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In t roduct ion  

Succession and p a t t e r n s  o f  r evege ta t ion  have long been accepted 

almost as axiomatic  by e c o l o g i s t s  though t h e  evidence f o r  support  has  

been l a r g e l y  c i r c u m s t a n t i a l  and based on c a s u a l  observa t ion .  The ' 

types  of evidence a v a i l a b l e  have been reviewed (McCormick 1968) and 

include casual  obse rva t ion ,  h i s t o r i c a l  records ,  age s e r i e s ,  and d i r e c t  

study and experimentat ion.  Of t h e s e  t h e  most va luab le  evidence on 

which t o  base s u c c e s s i o n a l  theory  i s  t h e  d i r e c t ,  long t e r m  s t u d i e s  2 
f 

of vegetat ion on s p e c i f i c  sites. Such s t u d i e s  have seldom been 

ed and thus  t h i s  s tudy provides  an almost unique longterm succession 

study with abundant d a t a ,  though unfor tunate ly  a  twenty-eight gap 
4 

e x i s t s  i n  t h e  d a t a .  

C l a s s i c a l l y  success ion  i s  thought of a s  t h e  o r d e r l y ,  gradual  
- 

- - change -in vege ta t ion  t y p e s  (Clements 1 9 1 6  F L e ~ e 5 t u a l l y  l e a d i n g  t o  a t , ( - L  .$ - - 
' " ~ k l  s:*r \ 1' :. 
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climax community which w i l l  be s t a b l e  t o  pe r tu rba t ion .  These p a t t e r n s  

of change have been noted i n  an o l d  f i e l d  s i t u a t i o n  (Evans and Dahl 

1955), and i n  an abandoned b u i l d i n g  s i t e  (Duncan 1973).  T h i s  s tudy 

was conducted t o  update t h e  revegetat ion-succession s tudy  s t a r t e d  

by F.C. Gates i n  1930, t o  n o t e  t h e  p a t t e r n  i n  changing vege ta t ion  

over t imes a s  w e l l  as t o  compare t h e  changes i n  t h e  t h r e e  s i t e s  which 

were f i r s t  s t u d i e s  by Gates ,  and which have now a l l  been resurveyed. 

History of  t h e  S i t e s  -- 

The s i t e  of  s tudy  i s  on t h e  southeas t  shore  of  Douglas Lake 

which w a s  t h e  o r i g i n a l  s i t e  o f  t h e  Univers i ty  of  Michigan Bio log ica l  

S ta t ion .  When Camp Davis ,  an engineer ing  camp vacated t h e  ad jacen t  
7 

s i t e ,  t h e  south shore  of SoIlth F i s h t a i l  Bay , t h e  B i o l o g i c a l  S t a t i o n  



relocated t h e r e  and moved s e v e r a l  bui ld ings  i n  t h e  win te r  of  1929-30. 

Three abandoned bu i ld ing  s i t e s  were chosen f o r  s tudy and fenced o f f .  

They were sites t h a t  had been covered f o r  s h o r t ,  medium, and long 

pe r iods  of t ime: t h e  Research l abora to ry ,  t h r e e  y e a r s ;  t h e  Botany 

l a b o r a t o r y ,  s i x  years ;  and t h e  Houghton l a b o r a t o r y ,  s i x t e e n  yea r s  

(Gates 1 9 5 2 ) .  These s i tes  ( F i g u r e 9 1  were s t u d i e d  by Frank C. Gates 

from 1930 through 1950 a t  which time he concluded t h a t  those  s i t e s  

t h a t  had been covered l o n g e s t  were t h e  s lowest  t o  r e v e g e t a t e  (Gates 

1952). 

None of t h e  s i t e s  were resurveyed u n t i l  1971 when Duncan (Duncan 

1973) r e l o c a t e d  and resurveyed t h e  Botany l a b o r a t o r y  s i t e .  He 

found only a s m a l l  i n c r e a s e  i n  t h e  number of v a s c u l a r  p l a n t s ,  bu t  

noted t h e  changing composition from annuals t o  p e r e n n i a l s .  He 

a l s o  p red ic ted  an i n c r e a s e  i n  t r e e s  and herbs common t o  t h e  ad jacen t  - - - - - - : , . # ,  - 1  <", - - -  - 
f o r e s t ,  SUB as - Poa wmpressa  , Melamp- l i n e a r e ,  and Pinus  s t r o b u s  - - - 
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and a decrease i n  mosses and l i c h e n s .  The s i t e  w a s  h e a v i l y  d i s t u r b e d  

by cons t ruc t ion  a f t e r  h i s  s tudy  and i s  unfor tunate ly  l o s t  f o r  f u t u r e  

study. 

The Research l abora to ry  w a s  r e s tud ied  i n  1977 by Kachman 

(Kachman 1 9 7 7 )  who found a decrease  i n  t h e  number of  ~ p z c i e s ,  bu t  

an inc rease  i n  t h e  number of  f o r e s t  i n d i v i d u a l s ,  both  t r e e s ,  Pinus 

s t r o b u s ,  Cuercus r u b r a ,  and Acer rubrum, and f o r e s t  unders tory  s p e c i e s ,  

Vaccinium angust i fol ium and Arctostaphylos uva-ursi  . 
The Research l abora to ry  s i t e  i s  c l o s e s t  t o  t h e  ad jacen t  f o r e s t  

and t h e  b e s t  pro tec ted  from human d is turbance ,  be ing  f u r t h e s t  

removed from any paths  o r  housing. 

The Houghton s i t e  i s  c l o s e s t  t o  t h e  shore of Douglas Lake and 



. 
t h e  northern s e c t i o n  o f  t h e  s i t e  w a s  d i s tu rbed  i n  1 9 7 4  when a s m a l l  

bu i ld ing  w a s  dragged a c r o s s  it (D.  Gates ,pers .  comm.). This 

obviously damaged t h e  s i t e ,  but  i t s  impact i s  unknown. This  s i t e  

i s  i n  a precar ious  p o s i t i o n  and s u s c e p t i b l e  t o  d is turbance ,  be ing  

surrounded by housing, t h e  beaches of DouglaLake, and a f o o t  p a t h  

r e g u l a r l y  used by humans. 

Methods and Materials 

The Houghton l a b o r a t o w  s i te  w a s  r e l o c a t e d  i n  J u l y  1978, 

and t h e  o r i g i n a l  c reosoted  s t a k e s  placed i n  t h e  ground by F.C. Gates 

i n  1930 de f in ing  t h e  per imeter  o f  t h e  p l o t  r e loca ted .  Gates G&+er 

G952)  mentions t h e  a r e a  o f  t h e  p l o t  as being "about 9 0  square meters" ,  

but  t h e  a r e a  de l imi ted  by t h e  o r i g i n a l  s t a k e s  w a s  measured t o  be 104 

square+ters b - .  i n  1978. Almost a l l  of t h e  o r i g i n a l  s t a k e s  were found, 
- - - A 
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which h i  been placed a t  one meter in t ' e rva is , '  so-i-t appeared t h a e ~  

t h e  o r i g i n a l  p l o t  had been a c c u r a t e l y  r e l o c a t e d  and t h e  dpscrepency 

of 1 b  square meters seemed unusual.  Because Houghton l a b  s t i l l  

s tands  a t  t h e  s i t e  t o  whikh it w a s  moved i n  1929 it was p o s s i b l e  t o  

measure i t s  basa l  a r e a .  The b a s a l  area i s  99 square meters ,  s o  i t .  

seems l i k e l y  t h a t  t h a t  i s  t h e  approximate a r e a  marked o f f  and s t u d i e d  

by Gates. Although t h e  a r e a  s t u d i e d  i n  1978 wa$five square meters  

l a r g e r ,  no c o r r e c t i o n s  were made i n  t h e  numbers o f  spec ies  o r  

ind iv idua l s  counted counted i n  t h a t  year .  

The p l o t  w a s  d iv ided  i n t o  f i f t e e n  east-west t r a n s e c t s  and each 

ind iv idua l  of <. , v a s c u l a r  p l a n t  w a s  mapped (F igure=) .  Each 

t r a n s e c t  measured one meter  by about 6 .75 meters except  t h e  f i rs t  



and f i f t e e n t h  which were l a r g e r -  The a r e a  of each t r a n s e c t  i s  noted 

on ~ i ~ u r e l .  The maps from 1931 , 1 9 4 0 ,  and 1950 were redrawn (from 

Gates 1952) and a r e  inc luded  f o r  comparison ( F i g u r e s = , n ,  and=).  

The map of the s i t e  in 1978 shows every vascu la r  p l a n t  except f o r  

t h e  numerous i n d i v i d u a l s  of - Poa compressa: t h e s e  numbers a r e  noted 

a t  t h e  s i d e  of  each t r a n s e c t  i n  ~ i ~ u r e l .  

Although many of  t h e  s p e c i e s  a r e  rhizomatous, an i n d i v i d u a l  

w a s  def ined as a stem coming from t h e  s o i l .  Thus very l a r g e  numbers 

of s e v e r a l  s p e c i e s ,  Pea compressa (8638) and Pter idium aquilinum 

(221) do n o t  r e f l e c t  t h e  number of g e n e t i c a l l y  d i f f e r e n t  i n d i v i d u a l s ,  

b u t  w a s  t h e  only  quick method of determining t h e  abundance of a 

s p e c i e s  i n  t h e  p l o t .  

Discussion: Changes i n  t h e  Houghton l abora to ry  s i t e  over  t ime 

- - - - - 
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I n  %he first growihg seas-m^afterr the ' ;hove t 1930 ) ; 12 speci$s wbGe 

recorded, wi th  s i x  of them n o e a t i v e  s p e c i e s ,  and only f i v e  o r  s i x  

being pe renn ia l s  ( ~ i g u r e m .  The s p e c i e s  t h a t  d i d  a r r i v e ,  either 

n a t i v e  o r  introduced were t h o s e  c h a r a c t e r i s t i c  of  sandy a r e a s  and 
1 

dunes, such a s  Cirsium p i t c h e r i ,  Elymus canadensis ,  Chenopodium 

capitatum and Poa - p r a t e n s i s .  Populus t remuloides w a s  t h e  only t r e e  

spec ies  repor ted  i n  t h e  f i r s t  y e a r .  

From 1 9 3 1 t o  1939 t h e  number of spec ies  i n  t h e  p l o t  dropped and 

s tayed below ten,  This dec rease  i s  probably due both  t o  t h e  changing 

f l o r a  of t h e  p l o t  and a l s o  t o  t h e  severe  drought cond i t ions  (Gates 1938) 

t h a t  ex i s t ed  i n  t h e  1930's.  The f l o r a  composition a l s o  changed 

g r e a t l y  during t h i s  t ime,  though t h e  number of  s p e c i e s  i n  t h e  p l o t  

d id  not .  By 1933 e i g h t  s p e c i e s  were r e c o ~ e d ,  but  only  f o u r  had 



p e r s i s t e d  from t h e  twelve recoded i n  1930. The e i g h t  s p e c i e s  of 1933 

included f o u r  in t roduced s p e c i e s ,  and seven o r  e i g h t  of  them were pern- 

n i a l s .  Thus t h e  f i rs t  wave of invaders ,  p l a n t s  which pref  e+d t h e  f 
oper/sand began t o  d isappear .  About h a l f  of t h e  s p e c i e s  were introduced 

2 
s p e c i e s ,  and h a l f  were annuals  throughout t h e  1930's.  Both c l a s s e s  

of p l a n t s  cont inued t o  decrease  over  t ime,  and by 1950, of t h e  1 6  

spec ies  recorded,  only  t h r e e  were in t roduced,  and 13  or14 were 

pe renn ia l s .  The 1978 survey found 2 7  spec ies  of vascu la r  p l a n t s ,  with 

only four  o f  them being in t roduced s p e c i e s ,  whi le  22-24 were pe renn ia l s .  

These t r e n d s  supper t  t h e  obse rva t ions  (Evans and Dahl 1955) t h a t  

introduced annuals  a r e  t h e  f i rst  co lon ize r s  i n  secondary success ion ,  

but  are unable t o  compete wi th  t h e  n a t i v e  s p e c i e s  and a r e  no t  a b l e  t o  

p e r s i s t .  

None of t h e  annuals o r  b i e n n i a l s  have surv ived  f o r  more than  t h r e e  

y e a r s ,  though t h e y  have always bee? p r e s e n t .  T h i s , i s  probably due 
6 -,9 \ >,- 7 -  - - 
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t o  s l i g h t  m i c r o h a B a t  changes and chance which al lows t h e  spec ies  

t o  c o n t i n u a l l y  be  introduced i n t o  t h e  p l o t ,  only t o  d i e  o u t  i n  s e v e r a l  

years .  

A s t r o n g  c o r r e l a t i o n  a l s o  e x i s t s  between t h e  o r i g i n  of  t h e  spec ies  

and t h e i r  persis ten.ce.  Only s e v e r a l  g r a s s e s ,  Poa - compressa, Poa - 
p r a t e n s i s ,  and Agropyron repens have been s u c c e s s f u l  ( i . e .  pers is ter t )  

introduced s p e c i e s .  The las t  two have v i r t u a l l y  disappeared,  t h e r e  

being bu t  one i n d i v i d u a l  of Poa - p r a t e n s i s ,  and no Agropyron i n  t h e  

p l o t  i n  1978. Poa - compressa however i s  a  we l l  e s t a b l i s h e d  and p e r s i s t -  

e n t  grass throughout North America, and w i l l  probably p e r s i s t  i n  t h e  

p l o t .  It i s  t h e  most success fu l  s p e c i e s  i n  t h e  p l o t ,  based on number 

of shoots ,  though not  on biomass. 

Species  which have become o f  g r e a t e r  impertance s i n c e  1950 inc lude  

Danthonia s p i c a t a ,  which i s  c h a r a c t e r i s t i c  of dry  sandy areas and found 

-5- 



only i n  t h e  nor th  end of t h e  p l o t ,  and Pter idium aqu.'linum, which has  

g r e a t l y  increased  i n  numbers. This  i n c r e a s e  i s  probably t ime dependant,  

f o r  it spreads v i a  rhizomes, and i t s  great i n c r e a s e  may be due t o  t h e  C) 
a r r i v a l  of a s i n g l e  rhizome i n t o  t h e  p l o t .  Severa l  in t roduced s p e c i e s  

have a l s o  invaded t h e  sandy a r e a ,  Centaurea maculosa and Hieracium 

f lorent inum, both r a t h e r  r e c e n t l y  a r r i v e d  t o  t h e  a rea .  These s p e c i e s  

probably w i l l  no t  p e r s i s t  f o r  long,  but  may be replaced  by o t h e r  - 
9 weedy annuals. 
/ 

4 

The Houghton s i t e  has been slower t o  r e v e g e t a t e  wi th  f o r e s t  

spec ies  than  have t h e  o t h e r  p l o t s ,  and p a r t  o f  t h e  p l o t  may never  be 

covered with those  spec ies .  The s i t e  showsan obvious g r a d i e n t  from 

a sandy open a r e a  n e a r  Douglas Lake, t h e  n o r t h  e t g e - o f  t h e  p l o t ,  

towards an a r e a  dominated by f o r e s t  s p e c i e s  a t  t h e  southern  end of t h e  

p l o t ,  t h e  a r e a  f u r t h e s t  from t h e  l ake .  This  g r a d i e n t  i s  demonstrated 

b,the changing, vege ta t ion ,  ground cover ,  and t h e  number o f  t r e e s  :- 3 E  - -- -%I7>? - -- - r  -,- > -,- 1 .  < I "  - ,  ' , A ' 1 ,  L r > 1 7  ' - , - ' L  
-- 
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f m g u r e  sYS and W 

The dominant s p e c i e s  i n  t h e  open s a d y  s i t e  a r e  Smilacina s t e l l a t a ,  

Arabis l y r a t a ,  and Asclepias  s y r i a c a ,  whi le  t h e  ~ ~ u t h e r n  end of  t h e  

p l o t  i s  dominated by Pter id ium aquilinum, Quercus r u b r a ,  Melampyrwn 

l i n e a r e ,  and Vaccinium angus t i fo l ium,  a l l  absent  from t h e  n o r t h  end. 

This g rad ien t  has  a very s t r o n g  c o r r e l a t i o n  with s u b s t r a t e ,  and 

d i s t a n c e  from t h e  l ake  (orjdistance towards t h e  woods). The ground 

cover changes from about 30% bare  sand t o  no ba re  sand a long a l i n e  - 

moving a w a j  f r o m t h e  l ake .  The cause of t h e  p e r s i s t e n c e  of t h i s  

g rad ien t  i s  unknown. The nor the rn  edge of t h e  p l o t  does n o t  form a 

continuous sand cover t o  t h e  l a k e ,  grading i n t o  t h e  beach, b u t  r a t h e r  

i s  i n t e r u p t e d  about t h r e e  meters from t h e  n o r t h  edge by a dense growth 

of Amelach ie r  s ~ , ,  Pinus s t r o b u s ,  Toxicodendron rad icans  and s e v e r a l  



l a r g e  i n d i v i d u a l s  of Populus t remuloides.  This  growth forms t h e  

edge of t h e  l e v e l  p l a t e a u  which t h e  Houghton s i t e  i s  on, and nor th  

of t h i s  growth t h e  sand s lopes  down t o  t h e  l a k e  edge. The s i t e  h a s  

never developed a  t h i c k  ground cover ,  (F igures  S , n a n d = )  and t h e  

number of  t r e e s  i n  t h e  a r e a  has always been low. C e r t a i n l y  human 

d is turbance  has  played a r o l e  i n  slowin$he r e v e g e t a t i o n ,  and a s m a l l  

bu i ld ing  w a s  moved ac ross  t h e  s i t e  i n  1974. But t h e r e  a r e  s i m i l a r  

a r eas  along t h e  l a k e ,  t o  t h e  e a s t  of t h e  Houghton s i t e ,  however, 

which show t h e  same p a t t e r n ,  and have probably s u f f e r e d  much l e s s  

human d i s tu rbance  and have a l s o  remained open and unvegetated.  

S h i f t i n g  and blowing sand may p lay  an important  r o l e ,  c o n t i n u a l l y  

burying vegeta t ion .  This  i s  a  p o s s i b i l i t y  though t h e  a r e a  i s  p ro tec ted  

by t h e  b u f f e r  of v e g e t a t i o n  from t h e  d i r e c t  winds and blowing sand from 

t h e  l ake ,  wh&$h a r e  never very s t r o n g  i n  t h e  p r o t e c t e d  bay where t h e  

s i t e  i s  loca ted .  
--. - - - I I?:  S C .  .: E3 r::, ,,; i- ;,& -- .=- 3- 

_. - 
- - .- Moss cover has  always been low . in  t h i s  a r e a  and has-not developed - -- - 

t o  bind t h e  sand. Gates k g 4 6 1  showed t h a t  moss , e s p e c i a l l y  

Ceratodon, may p lay  an important r o l e  i n  r e v e g e t a t i o n  of   sand^ sites 

by both binding t h e  sand and humifying it. Perhaps it has  been c .  

- - . ... / human dis turbance  which has  slowed t h e  spread of t h e  

moss.which i s  neccessary f o r  r evege ta t ion  t o  occur  on t h i s  exposed 

dry  sand. 

The t r e e  s p e c i e s  p lay  an important  r o l e  both as i n d i c a t o r s  

of  r evege ta t ion  and i n  in f luenc ing  changing f l o r i s t i c  composition. 

The f i r s t  s p e c i e s  of  t r e e  t o  move i n t o  t h e  p l o t  (1930) w a s  Populus 

tremuloides which probably moved i n  as r o o t  suckers  from t r e e s  o u t s i d e  

of t h e  p l o t .  The number of i n d i v i d u a l s  o f  Populus t remuloides has  

remained high though most of  t h e  t r e e s  do n o t  su rv ive  more than  a few 



(F-9v.r St) 
years.V Of t h e  43 i n d i v i d u a l s  i n  t h e  p l o t  i n  1978, 35 were l e s s  than 

one meter t a l l ,  two were between one and two meters ,  and only s ix 

were above two m e t e r s .  O f  t h e s e  s i x  however, t h r e e  were very s i c k  and 

had very f e w  l e a v e s .  There were a l s o  two dead s t and ing  indiv iduals  

of about t e n  meters  i n  t h e  s i t e .  The reason f o r  t h e  s t a t e  of t h e s e  t r e e s  

i s  unknown. They c o n t a i n  verdfew lower branches,  and t h e  upper branches 

are usua l ly  s h o r t  and the l e a v e s  s m a l l .  The t runk  i s  very  with 

many scars. Browsing may be a cause of t h i s  though no o t h e r  spec ies  

of tree i n  t h e  p l o t  show t h i s  cond i t ion ,  and o t h e r  i n d i v i d u a l s  of Populus 

tremuloides i n  t h e  woods t e n  m e t e r s  away appear  h e a l t h y  wi thout  t h e s e  

c h a r a c t e r i s t i c  s i g n s .  

Quercus r u b r a  d i d  n o t  appear  i n  t h e  p l o t  u n t i l  1936 and has  been 

present  i n  s t a b l e  numbers f o r  t h e  f o u r  p o i n t s  measured s i n c e  1945. 

Several  l a r g e  oaks a r e  j u s t  o u t s i d e  t h e  p l o t  and provide  ample nu t  

shower onto t h e  p l o t .  Most of t h e  seed l ings  do n o t _ s u m v e  p a s t  $eedling 
, 3 I 4  --: "~-3$- - - - - - -  ,- -- - .  -.--= 
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meters,  and seven over  two meters.  A l l  i n d i v i d u a l s  however appear 

very hea l thy  and vigorous.  

The s m a l l  unders tory  t r e e ,  Amelanchier sp., appeared i n  1940 and 

>as increased t o  23 i n d i v i d u a l s  by 1978. This t r e e  u s u a l l y  g e t s  no more 

than a few meters h igh  and i s  c h a r a c t e r i s t i c  of  t h e  nearby f o r e s t  

understory. I ts  i n c r e a s e  i s  an i n d i c a t i o n  of  t h e  i n c r e a s i n g l y  f o r e s t  

revegetated aspect of t h e  p l o t .  

TWO t r e e  spec ies  found f o r  t h e  f i r s t  time i n  t h e  p l o t  were two 

seedl ings of Pinus s t robus  and a s i n g l e  seed l ing  o f  Fagus g r a n d i f o l i a .  

A l l  t h r e e  i n d i v i d u a l s  were found i n  t h e  southern edge of t h e  p l o t ,  

neares t  t h e  woods. A l l  t h r e e  were f i r s t  year  s e e d l i n g s ,  and it i s  

doubtful i f  they  w i l l  a l l  su rv ive ,  o r  t h a t  t h e y  can be used as i n d i c a t o r s  

fop t h e  fu tu re  of t h e  plot: It is s i g n i f i c a n t  however i n  t h a t  they  have 

-8- 



never  been repor ted  from t h e  p l o t ,  and t h a t  t h e y  have been a b l e  t o  a t  2. 

G 
J 

l e a s t  germinate i n  t h e  s i t e .  Pinus s t robus  i s  q u i t e  common of  t h e  a r e a  

and t h e  spec ies  may w e l l  move i n t o  and p e r s i s t  i n  a t  l e a s t  t h e  southern 

h a l f  of  t h e  p l o t .  Fagus p r a n d i f o l i a  however i s  n o t  common of  t h e  nearby 

woods and i t s  s u r v i v a l  o r  t h e  f u t u r e  f o r  any i n d i v i d u a l s  of  t h e  s p e c i e s  

on t h e  s i t e  i s  doub t fu l .  

Altough t h e  number of spec ies  has  n o t  inc reased  i n  t h e  o t h e r  s i t e s  

(Figure=),  t h e r e  has  been a  l a r g e  i n c r e a s e  i n  t h e  Houghton s i t e .  The 

increased  d i v e r s i t y  i n  t h e  Houghton p l o t  may be a t t r i b u t e d  t o  both t h e  

environmental g r a d i e n t  t h a t  e x i s t s ,  provid ing  more n iches  i n  a varying 

environment, and a l s o  due simply t o  t h e  l a r g e r  a r e a  of  t h e  s i t e .  

Although t h e s e  two f a c t o r s  a r e  d i f f i c u l t  to s e p a r a t e ,  by us ing  only 38 

square meters of t h e  Houghton p l o t ,  from t h e  south  edge, a t o t a l  of  

14 spec ies  were found, comparable t o  t h e  number found i n  38 square  meters 

of t h e  o t h e r  two p l o t s .  This  i n d i c a t e s  t h a t  it i s  probably t h e  g r a d i e n t  
- - - -- -- 

p r o v i - e g  g r e a t e r  diversitjr.ai&not +,imp&~. thq,-,laqgeru+pea sdmpledi : I . , 1% - 
The Houghton l a b o r a t o r y  s i t e  provides a rare oppor tun i ty  f o r  

conducting an a c c u r a t e  long-term revege ta t ion  s tudy  and should be 

permanently fenced o f f  t o  prevent  f u r t h e r  human d i s tu rbance ,  and be 

resurveyed as o f t e n  as p o s s i b l e  t o  provide an a c c u r a t e  p i c t u r e  of  t h e  

r evege ta t ion  of t h e  s i t e .  Two important ques t ions  could be answered from 

such measures: i f  t h e  g r a d i e n t  e x i s t i n g  i n  t h e  p l o t  i s  caused by d is turbance  

o r  i f  t h e r e  are n a t u r a l  c l i m a t i c ,  o r  s u b s t r a t e  i n f l u e n c e s ,  and i f  t h e  

s i t e  w i l l  eve r  r e t u r n  t o  a f o r e s t  community, o r  remain an open, dry 

sand community. 

Comparison of  t h e  S i t e s  

During t h e  pe r iod  t h a t  Gates s tud ied  t h e  p l o t s  (1930-50) t h e  number 

of s p e c i e s  i n  each p l o t  d i d  no t  change s i g n i f i c a n t l y  ( ~ i ~ u r e s  ) and 

-9- 



t h e  r e l a t i v e  number o f  spec ies  between t h e  p l o t s  remained cons tan t .  

Gates noted (Gates 1952) t h a t  t h e r e  was a s t rong  p o s i t i v e  c o r r e l a t i o n  

between t h e  l eng th  of  t..ime t h a t  a s i t e  w a s  covered and t h e  t ime 

t h a t  t h e  s i t e s  took t o  r evege ta te .  This  t r e n d  he ld  w e l l ,  e s p e c i a l l y  

through t h e  1930's drought  when t h e  Houghton s i t e ,  covered 1 6  y e a r s ,  

had far  fewer spec ies  t h a n  t h e  o t h e r  s i t e s ,  and t h e  Botany s i t e ,  covered 

f o r  s i x  yea r s ,  had f e w e r  t h a t  t h e  Research p l o t  which had been covered 

t h r e e  years .  When compensating f o r  t h e  l a r g e r  a r e a  of  HBughton s i t e ,  

t h i s  t r end  s t i l l  h o l d s ,  though t h e  c o r r e l a t i o n  between l e n g t h  o f  covering 

and slowness i n  r e v e g e t a t i o n  i s  probably an a r t i f a c t  produced by t h e  

loca t ion  of  t h e  sites. A s  seen i n  ~ i g u r e x  t h e  Houghton l o c a t i o n  i s  

very c lose  t o  t h e  l a k e  (covered 1 6  y e a r s ) ;  while  Research i s  a t  t h e  

edge of t h e  neighboring woods.(covered t h r e e  yea r s ;  and i n t e r m e d i a t e  

between t h e  lake  and t h e  woods, ad jacen t  t o  a road ,  and t r a v e r s e d  by 

a f o o t  pa th ,  i s  Botany (covered-s ix  y e a r s ) .  The Research s i t e  showed 
- - 
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t h e  - a t  rap id  ga in  i n  t h e  number-of s p e c i e s ,  - - -  and -- has  always maintained 

t h i s  h igher  number. The s i t e  i s  t h e  most removed from t h e  exposed 

open sandy a r e a  immediately adjacent  t o  t h e  l ake ,  i s  t h e  most s e t  back 

i n  t h e  woods, and t h e  s i t e  . n o s t  removed from human d i s tu rbance .  The only 

dis turbance t h a t  t h e  s i t e  has  s u f f e r e d  has  been tP.2 c u t t i n g  of two 

aspens when a power l i n e  was run through t h e  p l o t  i n  1971 (Kachman 1977). 

Few people t r a v e r s e  t h e  p l o t  as it i s  w e l l  marked and i s  covered by a 

dense growth of low t r e e s  and shrubs.  The s u b s t r a t e  i s  a humus l a y e r  

covering t h e  sand, most ly of  decaying Quercus r u b r a  l e a v e s  and Pinus 

s t robus  needles.  This  s i t e  i s  now n e a r l y  surrounded by t h e  woods and 

i t s  vegetat ion r e f l e c t s  t h i s  i n  i t s  compost i t ion.  Dominant s p e c i e s  

i n  1 9 7 7  (Kachman 1977) included Pinus s t r o b u s ,  Quercus r u b r a ,  Vaccinium 

angustifolium, Melampyrum l i n e a r e  and Maianthemum canadense, a l l  

t y p i c a l  of t h e  a d j a c e n t  woods. 



The Botany l abora to ry  s i t e  i s  loca ted  next  t o  a  road,  a concre te  

s l a b ,  and has only one s i d e  ad jacen t  t o  t h e  woods (Figure= 1. It 

i s  thus  l e s s  a v a i l a b l e  t o  seed and f r u i t  i n f u s i o n  from t h e  f o r e s t  spec ies ,  

and i s  removed from t h e  sandy beech of DouglasLake and i t s  f l o r a .  

The s u b s t r a t e  contains  a t h i c k  l a y e r  o f  organic  ma t t e r ,  mostly Quercus 

rubra  l e a v e s ,  and would appear  t o  be prime f o r  co lon iza t ion  from f o r e s t  

spec ies .  Disturbance has  probably played a  major r o l e  i n  t h i s  s i t e  

i n  keeping d i v e r s i t y  low. It has always been ad jacen t  t o  t h e  road and 

cement s l a b  and i s  at p r e s e n t  t r a v e r s e d  by a  f o o t  p a t h ,  though it i s  n o t  

known how long it has been c r o s s i n g  t h e  p l o t .  Duncan kg731 

makes no mention of  it, s o  it probably was n o t  c r e a t e d  u n t i l  1973, 

It r t h e  las t  survey, wi th  t h e  b u i l d i n g  of t h e  Gates '  home. 
i & O  

The Houghton l abora to ry  s i t e  i s  n e a r e s t  t h e  beach, and extends 

back t o  n e a r  a f o o t  path.  The s i t e  i s  removed from t h e  neighboring f o r e s t  

and i t ~ ~ c o m p o s i t i o n  is much moreT-influenced byLpLan;tsk t y p i c a l ,  @f ,,,,,,, i ,,,++, 
3 > -- ... 
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~ o u ~ l a s ~ ~ a k e  s h o r i  than' t h e  o t h e r L s i t e s .  The s i t e  con ta ins  Arabis l y r a t a -  

and Elymus canadensis ,  both t y p i c a l  of t h e  shore ,  and Asclepias  s y r i a c a ,  

Panicum xanthophysum, and Danthonia s p i c a t a ,  a l l  more widespread, 

but  t y p i c a l  of d r i e r  sandy l o c a t i o n s .  The s u b s t r a t e  i s  l a r g e l y  ba re  

sand with some a r e a  being covered by a t h i n  l a y e r  of o rgan ic  mat ter .  

This sand i s  c l a s s i f i e d  a s  E a s t p o r t  sand (Gates 1 9 5 2 )  and i s  r a t h e r  

s t e r i l e .  It has a  high p o r o s i t y  and drainage through it i s  quick. This  

provides a d r i e r  s i t e  thar. t h e  o t h e r  two which have a w e l l  developed 

humus l a y e r  t o  r e t a i n  t h e  moisture .  The s i t e  i s  e l eva ted  enough from 

t h e  l a k e  l e v e l  s o  t h a t  t h e  water  t a b l e  i s  g r e a t e r  than  a meter below t h e  

su r face  of  t h e  s i te .  The e f f e c t s  o f  s o i l  moisture  can be r e a d i l y  seen by 

t h e  much g r e a t e r  drop i n  s p e c i e s  p e r  a r e a  i n  t h e  Houghton s i t e  dur ing  

t h e  1930's drought than  i n  t h e  o t h e r  s i t e s  (F igure \% 1. This  a r e a  i s  



probably somewhat d i s t u r b e d  by humans pass ing  through t h e  a rea .  I n  

1 9 7 4  a s m a l l  b u i l d i n g  was dragged over  t h e  nor th  edge of t h e  s i t e ,  

though no s i g n s  of t h a t  a r e  ev iden t  today,  and t h a t  p o r t i o n  of  t h e  

s i t e  h a s  always been a t  l e a s t  p a r t i a l l y  bare sand ( F i g u r e 1  ). *2/ f l  

The t h r e e  s i t e s  have revege ta ted  a t  d i f f e r e n t  r a t e s ,  and t h e s e  r a t e s  

have remained approximately cons tan t  u n t i l  t h e  most r e c e n t  surveys.  The 

d i f f e r e n t i a l  r a t e s  o f  revegeta ion  between t h e  s i t e s  i s  probably due t o  

the.iunoun't of d i s tu rbance ,  e s p e c i a l l y  human, t h e i r  proximity t o  seed,  

propagule, and rhizome source ,  and t o  t h e  s u b s t r a t e  of each s i t e .  

Comparative F l o r i s t i c s  

Although t h e  r e l a t i v e  number of  spec ies  i n  each p l o t  has  been d i f f e r e n t  

over t i m e  i n  t h e  t h r e e  p l o t s ,  t h e  f l o r i s t i c  composition has  been very 
- ---- - .  
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f i r s t  being invaded by weedy annuals ,  which a f t e r .  a  f e w  yea r s  gave way 

t o  n a t i v e  s p e c i e s  c h a r a c t e r i s t i c  of open, sandy s i t e s ,  and t h e n  replaced  

by t r e e  spec ies  and shade t o l e r a n t  herbs  c h a r a c t e r i s t i c  of  f o r e s t s  ad jacen t  

t o  t h e  s i t e s .  During t h e  f i r s t  few summers (1930-32) a f t e r  removal of 

t h e  bui ld ings ,  most o f  t h e  s p e c i e s  i n  t h e  p l o t s  were weedy introduced 

annuals o r  b i e n n i a l s ,  such as Chrysanthemum leucanthemum, Verbascum 

thapsus ,  and Lepidium virginicum. By 1940, most of t h e  p l a n t s  were n a t i v e  

perennia ls  c h a r a c t e r i s t i c  of t h e  s m d s  of  Douglas Lake, such as 

Arctostaphylos uva-urs i ,  Oenothera w v i f l o r a ,  Rhus x b o r e a l i s ,  and 

Solidago h i s p i d a .  Many t r e e  seed l ings  of  Quercus r u b r a  and Acer rubrum 

moved i n t o  t h e  p l o t s  a l s o .  A t  t h i s  t ime (1940) t h e  d i f f e r e n t i a l  revege- 

t a t i o n  o f  t h e  sites can be seen ,  e s p e c i a l l y  t h e  Houghton l a b  s i t e  i n  

r e spec t  t o  t h e  o t h e r  two s i t e s .  The Houghton s i t e  conta ined  s e v e r a l  



. 
spec ies  c h a r a c t e r i s t i c  o f  t h e  open sands which were no t  found on t h e  o t h e r  

s i t e s ,  inc luding  Elymus' c'anadensis , Oenothera p a r v i f l o r a ,  and Asclepias  

s y r i a c a .  The Houghton s i t e  d i d  however conta in  s e v e r a l  of  t h e  spec ies  

mentioned above, i n c l u d i n g  Rhus x b o r e a l i s  , ~ i e r c u s  r u b r a ,  an+cer rubrum, 

sugges t ing  t h a t  t h e  s i t e  w a s  n o t  r evege ta t ing  equa l ly  over  t h e  s i t e ,  and 

t h a t  a  g rad ien t  of  r e v e g e t a t i o n  e x i s t e d  on t h e  s i t e  which d i d  n o t  e x i s t  

on t h e  o t h e r  s i t e s .  This  d i f f e r e n t i a t i o n  becomes even more pronounced 

by 1950. A l l  s i t e s  showed a n . i n c r e a s e  i n  t h e  number of i n d i v i d u a l s  of 

Quercus rubra  and Acer rubrum, and t h e  presence of  Pinus s t r o b u s  was 

repor ted  f o r  t h e  f i r s t  t i m e  i n  t h e  Research l a b  s i t e ,  i n d i c a t i v e  of  i t s  

l o c a t i o n  nea r  t h e  woods. When t h e  p l o t s  were resurveyed i n  t h e  197Ots,  

a l l  s i t e s  r epor ted  Quercus r u b r a ,  Acer rubrum, Pinca s t robus ,  Vaccinium 

angus t i fo l ium,  Pteidium aqui l inum, and Melampyrum l i n e a r e ,  alyfound 

i n  t h e  nearby woods. The Houghton l a b  s i t e  contained but  two seed l ings  

of Pinus s t r o b u s ,  whi2h may o r  may no t  become e s t a b l i s e d .  The revege- 
L 
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t a t i o n a l d e a d i e n t  of  t h e  Houghton s i t e  was even more pronounced a t  

t h i s  t ime, a phenomenon n o t  observed i n  t h e  o t h e r  p l o t s .  

~ i ~ u r e z s h o w s  an i n t  a-s t e  comparison of t h e  s i t e s  i n  t e r m s  of c2 
t h e  spec ies  p resen t .  The t o t a l  number of spec ies  p resen t  has  inc reased  

from 2 2  a  few yea r s  a f t e r  t h e  removal o f  t h e  bu i ld ings ,  t o  28 i n - 1 9 4 0 ,  

a n d - t o  .40 i n  t h e  1 9 7 0 ' s  when t h e  s i t e s  were resurveyed. Because d a t a  

do n o t  e x i s t  f o r  a l l  s i t e s  i n  one yea r ,  it was neccessary t o  lump d a t a  

t a k e n  i n  1931 and 1932, and t o  lump t h e  t h r e e  da tes  of 1971,1977, and 

1978 i n t o  one t ime pe r iod .  Obviously some e r r o r  may occur by doing t h i s ,  

as spec ies  may come and go over  a seven yea r  pe r iod ,  bu t  t h e  t imes  a r e  

c l o s e  enough i n  comparison t o  d i f f e r e n t  pe r iods  t o  make a t  l e a s t  

genera l  observa t ions  of change. 



The percentage of p l a n t s  found only i n  one a r e a  has  inc reased  from 

1931-32 (59%),  t o  1971-78 ( 7 0 % )  i n d i c a t i n g  t h a t  t h e  a reas  a r e  changing 

i n  vegeta t ion ,  but  no t  converging on a s i m i l a r  " se t "  of  spec ies .  A s  

t h e  number of  spec ies  found i n  a l l  p l o t s  has  inc reased ,  s o  h a s  t h e  

number of spec ies  found i n  only  one of t h e  s i t e s .  Each p l o t  seems t o  

be fol lowing i t s  own p a t h  i n  r evege ta t ion ,  a l though t h e r e  has  been a 

s l i g h t  i n c r e a s e  (14 to23%) i n  t h e  percentage of s p e c i e s  found i n  a l l  

t h r e e  p l o t s .  Only 8% of  a l l  p l a n t s  were found i n  any two p l o t s ,  sugges t ing  

t h a t  t h e r e  a r e  a few s p e c i e s  t h a t  a r e  ub iqu i tous ,  found n e a r l y  everywhere, 

inc luding  a l l  t h r e e  s tudy s i t e s ,  but  t h a t  t h e  r e s t  of t h e  s p e c i e s  a r e  

no t  widespread and each s i t e  i s  accumulating i t s  own "se t"  of p l a n t s ,  

unique from t h e  o t h e r  si tes.  The s i t e s  indeed a r e  no t  converging on 

one climax vege ta t ion ,  and most of t h i s  divergence i s  due t o  t h e  Houghton 

s i t e ,  which conta ins  6 1 %  of  a l l  of t h e  s p e c i e s  unique t o  one s i t e .  

The s tudy of  abandonded bu i ld ing  s i t e s  i n i t i a t e d  i n  1930 has  shown 

t h a t  a t h o u g h  t h e  t o t a l  number of spec ies  i n  each p l o t  has  changed l i t t l e  

over t ime,  t h e  composition has  changed d r a m a t i c a l l y ,  with s t r o n g  c o r r e l a -  

t i o n s  e x i s t i n g  between t h e  p e r s i s t e n c e  of a s p e c i e s  i n  a p l o t ,  and 

i t s  n a t i v e  o r i g i n ,  and t o  p e r e n n i a l  l i f e  morphology. This  change has 

been an o rde r ly  process  o f  community change which i s  ti 
c/ 

&ependPt. 

Revegetation depends h e a v i l y  on t h e  proximity t o  seed, propagule,  and . . 
f 

rhizome source,  as seen by t h e  c o r r e l a t i o n  between proxim t y  t o  t h e  R 
woods and t h e  r a t e  of  vege ta t ion  by those  s p e c i e s .  Disturbance,  mostly 

human, has  slowed t h e  rate of  r evege ta t ion  and may p lay  both a d i r e c t  and 



i n d i r e c t  r o l e .  Reyegetation can vary over  space as w e l l  as over t ime,  - 
L 

with s m a l l  changes i n  microclimate,  d is turbance  nd s u b s t r a t e  g r e a t l y  , 
a f f e c t i n g  t h e  rate of r evege ta t ion  of a s i t e .  

The t w o  sites l e f t  i n t a c t ,  t h e  Research and Houghton s i t e s ,  provide 

an almost unique s i t u a t i o n  t o  s tudy revege ta t ion  and success ion ,  and 

t h e i r  value must n o t  be underrated.  These sites should be weill marked 

and p ro tec ted  from any dis turbance .  Each s i t e  should be resurveyed as .. 
o f t e n  as p o s s i b l e  s o  t h a t  an accura te  p i c t u r e  may be obtained on t h e  

process of succession.  
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L i s t  of Figures  -- 

Figure 0: Key t o  Symbols used i n  Figures  I-IX 

Figure 1: Houghton l a b o r a  r y  s i t e  i n  1978. (Map) B 
Figure 2 :  Houghton l abora to ry  s i t e  i n  1931 (map). 

Figure 3:Houghton l abora to ry  s i t e  i n  1940 (map. 

Figure 4: Houghton l a b o r a t o r y  s i t e  i n  1950 (map). 

Figure 5: Location of  t h e  t h r e e  s tudy s i t e s  (map). 

Figure 6 :  Location of  t r e e s  i n  Houghton i n  1978 (map). 

Figure 7:  Changing vege ta t ion  over  d i s t a n c e  i n  Houghton i n  1978 (graph) .  

Figure 8: Changing Vegetation over  t ime i n  Houghton ( t a b l e ) .  

Figure 9 :  Number of Species  i n  a l l  t h r e e  s i tes  over  t i m e . ( t a b l e )  

Figure 10: Number of Ind iv idua l s  p e r  spec ies  p e r  t r a n s e c t  i n  
Houghton i n  1978. 

Figure 11: D i s t r i b u t i o n  of Species by area-  omparison over  t ime.  S 
Figure 1 2 :  Height d i e t r i b u t i o n  of f r e e s  i n  Houghton i n  19% - ( t a b l e ) .  



Figure - 0: Key to Syhbols used in Figures 1-lxa 

AA-Aster laevis ML-Melampyrum lineare 

AC-Acer rubrum (in Figure 1x1 

AC-Agrostis gigantea 
(A. alba) (inFigure1) 

AR-Acer rubrum (Figure I) 

AR-Agrostis repens (Figures 11-1x1 

AM-Amelanchier sp. 

AL-Arabis lyrata 

AS-Asclepias syriaca 

CA-Chenopodium album 

CP-Cirsium pitcheri 

DS-Danthonia spicata 

FG-unknown grass 

FGr-Fagus grandifolia 

HF-Hieracium florentinum 

HV-Hieracium venosum 

OP-Oenothera parviflora 
(0. muricata) 

PA-Pteridium aquilinum 
( P .  latiusculum) 

OC-Poa compressa 

PP-Poa pratensis 

PS-Pinus strobus 

PT-Populus tremuloides 

PR-Prunus virginiana 

PX-Panicum xanthophysum 

QR-Quercus rubra (Q. borealis) 

RB-Rhus xborealis (R. glabra borealis) 

RO- Rosa sp. 

sc-#olidago canadensis 
- 

SS-Smilacina stellata 

TR-Toxicodendron radicans 

VA-Vaccinium angustifolium & 
(including V.Br tonii) 5 

a Names in parenthesis are those used by Gates (Gates 1952). 













Figure 

speciesa Duration b 

* *  Changes in the l lor is tic Composition of the Botany Laborstory Site 

Origin d Year - presentC 

Chenopodium capitatum A 
( w u m  capitatum) 

3 ~ C i r s ~ u m  pitcheri 
f 

B 
Chenopodium album A 
Elymus canadensis P 
Galeopsis tetrahit P 
Lepidium densiflorum A or B 

(L, virginicum) 
Oenothera parvif lora B 
(0. muricata) 

Poa compressa P 
Poa pratensis P 
Populus tremuloides P 
Rumex acetosella A or P 
Trifolium pratense P 
Agropyron repens P 
Agrostis gigantea P 

(A. alba) 
Rhus xborealis P 

(R. glabra borealis 
Rosa sp. P 

(rabis lyrata B or P 
2 Arabis hirsuta B or P 
/ (A. glabra) 
Prunus virginiana P 
Quercus rubra P 

(Q. borealis) 
2 ~Agropyrurn dasystachyrm P 
6 Amelanchier sp. P 

Asclepias syriaca P 
Acer rubrum P 
Conyza canadensis A 

(Erigeron canadensis) 
Ceratodon purpureus 
Asclepias exalt= P 

(A. ~hytolacc~des 
Rorippa sp. Dt 

3 (also 1948) 
3 5 6 4 6 2 3  
1 5 .  8 5 1 0 4 8  

1 2 2 1 1  
4 

Pteridium aquilinum P 



Durat ion Or ig in  

Sol idago  h i s p i d a  P 
Prunus pennsylvanica  P 
Po richum juniperinum ? Sm l a c i n a  s t e l l a t a  P 
Danthonia s p i c a t a  P 
Centaurea maculosa. B o r  P 
Hieracium f lo ren t inum P 
Panicum xanthophysum P 
Toxicodendron r a d i c a n s  P 
Melampyrum l i n e a r e  A 
Pinus s t r o b u s  P 
Hieracium venosurn P 
Sol idago  canadens i s  P 
Fagus g r a n d i f o l i a  P 
Vacciniwn angus t i fo l ium P 
A s t e r  l a e v i s  P 
unknown g r a s s  

T o t a l  number o f  
v a s c u l a r  s p e c i e s  
p e r  y e a r  

a ~ a m e s  a p p l i e d  by Gates i n  pa ren theses  whep d i f f e r e n t .  

 he p l u s  s i g n  i n d i c a t e s  " s e v e r a l " ;  t h e  a s t e r i s k ,  "many". 

Year P r e s e n t  - 



kwbiu 
F i g u r e m  : Number of V a s c u l a r  S p e c i e s  i n  R e v e g e t a t i o n  

Years L a b o r a t o r y  Axea 
c o v e r e d  s i t e  - (mL) Year - 

1930  ' 3 1  ' 32  ' 3 3  ' 3 4  ' 3 5  '36  ' 3 7 ' 3 8 ' 3 9 ' 4 0  '42  ' 4 5  ' 48  '49 '50  ' 7 1  ' 7 7  ' 7 8  
' trj:dt 

3 R e s e a r c h  38 24 22 1 4  1 6  1 2  $8 1 8  1 9  1 8  23 25  20 24 20 22 28 1 7  

6 Bo tany  38 1 8  1 4  1 4  1 4  1 2 5 0 1 3  1 4  1 2  1 0  1 2  1 2  1 6  1 6  1 7  1 4  1 8  1 7  



Poa compressa 
m i d a g o  hispida 
Arabis lyrata 
Acer rubrum 
-1us tremuloides 

Figure X: Number of Individuals per Species per Transect 

North Number 
1 - 2 - 3 - 4 - 5 - 8 - 9 - - - -  10 11 12 - 13 

Hieracium v e m u m  
Solldago canadensis - 

unknown grass 

Total Number o.f 
Individuals per 
Transect 

South 
14 7 Total - - 



Figure x: Dis t r i bu t i on  of Species by Area 
Species i n  a l l  

Species i n  only one area Species  i n  two a reas  t h r e e  a reas  
Research 

Research Botany Houghton Research ResearchHoughton Botany 
Botany Houghton Botany Houghton 



Spec ies  

Quercus r u b r a  

Populus t remulo ides  

~ i ~ u r e l l [ a :  Trees  i n  Houghton S i t e  i n  1978 

Amelanchier x. 

Acer rubrum 

Pinus  s t r o b u s  

T o t a l  number No. l e s s  t h a n  NoC between one No. g r e a t e r  t h a n  
one meter  t a l l  and two meters  two meters  t a l l  


