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24 May 1982 

Dr. George W. Cornwell, President 
Biomass Energy Systems, Inc. 
1335 Gary Road 
Lakeland, FL 33801 

Reference: Transmittal of a resource document e n t i t l e d  "Fl orida ' s 
Eucalyptus Energy Farm: The Natural System Interface" 

Dear George : 

The following report  i s  a compilation of f i e l d  and l i t e r a t u r e  research 
r e l a t ive  to  an ecological perspective of eucalypt palntat ions i n  Flor ida,  
both ex is t ing  and proposed. I  have attempted t o  be concise in presenting 
my research f indings,  f i e l d  survey analysis  and professional opinions. 

The information contained herein has been synthesized from three primary 
sources: f i e l d  s tudies  of ex is t ing  plantat ion s i t e s  and old homesteads i n  
central  and southcentral Fl orida ; pert inent  research papers ; and some memo- 
randa and correspondence forwarded t o  me from Biomass Energy Systems, Inc. 
(BESI). Photographs a re  not p a r t  of t h i s  product since BESI s t a f f  members 
accompanying me on the April 1-3,  1981 , f i e l d  s tudies  took several dozen 
p ic tures  of the s a l i e n t  f ea tu res ,  often a t  my d i rec t ion .  

In the t e x t ,  I  o f f e r  f a c t s  and impressions gathered during my f i e l d  
s tudies ,  and responses t o  some of the points and queries  proffered in 
correspondence by Messrs. Levin, Cowan and Franklin. Appendix I i s  a tab- 
u la t ion  of plant species encountered in the various associat ions v i s i t e d ,  
while Appendix I1 i s  a comprehensive faunal l i s t .  A synopsis has been pro- 
vided of background information gleaned from the ava i lab le  l i t e r a t u r e  on the 
in te rac t ion  between introduced eucalypts and the environment. 

I  hope t h i s  resource document will  prove useful t o  BESI and informative 
t o  reviewers and decision-makers. You have my best  wishes f o r  the success 
of an admirable and important concept i n  "home-grown" energy f o r  our S ta te  
and Nation. 

Sincerely,  

Ke in Atkins 
E 1 ecutive Ufficer/Consulting Ecologist 
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FLORIDA'S EUCALYPTUS ENERGY FARM: 

THE NATURAL SYSTEM INTERFACE 

In t roduc t ion  

EcoImpact, Inc., an ecol ogical  consul t i n g  firm headquartered i n  

Gainesvi l le,  F lor ida,  was re ta ined  by Biomass Energy Systems, Inc. (BESI) 

t o  conduct f i e l d  studies per ta in ing  t o  the ecological  aspects o f  growing 

eucalypt biomass p lan ta t ions  i n  Flor ida.  A compi lat ion o f  re levan t  i n f o r -  

mation drawn from a review o f  pe r t i nen t  1 i te ra tu re  supplements the f i e l d  

research f indings. Ecological  opinions on c e r t a i n  aspects o f  the eucalypt/ 

F lo r ida  natural  system i n t e r a c t i o n  are included. 

The f i e l d  studies were conducted A p r i l  1-3, 1981, by Kevin Atkins, a 

consu l t ing eco log is t  w i t h  n ine years o f  professional  experience i n  assessing 

c u l t u r a l  , ag r i cu l t u ra l  and s i  1 v i cu l  t u r a l  impacts on F lo r ida  I s  ecosystems. BESI 

personnel involved i n  the f i e l d  inves t iga t ions  included Messrs, Mark Moorman, 

Mark Schel ler  and Thomas Levin. The various study s i t e s  were located i n  Polk, 

Hil lsborough, Manatee and Glades Counties (Figure 1). I n  t h i s  repor t ,  i n f o r -  

mation supplemental t o  the f i e l d  study assessments i s  inc luded i n  Appendix I, 
a tabu la t ion  o f  p l a n t  species encountered i n  the various associat ions v i s i t ed ,  

and Appendix 11, a comprehensive faunal l i s t .  

Eucalypts are  t rees na t i ve  t o  Austral  i a  and Tasmania. They are broad- 

leaved evergreen t rees  i n  the my r t l e  fami l y  (My/utaceae). The f i r s t  species 

o f  the genus Euc&yp;tua was discovered by the French botan i  s t  1 'Her i  t e r  i n  

Tasmania i n  1788. Several hundred species have since been described. I n  

1910, the U. S. Forest Service surveyed F lo r ida  f o r  eucalypt  occurrence and 

i d e n t i f i e d  16 species growing w i t h  vary ing degrees o f  success a t  27 d i f f e r e n t  

loca t ions  i n  F lo r ida  (Zon and Briscoe, 1911). 

Commercial species o f  eucalypts are sa id  t o  do best  i n  a c l imate which 

permits a d i s t i n c t  pe r iod  o f  vegetat ive r e s t  dur ing the year, and where f reez-  

i ng  per iods are no t  long-sustained and occur dur ing the dormant season. The 

dec is ive f a c t o r  i s  the absolute minimum temperature o f  a region. The various 

species are adaptable t o  extremes i n  r a i n f a l l  from regions w i t h  average annual 

p r e c i p i t a t i o n  o f  l ess  than 18 inches t o  those which average over 70 inches 

(Zon and Briscoe, 1911 ) .  The c l  imate i n  t h e i r  na t i ve  land has higher maximum 

and minimum temperat~~res,  bu t  the t o t a l  annual r a i n f a l l  i n  F l o r i da  i s  much 

greater . 



Scale: 1" = 18 mi. 

Figure 1. General Location Map 
Eucalypt Fie1 d Study S i t e s  (4/1-3/81) 



Review o f  P e r t i n e n t  L i t e r a t u r e  

Eucalypt  Background 

The e a r l i e s t  p l a n t a t i o n  o f  euca lyp ts  i n  F l o r i d a ,  as f a r  as can be 

determined a u t h e n t i c a l l y ,  was es tab l i shed  i n  1878, when Reverend A.  H. White 

p lan ted  some s i x  o r  e i g h t  species a t  Georgiana on M e r r i t t  I s l a n d  i n  Brevard 

County. By 1911, o n l y  one t r e e  remained ( thought  t o  be E. g u n i c d y x )  which 

grew t o  over  two f e e t  i n  diameter w h i l e  r e s i s t i n g  severe ga les  and the  f reeze  

of 1894-95. U n t i l  1893, E. t o b w l t a  had made t h e  bes t  growth (over  70 f e e t ) ,  

b u t  i t  was blown down i n  a heavy windstrom (Zon and Br iscoe,  1911). 

The k i l l i n g  w i n t e r  f r eeze  of 1894-95 discouraged many c i t r u s  growers, 

and a search f o r  o the r  crops ensued. Many o f  t he  e a r l i e s t  homestead and c rop  

p l a n t i n g s  o f  euca lyp ts  were i n i t i a t e d  a t  t h i s  t ime.  Most o f  these euca l yp ts  

were p lan ted  f o r  ornamental and shade purposes, a l though some were p lan ted  as 

windbreaks f o r  c i t r u s  groves. Only around 1910 d i d  some commercial p l a n t i n g  

a c t u a l l y  begin i n  F l o r i d a  (Zon and Br iscoe,  1911). 

One o f  t he  more commonly p l a n t e d  euca lyp ts  i n  southern F l o r i d a  has been 

E .  t o b u l t a ,  which was f i r s t  p lan ted  be fo re  t h e  t u r n  of t he  century .  I t  was 

p lan ted  p r i m a r i l y  by homesteaders want ing t o  q u i c k l y  e s t a b l i s h  shade around 

t h e i r  homesites. Some small stands have vo lun teered  f rom these e a r l y  i n t r o -  

duct ions,  but ,  i n  genera l ,  n a t u r a l  r ep roduc t i on  o f  t h i s  species has been ex- 

t remely  1 i m i  t e d  (Frank1 i n  and Meskimen, 1973). Even a f t e r  70+ years,  n a t u r a l  - 
i z a t i o n  has been occasional ,  very  l o c a l i z e d ,  and t y p i c a l l y  r e s t r i c t e d  t o  South 

F l o r i d a .  " b l i l d l i n g s "  have n o t  been encountered away froni  t h e  immediate area o f  

"paren t "  t rees ,  and o n l y  c e r t a i n  species and h y b r i d s  seem t o  have a p ropens i t y  

t o  reproduce (see Eucalypt  Natura l  i z a t i o n  sec t i on ) .  

The euca l yp t  f o r e s t s  o f  A u s t r a l i a  and Tasmania suppor t  a  r i c h  and v a r i e d  

fauna o f  mammals and b i r d s  and together  form t h e  s i n g l e  most impor tan t  refuge 

f o r  w i l d l i f e  i n  t he  reg ion .  A g r e a t e r  number o f  mammal species a re  found i n  

these fo res t s  than i n  any o t h e r  broad category o f  A u s t r a l i a n  h a b i t a t .  Wild- 

l i f e  s tud ies  i n  such h a b i t a t  have i d e n t i f i e d  57 species o f  indigenous mammals 

(Tyndale-Biscoe and Calaby, 1975). Between t e n  and twenty o f  t he  species 

are who l l y  dependent on these f o r e s t s  f o r  t h e i r  s u r v i v a l  and have evolved 

adapta t ions  t o  s u i t  a  s t a b l e  environment. The r e s t  a re  l e s s  dependent and 

use the  fo res t s  ma in l y  as s h e l t e r .  O f  the  nondependent species, a few are 

carn ivorous  and the remainder s u b s i s t  c h i e f l y  on grasses. Wholly dependent 



species use t h e  f o r e s t  t r e e s  themselves o r  some shrub component i n  t h e  under- 

s t o r y  t o  p rov ide  t h e  e s s e n t i a l  r e q u i s i t e s  o f  s h e l t e r  o r  food. 

The Candidate Species 

F o r  reasons s p e c i f i e d  i n  t h i s  and companion work ing  documents, Biomass 

Energy Systems, I n c .  has s e l e c t e d  t h e  r i v e r  r e d  gum (EucdqpRLL?I cumddueem.in1 

as t h e  most a p p r o p r i a t e  e u c a l y p t  spec ies f o r  c l o n a l  p ropagat ion  and biomass 

p l a n t i n g s  i n  Cen t ra l  and South F l o r i d a .  Eucdypt~~4 cumddueemh i s  t he  most 

widespread member of i t s  genus i n  A u s t r a l i a ,  where i t  i s  p r i m a r i l y  a r i p a r i a n  

spec ies  ( H i l l  i s ,  1966). T h i s  t r e e  i s  w i d e l y  p l a n t e d  o u t s i d e  i t s  n a t i v e  Aus- 

t r a l  i a n  h a b i t a t  and i s  one of t h e  moSt Smportanr t imber t r e e s  I n  the  Merl.1 t e r -  

ranean r e g i o n  and e l  sewhere (Karschon and Heth, 1967).  Owing t o  i t s  s u i t a b i l -  

i t y  t o  d r y  areas w i t h  a l o n g  p e r i o d  o f  d rought  i t  o f t e n  i s  used i n  areas where 

summer r a i n f a l l  i s  c l o s e  t o  n i l  and w i n t e r  r a i n f a l l  occurs  i n  r e l a t i v e l y  low 

amounts, a l t hough  i t  a l s o  adapts w e l l  t o  r a i n y  c l i m a t e s .  T h i s  spec ies seems 

t o  p r e f e r  s i t e s  where s o i l  m o i s t u r e  i s  d e r i v e d  f r om i n c i d e n t  r a i n f a l l  and where 

t h e  wa te r  t a b l e  i s  beyond t h e  reach  o f  t h e  t r e e  r o o t s .  There i s  no evidence of -, 

an adverse h y d r o l o g i c a l  e f f e c t  caused by E. c a d M e m . i n  p l a n t a t i o n s  (Karschon 

and Heth, 1967). 

Biomass P l a n t a t i o n  Cons ide ra t i ons  

The U n i t e d  S t a t e s  and Canada have t h e  h i g h e s t  p e r  c a p i t a  energy consumpt!on 

of t h e  wor ld ,  w i t h  about  2,700 g a l l o n s  o f  pe t ro leum e q u i v a l e n t s  consumed pe r  

person p e r  y e a r  (EOP, 1977; CYB, 1977) .  Wi th  f o s s i l  energy s u p p l i e s  be ing  

r a p i d l y  dep le ted  and t h e  con t i nued  heavy use o f  energy by No r th  Americans, 

an u r g e n t  need e x i s t s  f o r  t h e  development o f  new energy sources. Wood and 

o t h e r  f o r e s t  p roduc t s  have been suggested as one techno logy  t h a t  has t h e  poten- 

t i a  l o t  p r o v i d i n g  an abundant source o f  f u e l  ( A l l c h  e t  a1 . , 1976; Inslarl, 1977; 

How le t t  and Gamache, 1977;. Pecoraro e t  a'l . , 1997) .  loday, wood suppl 'les a mere 

one pe rcen t  of U.S. and f o u r  pe rcen t  of Canadian energy needs (USBC, 1977; CYB, 

1977) .  

A foremost  c o n s i d e r a t i o n  i n  unde r tak ing  1 a rge-sca l  e p r o d u c t i o n  o f  f u e l  

wodd i s  t he  s t a t u s  o f  a v a i l a b l e  l a n d .  Prime a g r i c u l t u r a l  l a n d  i n  N o r t h  America 

i s  a t  a premium and must be p reserved  f o r  f ood  f i b e r  c rops .  Furthermore, much 

o f  t h e  more than  one b i l l i o n  hec ta res  p r e s e n t l y  i n  pas tu re  and rangeland a r e  



necessary f o r  l i v e s t o c k  produc t ion .  Some p r e s e n t l y  unused l and  i s  e i t h e r  t o o  

steep, too  rocky, o r  t oo  p o o r l y  d ra ined t o  be s u i t e d  f o r  fuel-wood farming.  

Given these f a c t s ,  rec la imed sur face  min ing lands i n  Cent ra l  F l o r i d a  seem 

i d e a l l y  s u i t e d  f o r  biomass p l a n t a t i o n s .  

Eros ion r a t e s  on fuel-wood farms w i l l  be l e s s  than those i n  normal f o r -  

e s t r y  opera t ions  because the  t r e e  species u t i l i z e d  on biomass p l a n t a t i o n s  

would be p lan ted  r e l a t i v e l y  c l o s e  t o  one another  and would be a l lowed t o  r e -  

grow by sp rou t i ng  f rom t h e  stumps. Th i s  type o f  growth would p rov ide  p ro tec -  

t i o n  f rom water r u n o f f  and the  ex tens ive  r o o t  systems would he lp  s t a b l i z e  t h e  

s o i l .  Supplemental e ros ion  c o n t r o l  would r e s u l t  i f  the  leaves were n o t  har-  

vested and l e f t  a t  t he  s i t e  t o  p rov ide  b a r r i e r s  t o  t h e  r a i n f a l l .  I n  a d d i t i o n ,  

t he  organ ic  mat te r  f rom r o o t  and l e a f  p roduc t ion  would c o n t r i b u t e  t o  s o i l  

qua1 i t y  and s t r u c t u r e  (Pimentel  e t  a l . ,  1979). 

E x p l o i t i v e  t imber ing ,  suppression o f  summer f i r e s ,  and c u l t i v a t i o n  have 

brought  about g rea t  f l o r i s t i c  changes i n  t h e  southeastern f o r e s t  ( H a r r i s ,  1980). ,? -A, 

About 60 percent  o f  t h e  southeastern l a n d  area remains f o r e s t e d  today, 90 per -  t. ' 
cent  o f  which i s  considered commercial (USDA, 1978). O f  t h e  80 m i l l  i o n  hectares 

o f  f o r e s t  l and  i n  t h e  Southeast ( V i r g i n i a ,  Nor th  Caro l ina ,  Tennessee, Arkansas, 

Oklahoma, Texas, Louis iana,  M i s s i s s i p p i ,  Alabama, Georgia, South Caro l ina ,  

F l o r i d a ) ,  s l i g h t l y  more than 70 percent  i s  p r i v a t e l y  owned. O f  t h i s  p r i v a t e l y  

owned land,  approx imate ly  50 percent  i s  softwood. and 50 percent  hardwood (USDA, , . - 
1978). About 280,000 hectares o f  p ine  are  p lan ted  annua l ly ,  b r i n g i n g  t h e  t o t a l  

area o f  p ine  p l a n t a t i o n s  t o  approx imate ly  8 m i l l i o n  hectares.  F l o r i d a ' s  f o r -  

e s t  acreage has been reduced by an average o f  n e a r l y  50,000 hectares per  yea r  

f o r  t he  l a s t  25 years (USDA, 1978). 

Forests  s t i l l  c o n s t i t u t e  t h e  major  w i l d l i f e  h a b i t a t  i n  t h e  Southeast. 

Fo res t r y  i s  supe r io r  t o  a l t e r n a t i v e ,  compe t i t i ve  l and  uses, such as a g r i c u l -  

t u re ,  pasture,  and u rban i za t i on .  The implementat ion o f  f avo rab le  s i l v i c u l t u r a l  

p r a c t i c e s  seems the  s i n g l e  bes t  avenue f o r  f u t u r e  w i l d l i f e  conserva t ion  i n  t h e  

Southeast (Ha r r i s ,  1980). A r ecen t  s tudy has shown t h a t  breeding b i r d  densi -  

t i e s  a re  much h igher  a long sharp edges c rea ted  by c l e a r c u t t i n g  than a long eco- 

tones i n  s i m i l a r ,  bu t  imperturbed h a b i t a t  (McElveen, 1978). D i f f e r e n t  types 

o f  edge prov ide  d i f f e r e n t  food and h a b i t a t  requirements. Edges where th ree  o r  

more community types abut  are be l i eved  t o  be supe r io r  t o  those where o n l y  two 

communities abut.  The number o f  breeding b i r d  species i n h a b i t i n g  patches o f  

f o r e s t  h a b i t a t  i s  doubled by every seven- fo l  d  inc rease i n  acreage ( H a r r i s ,  1980).  



I n  a  s tudy  o f  w i l d l i f e  u t i l i z a t i o n  o f  cottonwood p l a n t a t i o n s  i n  t h e  south- 

eas t ,  Wesley e t  a1. (1981) r evea l  p e r t i n e n t  f i n d i n g s  concern ing animal use 

and management i m p l i c a t i o n s .  W i l d l i f e  impor tance va lues f o r  a l l  w i l d l i f e  

food  p l a n t s  i n  t h e  p l a n t a t i o n s  s t u d i e d  peaked i n  t h e  f ou r t h ,  f i f t h ,  o r  s i x t h  

growing season. O f  127 p l a n t  spec ies o r  groups i d e n t i f i e d  i n  t h e  s tudy,  50 

pe rcen t  showed ev idence o f  browsing by deer and 27 pe rcen t  by r a b b i t s .  Under- 

s t o r y  v e g e t a t i o n  o f  cottonwood p l a n t a t i o n s  was s i m i l a r  t o  v e g e t a t i o n  i n  f o r e s t  

c l e a r i n g s .  

S u b s t a n t i a l  w i l d l i f e  p r o d u c t i o n  i s  p o s s i b l e  where t imbe r  management i s  

t h e  p r ima ry  o b j e c t i v e .  Cottonwood p l a n t a t i o n s  may b e n e f i t  w i l d l i f e  popu la t i ons  

by i n c r e a s i n g  t o t a l  f o r e s t  community d i v e r s i t y .  P l a n t a t i o n s  p r o v i d e  cover ,  

n e s t  s i t e s ,  and b rood - rea r i ng  h a b i t a t .  The edge o f  p l a n t a t i o n s  should be 

maximized t o  improve t h e  q u a 1 i t y . o f  h a b i t a t  f o r  c e r t a i n  spec ies,  p a r t i c u l a r l y  

w i l d  t u r k e y  and deer.  The ma jo r  d isadvantage o f  t h e  p l a n t a t i o n s  t o  w i l d l i f e  

may be t h e  p a u c i t y  o f  hard  mast. The p r ima ry  f a c t o r s  which determine the  

u l t i m a t e  q u a l i t y  o f  cot tonwood p l a n t a t i o n s  as w i l d l i f e  h a b i t a t  a r e  shape and 

p l a n t a t i o n  s i z e  r e l a t i v e  t o  t h e  t o t a l  f o r e s t  community. To improve w i l d l i f e  

h a b i t a t ,  managers shou ld  e s t a b l i s h  i r r e g u l a r l y  shaped p l a n t a t i o n s ,  use spacings 

and t h i n n i n g  regimes which encourage unde rs to r y  growth, and in te rmesh p l a n t a -  

t i o n s  w i t h  o t h e r  l a n d  uses and h a b i t a t  t ypes  (Wesley e t  a l , ,  1981). 

E f f e c t s  o f  S i t e  P r e p a r a t i o n  

Euca lyp ts  a r e  e s p e c i a l l y  s e n s i t i v e  t o  competing vege ta t i on ,  and p l a n t a -  

t i o n s  a r e  t h rea tened  w i t h  s tagna t i on  un less  t h e  n a t i v e  v e g e t a t i o n  i s  e f f e c -  

t i v e l y  c o n t r o l l e d  f o r  a t  l e a s t  a  y e a r  a f t e r  p l a n t i n g  (Meskimen, 1971).  The 

e f f e c t s  o f  e u c a l y p t  s i t e  p r e p a r a t i o n  on d r y  p r a i r i e  v e g e t a t i o n  i n  South F l o r i d a  

was s t u d i e d  by Moore and Swindel (1981) .  They found t h a t  a l l  s i t e -p repa red  

and f e r t i l i z e d  p l o t s  except those on t h e  beds had s i g n i f i c a n t l y  ~r~or-e herbage 

t han  c o n t r o l s .  Herbage p r o d u c t i o n  between rows averaged 1,455 I bs /ac  a f t e r  

one y e a r .  P roduc t i on  w i t h i n  bedded rows averaged o n l y  114 l b s / a c  a f t e r  one 

yea r .  Con t ro l  p l o t s  con ta ined  755 I b s / a c .  The same t r ends  con t inued  i n t o  

t h e  second yea r ,  w i t h  a l l  p l o t s  y i e l d i n g  an inc rease .  

P l a n t  spec ies compos i t ion  was a l t e r e d  by s i t e  p r e p a r a t i o n  and f e r t i l i z a -  

t i o n ,  w i t h  w i  r eg rass  (Ahinfida! and b l  uestems ( A ~ z ~ i r p o g o n )  s i g n i f i c a n t l y  r e -  

duced. S tand ing  biomass o f  a  number o f  spec ies inc reased  w i t h  mechanical 

s i t e  p r e p a r a t i o n  and f e r t i l i z a t i o n .  Panicun~ grasses were most abundant, and 



l i t t l e  I ) l ue  maidencane and barestem paspalum were i n c r e a s e r s  d u r i n g  t h e  sec- 

ond growing season. Genera l l y ,  grasses inc reased  s i g n i f i c a n t l y ,  g r a s s - l i k e s  

(sedges and rushes)  inc reased  t o  some e x t e n t ,  and f o r b s  (annual  composi tes) 

inc reased  cons ide rab l y .  Pr imary conc lus i ons  o f  t h e  Moore and Swi nde l  (1981) 

s t u d i e s  were as f o l l o w s :  

1 )  Euca lyp t  s tand  s i t e  p r e p a r a t i o n  and f e r t i l i z a t i o n  on South F l o r i d a  

d r y  p r a i r i e  s i g n i f i c a n t l y  inc reased  herbage spec ies impo r tan t  as 

food f o r  bobwhites and c a t t l e ,  p a r t i c u l a r l y  t h e  f i r s t  y e a r  a f t e r  

t rea tment .  

2 )  Grasses accounted f o r  ove r  95 o f  s t a n d i n g  biomass on 

c o n t r o l  p l o t s ,  and about  80 pe rcen t  on t r e a t e d  p l o t s .  

3)  The t rea tments  conver ted  a  w i r eg rass  community t o  one dominated 

by PavLicwnn. 

4 )  I n t e n s i v e  s i t e  p r e p a r a t i o n ,  i n c l  ud ing  bedding , appears success fu l  

i n  reduc ing  c o m p e t i t i o n  t o  newly p l a n t e d  euca l yp t s ,  and does n o t  

appear t o  be d e t r i m e n t a l  t o  c a t t l e  f o rage  and bobwhi te  f ood  va lues.  

5 )  A d e c l i n e  i n  bobwhi te  and c a t t l e  forage i s  expected w i t h  i n c r e a s i n g  

p l a n t a t i o n  age. 

Leacha te  and A1 l e l o p a t h y  

Leaching concerns t h e  removal o f  wa te r  s o l u b l e  compounds f r om leaves  due 

t o  t h e  a c t i o n  o f  an aqueous s o l u t i o n .  Presumably b e t t e r  g rowth  under c e r t a i n  

t r e e s  i s  due t o  n u t r i e n t s  leached down from t h e  overhead canopy. The sub- 

s tances t h a t  a r e  leached o u t  f r om  t h e  p l a n t s  i n c l u d e  b o t h  i n o r g a n i c  and o r g a n i c  

compounds (F'lot-gan, 19G3; Tukey and Morgan, 1964; Tukey, 1966) .  Large amounts 

o f  o rgan i c  substances such as f r e e  sugars,  p e c t i c  substances and sugar a l c o h o l s  

a r e  o f t e n  p resen t  i n  t h e  l eacha tes  (Saxena and Singh, 1978) .  P r a c t i c a l l y  a l l  

p l a n t  amino ac ids ,  many o f  t h e  o rgan i c  ac i ds ,  v i t a m i n s ,  a l k a l o i d s  and p h e n o l i c  

substances (Bode, 1958; de l  Moral  and M u l l e r ,  1969) have been de tec ted  i n  

1 eachates.  seve ra l  au tho rs  have observed t h a t  t h e  g rowth  o f  herbaceous p l a n t s  

beneath t h e  canopy o f  beech (Fagun)  and niaple (Ace?) t r e e s  was b e t t e r  as com- 

pared t o  t h a t  under p o p l a r  (PapuRw ) and w i l l o w  ( S c L e c x )  (Tukey , 1970) .  

There a r e  a l s o  some a l l e l o p a t h i c  ( p l a n t  i n h i b i t o r y )  e f f e c t s  o f  t h e  l each -  

a t e  on t h e  undergrowth spec ies.  C e r t a i n  Eucdqp;tw p l a n t a t i o n s  ( d e l  Moral and 

Mu1 l e r ,  1970), oak woods (Yardeni  and Evanar i  , 1952; de l  Moral  and M i r l l c r ,  



1969) and a number of coniferous f o r e s t s  a r e  found with fewer ground f l o r a  

elements in con t r a s t  t o  o ther  f o r e s t s  in s imi la r  environments (Whittaker, 1965). - 

Leachates of d i f f e r e n t  species show d i f f e r en t  a l l e l opa th i c  e f f e c t s  on the 

growth of o ther  p lants  (Saxena and Singh, 1978). In nature ,  l ea f  absorption 

i s  t he  main mechanism through which leachates from the  overhead canopy in f lu -  

ence the  growth of ground f l o r a .  

Allelopathic mechanisms in  some c:,calypt species involving terpenes 

adsorbed t o  so i l  co l l o id s  and phenolic ac ids  leached from the leaf  l i t t e r  

a r e  known t o  e x i s t .  In EucdqpXub gLobuRub, fog d r i p  ac t ing alone appears 

t o  be capable of producing inh ib i t ion  of growth in  some herb species .  Thus, 

the mechanism of leaching by rain o r  fog d r ip  may a f f c c t  the diversity and 

impose a d i s t i n c t  s t r u c t u r e  upon a plant  community by a l t e r i n g  the  d i s t r i bu -  

t ion  of inorganic and organic chemicals within the  system. Dominant popula- 

t i ons  may influence the  ecosystem not only by purely physical o r  competitive 

means, but a l s o  by the  act ion of inh ib i to ry  organic mater ia ls  leached from 

i n t a c t ,  l i v i ng  plant  organs. This phenomenon i s  important t o  the  ecology of 

Florida scrub communities, f o r  example. 

Invest igat ions  by del Moral and Muller (1969) of several aspects  of herb- 

E u c d y p & ~ ?  i n t e r ac t i ons ,  demonstrated t h a t  the re  were no edaphic reasons f o r  

exclusion of herbs from E u c d y p ~  s tands ,  t h a t  l i g h t  and nu t r i en t s  were 

adequate f o r  herb growth (nu t r i en t  l eve l s  were nearly always g rea te r  within 

the  stand than within adjacent  grass land) ,  and t h a t  small animals did not in-  

habi t  o r  v i s i t  EucdypXun stands frequently enough t o  influence the herb 

vegetation (del  Moral and Muller, 1970). Soil moisture was nearly always 

as  favorable within t he  stand as  i n  grassland.  On several occasions, pa r t i c -  

u l a r l y  a f t e r  a  fog,  so i l  moisture was g rea te r  within the stand than in the  

adjoining grassland.  

A1 1 elopathy i s  an ecological f a c to r  capable of influencing succession, 

dominance, vegetat ion dynamics, species d ive r s i t y ,  community s t r uc tu r e ,  pro- 

duc t i v i t y ,  and o ther  processes and f ac to r s .  The production o r  re lease  of 

tox ic  chemicals by p lan t s  a n d  t h e i r  subsequent e f f ec t i ve  action in the environ- 

ment cons t i t u t e  a process of obvious ecological s ignif icance (del Moral and 

Muller, 1970). Allelopathic f a c to r s  a r e  subject  t o  mit igation o r  i n t e n s i f i -  

ca t ion by other  environmental f a c to r s .  The degree of impact of a l le lopathy 

depends markedly on ava i lab le  so i l  moisture, the  edaphic s i t u a t i o n ,  and the 



s o i l  m i c r o f l o r a .  Abundant s o i l  mo i s tu re  m om pen sates p a r t i a l l y  f o r  t h e  e f f e c t s  

of a l l e l o p a t h y ,  whereas scan ty  s o i l  m o i s t u r e  enhances i t s  e f f e c t s .  

Loamy s o i l s  adsorb s i g n i f i c a n t l y  h i g h e r  c o n c e n t r a t i o n s  o f  terpenes t han  

do sands and, thus,  a r e  rendered more i n h i b i t o r y  ( d e l  Moral  and Mu1 l e r ,  1970) .  

Loam concen t ra tes  t o x i n s  much more e f f i c i e n t l y  t han  does sand. Under n a t u r a l  

c o n d i t i o n s ,  t h e  d i f f e r e n c e s  i n  t o x i c i t y  a r e  f u r t h e r  accentuated by l e s s  p e r -  

c o l a t i o n  th rough  loam than  th rough  sand. The c a p a c i t y  o f  a  s o i l  t o  r e t a r d  

t h e  f l o w  o f  pheno l i c  compounds i s  a  s i g n i f i c a n t  f a c t o r  i n  de te rm in i ng  whether 

o r  n o t  p l a n t s  w i l l  be i n h i b i t e d .  Most p e n i n s u l a r  F l o r i d a  and mined l a n d  s o i l s  

do n o t  appear t o  f a v o r  a l l e l o p a t h i c  e f f e c t i v e n e s s  by E. camc&du€enish s i n c e  

unde rs to r y  and ground cover  v e g e t a t i o n  o f t en  i s  s u b s t a n t i a l  (see Appendix I ) .  

The p roduc t i on ,  re lease ,  and s t a b i l i t y  of t o x i n s  f r om  E. carndduRemd a r e  

s u b j e c t  t o  seasonal v a r i a t i o n .  On an annual bas is ,  t h e  b u i l d i n g  o f  s o i l  

t o x i c i t y  appears t o  be balanced by t h e  a c t i v i t y  o f  s o i l  microorganisms.  Appar- 

e n t l y  these  organisms a m e l i o r a t e  t h e  e f f e c t s  o f  a l l e l o p a t h y  by dena tu r i ng ,  

ove r  a  p e r i o d  o f  t ime,  t h e  compounds produced. 

Some E x o t i c  F l o r a  Cons idera t ions  

The number o f  p l a n t s  o f  a l l  groups t h a t  have been b rough t  i n t o  t h e  U.S. 

i n  t h e  p a s t  few decades i s  s a i d  t o  exceed 200,000 named spec ies  and v a r i e t i e s  

f r om  a l l  ove r  t h e  w o r l d  (Bates,  1964) .  About 1,800 e x o t i c  p l a n t  spec ies have 

escaped i n  t h e  U.S., and a  l a r g e  p o r t i o n  have become n a t u r a l i z e d  ( R i p l e y ,  

1975),  o r  about  t e n  pe rcen t  o f  c o n t i n e n t a l  U.S. f l o r a .  However, compara- 

t i v e l y  few e x o t i c s  i n t r oduced  i n t o  F l o r i d a  have become e s t a b l i s h e d ,  and even 

fewer  a r e  caus ing  v e g e t a t i o n  problems ( A u s t i n ,  1978).  Accord ing t o  Long (1974) ,  

about  16 pe rcen t  of Dade, Broward, and C o l l i e r  Coun t i es '  f l o r a  i s  e x o t i c ,  w i t h  

about  170 spec ies n a t u r a l i z e d  i n  Southeast  F l o r i d a .  V i r t u a l l y  a l l  o f  these  

p l a n t s  a r e  i n t o l e r a n t  o f  f r e e z i n g  temperatures.  S t a b i l i t y  i n  an ecosystem 

u s u a l l y  i s  p r o p o r t i o n a l  t o  i t s  d i v e r s i t y ,  t h e r e f o r e ,  e x o t i c  p l a n t  compos i t i on  

t h a t  d i s p l a c e s  n a t i v e  f l o r a  t y p i c a l l y  i s  an adverse i n f l u e n c e  on n a t i v e  spec ies 

compos i t i on .  However, p l a n t a t i o n s  o f  c l o n a l l y  produced E. cnmddLL(lev~4bs on 

Cen t ra l  F l o r i d a ' s  rec la imed mined l ands  and poor  q u a l i t y  range land  w i l l  n o t  

r e s u l t  i n  d isp lacement  o f  e c o l o g i c a l l y  va l uab le  systems, and w i l l  produce 

woody biomass w i t h  a  v a r i e t y  o f  b e n e f i c i a l  uses f o r  man. 



Three naturalized plants are responsible for  most of the "noxious exotic" 

vegetation probl enis in South and Central Florida: p u n k  t ree  (M&deuca 

qLLinquerzmviu), Austral ian pine or beefwood (CauatLina bpp. ) ; and Brazi 1 ian 

pepper ( S c k u z ~  R m e b i r ~ t ~ u 4 0 ~ ) .  Dense colonies of these species, d i s t r ib -  - 

uted f a r  and wide over a variety of habitat  types, tend to exclude almost a l l  

native plant associates and niost formerly occurring animals. Field observations 

of biomass eucalypt stands have revealed comparatively less  natural system 

perturbation in t h i s  regard (see following sect ions) .  Mazzotti e t  a1 . (1981 ) 

conducted relevant studies on the e f fec ts  of the exotic plants Mddeuca and 

C ~ U U J U I M  or'\ snial 1 manlnial popul a.l.iur~s i I) the Florida everglades . The fol 1 ow-  

ing conclusions resulted from these studies:  

1 ) All exotic habitats are  not equal in terms of faunal support and 

food chain s t ructure.  

2 )  Each habitat  must be evaluated separately to r  su i t ab l l l t y  for  

animal populations, 

3 )  Low species richness of plants,  per se ,  does not determine rodent 

dis t r ibut ion and abundance. 

4 )  Exotic plant communities can no longer be in tu i t ive ly  classif ied 

a s  hinlngical deserts since there are differences in the i r  a b i l i t y  

to  support native wild1 i f e .  

Plantation eucalypts must have f a s t  growth and high production on s i t e s  

sui table  fo r  logging during alnlost any season. There i s  no jus t i f ica t ion  for  

growing exotics which produce pulpwood a t  ra tes  equal to  or lower than native 

species a t  comparable costs .  High-cost plantation hardwood must be available 

when other supplies are  not. Typically, all-weather logging s i t e s  are  the 

higher dryer s i t e s  of inherently moderate or low qual i ty ,  i . e . ,  uplands and 

sandhills rather than f e r t i l e  bottomlands. Moreover, nontarget species in 

plantdtions on the best s i t e s  e i the r  require prohibitively expensive competi- 

t ion control measures or  create an unmanageable plantation environment. So 

the successful eucalypt must do rrlore with less  than native species in planta- 

t ions or managed natural stands (Franklin, 1978). 

Most eucalypt species and provenances introduced into the southeastern 

United States produce moderate to  large quantit ies of seed except E .  cconddu- 

V.~IIALLS.~A, b u t  reproduction under natural conditions has been limited t o  areas 

of a few acres in central and southern Florida. The species most frequently 



found is E. t tubun ia ,  but E. gtrandcr, and closely associated species, as well 

as hybrids, are also found. The ecological limitations that constrain natural 

reproduction are not known. The limited reproduction is consistently associ- 

ated with abandoned shade and ornamental plantings rather than with modern 

plantation culture (Frank1 in, 1978). 



Comparative Euca lyp t  F i e l d  Survey 

Mined Land Stands 

The f o l l o w i n g  i n f o r m a t i o n  was gathered on A p r i l  1, 1981, w h i l e  making 

a survey of euca l yp ts  p l a n t e d  on p r e v i o u s l y  mined phosphate company land-  

ho ld ings  i n  Polk,  H i l l  sborough, and Manatee Count ies. F i e l d  s tud ies  were 

performed on f o o t  w i t h  the  goal o f  ga the r i ng  a maximum amount o f  in forma- 

t i o n  on ecosystem dynamics w i t h o u t  c o l l e c t i n g  q u a n t i t a t i v e  data.  

Ag r i co  Eucalypts .  T h i s  p l a n t a t i o n  was es tab l  i shed i n  1974 by p l a n t i n g  

EucdgpZu.6 curnn4.duRem.in on t h e  south and E. t r n e t i c o ~ r d  on the  n o r t h  

(F igu re  2, #'I j .  Ihe s i t e  i s  on Agr'ico l a n d  near Walker Rvdd a r ~ d  Payr'le Cr-eek. 

Rows on apparent  overburden are  1 0 '  apar t ,  w i t h  6 '  - 8 '  between stem centers .  

I n  a p a t t e r n  l a t e r  found t o  be t y p i c a l ,  t h e  g r e a t e s t  vege ta t i ve  d i v e r s i t y  

of assoc ia ted  p l a n t s  occurs w i t h i n  about 100'  f rom the  stand per iphery .  On 

mined l and  i n  p a r t i c u l a r ,  Sal tbush ( B a c c h d ) ,  a wind-dispersed composite 

abundant on unmanaged mined s o i l s ,  i s  p robab ly  t h e  most common woody under- 

s t o r y  species. S a t i n t a i l  grass (an in t roduced,  wind-dispersed, rhizomatous 

p l a n t )  i s  common i n  topographic  depressions. I s o l a t e d  co lon ies  of t h i s  grass 

probab ly  occur  around low spots because wind-blown seeds are  accumulated by 

r a i n f a l l  r u n o f f .  

Ruderal o r  " o l d - f i e l d "  grasses and herbs tend t o  predominate i n  the  

ground cover l a y e r ,  a long w i t h  those species common t o  mined l and  rec lamat ion  

cover,  such as bah ia  grass and h a i r y  i n d i g o  bush (see Appendix I, Assoc ia t i on  

I). Most o f  t he  unders to ry  and ground cover  p l a n t  composi t ion i s  comprised 

of those p ioneer  invaders  t h a t  e v e n t u a l l y  succeed t o  a shrubby d i sc l imax  

a s s o c i a t i o n  a f t e r  min ing .  I n  qenera l ,  most woody species occur i n  the "edge 

zone," w i t h  o n l y  those t r e e s  and shrubs d ispersed by wind o r  animals (e.g.,  

oaks and b lack  c h e r r y )  encountered i n  t h e  i n t e r i o r .  

Burrowing animals and those p r e f e r r i n g  d e t r i t a l  h a b i t a t  appear t o  be 

most common w i t h i n  t he  stand, b u t  none were found t o  be abundant. No b i r d  

nes ts  were observed, and mammal s i gn  was scarce. R e p t i l e s ,  p a r t i c u l a r l y  

t e r r e s t r i a l  snakes and l i z a r d s ,  are l i k e l y  t o  be the  pr imary  p redators  i n  a 

s h o r t - r o t a t i o n ,  e a r l y  successional euca l yp t  p l a n t d t i o n .  Wild1 i f e  u t i l i z a t i o n  

and t r o p h i c  l e v e l  development undoubtedly w i l l  be p r o p o r t i o n a l  t o  cont iguous 

stand area, amount of edge, d i v e r s i t y  o f  surrounding n a t u r a l  systems, s o i l  



Figure  2 .  Centra l  F l o r i d a  Study S i t e s  ( 4 )  

Scale: 1" = 11 m i .  



types, p rox im i ty  t o  aquatic and wetland hab i ta t ,  understory development, and 

whether o r  no t  " is lands"  o f  natura l  system hab i t a t  are incorporated. 

A common cha rac te r i s t i c  o f  the eucalypt stands v i s i t e d  i s  an unusual 

amount of understory l i g h t  penetrat ion,  espec ia l ly  considering the high 

stocking capaci ty and evergreen nature o f  the genus. This condi t ion pro- 

motes understory development and, therefore, w i l d l i f e  forage and cover. 

Since p l an ta t i on  management requ i res  understory con t ro l  a t  p l an t i ng  and f o r  

the f i r s t  18 months o f  establishment, t h i s  aspect o f  a stand may no t  be con- 

s idered a n e t  s i l v i c u l  t u r a l  benef i t .  I n  any event, w i t h  the t a l l  t r e e  stems, 

spec la l i t ed  leaf  o r i en ta t i an  and r e l a t i v e l y  m a l l  canopies, p l an ta t i on  f l oo rs  

Lyp icd l l y  have abour 7U - 8U percent sun exposure. When the sun i s  not  d i -  

r e c t l y  overhead, t h i s  exposure often increases t o  +90 percent. 

A t  l e a s t  seven types of l i chens were found t o  be f a i r l y  common on 

eucalypt  stems, represent ing a1 1 three morphol og ica l  groups (crustose , 
f o l  iose, and f r u t i cose )  . The crustose types d e f i n i t e l y  are most abundant. 

Two species o f  ep iphy t i c  a i r - p l an t s  (T,iUandn.i.u ic-tacca arld T. ianciculc&n) 

are  occasional ly  encountered. 

Grace Eucalypts. The W. R. Grace stand i s  i n  Polk County j u s t  nor th  o f  State 

Road 630 and west of Fo r t  Meade/Agricola (Figure 2, # 2 ) .  Both t h i s  stand and 

the Ayr-icu p lan ta t i on  aye bedded w i t h  about the same stocking dens i ty  and 

growth development. The Grace s i t e  cons is ts  o f  E. ~ W d L L e e a d  planted i n  

1974 and about two acres of E. tet~eticolmi6 planted i n  1975. T h i s  p lanta-  

t i o n  i s  establ ished on debr is  and t a i l i n g s  over phosphatic c lay ,  ra ther  than 

i :. overburden. 
4, 
- Understory p l a n t  species composition i n  both stands i s  near ly  comparable, n$ 

i t h  the r e l a t i v e  abundance favor ing those species adapted t o  more sandy and/ 

o r  x e r i c  condi t ions.  Notable i nd i ca to r s  o f  t h i s  t rend  include camphor weed 

and go1 den as te r  fHctetroYhcca),  nata l  grass [Rhynchetyxhm) , sor re l  [Rumex), 
and smutgrass (SpoaoboLu~) .  Shrubs are l i m i t e d  t o  lantana and wax myrt le.  

Young black cher r ies  appear t o  be the on ly  successful1y invading aboreal 

species a t  t h i s  time. Obvious animal s ign i s  r e s t r i c t e d  t o  armadi l lo  dig- 

g i  ngs. 

Fo r t  Lonesome Eucalypts. The t h i r d  major stand v i s i t e d  was a p l an t i ng  j u s t  

i ns ide  Hi l lsborough County immediately south o f  State Road 674 and east o f  

Fo r t  Lonesome (Figure 2 ,  #3). As many as a dozen species were planted on 



cleared, but  umnined ground i n  1975 (M. Moorman, pers. corn.). The e n t i r e  

p lan ta t ion  was swept by f i r e  several weeks p r i o r  t o  inspection. The eucalypts 

remained unscathed, and the emerging ground cover i s  reminiscent o f  those 

species previously observed. The most notable va r i a t i on  from the other s i t e s  

i s  an abundance of p o s t - f i r e  dog fennel and camphor weed. 

This stand a lso was bedded and had the same p lan t i ng  design. Saltbush 

i s  the most common shrub invader. One 15' t a l l  water oak and a 5 '  slash p ine 

were found near the periphery. The l a rges t  t r e e  i n  t h i s  stand i s  about 15" 

dbh (diameter a t  b res t  height)  and 60 - 70 f e e t  t a l l .  In te res t ing ly ,  several 

ac t i ve  and i nac t i ve  gopher t o r t o i s e  burrows occur, w i t h  armadi l los apparently 

occupying the i nac t i ve  s i tes .  

Duette Eucalypts. The l a s t  mining area s i t e  i s  i n  Manatee County j u s t  no r th  

of Estech's Duette Mine and State Road 62, and between State Road 37 and State  

Road 39 (Figure 2, 94). The stand i s  located i n  a pine/oak, unmined, natura l  

system and has been bedded, bu t  w i thout  the t y p i c a l  f u l l  c lea r ing  o f  the under- 

story.  Although woody p l an t s  were removed dur ing s i t e  preparation, the ground 

cover s t i l l  includes a dense associat ion o f  saw palmetto, w i re  grass, pawpaws, 

go1 denrods , broomsedge, S t .  John's wort, ground huckleberry, fleabane, ha t  

pins, and some young longleaf pines. Af ter  about f i v e  years o f  growth, t h i s  

stand i s  the l e a s t  vigorous o f  those surveyed, bu t  i s  an i n te res t i ng  mix o f  

na t i ve  vegetat ion and eucalypts, i nc lud ing  E. gmndis and E. tehe;ticathh. 
A meaningful assessment o f  w i l d l i f e  u t i l i z a t i o n  was no t  r e a d i l y  achievable 

due t o  the densi ty o f  the ground cover, which approaches I00 percent. Pre- 

sumably, the adverse competi t ion by na t i ve  vegetat ion has played a r o l e  i n  

the lack of eucalypt stand v igor.  

Unmined, South F lo r ida  Stands 

Follow-up f i e l d  studies o f  eucalypt p lan t ings  on unmined, bu t  s i t e -  

prepared lands i n  South F l o r i d a ' s  Glades County were conducted on A p r i l  2-3, 

1981 . The f o l l  owing descr ip t ions synthesize the gathered information on 

spec i f i c  eucalypt stands, inc lud ing  stand aqe and species where d e f i n i t i v e l y  

ascertained. The most in tens ive ly  studied s i t e s  occur on Lykes Brothers 

property west o f  Palmdale and were invest igated i n  cooperation w i t h  the land 

manager. V i r t u a l l y  a l l  study s i t e s  discussed i n  t h i s  sect ion are located 

w i t h i n  the del ineated area i n  Figure 3. 





Ferguson Stand. Planted in 1969 on beds site-prepared in an area of dry, 

palmetto p ra i r i e ,  t h i s  i s  the oldest  plantation studied. The eastern half 

i s  Eucdyptu.5 aobub.ta, while the western half i s  Euca€yptua gtarzdA. Gen- 

e r a l l y ,  a  be t t e r  developed understory occurs within the E u c d y p U  4obunXa 

stand. In terms of animal populations, the plantation exhibited v i r tua l ly  

no burrows, t r a i l s ,  t racks,  nests ,  or noises which would indicate the pres- 

ence of an on-site vertebrate community, although deer sign has been reported 

( G .  W .  Cornwell , pers. comm. ) . Obvious invertebrates similarly were scarce. 

Four plant species tend t o  predominate in the understory: broomsedge 

(Andtopogon v h g i n i c u n )  ; saw palmetto (Seaenoa tepenb) (from viable rhizomes 

remaining a f t e r  s i t e  preparation); staggerbush (Lyon-ia ae44ugineu); and some 

gal 1 berry (Zlex gkabaa) . somewhat 1 ess common are the fol 1 owing: go1 denrods 

(Sofidago) ; panic grasses (PanicumlDico~zRlzeL~m) ; another staggerbush (Lyo~zi.a 

tjmu2cocza); runner oak (Que~cun pumd.a) ; ground huckleberry I Vuccinkm) ; wire 

grass (Aaibc;ti.da 5. fhictn);  sal tbush; S t .  John's wort (Hqperl.icum); and a few 

other herbs and grasses. Vines seem to  be 1 imited t o  grapes ( V i t L t , ) ,  green- 

b r ie r s  (SmZaxj , and poison ivy (Rhun m d i c a ~ n ) .  The rough, f issured bark of 

Eucdyptub 4obubta provides a superior substrate f o r  vine and epiphyte estab- 

1 ishment. 

The bedding seems higher than fo r  the mined land stands,.averaging a 

two foot  difference between the top of the bed and the furrow bottom. A 

considerable slash/duff layer of leaves, bark s t r i p s  (especial ly E.  gtrarzdinl 

and branches f i l l s  the furrows several inches deep with eucalypt de t r i tus .  

Probably in concert with other s i t e  fac to rs ,  t h i s  amount of f a i r l y  "durable" 

de t r i t u s ,  simply by i t s  physical presence i f  not al lelopathy,  seems t o  inh ib i t  

ground cover plant establishment. Assessing the stand as a whole, the north- 

eastern quarter has u p  to  50 percent ground and shrub cover, while the more 

typical condition approaches 20 percent. Nearby evidence indicates tha t  a f t e r  

cutt ing a n d  during coppice establishment, ground cover plants apparently in- 

crease t o  80 - 100 percent cover unti l  shading and de t r i tus  again become 

l imit ing factors .  

A diameter of 13.8" was recorded on the larges t  stem encountered ( E .  

g t l a r ~ d i ~ ) ,  and most t rees  were estimated to  be 65' - 80'  t a l l .  There are n u -  

merous 1 '  - 8 '  t a l l  E .  tlobu..sta seedlings in the understory and within a 100' 

radius from the stand in both grassland and dense saw palmetto associations. 

Generally, "wildlings" seem to  be established within a range of 20' - 50' 

from the parent t ree .  
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"Ferguson Pine" Stand. Immediately west of the above-described plantation i s  

a  companion stand of planted slash pine. The s i t e  preparation techniques and 

original  habi ta t  appear to  be the same as fo r  the eucalypts. The pines also 

were planted in 1969 in order to  provide a basis  for  comparative eucalypt/pine t 

stand analysis .  This s i tuat ion provided the best opportunity during the f i e l d  

s tudies  to  compare and contrast  planted pines and eucalypts under similar s i t e  

and age conditions. 

Needle-leaf 1 i  t t e r  in the pine plantation generally forms a more complete 

cover ( c r e s t  t o  furrow) and becomes more of a "mat" in contras t  t o  the "tex- 

tured" broad leaf  de t r i t u s  of eucalypts. There a l so  i s  more shading in the 

pine understory. Generally, however, a  basic s imi la r i ty  of associated plants 

occurs within the two systems. A comparison of the respective plant assem- 

blages i s  presented in Appendix I .  

A notable difference i s  the t a l l e r ,  more vigorous and more abundant saw 

palmetto in the pine understory. This condition i s  exemplified t o  a lesser  

extent  by gal lberry ,  ground oaks, and pawpaw. There appears t o  be l e s s  "cover" 

by graminoid and herbaceous species, but woody plants appear to thr ive ,  rela-  

t ive ly  speaking. Given the negative aspects of non-commercial plant competi- 

t i on ,  t h i s  condition appears t o  be an advantage fo r  the eucalypts. Commonly, 

unmanaged pine plantat ions a t t a i n  a vigorous palmetto/oak understory a n d  
C 

eucalypts may require l e s s  management in t h i s  regard. Of course, the shorter 

rotat ion time a l so  mitigates against dense underst.ory a n d  hardwood establish- 

ment, as well a s  a l le lopathic  e f f ec t s ,  i f  operative. 

All intensively site-prepared eucalypt stands surveyed had s ignif icant ly  

more exposed soi l  and l e s s  dense canopies. Both plantation types exhibit  a 

higher d ivers i ty  and abundance of associated plant species along the periphery, 

typical ly  within 100' from the edge. Vines are l e s s  common under the pines, 

grasses tend t o  form small,  nonvigorous clumps, and herbs and forbs generally 

occur as scattered individuals ra ther  than as  colonial or  associational groups. 

Seed germination, especial ly fo r  nonmast (ground cover) species, undoubtedly 

i s  more d i f f i c u l t  in the matted duff layer which approaches 100 percent cover 

under the pines. 

The average dbh  of the pines i s  about 6"  and the average height t o  the 

canopy tops i s  about 2 5 ' .  Because they are  young pines, they tend to  have 

branches and needles f o r  half of t he i r  erect  stem length, as opposed to  the 

higher, more open aspect of plantation eucalypts. This condition creates 



more cover ,  o v e r a ~ l ,  w i t h i n  t h e  p ines ,  b u t  t h e  l a c k  of forage p l a n t s  and 

p r o t e c t i o n  i n  t h e  u n d e r s t o r y  presumably makes t h e  s i t e  s i m i l a r l y  u n a t t r a c t i v e  

t o  w i l d l i f e ,  s i n c e  l i t t l e  d i s t i n c t i o n  can be made between t h e  two systems 

concern ing v e r t e b r a t e  u t i l i z a t i o n .  As w i t h  t h e  e u c a l y p t s ,  t h e  o n l y  obv ious 

s i g n  was sporad ic  a r m a d i l l o  d i g g i n g s .  No b i r d s ,  mammals, o r  h e r p e t i l e s  were 

a c t u a l l y  observed, n o r  were any n e s t s  o r  burrows.  

The genera l  c o n c l u s i o n  drawn f r o m  su rvey ing  t h e  two a d j a c e n t  p l a n t a t i o n s  

i s  t h a t  t h e  p i n e s  a r e  a s s o c i a t e d  w i t h  somewhat more t o t a l  p l a n t  spec ies  and 

good v i g o r  of woody spec ies ,  w h i l e  t h e  e u c a l y p t  s tand has g r e a t e r  coverage b y  

u n d e r s t o r y  p l a n t s  and v ines ,  a l t h o u g h  t y p i c a l l y  w i t h  l e s s  v i g o r .  Both  s i t e s  

suggest v e r y  l ow  r e s i d e n t ,  f o r a g i n g ,  and t r a n s i e n t  w i l d l i f e  u t i l i z a t i o n .  

Other  Euca lyp t  Stands - Glades County 

Severa l  a d d i t i o n a l  e u c a l y p t  s tands o f  v a r y i n g  s i z e ,  age and s e l e c t e d  

spec ies  were surveyed l e s s  i n t e n s i v e l y  d u r i n g  t h e  m id -Spr ing  f i e l d  s t u d i e s  

i n  Glades County. Most s i t e s  were s i m i l a r l y  s i t e - p r e p a r e d  on former  p a l m e t t o  

p r a i r i e  h a b i t a t .  Some genera l  i z e d  o b s e r v a t i o n s  can be made as a  r e s u l t  o f  

t hese  surveys.  

Impress ions concern ing  v e g e t a t i v e  aspects  o f  e u c a l y p t  p l a n t a t i o n s  on 

unmined l a n d  i n c l u d e  t h e  f o l l o w i n g :  

1  ) One t o  two-year o l d  p l a n t a t i o n s  t y p i c a l l y  have 80 - 90 p e r c e n t  cove r ,  

p r i m a r i l y  by  grasses.  There appears t o  be a  t r e n d  away from c a r p e t -  

t ype  grasses a f t e r  t h e  second y e a r  and toward more clumpy species,  

e.g.,  A~zdnupogon and Afi.isti.dn. 

2 )  There appears t o  be an I n v e r s e  r e i a t i o n s h i p  between t h e  amount of 

ground cove r  and t h e  degree o f  e u c a l y p t  v i g o r ,  a t  l e a s t  i n  terms o f  

canopy f o l  i age .  

3 )  L i v e s t o c k  g r a z i n g  decreases t h e  abundance and p o s s i b l y  d i v e r s i t y  o f  

u n d e r s t o r y  p l a n t s  w i t h i n  t h e  p l a n t a t i o n ,  as does "double-chopping" 

d u r i n g  s i t e  p r e p a r a t i o n .  

4 )  A1 though seve ra l  dozen ind igenous,  South F l  o r i d a  p l a n t  spec ies  ap- 

p a r e n t l y  can c o e x i s t  w i t h  e u c a l y p t  stands,  t h e  p robab le  assoc ia ted  

f l o r a  i n  t h e  C e n t r a l  F l o r i d a  phosphate m i n i n g  r e g i o n  l a r g e l y  w i l l  be 

d i f f e r e n t  and g e n e r a l l y  more r u d e r a l  and shrubby when on mined land .  



Observat ions r ega rd i ng  t he  animal u t i l i z a t i o n  of South F l o r i d a  euca lyp t  

p l a n t a t i o n s  i n  e a r l y  A p r i l  suggest the  f o l l  owing: 

1  ) The g r e a t e s t  observed w i l d 1  i f e  u t i l  i z a t i o n  of euca lyp ts  occurred 

where a  p l a n t a t i o n  was ad jacent  t o  na tu ra l  system x e r i c  h a b i t a t .  

2 )  Res ident  ve r t eb ra te  animals appear t o  be r a r e  and p r i m a r i l y  repre -  

sented by r e p t i l e s  and t he  a rmad i l l o .  

3 )  I n s e c t s  and i n s e c t  p reda to rs  seldom were encountered, and those 

i n s e c t s  observed a re  t y p i c a l l y  assoc ia ted w i t h  the  d e t r i t a l  l a y e r .  

4 )  V i r t u a l l y  a l l  o f  t he  ve r t eb ra te  s i gn  and s i g h t i n g s  a re  assoc ia ted 

w i t h  t h e  edge aono, o r  w i t h i n  p h r ? l ~ t  Inn '  nf t.he p l a n t a t i o n  per iphery .  

T h i s  co i nc i des  w i t h  the  zone o f  maximum unders to ry  p l a n t  d i v e r s i t y .  

Eucalypt  Na tu ra l  i z a t i o n  

An impor tan t  concern t o  address i n  cons ider ing  euca lyp ts  f o r  wood energy 

farms i n  Cen t ra l  and South F l o r i d a  i s  the  p o s s i b i l i t y  of adverse impacts on 

t he  ecosystem as a  r e s u l t  o f  na tu ra l  i z a t i o n .  The p o t e n t i a l  f o r  euca lyp t  

n a t u r a l i z a t i o n  i n  F l o r i d a  i s  no t  w ide l y  discussed i n  the  a v a i l a b l e  l i t e r a t u r e ,  

b u t  g i ven  what i s  known about the  a b i l i t y  o f  some e x o t i c  t r e e s  and shrubs t o  

become r a p i d l y  es tab l i shed  i n  t h e  accommodating c l ima te ,  the  i ssue  must be 

addressed. 

Correspondence and d fscuss ion  w i t h  p a r t i c u l a r l y  knowledgeable members 

of t he  commercial f o r e s t r y  i n d u s t r y  have l a i d  t o  r e s t  much of t h i s  concern 

regard ing  euca lyp ts .  One l ead ing  researcher  o f  F l o r i d a  euca lyp ts  has sum- 

mar ized t he  s i t u a t i o n  by suggest ing t h a t  t he  evidence i s  i n c o n t r o v e r t i b l e  - 
euca lyp ts  have been i n  F l o r i d a  f o r  100 years  w i t h  no evidence o f  major,  

adverse environmental  impact (E. C .  Frank1 i n ,  pers.  corm). Exper ts  i n  o the r  

c o u n t r i e s  w i t h  environmental  a t t r i b u t e s  s i m i l a r  t o  those o f  pen insu la r  

F l o r i d a  concur.  The Senior  Pro fess iona l  O f f i c e r  o f  t he  Fo res t r y  and 

Environmental Conservat ion Department i n  South A f r i c a  has i n d i c a t e d  t h a t  

a1 though more than 150 species o f  euca lyp ts  ( i n c l u d i n g  those p l an ted  i n  

F l o r i d a )  have been in t roduced,  "no 1 i k e l  ihood o f  a  popu la t i on  exp los ion"  

has been i d e n t i f i e d  (S. P. Four ie ,  pers .  comm.). Ecolmpact 's f i e l d  obser- 

va t i ons  on the  e x t e n t  o f  n a t u r a l i z a t i o n  i n  South F l o r i d a  a re  recorded below. 



Ferguson P l a n t a t i o n  Area - Glades County. A reconnaissance o f  t h e  EucdypXu~  

nobunta p o r t i o n  of t h e  1969 stand revealed a  cons ide rab le  number o f  unders to ry  

seedl ings rang ing  from 1 '  - 8 '  t a l l ,  bo th  on t h e  beds and i n  the  fur rows.  

More s i g n i f i c a n t l y ,  approx imate ly  100 " w i l d l i r ~ g s "  were encountered ad jacen t  

t o  t h e  stand. Most i n d i v i d u a l s  a r e  e s t a b l i s h e d  20'  - 50 '  f rom t h e  stand edge, 

b u t  many a re  50' - 100' d i s t a n t .  Most a r e  found on bare,  sandy s o i l  o r  i n  

grass land areas, i n c l u d i n g  w i r e  grass and bluestem grass assoc ia t ions .  Others,  

however, a r e  coming up through dense saw pa lmet to  t h a t  i s  4 '  - 5 '  h i g h  w i t h  

v i r t u a l l y  100 percen t  cover .  

Somewhat f u r t h e r  west, a  10 - 12 year  o l d  stand has been c u t  i n  t h e  r e c e n t  

pas t ,  and copp ic ing  of the  c u t  stems i s  proceeding r a p i d l y .  A lso  deve lop ing 

r a p i d l y  i s  a  stand o f  seed l ings  so dense t h a t  counts  o f  over  100 stems per  

square meter a re  poss ib le .  O f t e n  such seed l ing  masses a r e  assoc ia ted  w i t h  

p i l e d  o r  s c a t t e r e d  "s lash t '  remain ing a f t e r  ha rves t ing .  An ad jacen t  bah ia  

grass pas tu re  w i t h  complete ground cover  c o n t a i n s  w i l d l i n g s  n e a r l y  20 '  t a l l ,  

b u t  l e s s  than 200' d i s t a n t  f rom t h e  stand. The s i t e  i s  a  r e l a t i v e l y  small 

coppice area w i t h i n  a  E. g t a n d h  stand, and l i t e r a l l y  thousands o f  w i l d l i n g s  

1 '  - 10 '  h i g h  b l a n k e t  much o f  t h e  area. O f  t h e  many s i t e s  v i s i t e d  d u r i n g  t h e  

f i e l d  s tud ies ,  t h i s  l o c a t i o n  had t h e  g r e a t e s t  amount o f  n a t u r a l i z e d  euca lyp ts .  

Prob lem-so lv ing approaches t o  t h i s  c o n d i t i o n  should  be i n c o r p o r a t e d  i n  the  

on-going research of euca lyp t  p l a n t a t i o n  es tab l i shment .  

Homestead Eucalypts .  J u s t  n o r t h e a s t  o f  t h e  town o f  LaBe l le ,  an o l d  homestead 

s i t e ,  known as t h e  " P r e c i n c t  Stand," w i t h  many ve ry  l a r g e  euca lyp ts  was v i s i t e d .  

The l o c a t i o n  was impress ive bo th  because o f  t h e  massive paren t  t r e e s  and t h e  

number o f  younger t r e e s  o f  a l l  s i zes .  The t r e e s  a re  h y b r i d s ,  w i t h  charac te r -  

i s t i c s  o f  severa l  species.  One must presume t h a t  t h e  l a r g e s t  t r e e s  have been i n  

p lace  f o r  60 - 80 years ,  and t h e r e f o r e ,  t h e  e x t e n t  o f  spread c o u l d  be charac te r -  

i z e d  as slow and r e l a t i v e l y  unaggressive.  However, t h e  w i l d l i n g  stem d e n s i t y  

and t h e  v a r i e t y  o f  h a b i t a t s  encroached upon a re  s u b j e c t s  f o r  f u r t h e r  study.  

The area between paren t  t r e e s  o f ten  a t t a i n s  a stem d e n s i t y  s u f f i c i e n t  t o  

make w a l k i n g  progress arduous. Other than a  few young cabbage palms and smi lax  

v ines,  t h e r e  i s  v i r t u a l l y  no n a t i v e  v e g e t a t i o n  i n  t h e  unders to ry  o r  coming up 

through t h e  d u f f  l a y e r .  Recent f i r e s  have n o t  adverse ly  a f fec ted t h e  t r e e s ,  

and wounds o r  c u t t i n g  o n l y  s t i m u l a t e s  t h e  coppice response. A l l  t r e e s  seem- 

i n g l y  o l d e r  than 4  - 5 years  produce a  q u a n t i t y  o f  seed capsules.  An area of 

several act-es has Ldken on t he  aspect. a!' an uneven-aged, m o n o c u ~ t u r a l  grove. 



The w i l d l i n g s  a r e  e s t a b l i s h e d  i n  shade, i n  f u l l  s u n l i g h t ,  on sandy s o i l s ,  

on somewhat humic s o i l s ,  on d r y  ground and even i n  a  we t land  area.  I n t e r e s t -  

i n g l y ,  smal l  t r e e s  i n v a d i n g  a  sha l l ow  marsh system have developed a d v e n t i t i o u s  

r o o t s  i n  o r d e r  t o  adap t  t o  seasonal s u r f a c e  wa te r  c o n d i t i o n s .  

Two o t h e r  fo rmer  homestead s i t e s  southwest  o f  Palmdale i n  t h e  s tudy  area 

d e l i n e a t e d  i n  F i g u r e  3 were s i m i l a r l y  i n v e s t i g a t e d .  A t  t h e  f i r s t  l o c a t i o n ,  a  

s i n g l e  "4obwZa mothe r "  has genera ted seve ra l  hundred o f f s p r i n g ,  wh ich  a r e  

e s t a b l i s h e d  i n  a  p redominan t l y  n a t u r a l  system s e t t i n g .  Ages v a r y  f rom new 

s e e d l i n g s  t o  t r e e s  up t o  two f e e t  dbh, and many are conling up th rough  saw 

p a l m e t t o  s tands and o t h e r  n a t i v o  vege ta t i on  A few i n d i v i d u a l s  were encoun- 

t e r e d  175 '  - 200'  f r o m  t h e  p robab le  source t r e e .  

The l a s t  s i g n i f i c a n t  s i t e  v i s i t e d  r e v e a l e d  a s i m i l a r  t r e n d ,  b u t  w i t h  i h -  

c reased  n a t u r a l i z a t i o n .  The mother  t r e e  i s  l o c a t e d  i n  a  smal l  l i v e  oak hammock 

t h a t  has been surrounded by  p a l m e t t o  p r a i r i e  and oak scrub h a b i t a t  u n t i l  r e c e n t  

c l e a r i n g  f o r  a d d i t i o n a l  e u c a l y p t  p l a n t a t i o n s .  The hammock (abou t  two a c r e s )  

was spared f r o m  s i t e  p r e p a r a t i o n .  The f o l l o w i n g  p a t t e r n  of e s t a b l i s h m e n t  was 

observed:  nea r  t h e  c e n t e r  i s  a mother t r e e  n e a r l y  1 0 0 '  t a l l  and seve ra l  f e e t  

i n  d iameter ;  i t  i s  surrounded by  about  20 t r e e s  n e a r l y  h a l f  i t s  s i z e ;  about  

300 t r e e s  h a l f  t h a t  s i z e  f o r  t h e  n e x t  c o n c e n t r i c  c i r c l e ;  and r a d i a t i n g  o u t  from 

t h e s e  a r e  hundreds o f  s a p l i n g s  and seed l i ngs .  The o v e r a l l  p a t t e r n  i n v o l v e s  a  

c i r c u l a r  e u c a l y p t  g r o u p i n g  about  250'  i n  d iamete r ,  w i t h  t h e  mother t r e e  a t  t h e  

hub and approx ima te l y  1,000 a s s o c i a t e d  o f f s p r i n g .  

The e x t e n t  t o  wh ich  n a t u r a l i z a t i o n  may have encroached on su r round iny  

n a t u r a l  system h a b i t a t  c o u l d  n o t  be determined due t o  l o c a l  s i t e  p r e p a r a t i o n .  

Severa l  smal l  p l a n t s  were c a r e f u l l y  up roo ted  i n  o r d e r  t o  c o n f i r m  t h a t  r e p r o -  

d u c t i o n  i s  by  seed and n o t  v e g e t a t i v e .  F i n a l l y ,  t h e  s e e d l i n g s  and s a p l i n g s  

appear t o  be t h r i v i n g  under  t h e  l i v e  oak (and e u c a l y p t s )  canopy, and o t h e r  

u n d e r s t o r y  spec ies  genera l  1  y  a r e  1  ack ing .  The e u c a l y p t s  c l e a r l y  dominate t h i s  

p a r t i c u l a r  s i t e ,  b u t  a p p a r e n t l y  have taken  bO - 80 y e a r s  t u  du su. 

Discuss ion .  I n  c a r e f u l  l y  c o n s i d e r i n g  t h e  f i n d i n g s  concern1 ng observed e u c a l y p t  

n a t u r a l i z a t i o n  as p resen ted  above, t h e  c a p a c i t y  f o r  spec ies  and h y b r i d s  t o  

c o l o n i z e  and dominate a  g i v e n  s i t e  seems l u c a l  i z e d  and c o n t r o l  l a b 1  e. C l e a r l y ,  

we a r e  n o t  d e a l i n g  w i t h  a  mela leuca,  B r a z i l i a n  pepper, wa te r  h y a c i n t h ,  o r  

h y d r i l l a  dilemma, perhaps l a r g e l y  because t h e  d i s p e r s a l  mechanisms o f  wind, 

w a t e r ,  and w i l d l i f e  do n o t  appear t o  be as e f f e c t i v e l y  o p e r a t i v e  w i t h  e u c a l y p t s  



Apparent ly ,  c e r t a i n  species of t h i s  genus have a  n a t u r a l i z a t i o n  p o t e n t i a l  

t h a t  suggests management problems, a l though  t h e  concept o f  these t r e e s  

c r e a t i n g  "euca lyp t  ep idemics"  shou ld  be viewed as an u n j u s t i f i e d  over -  

r e a c t i o n .  Recogniz ing the  p o t e n t i a l  f o r  e x o t i c  p l a n t  es tab l i shment  problems, 

then, p l a n t a t i o n  des igners  and managers should t a k e  a  sober approach t o  the  

t a s k  a t  hand, and a n t i c i p a t e  some l o c a l ,  r e g i o n a l ,  s ta tew ide ,  p r i v a t e ,  and 

p u b l i c  adverse r e a c t i o n  t o  proposed p l a n t a t i o n s .  Such i n t e r e s t e d  p a r t i e s  

should be educated r e g a r d i n g  t h e  c l o n a l  p ropaga t ion  of E. camdddenaA f o r  

use i n  t h e  BESI p l a n t a t i o n s ,  t h e  known c h a r a c t e r i s t i c s  o f  t h i s  species,  and 

a  r e a l i s t i c  assessment o f  t h e  p o t e n t i a l  f o r  n a t u r a l i z a t i o n  i n  Cen t ra l  and 

South F l o r i d a .  

The s e l e c t i o n  by BESI o f  E. cumcLeddemA f o r  i t s  feedstock source, u s i n g  

c l o n a l  p ropaga t ion  f rom s e l e c t  t r e e s ,  has a  s i g n i f i c a n t  b e a r i n g  on t h e  i s s u e  

of  p o t e n t i a l  n a t u r a l i z a t i o n .  U n i v e r s i t y  o f  F l o r i d a  f o r e s t r y  p a t h o l o g i s t  

Roger Webb, i n  a s s o c i a t i o n  w i t h  o t h e r  researchers ,  has uncovered i m p o r t a n t  

i n f o r m a t i o n  concern ing t h e  r e l a t i o n s h i p  between a  funga l  pathogen and known 

s t e r i l i t y  i n  v i r t u a l l y  a l l  E. c a m d d d e m A  i n  F l o r i d a .  Webb (pe rs .  comi.)  

has re leased  t o  EcoImpact t h e  b a s i c  f i n d i n g s  o f  h i s  research  i n t o  t h e  l a c k  

of seed v i a b i l i t y  i n  t h i s  species,  wh ich w i l l  be d e t a i l e d  i n  a  research  paper 

soon t o  be pub1 i shed. 

The research  has revea led  t h a t  t h e  agent  r e s p o n s i b l e  f o r  t h e  seed i n -  

f e r t i l i t y  i s  a dark ,  f l u f f y  fungus which i s  b e l i e v e d  t o  be c a r r i e d  by wind 

o r  i n s e c t s .  More s p e c i f i c a l l y ,  i t  i s  an i m p e r f e c t  fungus i d e n t i f i e d  by the  

Commonwealth Myco log ica l  I n s t i t u t e  as Do.tl.~iotre€Qa c.ucalrjpti, which i s  d e r i v e d  

from an asexual form o f  B u . t . t y u . s p l ~ r . ~ ~ ~ t . i b i ~ ,  a per.TecL s t a t e  ascomycete. The 

ascomycete, p resen t  i n  t h e  F l o r i d a  environment,  re leases  ascospores which a r e  

c a r r i e d  t o  t h e  seed-bear ing t r e e s  where they  i n f e c t  t h e  seed capsules,  and 

even bark,  by p e n e t r a t i o n  o f  t h e  woody t i s s u e  by t h e  fungal hyphae. The r e s u l t  

has been an e s s e n t i a l l y  complete s t e r i l i z a t i o n  o f  E. cumcLt'du!c?nn.in i n  F l o r i d a .  

I n  f a c t ,  t h c  on-going resedrxh has f d e n t i f i e d  o n l y  - one t r e e  o f  t h i s  spec ies  

w i t h  v i a b l e  seed i n  t h e  S ta te .  

Furthermore,  the  genotype remains unchanged through t h e  c l o n a l  process;  

i . e . ,  i f  t h e  s e l e c t  p a r e n t  t r e e  i s  s u s c e p t i b l e  t o  t h e  fungus, wh ich v i r t u a l l y  

always i s  t h e  case, the  c l o n a l  o f f s p r i n g  w i l l  be s i m i l a r l y  s u s c e p t i b l e .  The 

s i g n i f i c a n t  i m p l i c a t i o n  i s  t h a t  t h e  proposed biomass t r e e  farms p robab ly  can 

be r.ei~der.cd harmless i n  terms o f  t h e i r  n a t u r a l i z a t i o n  p o t e n t i a l  due t o  t h e  



fungal  benefactor .  The use o f  c l ona l  propagat ion,  and subsequently pos t -cu t  

copp ic ing ,  e l i m i n a t e s  t h e  need f o r  v i a b l e  seed t o  produce p l a n t a t i o n  s tock.  

Thus, t he  s e l e c t i o n  o f  E. c a m d d d e a A  prov ides s u b s t a n t i a l  m i t i g a t i o n  aga ins t  

f e a r s  o f  t h i s  species becoming another  problem e x o t i c  p l a n t  i n  t he  F l o r i d a  

environment. 

Reviewers o f  t h i s  and companion working documents addressing the  f e a s i -  

b i l i t y  o f  e s t a b l i s h i n g  euca lyp t  biomass p l a n t a t i o n s  i n  F l o r i d a  should bear 

i n  mind the " r e v e r s i b i l i t y "  o f  the  proposed ac t i on .  I f ,  f o r  reasons p resen t l y  

unforseen, an es tab l  i shed  biomass sfand was deemed undes i rab le ,  o r  stand e l  i m -  

i n a t i o n  was necessary a f t e r  a particular harves t  (6-8 year  i n t e r v n l s ) ,  t he  

p u l l i n g  of stumps o r  t h e i r  i n j e c t i o n  w i t h  a safe he rb i c i de  w i l l  e r ad i ca te  t he  

euca lyp ts .  Those persons adamantly opposed t o  non-nat ive p l a n t a t i o n s  and 

those who perce ive  commercial f o r e s t s  as b i o l o g i c a l l y  depauperate monocultures 

should r e f l e c t  upon the  o r i g i n  and na tu re  o f  a l l  o f  modern man's a g r i c u l t u r a l  

c ropp ing  systenis, bo th  f l o r a l  and f auna l .  Unquestionably, a 100-acre co rn  

p l a n t a t i o n  sub jec t s  t h e  l and  t o  more adverse environmental  impacts and o f f e r s  

poorer  w i l d l i f e  h a b i t a t  than any o f  the  euca lyp t  p l a n t a t i o n s  surveyed f o r  t h i s  

r e p o r t .  The in t roduced  p l a n t s  which endanger F l o r i d a ' s  n a t u r a l  systems a re  

those which aggress ive ly  out-compete the  n a t i v e  f l o r a .  E I L C . ~ ! I J ~ ; ~ W  c a m a l d d e ~ n h  

has remained innocuous du r i ng  t he  pas t  8U-i00 years u f  ex i s l e n ~ e ,  and e l l  

a v a i l a b l e  evidence suggests t h a t  t h e  candidate euca lyp t  species w i l l  n o t  be- 

come a f u t u r e  nlanagement problem i n  t he  F l  or-ida environment. 

Conclusions - 

The f i e l d  and research s tud ies  undertaken t o  produce t h i s  resource doc- 

ument s t imu la ted  many deduct ions concerning t he  q u a l i t a t i v e  and f u n c t i o n a l  

aspects o f  euca lyp t  p l a n t a t i o n  ecology. The f o l l o w i n g  conc lus ions have been 

drawn from the  o v e r a l l  research exper ience. 

1) Eucalypts  have been p l an ted  i n  F l o r i d a  f o r  ornamental, shade, windbreak 

and conirnercial purposes f o r  over 100 years .  

2 )  The euca lyp t  f o r e s t s  o f  A u s t r a l i a  and T a s ~ ~ ~ ~ l n i a  support  a r i c h  and va r i ed  

w i l  d l  i f e  assemblage, and coniprise t he   nos t impor tant  an illla1 re fuge .  



3 )  R i v e r  r e d  gum ( E U C ~ ~ ~ ~ Z U ~  cm~uL 'dderzn i~ ) ,  t h e  spec ies  s e l e c t e d  by Biomass 

Energy Systems, I n c .  f o r  biomass p l a n t a t i o n s ,  i s  t h e  most widespread e u c a l y p t  

i n  A u s t r a l i a  and i s  one o f  t h e  most i m p o r t a n t  t i m b e r  and biomass t r e e s  com- 

m e r c i a l l y  p l a n t e d  i n  t h e  w o r l d .  

4 )  E ros ion  r a t e s  on a  e u c a l y p t  biomass s tand w i l l  be l e s s  than  those i n  

normal f o r e s t r y  o p e r a t i o n s  due t o  c l o s e r  p l a n t i n g s  and stump r e s p r o u t i n g  wh ich  

n e c e s s i t a t e s  complete s i t e  p r e p a r a t i o n  o n l y  a t  25-50 y e a r  i n t e r v a l s .  

5 )  Fores ts  c o n s t i t u t e  t h e  ma jo r  w i l d l i f e  h a b i t a t  i n  t h e  Loutheast ,  and 

F l o r i d a ' s  f o r e s t  acreage has been reduced by an average o f  n e a r l y  125,000 

acres  p e r  y e a r  f o r  t h e  l a s t  25 yea rs .  

6 )  S u b s t a n t i a l  w i l d 1  i f e  p r o d u c t i o n  i s  p o s s i b l e  where t i m b e r  management i s  

t h e  p r imary  o b j e c t i v e  th rough  modern f o r e s t  management and des ign  techn iques .  

7 )  The s tand ing  biomass o f  u n d e r s t o r y  p l a n t s  i n  e u c a l y p t  p l a n t a t i o n s  can 

be s u b s t a n t i a l  and supp ly  f o r a g e  f o r  b o t h  c a t t l e  and w i l d l i f e .  

8 )  Accord ing t o  n a t u r a l i z e d  F l o r i d a  p l a n t  s t u d i e s  by M a z z o t t i  e t  a l .  (1981),  

e x o t i c  p l a n t  h a b i t a t s  a r e  n o t  equal  i n  terms o f  f a u n a l  suppor t  and f o o d  c h a i n  

s t r u c t u r e ,  each h a b i t a t  must be eva lua ted  s e p a r a t e l y ,  and low  spec ies  r i c h -  

ness, p e r  se, does n o t  n e c e s s a r i l y  de termine f a u n a l  d i s t r i b u t i o n  and abund- 

ance; t h e r e f o r e ,  e x o t i c  p l a n t  communit ies cannot  i n t u i t i v e l y  be c l a s s i f i e d  

as " b i o l o g i c a l  d e s e r t s . "  

9 )  O f  t h e  200,000+ spec ies  and v a r i e t i e s  o f  e x o t i c  p l a n t s  b rough t  i n t o  t h e  

U n i t e d  S t a t e s  ove r  t h e  p a s t  few decades, compara t i ve l y  few have become vege- 

t a t i v e  problems. 

10) Euca lyp ts  appear t o  be a b l e  t o  t h r i v e  i n  F l o r i d a  a t  t r a d i t i o n a l  o r  above- 

averaye s t o c k i n g  d e n s i t i e s ,  w i t h  o r  w i t h o u t  a  h i g h  wa te r  t a b l e ,  on mined o r  

unmi ned 1  and. 

11) A l though many South F l o r i d a  p l a n t i n g s  w i t h  mature E. ~~obunZa,  E .  g n r l w r i i 6 ,  

and a vd r , i e t y  o f  h y b r i d s  produce l o c a l i z e d  " w i l d 1  i n g s "  from seed, no progeny 

were encountered i n  t h e  t . C C U ~ C L ~ ~ ~ C I ~ ~ ~ ~  s tands  i r ~  C e n t r a l  I- l o r i d a  . 

12) The l i t e r a t u r e  r e p o r t s  t h a t  most e u c a l y p t s ,  i n c l u d i n g  E.  cat i lnYdder in. i~,  

have some p lan t  i n h i b i t o r y  ( a l l e l o p a t h i c )  tendenc ies .  The degree o f  i n h i b i -  

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

( c l a y e y )  m a t e r i a l  p resen t  i n  t h e  s o i l .  We1 1  - J v a i r ~ e d ,  sandy sn-il i n  humid 



r e g i o n s ,  s i m i l a r  t o  t h e  s o i l s  proposed f o r  biomass stands,  do n o t  c o n c e n t r a t e  

these t o x i n s ,  and t h e i r  f a v o r a b l e  a e r a t i o n  p e r m i t s  r a p i d  t o x i n  deg rada t ion .  

13)  The Biomass Energy Systems, I n c .  approach o f  u t i l i z i n g  e f f e c t i v e l y  s t e r i l e  

E. cumddu le~znh ,  propagated i r z  v.&o by t i s s u e  c u l t u r i n g ,  has v i r t u a l l y  e l  im- 

i n a t e d  t h e  adverse n a t u r a l i z a t i o n  p o t e n t i a l  a s s o c i a t e d  w i t h  some i n t r o d u c e d  

A u s t r a l i a n  t r e e s  i n  F l o r i d a .  

14) Canopy s u n l i g h t  p e n e t r a t i o n  t o  t h e  u n d e r s t o r y  p r o v i d e s  an open, pa rk -  

l i k e  appearance w i t h  some d e s i r a b l e  ground cove r  when mowed o r  grazed, and 

promotes t h e  deve l  upl l l rr~ L o f  an u n d e r s t o r y  a s s o c i a t i o n  whrn unmanaged. 

15 )  The d i v e r s i t y  o f  a s s o c i a t e d  v e g e t a t ~ o n  it l observed 5La11ils i s  g ~ ~ e s t c s t  

w i t h i n  about  100'  f r o m  t h e  p e r i p h e r y ,  and I I I O S ~  i nvaders  have t h e  common e l e -  

ment o f  w ind -d i spe rsed  seed. 

16) On t h e  b a s i s  o f  a  l i m i t e d  f i e l d  comparison, s l a s h  p i n e  s tands w i t h  e q u i v -  

a l e n t  s i t e  p r e p a r a t i o n ,  s e t t i n g ,  and young age may have a  somewt~at g r e a t e r  

d i v e r s i t y  o f  u n d e r s t o r y  and ground cove r  p l a n t s ,  b u t  e u c a l y p t  s tands p r o v i d e  

g r e a t e r  a r e a l  p l a n t  cove r .  

17)  E p i p h y t i c  1  ichens,  some a i r  p l a n t s ,  and many t ypes  o f  i n s e c t s  a r e  sup- 

p o r t ~ d  by e u c a l y p t  b a r k  s u r f a c e  h a b i t a t ,  p a r t i c u l a r l y  jt7 r~uy/ l -bdr .ked s p t c i @ s .  

18) F l a k i n g  e u c a l y p t  b a r k  o f f e r s  s h e l t e r e d  n i c h e s  f o r  i n s e c t  p o p u l a t i o n s ,  

wh ich  subsequent ly  a t t r a c t  some b i r d s  and o t h e r  i n s e c t  p r e d a t o r s .  

19)  Most e u c a l y p t s  appear t o  be unscathed by l i g h t  t o  moderate f i r e  i n  t h e  

u n d e r s t o r y .  

20) Bedded s i t e  p r e p a r a t i o n  p r o v i d e s  some topograph ic  d i v e r s i t y  i n  t h e  f o r -  

e s t  f l o o r  wh ich  p r o b a b l y  f a c i l i t a t e s  c o l o n i z a t i o n  by p l a n t s  and an imals ,  and 

r e t a r d s  d e s t r u c t i v e  s torm-water  r u n o f f .  

2 1 )  Accord ing  t o  v i s u a l  assessment, dense ground Luvet- by grasscs  and herbs 

decreases somewhat t h e  v i g o r  of young e u c a l y p t s ,  b u t  o l d e r  t r e e s  appear l e s s  
a f f e c t e d ,  sugges t ing  t h e  impor tance o f  p roper  s i t e  p r e p a r a t i o n .  

22) Stands o f  E. curn~,dLLec1~.6ib on Po lk  County mined l a n d s  a r e  known t o  have 

w i t h s t o o d  s e v e r a l  i n s t a n c e s  o f  temperatures  below 20°F i n  r e c e r ~ t  yea rs  w i t h -  

o u t  s i g n i f i c a n t  consequence. 

2 3 )  E m p i r i c a l  f i e l d  s t u d i e s  suggest  t h a t  w i l d l i f e  u t i l i z a t i o n  o f  l a r g e  euca- 

l y p t  s tands i s  l e s s  than  wooded, n a t u r a l  system h a b i t a t s ,  b u t  t h a t  a p p r o p r i -  



a t e  l a n d  management and w i l d l i f e  a t t r a c t o r s  m i g h t  improve t h i s  s i t u a t i o n  w i t h -  

o u t  be ing  d e t r i m e n t a l  t o  biomass p r o d u c t i o n .  

24)  Some bu r row ing  an imals  and those p r e f e r r i n g  d e t r i t a l  cover  appear t o  be 

t h e  most common use rs  o f  e u c a l y p t  h a b i t a t .  

25) B i r d  and s q u i r r e l  n e s t s  a r e  o c c a s i o n a l l y  observed, and raccoons may r e g -  

u l a r l y  seek s h e l t e r  i n  " topped" t r e e s  ( E .  C.  Frank1 i n ,  pe rs .  comm.). 

26) T e r r e s t r i a l  snakes and l i z a r d s  p robab ly  a r e  t h e  p r imary ,  v e r t e b r a t e  p red -  

a  t o r s .  

27) A r m a d i l l o s  and w h i t e - t a i l e d  deer  a r e  t h e  p r i n c i p l e  l a r g e ,  mammalian f o r -  

agers known t o  f r e q u e n t  e s t a b l i s h e d  e u c a l y p t  stands.  

28) Wi th  f o s s i l  energy suppl  i e s  b e i n g  r a p i d l y  d e p l e t e d  and t h e  c o n t i n u e d  

heavy use o f  energy by N o r t h  Americans, an u r g e n t  need e x i s t s  f o r  t h e  deve l -  

opment o f  new energy sources.  Wood biomass has t h e  p o t e n t i a l  t o  p r o v i d e  an 

abundant source o f  f u e l  and o t h e r  s e r v i c e s  b e n e f i c i a l  t o  man. 
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BESI: Eucalypt  F i e l d  Reconnaissance, A p r i l  1-3, 1981 

P lan t  species 1 i s t s  by assoc ia t i ona l  type 

I .  Eucalyptus p l a n t a t i o n  (5 -7  years )  - Mined l a n d  i n  Polk, H i l l  sborough, 
and Manatee Counties, F l o r i d a .  

Woody Spec i e s 

Aahina  pygmaea 

Abimina 4&c- 

B a c c h m i ~  gLommuRi6Lom 

EucdypZm camdduRena& 

Eucd y p U  q4n.nd i c, 

Lantunu camaha 

MytLica c&6em 

Pinub ~ L & X ~ A .  

P ~ M W  A e t ~ ~ . t i ~ a  

P b d i u m  gua java 

Quekcub gemIIL(.rmtn 

Quetrcu nigtra 

Rhua copd.4'.irza 
VacciMAiun rnya.in2.en 

Pawpaw 

Pawpaw 

Groundsel - t r e e  

R i ve r  Red Gum 

Flooded Gum 

Lantana 

Wax M y r t l e  

Slash Pine 

Black Cherry 

Guava 

Sand-1 i v e  Oak 

Water Oak 

Winged Sumac 

Blueberry  

Herbaceous Species 

Ragweed 

H o r r i d  T h i s t l e  

Gal i n g a l e  

F i  reweed 

Dog Fennel 

Dog Fennel 

Fennel 

M i  1 k-pea 

Rabbi t  Tobacco 

S i l v e r  Sword 

Camphor Pl  an t  

Ha i r y  Indigobush 



Lepidium vhginimum 

Linahia canadern& 
Pn3.6.i l; lo.tlct .incctxr.~uXa 

Pl.ryLa rroclcijlotm 

Richarrdcu n cabta 

Rubw app. 

Rumex acetoa& 

Smilax bona- nox 

Sofidaqo chapmanii 

Solidago mimoccphda 

Sonchub a 3 p u  

TiCLands ui b cficce~1 

Utlena Lo bata 

Anhopogon vhginicub 

C ynodon dactylon 

Imp&a cy.eindtLica 

Pupalum noXatmi 

PcLhpdum n p p .  

RhynchelyZwn tepenh 

SpotroboLucl po.&c%&Li 

Pepper Grass 

Toad-f 1 ax 

~ p r i c o t  V ine 

Match-heads 

Carpet  Weed 

Dewberry 

Red S o r r e l  

C a t b r i e r  

Go l denrod 

Go1 dcnrod 

Sp iny- leaved S o w - t h i s t l e  

A i r - p l  a n t  

Caesar Weed 

Grass Species 

Broomsedge 

Bermuda Grass 

S a t i n t a i l  Grass 

Bah ia  Grass 

Paspalum Grasses 

N a t a l  Grass 

Smutgrass 

11. Euca lyp tus  P l a n t a t i o n  ( 1 2  y e a r s  o l d )  - Glades County (Lykes B r o t h e r s )  

Woody Species 

Pawpaw 

Sal tbust l  

American Beautyber ry  

Rose Gull1 

Swamp Ma hogany 

Gal 1 b e r r y  

Stagqerbush 

Staggerbush 

S lash P ine  

Running Oak 



Herbaceous Species 

C n i d o ~ o L w  na2muLoaun 

Cu thbe tL tuz  g.taminc.i 

GnaphaeiLcm o b ~ b i ~ o ~  

Habenah ia  q u i n q u e n m  

H e t e t l o t h e c a  g t c u n i n i d o l i a  

H y p a i c u m  n p p .  

H y p o x h  j u ~ c e a  

O p u n t i a  n p .  

O x d . i h  d i e e e n i i  

PZmocau.Lon pycnonXachqum 

Rhun m d c c u n n  

S r n a a x  n p p .  

S o f i d a g o  ~ p p .  

T . i U a n & G  @cic&aA 
T i . U a n d n i a  A c t a c e a  

V& k o X u n d i A o l i a  

Grass Species 

A n d t o p o g o n  v&g.ini.cun 

A t  i n  k d  ci 5 pp . 
AtLinxkda a;thccfu 

Picun.iheRiwn a p p .  

P a ~ i c w n  b p p .  

Saw Pa lme t to  

B l u e b e r r y  

Treadsof  t l y  

Rose1 i ng 

R a b b i t  Tobacco 

M ichaux ' s  O r c h i d  

S i l k  Grass 

St .  J o h n ' s  Worts 

Ye l l ow  S t a r  Grass 

P r i c k l y  Pear Cactus 

Ye1 l o w  Wood S o r r e l  

B l a c k - r o o t  

Po i  son I v y  

Smi 1  ax 

Go1 denrods 

G i a n t  A i r - p l a n t  

A i r - p l a n t  

Muscadine 

Broomsedge 

Three-awn Grasses 

Wire Grass 

Low Panic Grasses 

Pan ic  Grasses 

111. S lash P ine P l a n t a t i o n  (8-12 yea rs  o l d ;  a d j a c e n t  t o  Euca lyp tus  p l a n t a -  
t i o n )  - Glades County (Lykes B r o t h e r s )  

W0od.y Species 

A n i m i n a  n p p .  

G n c c l l n ~ c  s gCotnefiu('iAC'c~tlic 

CaL.LLcculpcc ame.ai.ccc~za 

1Ce.x g l a b f i u  

Pawpaw 

Sal t bush  

American Beautyber ry  

Gal 1 b e r r y  



L y o n i a  6 w g i n e a  

L y o n d  ~ 4 u i i c o a a  

Mpica cmitjem 
Pinud ~o~ 

Q u m c u a  tui6 oLia 

Q u e t ~ c u b  pwn.& 

S e h e n o a  k e p e n a  

A m l r ~ u a L  ~ L t ~ t i h i i d ~ L L t i  

B i d e m  p d o a a  

Cell/t&a cibiatcca 

C h c i u m  h o m i d u f u m  

C n i d o a  coLun a ; t i m u R o a u ~  

C y p e m d  a p .  

Peamodium canum 

EtlecWe4 h i a c i d o L i u  

Etr igehon  q u e r r c i 6 o h a  

E ~ o c u d o n  c o m p m u a u m  

EupatotLium compua iR,i.do4.ium 

G n a p h d h m  o b X u ~ i . 6 o t i u m  

ff y  p a i c u m  a p p  . 
Mu mu xdica c i i ~ ~ i ~  vrtia 

O p u v l i u ~  a p .  

 ox&^ d&enii 

Pcur;thenocinau6 C ( U ~ . L ' I ~ L L Q  t j o l i a  

P t u c h e a  odoacl;ta 

P t e n o c a d o n  pljcnoaXac.hyum 

A~LLLA ~ L L L ~ C L L Y I A  
Rubua rlp. 

S m 4 l . a ~  a p p .  

S o l i d a g o  a p p .  

T i U a  rz&i.u .b e t u c c a  

V&s 4cr.tur.ld.i 6 o1i.a 

Staggerbush 

Staggerbush 

Wax M y r t l e  

S lash P ine 

L a u r e l  Oak 

Running Oak 

Saw Pa lme t to  

Herbaceous Species 

Ragweed 

Spani sh Need1 es 

Co inwor t  

H o r r i d  T h i s l l e  

T r e a d s o f t l y  

Gal i nqa l  e 

T i c k  C l o v e r  

F i  reweed 

Da isy  Fleabane 

Bog B u t t o n  

Dog Fennel 

R a b b i t  fobbaco 

S t .  J o h n ' s  Worts 

W i l d  Bal  sarn App le  

P r i c k l y  Pear Cactus 

Ye1 l o w  Wood S o r r e l  

V i r g i n i a  Creeper 

Marsh Fleabane 

B l a c k - r o o t  

P ~ i s n n  I v y  

B1 d c k b e r . ~ . ~  

Greenbr i  e r s  

Go1 denrods 

A i r - p l a n t  

Muscadine 



Grass Species 

A ~ z h o  pogon v h g i r z i c u a  Broomsedge 

D i c o n t h e k k m  n p p .  Low Panic Grasses 

Panicum n p p .  Panic  Grasses 

I V .  Other  Euca lyp t  P l a n t a t i o n s  (3-12 y e a r s  o l d )  

Woody Species 

7 l e x  g.eicb4n 

1 yo11.i.n d4u.t.i c o n a  

Se,'L~.hloa 4 e p e n n  

Herbaceous Species 

E h i o  cudo  n comphenn um 

FLLihena .s c i h p o i d e a  

H y p e h i c u m  a pp . 
J U ~ C W  p ~ l y c e p h d e u n  

R h y n c h o n p o m  n p p .  

S c ~ m o L w  pa&vi6 ! -o~~un  

S d e h i a  muUenbehg. i i  

S c h a n k i a  mic , tophq4l .a  

X y h i n  n p p .  

A n h o p o g o n  n p p .  

A u 2 i . d ~ .  n pp . 
h d ~ d n  nRhA'c.tc( 

Axonopuc, a d S . i v ~ i 5  

D.iconth&im s p p .  

Panicum .$ pp . 

- Glades County 

Gal 1 b e r r y  

Staggerbush 

Saw Pa lme t to  

Bog B u t t o n  

Umbre l la -grass  

S t .  John ' s  Worts 

Rush 

Beak Rushes 

Water-pimpernel 

Nut  Rush 

Sensi t i  v e - b r i e r  

Yel low-eyed Grass 

Grass Species 

Broomsedge 

Three-awn Grasses 

Wire Grass 

Carpet  Grass 

Low Pan ic  Grasses 

Pan ic  Grasses 





APPENDIX I1  

Faunal L i s t  f o r  Euca lyp t  P l a n t a t i o n s  
Polk ,  H i1  1 sborough, and   lades Count ies ,  F l o r i d a ;  A p r i l  1-3, 1981 

MAMMALS 

Eas te rn  C o t t o n t a i l  

A r m a d i l l o  

F l o r i d a  Bobcat* 

Raccoon* 

Opossum* 

Rodents 

BIRDS 

B lue  Jay 

Ba r red  Owl 

Loggerhead Sh r i ke  

Ground Dove 

Whip -poor -w i l l  

Meadow1 a r k  

Turkey 

REPTILES AND AMPHIBIANS 

Gopher T o r t o i s e  

S ix-1  i n e d  Racerunner 

Ground Sk ink 

Green Anole 

F l o r i d a  Scrub L i z a r d  

INVERTEBRATES 

Grasshoppers/Cr icke t s  

S p r i n g t a i l  s 

Ants  

Leafhoppers 

Sp iders  

(O r thop te ra )  

(Col lembo l a )  

(Hymenoptera) 

(Homoptera ) 

(A rachn i  da) 

* s p e c i e s - s p e c l f j c  s i g n  ( t r a c k s ,  sca ts ,  burrows, e t c .  ) 

1  


