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INTRODUCTION 

The extreme southern 10% o f  peninsular  Flor ida  is, i n  many ways, a bio- 
l o g i c a l l y  unique environment. The landscape is geologica l ly  young, t h e  
topography is f l a t ,  and the  c l imate  is the  most t r o p i c a l  of  any p a r t  of 
the  con t inen ta l  U.S. The vegeta t ion  of the  southwest por t ion  is domi- 
nated by mangrove f o r e s t s ,  which occupy more a rea  here  than i n  a l l  o ther  
p a r t s  of t h e  U.S. combined. The c e n t r a l  por t ion  is t r i a n g u l a r ,  with its 
apex pointed south. It is covered by a mosaic of  wetlands: g lades ,  
p r a i r i e s ,  marshes, and ponds. This area  is dominated by herbaceous 
vegeta t ion ,  bu t  fores ts - - local ly  c a l l e d  t r e e  i s l ands ,  bayheads, s t r ands ,  
hammocks, and domes--are in terspersed  throughout. The t h i r d  por t ion  is 
South F l o r i d a ' s  "mountainousn region: the  Miami Rock Ridge, which 
sweeps along the  southeast  c o a s t ,  and curves inland (and i n t o  t h e  Ever- 
g lades  National  Park) j u s t  before it reaches the  southernmost ex ten t  of 
the  peninsula. This r idge ,  composed pr imar i ly  of  oolitic limestone, 
never a t t a i n s  an a l t i t u d e  of  10 m above sea l eve l .  The Miami Rock Ridge 
was once dominated by pinelands in terspersed  with broadleaved f o r e s t s  
c a l l e d  hammocks. W a y ,  however, the  Ridge is almost completely urban- 
ized except along its western and southern f r i n g e s ,  where it i s - u s e d  f o r  
ag r i cu l tu re :  pr imar i ly  production of  winter vegetables.  

The Miami Rock Ridge p e t e r s  out  i n  the  Everglades National  Park, near 
t h e  southern apex of  the seasonally-f laoded-we t l and  t r  iangle  . Some of 
the  lands near t h i s  juncture a r e  i n  near-natural condi t ion ,  and include 
some of the  best examples of pinelands,  p r a i r i e s ,  and t r o p i c a l  hanmrocks 
i n  Florida.  Much of t h i s  land,  however, was farmed. A l l  of it is now 
p a r t  of Everglades National  Park, and no farming has been done i n  the  
area  s ince  Ju ly ,  1975. Most land t h a t  was released from farming p r i o r  
t o  1950 has reverted to vegetat ion t h a t  is very s imi la r  t o  t h a t  which 
occupied the  si te before it was farmed. The advent of new technology 
during the  1950's r e su l t ed  i n  more d r a s t i c  si te prepara t ion ,  however, 
and the  s u b s t r a t e s  were dramatical ly modified. 

The technique of  g r e a t e s t  si te impact was rock plowing, whereby t r a c t o r s  
and plows crush the  limestone i n t o  small p a r t i c l e s  and mix it with any 
overlying marl or  organic  soil t h a t  might be present .  A new soil, about 
20 cm deep, is thus crea ted .  It  is mechanically arranged i n t o  e levated  
rows, where crops  a r e  planted,  separated by furrows. Agr icu l tu ra l  
p r a c t i c e s  include c a r e f u l  management of water (through drainage,  i r r i g a -  
t i o n ,  and use of p l a s t i c  mulch), n u t r i e n t s  (through f e r t i l i z e r  
a p p l i c a t i o n s ) ,  and pest c o n t r o l  (through app l i ca t ions  of herbic ides ,  
fungic ides ,  nematicides, and insec t i c ides )  . The s u b s t r a t e ,  even a f t e r  
rock plowing, is not an espec ia l ly  good soil fo r  p l a n t  growth, but  is 
better for  crops  than the  soil and rock t h a t  under l i e  the  na t ive  p l a n t  
communities. Farming can be l u c r a t i v e  here pr imar i ly  because high-value 
crops  can be produced i n  the  winter.  

When rock-plwed lands a r e  released from farming, they a r e  quickly 
colonized by dense, d ive r se  p l a n t  growth. One s t r i k i n g  f a c t  about the  
vegeta t ion  t h a t  recolonizes rock plawed glades and p r a i r i e s  is t h a t  it 
o f t e n  develops i n t o  a f o r e s t ,  r a the r  than i n t o  the  herbaceous community 
t h a t  occupied such sites before farming. The farming produces a new 
subs t ra te :  one t h a t  is deeper, b e t t e r  drained,  b e t t e r  aera ted ,  and 



poss ib ly  more nutr ient - r ich  than the  pre-farming s o i l .  Many of the  
p l a n t s  t h a t  appear i n  the  post-farming success ional  vegeta t ion  a r e  
mycorrhizal, i.e. t h e i r  roo t s  a r e  symbiotic w i t h  c e r t a i n  fungi  t h a t  a i d  
i n  n u t r i e n t  uptake F i g .  1 Mycorrhizal p l a n t s  a r e  uncommon i n  the 
seasonal ly  flooded glades ,  p r a i r i e s ,  and marshes t h a t  occupied these  
sites before farming because the  fungi a r e  ob l iga te  aerobes,  i.e. they 
requi re  oxygen. Rock plowing, however, changes the  s u b s t r a t e  i n  ways 
t h a t  permit mycorrhizal fungi t o  survive ,  and t h i s  opens the  a rea  t o  
coloniza t ion  by p l a n t s  t h a t  would have otherwise been unable t o  grow 
there .  

One important colonizer  of  these  rock-plowed lands released from farming 
is an e x o t i c  t r e e ,  schinus,  t h a t  dominates vas t  a reas  of success ional  
f o r e s t ,  even on lands t h a t  have not  been farmed f o r  more than 30 y r ,  and 
were never rock plowed. Because it is an e x o t i c  species ;  because it 
forms extens ive ,  dense stands;  and because it poses a p o t e n t i a l  t h r e a t  
of  invasion i n t o  nearby nat ive  p lan t  communities; schinus is of g r e a t  
concern to those charged with the management of  Everglades National  
Park . 
Sch inus  

Schinus t e r e b i n t h i f o l i u s  Raddi is 1 of about 28 species  (Tomlinson 1980) 
i n  the  Centra l  and South American genus Schinus of the  family Anacardi- 
aceae. It is an extremely v a r i a b l e  taxon, and Barkley (1944) discussed 

- 

f i e l d  separa t ion  of the  v a r i e t i e s  is d i f f i c u l t  
e t  a l .  1980) , and the South Flor ida  populat ions have not  been c l a s s i f i e d  
t o  the  v a r i e t y  l eve l .  In  the  U.S. seve ra l  common names a r e  used f o r  
t h i s  species:  Braz i l  peppertree (or  Braz i l i an  pepper o r  pepper t r ee ) ,  
F lor ida  ho l ly ,  and Christmas-berry. It  is not a "pepper", it is not  a 
"holly", and its f r u i t  is not  a "berry" (it is a drupe).  In t h i s  r epor t  
the  gener ic  name is decapi ta l ized  and used a s  a common name, a s  t h i s  is 
how the taxon is normally r e fe r red  t o  by researchers  and resource manag- 
ers i n  South Florida.  It is most commonly pronounced "shynus", but  
perhaps more c o r r e c t l y  "skynus" . 
The anatomy and morphology of schinus were described by Ol ivei ra  and 
Souza Grotta  (19651, and genera l  bo tan ica l  desc r ip t ions  a r e  i n  Barkley 
(1944), L i t t l e  e t  a l .  (1974), Morton (1978), and Tomlinson (1980). 
Schinus is a compound-leaved, evergreen t r e e  t h a t  reaches he ights  of 
about 13 m. It has a multiple-stemmed trunk,  and its branches do not  
r ead i ly  self-prune, but s t a y  at tached t o  the  trunk and form a near ly  
impenetrable t ang le  t h a t  surrounds the  tree t o  ground l eve l .  It sprouts  
vigorously from trunk and roots ,  even i f  undamaged (Woodall 1979a). 
Schinus is dioecious (i.e. it has male and female flowers on d i f f e r e n t  
ind iv idua l s ) ;  male trees bear more flowers than do female t r ees .  Camp- 
b e l l  et  a l .  (1980) examined 31 herbarium specimens (most i d e n t i f i e d  to 
v a r i e t y )  i n  Braz i l ,  and determined t h a t  c o l l e c t i o n s  of flowering schinus  
had been made i n  every month except  May, June, and September. More 
flowering specimens (7) were co l l ec ted  i n  March than i n  any o ther  
month. Seven flowering specimens had been co l l ec ted  i n  October, the  
month when schinus flowering peaks i n  South Florida.  I n  S5o Paulo, 
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Fig. 1. Mycorrhizal s tatus  o f  plants on farmed and unfarmed sites in  
Everglades National Park. After Meador (1977). 



B r a z i l ,  s ch inus  blooms i n  March and A p r i l  (O l ive i r a  and Souza Gro t t a  
1965) , months when we seldom observed f lowering i n  Everglades Nat iona l  
Park. However, Morton (1978) repor ted  t h a t ,  i n  South F lo r ida ,  t h e r e  is 
no month when specimens cannot  be found i n  bloom. Its f r u i t  is a drupe, 
about  0.5 c m  i n  d iameter ,  and b r i g h t  red when r i p e .  

Schinus may be a l l e l o p a t h i c  (i.e. it may r e l e a s e  chemicals i n t o  its 
surroundings t h a t  i n h i b i t  t h e  growth o f  competing vegeta t ion)  (Gogue e t  
a l .  1974) , and it, i n  t u r n ,  is s u b j e c t  t o  a l l e l o p a t h y  from Myrica ceri- 
f e r a  (wax-myrtle), a common n a t i v e  shrub  (Dunevitz and Ewe1 1980).  The - 
f o l i a g e  and f r u i t s  have a pungent t u rpen t ine  odor ,  and Campbell e t  a l .  
(1980) r epo r t  t h a t  t h e  odor is r e s t r i c t e d  to female t r e e s .  ( W e  were 
unable t o  confirm t h i s ,  b u t  d i d  no t  des ign  a s t a t i s t i c a l l y  v a l i d  
test.) The p l a n t  has a long h i s t o r y  of  use i n  f o l k  medicine i n  B r a z i l  
(see Morton 1978, p l u s  r e f e rences  c i t e d  by O l i v e i r a  and Souza Gro t t a  
1965).  Morton (1977, 1978) c a l l e d  a t t e n t i o n  to t h e  s k i n  and r e s p i r a t o r y  
i r r i t a t i o n  t h a t  sch inus  causes  some people.  Its recen t  use a s  a s p i c e  
("pink peppercorn") i n  gourmet r e s t a u r a n t s  is cause fo r  concern (Salamon 
1981).  

The s p e c i e s  is a n a t i v e  of  Argent ina,  Paraguay, and B r a z i l ,  where it 
occurs  i n  t h e  s t a t e s  o f  Minas Gera is ,  Sgo Paulo, paran&, Rio de J a n e i r o ,  
R i o  Grande do Su l ,  and poss ib ly  o t h e r s .  It is found i n  a v a r i e t y  o f  
h a b i t a t s ,  ranging from sea  l e v e l  to >700 m. I n  its na t ive  range it is a 
s p a r s e  s p e c i e s ,  and never a t t a i n s  t he  dominance t h a t  it acqu i r e s  i n  some 
o f  t h e  p l aces  where it is a n a t u r a l i z e d  e x o t i c .  Schinus has been i n t r o -  
duced, and become s u c c e s s f u l l y  n a t u r a l i z e d ,  i n  > 20 c o u n t r i e s ,  and its 
range now forms 2 circum-global b e l t s ,  1 i n  the  northern hemisphere and 
t h e  o the r  i n  t he  southern  hemisphere, both concentrated a t  l a t i t u d e s  15  
to 30'. I n  Panama and Singapore its na tu ra l i zed  range approaches t o  
w i th in  l o 0  o f  t he  equa to r ,  b u t  sch inus  seems t o  be p r imar i ly  a sub t rop i -  
c a l  spec i e s .  

I n  t he  U.S. s ch inus  is found i n  southern F lo r ida ,  southern Arizona, 
southern C a l i f o r n i a ,  Hawaii, and i n  t h e  Commonwealth o f  Puer to  R i c o  a s  
w e l l  a s  S t .  John, Vi rg in  I s l a n d s  ( L i t t l e  e t  a l .  1974).  Although it is 
an aggress ive  co lon ize r  i n  South F lo r ida  and Hawaii, it has never become 
widely n a t u r a l i z e d  i n  southern  C a l i f o r n i a ,  where it is widely p lan ted  a s  
an ornamental.  Its lack  o f  success  i n  southern Ca l i fo rn i a  was a t t r i b u -  
t ed  t o  t he  s h o r t  per iod o f ,  ample s o i l  moisture,  which is no t  long enough 
f o r  germinat ion and roo t  es tab l i shment  (Nilsen and Muller 1980).  I t  was 
i n t e n t i o n a l l y  introduced i n t o  South F lo r ida  f o r  use a s  an ornamental,  
and t h e  d a t e  of  f i r s t  i n t roduc t ion  is repor ted  a s  1898 (Morton 1978) o r  
1891 (Workman 1979) . However, Barkley (1944) examined a Missouri Botan- 
ical Garden herbarium specimen c o l l e c t e d  f tom a c u l t i v a t e d  p l a n t  i n  
F lo r ida  by Rugel i n  1842-1849, s o  t h e  s p e c i e s  was i n  F lo r ida  about  50 y r  
before  it was " o f f i c i a l l y "  introduced.  

Even though schinus  has  been i n  South F lo r ida  s i n c e  the  l a s t  cen tury ,  it 
d i d  not  become a conspicuous dominant i n  t h e  a r ea  u n t i l  a f t e r  1950. For 
example, Davis (1943) d i d  no t  mention it, even though he was an espec i -  
a l l y  keen observer .  It s u c c e s s f u l l y  co lon izes  s e v e r a l  n a t i v e  p l a n t  
communities, e s p e c i a l l y  t he  p ine lands  t h a t  occupy non-urban ized remnants 
o f  t h e  Miami Rock Ridge (Loope and Dunevitz 1981a).  It a l s o  invades 



hammocks, and forms extens ive  s tands  i n  t h e  mangrove f o r e s t s  o f  Ever- 
g lades  National Park, e s p e c i a l l y  i n  a r e a s  severe ly  d is rupted  by 
hurr icanes  (I. Olmsted, Everglades National  Park, pers. corn.) . How- 
ever ,  it most aggress ively  invades a r e a s  d is turbed by human a c t i v i t i e s  
(Alexander and Crook 1973, Koepp 1979) . It is comon along roadsides,  
on pawerline rights-of-way, and on cana l  banks. Its most common South 
Flor ida  h a b i t a t ,  and the  one s tudied  a s  p a r t  of the  research reported 
here ,  is fal low farmland. 

This Report - 
This r epor t  descr ibes  research f indings  based pr imar i ly  on f i e l d  work 
conducted from March, 1978 u n t i l  January, 1981. The 2 sec t ions  t h a t  
follow desc r ibe  the study sites and their hydrology. These a r e  followed 
by 8 sec t ions  deal ing with the  autecology, s i l v i c s ,  populat ion biology, 
and community ecology of  schinus. Topics covered i n  these 8 s e c t i o n s  
include: phenology, p o l l i n a t i o n ,  d i s p e r s a l ,  germination, seedl ing  
dynamics, seedling growth and survivorship,  i n v a s i b i l i t y ,  and stand 
s t ruc tu re .  After t h e  8-section desc r ip t ion  of  the  ecology of  schinus,  
the re  a r e  2 sec t ions  deal ing  with schinus con t ro l :  1 d e a l s  with herbi-  
c i d e  tests and t h e  o ther  covers stand conversion, e s p e c i a l l y  t h e  
technique of  matr i c i d e  . The penultimate sec t ion  d e a l s  with seed f luxes  
among p l a n t  c o m u n i t i e s  and soil seed banks. The f i n a l  sec t ion  summa- 
r i z e s  some of the  important conclusions t h a t  emerged from the  research ,  
with s p e c i a l  emphasis on those f indings  t h a t  have d i r e c t  impl ica t ions  
f o r  management. P lan t  nomenclature follows Long and Lakela (1971) and 
Avery and Loope (1980b). 

STUDY SITES 

The research was conducted i n  t h e  Everglades National  Park, Ranges 36 
and 37 East ,  Township 58 Southb i n  southwestern Dade County, F lor ida  
(approximately 25O 20' N and 80 40' W) . Descript ions of the  n a t u r a l  
f e a t u r e s ,  including the  vegeta t ion ,  t y p i c a l  of  the genera l  a rea  a r e  i n  
Davis (19431, Egler (1952), mber t son  (19551, Craighead (1971) , Alexan- 
der  and Crook (1973), and Wade e t  a l .  (1980). S o i l s  of the a rea  were 
mapped and described by USDA (1958) . 
Most study sites were located  i n  the a rea  of  the  Park re fe r red  to a s  the  
Hole-in-the-Donut, a 6,883 ha former in-holding, more than hal f  of which 
was once farmed. The a rea ,  i ts land use h i s to ry ,  and its vegeta t ion  a r e  
described i n  Hilsenbeck (1976b) and Resource Management S t a f f  (1976). A 
s u b s t a n t i a l  por t ion  (1,900 ha) of  the  Hole-in-the-Donut was re leased 
f r m  farming between 1973 and Ju ly ,  1975, when t h e  Department of  t h e  
I n t e r i o r  made a major e f f o r t  to acquire a l l  Hole-in-the-Donut in- 
holdings (R. Doren, Everglades National  Park, pers .  camm.). These lands  
were 80% w e t  p r a i r i e ,  9% pineland, 7% sawgrass p r a i r i e ,  2% hammocks and 
bayheads, and 2% ponds (Hilsenbeck 1976b). 

The 3-year research program involved 15 kinds o f  f i e l d  s t u d i e s ,  and 
these  were conducted a t  t h e  23 sites shown i n  Fig. 2. The s t u d i e s  
conducted a t  each s i te  a r e  l i s t e d  i n  Table 1. 
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Fig.  2 .  Lacation of sites within the study area. Numbers correspond to s tud ie s  l i s t e d  i n  Table 1. S i t e  
no. 5 (o ld  schinus f o r e s t  no. 2 )  is o f f  the map, 3.5 km ESE o f  site 1.  Unshaded areas were 
farmed a f t e r  1950. 



Table 1. Study sites and s t u d i e s  conducted a t  each. Locat ions a r e  shown i n  Fig. 2. 

- -  - -  

Mature Ecosystems 

Hananoc k 1 x x  
Glade (seasonal ly  w e t  p r a i r e )  2 x  x  
Pineland 3 x x  

Success iona l  Vegetat ion 
>8 y e a r s  o l d  

Old sch inus  f o r e s t  no. 1 
Old sch inus  f o r e s t  no. 2 
Myr ica-sch inus  wood land 
Young schinus  f o r e s t  
Old f i e l d  no. 1 
Old f i e l d  no. 2 

Success iona l  Vegetat ion 
>8 y e a r s  o l d  

1973 success ion  
1975 success ion  

Transec t 
Schinus colony 
Hilsenbeck 1 
Hilsenbeck 2 
Hilsenbeck 3 
Hilsenbeck 4 
Hilsenbeck 5 
Hilsenbeck 6 
Hilsenbeck 7 
Hilsenbeck 8 

Schinus c o n t r o l  area 
Bulldozed a rea  no. 1 1978 
Bulldozed a r e a  no. 2 1979 

4 x x x  X X X X X X X  X X X  

5 x x  X X X  X X X 

6 x x x x  x x x x x x  x x x  
7 x x x  X X X X X X X X X 

8 x 
9 X 



Mature Ecosystem S i t e s  

The study sites included 2 ecosystems t h a t  were never farmed (hammock 
and pineland) ,  and one ecosystem (a glade) t h a t  had been farmed before 
1950, bu t  which had not  been rock plowed and which contained vegeta t ion  
t y p i c a l  of t h e  pre-farming condit ion.  The glade,  the re fo re ,  was con- 
s idered  to represent  mature vegeta t ion  t y p i c a l  of  one set of  si te 
condi t ions ,  j u s t  a s  the  hammock and pinelands were a l s o  considered to be 
mature communities. 

The hammock (no. 1 on Fig. 2) was t y p i c a l  of the  broadleaved, evergreen 
f o r e s t s  t h a t  a r e  common i n  South Florida.  This vegeta t ion  type,  domi- 
nated by trees of West Indian o r i g i n ,  has been s tudied  by many 
eco log i s t s ,  including Ph i l ipps  (1940) , Alexander (1958, 1967) , Craighead 
(1974), Hilsenbeck (1976a), and Olmsted e t  a l .  (1980). The f o r e s t  
s tudied  is c a l l e d  Palma Vis ta  Hammock, and is adjacent  to the  nor theas t  
corner of  the  study area.  It had a closed canopy a t  16 m, and on a 0.1 
ha t r a n s e c t  the re  were 11 tree species  and 268 ind iv idua l s  2 5  cm DBH, 2 having a t o t a l  b a s a l  a rea  of  3.5 m . The soil was a > 20 c m  deep layer  
of  organic matter  overlying oolitic limestone t h a t  was pockmarked with 
s o l u t i o n  holes. This si te never flooded. 

The pineland (no. 3 on Fig. 2) , loca ted  < 1 km north of the  Park 's  Re- 
search Center,  cons is ted  of  an open overs tory  of  young (<SO y r )  pine 
(Pinus e l l i o t t i i  var.  densa) and an understory of shrubs and herbs. 
Such pinelands a r e  f i r e  maintained, and conta in  17 endemic p l a n t  species 
 very and Loope 1980a). The recent  f i r e  h i s t o r y  of the  pineland study 
s i te  consis ted  of  one prescribed burn i n  January, 1975 and a second i n  
November, 1979, while the  f i e l d  s tud ies  were i n  progress. The land 
su r face  is exposed limestone t h a t  has d i f f e r e n t i a l  r a t e s  of  so lu t ion ,  
forming jagged pinnacle r o c k .  The pineland never flooded, except  where 
water accumulated i n  exposed so lu t ion  p i t s .  S o i l  is sparse ,  and con- 
sists of weathered limestone and organic debr i s  t h a t  accumulate i n  
so lu t ion  pockets.  

The glade (no. 2 on Fig. 2) was the  we t t e s t  of  the  mature ecosystems 
s tudied ,  and representa t ive  of  the  g r e a t e s t  a rea  o f  pre-f arming vegeta- 
t i o n  i n  the  study area .  The glade se lec ted  fo r  study was chosen, i n  
p a r t ,  because it was contiguous to an o l d  schinus-dominated f o r e s t  
having s imi la r  hydrology. The glade was a seasonal ly  w e t  p r a i r i e  i n  
which dominant p l a n t s  included Muhlenbergia f i l i p e s ,  Spar t ina  b a k e r i i ,  
and Cladium jamaicense. F i r e  is a normal environmental f a c t o r  i n  t h i s  
herbaceous vegeta t ion  type,  and p a r t  of the  study site burned i n  Novem- 
ber, 1978. The soil consis ted  of  10-15 c m  of  Pe r r ine  marl overlying 
limestone. 

Old Successional  Vegetation S i t e s  (nos. 4-9 on Fig. 2) 

Six  study sites were located  i n  success ional  vegeta t ion  1 8  y r  o l d ,  and 
schinus  was an important species i n  each o f  these. The o lder  succes- 
s i o n a l  vegeta t ion  t h a t  develops a f t e r  farm abandonment i n  t h i s  a rea  was 
described by Alexander and Crook (1973) , who were the  f i r s t  to stress 
the  importance of  schinus i n  t h e  post-farming succession. 



The vege ta t ion  s t r u c t u r e  o f  3 of  t h e s e  sites is descr ibed  i n  d e t a i l  i n  a 
later s e c t i o n  (SCRINUS FOREST STRUCTURE). The e x a c t  ages o f  t h e  vegeta- 
t i o n  a t  t hese  s tudy  sites is unknown, but  a s tuden t  a t  F lo r ida  A t l a n t i c  
Un ive r s i t y  is doing a t h e s i s  involving r econs t ruc t ion  of t h e  t i m e  o f  
release o f  farmland i n  t h e  s tudy  region (P. Krauss, i n  prep . ) .  

One of  t he  o l d e r  schinus-dominated f o r e s t s  (no. 1) is bordered on t h e  
nor th  by succes s iona l  vege ta t ion  da t ing  from 1975, and on t h e  west by 
t h e  mature-glade s tudy  site. This  sch inus  f o r e s t  is q u i t e  heterogene- 
ous,  and c o n s i s t s  of  many smal l  a g r i c u l t u r a l  p l o t s  t h a t  were abandoned 
a t  d i f f e r e n t  times, most ly during the  1950's.  It is a wet s i te ,  and 
occupies  former g lade  t h a t  had been rock plowed. In  most p l aces  s ch inus  
formed a dense canopy a t  8 m. The unders tory  had l i t t l e  f o l i a g e ,  b u t  
was nea r ly  impenetrable because of  t h e  t a n g l e  of dead, bu t  n o t  s e l f -  
pruned, branches of  schinus.  This  was one o f  t he  most i n t e n s i v e l y  
s tud ied  sites. 

A second, o l d  schinus-dominated f o r e s t  (no. 2 )  was the  only  s i t e  no t  i n  
o r  cont iguous to t h e  Hole-in-the-Donut. This  f o r e s t  was loca t ed  ad ja-  
c e n t  to the  Park a i r s t r i p ,  and it was included because it was t h e  
o l d e s t ,  best-developed schinus  forest i n  Everglades Nat iona l  Park. Its 
age is unknown, and rows and furrows from farming were no t  ev ident .  
Like sch inus  f o r e s t  no. 1, it occupied a w e t  site: t h e  wettest of  any 
s tud ied .  The vege ta t ion  and hydrology of t h i s  s i t e  may have been i n f l u -  
enced by t h e  cons t ruc t ion  o f  t h e  a i r s t r i p .  Many o f  t h e  o l d e r  s ch inus  
t r e e s  f e l l  during the  3 y r  s tudy  pe r iod ,  perhaps i n d i c a t i n g  senes- 
cence. Persea  borbonia and I l e x  cas s ine  were abundant i n  p laces .  

I m e d i a t e l y  south of  the pineland s i t e ,  a s tudy a r e a  was s e l e c t e d  i n  an 
a r e a  o f  rock-plowed former pineland abandoned i n  t h e  1960 's. This  s i te  
was c a l l e d  t h e  Myrica-schinus woodland, and the  vege ta t ion  was dominated 
by Myrica c e r i f e r a  about  6 m t a l l  p l u s  p a t c h i l y  d i s t r i b u t e d  sch inus .  
The unders tory  was conspicuously spa r se ,  and it was t h i s  observa t ion ,  
p l u s  t h e  slaw growth of  n a t u r a l l y  occurr ing  sch inus  seed l ings  here ,  t h a t  
i n s p i r e d  research  conducted a s  p a r t  o f  t h i s  s tudy which demonstrated 
t h a t  Myrim is a l l e l o p a t h i c  to sch inus  (Dunevitz and Ewe1 1980).  The 
soil on t h i s  s i te  was never flooded. Gaps c r e a t e d  by f a l l i n g  Myrica 
were common. Understory vege ta t ion  included shrubs  t y p i c a l  o f  t h e  
ad j acen t  p ine lands  (e.g. Guet tarda scabra  and Tet razygia  b i m l o r ) ,  b u t  
t h e r e  was no regenera t ion  o f  p ine ,  

The fou r th  schinus-dominated vege ta t ion  s tud ied  was c a l l e d  t h e  young 
schinus  f o r e s t ,  and it was loca t ed  <1 km WSW of t h e  Research Center.  It 
was a dense s tand  of  nea r ly  pure sch inus ,  and was probably last  farmed 
i n  t h e  mid to l a t e  1960's.  The number of sch inus  stems per  u n i t  a r e a  
and r a t e s  of  s ch inus  growth were higher  here  than a t  any o t h e r  s i t e .  
The site was d ry ,  bu t  d i d  f lood on occasion.  I t  probably occupied land  
t h a t  had been a tongue of  p ine land  extending i n t o  g lade  vegeta t ion .  The 
site had been r o c k  plowed and farmed, and rows and furrows were s t i l l  
ev iden t .  P a r t s  of  t h e  s i te  contained vege ta t ion  t h a t  looked younger 
than t h e  rest, and may have been d i s t u r b e d  during cons t ruc t ion  of  a 
nearby road and m i l i t a r y  i n s t a l l a t i o n .  



The o t h e r  2 sites occupied by succes s iona l  vege ta t ion  t h a t  was '8 y r  o l d  
were used only  f o r  he rb i c ide  tests. Both were on former p ine land ,  and 
both were abandoned f i e l d s  conta in ing  abundant sch inus  bushes,  1 t o  5 m 
t a l l .  These sites were s e l e c t e d  because they  were a c c e s s i b l e ,  they  had 
a high d e n s i t y  o f  sch inus  bushes,  and t h e i r  s o i l  s u r f a c e  d i d  not  f l o o d ,  
t h u s  reducing the  p o s s i b i l i t y  o f  in t roducing  h e r b i c i d e s  i n t o  s u r f a c e  
waters .  One site was loca ted  west of  t h e  Myrica-schinus woodland and 
t h e  o t h e r  was e a s t  o f  t he  Scout Camp. 

Young Success iona l  Vegetat ion S i t e s  (nos. 10-23 on Fig. 2) 

Success iona l  vege ta t ion  <8 y r  o l d  occupied 14 o f  t he  23 s tudy  s i t e s .  
The young succes s iona l  vege ta t ion  t h a t  fol lows farming i n  t h e  s tudy  
reg ion  was descr ibed  by Egler  (1952),  Robertson (1953),  Alexander and 
Crook (1973), Hilsenbeck (1976b), and Loope and Dunevitz (1981b) . 
Immediately a f t e r  r e l e a s e  from farming the  soil is covered by a dense 
growth of  f o r b s  and g ra s ses .  Hilsenbeck (1976b) found t h a t  many o f  
t hese  e a r l i e s t  c o l o n i z e r s  a r i s e  from seeds  contained i n  f e r t i l i z e r  
app l i ed  t o  t h e  row crops ,  even though t h e  f e r t i l i z e r  is presumably 
s t e r i l i z e d  before  it is appl ied .  Within a year o r  two, 2 s p e c i e s  become 
e s p e c i a l l y  conspicuous : Ludwigia oc tova lv  is and Bacchar is ha l imif  o l i a  . 
One study site was r e l ea sed  from farming i n  1973. It was a 2 ha block 
t h a t  was excluded from t h e  vege ta t ion  chopping and s o i l  d i sk ing  t r e a t -  
ment appl ied  t o  most r e c e n t l y  r e l ea sed  farmland i n  t h e  s tudy a r e a  i n  
1975. This  was done t o  r e t a i n  a s l i g h t l y  o lde r  example of succes s iona l  
vege ta t ion  t h a t  might be used t o  a n t i c i p a t e  by 2 y r  the  changes t h a t  
could be expected i n  t h e  succes s iona l  vege ta t ion  da t ing  from 1975. 
Baccharis  was e s p e c i a l l y  conspicuous a t  t h i s  s i t e ,  b u t  Ludwigia and 
g r a s s e s  were a l s o  abundant. By 1980 the  vegeta t ion  was about  3 t o  4 m 
t a l l ,  and contained numerous sch inus  bushes. This  s i t e ,  occupying 
former g l ade ,  had been rock plowed and experienced wet-season f looding .  

Of the  14 sites occupied by succes s iona l  vege ta t ion  <8 y r  o l d ,  1 0  re- 
s u l t e d  from t h e  chopping and d i sk ing  t h a t  were done i n  l a t e  1975. One 
of t hese  was a 200 m t r a n s e c t  extending north-south, j u s t  nor th  o f  o l d  
sch inus  f o r e s t  no. 1. This  t r a n s e c t  occupied former g l ade  and was 
seasona l ly  flooded. Near its southern  end t h i s  t r a n s e c t  experienced 
l a r g e  amounts o f  f looding ,  perhaps because it was near an east-west road 
t h a t  may have impounded su r f ace  water t h a t  was slowly flowing southward. 

J u s t  west of t h e  1975 success ion  t r a n s e c t  was an a rea  of  about  10 ha 
t h a t  had been invaded by sch inus  very  e a r l y  a f t e r  t he  chopping and 
d i sk ing  o f  1975. This  colony of  sch inus  was v i s i b l e  from t h e  a i r  by 
1977, and i n  1978 was s e l e c t e d  a s  one of  t h e  a r e a s  where sch inus  phenol- 
ogy was monitored on 100 trees. These were t h e  youngest sch inus  t r e e s  
whose phenology was observed, and by el980 most were reproduct ive ly  
a c t i v e .  

The o the r  8 s tudy  s i t e s  conta in ing  vege ta t ion  d a t i n g  from 1975 were t h e  
c o n t r o l  t rea tments  l oca t ed  wi th in  s tudy p l o t s  e s t a b l i s h e d  i n  1975, and 
named i n  Table 1 wHilsenbeckw, a f t e r  t he  i n v e s t i g a t o r  who designed t h e  
study. The e x a c t  l o c a t i o n  of  t hese  s tudy p l o t s ,  t h e i r  e a r l y  vege ta t ion ,  
and t h e i r  s o i l s  a r e  descr ibed  i n  Hilsenbeck (1976b). Pour of t he  



Hilsenbeck p l o t s  (nos. 1 through 4) a r e  on Rockdale loam s o i l  t h a t  p r i o r  
t o  farming was occupied by p ine land  and short-hydroperiod p r a i r i e .  The 
o the r  4 a r e  on P e r r i n e  marl  t h a t  p r i o r  to farming was occupied by saw- 
g r a s s  g lade  and seasona l ly  wet p r a i r i e ,  a l though p l o t  8 may inc lude  s o m e  
Rockdale soil. The p l o t s ,  ranked from d r i e s t  to wettest based on t h e  
depth and du ra t ion  of f looding ,  were 1, 2, 3, 4, 8 ,  7,  6,  5. The H i l -  
senbeck p l o t s  were used p r imar i ly  f o r  s t u d i e s  of  s ch inus  seed 
in t roduc t ion ,  s o i l  seed s t o r a g e ,  and seed inputs .  J u s t  northwest  o f  t he  
young schinus  f o r e s t  s i t e  was a s i m i l a r  a r ea ,  a l s o  on former p ine land ,  
where sch inus  c o n t r o l  was at tempted i n  1978 (Breen 1978).  Some schinus  
t r e e s  were pu l l ed  up, o t h e r s  were bul ldozed,  and o t h e r s  were f e l l e d .  
Some o f  t h e  stumps were t r e a t e d  with he rb i c ides .  This  d i s tu rbed  a r e a  
was t h e  youngest vege ta t ion  a v a i l a b l e  when f i e l d  research  s t a r t e d  i n  
1978, and was chosen to eva lua t e  t he  a b i l i t y  o f  s ch inus  to invade d i s -  
turbed h a b i t a t s .  S tud ie s  conducted t h e r e  included sch inus  seed l ing  
dynamics, sch inus  seed l ing  growth and s u r v i v a l ,  and soil seed s torage .  
Following t h e  attempted sch inus  c o n t r o l ,  sch inus  quick ly  re-dominated 
t h e  vege ta t ion  on t h i s  site. 

The northwest  corner  of  o l d  sch inus  f o r e s t  no. 1, a t  i ts p o i n t  o f  i n t e r -  
s e c t i o n  with t h e  mature g lade ,  was t h e  site of a 1 ha schinus-control  
ope ra t ion  i n  1978. The vege ta t ion  was bulldozed, p i l e d ,  and burned. 
Immediately t h e r e a f t e r  p l o t s  were e s t a b l i s h e d  t o  monitor r evege ta t ion  by 
s p e c i e s  from the  cont iguous  g l ade  and schinus  f o r e s t .  Th i s  s i t e  was 
a l s o  used f o r  test p l a n t i n g s  of sch inus  seed l ings  and f o r  sch inus  seed 
in t roduc t ion  s t u d i e s .  

I n  1979 t h e  vegeta t ion  on a l a r g e  a rea  (>50 ha)  occupied by vigorous,  
young sch inus  f o r e s t  l oca t ed  sou theas t  of t h e  Research Center was b u l l -  
dozed, windrowed, and burned. The site included former pineland a t  its 
nor thern  end and former g lade  a t  its southern end. This  si te,  l i k e  
o t h e r  a r e a s  of  attempted sch inus  c o n t r o l ,  was used t o  monitor sch inus  
d i s p e r s a l  and re invas ion .  The e a r l y  success ion  on t h i s  si te is de- 
s c r ibed  i n  Laope and Dunevitz (1981b). 

HYDROLOGY 

Methods 

Water is t h e  environmental f a c t o r  t h a t  changes most during the  seasons 
i n  South F l o r i d a ,  and s t rong ly  in f luences  a l l  vege ta t ion ,  inc luding  
sch inus .  Thus, water - tab le  depth and s u r f a c e  f looding  were monitored on 
s e v e r a l  s tudy sites. 

Depth o f  t h e  water t a b l e  was measured from s t a f f  gauges i n s t a l l e d  i n  
n a t u r a l  s inkholes ,  i n  shal low s o i l  p i t s  excavated t o  t h e  l imestone 
bedrock, o r  i n  i r r i g a t i o n  wells remaining from t h e  time t h e  a r e a  was 
farmed. These gauges extended t o  d i f f e r e n t  depths  (19 to ,176 c m ) ,  
depending upon the  type  o f  "well" a v a i l a b l e .  The water depth a t  each 
site was recorded approximately every 20 days. 

Because o f  n a t u r a l  microtopography and the  rows and furrows made by 
fa rmers ,  t h e  soil s u r f a c e  was no t  p e r f e c t l y  f l a t  a t  any site. Thus, t h e  
depth of  t he  water t a b l e  t o l d  only  p a r t  o f  t he  s t o r y  concerning 



d i f f e r e n c e s  i n  s o i l  water among sites. Therefore,  t h e  amount of  s o i l  
s u r f a c e  t h a t  was covered by f loodwaters  was a l s o  recorded a t  9 sites. 
A t  each site 100 wire s t a k e s  were placed a t  randomly s e l e c t e d  p o i n t s  
a long a 200 m t r a n s e c t .  The number of  s t a k e s  occupying microsites where 
t h e  s u r f a c e  was flooded was recorded each time t h e  water t a b l e  depth was 
measured. 

Resu l t s  

Considering t h e  vaga r i e s  o f  South F lo r ida  r a i n f a l l ,  seasonal  f l uc tua -  
t i o n s  i n  water - tab le  depth were remarkably c o n s i s t e n t  on a l l  9 sites 
from June,  1978 through October,  1980 (Fig. 3) . The hammock, where the  
water t a b l e  seldom g o t  c l o s e r  than  40 cm t o  t h e  s u r f a c e ,  was t h e  d r i e s t  
site. The pineland and Myrica-schinus woodland (occupying former pine- 
land)  were a l s o  on dry sites, and t h e  water t a b l e  t h e r e  was u s u a l l y  >20 
c m  below t h e  s o i l  sur face .  

The deepes t  w e l l  monitored throughout t he  s tudy  per iod  was i n  t h e  
Myrica-schinus woodland, and i n  A p r i l ,  1979 t h e  water t a b l e  on t h a t  s i t e  
was 1.7 m below t h e  su r f ace .  On 24 A p r i l ,  1979 t h e  s tudy  a r e a  was h i t  
by an unprecedented dry-season ra ins torm t h a t  dropped >23  cm o f  r a i n  i n  
24 hours.  Within 2 days t h e  water t a b l e  i n  t h e  Myrica-schinus woodland 
rose  >1.5 m,  and soon t h e r e a f t e r  reached its 1979 peak when it came 
w i t h i n  12  c m  of  t h e  s o i l  su r f ace .  

A deep w e l l  was not  monitored i n  t h e  young schinus  f o r e s t  u n t i l  a f t e r  
May, 1979, bu t  i n  A p r i l ,  1980 the  water t a b l e  a t  t h a t  si te was 110 c m  
below t h e  sur face .  On the same d a t e  t he  water t a b l e  was 135 c m  belw 
t h e  s u r f a c e  i n  t h e  Myrica-schinus woodland. Thus, t h e  young sch inus  
f o r e s t  occupies  a s i t e  t h a t  is no t  much wet te r  than t h e  Myrica-schinus 
woodland, which is known to be former pineland.  

I n  t h e  g l ade ,  o l d  sch inus  f o r e s t s ,  and young succes s iona l  v e g e t a t i o n s ,  
t h e  water t a b l e  was u s u a l l y  w i th in  30 c m  of  t h e  s u r f a c e  throughout t h e  
w e t  season (June t o  October) , b u t  changes i n  water - tab le  depth o f  20 c m  
or  more wi th in  a month were not  uncommon. 

On 2 s i tes - - the  hammock and t h e  Myrica-schinus woodland (occupying rock- 
plowed p ine land)  --the s o i l  s u r f a c e  was never flooded. The p ine land  had 
some s u r f a c e  water i n  shal low s o l u t i o n  p i t s  on 5 o f  32 obse rva t ions ,  b u t  
t h e s e  covered only 1 t o  2% of  t h e  su r f ace .  The o t h e r  6 sites, occupying 
g l ades  o r  former g l a d e s ,  experienced varying degrees  o f  s u r f a c e  f looding  
(Fig. 4) . Surf ace  f looding  extended from June through October, and was 
g r e a t e s t  l a t e  i n  t h e  r a iny  season,  u sua l ly  peaking i n  September. On 
some sites 80% o f  t h e  soil s u r f a c e  was flooded a t  t imes ,  bu t  such exten- 
s i v e  f looding  never occurred f o r  cont inuous pe r iods  longer  than 2 
months. No site was flooded i n  November through May, except  a f t e r  t h e  
unusual ly  heavy ra ins torm of  l a t e  A p r i l ,  1979. 

Although schinus  seed l ings  a r e  f lood t o l e r a n t ,  rap id  changes i n  water 
depth were f r equen t ly  c o r r e l a t e d  wi th  sch inus  'seedling m o r t a l i t y .  Rapid 
i n c r e a s e s  i n  water depth drowned some seed l ings ,  while  rap id  drops i n  
t h e  water t a b l e  o f t e n  increased  m o r t a l i t y  due t o  drought.  The response 
of  n a t i v e  s p e c i e s  to r ap id  o s c i l l a t i o n s  i n  water- table  depth a r e  n o t  
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known, but  some s p e c i e s ,  such a s  Ludwigia spp. and sawgrass (Cladium 
jamaicense)  , seem to be a t  least as we l l  adapted to changing water 
l e v e l s  a s  is schinus.  Thus, water l e v e l s  might be one important envi- 
ronmental f a c t o r  t h a t  could be manipulated t o  inf luence  sch inus  and the  
competing n a t i v e  vegeta t ion .  

PHENOLOGY 

Methods 

I n  October,  1978 w e  i n i t i a t e d  a phenological  s tudy o f  400 schinus  
t r e e s :  100 i n  each o f  4 sites. The 4 s i t e s  were: 1) t h e  roads ide  
f r i n g e  of  the  o l d ,  schinus-dominated f o r e s t  along the  Hayes Barn road, 
2)  roadside t r e e s  near t h e  edges of  t h e  Myrica-schinus woodland, includ-  
ing some along the  boundary between t h a t  woodland and t h e  p ine land ,  3) 
t h e  young schinus-dominated woodland e a s t  o f  t he  northern-most missile 
base ,  and 4 )  a colony of  young schinus  bushes t h a t  were among t h e  f i r s t  
t o  invade former farmlands t h a t  had been d isked  i n  l a t e  1975. 

Each t r e e  was permanently tagged, and a l l  obse rva t ions  were made on a 
t ree-by-tree bas i s .  Observat ions were usua l ly  made biweekly, bu t  some 
i n t e r v a l s  between obse rva t ions  were a s  long a s  one month. During pe- 
r i o d s  of i n t e n s e  reproduct ive  a c t i v i t y  obse rva t ions  were made weekly. 

A t  t he  time of  each obse rva t ion ,  each t r e e  was scored with r e s p e c t  t o  
t h e  fol lowing 3 f e a t u r e s :  

LEAF FLUSHING ACTIVITY (1 and 3 no t  mutually exc lus ive )  

1. Leaf drop 
2. N o  l e a f  a c t i v i t y  
3. New ( r ed )  l eaves  p r e s e n t  

FLOWERING ACTIVITY 

1. No f lowers  p r e s e n t  
2. Flowers p r e s e n t ,  mostly c losed  
3. Flowers p r e s e n t ,  mostly open 

FRUITING ACTIVITY 

1. N o  f r u i t s  p r e s e n t  
2. F r u i t s  p r e s e n t ,  mostly unr ipe  (green)  
3. F r u i t s  p r e s e n t ,  mostly r i p e  ( red)  

Schinus is d ioec ious ,  i.e. it has  trees with only  female f l w e r s  and 
t r e e s  with only male f lowers .  The sex of  each tree was recorded t h e  
f i r s t  time it f l w e r e d .  



Resu l t s  

Leaves 

Schinus is an evergreen t r e e ,  and produces l eaves  almost  cont inuous ly  
throughout t h e  yea r .  The l e a f  drop d a t a  (Fig.  5) may r e f l e c t  some of 
t h e  observer-dependent s u b j e c t i v e n e s s  involved i n  eva lua t ing  l e a f  phe- 
nology. The f i r s t  6 mo o f  d a t a ,  when l i t t l e  l e a f  drop was recorded,  
were taken by 1 obse rve r ,  whereas t h e  l a t e r  d a t a  were taken by 2 
o t h e r s .  Leaf drop is nea r ly  cont inuous ,  but  was lowest on a l l  sites 
dur ing  November through February. Also, t h e r e  were d i f f e r e n c e s  among 
sites. The sch inus  t r e e s . o n  2 o f  t h e  s i tes - - the  Myrica-schinus woodland 
and t h e  young sch inus  forest--had reduced l e a f  d rop  dur ing  the  w e t  
months, whereas t r e e s  on t h e  o t h e r  2 sites d i d  no t  show wet-season 
dec reases  i n  l e a f  drop. 

Leaf f l u s h i n g ,  o r  t h e  product ion  o f  new l eaves ,  is e a s i e r  t o  e v a l u a t e  
than is l e a f  drop. Schinus,  l i k e  many t r o p i c a l  t r e e s ,  f l u s h e s  n e a r l y  
cont inuous ly ,  except  during October and November when reproduct ive  
a c t i v i t y  is a t  its peak (Fig.  6) . Schinus t r e e s  on each o f  t h e  4 si tes 
e x h i b i t e d  s i m i l a r  p a t t e r n s  o f  l e a f  f l u sh ing ,  except  t h a t  those  i n  t h e  
young sch inus  f o r e s t  f lushed  less cont inuous ly  than those  on t h e  o t h e r  3 
sites. Af te r  f lowering,  male trees resumed f l u s h i n g  more r a p i d l y  than  
d i d  female t r e e s .  This  may r e f l e c t  t h e  added e n e r g e t i c  c o s t  o f  f r u i t  
development incur red  by t h e  females . 

Reproduction 

Five o f  t h e  400 t r e e s  s e l e c t e d  fo r  phenology obse rva t ions  never flow- 
e r ed ,  so t h e i r  sex was no t  determined. A l l  o f  t h e  t r e e s  observed were 
o l d  enough and l a r g e  enough to f lower ,  so the  5 t h a t  d i d  no t  may repre-  
s e n t  a smal l  f r a c t i o n  (about  1%) of t h e  popula t ion  t h a t  does no t  repro-  
duce. Of t h e  395 t h a t  d i d  f l w e r ,  196 (49.6%) were males and 199 
(50.4%) were females.  Thus, t h e  s ch inus  popula t ion  is almost  e x a c t l y  
one-half males and one-half females.  

The d ioecy  o f  s ch inus  is no t  un ive r sa l .  Some t r e e s  t h a t  produced f r u i t s  
l a t e r  bore male f lowers ;  it is no t  known whether t h e  f r u i t s  a rose  from 
female f lowers  o r  from hermaphrodi t ic  f lowers .  ?hie sch inus  f lowers  
pos se s s  a p i s t i l l o d e  (rudimentary or  v e s t i g a l  p i s t i l ) ,  and female s c h i -  
nus f lowers  possess  staminodes ( v e s t i g a l  s tamens) .  It  is n o t  uncommon 
f o r  s p e c i e s  t h a t  a r e  d ioec ious  to have some i n d i v i d u a l s  t h a t  occas iona l -  
l y  produce hermaphrodi t ic  f lowers  o r  f lowers  o f  each sex. I n  s ch inus ,  
such i n d i v i d u a l s  probably c o n s t i t u t e  about  1% of  t h e  popula t ion .  

Sch i n u s  f l&er ing is remar ltably synchronous and compressed, and occu r s  
a t  t h e  same time year  a f t e r  year .  Schinus '  f lowering a c t i v i t y  (Fig.  7) 
is almost  an e x a c t  i nve r se  o f  i ts l e a f  f l u s h i n g  a c t i v i t y  (Fig.  6 ) .  
Flowering begins  i n  September and by mid-October a lmost  every t r e e  is i n  
f l w e r .  Most f l m e r i n g  a c t i v i t y  c e a s e s  i n  e a r l y  November. 

A smal l  f r a c t i o n  of t h e  popula t ion  (about  10%) f lowers  i n  March-May. 
Some o f  t h e s e  l a t e  bloomers a r e  t r e e s  t h a t  d i d  no t  flower i n  October,  
bu t  f o r  most t h e  s p r i n g  reproduct ive  a c t i v i t y  is a second f lowering 
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Fig .  5 .  Schinus l e a f  drop. Upper: summary curve for 4 sites com- 
bined. Lower: indiv idual  curves for  4 s i t e s , ' 1 0 0  t r e e s  per 
site. 
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Fig .  6 .  Schinus l e a f  f lushing .  Upper: summary curve for 4 sites com- 
bined. Lower: indiv idual  curves for  4 sites, 100 t r e e s  per 
site. 
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Fig.  7 .  Schinus flowering. Upper: summary curve for 4 sites com- 
bined. Lower: individual curves for  4 sites, 100 t rees  per 
site. 



period. Spring flowering was more common i n  t h e  Myrica-schinus woodland 
populat ion than a t  o ther  sites (Fig. 7 ) .  

F r u i t  r ipening follows c l o s e  behind flowering, and by December almost 
a l l  f r u i t s  a r e  red (Fig. 8) . Most d i s p e r s a l  takes  p lace  soon thereaf-  
t e r ,  but  some trees sti l l  r e t a i n  f r u i t  a s  l a t e  a s  Ju ly  or August. 
Dehiscence of  f ru i t -bear ing  inf lorescences  is f a s t e r  on some sites than 
o the r s .  For example, f r u i t s  were re ta ined longer i n  the  Myrica-schinus 
woodland and i n  the  young schinus forest populat ions than i n  the  popula- 
t i o n s  a t  the  o ther  2 s i t e s  (Fig. 8 ) .  These were the  same 2 sites where 
l e a f  drop (Fig. 5) a l s o  lagged. On a l l  sites d i s p e r s a l  is complete 
before the  next season's  reproductive a c t i v i t y  begins. 

POLLINATION 

Methods 

Studies  of schinus p o l l i n a t i o n  included work on pol len  vec to r s ,  with 
emphasis on insec t  v i s i t o r s  and t h e i r  pol len  loads;  s t u d i e s  of flower 
longevity and nectar  sec re t ion ;  and measurements of  f r u i t  set on exposed 
inf lorescences  and on those from which i n s e c t s  were excluded. I n  addi- 
t i o n  t o  p r o j e c t  personnel,  Robert Whelan and Kenneth Young, both of the  
Universi ty of  Flor ida ,  made s u b s t a n t i a l  con t r ibu t ions  to the  schinus 
p o l l i n a t i o n  research. 

Pollen Vectors 

The f i r s t  pollen-vector experiment was designed t o  f ind  o u t  whether or  
not schinus pol len  was wind dispersed .  I n  October 1979, flowering 
female schinus sap l ings  (mean height  = 1.5 m) were t ransplanted  from the  
f i e l d  i n t o  po t s ,  and grown i n  a shadehouse f o r  7 days. Then, a l l  open 
f lowers were removed from each inf lorescence  and nylon bags were secured 
around the  unopened flower buds to prevent p o l l i n a t i o n  by insec t s .  
Pollen t r a p s  were constructed by punching 2 holes  i n  aluminum t r e e  t ags ,  
and placing cellophane tape on 1 s i d e  of the  t ags  so t h a t  pol len  landing 
on the  holes  would be stuck t o  the  exposed adhesive. When the  buds 
opened ( a f t e r  about 3 days) , t he  sap l ings  were placed,  1 a t  a time, i n  
f r o n t  of  a f loor  fan (Table 2 ) ,  and wind v e l o c i t i e s  were measured with a 
Dwyer Instruments hand-held anemometer. A pol len  t r a p  was hung i n  each 
t r e e ,  and the  fan was run fo r  5 min. While the  fan was running, a 
f r e sh ly  c u t  male inf lorescence  was shaken gen t ly  i n  f r o n t  of  it. A 
c o n t r o l  for  the  seed set est imated was conducted by hand p o l l i n a t i n g  the  
flowers on 1 sapling.  Treated females were rebagged and returned t o  t h e  
shadehouse, ' and the  f r u i t s  on each were counted a f t e r  45 days. In  
add i t ion ,  1 pol len  t r a p  was placed on a t a b l e ,  and a male inf lorescence  
was shaken vigorously over it. A l l  pol len  t r a p s  were examined under 
l O O X  magnification. 



-0- FRUITS 

-+- FRUITS MOSTLY 

--0-- MYRICA-SCHINUS WOODLAND -*- YOUNG SCHINUS FOREST 
+ YOUNG SUCCESSION .-.*-. OLD SCHINUS FOREST 

Fig .  8 .  Schinus f r u i t i n g .  Upper: summary curve for 4 sites com- 
bined. Lower: indiv idual  curves f o r  4 sites, 100 t r e e s  per 
site. 



Table 2. Treatments to test wind movement of  schinus pollen.  

Distance from fan  
(m) 

Wind Velocity Inf lorescence  
(km/h)  No. of  Samplings Bag 

2 Not Removed 

Removed 

Removed 

Removed 

Insec t  v i s i t o r s  t o  schinus were co l l ec ted  during t h e  1979, 1980, and 
1981 flowering seasons. A l l  c o l l e c t i o n s  were made wi th in  1 km of the  
Research Center. The 1979 and 1980 c o l l e c t i o n s  were lost, but spec ies  
c o l l e c t e d  i n  1981 were iden t i f i ed .  The 1979 c o l l e c t i o n  was opportunis- 
tic, and contained <40 specimens; the  o ther  2 c o l l e c t i o n s  were done more 
sys temat ica l ly .  

I n  1980, c o l l e c t i o n s  were made October 14-18, but  only those i n s e c t s  
caught on t h e  15th (a warm, sunny day) were used to c a l c u l a t e  the  timing 
of i n s e c t  v i s i t i n g ,  the  r e l a t i v e  abundance of  species of v i s i t o r s ,  and 
pol len  loads. Most c o l l e c t i n g  was done between 0700 and 1900, a s  in- 
sects were r a r e  before and a f t e r  t h i s  period. However, frequent  
observat ions  were made e a r l i e r  and l a t e  a t  n ight  t o  v e r i f y  t h a t  t h e r e  
were no nocturnal  v i s i t o r s .  Insec t s  were caught with long-handled sweep 
n e t s  , and 3 people ne t ted  simultaneously throughout the  day. Col lec t ing  
was concentrated a t  female t r e e s  because i n s e c t s  car ry ing pol len  a t  
female flowers represent  the  p o t e n t i a l  input  of  pol len  to the  t r e e  
r a the r  than the  pol len  load j u s t  co l l ec ted  by the  i n s e c t ,  a s  would be 
the  case f o r  i n s e c t s  co l l ec ted  around male flowers. Each i n s e c t  was 
placed i n  a v i a l  and l abe l l ed  with the  t i m e  of  co l l ec t ion .  These speci- 
mens were l a t e r  k i l l e d  by f reez ing and placed i n  a p rese rva t ive  so lu t ion  
(5% glycer ine  i n  70% a lcoho l ) .  Only l e g s  and proboscises of  lepidoptera  
were preserved. In the  labora tory ,  the  v i a l  containing each i n s e c t  i n  
p rese rva t ive  was shaken for  24 h on an o r b i t a l  shaker. The i n s e c t  was 
then removed f o r  i d e n t i f i c a t i o n  and the  p rese rva t ive  so lu t ion  was cen- 
t r i fuged  a t  1000 rpm for  15 min. The pellet a t  the  bottom of the  
cen t r i fuge  tube was removed with a t e a t  p i p e t t e  and t r ans fe r red  to a 
microscope s l i d e  fo r  i d e n t i f i c a t i o n  o f  schinus pol len  g r a i n s  (Fig. 9) . 
I n  1981 schinus i n s e c t  v i s i t o r s  were s tudied  a t  hour1.y i n t e r v a l s ,  from 
0700 u n t i l  1800, on October 8. In each i n t e r v a l ,  a female tree was 
observed f o r  15 min and a male tree was observed f o r  15  min. Observa- 
t i o n s  included the  i d e n t i t y  and est imated r e l a t i v e  abundance of  a l l  
i n sec t  v i s i t o r s .  The remaining por t ion  of each i n t e r v a l  was devoted t o  
capture  of  i n s e c t s  from schinus flowers. Time of  capture  and tree sex 
were recorded, and specimens were preserved i n  alcohol .  Observations 
and i n s e c t  capture were done from the  roof of  a veh ic le  t o  g ive  access  
to the  upper branches of  roadside trees. In the  labora tory  t h e  i n s e c t s  
i n  a lcohol  were son i f i ed  to remove pol len ,  and the  complete pol len  load 



Fig.  9 .  Schinus f l w e r s  and pol len .  Upper l e f t :  male f l w e r .  Upper 
r igh t :  female flower. N o t e  p i s t i l l o d e  i n  male flower and stami- 
nodes i n  female flower. F l w e r s  are 2-3 nun i n  diameter. 



from each specimen was mounted on a microscope s l i d e  f o r  counting and 
i d e n t i f i c a t i o n .  

I n  1980 and 1981, pollen-tracking experiments were attempted, bu t  
f a i l e d .  The technique, s imi la r  t o  t h a t  described by Linhar t  and Fein- 
s inger  (1980), involved marking flowers with f luorescent  powder having a 
g r a i n  s i z e  only s l i g h t l y  l a rge r  than t h a t  of schinus pollen.  Dyes of 2 
colors were tes ted:  orange and yellow. Fa i lu re  of  the  technique was 
due to the  t i n y  flowers of schinus,  making it d i f f i c u l t  to place the  dye 
powder p rec i se ly  on an the r s ,  and the  g r e a t  abundance of  both flowers and 
i n s e c t  v i s i t o r s ,  d i l u t i n g  the  dye powder to r e l a t i v e l y  few female flow- 
e r s  among a "sea" of  mi l l ions .  

Flower Responses 

The longevity of male and female flowers was determined i n  1980 and 
1981. I n  1980, a l l  opened flowers were removed from 20 panic les  d i s -  
t r i b u t e d  among s e v e r a l  female trees and 20 pan ic les  d i s t r i b u t e d  among 
severa l  male trees. Branches supporting the  panic les  under study were 
bagged, then r e v i s i t e d  a t  0800 the  next  day, when newly opened flowers 
were marked with f luorescent  dye. Panic les  were r e v i s i t e d  a t  1100, 
1400, and 1700 of  t h a t  day, and a t  0800 the  following morning. Bags 
were only removed b r i e f l y  during each v i s i t ,  when newly opened flowers 
were counted and marked. 

Also i n  1980, a l l  open flowers were removed from pan ic les  on 10 branches 
of  seve ra l  female t r e e s .  The next day, newly opened flowers were marked 
by pain t ing  the  outs ide  of 1 p e t a l  with a mixture of  f luorescent  dye, 
water and white paste.  Flowers were r e v i s i t e d  d a i l y  u n t i l  dehiscence 
and/or swelling of  the  ovary was observed fo r  >90% of the flowers. A 
change i n  stigma color from y e l l a v  t o  brown was soon followed by ovary 
swell ing,  so flowers with yellow stigmas were c l a s s i f i e d  a s  
"receptivew. 'lb determine what e f f e c t ,  i f  any, v i s i t s  by i n s e c t s  had on 
flower longevity,  5 of  the  10 branches were bagged with double-thickness 
b r i d a l  mesh to exclude insec t s .  

On October 10,  1981, observations were made on male and female flowers 
a t  l e a s t  hourly from 0800 u n t i l  1600. Data recorded included p e t a l  
opening and nectar  sec re t ion  of  flowers of  both sexes,  and stamen posi- 
t i o n s  and pol len  re l ease  of male flowers. Selected specimens were 
preserved i n  a lcohol  so t h a t  f i e l d  observations could l a t e r  be corrobo- 
ra ted  i n  the  labora tory  with the  a i d  of a microscope. Measurements of 
nectar  quan t i ty  and sugar concentra t ion ,  and flower longevity,  were made 
from October 7 t o  11 on bagged and unbagged inflorescences.  Nectar was 
measured t o  the  nea res t  0.03 u l  using a 1 p1 c a p i l l a r y  tube, and sugar 
concentra t ions  were measured to the  nea res t  1% using a r e f  ractometer . 

F r u i t  Set  -- 
I n  1979, 2 l a rge ,  flower-bearing female schinus t r e e s  growing along a 
f i e l d  edge were se lec ted ,  and a l l  open flowers were removed from 2 
inf lorescences  on each tree. On each tree, 1 inf lorescence  was bagged 
with a nylon sack and the  o ther  was l e f t  exposed. The number o f  f r u i t s  
t h a t  formed on each of  the  4 inf lorescences  was l a t e r  counted. 



This  1979 p i l o t  experiment produced i n t e r e s t i n g  r e s u l t s ,  s o  t h e  method- 
ology was improved and t h e  experiment run aga in  i n  1980. Bagging 
experiments were conducted a t  3 times: e a r l y  i n  t h e  f lowering season,  
a t  mid-season (when f lowering a c t i v i t y  peaked) ,  and l a t e  i n  t h e  flower- 
ing season. Early- and late-season samples cons i s t ed  of 5 trees each; 
t h e  mid-season sample cons i s t ed  o f  10 t r e e s .  On each tree, 4 i n f l o r e s -  
cences were chosen, and none was > 2 m above t h e  ground. Of t h e s e ,  2 
were a t  t h e  o u t s i d e  o f  t he  crown and 2 were w e l l  i n s i d e  t h e  crown, One 
in f lo re scence  a t  each p o s i t i o n  ( i n s i d e  o r  o u t s i d e  o f  crown) was bagged 
and t h e  o t h e r  was l e f t  unbagged. For t he  mid- and late-season samples, 
some removal of  open flowers was necessary,  and t h i s  was done (us ing  
forceps)  immediately p r i o r  to bagging. Open f lowers  were a l s o  removed 
a t  t he  same time from unbagged in f lo re scences .  The insec t -exc losure  
bags were cons t ruc t ed  of  1 nun mesh b r i d a l  sc reen  covering a wire frame 
17  cm i n  diameter and 31 cm long. This  cy l inde r  had a 17  cm-long whi te  
c o t t o n  s l eeve  a t t ached  to its open end, and the  e n t i r e  exc losure  was 
s l i pped  over t h e  branch, a f t e r  which t h e  s l eeve  was t i g h t l y  secured.  
Leaves i n  t he  bag were no t  removed and they  helped keep t h e  cy l inde r  
f ram con tac t ing  t h e  in f lo re scence  . 
When most f r u i t s  on an in f lo re scence  were red they were harves ted ,  
except  i n  t h e  case  of t h e  la te-season samples when matura t ion  was unusu- 
a l l y  prolonged, and some in f lo re scences  were harves ted  whi le  they  s t i l l  
had green  f r u i t s .  V i a b i l i t y  was t e s t e d  only  f o r  seeds from t h e  l a t e -  
season samples,  and was determined by p lac ing  subsamples o f  f r u i t s  (n = 
1 t o  20) on moist sand t r e a t e d  with a fungic ide  (50% captan)  i n  a P e t r i  
d i sh .  Germination was monitored every 1 t o  3 days  f o r  approximately 30 
days. 

To e s t ima te  maximum p o t e n t i a l  f r u i t  set, it was necessary  to e s t i m a t e  
t h e  number of f lowers  per  pan ic l e .  These were too  numerous to count  
i n d i v i d u a l l y ,  s o  52 p a n i c l e s  were harves ted  from female trees. The 
number of f lowers  on each was counted, and l i n e a r  r eg re s s ions  were 
c a l c u l a t e d  using number o f  f lowers  a s  t h e  dependent v a r i a b l e  and 3 o t h e r  
measures a s  independent va r i ab l e s :  pan ic l e  l eng th ,  number o f  b r a n c h l e t s  
per p a n i c l e ,  and t h e  r a t i o  between p a n i c l e  l eng th  and number of branch- 
l e t s .  None of t h e  3 c o e f f i c i e n t s  o f  de te rmina t ion  was >O.S, and t h e  3 
d i d  no t  d i f f e r  g r e a t l y ,  s o  p a n i c l e  l eng th  (r2 = 0.47) was used to esti- 
mate flower number because it was t h e  e a s i e s t  v a r i a b l e  to measure. 

Resu l t s  

Po l l en  Vectors  

None o f  t h e  p o l l e n  t r a p s  hung i n  s ch inus  trees placed i n  f r o n t  o f  a f an  
blowing a c r o s s  a male i n f lo re scence  captured  any po l l en .  Only t h e  
po l l en  t r a p  t h a t  was placed on a t a b l e  and had a male i n f lo re scence  
v igorous ly  shaken above it trapped po l l en ;  it also trapped e n t i r e  an- 
t h e r s .  Each of  t he  female in f lo re scences  t h a t  was bagged after being 
placed i n  f r o n t  of  t h e  f an  blowing a c r o s s  a male in f lo re scence  had >20 
f lowers ,  b u t  with the  except ion o f  1 f r u i t  on t h e  p l a n t  a t  0.5 m,  none 
of  them bore f r u i t .  However, t h e  hand-pollinated in f lo re scence  produced 
only  1 f r u i t ,  b u t  t h i s  lack o f  f r u i t  set is thought to have r e s u l t e d  
from s t r u c t u r a l  damage t o  t h e  f lowers  caused by crude technique. 



Schinus pol len  g r a i n s  and an the r s  a r e  s t i c k y ,  and the  pol len  is not  
r e a d i l y  wind transported.  

On 1 day i n  October, 1980, 31 spec ies  of i n s e c t  v i s i t o r s  were ne t t ed  a t  
schinus trees (Table 3 ) .  Of these ,  25 spec ies  were co l l ec ted  a t  female 
trees, where most c o l l e c t i n g  was done. By f a r  the  most abundant v i s i t o r  
was a syrphid f l y ,  Palpada vinetorum, which accounted f o r  44% of t h e  
ind iv idua l s  caught. Although most individuals  caught were d ip te rans ,  
the  order  ~ymenoptera accounted fo r  more spec ies  (19) than any of t h e  
o ther  4 orders  caught (Table 3 ) .  Of the  31 spec ies  caught,  13 c a r r i e d  
schinus pol len ,  and some ind iv idua l s  ( 7  of  16 schinus-pollen-bearing 
individuals  of Palpada vinetorum and 1 of  3 Urbanus proteus)  c a r r i e d  
schinus pol len  exclus ively .  

The a c t i v i t y  times of the  5 most abundant i n s e c t  v i s i t o r s  overlapped 
considerably,  and each was a c t i v e  f o r  a t  l e a s t  4 hr ;  the  syrphid was 
a c t i v e  a l l  day (Fig. 1 0 ) .  Insec t  a c t i v i t y  o f  a l l  species  combined was 
steady throughout the  day, reaching a peak between 1500 and 1600, then 
decreasing rap id ly  toward dusk (Fig. 11). There was no i n s e c t  a c t i v i t y  
before  0800 or  a f t e r  1800. 

The 1981 c o l l e c t i o n  of  i n s e c t  v i s i t o r s  is described i n  Table 4.  Male 
schinus flowers a t t r a c t  many i n s e c t  spec ies  t h a t  forage on nec ta r ,  or 
po l l en ,  or both. Most i n s e c t s  t h a t  forage on male schinus flowers l a t e r  
than about 1000 pick up some pol len  gra ins .  Some of these  were found 
l a t e r  t o  be foraging on female f lowers,  and thus  were p o t e n t i a l  po l l ina -  
to r s .  These included the  most abundant visitor--Palpada vinetorum--plus 
honey bees ( A p i s  me l l i f e ra )  and 2 wasps ( P o l i s t e s  sp. and Mischocyttarus 
cubensis ) .  Some pollen-laden i n s e c t s  were observed only on male 
f lowers,  and may be pol len  th ieves .  Female f lower s produce only nec ta r ,  
which is presumably the  resource sought by most foragers  on female 
f l tmers .  However, male and female schinus flowers look remarkably 
s imi la r  i n  both color and p a t t e r n ,  and the  pol len  is almost i d e n t i c a l  i n  
color and placement with the  nectary  r ing  on the  female flower. K. 
Young (pers .  corn.) suggests  t h a t  female flowers may be male flower 
m i m i c s  which a t t r a c t  foragers  t h a t  might be a f t e r  pol len ,  a phenomenon 
reported f o r  t h e  Car icaceae (Baker 1976) . 

Flower Responses 

The 1980 da ta  demonstrated t h a t  both male and female schinus flowers 
open e a r l y  i n  the  day, and t h a t  male flowers l a s t  only 1 day, whereas 
female flowers l a s t  longer (Table 5 ) .  Abscission o f  male flowers was 
independent' of  whether or not they were v i s i t e d  by insec t s .  These 
observat ions  were corroborated by 1981 observations.  
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Table  3. I n s e c t s  caught  a t  s ch inus ,  and t h e i r  pol len-bear ing s t a t u s ,  Oct. 1980 

Caught a t  female s ch inus  

DIPTERA 
Palpada vinetorum 
Fly  2 
F l y  3 
F ly  4 
F ly  5 
F ly  6 

T o t a l  
caught  

-- - -  

Number caught  Number wi th  s ch inus  p o l l e n  

HYMENOPTERA 
A p i s  m e l l i f e r a  
Bee 1 
Bee 3 
Bee 4 
Bee 5 
Wasp 1 
Wasp 2 
Wasp 3 
Wasp 4 
Wasp 5 
Wasp 6 
Wasp 7 
Wasp 8 
Wasp 9 
Wasp 10 
Wasp 11 
Wasp 12 
Wasp 13 
Wasp 14 

LEP IDOPTERA 
Urbanus p r o t e u s  
Hel iconius  

cha r  i t o n i u s  
Agrau l i s  

v a n i l l a e  
Anar t i a  

i a t r o p h a e  

HEMIPTERA 
Hemiptera 1 

COLEOPTERA 
Coleoptera  1 



I FLY I 

I SKIPPER 1 

I WASP 5 I 

TIME OF DAY 

Fig. 10. Activity patterns of 5 abundant insect visitors to female schinus 
trees. Fly 1 was a syrphid, Palpada vinetorum, likely to be the 
most important schinus pollinator. All observations were made in 
October, 1980. 



TIME OF DAY 

Fig. 11. Numbers of insects captured at female schinus trees. There were no 
nocturnal visitors. All observations were made in October, 1980. 



Table 4. Insect visitors to female and male schinus flowers 7-10 October 1981. 
Asterisk indicates that captured individual carried schinus pollen. 

Species 

Cantharidae 
Chauliognathus pennsylvanicus 

Sex of tree where captured 

Lycaenidae 
Strymon cecrops 

Nymphalidae 
nymphalid sp. 

Heliconiidae 
Heliconius charitonius 

Hesperiidae 
Urbanus proteus 
hesperiid sp. #l 
hesperiid sp. # 2  

Ctenuchidae 
Compstonia sp. 

Bibionidae 
Plecia nearctica 

Syrphidae 
Palpada vinetorum 
Palpada albif rons 
Ocyptamus fuscipennis 
Baccha clavata 
Toxomerus floralis 
Meromacrus acutus 

Calliphoridae 
Cochliomyia macell.ar ia 

Formicidae 
Pseudomyrmex mexicana 
formicid sp. 

Vespidae 
Polistes sp. 
Mischocyttarus cubensis 
Euodynerus sp. 

Pompilidae 
Anoplius sp. 

Sphecidae 
Amnophila sp. 

Halictidae 
Augoch lor ops i s sp . 

Anthophoridae 
Xylocopa sp. 

Apidae 
Apis mellifera 

Dipteran sp. 
Hymenopteran sp. #1 
Hymenopteran sp. 12  



Table 5. Time o f  opening o f  female and male sch inus  f lowers .  Values 
a r e  number of new f lowers  on 20 p a n i c l e s  a t  each sample t i m e .  

Flowers opened by 0800 day 
1 and s t i l l  p r e s e n t  0800 

Day 1 Day 2 day 2 

0800 1100 1400 1730 0800 (2 )  

Female 58 0 0 0 77 9 5 

Male 

The observa t ion  t h a t  female f lowers  l a s t e d  >1 day l e d  t o  experiments 
designed t o  measure t h e i r  longevi ty ,  and t o  determine t h e  impact of  
i n s e c t  v i s i t s  on t h a t  longevi ty.  Mast female f lowers  had r e c e p t i v e  
s t igmas f o r  2 days a f t e r  opening, bu t  only about  ha l f  had r ecep t ive  
s t igmas when they  were 4 days o l d ,  and almost  none had r ecep t ive  s t igmas 
by day 6 (Fig. 12) . 
Data from October,  1981 on nec t a r  volumes and sugar concen t r a t ions  of  
bagged and unbagged f lowers  of  both sexes  a r e  summarized i n  Table 6. 
Sucrose concen t r a t ions  i n  t he  nec t a r  of  f lowers  o f  both sexes  is about  
44%, but  females  produce about  4 times more nec t a r  than do male 
f lowers .  The tendency may be f o r  f o r a g e r s  t o  make more v i s i t s  per  
flower t o  female f lowers  than to male f lowers .  This  would inc rease  t h e  
p r o b a b i l i t y  o f  po l l en  depos i t i on  on s t igmas.  Nectar volumes of  female 
f lowers  open t o  i n s e c t  v i s i t s  were only about  25% of  those  i n  f lowers  
p ro t ec t ed  by i n s e c t  exc losures .  Apparently some i n d i v i d u a l  male trees 
do not  s e c r e t e  nec t a r .  One bagged male in f lo re scence  never had nec t a r  
over  t h e  course  o f  s e v e r a l  days. 

Table 6. Nectar volumes and sucrose  concen t r a t ions  of s ch inus  
f lowers .  Each va lue  is a mean o f  25 to 90 f lowers .  

Flower sex  Exposure 

Female . Unbagged 

Bagged 

Male Unbagged 

Bagged 

Mean nec t a r  volume Mean suc rose  
( ~ 1  per f lower)  concen t r a t ion  ( 8 )  

0.008 4 4 

Male f lowers  a r e  s l i g h t l y  open a t  dawn. By 0800 t h e  p e t a l s  a r e  s epa ra t -  
ed and sometimes the  f lowers  con ta in  a l i q u i d  t h a t  is mostly dew. Sugar 
concen t r a t ions  i n  t h e s e  e a r l y  morning f lowers  were about  4%, so a very  



Fig. 
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DAYS AFTER FLOWER OPENING 
12. Longevity of  female schinus f l w e r s .  Male flowers l a s t  only 1 day. 



d i l u t e  nectar  is occas ional ly  present .  B u t t e r f l i e s  (Urbanus, o the r  
hesper i ids ,  Heliconius) and f l i e s ,  (Cochliomyia macel lar ia  and unidenti-  
f i e d  species)  forage  fo r  t h i s  dew-nectar. Pollen,  however, is not  f r e e  
y e t  and the  i n s e c t s  c a r r y  none. Between 0900 and 1100 the  pol len  on the  
5 t a l l  stamens is released.  This coincides  with a spreading of  these  
stamens. The pol len  bearing su r faces  of  the  ta l l  stamens a t  t h i s  t i m e  
a r e  presented upwards i n  a circle t h a t  is almost the  circumference of  
the  outer  edges of  the  p e t a l s .  Many pollen-gathering i n s e c t s  forage on 
t h e  flowers during t h i s  time. These include 2 syrphid f l i e s  and 
Xylocopa bees. Others, such a s  the  ctenuchid moth Compstonia and the  
hesper i ids ,  perhaps a r e  s t i l l  f inding some d i l u t e  nectar .  The movement 
of the  tall stamens is independent of  presence o r  absence of  i n s e c t  
foragers ;  it was the  same i n  both bagged and exposed inf lorescences .  
However, flowers i n  the  sun opened and presented pol len  sooner than 
flowers i n  the  shade. 

About 1130 the  male f lowers switched from being pol len  producers to 
being both nectar  and pol len  producers. The t a l l  stamens moved back 
towards the  flower cen te r ,  thus  forming a s i n g l e  column with the  5 s h o r t  
stamens. The s h o r t  stamens had f r e e  pol len  by 1200. This coincided 
with the  sec re t ion  of  some nec ta r ,  and v i s i t s  by a mixed group of  forag- 
ers (Xylocopa, Palpada, Compstonia, Apis m e l l i f e r a ,  and Mischocyt- 
t a r u s ) .  Through the  r e s t  of  the  afternoon a l a rge  s e l e c t i o n  of  foragers  
(mostly nectar  ga therers)  came to male flowers. These included 
~omps ton ia ,  some - hesper i i d s ,  4 species  of syrphids , Chauliognathus, 
P lec ia  nea rc t i ca ,  Cochliomyia macel lar ia ,  and wasps: Mischocyttarus, 
Anoplius , and Ammoph i l a  . The l a rge  pollen-collect ing bee, Xylocopa , no 
longer v i s i t e d ,  but  seemed to be replaced by smaller pol len  c o l l e c t o r s  
such a s  Apis me l l i f e ra  and Augochloropsis. 

Female flowers were a l s o  s l i g h t l y  open a t  dawn. They, too, conta in  dew 
and a t  times a weak nectar .  Once, a t  0900, 2 flowers t h a t  apparently 
had opened the  previous day but had not  been v i s i t e d  were found. These 
contained unusually l a rge  volumes of e e r a t e l y  d i l u t e  nectar:  0.8 and 
1.4 p 1  of nectar  per flower a t  29 and 21% sugar concentrat ions,  respec- 
t i v e l y .  While t h i s  is unusual, it does expla in  e a r l y  morning foraging 
of  hesper i ids  and d ip te rans  (Cochliomyia macel lar ia  and un iden t i f i ed  
species)  . By 0900 the  female flowers a r e  open, bu t  bagged flowers d id  
not secrete nectar  u n t i l  1200. V i s i t a t i o n  during t h i s  period is appar- 
e n t l y  by "accident" o r  by i n s e c t s  foraging on minute amounts of  d i l u t e  
nectar .  However, the  stigmas seem to be recept ive  from e a r l y  morning. 

While the  timing of  pol len  re l ease  and nectar  sec re t ion  i n  schinus 
flowers seems q u i t e  p rec i se ly  con t ro l l ed ,  the  need f o r  it i n  its newly 
colonized t e r r i t o r y  of  South Flor ida  is doubtful .  A hos t  of  i n s e c t  
v i s i t o r s  r e s u l t s  i n  e f f e c t i v e  movement of  pol len  from stamen to s t i g -  
ma. Schinus flcwering supports  many nectar  and pol len  th ieves ,  bu t  
r e s u l t s  i n  good f r u i t  set. 

F r u i t  Se t  

The r e s u l t s  of  the  1979 p i l o t  study were t h a t  the  2 unbagged branches 
produced about 100 f r u i t s  each, whereas the  bagged branches yielded <5 
f r u i t s  each. 



The 1979 r e s u l t s  were corroborated by the  more d e t a i l e d  study conducted 
i n  1980 (Table 7) . About 35% o f  the  unbagged f lowers produced f r u i t s ,  
compared to <3% of those t h a t  were surrounded by i n s e c t  exclosures.  The 
35% f r u i t  set is a r e l a t i v e l y  high value compared to o the r  species 
(Stephenson 1981) . One tree (118) produced no f r u i t s ,  even on unbagged 
inf lorescences  . 
There a r e  2 poss ib le  explanations of how bagged flowers could have 
produced any f r u i t s  a t  a l l .  One p o s s i b i l i t y  is t h a t  some schinus flow- 
ers a r e  p e r f e c t ,  i.e. t h a t  they have both female and male p a r t s  t h a t  a r e  
funct ional ,  and t h a t  se l f -po l l ina t ion  occurs. Although a l l  schinus 
flowers observed were unisexual ,  female flowers have staminodes and male 
flowers have p i s t i l l o d e s  (Fig. 9) . It may be t h a t  some of these  organs 
undergo complete development, occas ional ly  producing perfect flowers 
t h a t  do not requi re  i n s e c t  po l l ina t ion .  Such spec ies  a r e  c a l l e d  polyga- 
modioecious. This may expla in  the  presence of  f r u i t s  on a few t r e e s  
(<I% of the  populat ion) t h a t  were known to have mostly male flowers, a s  
described i n  the  sec t ion  on PHENOLOGY. 

Another poss ib le  explanation is t h a t  a l l  open flowers were not removed 
before bagging, and t h a t  some flowers t h a t  were bagged had already been 
pol l ina ted .  The early-season flowers yielded fewer f r u i t s  ( <1% f r u i t  
set) than d id  mid-season o r  late-season f lowers,  g iv ing support to t h i s  
p o s s i b i l i t y .  It is more l i k e l y  t h a t  mid- and l a t e -  season in f lo res -  
cences would have included some already-poll inated flowers than would 
ear  ly-season flowers. 

General conclusions a r e  t h a t  sch inus ,  although an insec  t -pol l ina ted  
exo t i c ,  is ab le  t o  t a k e  advantage of seve ra l  l o c a l  p o l l i n a t o r s .  A l -  
though its p o l l i n a t i o n  system is not  a s  s traightforward a s  t h a t  o f  some 
p lan t s ,  it seems to be e f f e c t i v e ,  r e s u l t i n g  i n  high f r u i t  y i e ld .  A l -  
though s e v e r a l  i n s e c t  species probably e f f e c t  schinus p o l l i n a t i o n ,  the  
extremely abundant syrphid f l y  , Palpada vinetorum, is a l i k e l y  candidate 
f o r  the  t i t l e  of ch ie f  p o l l i n a t o r  of  schinus i n  the  study area.  

DISPERSAL 

Methods 

Dispersa l  of schinus seed was evaluated: 1) by monitoring schinus 
reinvasion on sites t h a t  had been bulldozed, 2) by providing a r t i f i c i a l  
perches for  b i r d s ,  3) by monitoring schinus seedling appearance i n  seed 
t r a p s  and soil-seed-storage samples (discussed i n  a l a t e r  s e c t i o n ) ,  and 
4) by observing animals t h a t  may d i spe r se  schinus. 

In spr ing  of  1978 bulldozers were used to destroy approximately 1 ha o f  
schinus-dominated f o r e s t  along the  Hayes Barn Road a t  the  point  where 
the  f o r e s t  bordered unfarmed p r a i r i e .  Two p l o t s  were s e t  up i n  t h i s  
bulldozed area  t o  monitor vegeta t ion  recovery and poss ib le  invasion by 
schinus. Each p l o t  was 0.5 x 20 m. One p l o t  was or iented  east-west,  
and extended from the border of the  unbulldozed sch inus-dominated f o r e s t  
i n t o  the  area  t h a t  had been bulldozed. The o ther  p l o t  was o r i en ted  
northeast-southwest, and extended from the  border of the  unfarmed 
p r a i r i e  i n t o  the  bulldozed area.  The vegetat ion i n  these  two p l o t s  was 



Table  7. F r u i t  set i n  bagged and exposed s c h i n u s  i n f l o r e scences .  Flower numbers 
were e s t i m a t e d  by l i n e a r  r e g r e s s i o n  w i th  p a n i c l e  l e n g t h  ( r2  = 0.47) ; 
f r u i t s  were counted.  

Bagged Exposed 

No. No. F r u i t  set 
Tree  Flowers F r u i t s  (8) 

E a r l y  season  
(1-28 Oct.) 

1 
2 
3 
4 
5 

Peak season  
(17 0ct.-12 Nov.) 

6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
1 5  

La t e  season  
(24 Oct.-13 Jan.) 

16 
17  
1 8  
19  
20 

No. No. F r u i t  set 
Flowers F r u i t s  ( %  1 

T o t a l  or mean 26,054 692 2.7 30,012 10,415 34.7 

* Number o f  f lowers  underes t imated .  



examined pe r iod ica l ly  u n t i l  November, 1980. Spec ia l  c a r e  was taken to 
l o o k  f o r  schinus seedlings.  

I n  the  spr ing  o f  1979 a l a r g e  a r e a  (>lo0 ha) o f  schinus-dominated f o r e s t  
extending >2 km south of  t h e  Research Center Road was bulldozed. The 
vegeta t ion  was windrowed and burned. Permanent vegeta t ion  p l o t s  were 
e s t ab l i shed  by s t a f f  of  the  vegetat ion ecology group soon a f t e r  bulldoz- 
ing was completed. Five p l o t s ,  each 5 x 20 m, were l a i d  o u t  i n  a north- 
south l i n e ,  with a p l o t  every 500 m. Using the  corner posts of these  
permanent p l o t s  a s  reference  po in t s ,  we l a i d  o u t  2 schinus coloniza t ion  
subplots  within each permanent p l o t .  Each schinus subplot  was 0.5 x 5 
m, and its long a x i s  was formed by one of  the  permanent p l o t  borders. 
One 0.5 x 0.5 m recrui tment  p l o t ,  i n  which schinus seedl ings  were coun- 
t ed  then removed to evaluate  r a t e s  o f  recrui tment i n t o  the  seedling 
populat ion,  was appended t o  each schinus subplot .  These 10 subp lo t s  
were es tab l i shed  i n  August, 1979 and monitored monthly u n t i l  June, 1980. 

I n  the  area  t h a t  was bullCozed i n  1979 we a l s o  set up 5 paired a r t i f i -  
cial-perch p l o t s ,  each 1 x 10 m, with 10 m between p l o t s .  One p l o t  of  
each p a i r  was overtopped by a wire, 3.3 m above the  ground, s t rung 
between 2 poles: the  o ther  had a pole a t  each end, b u t  the  poles  were 
not connectd by a wire. Three of the  p a i r s  o f  p l o t s  were located be- 
tween windrowed vegeta t ion ,  1 p a i r  was i n  the  area  near the  road, where 
care  had been taken to avoid bulldozing o f  Myrica bushes, and the  f i f t h  
p a i r  was located i n  a c leared  a rea ,  not near windrowed vegetat ion.  The 
o r i e n t a t i o n  of each p a i r  o f  p l o t s  was random, but the  members of each 
p a i r  were p a r a l l e l .  These a r t i f i c i a l  perches were es t ab l i shed  i n  l a t e  
December, 1979, and the  p l o t s  were monitored fo r  schinus seedl ings ,  b i r d  
droppings, and mammal scat 10 times between then and June, 1980, when 
the  study was terminated. 

I n  1978 we erec ted  a 9 m extension ladder v e r t i c a l l y  through the  canopy 
of the  o l d  schinus-dominated f o r e s t  located south of  Hayes Barn Road. 
The ladder was located 100 m south of  the  road, and was cabled i n t o  
p lace ,  where it remained u n t i l  l a t e  1980. It served a s  an observation 
tower fo r  watching b i rd  movements during the  f r u i t i n g  season. Bird 
a c t i v i t y  i n  schinus, animal s ign ,  and mammal s c a t  containing schinus  
seeds or  seedl ings  were noted when encountered throughout the  study and 
on a l l  sites. 

Resul ts  

N o  schinus qolonized e i t h e r  of  the  2 p l o t s  e s t ab l i shed  i n  the  a rea  t h a t  
was bulldozed i n  1978. By November, 1980 the  vegetat ion i n  the  p l o t  
nea res t  the  schinus f o r e s t  cons is ted  o f  a sparse  cover (about 80% - Lud- 
wigia microcarpa) underlain by a well-developed per  iphyton mat. The 
p l o t  closest to the  unfarmed p r a i r i e  had a dense cover dominated by 
Androwon  glomeratus, which formed a mat of  dead leaves about 0.5 m 
deep, with l i v e  Andropogon reaching about 1.5 m. The s o i l  sur face  was 
heavily shaded and not covered by periphyton. The dense vegetat ion on 
t h i s  p l o t  xnay have hindered seed d i s p e r s a l ,  and should lend i t s e l f  to 
management by f i r e .  



In  8 of  t h e  10 schinus-colonizat ion subp lo t s  set up w i t h i n  permanent 
vegetation-monitoring p l o t s  i n  t h e  area t h a t  was bul ldozed i n  1979, 
sch inus  co lon iza t ion  was very  s l i g h t .  T o t a l  s eed l ing  counts  f o r  each of 
those  8 p l o t s  over  t h e  10-month observa t ion  per iod  were: 0,  1, 3, 0, 1, 
0,  0 ,  and 0. On t h e  2 s u b p l o t s  l oca t ed  w i t h i n  t h e  f i f t h  permanent p l o t ,  
however, sch inus  r eco lon iza t ion  was q u i t e  s u b s t a n t i a l ;  23 new (i.e. wi th  
cotyledons)  s eed l ings  were counted i n  one subp lo t  and 27 i n  t h e  o the r .  
T o t a l  s eed l ing  counts  (which may inc lude  m u l t i p l e  counts  of t h e  same 
ind iv idua l )  on t h e s e  2 p l o t s  were 46 and 65, bu t  t h e r e  were never >10 
s e e d l i n g s  p r e s e n t  on e i t h e r  p l o t  a t  one time. Some o f  t h e  seed l ings  
were c l u s t e r e d  around t h e  p o l e s  marking p l o t  co rne r s ,  and may have been 
d i spe r sed  to those  p o i n t s  by b i r d s  t h a t  used t h e  p o l e s  a s  perches.  
Schinus d i s p e r s a l  is r e a d i l y  accomplished i n t o  newly bulldozed sites i f  
a l l  nearby seed sources  are no t  e l imina ted ,  b u t  t h i s  d i s p e r s a l  is 
patchy,  no t  un i fo r  . I n  some a r e a s  s eed l ings  recolonize  a t  a d e n s i t y  o f  3' a t  l e a s t  4 per  m : more than  enough t o  produce a schinus-dominated 
s tand.  

Schinus a l s o  recolonized t h e  p l o t s  l oca t ed  beneath a r t i f i c i a l  perches ,  
bu t  no f a s t e r  than it recolonized pa i r ed  p l o t s  no t  overtopped by perch 
wires .  Counts o f  new seed l ings  (i.e. with cotyledons)  for t h e  6-month 
s tudy per iod ,  summed over a l l  5 pairs o f  p l o t s ,  were 49 seed l ings  on 
p l o t s  no t  overtopped wi th  a wire and 32 seed l ings  on p l o t s  with a 
wire.  The d a t a  were q u i t e  v a r i a b l e ,  and d i f f e r e n c e s  between p l o t  t ypes  
were no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Although t h e  perches  d i d  no t  at- 
t r a c t  b i r d s  t h a t  e f f e c t i v e l y  d i spe r sed  sch inus  (even though b i r d s  were 
observed using the  pe rches ) ,  t he se  p l o t s  reconfirmed the  obse rva t ions  
der ived  from t h e  subp lo t s  wi th in  t h e  permanent p l o t s :  sch inus  recoloni -  
z a t i o n  is e f f e c t i v e  a f t e r  bu l ldoz ing ,  b u t  q u i t e  v a r i a b l e  from point-to- 
po in t .  

Ca tb i rds  (Dumatella c a r o l i n e n s i s )  are commonly observed feeding on 
sch inus  f r u i t s .  They a r e  p r e s e n t  each yea r ,  and may be important d i s -  
p e r s a l  agen t s ,  b u t  they spend most o f  t h e i r  t i m e  i n  woodlands, and 
s e l d m  venture  i n t o  open f i e l d s .  W e  knaw t h a t  raccoons (Procyon lotor) 
consume sch inus  f r u i t s ,  and assume t h a t  opossums (Dide lphis  v i r g i n i a n u s )  
do a l s o .  Mammal s t o o l s  a r e  sometimes encountered t h a t  con ta in  hundreds 
of  germinat ing sch inus  seeds  (Fig. 13 ) .  Manunals may no t  on ly  d i s p e r s e  
sch inus  seed, but  a l s o  e f f e c t i v e l y  n p l a n t n  it with nu t r i en t - r  i ch  f e c a l  
m a t e r i a l ,  t h u s  perhaps g iv ing  t h e  seed l ings  a compet i t ive  advantage over 
o the r  spec i e s .  Germination of seeds  i n  mammal s t o o l s  may account  f o r  
t h e  multiple-stemmed h a b i t  o f  some schinus  (al though it can be caused by 
f r o s t - k i l l  o f  t h e  main t runk a s  well), and f o r  our  e a r l y  obse rva t ions  
t h a t  some schinus  trees had main branches with female f lowers  and main 
branches with male flowers.  E n t i r e  sch inus  in f lo re scences  f r e q u e n t l y  
deh i sce ,  depos i t i ng  dozens o f  s eeds  i n  a smal l  area. These p i l e s  o f  
seeds  a l s o  form m u l t i p l e  stemmed clumps of sch inus ,  bu t  a r e  no t  d i s -  
persed f a r  from pa ren t  trees, a s  are seeds  contained i n  s c a t .  Vast 
q u a n t i t i e s  o f  sch inus  seed f a l l  t o  t h e  ground beneath female trees, b u t  
t h i s  seed is no t  d i spersed  f a r .  Some of  it is moved by water, b u t  water 
l e v e l s  are u s u a l l y  l o w  a t  t h e  time of  sch inus  seed-ripening. Animal 
d i s p e r s a l  o f  sch inus  is c e r t a i n l y  more important  than  d i s p e r s a l  by water 
o r  g r a v i t y .  



Fig. 13. Germination of >200 schinus seedl ings  from a mammal s too l .  

Probably the  most spectacular  d i s p e r s a l  of  schinus seed is e f fec ted  by 
robins (Turdus migra tor ius) .  In  e a r l y  1977 (a  cold win te r ) ,  before our 
s t u d i e s  began, robin f locks  were very evident  i n  the  schinus f o r e s t s  
wi th in  Everglades National Park. In  the  winters  of  1978 and 1979, 
however, the re  were no massive buildups of robin f locks  i n  those same 
schinus-dominated f o r e s t s .  I n  the  winter months of e a r l y  1980, however, 
the  robin f locks  returned again,  and we had ample opportunity t o  observe 
t h e i r  behavior. The robins e a t  v a s t  q u a n t i t i e s  of schinus f r u i t ,  and 
tend to exhaust the food supply i n  one a rea  before re locat ing .  They 
a l s o  move among severa l  kinds of ecosystems, including both schinus- 
dominated success ional  f o r e s t s  and pinelands. There can be no doubt 
t h a t  they d i spe r se  l a rge  q u a n t i t i e s  of schinus seed i n t o  non-schinus- 
dominated ecosystems, e spec ia l ly  those t h a t  contain perches. Such 
communities include pinelands,  hammocks, and roadsides beneath electric 
wires. 

Unlike d i s p e r s a l  by c a t b i r d s ,  raccoons, and opossums, d i s p e r s a l  of 
schinus by robins is not p red ic tab le  year a f t e r  year.  When they a r e  
p resen t ,  t h e i r  a c t i v i t i e s  a r e  spectacular  , and they undoubtedly move 
l a rge  amounts of schinus seed i n t o  h a b i t a t s  it would never reach other-  
wise. Their presence--like t h a t  of droughts, f r o s t ,  and hurr icanes--is 
not an annual phenomenon. When they a r e  present ,  however, they may move 
more schinus seed than a l l  o ther  d i s p e r s a l  agents  combined. 



GERMINATION 

Methods 

Germination s t u d i e s  were set up i n  a greenhouse a t  t h e  Un ive r s i t y  of 
F l o r i d a ,  G a i n e s v i l l e  i n  e a r l y  May, 1978. W e  t e s t e d  3 spec ies :  sch inus ,  
Myr ica cer i f  e r a  (wax myr t le )  , and I l e x  c a s s i n e  (dahoon h o l l y )  . The 
schinus  seeds  were harves ted  by u s  i n  t h e  Hole-in-the-Donut i n  A p r i l ,  
which is near t h e  end o f  t he  per iod  o f  s ch inus  f r u i t  a v a i l a b i l i t y ,  W e  
harvested f r u i t s  from 2 trees and s tud ied  them s e p a r a t e l y  to enable  u s  
to e v a l u a t e  t ree- to- t ree  v a r i a b i l i t y .  The Myrica and I l e x  seeds  were 
provided by t h e  Ftesource Management s t a f f  i n  t h e  Everglades Nat iona l  
Park . 
A p o r t i o n  of each of the  4 ba tches  of seed was subjec ted  to 1 of 5 
t reatments:  1) c o n t r o l ,  no t rea tment ,  2) mechanical s c a r i f i c a t i o n  by 
shaking them with rocks i n  an incubator  a t  25OC f o r  3.5 hours  2 days 
p r i o r  to t h e  beginning of t h e  germinat ion t e s t ,  3) chemical s c a r i f i c a -  
t i o n  (95% H2S04) f o r  15  min, 4) same f o r  30 min, and 5) same f o r  60 
min. For t h e  f i r s t  2 t rea tments  400 seeds  from each batch were used, 
whi le  100 seeds  from each batch were subjec ted  t o  each o f  t h e  3 a c i d  
s c a r i f i c a t i o n  t rea tments .  The seeds  were d iv ided  i n t o  l o t s  o f  25 and 
each lot  was placed on moist  f i l t e r  paper i n  a P e t r i  p l a t e .  The p l a t e s  
were then  ass igned  t o  randomly s e l e c t e d  l o c a t i o n s  on a greenhouse 
bench. W e  t r e a t e d  a l l  p l a t e s  once with a d i l u t e  captan  fung ic ide  s o l u -  
t i o n  fol lowing an e a r l y  fungal  outbreak;  no f u r t h e r  t rea tment  was 
necessary.  Germination was monitored every  3 days f o r  130 days,  

Resu l t s  

Schinus germinat ion was t e s t e d  f o r  seeds  from 2 d i f f e r e n t  t r e e s ,  and 
t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between them (Fig. 14 ) .  Germination 
was about  twice a s  g r e a t  for seed from 1 o f  the  trees (about  60%) a s  it 
was f o r  t h e  o t h e r  (about  30%). 

Germination o f  sch inus  was q u i t e  r ap id ,  and was concent ra ted  p r i m a r i l y  
i n  t h e  f i r s t  20 days of  our  130-day-long study. No germinat ion occurred  
a f t e r  about  55 days. Germination o f  t he  less vigorous o f  t h e  2 lots of 
schinus  seed was not  enhanced by mechanical or chemical s c a r  if i c a t i o n  . 
Seed from the  o the r  tree, however, responded p o s t i v e l y  to 1 5  and 30 min 
ac id  t rea tments  (95% H2S04), bu t  no t  t o  60 min o f  ac id  soaking nor to 
mechanical s c a r i f i c a t i o n .  

The sch inus  seeds  were ga thered  a f t e r  nea r ly  al.1 trees had a l r eady  
dropped t h e i r  seed. Therefore,  t h e  e s t i m a t e s  of  germinat ion c a p a c i t y  
may be lawer than the  t r u e  p o t e n t i a l  f o r  t he  spec i e s .  Even i f  t h e  
va lues  are law, they  i n d i c a t e  t h a t  s ch inus  has a tremendous reproduct ive  
p o t e n t i a l .  The seed c r o p  on a mature female is enormous, and a germina- 
t i o n  o f  30 to 60% i n  t h e  f i e l d  would r e s u l t  i n  a v a s t  number of 
seed l ings .  

I n  a d d i t i o n  t o  s ch inus  seeds ,  seeds of wax myr t l e  and dahoon h o l l y ,  both 
of which a r e  d e s i r a b l e  n a t i v e  s p e c i e s  t h a t  might be managed to enhance 
t h e i r  compet i t ive  a b i l i t y  wi th  sch inus ,  were a l s o  germinated. Both 
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Fig. 14. Time course of schinus germination in the laboratory. Treatments were: 

controls (solid circles) ; mechanical scar if ication (open squares) ; and 
chemical scarification with acid for 15 rnin (open triangles), 30 min 
(solid triangles), and 60 min (open circles) . 



s p e c i e s  germinated more slcrwly than sch inus  (Fig. 1 5 ) .  Wax myr t le  d i d  
n o t  germinate  much before  10 days and germinat ion was s t i l l  observed 80 
days a f t e r  t h e  s t a r t  o f  t h e  experiment. Holly was even s lower;  a lmost  
no germinat ion occurred i n  t he  f i r s t  3 weeks .  Also, germinat ion was 
lower for t h e s e  s p e c i e s  than it was f o r  schinus.  Wax myr t le  d i d  only  
about  as w e l l  as the  poorer o f  t h e  2 sch inus  seed lots, even under t h e  
best t rea tments .  Holly never even reached 15% germination. 

These s p e c i e s  responded to some of  the  s c a r i f i c a t i o n  t rea tments .  Holly 
germinat ion was t r i p l e d  by t h e  intermediate- length ac id  t rea tment  (30 
min) and increased less markedly by the  15-min and 60-min t rea tments .  
Mechanical s c a r i f i c a t i o n  d i d  no t  i nc rease  h o l l y  germinat ion;  i n  f a c t ,  it 
may have decreased it s l i g h t l y .  

Wax myr t le  seed d i d  not  respond to t h e  15-min a c i d  t rea tment ,  b u t  it d i d  
respond p o s i t i v e l y  t o  a l l  o the r  s c a r i f i c a t i o n s .  The longer  t h e  ac id  
ba th ,  t h e  g r e a t e r  t he  wax myr t l e  germination. Mechanical s c a r i f i c a t i o n  
was even more e f f e c t i v e .  It increased  not  only the'  amount o f  germina- 
t i o n  b u t  a l s o  the  speed. 

Both of  t hese  spec i e s  would be cha rac t e r i zed  a s  having poor germinat ion,  
a t  l e a s t  when compared with schinus.  The seed l o t s  we t r e a t e d  had been 
harves ted  w e l l  before  our s tudy ,  so our r e s u l t s  may r e f l e c t  a s h o r t  
she l f  l i f e .  If e i t h e r  of t h e s e  spec i e s  is t o  be grown i n  v a s t  quant i -  
t i e s  by d i r e c t  seeding,  however, t he  r e s u l t s  i n d i c a t e  t h a t  a tremendous 
q u a n t i t y  o f  seed would be requi red  to insu re  succes s fu l  s eed l ing  e s t ab -  
l ishment .  

SEEDLING DYNAMICS 

Methods 

Schinus seed l ing  dynamics, inc luding  germinat ion,  m o r t a l i t y ,  and popula- 
t i o n  d e n s i t y ,  were monitored approximately biweekly f o r  > 2  y r  i n  4 
schinus-dominated f o r e s t s .  A t  each s i t e  we e s t a b l i s h e d  numerous (10 
to >20) permanent p l o t s  where we counted sch inus  seed l ings ,  d i s t i n g u i s h -  
ing those with and wi thout  cotyledons.  

Ten of t h e  p l o t s  a t  each s i t e  were arranged i n  5 p a i r s ,  and each p a i r  
was loca t ed  a t  40 m i n t e r v a l s  along a 200 m t r a n s e c t  a t  each s i t e ,  
beginning a t  l e a s t  10 (usua l ly  20) m i n s i d e  t h e  site boundary. These 
p l o t s  were pa i r ed  because of  t he  rows and furrows t h a t  remained from 
e a r l i e r  farming p r a c t i c e s .  The rows and furrows were o r i e n t e d  e a s t -  
west, perpendicular  t o  t he  d i r e c t i o n  of flow o f  su r f ace  water. One 
member of  each p a i r  was placed along a row top ,  and t h e  o the r  was placed 
w i t h i n  1-2 m of the  f i r s t ,  along the  bottom o f  a furrow. These p l o t s  
were 0.5 m wide by 4 m long. To e s t ima te  recru i tment  o f  new i n d i v i d u a l s  
i n t o  the  popula t ion  sampled by each p a i r  o f  p l o t s ,  a 0.5 m by 5 m re- 
c ru i tment  p l o t  was e s t a b l i s h e d  perpendicular  to t h e  long a x i s  o f  each 
p a i r  o f  row-furrow p l o t s .  New sch inus  seed l ings  (i.e., wi th  cotyledons)  
found i n  t hese  recru i tment  p l o t s  were counted, then  removed. Th i s  
enabled u s  to monitor germinat ion and recru i tment  i n t o  t h e  populat ion.  
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Fig. 15. Time course of germination of Ilex cassine and Myrica cerifera in 

the laboratory. Treatments were: controls (solid circles) ; mechan- 
ical scarification (open squares); and chemical scariEication with 
acid for 15 min (open triangles) , 30 min (solid triangles) , and 60 
min (open circles). 



We wished to begin t h e  s tudy  with an i n i t i a l  s ch inus  seed l ing  popula t ion  
s i z e  >1000. I n  t h e  Myrica-schinus woodland t h e  10 row-furrow p l o t s  d i d  
not  inc lude  >lo00 schinus  seed l ings ,  s o  7 supplemental p l o t s  were es tab-  
l i s h e d  i n  a r e a s  of  high sch inu s-seedl ing dens i ty .  Each supplemental 
p l o t  was 0.5 m by 5 m, and a 0.5 m by 0.5 m recru i tment  p l o t  w a s  append- 
ed to the  s i d e  o f  each,  midway along its long a x i s .  

Two more supplemental p l o t s  had been e s t a b l i s h e d  i n  December, 1975, j u s t  
i n s i d e  o l d  sch inus  f o r e s t  no. 1. One p l o t ,  loca ted  4 m from t h e  road,  
was 2 m by 1 m; t h e  o t h e r ,  l oca t ed  15  m from t h e  road, was 2 m by 2 m. 
These p l o t s  were set up before  our  s tudy  began i n  o rde r  to monitor 
s ch inus  seed l ing  d e n s i t i e s  and to determine whether or not  sch inus  could 
s u c c e s s f u l l y  reproduce i n  its awn shade. The seed l ings  on t h e s e  2 p l o t s  
were counted s p o r a d i c a l l y  u n t i l  sp r ing ,  1978, a f t e r  which they  were 
counted each time t h e  o t h e r  s eed l ing  p l o t s  a t  t h a t  si te were monitored. 

Resu l t s  

Germination was determined d i r e c t l y  by counting new (i.e., with co ty le -  
dons) sch inus  seed l ings  i n  recru i tment  p l o t s  l oca t ed  near or cont iguous 
t o  t h e  inventory p l o t s  i n  each o f  4 schinus-dominated f o r e s t s .  Mortal i -  
t y  r a t e s  were c a l c u l a t e d  by a l g e b r a i c a l l y  s u b t r a c t i n g  germinat ion r a t e s  
ffom r a t e s  o f  change i n  s eed l ing  d e n s i t y  i n  t he  inventory  p l o t s .  Germi- 
na t ion  r a t e s  o f  sch inus  seed and m o r t a l i t y  r a t e s  o f  young sch inus  
s e e d l i n g s  a r e  shown f o r  each o f  t he  4 schinus-dominated s tudy  sites i n  
Fig. 16. Each value is a mean of  a l l  plot$ inventor ied  on each site (n 
= 10 t o  17 p l o t s ,  covering 32.5 t o  39.3 m ) , inc luding  both t h e  impar- 
t i a l l y  d i s t r i b u t e d  p l o t s  l oca t ed  on o l d  rows and furrows (10 such p l o t s  
per s i t e )  p l u s  p l o t s  d e l i b e r a t e l y  loca t ed  i n  a r e a s  of  high sch inus  
seed l ing  dens i ty  t o  a s su re  an i n i t i a l  sample s i z e  o f  >1,000 schinus  
s e e d l i n g s  (0 t o  7 such p l o t s  per s i t e ) .  

Germination on a l l  sites was concent ra ted  from November to A p r i l  each 
y e a r ,  with most ge mination occurr ing  i n  January and February. Germina- 
ti on r a t e s  >100/m6 1 5  days were commonly encountered, and t h e  ground 
beneath mature female sch inus  trees was o f t e n  carpe ted  with seed l ings .  

Although seed d i s p e r s a l  of sch inus  is remarkably synchronous, we d i d  
observe some sch inus  germinat ion a s  l a t e  a s  May and June. This  may have 
been l a t e  germinat ion o f  t h e  previous  c rop  of  seeds ,  or it may have been 
germinat ion of  s eeds  produced during t h e  secondary (and very  minor) 
season o f  f r u i t  product ion,  a s  descr ibed  i n  t he  s e c t i o n  on PIIENOLOGY. 
S i m i l a r l y ,  s u b s t a n t i a l  germinat ion o f  s ch inus  was once encountered i n  1 
of  t h e  o l d  sch inus  f o r e s t s  (no. 2) i n  l a t e  October and e a r l y  November, 
b u t  we were unable t o  determine whether it r e s u l t e d  from e a r l y  matura- 
t i o n  o f  f r u i t s  on a precocious female (none were observed i n  t h e  
immediate a r e a ) ,  o r  delayed germinat ion o f  s eeds  t h a t  had l a i n  on the  
ground s i n c e  t h e  previous  seed drop many months e a r l i e r .  

Unlike germinat ion,  m o r t a l i t y  is not concent ra ted  i n  a p a r t i c u l a r  sea- 
son, bu t  occurs  throughout t h e  year .  Schinus seed l ing  m o r t a l i t y  prob- 
a b l y  r e s u l t s  from a mixture o f  density-dependent f a c t o r s  (e.g., i n t r a -  
s p e c i f i c  competi t ion,  some kinds of herbivory)  and density-independent 
f a c t o r s  (e.g., environmental f a c t o r s ,  limb f a l l ,  mama1 trampling)  , so 
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an annual  p a t t e r n  is d i f f i c u l t  to unrave l .  On many sites t h e r e  is a 
close correspondence between germinat ion and m o r t a l i t y  r a t e s :  t h e  
g r e a t e r  t h e  germinat ion t h e  h igher  t h e  m o r t a l i t y ,  and m o r t a l i t y  c l o s e l y  
t r a c k s  ( s l i g h t l y  l a g s ,  u s u a l l y )  germinat ion (Fig.  1 6 ) .  

The environmental f a c t o r  t h a t  seems to be r e spons ib l e  for most schinus-  
s eed l ing  m o r t a l i t y  is water :  e i t h e r  too much or too l i t t l e .  The d r i e s t  
t i m e  i n  t h e  s tudy a r ea  is l a t e  May, j u s t  p r i o r  to t h e  s t a r t  o f  t h e  
summer r a i n s .  This  d r i e s t  per iod  comes soon a f t e r  t h e  l a r g e  annual  
pu l se  o f  s ch inus  germina t ion ,  and r e s u l t s  i n  t h e  dea th  o f  many sch inus  
s e e d l i n g s ,  e s p e c i a l l y  on d r i e r  sites, such a s  those  occupying former 
p ine lands .  J u l y ,  August, and September, on t h e  o the r  hand, a r e  extreme- 
l y  w e t  months, and most o f  t he  s tudy sites have cons ide rab l e  a r e a s  
covered by s tanding  water a t  t h a t  time. Although sch inus  s e e d l i n g s  can 
t o l e r a t e  s u b s t a n t i a l  amounts o f  water (and even complete submergence), 
t h e  summer f loodwaters  probably account f o r  much sch inus  s eed l ing  mor- 
t a l i t y .  

On A p r i l  24, 1979, South F l o r i d a  rece ived  an unusual ly  l a r g e  and e a r l y  
storm; it depos i ted  23.21 c m  o f  r a i n  on t h e  research  a r ea .  Water l e v e l s  
ro se  from t h e i r  lowest  p o i n t s  o f  t h e  year  to t h e i r  h i g h e s t  l e v e l s  o f  t h e  
year  wi th in  hours ,  and t h i s  had 2 impacts on t h e  m o r t a l i t y  o f  young 
sch inus  s eed l ings .  F i r s t ,  on t h e  d r i e s t  sites (e.g., former p ine lands)  
t h i s  e a r l y  deluge probably reduced m o r t a l i t y  by s a t u r a t i n g  t h e  soi l  
be fo re  t h e  peak o f  t h e  d r y  season. Second, on t h e  w e t t e s t  sites (e.g., 
former p r a i r i e s  and sawgrass g l ades )  many sch inus  s eed l ings  undoubtedly 
drowned. This  m o r t a l i t y  peak caused by t h e  sudden sp r ing  f l ood  is 
conspicuous on t h e  m o r t a l i t y  graphs  f o r  t h e  3 sites on former p r a i r i e s  
(o ld  s ch inus  f o r e s t s  nos. 1 and 2 p l u s  young sch inus  f o r e s t ) ,  and con- 
sp icuous ly  absen t  from t h e  graph f o r  t h e  Myrica-schinus woodland, 
occupying d r i e r  former p ine l ands  (Fig.  16) . S i m i l a r ,  though less dra-  
mat ic ,  m o r t a l i t y  followed a storm i n  sp r ing  o f  1980. 

When t h e  s tudy  was i n i t i a t e d ,  we suspected t h a t  m i c r o s i t e  d i f f e r e n c e s  
caused by farming p r a c t i c e s  ( s p e c i f i c a l l y ,  t h e  topographic  d i f f e r e n c e s  
caused by t h e  c o n s t r u c t i o n  o f  e l eva t ed  rows separa ted  by furrows) might 
r e s u l t  i n  d i f f e r e n t i a l  s ch inus  es tab l i shment  r a t e s  on h igh  and l o w  
microsites. There may be s ea sona l  d i f f e r e n c e s  i n  germinat ion and mor- 
t a l i t y  r a t e s  may d i f f e r  between them, bu t  t h e  d e n s i t y  o f  s ch inus  
s e e d l i n g s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  between topographic  h ighs  o r  lows 
i n  e i t h e r  t h e  o l d  s ch inus  f o r e s t  or t h e  young sch inus  f o r e s t ,  t h e  2 
si tes where we were a b l e  to test fo r  microsite d i f f e r e n c e s  (Fig.  1 7 ) .  
Some o f  t he ,peaks  of  s eed l ing  d e n s i t i e s  i n  t h e  furrows,  corresponding to 
t h e  pos t -d i spe r sa l  germinat ion peak, r e s u l t e d  from schinus-seeds r o l l i n g  
o f f  t h e  rows and accumulating i n  t h e  furrows. 

The n e t  r e s u l t  o f  d i s p e r s a l ,  germinat ion,  and m o r t a l i t y  is t h e  d e n s i t y  
o f  s e e d l i n g s  on t h e  f o r e s t  f l o o r ,  and t h i s  is shown f o r  t h e  4 s tudy  
si tes i n  Fig.  18. During t h e  2 y r  t h a t  s eed l ing  d e n s i t i e s  were moni- 
t o r ed ,  mezf d e n s i t i e s  i n  t h e  4 schinus-dominated f o r e s t s  ranged from <10 
t o  >200/m . The most marked seasona l  t r e n d s  i n  s ch inus  s eed l ing  abun- 
dance were ev iden t  i n  t h e  2 o l d  s ch inus  f o r e s t s ,  where d e n s i t i e s  peaked 
i n  February-April then plummeted to r e l a t i v e l y  c o n s t a n t ,  l o w  d e n s i t i e s  
u n t i l  d i s p e r s a l  and germinat ion o f  t h e  next  c rop  of  seeds  a t  t h e  end o f  
t h e  year .  
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Seasonal  ups and downs of  s ch inus  s eed l ing  d e n s i t i e s  on t h e  o t h e r  2  
s i tes  (Myrica-schinus woodland and young sch inus  f o r e s t )  were less 
dramat ic  than  those  o f  t h e  o l d e r  s ch inus  f o r e s t s  (Fig.  1 8 ) .  I n  t h e  
young sch inus  f o r e s t  t h e r e  was a  high d e n s i t y  o f  s e e d l i n g s  p r e s e n t  
throughout  t h e  yea r .  Furthermore, mean seed l ing  d e n s i t y  increased  from 
about  60/m2 i n  1978 to about  80/m2 i n  1979, i n d i c a t i n g  t h a t  t h i s  si te 
may s t i l l  be s u s c e p t i b l e  to new co lon iza t ion .  The o v e r s t o r y  i n  t h i s  
s t a n d  is q u i t e  open, and abundant l i g h t  reaches  t h e  f o r e s t  f l o o r ,  t h u s  
pe rmi t t i ng  l a r g e  numbers o f  new seed l ings  to su rv ive .  

I n  t h e  Myrica-schinus woodland ( t h e  d r i e s t  schinus-dominated s tudy  
s i t e ) ,  s eed l ing  d e n s i t i e s  were low and r e l a t i v e l y  c o n s t a n t  throughout  
t h e  year .  Except f o r  modest i nc reases  fol lowing seed d i s p e r s a l  and 
germinat ion,  t h e r e  a r e  no ev iden t  t r e n d s  i n  s eed l ing  abundance dur ing  
t h e  year  on t h i s  s i te.  The o v e r s t o r y  is dense,  Myrica tree f a l l s  a r e  
common, t h e  Myrica l e a f  l i t t e r  is deep and d r i e s  r e a d i l y ,  and Myrica is 
a l l e l o p a t h i c  to sch inus  (Dunevitz and Ewel, 1980) .  These f a c t o r s  appar- 
e n t l y  i n t e r a c t  to r e s u l t  i n  r e l a t i v e l y  c o n s t a n t ,  low d e n s i t i e s  o f  
s ch inus  s eed l ings .  

The d e n s i t y  o f  s eed l ings  on t h e  long-term supplemental p l o t s  i n  o l d  
s ch inus  f o r e s t  no. 1 (Fig.  19) v e r i f y  t h e  f a c t  t h a t  s ch inus  does germi- 
n a t e  under dense s ch inus  shade and t h a t  germinat ion does n o t  decrease  
with time. 

Although seed l ing  d e n s i t i e s  d rop  t o  low l e v e l s  during the  summer months, 
it is important t o  note  t h a t  t h e r e  a r e  always some seed l ings  p r e s e n t  on 
a l l  4 sites. Thus, canopy d i s r u p t i o n  a t  any time (even dur ing  the  
summer hu r r i cane  season,  f o r  example) could open t h e  way to sch inus  s i te  
r ecap tu re  should s u f f i c i e n t  moisture  e x i s t .  

SEEDLING GROWTH AND SURVIVORSHIP 

Methods 

The growth and s u r v i v a l  o f  n a t u r a l l y  occur r  ing sch inus  s e e d l i n g s  were 
monitored f o r  > 2  y r  a t  5 sites. These sites included t h e  4 schinus-  
dominated f o r e s t s  where s ch inus  s eed l ing  dynamics were measured, (see 
prev ious  s e c t i o n ) ,  p l u s  an a r ea  on t h e  nor th  s i d e  of  t h e  Research Center 
Road, northwest  o f  t h e  northern-most missile base ,  where s ch inus  c o n t r o l  
had been at tempted.  

I n  t he  4 schinus-dominated f o r e s t s ,  a l l  s ch inus  s e e d l i n g s  > 1 0  c m  t a l l  
t h a t  were i n s i d e  t h e  p l o t s  e s t a b l i s h e d  t o  monitor s eed l ing  dynamics were 
tagged using aluminum l a b e l s  a t t ached  wi th  l o o s e - f i t t i n g  wi res .  I n  t h e  
sch inus-cont ro l  a r e a ,  s e e d l i n g s  were tagged on 2  p l o t s ,  each 0.5 by 
4 m. The number o f  s e e d l i n g s  i n i t i a l l y  tagged a t  each s i te  ranged from 
9  to 176. On November 2,  1978 t h e  number o f  tagged s e e d l i n g s  was s tan-  
dard ized  to 70 per  s i te.  On 2 si tes a d d i t i o n a l  s e e d l i n g s  were tagged to 
inc rease  t h e  sample s i z e  t o  70. These s e e d l i n g s  were loca t ed  near t h e  
permanent p l o t s  where o t h e r  tagged s e e d l i n g s  were l oca t ed .  On t h e  o t h e r  
3 sites t h e  number of  tagged seed l ings  was reduced by randomly s e l e c t i n g  
70 o f  t he  tagged seed l ings .  
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Fig.  19.  Schinus seedl ing  dens i ty  i n  2 long-term study p l o t s ,  o l d  schinus f o r e s t  
no. 1 .  Blanks indicate  no observation,  not absence o f  s eed l ings .  



The he igh t  o f  each s e e d l i n g  was recorded approximately monthly to t h e  
n e a r e s t  cm.  Dieback o f  s eed l ing  t o p s  and stem breakage were included i n  
growth c a l c u l a t i o n s  as nega t ive  growth. Trees  t h a t  d i e d  i n  t h e  i n t e r v a l  
s i n c e  t h e  p rev ious  measurement were excluded from t h e  growth c a l c u l a -  
t i o n s .  Trees  thought  to be dead, bu t  which resprouted  were re- included 
i n  t h e  growth measurements beginning wi th  t h e  f i r s t  growth-measurement 
i n t e r v a l  fol lowing t h e  f i r s t  time they  were observed to r e sp rou t .  

To determine t h e  response o f  n a t u r a l l y  e s t a b l i s h e d  sch inus  s e e d l i n g s  to 
canopy d i s r u p t i o n ,  p l o t s  were e s t a b l i s h e d  i n  each o f  4  schinus-dominated 
f o r e s t s .  I n  each f o r e s t  2  mature,  female s ch inus  t r e e s  were chosen. 
Because t h i s  s tudy was a l s o  e s t a b l i s h e d  to monitor gap cap tu re  by new 
sch inus  s e e d l i n g s ,  c a r e  was taken t o  select mature females t h a t  were 
surrounded by male s ch inus  trees or by o t h e r  tree s p e c i e s ,  and no t  by 
o t h e r  female s ch inus  trees. 

Four p l o t s  were e s t a b l i s h e d  r a d i a t i n g  outward from the  base o f  each 
sch inus  t runk.  P l o t  o r i e n t a t i o n s  were NE, SE, SW, and NW, so t hey  
c rossed  t h e  east-west  rows and furrows a t  45'. Each p l o t  was 0.5 m wide 
and e i t h e r  5 or 6 m long,  depending on t h e  crown width o f  t h e  o v e r s t o r y  
s ch inus  tree. A 0.5 by 0.5 m s eed l ing  recru i tment  p l o t  was appended 
midway along t h e  s i d e  o f  each p l o t .  I n  t h e  p l o t s  beneath each o f  t h e s e  
8 female s ch inus  t r e e s ,  20 s e e d l i n g s  z10 c m  t a l l  were tagged. Their  
he igh t  and s u r v i v a l  were monitored monthly through October,  1980. 

On November 7,  1978, 1 o f  t he  2 mature female trees on each site was 
randomly s e l e c t e d  and k i l l e d  by g i r d l i n g  its t runk ,  followed by herb i -  
c i d e  (2,4-D) a p p l i c a t i o n  t o  t h e  f r i l l .  

Resu l t s  

The s u r v i v o r s h i p  o f  n a t u r a l l y  e s t a b l i s h e d  sch inus  s e e d l i n g s  was very  
h igh  a t  a l l  4  schinus-dominated si tes (Fig.  20) .  M o r t a l i t y  was g r e a t e s t  
i n  1 o f  t h e  o l d  schinus-dominated f o r e s t s  (no. I ) ,  b u t  even t h e r e  n e a r l y  
1/3 o f  t h e  tagged seed l ings  surv ived  over t h e  22-mo monitor ing per iod .  
I n  t h e  2 o t h e r  dense f o r e s t s  ( t h e  Myrica-schinus woodland and sch inus  
f o r e s t  no. 2 ) ,  nea r ly  2/3 o f  t h e  e s t a b l i s h e d  seed l ings  su rv ived ,  and 
t h e r e  was almost no m o r t a l i t y  i n  t h e  two vege t a t i ons  t h a t  were 
youngest:  t h e  young sch inus  woodland and t h e  s ch inus  c o n t r o l  a rea .  

Such high surv ivor  s h i p  o f  s e e d l i n g s  is an unusual  c h a r a c t e r  istic, even 
f o r  mature-forest  tree species. It is extremely r a r e  to encounter  such 
high s u r v i v o r s h i p  i n  weedy s p e c i e s  (such a s  s ch inus  i n  South F l o r i d a ) .  
The t e n a c i t y  o f  its s e e d l i n g s  makes s ch inus  an e s p e c i a l l y  d i f f i c u l t  
s p e c i e s  to d e a l  wi th ,  a s  its s e e d l i n g s  seem to be a b l e  to su rv ive  f o r  a  
very  long time i n  t h e  dense shade o f  an o l d e r  s tand .  

The h e i g h t  growth of  n a t u r a l l y  e s t a b l i s h e d  sch inus  s e e d l i n g s  on 5 sites 
is summarized i n  Fig.  21. The confidence l i m i t s  shown around each 
h e i g h t  measurement a r e  1 s t anda rd  d e v i a t i o n  o f  t h e  growth t h a t  occur red  
i n  t h e  i n t e r v a l  preceding t h e  he igh t  remeasurement. The mean he igh t  o f  
t h e  70 s e e d l i n g s  tagged a t  each s i te  on November 2, 1978 was taken a s  a  
b a s e l i n e  mean seed l ing  he ight .  The cumulat ive mean growth (2 1 standard  
d e v i a t i o n )  o f  su rv iv ing  s e e d l i n g s  was added to t h a t  mean h e i g h t  f o r  each 
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Fig.  20.  Survivorship o f  natural ly  occurring schinus s eed l ings  i n  4 schinus-dominated f o r e s t s .  In Nov., 
1978 a l l  seedl ings  were '10 c m  t a l l .  
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Fig.  21. Height growth o f  natural ly  occurring schinus s eed l ings  a t  5 study sites. Ver t i ca l  bars are 1  
standard deviat ion  o f  growth for preceding in terva l .  
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measurement i n t e r v a l  a f t e r  November, 1978 and s u b t r a c t e d  from t h a t  
h e i g h t  f o r  each i n t e r v a l  prior to November, 1978. 

I n  t h e  3, o l d e r  schinus-dominated f o r e s t s  (o ld  s ch inus  forests nos. 1 & 
2 p l u s  t h e  Myrica-sch inus  woodland) , unde r s to ry  sch i nus  s e e d l i n g s  grew 
extremely slowly: from almost  nothing to only  a  few cm per  year .  A t  
t h e  2  sites where t h e  vege t a t i on  was more open, however, t h e  response 
was very  d i f f e r e n t .  I n  t h e  young sch inus  woodland, s ch inus  s e e d l i n g s  
grew about  0.3 m pe r  yea r ,  and i n  t h e  a r e a  where s ch inus  c o n t r o l  was 
at tempted sch inus  s e e d l i n g s  grew an average o f  0.5 m per  year .  

On 3 o f  t h e  4 sites where a r t i f i c i a l  gaps  were c r e a t e d ,  t h e  unders tory  
s ch inus  s eed l ings  responded to gap c r e a t i o n  with vigorous he igh t  growth 
(Fig.  22) .  I n  s ch inus  f o r e s t  no. 1 t h e  trees i n  t h e  gap d i d  n o t  respond 
to t h e  opening because t h e  gap qu ick ly  c losed  due to ingrowth of l imbs 
from surrounding male sch inus  trees. On t h a t  si te growth o f  s ch inus  
s e e d l i n g s  i n  t h e  gap d i d  no t  d i f f e r  from t h a t  o f  s e e d l i n g s  under t h e  
c o n t r o l  tree. On t h e  o t h e r  3  sites, sch inus  s e e d l i n g s  i n  gaps  were more 
than twice a s  t a l l  as seed l ings  under c o n t r o l  trees a f t e r  2  y r .  

Schinus s e e d l i n g s  a r e  i n o r d i n a t e l y  t enac ious  and e x h i b i t  tremendous 
growth p l a s t i c i t y .  They s u r v i v e  i n  dense shade,  where t h e i r  growth 
r a t e s  approach ze ro  f o r  >2 yr .  I n  open vege t a t i on  they  a r e  extremely 
compet i t ive  and vigorous,  and under such cond i t i ons  t h e i r  growth r a t e s  
a r e  very  rap id .  Even suppressed unders tory  s ch inus  s e e d l i n g s  respond 
qu ick ly  to canopy d i s tu rbance ,  and a r e  capable  o f  cap tu r ing  gaps c r e a t e d  
by t h e  dea th  o f  o v e r s t o r y  pa ren t  trees. 

INVAS IBILITY 
Methods 

Seed In t roduc t ion  

To test  t h e  a b i l i t y  o f  s ch inus  to invade v a r i o u s  ecosystems, 2 seed- 
i n t r o d u c t i o n  experiments  were run: one i n  1979 and t h e  o the r  i n  1980. 
I n  1979, s ch inus  s eeds  were introduced i n t o  17 ecosystems i n  January,  
February,  March, A p r i l ,  and May. The ecosystems included 3 mature 
communities (g lade ,  p ine land ,  and hammock) ; 3 woodlands con ta in ing  
abundant,  reproduct ive ly  mature s ch inus  trees; and 11 a r e a s  occupied by 
succes s iona l  vege t a t i on  <7 y e a r s  o l d ,  inc lud ing  9 sites t h a t  were disked 
i n  1975. A t  each i n t r o d u c t i o n ,  3 p o i n t s  were randomly s e l e c t e d  along a  
t r a n s e c t  ( u s u a l l y  200 m long) , and 800 sch inus  s eeds  were placed i n  a  
0.5 by 0.5 m p l o t  a t  each p o i n t .  A t  monthly i n t e r v a l s  t h e r e a f t e r ,  
through August, 1979, t h e  number o f  germinated s ch inus  s eeds  a t  each 
p o i n t  was counted. Once counted, s e e d l i n g s  were uprooted and d i s -  
carded. To c o r r e c t  f o r  t h e  n a t u r a l  d i s p e r s a l  o f  s ch inus  s eeds  on to  
t h e s e  seed- in t roduc t ion  p l o t s ,  a u x i l l a r y  p l o t s ,  each 0.25 by 0.5 m, were 
appended to each s i d e  o f  each seed- in t roduc t ion  p l o t .  The s e e d l i n g s  
t h a t  appeared i n  t h e s e  a u x i l l a r y  p l o t s  were assumed to r e s u l t  from 
n a t u r a l l y  d i spe r sed  sch inus  seed ,  so t h e  number o f  s e e d l i n g s  i n  t h e  
a u x i l l a r y  p l o t s  was m u l t i p l i e d  by 0.5 (to correct f o r  t h e  d i f f e r e n c e  i n  
a r e a  between the  seed- in t roduc t ion  p l o t  and t h e  a u x i l l a r y  p l o t s ) ,  then 
s u b t r a c t e d  from t h e  number o f  s e e d l i n g s  i n  t h e  seed- in t roduc t ion  p l o t .  
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I n  1980, s ch inus  seeds  were introduced i n t o  9 ecosystems i n  January,  
February, and Apr i l .  Sample p o i n t s  were chosen a s  i n  1979, b u t  1000 
sch inus  seeds  were placed i n  each of  t h e  3 sample p l o t s  per  site. A l s o ,  
t h e  auxiliary p l o t s  were sepa ra t ed  from each seed-introduct ion p l o t  by a 
0.25 m bu f fe r  s t r i p  t o  a s su re  t h a t  introduced seeds  t h a t  r o l l e d  o u t  of  
t h e  seed-introduct ion p l o t  were n o t  t a l l i e d  a s  n a t u r a l l y  occurr ing.  The 
germinated seeds  were counted monthly, u n t i l  October,  1980, and counts  
were co r rec t ed  fo r  germination of  n a t u r a l l y  d ispersed  seed,  a s  i n  
1979. I n  1980, however, counted seed l ings  were not  uprooted. Thus, t h e  
1979 experiment emphasized the  timing o f  germinat ion o f  introduced seed,  
whereas t h e  1980 experiment emphasized t h e  s u r v i v a l  of  s eed l ings  t h a t  
r e s u l t e d  from introduced sch inus  seed. 

Seed l i n g  Transplan ts  

To f u r t h e r  t e s t  t he  a b i l i t y  o f  sch inus  t o  invade v a r i o u s  ecosystems, t he  
c r u c i a l  i n i t i a l  s t a g e s  of  seed germinat ion and seed l ing  es tab l i shment  
were bypassed, and well-developed schinus  seed l ings  were t r ansp lan ted  
i n t o  10 sites. The 10 s i t e s  included 3 mature ecosystems, (g lade ,  
p ine land ,  and hamock) , 4 schinus-dominated f o r e s t s ,  and 3 succes s iona l  
s t ands  <6  y e a r s  o ld .  Schinus seed l ings  f o r  t r a n s p l a n t  were grown from 
seed i n  p l a s t i c  c o n i c a l  c o n t a i n e r s  about  20 c m  deep and 4 c m  i n  diam- 
e t e r ,  i n  marl  s o i l  taken from t h e  young (1975) success ion  site. Most 
s eed l ings  were 10 to 30 c m  t a l l  when outp lan ted .  Seedl ings  were out-  
p lan ted  i n  September, October, and November, 1978, and June and August, 
1979. On each p l an t ing  d a t e ,  10 seed l ings  (8  i n  June, 1979) were t r ans -  
p lan ted  onto  each of  t h e  10 s i t e s .  They were p l an ted ,  2 per  l o c a t i o n ,  
a t  5 randomly s e l e c t e d  i n t e r v a l s  along a 200 m t r a n s e c t .  Their growth 
and m o r t a l i t y  were monitored monthly through August, 1980. 

Resu l t s  

Seed In t roduc t ion  

The r e s u l t s  o f  t he  1979 seed-introduct ion experiment a r e  summarized i n  2 
t ab l e s :  Table 8 ,  conta in ing  d a t a  from 9 communities on land c l e a r e d  i n  
1975, and Table 9,  conta in ing  d a t a  from 8 o t h e r  communities, inc luding  3 
mature ecosystems, 3 schinus-dominated woodlands, and 2 succes s iona l  
s tands .  Germination i n  t he  f i e l d  ranged from <1% t o  >30%. This  com- 
pa re s  with t h e  range o f  20 t o  30% schinus  germinat ion normally a t t a i n e d  
i n  l a b o r a t o r y  and greenhouse condi t ions .  On most s i t e s  germination was 
g r e a t e s t  w i th in  30 days fol lowing seed in t roduc t ion ,  and dec l ined  the re -  
a f t e r .  A t i n y  propor t ion  o f  the  seed ( ~ 0 . 0 5 % )  r e t a i n e d  i ts  v i a b i l i t y  
f o r  5 months, bu t  no seed germinated a f t e r  having been on t h e  ground f o r  
6 months. Some germinat ion occurred on each o f  t he  17 s i t e s ,  b u t  t h e r e  
was cons iderable  v a r i a t i o n  among s i t e s  and among sample p o i n t s  w i th in  
s i t e s  . 
Germination was g r e a t e s t  i n  February and March, and lowest i n  Apr i l ,  
J u l y ,  and August. There was a delayed b u r s t  o f  germinat ion on 2 o f  t h e  
1975-succession p l o t s  (nos. 1 & 2) i n  l a t e  Apr i l  t o  e a r l y  May, fol lowing 
t h e  unprecedented r a i n f a l l  (> 23 c m )  o f  A p r i l  24-25. These 2 1975 suc- 
ce s s ion  p l o t s  a r e  i n  t he  d r i e r ,  nor thern  end o f  t he  s tudy a r e a ,  on 
former pineland.  The dry season r a i n f a l l  deluge apparent ly  s t imula ted  



Table 8. 

I), 

Germination of schinus seeds introduced in 1979 to 9 plots in 
successional vegetation on land that was cleared in 1975. On each of 
the 5 seed-introduction dates, 2,400 seeds were placed in each plot, 
800 at each of 3 locations. Numbers are seeds that germinated in the 
interval since the last count. 

Jan Feb Mar APr MaY Jul Aug 
11-12 13-14 9 19-20 18 12 15 Plot 

L 

36 8 1 7 1 0 1 
561 28 10 11 1 0 2 
4 2 16 4 0 0 0 3 
55 4 2 0 1 0 4 

n 5 1 2 0 0 0 5 E w 92 6 3 0 1 0 6 
W cn 6 2 24 3 0 0 0 7 

0 3 0 0 0 0 8 
11 2 3 0 0 0 9 

9 3 6 1 3 0 1 
9 3 17 2 0 2 

129 3 0 0 0 3 
n 9 3 0 0 0 4 

B 18 5 0 0 0 5 
W w 8 0 0 0 0 6 
cn 18 2 0 0 0 7 

12 5 0 0 0 8 
31 1 0 0 0 9 



Table 9. Germination o f  s ch inus  seeds  introduced i n  1979 to 8 p l a n t  
communities. On each of t h e  5 seed- in t roduc t ion  d a t e s ,  2,400 seeds  
were placed i n  each p l o t ,  800 a t  each o f  3 l o c a t i o n s .  Numbers a r e  
s eeds  t h a t  germinated i n  t h e  i n t e r v a l  s i n c e  t h e  l a s t  count .  

J an  Feb Mar Apr May J u l y  Aug 
11-12 13  12 19 17 9 , 1 2  1 3 , 1 5  Ecosys tern 

- - - - - -  
37 2 5 0 5 1 0 pine land  
16 2 0 4 6 0 0 g lade  
33 0 0 0 0 0 hammock 

n 2 30 4 3 0 0 0 0 o l d  s ch inus  f o r e s t  no. 1 
W 

8 5 9 4 0 0 0 0 Myrica-schinus woodland 
w 167 3 3 0 0 0 0 young sch inus  woodland 
VI 1 0  2 0 0 0 0 1973 success ion  

153 3 7 4 4 0 0 0 a rea  bul ldozed 1978 

16 0 1 1 0 pine land  
9 5 0 0 0 g lade  
4 0 0 0 0 hammock 

n 7 0 0 0 0 o l d  s ch inus  f o r e s t  no. 1 
W 
n 4 1 0 0 0 Myrica-schinus woodland 
W w 7 0 2 1 0 0 young sch inus  woodland 
VI 1 1 0 0 0 1973 success ion  

7 4 0 0 0 a r e a  bul ldozed 1978 

7 3 0 0 p i n e  land  
11 0 0 0 g l a d e  

0 0 0 0 hammock 
n 0 0 0 0 o l d  s ch inus  f o r e s t  no. 1 
B 0 0 0 0 Myr ica-schinus woodland 
W w 0 0 0 0 young sch inus  woodland 
u2 0 0 0 0 1973 success ion  

0 1 0 0 a r e a  bul ldozed 1978 

3 1 1 0 pine land  
2 0 3 g l a d e  

14  0 0 hammock 
a 0 0 0 o l d  s ch inus  f o r e s t  no. 1 
W n 0 0 0 Myrica-schinus woodland 
W 
8 3 0 0 young sch  inus  woodland 

1 0 0 1973 success ion  
0 0 0 a r e a  bul ldozed 1978 

i 

40 0 pine land  
157 4 g lade  

2 0 hammock 
CI 2 0 o l d  s ch inus  f o r e s t  no. 1 
# 9 0 Myrica-schinus woodland 
W 
t3 129 0 young sch inus  woodland 

15  13  1973 succes s ion  
116 8 0 a r e a  bul ldozed 1978 



schinus  seed germinat ion on these  dry  sites, but  had t h e  oppos i t e  e f f e c t  
i n  lower a r eas .  

The r e s u l t s  o f  t he  1980 seed- in t roduct ion  experiment,  i n  which sch inus  
seed l ings  were no t  removed a f t e r  count ing,  a r e  summarized i n  Table 10. 
A s  i n  1979, seed germinat ion was g r e a t e s t  e a r l y  i n  t h e  year  (January- 
February) , and was higher  immediately fol lowing seed in t roduc t ion  than 
i n  t h e  months t h e r e a f t e r .  Seeds germinated on a l l  sites, b u t  s eed l ing  
s u r v i v a l  was much b e t t e r  on some sites than o t h e r s  (Fig. 23).  On 6 
s i t e s  <1% o f  the  introduced seeds  produced seed l ings  t h a t  survived u n t i l  
October,  1980; on 2 sites (both e a r l y  succes s iona l )  1 t o  2% of t h e  
introduced seeds  produced seed l ings  t h a t  survived u n t i l  October,  1980; 
and on 1 s i t e  (one of t h e  1975-succession p l o t s )  nea r ly  5% of  t h e  i n t r o -  
duced seeds  produced seed l ings  t h a t  survived u n t i l  October,  1980. This  
last-mentioned site is obviously very s u s c e p t i b l e  t o  sch inus  co loniza-  
t i o n ,  and i n  f a c t  has  been heav i ly  invaded by schinus.  Thus, s u c c e s s f u l  
sch inus  invas ion  is not  only a  func t ion  of  seed acces s ,  bu t  a l s o  a  
func t ion  of  t he  a b i l i t y  o f  introduced seeds  t o  germinate ,  followed by 
s u r v i v a l  of  t h e  seed l ings .  Of t h e  3 mature ecosystems included i n  t h e  
seed in t roduc t ion  s tudy ,  t he  pineland proved to be the  most s u s c e p t i b l e  
and t h e  hammock t h e  l e a s t  s u s c e p t i b l e  to invasion.  

Seedl inq Transplan ts  

Su rv iva l  o f  ou tp lan ted  sch inus  seed l ings  was extremely good a t  a l l  10 
s i t e s ,  and s u r v i v a l  was not  c l o s e l y  r e l a t e d  t o  d a t e  of  ou tp l an t ing  (Fig. 
2 4 )  . Some outp lan ted  seed l ings  apparent ly  drowned on t h e  w e t t e s t  s i t e s  
(o ld  sch inus  f o r e s t  no. 2  and 1975 success ion)  immediately a f t e r  t h e  
September o u t p l a n t  ing , b u t  t hese  seed l ings  were p lan ted  with t h e i r  t ops  
beneath the  water su r f ace .  Even on these  extremely wet s i t e s  s u r v i v a l  
of  t he  seed l ings  outp lan ted  i n  September was 30 t o  508, and s u r v i v a l  o f  
s eed l ings  outp lan ted  i n  o the r  months ( J u l y ,  August, October , November) 
was h igher .  Seedl ings  outp lan ted  i n t o  pineland were burned i n  a pre- 
s c r ibed  f i r e  i n  November, 1979, bu t  many resprouted;  8  months l a t e r  
about  20% o f  t he  seed l ings  o r i g i n a l l y  outp lan ted  were s t i l l  a l i v e .  

When t h e  s tudy was terminated,  i n  August, 1980, more than  50% of  t h e  
ou tp l an ted  seed l ings  were s t i l l  a l i v e  on 8 o f  t he  10 sites, and on 4  o f  
t h e  s i t e s  fewer than  5 of  t h e  48 outp lan ted  seed l ings  had d i ed  a f t e r  
having been i n  t he  f i e l d  f o r  a s  long a s  2 y r  (Fig. 25).  Once p a s t  t h e  
i n i t i a l  germinat ion and es tab l i shment  phases o f  growth, sch inus  seed- 
l i n g s  a r e  a b l e  t o  surv iye  on a  broad a r r a y  of  s i t e s .  

Although seed l ing  s u r v i v a l  was good a t  a l l  s i t e s ,  t h e r e  were important 
d i f f e r e n c e s  i n  t he  growth r a t e s  of  ou tp l an ted  seed l ings  among the  10 
sites (Figs.  26 and 27) . On some sites, outp lan ted  seed l ings  increased  
6- t o  10- f o l d  i n  he igh t  i n  t he  2  y r  fol lowing ou tp l an t ing .  Fas t  seed- 
l i n g  growth was c h a r a c t e r i s t i c  o f  t h e  1975 success ion  (where some trees 
were >2 m tall and reproduct ive ly  a c t i v e  when the  s tudy was terminated)  
and t h e  1973 succession.  Seedl ings  p l an ted  i n  t h e  Myrica woodland a l s o  
grew very  r a p i d l y ,  even though it had been a n t i c i p a t e d  t h a t  t hese  seed- 
l i n g s  would grow slowly ( a s  n a t u r a l l y  e s t a b l i s h e d  seed l ings  do i n  t h a t  
s t and )  due t o  a l l e l o p a t h y  of Myrica on schinus.  The seed l ings  p lan ted  
i n  t h e  Myrica woodland may have b e n e f i t t e d  f r m  t h e  plug of  marl s o i l  
a t t ached  t o  t he  r o o t s  a t  t he  t i m e  o f  ou tp l an t ing .  



Table 10. Schinus seed germination and seedling survival resulting from seed introduction in 1980 into 9 
plant communities. On each of the 3 seed-introduction dates, 3,000 seeds were placed in each 
community, 1,000 at each of 3 locations. Numbers are live seedlings on date of count. 

Jan 
2 4 

Feb 
26-27 

June 
5,6,9 

Jul AUg 
3 6 

Sep Oct 
5 1 Ecosys tem -- 

3 9 44 4 9 43 44 31 4 6 45 pineland 
7 9 9 7 3 7 4 5 glade 
6 1 0 0 0 0 0 0 hammock 
4 2 33 3 7 32 2 9 3 0 28 2 3 1973 succession 

cl w 86 9 3 96 87 102 10 1 101 106 1975 succession, plot 1 
P 
w 285 311 3 23 316 322 3 13 318 3 10 1975 succession, plot 2 
W 
V) 3 9 4 4 3 2 3 8 41 38 3 7 2 7 1975 succession, plot 3 

2 22 234 228 232 4 9 10 4 7 area bulldozed 1978 
163 187 205 227 229 274 204 104 area bulldozed 1979 

1 17 2 1 23 16 15 8 pineland 
13 22 21 20 2 5 2 1 2 0 glade 
0 0 0 0 0 0 0 hammock 
1 1 1 1 1 1 1 1973 succession 
0 19 2 6 2 5 17 18 19 1975 succession, plot 1 
7 53 54 76 6 9 7 1 7 1 1975 succession, plot 2 
5 9 2 9 18 2 0 0 0 1975 succession, plot 3 
6 5 8 2 6 2 4 4 2 9 20 2 7 area bulldozed 1978 
5 11 12 22 26 25 16 area bulldozed 1979 

0 2 2 1 1 1 pineland 
5 12 4 8 5 6 glade 
0 0 0 0 0 0 hammock 

cl 0 2 1 0 3 1 1973 succession 
W 
P 104 9 0 8 4 6 9 52 45 1975 succession, plot 1 
W w 7 2 7 7 8 9 68 7 5 67 1975 succession, plot 2 
V) 

1 1 0 1 1 1 1975 succession, plot 3 
14 16 8 0 2 1 area bulldozed 1978 
14 16 14 7 5 4 area bulldozed 1979 
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Fig. 23. Schinus seedling survival resulting from seed introductions into 9 sites in Jan., Feb., and 

April, 1980. The 1978 and 1979 succession sites resulted from bulldozing. 
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Fig. 27. Height growth of schinus seedlings transplanted into successional ecosystems. 



Seedl ings  outp lan ted  i n t o  sites occupied by mature vege ta t ion  or by o l d  
sch inus  f o r e s t s  grew slowly,  a s  d i d  seed l ings  p lan ted  on the  s i te  t h a t  
was bulldozed i n  1978. In  t h e  g lade  mean seed l ing  he igh t  decreased,  
even though s u r v i v a l  t h e r e  was >50%. Seedl ings  outp lan ted  i n t o  ecosys- 
tems t h a t  do n o t  p r e s e n t l y  con ta in  sch inus  e x h i b i t  t h e  same 
c h a r a c t e r  istics a s  n a t u r a l l y  occurr ing  seed l ings  i n  schinus-dominated 
vegeta t ion :  high su rv ivo r sh ip ;  extremely rap id  growth r a t e s  i n  young 
succes s iona l  vege ta t ion ;  and slow growth on poor s i t e s ,  i n  dense vegeta- 
t i o n ,  and i n  mature ecosystems. The 2 except ions  t o  t h e s e  
g e n e r a l i z a t i o n s  a r e  t h e  slow growth of  ou tp lan ted  seed l ings  i n  t h e  
bulldozed a r e a ,  and t h e  rap id  growth of s eed l ings  outp lan ted  i n  t h e  
Myr i c a  woodland. 

SCHINUS FOREST STRUCTURE 

Methods 

To eva lua t e  sch inus  abundance and d i s t r i b u t i o n  p a t t e r n s  i n  schinus-  
dominated regrowth, sch inus  trees were inventor ied  i n  5 communities: 2 
o l d  sch inus  f o r e s t s ,  a Myrica-schinus woodland on former p ine land ,  a 
young schinus  woodland, and a si te l a s t  c l e a r e d  i n  1973. I n  t h e  2 o l d  
sch inus  f o r e s t s  and the  Myrica-schinus woodland the  inventory was done 
on 20 cont iguous p l o t s ,  each 10 by 50 m,  f o r  a t o t a l  sample a rea  o f  1 ha 
per site. In t h e  2 younger vege ta t ions  the  inventory  was done on 50 
p l o t s ,  each 10 by 10 m, l oca t ed  i n  a cont inuous band around the  i n s i d e  
perimeter  ( p l u s  a few p l o t s  l oca t ed  i n  a band a c r o s s  t h e  middle) of  a 50 
by 200 m r ec t ang le ,  f o r  a t o t a l  sample a rea  o f  0.5 ha per  site. 

Because sch inus  is multiple-stemmed , t he  sch inus  inventory on each p l o t  
cons i s t ed  of  recording: t h e  number of t r e e s '  >1 m t a l l  bu t  < 2 c m  i n  
diameter ;  t he  number of  i nd iv idua l  t r e e s  >2 c m  i n  diameter ( a t  1.5 m,  = 
DBH) ; t h e  number of  stems 12 <10 cm DBH per  i nd iv idua l ;  and the  number 
of stems 210 c m  DBH per  ind iv idua l .  

The c o e f f i c i e n t  of  d i spe r s ion  was c a l c u l a t e d  a s  t he  r a t i o  o f  t he  v a r i -  
ance t o  t he  mean number of  stems per  inventory  p l o t .  

Resu l t s  

Schinus s t a n d s  con ta in  anywhere from about  200 t o  '2500 sch inus  t r e e s  
per  ha, comprised of  about  600 t o  '3000 stems (Table 11). Each schinus  
tree has  an average o f  2 stems (range o f  s i t e  means = 1.2 t o  7 .6) ,  most 
of  which a r e  <10 c m  DBH. The d i s t r i b u t i o n  of  sch inus  t r e e s  w i th in  
s t a n d s  is h igh ly  clumped, more s o  i n  intermediate-aged s t a n d s  on former 
p ine lands  than  i n  o l d e r  or  younger s t ands  on former g lades .  

There a r e  two ways t h a t  t he  m u l t i p l e  stems c h a r a c t e r i s t i c  o f  most l a r g e  
sch inus  trees o r i g i n a t e .  Some mul t ip l e  stems r e s u l t  from sprout ing  of 
trees whose tops  d i e  back due t o  f r o s t ,  drought ,  o r  f i r e .  Other mult i -  
p l e  s t e m e d  t r e e s  r e s u l t  from t h e  germinat ion of  more than  one sch inus  
f r u i t  a t  t he  same po in t .  This  occurs  when schinus  in f ru t ecences  are 
d ispersed  (usua l ly  by g r a v i t y )  before  i n d i v i d u a l  f r u i t s  a r e  d i spe r sed  
therefrom, o r  when schinus  seeds  germinate i n  animal s t o o l s .  Trees 
conta in ing  m u l t i p l e  stems o r i g i n a t i n g  f ram more than one seed f r e q u e n t l y  



Table 11. Schinus i n  schinus-dominated regrowth. Sample s i z e  was 50, 10 x 10 m p l o t s  i n  young schinus  
woodland and 1973 success ion ,  and 20, 50 x 10 m p l o t s  on o t h e r  sites. Coef f i c i en t  of d i spe r s ion  
is r a t i o  o f  var iance  t o  mean number of  i nd iv idua l s  per  p l o t ;  va lues  >1 i n d i c a t e  clumped 
d i s t r i b u t i o n  of ind iv idua l s .  

Old sch inus  
f o r e s t  no. 1 

Densi ty (no. per  ha) 

Ind iv idua l s  

Branches ?2 c m  diameter  

Branches 3 0  c m  diameter 

Stems per  t r e e  

No. 12 cm diameter 

No. 3 0  cm diameter 

C o e f f i c i e n t  o f  Dispersion 

Myr ica-  
Old sch inus  sch inus  
f o r e s t  no. 2 wood land 

Young 
schinus  1973 

wood land succession 



have main branches o f  d i f f e r e n t  sexes ,  but  s ingle-sex i n d i v i d u a l s  a r e  
more common, i n d i c a t i n g  t h a t  dieback and r e sp rou t ing  do occur .  

Open-growth sch inus  t r e e s  form dome-shaped crowns and t h e i r  f o l i a g e  
ex tends  t o  t h e  ground. In c losed  s t ands ,  however, t h e  f o l i a g e  is con- 
c e n t r a t e d  a t  t he  t o p  o f  t h e  canopy (about  10 m t a l l )  , and t h e  unders tory  
is sparse .  Passage is d i f f i c u l t  because the  abundant sch inus  stems form 
a nea r ly  impenetrable t ang le .  The understory inc ludes  va r ious  f e r n s ,  
and the  e x o t i c  shrub A r d i s i a  solanacea is q u i t e  common on a t  l e a s t  one 
former g lade  site. Other tree s p e c i e s  bes ides  sch inus  t h a t  reach t h e  
canopy inc lude  Myrsine f lor idana , Per s e a  bor bon i a  , I l e x  c a s s  i n e  , 
Nectandra co r i acea ,  and the  e x o t i c  Psidium guajava. On former p ine  
sites Myrica c e r i f e r a  is a dominant t r e e :  sometimes more abundant than  
schinus.  

Old sch inus  s t a n d s  a r e  not  monospecif ic, even though they a r e  dominated 
by schinus.  Native s p e c i e s  invade s u c c e s s f u l l y ,  and clumps of  n a t i v e  
trees a r e  common. The l i f e  span o f  sch inus  i n  South F lo r ida  is not  
known, but  i n  some of t h e  o l d e r  s t ands  s tudied  (>35 y r  o l d )  t h e  l a r g e r  
s ch inus  were c o n t i n u a l l y  f a l l i n g  and dying, and mu1 tiple-stemmed clumps 
were breaking up. However, because of  t h e  shade to l e rance  of  sch inus  
seed l ings ,  and the  r ap id  growth of  t hese  unders tory  seed l ings  once 
r e l ea sed ,  o l d  sch inus  f o r e s t s  cont inue  t o  be dominated by sch inus  even 
a f t e r  t h e  canopy t r e e s  d i e .  This  r e p r e s e n t s  an unusual i n s t ance  of  an 
aggress ive ,  weedy s p e c i e s  t h a t  is capable of  reproducing i n  i ts own 
shade and maintaining its dominance on a s i te  f o r  more than  one genera- 
t i o n .  The f u t u r e  succes s iona l  changes t h a t  may occur i n  t hese  o l d  
sch inus  dominated f o r e s t s  a r e  unknown. 

HERBICIDE EVALUATIONS 

Proper ly  appl ied  he rb i c ides  o f f e r  promise a s  one way t o  con ta in  
sch inus .  In  most a g r i c u l t u r a l  s i t u a t i o n s  where he rb i c ides  a r e  used,  
they  a r e  d i r e c t e d  a t  many s p e c i e s ,  and t h e r e  is a s i n g l e  non-target 
spec ies :  t h e  crop.  Furthermore,. long- las t ing  c o n t r o l  of  t a r g e t  
s p e c i e s ,  perhaps through r e t e n t i o n  of  t h e  he rb i c ide  i n  t h e  s o i l ,  is 
o f t e n  des i r ab l e .  In  a n a t i o n a l  park,  however, t h e  s i t u a t i o n  is t h e  
oppos i te .  There is a s i n g l e  target--schinus i n  t h i s  case--and every- 
t h ing  e l s e  i n  a non-target spec i e s .  A l s o ,  he rb i c ide  p e r s i s t e n c e  i n  t h e  
s o i l  is undes i rab le  both because of  its p o t e n t i a l  long-term environmen- 
t a l  impl ica t ions  and because it might i n h i b i t  t he  regrowth of  n a t i v e  
vegeta t ion .  Herb ic ides ,  because o f  t he  ways they  a f f e c t  t he  physiology 
o f  p l a n t s ,  a r e  l e s s  s p e c i f i c  than some o the r  kinds of p e s t i c i d e s ;  broad- 
spectrum a c t i o n  is the  r u l e  r a t h e r  than the  except ion with he rb i c ides .  

Against t h i s  background o f :  t h e  need to a t t a c k  a s i n g l e  t a r g e t  s p e c i e s ;  
t h e  need t o  d i s r u p t  t he  n a t i v e  vege ta t ion  a s  l i t t l e  a s  p o s s i b l e  and f o r  
t h e  s h o r t e s t  time p o s s i b l e ;  t h e  s p e c i a l  concern f o r  long-term environ- 
mental p r o t e c t i o n ;  and the  knowledge t h a t  no chemical was s p e c i f i c  to 
t h e  t a r g e t  s p e c i e s ,  experiments were conducted t o  test t h e  e f f e c t i v e n e s s  
of v a r i o u s  h e r b i c i d e s  f o r  sch inus  con t ro l .  



Methods 

Herbic ides  were screened before  being chosen f o r  t e s t i n g .  Three groups 
o f  h e r b i c i d e s  were e l imina ted :  1) those  banned f o r  use  i n  n a t i o n a l  
parks  by t h e  Department of  the  I n t e r i o r ,  2) those  known t o  be e i t h e r  
very  mobile or very p e r s i s t e n t  i n  t h e  s o i l  ( a s  documented, f o r  example, 
i n  WSSA, 1979) , and 3) those  previous ly  demonstrated t o  be i n e f f e c t i v e  
a g a i n s t  sch inus  (e.g. by Woodall, 1979b) . Classes  of  he rb i c ides  e l i m i -  
na ted  on these  grounds included s a l t s ,  o rgan ic  a r s e n i c a l s ,  
d ipy r id i l i ums ,  phenoxys, u r a c i l s ,  and ureas .  

Af te r  t h i s  i n i t i a l  sc reening  5 he rb i c ides  were chosen f o r  f i e l d  
t r i a l s .  These were: a dicamba + 2,4-D combination; g ranu la r  dicamba; 
an isopropylamine s a l t  o f  glyphosate;  a t r  i a z i n e  compound; and an e s t e r  
formulat ion of  t r i c l o p y r .  The he rb i c ides ,  formula t ions ,  and concentra-  
t i o n s  appl ied  a r e  summarized i n  Table 12. A l l  dosages used f e l l  w i th in  
t h e  ranges recommended on t h e  l a b e l s  suppl ied  by t h e  manufacturers .  
Liquid f o l i a r  a p p l i c a t i o n s  were made using hand-pumped, back-pack spray- 
e r s ,  and t h e  crowns were sprayed u n t i l  thoroughly wetted and d r i p  was 
observed. The i n v e r t  formulat ion o f  dicamba + 2,4-D had the  cons is tency  
of  d i l u t e  mayonnaise, and was appl ied  to f o l i a g e  with a s p e c i a l  emul- 
sion-forming pump. Two formulat ions were appl ied  t o p i c a l l y  t o  t he  bark 
using back-pack sp raye r s ,  and each trunk was wetted around its complete 
circumference;  t he  bark was not  c u t  and the  chemical was no t  i n j ec t ed .  
Granular he rb i c ides  were s c a t t e r e d  uniformly on t h e  s o i l  beneath t h e  
t a r g e t  t r e e ,  wi th in  the  d r i p  l i n e  of  t he  crown. 

There were 15 treatments--the 14 l i s t e d  i n  Table 12 p l u s  controls--and 
each t rea tment  was randomly assigned t o  13 sch inus  t r e e s .  The he igh t s  
of  t h e  195 t a r g e t  t r e e s  ranged from about  1 t o  5 m, with a mean + s t an -  
dard  dev ia t ion  of  2.4 + 0.7 m. Of  t h e s e ,  146 were loca t ed  on former 
pineland northwest of  t h e  Research Center and 49 were i n  former p ine land  
e a s t  o f  t he  Scout Camp. The sex  of  166 (85%) of  t he  t a r g e t  trees was 
known: 91 (55%) were females and 75 (45%) were males. 

I Herbic ides  were appl ied  i n  February and March f o r  2 reasons.  F i r s t ,  l o w  
water l e v e l s  i nc rease  site a c c e s s i b i l i t y  and e l imina te  t he  environmental 
hazards  a s soc i a t ed  with in t roducing  he rb i c ides  t o  flooded soil. Second, 
he rb i c ide  uptake is g r e a t e s t  i f  app l i ed  when a p l a n t  is me tabo l i ca l ly  
a c t i v e  o r ,  i n  the  case  o f  sch inus ,  producing new leaves .  Male trees 
produced new leaves  a f t e r  t h e  end of  autumn f lowering i n  November. 
Female trees, however, do not  resume new l e a f  product ion u n t i l  f r u i t  
f a l l  is completed i n  February-March. (See s e c t i o n  on PHENOLOGY) . 
A l l  t r e a t e d  t r e e s  were monitored approximately 2 and 4 weeks a f t e r  
t rea tment ,  then  aga in  i n  June,  J u l y  and November. The t r e e s  t r e a t e d  i n  
February were monitored a s i x t h  t i m e ,  i n  Apr i l .  The researcher  assess -  
ing t h e  responses of  t a r g e t  t r e e s  and surrounding vege ta t ion  d i d  n o t  
know which t rea tment  had been appl ied  t o  which tree. The f i n a l  observa- 
t i o n  (Nov., 1980) included f i e l d  examination of  t a r g e t - t r e e  cambium to 
d i s t i i n g u i s h  between dead t runks  and those  t h a t  were d e f o l i a t e d ,  b u t  
st i l l  a l i v e .  



Table 12. Herbicide concentrations applied. Each of the 14 formulations was applied to 13 randomly assigned 
schinus. All applications were in 1980. 

Common 
name 

Product Form Applied Date 
name applied to applied Concentration or amount 

dicamba + 2,4-D Banvel 720a liquid foliage 6-7 Feb 50 ml 1-I H20 
6 Feb 25 ml 1-I H20 

dicamba + 2,4-D invert foliage Banvel 720a 6 Feb 

11 Feb 

50 ml ' (1000 ml H20 + 330 ml 
diesel + 83 ml adjuvant)-' 
25 ml (1000 ml H20 + 330 ml 
diesel + 83 ml adjuvant)-' 

d i camba 13 Feb 

13 Feb 

48 ml m-' crown diameter 

8 ml ' m-' crown diameter 

Banvel 5~~ granular soil 

g lyphosa te liquid foliage 12 Feb 

12 Feb 

26 March tr iclopyr Garlon (M-4021)C liquid bark 15 ml ' 1-I diesel 

26 March 5 ml ' 1-1 diesel 

12 Feb Gar Ion (M-4021) liquid foliage 

12 Feb 

13 Feb 

12 Feb 

(none assigned) liquid foliage 

a Velsicol Chemical Corporation 

Monsanto Agricultural Products Company 

Dow Chemical Company 

E. I. duPont de Nemours & Company 



Each t a r g e t  tree was monitored with r e s p e c t  to 8 v a r i a b l e s  eva lua t ed  
over  t h e  e n t i r e  t r e e ,  and scored  on a 3-point s c a l e :  

1 = 0 to 24% ( l i t t l e  damage) 
2 = 25 t o  75% 
3 = 76 to 100% (severe  damage) 

The 8 responses  recorded were: 

CURL - l e a f  w i l t i n g  and revolu ted  margins. 

SPOT - discont inuous  d i s c o l o r a t i o n  on l e a f  su r f ace .  

BURN - 100% browning o r  blackening o f  both l e a f  s u r f a c e s  ( t h u s  
BURN and SPOT damage were mutual ly  exc lus ive  on a s i n g l e  
l e a f ,  b u t  one t r e e  could bear  l eaves  o f  both symptoms). 

DROP - l e a f l e t  f a l l ,  whether or no t  r a c h i s  was r e t a ined .  

FRUIT - presence or absence o f  f r u i t s  on female trees. 

SPROUT - t h e  number of  new s p r o u t s  (counted up to 50 and recorded 
a s  >50 when more were p r e s e n t ) ,  subdivided i n t o  2 ca t e -  
go r i e s :  1) those  above t h e  roo t  c o l l a r ,  inc lud ing  normal 
f l u s h i n g ,  and 2) those  below t h e  r o o t  c o l l a r ,  inc lud ing  
b a s a l  s p r o u t s  and when t r a c e a b l e ,  r oo t  suckers .  

VIGOR - a q u a l i t a t i v e  rank r e f e r r i n g  t o  t h e  g e n e r a l  h e a l t h  and 
appearance o f  t h e  sample t r e e .  It was recorded on a 3- 
p o i n t  s c a l e  : 

1 = Good normal growth ; flower ing and/or f l u s h i n g  ; no 
c h l o r o s i s ;  had to have 4 c l a s s - 1  l e a f  r a t i n g s  
(CURL, SPOT, BURN, DROP, a s  descr ibed  above) 
o r  no worse than  3 c l a s s - 1  and 1 class -2  
r a t i n g s ;  could  n o t  have any c l a s s -3  r a t i n g s .  

2 = Average no more t han  2 c l a s s -2  r a t i n g s ;  trees t h a t  
had 3 c l a s s -1  r a t i n g s  b u t  were uniformly 
c h l o r o t i c  rece ived  a VIGOR r a t i n g  o f  2. 

3 = Poor t r e e  had one o r  more o f  t h e  fol lowing symp- 
toms : bark f i s s u r e s ,  s u b s t a n t i a l  s a p  
exudat ion ,  fungus- or insect-caused d i s e a s e ,  
s eve re  c h l o r o s i s ,  1 c l a s s -3  r a t i n g ,  o r  1 2  
c l a s s -2  l e a f  r a t i n g .  

The impact o f  h e r b i c i d e s  on t h e  surrounding vege t a t i on  was a l s o  o f  
i n t e r e s t ,  so nearby shrubs  and unders tory  vege t a t i on  were monitored. 
The two shrubs  (>1.0 m ta l .1)  n e a r e s t  each t a r g e t  t r e e  were tagged and 
i n j u r y  to them was recorded i n  much t h e  same way a s  i n j u r y  to t a r g e t  
t r e e s .  mo sets o f  obse rva t ions  were recorded f o r  each neighboring 
shrub: 1 f o r  ha l f  of  t h e  crown f ac ing  toward t h e  t a r g e t  t r e e  and t h e  
o the r  f o r  t h e  h a l f  o f  t h e  crown f ac ing  away from t h e  t a r g e t  t r e e .  I n  a 



few c a s e s  t h e r e  were no n e a r e s t  shrubs  (because o f  proximity t o  another  
t r e a t e d  sch inus  t r e e )  , i n  a few cases t h e r e  was only  1 n e a r e s t  shrub,  
and sometimes (e.g., when a v ine  was found growing among t h e  branches o f  
a t a r g e t  t r e e )  t h e  response of  3 o r  more nearest-neighbors  was moni- 
tored.  When t h e  nea re s t  neighbor was beyond t h e  range of  maximum 
a n t i c i p a t e d  he rb i c ide  d r i f t  (about  10 m) , it was not  monitored. The 
nearest-neighbor shrubs  were comprised o f  14 spec i e s ,  o f  which 5 ac- 
counted f o r  96% o f  t he  331 i n d i v i d u a l s  monitored. These 5 included 2 
e x o t i c s :  s ch inus  (20.5% of t h e  ind iv idua l s )  and Psidium quajava (3.3%) ; 
and 3 n a t i v e  spec ies :  Baccharis  h a l i m i f o l i a ,  inc luding  some g. glomeru- 
l i f l o r a  (61.0%) , Myrica c e r i f e r a  (8.5%) , and Dodonaea v i scosa  (2.7%) . 
The impact of h e r b i c i d e s  on t h e  unders tory  vege ta t ion  (<l m t a l l )  w i th in  
t h e  d r ip - l i ne  of  each t a r g e t  t r e e  was a l s o  monitored. The f o l i a g e  was 
scored with r e s p e c t  to CURL, SPOT, and BURN, and given a g e n e r a l  VIGOR 
ranking,  a s  descr ibed  above. The response of t he  common composite herb ,  
Bidens - a l b a ,  was not  recorded because it w a s  no t  p o s s i b l e  t o  d i s t i n g u i s h  
between he rb i c ide - r e l a t ed  damage and t h e  n a t u r a l  tendency o f  t h i s  
s p e c i e s  t o  r e t a i n  dead, sh r  ive led  leaves .  

Resul t s  

Schinus responded quick ly  t o  he rb i c ide  a p p l i c a t i o n s  (Tables  1 3  through 
1 6 ) .  The e f f e c t s  of  a l l  formula t ions  t e s t e d  were v i s i b l e  w i th in  2 wk 
a f t e r  a p p l i c a t i o n ,  except  i n  t he  case  o f  t he  g ranu la r  form of  dicamba 
app l i ed  t o  t h e  s o i l .  The granular-dicamba e f f e c t s  were not  r e a d i l y  
apparent  u n t i l  a t  l e a s t  2 mo a f t e r  a p p l i c a t i o n ,  and t h i s  he rb i c ide  d i d  
not  prove very e f f e c t i v e  a t  k i l l i n g  sch inus ,  even a f t e r  9 mo fol lowing 
a p p l i c a t i o n .  Malformed epicormic and b a s a l  sp rou t s  were observed a f t e r  
d e f o l i a t i o n  fol lowing a p p l i c a t i o n  of  dicamba + 2,4-D (law and high doses 
of  both aqueous and i n v e r t  formulat ions)  and Velpar (low d o s e ) ,  b u t  most 
o f  t hese  s p r o u t s  l a t e r  d ied .  

A measure of  g r e a t  i n t e r e s t  is t a r g e t - t r e e  m o r t a l i t y  (Fig. 28) .  Schinus 
k i l l  >90% was achieved with t h e  high dose of  t r i c l o p y r  app l i ed  t o  f o l i -  
age,  t he  high dose of  g lyphosa te ,  high and low doses of  t r i c l o p y r  
app l i ed  t o  bark,  and high and luw doses o f  Velpar. Thus, t r i c l o p y r ,  
g lyphosa te ,  and Velpar a l l  proved t o  be e f f e c t i v e  a t  k i l l i n g  schinus.  

The impact of  t h e  t e s t  he rb i c ides  on neighboring shrubs  and v i n e s  (both 
n a t i v e  s p e c i e s  and e x o t i c s )  was d i f f e r e n t  from the  e f f e c t s  o f  t hese  
chemicals on t a r g e t  t r e e s  (Fig. 29).  Of t h e  3 chemicals t h a t  were 
e f f e c t i v e  i n  k i l l i n g  sch inus ,  on ly  t h e  high and l o w  doses of  t r i c l o p y r  
t o  t h e  bark of  t a r g e t  t r e e s  r e su l t ed  i n  50% m o r t a l i t y  of  neighboring 
shrubs  and v ines .  This  r e f l e c t s  t he  very  l o c a l  a p p l i c a t i o n  o f  t h e  
chemical t o  t h e  b a s a l  bark,  which r e s u l t s  i n  very  l i t t l e  he rb i c ide  d r i f t  
t o  nearby p l a n t s .  Both high and l o w  dosages of  Velpar k i l l e d  >75% o f  
neighboring shrubs  and v ines .  

Herbicide impact on the  unders tory  vege ta t ion  is extremely important  i f  
n a t i v e  p l a n t s  , a r e  to cap tu re  t he  gaps c rea t ed  by t h e  dea th  of mature 
sch inus  trees before  such gaps can be recolonized by new schinus.  In  
most cases ,  unders tory  vege ta t ion  showed s i g n s  of  recovery wi th in  5 mo 
a f t e r  he rb i c ide  a p p l i c a t i o n  (Table 1 7 ) .  An important  except ion  w a s  



Table 13. Time course of t a r g e t - t r e e  l e a f  w i l t i n g  a f t e r  he rb i c ide  
app l i ca t ion .  Wil t ing was def ined  a s  >75% o f  l eaves  c u r l e d ,  having 
r evo lu t e  margins,  or  having drooping rachises .  Values a r e  per  c e n t  
of  sample t r e e s ,  b u t  on ly  those  t h a t  were not  completely d e f o l i a t e d  
a t  t h e  time of  observa t ion .  DEF = 100% d e f o l i a t i o n .  ND = no da t a .  

Mean days post- t reatment  (Range) 

13 2 7 7 7 121 167* 268 
Treatment (9-16) (27-35) (77-84) (121-128) (167-174) (265-272) 

c o n t r o l  0 0 0 15 8 8 

g lyphosate  , l o w  DEF DEF DEF 

glyphosate  , high DEF DEF DEF 

dicamba + 2,4-D, 
l i q u i d ,  low DEF DEF DEF 

dicamba + 2,4-D, 
l i q u i d ,  high DEF DEF DEF 

dicamba + 2,4-D, 
i n v e r t ,  l o w  DEF DEF DEF 

dicamba + 2,4-D, 
i n v e r t ,  high DEF DEF DEF 

dicamba, g ranu la r ,  
low 

dicamba, g ranu la r ,  
high 

t r  ic lopyr  , bark , 
low DEF DEF DEF 

t r  i c lopyr  , bark,  
high DEF DEF DEF 

t r i c l o p y r  , f o l i a r ,  
law 100 DEF DEF DEF 

t r i c l o p y r  , f o l i a r ,  
high 10 0 DEF 

DEF 

DEF 

DEF 

DEF 

DEF 

DEF 

DEF 

DEF 

ND 

DEF 

DEF 

Velpar,  low 

Velpar , high 

* Does not  inc lude  t r i c l o p y r  t rea tments ,  which received f i f t h ,  and f i n a l  
observa t ion  222 days a f t e r  app l i ca t ion .  



Table 14. Time course  of  t a r g e t - t r e e  l e a f  d i s c o l o r a t i o n  a f t e r  h e r b i c i d e  
app l i ca t ion .  Discolora t ion  was de f ined  a s  >75% o f  l eaves  being 
mott led o r  c h l o r o t i c .  Values a r e  per  c e n t  of  sample t r e e s ,  bu t  on ly  
those  t h a t  were n o t  completely d e f o l i a t e d  a t  t he  t i m e  o f  
observa t ion .  DEF = 100% d e f o l i a t i o n .  ND = no da ta .  

Mean days post- t reatment  (Range) 

13 27 7 7 121 167" 268 
(9-16) (27-35) (77-84) (121-128) (167-174) (265-272) 

0 0 1 5  0 0 0 

Treatment 

c o n t r o l  

g lyphosa t e  , low DEF DEF DEF 

g lyphosate  , high DEF DEF DEF 

dicamba + 2,4-D, 
l i q u i d ,  low DEF DEF DEF 

dicamba + 2,4-D, 
l i q u i d ,  high DEF DEF DEF 

dicamba + 2,4-D, 
i n v e r t ,  low DEF DEF DEF 

dicamba + 2,4-D, 
i n v e r t ,  high DEF DEF DEF 

dicamba, g r a n u l a r ,  
low 

dicamba, g ranu la r ,  
high 

t r  i c lopyr  , bark ,  
low DEF DEF DEF 

t r  i c lopyr  , bark,  
high DEF DEF DEF 

t r  i c lopyr  , f o l i  a r  , 
low DEF DEF DEF 

t r i c l o p y r  , f o l i a r  , 
high DEF 

DEF 

DEF 

DEF 

DEF 

DEE' 

DEF 

DEF 

DEF 

ND 

DEF 

DEF 

Velpar , low 

Velpar , high 

* Does not  inc lude  t r i c l o p y r  t rea tments ,  which received f i f t h ,  and f i n a l  
observa t ion  222 days a f t e r  app l i ca t ion .  



Table 15. Time course of t a rge t - t r ee  l e a f  burn a f t e r  herbic ide  app l i ca t ion .  
Leaf burn was defined a s  >75% of leaves being uniformly brown o r  
black. Values a r e  per cen t  of sample t r e e s ,  but only those t h a t  were 
no t  completely de fo l i a t ed  a t  the  time of observation. DEF = 100% 
defo l i a t ion .  ND = no data.  

Mean days post-treatment (Range) 

Treatment 

c o n t r o l  

g lyphosate , lw 3 1 DEF DEF DEF 

glyphosa te , high DEF DEF DEF 

dicamba + 2,4-D, 
l i q u i d ,  low DEF 

DEF 

DEF 

dicamba + 2,4-D, 
l i q u i d ,  high DEF 

dicamba + 2,4-D, 
i n v e r t ,  low DEF DEF 

dicamba + 2,4-D, 
i n v e r t ,  high DEF DEF 

dicamba , granular ,  
lw 

dicamba, granular ,  
high 

t r  iclopyr , bark, 
lw DEF 

t r i c l o p y r ,  bark, 
high DEF DEF 

t r i c lopyr  , f o l i a r  , 
lw DEF DEF 

t r i c lopyr  , f o l i a r ,  
high 92 

Velpar , l o w  0 

Velpar , high 0 

10 0 

DEF 

DEF 

DEF 

DEF 

DEF 

DEF 

DEF 

DEF 

ND 

DEF 

DEF 

* Does not  include t r i c lopyr  t reatments,  which received f i f t h ,  and f i n a l  
observation 222 days a f t e r  appl ica t ion .  



Table 16. Time course of t a rge t - t r ee  d e f o l i a t i o n  a f t e r  herbic ide  app l i ca t ion .  
Defol ia t ion  was defined a s  >75% l e a f  loss .  Values a r e  per cen t  of 
sample t r ees .  ND = no data.  

Mean days post-treatment (Range) 

13 27 7 7 121 167" 268 
Treatment (9-16) (27-35) (77-84) (121-128) (167-174) (265-272) 

c o n t r o l  

g lyphosa te , low 

glyphosate, high 

dicamba + 2,4-D, 
l iqu id ,  low 

dicamba + 2,4-D, 
l i q u i d ,  high 

- dicamba + 2,4-D, 
i n v e r t ,  low 

dicamba + 2,4-D, 
i n v e r t ,  high 

dicamba, granular ,  
low 

dicamba, granular ,  
high 

t r  iclopyr , bark, 
low 

t r i c l o p y r ,  bark, 
high 

t r i c l o p y r  , f o l i a r  , 
law 

t r i c lopyr  , f o l i a r  , 
high 

Velpar , l o w  

Velpar, high 

* Does not include t r i c lopyr  t reatments,  which received f i f t h ,  and f i n a l  
observation 222 days a f t e r  appl ica t ion .  



(-A dicamba (granular)  

1 dicamba + 2 ,4 -D  

rr glyphosate 

triclopyr ( bark)  

TARGET TREE MORTALITY (O/o) 

Fig. 28. Effectiveness of 14 herbicide formulations in killing schinus. 
Cross hatching = high dosage; open bar = low dosage. There was no 
mortality of control (no treatment) trees. 
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Table 17. Time course of  herbaceous understory response t o  herbic ide  
app l i ca t ion  on overs tory  schinus t r e e s .  Values a r e  per c e n t  of 
t a rge t - t r ee  unders tor ies  having '75% normal growth. ND = no data .  

Mean days post-treatment (Flange) 

Treatment 

c o n t r o l  

g lyphosa t e  , l o w  

glyphosate,  high 

dicamba + 2,4-D, 
, l i q u i d ,  law 

dicamba + 2,4-D, 
l i q u i d ,  high 

dicamba + 2,4-D, 
i n v e r t ,  law 

dicamba + 2,4-D, 
i n v e r t  , high 

dicamba, granular ,  
low 

dicamba, granular ,  
high 

t r  iclopyr , bark , 
l o w  

t r i c l o p y r  , bark , 
high 

t r i c lopyr  , f o l i a r ,  
lm 

t r  iclopyr , f o l i a r  , 
high 

Velpar , l o w  

Velpar , high 

* Does not include t r i c lopyr  t reatments,  which received f i f t h ,  and f i n a l  
observation 222 days a f t e r  appl ica t ion .  



Velpar;  t h e  e f f e c t s  o f  t h i s  he rb i c ide  a r e  very  l ong - l a s t i ng ,  and t h e  
unders tory  vege t a t i on  beneath trees t r e a t e d  wi th  Velpar was most ly  dead 
even 9 mo a f t e r  a p p l i c a t i o n .  T r i c l o m r ,  e s p e c i a l l y  when app l i ed  to t h e  
bark,  had l i t t l e  long-term impact on unders tory  p l a n t s  (Fig.  30) .  

Three kinds of evidence a r e  a v a i l a b l e  f o r  he rb i c ide  eva lua t ion :  e f f e c -  
t i v e n e s s  i n  k i l l i n g  t a r g e t  t r e e s ;  dea th  o f  nearby shrubs  and v ines ;  and 
impact ( s e v e r i t y  and du ra t i on )  on unders tory  vege ta t ion .  Dicamba and 
dicamba + 2,4-D a r e  no t  a s  e f f e c t i v e  i n  k i l l i n g  s ch inus  a s  o t h e r  chemi- 
c a l s  t e s t e d .  Velpar k i l l s  s ch inus ,  hu t  every th ing  else a s  w e l l .  Where 
f o l i a r  a p p l i c a t i o n s  a r e  c a l l e d  f o r  (e.g., where l a r g e  numbers o f  sma l l  
i n d i v i d u a l s  a r e  to be k i l l e d ,  a s  i n  t h e  unders tory  o f  a s t a n d ) ,  e i t h e r  
t r i c l o p y r  or g lyphosa te  can be recommended. For k i l l i n g  l a r g e  s ch inus  
trees, however, b a s a l  a p p l i c a t i o n  of  h e r b i c i d e  may be p r e f e r a b l e  because 
t h e  impact on non-target  p l a n t s  is very  l imi t ed .  The only  b a s a l  a p p l i -  
c a t i o n  t e s t e d  (high and low doses  o f  t r i c l o p y r )  k i l l e d  100% o f  t h e  trees 
t o  which they  were app l i ed ,  b u t  o t h e r  (un t e s t ed )  chemicals  may be  j u s t  
a s  s a f e  and do t h e  job j u s t  a s  w e l l .  Based on t h e  f i n d i n g s  r epo r t ed  
he re ,  t h e  l o w  dose o f  t r i c l o p y r  appl ied  i n  a band completely around each 
main t runk ,  seems to be a s a f e  e f f e c t i v e  way to k i l l  sch inus .  

STAND CONVERSION 

Schinus is an important component o f  many second-growth forests--both 
young and old--in t h e  s tudy  a r e a ,  and it may be d e s i r a b l e  to reduce t h e  
importance of  t h i s  e x o t i c  t r e e  i n  those  s tands .  Th i s  can be accom- 
p l i s h e d  by bul ldoz ing  followed by burning t h e  windrowed vege t a t i on .  
However, such i n t e n s i v e  management p r a c t i c e s  a r e  expensive,  and succes s  
is no t  always c e r t a i n ,  e s p e c i a l l y  i f  t h e  burn is incomplete and t h e  
bulldozed sch inus  r e sp rou t s .  Furthermore, d i s t u r b e d  sites a r e  espe- 
c i a l l y  s u s c e p t i b l e  to sch inus  invasion.  I n  a d d i t i o n ,  d r a s t i c  management 
techniques such a s  bul ldozing and burning o f  f o r e s t s  a r e  incompatible  
with most managers' a t t i t u d e s  toward landscape manipulat ion i n  n a t i o n a l  
parks .  

A s  an a l t e r n a t i v e  approach toward sch inus  f o r e s t  conversion,  we proposed 
t h a t  t h e  slow conversion of schinus-dominated f o r e s t s  to f o r e s t s  domi- 
nated by n a t i v e  p l a n t s  be at tempted by k i l l i n g  r ep roduc t ive ly  mature 
female s ch inus  t r e e s :  a technique we dubbed "matr ic ide".  The idea  was 
t h a t  t he  unk i l l ed  v e g e t a t i o n ,  inc lud ing  male s ch inus  trees, would keep 
t h e  site f u l l y  occupied, t h u s  reducing t h e  p r o b a b i l i t y  o f  site r ecap tu re  
by sch inus .  By k i l l i n g  females  t he  reproduct ive  p o t e n t i a l  o f  t h e  unde- 
s i r a b l e  s p e c i e s  would be reduced, and t h e  s t and  might g r a d u a l l y  be 
converted to one c o n s i s t i n g  mainly o f  n a t i v e  spec i e s .  

Methods 

To test  t he se  i deas  on g radua l  s tand  convers ion ,  2 experiments  were 
conducted. One was a p i l o t  s tudy ,  i n  which s i n g l e  mature female trees 
were k i l l e d ,  and t h e  response o f  unders tory  p l a n t s  was monitored. The 
o the r  involved k i l l i n g  a l l  mature females  on l a r g e r  p l o t s .  



31 DAYS 

256 DAYS 

Fig. 30. Herb ic ide  impacts on t h e  v igo r  of unde r s to ry  v e g e t a t i o n  beneath  t a r g e t  t r e e s .  



P i l o t  Study 

The p i l o t  s tudy was used no t  on ly  to s tudy  p o s s i b i l i t i e s  f o r  s tand  
conversicm but  a l s o  t o  a s s e s s  t h e  response of  unders tory  sch inus  seed- 
l i n g s  t o  canopy-gap formation. The methods f o r  t he  p i l o t  s tudy were 
descr ibed e a r l i e r ,  i n  t h e  las t  3 paragraphs o f  t h e  Methods subsec t ion  of  
t h e  s e c t i o n  on SEEDLING GROWTH AND SURVIVORSHIP. I n  b r i e f ,  2 female,  
canopy schinus  t r e e s  were s e l e c t e d  on each o f  4 sites: o l d  sch inus  
f o r e s t s  nos. 1 and 2 ,  and Myrica-schinus woodland, and t h e  young schinus  
f o r e s t .  Beneath each t r e e ,  4 long, narrow p l o t s  (each with a smal le r  
seedl ing  recru i tment  p l o t  appended t o  1 s i d e )  were e s t a b l i s h e d  r a d i a t i n g  
outward from t h e  base of  t h e  sch inus  trunk. On November 7,  1978, 1 
member of  each p a i r  o f  female sch inus  was randomly s e l e c t e d  and 
k i l l e d .  The understory vege ta t ion  received no t rea tment  because one of  
t h e  o b j e c t i v e s  of  the  p i l o t  s tudy was t o  monitor t he  response o f  under- 
s t o r y  sch inus  seed l ings  to t h e  c r e a t i o n  of  canopy gaps. Schinus seed- 
l i n g  d e n s i t y ,  germinat ion,  and m o r t a l i t y  were monitored approximately 
biweekly, from e a r l y  1978 through October 1980. 

Larqer - s ca l e  Study 

Promising r e s u l t s  ob ta ined  from the  p i l o t  s tudy l ed  t o  t he  es tab l i shment  
of  a l a rge r - sca l e  s tudy of s tand conversion. One d i f f i c u l t y  with t h e  
p i l o t  s tudy  was t h a t ,  because only  s e l e c t e d  canopy females were k i l l e d ,  
t he  gaps c rea t ed  were r e a d i l y  a c c e s s i b l e  t o  sch inus  seed inpu t s  from 
o t h e r ,  nearby sch inus  t r e e s .  Therefore,  i n  e a r l y  1980 l a r g e r  p l o t s  were 
e s t a b l i s h e d  i n  3 s t ands ,  and a l l  females i n  those  p l o t s  were k i l l e d .  

Each p l o t  was 50 by 50 m,  and the  female sch inus  t r e e s  i n  an a d d i t i o n a l  
5 m buf fer  s t r i p  a ound each p l o t  were a l s o  k i l l e d ,  f o r  a t o t a l  t r e a t -  5 ment a r e a  o f  3600 m per  site. The s i t e s ,  sch inus  s i z e s  and d e n s i t y  per  
p l o t ,  and d a t e s  of  he rb i c ide  a p p l i c a t i o n  a r e  summarized i n  Table 18. 
Canopy female t r e e s  were k i l l e d  by b a s a l  bark a p p l i c a t i o n  o f  
t r i c l o p y r .  The understory beneath s e l e c t e d  canopy t r e e s  was k i l l e d  by 
backpack sprayer  a p p l i c a t i o n  of  g lyphosa te ,  with c a r e  taken t o  concen- 
t r a t e  t he  spray  on sch inus  seed l ings  and t o  avoid damage t o  n a t i v e  
p l a n t s  i n so fa r  a s  poss ib l e .  

I n  each p l o t ,  8 sch inus  t r e e s  were chosen: 4 males (scheduled t o  be 
l e f t  a l i v e )  and 4 females (scheduled t o  be k i l l e d ) .  The unders tory  
beneath 2 mature sch inus  of  each sex  was randomly s e l e c t e d  t o  be k i l l e d  
with he rb i c ide .  Half of  t h e  t r e e s  were randomly chosen t o  have a d i -  
ve r se  mixture of  seeds  of  n a t i v e  spec i e s  appl ied  t o  t he  s o i l  beneath 
t h e i r  crown. In  summary, t he  t rea tments  cons i s t ed  of  a l l  8 of  t h e  
fol lowing combinations: ove r s to ry  k i l l e d  o r  no t  k i l l e d ;  unders tory  
k i l l e d  o r  not  k i l l e d ;  seeds  app l i ed  or  no t  app l i ed .  

To test the  idea  t h a t  s i t e  cap tu re  by n a t i v e  s p e c i e s  might be enhanced 
i f  seeds  were app l i ed  beneath k i l l e d  female sch inus  t r e e s ,  propagule 
packages conta in ing  seeds  of  14 n a t i v e ,  woody spec i e s  were made up 
(Table 19)  . In  e a r l y  June, t h e  con ten t s  of  1 such propagule package 

were s c a t t e r e d  beneath each o f  12 sample trees: 4 per s i t e .  A sub- 
sample o f  200 seeds  of  each s p e c i e s  (only 10 f o r  Myrsine, 1 5  each f o r  
Trema and Persea ,  and 20 f o r  Guet tarda)  was t e s t e d  f o r  germinat ion by 



Table 18. Schinus d e n s i t y ,  t rea tment  d a t e s ,  and sample-tree c h a r a c t e r i s t i c s  i n  3, 60 x 60 m p l o t s  where 
mature females were k i l l e d .  The understory beneath s e l e c t e d  female sch inus  was sprayed with 
he rb i c ide  on 1 Apr i l  1980 a t  a l l  3 s i t e s .  

Date he rb i c ide  app l i ed  
t o  canopy t r e e s  

S i t e  

Number of  
female sch inu s F i r s t  

k i l l e d  a p p l i c a t i o n  

Old sch inus  f o r e s t  no. 1 

Myr ica-sch inus  woodland 

Young schinus  f o r e s t  

1 Apr 80 

28 Mar 80 

28 Mar 80 

Second 
a p p l i c a t i o n  

Mean (S.D.) 
crown a r e a  of  8 

2 sample trees (m ) 

23 Apr 80 

23 Apr 80 

24 Apr 80 



Table 19. Contents of propagule package added beneath mature schinus trees, 
large-scale matricide. A l l  species were woody, native plants, and 
were collected i n  or near the study areas. 

No. - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

13 

1 4  

Species 

Ludwigia spp. 

Baccharis spp. 

Myr ica cer if era 

Cephalanthus occidentalis 

Dodonaea viscosa 

Callicarpa amer icana 

Ilex cassine 

Rhus copallina 

Psychotria l iqustr ifol ia  

Tetrazygia bicolor 

Guettarda scabra 

Trema micrantha 

Per sea borbonia 

Myrs ine £lor idana 

Number of 
seeds applied 

Total 92,584 



plac ing  seeds  (usua l ly  10 r e p l i c a t i o n s  o f  20 seeds  each) on f i l t e r  paper 
moistened with d i s t i l l e d  water i n  covered P e t r i  d i shes .  

Beneath each of  t h e  8 sample t r e e s  per  p l o t ,  a p l o t  was e s t a b l i s h e d  to 
monitor unders tory  vegeta t ion .  Each p l o t  was 0.5 m by 5 m, and its long 
a x i s  extended outward from t h e  sch inus  t r e e  trunk a t  1 of  4 randomly 
s e l e c t e d  d i r e c t i o n s :  NE, SE, NW, or  SW. These d i r e c t i o n s  were chosen 
t o  a s s u r e  t h a t  t h e  sample p l o t s  would c r o s s  t he  east-west rows and 
furrows a t  45' . Each p l o t  was d iv ided  i n t o  5 ,  I m long i n t e r v a l s ,  and 
most kinds of  da t a  were recorded by i n t e r v a l .  

I n  January (before  he rb i c ide  a p p l i c a t i o n )  and aga in  i n  June,  1980 ( a f t e r  
he rb i c ide  a p p l i c a t i o n )  a l l  p l a n t s  i n  each p l o t  were i d e n t i f i e d  and 
counted. Data were recorded by i n t e r v a l  w i th in  p l o t s ,  and 3 h e i g h t  
c l a s s e s  of  p l a n t s  were d i s t i ngu i shed  0-1, 1-3, and > 3 m. 

Leaf a r e a  index (LAI) of both the  canopy and the  unders tory  was measured 
i n  March ( j u s t  p r i o r  t o  he rb i c ide  a p p l i c a t i o n )  , June, and November, 
1980. The sampling method cons i s t ed  o f  suspending a cord o r  t h i n  rod 
v e r t i c a l l y  through t h e  vege ta t ion  and counting t h e  number of l eaves  
in t e rcep ted .  By t h i s  method, i n  which the  h o r i z o n t a l  a r e a  sampled is 
assumed t o  be equal  t o  0 ,  1 i n t e r c e p t i o n  of  a l e a f  equa l s  1 u n i t  of 
LAI .  Data were recorded by he igh t  above the  ground (25 c m  i n t e r v a l s )  
and by spec i e s .  

To measure LA1 from the  canopy t o  t he  f o r e s t  f l o o r ,  a cord was suspended 
down through t h e  canopy f o l i a g e  from a long extendable pole .  The cord  
was weighted with a plumb bob and c o n t r o l l e d  v e r t i c a l l y  with a f i s h i n g  
reel. The cord was marked a t  25 c m  i n t e r v a l s  t o  f a c i l i t a t e  recording of  
LA1 by he igh t .  Beneath each sample t r e e ,  2 d i r e c t i o n s  ( N ,  S ,  E, o r  W) 
were randomly chosen. Along t h e  chosen bear ings ,  and 2 m away from t h e  
t r e e  t runk ,  a sample p o i n t  was e s t a b l i s h e d .  Around each sample p o i n t ,  5 
bea r ings  ( 0  t o  360' , a t  1' i n t e r v a l s )  were randomly s e l e c t e d ,  and t h e  
cord was dropped v e r t i c a l l y  through the  vege ta t ion  about  1 m away from 
t h e  sample p o i n t  i n  t h e  d i r e c t i o n  of  each bear ing  chosen. Thus, a t  t h e  
time of each sampling 10 LA1 measurements were taken a t  each sample 
t r e e :  5 around each o f  2 sample p o i n t s .  

To sample the  LA1 of ground cover ,  a s lender  rod was used. It was 
placed v e r t i c a l l y  5 times i n  each 1-m i n t e r v a l  of  t h e  permanent sample 
p l o t  beneath each t r e e ,  f o r  a t o t a l  sample s i z e  of  25 LA1 measurements 
per  tree each time. Understory LA1 was recorded, by s p e c i e s ,  from 0 t o  
25 and 25 t o  50 c m  above the  ground. 

Resu l t s  

P i l o t  Study 

One o f  t h e  key responses observed a f t e r  the  p i l o t  ma t r i c ide  s tudy ,  i n  
which s e l e c t e d  ove r s to ry  female sch inus  t r e e s  were k i l l e d ,  was t h e  
growth of t h e  sch inus  seed l ings  a l r eady  e s t a b l i s h e d  on the  f o r e s t  
f l oo r .  The growth response of  t hese  understory sch inus  seed l ings  was 
repor ted  i n  t he  s e c t i o n  on SEEDLING GROWTH AND SURVIVORSHIP, Fig. 22. 
In  o l d  sch inus  f o r e s t  no. 1, t h e  understory sch inus  seed l ings  d i d  n o t  



respond to canopy-gap formation because t h e  canopy qu ick ly  c l o s e d  due t o  
ingrowth o f  surrounding t r e e s ,  mostly male schinus.  On t h e  o t h e r  3 
sites, however, t h e  growth response o f  t h e  s ch inus  s e e d l i n g s  was dramat- 
ic. Schinus s e e d l i n g s  beneath un t r ea t ed  trees grew very  l i t t l e  over t h e  
2-yr pe r iod  of obse rva t ion ,  whereas s e e d l i n g s  i n  gaps more than doubled 
i n  he igh t  during t h e  same i n t e r v a l .  The imp l i ca t i ons  fo r  s t and  
conversion a r e  c l e a r .  If canopy-height female s ch inus  trees a r e  to be 
k i l l e d ,  it is a l s o  important  to k i l l  unders tory  s e e d l i n g s ,  except  where 
t h e  f o r e s t  canopy is l i k e l y  to close very  qu ick ly .  I f  t h i s  p r ecau t ion  
is no t  t aken ,  t h e  unders tory  s ch inus  s e e d l i n g s  a r e  l i k e l y  to grow very  
r a p i d l y ,  and cap tu re  t h e  gap c r e a t e d  by t h e  dea th  o f  t h e  p a r e n t  t r e e .  

It was a n t i c i p a t e d  t h a t  t h e  dea th  o f  a mature female s ch inus  t r e e  might 
have 2 k inds  of impacts on t h e  co lon iza t ion  o f  t h e  unders tory  (and 
p o s s i b l y  gap cap tu re )  by new sch inus  s eed l ings .  F i r s t ,  t h e  gap c r e a t i o n  
might a f f e c t  t h e  ground-level environment i n  ways t h a t  could enhance or 
reduce s ch inus  germinat ion and es tab l i shment .  Second, t h e  loss of t h e  
o v e r s t o r y  female might reduce seed inpu t  to t h e  f o r e s t  f l o o r ,  and the re -  
by decrease  t he  abundance o f  unders tory  s ch inus  s eed l ings .  For t he se  
reasons  s ch inus  s eed l ing  d e n s i t i e s ,  germinat ion,  and m o r t a l i t y  were 
monitored beneath k i l l e d  and c o n t r o l  trees. 

I n  o l d  s ch inus  f o r e s t  no. 2 and i n  t h e  Myrica-schinus woodland, t h e r e  
was less sch inus  germinat ion beneath k i l l e d  t r e e s  than beneath c o n t r o l s  
i n  t h e  f i r s t  and second f r u i t i n g  seasons fo l lowing  t rea tment  o f  t h e  
mature females (Fig.  31) .  I n  t h e  young sch inus  f o r e s t ,  s ch inus  germina- 
t i o n  was about  t h e  same i n  t rea tment  and c o n t r o l  p l o t s  dur ing  t h e  f i r s t  
y e a r ,  b u t  by t h e  second year  it was d rama t i ca l l y  reduced beneath t r e a t e d  
t r e e s .  I n  o l d  s ch inus  f o r e s t  no. 1 germinat ion was about  t h e  same t h e  
f i r s t  and second yea r s  a f t e r  t r ea tmen t ,  b u t  i n  t h e  second year  t h e r e  was 
more germinat ion beneath t h e  t r e a t e d  tree than beneath t h e  c o n t r o l .  
Thus, k i l l i n g  o f  o v e r s t o r y  females was onl-y p a r t i a l l y  e f f e c t i v e  i n  
reducing sch inus  s eed l ing  germinat ion i n  t h e  understory.  

Af te r  t rea tment  o f  canopy trees, t h e r e  were c o n s i s t e n t l y  fewer s ch inus  
s e e d l i n g s  beneath t r e a t e d  trees than beneath c o n t r o l s ,  excep t  Jan.-Mar., 
1980 i n  o l d  s ch inus  f o r e s t  no. 1 (Fig. 32) .  These r educ t ions  i n  seed- 
l i n g  d e n s i t y  ,are e s p e c i a l l y  dramatic  when one cons ide r s  t h a t  t h e  p i l o t  
s tudy  involved on ly  s e l e c t e d  i n d i v i d u a l s  i n  dense sch i nus  s t ands .  Under 
such c o n d i t i o n s  d i s p e r s a l  i n t o  t h e  gap from surrounding trees might be 
expected to compensate f o r  t he  loss o f  seed inpu t  from an o v e r s t o r y  
p a r e n t  tree, but  t h a t  was no t  t h e  case .  The sch inus  s e e d l i n g s  beneath 
female trees d e r i v e  p r i m a r i l y  from t h a t  female,  and dea th  o f  t h e  pa ren t  
tree can s u b s t a n t i a l l y  reduce unders tory  c o l o n i z a t i o n  by new sch inus  
s eed l ings .  

The l e a f  a r e a  index (LA11 o f  t he  unders tory  vege t a t i on  increased  on a l l  
sites i n  t h e  f i r s t  8 mo fol lowing t rea tment  o f  o v e r s t o r y  s ch inus  trees, 
then  decreased dur ing  t h e  fo l lawing  year  (Table  20) . Only p a r t  o f  t h e  
i n c r e a s e  was caused by growth o f  p r ev ious ly  e s t a b l i s h e d  sch inus  seed- 
l i n g s .  On 1 s i t e  (o ld  s ch inus  f o r e s t  no. 1) t h e  i nc rease  i n  unders tory  
LA1 was due p r i m a r i l y  to growth o f  another  e x o t i c  p l a n t :  A r d i s i a  
solanacea.  I n  most c a s e s ,  however, t h e  increased  unders tory  LA1 was due 
to growth of n a t i v e  s p e c i e s ,  bu t  most o f  t h e s e  n a t i v e  gap-colonizers  
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Fig. 31. Germination of schinus seedlings in gaps and beneath schinus-forest canopies on 4 sites. Arrow 
indicates date of herbicide application to canopy tree. 
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Pig. 32. Schinus seedl ing  d e n s i t y  i n  gaps and beneath sch inus- fores t  canopies  on 4 s i t e s .  Arrow indi -  
c a t e s  da t e  of he rb i c ide  a p p l i c a t i o n  t o  canopy t r e e .  



Table 20. Understory ( <0.5 m t a l l )  l e a f  a r e a  index i n  a r t i f i c i a l  gaps and i n  c o n t r o l  p l o t s ,  8 and 20 
mo a f t e r  he rb i c ide  a p p l i c a t i o n  t o  canom female sch inus  trees. Each va lue  is a mean o f  240 
sample p o i n t s  (200 f o r  young schinus  f o r e s t )  8 mo a f t e r  t rea tment ,  and 120 sample p o i n t s  (100 
f o r  young schinus  f o r e s t )  20 mo a f t e r  t reatment .  

S i t e  

O l d  sch inus  
f o r e s t  no. 1 

O l d  sch inus  
f o r e s t  no. 2 

Myrica-schinus 
wood land 

Young schinus  
f o r e s t  

Control  

O l d  sch inus  
forest no. 1 

Old sch inus  
forest no. 2 

Myr ica-schinus 
woodland 

Young schinus  
f o r e s t  

Leaf a r e a  index 

Sch inu s Other e x o t i c s  T o t a l  

A f  ter A f t e r  Af t e r  Af te r  Af t e r  A f  ter 
8 months 20 months 8 months 20 months 8 months 20 months 



were herbaceous p l a n t s  ( e s p e c i a l l y  f e r n s ,  on we t t e r  sites) and v ines .  
Some woody shrubs  and trees d i d  co lon ize  gaps,  b u t  t hese  accounted f o r  a 
smal l  p ropor t ion  of t h e  t o t a l  understory LAI. 

Larger-scale  Study 

The e f f e c t  of  k i l l i n g  mature female sch inus  t r e e s  on canopy s t r u c t u r e  
and composition is summarized i n  3 s e r i e s  of  l e a f  a r ea  index ( L A I )  
p r o f i l e s ,  Figs .  33 through 35. Overstory t rea tment  decreased t o t a l  LA1 
by 10 w e e k s  a f t e r  he rb i c ide  a p p l i c a t i o n ,  but  by 33 weeks  a f t e r  t rea tment  
t h e  form and l e a f  a r ea  o f  the  t r e a t e d  canopies  were w e l l  on the  way t o  
complete recovery. The c a n o w  schinus  p r e s e n t  a f t e r  t reatment .were male 
t r e e s .  Their crowns increased i n  diameter t o  f i l l  t he  gaps r e s u l t i n g  
from t h e  dea th  of  l a r g e  females,  and they  helped shade t h e  f o r e s t  
f l o o r .  Only i n  t he  Myrica-schinus woodland, where t h e r e  were more t r e e s  
of  Myrica c e r i f e r a  than of  sch inus ,  d i d  t h e  importance of  sch inus  de- 
c r e a s e  i n  t h e  canopy fol lowing t rea tment .  The Myrica responded w e l l  t o  
gap c r e a t i o n ,  and produced much new l e a f  t i s s u e ,  e s p e c i a l l y  i n  t h e  
h e i g h t  i n t e r v a l  o f  6 to 7 m. Treatment o f  t he  unders tory  wi th  he rb i c ide  
was e f f e c t i v e  i n  reducing t h e  abundance of schinus  seed l ings  on a l l  
s i t e s ,  and t h e r e  was l i t t l e  sch inus  r eco lon iza t ion  because t h e  ove r s to ry  
females were k i l l e d  . 
On no site d i d  sch inus  c o n s t i t u t e  measurable amounts o f  unders tory  LA1 
fol lowing understory t rea tment ,  even a s  long a s  7.5 m o  a f t e r  he rb i c ide  
a p p l i c a t i o n  (Table 21).  Furthermore, t h e  a t tempt  t o  d i r e c t  h e r b i c i d e s  
toward sch inus  and away from na t ive  p l a n t s  was p a r t i a l l y  succes s fu l .  
Although t o t a l  LA1 o f  p l a n t s  o the r  than sch inus  decreased fol lowing 
unders tory  t rea tment  (presumably due to unavoidable spraying of  some 
n a t i v e  s p e c i e s ) ,  it l a t e r  increased and approached pre- t reatment  l e v e l s  
(Table 21) . This  was due, i n  p a r t ,  t o  t h e  f l u s h  of .  unders tory  growth 
t h a t  accompanied opening of  t he  canopy. 

The understory vege ta t ion  i n  o l d  sch inus  f o r e s t  no. 1 and i n  t h e  young 
sch inus  f o r e s t  contained nea r ly  3 t i m e s  more s p e c i e s  than t h e  unders tory  
of  t h e  Myrica-schinus woodland (Tables  22 through 24).  Schinus seed- 
l i n g s  were ' p r e s e n t  before  and a f t e r  t rea tment ,  both i n  p l o t s  whose 
unders tory  was sprayed with h e r b i c i d e s  and i n  c o n t r o l  (unsprayed) 
p l o t s .  However, t he  r e l a t i v e  abundance o f  sch inus  seed l ings  was reduced 
by understory t reatment .  Spec ies  app l i ed  a s  p a r t  o f  t h e  propagule 
package a l s o  showed up i n  t he  unders tory  vegeta t ion .  However, it was 
impossible t o  determine whether t h e s e  p l a n t s  r e s u l t e d  from seed added by 
t h e  i n v e s t i g a t o r s  o r  from n a t u r a l l y  occurr ing  seed,  a s  a l l  s p e c i e s  
app l i ed  a r e  n a t i v e  to t h e  a rea  and q u i t e  common. Germination t e s t s  of  
s eeds  added gave very  low germination percentages ,  i n d i c a t i n g  t h a t  much 
o f  t h e  seed added may have been inv iab le .  Furthermore, many of  t h e  
s p e c i e s  may have seeds  with a dormancy requirement and t h e  germination 
of  o t h e r s  might be enhanced by ac id  or mechanical s c a r i f i c a t i o n ,  a s  
descr ibed  i n  t he  s e c t i o n  on GERMINATION. Woody p l a n t s  t h a t  were p re sen t  
i n  t h e  unders tory  fol lowing t reatment  included Persea  borbonia,  Psycho- 
t r i a  spp., I l e x  c a s s i n e ,  Myrsine f l o r i d a n a ,  and Myrica c e r i f e r a .  One - 
woody e x o t i c  s p e c i e s ,  Ard i s i a  solanacea,  was about  e q u a l l y  abundant 
before  and  a f t e r  t rea tment ,  b u t  the  abundance o f  another ,  Psidium gua- 
java, was decreased by t rea tment  o f  t h e  understory.  



PRE-TREATMENT 

AFTER 33 WEEKS AFTER 10 WEEKS 

Fig.  33.  Changes i n  v e r t i c a l  d i s t r ibut ion  o f  l e a f  area index (LAI) a f t e r  4 herbicide treatments i n  o l d  schinus 
f o r e s t  no. 1. Cross hatching represents schinus f o l i a g e .  Male schinus t r e e s  were not k i l l e d  a s  part  o f  
overstory treatment. The pre-treatment graph is a mean o f  8 t rees ;  o thers  are means o f  2 t r e e s .  
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Fig. 34. Changes i n  v e r t i c a l  d i s t r i b u t i o n  o f  l e a f  a r e a  index (LAI)  a f t e r  4 h e r b i c i d e  t rea tments  i n  t h e  
young sch inus  f o r e s t .  Cross hatching r ep re sen t s  sch inus  f o l i a g e .  Male sch inus  t r e e s  were no t  
k i l l e d  a s  p a r t  of  o v e r s t o r y  t rea tment .  The pre- t reatment  graph is a mean of  8 t r e e s ;  o t h e r s  a r e  
means of  2 t r e e s .  w I-' 
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Fig. 35. Changes i n  v e r t i c a l  d i s t r i b u t i o n  of l ea f  a r e a  index (LAI) a f t e r  4 he rb i c ide  t rea tments  i n  t h e  
Myrica-schinus woodland. Cross hatching r ep resen t s  sch inus  f o l i a g e .  Male schinus  t r e e s  were no t  
k i l l e d  a s  p a r t  o f  ove r s to ry  t rea tment .  The pre- t reatment  graph is a mean of  8 t r e e s ;  o t h e r s  a r e  
means o f  2 t r e e s .  



Table 21. Understory ( < 0 . 5  m t a l l )  l e a f  area index before  and a f t e r  he rb i c ide  a p p l i c a t i o n  i n  3 schinus- 
dominated f o r e s t s .  Each va lue  is a mean o f  25 measurements. 

Schinus Others  

2 .5  months 7.5 months 2.5 months 7.5 months 
Overstory Before a f t e r  a f t e r  Before a f t e r  a f t e r  

tree Understory Seeds t rea tment  t rea tment  t rea tment  t rea tment  t rea tment  t rea tment  

OLD SCHINUS FOREST NO. 1 

Female Ki l l ed  
( k i l l e d )  

Added 
N o t  added 

N o t  k i l l e d  Added 
N o t  added 

Male Ki l led  Added 
(not  k i l l e d )  Not added 

N o t  k i l l e d  Added 
N o t  added 

YOUNG SCHINUS FOREST 

Female 
( k i l l e d )  

Ki l led  Added 
N o t  added 

Not k i l l e d  Added 
N o t  added 

Male Ki l led  
(not  k i l l e d )  

Added 
N o t  added 

N o t  k i l l e d  Added 
N o t  added 



Table 21. Continued. 

Others Schinus 

2.5 months 7.5 months 
overs tory  Before a f t e r  a£ t e r  

tree Understory Seeds t reatment  t reatment  t reatment  

2.5 months 7.5 months 
Before a£  ter a£ ter 

treatment  t reatment  t reatment  

MYRICA-SCHINUS WOODLAND 

Added 
Not added 

Female 
( k i l l e d )  

Ki l led  

N o t  k i l l e d  Added 
N o t  added 

Male Ki l led  
(not  k i l l e d )  

Added 
N o t  added 

N o t  k i l l e d  Added 
N o t  added 
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I 
Unders tory (<l m t a l l )  s p e c i e s  composi t ion and abundance be fo r e  and 
a f t e r  h e r b i c i d e  a p p l i c a t i o n ,  o l d  s c h i n u s  f o r e s t  no. 1. Values  i n  % 

b 
pa ren the se s  are s e e d l i n g s  wi th  co ty ledons .  A s t e r i s k  i n d i c a t  s s p e c i e s  . S inc luded  i n  p ropagule  package. Values  are means o f  4, 2.5 m p l o t s .  

Tab le  22. 

2 Abundance (no./m ) 

Unders tory t r e a t e d  Unders tory n o t  t r e a t e d  

3 mo 2 mo 3 mo 2 mo 
b e f o r e  a f t e r  b e f o r e  a f t e r  

Spec i e s  t r e a tmen t  t r e a tmen t  t r e a tmen t  t r e a tmen t  

1. Schinus  t e r e b i n t h  i f o l i u s  

2. *Bacchar is  spp. 

3. *Persea  borbonia  

4. *Myrs i n e  f lor idana 

5. Ampelopsis a rbo rea  1.6 

6. Parthenocissusquinquefolia 4.3 

7. Psidium gua java  3.6 

8. P s y c h o t r i a  s u l z n e r i  
(or P. nervosa)  4.2 

9. A r d i s i a  so lanacea  1.4 

10. Panicum joorii 2.8 

11. *Psychotr ia  l i g u s t r  i f o l i a  

12. T h e l y p t e r i s  k u n t h i i  

13. * I l e x  c a s s i n e  

14. Unknown # 40 

15. Toxicodendron r a d i c a n s  

16. S a l i x  c a r o l i n i a n a  

17. V i t i s  r o t u n d i f o l i a  

18. Rhus r a d i c a n s  

19.  Unknown g r a s s  853 

20. Boehmeria c y l i n d r i c a  

21. Hyp t i s  a lata  

22. C i s s u s  s i s s y o i d e s  

23. Vigna l u t e o l a  

24. V i c i a  a c u t i f o l i a  



Table 22. Continued. 

2 Abundance (no./m ) 
--- -- 

Understory treated Understory not treated 

3 mo 2 mo 3 mo 2 mo 
before a£ ter before after 

Species treatment treatment treatment treatment 

25. Unknown grass # 43 0.4 

26. Quercus virginiana 

27.  Galium obtusum 

28. Mikania scandens 

29. Zeuxine strateumatica 

30. Verbena scabra 

31. Unknown # 41 

32. Hypericum sp. 

33. Unknown # 49 

34. Eulophia alta (?) 

35. Erechtites hieracifolia 



Table  23. Unders tory (<l m t a l l )  s p e c i e s  composi t ion and abundance be fo r e  and 
after h e r b i c i d e  a p p l i c a t i o n ,  young s c h i n u s  f o r e s t .  Values  i n  
pa r en the se s  a r e  s e e d l i n g s  w i th  co ty ledons .  A s t e r i s k  i n d i c a t e s  s p e c i e s  

2 inc luded  i n  p ropagule  package. Values  are means o f  4 ,  2.5 m p l o t s .  

2 Abundance (no./m ) 

Unders tory treated Unders tory n o t  t r e a t e d  

3 m o  2 m o  3 m o  2 m o  
b e f o r e  a f t e r  be fo r e  a f t e r  

t r e a tmen t  t r e a tmen t  t r e a tmen t  t r e a tmen t  Spec i e s  

1. Schinus  t e r e b i n t h i f o l i u s  

2. *Bacchar is spp. 

3. Galium obtusum 

4.  T h e l y p t e r i s  k u n t h i i  

5. Hydrocot le  umbel la ta  

6. Boehmeria c y l i n d r i c a  

7. B o r r e r i a  l a e v i s  

8. Andropoqon q lomera tus  

9. Eupatorium coe les t inum 

10. *Myrica cer i f e r a  

11. Mikania scandens 

12. Vigna l u t e o l a  

13.  Unknown #68 

14. S i d a  a c u t a  0.2 

15.  Pa r t henoc i s su s  q u i n q u e f o l i a  

16. Eustachys q l auca  

17. Lysiloma bahamense 

18. Ludwigia microcarpa 

19. Melo thr ia  pendula  

20. So l i dago  str  icta 

21. V i t i s  r o t u n d i f o l i a  

22. E r e c h t i t e s  h i e r a c i f o l i a  

23. Verbena s c a b r a  



Table 23. Continued. 

2 Abundance (no ./m ) 

Understory treated Understory not treated  

3 m o  2 m o  3 m o  2 m o  
before a f t e r  be£ ore a£ t er  

Spec ies  treatment treatment treatment treatment 

24. Unknown grass  #70 0 . 5  

25. *Ludwigia peruviana 

26. Mecardonia vandel l io ides  

27. Vic ia  a c u t i f o l i a  

28. *Persea borbonia 

29. Unknown #69 (sedge?) 

31. Cynanchum scoparium 

32. Sporobolus sp .  

33. Cynoc tonum m i  t r  eo la  

34. *Ludwigia oc tova lv i s  (?) 



Table 24. Understory ( < 1 m t a l l )  spec i e s  composition and abundance be fo re  and 
a f t e r  he rb i c ide  a p p l i c a t i o n ,  Myrica-schinus woodland. Values i n  
parentheses  a r e  s eed l ings  with cotyledons.  As te r i sk  i n d i c a t  s s p e c i e s  S included i n  propagule package. Values a r e  means of  4, 2.5 m p l o t s .  

2 Abundance (no./m ) 

Understory t r e a t e d  Understory not  t r e a t e d  

be fo re  a f t e r  
t rea tment  t rea tment  

be f o r e  
t rea tment  

a f t e r  
t rea tment  Species  

1. Schinus t e r e b i n t h i f o l i u s  

2. Mor inda royoc 

3. *Myrica c e r i f e r a  

4. *Tetrazygia b i co lo r  

5. *Myrs ine  £ lor  idana 

6. Unknown 972 

7. *Bacchar is spp. 

8. Chiococca parv  i f o l i a  

9. Par thenocissus  quinquefo l ia  

10. Oxal i s  s t r i c t a  

11. V i t i s  r o t u n d i f o l i a  

12. Unknown 873 

13. Unknown #74 (monocot) 



Understory t rea tment  with he rb i c ides  d i d  not  s i g n i f i c a n t l y  reduce t h e  
abundance of  t r e e s  and shrubs  > I  m t a l l  beneath canopy-height female 
sch inus  t r e e s  (Tables  25 through 27) .  This  is important because it is 
these  p l a n t s ,  more than the  herbs  and v ines  o f  t he  lower unders tory ,  
t h a t  a r e  l i k e l y  t o  cap tu re  t h e  gap c rea t ed  by t h e  death of  canopy 
t r e e s .  Schinus was an important unders tory  shrub on a l l  3 s i t e s ,  and 
can be expected to be important i n  gap capture .  Undoubtedly many of 
these  sch inus  bushes w i l l  be females ( a n t i c i p a t e d  SO%), s o  s tand  conver- 
s ion  w i l l  r equ i r e  a t  l e a s t  2 t rea tments  of female t r e e s ,  and poss ib ly  
more. On former g lade  sites Myrsine f l o r i d a n a  and Baccharis  spp. a r e  
important shrubs,  while  Myrica c e r i f e r a  is t h e  most abundant shrub on 
t h e  former p ine  s i t e .  The f a c t  t h a t  Myrica is a l l e l o p a t h i c  t o  sch inus  
(Dunevitz and Ewe1 1980) may f a c i l i t a t e  t h e  conversion of schinus-domi- 
nated f o r e s t s  on former p ine  sites t o  woodlands dominated by Myrica and 
o ther  s p e c i e s  c h a r a c t e r i s t i c  o f  p ine lands ,  such a s  Guet tarda scabra  and 
Tet razygia  b i co lo r .  However, no p ines  were observed i n  s tudy p l o t s  on 
former p ine land ,  even though t h e  nea re s t  p ine  seed source was <200 m 
away. 

Matr ic ide  seems t o  o f f e r  one promising method of  sch inus  s tand  conver- 
s ion.  It is not  a dramatic  technique. Nor is it extremely d i s r u p t i v e  
of  the  community being converted.  It  has been shown t o  reduce the  
reproduct ive p o t e n t i a l  o f  sch inus  on t h e  l o c a l  level. ,  and it seems 
obvious t h a t  it w i l l  a l s o  reduce the  p o t e n t i a l  f o r  sch inus  invasion i n t o  
surrounding ecosystems. However, it must be done c a r e f u l l y  t o  a s s u r e  
t h a t  ove r s to ry  females a r e  k i l l e d  and t h a t  unders tory  sch inus  do not  
cap tu re  t h e  gaps c rea t ed  by t h e  death of  ove r s to ry  t r e e s .  Furthermore, 
more than 1 t rea tment  w i l l  be requi red  t o  conver t  a f o r e s t ,  and it is 
not  a technique designed t o  e l i m i n a t e  sch inus ,  bu t  only t o  g radua l ly  
reduce its dominance. The d a t a  i n d i c a t e  t h a t  canopy-he i g h t  male sch inus  
t r e e s  should not  be k i l l e d ,  a s  t h e i r  shade i n h i b i t s  growth of  unders tory  
sch inus  seed l ings .  I f  t he  technique is succes s fu l ,  t he se  canopy-he i g h t  
male t r e e s  w i l l  even tua l ly  be replaced through n a t u r a l  a t t r i t i o n  by 
n a t i v e  s p e c i e s  with s i m i l a r  s i t e  requirements.  

SmD MOVEMENTS AND SOIL SEED BANKS 

I n  a d d i t i o n  t o  research  t h a t  emphasized sch inus ,  s t u d i e s  were a l s o  
conducted t o  determine t h e  amounts and composition of  seed flows among, 
and seed s t o r a g e s  wi th in ,  both mature and succes s iona l  ecosystems i n  t he  
study area .  S tud ie s  of  seed f l u x e s  and s o i l  seed s to rage  were thought 
t o  be important a s  p a r t  o f  the  p re sen t  s tudy f o r  2 reasons.  F i r s t ,  they 
t e l l  us  what spec i e s  a r e  p o t e n t i a l l y  emigrat ing o u t  of  weed- and exo t i c -  
laden succes s iona l  ecosystems i n t o  surrounding mature communities. 
Second, vege ta t ion  change toward a more mature community can occur only 
i f  seeds  g e t  from the  mature ecosystems i n t o  the  succes s iona l  vegeta- 
t i on .  Even i f  t h e  environmental cond i t i ons  on re leased  farmland a r e  
amenable t o  r eco lon iza t ion  by the  o r i g i n a l  f l o r a ,  t h i s  r eco lon iza t ion  
cannot occur un le s s  t h e  necessary seeds  reach the  s i t e s .  

Seed d i s p e r s a l  is the  main means by which non-mobile p l a n t s  g e t  from one 
p lace  t o  another .  Some d ispersed  seeds germinate ,  some d i e  and decay, 
some a r e  consumed by animals and microbes, and some accumulate i n  t he  
s o i l  a s  a l i v i n g  seed bank. Seeds of some spec i e s  a r e  very sho r t - l i ved  



Table 25. Shrubs and trees ( > 1 m t a l l )  beneath schinus trees, before and after  
understory herbicide application, old schinus forest no. 1. Values are 

2 means of 4 ,  2.5 m plots. 

Species 

2 Abundance (no ./m ) 

Understory treated Understory not treated 

3 mo 2 m 3 mo 2 mo 
before a£ ter be£ ore after  

treatment treatment treatment treatment 

Schinus terebinthif olius 

Myr sine f lor idana 

Bacchar is spp . 
Ilex cassine 

C i s s u s  sissyoides 

Ard i sia salanacea 

Per sea bor bon ia 

Myrica cer i fe ra  

Ampelopsis arborea 

Toxicodendron radicans 



Table 26. Shrubs and trees ( > l  m t a l l )  beneath schinus trees, before and after  
understory herbicide application, young schinus forest. Values are 

2 means of 4 ,  2.5 m plots. 

2 Abundance (no . /m ) 

Understory treated Understory not treated 

Species 

3 mo 2 mo 
bef ore after 

treatment treatment 

3 mo 2 m o  
before after  

treatment treatment 

1. Schinus terebinthifolius 

2. Baccharis spp. 

3 .  Vitis rotundifolia 

4. Myrica cerifera 

5. Sarcostemma clausa 

6. Vigna luteola 

7. Mikania scandens 

8. Persea borbonia 



Table  27. Shrubs and trees (>l m t a l l )  beneath  s ch inus  trees, b e f o r e  and after  
unde r s to ry  h e r b i c i d e  a p p l i c a t i o n ,  Myrica-schinus woodland. Values  are 

2 means o f  4,  2.5 m p l o t s .  

Abundance (no. /mz) 

Unders tory t r e a t e d  Unders tory n o t  t r e a t e d  

3 mo 2 mo 3 m o  2 m o  
be fo r e  a f t e r  be£ o r e  a f t e r  

Spec i e s  t r e a tmen t  t r e a tmen t  t r e a t m e n t  t r e a tmen t  

L 1. Myrsine f l o r  idana 0.1 0.0 0.1 0.0 

2. Morinda royoc 0.0 0.0 0.1 0.0 

3. Te t r azyg i a  b i c o l o r  0.0 0.0 0.1 0.1 

4. Sch inus  t e r e b i n t h i f o l i u s  0.1 0.1 0.0 0.0 

5. Myrica c e r i f e r a  0.3 0.2 0.0 0.1 



once t h e y  reach  t h e  soil,  w h i l e  o t h e r s  can s u r v i v e  f o r  y e a r s .  The 
movement and s o i l  s t o r a g e  o f  seeds a r e  major f a c t o r s  i n  de te rmin ing  t h e  
c o u r s e  o f  s u c c e s s i o n .  

Methods -- 
Seed Trapping 

The seed t r a p p i n g  t echn ique  c o n s i s t e d  o f  p l a c i n g  10 t r a p s  i n  each eco- 
system ( 8  on some d a t e s  i n  t h e  1973 s u c c e s s i o n ) .  To a s s u r e  c a p t u r e  of 
immigrat ing s e e d s ,  t h e  t r a p s  were c o n c e n t r a t e d  near  community boundar ies  
i n  a l l  c a s e s  e x c e p t  t h e  c o n t r o l  t r e a t m e n t s  o f  t h e  8 Hilsenbeck succes -  
s i o n  p l o t s ,  where 1 t r a p  was p l a c e d  i n  each p l o t .  On a l l  o t h e r  s i t e s  
t h e  t r a p s  were l o c a t e d  inward from t h e  ecosystem boundary a t  t h e  follow- 
ing  d i s t a n c e s :  1, 2 ,  4 ,  8 ,  16 ,  32,  6 4 ,  154,  and 199 m. 

Each seed  t r a p  was a 0.168 mL g a l v a n i z e d  m e t a l  greenhouse t r a y  c o n t a i n -  
ing  v e r m i c u l i t e  covered w i t h  3-7 c m  o f  s o i l .  The s o i l  was rock-plowed 
m a r l  g a t h e r e d  from t h e  s t u d y  a r e a ,  and was s t e r i l i z e d  a t  l o o 0  C f o r  4 h 
b e f o r e  use .  The t r a p s  were covered w i t h  dense-weave nylon c l o t h  d u r i n g  
t r a n s p o r t  t o  avoid  con tamina t ion  by o t h e r  s e e d s .  Shallow d e p r e s s i o n s  
were dug a t  each seed t r a p  l o c a t i o n  so t h a t  t h e  upper s u r f a c e  of t h e  
t r a p  was o n l y  s l i g h t l y  h i g h e r  t h a n  t h e  su r rounding  s o i l  s u r f a c e .  During 
t h e  w e t  s eason  some t r a p s  were f l o o d e d ,  a s  was t h e  s o i l  around them. 

Af te r  a p e r i o d  i n  t h e  f i e l d  ( u s u a l l y  30 days ,  b u t  see Fig .  361, t h e  seed 
t r a p s  were covered and t r a n s p o r t e d  t o  a seed- f ree  shadehouse (60% shade  
c l o t h )  , t h e n  uncovered.  A t  t h i s  t i m e  3 c o n t r o l  t r a p s  (p repared  a t  t h e  
same t i m e ,  b u t  never p laced  i n  t h e  f i e l d )  were a l s o  uncovered i n  t h e  
shadehouse t o  check f o r  p o s s i b l e  seed  c o n t a n i n a t i o n ,  e i t h e r  because  
s e e d s  p e n e t r a t e d  t h e  shadehouse o r  because t h e  s t e r  il i z a t i o n  procedure  
d i d  n o t  k i l l  a l l  seeds i n  t h e  s o i l .  A l l  f l a t s  were k e p t  w e l l  wa te red  
( r a i n w a t e r  o r  s tudy-area  w e l l  w a t e r )  , and s e e d l i n g s  t h a t  germinated were 
counted and i d e n t i f i e d .  u n i d e n t i f i a b l e  s e e d l i n g s  were t r a n s p l a n t e d  i n t o  
p o t s  and grown u n t i l  t h e y  reached a s t a g e  when i d e n t i f i c a t i o n  was p o s s i -  
b l e .  

T h i s  seed  t r a p p i n g  t echn ique  measures o n l y  t h e  i n p u t  o f  v i a b l e  s e e d s  
t h a t  ge rmina te  w h i l e  t h e  t r a p  is i n  t h e  f i e l d  o r  d u r i n g  t h e  i n t e r v a l  
( u s u a l l y  4 m o ,  b u t  range o f  1 t o  5) w h i l e  t h e  t r a p  is i n  t h e  shade- 
house.  It does  n o t  measure i n p u t  o f  nonviab le  seed  nor s e e d s  whose 
g e r m i n a t i o n  is long de layed .  Mowever, a p r e v i o u s  s t u d y  (Ewe1 and Conde 
1979) i n  t h e  same a r e a  i n d i c a t e d  t h a t  most s e e d s  and s p e c i e s  ge rmina ted  
w i t h i n  30 days .  

S o i l  Seed S t o r a g e  

The amount and s p e c i e s  composi t ion o f  t h e  soil seed bank was s t u d i e d  on 
t h e  same s i t e s  where s e e d s  were t r a p p e d ,  p l u s  s e v e r a l  o t h e r s  (F ig .  
3 6 ) .  Samples were taken  a t  randomly s e l e c t e d  l o c a t i o n s .  Usua l ly  4 
(sometimes 5) samples were t aken  per  s i te  a t  each sampling t i m e .  Each 
sample was o b t a i n e d  by d r i v i n g  a sharpened p i p e ,  12.9 c m  i n  d i a m e t e r ,  
i n t o  t h e  s o i l  and removing t h e  s o i l  w i t h i n  t o  a dep th  o f  2-6 c m .  The 
soi l  from each 1.30.7 c m 2  sample was then s p r e a d  over  v e r m i c u l i t e  i n  a 
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Fig. 36. Dates of seed trapping and soil-seed-bank sampling. Rorizontal bars are dates when seed traps 
were in the field. Vertical bars indicate field sampling dates for soil-seed-bank measurement. 



2 13.2 c m  diameter  (= 136.8 c m  ) p o t  and p laced  i n  t h e  seed-f r e e  shade- 
house. The samples were watered r e g u l a r l y ,  and seeds  t h a t  germinated 
were i d e n t i f i e d  and counted. Samples were r e t a i n e d  i n  t h e  shadehouse 
f o r  an average o f  4 mo. 

Impact o f  Pineland Burn 

The p ine land  s tudy  s i te  was sub jec t ed  to a p re sc r ibed  burn on 29 Nov. 
1979, whi le  a set o f  seed t r a p s  was i n  t h e  f i e l d .  The t r a p s  had been 
t h e r e  s i n c e  15  Nov. and were removed 12 Dec. To e v a l u a t e  t h e  impact o f  
t h e  burn on seed f l u x e s ,  a set o f  10  t r a p s  was re turned  to t h e  p ine land  
s i t e  on 1 3  PC. and removed 16 Jan.  Also, on 7 Dec. ,  20 soi l  samples,  
o f  130.7 c m  each, were taken to a s s e s s  t h e  impact o f  t h e  f i r e  on t h e  
soi l  seed bank. The r e s u l t s  ob ta ined  wi th  those  samples were compared 
with t hose  from t h e  4 samples t h a t  had been harves ted  t h e  morning be fo re  
t h e  burn . 
Resu l t s  

Seed Trapping 

There was cons ide rab l e  v a r i a b i l i t y  i n  t h e  numbers of  germinable s eeds  
t rapped and i n  t h e  number o f  s p e c i e s  t rapped,  both among sites and among 
seasons  a t  t h e  same s i te  (Fig.  37) .  There were, however, c o n s i s t e n t  
t r e n d s  among groups o f  ecosystems. The mature communities (g l ade ,  
p ine l and ,  and hammock) tended t o  have lower amounts o f  seed r a i n  (usual-  
l y  <40  seeds  * mm2 * day-'), and t h e i r  t r a p s  seldom captured  >20 s p e c i e s  
du r ing  any given t rapping  i n t e r v a l .  The intermediate-aged f o r e s t s  ( o l d  
s ch inus  f o r e s t ,  Myr ica-schinus woodland, and young sch inus  f o r e s t )  had 
c o n s i s t e n t l y  higher  seed r a i n  than the  mature communities. Their  seed 
r a i n s  contained more s p e c i e s ,  a s  w e l l :  f r e q u e n t l y  >20  s p e c i e s  per  
t r app ing  i n t e r v a l .  The g r e a t e s t  amounts o f  s eeds ,  a s  w e l l  a s  t he  most 
d i v e r s e  seed f l o r a s ,  were t rapped i n  t h e  2 young s u c c e s s i o n a l  ve e t a -  9 t i o n s .  Seed r a i n s  t h e r e  were r e g u l a r l y  > l o 0  v i a b l e  s eeds  per  m per  
day. The Nov.-Dec., 1979 t rapping  i n t e r v a l  r e s u l t e d  i n  t h e  cap tu re  of  

2 about  300 and 500 seeds  per m per  day i n  t h e  1975 and 1973 succes s ions ,  
r e spec t ive ly .  

The seed r a i n  d a t a  (Fig.  37) n i c e l y  confirm the  g e n e r a l i z a t i o n  t h a t  
s p e c i e s  c h a r a c t e r i s t i c  o f  young succes s iona l  vege t a t i on  make g r e a t  
investments  i n  reproduct ion .  Vast numbers o f  propagules  , of  many 
species, were produced throughout  t h e  yea r .  A s  t h e  succes s iona l  ecosys- 
tems i n  t he  s tudy  a r e a  age they can be expected to be less prodig ious  
producers  o f  s eeds ,  and t h e r e f o r e  less l i k e l y  to pose a s  s t rong  a t h r e a t  
o f  mature-community invasion a s  they do now. However, s u c c e s s i o n a l  
s p e c i e s  a r e  no to r ious ly  . respons ive ,  and t h e i r  popu la t i ons  can be ex- 
pec ted  to burgeon fol lowing ecosystem d i s tu rbance .  

The f l o r a  o f  t h e  s tudy a r ea  is l i k e  t h a t  o f  many moist t r o p i c a l  and 
s u b t r o p i c a l  * r eg ions  i n  t h a t  it produces seeds  during a l l  seasons.  The 
one t i m e  t h a t  t h e r e  is a p r e d i c t a b l e  d i p  i n  t h e  seed r a i n  a t  most si tes 
is mid-winter. S i t e  c o n d i t i o n s  may be amenable to c o l o n i z a t i o n  a t  t h a t  
time, but  t h e  decrease  i n  seed ou tpu t  may simply r e f l e c t  t h e  f a c t  t h a t  
much o f  South F l o r i d a ' s  f l o r a  is o f  north-temperate o r i g i n ,  and many o f  
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Fig. 37. Number of  spec i e s  and number of  germinable s eeds  t rapped i n  8 s i t e s .  Bar 
width r ep re sen t s  t i m e  t r a p s  were i n  f i e l d .  Shading i n d i c a t e s  weedy spec i e s ;  
open b a r s  a r e  non-weedy spec i e s .  V e r t i c a l  l i n e s  a r e  + 1 standard  devia t ion .  
Most ba r s  on t h e  1975 success ion  graph a r e  d iv ided  v e F t i c a l l y .  The l e f t  h a l f  
a r e  d a t a  from the  1975 success ion  t r a n s e c t ,  and the  r i g h t  h a l f  a r e  d a t a  from 
t h e  1975 success ion  Hilsenbeck p l o t s .  Undivided b a r s  inc lude  d a t a  from t h e  
t r a n s e c t  only.  
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those  s p e c i e s  do no t  d i s p e r s e  seeds  i n  t h e  win te r .  However, mid-winter 
is p r e c i s e l y  t h e  time when sch inus ,  a n a t i v e  o f  t h e  southern  hemisphere, 
d i s p e r s e s  its seeds.  It may be e x p l o i t i n g  a window when most n a t i v e  
s p e c i e s  a r e  n o t  d i s p e r s i n g  seeds ,  and t h e r e f o r e  may succeed i n  cap tu r ing  
si tes where it might no t  o therwise  be compet i t ive .  

Schinus s eeds  were t rapped a s  e a r l y  a s  September and a s  l a t e  a s  May, and 
some sch inus  s eeds  were trapped a t  each s i te  where t r a p s  were l o c a t e d  
(Table  28) . Although most s ch inus  s eeds  were t rapped i n  t he  schinus-  
dominated f o r e s t s ,  a few were captured  i n  t h e  3 mature communities and 
s t i l l  g r e a t e r  numbers were trapped i n  t h e  young succes s iona l  vegeta- 
t i o n s .  More sch inus  s eeds  were t rapped i n  non-schinus-dominated 
vege t a t i on  dur ing  the  1979-1980 f r u i t i n g  season than dur ing  t h e  1978- 
1979 f r u i t i n g  season. This  may r e f l e c t ,  i n  p a r t ,  t h e  l a r g e  f l o c k s  o f  
rob ins  t h a t  moved i n t o  t he  s tudy  a r e a  dur ing  the  win te r  o f  1979-1980, 
compared wi th  t h e  presence  o f  on ly  a few i n d i v i d u a l s  t h e  prev ious  yea r .  

S o i l  Seed Banks 

The seed banks o f  succes s iona l  ecosystems a r e  s u b s t a n t i a l l y  l a r g e r  than 
those  o f  mature communities (Table  29) .  The p ine land  soil  c o n s i s t e n t l y  
y i e lded  t h e  fewest  germinable  s eeds ,  and on 1 occas ion  (Feb. 1979) no 
seeds  germinated from t h e  4 soil  samples taken a t  t h a t  s i te.  The g r e a t -  

2 est  number o f  p l a n t s  produced was 28,000 per  m , from t h e  soi l  o f  t h e  
o l d  s ch inus  f o r e s t  no. 1 i n  J u l y ,  1979. However, 95% o f  those  were 
s p o r l i n g s  o f  t h e  f e r n ,  The lyp te r i s  kun th i i .  I n  Nov., 1979, both t he  
1975 succes@.on and t h e  1978 bulldozed a r e a  y i e lded  > 11,000 germinable  
s e e d s  per mL. Taxa t h a t  con t r ibu t ed  heav i ly  to those  high va lues  inc lu-  
ded Andropogon glomeratus ,  A s t e r  subu la tu s ,  Boehmeria c y l i n d r i c a ,  
B r a c h i a r i a  mutica,  Cynoctonum m i t r e o l a ,  Eupatorium coelest inum, Ludwigia 
o c t o v a l v i s  , Lythrum alatum, Senecio g l a b e l l a ,  and Spermacoce 
assurgens .  On any given d a t e ,  t h e  young succes s iona l  vege t a t i ons  tended 
to have g r e a t e r  soil seed s to rage  than d i d  t h e  o l d e r  s u c c e s s i o n a l  vege- 
t a t i o n .  

The number o f  species i n  t h e  soi l  seed bank ranged from 1 to 29, and t h e  
soil o f  t h e  young succes s iona l  vege t a t i on  y i e lded  more s p e c i e s  than  t h a t  
of  e i t h e r  t he  o l d  succes s iona l  vege t a t i on  or the  mature communities 
(Table 30) .  The seed bank is f l o r i s t i c a l l y  r i c h  a t  a l l  seasons ,  b u t  
t h e r e  tend to be more s p e c i e s  p re sen t  dur ing  l a t e  summer and e a r l y  
autumn than a t  o the r  t imes on most sites. 

Schinus germinated from soil samples taken a s  e a r l y  a s  November and a s  
l a t e  a s  A p r i l  (Table 31).  The soil  o f  every s i t e  y i e lded  some sch inus  
germinat ion,  except  t h e  p ine land ,  t h e  1973 success ion ,  6 o f  t h e  8 H i l -  
senbeck p l o t s  i n  t h e  1975 success ion ,  and t h e  1978 bulldozed a rea .  
There is no evidence t h a t  s ch inus  r e t a i n s  its v i a b i l i t y  f o r  many months 
a f t e r  it reaches t h e  soil  and t h e r e  is probably l i t t l e  l i k e l i h o o d  o f  
s ch inus  germinat ion i n  soils d i s tu rbed  dur ing  t h e  w e t  summer months. 

Impact o f  Pineland Burn 

The p re sc r ibed  burn i n  t he  p ine land  had only  a modest e f f e c t  on t h e  seed 
r a i n ,  which increased  from 131 to 182 seeds  m-2 day-' a f t e r  t h e  



Table 28. Schinus seeds  trapped. Values a r e  i nd iv idua l s  m-2 over per iod  when t r a p s  were i n  f i e l d .  Each va lue  
is a mean from 10 t r a p s  (8  i n  Hilsenbeck p l o t s ;  20 i n  1973 succession p r i o r  to September, 1979, 10 

2 t h e r e a f t e r )  , each 0 .I68 m . ND = no da t a .  

May- Aug- Sept- Nov- Feb- Apri l -  July-  Sept- Nov- Jan- March- May - 
Aug Sept  Nov Jan  March May Aug O c t  Dec Feb A p r i l  June 
1978 1978 1978 1979 1979 1979 1979 1979 1979 1980 1980 1980 ---------- 

MATURE ECOSYSTEMS 

Glade 

Pineland 

Hammock 

OLD SUCCESS IONAL VEGETATION 

Old sch inus  f o r e s t  no. 1 0 

Myrica-schinus woodland 0 

Young schinus  f o r e s t  0 

YOUNG SIlCCESS IONAL VEGETATION 

1973 succession 0 

1975 success ion  

t r a n s e c t  

Hilsenbeck p l o t s  
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Table  29. Number of  s eeds  5ha t  germinated from soil  samples. Values a r e  mean ( s tandard  dev ia t i on )  number of  - 3 
i n d i v i d u a l s  m . A l l  va lues  a r e  based on means o f  4 samples,  each 130.7 cm- ,  wi th  t h e  fol lowing 
except ions .  Hammock means f o r  Feb., June,  and Apr., 1980 were based on 8 samples. Means f o r  a l l  s i tes  
(except  1975 success ion)  f o r  Nov., 1978 were based on 5 samples. The 1975 success ion  va lues  a r e  a 
combined sampling o f  t h e  1975 success ion  t r a n s e c t  p l u s  some o r  a l l  o f  t h e  Hilsenbeck p l o t s  of  t h e  same 
age,  a s  fol lows:  Nov., 1978 = 5 from t r a n s e c t  + 5 each from Hilsenbeck 1, 2, 7 ,  and 8; Feb., 1979 = 5 
from t r a n s e c t  only;  May, 1979 and a l l  d a t e s  t h e r e a f t e r  = 4 from t r a n s e c t  + 4 each from Hilsenbeck 1-8. 
ND = no da t a .  

Pine land 

Hammock 

OLD SUCCESS IONAL VEGETATION 

Old sch inus  f o r e s t  no. 1 337 
(543) 

Old sch inus  f o r e s t  no. 2 3,198 ND 2,506 ND ND 
(3,557) (940) 

Myr ica-sch inus  woodland 367 1,186 
(232) (985) 

Young sch inus  f o r e s t  

YOUNG SUCCESS IONAL VEGETATION 

1973 Succession 

1975 Succession 

1978 Bulldozed a r e a  



Table 30. Number of  s p e c i e s  germinated from soi l  samples. Each va lue  is a 
t o t a l  f 4 samples,  each 130.7 cm2 ( to ta l  a r e a  o f  approximately 5.2% 9 o f  1 m ) except  N o  1978 when 5 samples ( t o t a l  area o f  approxi- 5.1  mately 6.5% o f  1 m ) were taken from each s i te .  ND = no da ta .  

Nov Feb May J u l y  Sept  Nov Feb Apr June 
7 8 79 7 9 79 79 7 9 8 0 80 80 

MATURE ECOSYSTEMS 

Glade 

Pineland 

Hammock, E o f  road 

Hammock, W of road 

OLD SUCCESSIONAL VEGETATION 

Old sch inus  f o r e s t  no. 1 

Old sch inus  f o r e s t  no. 2 

Myrica-schinus woodland 

Young schinus  f o r e s t  

YOUNG SUCCESSIONAL VEGETATION 

1973 Succession 15  15 

1975 Succession 

Transec t 

Hilsenbeck. p l o t  no. 1 

Hilsenbeck p l o t  no. 2 

Hilsenbeck p l o t  no. 3 

Hilsenbeck p l o t  no. 4 

Hilsenbeck p l o t  no. 5 

Hilsenbeck p l o t  no. 6 

Hilsenbeck p l o t  no. 7 

Hilsenbeck p l o t  no. 8 

1978 Bulldozed a rea  

10 10 4 

10 8 10 

7 12 8 

N D N D N D  



Table 31. Germination o f  sch inus  from s o i l  samples. Each va lue  is a mean 
number of i nd iv idua l s  m-2, based on 4 samples ( 5  f o r  Nov., 1978) of  
130.7 c m  each. ND = no da ta .  

MATURE ECOSYSTEMS 

Glade 

Pine land 

Hammock, E of  road 

Hammock, W of  road 

OLD SUCCESSIONAL VEGETATION 

Old sch inus  f o r e s t  no. 1 

Old sch inus  f o r e s t  no. 2 

Myr ica-sch inus  woodland 

Young schinus  f o r e s t  

YOUNG SUCCESSIONAL VEGETATION 

1973 Succession 

1975 Succession 

Transec t 

Hilsenbeck p l o t  no. 1 

Hilsenbeck p l o t  no. 2 

Hilsenbeck p l o t  no. 3 

Hilsenbeck p l o t  no. 4 

Hilsenbeck p l o t  no. 5 

Hilsenbeck p l o t  no. 6 

Hilsenbeck p l o t  no. 7 

Hilsenbeck p l o t  no. 8 

1978 Bulldozed a r e a  

1 
2 Nov Feb May J u l y  Sept  Nov Feb Apr June 

7 8 79 79 7 9 79 7 9 80 80 80 --------- 
,- 



burn (Table 32) .  Some of t h i s  i nc rease  may have been caused by f i r e -  
t r i g g e r e d  d i s p e r s a l .  The most dramat ic  e f f e c t  of  t he  burn was the  - 2 reduct ion  of  t h e  s o i l  seed bank from 421 t o  233 seeds  m . Consider- 
ing t h a t  t he  s o i l  seed bank o f  t he  p ine lands  is the  most depauperate  of  
any s i t e ,  t h i s  impact on s o i l  seeds  may be important i n  governing pos t -  
burn recovery. The inc rease  i n  post-burn seed-bank spec i e s  r i chness  
(from 9 t o  18  spec i e s )  r e f l e c t s  t h e  g r e a t e r  a r ea  of  s o i l  sampled a f t e r  
t h e  burn than  before.  

Seed F l o r i s t i c s  

The spec i e s  germinated from t r a p s  o r  from s o i l  samples a r e  enumerated, 
by site, i n  Table 33. The number of  taxa  (182) enumerated i n  Table 33 
is an underest imate of  the  a c t u a l  number because some s p e c i e s  (e.g. 
Bacchar is g lomerul i£  l o r a  and B. h a l i m i f o l i a )  a r e  i n d i s t i n g u i s h a b l e  a s  
young s e e d l i n g s ,  so  they a r e  combined i n  t he  t a b l e .  I n  a d d i t i o n ,  t h e  
s e e d - t r a p s  and s o i l  samples y i e lded  some 30 u n i d e n t i f i e d  t axa ,  and t h e s e  
were not  included i n  Table 33. Weedy s p e c i e s  tend t o  f i n d  t h e i r  way 
i n t o  a l l  s i t e s ,  whereas spec i e s  c h a r a c t e r i s t i c  of  t h e  mature communities 
a r e  not  r e a d i l y  d ispersed .  Most woody spec i e s  c h a r a c t e r i s t i c  of  t h e  
hammock, f o r  example, were not  found i n  t r a p s  o r  soil from o the r  commu- 
n i t i e s .  The same was t r u e  of  c h a r a c t e r i s t i c  g lade  s p e c i e s  and pineland 
endemics. The p o t e n t i a l  f o r  invasion of  succes s iona l  spec i e s  i n t o  
mature communities is f a r  g r e a t e r  than is the  prospec t  of  r eco lon iza t ion  
of succes s iona l  lands  by mature-ecosystem spec ie s .  The seeds  of sch inus  
a r e  a s  ub iqu i tous  a s  those of  any o the r  t r e e  spec i e s  encountered. 

CONCLUSIONS 

1. Schinus f lowers  a t  the  same time--peaking i n  October--year a f t e r  
year ,  and a l l  t r e e s  flower synchronously. About 10% o f  t h e  t r e e s  
flower a second time, i n  April-May. About 1% o f  the  trees never 
f lower,  but  another  1% bear male f lowers  and f r u i t s .  Schinus is 
i n s e c t  p o l l i n a t e d ,  and the  main p o l l i n a t o r  is a syrphid  f l y ,  
Palpada vinetorum. F r u i t  s e t  is h igh;  about  35% of  t h e  female 
f lowers  produce f r u i t s .  

2. Most sch inus  f r u i t s  r ipen  Dec.-Feb. Its seeds  a r e  d i spe r sed  by 
animals ,  but  some d i s p e r s a l  is by g r a v i t y  and some is by water .  
Opossums, raccoons, c a t b i r d s ,  and robins  d i s p e r s e  schinus.  Of 
these ,  rob ins  a r e  t h e  most important d i s p e r s a l  agent ,  bu t  l a r g e  
f l o c k s  of  robins  do no t  v i s i t  the  s tudy a rea  each year .  Schinus 
seed d i s p e r s a l  is patchy,  no t  uniform. There is year-round produc- 
t i o n  o f  s eeds  of many s p e c i e s  o t h e r  than sch inus  i n  t he  s tudy  a r e a ,  
but  seed product ion d e c l i n e s  i n  mid-winter. This  is p r e c i s e l y  t h e  
t i m e  when the  seeds  of  s ch inus  ( a  southern hemisphere spec i e s )  a r e  
d i spe r sed ,  so schinus  may be e x p l o i t i n g  a co lon iza t ion  time when 
t h e r e  is l i t t l e  competi t ion from n a t i v e  spec i e s .  Schinus g e t s  
d i spe r sed  t o  a l l  sites i n  t h e  study a rea ,  and its seeds  a r e  moved as 
f a r  and a s  abundantly a s  those  of  any o the r  t r e e  s p e c i e s  s tud ied .  

3. The v i a b i l i t y  of  sch inus  seed is 30 t o  60%. Schinus germinat ion is 
enhanced by s c a r i f i c a t i o n  with d i l u t e  a c i d ,  analogous t o  the  condi- 
t i o n s  t h a t  might c h a r a c t e r i z e  t h e  d i g e s t i v e  t r a c t  of some of  i ts  



Table 32. Impact of  p re sc r ibed  pineland b rn on seed r a i n  and s o i l  seed bank. 
Seed bank samples were 130.7 cmY; 4 were taken before  burn and 20 
a f t e r .  Seed were t rapped i n  10 t r a y s  before  and a f t e r  burn; each E was 1,683 c m  . 

Andropogon glomeratus 

Bacchar is spp. 

Blechum brownei 

Brach ia r i a  mutica 

Chamaesyce h i  r t a  

Chamaesyce hyper i c i f o l i a  

Chamaesyce pinetorum 

Conyza canadensis  

Cynoctonum mi t r eo la  

Dyschor iste oblong i f  o l i a  

E r e c h t i t e s  h i e r a c i f o l i a  

Erigeron q u e r c i f o l i u s  

Eupatorium c a p i l l i f o l i u m  

Eupatorium coelest inum 

Eupator ium l e p  tophyllum 

Ficus  sp. 

Launea i tybacea  

Lepidium virginicum 

Ludwiqia oc tova lv i s  

Ludwigia peruviana 

Lythrum alatum 

Mikania scandens 

Morinda royoc 

Myrica c e r  i f e r a  

Oxal i s  s t r i c t a  

Paspalum setaceum 

Seeds trapped S o i l  seed bank 
(no. me2 30 day-') (no. m'2) 

Bef ore/during/ 
a f t e r  burn Af ter  burn Before burn Af ter  burn 

1.3 

46.2 1.6 

7.9 



Tab le  32. Continued. 

Seeds  t rapped  S o i l  s eed  bank 
(no. m-2 30 day-') (no. m - 5  

Before/dur ing /  
a f t e r  burn A f t e r  burn Before  burn A f t e r  burn 

27. Phy l l an thus  c a r o l i n i e n s i s  26.8 

28. Pityrogramma t r  i f o l i a t a  73.3 

29. Pluchea odo ra t a  

30. P o i n s e t t i a  pinetorum 

31. P o r t u l a c a  oleracea 

32. P t e r  is v i t t a t a  

33. Rhus c o p a l l i n a  

34. S a l i x  c a r o l i n i a n a  

35. Schinus  t e r e b i n t h i f o l i u s  

36. Senec io  q l a b e l l u s  

37. Sesban ia  macrocarpa 

38. S e t a r i a  q e n i c u l a t a  

39. Solanum americanum 

40. Sonchus o l e r a c e u s  

41. The lyp te r  is k u n t h i i  

42. Typha sp .  

43. Youngia j aponica  

44. Unknown 8681 

T o t a l  

Number o f  s p e c i e s  



Table 33. Plant species germinated from seed traps (T) or soil samples (S) in I1 plant communities. In addition to 
the 181 taxa enumerated, there were 30 unidentified types. Taxa preceded by W are weedy colonizers of 
disturbed sites; those preceded by E are exotic species. No trapping was done in the 1978 bulldozed 
area. 

Young Successional Vegetation Mature Ecosystems Old Successional Vegetation 

1975 Succession 
Old Old Myrica- 

sch inu s sch inus sch inus Young 1978 
Pine- Ham- forest forest wood- schinus 1973 Hilsenbeck Bull- 

Glade land mock no. 1 no. 2 land forest Succession Transect plots dozed --- 
Aca lypha 
chamaedr if olia 

Aeschynomene sp. 

Aletris sp. S 

W Alternanthera 
ph iloxeroides 

W Amaranthus 
hybr idus 

W Ambrosia 
artemisiifolia T 

Ammannia 
cocc inea 

A. latifolia - 
Ampe lops is 
ar borea 

And ropog on 
glmeratus 

Andropogon, sp. 

Anemia 
adiantifolia 

E ,W Ardisia 
so lanacea 



Table 33. Continued. 

Mature Ecosystems Old Successional Vegetation Young Successional Vegetation 

1975 Succession 
Old Old Myrica- 

sch inus sch inus sch inus Younq - 
Pine- Ham- forest forest wood- schinus 1973 Hilsenbeck Bull- 

Glade land mock no. 1 no. 2 land forest Succession Transect plots dozed --- 
Aster 
subulatus 

Baccharis spp. T, S T, S T, S 

W Bidens alba 

Blechnum 
serrulatum 

E ,W Blechum 
browne i 

Boehmer ia 
cylindrica T, S T 

E ,W Brachiara 
mutica 

Bursera 
simaruba 

Callicarpa 
amer icana 

Caperonia 
palustr is 

E ,W Cardamine 
pensylvan ica 

Cassia 
deer ing iana 

W Centella 
asiatica 



Table 33. Continued. 

Mature Ecosystems Old Successional Vegetation Young Successional Vegetation 

1975 Succession 
Old Old Myrica- 

sch inus sch inus sch inus Young 
forest forest wood- schinus 1973 Hilsenbeck 
no.1 n0.2 land forest Succession Transect plots 

1978 
Bull- 
dozed 

Pine- Ham- 
Glade land mock --- 

W Chamaesyce 
hir ta 

w c. 
hypericifolia T, S T, S T, S 

w c. 
hyssopifolia 

C. - 
pinetorum 

E ,W Chenopod ium 
album 

Ch iococca 
alba 

- 
parvifolia 

E ,W Colocasia 
_ esculenta 

dif fusa 

C. elegans - 
W Conobea 
multif ida 

W Con zya 
canadensis 



Table 33. Continued. 

Mature Ecosystems Old Successional Vegetation Young SucceSsional Vegetation 

1975 Succession 
Old Old Myrica- 

schinus schinus schinus Young - 
Pine- Ham- forest forest wood- schinus 1973 Hilsenbeck Bull- 

Glade land mock no. 1 no. 2 land forest Succession Transec t plots dozed --- 
W Conyza sp. 

Crotalaria 
pumila 

Cynoc tonum 
mitreola 

E ,W Cy nodon 
dac tylon 

E Cyperus 
brevifolius 

compressus 

C. distinctus - 
C . haspan - 
C. - 
sur inamensis 

Cyperus spp. 

De smod ium 
canum 

Dichanthelium 
aciculare 

D . d icho tomum - 
Dichromena 
color a ta 



Table 33. Continued. 

Nature Ecosystems Old Success iona l  Vegetat ion Young Success iona l  Vegetat ion 

1975 Succession 
Old Old Myrica- 

s ch inus  sch i nus  sch inus  Young 
Pine- Ham- f o r e s t  f o r e s t  wood- sch inus  1973 Hilsenbeck 

Glade land mock no. 1 no. 2 land f o r e s t  Succession Transec t  p l o t s  
--- 

1978 
Bull-  
dozed 

Diodia 
v i r g i n i a n a  

Dodonaea 
v i s cosa  

W Dyschor is te 
o b l o n g i f o l i a  

W E c l i p t a  
p r o s t r a t a  T, S 

W Eleochar is 
c a r  ibaea 

Eleochar is sp.  T 

EfW Eleus ine  
ind i c a  T 

Erag r o s t i s  
e l l i o t t i i  

E r a g r o s t i s  sp.  

W E r e c h t i t e s  
h i e r a c i f o l i a  

W Er igeron 
q u e r c i f o l i u s  

Er igeron sp.  

Eugenia 
a x i l l a r  is 

W Eupator ium 
c a p i l l i f o l i u m  



Table 33. Continued. 

Young Successional Vegetation Old Successional Vegetation Mature Ecosystems 

1975 Succession 
Old Old Myrica- 

sch inus schinus sch inus Young 
forest forest wood- schinus 
no.1 n0.2 land forest 

T S 

S 

1978 
1973 Hilsenbeck Bull- 

Succession Transect plots dozed 
Pine- Ham- 

Glade land mock --- 
E. coelestinum T - T S 

W - E. leptophyllum T 

Eustachys 
qlauca 

Exothea 
paniculata 

Ficus sp. 

Fimbristylis sp. 

Ga lium 
hispidulum 

G. obtusum - 
W Geranium 

carolinianum 

Hedyot is 
nigr icans 

E Heliotropium 
polyphy llum 

Hydrocotyle spp. 

Hyper icum 
hyper icoides 

Hyptis alata 

Ilex cassine 

W Ipomoea 
ind ica 



Table 33. Continued. 

Mature Ecosystems Old Success iona l  Vegetat ion Young Success iona l  Vegetat ion 

1975 Succession 
Old Old Myrica- 

s ch inus  sch inus  sch inus  Young 1978 
Pine- Ham- f o r e s t  f o r e s t  wood- s ch inus  1973 Hilsenbeck Bull-  

Glade land mock no. 1 no. 2 land f o r e s t  Succession Transec t p l o t s  dozed --- 
w L. 

t r  ichocarpa 

Juncus 
megacephalus 

Kos tele t z kya 
v i r g i n i c a  

E ,W Lactuca 
intybacea 

E ,W Launaea 
intybacea 

W Lepidiurn 
v i rg in icum 

W Lepidium sp.  

Ludwigia 
microcarpa 

w &. 
oc t o v a l v i s  

W L. peruviana  - 
W Ludwigia spp. 

Lythrum alatum T, S T 

E,W Macroptilium 
l a t h y r o i d e s  

Mar i s cus  
l i g u l a r  is 



Table 33. Continued. 

Young Successional Vegetation 

1975 Succession 

Mature Ecosystems Old Successional Vegetation 

Old Old Myrica- 
schinus sch inus schinus Young 1978 

Pine- Ham- forest forest wood- schinus 1973 Hilsenbeck Bull- 
Glade land mock no. 1 no. 2 land forest Succession Transect plots dozed --- 

Mecardonia 
vandellioides T T T TI S TI S T TI S T, S S 

E ,W Medicago 
lupu 1 i na 

Melanthera 
angust ifolia 

E,W Melilotus alba 

Mikania 
scandens 

Muhlenbergia 
f i lipes T I  S 

Myrica 
cerifera 

E ,W Oxalis 
str icta 

Panicum 
purpurascens T, S 

Panicum sp. 

Parthenocissus 
quinquefolia 

W Parietaria 
f lor idana 



Table 33. Continued. 

Mature Ecosystems Old Successional Vegetation Young Successional Vegetation 

1975 Succession 
Old Old Myrica- 

sch inu s sch inu s sch inus Young 1978 
Pine- Ham- forest forest wood- schinus 1973 Hilsenbeck Bull- 

Glade land mock no. 1 no. 2 land forest Succession Transect plots dozed 

E , W  Partheniurn 
hysterophorus 

W Paspalurn 
conjugaturn 

E , W  - P. dilatatum 

P. setaceurn - 
W Paspalurn spp. 

Persea borbonia 

W Phyla 
nod if lor a 

W Phyllanthus 
caroliniensis 

P. - 
pentaphyllus 

W Phyllanthus 
SPP 

Pinus 
elliotti 

Pir iqueta 
caroliniana 

Pity rog ramma 
trifoliata T T 

E ,W Plantago 
major 



Table 33. Continued. 

Mature Ecosystems Old Successional Vegetation Young Successional Vegetation 

1975 Succession 
Old Old Myrica- 

sch inus sch inus sch inus Young 1978 
Pine- Ham- forest forest wood- schinus 1973 Hilsenbeck Bull- 

Glade land mock no. 1 no. 2 land forest Succession Transect plots dozed --- 
W Pluchea 
odor a ta 

W 2. rosea 
Poinsettia 
pine torum 

Po lygonum 
hydropiperoides 

E,W 2. 
lapathif olium 

E ,W Portulaca 
oleracea 

E ,W Psidium 
gua java 

P. longipes - 
W Pter is 

vittata 

W Pteris spp. 

W Ptilimnium 
capillaceum 

Pycr eus 
polystachyos T T 

P. pumilus - 
Quercus 
virginiana 



Table 33. Continued. 

Old Successional Vegetation Young Successional Vegetation Mature Ecosystems 

1975 Succession 
Old Old Myrica- 

schinus sch inus sch inus Young 1978 
forest forest wood- schinus 1973 Hilsenbeck Bull- 
no.1 no.2 land forest Succession Transect plots dozed 

T 

Pine- Ham- 
land mock Glade 

Rhus copallina S 

E ,W Rhynchosia 
minima 

Rhyncospora 
d ivergens 

R. tracyi - 
Rhyncospora sp. T, S 

W Ror i ppa 
palustr is 

W R. teres - -  
Sabatia 
grandif lora 

Salix 
caroliniana 

Sarcos terruna 
clausum 

E,W Schinus 
terebinthi- 
folius 

W Senec io 
glabellus 

W Sesbania 
macrocarpa 

W Setaria 
gen iculata 



Table 33. Continued. 

Mature Ecosystems Old Successional Vegetation Young Successional Vegetation 

1975 Succession 
Old Old Myrica- 

schinus sch inus sch inus Young 
forest forest wood- schinus 1973 Hilsenbeck 
no.1 n0.2 land forest Succession Transect plots 

T, S T, S T, S T, S T T, S 

1978 
Bull- 
dozed 

Pine- Ham- 
Glade land mock --- 

W Sida acuta T, S T T, S 

W - S. rhombifolia T 

W So lanum 
amer icanum 

S. ottonis - 
Solidago 
leavenwor thii T 

S. sempervirens - 
S. stricta - 

E,W Sonchus asper T 

E,W - S. oleraceus T 

W Sonchus spp. 

Spermacoce 
assurgens T, S T 

S. tenuoir - 
W - S. tetraquetra 

Spiranthes 
vernalis 

Sporobulus sp. 

W Stachytarpheta 
j a m  icens is 

Tetrazygia 
bico lor 



Table 33. Continued. 

Mature Ecosystems Old Successional Vegetation Young Successional Vegetation 

1975 Succession 
Old Old Myrica- 

schinus sch inus sch inus Young 
Pine- Ham- forest forest wood- schinus 

Glade land mock no. 1 no. 2 land forest --- 

1978 
1973 Hilsenbeck Bull- 

Success ion Transect plots dozed 

The lypter is 
kunthii 

Torulinium 
odoratum 

Trema 
micrantha 

Typha sp. 

E ,W Verbena 
bonar iensis 

V. scabra - 
E,W Vernonia 

cinerea 

Vicia 
acutifolia 

W Vigna 
luteola 

Vi tis 
rotundifolia 

E,W Waltheria 
ind ica 

E ,W Young ia 
j apon i ca 

E ,W Zeuxine 
strateumatica 



d i s p e r s a l  agents .  The germination of na t ive  competitors o f  schinus,  
such a s  I l e x  and Myrica, is enhanced by s c a r i f i c a t i o n ,  bu t  is s t i l l  
lower than the  per  cen t  germination of  schinus. Mechanical o r  
chemical s c a r i f i c a t i o n  of Myrica is e s s e n t i a l  fo r  germination. In  
nature t h i s  is probably accomplished by its d i s p e r s a l  agents ,  such 
a s  the  t r e e  swallows t h a t  v i s i t  the  study area  i n  huge f locks  each 
year .  Broadcast seeding of unscar i f ied  Myrica seed is unl ike ly  t o  
lead  t o  successful  coloniza t ion .  

4. Fie ld  germination of schinus occurs Nov.-April, bu t  most takes  q lace  
Jan.-Feb. Germination r a t e s  i n  excess of  100 seedl ings  per m per  
15  days a r e  common i n  schinus-dominated communities. Schinus seeds 
can, and do, germinate a t  a l l  s i t e s  i n  the  study area.  Germination 
r a t e s  i n  the  f i e l d  range from 1 t o  30%. Germination is g r e a t e s t  i n  
the  f i r s t  month following d i s p e r s a l ,  and t ape r s  o f f  t h e r e a f t e r .  
Schinus seeds do not  r e t a i n  t h e i r  v i a b i l i t y  more than 5 mo following 
d i spe r sa l .  

5. In  schinus f o r e s t s  there  a r e  about 10 t o  >200 schinus seedl ings  per 
m2. Even though the  seedling population dens i ty  rises and f a l l s  
during the  year ,  the re  is never a t i m e  when the re  a r e  no seedl ings  
i n  the  understory. Schinus seedl ings  a r e  remarkably tenacious,  and 
can survive for  years  i n  dense shade, where they grow very slowly. 
In  openings, however, schinus seedl ings  grow very f a s t .  Even seed- 
l i n g s  whose growth has been suppressed for  years  can respond t o  
canopy openings with rapid growth. 

6. Once es t ab l i shed ,  schinus seedl ings  can survive a t  a l l  sites i n  the  
study area. Established seedl ings  grow f a s t  i n  most (but  not a l l )  
young successional  communities, and slowly i n  most (but  not a l l )  
o lde r  communities. Under good growing condi t ions  , schinus can 
reproduce within 3 y r  a f t e r  germination. About 20% of  the  schinus 
seedl ings  exposed to prescribed pineland f i r e  resprout .  

7. Schinus can t o l e r a t e  a wide range of  s i t e  condi t ions ,  ranging from 
sites t h a t  seldom flood--such a s  pinelands and hammocks--to s i t e s  
t h a t  a r e  inundated fo r  s e v e r a l  months each year ,  such a s  w e t  p ra i -  
r i e s .  Although schinus t o l e r a t e s  a wide range of water l e v e l s ,  
seedling mor ta l i ty  increases  when water l e v e l s  change quickly. 
Manipulation of water regimes may o f f e r  one way t o  reduce schinus 
seedl ing  numbers. The microsites crea ted  during farming a r e  of 
l i t t l e  importance i n  influencing schinus invasion,  and schinus 
invasions w i l l  not be reduced by l e v e l l i n g  the  o ld  rows and furrows. 

8. Young success ional  communities a r e  more suscep t ib le  to schinus 
invasion than a r e  o ld  success ional  communities, and a l l  success ional  
communities a r e  more suscep t ib le  than a r e  mature, na t ive  communi- 
ties. Undisturbed pineland is more suscep t ib le  t o  schinus invasion 
than is undisturbed glade or  w e t  p r a i r i e ,  and hammocks a r e  less 
suscep t ib le  t o  invasion than a r e  the  o ther  two undisturbed ecosys- 
tems. 

9. Schinus-dominated f o r e s t s  conta in  200 t o  >2500 schinus trees per ha, 
and each t r e e  has 1.2 t o  7.6 stems, each of which must be t r e a t e d  



i n d i v i d u a l l y  i f  he rb i c ides  a r e  to be app l i ed  d i r e c t l y  to t h e  bark.  
This  means t h a t  300 to  6000 stems per  ha would r e q u i r e  t rea tment  i f  
both sexes  were to be k i l l e d ,  o r  h a l f  t h a t  many i f  on ly  females  were 
to  be k i l l e d .  The d i s t r i b u t i o n  o f  s ch inus  t r e e s  is pa tchy ,  and a l l  
schinus-dominated f o r e s t s  con ta in  n a t i v e  spec i e s .  I f  t h e  n a t i v e  
s p e c i e s  a r e  l e f t  undis turbed t h e  p r o b a b i l i t y  o f  immediate reco loni -  
z a t i o n  by sch inus  fol lowing s tand  t rea tment  w i l l  be reduced. 

10. A b a s a l  a p p l i c a t i o n  o f  a law dosage o f  t r i c l o p y r  is a s a f e ,  e f f ec -  
t i v e  way to k i l l  i n d i v i d u a l  s ch inus  t r e e s .  F o l i a r  a p p l i c a t i o n s  of  
g lyphosa te  o r  t r i c l o p y r  can be used to k i l l  s ch inus  a s  w e l l .  F o l i a r  
a p p l i c a t i o n s  may be e s p e c i a l l y  w e l l  s u i t e d  f o r  k i l l i n g  unders tory  
s ch inus  before  opening the  canopy o f  a sch inus  f o r e s t .  

11. I f  canopy female s ch inus  t r e e s  a r e  t o  be k i l l e d  t h e  unders tory  
s ch inus  s e e d l i n g s  must be k i l l e d  a l s o ,  o r  else gap-capture by t h e  
under s t o r y  s ch inus  is i n e v i t a b l e .  The management technique o f  
ma t r i c ide  ( k i l l i n g  of  r ep roduc t ive ly  mature females) r e q u i r e s  
t h a t :  1) unders tory  s ch inus  s eed l ings  be k i l l e d ,  2) canopy male 
s ch inus  t r e e s  n o t  be k i l l e d ,  and 3)  a t  l e a s t  2 t r ea tmen t s  be app l i ed  
t o  t h e  s tand .  

Seed r a i n  and soil  seed s t o r a g e  a r e  extremely high i n  t h e  s tudy  
a ea .  I n  mature communities t h e  seed r a i n  c o n s i s t s  o f  < 40 seeds  per  5 m per day, b u t  i n  young succes s iona l  communities t h e  seed r a i n  is 
> 100 ( f r e q u e n t l y  >500) seeds  per  m2 per day. The seed inpu t  t o  a 
mature ecosystem c o n s i s t s  o f  about  20 s p e c i e s  per month, whereas t h e  
seed f l o r a  f a l l i n g  i n  a succes s iona l  community is f r e q u e n t l y  '25 
s p e c i e s  per month. The number o f  seeds  s t o r e d  i n  t h e  s o i l  v a r i e s  

2 widely,  and ranges from 0 to >10,000 per  m . There a r e  more s eeds  
i n  t h e  soil o f  succes s iona l  communities than i n  t he  soi l  o f  mature 
ecosystems, and undis turbed p ine land  has fewer seeds  i n  its s o i l  
than does any o the r  community i n  t h e  s tudy a r ea .  Furthermore, 
p r e sc r ibed  burns i n  t h e  p ine land  reduce t h e  so i l - seed  s to rage  by 
n e a r l y  50%. The seed bank i n  t h e  s o i l  a t  a l l  sites c o n t a i n s  1 t o  29 
s p e c i e s .  Seeds of  weedy s p e c i e s  g e t  t o  a l l  sites; seeds  of  s p e c i e s  
t y p i c a l  o f  mature communities (e.g. hanunock t r e e s )  do no t  r e a d i l y  
g e t  o u t  o f  t h e i r  c h a r a c t e r  istic ecosystems. Thus, ecosystem recov- 
e r y  may be speeded up by seeding and p l an t ing .  
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