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ABSTRACT 

Colon iza t ion  o f  p l a n t s  i n  an  abandoned l imes tone  qua r ry  n e a r  Syracuse ,  New 
York has  proceeded s lowly  s i n c e  t h e  s i t e  was mined 50 y e a r s  ago. To unders tand  
p l a n t  community development i n  t h e  qua r ry ,  popu la t ions  o f  f o u r  dominant . -  

monocarpic s p e c i e s  ( E k c a s t r u m  ga l l i cum,  M e i i i o t u s  G a ,  P i c r i s  h i e r a c i o i d e s  and 
Echium v u l g a r e )  were i n t e n s i v e l y  monitored from 1976 t o  1981 on two s i tes  t h a t  

~~~ ~ 

d i f f e r e d  i n  d e n s i t y  and s u b s t r a t e  c h a r a c t e r :  t h e  sparse and dense si tes.  
Measurements of s u b s t r a t e  p r o p e r t i e s  on each s i te  and r a i n f a l l  were a l s o  made 
and r e l a t e d  t o  popu la t ion  performance. D e n s i t i e s  o f  a l l  s p e c i e s  f l u c t u a t e d  
d u r i n g  each  year due t o  ep i sodes  o f  s e e d l i n g  r ec ru i tmen t  fo l lowed by heavy 
m o r t a l i t y  t h a t  appeared t o  p r i m a r i l y  r e s u l t  from d e s i c c a t i o n .  D e n s i t i e s  a l s o  
v a r i e d  between y e a r s ,  a p p a r e n t l y  due t o  v a r i a b i l i t y  i n  r a i n f a l l .  
- P. h i e r a c i o i d e s  dec l ined  d u r i n g  t h e  s t u d y  whereas t h o s e  o f  E. vu lga re  inc reased .  
No o v e r a l l  t r end  was observed i n  t h e  o t h e r  spec ie s .  Annual f l u c t u a t i o n s  i n  
d e n s i t y  were c o n s i s t e n t l y  less pronounced on t h e  dense s i t e ,  a p p a r e n t l y  due t o  
a m e l i o r a t i n g  i n f l u e n c e s  o f b o t h  v e g e t a t i o n  and s u b s t r a t e .  Community development 
i n  t h e  qua r ry  appea r s  t o  be  t empora l ly  e r r a t i c ,  depending upon v a r i a b i l i t y  i n  
r a i n f a l l  and i ts  i n f l u e n c e  on t h e  i n d i v i d u a l  s p e c i e s .  

D e n s i t i e s  of 

1 .  I N T R O D U C T I O N  

Humans use  l a r g e  amounts o f  metals and mine ra l s  t h a t  are e x t r a c t e d  from t h e  
e a r t h .  One e x t r a c t i o n  method i s  s u r f a c e  mining, i n  which a l a y e r  of ove r ly ing  
m a t e r i a l  and, subsequen t ly  t h e  d e s i r e d  commodity, is removed by an  open 
excavat ion .  S u r f a c e  mining causes  l o c a l i z e d  bu t  s e v e r e  d i s t u r b a n c e  t o  p l a n t  and 
an imal  communities because both t h e  v e g e t a t i o n  and t o p s o i l  are comple te ly  
removed. N e w  v e g e t a t i o n  must c o l o n i z e  a s u b s t r a t e  t h a t  is p h y s i c a l l y  and 
chemica l ly  s t r e s s f u l .  

Eco log ica l  s t u d i e s  of surface-mined s i tes  have t y p i c a l l y  focused  on t h e  
N a t u r a l  man ipu la t ion  o f  t h e  s u b s t r a t e  and v e g e t a t i o n  f o r  r ec l ama t ion  [ 1-41. 

c o l o n i z a t i o n  and community development has  been s t u d i e d  less o f t e n  on 
s t r ip-mined  sites. Because o f  economic and s o c i a l  c o n s i d e r a t i o n s ,  most s t u d i e s  
o f  n a t u r a l  r e v e g e t a t i o n  have been made on a r e a s  t h a t  were mined f o r  c o a l  and 
m e t a l l i c  o r e s  [5-81. 
q u a r r i e s  has  r ece ived  l i t t l e  a t t e n t i o n  u n t i l  r e c e n t l y  [9-10]. 
be l ea rned  about  c o l o n i z a t i o n  and covmunity development i n  surface-mined s i tes ,  

Converse ly ,  n a t u r a l  r e v e g e t a t i o n  i n  abandoned l imes tone  
Much remains t o  
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p a r t i c u l a r l y  i n  l imes tone  q u a r r i e s .  Such s t u d i e s  could y i e l d  new i n s i g h t s  i n t o  
c o s t - e f f i c i e n t  ways of r ec l a iming  surface-mined si tes.  

To f u l l y  e v a l u a t e  t h e  d i s t r i b u t i o n  and abundance of p l a n t s  and t o  determine 

Severa l  

However, each of t hose  s t u d i e s  have 

t h e  f o r c e s  t h a t  l ead  t o  v e g e t a t i o n  change, i t  is necessa ry  t o  examine 
popu la t ion - l eve l  (demographic) a t t r i b u t e s  o f  t h e  p l a n t  s p e c i e s  [I I]. 
demographic s t u d i e s  o f  p l a n t  s p e c i e s  c o l o n i z i n g  mined s i tes  have been conducted, 
mostly w i t h i n  t h e  p a s t  15 y e a r s  [12-161. 
focused on a s i n g l e  s p e c i e s  and have been of 1 o r  2 y e a r  d u r a t i o n .  To bes t  
unders tand  community development and t o  p inpo in t  t h e  f a c t o r s  t h a t  i n h i b i t  
success ion  on mined s i tes ,  a mul t i -year  approach i n c o r p o r a t i n g  concurren t  
demographic a n a l y s e s  o f  s e v e r a l  s p e c i e s  is needed. 

To t h a t  end, a 5-year s t u d y  was conducted i n  an  abandoned l imes tone  quarry 
nea r  Syracuse ,  N e w  York. Revege ta t ion  has  proceded s lowly  s i n c e  t h e  s i t e  was 
mined i n  t h e  1920's. The qua r ry  s u b s t r a t e  is rocky, c a l c a r e o u s ,  i n f e r t i l e  and 
e x c e s s i v e l y  d ra ined  [13, 17-18]. 
i n v e s t i g a t e  community development i n  t h e  qua r ry  by e v a l u a t i n g  t h e  demography of 
t h e  component s p e c i e s ,  and (2) t o  p inpo in t  t h o s e  f a c t o r s  t h a t  have i n h i b i t e d  
success ion  by r e l a t i n g  demography t o  edaphic  and micrometeoro logica l  conditions.  

The purposes  o f  t h i s  s t u d y  were: ( 1 )  t o  

2. THE STUDY SITE 

The s t u d y  was conducted i n  t h e  Jamesv i l l e  Limestone Quar ry  opera ted  by the 
A l l i e d  Corpora t ion .  The qua r ry  is  l o c a t e d  9 km s o u t h e a s t  o f  Sy racuse ,  N e w  York 
(43°00'N, 76'09'W) a l o n g  a band o f  Devonic l imes tone  t h a t  runs  between 
Albany and Buf fa lo  i n  u p s t a t e  N e w  York. 
i n  t h e  1890's and con t inues  today. 
1200 ha ,  o f  which 650 ha have been d i s t u r b e d  by mining o r  dumping. 
was made i n  a 7.9 ha s e c t i o n  of t h e  qua r ry  t h a t  was mined d u r i n g  t h e  1920's and 
subsequen t ly  abandoned. 
beech-maple-hemlock fores t ,  t h e  s o i l  and 5-10 m o f  bedrock. The s u b s t r a t e  tha t  
remains is composed o f  c a l c a r e o u s  rocks ,  s tone - s i zed  f ragments  and f i n e  
material. The s u b s t r a t e  a l s o  c o n t a i n s  va ry ing  amounts of c i n d e r  from 
coal -burn ing  locomot ives  involved  i n  t h e  mining process .  

S u r f a c e  mining f o r  ca rbona te  rock began 
Land ho ld ings  of t h e  q u a r r y  c o n s i s t  of about 

Th i s  study 

The mining p rocess  removed t h e  o r i g i n a l  

Natural r e v e g e t a t i o n  h a s  proceeded s lowly  i n  t h e  50 y e a r s  fo l lowing  

abandonment. 
s t u n t e d  trees. The dominant he rbs  i n c l u d e  M e l i l o t u s  a= Desr., P i c r i s  
h i e r a c i o i d e s  L., Hieracium f lo ren t inum A l l . ,  Erucastrum ga l l i cum (Willd. )O.E. 
Schulz ,  A s c l e p i e  tube rosa  L., Echium v u l g a r e  L., and Hypericum per fora tum L 
(nomenclature follo-j). Woody p l a n t s  i n c l u d e  Rhus typh ina  L . ,  Vitis 
r i p a r i a  Michx., Lonicera  t a t a r i c a  L., Prunus v i r g i n i a n a  L., Populus  t r emulo ides  
Wichx., and Rubus sp. ,  among o t h e r s .  The p l a n t  community e x h i b i t s  marked 
p a t t e r n i n g  i n  bo th  s p e c i e s  composi t ion  and cover  due t o  micro topographic  
h e t e r o g e n e i t y  [13]. 

The p l a n t  community c o n t a i n s  a mix tu re  of herbs, shrubs, Vines and 

To de termine  how s u b s t r a t e  c o n d i t i o n s  and t h e  d e n s i t y  o f  t h e  su r round ing  
v e g e t a t i o n  affect  community development,  v e g e t a t i o n  was sampled on two s i tes  
t h a t  were s e p a r a t e d  by about  40 m. These s i tes ,  named t h e  s p a r s e  and dense  
sites, each measured approximate ly  5 x 20 m. S p e c i e s  composi t ion  was s i m i l a r  on 
t h e  two s i tes ,  bu t  t h e  d e n s i t y  o f  most s p e c i e s  was greater on t h e  dense  s i t e  
(Table  1). Likewise,  i n  mid-June 1976, 
dense  and s p a r s e  s i tes ,  r e s p e c t i v e l y  [20!. 

e r c e n t  cover  was 41% and 8% on t h e  

The s u b s t r a t e  on both  s i tes  was rocky as f i n e  material (<0.2 c m  d i ame te r )  
accounted for on ly  about  22% of t h e  weight of t h e  s u b s t r a t e  (Table  2 ) .  About 
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Table 1. Densities (m-') of plants on the sparse and dense sites, Jamesville 
Quarry, Syracuse, New York, on 26 May 1976. Spli)ols for life 
histories are: A = annual, B = biennial, P = perennial. 

Technical 
name 

C m o n  Life Sparse Dense 
name History site site 

Erucastrum gallicum 
Silene cserei 
Melilotus alba 
Picris hieracioides 
Daucus carota 
Echium vulgare 
Hypericum perforatum 
Hieracium florentinum 
Asclepias tuberosa 
Chrysanthemum leucanthemum 
Sanguisorba minor 

-- 

-- 

french rocket A 
catchf ly A 
white sweet clover B 
bit t erweed B 
Queen Anne's lace B 
viper's bugloss B 
St. Johnswort P 
hawkweed P 
butterf lyweed P 
daisy P 
burnet P 

49.3 
3.4 
61.9 
56.0 
6.3 
1.3 
20.4 
14.1 
10.5 
4.8 
1.3 

3.4 
0.0 

464.6 
477.2 
54.3 
49.7 
690.1 
65.7 
35.4 
5.1 
0.0 

Table 2. Substrate properties on the sparse and dense sites; values in the 
first two columns are mean? S.D. and, in parentheses, the number 
of observations; results of one-way analysis of variance comparing 
sites are presented in column 4; N.S. = not significant at&=0.05. 
Data from Klemow h Raynal [18], reprinted with permission. 

Property Sparse site Dense site Signif. 

Soil C1.25 cm diameter (I)* 
Soil <0.2 cm diameter (%)* 
Sand (X) 
Silt (X) 
Clay (%) 
Water retention (%): 

-1/3 bar 
-15 bar 

PH 
Cation-exchange-capacity 

(m-equiv per 1OOg) 
K+ (m-equiv per 1OOg) 
~ g 2 +  (m-equiv per 1OOg) 
Organic matter (%) 

51.12 11.8 (7) 
22.2 2 7.58 (7) 
70.7 2 4.60 (14) 
18.1 2 3.85 (14) 
11.2 2 1.68 (14) 

13.1 2 2.64 (7) 
4.37 2 0.68 (7) 
7.64 2 0.04 (7) 
7.00 2 2.28 (14) 

0.09 5 0.02 (14) 
0.56 2 0.04 (14) 
4.67 2 0.49 (7) 

48.7 2 9.96 (4) 

65.7 2 1.53 (8) 
24.0 2 1.76 (8) 
10.3 If: 2.11 (8) 

28.2 2 8.85 (4) 
11.6 2 5.23 (4) 
7.56 0.05 (4) 
13.12 4.12 (8) 

0.23 2 0.08 (8) 
0.81 2 0.16 (8) 
6.66 2 1.84 (4) 

22.0 * 4.54 ( 4 )  
N.S. 
N.S. 
0.01 
0.005 
N.S. 

0.005 
0.01 
0.025 
0.005 

0.005 
0.005 
0.025 

*Data for 0-10 cm stratum. Rest of Table refers to cO.2 cm soil fraction only. 

half of the substrate's weight was made up of rock fragments y1.25 cm in 
diameter. 
on both sites. 
fertility and higher organic matter than the substrate sampled from the sparse 
site. 

Analyses of the fine material showed it to have a sandy-loam texture 
The dense-site substrate had greater water retention, higher 

On sunny afternoons during the summer, temperatures at, and just above, the 
surface were 5-10°C warmer than those at a height of 100 cm [17]. 
early afternoon on a t pica1 warm, sunny day in July 1976, exposed surfaces at 
both sites exceeded 44 C whereas shaded surfaces were 10°C cooler. 
surface on the dense site tended to be cooler'on the averge because more of it 

During 

The 
B 
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was shaded. Temperatures on exposed and shaded s u r f a c e s  were ve ry  s i m i l a r  on 
cloudy days. The re fo re ,  s i t e - r e l a t e d  d i f f e r e n c e s  i n  s u r f a c e  tempera ture  only  
occurred  on sunny days. p a r t i c u l a r l y  i n  t h e  summer when t h e  v e g e t a t i o n  was most 
developed. 

3. METHODS 

Permanent q u a d r a t s  f o r  sampl ing  v e g e t a t i o n  were e s t a b l i s h e d  on both s i t e s  
i n  l a t e  May 1976. Twenty-one q u a d r a t s ,  each measuring 0.5 x 0.5 m were randomly 
pos i t i oned  on t h e  s p a r s e  s i te .  F ive  0.5 x 0.5 m q u a d r a t s  and t h i r t e e n  0.2 x 0.2 
m q u a d r a t s  were randomly pos i t i oned  on t h e  dense s i t e .  A l a r g e r  a r e a  was 
sampled on t h e  s p a r s e  s i t e  because t h e  d e n s i t y  o f  p l a n t s  was lower t h e r e .  Each 
quadra t  was examined every  two weeks d u r i n g  t h e  growing seasons  o f  1976-1979. 
I n  1980 and 1981, t h e  q u a d r a t s  were examined t h r e e  times each. Q u a d r a t s  were 
not  examined d u r i n g  t h e  w i n t e r s  because o f  f r e q u e n t  snow cover .  

A l l  p l a n t s  w i t h i n  t h e  q u a d r a t s  were mapped on c o o r d i n a t e  paper  du r ing  t h e  
f irst  examination i n  May 1976. A wooden frame measuring 0.5 x 0.5 m f a c i l i t a t e d  
t h e  mapping procedure.  When t h e  q u a d r a t s  were examined a t  subsequent  d a t e s ,  t he  
maps were brought up t o  d a t e ,  accoun t ing  f o r  emergence of new i n d i v i d u a l s  and 
m o r t a l i t y  of o l d  ones. A t  each  sampling, each p l a n t  was c a t e g o r i z e d  i n t o  one of 
t h r e e  l i f e - h i s t o r y  c l a s s e s :  s e e d l i n g s ,  e s t a b l i s h e d - v e g e t a t i v e  i n d i v i d u a l s  (Table 
7) ,  and r ep roduc t ive  i n d i v i d u a l s .  

l a n t s  was determined i n  1980 and 1981 accord ing  t o  methods d e t a i l e d  e l sewhere  
f21]. The methods allowed e s t i m a t e s  t o  be made f o r  each s p e c i e s  of-2oth t h e  
mean number o f  s eeds  produced p e r  p l a n t  and t h e  d e n s i t y  o f  s e e d s  (m 
each  s i t e  i n  each  yea r .  

The number of s e e d s  produced by r ep roduc t ive  

) on 

The t o t a l  number o f  p l a n t s  p re sen t  a t  each sampl ing  d a t e  was determined f o r  
each s p e c i e s  on each  s i te .  A l l  p l a n t s  t h a t  appeared between s u c c e s s i v e  sampling 
d a t e s  were grouped t o g e t h e r  i n t o  s e p a r a t e  cohor t s .  The p ropor t ion  of t h e  cohort  
t h a t  su rv ived  t o  each subsequent  sampl ing  d a t e  w a s  de te rmined  and t h e  d a t a  were 
p l o t t e d  as s u r v i v o r s h i p  curves .  Su rv ivo r sh ip  cu rves  are u s e f u l  because they  
enable  one t o  de te rmine  ( 1 )  t h e  age a t  which most p l a n t s  d i e ,  and (2 )  any 
r e l a t i o n s h i p s  between m o r t a l i t y  and t empora l ly  v a r i a b l e  envi ronmenta l  
c o n d i t i o n s ,  p a r t i c u l a r l y  r a i n f a l l .  Many c o h o r t s  were i d e n t i f i e d  due t o  t h e  
f requency  o f  sampling. The f a t e s  o f  on ly  s e l e c t e d ,  r e p r e s e n t a t i v e  c o h o r t s  w i l l  
be p re sen ted ,  however. 

For each s p e c i e s ,  t h e  number of p l a n t s  i n  each l i f e - h i s t o r y  ca t egory  ( seed ,  
s e e d l i n g ,  e s t a b l i s h e d  o r  r ep roduc t ive )  was a l s o  de te rmined  f o r  each  sampl ing  
d a t e  on each s i te .  The p ropor t ion  o f  s e e d s  t h a t  produced s e e d l i n g s  was 
e s t ima ted  by d i v i d i n g  t h e  number of s eed ings  t h a t  emerged each  y e a r  by t h e  
e s t ima ted  number o f  s eeds  produced p r i o r  t o  emergence. The p r o p o r t i o n  of 

Table  3. Minimum s i z e s  f o r  e s t a b l i s h e d  p l a n t s  on t h e  s p a r s e  and dense  
s i tes ,  Jamesville Quar ry ,  Syracuse ,  New York. P l a n t s  smaller 
than  t h e  l i s t e d  s i z e  were c l a s s i f i e d  as s e e d l i n g s .  

Spec ie s  S i z e  (cm) Organ measured 

Erucastrum ga l l i cum 1.5 stem 

P i c r i s  h i e r a c i o i d e s  2.0 r o s e t t e  l e a f  
Echium v u l g a r e  2.0 r o s e t t e  l e a f  

M e l i l o t u s  alba 3.0 Stem 
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s e e d l i n g s  t h a t  e s t a b l i s h e d  and t h e  p ropor t ion  o f  e s t a b l i s h e d  p l a n t s  t h a t  
reproduced were de te rmined  f o r  each  y e a r ' s  s e e d l i n g  crop. Mean p r o p o r t i o n s ,  
based on t h e  e n t i r e  s tudy ,  were a l s o  de te rmined  by poo l ing  t h e  d a t a  from a l l  
yea r s .  

The p ropor t ions  of t r a n s i t i o n  between s u c c e s s i v e  l i f e - h i s t o r y  s t a g e s  were 
used t o  de te rmine  t h e  r a t e  o f  popu la t ion  change through time. F i r s t ,  r a t e s  of 
popu la t ion  change p e r  g e n e r a t i o n  (R ) were e s t ima ted  f o r  each  s p e c i e s  on 
each s i t e  by m u l t i p l y i n g  t h e  propor?ion of s e e d s  t h a t  produced s e e d l i n g s  by t h e  
p ropor t ion  of s e e d l i n g s  t h a t  e s t a b l i s h e d ,  t hen  by t h e  p r o p o r t i o n  of e s t a b l i s h e d  
p l a n t s  t h a t  reproduced and then  by t h e  number o f  s eeds  produced by mature 
p l a n t s .  Second, t h e  % v a l u e s  were conver ted  t o  annual  rates of change 
(A ) by t a k i n g  t h e  gth r o o t  of R where g r e p r e s e n t s  t h e  mean 
nuEf;er o f  y e a r s  pe r  g e n e r a t i o n  [ 2 9 ]  of  each s p e c i e s  on each  s i te .  
l eng th  o f  t i m e  t h a t  s eeds  of each  s p e c i e s  remain i n  t h e  s o i l  was e s t ima ted  
acco rd ing  t o  t h e  method of Klemow [Z l ]  and was t aken  i n t o  account  when g was 
d e t  e rmined . 

The mean 

Three c l a s s e s  o f  e s t i m a t e s  were ob ta ined  f o r  each  s p e c i e s  on each 
s i t e .  The f irst  was bazgd on p r o p o r t i o n s  of t r a n s i t i o n  o f  each l i f e - h i s t o r y  
s t a g e  t o  t h e  next  f o r  p l a n t s  from a l l  y e a r s  pooled ,  and r ep resen ted  t h e  mean 
r a t e  of change over  t h e  cour se  o f  t h e  s tudy .  The second was based on t h e  
h i g h e s t  annual  p r o p o r t i o n s  o f  each t r a n s i t i o n  and r e p r e s e n t e d  t h e  r a t e  of change 
t h a t  would be ob ta ined  under  optimum c o n d i t i o n s  (based  on t h e  years observed) .  
The t h i r d  was based on t h e  lowes t  annual  p r o p o r t i o n s  and r ep resen ted  t h e  r a t e  of 
change under t h e  poores t  observed cond i t ions .  

The popu la t ion  f l u x  o f  f o u r  s p e c i e s  (Erucastrum ga l l i cum,  Mel i lo tus  a-, 
P i c r i s  h i e r a c i o i d e s  and Echium v u l g a r e )  w i l l  be p re sen ted  i n  t h i s  paper. 
s p e c i e s  are t h e  dominant monocarpic he rbs  growing i n  t h e  qua r ry  and t h e i r  
performance g i v e s  an  e x c e l l e n t  i n d i c a t i o n  a s  t o  t h e  demographic a t t r i b u t e s  o f  
t h e  o t h e r  s p e c i e s .  

These 

4. RESULTS 

Four c a t e g o r i e s  o f  i n fo rma t ion  w i l l  be p re sen ted  i n  t h i s  s e c t i o n  f o r  each o f  
t h e  f o u r  s p e c i e s :  ( 1  ) l i f e - h i s t o r y  a t t r i b u t e s ;  ( 2 )  changes i n  t o t a l  d e n s i t i e s  
th rough time; (7)  s u r v i v o r s h i p  o f  r e p r e s e n t a t i v e  cohor t s ;  and ( 4 )  e s t i m a t i o n  o f  
t h e  rates o f  d e n s i t y  change through time. 
h i e r a c i o i d e s  and Echium vu lga re ,  demographic d a t a  w i l l  be p re sen ted  d e s c r i b i n g  
popu la t ion  performance on both  t h e  s p a r s e  and dense  si tes.  For Erucastrum 
g a l l i c u m ,  demographic d a t a  of on ly  t h e  s p a r s e - s i t e  popu la t ion  w i l l  be p re sen ted  
because t h e  popu la t ion  on t h e  dense s i t e  r a r e l y  exceeded 10 i n d i v i d u a l s  for most 
of t h e  s tudy .  

For M e l i l o t u s  =a, P i c r i s  

4.1. L i f e -Hi s to ry  A t t r i b u t e s  

Each of t h e  f o u r  s p e c i e s  e x h i b i t e d  a s t r i c t  monocarpic l i f e - h i s t o r y ,  
meaning t h a t  i n d i v i d u a l s  always d i e d  a f t e r  they  reproduced. There were, 
however, marked d i f f e r e n c e s  between t h e  s p e c i e s  i n  o t h e r  l i f e - h i s t o r y  a t t n b u t e s  
such  as t h e  t i m e  o f  y e a r  i n  which most s e e d l i n g s  emerged and t h e  age  a t  which 
i n d i v i d u a l s  reproduced. 

Erucastrum ga l l i cum d i s p l a y e d  a t y p i c a l  summer annual l i f e - h i s t o r y .  Moat 
s e e d l i n g s  emerged d u n n g  A p r i l  and early May and p l a n t s  grew v e g e t a t i v e l y  
throughout  t h e  summer. P l a n t s  f lowered  and s e t  seed  from l a t e  July u n t i l  early 
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November. Very'few p l a n t s  su rv ived  t h e  w i n t e r  a s  v e g e t a t i v e  i n d i v i d u a l s ;  most 
su rv ived  as seeds .  

Seed l ings  o f  M e l i l o t u s  & a l s o  emerged i n  A p r i l  and May. P l a n t s  grew 
v e g e t a t i v e l y  throughout  t h e i r  first summer and f a l l  and then  d i e d  back i n  
November. P l a n t s  overwintered  as a t a p r o o t  w i th  buds a t  t h e  s o i l  s u r f a c e .  
During t h e i r  second summer, new stems were produced, and bo re  f lowers  and seeds  
from J u l y  u n t i l  l a t e  October.  Because p l a n t s  always d i ed  a f t e r  t h e i r  second 
y e a r  o f  growth, E. alba e x h i b i t e d  an  o b l i g a t e  b i e n n i a l  l i f e - h i s t o r y  [ l8 ] .  

Most s e e d l i n g s  o f  P i c r i s  h i e r a c i o i d e s  emerged i n  September and October,  
whereas those  of Echium v u l g a r e  emerged e i t h e r  i n  t h e  l a t e  summer, f a l l  o r  
s p r i n g .  I n d i v i d u a l s  o f  both s p e c i e s  grew v e g e t a t i v e l y  and formed r o s e t t e s  
d u r i n g  t h e i r  first summer. After ove rwin te r ing ,  some i n d i v i d u a l s  produced 
f lower ing  s h o o t s  d u r i n g  t h e i r  second summer. Reproduct ion  was t y p i c a l l y  delayed 
f o r  one or  more y e a r s ,  however. Both p .  h i e r a c i o i d e s  and E. v u l g a r e  exh ib i t ed  a 
f a c u l t a t i v e  b i e n n i a l  l i f e - h i s t o r y  [23]. 

4.2 Temporal F lux  i n  T o t a l  D e n s i t i e s  

D e n s i t i e s  o f  a l l  f o u r  s p e c i e s  f l u c t u a t e d  markedly d u r i n g  each  y e a r  (Fig.  
1 ) .  F l u c t u a t i o n s  i n  t h e  d e n s i t y  o f  t h e  annua l  Erucastrum ga l l i cum (Fig .  1 ( a ) )  
was expected because t h e  s p e c i e s  is  an  annua l  and t h e  popu la t ion  o c c u r s  i n  t h e  
form o f  s e e d s  d u r i n g  t h e  w i n t e r  and as growing, pho tosyn thes i z ing  p l a n t s  dur ing  
t h e  s p r i n g ,  summer and f a l l .  D e n s i t i e s  o f  t h e  o t h e r  t h r e e  s p e c i e s  f l u c t u a t e d  
du r ing  each y e a r  as we l l ,  even though i n d i v i d u a l s  had t h e  c a p a c i t y  t o  s u r v i v e  
t h e  w i n t e r  (F ig .  l (b -g ) ) .  The annua l  f l u c t u a t i o n  i n  t h o s e  s p e c i e s  r e s u l t e d  from 
r a t h e r  l a r g e  f l u s h e s  of s e e d l i n g  emergence each y e a r  and r a p i d  m o r t a l i t y  of 
s e e d l i n g s  ( s e e  below). I n  E. alba and _P. h i e r a c i o i d e s ,  peak d e n s i t i e s  each year  
were t y p i c a l l y  20-100 times g r e a t e r  t han  t h e  lowest d e n s i t i e s  (F ig .  l ( b - e ) ) .  In  
5. vu;.are, p e a k , d e n s i t i e s  were on ly  2-4 times g r e a t e r  t han  t h e  lowes t  (F ig .  
l ( f - g  . D e n s i t i e s  of e s t a b l i s h e d  i n d i v i d u a l s  d i d  no t  f l u c t u a t e  n e a r l y  a s  much 
w i t h i n  each y e a r  as d i d  d e n s i t i e s  of s e e d l i n g s .  

D e n s i t i e s  a l s o  v a r i e d  markedly between y e a r s ,  a l t hough  t h e  f o u r  s p e c i e s  
d i f f e r e d  among each o t h e r  i n  t h e  way d e n s i t i e s  changed from y e a r  t o  yea r .  
D e n s i t i e s  o f  E. 
~ $ 9 '  (F ig .  1 ( a - c y m  E. ga l l icum.  t h e  peak d e n s i t y  was about  185 p l a n t s  
m i n  A p r i l ,  1978; 3-8 t i m e s  h i g h e r  t han  t h e  peaks observed i n  any o t h e r  
y1?9r (F ig .  l ( a ) ) .  For  _M. a x a ,  d e n s i t i e s  i n  A p r i l  1978 were 220 and 1270 
m on t h e  s p a r s e  and dense  s i tes ,  r e s p e c t i v e l y  (F ig .21(b-c) ) .  Peak 
d e n s i t i e s  d u r i 2 g  t h e  o t h e r  y e a r s  were 18-62 p l a n t s  m- on t h e  s p a r s e  s i t e  
and 260-900 m- 
n e i t h e r  c o n s i s t e n t l y  i n c r e a s e d  no r  decreased  ove r  t h e  6-year d u r a t i o n  of t h e  
study. 

a l l i c u m  and c. alba were both h i g h e r  i n  1978 than  i n  any o the r  

on t h e  dense s i te .  D e n s i t i e s  o f  5. ga l l i cum and y. a& 

For  _P. h i e r a c i o i d e s ,  peak d e n s i t i e s  were markedly h i g h e r  d u r i n g  1976 and 
1977 than  d u r i n g  1979 and 1980 (Fig .  1 (d-e) ) .  Moreover, d e n s i t i e s  of 
e s t a b l i s h e d  p l a n t s  dec l ined  on both  s i tes  such t h a t  t h e  d e n s i t y  i n  August 1981 
was 9.0% and 9.6% of  t h a t  i n  August 1976 on t h e  s p a r s e  and dense  s i tes ,  
r e s p e c t i v e l y .  

Whereas d e n s i t i e s  of p. h i e r a c i o i d e s  dec l ined  markedly d u r i n g  t h e  s tudy ,  
t h o s e  of E. v u l g a r e  i n c r e a s e d  on both s i t e s  (F ig .  1 ( f - g ) ) .  On t h e  s p a r s e  s i t e ,  
popu la t ions  tended t o  peak a t  h i g h e r  d e n s i t i e s  each succeed ing  y e a r  (F ig .  l ( f ) ) .  
Moreover, t h e  popu la t ion  o f  e s t a b l i s h e d  plan;9 i n c r e a s e d  r a t h e r  s t e a d i l y  from 
0.4 p l a n t s  m-2 i n  August 1976 t o  about  3.0 m i n  August 1981. 
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Figure 1. Total densities of four monocarpic species, Jamesville Quarry, Syracuse, 
New York; (d-g) from Klemow & Raynal [23 ] ,  reprinted with permission. 
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Figure  2. Su rv ivo r sh ip  cu rves  f o r  t o u r  monocarpic s p e c i e s ,  Jamesville Quarry,  
Syracuse ,  New York; ( a )  from Klemow & Raynal [ 2 4 ] ,  (d-g) from Klemow & Raynal 
[ 2 3 ] ,  r e p r i n t e d  w i t h  permiss ion .  

D e n s i t i e s  on t h e  dense  s i t e  d i d  n o t  change much from y e a r  t o  y e a r  u n t i l  1980 
when they  i n c r e a s e d  by a f a c t o r  o f  approximate ly  2 (F ig .  1 (g). 

Desp i t e  t h e  f l u c t u a t i o n  w i t h i n  each  y e a r  and between d i f f e r e n t  y e a r s ,  
d e n s i t i e s  of h. e. c. h i e r a c i o i d e s  and E. v u l g a r e  were a l l  c o n s i s t e n t l y  
h i g h e r  on t h e  dense s i t e  (F ig .  l (b -g ) ) .  

4.7. Su rv ivo r sh ip  

Surv ivo r sh ip  of g. ga l l i cum on t h e  s p a r s e  s i t e  v a r i e d  markedly between 
yea r s ;  more s o  than  observed i n  t h e  o t h e r  t h r e e  s p e c i e s  (F ig .  2 ( a ) ) .  
Su rv ivo r sh ip  was h i g h e s t  i n  1976 such  t h a t  70% of t h e  p l a n t s  t h a t  emerged i n  the  
s p n n g  of t h a t  y e a r  su rv ived  u n t i l  mid-August. 
s e e d l i n g s  t h a t  emerged i n  s p r i n g  1977 su rv ived  t o  mid-August, due t o  very  heavy 
m o r t a l i t y  i n  May and e a r l y  June. S e e d l i n g s  t h a t  emerged i n  1978 and 1979 
s u f f e r e d  r a t h e r  cons t an t  m o r t a l i t y  th roughout  t h e i r  r e s p e c t i v e  summers. P l a n t s  

I n  c o n t r a s t ,  on ly  6.2% of t h e  
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died very rapidly i n  1979 - none of the  spr ing  r e c r u i t s  survived pas t  l a t e  
August and none reproduced i n  t h a t  year. 

In Meli lotus  a x a ,  seedl ings t h a t  emerged i n  t h e  spr ing  exhibi ted 
comparatively low r a t e s  of surv iva l  each year  (Fig. 2(b-c)). 
highest i n  1976 and 1980 where 16% and 10% of the  spr ing  seedl ings survived 
u n t i l  autumn, respect ively.  
intervening years  survived t h e i r  f i r s t  growing season on the  dense s i t e  and none 
survived on the  sparse  s i t e .  In a l l  cohorts i n  which p lan ts  overwintered, rates 
of surv iva l  were higher  among 2-year-old p lan ts  than among 1-year-olds. 

Survival  w a s  

Fewer than 1 %  of t h e  seedl ings t h a t  emerged i n  t h e  

For p. hierac io ides  mean r a t e s  of surv iva l  f o r  f a l l  r e c r u i t s  during t h e i r  
f i r s t  winter  was 10% and 43% on t h e  sparse  and dense sites, respect ively (Fig. 
2(d-e). 
general ly ,  fewer than 5% of the  r e c r u i t s  survived t h e i r  f i r s t  year. 
i n  E. a&a, p lan ts  o lder  than 1 year  had higher  surv iva l  than younger plants .  
On both s i t e s ,  p lan ts  t h a t  emerged i n  f a l l  1979 had higher  surv iva l  than those 
tha t  emerged i n  1976, 1977 or 1978. 
present on each s i t e  a t  t h e  beginning of each year  was g r e a t e r  i n  1976 $han i n  
succeeding years  [23]. 

Mortal i ty  was t y p i c a l l y  very heavy during t h e i r  f i r s t  summer and, 
A s  observed 

Survival  of a l l  _P. hierac io ides  ind iv idua ls  

For  seedl ings of E. vulgare t h a t  emerged i n  t h e  spr ing,  r a t e s  of surv iva l  
during t h e i r  f i r s t  summer ranged between 15% t o  45% (Fig 2(f-g)) .  Survival  
r a t e s  were very high f o r  E. vulgare  p lan ts  a f t e r  they a t t a i n e d  the  age of 6 
months. Mortal i ty  a f t e r  two years  was general ly  due t o  p l a n t s  completing t h e i r  
l i f e  cycle. 

For E. gallicum. E. alba and _P. hieracioides .  seedl ing  surv iva l  was highest  
i n  1976 and second highest  i n  1980 (Fig. Z(a-e)). 
poorer f o r  p lan ts  of those t h r e e  species  during 1977, 1978, and 1979. Survival  
of 1. vulgare seedl ings was not cons is ten t ly  higher  i n  any year  (Fig. 2(f-g)) .  

Survival  w a s  general ly  much 

Rates of seedl ing  surv iva l  tended t o  be higher on the  dense s i t e  than on 
the sparse  s i t e  f o r  both 5. alba and 2. hierac io ides  (Fig. 2(b-e)). For l. a lba ,  
the  d i f f e r e n t i a l  between s i t e s  i n  surv iva l  was most evident during 1977, 1 9 7 8  
and 1979. Seedl ing surv iva l  was higher  on the dense s i t e  f o r  p. hierac io ides  
during t h e i r  f i r s t  winter  and during the  end of t h e i r  f i r s t  growing season. 

4.4. Life-History Transi t ions and Rates of Population Flux 

There was considerable  var ia t ion  between spec ies ,  between s i t e s ,  and 
between years  i n  the  proportion of ind iv idua ls  t h a t  survived t o  successive 
l i f e - h i s t o r y  ca tegor ies  and i n  the  r a t e s  of population change through time 
(Table 4 ) .  

The est imate  of population growth f o r  Erucastrum gallicum using t h e  pooled 
t r a n s i t i o n s  was very c lose  t o  1.0, i n d i c a t i n g  t h a t  the  population of t h a t  
species  n e i t h e r  increased nor decreased. 
the E. gallicum population f luc tua ted  markedly from year  t o  year. 
proporsions of surv iva l  t o  successive l i f e - h i s t o r y  s tages  a l s o  var ied between 
years. When the  highest  annual proportions were used t o  es t imate  X , 
populations would grow by 20-fold each year under favorable  conditi8hs. 
Conversely, when lowest proportions were used, populations would dec l ine  by over 
95% per year. 
estimated t o  be 1.23 years ,  because some seeds remained dormant f o r  more than 
one year. 

A s  observed i n  Figure 1 ( a ) ,  however, 
Therefore the  

Even though 2. gallicum is an annual, i ts generat ion time was 
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The p o o l e d x  of t h e  E. & populat ion on t h e  s p a r s e  s i t e  was 0.94, 
i n d i c a t i n g  t h a t  iTrdecl ined s l i g h t l y ,  whereas t h e  populat ion on t h e  dense s i t e  
i nc reased  by an average of 14% each year.  
have t h e  capac i ty  t o  i n c r e a s e  r a p i d l y  under f avorab le  cond i t ions ,  s p e c i f i c a l l y  
by 1.7 and 5.0-fold each y e a r  on t h e  s p a r s e  and dense s i t e s ,  r e spec t ive ly .  
populat ions can l i kewise  dec rease  r a p i d l y  under unfavorable  condi t ions.  The 
percentage of s eed l ings  t h a t  e s t a b l i s h e d  was h ighe r  on t h e  dense s i t e  whereas 
t h e  percentage of e s t a b l i s h e d  p l a n t s  t h a t  survived t o  f lower was h ighe r  on the  
s p a r s e  s i t e .  

Like E. ga l l i cum,  z. & populations 

The 

Table 4 .  P ropor t ions  of p l a n t s  t h a t  s u r v i v e  t o  success ive  l i f e - h i s t o r y  s t a g e s  
and e s t i m a t e s  of r a t e s  of popu la t ion  change f o r  4 monocarpic spec ie s  
on t h e  s p a r s e  and dense sites, Jamesv i l l e  Quarry, Syracuse,  New York. 
See t e x t  f o r  explanat ion.  Data f o r  (b) ,  ( c )  and (d) from [21].  

( a )  Erucastrum Bal l icum 
Sparse s i t e  

T r a n s i t i o n  
Seedl ing emergence 
Establishment 
Flowering 
Seed set 

RO 

'yr 
g (y r s  1 

(b)  Me l i lo tus  alba 

T r a n s i t i o n  
Seedl ing emergence 
Establishment 
Flowering 
Seed set 

'RO 

Pooled w Low 
0.180 0.311 0.074 
0.075 0.216 0.009 
0.248 0.763 0.207 

315 801 167 
1.06 41.09 0.023 
1.04 20.51 0.047 
1 . 2 3  

Sparse s i t e  Dense s . i t e  
Pooled Low Pooled & 
0.252 0.252 0.252 0.253 0.667 0.113 
0.062 0.329 0.00 0.153 0.320 0.101 
0.120 0.120 0.00 0.064 0.101 0.014 

449 449 449 548 1898 .346 
0.84 4.20 0.00 1.36 41.00 0.055 
0.94 1.70 0.00 1.14 5.03 0.28 
2; 7 2.3 

( c )  P i c r i s  h i e r a c i o i d e s  
Sparse s i t e  

T r a n s i t i o n  Pooled Low 
Seedl ing emergence 0.320 0.758 0.227 
Establrishment 0.004 0.024 0.001 
Flowering 0.248 0.248 0.248 
Seed set 340 597 248 
RO 0.11 2.69 0.014 
h 6.45 1.43 0.22 
gf&s> 2.8 

(d) Echium vu lga re  
Sparse s i te  

T r a n s i t i o n  Pooled H~J& Low 
Seedl ing emergence 0.193 0.203 0 x 7  
Establishment 0.152 0.313 0.091 
Flowering 0.360 0.600 0.000 
Seed set 24 7 271 220 

2.61 10.34 0.00 
1.43. -2.38 0.00 ' 

2.7 

RtJ 

%r 
g(y r s )  

Dense s i t e  
Pooled Low 
0.437 0.828 0.330 
0.028 0.054 0.003 
0.053 0.053 0.053 

265 459 163 
0.17 1.09 0.009 
0.59 1.03 0.24 
3.3 

Dense s i t e  
Pooled L~ 
0.199 0.358 0 x 1  
0.150 0.174 0.139 
0.343 0.429 0.250 
202 242 156 

2.07 6.45 0.44 
1.24 1.73 0.78 
3.4 
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A s  observed i n  Figure 1 (d-e), populations of p. hierac io ides  declined 
markedly on both s i t e s .  By using the  pooled t r a n s i t i o n  p r o b a b i l i t i e s ,  the r a t e s  
of decl ine were estimated t o  average 55% and 41% per year on the  sparse  and 
dense s i t e s ,  respect ively.  I f  condi t ions de te r iora ted  f u r t h e r ,  the  r a t e  of 
decl ine would approach 80% per  year. 
of revers ing its decl ine because the  values exceeded 1.0 on both s i t e s  
when highest  t r a n s i t i o n  p r o b a b i l i t i e s  %ere used. 
of seedl ing  establishment were higher  on the dense s i t e  whereas the proportion 
of es tab l i shed  p lan ts  t h a t  flowered was higher  on the sparse  s i t e .  

Conversely, the  population appears capable 

A s  observed i n  r. a*, r a t e s  

Populations of E. vulgare grew a t  annual r a t e s  t h a t  were estimated t o  
average 43% on the sparse  s i t e  and 24% on the  dense s i t e .  
other  th ree  spec ies ,  there  was considerable year-to-year v a r i a b i l i t y  i n  annual 
proportions of t r a n s i t i o n  t o  successive l i f e - h i s t o r y  s tages .  
cons is ten t ly  high r a t e s  of t r a n s i t i o n ,  populations on the  sparse  and dense s i t e s  
would increase  by 140% and 70% each year ,  respect ively.  
condi t ions,  populations on t h e  sparse  s i t e  would go e x t i n c t  a f t e r  one generation 
while those on t h e  dense s i t e  would decrease by j u s t  over 20% per year. 

A s  observed i n  the  

By using 

Under l e a s t  favorable 

5. DISCUSSION 

Densi t ies  of a l l  four  species  f luc tua ted  markedly within each year and 
between d i f f e r e n t  years. Fluctuat ions within each year  were due t o  la rge  
f lushes of seedl ing  recruitment followed by heavy mor ta l i ty  of young plants .  
The f a c t  t h a t  populations f luc tua ted  so much within each year emphasizes t h a t  i t  
was important t o  repeatedly sample the  s i te  t o  obta in  an accurate  understanding 
of the community. A s i n g l e  sample would have provided an incomplete picture .  

There was considerable  year-to-year f luc tua t ion  i n  d e n s i t i e s ,  survivorship 
and proportions of p lan ts  t h a t  survived t o  successive l i f e - h i s t o r y  s tages .  
Fluctuat ions i n  s o i l  moisture, caused by f luc tua t ions  i n  r a i n f a l l  coupled with a 
s u b s t r a t e  t h a t  was excessively drained, appeared t o  contr ibute  most t o  
v a r i a b i l i t y  i n  plant  performance. 
quarry s u b s t r a t e  can d r y  below w i l t i n g  point (-15 bars )  a f t e r  even 6 consecutive 
r a i n l e s s  days. 

S k a l l e r  [Is] and Klemow [17] noted t h a t  the 

Three of the four  spec ies ,  Erucastrum nallicum, Meli lotus  a* and P i c r i s  
h ie rac io ides .  appeared t o  be most a f fec ted  by year-to-year v a r i a b i l i t y  i n  
r a i n f a l l .  
o ther  year  of the study (Fig. 31,. Seedl ing surv iva l  was highest  i n  1976 i n  both 
- E. gallicum and 5. *a. 
h ie rac io ides  was higher  i n  1976 than i n  subsequent years. Conversely, there  was 
considerably more juveni le  mor ta l i ty  during 1977, 1978 and 1979; years  i n  which 
there  was e i t h e r  severe or chronic drought during t h e  growing season. When 
quadrats  were v i s i t e d  a f t e r  extended r a i n l e s s  per iods,  there  were many p lan ts  
t h a t  had died,  obviously from desiccat ion.  

allicum 
such t h a t  a l l  th ree  types of survivorship pa t te rns  (Types I ,  11, and I I b  
were observed. Such temporal v a r i a b i l i t y  i n  survivorship has only r a r e l y  been 
previously observed f o r  a s i n g l e  species  on a s i n g l e  s i t e  [27]. 
mor ta l i ty  on the  sparse  s i t e  was so heavy during 1977-1979 t h a t  no p l a n t s  
emerging i n  those years  survived t o  t h e i r  second spr ing,  and, hence, none 
reproduced. I n  addi t ion  t o  survivorship being highest  i n  1976, rates of 
establishment and the  mean height  and mean number of seeds borne by reproductive 
p lan ts  were a l l  highest  i n  t h a t  year  f o r  g. alba and p. hierac io ides  [21, 231. 
Rainfa l l  therefore  apparent ly  influenced a v a r i e t y  of demographic 
c h a r a c t e r i s t i c s  of the  quarry plants .  

More r a i n  f e l l  during the  growing season of 1976 than during any 

Likewise, surv iva l  of a l l  ind iv idua ls  of 2. 

V a r i a b i l i t y  i n  r a i n f a l l  had the  most e f f e c t  on survivorship i n  E. 

For z. a lba ,  
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Figure 3 .  Rainfa l l  i n  Syracuse, New York during t h e  growing seasons of 1976 
through 1981. Ver t ica l  b a r s  i n d i c a t e  t h e  cumulative r a i n f a l l  i n  mil l imeters  
during the  f i r s t  15 days and las t  15  o r  16 days of each month. 
denote 30-year means f o r  those periods. 
extended r a i n l e s s  periods; one c i r c l e ,  4-7 days; two c i r c l e s ,  8 o r  more days. 
Data a r e  from the  National Oceanic and Atmospheric Administration, repr inted 
with permission from Klemow 6 Raynal [ 2 3 ] .  

Horizontal lines 
F i l l e d  c i r c l e s  above the  bars  indicate  

Unlike the o ther  th ree  spec ies ,  the demographic response of Echium vulgare 
did not appear t o  be a f fec ted  by year-to-year v a r i a b i l i t y  i n  r a i n f a l l .  
and reproduction of E.  vulgare was as high during the  drou h t s  of 1977-1979, as 
during 1976, the  year  with abundant r a i n f a l l  ( see  a l s o  [23(l). 

Survival 

The cont ras t ing  condi t ions on the  two s i t e s  a f fec ted  t h e  demography of a l l  
four  species ,  p a r t i c u l a r l y  E. gallicum, y. a= and 2. hieracioides .  
seedl ing  surv iva l  and establishment were higher  on the  dense s i t e  f o r  both _P. 
hierac io ides  and E. m. 
s u b s t r a t e  a s  well a s  a cooler ,  more shaded sur face  on the  dense s i t e  were 
probably responsible  f o r  t h e  b e t t e r  performance of young p lan ts  there .  

Rates of 

Higher a v a i l a b i l i t y  of moisture and n u t r i e n t s  i n  the 

In cont ras t ,  once p lan ts  of those two spec ies  es tab l i shed ,  a g r e a t e r  
proportion survived t o  flower on the  sparse  s i t e  than on t h e  dense s i t e .  
Moreover, i n  2. hierac io ides ,  p lan ts  delayed reproduction longer and produced 
fewer seeds on the  dense s i t e .  Although experimental evidence is lacking,  i t  is  
l i k e l y  establ ished ind iv idua ls  of 2. hieracioidea were i n h i b i t e d  by 
comparatively high competition on the  dense s i t e  a f t e r  they grew t o  a c e r t a i n  
l a r g e  s ize .  Other s t u d i e s  of f a c u l t a t i v e  b iennia l  spec ies  have demonstrated low 
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r a t e s  of surv iva l ,  delayed reproduction and low numbers of seeds produced by 
plants  growing i n  s i t e s  of high competitive s t r e s s  [28-311. 

Unlike populations of the o ther  th ree  species ,  those of Erucastrum gallicum 
were much l e s s  developed on the dense s i t e  than on the sparse  s i t e .  Poor 
population development of t h a t  annual species  under conditions of high plant  
dens i ty  may not be unexpected because annuals a r e  t y p i c a l l y  r e s t r i c t e d  from 
h a b i t a t s  i n  which there  is a dense cover of p lan ts  t h a t  i n h i b i t s  seedl ing  
emergence and establishment [32]. 
the  dense s i t e  may not have been e n t i r e l y  due t o  competition, because the o ther  
monocarpic p lan ts  (E. a s ,  2.  hierac io ides  and E. vulgare) exhibi ted r a t h e r  
high r a t e s  of seedl ing  emergence and establishment there .  Moreover, d e n s i t i e s  
of 1. gallicum d i d  increase  sharply on the dense s i t e  i n  1981 [20], suggesting 
t h a t  the  spec ies  d i d  not colonize the  s i t e  u n t i l  t h a t  year. 

However, the low dens i ty  of E. gallicum on 

The demography of E. vulgare was hardly a f fec ted  by cont ras t ing  condi t ions 
on the two s i t e s .  Rates of seedl ing  surv iva l ,  establishment, flowering and the  
number of seeds produced per plant  were a l l  s i m i l a r  on the two s i t e s .  The only 
d i f fe rence  was t h a t  p lan ts  on the  dense s i t e  had a s l i g h t l y  longer reproductive 
delay. 

The r e s u l t s  of t h i s  study i n d i c a t e  t h a t  there  was v a r i a b i l i t y  among t h e  

Populations of E.  alba and _P. hierac io ides  were apparent ly  well 
four  species  i n  t h e i r  r o l e  i n  the  development of the  plant  community i n  the 
quarry. 
es tab l i shed  on both s i t e s  and E. gallicum was es tab l i shed  on the  sparse  s i te  a t  
t h e  beginning of the  study. 
markedly from year t o  year  but d i d  not show a tendency t o  e i t h e r  decrease o r  
increase.  The f l u c t u a t i o n  i n  d e n s i t i e s  appeared t o  r e s u l t  from r a i n f a l l  t h a t  
var ied annually. Densi t ies  of _P. hierac io ides  were a l s o  a f fec ted  by r a i n f a l l  
because they declined r a t h e r  sharply during the  drought-prone years  of 

Dens i t ies  of E. gallicum and M.alba f luc tua ted  

1977-1979. 

For those three  species ,  the  est imat ion of population growth r a t e s  using 
the  cons is ten t ly  highest  observed r a t e s  of t r a n s i t i o n  indicated t h a t  the 
populations have a b i l i t y  t o  grow rapidly when condi t ions a r e  optimum. Thus, the  
dens i ty  t rends observed i n  t h i s  study would have very l i k e l y  d i f fe red  had the  
amount and d i s t r i b u t i o n  of r a i n f a l l  d i f fe red .  Moreover, d e n s i t i e s  should rise 
t o  l e v e l s  exceeding those observed i n  t h i s  study, should a s e r i e s  of years  of 
abundant, frequent r a i n f a l l  occur. The abundance of unoccupied area,  
p a r t i c u l a r l y  on the sparse  s i t e ,  would allow d e n s i t i e s  t o  g r e a t l y  increase. 
Eventually, however, population growth would cease because reproduction would be 
inh ib i ted  by the  high dens i ty  of plants .  

Conversely, should condi t ions d e t e r i o r a t e  and drought become even more 
severe,  populations of a l l  th ree  spec ies  would be subjec t  t o  ex t inc t ion  i n  the  
quarry. Each spec ies  has, however, l i f e - h i s t o r y  a t t r i b u t e s  t h a t  would delay or 
prevent ex t inc t ion  under a l l  but the  most severe conditions. 
and E. gal l icum, not a l l  seeds germinate each year  and many of the  ungerminated 
seeds remain dormant i n  the  s u b s t r a t e  f o r  more than one year  [21, 241. 
Populations can therefore  p e r s i s t  even when a l l  p lan ts  t h a t  emerge i n  a given 
year  d i e  before reproducing. A bank of dormant seeds undoubtedly enabled the 
population of E. gallicum t o  p e r s i s t  through complete pre-reproductive mor ta l i ty  
i n  1979. Likewise, t h e  population of I. pers i s ted  on the  sparse  s i t e  
during 1978, 1979 and 1980 even though no plants  reproduced i n  the  quadrats i n  
those years. I n  cont ras t ,  p. hierac io ides  pers i s ted  b ind iv idua ls  delaying 
reproduction, thereby c r e a t i n g  a bank or "reserve" [TO? of rose t tes .  Many o ther  
species ,  including both p lan ts  and animals, delay reproduction a s  a means of 
preventing ex t inc t ion  when populations a r e  faced with per iodica l ly  s t r e s s f u l  

I n  both E. a= 
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condi t ions [33-35]. Populations of a.ll th ree  spec ies  would probably not pers i s t  
beyond f o u r  consecutive years  of severe drought because few seeds or rose t tes  
would remain a l i v e  t h a t  long. It  is unl ikely,  however, t h a t  t h e  quarry would be 
subj&t  t o  more than four  consecutuve years  of drought due t o  the  nature  of 
r a i n f a l l  pa t te rns  i n  c e n t r a l  New York State .  

Populations of E .  vulgare were not very w e l l  e s tab l i shed  on e i t h e r  s i t e  a t  
the  beginning of study, unl ike those of the  o ther  th ree  species .  
vulgare was apparent ly  s t i l l  colonizing t h e  quarry when the  study was conducted, 
because d e n s i t i e s  increased,  even during severa l  consecutive years  of drought. 
Such an increase  a l s o  suggests t h a t  1. vulgare i s  more t o l e r a n t  of the  xer ic ,  
i n f e r t i l e  condi t ions of the  quarry than t h e  o ther  th ree  species .  Densi t ies  of 
- E. vulgare w i l l  probably continue t o  increase  u n t i l  the  s i te  becomes v e m  
crowded and competition i n h i b i t s  growth and development. 

Instead,  _E. 

Typically, when a p lan t  community located i n  a humid, temperate a r e a  is 
severely dis turbed by n a t u r a l  causes or by human ac t ions ,  t h e  s i t e  i s  eventually 
res tored by an order ly  progression of p lan t  species  t h a t  colonize and f i l l  the 
s i t e .  I n  many ins tances ,  the  sequence is i n i t i a t e d  by short- l ived,  herbaceous 
p lan ts  t h a t  colonize the  s i t e .  These p lan ts  are-  then replaced by longer-lived, 
perennial  herbs and, u l t imate ly  by woody p lan ts  [36-38]. 
Quarry, t h e  s e v e r i t y  of the  dis turbance has prevented such a t y p i c a l  
successional  sequence. The s i te  contains  a mixture of short- l ived herbs ,  
long-lived herbs, shrubs and t rees .  
such a s  Meli lotus  a= and P i c r i s  h ie rac io ides  t h a t  a r e  found on o ther  severely 
dis turbed s i t e s  i n  the  northeastern United S t a t e s  and adjacent Canada [19]. 
These spec ies  a r e  general ly  not being replaced by perennials  and woody species ,  
but a r e  p e r s i s t i n g  because colonizat ion by longer-lived p lan ts  has been slow and 
the  s i t e  remains r a t h e r  uncrowded. 
declined during t h e  study, the  decl ine was not due t o  the  species  being replaced 
by successional  change. Instead,  t h e  spec ies  i s  marginally adapted t o  t h e  
quarry and d e n s i t i e s  declined due t o  inadequate r a i n f a l l .  
which increased during the  study, was not a l a t e r  successional  spec ies  but 
merely an apparent ly  more t o l e r a n t  species  t h a t  was l a t e  a t  colonizing t h e  s i t e .  

I n  the  Jamesvi l le  

Among t h e  herbaceous p l a n t s  a r e  spec ies  

Although d e n s i t i e s  of 2. hierac io ides  

Further ,  E. vulgare, 

There i s  considerable  d i v e r s i t y  among surface-mined s i t e s  i n  terms of the 
extent  and nature  of the  dis turbance and i n  terms of the  
d i s p e r s a b i l i t y  and physiology of the  p o t e n t i a l  co lonis t s  f4, l o ] .  One must 
therefore  be carefu l  when a t t e p t i n g  t o  ex t rapola te  the  r e s u l t s  of t h i s  study t o  
o ther  surface-mined sites. However, a s  observed i n  t h i s  study, i t  i s  possible  
( i f  not l i k e l y )  t h a t  communities on o ther  surface-mined sites w i l l  contain a 
mixture of herbs and woody p l a n t s  and t h a t  succession w i l l  have been inh ib i ted  
by unfavorable edaphic and micrometeorological conditions. It  is a l s o  l i k e l y  
tha t :  ( 1 )  t h e  community w i l l  probably cons is t  of species  t h a t  range from being 
poorly adapted t o  those very wel l  adapted; ( 2 )  some species  t h a t  a r e  
physiological ly  ab le  t o  grow on t h e  s i t e  w i l l  be absent because t h e i r  propagules 
have ye t  t o  reach the  s i te ;  (3) numbers w i l l  f l u c t u a t e  within a year  due t o  
episodes of seedl ing  recruitment and mortal i ty;  and (4 )  numbers w i l l  f l u c t u a t e  
from year  t o  year  due t o  v a r i a b i l i t y  i n  weather pa t te rns ,  p a r t i c u l a r l y  r a i n f a l l .  

roximity, 
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