamomea* 
Polygonatum pubescens 
Thalict rum dioicum 
T r i l l i u m  f lexipes  



Water Percent Dry weight Chlorophyll Chloropwll Chlorophyll Chlorophyll 
l o s t  d~ of shade i n  shade i n  sun a f t e r  photo- per  mg, 
before matter s e r i e s  se r ies  s e r i e s  destruction dry leaf.." 
wi l t ing 

% % 
-- 

Intervals and Species n4r: W W/W 

24.00-2700 
Adiantum pedatum* 3 *3 
Botrychiwn virginianum 3 .o 
Galiwn aparine** 3 *I 
Hydrophyllum virginianum 2.3 
Impatiens capensi s 1.9 
Laport ea camdeasis 1.6 
Sanguinaria canadensis 3.7 
T r i l l i u m  recurvaturn 8,O 
Viola cucullata 5 7 
Viola pbescens 3 7 



i s  shown t h e  percentage of water l o s t  before  w i l t i n g  became 

apparent.  These values were ca lcu la ted  by d iv id ing  t h e  

d i f fe rence  between t h e  f u l l y  t u r g i d  weight and t h e  weight 

a t  w i l t i n g  by t h e  d i f fe rence  between the  f u l l y  t u r g i d  weight 

and the  oven-dry weight, Within each c o n t i n u w  i n t e r v a l  t h e  

a r i t h m e t i c  mean was ca lcu la ted  f o r  t h e  t e n  spec ies  and t h e  

r e s u l t i n g  values p l o t t e d  i n  fi-gure 19. T h i s  curve shows 

a pronounced decrease frorn t h e  pioneer t o  t h e  climax por- 

t i o n s  of t h e  continuum. The pioneer p l a n t s  l o s e  approximate- 

l y  20 pe r  cent of t h e i r  t o t a l  water content  before they w i l t  

while t h e  climax spec ies  show s ibns  of w i l t i n g  when they have 

l o s t  3.5 pe r  cent  of t h e i r  t o t a l  water,  

These r e s u l t s  agree remarkably well  w i t h  &he observa- 

t i o n s  of MaxiYnov (1938). In cornparing extreme sun p l a n t s  

w i t h  extreme shade species he found values o f  25 t o  30 pe r  

cent f o r  t h e  he l iophytes  and 2 t o  3 per  cent f o r  t h e  scio-  

phytes.  Since the present  study i s  concerned w i t h  a nar- 

rower range of  environmental conditons, t h e  values might be 

expected t o  e x h i b i t  l e s s  v a r i a t i o n .  The extreme suscept i -  

b i l i t y  of some cliaax spec ies  t o  wi l t ing  i s  e a s i l y  observed 

i n  t h e  field by picking Impatiens, Laportea, and Sanguinarfa. 

The arnount of oven-dry mat t e r  i n  the  l eaves  w a s  calcu- 

l a t e d  as a percentage of t h e  Rzlly t u r g i d  weight. These 

values a r e  presented i n  the  second column of t h e  t a b l e .  The 

average value f o r  each continuum i n t e r v a l  was p l o t t e d  aga ins t  

t h e  continuum index and the  r e s u l t i n g  curve i s  shorn i n  

f i g u r e  20. Again, t h e  values a r e  found t o  decrease from 



Figure 19 

Per cent water content lost before wilting. 

Averages of ten species per interval. 
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Figure 20 

Oven-dry weight of leaves as per  cent of 

turgid weight. Averages of t en  spec ies  per i n t e r v a l .  
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the pioneer  spec ies  t o  t h e  climax spec ies ,  A d i f f e r e n c e  

of approximately 67 per  cent occurs between t h e  two ends 

of this  curve,  These r e s u l t s  agree w i t h  those of ~ 6 n e a u  

(1892) and of Lubimenlko (1908) i n  that they  show consider- 

ably l e s s  dry  m a t t e r  in t h e  shade species ,  

Much i n t e r e s t  h a s  been a t tached t o  t h e  quest ion of  eco- 

types  o r  populat ion segregates  versus environmental e f f e c t s  

on p l a n t s  of a homogeneous population, I n  t h e  present  study 

no attefipt  i s  made t o  consider th is  quest ion i n  d e t a i l .  How- 

ever, v a r i a t i o n s  i n  two c h a r a c t e r i s t i c s  have been s tudied  

f o r  t h r e e  spec ies  i n  an a t t e n p t  t o  de tern ine  t h e  v a l i d i t y  o f  

a b a s i c  assumption. This  problem concerns t h e  a d v i s a b i l i t y  

of  obtaining t h e  d a t a  from p l a n t s  growing under optimum en- 

vironment a 1  condi t ions ,  

F ragar i a  v i r a i n i a n a  i s  a d i s t i n c t l y  pioneer spec ies  as 

i s  shown by its average frequency curve. That optimwn devel- 

opment of this  spec ies  l i e s  ou t s ide  t h e  range of t h e  f o r e s t  

continuum i s  s t rongly  suspected, The decrease from 23 t o  4 

pe r  cent  i n  water l o s s  before w i l t i n g  i s  a most pronounced 

t r e n d  ( f i g u r e  21) Simi lar ,  but  l e s s  marked, i s  t h e  curve 

f o r  proport ion of  oven-dry mat t e r  i n  t h e  l e a v e s  ( f i g u r e  22). 

Obviously, then, a considerable  d i f f e rence  might r e s u l t  i n  

t h e  values obtained throughout t h e  present  study i f  t h e  

spec ies  were sampled under environmental condi t ions  o t h e r  

than  optimum* 

Viola pubescens, a climax species ,  shows a s imilar  



Figure 21 

Per cent water content lost before wilting 

for three representative species : 

Fragaria virginiana 

Geranium maculatm 

Viola pubescens - 
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Figure 22 

Oven-dry weight of leaves as per cent of 

turgid weight for three representative species : 

Geranium maculatm 

Viola pubescens - 
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curve f o r  water l o s s  before wi l t ing .  I n  the case o f  dry 

m a t t e r  content ,  however, t h e  downward t r end  i s  preceeded 

by a s l i g h t  r i s e .  If this r i s e  i s  s i g n i f i c a n t ,  i t  may be 

t h e  r e s u l t a n t  of an i n t e r p l a y  of  v a r i a t i o n s  i n  such char- 

a c t e r i s t i c s  as photo synthetf  c, r e s p i r a t i o n ,  and a s s i n i l a -  

t i o n  r a t e s ,  

Geranium maculatum was chosen as  an example of  a very 

ubiqui tous  species ,  f o r ,  while i t s  average frequency curve 

shows a pronounced peak i n  the  1200-1500 i n t e r v a l  of t h e  

continuum, i t  occurs  i n  92 of t h e  96 s tands  which c o n s t i t u t e  

the  base of th is  stuay. The two curves f o r  th is  spec ies  

a r e  a l i k e  i n  that no d e f i n i t e  t rend  i s  apparent ,  

Resul t s  s i m i l a r  t o  those i n  f i g u r e  22 a r e  obtained 

i n  the case of oven-dry mat t e r  per  u n i t  area,  as determined 

on t h e  b a s i s  of f i v e  spec ies  p e r  continuum i n t e r v a l  ( f i g u r e  23) .  

A d i f f e rence  of approximately 50 p e r  cent between t h e  

pioneer  and climax spec ies  i s  apparent. ~ & n e a u  (1892), cam- 

paring t h e  l eaves  of sun and shade ind iv idua l s  of f o u r  spec ies  

of herbs,  f o d  an average d i f fe rence  of  51.5 per  cent f o r  

this same charac ter .  

The t a b l e  a l s o  inc ludes  t h e  r e s u l t s  o f  t h e  o the r  s t u d i e s  

w i t h  f i v e  spec ies  pe r  continuum i n t e r v a l ,  I n  the  f o u r t h  

column of  t h i s  t a b l e  i s  shown t h e  amount of chlorophyll ,  in 

micrograms, p resen t  i n  the shade l eaves  of each species ,  

each s e r i e s  cons i s t ing  of t e n  65 .he2 samples from as many 

leaves .  Arithmetic means of these  values a r e  p l o t t e d  i n  

Figure 24. Although t h e r e  i s  considerable  va r i a t ion ,  it 



Figure 23 

Oven-dry mat ter  i n  6.5 an.' leaf samples of shade 

series. Averages of five specfes per interval. 
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Figure 24 

Chlorophyll content pe r  6.5 c m e 2  l ea f  samples o f  

shade aeries. Averages of 

f i v e  spec ies  per  i n t e r v a l .  





i s  r e a d i l y  apparent that t h e  climax species  conta in  more 

chlorophyl l  than  do t h e  pioneer species .  

An e x t r a e  d i f fe rence  between pioneer  and climax spec ies  

i s  shown i n  t h e  case of the  chlorophyll  content of sun versus 

shade ind iv idua l s  ( f i g u r e  25). Those spec ies  which show 

optimum development i n  the  pioneer p o r t i o n  of t h e  continuum 

r e t a i n  approximately 96 per  cent of t h e i r  chlorophyll  content  

when t he  t r e e  canopy i s  removed, while t h e  chlorophyll  con- 

t e n t  of t h e  c l h a x  spec ies  i s  reduced by one h a l f .  This i s  

e a s i l y  observed i n  t h e  f i e l d  i n  the  leaves  o f  such spec ies  

as Sanguinaria  canadensis and Viola  ~ u b e s c e n s ,  which assume 

a pronounced yellow co lo r  i n  s i t e s  where the  canopy has been 

removed. 

Examination of underground p a r t s  i n  a l l  c a s e s  where 

poss ib le  was undertaken t o  ensure t h a t  the  p l a n t s  growing i n  

b r i g h t  sunlight had been t h e r e  before  t h e  c u t t i n g  and thus  

could be considered g e n e t i c a l l y  s i m i l a r  t o  the  r e p l i c a t e s  

s t i l l  growing i n  shade. Observed d i f fe rences  between t h e s e  

r e p l i c a t e s ,  t h e r e f  ore ,  a r e  x e s u l t a n t s  02 environmental 

change4 A s  e a r l y  as 1904, Boodle showed t h a t  l eaves  a r e  

p l a s t i c ;  i . e .  similar young l eaves  become mature sun l eaves  

i f  grown i n  b r i g h t  sunl ight ,  o r  develop i n t o  c h a r a c t e r i s t i c  

shade leaves  i f  grown i n  shade. 

Decolori  zat  ion  of chlorophyll  by brighk s u n l i g h t  i s  

twice a s  r ap id  i n  the case of climax species  a s  i t  i s  i n  

pioneer spec ies  ( f i g u r e  25). Since no determinat ions were 

made of ch lorophyl l  5 : r a t i o s ,  , it  i s  not  known whether 



Figwe 25 

Chlorophyll content of sun se r i e s  as a 

percentage of tha t  i n  shade ser ies  (upper curve). 

Percentage of chlorophyll retained i n  e ther  

solutions of shade se r i e s  a f t e r  exposure t o  bright 

sunlight. Averages of f ive  species per interval .  
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this considerable  d i f f e rence  i s  due t o  v a r i a t i o n  i n  quanti-  

t i e s  of chlorophyll  b  - . dowever, s ince  chlorophyll  b i s  - 
s a i d  t o  be such riiore suscept ib le  t o  photo-oxidation than  

chlorophyll  - a ( S t r a i n  19491, and t o  be present  i n  g r e a t e r  

propor t ion  t o  2 i n  shade leaves  (Habinowitch 1945), this  

assurrlption seems reasonable.  

Vlhile t h e  curves i n  f i g u r e  25 a re  a l i k e  t h e  values 

f o r  t h e  e t h e r  s o l u t i o n s  a r e  noticeably, lower. lbis d i f f e r -  

ence might be expected from the  remark of Rabinowitch (1945) 

that chlorophyll  i s  l e s s  s t a b l e  t o  l ight  - i n  v i t r o  than i n  - 
viva . - 

The average amounts of chlorophyll  per  u n i t  of dry 

m a t t e r  contained i n  t h e  shade s e r i e s  i s  shown i n  f i g u r e  26 

Although the  t r e n d  i s  conspicuous, it i s  n o t  bel ieved t h a t  

t h e s e  values n e c e s s a r i l y  i n d i c a t e  a g r e a t e r  e f f i c i e n c y  of 

t h e  chlorophyll  of  pioneer  species .  Since much of t h e  rood 

synthesized i n  the l eaves  may be t r ans loca ted  t o  o the r  p a r t s  

of t h e  p lan t ,  and s ince  no measure was a v a i l a b l e  regarding 

t h e  mount  of food t rans loca ted ,  it seems b e s t  t o  r e s i s t  any 

tendency t o  draw such conclusions. Hesselman (1904) has 

shown that while most spec ies  have high photosyntnet ic  r a t e s  

i n  t h e  spr ing,  the  measured r a t e  drops, f r equen t ly  t o  zero, 

i n  the  case of f o r e s t  herbs  as a dense f o r e s t  canopy c loses  

above them. T h i s  measured r a t e  seems t o  be the  excess 

above t h e  corapensation point .  

A n  a d d i t i o n a l  item of i n t e r e s t  i s  t h e  osmotic p ressu re  

of c e l l  sap. No determinat ions of t h i s  c h a r a c t e r i s t i c  were 



Figure 26 

Amount of chlorpphyll per m i l l i g r a m  of dry leaf  

ma t t e r  i n  shade s e r i e s .  Averages of 

f i v e  species per i n t e r v a l .  
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made i n  t h i s  study. Bowever, twenty-five species f o r  which 

su f f i c i en t  da t a  a re  avai lable  t o  y i e ld  average frequency 

curves, a re  included in  the  t ab les  of osmotic pressure 

determinations made by Harr is  (1934). Within each continuum 

i n t e r v a l  the osmotic pressures shown i n  t a b l e  9 were 

averaged f o r  the  species which reach optimum development 

there .  Two o f  the  i n t e r v a l s  lack species en t i re ly .  From 

the  curve plot ted  i n  f igure  27 a decreasing trend i s  

read i ly  apgarent, even though so few species a re  included. 

There i s  no assurance, i n  t h i s  case, t h a t  the  deter- 

minations were made on saulples gathered i n  s i t e s  of optimun 

development. Descriptions of co l lec t ion  s i t e s  are given i n  

Har r i s t  t ab les ,  however, and any determinations based upon 

specbens  from obviously non-optimum s i t e s  were not includ- 

ed i n  ca lcula t ing the  average osmotic pressure of a p a r t i -  

cu la r  species.  



Table 9 

Average osmotic pressures  of  25 spec ies  

( a f t e r  H a r r i s  1934) arranged according 

t o  the continuum i n t e r v a l  within which 

each species  reaches a peak of importance 



Average 
Osmotic 
Pressure 

,309- 600 
Iuonarda f i s t u l o s a  
P t  eridiurn aquilinum 
Smilacina s t  e l l a t a  

900-1200 
Agrimonia grypo sepala 
Circaea quadrisulcata 
Gem canadense 
Lactuca biennis 
Lysimachia quadrifolia 
Smilacina racemo sa 

1200-1500 
Amphicarpa bracteata 
&&ia nudicauli s 
Desmodium nudiflomun 
Geranium maculatum 

1800- 2100 
Actaea pachypoda 
Aster macrophyl1us 
Kanunculus abortivus 

2100- 2400 
Arisaema atrorubens 
Cryptotaenia canadensis 
Thali c t  rum dio i cum 

2400- 2700 
Galim aparine 
Impatiens ~rs~~'bXIs3.s 
Osmorhiza longi s t y l i  s 
Ranunculus septentr ional is  
Tovara virginiana 
Viola cucullata 



Figure 27 

Osmotic pressure of cell sap expressed from 

leaves  (data from Harris 1934). 

Averages of 3, 6, 4, 3, 3, 6 species, 

reading from left. 





I V .  QISCUSsIOM AHD CONCLUSIONS 

Climax adapta t ion  values as assigned t o  var ious t r e e  

spec ies  by C u r t i s  and McIntosh (1951) nay as r e a d i l y  be 

assigned t o  t h e  var ious  spec ies  of f o r e s t  herbs.  This  value 

expresses t h e  degree t o  which the  complex of phys io logica l  

and morphological a t t r i b u t e s  of a p a r t i c u l a r  spec ies  approach- 

e s  t h a t  of  t h e  climax vegetation. That climax vegeta t ion  

e x h i b i t s  d e f i n i t e  f e a t u r e s  which m e  d i f f e r e n t  from those  of 

more pioneer  f o r e s t s  h a s  been demonstrated i n  the present  

i n v e s t i g a t i o n ,  

Climax f o r e s t s  a r e  charac ter ized  by low l i g h t ,  abundant 

and constant  moisture,  and mature s o i l  condi t ions.  The spec ies  

which reach  optimum developnent under t h e s e  condi t ions show 

g r e a t  taxonomic s t a b i l i t y ,  Their  flower buds are formed 

during t h e  previous growing season and t h e  f l o r a l  d i sp lay  i s  

t h e r e f o r e  no t  g r e a t l y  e f fec ted  by vagaries  of t h e  cu r ren t  

weather condi t ions ,  

Thesd climax spec ies  blossom before  t h e  dense shade of 

summer f a l l s  upon them and they tend t o  d i spe r se  t h e i r  seeds 

by spec ia l i zed  means, including a eonspicuous r e l a t i o n s h i p  

w i t h  an t s .  A major i ty  of them a r e  of small s t a t u r e  (many 

a r e  acaulescent )  and t h e i r  r o o t s  are l a r g e l y  confined t o  t h e  

r i c h  organic  s o i l  horizon,  Various spec ia l i zed  devices  f o r  

vegeta t ive  reproduct ion and overwintering a r e  c h a r a c t e r i s t i c ,  

They overwinter under t h e  p ro tec t ion  afforded by subterranean 



condi t ions ,  

Photosynthesis i s  c a r r i e d  on at  a l l  seasons of t h e  

year ,  but  i s  most important during seasons o ther  than summer 

when shade i s  very in tense .  Climax p l a n t s  have l a r g e r  and 

th inner  l eaves  and lower osmotic pressures .  Thei r  l eaves  

con ta in  more chlorophyll  and t h i s  chlorophyll i s  more sub- 

j e c t  t o  pho to -des~ruc t ion  than t h a t  of pioneer  p lan t s .  

\ l i l t i n g  becomes obvious a f t e r  only a small p o r t i o n  of t h e i r  

water content has been l o s t  

Many climax species  a r e  exact ing i n  t h e i r  demands upon 

t h e  environment and consequently a r e  not  found i n  appreciable  

numbers ou t s ide  of t h e  climax stands. The competit ive 

s t rugg le  so evident  among pioneer  vege ta t ion  i s  by no means 

as apparent among t h e  climax herbs.  Pnost of the  aggressive 

spec ies  a r e  light-demanding and consequently a r e  excluded 

by tihe dense shade of  maple woods. Having low compensation 

poin ts ,  and a v o i d i w  t h e  dense shade by blossoming and photo- 

synthes iz ing  ac t imes of t h e  year  when most o t h e r  p l a n t s  a r e  

inac t ive ,  t h e s e  p l a n t s  a r e  a b l e  t o  f l o u r i s h ,  

The high degree o f  i n t e g r a t i o n  of the  climax community 

i s  exhib i ted  by t h e  tendency toward paras i t i sm and sapro- 

phytism. That many climax spec ies  form mycorrhizal  associa-  

t i o n s  has  been shown elsewhere. Sunl ight  f a l l i n g  upon a 

c l h a x  community a t  any time of t h e  yea r  i s  u t i l i z e d  by a t  

l e a s t  some of t h e  vegetat ion.  A g r e a t e r  amount of the  in-  

coming energy i s  thus re ta ined .  Many climax species  a r e  



long-lived and t n i s  energy i s  thus  s to red  over 10% per iods ,  

The remains of t h e s e  p l a n t s  a r e  u t i l i z e d  by t h e  p a r a s i t e s  

and saprophytes and t h e r e  i s  thus  a g r e a t e r  and more pro- 

longed u t i l i z a t i o n  of t h e  incoming energy. 

Pioneer p l a n t s ,  on t h e  o the r  hand, a re  l e s s  s t a b l e  

taxonomically. They blossom during the  summer and %any r e l y  

upon i n s e c t s  f o r  p o l l i n a t i o n .  Thei r  seeds and fruits r ipen  

during t h e  sumrrer and many of these  a re  f l e s h y  o r  a re  dispersed 

through t h e  agency o f  wind, both e f f e c t i v e  means f o r  wide 

dissemination. Since t h e i r  flower buds a r e  formed during t h e  

cu r ren t  growing season t h e  number of f lowers  i s  va r i ab le  

with weather condi t ions.  

Woody tendencies  a re  i n  evidence, but many a r e  shor t -  

l i v e d .  These p l a n t s  a r e  t a l l ,  w i t h  l eaves  arranged above 

each o the r  f o r  a considerable  d is tance  along t h e  stem. Some 

of them a r e  twining p lan t s .  Their  r o o t s  a re  not  confined t o  

t h e  t h i n  humus-rich upper l a y e r s  of s o i l ,  buc pene t ra te  t o  

considerable  depths i n  many species .  Tap r o o t s  a re  i n  evi- 

dence. The tendency t o  reproduce vegeta t ive ly  by means of 

s to lons ,  which meet l e s s  r e s i s t e n c e  than do rhizomes, and by 

means o f  adven t i t ious  buds upon roo t s ,  a r e  noteworthy char- 

a c t e r i s t i c s .  Overwintering i s  accomplished i n  a v a r i e t y  of 

s t r a t a ,  a e r i a l  as well as a t  the s o i l  surface and a t  var ious 

depths below i t .  

Pioneer v e g e t a ~ i o n  e x h i b i t s  s a a l l e r  and t h i c k e r  l eaves  

and h igher  osmotic pressures .  They conta in  more oven-dry 



m a t t e r  t h a n  do climax p lan t s .  There i s  l e s s  chlorophyll  i n  

t h e  l eaves  and th is  i s  not  conspicuously subjec t  t o  destruc-  

t i o n  by s t rong s w l i g h t .  With the exception o f  c e r t a i n  

evergreen species,  pioneer p l a n t s  e x h i b i t  no tendencies  t o  

photosynthesize a t  seasons o the r  than  s m e r .  Wilt ing does 

not  become apparent u n t i l  a cons iderable  moun-c of water has 

been l o s t  by t h e  p lan t s .  

Agressive competit ion i s  evergwnere apparent i n  pioneer  

f o r e s t s .  The vegeta t ion  i s  dense, t a l l ,  some species  a r e  

climbing upon o the r s ,  reproduct ion by vegeta t ive  means as 

vie11 as by seeds i s  common. Roots pene t ra te  t o  va r ious  

depths of t h e  s o i l  and condeq-uently tend t o  a'void those of 

o t h e r  spec ies .  Bxcept f o r  evergreens, they a l l  ca r ry  on 

photosynthesis  during t h e  summer months exclusively,  and 

l i g h t  i s  a t  a premium during this season. 

There a re  thus  seen t o  be two extreme types of  vegeta- 

t i o n  wi th in  t h e  f o r e s t  complex. Intermediates  between these  

mag be charac ter ized  by the  degree t o  which they exh ib i t  t h e  

c h a r a c t e r i s t i c s  02 t h e  extremes. A s  s t a t e d  previously,  t h e  

c h a r a c t e r i s t i c s  whic~l  have been inves t iga ted  here  c o n s t i t u t e  

only a por t ion  of che complex of' morphological and physio- 

l o g i c a l  @t$r ibu tes  which combine t o  cha rac te r i ze  a phase of 

t h e  vegeta t ion  and t o  enable p l a n t s  possessed of t hese  

t r a i t s  t o  e x i s t  under var ious environmental condi t ions.  

Whether o r  not  t h e  p a r t i c u l a r  au tecologica l  character-  

i s t i c s  which have been t h e  subjec t  of this study a c t u a l l y  



a re  t h e  most important ones i s  no t  known, Cer ta in ly  o t h e r  

c h a r a c t e r i s t i c s  may be equal ly as important as many that 

have been inves t iga ted .  Furthermore, it i s  impossible t o  

say whether a l l  those  c h a r a c t e r i s t i c s  f o r  which d e f i n i t e  

t r ends  have been shown r e a l l y  have su rv iva l  value,  A t  any 

r a t e ,  t h e  r e s u l t s  of th i s  i n v e s t i g a t i o n  do serve  t o  show t h e  

ex i s t ence  of  such t r ends  and t h e i r  c h a r a c t e r i s t i c s ,  In this 

way it may form t h e  springboard f o r  f 'uture i n t e n s i v e  i n v e s t i -  

ga t ions  of the ind iv idua l  c h a r a c t e r i s t i c s .  

In the memtiiie t h e r e  i s  a g r e a t  need f o r  d e t a i l e d  l i f e  

h i s t o r y  s t u d i e s  such as those being conducted by P e r t t u l a ,  

Sal isbury,  T m ,  and previously,  by Holm, A s  Blacbman and 

But te r  (1946) have sa id ,  ". . , . there  i s  an absence o f  accura te  

and comprehensive information on the  autecology of any 

ind iv idua l  woodland plant." Only when such knowledge i s  a t  

hand can a t r u e  understanding of t h e  i n t e r r e l a t i o n s h i p s  o f  

t h e  vegeta t ional  complex be a t t a i n e d ,  



In  order t o  determine the  r e l a t i v e  importance and 

var ia t ions  i n  occurrence of many elements i n  the  complex of 

morphological and physiological a t t r i b u t e s  o f  f o re s t  herbs 

this  study was based upon the  two upland f o r e s t  continua 

which have been described i n  Wisconsin. By means of f re -  

quency values based upon twenty $ milacre quadrats per stand 

i n  116 northern Wisconsin communities and i n  96 stands 

located i n  the southern pa r t  of the SLaGe, var ia t ions  i n  

importance were detemined f o r  a l l  harb species i n  nine 

equal-sized i n t e r v a l s  along the  two continua, The 114 com- 

monest species within each continuum were s e l e c ~ e d  f o r  fur- 

t h e r  study , 

These species were c l a s s i f i ed  w i t h  regard t o  twenty- 

three  l i f e  h i s to ry  charac te r i s t i cs .  These cha rac t e r i s t i c s  

were weighted according t o  the importance of the  species 

possessing them, using IBM techniques. The r e su l t i ng  values 

were converted so t h a t  they represent  the  proportion of t he  

t o t a l  vegetation which e a i b i t s  a pa r t i cu l a r  t r a i t  

Aduitional s tudies  were conducted w i t h  regard t o  various 

physiological cha rac t e r i s t i c s  of 76 important species within 

the  southern cont i  nuurn, 

Each continuum represents  a gradient from pioneer upland 

f o r e s t s  w i t h  high light, variable moisture, and immature s o i l  

conditions t o  climax f o r e s t s  characterized by low l i g h t ,  



abundant and constant  moisture,  and mature s o i l  condi t ions ,  

!the p l a n t s  which reach  optimum development under climax 

condi t ions  a r e  taxonomically a t ab le .  Their  flower buds are 

formed during t h e  previous growing season and t h e  f l o r a l  

d i sp lay  i s  t h e r e f o r e  not  g r e a t l y  e f fec ted  by vagaries  of  the 

cur ren t  w e a ~ h e r  condi t ions ,  

These climax species  blossom before the  dense shade of 

summer f a l l s  upon them and they tend t o  d i s p e r s e  t h e i r  seeds 

by spec ia l i zed  means, including a  conspicuous r e l a t i o n s h i p  

with a n t s ,  A major i ty  02 them a re  of small s t a t u r e  (many 

are aeaulescent )  and t h e i r  r o o t s  a r e  l a r g e l y  confined t o  

t h e  r i c h  organic  s o i l  horizon. Various spec ia l i zed  devices  

f o r  vegeta t ive  reproduct ion and overwintering a re  charac ter -  

i s t i c .  They overwinter under the  p r o t e c t i o n  afforded by 

subterranean condit%ons . 
Photosynthesis i s  c a r r i e u  on a t  a l l  seasons of t h e  year ,  

but  i s  most important during seasons o ther  than summer when 

shade i s  very i n t e n s e ,  Climax p l a n t s  have l a r g e r  and th inner  

l eaves  and lower osmotic pressures ,  Their l eaves  conta in  

more c h l o r o ~ h y l l  and th i s  chlorophyll  i s  i-nore subjec t  t o  

photo-desbruczion than t h a t  of pioneer  p l a n t s .  \ l i l t i n g  

becomes obvious a f t e r  only a  mal l  por t ion  of  t h e i r  water 

content  has  been l o s t .  

Pioneer p lan t s ,  on t h e  o t h e r  hand, a r e  l e s s  s t a b l e  

taxonomically. They blossom during t h e  swmner and many 

r e l y  upon i n s e c t s  f o r  p o l l i n a t i o n ,  Thei r  seeds and f r u i t s  



r i p e n  during t h e  summer and many of these  a r e  t l e s h y  o r  are 

d ispersed  t h r o u a  the  agency of wind, both  e f f e c t i v e  methods 

f o r  wide dissemination. Since t h e i r  flower buds a r e  formed 

during t h e  current  growing season t h e  number of f lowers  i s  

va r i ab le  with weather condi t ions.  

Woody tendencies  are  i n  evidence, but  many are shor t -  

l i v e d .  These p l a n t s  a r e  t a l l ,  w i t h  l eaves  arranged above 

each o the r  f o r  a  considerable  d i s t ance  along t h e  stem. 

Some of them a r e  twining p lan t s .  Their  r o o t s  a r e  not  con- 

f ined  t o  the  t h i n  humus-rich upper l a y e r s  of s o i l ,  but  pene- 

t r a t e  t o  consiclerable depchs i n  many species .  Tap r o o t s  

a r e  i n  evidence. The tendency to reproduce vegetacively by 

means of s tolons,  which meet l e s s  r e s i s t e n c e  than  ao rhizomes, 

and by means of adven t i t ious  buds upon roo t s ,  a re  noteworthy 

c h a r a c t e r i s t i c s .  Overwintering i s  accomplished i n  a v a r i e t y  

of s t r a t a ,  a e r i a l  as well  a s  a t  t h e  s o i l  surface and a t  

var ious depths below it .  

Pioneer vegeta t ion  e x h i b i t s  smaller and th icke r  l eaves  

and h igher  osmotic p ressu res .  They contain more oven-dry 

m a t t e r  than do climax p lan t s .  There i s  l e s s  chlorophyll  i n  

t h e  l eaves  and th i s  i s  no t  conspicuously subject t o  destruc- 

t i o n  by s t rong sunl ight .  k i th  t h e  except ion of  c e r t a i n  

evergreen species ,  pioneer  p l a n t s  exhib i t  no tendencies  t o  

photosynthesize aG seasons o the r  chan summer. Wilcing does 

not  become apparent u n t i l  a  considerable  amount of water 

has been l o s t  by t h e  p lan t s .  



BIBLIOGRAPHY 



Barrows, F. L, 1938. Club mosses from c u t t i n g s ,  
Wild Plower 15:69-70, 

1941, Seed production i n  T r a i l i n g  Arbutus, 
Wild Flower 18 : 30-32 

Bast in ,  E. S. 1894a. S t r u c t u r e  of Podophyllum, An. Jour. 
Pharm, 66:41?-424. 

1894b. S t r u c t u r e  of Geranium maculatum. Amer. 
Jour. Phamn. 66:516-522, 

1894c, S t r u c t u r e  of Asarm canadense. h e r .  
Jour . Pharm. 66 : 574-580, 

1895a. S t r u c t u r e  of Apigaea repens,  Amer. Jour.  
Pharm,  67 :231-236, 

1895b, S t r u c t u r e  of Sanguinaria  canadensis. 
h e r .  Jour ,  Pharm. 67:4-9. 

Beal, \Pi, J. 1898. Seed d i s p e r s a l .  Ginn and Go. Boston. 

Beatley, J. C . 1948. The wintergreen herbaceous angio- 
sperms of Ohio, Ohio S t a t e  Univ, (M.s. ~ h e s i s )  . 

Bergen, J, Y. 1909, Concavity of leaves  and i l lumina t ion ,  
Bot . Gaz. 48 : 459-461, 

B l a c h a n ,  G. E. and A .  J. Rut t e r ,  1946. Physiological  and 
eco log ica l  a t u d i e s  i n  t h e  a n a l y s i s  o f  p lan t  
environment, I ,  The l i g h t  f a c t o r  and the  d i s t r i -  
bu t ion  of t h e  Bluebel l  ( S c i l l a  E-scr ip ta)  i n  
woodland communities. Ann. Bot. n.s.10:361-390. 

and G. La Wilson. 1951, Physiological  and ecolo- 
g i c a l  s t u d i e s  i n  the  a n a l y s i s  of p l a n t  environ- 
ment, V I I ,  An ana lys i s  of  the  d i f f e r e n t i a l  a f f e c t s  
of l i g h t  i n t e n s i t y  on t h e  n e t  ass i ra i la t ion  r a t e ,  
l e a f - a r e a  r a t i o ,  and r e l a t i v e  growth r a t e  of 
d i f f e r e n t  spec ies ,  Bnn. Bot. 15:3?3-408, 

Blodget t ,  F, ki. 1900, Vegetative reproduct ion and mul t i -  
p l i c a t i o n  i n  Erytnroniurn. Bull. Tor. Bot, Club 
27 : 305-315, 

Boodle, L, A. 1904. The s t r u c t u r e  of t h e  leaves  of t h e  
Bracken ( ~ t e r i s  a q u i l i n a  Linn.). Jour,  Linnean 
Soc. Bot. 35:659-669. 



Boysen Jensen, P. 1919, S tudies  on the  production of ma t t e r  

Brown, R. 

Bruncken, 

Buel l ,  M. 

i n  i i g h t -  and shadow-plants . Bot . Tidsskr  . 36 : 219 -259. 

T ,  and S. T.  C u r t i s ,  1952. Phytosociology of the  
conif er-hardwoods of norzhern Wisconsin. 
Ecol,  Mono. ( i n  p r e s s ) .  

Z. 1902- S tud ies  i n  p l a n t  d i s t r i b u t i o n .  11. Con- 
t r i b u t i o n s  t o  the  ecology of  t h e  genus Viola. 
Bul l .  Ws.  Nat. H i s t .  Soc, 2:24-28. 

F. and R e  L. Wilbur. 1948. L i f e  form spect ra  of  
t h e  hardwood f o r e s t s  of t h e  I t a s c a  Park region, 
Minnesota, Ecol,  29 ~352-359. 

Burgers te i  n, A. 1920, Die Transpi ra t ion  der  Pf  lanzen. 11. 
(Erganzungsb and) . Gustav F i s  cher , Jena,  

1925. Die Transpi ra t ion  der  Pflanzen. 111. T e i l  
( 2 Erganzungsband) . Gustav Fischer  , Jena. 

Cain, S. A .  1945. A b i o l o g i c a l  spectrum of t h e  f l o r a  of t h e  
Great Snaky Uountains National Park. Bu t l e r  Univ, 
Bot. S tudies  7:l l-24, 

1950, Life-fomns and p h y t o c l h a t e .  Bot. Rev, 16:l-32. 

Car ro l l ,  P. B. 1919. Yhe development of t h e  chasmogarnous and 
t h e  cleistogamous flowers of Zmpatiens fu lva .  
Contrib.  Bot. Lab. Univ. Pew.  4:144-183. 

Clapham, A. H, 1945. S tudies  i n  t h e  depth adjustment of sub- 
te r ranean p l a n t  organs. New Pnytol. 44:105-109, 

elements, E. S, 1905. The r e l a t i o n  of l e a f  s t r u c t u r e  t o  
phys ica l  f a c t o r s .  Trans. & e r e  luicr. Soc. 26:19-102, 

Combes, R. 1910. ~ 6 t e r m i n a t i o n  des i n t e n s i t 6 s  lumineuses 
optima. Ann. Sci .  Nat. Bot. s e r ,  IX,  11:75-252. 

Cooke, E. and A. F. Schively. 1904. Observation on t h e  
s t r u c t u r e  and development of Epifagus v i rg in iana .  
Contrib. Bot . Lab. Univ. Penn. 2:352-398. 

Coulter,  J. Id., C. R. Barnes, and H. C. Cowles. 1931, A t e x t -  
book o f  botany, vol.  3. Ecology. American Book 
Co. New York. 

Cur t i s ,  J. T. and R e  P, Mchtosh.  1951, A n  upland f o r e s t  
continuum i n  t h e  p r a i r i e - f o r e s t  border region of 
%isconsin,  Ecol. 32:476-496, 



Dansereau, P. 1943. L t  6 r a b l i s r e  Laurentienne. I. Valeur 
d ' i n d i c e  des espaces. Can, Jour. Res. 21:66-93. 

1951. Uescript ion and recording of vegetat ion 
upon a s t r u c t u r a l  b a s i s .  Ecol. 32:172-229. 

and A .  G i l l e .  1949. &cologie des pr incipaux 
types  de  p a t w a g e s  des environs de Granby. B u l l .  
Serv.  ~ i o g h o g .  4:l-58, Univ. de ulontreal. 

Daubemire, R. P. 1936. The "Big Woods" of iviinnesota: i t s  
s t r u c t u r e ,  and r e l a t i o n  t o  climate,  f i r e ,  and 
s o i l s .  Ecol,  Nono. 6: 233-268. 

Die t r ich ,  N .  1926, Die Transpi ra t ion  de r  Schatten- und 
Sonnenpf Xanzen i n  ihren Beziehungen zum Standort  . 
Jahrb. f u r  w i s s .  Bot. 65:98-194, - 

Dafour, L. 1887. Inf luence  de l a  lumi&e s u r  l a  f o m e  e t  l a  
s t r u c t u r e  des  f e u i l l e s .  Ann. S c i ,  Nat. Bot. s e r ,  
VII, 5:311-413, 

11 
Ellenberg,  H, 1939. Uber Zusarmnenset zung, Standort  und 

StoffproduEtion bodenfeuchter Eichen-und Buchen- 
Mischwaldgesellschaften Mordwestdeutschlands. 
Mitt. d e r  floristisch-soziologischen Arbeits-  
geizleinschaf t i n  Hiedersachsen. (Naturhis tor i sche  
Gese l l schaf t ,  Hannover. Jahresber icht  Be ihe f t e , )  

Ennis, B. 1928. The life forms of Connecticut p l a n t s  and 
t h e i r  s ign i f i cance  i n  r e l a t i o n  t o  climate.  Conn. 
S t a t e  Geol. and Hat. H i s t .  Surv. Bull .  43. 

Esten, id .  &, 1932. A s t a s t i c a l  study o f  a beech-maple 
a s s o c i a t i o n  at  Turkey Run S t a t e  Park, Parke County, 
Indiana. But le r  Univ. Bot. S tudies  2:183-201, 

Ewer, S. J. 1931. Life-forms of i l l - i n o i s  p l a n t s .  Trans. Ill. 
S t a t e  Acad. Sc i .  24:107-121. 

Fernald, M. L. 1950. Gray' s manual of  botany. 8 t h  ed. 
h e r .  Book Co . New York, 

Foerste ,  A .  3'. 1883. The h ibernacula  of  herbs .  Am. N a t .  
17  : 1107-1112 

1884. Podophyllm, Bul l .  Torr.  Bot. Club 11:62-64. 



1887a, Notes on Sanguinaria canadensis. Bull .  
Torr.  Bot . Club 14:74-76. 

1887b. Some morphological no tes  on Caulo~hyllum 
t h a l i c t r o i d e s .  Bull .  Torr. Bot . Club 14:139-140. 

1891. On t h e  formation of t h e  flower buds of 
spring-blossoming p l a n t s  during t h e  preceeding 
summer. Bull .  Torr. Bot. Club l8:lOl-l06, 

GanQng, W. F. 1907. Organization of t h e  ecologica l  i n v e s t i -  
g a t i o n  of  t h e  phys io logica l  l i f e  h i s t o r i e s  of 
p l a n t s .  Bot,  Gaz. 43:341-344. 

Gates, B. N. 1940. Dissemination by ants of t h e  seeds o f  
Tr i l l ium grandiflorum. Rhodora 42:194-196. 

1941. Observations i n  1940 on the  d i s s e a i n a t i o n  
by an t s  of the  seeds of T r i l l i u m  grandiflorura_. 
fihodora 43~206-208, 

1942. The ciisserilination by a n t s  of t h e  seeds of  
Bloodroot, S m g u i n a r i a  canadensis. Khodora 44:13-15. 

~ L n e a u  de ~ a m a r l i & r e ,  M. L. 1892. Recherches physiologiques 
sur l e s  f e u i l l e s  d6velopp&es 2 l rombre e t  au s o l e i l .  
Rev. ~ 6 n .  Bot . 4:481-496, 529-544. 

Graenicher, S .  1902. Flowers adapted t o  f l e s h  f l i e s .  Bul l ,  
Wis. Nat. H i s t .  Soc. 2:29-38, 

1904. The r e l a t i o n s  of t h e  Andrenine bees t o  t h e  
entomophilous f l o r a  of idilwaukee County. Trans,  
Wis.  cad. Sci. ,  A r t s  and L e t t e r s  15:8%97. 

1906. Some no tes  on t h e  p o l l i n a t i o n  of flowers.  
Bull .  W i s .  Nat. H i s t .  Soc. 4:12-21. 

1907a. Wisconsin f lowers  and t h e i r  p o l l i n a t i o n .  
Bull .  E i s .  Nat. H i s t .  Soc, 5:15-45. 

1907b. Wisconsin f lowers  and t h e i r  p o l l i n a t i o n .  
II. Bul l .  W i s .  Nat. H i s t .  Soc. 5:84-95. 

1909. Wisconsin f lowers  and t h e i r  p o l l i n a t i o n ,  
Compositae. Bull .  Vuis. Nat. H i s t .  Soc. 7:19-77. 

1910. The b e e - f l i e s  i n  t h e i r  r e l a t i o n s  t o  flowers.  
B u l l ,  Wis. N a t .  H i s t .  Soc. 8:91-101. 



Grant, Verne. 1949. P o l l i n a t i o n  systems a s  i s o l a t i n g  mechan- 
isms i n  angiospeitns. Evol. 3(1):82-97. 

1950. The p r o t e c t i o n  of the  ovules  i n  flowering 
p l a n t s .  Evol. 4(3):179-202. 

Haberlandt, C .  1914. Physiological  p l a n t  anatomy. 
!trans. by &I. Drummond. London. 

Hanson, H. C. 1917. Leaf-s t ructure as r e l a t e d  t o  environment. 
h e r ,  Sour. Bot. 4:533-560. 

Harr i s ,  J, A ,  1934. The physico-chemical p r o p e r t i e s  of p l a n t  
saps i n  r e l a t i o n  t o  phytogeography. Univ. hIinn. 
Press .  Minneapolis. 

Heath, 0, V. S ,  1949. Flowering of p l a n t s  i n  r e l a t i o n  t o  
environment. N e w  Biology 7 : 48-69, 

Henderson, Id. Ti, 1919. A comparative s tudy of the  s t r u c t u r e  
and saprophytism of t h e  Pyrolaceae and ltlonotropaceae 
with r e fe rence  t o  t h e i r  d e r i v a t i o n  from the  Ericaceae,  
C o n t ~ i b .  B o t .  Lab. Univ.  Penn. 5:42-109, 

HesseLman, IS. 1904. Zur Kenntnis des Pflanzenlebens schwedischer 
Laubwiesen. Efne physiologisch-biologische und 
pflanzengeographische -Studie ,  Beih. Bot . Centra lb l .  
17 : 311-460 8 

H i l l ,  E, J. 1883. Neans of p l a n t  d ispers ion .  Amer. N a t u r a l i s t  
1 7  :811-820, 1028-1034. 

Hitchcock, A .  S ,  1899. S tudies  on subterranean organs. I. 
Compositae of the  v i c i n i t y  of Manhattan, Kansas. 
Trans. Acad. Sci .  S t .  Louis 9:l-8. 

1900, S tudies  on subterranean organs. XI. Some 
dicotyledonous herbaceous plants of  Manhattan, 
~ a n s a k ,  Trans. Acad, S c i .  S t .  Louis 10:131-142. 

H o b ,  T.  1891a. Contr ibut ions t o  the  knowledge of the  gemin-  
a t i o n  of some North Arnerican p lan t  s .  Mem. Torr. 
Bat. Club 2~57-108,  

l8Qlb .  Notes upon Uvularia, Oakesia, D l c l y  t r a  
and Krigia. b u l l .  Torr . Bot . Club 18: 1-11. 

1898. Pyrola aphylla:  a morphological study, 
Bot. Gaz. 25:246-254. 



Iiolm, T , 1899, Podophyllum peltatum : a morphological study. 
Bot, Gaz, 27:419-433, 

1903, Bio logica l  notes  on Canadian spec ies  of  
Viola, Ottawa N a t  . 17:149-160. 

1905. Clagtonia  Gronov, A morphological and 
anatomical study. Hem. Nat , Acaa, Sc i .  1 0 ( 2 )  :27-37. 

1907a. Anemonella t h a l i c t r o i d e s  (L.) Spach, A n  
anatomical study. h e r .  Jour . S c i ,  l74:245-248. 

1907b. lvledicinal p l a n t s  of North America. Merckts 
Report 16 : 65- 67, 94-96, 125-127, 155-157, 188-189, 
223-225, 250-252, 276-279, 312-314, 341-343. 

1907c. Rubiaceae : anatomical s t u d i e s  of North 
h e r i c a n  r e p r e s e n t a t i v e s  of Cephalan.thus, Oldenlaladia, 
Houstonia, iviitchella, uiodia ,  and Galium, Bot , Gaz. 
43:153-186. 

1908a. lsopyrwn b i t e r n a t a n ,  Torr. e t  Gray. 
h e r ,  Sour. d c i .  175:133-140. 

1908b. Hedicinal  p l a n t s  of North America. Merckt s 
Report. l?:l-3,60-62, 172-175, 209-212, 

1909. Zedic ina l  p l a n t s  of North America. Ivierckts 
Report. 18 :62-65, 143-145, 

1910. Hedicinal  p l a n t s  of  North America. Ivierckt s 
Report 19 :126-128, 277-280. 

1911. Medicinal p l a n t s  of North America, Merckt s 
Report 20t4-6, 66-69, 95-96, 185-187, 216-218. 

1912. ivledicinal p l a n t s  of North America. Merckl s 
Report 21:38-40, 68-70, 129-131, 297-300. 

1913a. Hedicinal  p l a n t s  of  North America. lulerckts 
Heport 22:120-122, 144-146. 

l 9 l 3 b ,  Phryma leptos tacnya  L . A rnorphological 
study. Bot. Gaz, 56:306-318, 

1914, Medicinal p l a n t s  of  North America, Merckt s 
Report 23 : 293- 295, 

1916, Medicinal p l a n t s  of North America, Merckt s 
Report 25 :11-15, 62-65, 126-130, 177-180. 



Holm, T.  1917. Itiedicinal p l a n t s  of North America. Merckt s 
Report 26:6-8. 

1925a. Hibernation and re juvenat ion  examplified 
by North American herbs.  h e r ,  Hid. Nat. 9:439-512, 

1925b. On t h e  development of buds upon r o o t s  and 
leaves .  Ann. Bot. 39:867-881, 

1927. Polggonum: s e c t i o  Tovara. Bot . Gaz. 84:l-26. 

1929a. Xorphology of  North American species  of 
Polygala. Bot . Gaz. 88:167-185. 

l929b. The app l i ca t ion  of t h e  term "rhizomet'. 
Hhodora 31:7-17, 

1933. Comparative s t u d i e s  of liorth American v i o l e t s .  
Beih. z .  Bot. Cent ra lb l .  11. Abt. 50:135-182. 

Huber, B. 1924. i)i e Beur-ieilung des Wassernaushaltes d e r  
Pflanzen. &in  .Beitrag z u r  vergleichenden Pnysiologie.  
J a b .  f .  aiss. Bot. 64:l-120, 

James, B. L. 1948. Some hummingbird flowers e a s t  of t h e  
DIississippi.  Castanea l3:97-109, 

Jones, G. N. 1936. A bo tan ica l  survey of t h e  Olympic Peninsula, 
Washington. Univ, Wash. Publ. Biol .  5 :1-286, 

1938, The flowering p l a n t s  and f e r n s  of Mount 
Rainier .  Univ . Wash. Publ,  Bio l  , 7 :1-192. 

Kerner, A .  1895. The n a t u r a l  h i s t o r y  of  p l a n t s ,  4 vols .  
(Trans l ,  by F. W. O l ive r )  ,Halt. New York. 

kinuth, P a  li?O6-l909. Handbook of flower p o l l i n a t i o n .  
Oxford Univ. P ress ,  London, 

Leopold, Aldo and S. E. Jones. 1947. A phenological record  
of Sauk and Dane Counties, Wisconsin, 1935-1945, 
Ecol. Mono. 17  ( 2 )  :81-122, 

Lindsay, R. 1951. Weed d i s t r i b u t i o n  as a c r i t e r i o n  of 
ecologica l  f a c t o r s  which l i m i t  t h e  ranges of 
n a t i v e  p lan t s .  Unpublished M. S, Thesis  . Univ.Wis, 



Livingston, B. IS. and Vv. H, 3rown. 1912. Rela t ion  of the 
d a i l y  march of t r a n s p i r a t i o n  t o  v a r i a t i o n s  i n  t h e  
water content of f o l i a g e  leaves .  Bot. Gaz. 53:309-330. 

Lovell ,  H. .B, 1942, The l i f e  s t o r y  of t h r e e  spr ing  wild 
flowers.  Wild Flower 19:61-64. 

and J. H. Lovell .  1936. P o l l i n a t i o n  of t h e  
Ericaceae: I V  Ledum and Pgrola. modora  38:90-94. 

1937. P o l l i n a t i o n  of Vacciniun . 
pensylvanicum. Khodora 39 : 60-63. 

Lovell ,  J. H. 1900, The v i s i t o r s  of  the Capr i fo l icaceae .  
The h e r .  N a t u r a l i s t  34:37-51. 

Lubimenko, M. 8 .  1905. Sur l a  s e n s i b i l i t d  de l l a p p a r e i l  
ch lorophyl l ien  des  p l a t e s  ombrophiles e t  ombro- 
phobes. Rev. g&n. bot .  17:381-415. 

1908. Production de l a  substance s&he e t  de l a  
chlorophylle  chez l e s  veg6taux sup6rieurs  aux 
d i f f g r e n t e s  i n t e n s i t 6 s  lumineuses. Ann. S c i  . 
N a t .  Bot. s e r .  XX, 7:321-415. 

Lundegardh, 8. (l'rans. and e d i t .  by &. Ashby.) 1931. 
Environment and p lan t  development, E. Arnold 
and Co. London. 

Lutz, H. J. 1930. The vegeta t ion  of Hear t ' s  Content, a  
v i r g i n  f o r e s t  i n  northwestern Pennsylvania, 
E C O ~  , 11 : 1-29 

MacDonald, E. S ,  1937, The l i f e  f o m s  of flowering p l a n t s  
of  Indiana.  h e r ,  IVlid. Nat . 18 :687-773, 

MacDougal, D, T. 1896. A con t r ibu t ion  t o  t h e  physiolog of 
t h e  roo t  tube r s  of Isopyrum biternaturn (Raf . 
Torr.  and Gray. Minn. Bot. Stud,  1:501-515. 

3 
Matthews, F, S ,  1927. F ie ld  book of American wild flowers,  

Putnam. Hew York. 

i~iaxinov, N. A. 1929. The p lan t  i n  r e l a t i o n  t o  water,  
NacMillan. Mew York. 

1938, P lant  physiology. ~vlcQraw-Hill, Mew York. 

and Y. A. ~ a s n o s s e l s k y - i ~ I a x h o v .  1924. W i l t i n @ ;  o f  
p l a n t s  i n  i t s  connection w i t h  drought r e s i s t a n c e .  
Jour. Ecol. 12:95-110, 



fvlcDougal1, W. 33, 1949. Plant  ecology. 4 t h  e d i t .  Lea and 
Febiger . Phi ladelphia  . 
and W e  T. Penfound, 1926, l icological anatomy of  
some deciduou3 f o r e s t  p lan t s .  Ecol,  9:349-353. 

NcIntosh, R. P. 1950. The phytosociology of t h e  upland 
hardwood f o r e s t  of  southern Wisconsin. Unpub- 
l i s h e d  Yh. D, Tbsis .  Univ. Wisconsin, 

McVeigh, I. 1937, Vegetative reproduct ion o f  t h e  f e rn .  
Bot . Rev, 3: 457-497. 

Monselise, S. P. 1951, Some d i f fe rences  between sun and 
shade leaves  of c i t r u s  t r e e s .  Pa les t ine  Jour. 
Bot, Rehoqot S e r ,  8:99-101. 

Nieuwland, J. A. 1910, Notes on the  seedl ings  of Bloodroot. 
Amer. Mid, Mat, lt199-203. 

Oosting, H. J, 1942. A n  ecologica l  a n a l y s i s  of t h e  p l a n t  
communities of Piedmont, North Carolina. h e r ,  
iVIid. N a t  . 28 : 1-126. 

Ownbay, H. Y. 1944. The l i l i a c e o u s  genus Polygonaturn i n  
North America. h. Mo, Bot . Gard, 31:373-413. 

Par tch,  i\B, 1949. Habitat  s t u d i e s  of s o i l  moisture  r e l a t i o n  
t o  p l a n t s  and p lan t  communities. Unpublished 
Ph. 0. Thesis. Univ. Wisconsin. 

P e l l e t t ,  Frank C ,  1948, Success w i t h  wild flowers.  
A. T ,  De l a  Mare Co. Mew York. 

Perc iva l ,  W. C, 1931. The pa ras i t i sm of  Conopholis americana 
on Quercus b o r e a l i s .  h e r .  Jour. Bot,  18:817-837. 

I1 11 11 

P e r t t u l a ,  U.  1949 .,,Uber d i e  Phanologie und Vermehrungs()kol~gie. 
e i n i g e r  o s t l i c h e n  PfAanzenarten i n  Juksowo s ~ d l i c h  
des Swirl OUos 1:83-113, 235.251. 

P h i l l i p s ,  A,  1929. L i f e  forms and b i o l o g i c a l  spec t ra  o f  t h e  
f l o r a  of Bacon's Swamp, Indiana. Bu t l e r  Univ, Bot 
S tud ies  1:41-54. 

P l a t t ,  R. 1947, Our flowering world. Dodd, Mead and Co. New York. 

Poel, L. N, 1951. S o i l  a e r a t i o n  i n  r e l a t i o n  t o  Pteridium 
aquilinum (L. )Kuhn. Jour Bcol , 39 : 182-191. 

Potzger, 3 .  E, and R. G .  Fsiesner .  1940, A phytosociological  
study of t h e  herbaceous p l a n t s  i n  two types of 
f o r e s t s  i n  c e n t r a l  Indiana,  Bu t l e r  Univ. Bot. 
Stud. 4:163-195, 



Rabinowitch, E, I. 1945, Photosynthesis and related processes. 
Vol. I. Interscience Publishers. New York. 

1951. Photosynthesis and relatea processes. Vol. ILL, 
P a r t  I, Interscience Publishers. New York. 

Raunkiaer, C, 1934. The l i f e  forms of plants and statistical 
plant geography, Uglish Trans, of the Collected - Papers. Oxford Univ. Pre as. London. 

Hidley, H, N, 1930. The dispersal of plants throughout the 
world, L. Reeve and Co,, Ltd. Ashford, Kent. 

Bimbach, A. 1900. Physiological observations on some per- 
ennial herbs. Bot. G a .  30:171-188, 

Robertson, C. 1889. Flowers and insects--Umbelliferae. 
Trans. St, Louis Acad. Sci. 5:449-460. 

-1891a. Flowers and insects. VI. Bot. Ga. 16:65-71. 

l89lb, Flowers and insect s--Acclepiadaeeae to 
Scrophulariaceae, Trans. St. Louis Acad. Sci. 

1892a. Flowers and insects. VII, Bot. Gaz. 17~65-71. 

1892b. Flowers and insects--Labiatae. Trans, Acad. 
Sci, St. Louis 6:101-131, 

1893. Flowers and insects. X. Bot, Gaz. 18:47-54. 

1894a. Flowers and insects. XII, Bat. Gaze 19:103-112. 

1894b. Flowers and insects--Rosaceae and Compositae. 
Trans. Acad. Sci. St. Louis 6:435-480. 

1895. Plowers and insects. XIII, Bot, Gaz. 20:104-110. 

1896a. Flowers and insects. 

l896b, Flowers and insects . 
1896c. Flowers and insects. 
St. Louis 7 : 151-179. 

XV, Bot, Gaz, 21:72-81. 

XVII. Bot , Gaz. 22:154-165, 

Trans. Acad. Sci. 

1897, Seed crests and mymecophi lous dissemination 
in certain plants, Bot, Gaz. 23:258-289. 

1898, Flowers and insects. XVIII, Bot. Gaz. 
25: 229-245 



Robertson, C ,  1923. Flower v i s i t s  of i n s e c t s .  Psyche 
30:158-16ge 

1924a. Flower v i s i t s  of i n s e c t s ,  11. Psyche 
3 l :93- l l l .  

1924b. Flowers and i n s e c t s .  XXIII. Bot,  Gaz. 
78 ~68-83 ,  

1929. Flowers and i n s e c t s .  The Author. 
C a r l i n v i l l e ,  I l l i n o i s .  

Hussell ,  A. M e  1919, A comparative study of Floerkea 
proserpinacoides and a l l i e s ,  Contrib . from Bot , 
Lab, Univ. Penn. 4:401-418, 

Sal isbury,  E. J, 1916. The oak-hornbean woods of  
Hert fo rdsh i re ,  Jaw, Ecol . 4:83-117, 

1921. Phenology and h a b i t a t ,  with s p e c i a l  r e f e r -  
ence t o  t h e  phenology of woodlands. Trans. Roy. 
Met S O C ~  47 ~251.263, 

1925, The , s t ruc tu re  of woodlands F e s t s c h r i f t  
Carl Schroter:334-584, Zurich,  

1928. On the causes and ecologica l  s ign i f i cance  
of stomata1 frequency, with spec ia l  re ference  t o  
t h e  woodland f l o r a .  Ph i l .  T r a n s .  Royal Soc. 
London. Ser.  By 216:l-65, 

1929, The b i o l o g i c a l  equipment of spec ies  i n  
r e l a t i o n  t o  competition. Jour . .kScol, l7:lW-2ZZe 

1942, 'The reproduct ive capaci ty  of  p l a n t s ,  
G. B e l l  and Sons, Ltd,  London. 

Schimper, 

Schively , 

A, F. \I, (Trans. by W e  R. P i she r )  1903. Plant-  
geography upon a pnys io logica l  bas i s .  Clarendon 
Press ,  Oxford. 

A. P. 1897, Contr ibut ions t o  t h e  l i f e  h i s t o m  of  
Amphicarpa monoica. Contr ib ,  Bot , Lab, ~ n i v , "  Penn. 
1:270-363. 

1904. Recent observat ions  o n  Amphi carpal- monoiclk;: . . 
Contrib.  Bot, Lab, Univ, Penn, 2:20-30. 

Schrenk, He 1894. Parasit isxi  of Eplpheffus v i rg in iana ,  Proc. 
h e r ,  Nicr  , Soc, 15:91-119. 



Schuster,  1. 1908, Die,,Blattaderung $es Dico tybhb la tkas  
und i h r e  Abhangigkeit von ausseren Bini'lusseg, 
Ber ichte  d e r  - deut . Botan. Gesel lschast  26:194-237. 

Scul ly,  N. J. 1942, Hoot d i s t r i b u t i o n  and environment i n  a 
maple-oak Sores t .  Bot. Gaz, 103:492-517. 

Sernander, H. 1906, mtwur f  e i n e r  hlonographie d e r  
l3uropaischen iuiyrmekochoren. Xungl. Svenska 
Vet enskapsakademiens Handlingar . Band 41 (7) : 1-409. 

Shaw, C ,  H. 1904, The comparative s t r u c t u r e  of t h e  f lowers  
i n  Polygala p o l s ~ a m a  and Polygala pauci f lora ,  w i t h  
a review o f  cleistogamy. Contrib,  Bot, Lab. Univ. 

SNpl&y*9 H. L. 1929, The inf luence  o f  light i n t e n s i t y  and 
l i g h t  q u a l i t y  upon t h e  growth of p lan t s .  Amer. 
Jour , Eot , 16 : 354- 390. 

Snedecor, G, Id. 1946. ~ t & t i c a l  methods. 4 t h  e d i t .  Iowa 
S t a t e  College Press.  Apes. 

S tah l ,  E, 1883. Ueber den E in f luss  des  sonnigen oder  
schattifgen Standor tes  auf d i e  Ausbildurg d e r  
Laubbla t te r ,  Janaische Zei t schr .  f. Naturw. 
16:162-199. 

S t r a i n ,  H ,  H. 1949. Functions and p roper t i e s  of t h e  chloro- 
p l a s t  pigments, Chapter 6 in: Franck, J. and W. 'E. 
Loomis, Photo synthes is  i n  p l a n t s ,  Iowa S t a t e  
College Press .  Ames. 

Talbot,  id, 1934. D i s t r i b u t i o n  of ant species  i n  t h e  Chicago 
reg ion  with reference  t o  ecologica l  f a c t o r s  and 
phys io logica l  t o l e r a t i o n .  Xcol . 15: 416-439. 

TNII~R, C .  0. 1948, Observations on reproduct ion and su rv iva l  
of some perennia l  herbs ,  Botaniska Notiser  
1948 : 505-321 

Tay lo r ,  M, 1918. A q u a n t i t a t i v e  study of ifaunkaierf s growth- 
f o m s  a s  i l l u s t r a t e d  by t h e  400 commonest spec ies  
of Long I s l and ,  New York, Brook. Bot. Gard. Men, 
1: 486-491. 

Trelease,  Vi. 1887. North American Geraniaceae . B1'1sm. Boston 
Soc. Mat, H i s t ,  4:71-103. 

Turril l ,  W ,  B. 1929. The p lan t  l i f e  of t h e  Balkan Peninsula. 
A phytogeographical study, Oxford. Clarendon Press. 
London . 



Uphof, 5. C. T, 1942. Ecological  r e l a t i o n s  of  p l a n t s  with 
a n t s  and t e r m i t e s ,  Bob, Rev. 8:563-598, 

Warming, E, 1909. Oecology of p l a n t s ,  Oxford Univ. Press ,  
London, 

Weaver, J. E. 1919, The ecologica l  r e l a t i o n s  of roo t s .  
Carnegie I n s t .  Wash. Pub1 , 286. 

White, Ti. C, 1880, Burst ing of the f r u i t  of duphorbia 
c o r o l l a t a .  Bot. Gaz. 5:20. 

Whitford, P ,  B. 1949. d i s t r i b u t i o n  o f  woodland p l a n t s  i n  
r e l a t i o n  t o  succession and c lona l  growth. 
Ecol, 30:199-208. 

Wildman, H. ii. 1950, P o l l i n a t i o n  of Wild Ginger. Wild 
E'lower 26:48-57. 

Wilson, L. L, 1904. Observazions on Conopholis americana, 
Contr, Bot. Lab, Univ. Penna. 2:3-19. 

hithrow, A, P. 1932, L i fe  forms and l e a f  s i z e  c l a s s e s  of 
c e r t a i n  c ~ m u n i t i e s  of t h e  Cincinnat i  region. 
E C O ~  1 3  : 12-35, 

Wolf, J, N., R. T. Wareham, and H. T. Scof ie ld .  1949. 
Tdicroc lba tes  and macroclimate of Neotoma, a 
small v a l l e y  i n  c e n t r a l  Ohio. Ohio Biol.  Surv. 
B u l l .  41. 

Goodhead, T. VY, 1906. Ecology of woodland p l a n t s  i n  the  
neighborhood of Huddersfield. Jour. Linn, Soc. 
60 t . 37 : 333- 406. 

Yiioodson, R ,  E, 1930. Studies  i n  t h e  Apocynaceae. I, Ann. 
Po, Bot, Gardens 17:l-212. 

Zalenski, W. von 1902. Ueber d i e  Ausbildung der  Mervation 
b e i  verzschiedemn Pflanzen. Ber ichte  de r  deutschen 
Botanischen Gese l l schaf t  20: 433-440, 



APPENDIX 



I n  t h i s  appendix a r e  included t h e  values f o r  a l l  l i f e  

h i s t o r y  c h a r a c t e x i s t i c s  curves. These a r e  arranged i n  n i n e  

columns with headings w ~ 2 c h : f d e n t i f y  t h e  continuum i n t e r v a l s  

(wultip&$ by 100) .  On each page, o r  s e r i e s  of pages, a re  

l i s t e d  t h e  values f o r  one s e t  02 l i f e  n i s t o r y  charac ter i s -  

t i c s ,  t he  rime of which follows a number i n  parentheses  t o  

correspond viith t h e  code. The subdivis ions of each charac ter -  

i s t i c  a r e  l i s t e d  at t h e  l e f t  margin and t h e  l e t t e r  i n  paren- 

theses  fol lowing t h e s e  headings i n d i c a t e s  whether t h e  values 

a r e  f o r  the nor thern  o r  southern continuum. A l l  of t h e  

ca tegor ies  f o r  the  nor thern  continuum a r e  l i s t e d  f i r s t ,  f o l -  

lowed by those  f o r  the southern continuum. 

Within each subdivis ion t h e r e  a r e  t h r e e  l i n e s  of f i g -  

u res .  The f i r s t ,  "S freq.",  s e r i e s  a r e  t h e  sums of average 
- 

frequencies .  The second, "Hel. freq.",  s e r i e s  a r e  t h e  r e l -  

a t i v e  suns of average f requencies  by means of which the  

t r ends  a r e  determined. Tliese were obtained by d iv id ing  t h e  

values i n  the  preceeding s e r i e s  by those appearing i n  the  

t a b l e  below. The t h i r d  l i n e  shows t h e  number of spec ies  

which cont r ibuted  t o  the sums of average frequencies .  These 

may be compared w i t h  t he  t o t a l  numbers of spec ies  i n  t h e  

var ious i n t e r v a l s  a s  shown i n  t h e  following t ab le .  

Table of To ta l s  
3-6 6-9 K 1 2  12-15 15-18 18-21 21-24 24-27 27-30 

North- S f r eq .  459 457 651 549 591 311 362 373 506 
e rn  S no.sp. 51  58 64 70 63 57 60 67 6 1  

South- S f req .  299 403 462 605 537 591 510 692 --- 
e r n S  no.sp. 37 58 59 80 80 80 7 1  7 1  --- 



Ll) L i f e  form 

Therophyt e (N) 
s freq.  6 1 2 3 - - CI i 5 
Rel, f req,  1.3 .2 .3 -5 - - - .3 1.0 
No. SF. 1 1 1 1 - - - 1 2 

Clama,h.Yte (NL 
7 

s f req,  96 79 76 72 60 33 43 27 10 
Rel. freq. 20.9 17.3 11.6 13.1 10.2 10.6 11.9 7.2 2.0 
No. sp. 8 7 6 10 7 9 7 5 4 

Hemicmtopbyte (I?) - 
S freq,  239 249 380 322 339 170 197 203 191 
R e l ,  f req.  52.1 54.5 58.4 58.7 5'7.4 54.7 54.4 54.4 37.7 
No* sp* 30 34 45 4 4  44 33 30 35 27 

C ~ m t  ophyt e ( X  
S freq. 117' 128 193 151' 192 1 0 8  122 142 300 

Theropkt  e (S 
S f req,  .I) 26 18 29 20 21 26 76 
Bel . f req.  - 6.4 3.9 4.8 3.7 3.6 5.1 11.0 
No. sp* - 2 3 3 4 3 3 4 

Eemicryptophyte (S 
S freq.  159 i4Q 276 384 305' 356 265' 241 
Rel . f req.  52.9 59.6 59.7 63.4 56.7 60.2 51.9 34.8 
No. sp. 25 37 37 48 48 48 40 38 

C r y p t  ophyt e (S ) 
S freq.  106 133 166 187 206 212 218 362 
Ee1 , f req .  35.5 33.0 35.9 30.9 38.4 35.9 42.7 52.3 
No. sp. 10 18 17 26 26 28 27 28 



(2) Root system 

Fibrous (IT). 
S freq. 444 435 644 541 586 309 361 370 499 
Bel . f reg,  96.7 95.2 98.9 98.5 99.2 93.4 99.7 99.2 98.6 
NO. spa 47 53 60 66 61 55 59 65 58 

Fascicled (x) 
S freq. 3 5 2 5 4. 2 1 3 7 
Rel, freq. .7 1.1 .3 a9 7 .6 . 3 .8 1.4 
l'a* sp. 2 3 1 3 2 2 1 2 3 

Fibrous (s) 
S freq.  24.0 364 418 551 482 523 450 609 
Re1,freq.  80.3 90.3 90.5 91.1 89.8 88.5 88.2 88*0 

Fascicled (S ) 
S f req .  - 12 13 9 14 17 11 24 
Rel. f req .  - 3.0 2.8 1*5 2.6 2.9 2.2 3.5 
Wo* sp* - 3 1 L!, 5 5 3 3 

Tap ( ~ 1  
S freq., 5 9 27 3 1 44 40 43 35 26 
Rel. freq. 19.7 6.7 6.7 7.3 7.4 7*3 6.9 3.8 
No, spa 5 5 6 7 5 5 4 4 



(3) Depth of Boots 

Indif ferent  ( N  
S freq. 242) 220 ' 328 227 216' 109 85 47 41 
a e l . f r e q .  52.7 48.1 50.4 41.3 36.5 35.0 23.5 12.6 8.1 
NO* Sp* 25 24 216 23 18 17  14  1 4  10 

A, Horizon (N 
~ l f  req. 21: 237 323 321 372' 202 284 326 465 
Rel. f req,  47.3 51.3 49.6 58.7 6355 65.0 76.5 87.4 91.9 
KO. sp, 26 34 Ice 47 45 Ice 46 5 3 51  

Indif f erent  (sL 
S f r e s ,  182 88 108 129 92 95 41 35 
Rel .  ireq, 60.9 21.8 23.4 21.3 17.1 16.1 8.0 5.1 
NO* SP. 20 16 20 24 21 20 10 8 

& Horizon (s) 
s freq. 117 315 354 476 445 496 169 657 
a e l . f r e q ,  39.0 78.2 76.6 78.5 82.9 83.9 92.0 94.9 
NO. sp. 17 42 39 5 6 59 60 61 63 



Bulb (N) 
S freq. 
Bel. freq. 
NO. sp. 

C-orm (3)  
S freq. 
Rel. freq.  
NO. SF. 

Stem bud (NL 
s freq.  96 
Rel. freq. 20.9 
No. S ~ O  8 

Seed (N) 
s freq. 6 
Rel. freq. 1.3 
Do. spa 1 

Rhizome (N) 
s freq. 2 4  
Rel, freq., 70.6 
No. SF. 35 

Crown bud (N) 
S freq. 15 
R s l .  freq. 3.3 
ITo, sp. 3 

Root bud 
S freq.  18 
Eel. freq. 3.9 
No. 4 

BUb (S) 
S freq. - 
Rel. freq.  - 
NO. Spa 



corm (s) 
S freq. - 2 1 12 11 15 28 79 
Rel. freq.  6 05 -2 2.0 2.0 2.5 5.5 11.4 
No. sp. - 1 1 1 1 1 3 3 

S t  em bud (s) 
S freq. 34 21 20 26 19 16 16 63 
Rel. f req.  11.3 5.2 4.3 4.3 3.5 2.7 3.1 9.1 
NO; sp. 2 3 4 5 5 3 3 3 

Seed (S) 
S freq.  - 10 5 9 11 10 12 27 
Rel. freq. - 2.5 1.1 1.5 2.0 1.7 2*4 3.9 
NO. Sp. - 1 2 2 3 2 2 3 

Rhizome (S)  
S f req ,  193 295 345' 4-40 410 444 372 413 
Rel. freq.  64.5 73.2 74.7 72.7 76.3 74.4 72.9 59.7 
No. sp. 27 41 39 55 57 59 5 1 47 

Crown bud (s) 
s freq. 45 69 83 106 80 104 71 72 

Root bud (s) 
S fieq. 27 6 5 6 4 2 - - 
Rel. freq. 9.0 1.5 1.1 1.0 .7 .3 - - 
No, sp. 3 1 1 1 1 1 - - 



a) overwinter in^ Organ Depth 

An Horizon (N) 
S freq.  69 100 103 77 106 48 31  36 48 
B e l * f r e q *  15.0 21.9 15.8 14.0 17.9 15.4 8.6 9.7 9.5 
No. sp. 7 8 10 9 8 6 9 11 10 

Al Horizon (N) 
S freq.  206 224 347 318 326 176 235 279 424 
Rel- f req* 44.8 W.0 53.3 57.9 55.2 56.6 64.9 74.8 83.8 
No, sp. 29 36 41 43 41 37 38 45 41 

Indif ferent  (B) 
S freq. 88 54 121 79 95 54  33 18 18 
Re l* f r eqa  19.2 11.8 18.6 14.4 16.1 17.4 9.1 4.8 3.6 
No* sp. 7 7 5 7 5 5 4 5 5 

Aerial (N) 
S freq.  96 79 80 75 64 33 63 110 16 
Rel . f req .  20.9 17.3 12.3 13.7 10.8 10.6 17.4 10.7 3.2 
No. sp. 8 7 8 11 9 9 9 6 5 

An Horizon (s) 
S freq,  48 73 99 108 103 118 92 125 
Rel . f req .  16.0 18.1 21.4 17.9 19.2 20.0 18.0 18.1 
No. sp. 6 7 13 14  14 15 13  1 3  

&* Horizon (S ) 
S freq.  185 313 334 467 416 467 411 566 
Bel . f req.  61.6 77.7 72.3 77.1 77.4 78.9 80.6 81.8 
No. sp. 25 47 40 59 60 61 55 57 

Indif ferent  (S ) 
S freq.  3 2 1 3  27 25 13  6 3 1 
R e l *  f req* 10.7 3.2 5.8 4.1 2.4 1.0 .6 -1 
No. sp, 4 31 4 4 5 4 2 1 

Aeria l  (s) 
s freq.  34 4 2 5 5 - 4 - 
Rel. f r eq ,  11.3 1.0 .4 .8 . 9 - .8 - 
No. spe 2 1 ' 2 3 1 L. 1 - 



(6)  Vegetative Reproduction 

Rhizome & 
S freq.  332 331 485 409 1663 244 297 284 338 
Bel, freq;  72.3 72.4 74.5 74*5 78*3 78*5 82.0 76.1 66.8 

33 37 39 45 41 39 43 48 42 No. SF. 

Stolon (IT) 
S freq.  70 65 60 6 7 5 9 31 29 3 0 31 
Rel. freq.  15.3 14.2 9.2 12-2 10.0 10.0 8.0 8.0 6.1 
No. sp. 6 6 4 6 6 4 4 4 3 

Absent (N) 
S f req ,  25 27 61 LGO 5 2 29 33 59 137 

freq. 5.4 5.9 9.4 7.3 8.8 9.3 9.1 15.8 27.1 

R o o t s  (s) 
S f r q .  27 6 6' 8 9 2 o - 
Rel. freq. 9.0 1.5 1.3 1.3 1.7 .3 - - 
no* sp. 3 1 2 2 2 1 - - 

Rhizome (s) 
S freq.  139 205 258 354 300 319 309 391 
Rel, f req.  46.5 50.9 55.8 58.5 55.9 54.0 60.6 56.5 
No. sp. 18 3 1 29 42 41 43 47 97 

Stolon (S) 
S freq.  62 42 33 20 30 3 1. 9 19 
Rel. freq. 20.7 10.4 7.1 3-3 5.6 5.2 1.8 2.7 
No. sp. 5 6 5 5 5 6 5 3 



j6) Vegetative Reprod&ctiz 



0) Longevity 

Herbaceous perennial (N 
S freq. . 308 337* ' 500 4 2 4  493' 259' 300' 323' 476' 
R e l . f r e q *  67.1 73.8 77.0 77'5.2 83'5.2 83.3 821.9 86.6 94.1 
No. ST. 3 7 45 50 53 443 42 49 5 6 53 

Woody perennial  (N) 
S f req. l b j  119 149 122 98 52 62 49 25 
~ e l . f r e q .  31.6 26.1 22.9 22.2 X6.6 16.7 17.1 13.1 4.9 
Wo. sp. 13  12 13 16 15 15 11 10 6 

Wlnt er  annual (S) 
S f r e s .  - 16 20 9 11 1 4  49 

B d e ~ i a l  (s) 
S freq.  - 1 5 1 4 3 1 1 
Rel, freq.  - .2 1.1 2 07 05 2 . 1 
NO. Sp* - 1 1 1 2 1 1 1 

Herbaceous perennial (S ) 
S fres .  265 369 432 565 4,91 563 480 602 
Bel. ;req, 88.6 91.5 93.5 93.4 91.4 95.3 94.1 87.0 
No. sp. 35 53 5 2 71 71 74 64 65 

~ o d y  perennial (S) 
S freq.  34 7 7 10 22 4 3 13 
Rel. f req,  11.4 1.7 1.5 1.6 4.1 .7 .6 1 .9 - 
No. sp. 2 2 3 5 3 2 3 1 



Umbrella-t.ype (N) 
S f req ,  128 119 176 186 175 101 108 75 127 
S e l . f r e q .  27.9 26.1 27.1 33.9 29.6 32.5 29.8 20.1 25.1 
Xo. sp. 9 10 9 11 13 15 17 18 16 

P ros t r a t e  (NL 
Sf req. 12 15 28 32 30 23 20 22 17 
Rel. freq. 2.6 3.3 4.3 5 -8 5.1 7.4 5.5 5.9 3.4 
HO. sp. 4 3 5 6 4 4 3 2 2 

Basal (If) 
S freq. 53 89 161 108 126 74 5 6 78 106 
Rel. freq.  11.6 1 .  24.8 19.7 21.3 23.8 15.5 20.9 20.9 
No. sp. 8 11 14 12 12 12 11 15 13 

Cauline 
S freq.  266 234 286 223 260 113 178 198 254 
Rel. freq.  58.0 51.2 44.0 40.6 44.0 36.3 49.2 53.1 50.2 
No. sp. 30 34 36 41 34 26 28 3 2 29 

Umbrella-like ( s )  
S freq.  30 56 97 142 3.18 122, 136 161 
Rel . f req .  10.0 13.9 21.0 23.4 21.9 20.6 26.7 23.3 
No. sp. 3 10 10 13 14 16 13 15 

P ros t r a t e  ( s )  
S f req .  9 23 15 25 15 17  15 5 9 
R e l - f r e q .  3.0 5.7 3.2 4.1 2.8 2-9 2.9 8.5 
No. sp. 3 4 2 4 4 4 2 3 



Cauline (s)  
S freq, 234 287 328 404 363 h 2  302 366 
Rel.freq.. 78.2 71.1 71.0 66.7 67,5 68.0 59.2 52.9 
No, sp, 27 39 41 5 6 54 53 45 46 



19) Leaf Tame 

Simple (N) 
S freq. 372 395' 519 411 453 233 269 281 362 
Re1,f req.  81.1 85.5 79.9 74.8 76.6 74.9 74.3 75.3 71.5 
No. SF. 45 49 52 53 4 4  44 41 47 42 

Compound (N) 
S freq. 87 62 132 138 138 75 93 92 I.& 

Simple (s) 
S freq.  180 271 283 339 323 365 294 467 
Rel . f req .  60.2 67.2 61.2 55.9 60.1 61.7 57.6 67.5 

Compound (s) 
S freq. 119 132 3-79 266 214 226 216 225 
Re1.freq. 39.5 32.7 38.7 43.9 39.8 38.2 42.3 32.5 
No. sp. 14 23 24 34 31 34 31 30 



Ll0) Leaf s i z e  (lea,flet equals l ea f )  

Lept ophyll ( N) 
S f rleq. 9 1 3  2 1 4  21 1 2  37 24 9 
Re l . f r eq ,  2.0 2.8 .3 2.5 3.6 3.9 10.2 6.4 1.8 
No. sp. 3 4 1 5 4 5 4 5 5 

Nanoplzvll (IT1 
S freq. 143 95 142 129 112 61 5 4  63 104 
Rel. freq. 31.2 20.8 21.9 23.5 19.0 19.5 14.9 16.9 20.6 
'NO. SP. 9 1 0  10 11 10 10 11 11 9 

M-c.rophyl1 ( N) 
S f req ,  200 210 312 243 247 121 137 123 196 
Rel . f req.  43.6 46.0 48.0 44.2 41.8 38.9 37.8 35.4 38.7 
No. sp. 27 3 1 39 3 8 33 26 27 3 0 25 

Meso'Bhyll (pa) 
S freq.  107 139 195 163 211 117 134 154 197 
Rel .  freq. 23.3 30.4 30.0 29.7 35.7 37.6 37.0 41.3 38.9 
No. SF. ' 12 13 1 4  16 16 16  18 21 22 

Lept ophyll (s__) 
S f req.  1 33 26 144 35 ' 3 4 20 17  
Rel, f req ,  .3 8.2 5.6 6.6 6.5 5.7 3.9 2.5 
go. sp* 1 2 2 2 2 2 2 2 

~ o ~ h ~ l l  (s) 
s freq.  78 63 60 67 56 53 73 132 
Rel . f req .  26.1 15.6 13.0 11.1 10.4 9.0 14.3 19.1 
I@. SF. 6 11 9 10 10 11 12 12 

Microphyll (S ) 
S freq.  141 163 178 242 238 256 179 237 
Re l . f r eq .  47.2 40.4 38.5 39.9 44.3 43.3 35.1 34.2 
No. sp. 20 27 28 3 9 39 35 27 25 

Mesophvll (S ) 
S freq. 79 144 198 256 208 248 238 306 
Rel . f req.  26.4 35.7 42.8 42.2 38.7 41.9 46.6 44.2 
No. sp. 10 18 20 29 29 3 2 30 32 



(11) Leaf s i z e  (compound leg?-, equals l ea f )  

Lept oplwll (N) 
S freq.  5' 12 2 12 18 11 2 8 19  
Rel. freq.  2.0 2.6 .3 

7 
2.2 3.0 3.5 7.7 5.1 1.4 

NO* S.P. 3 3 1 4 3 4 3 4 4 

Nanbphyl 1 (IT) 
S freq.  85 55 59 53 38 19 11 8 5 
Re1,f req.  18.5 12.0 9.1 9.6 6.4 6.1 3.0 2.1 1.0 
No, spa 7 7 6 7 5 4 2 1 1 

Micro~hyl l  ( N  
S freq. 203 197 287 222' 225' 102 122 106 161 
Rel. f req ,  4 . 9  43.1 44.2 4 38.1 32.8 33.7 2864 31.8 
Xo. SP. 25 29 34 31 27 23 23 26 21 

Mesophyll (a)  
S f r eq .0  ' 1 5 9  193 302 259' 305 176 200 237 330 
Rel. freq. 34.7 42,3 46.5 47.1 1 . 6  56.6 55.2 63.5 65.2 
No. m, 16 19 22 26 26 25 31 34 33 

Lept ophyll ($4 ) 
S f req,  - 29 22 32 2 2 28 14 ' 8 
Eel. f req ,  - 7.2 4.8 5.3 4.1 4.7 2.7 1 .2 
No, spa - 1 1 1 1 1 1 1 

~ o w h v l l  ( ~ 1  
S freq. 19 20 19 20 11 12 1 7  61 ' 
Re1,freq.  6.4 5.0 4.1 3.3 2.0 2.0 3.3 8.8 
No. SF. 2 3 3 1 2 2 3 4 

Microphyll (S 
S freq. 15$ 137 112 131' 167 164 129 197 
R e l - f r e q .  51.2 34.0 24.2 21.6 31.1 27.7 25.3 28.5 
l?o, sp. 18 22 22 29 30 26 20 2 0 



(11) Leaf s i z e  (compound leaf  equals l e a f 1  

Mesophyll (s+ 
S fr% 127 217 307 415 328 383 3W4 421' 
Rel .  freq.  42.5 53.8 66.4 68, j  61.0 54.7 67.4 60.8 
go. sp. 17  32 33. 46 45 49 44 43 

k c r o p h y l l  (s) 
S freq; - - 2 7 ' 9 4 6 - 5 
Rel. freq,  - .4 l e 2  1.7 .? 1.2 .? 
No. sp. - - 2 3 2 2, 3 3 



112) Photosynthetic season 

3-6 6-9 9-12 12-15 15-18 18-21 21-24 24-27 27-30 

Vernal (NJ- 
S freq. .) - 
Rel. f req. - - 
No. sp. - - 

Growing season (N) 
S freq.  299 246 
Rel, freq. 65.2 
No. SF. 33 

Wergreen (N) 
S freq.  160 
Rel, freq. 34.9 
$0. sp. 18 

None (N) 
S f req.  - 
Eel. freq.  - 
No. sp. - 
Vernal (S) 
S freq.  - 
Rel. freq. - 
ITom spa - 

Growinn season ($3) 
S freq.  282 
Rel. freq. 94.3 
No. sp. 35 

%ergreen (s) 
S freq.  17 
Be1,f req.  5.7 
NO. SPO 2 

Winter (s) 
S f req ,  - 
Eel. f req. - 
No. sp. - 



(12) Photosynthetic season 

None $3) 
S freq, - 
Rel .  f req. - 
No. sp* - 



&) Aerial  Stem Type 

Deliquesc snt (N) 
S f rq .  118 91  128 103 122 5 1 71 96 109 
Re1,f req.  25.7 9 2 0 . 7  18.8 20.6 16.4 19.6 25.7 21.5 
mo, sp. 12 18 20 20 16 12 14 16 17 

Reclining (N) 
S freq, 1 4  17  22 22 18 20 ' 29 20 8 
Rel*fre'b 3*1 3.7 3.4 4.0 3.0 6.4 8,0 5,4 1.6 
No. sp. 4 3 4 5 4 6 4 3 3 

dcaulescent (NZ 
S freq. 77 86 158 114' 134 83 92'  101 162 
Rel . f req .  16.8 18.8 24.3 20.8 22.7 26.7 25.4 27.1 32.0 
Eo* SF* 7 10 13  1 7  16 16 18 20 16 

Twiniw (N) 
S freq. 2 2 6 9 ' 2 L. i .Ir - 
Rel, freq. L4 *4 09 1.6 .5 - ;3 c. - 
Eo. sp. 2 1 2 4 2 - 1 -. -. 

Deliquescent ( ~ 1  
S frw. 82 161 213 283 243 283 222 226 
R d *  freq. 27.4 39.9 1 46.8 45.2 47.9 43.5 32.7 
Eo, 99, 10 21 23 29 29 28 2 2 25 

Bccurrent (S ) 
S freq.  144 1 184 207' 189 1 157 251 
Eel. freq. M.2 37.0 39.8 34.2 35.2 33.3 30.8 36.3 
'No. sp. 16 21 24 34 33 34  29 3 1 

bed in in^ ( ~ 1  
S freq.  3 16 1 3  20 9 ' El 1 4  49 
Rel.  freq. 1.0 4.0 2.8 3.3 1.7 1 .9 2.7 7.1 
No. 1 1 1 1 1 1 1 1 



(13) Aerial Stem Type 

$caul es c ent (S ) w- 

S freq. 4-0 49 39 64 76 71 102 165 
Eel* freqe 13.16 12.2 8.4 10.'6 14.2 12.0 20.0 23.8 
No. 5 10 9 12 12 12  16 12 

Twining (s) 
S freq. 30 29 17 3 , ~  21 3 2 16 
Bel. f req,  10.0 7.2 

7 
3.7 5.3 3.9 5.4 3.1 1.0 

No. sp. 5 5 2 4 5 5 3 2 



(14) Pollination 

Insect (I?) 
s freq. 361 332 506 415 4.45 231 2 246 353 
Relo freqm 75.6 72.6 77.7 75.6 75.3 74.3 68.5 66.0 69.8 
no. sp. 3 9 40 4 i ~  44 3 9 34 34 3 6 35 

Yind (N) 
S freq. 29 43 28 21 29 6 11 26 41 
Rel.freq. 6.3 9.b 4.3 3.8 4.9 1.9 3.0 7.0 8.1 
Eo, sp. 2 2 6 5 6 4 5 6 5 

Insect, bird, and cleisto~amous (N) 
S freq. - - - - - - - 1 - - - - - - 3 
Re1,freq. - 03 .6 
No. sp. - C - - - - - 1 1 

Water (w) 
S freq. 47 48 67 64 68 48 70 56 39 
ReLfreq.  10.2 10.5 10.3 11.6 11.5 15.4 19.3 15.0 7.7 
NO. spa 4 6 4 10 9 10 1 2  12 11 

Cleis t ogamous and insect (I?) 
S freq. 15 25 42 3 9 35 20 24 3 4 5 1 
Re1. freq. 3.3 5.5 6.4 7.1 5.9 6.4 6.6 9.4 10.7 

Insect and bird (N) 
S freq. 7 9 8 10 14 6 9 10 ' 19 
Rel. freq. 1.5 2.0 1.2 1.8 2.4 1.9 2,.5 Z7 3.8 
No. sp. 1 1 3 3 2 1 2 2 2 

A l l  insects (IT) 
% freq. 383 366 556 464 494 257 281 291 426 

A l l  cleisto~amous (N)  
S freq. 15 25 42 39 35 20 214 35 54 
Re l .  freq. 3.3 5.5 6.4 7.1 5.9 6.4 6.6 9.4 10.7 
Hoe sp* 5 9 7 8 7 8 7 11 8 



(14) Poll ination 

3-6 6-9 9-12 12-15 15-18 18-21 21-24 24-27 27-30 

Insect (S) - 
S freq. 217 293 34.6 471 387 
Rel.freq.  72.6 72.7 74.9 77.9 72.1 
Wo. sp. 27 45 42 58 59 

Wind (S)  
S freq. 7 28 27 25 4.7 
 el$ freq. 2.3 6.9 5.8 4.1 8.8 
Uo, sp* 1 2 5 7 8 

Insect, b i rd ,  and cleistogamous (s) 
S freq.  .. .. 3 8 2 
Re1.freq. - - 6 1.3 .4 
Nor spa - - 1 1 1 

Water (53) 
S freq.  17 20 3 2 LO 38 
Xel- freq. 5.7 5.0 6.9 6.6 7.1 
?So. sp. 2 5 5 7 6 

Cleis t ogamous and insect  (;SZ 
S freq.  41 42 30 43 43 
Bel. freq.  13.7 10.4 6.5 7.1 8.0 
No. sp. 4 5 4 4 4 

Insect and b i rd  (S ) 
S freq. 17 20 24 18 20 
R e l *  f req* 5.7 5.0 5.2 3.0 3.7 
No. sp .. 3 1 2 3 2 

A l l  insect  (s) -- 
S freq. 275 255 403 54.0 452 
Rel . f req.  92.0 85, l  87.2 89.3 84,.2 
Woe sp. 34 5 1 49 6 6 66 

Ul  cleistogamous (s) 
S freq.  41 42 33 51- 45 
Re1,freq.  13.7 10.4 7.1 8.4 8.4 



&) bloom in^ season 

Pr  e-vernal ( N) 
S freq. 27 15 3 3 37 35 16 24 38 134 
Rel.freq.  5.9 3,3 5.1 6.7 5.9 5.1 6.6 10.2 26.5 
No, sp. 3 3 4 5 3 5 6 7 6 

Vernal (N) 
S freq.  100 109 1/44 135 158 76 106 142 176 
X e L f r e q .  21.8 23.9 21.6 24.6 26.7 24.4 29.3 38.1 34.8 
No. sp. 7 13 13 17 15 14  14 18 1-7 

Aestival (N) 
S freq. 323 332 473 3756 397 218 231 190 193 
Rel*frW.* 700L1 72.7 72.8 68.2 67.2 70.1 63.8 50.9 38,l 
No. sp. 38 41 46 47 wb 37 39 40 37 

Autumnal (XI 
S freq. 9 1 5 2 1 1 1 3 3 
Re1,freq.  2.0 .2 .8 .4 .2 03 .3 .8 .6 
No. sp. 3 1 1 1 1 1 1 2 1 

Pr  e-vernal "and v e r m l  (N) 
S freq. 127 124 173 172 193 92 130 180 310 
Rex. freq. 27.7 27.1 26,6 31.3 32.7 29.6 35.9 LG8.3 61.3 
80. Sp, 10 16 17 22 13 19 20 25 23 

Pre-vernal (s) 
S freq. 10 23 12 16 28 39 60 125 

Vernal (s) 
S freq. 43 104 109 161 150 182 179 235 
Rel. freq. 14.4 25.8 23.6 26.6 27.9 30.8 35.1 34.0 
No. sp. 8 13 14 19 19 21 22 23 

Aestival (s) 
S freq. 236 262 330 397 345 342 247 300 
Relo frW.0 78.9 65.0 71.4 65.5 64.2 57.8 48.4 43.4 
NO. sp. 25 3 7 38 5 2  51 49 40 3 5 



j l 5 )  Blooming season 

Autmna.1 .(S) 
S freq.  10 11 10 3 0 12 27 2 1) 32 
Rel. f r sq .  3.3 2.7 2.2 5.0 2.2 4.6 4,7 4,6 
Xo. sp. 3 4 5 5 5 5 4 6 

Growing seas on (S ) 
s f req ,  - - 1 1 i 1 - - 
Rel, freq.  - - 2 .2 & .2 - - 
so. sp. LI - 1 1 1 1 - - 

Vernal and pre-vernal (ST 
S freq,  53 127 121 177 178 221 239 360 
Rel . f req .  17.6 31.5 26.2 2 33.1 37.4 46,8 52.0 
?SO. sp. 9 1 6  15 22 23 25 27 3 0 



116) Seed o r  f ru i t  dispersal 

Fleshy - 
S freq. 187 167 196 184 204 97 133 116 108 
Rel. freq. 44.7 36.5 30.1 33.5 34.5 31.2 36.7 31 0 1  21-3 
No. spa 13 13 13 12 14 11 1 2  12 12 

~ l o s i ~ e  plus elaisome (N) 
s freq, - 1 4 3 2 1 1 6 10 
R e l .  freq. - .2 .6 .5 .3 .3 .3 l.6 2.0 
Bo. S ~ O  - 1 1 1 1 1 1 1 1 

Elaisom f N 1  
S freq. 59 60 79 6 2 8 7 56 3 1 60 152 
Bel.freq. 12.9 13.1 2222 l1,3 14.7 18.0 8.6 16.1 30.0 
No. sp, 5 8 6 10 7 8 7 10 8 

Stick-tight (~1 - 
S freq. 1 10 22 19 23 14 22 34 47 
Rel .  f req. .2 2.2 3.4 3.5 3.9 4.5 6.1 9.1 9.3 
No. sp. 1 4 7 7 5 5 7 6 5 

a n l o s i v e  (N) 
S freq, 6 13 29 18 23 14 5 7 6 1 92 
Rel. freq. 1.3 2.8 4.5 3.3 3.9 4.5 15.7 16.4 18.2 
1'50, SF. 3 5 6 7 7 6 11 14 13 

Small m i g h t  (a) 
8 freq, 58 58 100 81 72 44 43 28 14 
Rel . f req .  12.6 12.7 15.4 14.7 12.2 14.1 11.9 7,5 2.8 
No. sp. 7 8 8 3 2 11 10 9 9 8 

P l w d  (N) 
S freq. 3 1 34. 77 5 0 46 26 17 15 7 
Rel.freq. 6.8 7.4 13,9 9.1 7.8 8.4 4.7 4.0 1.4 
HO. SF. 6 4 6 4 4 4 2 2 2 



(16) Seed o r  f r u i t  d i spersa l  

No sp.e.cal method (N)  -- 
S f req ,  117 11'- 1bb 132 134 59 58 53 76 

All. elaisones (11) 
S freq. 59 
Rel. freq.  12.8 
No. sp. 5 

A 3 1  ex~losives (IT) 
S freq. 6 14 3 3 21 25 15 5 8 67 1.02 
Rel.  freq. 1.3 
150. Sp. 3 

A l l  wind (N) 
S freq.  91 
Bel. f req ,  19.8 
No, sy. 14 

Yleslw (S 1 
5 f req;  55 
Rel. f req .  18.4 
No. sp. 6 

~ l o s i v e  plus elaisome (s) 
S freq.  - 
Rel. freq.  - 
no. sp* - 

ELais ome (S 1 
S fseq. 8 
Rel. f req ,  2.7 
No* SP. 1 

Stick- t ight  (s) 
S freq.  3 
Rel. f req, 1.0 
uo. sp. 3 



fJ6) Seed or  f rui t ,  &isper& 

Emlosive  (s) -L 
s f req.  84 9 3 83 132 91 Ilk' 88 139 
Rel . f req .  28.1 23.1 18.0 21.8 16.9 18.3 17.3 20.1 
no. sp. 10 11 8 3-3 11 11 11 11 

Small and l i g h t  
S f req,  17 29 3 7 3 3 48 26 28 29 
~ & f r s q .  5.7 7.2 8.0 5.5 8.9 4.4 5.5 4.2 
PTO. sp. 2 6 6 9 11 10 9 6 

Plumed. (a) 
S freq.  20 21 19 37 21 38 21 16 

'Ho spec ia l  method (s) 
S freq.  112 90 77 99 95 115 101 138 
Rel. f req,  37.5 22.3 16.7 16.4 17.7 19.5 19.8 19.9 
No. sp. 10 9 1 4  20 18 18 14 15 

M.1 eleisomes (S) 
S freq,  8 12 14 3 3 61 8 1  106 192 
Rel. f req ,  2.7 2.9 3.0 5.4 11.4 13.7 20.8 27.7 
NO. q. 1 6 3 7 9 10 12 15 

A l l  explosive (Sl 
$3 freq. 84 94 83 134 94 128 106 171 

A l l  wind (s)  
S freq. 3 7 5 0 56 70 69 6& 49 45 
Rel. freq. 12,4 12.4 12.1 11.6 12.8 10.8 9.6 6.5 
No. ST. 8 14 13 17 18 17 14 12 



117) Season of f ru i t  r i p e u p  

Vernal (IT~ 
S freq.  6 10 13 8 12 19 I f  57 160 
Rel . f req .  1.3 2.2 2.0 1.5 2.0 6 .  3.0 15.3 31.6 
No. sp. 1 2 2 4 2 5 5 9 7 

Aestival  (IT) 
S freq.  306 318 410 362 423 196 241 5 249 
Rel . f req .  66.7 69.6 63.0 65.9 71.6 63.0 66.6 57.6 49.2 
KO. sp. 3 2 39 40 41 40 34 33 3 6 36 

Autumnal (N) 
S freq.  1147 129 228 179 156 96 110 101 97 
Re1,f req.  32.0 28.2 35.0 32.6 26.4 30.9 30.8 27.1. 19.2 

Vernal (s) 
S freq.  .. 3 - 12 14  29 66 164 

Aestival ( 5 )  
3 freq. 199 25.5 257 313 295 312 255 343 
Eel. freq. 66.0 63.5 55.5 51.7 54.9 52.8 50.0 49.6 
No. sp. 24 32 29 40 39 41 33 3 1 

Autumnal (Q 
S freq. 100 145 204 279 226 249 189 185 
Rel. fxeq. 33.4 38.0 44.2 46.1 142.1 rc2.1 37.1 26.7 
'Oo. sp. 13 24, 29 3 5 36 33 30 28 

Growing s eason (S ) 
S froq. - - 1 1 2 1 - - 
R e l ,  freq. - - .2 . L. .4 .2 - 9 - 
1To. sp. - - 1 1 1 1 - - 



(18) Season of  flower bud formation 

Current mow&ns season 1N) 
S freq. 168 174 296 214 208 116 140 124 101 
Eel. freq,  36,6 38,l 45.5 39.0 35,2 37.2 38.7 33.2 20.0 
Bo. sp. 26 29 32 3 3 28 22 24 27 25 

Previous growing season (N 
S f req.  291 283 3 i5  135 383 195 222 249 405 
Rel . f req .  63.b 61.9 54.5 61.0 64.8 62.7 61.3 65.8 80.0 
NO. sp. 25 29 32 37 35 35 36 )a 3 6 

Current grow in^ season (s) 
S f req ,  199 225 259 344 262 291 198 245 
Rel. f req ,  66.6 55.8 56.1 56.9 48,8 49.2 38.8 35.4 
No. sp. 22 35 35 &4 43 4Q 3 1 3 2 

Previous growinn season (s) 
S Preq. 100 178 203 261 275 300 312 447 
Rel, freq. 33.b iklk.2 43.9 43.1 51,2 50.8 61.2 64.6 
ETO. sp. 15 23 24 3 6 3 7 I-l.0 M 3 9 



C 19) Turrill 1s ext ended scheme 

Deciduous shrubs (N) 
S f req,  76 53 53 3 8 26 7 3 -. o 

~ e 1 , f f r e q .  16.6 11.6 8.3, 6.9 4.4 2.2 .8 - - 
KO; sp. 2 2 2 2 2 2 1 .. - 
Berennial herbs o r  sub_s?hrubs, pa-rtiallg woody -at base, and a e r i a l  pa r t s  
dying back, 'out not t o  around l eve l  (N) 
S freq. 3 1 3 3 2 - 1 - - 
BeL,freq.  .7 .Z .5 .5 .3 o .3 o - 
EO. sp. 1 1 1 1 1 0 1 - " 

Grasses and mass- l ike  plants  1N)_ 
s freq.  36 52 64 3 6 51 21 13 10 15 

Perennial  herbs and subshrubs with runners, or  sprawling o r  herbaceous. 
or  suffruct icose  stems (N) 
S freq. 18 3 7 46 47 45 36 69 46 24 

Rosette p laa t s  (3) 
S freq. 42 79 138 92 109 5 7 5 2 61 70 

P e r e m i d  herbs dyinp down yearly, wi th  perennating Suds on more o r  les6 --- 
th ick stock EL$ ~ r o u n d  l eve l  (IT) 
5 freq.  130 98 144 155 178 90 112 120 106 
Rel. freq,  28.3 21.4 22.2 28.2 30.1 28.9 30.9 32.2 20.9 
No. sp. 16 18 22 22 18 15 16 18 15 

Geophv e ( EJ) 
S freq. 84 78 133 117 148 89 108 133 286 
Rel. freq. 18i3  17.1 20.5 21.3 25.0 28.6 29.8 35.7 56.5 
No. sp. 9 13 10 11 14 13 19 23 25 



m) Turrill rs extended scheme 

Annual herbs (NL 
s f req,  6 1 2 3 o - - 1 5 
Rel, freq. 1.3 .2 *3 . 5 - o - *3 1 .O 
No* sp* 1 1 1 1 - - - 1 2 

Herbaceous twining plants ,  generally dying down each s e a r  (N) 
S freq. 2 2 3 6 1 - - - 0 

Xel. freq.  elk e4  m5 1.1 .2 .I - - - 
No, spa  2 1 1 3 1 - - - 0 

Xvergreen shrubs (N) 
S f req,  6 2 1  5 6 65 52 31 11 4 2 - 

Deciduous shrubs (S ) - 
s freq. 34 4 2 5 5 - - - 
Rel. freq.  11.4 1 , O  .4 .8 .9 - - - 
NO. sl?. 2 1 2 3 1 - - - 
Perennial herbs or  subshrubs, p a r t i a l l y  woody at base, and a e r i a l  par t s  
d g i n g a c k ,  but not t o  ground leve l  (s) 
S freq, - - - 1 2 1 

Grasses and mass-like plants (sL 
S freq. 11 20 443 3 1 45 46 22 16 

Perennial herbs and subshrubs with runners, or  sprawl in^ o r  herbaceous or 
suffructicose stems (s) 
S freq. 16 15 3 9 6 4 2 - 
Re1,freq.  5.4 3.7 .6 1.5 1 +1 a 7  a 4  - 
130, sp* 1 1 1 2 1 1 2 - 



(39)  Turrillls extended scheme 

Boset t  e plants (S 1 -- 
S freq. 7 42 60 5 7 67 99 79 93 
Eel. freq.  2.3 10.4 13.0 9.4 12.5 16.7 15.5 13.4 
NO, sp. 2 8 7 7 9 8 8 7 

Perennial herbs dying down yearly, with perennating buds on more o r  l e s s  
thick stock at ground l eve l  (s) 
S f r e q .  107 186 207 296 207 235 177 154' 
Rel. freq.6 35.8 46.2 44.8 48.9 38.5 39.8 34.7 22.3 
No. spa 18 27 27 34 33 35 28 29 

fLnnual herbs (SZ 
S freq. c. 26 18 29 20 21 26 

Herbaceous twining plants generally dying down each sear ( s )  
s fpeq, 10 7 3 4 4 7 2 i 
Rel. freq. 3.3 1.7 .6 . 7 *7 1.2 .4 .1 
mo* sp. 3 3 1 3 3 3 1 1 



Unstable (N) 
S freq. 175 184 228 175 158 85 100 91 82 

Intermediate (If1 
S freq. 131 88 98 116 126 57 77 85 104 
Rel. freq. 28.5 19.3 15.1 21.1 21.3. 18.3 21.3 22.8 20.6 
No. sp. 11 14 14 16 13 13 11 12 10 

Stable  (M) 
S freq. 153 185 325 258 307 169 185 197 320 
Rel. freq. 33.3 40.5 49.9 47.0 51.9 54.3 51.1 52.8 63.2 

Unstable (s) 
s f req. 113 95 8 7 99 91 108 72 95 
Rel . f req .  37.8 23.6 18.8 16.4 16.9 18.3 14.1 13.7 
'No. sp. 14 18 16 19 18 19 14 12 

Intermediate (s) 
S freq. 70 72 84 141 105 133 130 191 
Rex. freq. 23.4 17.9 18.2 23.3 19.6 22.5 25.5 27.6 
No. sp. 9 1 2  14 20 21 22 20 20 

Stable (s) 
S freq. 116 236 291 365 341 350 308 406 
Rel. freq.  38.8 58.6 63.0 60.3 63.5 59.2 60.4 58.7 
No. sp. 14- 28 29 41 41 39 37 39 



(21) Spines 

Plants armed with s p h e s ,  thorns, etc. (N) 
s freq. - - 1 3 2 - i 4 10 ' 
Rel. freq. - - 2 a 5  03 - L6 1.1 2'. 0 
Foe sp, - - 1 1 1 I 2 1 1 

Plants not armed with spines, etc. (IT) 
S freq. 459 457 6'18 546 589 311 360 369 496. 
Rel.freq.  100.0 100.0 99.8 99.4 99.7 100.0 9 9  8 98.0 
No. sp. 51 58 63 69 62 57 58 66 60 

Plants armed with spines (s) 
s freq. C - .I i 1 4 2 13 ' 
Rel. freq. - - - .2 .2 .7 .4 1 a 9  
No, sp. .Ir - - 1 1 2 2 1 

Plants  not amled (s) 
S freqi. 299 403 462 604 536 587 508 679 
ReL.freq. 100.0 100.0 100.0 99.7 99.7 99.2 99.6 98.1 
Xo. sp. 3 7 58 59 79 79 78 69 70 



Obligate autotroph (N) 
S freq.. 456 454 650 5/48 591 311 362 373 504 
Rel, freq. 99.3 99.3 99.8 99.8 lO0,O 100.0 100.0 100.0 99.6 
No. SP, 5 0 57 63 69 63 57 60 67 60 

Pz r t i a l  aut ot roph (N) - 
S freq,  3 3 1 1 - n - - n 

R e l .  freq.  .6 . 7 . 2 2 - - o - - 
NO, sp. 1 1 1 1 - - - - - 

Obligate wtotroph (s) 
S freq. 299 4Q3 462 605 537 590 508 692 
Rel. freq. 100.0 100.0 100,O 100.0 100.0 99.8 99.6 100.0 
No. sp. 3 7 5 8 59 80 80 79 70 71 



123) Fl-ower Height 

Below 18 inches (!Q 
S freq.  372 360 475 431 481 257' 317 327 
Re1 , f req .  81.0 78.8 73.0 78.5 81.4 82.6 87.6 87.7 88.7 
No. sp. 36 44 46 53 49 4.8 47 50 4 4  

Above i8  inches (N) 
S freg; 87 97 176 118 110 54  45 &6 57 
Rel, freq.  19.0 21.2 27.0 21.5 18.6 17.4 12.4 12.3 11.3 
Ho. sp. 15 1 4  18 17 14  8 12 13  13 

Below 18  inches (S) 
S freg. 97 239 263 330 371 385 390 582 
Rex. freq. 32.4 59.3 56.9 54.5 69.1 65.1 76.5 84.1 
No. sp. 18 34 32 4.5 50 49 48 49 

Above 18 inches (s) 
S freq. 202 164 '  199 275 166 206 120 110 
Re1,f req.  67.6 40.7 43.1 45.5 30.9 34.9 23.5 15.9 
No. sp. 19 24 27 35 3 0 31  23 22 





Approved !pLdL3L 


