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PREFACE 

The emphasis of this guide is on hydric hammock, a distinctive 
type of forested wetland occurring at low elevations along the gulf 
coast of Florida from Aripeka to St. Marks and at various inland sites 
in Florida. This is a companion volume to a descriptive profile of the 
same community (U.S. Fish and Wild1 ife Service Biological Report 
85(7.26)). 

Re1 atively 1 i ttle research has been conducted on hydric hammock. 
It has not been adequately defined and described, and no thorbugh body 
of information on its management has been accumulated. Consequently, no 
systematic way of defining management options or judging their efficacy 
has been avail able. The purpose of this guide is to explain how the 
nature and functioning of the hydric-hammock community determines its 
best management. Information for the guide was gathered from published 
and unpublished literature, from personal communication with many 
technical experts, and from our own field experience. Because little 
has been pub1 ished about hydric hammocks, much of this report is based 
on subjective opinions of ecologists, foresters, and 1 and managers, 
including the authors, who have worked with and studied this habitat, 
and on extrapolation of information from other, similar habitats. 

It is hoped that the content and format of this report will be 
useful to a broad spectrum of users, including other scientists, 
students, resource managers and planners, teachers, and interested 
citizens. The document includes a brief description of the community, a 
history of its use, its present functions and alterations, and the 
available management techniques and options. 
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CONVERSION TABLE 

Metric to U.S. Customary 
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millimeters (rnrn) 0.03937 
centimeters (cm) 0.3937 
meters (m) 3.281 
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kilometers (km) 0.6214 
kilometers 0.5396 

square meters (m2) 10.76 
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liters (1) 0.2642 
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cubic meters 0.00081 10 

milligrams (mg) 0.00003527 
grams (g) 0.03527 
kilograms (kg) 2.205 
metric tons (t) 2205 .O 
metric tons 1.102 

kilocalories (kcal) 3.968 
Celsius degrees (O C) 1.8 (OC)+32 
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CHAPTER 1. IINTRODUCTIOM 

The natura l  : s t  Will ;am Bartram t r a v -  
e l l e d  widely in  north F lor ida  i n  t h e  
mid-1700's. In descr ib ing  the  country 
along t h e  old Spanish highway between 
Paynes P r a i r i e  and S t .  Marks, he 
wrote: "Next morning we arose  e a r l y ,  
and proceeding, gradual ly  descending 
again,  and continued many miles  along 
a f l a t ,  l eve l  country, over de l igh t fu l  
green savannas, decorated with hom- 
mocks or  i s l e t s  o f  dark  groves, con- 
s i  s t i n g  of Magnol i a  g rand i f l  o ra ,  Morus 
t i l i a ,  Zanthoxylon, Laurus Borbonia, 
Sideroxyl on, Quercus sempervi rens,  
Halesia  d i p t e r a ,  Call i carpa ,  Corypha 
palma, &c. There a r e  a1 ways groups of 
whi t i sh  tes taceous  rocks and s inks  
where these  hommocks a r e . "  Other ham- 
mocks contained "Live Oak, Mulberry, 
Magnol i a ,  Palm, Zanthoxyl on, &c" 
(Bartram 1791, p. 189). 

Twentieth century e c o l o g i s t s  (e.g. ,  
Harper 1914; Laessle 1942; Davis 1943) 
use t h e  term hammock, j u s t  as  Bartram 
used t h e  term hommock, t o  denote i s -  
l ands  of dense hardwood f o r e s t s  i n  t h e  
vas t  sea  of F lo r ida ' s  pine f o r e s t s ,  
swamps, and savannas. The hammocks 
inva r i ab ly  contain oak t r e e s  and a r e  
o f t en  dominated by them. Another type 
of dense hardwood f o r e s t  devoid of oak 
t r e e s  and dominated by bay t r e e s  
(Gordonia 1 as ian thus ,  Magnol i a  v i r -  
g in i ana ,  and Persea p a l u s t r i s )  i s  r e -  
f e r r e d  t o  a s  bayhead, baygal 1 ,  and bay 
swamp. The term hammock i s  a l s o  com- 
monly used by t h e  people of F lor ida ,  
and topographic maps ( U .  S. Geol ogi ca l  
Survey) of t h e  F lor ida  peninsula show 
t h e  names and l o c a t i o n s  of hundreds of 
hammocks. Gulf Hammock i s  t h e  
l a r g e s t ,  i n  excess  of 100,000 acres .  

Two or t h r e e  hammocks a re  about 20,000 
acres  in  e x t e n t ,  and t h e  r e s t  a r e  un- 
der  10,000 ac re s .  Many a r e  just a few 
acres  assoc ia ted  with a 1 imerock out -  
crop, a small depression,  o r  t h e  shore 
of a stream o r  lake .  The term hydric  
hammock app l i e s  t o  those hammocks o r  
p a r t s  of hammocks whose spec ies  compo- 
s i t i o n  i s  r e s t r i c t e d  o r  modified by 
occasional f looding . 

Hydri c hammocks a r e  widely s c a t t e r e d  
throughout F lor ida  from S t .  Marks 
(Wakulla County) e a s t  and south t o  
j u s t  north of Lake Okeechobee (Figure 
1 ) .  The l a r g e s t  contiguous t r a c t s  oc- 
cur  along t h e  gul f  coas t  and t h e  S t .  
Johns River. S t .  Marks National 
Wild1 i f e  Refuge conta ins  t h e  western- 
most l a r g e  area ,  and Myakka River 
S t a t e  Park t h e  southernmost. Hammocks 
south of Lake Okeechobee a r e  subt ropi -  
ca l  and a r e  q u i t e  d i f f e r e n t  in charac- 
t e r  and spec i e s  composition. Some of 
t h e  l a r g e r  and better-known a reas  of 
hydric  hammock a r e  l i s t e d  in  Table 1.  
Numerous o t h e r  hydric  hammocks e x i s t .  
For example, t en  o t h e r  hydric  hammocks 
ranging from 200 t o  1,000 acres  i n  
a rea  were i d e n t i f i e d  in  an inventory 
of h a b i t a t s  of Alachua County, FL 
(Duever 1987) . Hydri c hammocks a1 so 
may extend north of F lor ida  along t h e  
At l an t i c  coas t ,  but i f  so ,  t h e i r  ex- 
t e n t  and na tu re  are undocumented. 

Hydri c hammock probably occupied 
about a ha l f  mill  ion ac re s  of 1 and 
when Columbus landed in t h e  New Worf d .  
Clear ing f o r  r e a l  e s t a t e  development 
(Palm Coast) ,  pine p l a n t a t i o n s  (Gulf 
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Figure 1. Distribution of hydric hammocks En Florida. Many hydric hammocks too small to be 
delineated at this scale are scattered throughout peninsular Florida north of Lake Okeechobee. 

Hammock), and agriculture have de- crops are unl i kely to  be hammock ever 
creased the original acreage consider- again--these or  more intensive uses 
ably. In a few areas,  for  example are unlikely t o  be abandoned. How- 
Tosohatchee State Reserve and Myakka ever, areas cleared for  pine planta- 
River State Park, hydric hammock has t ions reseed with hammock trees  be- 
expanded s l ight ly due t o  f i r e  suppres- neath the pines within 20 years and, 
sion. A rough guess i s  that  about with no intervention, eventually re- 
half of the original area of hydric vert  t o  hammock. 
hammock has been l os t . 

The long-term prospects for  hydric 
Some of these losses are permanent. hammock are poor because of Florida's 

Hammocks cleared for  real es ta te  de- rapidly expanding human population. 
velopment, improved pasture, or row The only hammocks l ike ly  t o  remain i n  
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Table I. Appraximate acreages of hydri~ hammock in some areas of FLoaraa. 

S i t e  F l o r i d a  county Area (acres) 

G u l f  Hammock 
B i g  Bend Coast P r o j e c t  
Lob1 01 l y  Pine Hammock 
S t .  Marks Na t iona l  Wild1 i f e  Refuge 
Ten M i l e  Swamp 
Withlacoochee S t a t e  Forest  
Devi 1  ' s  Hammock 
Marshal 1  Swamp 
Tosohatchee S t a t e  Reserve 
San Felasco Hammock 
Cabbage Swamp 
Myakka R ive r  S t a t e  Park 

Levy 
D i x i e  and Tay lor  
Mar i on 
Wakull a  and Je f fe rson 
S t .  Johns 
C i t r u s ,  Hernando, and Sumter 
Levy 
Mar i on 
Orange 
A1 achua 
St .  Johns 
Sarasota and Manatee 

a  few decades a re  those t h a t  are pro-  
t e c t e d  i n  S ta te  o r  Nat iona l  parks, 
f o r e s t s ,  and refuges.  Another ominous 
t h r e a t  i s  t h e  p r o j e c t e d  r i s e  i n  sea 
l e v e l  r e s u l t i n g  from the  greenhouse 
e f f e c t .  Most h y d r i c  hammock occurs i n  
l o w - l y i n g  coas ta l  areas (F igure 1). 
The ocean i s  p r o j e c t e d  t o  r i s e  144-217 
cm by t h e  yea r  2100, and the re  i s  no 
i nd i  c a t i o n  t h a t  peopl e  w i  11 reduce 
f o s s i l  f u e l  consumption s u f f i c i e n t l y  
t o  a l t e r  t h i s  outcome (Hoffman 1984). 

Large-scal e 1  oss o f  h y d r i c  hammock 
should be cause f o r  concern, s ince 
t h i s  community b e n e f i t s  t he  p u b l i c  i n  
many ways. The m ix tu re  o f  cabbage 
palm, 1  i v e  oak, and r e d  cedar makes a  
v i s u a l l y  i n t e r e s t i n g  and b e a u t i f u l  
f o r e s t .  The mosaic o f  h y d r i c  hammock 
and s a l t  marsh along the  g u l f  coast 
forms one o f  t h e  most scenic v i s t a s  i n  
F l o r i d a .  I n  a  S ta te  where outdoor- 
o r i e n t e d  tou r i sm i s  t h e  number one i n -  
dus t ry ,  aes the t i cs  must have consider-  
ab le  economic value, even though i t  i s  
impossib le t o  accu ra te l y  q u a n t i f y .  

Hydr ic  hammocks support a  d iverse  
and abundant animal community o f  value 
t o  t o u r i s t s  and F l o r i d a  res iden ts  
a l i k e .  Hydr ic  hammocks o f t e n  occur as 
s t r i p s  and patches in te rspersed w i t h  
o the r  h a b i t a t s  and o f t e n  produce mast 
i n  1  arge q u a n t i t y  a t  t imes when the  
o the r  h a b i t a t s  do n o t  (Vince e t  a 7 .  
1989). Consequently, h y d r i c  hammocks 
are p a r t i c u l a r l y  important  h a b i t a t  f o r  
whi t e - t a i l e d  deer, w i l d  turkey,  w i l d  
hog, and b lack  bear, a l l  o f  which are 
g r e a t l y  valued as game animals, and 
are the  s o r t  o f  animals t h a t  outdoor 
r e c r e a t i o n i s t s  l i k e  t o  see (Shaw and 
Mangun 1984). Hydr ic  hammocks are  
a1 so q u i t e  valuable as requ i red  w in te r  
h a b i t a t  f o r  many passerine b i r d s  t h a t  
migra te  from breeding grounds i n  east-  
e rn  North America. I n  add i t i on ,  many 
h y d r i c  hammocks support domestic ani - 
mals by p rov id ing  h igh  q u a l i t y  w i n t e r  
range f o r  c a t t l e  and year-round habi -  
t a t  f o r  domestic hogs. 

Some h y d r i c  hammocks produce h igh  
q u a l i t y  l o b l o l l y  pine, r e d  cedar, o r  



sweetgum timber, with values reaching 
as high as $3,700 per acre in  mature 
stands (Johnson 1978). The value of 
the  annual growth in such stands aver- 
ages roughly $50 per acre  per year.  
Swamp laurel  oak, water oak, swamp 
chestnut oak, persimmon, swamp tupelo, 
red maple, Florida elm, and other 
species often add t o  the timber value, 
although they a re  general l y l e s s  val u- 
able per uni t  volume. The value of 
timber production t o  the  regional 
economy i s  much higher than t he  above 
stumpage values, because timber i s  the  
basic resource of a l a rge  industry. 
To calculate the t o t a l  value t o  the  
economy of a given value of timber, 
the  val ues of industr i  a1 processes 
must be added. For $1 worth of timber 
harvested i n  Florida the  following es- 
timated values should be added 
(Florida Department of Agriculture and 
Consumer Services 1986): logging, 
$0.70; t ranspor ta t ion and marketing, 
$13.07; primary manufacturing, $7.57; 
and secondary manufacturing, $14.82. 
Thus each do l l a r  of raw timber i s  
worth, on average, $37 t o  the  regional 
economy when a l l  t he  a c t i v i t i e s  take 
place in the region. 

Hydric hammocks play an important 
ro1 e in regional hydro1 ogy. Water en- 
t e r s  these fo r e s t s  v ia  r a i n f a l l ,  
groundwater discharge, and surface 
flows. Low topography and dense vege- 
t a t ion  slow the sheet flow of water 
over the  fo r e s t  f loor ,  increasing the  
time of contact between water and 
s o i l .  Detention of water i n  hydric 
hammocks enhances the potential  f o r  
water pur i f i ca t ion  and recharge of 
su r f i c i a l  ground water. Pulses in 
freshwater runoff a re  at tenuated;  wa- 
t e r  i s  made avai lable  t o  t he  fo r e s t  
f l o r a  f o r  longer periods; and water i s  
released more evenly t o  downslope com- 
munities, such as  es tuar ies .  Estuar- 
i e s  may a1 so benef i t  from the  addition 
t o  t h e i r  food chain of d e t r i t u s  

flushed out of coastal  hydric hammocks 
by occasional severe floods. 

Coastal hydri c hammocks provide some 
protection from hurricanes by damping 
the  winds and storm t i d e s  and holding 
the  s o i l .  Live oak i s  par t icular ly  
valuable in  t h i s  regard because i t  can 
remain standing longer than other 
t r e e s  due t o  i t s  low prof i l e ,  strong 
root system, strong wood, and abi7 i t y  
t o  shed branches. 

In urban areas ,  s t r i p s  and patches 
of hydric hammock a re  high-quality 
green spaces t h a t  f i l t e r  surface water 
runoff, abate a i r  pollution and noise, 
provide ae s the t i c a l l y  pleasing 
scenery, and furnish birds and other 
w i ld l i f e  a place t o  l i v e .  As 
Florida 's  population grows, hydric 
hammocks near metropol i tan areas will 
increasingly be examined a s  possible 
s i t e s  f o r  disposal of t reated sewage 
e f f luen t ,  storm water, and industrial  
discharges of water. 

Many of t he  values and functions of 
hydric hammocks are  shared by other 
wetlands (Greeson e t  a7. 1979). Dur- 
ing t h e  past  two decades, documenta- 
t ion of these  values resul ted in in- 
creased pub1 i c  awareness of t h e  impor- 
tance of wetlands. In response, laws 
have been passed t o  protect  many types 
of marshes and swamps. A major pur- 
pose of t h i s  document and the hydric 
hammock community p ro f i l e  (Vince e t  
a l .  1989) i s  t o  de t a i l  these values 
and functions so t h a t  they can be pro- 
tected.  An ecological description i s  
provided t o  e luc ida te  the  nature and 
functions of a hydric hammock. Numer- 
ous a c t i v i t i e s  and t h e i r  impacts on 
hydric hammocks a re  described in th is  
repor t .  Final 1 y ,  various management 
s t r a t e g i e s  are  outl ined as  the basis 
f o r  ra t iona l  decis ions  t h a t  will pro- 
t e c t  the  inherent  values of hydric 
hammock while a t  the  same time provide 
f o r  human use of t h i s  community. 



CHAPTER 2. ECQLOGY 

2.1 PHYSICAL ENVIRONMENT 

Most hydric  hammocks occur on t h i n  
s o i l s  of sand and loam over l imestone 
bedrock. Typical ly  l imestone i s  found 
in  t h e  r o o t  zone, and su r f ace  outcrops 
of bedrock a r e  common. Some hydric  
hammocks a r e  found in  places without 
l imestone,  where calcium i s  suppl ied 
by a r t e s i a n  spr ings  o r  she l l  and lime- 
s tone  fragments in  t h e  s o i l ,  Hydric- 
hammock s o i  1  s a r e  near ly  1 eve1 , re1 a -  
t i v e l y  poorly dra ined ,  s l i g h t l y  a c i d i c  
t o  s l i g h t l y  a l k a l i n e  in  pH, and l ack  
the  a l l u v i a l  sediment i n  which bottom- 
land hardwoods f l o u r i s h .  

The hydrology of hydric  hammocks has 
not been thoroughly inves t iga t ed ;  t h e  
fol lowing d iscuss ion  i s  based on t h e  
d e s c r i p t i o n  by Vince e t  a ] .  (1989). 
Probably a l l  hydric  hammocks f lood oc- 
c a s i o n a l l y ,  but t h e  hydroperiod i s  
s h o r t  r e l a t i v e  t o  t h a t  of swamps. 
During e s p e c i a l l y  wet yea r s ,  t h e  l oca l  
water a f f e c t i n g  hydric  hammocks can 
become a subs t an t i  a1 over1 and flow. 
The major source of  water i s  loca l  
r a i n f a l l .  Additional sources include 
stream f loodwaters ,  seepage from adja-  
cent  uplands, and d ischarge  from deep 
aqui f e r s .  However, stream floodwaters 
and seepage from adjacent  uplands a r e  
more c h a r a c t e r i s t i c  of bottom1 and 
hardwood and bayhead communities, r e -  
spec t ive ly ,  than of  hydric  hammock. 
Ground-water l e v e l s  a r e  not  near ly  a s  
cons tan t  a s  i n  bayheads, f l u c t u a t i n g  
seasonal ly ,  perhaps even dropping be- 
low t h e  roo t  zone f o r  b r i e f  per iods  
once o r  twice a year .  

Both f i r e  and s a l i n i t y  s t rongly  a f -  
f e c t  t h e  composition of  some hydric  
hammocks (Vince et a7. 1989). Ham- 
mocks a r e  pro tec ted  from f i r e  by moist 
s o i l  cond i t i ons ,  by high humidity and 
low wind v e l o c i t y  sus ta ined  by t h e  
dense f o r e s t  canopy, by low amounts of 
f l  ammabl e vegeta t ion ,  and by adjacent  
wetlands o r  bodies of water (Harper 
1911; Harper 1915; Laessle 1942; Wells 
1942).  Nonetheless,  in f requent  f i r e s  
occur i n  hydric  hammocks, p a r t i  cul a r l y  
i n  those  ad jacent  t o  f i re -adapted  com- 
munit ies  l i k e  p ine  flatwoods and 
f reshwater  marsh. Such f i r e s  reduce 
and sometimes e l imina te  f i r e - s e n s i t i v e  
spec i e s .  The e f f e c t s  of s a l i n i t y  on 
hydric  hammocks ad jacent  t o  s a l t  marsh 
and along t h e  S t .  Johns River i s  even 
more dramatic ,  o f t e n  e l imina t ing  a l l  
but a  very few s a l t - t o l e r a n t  species  
of p l an t s .  

2.2 FLORA AND FAUNA 

The spec i e s  composition of  hydric  
hammocks i s  d i v e r s e  and v a r i e s  consid- 
e rab ly  from hammock t o  hammock, from 
one type of hydr ic  hammock t o  another ,  
and from north t o  south Florida.  A l -  
though p a r t i c u l a r  s tands  may be d i f f i  - 
c u l t  t o  ca t egor i ze ,  fou r  types of hy- 
d r i c  hammock can be d i s t i ngu i shed  on 
t h e  b a s i s  of  r e l a t i v e  abundance of 
spec i e s ,  hydro1 ogi cal  regime, and 
physiographic s e t t i n g ;  t hese  types a r e  
descr ibed in  t he  next s ec t ion .  De- 
t a i l s  o f  t h e  v a r i a t i o n s  and of t h e  
f a c t o r s  r e spons ib l e  a r e  given by Vince 
e t  a7.  (1989).  Many spec ies  of p l an t s  
important t o  hydric  hammocks have 



temperate-zone d i  stpi but ions  that t e r -  in the northern hammocks are followed 
minate in northern Florida, whereas by an N in parenthesis, and those 
others are confined to the southern found only in the southern hammocks 
part o f  the S t a t e ,  so  different  suites are followed by an (S).  The remaining 
of species are a v a i l a b l e  regionally. species are  present in most of the 
In Table 2 and t h e  paragraphs that range of hydric hammock. The species 
follow, those s p e c i e s  occurring only l i s t s  were derived by R .  rd. Simons 

Table 2. Plants occurring in hydric hammocks. Hammock types are inland (I), seepage (S), coastal 
(C), and loblolly pine (L). These types are described in detail in Chapter 2.3. For each plant species, 
hammock types are listed in decreasing order of that species' abundance, and hammock types in 
parentheses contain a markedly lower abundance. Abundance classes are abundant (A), common 
(C), occasional (O), and rare (R) and refer to the type of hammock in which the species is most 
commonly found. 

Scientific name Common name Type Abundance 

Acer barbatum (N) 
Acer negundo (N) 
Acer rubrum 
Aesculus pavia (N) 
Ampel opsis a rborea 
Baccharis ha 7 i m i f o  7 i a  
Berchemia scandens 
Bignonia capreo 7 a t  a 
Bumel i a  rec l  i n a t a  ( N )  
Ca7 7 icarpa amer icana 
Campsis radicans 
Carpinus caro l  i n i a n a  
Carya aquat ica 
Carya g labra 
Ce7 t i s  laev iga ta  
Cerc is  canadensis 
Cornus foemina 
Cra t aegus marsha 7 7 i i 
Crataegus v i r i d i s  (N) 
Decumaria barbara  
Diospyros v i r g i n i a n a  
Eugenia a x i l l a r i s  ( S )  
Forest i e ra  7 i g u s t  r i n a  
Fraxinus car0 1 i n i a n a  
Fraxinus paucif l o r a  
Fraxinus p e n n s y l v a n i c a  (N) 
Gel semium sempervi rens 

Woody pl ants : 

Florida map1 e 
box-el der 
red maple 
red buckeye 
pepper vine 
groundsel 
rattan vine 
cross vine 
buckthorn 
beautyberry 
trumpet creeper 
hornbeam 
water hickory 
pignut hickory 
sugarberry 
red bud 
swamp dogwood 
parsley haw 
green haw 
cl imbi ng hydrangea 
persimmon 
white stopper 
privet 
pop ash 
swamp ash 
green ash 
ye1 1 ow jessamine 

(Continued) 



Table 2. (Continued). 

Sci  e n t  i  f i c name Common name Type Abundance 

Gleditsia aquatica 
Gordonia lasianthus 
Hypericum hyperico ides 
11ex cassine 
17ex coriacea 
17ex decidua 
17ex glabra 
17ex opaca 
17ex vomitoria 
177icium parvif7orum 
Itea virginica 
Juniperus si7icico7a 
liquidambar styraciflua 
Liriodendron tulipifera 
Lyonia 7ucida 
Magno7ia virginiana 
Morus rubra 
Myrica cerifera 
Nyssa sy7vatica v a r .  bif7ora 
Parthenocissus quinquefo7ia 
Persea pa7ustris 
Pinus e77iottii 
Pinus serot ina 
Pinus taeda (N) 
Quercus 7aurifo7ia 
Quercus michauxii (N) 
Quercus nigra 
Quercus shumardi i (N) 
Quercus virginiana 
Rhapidophyl 1 um hyst rix 
Rubus argutus 
Saba7 pa7metto 
Saba7 minor 
Sageretia minutif7ora 
Sambucus canadensis 
Sebastiana fruticosa 
Serenoa repens 
Smilax spp.  
Ti7ia caro7iniana ( N )  
Toxicodendron radicans 
U7mus a7ata (N) 
U7mus americana v a r .  f7oridana 
U7mus crassifolia (N) 
Vaccinium e77iottii 

water  l o c u s t  
lob101 l y - b a y  
S t .  Andrew's-cross 
dahoon 
big ga l  1 b e r r y  
possum- haw 
gal 1 b e r r y  
American h o l l y  
yaupon 
ye1 1 ow a n i  se 
Vi rg in ia -wi l low 
sou thern  r e d - c e d a r  
sweetgum 
t u l  i  p t r e e  
f e t t e r b u s h  
sweetbay 
red  mulberry  
wax-myrtl e 
swamp t u p e l o  
V i r g i n i a  c r e e p e r  
swampbay 
s l a s h  p i n e  
pond p i n e  
l o b l o l l y  p i n e  
swamp l a u r e l  oak 
swamp c h e s t n u t  oak 
w a t e r  oak 
shumard oak 
l i v e  oak 
need1 e palm 
highbush b l a c k b e r r y  
cabbage palm 
bl uestem pa lmet to  
c l  imbi ng buckthorn 
e l d e r b e r r y  
s e b a s t i  an-bush 
saw pa lmet to  
g reenbr  i a r  
basswood 
poison i v y  
winged elm 
F l o r i d a  elm 
c e d a r  elm 
may b e r r y  

(Cont i nued) 



Table 2. (Continued). 

Scient i f ic  name Common name Type Abundance 

Vaccinium fuscatum swamp blueberry 1, s ,  L 0 
I C Viburnum obovatum wal t e r  viburnum 

3 

Viburnum dentatum var. scabre77um southern arrow-wood I 0 
Vitis aestivaTis summer grape 1, s ,  L ,  c A 
Vit is rotundifol ia bul S ace grape I ,  S, L, C C 

Herbaceous pl ants : 

Arisaema triphyl lum 
Arnoglossum diversifo7ium 
Arundinaria gigantea (N) 
Aster spp. 
Azolla caroliniana 
Boehmeria cylindrica 
Botrychium spp . 
Cacalia suaveolens 
Carex spp. 
Chasmanthium spp. 
Cirsium spp. 
C7adium jamaicense 
Clematis crispa 
Conyza canadens is 
Cyperus sp. 
Desmodium spp. 
Dicondra car0 7 iniensis 
Dryopteris ludoviciana 
Elephantopus nudatus 
Elytraria carolinensis 
Epidendrum conopseum 
Erechtites hieracifolia 
Eupatorium capi17ifo1ium 
Eupatorium jacundum 
Galactia spp. 
Ga7ium spp. 
Hydroco ty 7 e s p p . 
Hypoxis leptocarpa 
Hyptis alata 
lmperata sp. 
Juncus spp. 
Leersia hexandra 
Lemna spp. 
Lorinseria areolata 
Melothria pendula 
Mikania scandens 

jack-in-the-pulpit S 0 
(N) indi an-pl antain I  0 

switch cane 1, s 0 
aster 1, L ,  C ,  S 0 
mosquito fern I  0 
fa1 se net t le  1, S ,  0 
grape fern I  0 
indian-pl antain I  R 
sedges 1, L ,  (C, S )  A 
spi kegrasses L ,  1, c ,  s A 
th i s t les  1, L ,  S, C 0 
sawgrass C ,  I ,  S 0 
1 eat her-fl ower 1, L 0 
horseweed L C 
f l a t  sedge L ,  (1, s )  C 
beggarweed L 0 
pony-foot 1, S, L 0 
Florida shield fern s, I  0 
purple elephant' s-foot 1, L, c C 
scal e-stern I ,  L ,  C C 
green-fly orchid 1, S, C, L C 
f  i reweed L ,  (1,  c) 0 
dog- fennel 1, L ,  C 0 
agerat i  na L ,  (1) C 
mi 1 k pea L C 
bedstraw L 0 
penny-wort 1, S, L 0 
swamp (yellow) star-grass L ,  I  0 
musky mint L ?  (1) C 
cogon grass L 0 
rush L ,  I  0 
southern cut grass 1, L 0 
duckweed I A 
chain fern s, I 0 
creeping-cucumber L ,  1 0 
cl imbi ng hempweed 1, L ,  s 0 

(Continued) 



Table 2. (Concluded). 
- 

S c i e n t i f i c  name Common name Type Abundance 

Mitchella repens 
Muhlenbergia schreberi 
Oplismenus setarius 
Qsmunda cinnamornea 
Panicum commutatum 
Panicum rigidulum 
Panicum spp. 
Paspalurn floridanum 
Paspalurn spp. 
Phlebodium aureum (S) 
Phyllanthus liebmannianus 
Po lygonum hydrop ipero ides 
Polypodium polypodioides 
Ponthieva racemosa 
Psychotria undata 
Rhynchospora spp. 
Ruellia caroliniensis 
Salvia lyrata 
Salvinia rotundifolia 
Sanicula canadensis 
Scleria triglomerata 
Senecio glabellus 
Sisyrinchium atlanticum 
S p i g e l  ia loganioides (N) 
Spiranthes longilabris 
Spirodela spp. 
Stenotaphrum secundatum 
Thelypteris spp. 
Tillandsia bartramii (N) 
Ti 1 landsia recurvata 
Tillandsia setacea (S) 
Tillandsia usneoides 
Trichostema dichotomum 
Urena lobata 
Verbesina virginica 
Vernonia spp . 
Viola affinis 
Vittaria 1 ineata (S) 
Woodwardia virginica 

pa r t r i dge  ber ry  
n i mbl eweed 
woods g r a s s  
cinnamon fern 
va r i ab l e  panicum 
red-top panicum 
panic g r a s s  
F lor ida  paspal um 
paspal um 
go1 d foo t  f e r n  
pine-wood d a i n t i e s  
mi 1 d water-pepper 
r e s u r r e c t i o n  f e r n  
shadow-wi t c h  
wild c o f f e e  
beak rush 
wild pe tunia  
1 yre-1 ea f  sage 
water  spang1 e s  
snakeroot  
t a l l  nu t -grass  
butterweed 
blue-eyed-grass  
p ink- root  
long-1 i p  l a d i e s ' - t r e s s e s  
duckweed 
S t .  Augustine g r a s s  
wood f e r n  
need1 e-1 e a f  a i  r p l  a n t  
ba l l  moss 
need1 e-1 e a f  a i  r p l  a n t  
Spanish moss 
blue c u r l s  
caesa r  weed 
frostweed 
ironweed 
Flor ida  v i o l e t  
shoes t r i ng  f e r n  
chain f e r n  



from numerous f i e l d  t r i p s  and consul- 
t a t i o n s  with David W. Hall (Universi ty  
of Flor ida Herbarium), Daniel B. Ward 
(Department of Botany, Universi ty  of 
Fl o r i  da) , Walter S. Judd (Department 
of Botany, Univers i ty  o f  F lor ida) ,  
Robert K. Godfrey (Department of  Bio- 
1 ogi cal Sciences,  Flor ida S t a t e  Uni - 
vers i  t y ) ,  Donald K. Younker (F lor ida  
Department of Natural Resources), Paul 
E .  Moler (F lo r ida  Game and Fresh Water 
Fish Commission), Stephen A.  Nesbi t t  
(F lor ida  Game and Fresh Water Fish 
Commission), Archie F .  Carr,  Jr .  
(Department of  Zoo1 ogy, Univers i ty  of 
F lo r ida ) ,  and o the r s ;  from a review of 
s i t e  surveys done f o r  the F lor ida  Nat- 
ural Areas Inventory; and from a re -  
view of t h e  1 i t e r a t u r e  (Nash 1895; 
Harper 1914; Laessle  1942; Pearson 
1954; Florida Game and Fresh Water 
Fish Commission 1976; Simons and Hin- 
t e rmis t e r  1984; Simons et a7. 1984; 
Humphrey and Nesbi t t  [1988]; Vince e t  
a7. 1989). 

The dominant t r e e s  of hydric  ham- 
mocks a r e  cabbage palm, l i v e  oak, 
swamp l au re l  oak (considered by most 
exper t s  t o  be a  separa te  spec i e s  from 
the  upland form of l a u r e l  oak, which 
of ten i s  c a l l e d  diamond-leaf oak 
(Quercus hemisphaerica) ) , sweetgum, 
red maple, southern red-cedar ,  and 
l o b l o l l y  p ine  (N) (Figure 2 ) .  F lor ida  
elm i s  common i n  hydric  hammocks and 
uncommon e l  sewhere. Hornbeam o f t en  
dominates t h e  understory.  The shrub 
l a y e r  may be non-exis ten t  o r  i t  may be 
a  dense t a n g l e  of  g reenbr i a r ,  a  
t h i cke t  of  bluestem palmetto,  o r  a  
mixture of  shrubs and t r e e  sap l ings .  
The ground cover i s  o f t en  a  ca rpe t  of 
leaves with l i t t l e  e l s e ,  but  i t  may be 
a  dense growth of g r e e n b r i a r ,  yellow 
jessamine, f e r n s ,  sedges, o r  grasses .  
A frequent  epiphyte i n  t h e  "boots" un- 
der  the  crowns of cabbage palms i s  
goldfoot f e r n ,  and t h e  upper sur face  
of t he  s t o u t ,  hor izonta l  1  imbs of  1  ive  
oak i s  o f t en  covered with a  c a r p e t  of 
resur rec t ion  fern. Typical v ines  a r e  

trumpet c r eepe r ,  pepper. vine,  poi son 
ivy,  and wild grape.  

Only a  few spec i e s  of p l a n t s  i n  hy- 
d r i  c  hammocks a r e  considered endan- 
gered o r  th rea tened  (Table 3 ) .  Most 
of these  a r e  not  t r u l y  i n  danger of 
becoming e x t i n c t ;  i n s t e a d ,  groups of 
p l an t s  such a s  f e r n s ,  bromel i a d s ,  and 
orchids a r e  1 i s t e d  under F lor ida  1 aw 
t o  p ro t ec t  s a l a b l e  p i a n t s  as  a  prop- 
e r t y  r i g h t  of t h e  landowner. 

The fauna of hydr ic  hammock i s  gen- 
e r a l l y  s i m i l a r  t o  t h a t  o f  o the r  hard- 
wood f o r e s t s  of t h e  reg ion .  The most 
d i s t i n c t i v e  aspec t  of  t h e  v e r t e b r a t e  
fauna of hydric  hammock i s  i t s  high 
d i v e r s i t y  and t h e  high abundance of 
c e r t a i n  spec i e s .  Re1 a t i v e l y  few en- 
dangered o r  th rea tened  spec i e s  of an i -  
mal s  occur i n  hydri c  hammock (Tab1 e  
4 ) ,  but several  a r e  a l r eady  e x t i n c t  o r  
ex t i rpa t ed .  V i r t u a l l y  nothing has 
been pub1 i  shed about i n v e r t e b r a t e s  i n -  
habi t i n g  hydric  hammock. Several 
species  of b u t t e r f l i e s  depend wholly 
o r  p a r t l y  on sugarber ry  a s  a  host  
pl an t .  The burrowing c r a y f i s h  Procam- 
barus geodytes appears t o  have an en- 
demic d i s t r i b u t i o n  i n  t h e  hydr ic  ham- 
mock along S i l v e r  River and i n  o the r  
fo re s t ed  wetlands of t h e  Oklawaha 
River watershed (Franz 1976).  

Thir ty-one spec i e s  of mammals a r e  
known t o  i n h a b i t  hydr ic  hammock. Most 
common a r e  t h e  Vi rg in i a  opossum 
(Didelphis  m a r s u p i a l i s ) ,  s h o r t - t a i l e d  
shrew (B7arina c a r o l i n e n s i s ) ,  nine-  
banded armadi 11 o (Dasypus novemcinc- 
t u s )  , gray  s q u i r r e l  (Sc iurus  caro7i -  
nens is )  , southern f l y i  ng s q u i r r e l  
(G7aucomys volans)  , co t ton  mouse 
(Peromyscus gossypinus)  , raccoon 
(Procyon l o t o r ) ,  f e r a l  hog (Sus 
sc ro fa )  , and whi t e - t a i l  ed dee r  
(Odocoi7eus v i rg in i anus ) .  Two endan- 
gered spec i e s ,  the Flor ida  red  wolf 
(Canis r u f u s  f l o r idanus )  and Flor ida  
panther ( F e l i s  concolor  c o r y i ) ,  have 
been e x t i r p a t e d  from hydr ic  hammock. 



Inland hydric hammock Coastal hydric hammock 

Figure 2. Typicai hydric hammocks. The inland type, at Sanchez Prairie, Alachua County, has a 
canopy dominated by live and laurel oaks, loblolly pine, and sweetgum; the understory is  
composed mainly of hornbeam, and the shrub and ground layers are sparsely vegetated. The 
coastal type, on the north bank of the Econlockhatchee River, Seminole County, has multistratal 
forest composed almost solely of southern red-cedar, live oak, and cabbage palm. 

A threatened species, the Florida 
bl ack bear (Ursus americanus f lor i -  
danus) , formerly was common b u t  now i s  
rare  in t h i s  habitat .  The Homosassa 
shrew (Sorex longirostris e ionis)  was 
described as endemic t o  the hydric 
hammock around Homosassa Springs, b u t  
both i t s  taxonomic and distributional 
s ta tus  are uncertain (Humphrey et a7. 
1986) . 

The avifauna of hydric hammock, a t  
leas t  71 species, i s  more diverse than 
in most other forested communities of 
the northern peninsula of Florida 
(Humphrey and Nesbitt 1988). This 
habitat i s  linked with much of eastern 
North America by i t s  support of very 
1 arge popul a t  i ons of overwintering 
passerines. Several species tha t  once 
were present are now extinct:  ivory- 



Table 3. Endangered or threatened species of plants ocGurrrng in Rydalc hammmk. 

Authority 

Species 

- - -- 

FGFWFC 1989~  USFWS 1989 

Florida corkwood (Le i tne r ia  f lor idana)b 
Yellow anise ( I 1  1 icium p a r v i f  lorum) 
Need1 e palm (Rhapidophyl lum h y s t r i x )  

B l  uestem pal metto (Sabal minor) 
Grape fern (Botrychium spp. ) 
Florida shield fern (Dryopter is  ludoviciana) 
Green-fl y orchid (Epidendrum conopseum) 
Go1 dfoot fern (Phlebodium aureum) 
Pine-wood dainties (Phy7 lanthus 7 iebmannianus) 
Shadow witch (Ponthievia racemosa) 
Pink-root (Spigel i a  loganioides) 
Long-lip ladies1-tresses (Spiranthes l o n g i l a b r i s )  
Wood fern (The lyp ter is  spp.) 
Need1 e-1 eaf ai rpl ant ( T i  7 landsia bartrami i )  
Need1 e-leaf ai rpl ant ( T i  7 landsia setacea) 
Shoestring fern ( Y i t t a r i a  l i nea ta )  

Threatened Under rev1  ew 
Threatened Under review 
Commerc i a1 1 y 

exploited 
Threatened 
Threatened 
Threatened 
Threatened 
Threatened 
Threatened 
Threatened 
Endangered Under review 
Threatened 
Threatened 
Threatened 
Threatened 
Threatened 

a Regulated by the Florida Department of Agriculture and Consumer Services; 
official l i s t  published in Preservation of Native Flora of Florida Act, Section 
581.185-187, Florida Statutes. 

Occurs only i n  ponds within the hammocks. 

b i  11 ed woodpecker (Campephi ?us p r i n c i -  
pal i s ) ,  Carol ina parakeet (Conuropsis 
caro l  i nens i s )  and passenger pigeon 
(Ec top is tes  m ig ra to r i us )  . Common 
birds year-round include turkey vul- 
ture (Cathartes aura) ,  bl ack vulture 
(Coragyps a t r a t u s ) ,  wi 1 d turkey 
(Me7eagri.s gal lopavo) ,  red-shouldered 
hawk (Buteo l i n e a t u s ) ,  barred owl 
( S t r i x  v a r i a )  , red-be1 1 ied woodpecker 
(Me7anerpes caro 1 i n u s ) ,  pi 1 eated wood- 
pecker (Dryocopus p i  l ea tus ) ,  northern 
f l  icker (Colaptes auratus)  , American 
crow (Corvus brachyrhynchos) , f i sh 

crow (Corvus oss i f ragus ) ,  blue jay 
(Cyanoci t ta  c r i s t a t a ) ,  tufted titmouse 
(Parus b i c o l o r )  , Carol i na chickadee 
(Parus caro l  i n e n s i s ) ,  Carol i na wren 
(Thryothorus 7udovic ianus) ,  whi te-eyed 
vireo (V i reo  g r i s e u s )  , bl ue-gray gnat - 
catcher (Pol i o p t i  l a  caeru lea)  , and 
northern cardinal (Cardina 7 i s  ca rd i  - 
n a l i s ) .  Common summer residents in- 
cl ude ye1 1 ow- bi 11 ed cuckoo (Coccyzus 
americanus) , great crested flycatcher 
(Myiarchus c r i n i t u s ) ,  Acadian f ly-  
catcher (Empidonax v i rescens ) ,  red- 
eyed vireo ( V i r e o  o 7 ivaceus) , northern 



Table 4. Endangered or threatened species of animals occurring in hydric hammock. 

Authority 

Speci e s  FGFWFC 198ga USFWS 1989 

Eastern indigo snake (Drymarchon cora is  couperi)  
Gulf Hammock dwarf s i r en  

(Pseudobranchus s t r i a t u s  7us t r i co lus)  
Wood s to rk  (Nycter ia  americana) 
Limpki n (Aramus guarauna) 
Ivory- bi 11 ed woodpecker (Campephi 7us principa7 i s )  
Bachman' s sparrow (Aimophi 7 a aest i va l  i s )  
Homosassa shrew (Sorex l ong i ros t r i s  e ion i s )  
Southeastern brown bat (Myotis aus t ro r ipar ius)  
Southeastern big-eared bat (Plecotus ra f i nesqu i i )  
Florida bl ack bear (Ursus americanus f 1 oridanus) 
Florida long- ta i led  weasel 

(Mustela f renata  peninsulae) 
Florida panther ( F e l i s  concolor c o r y i )  

Threatened Threatened 
Under review 

Endangered Endangered 
Speci a1 concern 
Endangered Endangered 

Under review 
Speci a1 concern Under revi ew 

Under rev1 ew 
Under review 

~ h r e a t e n e d ~  Under revi ew 
Under review 

Endangered Endangered 

a Off ici  a1 1 i s t  pub1 i shed in  Section 39-27.003-005, Florida Administrative Code. 

Not appl icab le  in Baker and Columbia counties and Apalachicola National Forest, 
where hunting i s  allowed. 

parul a warbler (Parul  a americana) , and 
summer tanager  (Piranga r u b r a ) .  Mi- 
g r a t o r y  b i r d s  overwinter ing in  l a r g e  
numbers i n  hydric  hammocks inc lude  
ye1 1 ow-bell ied sapsucker (Sphyrapicus 
v a r i u s )  , e a s t e r n  phoebe (Sayornis 
phoebe), American robin (Turdus migra- 
t o r i u s ) ,  house wren (Troglodytes ae- 
don) ,  ruby-crowned king1 e t  (Regulus 
ca 7 endul a ) ,  cedar  waxwing (Bombyci 1 7  a 
cedrorum) , ye1 1 ow- rumped warbl e r  
(Dendroica coronata)  , bl ack-and-whi t e  
warbler  (Mniot i 1 t a  v a r i a )  , and Ameri - 
can go1 df inch (Carduel i s  t r i s t  i s )  . 
Tree swal 1 ows ( I r i dop rocne  b i c o l  o r )  
may be very abundant i n  w in te r  i n  hy- 
d r i c  hammocks ad jacent  t o  l a r g e  a reas  

of marsh. Red- headed woodpeckers 
(Me1 anerpes erythrocepha l u s )  a r e  some- 
t imes a t t r a c t e d  t o  hydric  hammocks by 
a good crop of l i v e  oak acorns.  Hy- 
d r i  c hammocks dominated by 1 oblol l y  
pine support  populat ions of  ha i ry  
woodpecker (Picoides v i  7 losus)  ( N )  , 
eas t e rn  wood pewee (Contopus v i r e n s )  
( N ) ,  brown-headed nuthatch ( S i t t a  
p u s i l l a )  , ye1 low-throated v i r eo  (V i reo  
f 1 a v i f r o n s )  , ye1 low-throated warbler 
(Dendroica dominica) , pine warbl e r  
(Dendroica p inus ) ,  and summer tanager .  
Swallow-tailed kites (Elanoides f o r f i -  
ca tus)  a r e  common in  some of t h e  
coas ta l  hammocks i n  summer. The s a l t  
marsh edge of t h e  hammocks on t h e  gu l f  



coas t  i s  p a r t i c u l a r l y  important f o r  
many migrating song b i r d s  and i s  occa- 
s iona l  breeding h a b i t a t  f o r  t h e  gray 
kingbird (Tyrannus dominicensis) , 
pra i  r i e  warbler  (Dendroica d i sco lo r )  
and black-whiskered v i reo  (Vireo a l -  
t i  l oquus) ( S )  (01 denburg [1986]) . The 
ecotone between hydric  hammock and i n -  
land p r a i r i e  i s  o f t en  very good habi- 
t a t  f o r  t h e  ea s t e rn  bluebird ( S i a 7 r ' d  
s i a 7  i s ) .  

The herpetofauna of  hydric hammock 
i s  very l a rge ,  including a t  l e a s t  64 
spec ies .  Rept i les  common in t h e  hy- 
d r i c  hammocks of Flor ida a r e  t h e  
southern black r ace r  (Coluber con- 
s t r i c t o r  p r i apus ) ,  eas te rn  indigo 
snake (Drymarchon c o r a i s  couperi)  , 
yellow r a t  snake (Elaphe obsole ta  
q u a d r i v i t t a t a )  , eas t e rn  coral snake 
(Micrurus f u l  v ius  fu7vius) ,  ea s t e rn  
diamondback r a t t l e snake  (Crota lus  
adamanteus), Flor ida box t u r t l  e 
(Terrapene ca ro l  ina bau r i )  , green 
an01 e (An01 is caro l  i nens i s  caro l  inen- 
s i s ) ,  ground skink (Sc ince l la  l a t -  
e r a  7e) ,  and broad- headed skink 
(Eumeces 7 a t  iceps) (N )  . Common am- 
phi bi ans include t h e  southern toad 
(Bufo t e r r e s t r i s )  , green t r e e f r o g  
(Hy7a c ine rea ) ,  Cope's gray t r e e f r o g  
(Hyla chrysoscel  i s )  (N), squ i r r e l  
t r ee f rog  (Hy7a squi re1  7a) ,  spr ing  
peeper (Hyla c r u c i f e r )  ( N ) ,  and e a s t -  
ern narrowmouth toad (Gastrophyrne 
caro7inens is ) .  In t h e  gu l f  coas t  ham- 
mocks, t h e  g u l f  hammock r a t  snake 
(Elaphe obsole ta  q u a d r i v i t t a t a  x E .  o.  
s p i  l o ides )  , bl u e - s t r i  ped g a r t e r  snake 
(Thamnophis s i r t a l i s  s i m i l i s ) ,  and 
blue s t r i p e d  ribbon snake (Thamnophis 
s a o r i t u s  n i t a e )  a r e  common ( these  sub- 
spec ies  rep lace  the  yellow r a t  snake, 
ea s t e rn  g a r t e r  snake (7. s i r t a l i s  sir- 
t a l i s )  and southern ribbon snake (T. 
s a u r i t u s  sackeni)  , r e spec t ive ly ,  i n 
t h i s  a r ea ) ,  and the  r a r e  one-toed am- 
phi  uma (Amphiuma pho le t e r )  (N) occurs  
in  some small spr ings  and seeps. In 
hammocks with abundant lob101 l y  pine,  
the s c a r l e t  kingsnake (Lampropelt is 

triangulum e i a p s o i d e s j ,  pinewoods 
snake (Rhadinaea f l a v i  7ata) and 
pinewoods t r e e f r o g  (Hyla fernoral is)  
a r e  very common (F lo r ida  Game and 
Fresh Water Fish Commission 1976). 

2.3 TYPES, TRANSITIONS, AND ADJACENT 
COMMUNITIES 

Four types  of  hydr ic  hammock may be 
d is t inguished  on t h e  b a s i s  of r e l a t i v e  
abundance of s p e c i e s ,  hydrological 
regime, and physiographic s e t t i n g .  
However, t h e r e  i s  s o  much v a r i a t i o n  in  
composition t h a t  some s tands  defy 
c l a s s i f i c a t i o n  i n t o  one o f  these  
types .  The most common i s  t h e  coas ta l  
o r  1 i ve oak/cabbage pal m/southern red-  
cedar  hammock. The second type i s  the  
in1 and hydr ic  hammock commonly com- 
posed of  l i v e  oak, water  oak, swamp 
l au re l  oak, and sweetgum. Loblol l y  
pine dominates t h e  t h i r d  type i n  asso-  
c i a t i o n  with cabbage palm, l i v e  oak, 
water oak, and sweetgum. The fou r th ,  
seepage type ,  i s  dominated by cabbage 
palm, sweetbay, red maple, and swamp 
l a u r e l  oak, and o f t e n  has an abundance 
of needle palm a s  a shrub l aye r .  

The l i v e  oakLcabbage palm/red-cedar 
community i s  t h e  most d i s t i n c t i v e  type 
of hydric  hammock (Vince e t  a1. 1989). 
I t  occurs  on e i t h e r  sandy-loam or 
sandy-clay s o i l s  with limerock o r  
s h e l l  near  t h e  sur face .  This  f o r e s t  
i s  ex tens ive  along t h e  A t l a n t i c  coas t  
and, e s p e c i a l l y ,  along t h e  g u l f  coast  
of F lor ida .  A1 so common along the  S t .  
Johns and Myakka Rivers ,  around the  
low edges of some l a k e s ,  and around 
wet p r a i r i e s  and marshes, t h i s  type of 
hydric  hammock usua l ly  i s  bordered on 
t h e  downhill s i d e  by marsh o r  p r a i r i e  
vege ta t ion .  The uph i l l  s i d e  may be 
bordered by almost any upland commu- 
n i t y ,  bu t  o f t en  i t  grades i n t o  pine 
f l  atwoods o r  mesic hammock (hardwood 
f o r e s t  on s o i l s  with moderate f e r t i l -  
i t y  and wa te r - r e t en t ion  capac i ty  t h a t  
do not f l o o d ) .  A l l  hydr ic  hammocks 



are  t o  f looding,  bu t  the fie- l o b l o l l y  p ine c o v e r s  ( o r  used t o  
quency and du ra t i on  Vary. Those bar-  cover) thousands of acres. This type 
de r ing  streams and l akes  may f lood of hyd r j c  hammock i s  m o s t  s i m i l a r  t o  
Once fo r  a month o r  so i n  most years; p ine flatwoods, and, i ndeed ,  i n  some 
those border ing s a l t  marsh may f lood places i t  grades i n t o  t y p i c a l  p ine  
fo r  on l y  a few days a t  a t ime dur ing flatwoods fo res t .  I n  o t h e r  spots i t  
severe storms O r  sp r i ng  and f a l l  h igh grades i n t o  the i n l a n d  form of hyd r i c  
t i d e s ;  those border ing k a r s t  p r a i r i e s  hammock or ,  w i t h  i rnproved  drainage, 
may f lood on l y  once every few decades, i n t o  mesic hammock. Lob lo l  l y  p ine  
bu t  may then remain f londpd f o r  ~ P V -  hammock usua l l y  o c c u r s  on sandy-clay 
era1 months. Other fac tors  t h a t  shape soi 1 (Harper 1915). T h e  topography i s  
t h i s  type of hyd r i c  hammock are wind, f l a t ,  and the  f o r e s t  i s  usua l l y  
f i r e ,  and s a l t  exposure. Forests ad- f looded f o r  several m o n t h s  i n  the  sum- 
jacent  t o  the  ocean, 1 arge 1 akes, o r  mer o r  w in te r  o r  b o t h .  The common as- 
p r a i r i e s  are exposed t o  much stronger sociates are cabbage palm, 1 i v e  oak, 
winds than i n land  fo res ts ,  and those water oak, and sweetgum,  w i t h  some 
beside marsh o r  p r a i r i e  vegetat ion are swamp l a u r e l  oak, swamp chestnut  oak, 
subject  t o  occasional severe f i r e .  Of  winged elm, and c e d a r  elm. Bluestem 
course, hyd r i c  hammocks c lose  t o  the palmetto i s  o f t e n  abundant  i n  the  
ocean receiv~ s a l t  sp ray  and o r c a -  shrub l a y e r .  and the g r o u n d  cover o f -  
s i ona l  f l ood ing  by sa l twa te r .  ten conta ins a g r e a t  v a r i e t y  and den- 

s i t y  o f  grasses and h e r b s .  

  he i n land  form of hyd r i c  hanmock The fou r th  type o f  h y d r i c  hammock i s  
may be dominated by a pure q u i t e  d i f f e r e n t  f r o m  t h e  others.  It 
stand o f  1 i v e  oak o r ,  more commonly, occurs along spring runs ,  such as 
by a m ix tu re  of 1 i v e  oak, swamp l a u r e l  Alexander Springs Run  i n t h e  Ocal a Na- 
oak, sweetgum, lob loll^ pine, cabbage 0 Forest  and t h e  Wekiva River  
palm, F l o r i d a  elm, sugarberry, and red no r th  of Or1 ando. Th i s hammock r a r e l y  
maple. The understory con- f loods, instead r e c e i  v i n g  a constant 
t a i n s  hornbeam and 50rt'teiifiies waiter supply o f  water high in and 
viburnum and green haw. B l  uestem pal  - neut ra l  i n  PH. The s o i  1 i s  of ten a 
IRetto i s  sometimes an dMIdan t  shrub. deep organic muck. The dominant trees 
bJhen the  hmmock i s  duckweed are cabbage palm, r e d  map le ,  sweetbay, 
and t h e  f l o a t i n g  fe rns  S a l v f n f a  r o t u n -  and swamp l a u r e l  o a k .  Other common 
d i f o 7 i a  and Azo77a c a r o l f n f a n a  may t rees  are  swampbay, swamp tupelo, 
completely cover t h e  surface the F l o r i d a  elm, and green ash. L o b l o l l y -  
water. I n land  h y d r i c  hammock i s  most bay i s  u s u a l l y  p r e s e n t ,  bu t  1 ive oak 
s i m i l a r  t o  SOme of the and and southern r e d - c e d a r  a r e  no tab ly  ab- 
hardwood f o r e s t s  of the  southeastern sent. The shrub 1 ayer is often a 
Uni ted States coas ta l  plain as de- dense stand of needle palm. ~h~~~ 
scr ibed by Wharton e t  a ] .  (1982). It forests are i n t e r m e d i a t e  in species 
occurs on e i t h e r  sandye1 Oam Or sandy- composit ion between hydri hammock and 
c l a y  s o i l s ,  usua l l y  with l imerOck near bayhead f o r e s t ,  and they conta in  some 
the  surface. ~ e n e r a l l y ,  the swamp species i n  a d d i t i o n ,  The i r  
type of hyd r i c  hammock is by s o i l s  and hyd ro logy  are t y p i c a l  of 
swamp r a t h e r  than p r a i r i e  o r  marsh. bayhead except f o r  the  in f luence of 

calcium. Since t h e s e  forests are USU- 
Stands dominated by l o b l 0 l 1 y  pine a l l y  c a l l e d  h y d r i c  hammock, they are 

e x i s t  w i t h i n  many of t h e  larger hydric inc luded here as t h e  seepage type. 
hammocks. However, along both sides 
of t he  Oklawaha R iver  i n  Marion Other fo res ts  i n t e r m e d i a t e  between 
County, F lo r i da ,  hammock dominated by bayhead and h y d r i c  hammock are  found 



along creeks i n  f latwoods and sand- 
h i l l s  areas, such as along T iger  Creek 
i n  Polk County. These fo res ts  l a c k  
the  1 i me i n f l  uence t y p i c a l  o f  most hy- 
d r i c  hammocks, grow on sandy s o i l ,  o f -  
t e n  have some organic muck accumula- 
t i o n ,  and have some 1 a te ra l  seepage. 
They t y p i c a l l y  have a mixture o f  cab- 
bage palm, sweetgum, red maple, swamp 
1 aure l  oak, swampbay, swamp tupelo, 
sweetbay, wax-myrtl e, and dahoon. 

The t r a n s i t i o n  from hyd r i c  hammock 
t o  adjacent communities takes many 
forms (Vince e t  a7. 1989). When the  
adjacent community i s  q u i t e  d i s t i n c t  
(e.g., sandh i l l  f o res t ,  p ine f l a t -  
woods, marsh, o r  p r a i r i e )  the  t r a n s i -  
t i o n  i s  usua l l y  abrupt and obvious, 
b u t  the  t r a n s i t i o n  t o  the more s i m i l a r  
f o r e s t  types o f  bayhead, swamp, and 
mesic hammock may be more d i f f i c u l t  t o  
recognize. Usua l ly  subject  t o  ex- 
tremes o f  f l o o d i n g  and drought, hyd r i c  
hammock d i f f e r s  from bayhead fo res t ,  
which has the  most s tab le  supply o f  
moisture o f  any i n land  f o r e s t  type and 
s o i l s  w i t h  low pH and h igh  organic 
content.  The species composit ion o f  
these two f o r e s t  types i s  a1 so q u i t e  
d i f f e r e n t  i n  most cases (Table 5 ) .  
Hydr ic  hammocks a l so  d i f f e r  from 
swamps, which f l o o d  more f requent ly  
and f o r  longer  durat ion,  and from up- 

1 and hhrdw~irif &rid t i1 i ~ e d  p i  ne/hardwood 
f o r e s t s  ( i n c l  uding mesic hammocks), 
which f l o o d  l e s s  f requen t l y .  Each 
type has a d i s t i n c t  composit ion o f  
p l a n t  species. 

The f o l l o w i n g  species do n o t  occur 
i n  hyd r i c  hammocks except f o r  an occa- 
s ional  i n d i v i d u a l  : mockernut h ickory  
(Carya tomentosa) , p ignut  h ickory  
(Carya g lab ra ) ,  southern red  oak 
(Quercus f a l c a t a )  , southern magnol i a  
(Magno7ia g r a n d i f l o r a ) ,  wh i te  ash 
(Fraxinus americana) , hop- hornbeam 
(Ostrya v i r g i n i a n a )  , redbay (Persea 
borbonia) , winged elm (Ulmus a la ta) ,  
w i l d  che r r i es  and plums (Prunus spp.), 
dogwood (Cornus f l o r i d a )  , hercul es- 
c l u b  (Zanthoxylum c lavahercu l is ) ,  and 
crooked-wood (Lyonia fe r rug inea)  . 
Coastal xe r i c ,  mesic, and hyd r i c  ham- 
mocks a l l  con ta in  1 i v e  oak. However, 
the  1 i v e  oak o f  t h e  x e r i c  hammocks i s  
sand 1 i v e  oak (Quercus geminata), 
r a t h e r  than t h e  Q. v i r g i n i a n a  o f  hy- 
d r i c  hammock, and both x e r i c  and mesic 
hammocks conta in  s i g n i f i c a n t  numbers 
of upland species such as p ignu t  h ick -  
ory, magnol i a ,  redbay, hop- hornbeam, 
o r  crooked-wood, which are  uncommon i n  
hyd r i c  hammock. 

The community most s i m i l a r  ecologi -  
c a l l y  t o  h y d r i c  hammock i s  bottomland 

Table 5. Tree species typical of hydric hammock, bayhead, and swamp forests in northern and 
central Florida, listed in decreasing order of their average abundance in  the community (adapted 
from Monk 1966; Simons etal. 1984; and Vince eta/. 1989). 

Hydr ic  hammock Bay head Swamps 

cabbage palm 
l i v e  oak 
sweetgum 
swamp l a u r e l  oak 
southern red-cedar 
hornbeam 

l o b l o l l y - b a y  
sweetbay 
swamp tupe lo  
swampbay 

b a l d  and pond cypress 
tupe lo  species 
green, pumpkin, and pop ash 
r e d  maple 
cabbage palm 
coasta l  p l a i n  w i l l o w  



hardwood forest  (Wharton e t  a!. 1982), 
which occupies the lowlands along 
rivers in the southeastern United 
States,  typically on alluvial flood- 
plains (Mitsch and Gossel ink 1986). 
Florida has few alluvial r ivers,  and 
they are restr ic ted to  the panhandle. 
Perhaps the best example of a bottom- 
1 and hardwood forest  in Florida i s  on 
the floodplain of the Apal achicol a 
River. The t rees  that  distinguish hy- 
dr ic  hammock from bottomland hardwood 
forest  are 1 ive oak, cabbage palm, and 

southern red-cedar. Some t r e e s  that 
commonly are found in  bottom1 and hard- 
wood forest  but ra re ly  i n  hydric ham- 
mock are overcup oak (Quercws Jyrata),  
cherrybark oak (4. fa7ca ta  var .  pago- 
daefolia),  water hickory, bi t ternut 
hickory (Carya cordiformis) , sycamore 
(Platanus occidentalis)  , s i f  ver maple 
(Acer saccharinurn), ri ver bi rch 
(Betul a nigra) , cottonwood (Popu7us 
del toides) , swamp cottonwood ( P .  het- 
erophylla), and black willow (Salix 
nigra) . 



CHAPTER 3. HISTORY OF USE 

3.4 PRE-COLUMBIAN HUNiiNG AND 
GATHERING 

In h i s  Travels, William Bartram ob- 
served t h a t  North Florida "being such 
a swampy, hommocky country, furn ishes  
such a p l e n t i f u l  and v a r i e t y  of sup- 
p l i e s  f o r  t h e  nurishment of  v a r i e t i e s  
of  animals,  t h a t  I can venture t o  a s -  
sert ,  t h a t  no p a r t  o f  t h e  globe s o  
abounds with wild game o r  c r ea tu re s  
f i t  f o r  t h e  food of  man" (Bartram 
1791, p. 182).  Bartram perceived t h a t  
t h e  in t e r spe r s ion  of  hammocks and 
swamps i n  t he  pinelands of F lor ida  
were of g r e a t  value i n  t he  production 
of  animals f i t  f o r  human consumption. 
The 1 and animal most commonly used f o r  
food by t h e  Indians of pre-Columbian 
nor th  Florida was dee r ,  followed by 
raccoon (Larson 1980). Hydric hammock 
i s  e x c e l l e n t  h a b i t a t  f o r  both spec ies .  
However, acorns and hickory nuts  were 
considerably more important than meat 
t o  t h e  d i e t s  o f  t h e  Indians (Larson 
1980).  Live oak acorns,  a s  well a s  
l a u r e l  o r  water oak acorns,  were among 
t h e  most conspicuous p l an t  remains 
from an Indian s i t e  a t  Hontoon Is land  
on t h e  S t .  Johns River (Newsom 1986). 
While l i v i n g  with t h e  Seminoles i n  
1773, Wi 1 1 i am Bartram observed "The 
Indians obtained from i t  [ t h e  acorn o f  
t h e  l i v e  oak] a sweet o i l ,  which they 
use in  t h e  cooking o f  hommony [ s i c ] ,  
r i c e ,  e t c . ;  and they a l s o  r o a s t  i t  i n  
hot embers, e a t i n g  i t  a s  we do ches t -  
nu ts"  (Bartram 1791, p.  90) .  The cab- 
bage palm, another  hydric  hammock 
t r e e ,  was used f o r  food, t ha t ch ,  and 
t i n d e r  by t h e  Indians (Cl ausen 1971) ; 
a f t e r  acorn and hickory, i t  was t h e  
most abundant wild p l a n t  resource  re- 

covered a t  Hontoon f s! and (Newsom 
1986). Other hydr ic  hammock species  
used f o r  food included black bear ,  
s q u i r r e l ,  tu rkey ,  opossum, box t u r t l e ,  
snakes, wild grape,  persimmon, red 
mu1 berry,  swamp tupe lo ,  sugarberry,  
hawthorns, g reenbr i  a r ,  switch cane, 
and mushrooms (Cl ausen 1971 ; Larson 
1980 ; Newsom 1986). 

The Timucuans, the Indians of  nortk- 
eas te rn  F lor ida  a t  t h e  t ime of  Euro- 
pean contac t  i n  t h e  15001s,  c u l t i v a t e d  
crops, hunted, ga thered ,  and f ished 
(Spell  man 1948). Early expl o r e r s  ob- 
served f i e l d s  of  maize, beans, mi 11 e t  , 
squash, and pumpkins. Granaries  were 
used t o  s t o r e  t h e  ha rves t ,  but Timu- 
cuans along t h e  S t .  Johns River grew 
and s to red  food s u f f i c i e n t  f o r  only 
half t h e  year  (Laudonniere 16th cen- 
t u ry ) .  During t h e  win te r  t hese  Indi-  
ans moved i n t o  t h e  woods (presumably 
hammocks) where they  cons t ruc ted  palm- 
tha tch  homes and a t e  mast, f i s h ,  deer ,  
and turkey  (Laudonni e r e  16th century) .  

3.2 CAlTLE AND HOG RANCHING 

C a t t l e  and hogs were introduced in to  
Florida by Spanish exp lo re r s  i n  the 
s ix t een th  century (Spel lman 1948; Ar- 
nade 1961). Some o f  the hogs escaped, 
and wild hogs have roamed Flor ida  ever 
s ince .  Both t h e  Spaniards and t h e  In- 
d ians  tended c a t t l e  and hogs on open 
range, a p r a c t i c e  continued by the 
e a r l y  white  s e t t l e r s  and t h e i r  descen- 
dants  through t h e  f i r s t  h a l f  of the 
twent ie th  century .  



C a t t l e  were bes t  adapted t o  t h e  
maidencane p r a i r i e s  such as Paynes 
P r a i r i e  i n  A1 achua County, F lor ida .  
Bartram reported seeing in  1774 
"innumerable droves of c a t t l  e "  
(Bartram 1791, p. 165) tended by t h e  
Seminole Indians on Paynes P r a i r i e .  
Most p r a i r i e s  were p a r t i a l l y  ringed by 
hydric  hammock, which provided t h e  
c a t t l e  w i t h  shade i n  suwer,  z pa la+-  
ab le  acorn crop in  t h e  f a l l ,  and green 
forage  i n  winter  when t h e  p r a i r i e s  
turned brown. In t h e  days of open 
range, f i r e s  were s e t  annually.  Occa- 
s i o n a l l y  these  burned i n t o  the  hydric  
hammocks (Vince e t  a l .  1989), opening 
them and c l ea r ing  the  f o r e s t  l i t t e r  
enough t o  s t imu la t e  a good growth of 
g ra s ses  and sedges. Even in ex tens ive  
hydric  hammocks not  adjacent  t o  
p r a i r i e s ,  such a s  Gulf Hammock, c a t t l e  

were ranched successful  l y ,  and t h i s  
p r a c t i c e  has continued t o  t h e  present  
(Figure 3 ) .  

Hogs, even more than c a t t l e ,  do bes t  
where they can make use of several  
d i f f e r e n t  h a b i t a t s .  The most impor- 
t a n t  h a b i t a t  f o r  c a t t l e  i s  open g ra s s -  
1  and, but  hydric hammock i s  probably 
t h e  b e s t  single h a b s t a t  f o r  hogs. 
Even as  l a t e  a s  t h e  1950fs ,  a  number 
of f ami l i e s  made t h e i r  1  ivelihoods by 
hog ranching in  t h e  gu l f  coas ta l  ham- 
mocks (Varney 1963). Most had hog 
claims on o the r  people 's  land;  t he  
hogs were marked (by notching t h e  
e a r s )  and turned loose  t o  forage. The 
owners gathered t h e i r  hogs using dogs 
o r  ba i ted  pen-traps (Figure 4 ) .  Then 
they se l ec t ed  some t o  f a t t e n  f o r  mar- 
ket  o r  f o r  t h e  owners' use,  c a s t r a t e d  

Figure 3. Cattle pen in coastal hydric hammock, Gulf Hammock. 
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Figure 4. Hog pen in coastal hydric hammock, Gulf Hammock. 

some of t h e  remaining males, marked 
any unmarked hogs, and re leased  the  
herd back t o  t h e  wild (Varney 1963). 
The running of  hogs in  t h e  wild was 
a l r eady  dec l in ing  when, i n  1963, hog 
claims were terminated by t h e  F lor ida  
Legi s l  a t u r e .  However, wi 1 d hogs a r e  
s t  i l 1 abundant, p a r t  i cul a r l  y i n a reas  
conta in ing  hydric  hammock. Many a r e  
shot  f o r  food by hunters  each year ,  
and, on many p r i v a t e  lands,  wild hogs 
a r e  s t i l l  trapped o r  caught by dogs in  
t h e  t r a d i t i o n a l  manner. 

3.3 EARLY FOREST PRODUCTS 

En t h e  e r a  of  "wooden sh ips  and i ron 
men", t h e  l i v e  oak was the most valued 

wood in t h e  New World, with t h e  p o s s i -  
b le  except ions of white  pine in  t h e  
Northeast and mahogany in  t h e  t r o p  i c s .  
The kee ls ,  knees, and frames o f  t h e  
g r e a t  s a i  1 ing s h i p s  requi red  g r e a t  
s t rength  and durabi 1 i t y ,  and, f o r  t h i s  
purpose, 1 ive oak had no equal ( F i g u r e  
5 ) .  Over t h e  c e n t u r i e s ,  t h e  w h i t e  
oaks of Europe had provided t h e  b e s t  
t imber f o r  sh ipbui ld ing ,  but i n  the  
New World, l i v e  oak was quickly d i s -  
covered t o  be supe r io r .  The wood of 
l i v e  oak has an oven-dry spec i  fit 
g r a v i t y  of  0.98, and i s  e x c e e d i n g l y  
hard, s t rong  in  bending, s t r o n g  in 
endwise compression, s t i f f ,  and h igh  
in  shock r e s i s t a n c e  (Brown e t  
1949), making i t  t h e  denses t  and 
s t ronges t  commercial wood in  t he  
United States--20% t o  30% d e n s e r  and 
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stronger than white oak. The heart- 
wood i s  also very r o t - r e s i s t a n t .  The 
short trunks and great,  arching 
branches which, today, make l ive  oak 
nearly worthless as timber, were per- 
fect ly  suited for  t h e  ship-building 
industry of tha t  period, when men 
would go t o  the f o r e s t  to  select each 
curved knee, r ib ,  a r  keel from a 
branch or t r u n k  of just  the right 
shape and dimension. 

Throughout the 18th century and into 
the 19th, the shape and strength of 
oak timbers limited the size of war- 

ships. Numbers of s h i p s ,  therefore,  
were decisive in war, and supplies of 
oak timbers were e s sen t i a l  natural  re- 
sources (McNei 11 1982) . I n  t h e  early 
180O1s, the great naval r i v a l r y  among 
Great Britain, France, and t h e  United 
States increased demand f o r  1 ive oak 
SO much that the Federal Government 
took steps to  protect naval-t imber re- 
sources (Wood 1981). Live oak forests  
were purchased and reserved a s  pub1 i c  
lands, trespass laws were passed to  
prevent poaching, and agen t s  were ap- 
pointed t o  provide sUrvei l lance .  In 
spi te  of these ac t ions ,  pub1 i c  lands 



were heavily looted, and most of the oak sapliriys f e l l  prey TO p o i i t i c s ;  
l i v e  oak was sold a t  a  high price t o  Adams' successor d id  not share h is  in-  
the U.S. Navy. Wholesale disappear- t e r e s t s .  Fortunately fo r  Florida's 
ance of 1 ive  oak in Florida beqan soon fo res t s ,  demand f o r  1 ive oak timber 
a f t e r  Spain ceded the land - t o  the  
United S ta tes  i n  1821 (Figure 6 ) .  Two 
pa t ro l l ing  schooners, one on the  A t -  
1 an t ic  coast  and one on the gulf  
coas t ,  each with only one gun, had 
negl ig i  b le  e f fec t  on "oak running" 
(Wood 1981). By 1842 the  public lands 
along the  St .  Johns River and i t s  
t r i b u t a r i e s  were str ipped of both l i v e  
oak and southern red-cedar (Kendrick 
1967). A l i v e  oak nursery was estab- 
l ished near Pensacola (Wood 1981) t o  
res to re  naval -timber resources. Pres- 
ident John Quincy Adams, an amateur 
ho r t i cu l t u r i s t ,  championed this ef - 
f o r t .  However, the thousands of 1 ive 

ended in the 1880's when Congress man- 
dated the construction of s t ee l  ships 
f o r  the navy. 

Another hydric hammock t r e e ,  south- 
ern red-cedar, dominated a wood-using 
industry fo r  several decades in the 
l a t e  1800's. Beginning about 1875 
(Jennings 1951), hundreds of men, 
known as cedar g e t t e r s ,  cut  the  t r e e s  
in Gulf Hammock and hauled them on ox 
wagons t o  the nearest  creek o r  r i ve r  
( Y  ear ty  1959) . Rafts made of cabbage 
palm logs carr ied  the  cedar t o  the 
Faber and the  Eagle Pencil mi l ls  a t  
Cedar Key. I n  2872, one mil l ion cubic 

Figure 6. Live oak cutting in Florida, 1859 (from Bryant 1872). 



f e e t  o t  trimmed red-cedar s l a t s ,  ready 
t o  be made in to  pencils,  were shipped 
from Cedar Key (Cedar Key Sta te  Museum 
exh ib i t ) .  In t h i s  era  of "cut out and 
get out" timbering, there was no 
thought of using the cedar supply on a  
sustained-yield basis .  When, in 1896, 
a l l  the prof i table  red-cedar in the 
area was gone and a hurricane de- 
stroyed the cedar mi l ls  (Burtchaell 
19491, tne  industry moved t o  the Pa- 
c i f i c  coast and turned t o  incense 
cedar (Panshin et a l .  1962). Fortu- 
nately,  unlike the lake s t a t e s  pine 
fo res t s  and some other areas tha t  were 
severely damaged by t h i s  so r t  of ex- 
p lo i t a t ion ,  the  fo res t  of Gulf Hammock 
was not great ly  a l tered by the log- 
ging. The cedars grew back and were 
subsequently used for  fence posts, f o r  
which t h e i r  r o t - r e s i s t an t  heartwood 
made them well suited,  and, i f  large 
timber could be found, i t  was used fo r  
making cedar paneling, cedar chests ,  
and various specia l ty  items (Brown e t  
a l .  1949). 

Cabbage palm has a lso  been used com- 
mercially, although t o  a l e sse r  extent 
than l i v e  oak and red-cedar. Harvest 
began about 1900 and was most exten- 
s ive  in coastal hydric hammock 
(Jennings 1951). Buds were cut  from 
young palms from about 3 t o  8 fee t  in 
height. An area produced a crop about 
every 5 years,  and most coastal ham- 
mock was cut over several times. A 
factory a t  Cedar Key made hat brushes, 
clothes brushes, tab1 e brushes, and 
brooms from cabbage palm f ibe rs  
(Burtchaell 1949). Between 1910 and 
1942 and from 1945 t o  1950 (when i t  
was destroyed by a hurricane), the  
factory required a minimum of 600 palm 
buds ( t r e e s )  each day (Burtchaell 
1949). Twenty workers harvested the 
buds from Gulf Hammock. The cabbage 
palms were used fo r  food as well as 
f i be r .  Heart-of-palm salad has long 

been a special ty a t  the Island Hotel 
in Cedar Key and i s  now popular a t  
many North Florida res taurants .  I t  i s  
a1 so popular with many local people, 
and poaching of palm hearts  fo r  t h i s  
purpose has been and s t i l l  i s  common. 
Final ly  , who1 e cabbage palms were dug 
out of the fo res t  and sold f o r  orna- 
mental s ,  and t h i s  practice continues 
a t  an increasins Dace today. 

Other t r ees  of the hydric hammocks 
were a1 so extensively cut  fo r  sawtim- 
ber. Loblolly pine and sweetgum were 
se lect ively  1 ogged from these fo res t s  
beginning around the  turn of the cen- 
tury .  The pine was used mostly fo r  
construction lumber, while some sweet- 
gum was used f o r  fu rn i tu re  stock 
(Kendrick 1967). Althouqh sweetqum i s  
part  icul a r ly  we1 1 suited f o r  turned 
table  and chair  legs,  rungs, e t c .  
(Koch 1985), most of the wood was used 
as veneer stock o r  fo r  making packing 
c ra tes  t o  ship Florida's c i t r u s  and 
vegetable crops. Red map1 e,  sweetbay, 
blackgum, and other so f t  hardwoods oc- 
casionally found in hydric hammocks 
were used f o r  the same purpose, and 
t h i s  pract ice  continues today. 

All of t h i s  ear ly  timbering was se- 
l e c t i ve .  One or several species were 
heavily cut while the other species 
remained. Generally, only the best 
t r e e s  of the  selected species were 
harvested, leaving the crooked, hol- 
low, and small t r ees .  Because the 
logging was not intense and species 
preference changed with time, with a11 
the  overstory t r e e  species being se-  
lected a t  one time or another, these 
ear ly  logging operations did not 
great ly  a l t e r  the fores ts .  The aver- 
age s ize  and timber qual i ty  of the 
t r e e s  were s ign i f i can t ly  reduced, b u t  
the bi 01 ogi cal community remained 
1 argely in tac t .  



CHAPTER 4. PRESENT USES AND ALTERATIONS 

4.1 OWNERSHIP 

The h y d r i c  hammocks o f  F l o r i d a  a re  
c u r r e n t l y  be ing  used more i n t e n s i v e l y  
and a l t e r e d  more r a p i d l y  and more 
d r a s t i c a l l y  than  ever  before.  On t h e  
o t h e r  hand, more h y d r i c  hammock i s  now 
p ro tec ted  by p u b l i c  ownership f rom a l -  
t e r a t i o n  and d e s t r u c t i o n  (F igure  7 ) .  

The f i r s t  major  p u b l i c  purchases o f  
lands  con ta in i ng  s i g n i f i c a n t  acreages 
o f  h y d r i c  hammock were S t .  Marks Na- 
t i o n a l  W i l d l i f e  Refuge i n  1931 and 
Myakka R i ve r  S ta te  Park i n  1936. 
La te r  S t a t e  purchases inc luded  
Waccasassa Bay S t a t e  Preserve i n  1971, 
San Felasco Hammock S t a t e  Preserve i n  

1. St. Marks National Wildlife Refuge 

2. Big Bend State Reserve 
3. Waccasassa Bay State Reserve 
4. San FeEasco Hammock State Reserve 
5. Silver Springs State Reserve 
6. Wekiwa Springs State Park 
7. Tosohatchee State Reserve 

8. Hillsborough River State Park 
9. Highlands Hammock State Park 

10. Myakka River State Park . sL. "' 

Figure 7. Location of publicly owned hydric 
hammocks in Florida. 

1974, R i ve r  Rise S t a t e  Preserve  i n  
1974, Tosohatchee S t a t e  Reserve i n  
1977, and S i l v e r  R i v e r  S t a t e  Park i n  
1986. S t a t e  purchase of 95,000 acres 
a long F l o r i d a ' s  g u l f  c o a s t  i n  t h e  B ig  
Bend r e g i o n  was approved i n  1  a t e  1986. 
B ig  Bend's 30,000 t o  40,000 ac res  of 
h y d r i c  hammock more t h a n  doub les  t h e  
t o t a l  amount i n  publ  i c  ownersh ip .  A t  
present ,  about 20% o f  F l o r i d a ' s  h y d r i c  
hammock i s  publ i c l y  owned. 

Perhaps 100,000 acres o f  h y d r i c  ham- 
mock belong t o  i n d i v i d u a l s .  About 
t w i c e  t h a t  much, r o u g h l y  200,000 
acres, i s  owned by  f o r e s t - p r o d u c t s  
c o r p o r a t i  ons. The 1  a r g e s t  o f  these 
t i m b e r - i n d u s t r y  t r a c t s  i s  t h e  p a r t  o f  
G u l f  Hammock owned by Georgi  a P a c i f i c .  
About h a l f  o f  t h e  h y d r i c  hammock owned 
by t imbe r  companies has been conver ted  
t o  p i n e  p l a n t a t i o n s .  

Most of the  l a r g e  acreages of p r i -  
va te  1  and ( i n d u s t r i a l  and i n d i v i d u a l  ) 
are leased f o r  h u n t i n g  and c a t t l e  
g raz ing .  These leases  p r o v i d e  some 
money and, sometimes, some management 
a i d  t o  t h e  landowner. P r i v a t e  hun t i ng  
leases on h y d r i c  hammock range  from 
$1.00 t o  $5.00 pe r  a c r e  p e r  yea r .  A l -  
though n o t  ab le  t o  pay as much as p r i -  
va te  hun t ing  c lubs,  t h e  F l o r i d a  Game 
and Fresh Water F i s h  Commission leases 
some h y d r i c  hammock l a n d  ( a t  l e a s t  
50,000 acres) f o r  pub1 i c  hun t i ng  
w i t h i n  i t s  W i l d l i f e  Management Area 
program, which encompasses a  t o t a l  of 
about s i x  m i l l i o n  ac res  (F rank  H. 
Smith, Jr . ,  F l o r i d a  Game and Fresh  Wa- 
t e r  F i sh  Commi ss ion;  p e r s .  comm. ) s 

C a t t l e  leases  range between $0.25 and 
$0.50 p e r  acre pe r  yea r .  



4.2 LAND CONVERSION 

The t o t a l  a r ea  of hydric  hammock i s  
con t inua l ly  being reduced by permanent 
conversions t o  o the r  uses.  A very 
rough es t imate  of t h e  amount of hydric  
hammock t h a t  has been converted by 
1986 t o  such uses a s  rea l  e s t a t e  de- 
velopments, improved pas ture ,  in ten-  
S: ,,- agricultnre, mining, and o the r  
uses t h a t  completely and permanently 
remove t h e  na tura l  community i s  about 
200,000 ac re s .  About another  100,000 
ac re s  of t h e  o r ig ina l  ha l f  mil l  ion has 
been c leared  and converted t o  pine 
p l an ta t ions .  Unfortunately,  exact  
changes i n  t he  ex t en t  of hydric  ham- 
mock cannot be determined, because t h e  
boundaries of t h i s  community a r e  d i f -  
f i cui t t o  del i neate  on maps and a e r i  a1 
photographs. 

The o l d e s t  and probably t h e  most ex- 
t e n s i  ve c l e a r i n g  of hydric  hammocks 
was done t o  c r e a t e  improved pas tu re  
f o r  beef c a t t l e  and, more r ecen t ly ,  
f o r  horses  and d a i r y  c a t t l e .  The 
e a r l y  c l e a r i n g  was mostly done with 
f i r e ,  along with logging, t r e e  
g i  rd'i i ng , and buf f dozi ng . Today, the 
primary methods of c l e a r i n g  a r e  bull  - 
dozing and broadcast herb ic id ing ,  a l -  
though f i r e  i s  s t i l l  used ex tens ive ly  
t o  maintain e s t ab l  ished pas ture .  Hy- 
d r i c  hammocks gene ra l ly  occur  on f e r -  
t i l e ,  moist  s o i l  with l imerock o r  
s h e l l  near  t h e  su r f ace ,  which makes 
t h e  land well s u i t e d  f o r  pas tu re .  Oc- 
ca s i  onal f looding causes only mi nor 
problems f o r  l i v e s t o c k  graz ing  and i s  
an a s s e t  where maidencane grows in  t h e  
more f lood-prone a reas .  

In t ens ive  a g r i c u l t u r e  has replaced 
hydric  hammock t o  a l e s s e r  ex t en t  than 
has pas tu re ,  because occasional f lood-  
ing i s  t oo  detr imental  and too  expen- 
s i v e  t o  cont ro l  by drainage and d ik-  
ing. However, i f  i r r i g a t i o n  a l s o  i s  
provided f o r  by t h e  water cont ro l  
s t r u c t u r e s ,  then i t  sometimes becomes 
economical t o  c l e a r  and farm t h i s  type  

of land .  Some of t h e  i r r i g a t e d  and 
i n t e n s i v e l y  c u l t i v a t e d  land now pro-  
ducing cabbage and pota toes  i n  western 
S t .  Johns County was hydric  hammock. 

Mining a l t e r s  hydr ic  hammock land 
more than  any o t h e r  use. Some of t h e  
land t h a t  i s  s t r ip-mined f o r  phosphate 
i n  c e n t r a l  F lor ida  and, t o  a l e s s e r  
e x t e n t ,  i n  northern F lor ida ,  i s  hydric  
hammock (Simons e t  a l .  1984; Simons 
and Hintermi s t e r  1984). Reclamation 
i s  requi red  by s t a t e  law, but most of 
t h e  mined hammocks wi l l  never be r e -  
turned t o  t h e i r  o r i g i n a l  s t a t e .  A t -  
tempts t o  r e c r e a t e  hardwood-dominated 
wetlands a r e  few and s t i l l  experimen- 
t a l  (Robertson 1986) ; successful  
r ec l  amat ion of  t h e s e  complex communi - 
t i e s  has y e t  t o  be demonstrated. Most 
hydric  hammocks a r e  under1 ain by 1 ime- 
rock, and limerock mines have replaced 
hydric  hammock in s c a t t e r e d  1 oca t i  ons 
throughout most of i t s  range. For i n -  
s t ance ,  several  mines a r e  a c t i v e  now 
in  Gulf Hammock (Figure 8) .  Most of 
t h e  limerock i s  used f o r  l oca l  road 
beds. 

Real e s t a t e  developments such a s  
home cons t ruc t ion ,  apartment com- 
pl exes,  go1 f courses ,  commerci a1 de- 
velopment, roads,  and power 1 i ne s  a r e  
t h e  u l t ima te  f a t e  o f  much of F lor ida ' s  
f o r e s t e d  1 and. A1 though hydri c ham- 
mocks f 1 ood occasional 1 y , they a1 so 
a r e  developed ex tens ive ly ,  a s  a t  
Homosassa Springs (Figure 9) .  Here a 
major t o u r i s t  a t t r a c t i o n  a t  t h e  spring 
has a l t e r e d  t h e  hammock only s l i g h t l y ,  
but housing and assoc ia ted  cana ls  have 
been b u i l t  i n  former hammock along the  
spr ing  run. The town of Homosassa 
Springs a l s o  has expanded i n t o  hydric 
hammock, and drainage cana l s  from the  
town through t h e  hammock have been ex- 
tended o r  rerouted.  Drainage p ro t ec t s  
p a r t s  of t h e  hammock from f looding ,  
but o t h e r  p a r t s  a r e  c e r t a i n  t o  f lood 
in  t he  f u t u r e .  For some uses,  such as 
g o l f  courses ,  some roads ,  and power 



Figure 8. Limerock pit in inland hydric hammock, Gulf Hammock. 

l i n e s ,  flooding i s  not a great  prob- 
lem. However, i t  c reates  serious 
problems f o r  res ident i  a1 and commer- 
c i  a1 devel opments. Unfortunately, 
some developers subdivide these areas 
and s e l l  t o  unsuspecting buyers. 
Pressure i s  then p u t  on local govern- 
ments t o  provide flood control , with 
the cost paid by a l l  taxpayers and of-  
ten with impacts on adjacent areas of 
hydric hammock and other wetland com- 
munities. 

The history and consequences of de- 
velopment in the  Old Town Hammock, a 
mixture of mesic and hydric hammock 
between Cross City and the  Suwannee 
River, in Dixie County, Florida,  are  
we1 1 -documented by newspaper coverage. 
Subdivision of t h i s  hammock f o r  r e s i -  

dential  homesites began in about 1981. 
Heavy ra ins  i n  t h e  f a l l  and winter  of 
1986-87 flooded Old Town Hammock, 
along with many of i t s  recent ly  b u i l t  
roads and houses. About 75 fami l i es  
were forced out  of t h e i r  homes 
(Gainesvi 7 7e Sun, 24 Apri 1 1987), and 
about 125 homes and businesses were 
damaged (55 of t h e s e  were uninsured) 
(Dixie County Advocate, 30 Apri l  
1987). Total damage t o  pub1 i c  roads 
was estimated a t  $940,585 (Dixie 
County Advocate, 30 Apri 1 1987) - 

Today, loca l ,  r eg iona l ,  and s t a t e  
regulat ions prevent t he  const ruct ion 
o f  most  la rge  o r  in tens ive  types of 
development in  f 1 ood-prone a r ea s .  
However, rural  " ranche t te"  develop- 
ment, such as a t  Old Town Hammock, 



Figure 9. Real estate development from 1944 to 1974 in hydric hammcrck, Hamosassa 
Springs, Citrus County, Florida. The major habitats shown are slash pine flatwoods on the 
right, hydric hammock on the left, and salt marsh in the upper left corner. 



s t i l l  proceeds in these areas and cur- 
rently invades hydric hammocks a t  a 
rapid pace. A house may be bui l t  pro- 
vided the floor i s  elevated t o  above 
anticipated flood levels,  and the rest  
of the property may be cleared for 
lawns, work space, pasture, and so on. 

The amount of hydric hammock pro- 
tected from destruction caused by real 
es ta te  development i s  only sl ightly 
greater than the amount in public own- 
ership. The Florida Legislature 
passed the Warren S. Henderson Wet- 
lands Protection Act of 1984, b u t  i t s  
jurisdiction i s  determined by a vege- 
ta t ion l i s t  that  categorizes most hy- 
dr ic  hammock species as e i ther  transi - 
tional or upland. According to  th is  
1 i s t ,  only the bayhead-1 i ke seepage 
hammocks and a few inland type hydric 
hammocks qual i fy  for protection from 
devel opment . Furthermore, thi s 1 aw 
exempts clearing for agricultural pur- 
poses as a proper use of wet1 ands. 

4.3 TIMBER PRODUCTION 

hlith the exception of State parks 
and preserves, practically a1 1 hydric 
hammocks not within ci ty  l imits are 
used t o  some extent fo r  timber produc- 
t ion. The amount and value of timber 
production varies widely among ham- 
mocks, however, depending on the 
species composition, s i t e  quality, 
past history of the forest ,  ease of 
harvest, and management decisions of 
the owner. A forest  of l i ve  oak and 
cabbage palm has l i t t l e  timber value, 
although a small market exis ts  for 
l ive oak timber with s t raight ,  sound 
trunks, and cabbage palms can some- 
times be sold for  ornamental planting. 
A t  the other extreme, the timber in a 
forest  with a large volume of high- 
qua1 i t y  1 oblol l y  pine, sweetgum, or 
red-cedar sawtimber might be worth as 
much as $3,700 per acre (Johnson 
1978). The value of the annual growth 
in such a forest  might exceed $50 per 

acre i f  the s i te  qudiiiy i s  high ( s l t e  
qual i t y  i s  a measure of how rapidly a 
t ree species grows on a par t icu lar  
plot of land). An area of lower s i t e  
qual i t y  might achieve the same even- 
tual timber value,  b u t  a t  a slower 
ra te ,  so that t h e  annual increase in 
value might be $25 o r  l e s s  per acre.  
Past events such as logging, f i r e ,  
storms, grazing, and drainage a f fec t  
the timber age, volume, qua1 i t y ,  
species composition, and s i t e  qual i ty .  
Decisions tha t  determine timber pro- 
duction are  how much of the  fo res t  i s  
used to  produce timber, how inten- 
sively the timber i s  managed and har- 
vested, and how frequently the timber 
i s  harvested. These decisions usual ly 
are based on a combination of mu1 t i -  
ple-use and f inanci  a1 considerations. 

4.3.1 Techniaues 

Today, most logging in hydric ham- 
mocks i s  done with rubber t i r e  skid- 
ders, which haul logs to  a staging 
area (log deck) where they a r e  loaded 
onto trucks (Figure 10). Though the 
equipment used and the  construction of 
logging roads vary among s i t e s ,  the  
factor most a f f ec t ing  the fo res t  i s  
the silvicul t u ra l  method of logging. 

Highgrading i s  t h e  cut t ing of the 
most valuable t r e e s ,  leaving the 
small, crooked, ro t ten ,  and hol low 
trees  and the species  of low or  no 
value such as l i v e  oak, hornbeam, and 
cabbage palm. This method y ie lds  a 
high financial  return but poor 
prospects for  f u t u r e  timber growth. 
Highgrading was t h e  dominant method of 
harvest until a decade or two ago, and 
i t  s t i l l  occurs t o  some extent,  par- 
t icu lar ly  on small t r ac t s .  A rarely 
practiced way t o  maximize future tim- 
ber values i s  s e l e c t i v e  harvesting of 
low-value species  and individuals 
along with high-val ue mature t r ees ,  
leaving the best small -to-medium-sized 
t rees  to  grow and produce the next 
crop. The method usual 1~ recommended 



Rubber-tire skldder Loader at a  log deck 

Figure 10. A modern logging operation in hydric hammock, Gulf Hammock. 

by f c r c s t c r s  2nd cscd t z d s y  i s  
c l e a r c u t t i n g ,  because many of t h e  wet-  
l and  hardwood f o r e s t s  have been so  
s e v e r e l y  degraded by highgrading t h a t  
on ly  r e p l  acement of t h e  e x i s t i n g  s tand  
by n a t u r a l  r e g e n e r a t i o n  o r  h igh-va lue  
p l a n t a t i o n  w i l l  improve t imber  q u a l i t y  
and product ion (Hudson 1983; Kel 1  i  son 
1983; Windsor 1983) .  This  method 
s t i l l  l e a v e s  some unusable  t r e e s  t h a t  
x3:t 02 fcffzd o r  k.i!?cd t o  produce a 
t r u e  c l e a r c u t ,  and sonietimes i t  y i e l d s  
l e s s  money t o  t h e  landowner than  high-  
g r a d i n g ,  because c u t t i n g  and t r a n s -  
p o r t i n g  t h e  a d d i t i o n a l  t r e e s  can c o s t  
more than  they  a r e  worth.  Complete 
h a r v e s t  c u t s  have become i n c r e a s i n g l y  
common i n  h y d r i c  hammocks, p a r t i c u -  
l a r l y  t h o s e  owned by f o r e s t  i n d u s t r y  
( F i g u r e  11).  S ince  1970, about 80% of  
t h e  h y d r i c  hammock i n  Gulf Hammock has  
been c l e a r c u t  ( F i g u r e  1 2 ) ,  mostly f o r  
convers ion  t o  1 oblo l  l y  p ine  pl a n t a -  
t i o n .  

Following t h e  s e l e c t i v e  t y p e s  of 
h a r v e s t ,  r e g e n e r a t i o n  i s  ob ta ined  from 
n a t u r a l  r e s e e d i n g ,  s p r o u t i n g ,  and 
growth o f  s e e d l i n g s  and s a p l i n g s  a1- 
ready e s t a b l  i  shed i n  t h e  unders to ry .  
C l e a r c u t s  i n  wet land hardwood f o r e s t s  
wi 11 a1 s o  r e g e n e r a t e  n a t u r a l  l y ,  but  
t h e  landowner has 1  i t t l e  c o n t r o l  over  

t h e  r a t e  o f  growth,  cornposit.ian, and 
s p a t  i  a1 d i s t r i b u t i o n  o f  t h e  r e s u l t i n g  
s t a n d s  (Gresham 1985).  The a1 t e r n a -  
t i v e ,  a r t i  f i c i  a1 r e g e n e r a t i  on,  c o s t s  
more--perhaps $100 t o  $200 p e r  a c r e  t o  
p r e p a r e  t h e  s i t e  and $50 per  a c r e  t o  
o b t a i n  and p l a n t  s e e d l i n g s .  The ad- 
vantage i s  t h a t  by s e l e c t i n g  r a p i d l y  
growing and v a l u a b l e  t r e e  s p e c i e s ,  t h e  
landowner may r e a l i z e  an e a r l i e r  and 
g rea te r  return on i nvectment.. 
Lob lo l ly  p ine  i s  t h e  s p e c i e s  most com- 
monly r e p l  an ted  on hydri c hammock 
c l e a r c u t s  (Hudson 1983; Gresham 1985) ,  
because i t s  t imber  i s  h igh ly  valued,  
t h e  market i s  more s t a b l e  f o r  p ine  
than  f o r  hardwood, i t  grows r a p i d l y  on 
a p p r o p r i a t e  s i t e s ,  and i t  i s  s u p e r i o r  
t o  o t h e r  sou thern  p ine  s p e c i e s  i n  i t s  
a b i l  i t y  t o  compete and grow on hydric  
hammock s i t e s .  

Establ  ishment o f  l o b l o l l y  pine  
s t a n d s  on hydr ic  hammock s i t e s  may i n -  
volve  i n t e n s i v e  s i t e  p r e p a r a t i o n  
(Hudson 1983). O b j e c t i v e s  a r e  t o  r e -  
duce logg ing  s l a s h  and r e s i d u a l  vege- 
t a t i o n ,  t o  f a c i l i t a t e  p l a n t i n g ,  and t o  
enhance t h e  s u r v i v a l  and growth o f  t h e  
p l a n t e d  p i n e s  by reducing compet i t ion 
and, sometimes, by p rov id ing  e l e v a t e d  
p l a n t i n g  beds.  A f t e r  t h e  marketable  



Figure 11. An extensive clearcut of hydric 
hammock on timber-company land, Gulf 
Hammock. Standing dead live oaks from the 
original canopy cast large shadows. The 
clear-cut land was converted to pine plantation. 
The uncut hammock beyond the section lines 
subsequently was sold to the State of Florida as 
part of Waccasassa Bay State Preserve. Salt 
marsh is visible in the distance, beyond the 
coastal hydric hammock. 

hardwoods are cut ,  most of the resid- 
ual trees are fel led by crushing or 
shearing with a bulldozer KG blade t o  
a height of less  than 30 cm (Figure 
13). Cabbage palms may be uprooted 
and sold as ornamentals, while l ive 
oaks are gird1 ed manually or injected 
with herbicide. Heavy drum choppers 
are pulled over the s i t e  t o  break up 
the severed vegetation. Following a 
drying period, the plant debris may be 

Figure 12. Extent of clearcuts in Gulf Hammock 
in 1972 and 1984. 

burned. If surfdce material s t i l l  
hinders t ree  planting, then tractors 
push the debris into pi les  or 
windrows. Less intensive s i t e  prepa- 
ration, practiced on some Gulf Hammock 
s i t e s ,  requires fewer passes by heavy 



Figure 13. Ground view of a clearcut in hydric hammock, Gulf Hammock. 

equipment. Residual t r e e s  a r e  con- 
t r o l  l e d  by he rb i c ide  i n j e c t i o n  r a t h e r  
than shear ing  ( E .  Joke la ,  School of  
Fores t  Resources and Conservation, 
Univers i ty  of F lo r ida ;  pers .  comm.). 
Lob1 01 l y  pine seed1 ings a r e  p lan ted ,  
o f t e n  on r a i s e d  beds, a t  a dens i ty  of  
about 1,110 pe r  hec t a re  (Hudson 1983). 
A s tandard  s i t e  p repa ra t ion  technique 
i s  t o  use a bedding plow t o  produce a 
s e r i e s  of  r i dges  e l eva t ed  a foo t  o r  
two above t h e  o r i g i n a l  s u r f a c e  (Figure 
14) .  These beds a r e  b e t t e r  aera ted  
and f a r t h e r  above the water  t a b l e  than 
t h e  surrounding land (McKee and Shoul- 
d e r s  1970). On poorly dra ined  s i t e s ,  
pine seed l ings  p lan ted  on top  of  t h e s e  
r idges  usua l ly  experience increased 
growth f o r  a t  l e a s t  severa l  yea r s  com- 
pared t o  those  on non-bedded a reas  

(Terry and Hughes 1975; McKee and Wil- 
h i t e  1986). 

Impacts on spec i e s  composition o f  
t h e  f o r e s t  by the various logging and 
s i t e  prepara t ion  opt ions  a r e  q u i t e  
v a r i a b l e  and not always p red ic t ab le .  
In gene ra l ,  t h e  more complete t h e  har-  
v e s t  and t h e  more severe  t h e  s i t e  
prepara t ion ,  t h e  more d r a s t i c  and 
long la s t ing  a r e  changes i n  t h e  vegeta- 
t i o n .  Rapidly-growing pioneer  spec i e s  
1 i  ke l o b l o l l y  pine and sweetgum, which 
r e q u i r e  l a r g e  openings in  t h e  canopy 
and mineral s o i l  f o r  good seed germi - 
na t ion ,  b e n e f i t  t h e  most from i n t e n -  
s i v e  d i s tu rbance  (Putnam et a l .  1960; 



Figure 14. Bedding rows for pine seedlings In hydric hammock. 

Fowell s 1965). Sweetgum sprouts vig- 
orously from the stump and roots, giv- 
ing i t  an early competitive advantage 
on clearcut s i t e s  and often resulting 
in stands dominated by trees of root- 
sprout origin (Fowell s 1965). Even 
chopped residuals l e f t  on the surface 
of a clearcut in wet1 and hardwood for- 
e s t  hinder 1 oblol ly  pine recruitment 
(Windsor 1983). Other t rees ,  such as 
cabbage palm, southern red-cedar, 
hornbeam, oaks, elms, and maples will 
decl i ne in abundance with i ncreasi ng 
intensity of harvest and s i t e  prepara- 
tion. On the ground, weedy herbaceous 
plants l i ke  dog-fennel will be favored 
over shade-tolerant pl ants 1 i ke 
spi kegrasses, vi 01 e t s ,  and ferns 
Cattle grazing greatly accentuates the 
changes i n  herbaceous vegetation on 
logged and prepared s i t e s .  In the ab- 

sence pf f i r e ,  c a t t l e ,  and herbicides, 
a dense thicket  of t ree,  shrub, and 
vine sprouts and seed1 ings wi 11 grow 
up on a heavily logged s i t e  (Figure 
15). The open, park-1 i ke character of 
the mature hydric hammock begins to  
reappear only a f t e r  several decades. 

The extreme disturbances of 
cl earcutti  ng and s i t e  preparation re-  
su l t  in large ef fec ts  on wildl i fe ,  
grazing, aes the t ics ,  and recreation 
(Figure 16). Cl earcut t i  ng and s i t e  
preparation eliminate most mast p ro -  
duction and most or  a l l  den t r ees  and 
nest s i t e s  f o r  cavity nesters.  Some 
species, 1 i ke gray squi r re l ,  southern 
flying squi r re l ,  barred owl, a11 of 
the woodpeckers, bl ue-gray gnat- 
catcher, red-eyed vireo, northern 
parul a warbler, Acadi an flycatcher, 



Figure 15. Dense thicket of trees, shrubs, and vines on a hydrlck-hammock site about 10 years 
after clearcuttlng. 

ye1 1 ow-bi 11 ed cuckoo, broad- headed 
sk ink,  and t he  t r e e  f r ogs  are e l i m i -  
nated f rom c l e a r c u t  areas. Other 
species, 1 i ke c o t t o n t a i l  r a b b i t  
(Sy7vi7agus f 7or idanus),  c o t t o n  r a t  
(Sigmodon h i sp idus ) ,  great -horned owl 
(Bubo v i r g i n i a n u s )  , r e d - t a i l e d  hawk 
(Buteo jamaicens is)  , no r the rn  bobwhite 
(Co l inus  v i r g i n i a n u s ) ,  eas te rn  mead- 
owlark  (Sturne77a magna), sparrows, 
eas te rn  diamondback ra t t l esnake ,  and 
southern b l ack  r a c e r  g r e a t l y  b e n e f i t  
d u r i n g  t h e  f i r s t  years a f t e r  a 
c l e a r c u t .  Summer range f o r  c a t t l e  i s  
g r e a t l y  improved, a l though a t  t he  ex- 
pense o f  w i n t e r  range va lue.  Open, 
grassy areas l i k e  those produced by 
i n t e n s i v e  s i t e  p repa ra t i on  coupled 
w i t h  c a t t l e  g raz ing  a re  essen t i a l  

feed ing  h a b i t a t  f o r  young tu rkeys  
(Swindel l  1949). Under n a t u r a l  condi -  
t i o n s ,  t h i s  grassy h a b i t a t  was sup- 
p l i e d  by ad jacent  s a n d h i l l ,  f latwoods, 
o r  p r a i r i e  communities kept open by 
f requent  f i r e  and by t h e  s p i  kegrass, 
pan ic  grass, sedge, f e r n  ground-cover 
o f  some mature, ungrazed hammocks. 
Logging o f  any i n t e n s i t y ,  and espe- 
c i a l l y  c l e a r c u t t i n g ,  t empora r i l y  s t im -  
u l a t e s  browse p roduc t ion  f o r  deer, 
c a t t l e ,  turkey,  and r a b b i t s .  When 
mixed hardwood s i t e s  a re  c l e a r c u t  and 
conver ted t o  l o b l o l l y  p i n e  stands, new 
forage p l a n t s  rep lace  t h e  mast l o s t  t o  
w h i t e - t a i l e d  deer ( F e l i x  e t  a7. 1986). 
However, deer browse decreases r a p i d l y  
f o l l o w i n g  c l osu re  o f  t h e  p i ne  canopy 
a t  about 10 years, and s u i t a b l e  foods 



Figure 16. Two-year-old loblolly pine plantation in Gulf Hammock. Dead live oaks from the former 
stand of hydric hammock were girdled rather than cut, because of their size and current lack of 
economic value. 

for  turkey decline much ear l ie r  in the 
l i f e  of the pine stand (Felix e t  a7. 
1986). During the l a t t e r  half of the 
f i r s t  decade, thicket-loving species 
1 i ke go1 den mouse (Ochrotomys nut - 
ta77i) ,  brown thrasher (Toxostoma ru- 
fum) , hooded warbler (Wi7sonia c i t -  
r ina) ,  whi te-eyed vireo, and rufous- 
sided towhee (Pipi70 erythrophtha7mus) 
may do quite well. Following the 
f i r s t  decade, however, there i s  a long 
period of several decades in which the 
pioneer species are gone and the ma- 
ture hammock species have not yet re- 
turned in abundance. During th i s  pe- 
riod, the range value i s  very low, and 
even the very adaptable species l ike  
deer, raccoon, and wild turkey make 

less  use of the forest .  Furthermore, 
t h i s  intermedi ate-aged, second-growth 
forest  i s  more monotonous and less  
open visually than e i ther  a very young 
( f i r s t  decade) or a mature forest .  
Unless a cleared path i s  provided, hy- 
dri c hammocks become impenetrable t o  
most recreationists two or  three years 
following a clearcut and do not open 
up enough for  much use for  several 
decades. 

Impacts on so i l s ,  hydrology, and wa- 
t e r  and s i t e  qua1 i t y  can be caused by 
the heavy equipment used in logging 
and s i t e  preparation. Skidders can 
leave ruts 0.6 m wide and 1 m deep i f  
the ground i s  sof t .  If the same route 



i s  repeatedly followed, a 3 m wide 
canal may be created t ha t  becomes a 
permanent fea ture  of the  property. 
So i l s  may be compacted and ponded by 
repeated passes of heavy equipment on 
log decks and skid t r a i l s  (Table 6 ) .  
These logging disturbances may occupy 
a large proportion of the  harvested 
area--34% on average in logged 
lahTolly oire forests  (H~tche! !  e t  2 1 .  

1970).  he disturbed s o i l s  a r e  slow 
t o  recover and productivi ty i s  r e -  
duced, par t  i cul ar ly  where compaction 
i s  combined with high so i l  moisture. 
I f  deep tracks go up and down slope, 
following the water flow d i rec t ion ,  
considerable erosion may occur, in 
which increased sediment loads a r e  
ca r r i ed  t o  streams, swamps, ponds, or  
lakes,  Ruts can channelize the flow 
where previous drainage was sheet flow 
over the surface, accelerat ing runoff 
and reducing the water re tent ion and 
f i l t e r i n g  capacity of the wetland. 

The influences of fores t ry  practices 
on the water qua1 i t y  of blackwater 
r ive rs  and es tuar ies  are of par t icular  
cancern i n  the  southeastern United 
Sta tes  (Netter and Gregory 1985). Be- 
cause bl ackwater r ive rs  usual l y  con- 
t a in  low leve l s  of nutr ients  (Wharton 

e t  a 7 .  1982), even small increases in 
nutr ient  loading may s ign i f i can t ly  a l -  
t e r  these systems. Elevated flows of 
freshwater t o  es tua r ies ,  especial ly in 
l a t e  spring and ear ly  summer, may re-  
duce s a l i n i t y  t o  levels  below those 
to1 erated by invertebrate and f i sh  
specizs t ha t  use the es tuar ies  as 
breedi ng and nursery areas. Fortu- 
n a t e l y ,  drw t o  the f l a t  terrair!  o f  hy- 
d r i c  hammocks and the generally low 
erodibil  i t y  of forested wetland s o i l s  
in Florida (Riekerk 1983), erosion and 
sediment loss  are probably not major 
consequences of timber harvesting in 
these wetlands. Increased sediment, 
nu t r i en t ,  and water exports a re  proba- 
bly temporary, l a s t i ng  one year or  
l e s s  a f t e r  the  work i s  completed. In 
the southeastern ccastal  plain,  nut r i  
ent  and sediment losses associated 
with erosion,  leaching, and runoff 
from cleared wet1 and fo res t s  are small 
and short-term (Table 7 ) .  Of the 
steps involved in converting a hard- 
wood wetland fo r e s t  in to  a loblol ly  
pine plantat ion,  drainage has by f a r  
the most dele ter ious  e f fec t  on water 
qual i ty  (Askew and Williams 1984; 
1986). In slash pine dominated wet- 
lands, most nutr ient  concentrations in 
runoff return t o  control levels  during 
the  second year a f t e r  harvest and s i t e  

Table 6. Effects of logging on physical properties of coastal plain soils supporting loblolly pine 
stands (from Hatchell et al. 1970). Infiltration rate is a measure of soil drainage. Air space Is 
negatively correlated with soil-water content. 

I n f i l t r a t i on  
Bul k degsi t y  r a t e  of water Air space 

Location of so i l  sample (cm/hr) (% by volume) 

Log deck 

Skid t r a i l  

Undisturbed fo res t  



Table 7. Nutrient and sediment export in runoff from forested and clearcut wetlands in the southeastern coastal plain. 

Forest Year 
description of Concentration, mgll Flux, kglhalyear 
(dominant sama- 

trees) l i n i  Treatment N03 NH4 P K Ca Mg Ss* N& NH4 P K Ca Mg Ss* 

0.47 0.047 2.7 Mixed hardwood Control 0.80 5.5 2.5 - 
swampa (bald Drain 0.94 0.074 0.87 10.8 3.5 50.0 

cypress, tupelo, Drain, log, prepare 0.20 0.026 1.6 6.Q 2.2 8.0 
sweetgum, red Drain, log, prepare, 0.05 0.022 2.0 5.3 2.3 14.0 
maple) plant 

Wet savanna 1 Control 0.01 0.02 0.03 6.0 0.09 0.22 0.22 44.0 
forestb 1 Log, chop, burn, 0.05 0.43 0.28 - 137.0 0.20 1.75 0.81 - 550.0 
(slash pine) bed, plant 

2 Log, chop, burn, 0.02 0.07 0.03 28.0 0.13 0.44 0.21 178.0 

bed, plant 

Poorly drained 1 Control 0.04 0.22 0.02 0.18 0.26 0.98 2.7 0.04 0.23 0.02 0.19 0.28 1.06 2.8 

flatwoodsC 1 Minimum site 0.03 0.05 0.02 0.55 0.37 1.13 5.0 0.05 0.07 0.03 0.78 0.53 1.60 7.1 
(slash pine) preparation 

1 Maximum site 0.07 0.12 0.02 0.90 0.94 1.05 14.4 0.17 0.30 0.04 2.25 2.53 2.6436.0 

preparation 
2 Control 0.02 0.07 0.02 0.05 0.37 0.53 2.7 0.03 0.08 0.03 0.06 0.44 0.62 3.1 
2 Minimum site 0.04 0.06 0.05 0.25 0.38 0.77 3.7 0.04 0.06 0.05 0.26 0.40 0.82 3.9 

preparation 
2 Maximum site 0.03 0.08 0.02 0.45 0.89 0.66 11.4 0.02 0.04 0.01 0.25 0.49 0.37 6.4 

preparation 

*Suspended sediment. 
aAskew and Williams (1984; 1986). Water quality of all treatment sitts was measured over the same period, but the sites were of different ages Sites were logged and prepared 
two years after drainage. Loblolly pine was planted one year later. 
b~ol l is  eta/. (1978). 

'Riekerk (1982). Minimum site preparation consisted of manually harvesting, chopping, bedding, and planting. Maximum site preparation was mechanized logging, stumping, 
burning, windrowing, discing, bedding, and planting. 



p repa ra t l on .  Ihe magnitude o f  n u t r i -  
e n t  and sediment l o s s  i s  p o s i t i v e l y  
c o r r e l a t e d  w i t h  t h e  i n t e n s i t y  o f  s i t e  
p r e p a r a t i o n  (R iekerk  1982). 

Only  suspended sediment and po tas -  
sium l e v e l s  i n  r u n o f f  were cons is -  
t e n t l y  e l eva ted  by ha rves t i ng  and s i t e  
p r e p a r a t i o n  i n  coas ta l  p l a i n  wet lands 
(Tab1 e  7 ) .  Concent ra t ions o f  phos- 
phate i n  water  d r a i n i n g  und is tu rbed  
and 1  ogged hardwood wet1 and f o r e s t s  
were t o o  low t o  be measured (Askew and 
W i l l i ams  1986). N e i t h e r  phosphate no r  
to ta l -phosphorus  l e v e l s  were increased 
by ha rves t i ng  o r  s i t e  p repa ra t i on  i n  
f l a twoods .  Concent ra t ions o f  n i t r o g e n  
compounds, a l s o  o f  concern t o  down- 
stream water  qua1 i t y ,  were s i g n i  f i - 
c a n t l y  r a i s e d  o n l y  by drainage o f  
f o r e s t e d  wet lands (Table  7 ) .  L i k e  hy-  
d r i c  hammocks, these f o res ted  wet lands 
occur on f l a t  coas ta l  s o i l s  and sup- 
p o r t  r a p i d  growth o f  p l an ted  p ines .  
Maximum n u t r i e n t  l osses  occur when t h e  
s o i l  i s  bared, e s p e c i a l l y  when mechan- 
i c a l l y  d i s t u rbed ,  and be fo re  es tab-  
l i shment  o f  new vege ta t i on .  D i t c h  i n -  
s t a l l a t i o n  p r i o r  t o  harves t ing ,  a  com- 
mon p r a c t i c e  i n  swamps and pocosins 
(Ash e t  a ] .  1983), a l s o  re leases  nu- 
t r i e n t s ,  bu t  d ra inage  i s  g e n e r a l l y  n o t  
p r a c t i c e d  i n  h y d r i c  hammocks. Har-  
v e s t i n g  systems t h a t  a re  l e s s  severe 
than  c l e a r c u t t i n g  a re  l i k e l y  t o  have 
l i t t l e  impact on n u t r i e n t  l o s s  f rom 
h y d r i c  hammocks. 

A  f a r  g r e a t e r  d r a i n  on t h e  e s s e n t i a l  
n u t r i e n t s  o f  h y d r i c  hammocks i s  t h e i r  
d i r e c t  removal i n  t he  p roduc ts  t h a t  
a re  harvested and i n  t h e  d e b r i s  and 
t o p  s o i l  t h a t  i s  pushed i n t o  windrows. 
I f  removals a re  averaged over  t h e  r o -  
t a t i o n  leng th ,  a  l o b l o l l y  p i n e  p l a n t a -  
t i o n  m igh t  produce 7.2 t /ha  o f  stem- 
wood annua l l y  and r e s u l t  i n  an annual 
removal of 6.5 kg/ha o f  n i t r ogen ,  0.9 
kg/ha o f  phosphorus, 5.0 kg/ha of  
potassium, and 6 . 4  kg/ha o f  ca lc ium 
(Jorgensen and We1 1  s  1986) . When 
whole t r e e s  a re  harvested, such as 

biomass harves ts  f o r  f u e l ,  t h e  biomass 
removal i s  increased by about 60%, and 
t h e  n u t r i e n t  removals a re  more than 
doubled (Jorgensen and We1 1  s  1986). 
Displacement o f  n u t r i e n t s  i n t o  
windrows can be more than  double  t he  
amounts l o s t  t o  stem harves t  (Mor r i s  
e t  a ] .  1983). The n u t r i e n t  l e v e l s  i n  
hardwood t imbe r  a re  h i ghe r  than i n  
p ine,  so losses  f rom c l e a r c u t t i n g  
hardwood-dominated h y d r i c  hammocks are 
l i k e l y  t o  be somewhat h igher .  A l -  
though h y d r i c  hammock s o i l s  a re  usu- 
a l l y  r a t h e r  f e r t i l e ,  successive ha r -  
vests  o f  t imber  cou ld  l ead  t o  a de- 
c l i n e  i n  p r o d u c t i v i t y .  

A t r a n s i e n t  impact o f  c l e a r c u t t i n g  
i s  t h e  e l e v a t i o n  o f  t h e  water  t a b l e  
due t o  reduced t r a n s p i r a t i o n .  The ex- 
t e n t  and d u r a t i o n  o f  t h e  r i s e  depend 
on t h e  s i z e  o f  t h e  c l e a r c u t  and the  
r a t e  o f  revege ta t ion ,  r e s p e c t i v e l y .  
Increased water  t a b l e  h e i g h t  may a l t e r  
t h e  species composi t ion o f  t h e  regen- 
e r a t i n g  f o r e s t  (R iekerk  1983) and may 
a l s o  r e s u l t  i n  g r e a t e r  number and s i z e  
o f  stormwater peaks (Wi l l i ams 1979). 
Whi le t h e  increased r u n o f f  i s  l i k e l y  
t o  be t r a n s i e n t ,  t h e  p o t e n t i a l  impact 
on downstream water  bodies i s  g rea t  
s ince  many h y d r i c  hammocks a d j o i n  
marsh o r  e s t u a r i n e  systems. 

4.4 LIVESTOCK GRAZING 

C a t t l e  g raz i ng  o f  h y d r i c  hammocks i s  
s t i l l  a  common p r a c t i c e ,  a l though no t  
as ex tens i ve  o r  as impor tan t  as i n  t he  
pas t .  Beef c a t t l e  outnumber d a i r y  
c a t t l e  b u t  a re  on t h e  dec l i ne ,  whereas 
d a i r y  c a t t l e  a re  g e n e r a l l y  on t h e  i n -  
crease i n  F l  o r i da .  However, because 
o f  d i f f e r e n c e s  i n  g raz i ng  s t r a t e g i e s ,  
bee f  c a t t l e  a re  f a r  more commonly 
grazed i n  h y d r i c  hammocks than  d a i r y  
c a t t l e  (George W. Tanner, Department 
o f  W i l d l i f e  and Range Sciences, Un i -  
v e r s i t y  o f  F l o r i d a ;  pers .  comm.). Hy- 
d r i c  hammocks u s u a l l y  supplement 
l a r g e r  areas o f  o t h e r  k inds  o f  pas tu re  



such a s  pine flatwoods, p r a i r i e ,  or  
improved pasture, and, though some- 
times grazed year-round, they a re  es- 
pecial l y  valuable f o r  winter grazing 
(Camp 1932). The grasses,  sedges, 
vines, and other browse in hydric ham- 
mocks stay green in winter, and some 
of t he  grasses and sedges remain ac- 
t i v e l y  growing. In the  loblol ly  pine 
hammocks of Marion County, in t he  in- 
land par t s  of Gulf Hammock, and in 
many other hammocks, grasses in  the 
genus Chasmanthiurn (C. laxurn, C. n i -  
tidum, and C. sess i l i f lorum) are par- 
t i cu l a r l y  important fo r  grazing be- 
cause of t h e i r  a b i l i t y  t o  grow in 
dense shade and stay green in winter 
(Wolters 1974). When used fo r  only 
three or four months in winter, the 
carrying capacity fo r  a hydric hammock 
with an abundance of forage i s  proba- 
bly about one cow f o r  every 10 t o  30 
acres (George W .  Tanner, pers. comm.). 

Hydric hammocks can be damaged eas- 
i l y  by over-grazing (Lewis 1981), in 
part  because t h e i r  s o i l s  are eas i ly  
compacted, and, in par t ,  because soi l  
aeration,  which i s  reduced by com- 
paction, can be a l imiting fac tor  fo r  
plant growth. Water i n f i l t r a t i o n  into 
the soi l  i s  a l so  reduced by com- 
paction, affecting surface runoff, 
erosion, soi l  moisture patterns,  on- 
s i t e  water use, nutr ient  cycles, on- 
s i t e  productivity, and downstream wa- 
t e r  qua1 i t y  and sedimentation (Gifford 
and Haskins 1978). Because c a t t l e  
consume large quan t i t i es  of vegetation 
and deposit the resu l t ing  excrement on 
the so i l  surface, the  increased runoff 
c a r r i e s  an enriched load of nutr ients  
out of the  fo res t .  These nutr ients  
usually enter  an aquatic environment, 
lowering the  f e r t i l i t y  of the  hammock 
and ~ o l l u t i n q  the  receiving waters. 

plants i n  hydr ic  hdn~rnocks and great ly  
reduce browse avai 1 able fo r  white- 
t a i  1 ed deer (Harl ow 1959) . Grazi ng 
often increases the  abundance of dog- 
fennel, cabbage palm, bl uestem pal - 
metto, l i v e  oak, and persimmon; most 
other species are  reduced and some may 
be el imi nated. 

Swine a lso  make considerable use of 
hydric hammocks, rirosiiy a s  fera; a n i -  
mal s .  Popul a t  ion dens i t i e s  in hydric 
hammock may average as high as one 
adult  animal per f i f t e en  acres (Lovett 
Williams, Florida Game and Fresh Water 
Fish Commission, r e t i r e d ;  pers. comm. ; 
William B. Frankenberger, Florida Game 
and Fresh Water Fish Commission; pers. 
comm.). Feral hogs use the  acorn crop 
t o  build up f a t  reserves t ha t  help 
them survive through the  r e s t  of the  
year; reproductive success i s  corre- 
la ted with mast production (Matschke 
1964; William B .  Frankenberger, pers. 
comm.). Hogs a lso  ea t  t h e - f r u i t s  of 
cabbage palm, saw-palmetto, bl uestem 
palmetto, persimmon, hawthorn, map1 e ,  
wild grape, e t c .  and root f o r  bulbs, 
tubers, roots ,  and small animals 
(par t i cu la r ly  inver tebrates)  (Wood and 
Roark 1980). Wild hogs will  t ravel  a 
mile or more t o  take advantage of sea- 
sonal changes in food avail abi l i t y  
(Wood and Brenneman 1980). Domest i c 
hogs are often given access t o  small 
hammocks scat tered about in farming 
areas. The shade, moist so i l  condi- 
t ions ,  and seasonal acorn crop make an 
area of hydric hammock well suited fo r  
inclusion in a hog pen, though the en- 
t i r e  hog pen should not be located 
within a hydric hammock because of 
flooding. The other values of the  
hammock (timber, wild1 i f e ,  watershed, 
e t c . )  are  largely  sacr i f i ced  when such 
intensive l ives tock use occurs. 

The reduction of ground-cover vegeta- 
t ion density t ha t  accompanies over- Goats a re  the  only other  l ivestock 
grazing enhances runoff and erosion making any s ign i f ican t  use of hydric 
(Lutz and Chandler 1946). Even moder- hmmock. A1 though they have been 
a te  c a t t l e  grazing over long periods grazed in  hammocks in Florida fo r  a 
can affect  the species composition of long time, only recent ly  have goats 



become more abunaant. lhey th r ive  on 
a wider va r ie ty  of p lants  than c a t t l e  
or  horses ,  range more evenly over the  
area they use, make more e f f i c i en t  use 
of the  forage consumed, and therefore  
do l e s s  damage f o r  the same level of 
production (Corbett 1978). The draw- 
back i s  t h a t ,  with mismanagement, 
goats may severely overgraze hydri c 
hammock (Corbett 1978). 

Final l y ,  horses should be mentioned, 
because they have become qui te  popular 
and abundant in Florida. Horses can 
do q u i t e  well grazing in  hydric ham- 
mocks a t  low dens i t i e s ,  especial ly in 
winter. However, horses are usually 
raised i n  intensively-managed improved 
pastures where the only evidence of 
the o r ig ina l  f o r e s t  i s  an occasional 
t r e e  l e f t  f o r  shade. 

4.5 HUNTING 

Hunting i s  the  main recreational  use 
of hydr ic  hammocks. The favored 
species i n  the  f a l l  and winter hunting 
season a r e  whi te- ta i led  deer, gray 
squir re l  , wi I d  hog, and w i l d  turkey.  
Squirrel  hunting i s  most important in 
many small patches t ha t  do not have 
good populations of the  l a rger  game 
animals, and when deer season i s  
closed. Other animals hunted in hy- 
d r i  c hammocks i ncl ude wood duck, 
crows, bobcat (Lynx rufus) , raccoon, 
opossum, gray fox (Urocyon cinereoar- 
genteus) , and armadi 11 o . A1 though hy- 
d r i c  hammock i s  good black bear habi- 
t a t ,  most hunting of t h i s  species oc- 
curs in o ther  habi ta t  types. For one 
month i n  the spring,  t he  hunting of 
turkey gobblers domi nates.  

the  highest combined population densi- 
t i e s  of deer, c a t t l e ,  and hogs of any 
one area in Florida (Harlow 1959), as 
we1 1 as  very good populations of wild 
turkeys and gray squ i r re l s .  Deer and 
hog populations in hydric hammock can 
be as high as one adult  animal per 
f i f t e e n  acres ;  a good turkey popula- 
t ion  i s  one adult  per 20-40 acres 
(Lovett Williams, pers. comm.). Den- 
s i t y  of gray squ i r re l s  ranges from two 
t o  f i ve  animals per acre (Jennings 
1951; Wayne R. Marion, Department of 
Wildlife and Range Sciences, Univer- 
s i t y  of Florida; pers. comm.). Evi- 
dence from 15 years of hunting-success 
records in Gad's Bay, Levy County, 
Florida, and information supplied by 
Lovett Williams (pers.  comm.) indicate 
t ha t  deer populations can be qui te  
stab1 e ,  whereas wild hog and squirrel  
populations f luc tua te  noticeably from 
year t o  year; wild turkey populations 
a re  qui te  variable over time. 

Hydric hammocks are  conducive t o  
hunting fo r  additional reasons. They 
generally produce a good acorn crop 
t ha t  matures and drops t o  the  ground 
during the f i r s t  half of the main 
hunting season, a t t r a c t i ng  maximum 
dens i t i e s  of bear, deer,  hogs, and 
turkeys t o  these fo r e s t s  when hunting 
use i s  g rea tes t .  Hydric hammocks tha t  
have not been logged recently gener- 
a l l y  have an open understory, provid- 
ing good v i s i b i l i t y  and an aes the t i -  
c a l l y  pleasing place t o  h u n t .  Wild 
turkeys a lso  prefer  habi ta t  with good 
v i s i b i l i t y .  The occasional flooding 
of hydric hammocks may l imi t  access 
f o r  some hunters, but i t  a t t r a c t s  wood 
ducks t o  feed on acorns, providing an 
opportunity t o  h u n t  another species. 

Hydri c hammocks are par t i  cu1 a r l y  Because 1 ive  oak acorns a re  produced 
good h ab i t a t  for  white-tai led deer, abundantly in hydric hammocks, and 
wild hogs, wild turkeys, and gray bears, raccoons, and squ i r r e l s  seem t o  
squ i r r e l s ,  and most l a rge  t r a c t s  have prefer  these t o  the  more b i t t e r  acorns 
good populations of these species. In of the red oak species (Figure 171, 
the  1950ts ,  Gulf Hammock (Florida 's  hydric hammocks a r e  pa r t i cu la r ly  a t -  
l a rges t  hydric hammock), had one of t r a c t i v e  t o  these animals i n  the l a t e  
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Figure 17. Preference of gray squirrels for 
acorns of various species of oaks as a function 
of the tannic acid content of the acorns (from 
Harris and Skoog 1980). 

f a l l .  While bear  hunting i s  not  a l -  
lowed in  most a reas  of  F lor ida ,  r ac -  
coons may be hunted year-round, and 
hunting them a t  n ight  with hounds i s  
s t i l l  a common a c t i v i t y  i n  some areas  
(Klein 1986). Other furbear ing  a n i -  
mals occas iona l ly  taken i n ,  o r  ad ja-  
cent  t o ,  hydric hammocks are opossum, 
beaver, o t t e r ,  mink, and bobcat. 

4.6 DAMS AND DIVERSIONS 

The hydroperi od and average ground- 
water l eve l  of  many hydric  hammocks 
have been a l t e r e d  by dams (both up- 
stream and downstream), by upstream 
water d i v e r s i o n s ,  and by a q u i f e r  draw- 
downs. Depending on t h e  magnitude of 
change i n  t h e  hydrological  regime, 
consequences have ranged from s l i g h t  
s h i f t s  in  spec i e s  composition t o  com- 
p l e t e  d e s t r u c t i o n  of t h e  f o r e s t .  

Although F lo r ida  has fewer dams than 
o t h e r  southeas te rn  s t a t e s ,  some a reas  
of hydric  hammock have been flooded 
and k i l l e d  by such p r o j e c t s .  One ex-  
ample i s  t h e  Rodman Dam on t h e  Ok- 

lawaha River (F lo r ida  Game and Fresh 
Water Fish Commission 1976).  Three 
years  a f t e r  f l ood ing ,  examination of 
t h e  wetland f o r e s t  f r i n g i n g  t h e  r e s e r -  
vo i r  revealed a s t rong  c o r r e l a t i o n  be- 
tween average depth of f looding and 
t r e e  m o r t a l i t y  (Harms e t  a7. 1980) 
(Figure 18) .  Tree spec i e s  were not 
a f f ec t ed  equal ly  by f looding:  bald 
cypress (Taxodium d i s t i chum) ,  cabbaqe 
palm, and swamp tupe lo  were t h e  most 
f lood t o l e r a n t ;  red  maple and t h e  
ashes were moderately to1 e r a n t  ; and 
Florida elm and t h e  oak spec i e s  were 
t h e  l e a s t  f lood  t o l e r a n t  (Harms e t  a 7 .  
1980; Lugo and Brown 1984).  These 
changes suggest  t h a t  t he  deeply 
flooded a reas  of Lake Ocklawaha a r e  
l i k e l y  t o  remain open water ,  while  t he  
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Figure 18. Effect of water depth on mean 
mortality of wetland hardwood trees (all 
species). Water depth and tree mortality were 
measured in April 1972, three years after 
completion of the dam (adapted from Harms et 
a/. 1980). 



snal I ower sect1 ons w i  I l s lowly become 
swamp fo re s t  dominated by cypress, 
swamp tupelo, and cabbage palm. Even 
areas of hammock above the  level obvi- 
ously exposed t o  increased flooding 
may change over time due t o  higher 
ground-water 1 evel s. 

Dams not only a l t e r  upstream fores t s  
t ha t  a re  in o r  near the flooded area, 
but, by a1 te r ing  the  hydroperiod and 
water qua1 i t y  of the  stream, they a lso  
a f fec t  the  floodplain fo res t s  down- 
stream. Both floods and low-flow pe- 
r iods a r e  l e s s  frequent and l e s s  se -  
vere. Because hydric hammocks are  
adapted t o  and shaped by cycles of 
flooding and drying, these fo res t s  are  
affected by a1 tered hydroperiod. 
Tracts high enough t o  be above flood- 
ing once the  dam i s  b u i l t  will succeed 
t o  mesic hammock. Hammocks on the 
lower ground t ha t  will remain flooded 
most of the  time once the  dam i s  bu i l t  
will succeed t o  swamp. Those in the  
middle ground will undergo a s h i f t  of 
some degree toward the  species tha t  do 
be t t e r  under more s tab le  water levels  
( i  l . , swamp 1 aurel oak, sweetgum, 
cabbage palm, red maple, swamp tupelo, 
and sweetbay). 

Water i s  diverted from the  upper 
pa r t s  of several of Florida 's  r i ve r s  
fo r  i r r i ga t i on ,  municipal use, indus- 
t r i a l  use, and flood control ,  thereby 
decreasing a l l  s tages of r i ve r  flow. 
Hvdric hammocks in the S t .  Johns and 
~ y a k k a  River basins have expanded in to  
areas t h a t  formerly were open marsh- 
land (Figure 19) ,  in  par t  because low- 
ered l eve l s  of the r i ve r s  have reduced 
the  hydroperiods of the marshes 
(Randall E. Hester, Florida Department 
of Natural Resources; pers. comm.; 
Robert Dye, Florida Department of Nat- 
ural Resources; pers.  comm.). In the  
past ,  f i r e  a l so  retarded invasion of 
the  marsh by hammock and swamp t r ee s ,  
but human a c t i v i t i e s  have decreased 
the  frequency and in tens i ty  of f i r e s .  
Lowered water 1 evel s probably a1 so en- 
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Figure 19. Expansion of hydric hammock 
(Shep's Island) into freshwater marsh, Myakka 
River State Park, 1957-72. 

able some o f  the  higher areas of hy- 
d r i c  hammock t o  succeed t o  mesic ham- 
mock. 

Aqui f e r  drawdowns caused by pumping 
1 arge volumes of water fo r  municipal, 
i ndustri a1 , and agricul tura l  uses can 
have e f f e c t s  s imilar  t o  upstream d i -  
versions. The decl ine  in  aquifer 
level tends t o  reduce or stop d i s -  
charge, diminishing spring and r i ve r  
flows (Conover e t  a7. 1984). This i s  
one of '  the changes affect ing the  St .  
Johns River (Campbell et a7. 1984). 
In areas of Florida where the  aquifer 
i s  the ground-water t ab le ,  lowering of 
the  aquifer  can a f f ec t  even isolated 
wet1 ands. 

4.7 WASTEWATER DISPOSAL 

Hydric hammocks often are  used as 
detention o r  re tent ion areas for  
stormwater runoff from developments 
and urban areas. A detention area 
holds suf f ic ien t  water t o  great ly  slow 
the  flow r a t e  through i t ,  reducing 
peak storm flow r a t e s  and allowing 
par t i cu la tes  t o  s e t t l e  out of the  wa- 
t e r .  A re tent ion area i s  a much 
larger  basin r e l a t i ve  t o  t he  runoff 



volume and wi l l  hold a l l  the r u n o f f  
from a l l  but t h e  most extreme storm 
events .  Both types  of a r eas  o f t en  a c t  
l i k e  ponds with leaky bottoms i n  t h a t  
t h e  basin goes dry ,  o r  near ly  so ,  be- 
tween storms. In add i t i on ,  some areas  
of  hydr ic  hammock a r e  used t o  dispose 
of  water discharges from i ndus t r i  a1 
pl a n t s ,  power pl an t s ,  and a g r i c u l t u r a l  
opera t ions .  F ina l ly ,  t h e  use of  wet- 
lands  f o r  disposal  and f i n a l  treatment 
of  sewage e f f l u e n t  i s  gaining impor- 
tance  in  F lo r ida ,  and t h e r e  i s  consid- 
e r a b l e  i n t e r e s t  in  using some hydric 
hammocks f o r  t h i s  purpose. 

4.7.1 Storm Water Runoff 

Storm water runoff a r r i v i n g  from de- 
veloped a r e a s  i s  by f a r  t h e  g r e a t e s t  
wastewater use of hydric  hammocks. 
Most of t h e  hammocks a r e  i n  depres-  
s ions  t h a t  received runoff from the  
a rea  p r i o r  t o  development, and the  
drainage p a t t e r n  o f t e n  remains the  
same. However, t he  amount of storm 
runoff  i nc reases  considerably a f t e r  
development; permeabi 1 i  t y  of t h e  de- 
veloped a rea  decreases  because of  t he  
1 arge a reas  covered by bui 1 dings and 
pavement and t h e  compaction of per iph-  
e r a l  a r eas  -by f requent  vehicu lar  and 
foo t  t r a f f i c .  Often t h e  pol lu t ion  
load i s  increased t o  t he  poin t  t h a t  
t h e  f i r s t  f l u s h  of storm runoff  from 
densely populated a reas  i s  a s  po l lu ted  
a s  raw domestic sewage (Richard P. 
Vogh, F lor ida  Department of Envi ron- 
mental Regulation; pers .  comm.) . 
Sometimes storm sewage i s  i n t en t ion -  
a l l y  routed t o  hydric  hammock areas .  
Retention and de t en t ion  a reas  a r e  i n -  
c r eas ing ly  being requi red  f o r  new de- 
velopments, and hydri c hammocks of ten  
a r e  t h e  log ica l  choice f o r  t h i s  pur- 
pose. An example i s  t h e  use of a 178 
ha hydric  hammock a s  a de t en t ion  a rea  
f o r  r e s iden t  i  a1 devel opments northwest 
of  Gainesvi l le ,  F lor ida ,  which a r e  
planned t o  encompass 355 ha (Figure 
20). In o t h e r  cases ,  r e t e n t i o n  o r  de- 
t e n t  ion a r e a s  a r e  c r ea t ed  by bui l d i  ng 

dams o r  d i g c ~ ! ~ g  hclzs. S x e  c f  thcze 
become new hydr ic  hammocks, and many 
more would do so  i f  na tu ra l  succession 
were allowed t o  occur .  

Hydric hammocks a r e  well adapted t o  
rece ive  stormwater runoff .  Flooding 
depth i s  increased ,  but t h e  na tu ra l  
cyc l e s  of  f looding  and drying a r e  
maintained. The hammock i s  damaged 
s i g n i f i c a n t l y  on:y when the dry  peri-  
ods a r e  reduced o r  heavy s i l t a t i o n  oc- 
cu r s .  Even then ,  perhaps only t h e  
deeper a r eas  a r e  k i l l e d ,  and, subse- 
quent ly,  t h e s e  may be replaced by 
swamp, p r a i r i e ,  o r  marsh vegeta t ion .  
Whether damaged o r  no t ,  many hydric  
hammocks a r e  performing a va luable  
s e r v i c e  by d e t a i n i n g ,  f i l t e r i n g ,  and 
s t o r i n g  stormwater.  Water qua1 i t y  i s  
improved and downstream f looding i s  
reduced. 

4.7.2 Power P lan t  Discharqe 

Power p l a n t s  a l s o  may add water t o  
hydric  hammocks, bu t  i n  a continuous 
r a t h e r  than  pulsed flow. The blowdown 
water  t h a t  i s  discharged from cool ing 
towers o f t e n  con ta ins  high concent ra -  
t i o n s  of  s u l f a t e  o r  c h l o r i d e  ions ,  
which a r e  added t o  cool ing  tower water 
in  t h e  form of  s u l f u r i c  ac id  o r  hy- 
d r o c h l o r i c  ac id  t o  maintain a neut ra l  
pH and reduce s c a l e  formation.  In 
1972, t h e  Deerhaven Power P lan t  nor th-  
west of  Gainesvil  l e ,  F lo r ida ,  began 
r e l e a s i n g  2.3 m i l l i o n  l i t e r s  per  day 
of s u l f a t e - l a d e n  water  i n t o  t h e  water-  
shed of  Turkey Creek (Environmental 
Sci ence and Engi neer i  ng , Inc . 1974) , 
changing an i n t e r m i t t e n t  stream t o  a 
permanent one and roughly doubling t h e  
average flow r a t e  downstream i n t o  t h e  
hardwood wetland f o r e s t s  of  t h e  200-ha 
Sanchez P r a i r i e  basin i n  San Felasco 
Hammock S t a t e  Preserve (Simons, un- 
pub1 .) . The concent ra t ion  of s u l f a t e  
decreased from approximately 500 ppm 
a t  t h e  power p l a n t  t o  about 120 ppm a t  
Sanchez P r a i r i e  (Richardson et a 7 .  
1983). By 1976, 8 ha of  water  elm 



Figure 20. Proposed stormwater management plan for San Felasco Villas, Deer Run Unit 3, 
Alachua County, Florida. Water naturally flows out of the mixed hardwood swamp (bottom of 
figure) into a creek that meanders through hydric hammock before discharging into Blues Creek. 
Development would increase the volume of stormwater, which would be stored In the hammock by 
a water-control structure (top of figure). No buildings would be allowed around the swamr, below 
an elevation of 177 ft or around the StOImwater detention area below 160 tt (adapted from Hasan 
1980). 

(Planera aquatics) / pop ash (Fraxinus A shor t - term e x p e r i m e n t  tested the 
carol jniana) swamp and 16 ha o f  hydric effects of ex tended hydroper iod,  wi th 
hammock, composed of 1 i v e  oak, swamp and w i t ~ o u t  f a t e  add i t i on ,  on a 
l au re l  oak, l o b l o l l y  pine, sweetgum, nearby wetland f o r e s t  s i m i l a r  t o  tha t  
F lo r ida  elm, and red maple, were dead i n  Smchez P r a i r i e  e x c e p t  fo r  the ab- 
(Simons, unpub1 .) .  The t ree  k i l l s  sence of l i v e  oak  (Richardson e t  al. 
probably resulted from One O r  a 1983)- Hydroperiod was increased on 
combination of factors: increased hy- two plots by t h e  a d d i t i o n  of water; 
droperiod, reduction o f  sulfate t o  One rece ived wa te r  containing 
t o x i c  hydrogen ~ " l f i d e ,  and buildup of 150 ppm s u l f a t e .  Water was 
organic muck t ha t  blocked former water pumped to a depth of 20 cm dur ing sum- 
channels and sealed the s o i l  surface mer, and t h e  f o l l o w i n g  spring. 
(H. T. Odum, Center for Wetlands, hi- The reg ime of a t h i r d  
v e r s i t y  of ~ l o r i d a ,  ~ a i n e s v i l l e ;  Peps- plot, the control Was not  a l tered.  
comm. ) . One Year a f t e r  t h e  in i t ia t ion of the 
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experiment,  seed7 ing dens i ty  was s i g -  stopped due h u i t i ~ ? ~ i  a i ~ t e 5 t  k c -  
n i f i c a n t l y  reduced and t h e  number of t i o n s  by S t a t e  agencies .  
s t r e s s e d  t r e e s  was considerablv i n -  
creased  on t h e  s u l f a t e  p l o t  ( ~ a b i e  8 ) .  4 . 7 . 3  Wastewater Treatment Though t h e  added-water p l o t  remained 
s i m i l a r  t o  t h e  cont ro l  p l o t ,  increased 
hydroperiod r e su l t ed  i n  g r e a t e r  t r a n s -  
mission of  sun l igh t  t o  t he  f o r e s t  
f l o o r  in  spr ing  and f a l l ,  ind ica t ing  
some s t r e s s  on the t r e e s .  

These r e s u l t s  ind ica ted  t h a t  the  
main c u l p r i t  i n  t h e  t r e e  k i l l s  on 
Sanchez P r a i r i e  was t h e  high concen- 
t r a t i o n  of  s u l f a t e  i n  t h e  discharge 
water ,  but a con t r ibu t ing  r o l e  of i n -  
creased hydroperiod was not  ruled out .  
Unlike the  power p l an t  discharge,  t he  
experiment was of  s h o r t  dura t ion  and 
included a s h o r t  drydown period.  Even 
so ,  increased hydroperiod without s u l -  
f a t e  addi t ion  adverse ly  a f f ec t ed  f o -  
l i a g e  dens i ty .  Increased sedimenta- 
t i o n  of f i n e  organics  on Sanchez 
P r a i r i e  probably a1 so  exacerbated t h e  
e f f e c t s  of  s u l f a t e  addi t ion  by de- 
c r eas ing  oxygen d i f f u s i o n  i n t o  t h e  
s o i l  and so  improving condi t ions  f o r  
hydrogen sul  f i d e  production. In 1975, 
the Ga inesv i l l e  u t i l  i t y  company pro- 
posed an expansion of  f a c i l i t i e s  t h a t  
would have t r i p l e d  t h e  blowdown d i s -  
charge.  This  proposal was withdrawn 
and l a t e r  t h e  e f f l u e n t  discharges were 

Wastewater con ta ins  d isso lved  and 
p a r t i c u l a t e  n u t r i e n t s ,  o rganic  mat te r ,  
b a c t e r i a l  and v i r a l  pathogens, and 
o t h e r  contaminants inc luding  heavy 
metals  and o t h e r  t ox ins .  The purpose 
of d i scharg ing  wastewater i n f o  wet- 
lands  i s  t o  ob ta in  some add i t i ona l  r e -  
moval of  t h e  n u t r i e n t s  and contami- 
nants  before t h e  water  r e e n t e r s  
a q u i f e r s  and su r f ace  f lows.  Wet1 ands 
may not be f i n a l  s i n k s  f o r  heavy met- 
al s (Richardson and Nichol s 1985),  but 
they can e f f e c t i v e l y  a s s i m i l a t e  t h e  
n u t r i e n t s  and organic  l oads  of  wastew- 
a t e r  (U.S. Environmental Pro tec t ion  
Agency 1985). Uptake o f  added n i t r o -  
gen and phosphorus has been demon- 
s t r a t e d  i n  severa l  f o r e s t e d  wetlands 
in  F lo r ida .  A mixed hardwood swamp 
rece iv ing  secondar i ly  t r e a t e d  wastewa- 
t e r  reduced t o t a l  n i t rogen  and phos- 
phorus l e v e l s  i n  t h e  water t o  values 
equal t o  o r  l e s s  than those  in  a 
nearby unaf fec ted  swamp (Boyt e t  a 7 .  
1977). Reduction i n  concent ra t ions  of  
phosphorus and n i t rogen  t o  na tura l  
l e v e l s  occurred in  a cypress  dome ex- 
posed t o  experimental add i t i ons  of  
t r e a t e d  e f f l u e n t  (Dierberg and Bre- 

Table 8. Effects of increased hydroperiod and sulfate addition on hardwood wetland plots (from 
Richardson et a/. 1983). Measurements were obtained In spring, one year after initiating the 
experiment. Tree stress was Indicated by shriveling and browning of leaves. 

Numbe of  seedl ings  Number of  s t r e s  ed % t r ansmi t t ance  of 
Treatment per  m 5 ( s t d .  e r r o r )  t r e e s  per  400 m sun1 i g h t  t o  ground 

Control 23.4 (3.18) 7 1 

Water 22.4 (3.32) 

Water + s u l f a t e  1.4 (0.81) 



zon1 K i984 j . One sewage-enriched cy- 
press strand lowered phosphorus levels  
t o  background leve l s  (Nessel and Bay- 
1 ey 1984) ; another reduced nutr ient  
concentrations between the  inflow and 
the outflow, but ,  in the case of phos- 
phorus, not t o  the l eve l s  observed in 
undisturbed cypress swamps (Tuschall 
et  a7 .  1981). 

In a17 cases, nutr ient  retention in 
sediments appeared t o  be the primary 
mechani sm of removal . Whereas most 
nitrogen processing in wetland sedi-  
ments i s  mediated biologically,  phos- 
phorus removal r e su l t s  from adsorp- 
t ion/precipi ta t ion reactions.  Eff i -  
c ien t  immobilization of phosphorus de- 
pends on the duration of contact be- 
tween the  nu t r ien t  and the organic 
subst ra te  (Kadl ec and Ti 1 ton 1979). 
The forested wetlands studied thus f a r  
are characterized by slow or nonexis- 
t en t  water flow, and so the  wastewater 
and "sorptive" organic surfaces have 
1 ong residence times . 

Some nu t r ien t s  a lso  appear t o  be r e -  
tained in t r e e  biomass. In most 
cases, t r e e  growth (mainly cypress) 
increased in response t o  additions of 
secondari 1 y t rea ted  wastewater (Boyt 
e t  a7 .  1977; Nessel e t  a 7 .  1982; Lem- 
l i ch  and Ewel 1984), and detrimental 
e f f ec t s  on species composition of 
overstory and understory vegetation 
were not observed (Ewel 1984). 

Ewel e t  a7.  (1982) discussed a num- 
ber of c r i t e r i a  by which the  su i t ab i l -  
i t y  of an ecosystem f o r  receiving 
wastewater inputs can be judged. The 
f i r s t  i s  the  a b i l i t y  t o  provide effec-  
t i v e  t e r t i a r y  treatment, and another 
i s  the  importance of t he  ecosystem 
( i .  whether the ecosystem will be 
s ign i f ican t ly  a l t e red ,  and, i f  so, 
whether i t  can be sacr i f i ced) .  By 
these c r i t e r i a ,  hydric hammocks appear 
to  be f a r  l e s s  sui ted than mixed hard- 
wood and cypress-dominated swamps f o r  
receiving wastewater. Because of the  

absence of a th ick organic layer ,  hy- 
d r i c  hammocks generally have l e s s  po- 
t en t i a l  than swamps f o r  nutr ient  re-  
moval. Brown and Starnes (1983) con- 
cluded t ha t  discharge of wastewater i s  
incompatible with the maintenance o f  
biological and physical functions in 
these wetlands. Hydric hammocks are 
1 i kely t o  be severely a l tered by 
wastewater inputs because they are  
characterized by short  hydroperi ods, 
and many species are  not adapted t o  
continuous inundation or anaerobic 
conditions (Richardson e t  a 7 .  1983). 
Wastewater, whether from sewage t r e a t -  
ment f a c i l i t i e s ,  power plants,  agr i -  
cu l tu re ,  or  industry, has the  poten- 
t i a l  t o  k i l l  hydric hammock, par t icu-  
l a r l y  i f  applied continually during 
the  growing season. 

An example of a proposed use of hy- 
d r i c  hammock for  disposal of sewage 
e f f luen t  i s  a plan by the c i t y  of 
Ocala, Florida, t o  pump up t o  32 mil- 
l ion l i t e r s  per day of secondarily 
t rea ted  eff luent  from Ocala t o  a 486- 
ha area of Marshall Swamp (City of 
Ocala 1986). The par t  of Marshall 
swamp t o  receive the  eff luent  i s  a 
mixture of hydric hammock and cy- 
press/hardwood swamp. The water would 
t ravel  through Marshall Swamp by a 
combination of channeled flow and 
sheet flow t o  the  Oklawaha River, a 
d is tance of about 5 km. 

4.8 NONCONSUMPTIVE USES 

In addition t o  those already men- 
tioned, a number of uses of hydric 
hammocks are  not consumptive and gen- 
e r a l l y  have l e s s  impact on the  fo res t .  
These a re  sometimes referred t o  as 
passive uses, although some can be 
qui te  act ive .  In t h i s  category are  
such uses as wi ld l i fe  (both fauna and 
f l  ora) conservat i on, urban open space, 
and various types of outdoor recre-  
at ion such as  hiking, jogging, bird 
watching, picknicking, camping, and 



canoeing (on ad jacent  r i v e r s  and in  
t h e  i n t e r i o r  of hydric  hammocks during 
f loods ) .  These uses of hydric  ham- 
mocks a r e  general  1 y compatible with 
most o the r  uses. 

Some hydric  hammocks have been pur- 
chased, a t  l e a s t  i n  p a r t ,  f o r  wi l d l  i f e  
conservat ion.  S t .  Marks National 
W i l d l  i f e  Refuge, San Fei asco 'riammock 
S t a t e  Preserve, Waccasassa Bay S t a t e  
Preserve,  Big Bend Wi l d l  i f e  Management 
Area, and Tosohatchee S t a t e  Reserve 
a r e  examples. A1 1 of t hese  a reas  have 
o t h e r  b io logica l  communities and o the r  
uses ,  but wi 1 d l  i f e  conservation was 
one of  t he  main reasons f o r  purchase 
and i s  one of t h e  primary management 
goa ls .  Maintaining heal t hy  examples 
of t h e  hydric  hammock community i s  an 
important conservat ion goal by i t s e l f .  
In addi t ion ,  hydric  hammock i s  s i g n i f -  
i c a n t  t o  many animals (Table 9) and 
p l an t s  (Table l o ) ,  including t h r e a t -  
ened and endangered spec ies .  

Mature hydric  hammocks a r e  well 
su i t ed  f o r  r ec rea t iona l  use due t o  
t h e i r  open unders tor i  e s ,  scenic  
beauty, and d i v e r s e  and abundant 
w i l d l i f e .  Although use f o r  hunting i s  
s u b s t a n t i a l ,  t h e  nonconsumptive r e c r e -  
a t i  onal use of  r u r a l  hydri c hammocks 
has been small ,  due mainly t o  lack  of 
easy access .  However, t h i s  i s  begin- 
n-iag t o  change. Ths hyd i - ic  ham~rks 
a t  Myakka River S t a t e  Park, f o r  i n -  
s tance ,  a r e  now heavi ly  used f o r  camp- 
ing,  hiking,  and na ture  s tudy;  i t  i s  
considered Flor ida ' s  premier park f o r  
wild1 i f e  viewing and photography 
(Kenneth A1 varez,  F lo r ida  Department 
of Natural Resources; pers .  comm. ) . 
Such a c t i v i t i e s  a r e  becomi ng more pop- 
u l a r  i n  many hammocks. The b i t s  and 
pieces of hydric hammock that remain 
in  some urban a reas  a r e  more r e a d i l y  
ava i l ab l e  t o  people than remote 
t r a c t s .  The community uses  t h e s e  open 
spaces not  only f o r  r e c r e a t i o n ,  but 
f o r  no ise  and a i r  p o l l u t i o n  abatement, 

Table 9. Animals with at least 10% of their Florida populations in hydric hammock, for at least part of 
the year. For each species, the percent of Florida population occurring in hydric hammock was 
estimated by R.W. Slmons in consullalion with State wildlife biologists. Endangered status: T = 
threatened (Florida Game and Fresh Water Fish Commission 1986). 

Common name S c i e n t i f i c  name Percent S t a tus  

F lor ida  bl ack bear  
Barred owl 
Red-shouldered hawk 
Ruby-crowned king1 e t  
American robin 
Tree swallow 
Cedar waxwing 
Swall ow-tai l ed  k i t e  
F lor ida  box t u r t l e  
Gulf hammock r a t  snake 

Eastern indigo snake 
Blue-str iped g a r t e r  snake 
Blue-str iped ribbon snake 
One-toed amphiuma 

Ursus americanus f 7oridanus 
S t r i x  v a r i a  
Buteo 7 ineatus 
Regulus calendula 
Turdus migra tor ius  
I r idoprocne b i co  1 or 
Bombyci 1 1 a cedrorum 
Elanoides f o r f i c a t u s  
Terrapene car0 7 ina baur i  
Elaphe obsoleta q u a d r i v i t t a t a  

x E. o. s p i l o i d e s  
Drymarchon c o r a i s  couperi  
Thamnophis s i r t a l  i s  s i m i l i s  
Thamnophis s a u r i t u s  n i t a e  
Amphiuma pho le ter  



Tabie 10. Plants having at least 30% of their populations in  hydric hammocks. For each species, the 
percent of Florida populations occurring in hydric hammock was estimated by R.W. Simons in 
consultation with University of Florida botanists and others. Endangered status: E = endangered, T 
= threatened, C commercially exploited (Florida Game and Fresh Water Fish Commission 1986). 

Common name S c i e n t i f i c  name Percent Status 

Southern red-cedar 
Cabbage palm 
B l  uestem palmet to 
Need1 e palm 
L i ve  oak 
Sweetgum 
F l o r i d a  elm 
Cedar elm 
Hornbeam 
Star  (ye1 1 ow) an i  se 
Pipe-wood d a i n t i e s  
P ink- roo t  
I n d i  an-pl  an ta in  
Ind ian -p l  an ta in  
Go1 d f o o t  f e r n  
Shoestr ing f e r n  

Juniperus silicicola 
Sabal palmetto 
Sabal minor 
Rhapidophyl lum hystrix 
Quercus virginiana 
1 iquidambar styracif lua 
Ulmus americana f 1 oridana 
Ulmus crassifol ia 
Carpinus carol iniana 
Illicium parviflorum 
Phy77anthus liebmannianus 
Spigel ia loganioides 
Arnoglossum diversifolium 
Cacalia suaveoleus 
Phlebodium aureum 
Vittaria lineata 

temperature moderation, and h a b i t a t  
f o r  urban w i  l d l  i fe .  

4.9 POTENTIAL ALTERATIONS 

Some fa r - reach ing  b u t  s u b t l e  changes 
i n  t h e  general environment o f  h y d r i c  
hammocks may be a f f e c t i n g  them now o r  
may do so i n  the  fu tu re .  The most 
t h rea ten ing  o f  these was a l ready men- 
t ioned- -sea- leve l  r i s e  due t o  t h e  
greenhouse e f f e c t .  Some o thers  a re  
c l ima te  changes, a i r  p o l l u t i o n ,  f i r e  
p ro tec t i on ,  invas ion  by exot ics ,  and 
e x t i n c t i o n s  o f  i n d i v i d u a l  species. 

The g u l f  coast  o f  F lo r i da ,  where t h e  
l a r g e s t  concent ra t ion  o f  h y d r i c  ham- 
mock occurs, i s  subsid ing a t  a r a t e  o f  
about 1 mm per year (Holdahl and Mor- 
r i  son 1974). World-wide sea 1 eve1 i s  

r i s i n g  a t  about t h e  same ra te ,  1.2 mm 
per  year  (Gorn i tz  et a7. 1982). So 
t he  n e t  change on F lo r i da ' s  g u l f  
coast, recorded by t i d a l  gauges, has 
been a r e l a t i v e  sea- level  r i s e  o f  
about 2 mm pe r  year  over the  past 70 
years (Hicks et a7. 1983) (F igure 21). 
The r e s u l t s  a re  v i s i b l e .  Cabbage palm 
and red-cedar stumps i n  t h e  s a l t  marsh 
i n d i c a t e  areas t h a t  were once hyd r i c  
hammock (F igure 22). Unfor tunate ly ,  
these changes are i n s i g n i f i c a n t  com- 
pared t o  what i s  p ro jec ted  f o r  the  
nex t  100 years. The concentrat ion of 
c.arbon d i o x i d e  i n  the  ear th 's  atmo- 
sphere has r i s e n  by about 20% i n  the  
l a s t  100 years, due p r i m a r i l y  t o  t he  
burn ing o f  f o s s i l  fue ls ,  and i t  i s  ex- 
pected t o  a t  l e a s t  double i n  t he  nex t  
100 years ( T i t u s  and Bar th  1984). 
Carbon d i o x i d e  a l lows t h e  sun's r a d i a -  
t i o n  t o  en te r  t h e  atmosphere bu t  
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Figure 21. Sea-level rise at Cedar Key, Florida, 
1915-80, and projected rise to 2075 (from Hicks 
et a/. 1983; Hoffman et a/. 1983). 

blocks the escape of heat radiation. 
Other gases such as chlorofl uorocar- 
bons (e.g., freon), nitrous oxide, and 
methane have the same effect and also 
are increasing (Titus and Barth 1984). 
The result  i s  that the earth i s  warm- 
ing, causing the oceans t o  r i s e  due to  
thermal expansion of sea water and the 
me1 ting of glaciers (Hoffman 1984). 
Furthermore, the process i s  accel erat  - 
ing as the production of the 

total  amount of hydr ic  harr~rr~ock by rria- 
rine inundation or rep1 acement by sal t 
marsh or both. The extent of coast- 
l ine regression will depend upon the 
relative rates  of ocean r i s e  and sedi- 
mentation (Titus 1985). Sal t  marsh 
formation can keep pace with a low 
rate of sea-level r i s e  through sedi- 
ment trapping and peat production, b u t  
1 i t t l e  riverine sediment i s  supplied 
to  Florida' s gui f coast. Therefore, 
as sea level r i ses ,  open water will 
replace s a l t  marsh, s a l t  marsh will 
migrate inland and replace coastal hy- 
dric hammock, and coastal hydric ham- 
mock will tend t o  replace in1 and hy- 
dric hammock and mesic hammock. How- 
ever, the inland hydric hammock on the 
upland side of the extensive gulf 
coast hammocks cannot migrate because 
i t  i s  bordered by pine flatwoods and 
sandhills with so i l s  unsuited for  ham- 
mock invasion. This i s  evident by the 
proximity of f l  atwoods and sandhi 1 l 
communities to  s a l t  marsh where these 
soil types occur. If  sea-level r i s e  
continues unabated, the hammocks will 
be squeezed between the advancing s a l t  
marsh on the west and the l imits  of 
suitable soi l  on the east .  These ham- 
mocks are l ikely t o  face increased 
flooding due t o  high t ides ,  storm 
surge, and larger waves (Hoffman e t  
a l .  1983). The plant composition may 
change to  the extreme type of coastal 
hammock, dominated almost exclusively 
by the sal  t - to le rant  species: l ive 
oak, cabbage palm, and southern red- 
cedar (Kurz and Wagner 1957). The 
coastal hammock type will a1 so be fa- 
vored by another impact of sea-level 
r i se :  s a l t  water intrusion into 
ground water and r ivers  (Titus 1985). 

"greenhouse gases" increases. Whi l e  
global sea level rose only 10-15 cm in 
the past century, the modal prediction The greenhouse ef fec t  i s  projected 
for the next century i s  a r i s e  of be- to  raise  average world-wide tempera- 
tween 144 and 217 cm (Hoffman e t  a l .  ture  by 4' C before the end of the 
1983) . next century and i s  predicted t o  a l t e r  

ra infal l  patterns (Hansen et a l .  
This amount of sea-level r i s e  i s  1981). These changes might be suf f i -  

likely t o  eliminate about ha1 f of the cient to  render many hydric hammock 



Figure 22. Rising sea level Is indicated by the presence of cabbage palm stumps in gulf coastal 
salt marsh. 

species poorly adapted t o  t h e i r  cur- 
rent  locat ions .  I t  might a l so  enable 
native and exot ic  t ropical  species t o  
invade areas much f a r t he r  north than 
they do current ly .  

Air pollution of o ther  s o r t s  i s  be- 
ing blamed fo r  the  destruction of 
f o r e s t s  in North America and Europe 
(Smith 1985). Devastating e f f ec t s  of 
local pol lutants ,  such as  heavy metals 
from smelters,  on t r e e  growth and sur- 
vival are  well documented. Acid rain 
i s  strongly imp1 icated in the  decline 
of f o r e s t s  in western Europe, the 
northeastern United S ta tes ,  and a t  
high elevations in t he  southern Ap- 
palachian Mountains. The ac id i ty  of 

ra in  in northern Florida increased 
ten-fold in a 25-year period, from pH 
values g rea te r  than 5.6 i n  the  mid- 
1950's t o  average annual values below 
4.7  i n  the l a t e  1970's (Brezonik et 
a l .  1980). The present degree of 
ac id i ty  in Florida ra in fa l l  i s  un-  
l i ke ly  t o  be affecting hydric ham- 
mocks, except perhaps f o r  t he  epi-  
phytes, because these fo res t s  gener- 
a l l y  grow on s o i l s  with very large  
buffering capaci t ies  a t t r ibu tab le  t o  
the presence of e i t h e r  limerock o r  
she l l .  W i t h  Florida 's  rapid popula- 
t ion growth and consequent increases 
in the  use of motor vehicles and e lec-  
t r i c  power, acid ra in  and other  forms 
of a i r  pollution may become a problem 
for  hydric hammocks in t he  future .  



In prehistoric times, periodic f i r e s  
burned unchecked across much of the 
Florida landscape (Laessle 1942). 
Now, the many roads, towns, cleared 
f ie lds ,  and other sorts of firebreaks, 
in combination with active f i r e  sup- 
pression, have greatly reduced the 
frequency of wildfires. Continued 
suppression of f i r e  i s  l ikely t o  a f -  
f e c t  t h a  extent  S ~ C !  rnmpncitinn of h v -  
dr ic  hammocks (Vince ' e t  a 7 .  1989). 
Marshes that were previously kept 
open, a t  least  in part ,  by f i r e  can 
now be invaded by hydric hammock. 
Fire suppression also may resul t  in 
invasion of pine flatwoods and prair ie  
by hydric hammock. Just  as f i r e  f a -  

vored the more f i re-to1 e r a n t  species 
(cabbage palm and loblol l y  pine,  fol-  
lowed by 1 ive oak), so f i r e  protection 
favors the more f i re- suscept i  bl e 
species (sweetgum, swamp 1 aurel  oak, 
southern red-cedar, FI or ida  elm, 
sweetbay, swamp tupelo, hornbeam, and 
red maple) (Putnam e t  a ? .  1960; 
Laessle and lulonk 1961; Ware 1965; Ewe1 
and M i  tsch 1978). F i re  suppression 
reduces the density of t h e  grasses, 
sedges, and small shrubs by a1 1 owing 
the overstory vegetati on t o  become 
denser. With time, a t h r e e -  or  four- 
layered fores t  may r e p l a c e  t h e  two- 
1 ayered s t ructure of most f ire-modi- 
f ied hydric hammocks (F igure  23). 

Forest structure with frequent fire 

Figure 23. Effe 
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The t ree-spec ies  composit ion o f  hy- 
d r i c  hammocks a lso  i s  l i k e l y  t o  be a f -  
fec ted  by t h e  e x t i n c t i o n  of an imals  
t h a t  are seed-dispers ing m u t u a l i s t s .  
The b lack  bear i s  e i t h e r  absent o r  
g r e a t l y  reduced i n  numbers i n  most a r -  
eas o f  h y d r i c  hammock, so i t s  r o l e  as 
a disperser  o f  saw palmetto, cabbage 
palm, needle palm, swamp tupelo,  g a l  1 - 
berry, b l  ueberry, and b l  ackberry seeds 
i s  l o s t  (Maehr and Brady 1984). Deer, 
1  i vestock, raccoons, and small e r  mam- 
mals and b i r d s  a l so  d isperse  seeds, 
b u t  t h e i r  d i e t s  and seed-di s p e r s i  n g  
e f f e c t s  i n  h y d r i c  hammock are  undocu- 
mented. C e r t a i n l y  the  b lack  bear was 
t h e  pr imary d isperser  o f  needle p a l m  
f r u i t s ,  and i t  shares o n l y  w i t h  1  i ve-  
s tock the  range o f  movement over such 
a  l a r g e  d a i l y  a c t i v i t y  area. Preda- 
t o r s  o f  seed-dispersers a l so  are ex -  
t i n c t  o r  n e a r l y  so ( red  w o l f  and 
F l o r i d a  panther) .  The severe r e d u c -  
t i o n  o f  l a r g e  predators  has a p p a r e n t l y  
allowed deer and raccoons t o  overpopu- 
l a t e  i n  areas where hun t i ng  has n o t  
compensated f o r  t he  l o s t  p r e d a t o r s  
(Archie F. Carr, J r . ,  Department of 
Zoology, U n i v e r s i t y  o f  F lo r i da ;  p e r s .  
comm.). The out lawing o f  l e g - h o l d  
t raps  i n  F l o r i d a  i n  1973 has made hu-  
mans much l e s s  e f f e c t i v e  predators  on  
raccoons. 

Two exo t i cs ,  w i l d  hogs and a r m a d i l -  
l os ,  have achieved much h igher  p o p u l a -  
t i o n s  i n  t h i s  h a b i t a t  than they w o u l d  
i n  t he  presence o f  normal wo l f ,  pan-  

t he r ,  and b lack  b e a r  POPulations 
(Arch ie  F. Cart-, J r -  9 Pers. comm.). 
These two animals have ,  i n  tu rn ,  a1 - 
te red  the  t e r r e s t r i a l  f l o r a  and fauna 
o f  these hammocks. Far instance, t h e  
populat ions of t e r r e s t r i  a1 sna i l s ,  
salamanders, and 1 i z a r d s  have been 
g r e a t l y  reduced ( ~ r c h i e  F -  Carr, Jr., 
pers.  comm.). O t h e r  e x o t i c  animals 
t h a t  have taken h o l d  i n  many h y d r i c  
hammocks are c a t t l e  e g r e t s ,  Cuban t r e e  
frogs, greenhouse f rags, coyotes, 
f e ra l  cats,  and f e r a l  dogs. 

S t .  Augustine g r a s s  i s  an abundant 
e x o t i c  p l  ant  i n  some h y d r i c  hammocks. 
The aggressive cogon grass  (Imperata) 
i s  spreading t h r o u g h o u t  F l o r i d a  and, 
a t  the  moment, seems unstoppable. 
Growi na we1 1 i n  some h y d r i  c hammocks, 
i t  may form a  v e r y  dense stand t h a t  
k i  11 s  a1 1  compet i n g  ground-cover 
p l a n t s  (F igure 24) .  Dense stands o f  
t h i s  f i r e -adap ted  g rass  are very 
flammable, p a r t i c u l  a r l y  a f t e r  t he  
leaves have d ied,  and burn w i t h  much 
g rea te r  i n t e n s i t y  t h a n  o ther  hydr i  c  
hammock fue l s .  A f e w  o f  t he  many 
o ther  in t roduced p l a n t s  t h a t  a re  
spreading in the wild and have t h e  po- 
t e n t i a l  f o r  a1 t e r i n g  h y d r i c  hammocks 
are camphor t r e e  (Cinnamomum cam- 
phora) , Brazi  1  i an p e p p e r - t r e e  (Schinus 
t e r e b i n t h e f o l i u s ) ,  g lossy  p r i v e t  
(L igustrum lucidurn), whi te- f lowered 
spiderwort  (T radescan t  i a  f 7umensis), 
s  kunkvi ne (Paedevia f aet ida ) ,  w i  s t e r i  a 
(W is te r i a  s inensis) ,  and Japanese hon- 
eysuckl e  (Lonicera j a p o n i c a ) .  



Figure 24. lnvasion of hydric hamnxk by cogon grass, SJlver River. 



CHAPTER 5. MANAGEMEW TECHNIQUES AND OPTIONS 

5.1 PLANNING 

For a hydric hammock to be soundly 
managed, the main goal s of management 
must be formulated, taking into ac- 
count the specif ic  uses the forest  
should support and the appropriate 
condition of the forest  t o  maintain 
these uses. To obtain the desired re- 
s u l t s ,  a management plan can be 
drafted tha t  selectively prescribes 
and controls the uses, or prevents the 
various impacts described in the pre- 
ceding chapter. 

The most important step in the man- 
agement process, where the greatest 
mistakes often are made, i s  determina- 
t ion of the overall goal or goals. If 
goals are not carefully formulated and 
clear ly s ta ted,  subsequent management 
may lack direction or may do consider- 
able harm t o  some unspoken but 
strongly desired qua1 i  ty  or potenti a1 
use of the forest .  Even i f  the owners 
of the hammock have l i t t l e  idea of 
what different  actions, or lack 
thereof, might do to  the forest ,  they 
should nevertheless formul ate  goal s to  
d i rec t  consultants or managers toward 
desired resul t s .  

Consideration of the following ques- 
t ions,  and ranking of the answers in 
order of importance, will help t o  for- 
mu1 ate goals and specific objectives: 

3 .  What amount of money can be spent 
on management and improvements and how 
important i s  t h i s  amount of expense i n  
relation t o  the goals? 

4. What ra te  of return on investment, 
i f  any, i s  expected? 

5 .  I s  the timing of income and/or ex- 
penses important and, i f  so, how? 

6. I s  the production of some product 
for  reasons other than income impor- 
tant? 

7. I s  producing high populations of 
speci f i c  animal s (1 i ke deer) impor- 
tant?  

8 .  I s  maintaining populations of spe- 
c i f i c  animals a r  plants important and, 
i f  so, which ones and in what order of 
importance? 

9. I s  maintaining the ent i re ,  exist-  
ing spectrum of fauna and f lora  of the 
biological community in a healthy 
s t a t e  important? 

10. I s  maximizing wild1 i f e  diversity 
important, including existing and po- 
tentially-present species? 

11. I s  the appearance and character of 
the forest  important? 

12. I s  a visually open and easily t ra -  1. What i s  the main PurPose for own- versed understory important? ing or managing the forest? 

2. I s  producing income from the for- 13. Are individual t rees  or other fea- 
e s t  important? tures  important or speci a1 ? 



14. I s  r ec rea t iona l  use important and, 
i f  so ,  what kinds? 

15. I s  t h e  abundance of p e s t s  l i k e  
t i c k s ,  mosquitoes, poi son ivy,  e t c .  
important? 

16. Are watershed values important? 

Other ques t ions  r e l evan t  t o  loca l  con- 
d i t i o n s  should be included. 

Af te r  wr i t i ng  down goals  and s e t t i n g  
p r i o r i t i e s ,  t h e  next  s t e p  i s  t o  d e t e r -  
mine s p e c i f i c  uses f o r  t h e  f o r e s t  and 
what s t a t e  o r  condit ion of t h e  f o r e s t  
w i l l  b e s t  s u i t  these .  Some examples 
of  s p e c i f i c  uses  a r e :  sus ta ined  y i e l d  
production of  sweetgum veneer l o g s ,  
wild turkey  hunting, enhancing h a b i t a t  
f o r  and re in t roduct ion  of black bears ,  
camping and hiking,  p ro t ec t ing  a par -  
t i c u l  a r  archaeological  s i t e ,  e t c .  The 
des i r ed  condit ion of t h e  f o r e s t  may 
include such f a c t o r s  a s  spec ies  com- 
pos i t i on  of timber-producing s tands ,  
h a b i t a t  qual i  t y  f o r  p a r t i c u l a r  
w i l d l i f e  spec ies ,  des i r ed  range of wa- 
t e r  qual i t y  parameters, visual  and b i -  
o logica l  condi t ion of a reas  used f o r  
r ec rea t ion ,  and leve l  of forage pro-  
duct ion f o r  l i ves tock .  Once s t e p  two 
i  s compl e t ed ,  t h e  actual  management 
plan can be d ra f t ed .  The management 
plan i s  only a s  good a s  t he  knowledge, 
e f f o r t ,  and d i r e c t i o n  t h a t  go i n t o  i t .  
The people who prepare t he  management 
plan should have knowledge t h a t  covers 
t h e  spectrum of t h e  goa l s  and uses 
t h a t  have been determined. In manv 

the  proper ty ,  a topographic map, an 
ownership map, a road and f i r e b r e a k  
map, a vege ta t ion  map, and perhaps 
several  o t h e r  types  of  maps of t h e  
f o r e s t  and surrounding p r o p e r t i e s .  A 
case-by-case and area-by-area plan and 
t imetable  should d e t a i l  how t o  accom- 
p l i s h  the  goa l s ,  how t o  s e t  up and 
control  t h e  uses ,  and how t o  br ing 
about and maintain t h e  proper  condi- 
t i o n  of t h e  f o r e s t .  Various manage- 
ment opt ions  and techniques t h a t  a r e  
ava i l ab l e  make up t h e  r e s t  o f  t h i s  
guide. 

5.2 TIMBER MANAGEMENT 

Timber management i s  a very powerful 
tool  i n  t h e  management of f o r e s t  land 
f o r  wi l d l  i  f e ,  r e c r e a t i o n ,  watershed, 
graz ing ,  and o t h e r  u ses ,  a s  well a s  
f o r  t imber production. I t  can g r e a t l y  
a l t e r  t h e  f o r e s t  i n  a v a r i e t y  of ways, 
and i t  o f t en  produces cons ide rab le  f i -  
nancial p r o f i t .  However, 1 i  ke any 
powerful t o o l ,  t imber  management must 
be used wisely and c a r e f u l l y  i f  damage 
i s  t o  be minimized o r  avoided; i t s  use 
i s  not always compatible with a l l  man- 
agement goal s .  Timber management 
p r a c t i c e s  i n  hydr ic  hammocks a r e  s imi-  
l a r  t o  those  used in  bottomland hard- 
wood f o r e s t s ;  the l a t t e r  are described 
by Putnam et  a l .  (1960),  McKnight and 
Johnson (1980), and Johnson and Shrop- 
s h i r e  (1983). 

5.2.1 Timber Harvest ing 

to  work On  the money, t h e  t imber  management technique of f i e l d s  of knowledge t h a t  might be that  usual ly  comes to f i rs t  i s  needed are ogy' botany' t imber harves t ing ,  but  ha rves t ing .  a1 so range management 7 i  a way to moderately or greatly al - game management, and outdoor ter t h e  forest (Figure 25) Selec t ive  a t ion .  logging i s  t h e  c u t t i n g  of i nd iv idua l ly  
The management plan should include s e l e c t e d  s i n g l e  t r e e s  o r  small groups 

t h e  goa ls  and p r i o r i t i e s ,  t h e  s p e c i f i c  of t r e e s  ( l e s s  than  0.2 ha) throughout 
uses,  and desc r ip t ions  of t h e  cu r r en t  t h e  f o r e s t .  While i t  i s  t h e  most pre- 
and des i red  s t a t e s  of t h e  f o r e s t .  ~t c i s e  and v e r s a t i l e  ha rves t ing  tech-  
should contain a lega l  desc r ip t ion  of nique,  s e l e c t i v e  logging i s  t h e  most 
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selective logging to  produce timber of 
better qual i t y  are  the high cost,  the 
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Figure 25. Impacts on species composition of 
common timber harvesting schemes in hydric 
hammocks. 

expensive. Trees may have to  be indi- 
vidually marked (usually by a 
fores te r ) ,  volume per acre may be low, 
and negot i a t  i ng around and protecting 
the remaining t rees  may be d i f f i cu l t .  
Selective logging usually i s  done to  
increase the qual i ty  of the remaining 
growing stock, by cutting mature 
t rees ,  crooked and diseased trees,  and 
small and medium-sized trees of low- 
value species. This leaves the small 
and medium-sized, s t raight ,  healthy 
t r ees  of valuable species to  grow and 

Sef ective 1 oggi ng o f  hydric hammock 
may be used to  change the composition 
of t ree  species, increase the diver- 
s i ty  of wildl i fe  habitats, and open 
the forest  t o  stimulate growth in the 
understory and ground cover for  the 
benefit of wild1 i fe ,  1 ivestock, and 
t ree regeneration. For instance, i f  
an increase in acorn production i s  de- 
sired in a hydric hammock dominated by 
sweetgum, se'lective 1 ogging of sweet- 
gum would be a logical ~ r e s c r i ~ t i o n ,  
because oaks and other hydric-hammock 
species reproduce better than sweetgum 
in small openings. This could be done 
in varying degrees of intensity. Only 
those sweetgums adjacent t o  or over- 
topping oak t rees  might be marked and 
then removed, or some percentage of 
the remaining sweetgums might be cut 
in addition; or, t o  further increase 
profi t  by avoiding the expense of 
marking and by producing more timber 
per acre, a1 1 marketable sweetgums 
could be harvested. Though less  ef- 
fective,  the same purpose could be 
achieved by group selection, logging 
the small areas most strongly domi- 
nated by sweetgum. Diversity i s  in- 
creased when the dominant species i s  
reduced, reproduction of trees and 
growth of seed1 ings and sap1 ings al-  
ready present are stimulated, and 
growth of the understory and ground 
cover increases the habitat value for 
browsers and grazers 1 ike deer, cat- 
t l e ,  and rabbits. 

Thinning i s  selective logging in im- 
mature, usually even-aged, stands such 
as those growing on old clearcuts. 
Selections may be based on species, 
trunk s ize,  crown size,  position in 



the canopy, health, and straightness, 
or parallel s t r ip s  may be cut through 
the forest  in which no individual t ree 
selection i s  done. Although i t  can 
produce some income and i s  a good way 
t o  stimulate browse production and use 
(Harlow 1976), thinning most commonly 
i s  done to  enable the remaining trees 
t o  grow fas te r .  Timber production, 
wildl i fe ,  and aesthetics benefit from 
the fas te r  growth of selected valuable 
trees.  Fewer, 1 arger trees are more 
valuable as timber than more, b u t  
smaller, t rees .  Vigorously growing, 
large t rees  produce much more mast 
than crowded, smaller t rees ,  and they 
can become den t rees  much sooner. Fi- 
nally, a more open forest  of larger 
trees i s  generally more valuable aes- 
thet ical ly  than a denser forest  of 
smaller t rees .  Thinning allows the 
forest  manager to  influence the final 
species composition and diversity of 
the hydric hammock by removing or 
leaving some species in preference t o  
others. Thinning i s  most profitable 
in second growth pure or mixed stands 
of loblolly pine and red-cedar, be- 
cause there are good markets for the 
products. I t  also can be done in 
stands of other hydric hammock species 
but i s  not always profitable, because 
sale  of the logged t rees  may not cover 
a l l  the costs of marking and logging. 
Thinning in stands of l ive oak and 
cabbage palm may be very expensive, 
because markets may not be available 
for  the products (see paragraph on 
timber stand improvement for a1 terna- 
t ives).  

Highgrading i s  the harvesting of 
some or a l l  of the t rees  tha t  can be 
logged and sold a t  a substantial 
profi t ,  leaving behind trees that  are 
economically less desirable or com- 
pletely worthless. This type of log- 
ging i s  intermediate between selective 
logging and clearcutting in the inten- 
s i  ty  of disturbance produced (Figure 
25) and i s  a common method of logging 
on private land, both corporate and 

individual, because i t  often produces 
the most income a t  the time o f  log- 
ging. Highgrading in hydric hammocks 
increases the percentage of crooked, 
hollow, and diseased t rees  and a l t e r s  
the species composition of the canopy. 
Future timber productivity and value 
of the forest  often are  greatly dimin- 
i shed because the crooked , damaged, 
and o t h e r  low ; lz!ze t r e e s  cmtjnue t o  
grow, taking u p  space that  young t rees  
of val uabl e species would otherwise 
occupy. Although in the past high- 
grading removed l i v e  oak from some 
hammocks and cabbage palm from a t  
least  parts of Gulf Hammock (see Chap- 
t e r  3 . 3 ) ,  today these are the two 
canopy species most commonly l e f t  be- 
hind by highgrading operations. In 
hydric hamrnocks where l i v e  02k, horn- 
beam, and cabbage palm are uncommon, 
highgrading may have 1 i t t l e  effect  on 
the future economic value of the for- 
e s t  and serves t o  increase the vegeta- 
tion diversity and wildl i f e  habitat  
value. However, where cabbage palm, 
hornbeam, or 1 ive oak (or a combina- 
t ion) dominates the forest ,  
highgrading enhances t h i s  domination 
t o  the de t r imen t  o f  wildl  i f e  h a b i t a t  
and future economic values. In hydric 
hammocks, highgrading general ly i s  
better for  wildl i f e  and aesthetics 
than clearcutt  i ng. Both methods 
greatly open the fores t ,  increasing 
browse production, but highgrading 
1 eaves hol 1 ow t rees  and picturesque 
old 1 ive oaks and cabbage palms. The 
hollow trees  and large l ive  oaks often 
are den t rees ,  and the  l i v e  oaks and 
cabbage palms are  good mast producers. 

Clearcutting i s  used in preference 
to  highgrading by most managers of hy- 
dr ic  hammocks, because a new forest  
that i s  more valuable for  timber pro- 
duction can be established e i the r  by 
natural regeneration or pl anti ng . 
Clearcutting i s  especi a1 l y  recommended 
by some fores te rs  where stands have 
been repeatedly highgraded, resulting 
i n  an abundance o f  damaged and cull 



trees and species of low value 
(Kel 1 i  son 1983) . With natural regen- 
eration, cl earcut t i  ng produces a for- 
es t  containing more pioneer species 
l ike  loblolly pine and sweetgum, and 
provides them with bet ter  conditions 
for rapid growth. On areas to  be 
pl anted (usually with pine) , cl earcut- 
t ing f a c i l i t a t e s  s i t e  preparation and 
pl antinq. 

Clearcutting of patches between 0.2 
ha and 0.8 ha in s ize has been termed 
group selection (Figure 25) and clas- 
s i f ied as a type of selective harvest 
by some foresters .  Clearly, the im- 
pacts on wildlife,  recreation, and wa- 
tershed of t h i s  type of harvesting are 
quite different  from those of 32 ha 
c l e a r c a t s .  S i n g l e - t r ~ e  selection a1 so 
d i f fe rs  from g r o u p  selection in i t s  
impacts on the forest  since even a 
very large forest-grown oak, elm, 
sweetgum, or maple would seldom cover 
more than 0.04 ha with i t s  crown. 
Group selection i s  a way of avoiding 
the high marking and logging costs of 
single-tree selection, avoiding the 
extreme wildl i  fe  and recreation im- 
pacts o f  larger clearcuts,  and maxi-  
mizing the beneficial edge and diver- 
si  ty  effects  of cl earcutting. Small 
openings in large hardwood forests 
benefit deer (McCafferty and Creed 
1969), turkeys (Stoddard 1936), and 
songbirds (Lay 1938). Small openings 
occur naturally in old-growth forests ,  
b u t  wildl i f e  in the more uniform sec- 
ond-growth forests  can benefit from 
c1 eari ngs produced by periodic small 
clearcuts.  However, some of the tim-, 
ber production benefits of clearcut- 
t ing are l o s t ,  because the openings 
are not large enough t o  give loblolly 
pine and sweetgum the strong competi- 
t ive  advantage they get on large 
clearcuts,  and because logging costs 
are s t i l l  higher than on larger cuts. 
Finally, the f l ex ib i l i t y  and precision 
of individual t ree  selection i s  l o s t .  
A technique even more beneficial t o  
wildl i fe ,  with aesthetic and recre- 

ational values, i s  t o  maintain small, 
scattered openings by mowing, burning, 
or growing food plots (Healy and Nenno 
1983) . 

Ways of reducing the damage t o  
wil dl i  f e ,  aesthetics, recreation, and 
other values by cl earcutting or high- 
grading hydric hammock are t o  l imit  
the s i z e  ~f i n d i v i d u a l  cuts and t o  de- 
sign the i r  shape and location t o  maxi- 
mize contrasting edges and the inter- 
spersion of habitats (Harris and Smith 
1978). Most wildlife species do best 
in a diverse habitat, and most people 
prefer diverse scenery. Therefore, in 
large, uniform forests  of hydric ham- 
mock, some clearcutting or highgrading 
in small, irregul a r  patches i s  proba- 
bly beneficial. Because few such 
t r ac t s  now exis t ,  logging of mature 
hydric hammock i s  n o t  beneficial or 
advisable i f  wildlife,  aesthetics,  
recreation, and urban open space are 
the only considerations. The amount, 
s ize ,  and rotation length of well- 
placed, irregular cl earcuts should be 
based on the priority of the uses be- 
ing considered. Where timber or graz- 
ing i s  the primary use o f  the land, 
the s ize,  shape, and other factors of 
1 ogging operations are best determined 
by economic factors,  sustained yield 
considerations, and Florida's Best 
Management Pract ices (Fl orida Division 
of Forestry 1980), which requires 
buffer s t r ip s  along waterways and 
proper road, bridge, and culvert con- 
struction to  minimize water pollution. 

Rotation length (the time between 
harvests) i s  one factor to consider in 
the even-aged management that  results 
from clearcutting and, to  a large de- 
gree, from highgrading. Again, where 
timber production and grazing are the 
primary uses of the forest ,  rotation 
length can be determined on the basis 
of maximum return on investment, usu- 
a l ly  between 30 and 50 years in hydric 
hammocks. Pines general ly  are grown 
on shorter rotations than hardwoods, 



a1 though the re  i s  considerable v a r i a -  
t i o n  i n  both due t o  the many d i f f e r e n t  
products f o r  which t imber i s  grown. 
Longer r o t a t i o n s  a re  des i rab le  i f  mul- 
t i p l e  uses are  being balanced and i n -  
tegrated.  Fo l lowing a c l e a r c u t  i n  hy- 
d r i c  hammock, browse i s  ample, but 
mast p roduct ion  i s  scanty and few cav- 
i t i e s  are  a v a i l a b l e  f o r  w i l d l i f e  dens 
and nests.  From 10 years o f  age u n t i l  
age 20 o r  30 years, t he  hammock i s  a 
dense stand o f  young t rees  w i t h  almost 
no ground cover, browse, mast, o r  cav- 
i t y  space. Subsequently, d i v e r s i t y  
and w i l d1  i f e  value o f  hyd r i c  hammock 
increase; t h e  ground p l  ants recover, 
some t rees  d ie ,  o thers  develop c a v i -  
t i e s ,  and many mature t o  mast-produc- 
i n g  age. Tree c a v i t i e s  t h a t  provide 
s h e l t e r  and nest s i t e s  f o r  many 
w i l d l i f e  species w i l l  increase many 
f o l d  du r ing  t h i s  process (McComb e t  
a l .  1986). The species composit ion o f  
h y d r i c  hammock may i n f l uence  the se- 
l e c t i o n  o f  r o t a t i  on length,  p a r t i c u -  
l a r l y  i f  an o ld-growth cond i t i on  i s  t o  
be a t ta ined  before the stand i s  cu t .  
Swamp l a u r e l  oak reaches m a t u r i t y  i n  
about 50 years (Fowel ls 1965), 
l o b l o l l y  p ine  i n  about 150 years, and 
sweetgum i n  about 200 years (Harlow 
and Harrar  1958). L i ve  oak, southern 
red-cedar, and cabbage palm are proba- 
b l y  s i m i l a r  t o  o r  l o n g e r - l i v e d  than 
sweetgum, whereas hornbeam may be even 
s h o r t e r - l i v e d  than swamp l a u r e l  oak. 
The economic m a t u r i t y  o f  these species 
fo r  t imber product ion i s  much shor te r  
than these values. Where t o  se t  the 
r o t a t i o n  age i n  a p a r t i c u l a r  instance 
depends on the  r e l a t i v e  demands and 
p r i o r i t i e s  o f  t h e  uses, and on the  
c o n d i t i o n  o f  the stand and the sur-  
rounding f o r e s t .  

W i l d l i f e ,  recreat ion ,  and aes the t i c  
values o f  many h y d r i c  hammocks can be 
increased by i d e n t i f y i n g  s i t e s  o f  par-  
t i c u l a r  s i g n i f i c a n c e  f o r  these pur -  
poses and keeping them i n  an o l d -  
growth cond i t ion .  I n  t he  case o f  the  
p r i v a t e  t imber grower, the  s i t e s  may 

be q u i t e  small and l oca ted  around 
sinkholes, on steep slopes, along 
streams, o r  i n  o the r  places t h a t  cause 
1 oggi ng problems anyway. I n  h y d r i c  
hammocks being managed f o r  mu1 t i p l e  
uses, the  s i t e s  should be much l a r g e r ,  
and i n  h y d r i c  hammocks being managed 
s p e c i f i c a l l y  f o r  uses o ther  than t im-  
ber and graz ing,  o l d  growth might we l l  
he the  apt imal  cond i t i on .  

How logs  are f e l l e d  and removed from 
the  f o r e s t  i s  another f a c t o r  t h a t  
should be considered i n  t imber manage- 
ment. Access o r  l ogg ing  roads u s u a l l y  
must be b u i l t  o r  improved. A s e t  o f  
gui del  i nes (Best Management Practices) 
d e t a i l i n g  how t o  avoid s i l t a t i o n  and 
o ther  environmental problems associ - 
a ted  w i t h  const ruct ing  l ogg ing  roads 
and c u l v e r t s  i s  a v a i l  ab le ( F l o r i d a  D i -  
v i s i o n  o f  Fo res t r y  1980). Even when 
these guide1 ines  are f o l l  owed, prob- 
lems can occur when f i l l  i s  used t o  
cons t ruc t  roads across drainages and 
wetlands. Cu lver ts  need t o  be l a r g e  
and numerous enough t o  handle f l o o d  
cond i t ions  and a1 1 ow water c i r c u l  a t i o n  
i n  wetlands. I n  general,  t he  use o f  
f i l l  should be minimized, and,  i n  some 
cases, t h e  f i l l  roads should be r e -  
moved a f t e r  l ogg ing  i s  complete. 

The 1 oggi ng i t s e l f  u s u a l l y  invo lves  
heavy equipment 1 i k e  b i g  sk idders and 
hydraul i c  shears, which cause 1 arge 
ru t s ,  s o i l  compaction, and eros ion  i f  
the  s o i l  i s  s o f t  (Hatche l l  e t  a7 .  
1970). Th is  equipment can a1 so cause 
a l o t  o f  damage t o  t h e  t r e e s  remaining 
i n  a s e l e c t i v e  cu t ,  unless the  logger  
i s  c a r e f u l  and the  l o g g i n g  i s  super- 
v ised c lose l y .  The bes t  way t o  reduce 
the  s o i l  damage i s  t o  l o g  on l y  when 
the  s o i l  i s  d ry .  A t imber  con t rac t  
can be w r i t t e n  so t h a t  t h e  landowner 
has t h e  power t o  s top the  l ogg ing  when 
the  ground i s  t o o  wet. Requ i r ing  the  
l a r g e  machines t o  take  a d i f f e r e n t  
r o u t e  through t h e  woods on every t r i p  
prevents deepening r u t s  i n  t he  s o i l  
and d i s t r i b u t e s  the  impact evenly over 



the s i t e .  This practice i s  preferred 
(provided that  the soi l  i s  n o t  t o o  
sof t  or wet) for  clearcuts where some 
additional s i t e  preparation from the 
logging operation i s  desired, b u t  for 
selective cuts i t  i s  undesirable, be- 
cause i t  maximizes damage to  the re- 
maining t rees  and t o  the understory, 
shrub, and ground-cover vegetation. 
S k i d d ~ r  ruts  or t r a i l s  can channel ize 
water flow, increasing erosion and 
drainage and reducing the water s tor -  
age and f i l t e r ing  function of the for-  
e s t .  This damage can be reduced by 
planning the logging so t h a t  most 
skidder routes go parallel with the 
contours of the land and across the 
direction of water flow. If the s i t e  

~ - 

i s  too d i f f i c u l t  t o  log with skidders, 
or i f  the damage that  would resul t  i s  
unacceptable, there are some a1 terna- 
t ives .  Small timber can be logged by 
chainsaws and medium-sized trucks. If 
the target  i s  big and valuable sawlogs 
and ply 1 ogs, logging may be done by 
he1 icopter, though t h i s  i s  obviously 
much more expensive. A third possi- 
b i l i t y ,  seldom available, i s  the use 
of d ra f t  animals for  skidding. Use of 
a portable winch to  do some or a17 of 
the skidding can greatly reduce log- 
ging damage and may be the most eco- 
nomical method for  small thinning op- 
erations (Post 1986). 

5.2.2 Timber Stand Im~rovement 

Timber stand improvement i s  the se- 
lect ive ki l l ing of unwanted trees or 
other vegetation. I t  i s  used for 
t rees  tha t  are  not salable or cannot 
be removed without excessive damage t o  
the forest .  Some small trees and most 
vines can be kil led by cutting the 
stem. When trees  are larger than 
about 10 cm in diameter and are not 
too numerous, they can be killed by 
girdling with an ax or  machete and 
completely removing a  bel t  of bark and 
cambium about 10 cm wide from around 
the trunk. Girdling i s  most effective 
and easiest  in the spring when the 

cambium i s  actively growing. A more 
certain way of ki 11 ing individual big 
trees i s  t o  inject  them with herbi- 
cide. Several types of herbicides and 
injectors are available that work well 
(Haywood 1986). For ki l l  ing small 
trees or shrubs, applying a  systemic 
herbicide mixed with diesel,  fuel o i l ,  
or kerosene to  the basal bark or stem 
o f  the plant may be the most effective 
and ef f ic ien t  method (Haywood 1986). 
Hexazaz i  none, appl i  ed on the ground 
either as pel le ts  or in liquid form, 
k i l l s  most woody plants, and, a t  the 
right dosage, can ki l l  hardwoods with- 
o u t  affecting associated pines and 
palms. Because oaks and many other 
hardwoods are particularly sensitive 
t o  t h i s  chemical, i t  cannot be applied 
near hardwoods t h a t  are t o  be saved. 

Timber stand improvement i s  gener- 
a l ly  more precise and del icate  than 
logging, and i t  can be applied in 
small and widely scattered 1 ocat i  ons. 
I t  i s  commonly used t o  release young, 
potentially valuable timber t rees  from 
competition with cu l l s  and unmer- 
chantable species, b u t  i t  i s  also ide- 
a l ly  suited to  releasing t rees  that 
have or will have high wildl i fe  or 
aesthetic value. For instance, i f  a  
hydric hammock has very few 1 ive oaks, 
which are generally of high value for 
wildlife and aesthetics,  these can be 
freed from competition. The old oaks 
will 1 ive longer and the young ones 
will grow fas te r  and have a  better 
chance o f  surviving to  maturity. Di- 
versi t y  may be increased by releasing 
individual s  of any uncommon component 
of the forest .  Den t rees  and special 
nest t rees  could also be released. 
Kill ing a  few trees  each year improves 
habitat for woodpeckers by providing a  
continuous supply of feeding and nest- 
ing t rees .  

Not a l l  t rees  benefit from competi- 
t ive release. Killing t rees  around 
one already well si tuated in the 
canopy can hurt the t ree  by kil l ing 



roots t o  which i t  i s  root-grafted, by sprouters and seeders, such as sweet- 
opening the canopy enough t o  make i t  gum, a common component of the forest  
more subject t o  wind damage, or by and a pro l i f ic  sprouter and seeder. 
triggering root-rot diseases or pest The only t r ee  more favored by severe 
insect popul a t i  ons. disturbance i s  loblolly pine, which 

needs the competing vegetation se t  
5.2.3 Reqeneration back heavily t o  enable i t  t o  s t a r t  

from seed and outgrow i t s  competition. 
The regeneration of hydric hammocks 

involves another se t  of techniques 
that  can be used to  shape the forest 
t o  benefit various uses. There are 
two categories of regeneration: natu- 
r a l ,  in which the forest  reproduces 
i t s e l f ,  and a r t i f i c i a l ,  in which seed 
i s  applied or seedlings are planted 
(Smith 1962). Natural regeneration i s  
almost always used in hydric hammock, 
except where a pine forest  i s  the de- 
sired resu l t .  Hydric hammocks regen- 
erate  very easily and prol i f ical ly ,  
and any sort  of logging, f i r e ,  hurri- 
cane damage, or similar disturbance 
will be followed by abundant regenera- 
t ion. The question for management i s  
whether or not and how t o  influence 
the composition and condition of the 
reproduction. Factors affecting t h i s  
dec i s ion  are the composition of the 
original stand in terms of species 
that  will root- or stump-sprout, com- 
position of the suppressed seedlings 
and saplings t h a t  will respond t o  re- 
lease, seed sources remaining af te r  
the disturbance (seeds in and on the 
ground and in seed t r ees ) ,  the timing 
(e.g., season) and severity of the 
disturbance (Johnson 1977), and subse- 
quent events such as droughts, floods, 
browsing by 1 ivestock and deer, and 
f i r e s .  I n  general, the next stand 
will be dominated by the seed1 ings and 
saplings that remain plus sprouts from 
vigorous sprouters 1 i ke sweetgum and 
persimmon. Oaks, elms, bays, red- 
cedar, and cabbage palm generally have 
enough seedlings in the understory to  
regenerate the forest ,  so these 
species have the advantage i f  the for -  
es t  i s  disturbed gently enough that  
most seed1 i ngs and sap1 i ngs survi ve. 
More severe disturbance favors the 

Natural 1 oblol ly pine reproduction i s  
g rea t ly  b e n e f i t 4  by burning in the 
spring or summer and logging in the 
l a t e  f a l l  and winter, because the 
seeds f a l l  on mineral soil  and are 
covered during the logging disturbance 
a t  the proper time of year t o  get a 
good crop of seed1 ings (Haymond 1983). 
Burning and logging are  disturbances 
that  help to  control competing vegeta- 
t ion;  c a t t l e  grazing favors the regen- 
e r a t i o n  of  pine and cabbage palm,  

Leaving seed t rees  i s  another way of 
obtaining pine or hardwood reproduc- 
tion a f t e r  logging. A1 ternative p ro -  
cedures are to leave 5 t o  10 seed 
trees per acre (seed-tree cut)  or t o  
leave 20 to  40 seed t rees  per acre 
(shel terwood cut ) .  The shel terwood 
method can work well fo r  loblolly pine 
i f  an adequate thinning and prescribed 
burning program i s  done in the decade 
prior t o  harvest. I t  also may work 
well for  regenerating oaks i f  there 
are adequate prel iminary thinnings 
(McKnight and Johnson 1980). However, 
shelterwood and seed t r e e  harvests of- 
ten are  l e s s  effect ive than winter 
clearcutting for  obtaining loblolly 
pine reproduct ion in Florida hydric 
hammocks, because the seed f a l l s  a f te r  
the disturbance and a f t e r  the compet- 
ing vegetation has begun t o  recover. 
Furthermore, many of the t rees  l e f t  to  
supply seed may d ie  from the s t r e s s  of 
logging damage t o  root systems, soil  
compaction, windthrow, and the in- 
crease in insect and disease popula- 
t ions following logging. This loss ,  
combined with the cost of having to  
log the area again i f  the remaining 
seed or  shelterwood trees  a re  t o  be 



salvaged, can make t h i s  a very expen- 
sive way to  regenerate the fores t .  

Establishing hydric hammock on old 
f ie lds ,  pastures, and reclaimed sur- 
face mines tha t  were or iginal ly  hydric 
hammocks i s  best accompl i shed by f i r s t  
planting loblolly or  slash pine. When 
the pines grow large enough t o  s u p -  
press the weeds and grasses and to  
provide perches fo r  birds,  many of the 
hydric-hammock species of t rees  and 
shrubs will become established under 
the pines i f  a seed source i s  nearby. 
I f  there i s  no seed source, or i f  a 
particular species composition i s  de- 
sired, some planting or seeding of the 
desired species can be done. This 
method closely imitates the old-f ie ld 
succession tha t  occurs naturally on 
abandoned s i t e s  in Florida. When the 
pines are large enough t o  harvest, 
some or most could be cut and sold, 
but t h i s  would s e t  back the develop- 
ment of the hammock by damaging the 
young hardwoods and by reducing soi l  
f e r t i l i t y  through nutrient removal and 
soi 1 compact i on. 

5.3 FiRE MANAGEMENT 

Hydric hammock i s  not generally con- 
sidered a fire-adapted community, and 
f i r e  does not naturally occur there 
with nearly the frequency found in 
high pine or pine flatwoods (Harper 
1915; Laessle 1942; Wells 1942). How- 
ever, the authors found evidence of 
f i r e  in a t  l eas t  par ts  of a l l  the hy- 
d r i c  hammocks we vis i ted and through- 
out many of them (Figure 26). Cer- 
ta inly the edges of hydric hammocks 
adjacent to  fire-adapted communities 
l i k e  pine flatwoods and pra i r ie  are 
subject t o  f i r e  on occasion. Indeed, 
the location, s t ructure,  and species 
composition of the edge between the 
two communities i s  determined par- 
t i a l l y  by f i r e  (Vince et a l .  1989). 
Clearly f i r e  i s  a tool tha t  can be 
used t o  keep hydric hammock from en- 
croaching on other communities. 

Figure 26. Fire scars on cabbage palm in hydric 
hammock, Seminole Ranch, In the upper basin 
of the St. Johns River. 

Fire also can be used to  control the 
s t ructure and species composition 
within some kinds of hammock. Both 
the forest  f loor  beneath hammocks dom- 
inated by loblol ly  pine and the leaf 
1 i t t e r  beneath cabbage palm are highly 
flammable. Prescribed f i r e  often i s  
used in loblol ly  pine hammocks to  re- 
duce hardwood regeneration and to  
maintain the pine domination of the 
fores t  (Jerry L .  Clutts,  Ocala Na- 
tional Forest; pers. comm.). Hydric 
hammocks on ranches are burned occa- 
sional l y  t o  e l  iminate shrubs, small 
t rees ,  and some larger  t rees ,  encour- 
aging growth of grasses, sedges, and 
other herbaceous pl ants favored by 



ca t t l e .  Prescribed burns often are 
conducted in early spring to  remove 
the tough, old grass and stimulate the 
production of tender, new grass for  
c a t t l e  grazing. These hammocks become 
very open beneath the canopy and usu- 
a l ly  consist of cabbage palm, l ive  
oak, and sometimes loblolly pine 
(Figure 23). Harlow (1959) attributed 
the  rrzaintenance o f  cabbage palm ham- 
mocks to  frequent b u r n s  (every 2 t o  3 
years). One very severe f i r e  was suf- 
f ic ien t  t o  eliminate a l l  the t rees  ex- 
cept cabbage palm from a hydric ham- 
mock containing a mixture of cabbage 
palm, 1 ive oak, and southern red-cedar 
a t  Tosohatchee State Reserve (Randal 1 
E .  Hester, Florida Department of Natu- 
ral Resources; pers. comm.). 

The use of controlled burning or the 
active protection from f i r e  of a hy- 
dr ic  hammock are fores t  management ac- 
t ions that  should be considered based 
on the desired condition of the for-  
e s t .  When the management goal i s  a 
forest  of merchantable hardwoods such 
as sweetgum, f i r e s  can be calamitous 
(Putnam et  a l .  1960). Even low-inten- 
s i t y  f i r e s  that do not k i l l  the hard- 
woods may wound the t rees ,  leading to  
fungal attack (Kaufert 1933). Fire 
favors cabbage palm, loblolly pine, 
and l ive  oak in the overstory; removes 
vines, shrubs, and understory t rees;  
and increases grasses, sedges, and 
other herbs in the ground cover. Fre- 
quent, mild f i r e s  favor loblolly pine; 
severe, occasional f i r e s  strongly fa- 
vor cabbage palm; and f i r e  protection 
favors sweetgum, swamp laurel oak, 
elms, maples, mu1 berry, sweetbay, etc.  
in the overstory and hornbeam, wax 
myrtle, hol l ies ,  e tc .  in the under- 
story. Southern red-cedar i s  very 
susceptible t o  f i r e  but i s  s a l t - to l e r -  
ant (Putnam et  a 7 .  1960) ; i t  cannot 
compete well in a dense forest  of the 
f i r e -  intolerant species. A1 ong the 
coast, where these competing species 
are removed by s a l t  s t ress ,  red-cedar 
benefits from f i r e  protection. 

Prescribed burning may be used as  an 
aid in regenerating loblol ly  pine on 
hydric hammock s i t e s .  Annual burns 
f o r  several years pr ior  t o  logging en- 
hance t h e  probabili ty of obtaining 
surccessful natural regeneration of 
1 oblol l y  pine (Haymond 1983). Summer 
f i r e s  a r e  particul a r ly  e f fec t ive  in 
control 1 ing the  hardwood understory of 
loblolly p i n e  stands (Lotti  et a l .  
1960), and they are  a l so  much more e f -  
fec t ive  than winter f i r e s  in preparing 
a good seed bed (Ferguson 1958). Hot 
f i r e s  a re  very helpful in preparing 
s i t e s  f o r  planting pines because they 
control hardwoods and reduce logging 
slash and other debris tha t  would hin- 
der s i t e  preparation and planting op- 
erat ions.  

5.4 WATER MANAGEMENT 

The frequency, duration, depth, and 
time of year of flooding, as well as 
the depth of the water table  and i t s  
f luctuations between floods, a l l  in- 
fluence the character and extent of 
hydric hammocks. Other factors  such 
as soi l  charac ter i s t ics  and water 
quality may in terac t  with flooding to  
affect  plant growth and composition in 
these fores ts .  Many of the relat ion-  
ships among water, s o i l s ,  and hydric 
hammock p l  ants are poorly understood. 
However, numerous studies in the labo- 
ratory and f i e l d  have shown tha t  wet- 
land t r e e  species d i f f e r  in t h e i r  t o l -  
erance t o  inundation (summarized in 
Gill 1970; Teskey and Hinckley 1977). 
These data and correlations of t ree-  
species dis t r ibut ion and flood charac- 
t e r i  s t i c s  in southeastern floodplain 
fores ts  (e.g., Bedinger 1978; Leitman 
e t  a 7 .  1983) permit some general water 
management guide1 ines f o r  hydric ham- 
moc ks . 

The main kind of water management 
problem in hydric hammocks i s  the mit- 
igation of existing or proposed a l t e r -  
ations t o  the  natural hydro1 ogical 



regime. Regional water maniigement, 
plans i n c r e a s i n g l y  c a l l  f o r  t h e  pur- 
chase of f o r e s t e d  and o t h e r  wetland 
a r ea s  t o  d e t a i n  and s t o r e  f l ood  and 
stormwater f lows.  Impacts on t h e  hy- 
drology of  hyd r i c  hammock r e s e r v e s  
w i l l  depend upon t h e  r a t e  and n a t u r e  
of  development i n  t h e  watershed;  a s  
urbaniza t ion  i n c r e a s e s  and water  i n -  
f i l t r a t i o n  i n t o  t h e  s o i l  o f  upland a r -  
ea s  dec reases ,  hydri  c hammocks wi 1 i 
r ece ive  more f r e q u e n t  and g r e a t e r  peak 
flows of  r u n o f f .  Dams, upstream d i  - 
vers ions ,  water  tab1 e drawdowns, and 
d ischarges  from power and wastewater 
t rea tment  pl a n t s ,  i ndus t ry ,  and ag r i  - 
c u l t u r e  i n f luence  the amount and qual - 
i t y  o f  in f low t o  hyd r i c  hammocks. 
Logging and concomitant road-bui ld ing  
i n  hydric  hammocks have mu1 t i p l e  e f -  
f e c t s  on both on- and o f f - s i t e  hydrol-  
ogy ( s ee  s e c t i o n  on Timber Produc- 
t i o n ) .  The hydro logica l  consequences 
of  t imber ha rves t i ng  i n  hyd r i c  ham- 
mocks a r e  mainly a s s o c i a t e d  wi th  r e -  
moval of  t h e  canopy, use o f  heavy ma- 
ch inery ,  and road c o n s t r u c t i o n .  The 
e f f e c t s  i n c r e a s e  with t h e  i n t e n s i t y  o f  
logging and s i t e  p r e p a r a t i o n ,  but  gen- 
e r a l l y  a r e  sho r t - t e rm.  S i m i l a r  but 
more s eve re  and l o n g - l a s t i n g  impacts 
can be expected t o  result from land 
c l e a r i n g  f o r  o t h e r  purposes  such a s  
a g r i c u l t u r e  and r e a l  e s t a t e  develop- 
ment, where the land  i s  permanently 
c l ea red  and g r e a t l y  compacted. 

5.4.1 Mi t iqa t ion  of  Impacts o f  Timber 
Production 

S i l v i c u l  t u r a l  " b e s t  management prac-  
t i c e s "  a r e  designed t o  reduce nonpoint 
source pol l u t i on  from f o r e s t  1 ands and 
a r e  implemented on a vo lun ta ry  b a s i s  
i n  F lo r ida  ( F l o r i d a  Div is ion  o f  
Fores t ry  1980; Riekerk 1983). In 
f o r e s t e d  wet1 ands occupying a r e a s  o f  
low s lope ,  the main recommendation i s  
t h e  r e t e n t i o n  o f  b u f f e r  s t r i p s  along 
open waterways. These f o r e s t e d  t r a c t s  
decrease  runof f  v e l o c i t y  and, depend- 
ing on the width of  t h e  s t r i p  and t h e  

voiume and r a t e  of flow, r e t a i n  some 
of  the n u t r i e n t  and sediment load .  
The width necessary  t o  achieve d e s i r -  
a b l e  water  qual i t y  w i l l  vary with t h e  
s lope ,  s o i l  t ype ,  and e x t e n t  of  log-  
g ing  d i s tu rbance .  Best management 
p r a c t i c e s  f o r  roads  inc lude  ca re fu l  
s i t i n g  and c o n s t r u c t i o n  s o  water  
d ra inage  i s  no t  impeded. Culver t s  
should be f r equen t  and proper ly  s i zed .  
Road c o n s t r u c t i o n  should be minimal 
and c a r r i e d  o u t  dur ing  t h e  dry  season. 
Log sk idding  and mechanical s i t e  
p r epa ra t i on ,  which a1 so r e q u i r e  heavy 
machinery, should be r e s t r i c t e d  simi - 
l a r l y .  Good f o r e s t  and water  manage- 
ment r e q u i r e s  t h a t  c l e a r e d  a r ea s  a r e  
r a p i d l y  r evege t a t ed .  Dense canopy 
w i l l  i n t e r c e p t  r a i n f a l l  and l e s sen  
s o i l  e ro s ion ;  p l a n t  uptake of  water  
and n u t r i e n t s  w i l l  f u r t h e r  decrease  
s o i l  l o s s e s  and r e t u r n  t h e  water t a b l e  
t o  pre-d i  s tu rbance  l eve l  s. S i t e s  with 
s eve re ly  d i s t u r b e d  s o i l s ,  such a s  l og  
decks,  may r e q u i r e  seeding o r  p l a n t -  
ing .  C lea rcu t s  o r  o t h e r  f o r e s t  c l e a r -  
ings  (e .g . ,  f o r  a g r i c u l t u r e  o r  bu i ld -  
i ngs )  should be smail and in t e r spe r sed  
among undi s tu rbed  hammock s tands .  

5 .4 .2  M i t i a a t i o n  o f  I m ~ a c t s  o f  Waste- 
water  Disposal 

Stream d i v e r s i o n s  and a q u i f e r  draw- 
downs provide water  t o  a g r i c u l t u r e ,  
i n d u s t r y ,  and F l o r i d a ' s  r a p i d l y  ex-  
panding popula t ion .  To moderate t h e  
impacts o f  water  removal on a hydric  
hammock, e i t h e r  the drawdown must be 
reduced o r  an add i t i ona l  source  of wa- 
t e r  must be found t o  s u b s t i t u t e  f o r  
t h e  l o s s .  Some p o s s i b l e  sources  a r e  
underlying a q u i f e r s ,  stormwater runoff 
from devel  oped a r e a s ,  and wastewater 
d i s cha rges  from power p l a n t s  and 
sewage t r ea tmen t  f a c i l i t i e s .  

Res tor ing  stormwater and wastewater 
t o  a u sab l e  c o n d i t i o n  i s  a goal of re- 
g iona l  water  management. One approach 
i s  f i l t r a t i o n  through wet lands,  which 
ach ieves  t e r t i a r y  t r ea tmen t  o f  sewage 



e f t l u e n t  wniie r e t u r n i r ~ y  I i ~ e  whtar- t a  
t h e  aqu i f e r  o r  su r f ace  f lows.  Impacts 
of wastewater add i t i ons  on t h e  hy- 
droperiod of hydric  hammocks and con- 
cerns  about t h e  f i l t e r i n g  capac i ty  of 
t hese  wetlands have a l ready  been d i s -  
cussed ( see  Chapter 4.7).  

Water management opt ions  f o r  i n t r o -  
ducing wastewater i n t o  hydr ic  hammocks 
include reyuqation o f  t h e  water d s p t h  
and f l  oodi ng dura t ion  and frequency. 
Because v i r t u a l l y  no d a t a  e x i s t  on 
which t o  base app ropr i a t e  l e v e l s ,  t h e  
s a f e s t  procedure i s  t o  develop an ex- 
perimental plan t h a t  would allow as -  
sessment of severa l  d i f f e r e n t  scenar -  
i o s  (G. Ronnie Best ,  Center For Wet- 
lands ,  Universi ty  of  F lo r ida ;  pe r s .  
comm.). I f  poss ib l e ,  a small p a r t  of 
t h e  hydric  hammock should be t r e a t e d  
with water regime a l t e r a t i o n s  on an 
experimental basi s f o r  severa l  y e a r s  
before applying t h e  same techniques t o  
a l a r g e r  a rea .  The f i r s t  s t e p  i s  s i t e  
s e l e c t i o n .  Hydric hammocks with an 
abundance of spec i e s  t h a t  a r e  t o l e r -  
a n t ,  o r  moderately so ,  o f  f looding ,  
such a s  cabbage palm and red maple, 
a r e  most s u i t a b l e  s i n c e  t h e s e  would be 
l e a s t  l i k e l y  t o  be adversely a f f e c t e d  
by increased hydroperi od. Those ham- 
mocks with moderately high l e v e l s  of 
organic  mat te r  i n  t h e  s o i l s  probably 
have t h e  g r e a t e s t  capac i ty  f o r  n u t r i -  
e n t  and contaminant r e t e n t i o n .  The 
r e q u i s i t e  s i z e  of t h e  s i t e  w i l l  depend 
upon t h e  amount and r a t e  of wastewater 
t o  be discharged;  t h e  hammock must be 
s u f f i c i e n t l y  l a r g e  t o  ensure  slow wa- 
t e r  ve loc i ty  and a water  r e t e n t i o n  
time of a t  l e a s t  severa l  days. I f  t h e  
wastewater i s  held on t h e  wetland f o r  
a per iod of l e s s  than 3-5  days,  r e -  
moval r a t e s  o f  n i t rogen  and b io log ica l  
oxygen demand (BOD) g r e a t l y  decrease 
(Robert L .  Knight, CH2M H i l l ,  I nc . ,  
Gainesvi l le ,  F lo r ida ;  pers .  comm.). 
Present  hydraul i c  1 oadi ng r a t e s  of 
wastewater i n t o  F lo r ida  wet1 ands a r e  
on the  order  of 2.5-13 cm per  week, 
although one swamp rece ives  25 cm per  

wszk. The ccrct tntrat ion o f  n u t r i e n t s  
i n  t h e  wastewater  a l s o  must be consid- 
ered when de termining  t h e  s i z e  of  hy- 
d r i  c hammock r equ i r ed  f o r  adequate 
r a t e s  of  removal. Retent ion of  water 
i n  an impoundment p r i o r  t o  discharge 
i n t o  t h e  wet lands  may a id  t h e  e f fec-  
t i v e n e s s  of  n u t r i e n t  removal by s t ab i -  
1 i z i n g  flow r a t e s .  Wastewater should 
be allowed t o  spread in  a shallow 
1 ;yer over t h 2  hammock. Harms e t  a!. 
(1980) observed 1 i  ttl e mortal i  t y  among 
mature wetland hardwood t r e e s ,  includ- 
ing oaks and F lo r ida  elm, exposed t o  
average water  depths  o f  52 cm o r  l e s s  
f o r  seven y e a r s  ( s ee  Figure 18) ,  but 
a t  l e a s t  two drydown periods occurred 
wi th in  t h a t  i n t e r v a l .  Drydowns a re  a 
n e c e s s i t y  i n  hydr i c  hammocks because 
none o f  t h e  woody p l an t  spec ies  i n  
th i s  community can withstand continual 
inundat ion throughout  t h e  growing sea- 
son (Gi l l  1970; Teskey and Hinckley 
1977).  However, t h e  dura t ion  of 
f l ood ing  t h a t  can be t o l e r a t e d ,  and 
t h e  l e n g t h  of  t h e  fol lowing aera t ion  
pe r iod ,  can only  be conjectured.  A 
review of  t h e  f lood  to l e rance  o f  wet- 
1 and t r e e  s p e c i e s  (Teskey and Hinckley 
1977) sugges t s  t h a t  mature hydric  ham- 
mock t r e e s  remain heal thy even when 
f looded f o r  17%-37% of t h e  growing 
season.  However, t h e  seedl ings  a r e  
more s e n s i t i v e  t o  inundat ion:  sur- 
v iva l  drops  sha rp ly  a f t e r  10 days of 
f looding .  Div is ion  o f  t h e  hydric  ham- 
mock i n t o  s e p a r a t e  rece iv ing  c e l l s  
would a l low f o r  t h e  continuous d i s -  
charge of wastewater i n t o  t h e  wetland 
wi thout  exposure of  any p a r t i c u l a r  
a r ea  t o  c o n s t a n t  inundat ion.  Duration 
of  f l ood ing  and drydown per iods  could 
be va r i ed  among t h e  c e l l s ,  permitting 
an experimental eva lua t ion  of  t h e  e f -  
f e c t s  o f  t h e s e  v a r i a b l e s  on t h e  plant 
community and on n u t r i e n t  removal . 
Any program t h a t  adds wastewater t o  a 
hydri c hammock should inc l  ude ca re fu l ,  
1 ong-term monitor ing t h a t  assesses  
both t h e  h e a l t h  of  t h e  e x i s t i n g  stand 
and i t s  r egene ra t ion .  Nut r ien t  con- 
c e n t r a t i o n s  i n  t h e  outf low must be 



measured to  ensure t h a t  increased lev- 
e l s  are  not added t o  downstream water- 
bodies. 

5.5 WILDLIFE MANAGEMENT 

A broad range of wildl i f e  management 
techniques i s  appl icable t o  hydric 
hammocks. These involve management of 
habitat  quantity and qual i ty ,  and man- 
agement and protection of wildl i fe  
popul a t  i ons. 

5.5.1 Manauement of Habitat Quantity 
and Qua1 i t.y 

Given the diverse and abundant 
wi1 dl i f e  occupying hydric hammock 
(Vince et  a l .  19891, conserving the 
maximum possible amount of t h i s  habi- 
t a t  i s  probably the single most impor- 
t a n t  consideration for wildl i fe  man- 
agement. Hydric hammock i s ,  on aver- 
age, l e s s  valuable for  timber produc- 
t ion than many other types of forest .  
In times of economic recession, t h i s  
habitat  often i s  available for pur- 
chase from timber companies. Substan- 
t i a l  portions of hydric hammock not 
converted to  other uses has come under 
publ i c  ownership, including parts of 
Chassahowitska National Wild1 i f e  
Refuge, Waccasassa Bay State  Preserve, 
Big Bend Wi ldl  i f e  Management Area, 
Lower Suwannee Ri ver National Wi 1 dl i fe 
Refuge, St. Marks National Wildl i fe 
Refuge, San Felasco Hammock State Pre- 
serve, Silver River State  Park, Semi- 
nole Ranch, Tosohatchee State Reserve, 
and Myakka River State  Park. All 
these areas are or  will be managed for 
conservation by publ i c  agencies. Ad- 
di t ional  acquisitions of hydric ham- 
mock f o r  t h i s  purpose can be an t ic i -  
pated in the future.  

Conversion of hydric hammock to 
other uses usually substi tutes 
wildl i f e  communities with l e s s  diver- 
s i t y  and abundance of wildl i fe  t h a n  

ntrirjrdl l y  hyCirir: "nairi~loikr. 
How t h i s  affects  the regional fauna 
depends on the configuration of man- 
agement units.  Because clearcut  areas 
will support a d i f fe rent  s e t  of animal 
species than undisturbed hydric ham- 
mock, the overall d ivers i ty  of 
wi ld l i fe  across management units may 
increase i f  the new 1 and-use pattern 
creates  a more complex mosaic of habi- 
t a t s .  Un the other h a n d ,  regional d l -  
versi t y  may decrease i f c l  earcutti  ng, 
1 ivestock grazing on na t ive  pastures, 
or farming are common practices 
nearby, even i f  these o the r  1 ands were 
not or iginal ly  hydric hammock. The 
reason i s  that  the set of wildlife 
benefited by clearcuts in  hydric ham- 
mock i s  essentially t h e  same as that  
benefi Led by fallow f i e l d s ,  native 
pastures, ana clearcuts i n  most other 
fo res t  types. 

A related practice important t o  
maintenance of the wild1 i f e  of hydric 
hammock i s  t o  maintain the existing 
interspersion of hydric hammock with 
ups1 ope and downslope habi tats .  As 
documented for turkey, squi r re l ,  and 
deer (Vince e t  a l .  19891, some o f  the  
important wildlife spec ies  depend on 
movement among these hab i t a t s  season- 
a l ly ;  loss or impoverishment of one of 
the habi tats  may diminish the carrying 
capacity for an overal l  popul a t  i on 
spanning several hab i t a t s .  Probably 
the lumbering of cypress swamp had 
t h i s  e f f ec t  on i vory-bi 11 ed woodpeck- 
e r s  tha t  also used hydric hammock. 
Perhaps the most important such nega- 
t i v e  effect  on wild1 i f e  populations 
has been the 1 arge-scale conversion of 
mesic hammock t o  pine plantations, 
which has eliminated t h e  best habitat 
avail able to  deer during summer flood- 
ing. Where mesic hammock i s  l o s t ,  the 
adjacent h ~ d r i  c hammock can support 
only the resident gray squi r rel  s ;  buds 
of elm and red maple t h a t  could a1 so 
sustain temporary immigrants from 
mesic hammock during l a t e  winter be- 
come an underused resource.  Loss of 



- 
t h e  mesic hammock ups lope a l s o  has r e -  g 
duced mast-produc ing h a b i t a t  f o r  a  52 - 
l o n g  l i s t  o f  w i l d l i f e  species,  i n c l u d -  
i n g  many o f  t h e  l a r g e s t  and most i m -  

u p o r t a n t  game species such as tu rkey ,  so - 
s q u i r r e l ,  bear, deer,  and f e r a l  hog. V )  

Data from o t h e r  h a b i t a t s  i n  F l o r i d a  $ A. FLATWOODS 
( f l a twoods  and scrub)  demonstrate t h a t  3 

COVARIABLE: ACORN 
t h e  body mass o f  deer i s  c o r r e l a t e d  

- 
MAST 

w i t h  l e v e l s  o f  mast p r o d u c t i o n  (F igure  0 
27; Harlow and Tyson 1959; Harlow s 

1965). Because subseauent f e c u n d i t y  46  10 20 30 

and s u r v i v a l  o f  o f f s p r i ; l g  a re  d i r e c t l y  PALMETTO MAST 

r e l a t e d  t o  body c o n d i t i o n ,  t h e  amount 
o f  mast avai  1  ab le  appears t o  determine a ,, t h e  p r o d u c t i v i t y  o f  deer  popu la t ions .  y 
T h i s  i m p l i e s  t h a t  l o s s  o f  t h e  upslope 
mesic hammock should cause a  r e d u c t i o n  

n i n  the  c a r r y i n g  c a p a c i t y  o f  t h e  ad ja -  
cen t  h y d r i c  hammock f o r  deer.  o 53 

V) 
V )  The second impo r tan t  cons ide ra t i on  a 52 

f o r  w i l d l i f e  management i n  h y d r i c  ham- 
mock i s  h a b i t a t  qua1 i t y .  Several  i n -  * 
heren t  c h a r a c t e r i s t i c s  make h y d r i c  $ 
hammocks h i g h - q u a l i t y  h a b i t a t s  f o r  

- 

COVARIABLE: PALMET TO - MAST 

w i l d l i f e  (adapted f rom H a r r i s  e t  a7. 50 o 2 4 I e I 8 1 

1979; Wharton e t  a 7 .  1981; H a r r i s  and ACORN MAST 
hol land : the abundance of Figure 27. Relationship of deer body mass to 

sites for nests and at ground mast produnion in two Florida habitats (e). level (tree bases) and in the Lines connect predicted values ( A )  calculated ( t r e e  c a v i t i e s ) ;  t h e  ready  supply  o f  by simple linear regressions (P ~0.05) from data water in ponds and streams; the in Harlow (1965: pp. 100-101): (a) plot of 1.Cand abundance o f  b road lea f  evergreen t r e e s  
t h a t  p rov ide  cover  and food  i n  w i n t e r ;  2.5-year-old deer mass vs. percent of palmetto 
h igh  pl ant product i i ty ; t h e  d  i Vers  i ty plants bearing berries in flatwoods habitat, with 
of mast, s o f t  f r u i t ,  and browse t h a t  the average number of scrub OakacornsWr 
p rov ides  abundant food  most of t he  Shrub treated as a covariable; (b) plot of 
year ;  and h i g h  d i v e r s i t y  of p l a n t  1.5-Years and older deer mass vs. average 
species and s t r u c t u r e ,  i n c l  u d i  ng a  va- number of scrub oak acorns per shrub in scrub 
r i e t y  of  t r e e  ages, forms, and s t r a t a .  habitat, with the average number of palmetto 
W i  l d l  i fe management shou ld  aim t o  max- berries Per piant treated as a covariable. 
im i ze  these f e a t u r e s  i n  each t r a c t  o f  
h y d r i c  hammock. 

i t y  t o  s p e c i e s  adapted t o  t h e  c l imax  
Probably t h e  s i n g l e  most i n f l u e n t i a l  c o n d i t i o n s  and a  g a i n  of h a b i t a t  qual - 

management p r a c t i c e  i n  h ~ d r i c  h ~ f n ~ o c k  i t y  f o r  s p e c i e s  adapted t o  e a r l y  suc- 
i s  t imbe r  ha rves t  and t h e  consequent cess iona l  s tages.  Tanner (1942) 
p l a n t  succession. H i s t o r i c a l  c u t t i n g  showed t h a t  c l e a r - c u t t i n g  of h y d r i c  
of  t h e  o r i g i n a l  f o r e s t  made changes on hammock and o t h e r  t ypes  of f o r e s t  was 
a massive sca le .  The ma jo r  e f f ec t s  on a  ma jo r  c a u s e  o f  t h e  e x t i n c t i o n  o f  t he  
w i l d 1  i f e  were a l o s s  o f  h a b i t a t  qua1 - i v o r y - b i l  1 ed woodpecker. Swi ndel 1  

66 



(1949) reported t h a t  wild turkey and 
whi t e - t a i l  ed deer f i r s t  were favored 
when 1 umbering brought primary produc- 
t i v i t y  down t o  ground level but then 
decl ined in numbers (probably below 
leve l s  sustained in  climax f o r e s t )  as 
succession rees tabl ished a dense, 
closed canopy of t r e e s .  

The m a j o r  tech~iqges used t~ manage 
hydric hammock hab i ta t  have already 
been discussed above under managemeni 
of timber, f i r e ,  and water. Many of 
these  can be used t o  promote wildl i f e  
use and production. Select ive  cu t s  
t ha t  remove competing t r e e s  can favor 
the  growth of mast-producing t r e e s .  
An extreme example was the  removal of 
southern red-cedar from coastal  hydric 
hammock, which now includes l i v e  oak 
as  a co-dominant species.  Presumably 
the  present-day coastal  hammock i s  
much more valuable t o  wildl i f e  than 
100 years ago ( a f t e r  logging of 1 ive 
oaks), because 1 ive  oaks a r e  again 
abundant there .  Thinning of the  
canopy in hydric hammock increases 
food production in  the  understory and 
i t s  use by whi t e - t a i l e d  deer (Figure 
28) .  Additionally, the  dense, brushy 
vegetation in openings will  s a t i s f y  
the  cover requirements of some 
wildl i f e  species.  By increasing the  
fol  i  age 1 ayers beneath t he  canopy, 
thinning and se lec t ive  harvests  should 
r e su l t  in g rea te r  bird densi ty  and d i  - 
versi  t y  (Dickson 1978). Cl ea rcu t t ing  
can be compatible with w i ld l i f e  man- 
agement, provided t h a t  the  cut  areas 
are small enough, infrequent enough, 
and s i tuated t o  maintain a high d iver -  
s i t y  of plant species and age c lasses  
(up t o  and including old-growth stands 
w i t h  cavity t r e e s )  in  the  hammock. 
Finally,  i f  maintaining popul a t ions  of 
squir re l  s ,  woodpeckers, barred owl S ,  
o r  canopy -dwell ing songbirds i s the  
primary management goal , then 
c learcut t ing reduces habi ta t  qua1 i ty .  

The mul t i s t ra ta l  s t r uc tu r e  of hy- 
dric-hammock vegetation may be a key 
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YEAR SINCE THINNING 

Figure 28. Effects of forest thinning on the 
number of stems (@) and cover (0) of species 
browsed by deer. About 50% of the basal area 
of mature stems was removed from the cabbage 
palm-dominated hydric hammock. The 
percentages indicate the proportion of twigs 
browsed by white-tailed deer (adapted from 
Harlow 1976). 

t o  the h i g h  d ivers i ty  of the  bird com- 
munity occupying t h i s  habi ta t .  The 
d ivers i ty  of niches available t o  for-  
e s t  birds i s  posit ively correl ated 
with the  s t ruc tura l  heterogeneity of 
the  vegetation (MacArthur and 
MacArthur 1961; Roth 1976). One pos- 
s i b l e  implication i s  t ha t  the re la-  
t i ve ly  high d ivers i ty  of the  bird com- 
munity (Vince et a 7 .  1989) actually 
has been depressed from presettlement 
l eve l s  by h i s t o r i ca l  timbering. Such 
an e f fec t  would be f e l t  t o  varying de- 
grees throughout the  period of recov- 
ery t o  old-growth condition. 

In a l l  systems of timber harvesting, 
some w i l d l i f e  species can be aided by 
marking and saving t r ee s  w i t h  the ca- 
pacity t o  provide dens. Black bear, 
bobcat, gray squ i r re l ,  f ly ing squir-  
r e l ,  raccoon, opossum, woodrat, cotton 
mouse, ba t s ,  wood duck, woodpeckers, 



barred owl, f l y c a t c h e r s ,  t u f t e d  t i t -  
mouse, Caro l ina  wren, e a s t e r n  indigo 
snake, and severa l  o t h e r  s p e c i e s  of 
snakes,  l i z a r d s ,  and t r e e f r o g s  r equ i r e  
o r  a r e  benef i ted  by den t r e e s  f o r  
ne s t i ng  and brood-rear i  ng, she1 t e r ,  o r  
s ec lu s ion  from p reda to r s .  Other spe-  
c i f i c  h a b i t a t  f e a t u r e s  t h a t  may be re- 
qui red  f o r  t a r g e t e d  wi l d l  i f e  spec i e s  
t o  be successfully managed i ~ c l  l ~ d e  
pre fe r r ed  n e s t  s i t e s ,  breeding ponds, 
bedding s i t e s ,  s t ands  o f  r a r e  o r  spe-  
c i a l  p l a n t  s p e c i e s ,  and graz ing  a r e a s ,  
Good management of  t h e s e  s p e c i f i c  
s i t e s  r e q u i r e s  t h a t  they  be i d e n t i f i e d  
and p ro t ec t ed .  P ro t ec t i ng  important 
s p o t s  o f  h a b i t a t  involves  f i n d i n g  and 
recognizing them i n  the f i e l d ,  l o c a t -  
ing  them on a map, remembering them 
when planning any a c t i o n  t h a t  might 
cause damage (such a s  logging,  t imber  
s tand  improvement, d r a i n i n g ,  survey-  
ing ,  road o r  t r a i l  cons t ruc t ion ,  burn- 
i ng ) ,  t each ing  personnel how t o  recog-  
n i z e  and p r o t e c t  them, marking them 
with f l agg ing  before  beginning t h e  ac-  
t i v i t y ,  and then  supe rv i s ing  t h e  
t h r e a t e n i n g  a c t i v i t y .  I t  i s  p a r t i c u -  
l a r l y  important t o  avoid s c r ap ing  o f f  
o r  bu i ld ing  on t h e  r a r e  high s p o t s  i n  
a hyd r i c  hammock ( o r  i n  any o t h e r  pe- 
r i o d i c a l  l y  f looded o r  poorly dra ined  
h a b i t a t ) ,  because t h e s e  supply spec i a l  
h a b i t a t  b e n e f i t s  f o r  a v a r i e t y  of  
s p e c i e s .  Pe r iod i c  manipulation may be 
needed t o  maintain important  s p o t s  of  
h a b i t a t .  For i n s t ance ,  a l a r g e ,  
g r a s sy  opening i n  a hydr ic  hammock 
t h a t  i s  important feedinq h a b i t a t  f o r  
young tu rkeys  probably i o u l d  need t o  
be burned o r  mowed p e r i o d i c a l l y .  Sim- 
i l a r l y ,  a combination o f  g raz ing ,  mow- 
ing ,  and burning might be needed t o  
maintain good b luebi rd  h a b i t a t  on a 
hammock's p r a i r i e  edge. 

s e c t  i vorous poul ts .  Probably t h e  
o r i g i n a l  f o r e s t  had such c l e a r i n g s  
widely a v a i l a b l e  a s  a r e s u l t  o f  t r e e -  
f a l l  l i g h t - g a p s ,  but  secondary f o r e s t  
probably has  a dense r  and more homoge- 
neous canopy f o r  a t  l e a s t  a cen tury  
a f t e r  1 umbering. Foraging h a b i t a t  f o r  
p o u l t s  a l s o  can be provided by f r e -  
quent summer burning of  p ine  f o r e s t s  
ad j acen t  t o  hyd r i c  hammocks. 

Ar t i  f i c i  a1 enhancement of  h a b i t a t ,  
supplemental f eed ing ,  i n s t a l  l a t i o n  of  
n e s t  boxes, and pond c o n s t r u c t i o n  a r e  
supplemental ways o f  improving h a b i t a t  
f o r  wi l d l  i  f e .  Where food suppl i e s  a r e  
abundant, but n a t u r a l  n e s t i n g  s i t e s  
a r e  r a r e ,  a r t i  f i c i  a1 n e s t i n g  s t r u c -  
tures can be very success fu l  i n  i n -  
c r ea s ing  w i  l d l  i fe  popul a t  ions (Yoakum 
e t  a 7 .  1980).  Cavi ty  n e s t e r s  such a s  
barred owl s, f l y c a t c h e r s ,  and f l y i n g  
s q u i r r e l s  can be a ided  by n e s t  boxes 
placed i n  second growth hydr i c  ham- 
mocks t h a t  l a c k  t h e  abundant na tu ra l  
c a v i t i e s  o f  mature hammocks. Many 
c a v i t y - n e s t i n g  s p e c i e s  w i l l i n g l y  ac-  
cep t  a r t i f i c i a l  houses (McComb and No- 
b l e  1981) i f  t h e  n e s t i n g  boxes a r e  
proper ly  designed and pl aced. Yoakum 
e t  a 7 .  (1980) g i v e  p l ans  f o r  making 
housing s t r u c t u r e s  o f  b e n e f i t  t o  a va- 
r i e t y  o f  wild1 i f e  s p e c i e s  inc lud ing  
wood ducks,  woodpeckers, and squi r- 
re1 s. Hollow t r e e s  wi thout  openings 
( consu l t  a t imber  c r u i s e r )  may be con- 
ve r t ed  t o  den t r e e s  by c r e a t i n g  open- 
ings .  

Food p l o t s  on t h e  hyd r i c  hammock 
edge o r  on c l e a r i n g s  w i th in  can bene- 
f i t  popula t ions  of  d e e r ,  t u rkeys ,  and 
o t h e r  animals .  Truby Lee (F lo r ida  
Game and Fresh Water F ish  Commission, 
pers .  comm.) makes t h e  fo l lowing  gen- 
e r a l  recommendations f o r  food p l o t s  i n  

The populat ion o f  wild t u rkeys  i n  F lo r ida  hyd r i c  hammocks. P l o t s  should 
hydr ic  hammocks could be increased be one t o  two a c r e s  i n  s i z e .  They 
s u b s t a n t i a l l y  by c r e a t i n g  small c l e a r -  should be f e r t i l i z e d  wi th  each c rop ,  
i ngs  throughout  t h e  hammock. These o r  a t  l e a s t  annual ly ,  wi th  a balanced 
c l e a r i n g s  provide important  forag ing  f e r t i l  i z e r  con ta in ing  n i t rogen ,  po tas -  
h a b i t a t ,  e s p e c i a l l y  f o r  the mainly i n -  sium, and phosphorus, and should be 



limed i f  needed ( I  iming and f e r t i l i z e r  
needs can bes t  be determined using 
so i l  t e s t s ) ,  because t h e  main value of 
the food p l o t s  i s  the high n u t r i t i o n a l  
value of the food due t o  f e r t i l i z i n g .  
The p l o t s  should be p lan ted  in  e a r l y  
March with some combination of chufa, 
benne (sesame seed ) ,  mi 1 l e t  (browntop, 
pearl , o r  proso) ,  1 ow-growi ng sorghum, 
corn, and f i e l d  peas ( i r o n  c l a y  o r  
combine). The p l o t s  should be planted 
again in  l a t e  September with some mix- 
ture  of o a t s ,  wheat, w in t e r  rye ,  and 
gulf ryegrass .  In add i t i on ,  some 
p lo ts  can be maintained year-round i n  
j o in t  vetch o r  perennia l  peanut. In- 
te rp l  ant ing of n i  t rogen- f ix ing  1 egumes 
in hammock l and  converted t o  pine 
p lan ta t ions  may be a way t o  improve 
both pine growth and herbaceous forage  
for  wild1 i f e .  

P i t s  o f t en  a r e  dug i n  hydr ic  ham- 
mocks t o  obta in  road bui ld ing  mate- 
r i a l  . Proper 1 oca t  ion and design o f  
these t o  c r e a t e  ponds can provide 
breeding s i t e s  f o r  t oads ,  t r e e  f rogs ,  
and sa l  amanders , and addi t i  onal habi - 
t a t  f o r  wood ducks, o t t e r s ,  indigo 
snakes, f rogs ,  t u r t l e s ,  f i s h ,  a1 1 iga-  
t o r s ,  wading b i r d s ,  and k ing f i she r s .  
The h a b i t a t  va lue  of  t h e  a r ea  can be 
increased f u r t h e r  by using e x t r a  f i  11 
t o  c r e a t e  a small h i l l  nearby, which 
would provide a bedding, dus t ing ,  
nesting, burrowing, and high-water 
refuge f o r  va r ious  animal s. 

Nesting and re fuge  cover  can be pro- 
vided f o r  w i l d l i f e  spec i e s  by con- 
s t ruc t ing  brush p i l e s  from logging o r  
land-clear ing d e b r i s .  These a r e  espe-  
c i a l l y  e f f e c t i v e  when placed in  c l e a r -  
ings within hydr i c  hammocks o r  on t h e  
fo re s t  edge. A small c l e a r i n g  and a 
brush p i l e  can be c r e a t e d  s imultane-  
ously by f e l l  ing a group o f  low-val ue 
t r e e s  on top  o f  one another  i n  t h e  
center  of t h e  a r e a  t h a t  is  t o  become 
the c lear ing .  This  i s  a bene f i c i a l  
technique i n  10- t o  40-year o ld  second 

growth hammocks t h a t  have uniformly 
dense canopies  and 1 i t t l  e t e r r e s t r i  a1 
cover  o r  s t r u c t u r a l  d i v e r s i t y .  Plant  
co lon iza t ion  of brush p i l e s  adds t o  
t h e i r  va lue  by providing addi t iona l  
food and cover .  Windrows and p i l e s  
t h a t  r e s u l t  from c l e a r c u t t i n g  and s i t e  
prepara t ion  (Figure 29) a r e  pa r t i cu -  
l a r l y  important and should not be 
burned, because f r equen t ly  they  pro- 
v ide  t h e  only remaining cover on t h e  
c l  e a r c u t  a rea .  Species  benef i ted  by 
windrows and brush pi 1 es i  ncl ude bob- 
c a t ,  raccoon, opossum, c o t t o n t a i l  rab-  
b i t ,  woodrat, co t ton  mouse, Carolina 
wren, brown th ra she r ,  towhee, white- 
eyed v i r eo ,  e a s t e r n  indigo snake, and 
several  o t h e r  spec i e s  of snakes, 
1 i zards ,  and sa l  amanders . 

In add i t i on  t o  techniques t h a t  pro- 
t e c t  o r  enhance c h a r a c t e r i s t i c s  of t h e  
environment, s t e p s  can be taken t o  de- 
c rease  t h e  inf luence  of  f e a t u r e s  t h a t  
nega t ive ly  a f f e c t  wi 1 dl  i f e  popul a- 
t i o n s .  C a t t l e  grazing and browsing in 
hydric  hammocks can g r e a t l y  reduce t h e  
a v a i l a b i l i t y  of forage f o r  deer  
(Figure 30). Converse1 y,  harvest ing 
timber can benef i  t deer  by i  ncreas i  ng 
t h e  amount of  forage  ava i l ab l e ,  even 
when c a t t l e  a r e  present .  Fencing t o  
exclude c a t t l e  i s  recommended when t h e  
hammock i s  small and management f o r  
whi t e - t a i l e d  dee r  i s  a p r i o r i t y  
(Harlow 1959), because t h e  two spec ies  
compete f o r  food. Invasion of  hydric  
hammocks by e x o t i c  p l an t s ,  1 i  ke cogon 
g r a s s ,  can adversely a f f e c t  h a b i t a t  
q u a l i t y  f o r  w i l d l i f e .  I f  t h e  f o r e s t  
i s  surveyed f requent ly ,  t he  i n i t i a l  
e n t r y  o f  some e x o t i c s  may be de tec ted  
e a r l y  enough f o r  them t o  be el iminated 
before control  becomes impossible.  
Once well e s t ab l i shed ,  t h e  only hope 
f o r  cont ro l  of most undes i rab le  exo t i c  
p l an t s  i s  t h e  development of some 
means o f  b io logica l  con t ro l .  On a r e -  
gional bas i s ,  t h i s  is  t h e  most cos t  
e f f e c t i v e  and permanent so lu t ion  t o  
e x o t i c  pes t  problems. 



Figure 29. Debris pile on a hydric hammock site two years after clearcutting. 

5.5.2 Manaqement and Protection of 
Wild1 i f e  Po~ula t ions  

Elimination o f  poaching within 
refuges and in hydric hammocks else- 
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and some species of plants may be 
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t ion in Florida's hydric hammocks in- 
cl ude: panther, red wolf, black bear, 0 

m white-tailed deer, wild turkey, swal- 
low-tai led ki te ,  indigo snake, and 

3 0  need1 e palm. Several management a1 - 
t e rna t i  ves are  avail able t o  deal with 
poaching. The owner o r  manager can 
fence, post, and patrol the land with- 

NO CATTLE CONTROL CATTLE -rlMBER C U ~  out outside help or with help from the 
Florida Game and Fresh Water Fish Com- 

Figure 30. Effects of cattle browsing and timber mi ssi  on. I f  the area i s  Very 1 arge or 
Cutting on hydric-hammock vegetation (adapted i  s adjacent to  a pub1 i c  game manage- 
from Harlow 1959). ment area or  a private hunting club 



area,  i t  can be ieclsed f o r  hunting 
with the desired w i ld l i f e  protection 
specified in the  contract .  This pro- 
tec t ion by lease  of ten works well ,  
pa r t i cu la r ly  with p r iva te  h u n t  clubs 
of local people, because the lease  
holders generally can provide be t t e r  
protection than the  owner o r  manager 
can, except in  the  case of public 
lands where the  managers have both t he  
personnel and legal  author i ty  t o  do a 
good job. In f a c t ,  even the  species 
t h a t  are hunted by the  l e s so r s  wil l  
often become more abundant due t o  t he  
protection from poaching provided by 
t he  h u n t  club. 

Legal hunting in hydric hammocks and 
elsewhere in Florida i s  regulated by 
t he  Florida Game and Fresh Water Fish 
Commission. However, minor adjust -  
ments t o  address local  problems or  de- 
s i r e s  may be made by the  land manager. 
For instance, i f  the  local turkey pop- 
ulat ion has declined,  the  winter 
turkey season could be closed or  the  
shooting of hens could be banned fo r  a 
year o r  two. I f  the  local  deer popu- 
l a t i on  i s  ge t t ing  too large ,  t he  Game 
Commission usually wi l l  allow special  
doe hunting permits. Wild hogs on 
pr ivate  property are  not governed by 
t he  Florida Game and Fresh Water Fish 
Commi ssion;  the  manager may determine 
harvest 1 imits ,  methods, and season i f  
t he  hogs a r e  desired a s  game, may man- 
age the  hogs as  domestic l ives tock,  o r  
may exterminate them i f  so desired.  

Jennings (1951) concluded t h a t  in 
good habi ta t  l i k e  hydric hammock, 
hunting i s  the  primary f ac to r  de te r -  
mining the  maximum densi ty  of gray 
squ i r re l s .  He fu r the r  noted t h a t  
hunter success i s  not determined by 
t h e  density of squ i r r e l s  but ra ther  by 
t h e  level of seed-s tor ing ac t i v i t y .  
That i s ,  during a good mast year the  
level  of squir re l  a c t i v i t y  allowed a 
substantial  harvest ,  whereas in a poor 
mast year, t h e i r  i nac t i v i t y  prevented 
a good harvest even i f  squ i r re l  num- 

bers were high. The ideal time for  a 
hunting season was considered t o  be 
from mid-October, a f t e r  most young are 
weaned, t o  the  end of December, before 
females become pregnant. 

Although i t  has been argued that  in-  
t e r e s t  in  the  Florida black bear as a 
game species supports i t s  conservation 
(Smith 1971), poaching, hunting, and 
road-k i l l s  have been s ign i f ican t  fac- 
t o r s  in ?xt i rpat ing bears from large 
areas 3f Florida, leading t o  i t s  l i s t -  
ing as a threatened species in the 
S ta te .  Prior t o  l i s t i n g ,  bears were 
not aided by act ive  management. Since 
l i s t i n g ,  t h e i r  threatened s ta tus  has 
been used t o  j u s t i f y  acquisi t ion of 
habi ta t  f o r  conservation. Because 
bears a r e  commonly hunted with dogs, 
populations survive only on areas with 
extensive escape cover ( in  Florida, 
mainly the  Apal achicol a and Osceol a 
national f o r e s t s )  and on public lands 
where hunting i s  prohibited. Two of 
the  three  areas in Florida with 
heal thy popul a t  i  ons of bl ack bears 
( t he  Osceola and Ocala National 
Forests) include hydric hammock among 
the  habi ta ts  used by bears. A serious 
management problem i s  suggested by the 
possibil  i t y  t ha t  the  population in 
Osceola National Forest may not repro- 
duce i t s e l f  but instead may be sus- 
tained only by dispersal  of subadul t s  
from the  Okefenokee Swamp National 
Wildlife Refuge in Georgia (James 
Mykytka; Reynolds, Smith and Hi l l s ,  
Tampa; pers. comm.). 

Bears' consumption of honey and hon- 
eybees c rea tes  considerable confl i c t  
with humans. Bears frequently damage 
ap ia r ies  and as  a r e s u l t  are i l l e g a l l y  
shot or  poisoned by beekeepers (Maehr 
and Brady 1982). Presently, most of 
t h i s  con f l i c t  i s  confined t o  apiar ies  
located in national fo res t s .  Beekeep- 
e r s  on public land increasingly are 
being required t o  protect  t h e i r  api-  
a r i e s  with e l e c t r i c  fences (Maehr 
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IYGL), w i ~ i i t ~  i i r e  an e f f e c t i v e  d e t e r  
rent t o  bears (Brady and Maehr 1982). 
Bears tha t  learn t o  penetrate e l ec t r i c  
fences become averse to  beeyards a f t e r  
being captured, hand1 ed, and re1 eased 
a t  the capture s i t e  (Brady and Maehr 
1982). Such protective measures tha t  
promote coexistence of bears and bee- 
keeping seem necessary t o  maintain the 
components of a mutual i s t i c  system: 
ths  a p i a r i e s  are piaced i f i  h a b i t a t s  
occupied by bears partly because the 
flowers pol 1 i nated by honeybees (such 
as swamp tupelo) are of species sup- 
plying f r u i t  t o  bears and regenerated 
in the stand partly through seed-dis- 
persal by bears. 

The presence of feral  hogs in hydric 
hammock presents confl icting manage- 
ment issues. On the one hand, hogs 
are useful as game. On the other, 
they slow recovery of timbered hammock 
by destroying seedlings, and they com- 
pete seriously with numerous other 
game and nongame species of wild1 i f e .  
Wild hogs d i rec t ly  compete for  many 
foods, especially the f a l l  mast crop, 
w i t h  native wildl i fe  species such as 
wild turkey and white-tailed deer 
(Swindell 1949; Wood and Roark 1980). 
wild hogs also may destroy wild turkey 
nests (Swindell 1949), and they may be 
significant predators on rep t i les  and 
amphibians (Archie Carr, pers. comm.). 
I n  practice, c lear  management deci - 
sions regarding feral  hogs are  seldom 
made on Florida hammock lands. In na- 
tional forests ,  feral  hogs are re- 
garded as trespassing livestock. In 
State parks and preserves, where pol- 
icy i s  t o  maintain the natural condi- 
tions of presettlement times, feral  
hogs are regarded as undesirable ex- 
ot ics .  If a decision were t o  be made 
to  eliminate feral  hogs from an area, 
t h i s  could be accomplished routinely 
by concerted hunting with dogs. How- 
ever, e f for t s  to  t rap and shoot hogs 
have fallen f a r  short of the exhaus- 
t ive  levels necessary, because of in- 
sufficient funds t o  pay to  have the 

y ~ r k  done and insufficient will t o  
withstand sentiment against hunting on 
public park and preserve land. On 
wi 1 dl i f e  management areas, where pol - 
icy i s  t o  maintain populations a t  sus- 
tained-yi e l  d 1 eve1 s ,  overhunting has 
been a chronic problem (Belden and 
Frankenberger 1977) ; the regulations 
devised have not been restrictive 
enough t o  prevent depletion of the 
; s~u la t ions .  An e f f o r t  has been made, 
with limited success, t o  reconcile the 
confl i c t  i ng pol i c i  es on preserves and 
hunting areas by trapping hogs on pre- 
serves and releasing them in hunting 
areas. Some new hog populations have 
been established in th i s  way, but in 
other areas the relocation simply has 
provided some very expensive "put-and- 
take" hunting (Belden and Franken- 
berger 1977). Where hogs are hunted, 
hunting i s  the dominant 1 imiting fac- 
tor for  a l l  the major game species 
tha t  depend on the mast crop (hogs, 
turkey, deer) ; a1 1 these popul ations 
are kept we1 1 below carrying capacity, 
and competition fo r  food among the 
popul ations probably occurs only dur- 
ing the worst mast fa i lures ,  with a 
t ransi tory ef fec t  on reproduction in 
the next breeding season. 

To sustain the whole complement of 
species tha t  use hydric hammocks, 
large,  undisturbed t r a c t s  need t o  be 
preserved as refuges . Many wi ldl i fe 
management techniques consider species 
on a one-by-one basis, identifying 
speci f i c needs and prescribing appro- 
pr ia te  actions.  Management for single 
species has a place in hydric hammock 
refuges, and, indeed, refuges may be 
the only areas where rare  and endan- 
gered species can be preserved, b u t  
primary emphasis should be on main- 
taining the f u l l  spectrum of native 
species d ivers i ty .  For t h i s  purpose, 
hydric hammock refuges should be mini- 
mally disturbed by logging, clearing, 
grazing, and other human uses that 
s igni f icant ly  a1 t e r  forest  structure 
and function. 



Because the number of species pre- 
sent i s  correlated with habitat  area, 
i t  i s  useful t o  consider the s ize  of 
hydric hammock necessary t o  preserve 
the fu l l  array of i t s  plant and animal 
inhabitants. Habitat fragmentation, 
for exampl e ,  by cl  earcutt  i ng or devel - 
opment, resu l t s  in smaller and more 
isolated patches, each of which can 
support only a subset of the original 
community (Harris 1984). This rela-  
tionship can be described by a 
species-area curve, but the nature of 
the relationship can vary greatly from 
one area t o  another; the specif ic  
mathematical re1 ationshi p should be 
documented for  the local biota in the 
habitat of in te res t .  The only data 
available fo r  Florida (Harris and Wal- 
lace 1984) are  on summer-resident 
birds in mesic hammock (Figure 31). 
The species-area relationship pre- 
dicted from ter r i tory-s ize  data of 
mesic-hammock birds (Figure 31a) i s  
remarkably concordant with actual 
measurements of the s ~ e c i e s - a r e a  curve 
(Figure 31b); each shows an average 
maximum avifauna of about 16 species, 
and each shows an inflexion point a t  
about 8 ha, above which the s ize of 
the t r a c t  makes 1 i t t l e  difference in 
the number of species present. The 
management lesson i s  that  nearly a l l  
the avifauna res t r ic ted  t o  mesic ham- 
mock habitat can be retained in t r ac t s  
no smaller than 8 ha. 

An important uncertainty must be 
noted, however, about the u t i l i t y  of 
the current s t a t e  of knowledge of the 
species-area relationship: the avail - 
able data do not provide insight into 
the s ize of t r a c t  needed t o  retain the 
large or rare  species tha t  occur in 
b u t  are not res t r ic ted  t o  hammocks. 
Considering the sparse data points on 
the right side of Figure 31, i t  should 
be no surprise that  i t  i s  impossible 
t o  predict the area of habitat  re- 
quired to  retain wide-ranging species 
1 ike wild turkeys, swallow-tailed 
kites, red-tai led hawks, great horned 
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Figure 31. Species-area curves for summer 
resident bird species in mesic hammock in 
northern Florida, In habitat islands of different 
size, calculaterf as negative exponential 
functions with nonlinear regression producing 
least-squares estimates, from data in Table 2 of 
Harris and Wallace (1984): (a) relationship 
predicted from published data on sizes of home 
ranges in eastern North America for species 
occurring in mesic hammock; (b) the number of 
summer-iesident bird species observed in 
fragments of mesic hammock. Species seen at 
least three times in four visits were defined as 
residents. 

owls, and American crows in the re- 
gional avifauna. Presumably t rac ts  
much larger than 8 ha are required for 
t h i s  purpose. 

Several mechanisms have been shown 
to  be responsible fo r  the relationship 
between species richness and area. 



FE r ~ t ,  si-iliai i ar.eas itray notttneei ihe 
home range or t e r r i to ry  requirements 
of particular species, so these 
species are excl uded; 1 arge animal s 
and predators are parti cul ar ly  vul ner- 
able because of the i r  requirement for 
relatively large areas. Figure 31 
suggests that  t h i s  mechanism i s  d i -  
rectly relevant in Florida forests.  
Second, fragmentation of forests  of 
the cool -temperate zone by el eared 
habitats a1 1 ows brown- headed cowbirds 
(Molothrus ater) t o  penetrate the re- 
maining woodlots, where the i r  para- 
s i  t i c  nesting behavior extirpates cer- 
tain vulnerable species (Whi tcomb e t  
a1 . 1981; Brittingham and Temple 
1983). These species require the deep 
inter ior  of the forest  away from i t s  
edges t o  breed successfully, because 
they nest on or near the ground or 
have open-cup nests and hence lack 
adaptations t o  prevent cowbird para- 
sitism. Only two species of these 
forest- inter ior  special is ts  breed t h i s  
f a r  south (the Acadian flycatcher and 
hooded warbler) . Cowbirds are  uncom- 
mon (but increasing) in t h i s  region. 
Third, avi faunas may become impover- 
ished in fragmented forests  when 
predators on ground nests penetrate 
the remai ni ng woodlots (Wi 1 cove 1985) ; 
no data are available on t h i s  factor 
in Florida, but absence of many of the 
most -vul nerabl e ground-nest i ng species 
within the distribution of hydric ham- 
mock suggests that t h i s  mechanism has 
1 i t t l e  effect .  

The ab i l i t y  of a hydric hammock 
refuge t o  sustain high species diver- 
s i  ty  will depend not only on the s ize 
of the t r a c t ,  b u t  also on i t s  sur- 
roundings. A refuge embedded within a 
large hydric hammock, or within a mo- 
saic  of forest  types, i s  more l ikely 
t o  succeed than one located in a sea 
of disturbance. As the area surround- 
ing a hydric hammock becomes progres- 
s i  vely developed, cleared, or  other- 
wise a1 tered, the distinctiveness and 
isolation of the hammock will in- 

crqease. Specf es movements into the 
hammock may be hindered by the 1 ack of 
sui table  rest ing spots between the 
source and the hammock. Hydric ham- 
mock species tha t  regularly use re- 
sources beyond the bounds of the for- 
e s t  a re  1 i kely t o  decline. Steps can 
be taken t o  mitigate the adverse ef-  
fec ts  of small refuge s ize  and human 
a1 terat ions of the landscape. One i s  
t o  juxtapose kydr-ic hammock refuges 
and closely re1 ated, undisturbed wet- 
1 ands and upland fores t ,  making use of 
the intimate t i e s  among these communi- 
t i e s  via water and animal movements. 
Another may be t o  provide natural cor- 
ridors fo r  wild1 i f e  movement between 
hydric hammock patches (Harris 1984), 
b u t  the technology t o  make t h i s  sug- 
gestion work has not yet been devel- 
oped (Simberloff and Cox 1987). 

5.6 MULTIPLE-USE MANAGEMENT 

Most hydric hammocks are  used for  
more than one purpose. Timber produc- 
t ion, c a t t l e  grazing, and hunting are 
combined, and habitat  for  many game 
and non-game wildl i fe  species i s  main- 
tained, e i ther  incidentally or inten- 
t ional ly ,  on most large ranches and 
timber company holdings. On some pub- 
l i c l y  owned hydric hammocks such as 
those in s t a t e  parks, high management 
pr ior i ty  i s  given to  maintaining the 
fu l l  spectrum of wild plant and animal 
species, providing f o r  nonconsumptive 
recreation, and protecting the water- 
shed. All the above uses are  combined 
on other pub1 i c l ands, for  exampl e on 
s t a t e  and national forests .  Small 
private landowners use t h e i r  hydric 
hammock lands in a great variety of 
ways and combinations. Some uses in- 
te r fe re  with others, b u t  some can also 
be beneficial to  some other uses. The 
key t o  multiple-use management i s  t o  
maximize the positive interactions and 
t o  minimize the negative ones (Table 
11). 



Table 11. Matrix of interactions of multiple uses in hydric hammocks based on typical current 
practices. Negative (detrimental) impacts of current uses on important parameters are indicated by 
(-) and positive (beneficial) impacts by (+). 

Timber Nonconsumpt i ve 
Uses producti on Grazing Wild1 i fe Hunting recreation 

Timber - soil 
pi-irdiicti on fertjl cty 
(small ' + growth 
cl earcuts) + qua1 ity 

+ profit 
+ protect 

Livestock - growth 
grazing - qua1 ity 

- profit 
+ protect 

Wildlife - growth 
protection - quality 
+ habitat - profit 
improvement + protect 

Hunting +- protect 

Nonconsumpt i ve - profit 
recreation - protect 

- winter - mast 
+ summer + edge 
+ costs +- diversity 
+ access - cavities 
+ protect + protect 
- forage 

- browse 
- diversity 
+ protect 

+ forage + mast 
+ protect + browse 

+ cavities 
+ cover 
+ diversity 
+ protect 

- protect +- protect 

- protect - protect 

Multiple uses are accommodated in 
two genera1 ways. One i s  t o  designate 
specif ic  areas for  each use or se t  of 
highly compatible uses. The other i s  
t o  modify or regulate the uses t o  be 
more compatible with each other, with- 
out subdividing the area. Some combi- 
nation of these two approaches usually 
i s  practiced. 

There are innumerable examples of 
multiple use management. The sett ing 
aside of areas of particular value for 

- squirrel - aesthetics 

+- deer - visibility 
+- turkey - access 
- hog - quality 
- qua1 ity + diversity 

- deer + visibility 
+- turkey - access 
- hog - qua1 ity 
- quality 

+ squirrel + aesthetics 
+ deer - visibility 
+ turkey - access 
+ hog + qua1 ity 
+ qua1 i ty + diversity 

- all species - aesthetics 
- qua1 ity - access 

- qual i ty 
- qua1 ity - aesthetics 

- qual i ty 

special uses has already been dis- 
cussed in Chapter 5.5. This technique 
i s  a1 so applicable for  a l l  other uses. 
For example, a special area may be 
needed for a ca t t l e  pen or feeder, for 
an area o f  improved pasture, for a 
game food-plot, for  keeping bee hives, 
for  a tree-seed orchard, for  a nature 
study area, or for  a swimming, boat 
launching, or picnicking area. A set- 
back zone along streams and other 
aquatic areas often i s  established i n  
which no logging, s i t e  preparation, or 
perhaps even c a t t l e  grazing i s  allowed 



in order to protect watershed, 
wi ldl i fe, and recreation val ues . 

Another key to successful mu1 tiple- 
use management is moderation. Many 
uses can negatively affect each other 
i f overdone (i . e., overgrazing reduces 
the avai 1 able forage, excessive recre- 
ational use lowers the qua1 ity of 
recreation for everyone, etc.) . 

Therefore, for sing1 e-use rnanayement, 
some restraint i s advi sable. When 
mu1 tiple uses compete, considerable 
additional moderation i s  often re- 
quired of each use in order to accom- 
modate the other uses. Examples of 
the ways uses can be restrained to 
benefit other uses are summarized in 
Table 12. ( A  more complete discussion 
is given in the preceding sections of 
this report.) 

Table 12. Examples of constraints of uses to accomplish multiple-use management of hydric 
hammocks. 

Use Constraint 

Timber Reduce total area used for timber production. 
Grow timber on longer rotations. 
Use less intensive harvesting or site-preparation methods. 
Reduce or eliminate logging when the ground is soft or wet. 
Reduce the size of individual timber harvests. 
Maximize edge, interspersion, and contrast of timber stands. 
Retain as many cavity and mast trees and rare species as 
possible. 
Create and retain brush piles and windrows. 
Retain and protect buffer strips along waterways (and 
el sewhere). 
Retain pockets of old growth. 
Protect special sites (Indian mounds, sinkholes, rock 
outcrops). 

Grazing Reduce the total area used. 
Reduce the density of livestock per unit area. 
Reduce the duration of use. 
Rotate use from area to area. 
Fence and maintain buffers along waterways. 
Fence and protect patches of old-growth timber, sinkholes, 
rock outcrops, Indi an mounds, and recreational areas. 
Keep livestock free of parasites and disease. 
Modify prescribed burning to benefit wild1 i fe. 
Reduce burning intensity or area to protect timber. 

Hunting Reduce area open to hunting. 
Restrict or eliminate use of dogs. 
Restrict or eliminate use of off-road vehicles. 

(Continued) 



Table 12. (Concluded). 

Use Constraint 

Restrict a l l  motorized access. 
Reduce the number of hunters. 
Reduce the length of season for some or a l l  species. 
Eliminate hunting of particular species. 
El iminate use of lead shot. 
Require hunter education course on conservation and safety 
Post and enforce special rules. 

Nonconsumpt i ve Reduce area of use. 
recreation Reduce number of users. 

Prohibit certain uses. 
Prohi b i t  pets from part or a l l  of area. 
Restrict motorized access. 
Eliminate off-road vehicles. 
Reduce season of use. 
Require educational c lass  or provide educational materials. 
Post and enforce specific rules. 

Wild1 i f e  

Water 

Reduce s ize of area designated mainly or exclusively for  
wild1 i fe .  
Reduce area maintained in old-growth forest .  
Reduce popul ation or production targets  for some species. 
Reduce number of cavity and mast t rees  that need t o  be l e f t .  
Reduce s ize of food plots,  buffer s t r ip s ,  or other special 
areas. 
Reduce requirements fo r  species monitoring, t ree  marking, 
speci a1 seasons for recreation, size restr ic t ions of timber 
harvesting, e tc .  

Restrict ra te  of withdrawal from surface waters. 
Restrict ra te  of withdrawal from aquifer. 
Restrict volume of water inputs. 
Regulate timing of water inputs. 
Regul a te  qua1 i t y  of water inputs. 

There are many ways tha t  multiple i l legal trespass. Not only do more 
uses can benefit each other. One im- uses enable more personnel and money 
portant way i s  that  each use can con- to  be used t o  address these problems, 
t r ibute  t o  management e f fo r t s  that  b u t  the increased number of legitimate 
benefit a l l  uses. Some examples are users themselves help guard against 
protecting against poaching, vandal - abuses, especi a1 ly  i f  the users are 
ism, trash dumping, and other forms of educated and inspired t o  help. Other 



management efforts that can benefit 
from the combined resources of multi- 
ple uses are road and trail construc- 
ti on and maintenance, fire protection, 
prescri bed burning, surveying, fenc- 
ing, timber-stand improvement, educa- 
tion courses, safety and emergency 
equipment and training, overhead costs 
(buildings, vehicles, etc.), and other 
fixed costs and duties. 

CompS ete know1 edge i troi dvdi i i dbi e 
for any aspect, interactions among the 
various uses and resources are com- 
plex, and situations vary considerably 
from one site to the next. Goals of 
management also vary with time and 
from one landowner to the next. How- 
ever, management i s i nvari ably neces- 
sary. With clear objectives in mind 
and a common-sense approach, manage- 
ment can produce good results. 

The mu1 tip1 e-use management of hy- 
dric hammocks is not an exact science. 



Alde r f e r ,  R . B . ,  and R . R .  Robinson. F lo r ida - -pas t ,  p r e sen t ,  and fu ture .  
1947. Runoff from pas tures  i n  Pages 5-10 i n  G.W.  Wood, ed. 
r e l a t i o n  t o  graz ing  i n t e n s i t y  and Research and management of wild hog 
s o i l  compaction. J .  Amer. Soc. popul a t i ons :  proceedings of a 
Agron. 29:948-958. sympos i urn. Georgetown, South 

Carol ina.  113 pp. 
Arnade, C.W. 1961. C a t t l e  r a i s i n g  i n  

Spanish F lo r ida ,  1513-1763. 
Agr i cu l tu ra l  Hi s t o r y  35: 116-124. Boyt, F.L., S.E. Bayley, and J.  

Zol t e k ,  Jr .  1977. Removal of 
Ash, A . N . ,  C .B .  McDonald, E.S. Kane, n u t r i e n t s  from t r e a t e d  municipal 

and C . A .  Pori es. 1983. Natural and wastewater by wetl and vege ta t ion .  
modified pocosins:  l i t e r a t u r e  J .  Water Po l lu t .  Contr. Fed. 49:789- 
syn thes i  s and management op t ions .  799. 
U.S. Fish Wildl.  Serv. FWS/OBS- 
83/04. 156 pp. Brady, J.R., and D.S. Maehr. 1982. A 

new method f o r  dea l ing  with ap ia ry-  
Askew, G . R . ,  andT.M. Williams. 1984. r a id ing  black bears .  Proc. Annual 

Sediment concent ra t ions  from Conf. Southeast .  Assoc. Fish and 
i n t e n s i v e l y  prepared wetl and s i t e s .  Wildl . Agencies 36:571-577. 
South. J .  Appl . For. 8:152-157. 

Brezonik, P.L., E.S. Edgerton, and 
Askew, G . R . ,  and T.M. Williams. 1986. C.D. Hendry. 1980. Acid 

Water qua1 i t y  changes due t o  s i t e  p r e c i p i t a t i o n  and s u l f a t e  depos i t i on  
conversion i n  coas t a l  South i n  F lor ida .  Science 208: 1027-1029. 
Caro l ina .  South. 3 .  Appl. For. 
10:134-136. Brit t ingham, M . C . ,  and S.A. Temple. 

1983. Have cowbirds caused f o r e s t  
Bartram, W.  1791. Trave ls  through songbirds t o  decl  i ne?  BioScience 

North and South Carol ina ,  Georgia, 33:31-35. 
e a s t  and west F lor ida .  M .  van 
Doren, ed. Dover Publ ica t ions  (1928 
r e p r i n t ) .  414 pp. Brown, H.P. ,  A . J .  Panshin, and C.C .  

Forsa i th .  1949. Textbook of Wood 
Bedinger, M.S. 1978. Rel a t i  Techno1 ogy. Vol . 1. McGraw-Hi 11 

between f o r e s t  s p e c i e s  and f looding.  ~~~k co., New York. 652 pp. 
Pages 427-435 i n  P.E.  Greeson, J.R. 
Clark  and J - E *  Brown, M.T., and E.M. S ta rnes .  1983. 
func t ions  and values:  t h e  s t a t e  of A wetlands study of Seminole County: 
our  understanding.  A m e r e  Water i d e n t i f i c a t i o n ,  eva lua t ion  and 
Resour. Assoc. , Mi nneapol i s ,  Mi nn. p repara t ion  of  devel opment s tandards 

and guide1 ines .  Center f o r  Wet1 ands 
Belden, R . C . ,  and W.B. Frankenberger. Tech. Rep. NO. 41. Universi ty  of 

1977. Management of f e r a l  hogs i n  F lo r ida ,  Ga inesv i l l e .  284 pp. 

79 



Bryant, W.C., e d i t o r .  1872. D a v j s ,  d,ti. I 4,- -...,. 1~9,. - t r t ,  , V,;U,-,; 

Picturesque America; 
O r ,  t h e  f e a t u r e s  of southern Florida.  Fla landscape we l i v e  i n .  Vol. I .  D .  Geol.  Surv. B u l l .  No. 25. 311 pp. 

Appleton and Co., New York. 

Burtchaell , P.  E .  1949. Economi c 
change and popula t ion  a t  Cedar Key. 
M.A. Thesis.  U n i v e r s i t y  of F l o r i d a ,  
Gainesvil le. 85 pp. 

Camp, P.D. 1932. A s tudy o f  range  
c a t t l e  management i n  A1 achua County, 
Florida.  F lor ida  Agr ic .  Exp. S t a .  
Bull.  249. G a i n e s v i l l e ,  F la .  28  
PP . 

Campbell, D . ,  D.A. Munch, R. Johnson, 
M.P. Parker, B. P a r k e r ,  D.V.  Rao, R .  
Mare11 a ,  and E .  A l  banesi . 1984. 
S t .  Johns River w a t e r  management 
d i s t r i c t .  Pages 158-177 i n  € . A .  
Fernald and D.J. P a t t o n ,  eds.  Water 
resources a t l a s  o f  F l o r i d a .  F1 o r i d a  
S t a t e  University, Ta l l ahassee .  

Dickson, J.G. 1978. Forest bird 
communities of  the  bottomland 
hardwoods. Pages 66-73 i n  R.M. 
DeGraaf, ed.  Proceedings of the 
workshop on management of southern 
f o r e s t s  f o r  nangame b i r d s .  0.5.3 .A.  
Far .  Serv. Gen. Tech. Rep. SE-14. 
Southeas t .  For. Exp. S ta t ion ,  
Ashev i l t e ,  N . C .  

D ie rbe rg ,  F .  E., and P . L .  Brezoni k .  
1984. The e f f e c t  of wastewater an  
the su r face  water and groundwater 
qua1 i t y  of cypress domes. Pages 83- 
101 i n  K . C .  Ewel and W.T. Odum, eds. 
Cypress swamps. University Presses 
o f  F lo r ida ,  Gainesvi l le .  

D i x i e  County Advocate. 30 April 1987. 
Federal pub1 i c  d i s a s t e r  ass is tance  
not  recommended fo r  county. 

City of Ocala. 1986. J o i n t  Duever, L . C . ,  R.W.  Simons, R . F .  Noss, 
appl ica t ion  t o  t h e  Department of  t h e  and J .  R. Newman, 1987, 
Army and the F l o r i d a  Department of  Comprehensive inventory of n a t u r a l  
Environmental Regulat ion ( F i l e  eco log ica l  communi t i e s  in A1 achua 
number 421192719, Mari on County) f o r  County. K B N  Engineering and Applied 
a c t i v i t i e s  in  t he  waters  o f  t h e  Sciences ,  I n c . ,  P .O.  Box 14288, 
S t a t e  of Florida.  66 pp. G a i n e s v i l l e ,  F la .  138 pp. 

Clausen, C.3. 1971. List o f  pr imary  Ewel, K . C .  1984. Effects of f i r e  and 
f l o r a  u t i l  ized by a b o r i g i n a l  sewage on understory vegetation in  
inhabi tants  of n o r t h  F l o r i d a .  cypress  domes. Pages 119-126 i n  
Unpubl. memo. t o  L.R.  Morrel l ,  S t a t e  K.C.  Ewe1 and H . T .  Odum, eds. 
Archaeologist,  T a l l  ahassee .  3 PP. Cypress swamps. University Presses 

of F l o r i d a ,  Gainesvi l le .  

Conover, C.S., 3.5. Geraghty, and G . G .  
Parker, Sr.  1984. Ground w a t e r .  
Pages 36-53 i n  E.A. Fernald and D .J. 
Patton, eds. Water r e sources  a t 1  as  
of Florida.  F l o r i d a  S t a t e  
University, Tall ahassee .  

Corbett, J.A. 1978. The g o a t ' s  role 
i n  subsi s tence devel  opment . Dai ry  
Goat J. 6:12-16 and 7:28-43. 

Ewel, K . C . ,  and W.J. Mitsch. 1978. 
The e f f e c t s  of  f i r e  on species 
composition in cypress dome 
ecosystems. F l  a .  Sci . 41  : 25-31. 

Ewel, K . C . ,  M.A. Harwell, J.R. Kelly, 
H.D. Grover, and B . L .  Bedfard. 
1982. Evaluation of the  use of 
n a t u r a l  ecosystems f o r  wastewater 
t r ea tmen t .  Ecosystems Research 



Center Rep. No. 15. Cornel 1 
University, Ithaca, N . Y .  55 pp. 

Environmental Science and Engineering, 
Inc. 1974. Deerhaven Station ten 
year s i t e  pl an environmental 
assessment. Unpubl. rep. t o  the 
Gainesvil l e  - A1 achua County 
Regional Ut i l i t i e s .  15 pp. 

Felix, A . C . ,  T.L. Sharik, and B.S. 
McGinnes. 1986. Effects of pine 
conversion on food plants of 
northern bobwhite quail ,  eastern 
wild turkey, and white-tailed deer 
in the Virginia Piedmont. South. J .  
Appl. For. 10:47-52. 

Ferguson, E . R .  1958. Age of rough 
(ground cover) affects  shortleaf 
pine establ ishment and survival. J .  
For. 56:422-423. 

Florida Department of Agriculture and 
Consumer Services. 1986. Florida 
forest  fac ts .  Tallahassee. 4 pp. 

Franz, R. 1976. Freshwater 
crustaceans: the i r  distribution in 
the Cross Florida Barge Canal area. 
Pages J-1 t o  J-19 in Florida Game 
and Fresh Water Fish Commission, 
Cross Florida Barge Canal Restudy 
Report. Wild1 i f e  Study. Vol . 5. 

Gai nesvi 11 e Sun. 24 April 1987. 
2,100 claim food for Dixie County 
flooding victims. 

Gifford, G . L . ,  and R.H. Haskins. 
1978. Hydro1 ogic impact of grazing 
on inf i l t ra t ion:  a c r i t i ca l  review. 
Water Resour. Res. 14(2):305-313. 

Gill ,  C.J. 1970. The flooding 
tolerance of woody species - a 
review. For. Abstr. 31:671-688. 

Gornitz, V . ,  S. Lebedeff, and J .  
Hansen. 1982. Global sea level 
trend in the past century. Science 
215: 1611-1614. 

Florida Division of Forestry. 1980. 
Best Management Practices. A Greeson, P .E . ,  J.R. Clark, and J.E. 
1 andowners handbook fo r  control1 ing eds. 1979. Wet1 and 
erosion from forestry operations. functions and values: the s t a t e  of 
~1 ori da Department of Agriculture O u r  understanding . American Water 
and Consumer Services. Tallahassee. Resource Associ a t i  on, Mi nneapol i s ,  
15 PP. Minn. 674 pp. 

Gresham, C.A. 1985. Pine and 
Fl orida Game and Fresh Water Fi sh hardwood regeneration a1 ternatives 

Commi s s i  on. 1976. Cross Florida for  harvested bottom1 and stands. 
barge canal restudy report. Pages 87-92 i n  E. Shoulders, ed. 
Wildl i festudy.  Vol. 1. U.S.Army Proc. Third Biennial Southern 
Corps of Engineers, Jacksonvi 11 e.  Silvic.  Res. Conf. U.S.D.A. For. 
356 pp. Serv. Gen. Tech. Rep. SO-54. 

Florida Game and Fresh Water Fish 
Commission. 1989. Official l i s t s  
of endangered and potenti a1 ly 
endangered fauna and f lora  in 
Florida. Tallahassee. 19 pp. 

Fowells, H.A. 1965. Silvics of 
forest  t rees  of the United States.  
Agric. Handb. No. 271. U.S. Dep. 
Agric. Washington, D.C. 762 pp. 

Hansen, J.E., D. Johnson, A. Lacis, S. 
Lebedeff, D. Rind, and G. Russell. 
1981. Cl imate impact of increasing 
atmospheric carbon dioxide. Science 
213~957-966. 

Hare, R.C.  1965. Contribution of 
bark to  f i r e  resistance of southern 
t rees .  J. For. 63:248-251. 



Harlow, R.F. 1959. An evaluat ion of 
w h i t e - t a i l e d  d e e r  hab i ta t  i n  
F l o r i d a .  F l  a. Game Fresh Water F ish 
Comm. Tech. B u l l .  NO. 5. 64 pp. 

Harlow, R.F. 1965. Food habits.  
Pages 74-107 i n  R.F. Harlow and F.K. 
Jones, Jr., eds.  The wh i te - ta i l ed  
deer i n  F l o r i d a .  F la .  Game Fresh 
Water Fish  Comm. Tech. B u l l .  No. 9. 
240 pp. 

Harlow, R.F. 1976. P lan t  response t o  
t h i n n i n g  and f e n c i n g  i n  a hydr ic  
hammock and c y p r e s s  pond i n  Central 
F lo r i da .  U.S.D.A. For. Serv. 
Research Note SE-230. 7 pp. 

Harlow, R.F., and E.L. Tyson. 1959. 
A p re l im ina ry  r e p o r t  an the e f f e c t  
o f  mast abundance on the weight and 
reproduct ion  o f  deer i n  centra l  
F lo r i da .  P roc .  Annual Conf. 
Southeastern Assoc.  Game Fish Comm. 
13:62-69. 

Harlow, W.M., and E.S. Harrar. 1958. 
Textbook o f  dendro logy .  McGraw-Hill 
Book Ca., New York. 561 pp. 

Harms, W.R., H.T. Schreuder, D.D. 
Hook, and C.L. Brown. 1980. The 
e f f e c t s  o f  f l o o d i n g  on the swamp 
fores t  i n  Lake Ockl awaha, F lo r ida .  
Ecology 61 : 1412- 1421. 

Harper, R.M. 1911. The r e l a t i o n  o f  
c l imax v e g e t a t i o n  t o  is lands and 
peninsulas. Bul 1 . Torrey Bot. Club 
38:515-525. 

Harper, R.M. 1914. Geography and 
vegetat ion o f  nor thern  Flor ida.  
F l o r i d a  Geol . Swrv. Ann. Rep. 6:163- 
437. 

Harper, R.M. 1915. Vegetat ion types. 
Pages 135-188 i n  E.H. Sel lards, R.M. 
Harper, E.N. Mooney, W.3. Latimer, 
H. Gunter, a n d  E.  Gunter, eds. 
Natura l  resou rces  survey of an area 

i n  central Fl orf da .  rl r i h .  Geui .  
Surv. Ann. Rep. 7~117-251.  

Harr is ,  L.D. 1984. The fragmented 
fo res t :  i s l  and biogeography theory 
and the  p rese rva t i on  o f  b i o t i c  
d i v e r s i t y .  U n i v e r s i t y  o f  Chicago 
Press, Chicago. 211 pp. 

Harr is ,  L.D., and R. Mulholland. 
1983. Southeastern bottom1 and 
ecosystems as w i  l d l  i f e  h a b i t a t .  
Pages 63-73 i n  D.M. Flinchum, G . B .  
D o o l i t t l e ,  and K.R. Munson, eds. 
Appraisal o f  F l o r i d a f  s wet1 and 
hardwood resource. Proc. 1983 SAF- 
SFRC Annual Spr ing Symp. School o f  
For. Resour. and Conserv., I n s t .  of 
Food and Agr ic .  Sci., Ga inesv i l le .  

Harr is ,  L.D., and P. Skoog. 1980. 
Wi ld l  i f e  h a b i t a t  imp1 i c a t i o n s  o f  
f o r e s t  management p rac t i ces .  Pages 
103-119 i n  R.H. Chabreck and R.H. 
M i l l s ,  eds. I n t e g r a t i n g  t imber and 
w i l d l  i f e  management i n  southern 
fo res ts .  Proc. 29 th  Ann. La. S t .  
Univ. For. Symp., Baton Rouge, La. 

Harr is ,  L.D., and W .  Smith, 1978, 
Relat ions o f  f o r e s t  p rac t i ces  t o  
non-t imber resources and adjacent 
ecosystems. Pages 28-58 i n  T. 
Tippen, ed. P r i n c i p l e s  o f  
mainta in ing p r o d u c t i v i t y  on prepared 
s i t e s .  U.S.D.A. For. Serv., New 
Orleans, La. 

Harr is ,  L.D., and R.D. Wall ace. 1984. 
Breeding b i r d  species i n  F l o r i d a  
f o r e s t  fragments. Proc. Ann. Conf. 
Southeast. Assoc. F i sh  Wi ld l .  
Agencies 38:87-96. 

Harr is ,  L.D., D.H. H i r t h ,  and W.R. 
Marion. 1979. The development o f  
s i l v i c u l  t u r a l  systems f o r  w i l d l  i f e .  
Pages 65-82 i n  C.L. S h i l l i n g  and 
J.R. T o l l i v e r ,  eds. Recreat ion i n  
the  South's t h i r d  f o r e s t .  Proc. 
28th Ann. La. S t .  Univ. For. Symp., 
Baton Rouge. 



t!sszn, S e M .  1980. Stormwater 
management p l a n  fo r  San Felasco 
V i l l a s  - Deer Run U n i t  3. Alachua 
County, F lo r i da .  Unpubl. 56 pp. 

Ha tche l l ,  G.E., C.W. Ralston, and R.R. 
F o i l .  1970. S o i l  disturbances i n  
logg ing :  e f f e c t s  on s o i l  
c h a r a c t e r i s t i c s  and growth o f  
l o b l o l l y  p ine  i n  the A t l a n t i c  
coas ta l  pf a in .  3. For. 58: 772-775. 

Haymond, J.  1983. Natural 
regenera t ion  methods for  southern 
p ines.  For. Farmer 43(1):9-11. 

Haywood, J . D. 1986. Herbicides 
re lease c rop  t rees .  For. Farmer 
45(8): 14-15. 

Healy, W.M., and E.S. Nenno. 1983. 
Minimum maintenance versus in tens ive  
management o f  c l ea r ings  f o r  w i l d  
turkeys.  W i l d l i f e  Soc. B u l l .  
11:113-120. 

Hicks, S.D., H.A. DeBaugh, and L.E. 
Hickman. 1983. Sea l e v e l  v a r i a t i o n  
f o r  t h e  Un i ted  States 1855-1980. 
Nat iona l  Ocean Service, Rockvi 11 e, 
Md . 

Hoffman, J.S. 1984. Estimates o f  
f u t u r e  sea l e v e l  r i s e .  Pages 79-103 
i n  M.C. Bar th  and J.C. T i tus ,  eds. 
Greenhouse e f f e c t  and sea l e v e l  
r i s e .  Van Nostrand Reinhold c 0 . 7  

New York. 325 pp. 

Hoffman, J.S., D. Keyes, and 3.6. 
T i t u s .  1983. P r o j e c t i n g  future sea 
l e v e l  r i s e .  U.S. GPO No. 055-000- 
0236-3. Government P r i n t i n g  Of f i ce ,  
Washington, D.C. 

Holdahl , S.R., and N.L. Morrison. 
1974. Regional i nves t i ga t i ons  of 
v e r t i c a l  c r u s t a l  movements i n  the 
U. S., us ing  p r e c i  se re1  eve1 i ngs and 
mareograph data. Tectonophysi cs 
23:373-390. 

H o l l i s ,  c . A . ,  R.F. Fisher, and W.L. 
P r i t c h e t t .  1978. E f fec ts  o f  some 
s i l v i c u l t u r a l  p rac t i ces  on s o i l  - s i t e  
p r o p e r t i e s  i n  the Lower Coastal 
P la in.  Pages 585-607 i n  C.T. 
Youngberg, ed. Forest s o i l s  and 
1 and use: Proc. F i f t h  North Amer. 
For. Soi I s Conf. Colorado State 
U n i v e r s i t y ,  F t .  C o l l i n s .  

Hudson, N.H., Jr. 1983. Managing 
wetland s i t e s .  Pages 41-45 i n  D.M. 
Flinchum, G.B. Do01 i t t l e ,  and K.R. 
Munson, eds. Apprai sa l  o f  F lo r ida 's  
wet1 and hardwood resource. Proc. 
1983 SAF-SFRC Annual Spring Symp. 
School of F o r .  Resour. and Conserv., 
I n s t .  o f  Food and Agr ic .  Sci., 
Gai nesvi 1 I e . 

Humphrey, S.R., R.W. Repenning, and 
H.W. Se tze r .  1986. Status survey 
o f  f i v e  F l o r i d a  mammals. F l o r i d a  
Coop. F i s h  and W i l d l i f e  Res. Un i t ,  
Tech. Rep. No. 22. U n i v e r s i t y  o f  
F lor ida,  G a i n e s v i l l e .  38 pp. 

Humphrey, S.R., and S.A. Nesb i t t .  
[1988]. C h a r a c t e r i s t i c s  o f  b i r d  
communi t i  es i n  nor thern peninsular  
F lo r ida .  F l a .  State Mus. Unpubl. 
MS. 15 pp. 

Jennings, W. L. 1951. A study o f  the 
1 i f e  h i s t o r y  and ecology o f  the gray 
s q u i r r e l  ( S c i u r u s  c. caro 7 inensis  
Gmel i n )  i n  G u l f  Hammock. M. S. 
Thesi s. U n i v e r s i t y  o f  F lo r ida ,  
G a i n e s v i l l e .  151 pp. 

Johnson, R.L. 1977. Planning f o r  
na tura l  hardwood regenerat ion i n  the 
coasta l  p l a i n .  Pages 114-119 i n  
Proc. Second Symp. on Southeastern 
Hardwoods. U.S.D.A. For. Serv., 
At lanta,  Ga. 

Johnson, R. L. 1978. Timber harvests 
from wet] ands. Pages 598-605 i n  
P.E. Greeson, J .R .  Clark, and J.E. 
Clark, eds .  Wetland func t ions  and 
va l  ues: t h e  s t a t e  o f  our 



American Water Agric. Handb. NO. GC5. I S  F n A understanding . w.a.tJ.n. 
Resource Associat ion,  Mi nneapol is ,  For. Serv. Washington, D . C .  1418 
Minn. PP 

Johnson, R . L . ,  and F.W. Shropshire .  
1983. Bottomland Hardwoods. Pages 
175-179 i n  R.M. Burns, ed. 
S i l v i c u l  t u r a l  systems f o r  t h e  major 
f o r e s t  t ypes  of t h e  U.S. U.S.D.A. 
Fores t  Serv. Agric. Handb. 445. 191 
PP . 

Jorgensen,  J.R., and C.G. Wells 1986. 
Fores t e r ' s  primer i n  n u t r i e n t  
cycl i ng , A 1 obl 01 1 y p i  ne management 
guide . U.S.D.A. For. Serv. 
Southeastern Forest  Exp. S t a .  Gen. 
Tech. Rep. SE-37. 42 pp. 

Kadlec, R . H - ,  and D.L.  T i l t on .  1979. 
The use o f  f reshwater  wetlands a s  a 

Kurz, H . ,  and #. Wagner. 1957. Tidal 
marshes of  t h e  Gulf and A t l a n t i c  
c o a s t s  of  nor thern  F lo r ida  and 
Char1 es ton ,  South Carol i na. F lor ida  
S t a t e  Univers i ty  S tud ie s  24. 168 
PP 

Laessle ,  A.M. 1942. The pl-ant 
communities of  t h e  Welaka a rea .  
Univ. Fla .  Biol .  S c i .  Ser .  4(1) .  
143 pp. 

Laessle ,  A.M. ,  and C.D.  Monk. 1961. 
Some l i v e  oak f o r e s t s  of 
nor theas te rn  F lor ida .  Q. J .  Fla.  
Acad. Sc i .  24:39-55. 

t e r t i  ary wastewater Larson, L.H. 1980. Aboriginal 
a1 t e r n a t i v e .  C r i t i c a l  Reviews in subsistence technology on the 
Environmental Control 9:185-212. Southeastern Coastal PI a in  during 

the l a t e  p r e h i s t o r i c  per iod.  
Kaufer t ,  F.H. 1933. Fi re  and decay University Presses of Florida,  

i n j u r y  i n  t h e  southern bottomland Gainesvi l le .  260 pp. 
hardwoods. J. For. 31:64-67. 

Kel l i son ,  R.C.  1983. Prescr ip t ion  
f o r  na tu ra l  regenerat ion of southern 
hardwoods. Pages 50-56 i n  D.M. 
F1 inchum, G.B. Do01 i t t l e ,  and K.R. 
Munson, eds.  Appraisal of F lor ida ' s  
wet1 and hardwood resource.  Proc. 
1983 SAF-SFRC Annual Spring Symp. 
School of For. Resour. and Conserv., 
I n s t .  of Food and Agric. Sci ., 
Gai nesvi 11 e .  

Kendrick, B. 1967. Flor ida ' s  
perpetual  f o r e s t s .  Division of 
Fores t ry ,  F lor ida  Dept. o f  Agric. ,  
Tal lahassee .  261 pp. 

Klein,  L.  1986. Hot on t h e  t r a i l .  
Aug. 27, 1986. Gainesvi l le  Sun. 
Gainesvi l le ,  Fla. Pages B1 and 83. 

de  Laudonniere, R.G.  16th Century. 
Three voyages. Trans la ted  by C.E .  
Bennett. (1975). Univers i ty  Presses  
of F lo r ida ,  Ga inesv i l l e .  232 pp, 

Lay, D.W. 1938. How va luab le  a r e  
woodland c l e a r i n g s  t o  b i rd  l i f e ?  
Wilson Bull .  50:254-256. 

Leitman, H.M.,  J.E. Sohm, and M.A. 
Frank1 in .  1983. Wet1 and hydro1 ogy 
and t r e e  d i s t r i b u t i o n  of  t h e  
Apal achi col a River f l ood  pl a i  n, 
Flor ida.  U. S. Geol . Surv. Water 
Supp. Pap. 2196-A. 52 pp. 

Lemlich, S.K., and K.C. Ewel. 1984. 
Ef fec t s  of  wastewater d i sposa l  on 
growth r a t e s  o f  cypress  t r e e s .  J .  
Environ. Qua1 . 13:602-604. 

Koch, P. 1985. U t i l i z a t i o n  of Lewis, C .E .  1981. Forage resources  
hardwoods growing on southern pine and i n t e g r a t e d  management i n  t h e  
s i t e s .  Vol. 1. The raw mater ia l .  s l a s h  p ine  ecosystem. Pages 360-368 



i n  E.i. Stone, ed. The managed 
slash pine ecosystem. Ins t i tu te  of 
Food and Agricultural Sciences, 
University of Florida, Gainesvil l e .  
434 pp. 

Lot t i ,  T . ,  R.A. Klawitter, and W.P. 
LeGrande. 1960. Prescribed burning 
fo r  understory control in loblol ly  
pine stands of the  coastal plain. 
U.S.D.A.  For. Serv. Res. Pap. SE- 
116. Southeastern For. Exp. 
S ta t ion,  Asheville, N.C.  

Lugo, A . E . ,  and S.L. Brown. 1984. 
The Okl awaha River forested wet1 ands 
and t h e i r  response t o  chronic 
flooding. Pages 365-373 i n  K.C. 
Ewe1 and H.T. Odum, eds. Cypress 
swamps. University Presses of 
Florida,  Gainesvil le.  

Lutz, H.J., and R.F .  Chandler, J r .  
1946. Forest s o i l s .  John Wiley & 
Sons. New York. 514 pp. 

MacArthur, R . H . ,  and J.W. MacArthur. 
1961. On bird species divers i ty .  
Ecol ogy 42 : 594- 598. 

McComb, W.C., and R . E .  Noble. 1981. 
Nest-box and natural -cavity use in 
three mid-south fo res t  habi ta ts .  J .  
Wildl. Manage. 45:93-101. 

McComb, W.C., S.A. Bonney, R.M. 
Sheffield, and N.D.  Cost. 1986. 
Den t r e e  charac te r i s t i cs  and 
abundance in Florida and South 
Carol i na. J . Wi 1 dl . Manage. 50 : 584- 
591. 

McKee, W.H., J r . ,  and E .  Shoulders. 
1970. Depth of water t ab le  and 
redox potential of so i l  a f fec t  slash 
pine growth. For. Sci . 16:399-402. 

McKee, W . H . ,  and L.P. Wilhite. 1986. 
Loblolly pine response t o  bedding 
and f e r t i l i z a t i o n  var ies  by drainage 
c lass  on lower Atlantic Coastal 
Plain s i t e s .  South. J .  Appl. For. 
10: 16-21. 

McKnight, J.S., and R.L.  Johnson. 
1980. Hardwood management in 
southern bottom1 ands. For. Farmer 
39(5) :31-39. 

Maehr, D.S. 1982. Beekeeping enters McNeil1, W ,  H. 1982. The pursuit  of 
the  so l a r  age. Amer. Bee J .  power. Univ. of Chicago Press, 
122:280-281. Chicago, 405 pp. 

Maehr, D.S., and J.R. Brady. 1982. 
Florida black bear - beekeeper 
confl i c t :  1981 beekeeper survey. 
Amer. Bee J .  122:372-375. 

Maehr, D.S., and J.R. Brady. 1984. 
Food habi ts  of Florida black bears. 
J .  W i  1 dl . Manage. 48: 230-235. 

Matschke, G . H .  1964. The influence 
of oak mast on European wild hog 
reproduction. Proc. Southeast. 
Assoc. Game Fish Comm. 18:35-39. 

McCafferty, K . R . ,  and W.A. Creed. 
1969. Significance of fo res t  
openings t o  deer in northern 
Wisconsin. Wi sc.  Dep. Nat . Resour. 
Tech. Bull . 44. 104 pp. 

Mi tsch,  W .  J. ,  and J .  Gossel ink. 1986. 
Wet1 ands. Van Nostrand Rei nhol d 
Co., New York. 539 pp. 

Moler, P.E. [1985]. Home range and 
seasonal ac t iv i ty  of the  eastern 
indigo snake, Drymarchon corais 
couperi, i n  northern Florida. F l  a. 
Game Fresh Water Fish Comm. Unpubl. 
MS. 25 pp. 

Monk, C.D. 1966. An ecological study 
o f  hardwood swamps i n  north-central 
Florida. Ecology 47:649-654. 

Morris, L .A. ,  W.L. P r i t che t t ,  and B.F. 
Swi ndel . 1983. Di spl acement of 
nu t r ien t s  in windrows during s i t e  
preparation of a flatwood fores t .  



S o i l  Sc i .  Soc. Amer. Proc. 47:591- 
594. 

Nash, G.V. 1895. Notes on some 
F l o r i d a  p lan ts .  Bu l l .  Torrey Bot. 
Club 22~141-147. 

Nessel , J.K., and S.E. Bayley. 1984. 
D i s t r i b u t i o n  and dynamics o f  organic 
mat te r  and phosphorus i n  a sewage- 
enr iched cypress swamp. Pages 262- 
278 i n  K.C. Ewel and H.T. Odum, eds. 
Cypress swamps. Un ive rs i t y  Presses 
o f  F lo r ida ,  Ga inesv i l le .  

Nessel, J.K., K.C. Ewel, and M.S. 
Burnet t .  1982. Wastewater 
enrichment increases mature 
pondcypress growth ra tes .  For. Sci.  
28:414-417. 

Net ter ,  W.L., and J.D. Gregory. 1985. 
Managing southeast wetlands. J. 
For. 83:609. 

Newsom, L.A. 1986. Plants, human 
subsi stence, and environment: a case 
study from Hontoon I s land  (8-VO- 
202), F lo r ida .  M.A. Thesis. 
U n i v e r s i t y  o f  F lo r ida ,  Ga inesv i l le .  
151 pp. 

Oldenburg, P. [1986]. The B ig  Bend 
coast p ro jec t ,  save our coasts. 
F l o r i d a  Game and Fresh Water F ish  
Commission. T a l l  ahassee. Unpubl . 
24 PP* 

Panshin, A.J., E.S. Harrar,  J.S. 
Bethel, and W.J. Baker. 1962. 
Forest products . McGraw-Hi 1 1 Book 
Co., New York. 538 pp. 

Volumes i ,  2, 2 ,  arad 5. 611 iversi iy  
Presses o f  F lo r ida ,  Ga inesv i l l e .  

Putnam, J.A., G.M. Furn iva l ,  and J.S. 
McKnight. 1960. Management and 
inventory o f  southern hardwoods. 
U.S.D.A. For. Serv. Agr ic .  Handb. 
No. 181. 102 pp. 

Richardson, C.J., and D.S. Nichols.  
1985. Ecological  ana lys is  of 
wastewater management c r i t e r i a  i n  
wet l  and ecosystems. I n  Ecol ogi  ca l  
considerat ions i n  wet l  ands treatment 
o f  municipal wastewaters. Van 
Nostrand Re inho l t  Co., New York. 

Richardson, J., P.A. Straub, K.C. 
Ewel, and H.T. Odum. 1983. 
Sul fate-enr iched water e f f e c t s  on a 
f l oodpl a i n  f o r e s t .  Environ. Manage. 
7:321-326. 

Riekerk, H. 1982. Water q u a l i t y  
management i n  f1 atwoods o f  F lo r i da .  
Pages 53-61 i n  S.S. Coleman, A.C. 
Mace, Jr., and B.F. Swindel, eds. 
Impacts o f  i n t e n s i v e  f o r e s t  
management p rac t i ces  . IMPAC Vol . 7. 
School o f  For. Resour. and Conserv., 
U n i v e r s i t y  o f  F lo r i da ,  Gainesvi l  l e .  

Riekerk, H. 1983. Forested wetlands, 
environmental r u l e s  and 
s i  1 v i c u l  t u r a l  p rac t i ces .  Pages 74- 
92 i n  D.M. Flinchum, G.B. D o o l i t t l e ,  
and K.R. Munson, eds. Appraisal  o f  
F lo r i da ' s  wet l  and hardwood resource. 
Proc. 1983 SAF-SFRC Annual Spring 
S Y ~ P  - I n s t i t u t e  o f  Food and 
A g r i c u l t u r a l  Sciences, U n i v e r s i t y  o f  
F lo r i da ,  Ga inesv i l l e .  

Pearson, P.G. 1954. Mammals o f  Gulf 
Hammock, Levy County, F1 or ida.  Robertson, D. J. 1986. Freshwater 
Amer. Mid1 . Nat. 51:468-480. wetland rec lamat ion  by t h e  F l o r i d a  

~ h o s ~ h a t e  i ndus t r y .  Nat. Wet1 ands 
Post, I.L. 1986. The r a d i o  horse: a kewsi. 8:9-12. 

- 

new machine f o r  t h inn ing  w i thout  
damage. Nat . Wood1 ands 9 (2) : 9- 11. 

Roth, R.R. 1976. Spat i a1 
Pri tchard, P.C.H., ed. 1979. Rare heterogenei ty  and b i r d  species 

and endangered b i o t a  of F lo r i da .  d i v e r s i t y  . Ecology 57: 773-782. 



Shaw, . , and W.!?. Mani;uri. 1984. Stoddard, H . L .  1936. Management of 
Nonconsumptive use of wild1 i f e  in wild turkey. Trans. North Amer. 
the  United S ta tes .  U.S. Fish Wildl. Wildl. Conf. 1:352-356. 
Serv. Resour. Pub1 . 154. 20 pp. 

Swindell, D . E . ,  J r .  1949. Plant 
Simberloff, D . ,  and J .  Cox. 1987. communities and other factors  

Consequences and costs of affecting t he  deer and turkey 
conservation corr idors .  Conserv. popul a t ions  in Gul f Hammock. M.S. 
Bi 01 . 1 :63-71. Thesis. University of Florida, 

Gainesvil l e .  150 pp. 

Simons, R.W. [1976]. The natural 
hi s tory  of Sanchez Pra i r i e .  Report 
t o  Florida Defenders of the 
Environment, Gainesville. 3 pp. 
Unpubl . 

Simons, R.W., and J.H. Hintermister. 
1984. Native ~ 1 a n t  and animal 
communities, northern phosphate 
resource d i s t r i c t .  Pages 76-81 i n  
H .  Hood and R.M. Palmer, eds. 
Phosphate mining in Florida, a 
source book. Florida Defenders of 
the  Environment, Gainesvil l e ,  and 
the  Environmental Service Center, 
Tall ahassee. 

Simons, R . W . ,  W.R. Marion, and J.H. 
Hintermister. 1984. Native plant 
and animal communities, central and 
south phosphate resource d i s t r i c t s .  
Pages 52-58 i n  H.  Hood and R.M. 
Palmer, eds. Phosphate mining in 
Florida, a source book. Florida 
Defenders of t he  Environment, 
Gainesvi 11 e ,  and the  Environmental 
Service Center, Tallahassee. 

Smith, D.M.  1962. The practice of 
s i l v i cu l t u r e .  John Wiley & Sons, 
Inc.,  New York. 578 pp. 

Smith, G .  1971. Florida black bear. 
Fla. Wildl. 25(10):4-6. 

Smith, W.H. 1985. Forest quali ty and 
a i r  qual i ty .  J .  For. 83:82-92. 

Spel lman, C .  W. 1948. The  agr icul ture  
of the ear ly  north Florida Indians. 
Fla. Anthropol. 1:37-48. 

Tanner, J.T. 1942. The ivory-bil led 
woodpecker. Nat . Audubon Soc. Res . 
Rep. No. 1. 111 pp. 

Terry, T.A. ,  and J.H. Hughes. 1975. 
The e f f ec t s  of intensive management 
on planted loblol ly  pine (Pinus 
taeda L.) growth on poorly drained 
soi l  of the  Atlantic coastal plain.  
Pages 351-377 i n  B. Bernier and C . H .  
Winget, eds. Forest s o i l s  and 
fores t  land management. Proc. 
Fourth N .  Amer. For. So i l s  Conf. 
Les Presses de l tUnivers i t e  Laval, 
Quebec. 

Teskey, R.O., and T.M. Hinckley. 
1977. Impact of water 1 eve1 changes 
on woody r ipar ian and wetland 
communities. Vol . 2: Southern 
fo res t  region. U.S. Fish Wildl. 
Serv . FWS/OBS-77/59. 

Titus,  J.G. 1985. Sea level r i s e  and 
wetlands loss .  Pages 1979-1990 i n  
O.T. Magoon, H. Converse, D. Miner, 
D.  Clark, and L.T. Tobin, eds. 
Coastal Zone '85. Vol . 2.  Proc. 
Fourth Symp. on Coastal and Ocean 
Management. Amer. Soc. Civil 
Engineers, New York. 

Titus,  J.G.? and M.C. Barth. 1984. 
An overvlew of the  causes and 
e f f ec t s  of sea level  r i s e .  Pages 1- 
56 i n  M.C. Barth and J.C. Titus ,  
eds . Greenhouse e f f ec t  and sea 
level r i s e .  Van Nostrand Reinhold 
Co., New York. 325 pp. 



Tuschall  , J.R., P.L. Brezoni k, and 
K.C. Ewel. 1981. T e r t  i a r y  
t rea tment  o f  wastewater using flow- 
through wetl and systems. Pages 558- 
565 i n  F.M. Saunders, ed. 1981 
na t iona l  conference on environmental 
engineer ing .  Amer. Soc. of  C iv i l  
Engi neers , New York. 

U .S. Environmental Pro tec t ion  Agency. 
1985. Freshwater wet1 ands f o r  
wastewater management handbook. EPA 
Region IV, A t l an t a ,  Ga. 503 pp. 

U.S. Fish and Wi ld l i f e  Service.  1989. 
Endangered & th rea tened  w i l d l i f e  and 
p l a n t s .  U.S. Government P r in t i ng  
Of f i ce ,  Washington, D.C .  34 pp. 

Varney, C.B. 1963. Economic and 
h i s t o r i c a l  geography of  t h e  Gulf 
Coast o f  Flor ida:  Cedar Keys t o  S t .  
Marks. Ph.D. D i s s e r t a t i o n .  C1 a r k  
Univers i ty ,  Worcester, Mass. 324 
PP 

Vince, S.W., R.W. Simons, and S.R. 
Humphrey. 1989. The ecology of  
hydr ic  hammocks: a community 
p r o f i l e .  U.S.  Fish Wildl. Serv. 
Biol .  Rep. 85(7.26). 81 pp. 

Wells, B.W. 1942. Ecol ogi ca l  
probl ems o f  t h e  southeas te rn  United 
S t a t e s  coas t a l  p l a in .  Bot. Rev. 
8:533-561. 

Wharton, C . H . ,  V .W.  Lambou, J .  Newsom, 
P.V. Winger, L . L .  Gaddy, and R .  
Manc ke . 1981. The fauna of 
bottomland hardwoods i n  t h e  
southeas te rn  United S t a t e s .  Pages 
87-160 i n  J.R. Clark and J .  
Benforado, eds . Wetlands of 
bottom1 and hardwood f o r e s t s .  
Devel opments i n a g r i  cul t u r a l  and 
managed-forest ecol ogy . Vol 2. 
El s e v i e r  S c i e n t i f i c ,  New York. 

Wharton, C . H . ,  W . M .  Kitchens,  E . C .  
Pendleton, and T.W. Sipe. 1982. 
The ecology of bottoml and hardwood 

swamps of tne sotltiieiisi. d 

communi t y  prof i 1 e . U .  S. Fish 
Wildl . Serv. FWS/OBS-81/37. 133 pp. 

Whitcomb, R . F . ,  C.S. Robbins, J.F. 
Lynch , B.L .  Whi tcomb, M . K .  
Klimkiewicz, and D. Bystrak.  1981. 
Ef fec t s  of  f o r e s t  f ragmentat ion on 
avifauna of  the e a s t e r n  deciduous 
f o r e s t .  Pages 125-205 i n  R . L .  
Burgess and D.M. Sharpe, eds.  
Forest  i s l and  dynamics i n  man- 
dominated 1 andscapes.  Spri  nger- 
Verlag, New York. 310 pp. 

Wil cove, D. S. 1985. Nest predat ion 
i n  f o r e s t  t r a c t s  and t h e  d e c l i n e  of 
migratory songbirds .  Ecol ogy 
66:1211-1214. 

Williams, T.M. 1979. Impl ica t ions  of 
hydrologic response t o  t h e  p r a c t i c e  
of f o r e s t r y  on c o a s t a l  f o r e s t s .  
Pages 93-102 i n  W.H. Smith, ed. 
F lor ida ' s  water  resources- -  
impl ica t ions  f o r  f o r e s t  management. 
Proc. E l  eventh SAF-SFRC Spring 
Symp., I n s t i t u t e  of  Food and 
Agr icu l tura l  Sc iences ,  Univers i ty  of 
F lor ida ,  Ga inesv i l l e .  

Windsor, C . L .  1983. Rayonier 's  
hardwood experi  ences  i n  F1 o r ida .  
Pages 38-40 i n  D.M. Flinchum, G.B.  
D o o l i t t l e ,  and K.R.  Munson, eds.  
Appraisal of  F lo r ida ' s  wetl and 
hardwood resource.  Proc. 1983 SAF- 
SFRC Annual Spring Symp. School of 
For. Resour. and Conserv., I n s t .  of 
Food and Agric.  Sci . , Gainesvi l  l e .  

Wolters, G . L .  1974. Longleaf un io l a  
and sp ike  un io l a  need shade. J .  
Range Manage. 27:45-47. 

Wood, G.W. ,  and R .E .  Brenneman. 1980. 
Feral hog movements and h a b i t a t  use 
in  coas t a l  South Caro l ina .  J.  
Wil d l .  Manage. 44:420-427. 

Wood, G.W., and D.N.  Roark. 1980. 
Food h a b i t s  o f  f e r a l  hogs i n  coas t a l  



South Carclina. 2. Wf ld l .  Manage. 
44:506-511. 

Wood, V.S. 1981. L i ve  oaking: 
southern t imber  f o r  t a l l  ships. 
Northeastern U n i v e r s i t y  Press, 
Boston, Mass. 206 pp. 

Yearty, W.S. 1959. L e t t e r  t o  A. 
Z o l l .  I n  J.F. Monk, ed. Eagle 

Penc i l  Company l e t t e r s .  P.K. Yonge 
L i b r a r y  of F l o r i d a  History,  
U n i v e r s i t y  o f  F lor ida,  Gainesvi l le .  

Yoakum, J., W.P. Dasmann, H.R. 
Sanderson, C.M. Dixon, and H.S. 
Crawford. 1980. Hab i ta t  
improvement techniques. Pages 329- 
403 i n  S.D. Schemnitz, ed. The 
Wild1 i f e  Society, Washington, D.C. 



Hvdrick Hammocks: a Guide to Management 
6. 

7. Author@) 8. Performing Organiration Rept. No. 

Robert W. Simons, Susan W. Vince, and Stephen R. Humphrey 
9. Author's Affiliation 10. ProjectlTaakWork Unit No. 

Florida Museum of Natural History 
University of Florida 
Gainesville, FL 3261 1 

U.S. Department of the Interior 
Fish and Wildlife Service 
National Wetlands Research Center 
Washington, DC 20240 

16. Abstract (Limit: 200 words) 

This publication explains how the nature and functioning of the hydric-hammock community 
determines its best management. Numerous activities and their impacts on hydric hammocks are 
described. Various management strategies are outlined as the basis for rational decisions that will 
both protect the inherent values of hydric hammock and provide for human use of this community. 
Some hydric hammocks produce high quality timber, with values reaching as high as $3,700 per 
acre and annual growth reaching $50 per acre per year. Hydric hammocks play an important role in 
storage, flow, and discharge of regional water. Coastal hydric hammocks provide some protection 
from hurricanes by damping the winds and storm tides and holding the soil. Hydric hammock 
probably occupied about a half million acres of land when Columbus landed in the New World, but 
clearing for real estate development, pine plantations, and agriculture has decreased the original 
acreage by about half. Some of these losses are permanent, but areas cleared for pine plantations 
reseed with hammock trees beneath the pines within 20 years and, with no intervention, eventually 
revert to hammock. The long-term prospects for hydric hammock are poor because of Florida's 
rapidly expanding human population and the rise in sea level expected to result from the 
greenhouse effect. 
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