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PREFACE 

Thi s  community p r o f i l e  i s  one i n  a  s e r i e s  of Fish and Wi ld l i f e  
Se rv i ce  publ i c a t i o n s  compiled t o  provide a  s ta te-of-knowledge syn thes i s  
o f  s c i e n t i f i c  information and 1  i  t e r a t u r e  on var ious  coas t a l  h a b i t a t s .  
The s u b j e c t  of t h i s  p r o f i l e  i s  t h e  hydr ic  hammock, a  d i s t i n c t i v e  type of 
f o r e s t e d  wetland occur r ing  a t  low e l e v a t i o n s  along t h e  gu l f  coas t  of 
F l o r i d a  from Aripeka t o  S t .  Marks and a t  var ious  inland s i t e s  in 
F l o r i d a .  

Re1 a t i v e l y  1  i  t t l e  r e sea rch  has been conducted i n  hydr ic  hammocks, 
and no thorough e f f o r t  has been made prev ious ly  t o  d e f i n e  t h i s  
community. Consequently, no consensus has e x i s t e d  about t h e  e x t e n t  and 
n a t u r e  o f  t h i s  community; some publ i  shed works and a c t i v e  r e sea rche r s  
have d i f f e r e d  i n  t h e i r  judgments about i t ;  and t h e  e n t i t y  sometimes i s  
ignored and o f t e n  i s  lumped with o t h e r  types  of mixed hardwood f o r e s t s .  
The purpose o f  t h i s  p r o f i l e  i s  t o  e s t a b l i s h  o r  c l a r i f y  an i d e n t i f i c a t i o n  
and understanding of  t he  hydric-hammock community. Information f o r  t h e  
prof  i  1  e  was ga thered  from publ i  shed and unpubl i  shed 1  i  t e r a t u r e ,  from 
personal  communication wi th  many technica l  expe r t s ,  and from our  own 
f i e l d  exper ience .  The p r o f i l e  inc ludes  some new d a t a  ga thered  in  t h e  
f i e l d  f o r  t h e  purpose of de f in ing  t h i s  community. 

I t  i s  hoped t h a t  t h e  conten t  and format o f  t h e  p r o f i l e  w i l l  be 
usefu l  t o  a  broad spectrum of  u se r s ,  inc lud ing  o t h e r  s c i e n t i s t s ,  
s t u d e n t s ,  r e sou rce  managers and p lanners ,  t e ache r s ,  and i n t e r e s t e d  
c i t i z e n s .  The p ro f i  1  e  inc ludes  s t r u c t u r a l  and func t iona l  a spec t s  of t h e  
community: i t s  physical  s e t t i n g ,  p l an t  and animal composition and 
dynamics, i n t e r a c t i o n s  o f  i t s  f l o r a  and fauna,  and i t s  r e l a t i o n s h i p s  
wi th  o t h e r  communities. 
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CHAPTER 1. INTRODUCTION 

"Hammock, hommock, o r  hummock?" 
q u e r i e d  R .  M. t-iarper i n  1905; h i s  art- 
swer was one of many a t tempts  by 
b o t a n i s t s  t o  reduce con fus i on  ove r  t h e  
c l a s s i f i c a t i o n  of sou theas te rn  p l a n t  
communit ies.  Harper  (1905) conc luded 
t h a t  a  hummock i s  a geograph ic  f e a -  
t u r e ,  a  rounded k n o l l ,  whereas 
"hammock" and "hommock" a re  synonyms 
f o r  dense, hardwood f o r e s t s  t h a t  occur  
i n  l i m i t e d  areas amid t h e  wet 
p r a i r i e s ,  marshes, and p i n e  f o r e s t s  o f  
t h e  c o a s t a l  p l a i n .  The etymology o f  
"hammock" and "hommock" i s  obscure 
(Ox fo rd  Engl i sh D i c t i o n a r y  1933). 
Columbus' s a i l o r s  l ea rned  t o  use n e t  
"hammocks, " hanging beds, f rom 
Car ibbean I nd i ans ;  perhaps t h e y  misap- 
p l i e d  t h e  Arawak term, hamacas, i n -  
tended f o r  t h e  woods i n  wh ich  t h e  
s l e e p i n g  n e t s  were hung. Bartram 
(1791) and o t h e r  e a r l y  e x p o s i t o r s  o f  
F l o r i d a ' s  n a t u r a l  h i s t o r y  employed t h e  
"hommock" spef 1 i ng ,  perhaps i n  keeping 
w i t h  n a t i v e  p ronunc ia t i on ,  b u t  
"hammock" became t h e  p r e v a l e n t  form i n  
t h e  w r i t i n g s  o f  t h e  t w e n t i e t h  cen tu r y .  

Hammocks a r e  a  smal l  bu t  d i s t i n c t  
p a r t  o f  t h e  n a t u r a l  landscape o f  t h e  
F l o r i d a  pen insu la  n o r t h  o f  Lake Okee- 
chobee. I n  t h i s  reg ion ,  t h e  uplands 
a r e  dominated by t h r e e  f i r e - a d a p t e d  
communit ies:  (1 )  a  savanna o f  w i r e -  
g rass  ( A r i s t i d a  s t r i c t a )  and o t h e r  
herbs  w i t h  an o v e r s t o r y  o f  l o n g l e a f  
p i n e  (P inus  p a l u s t r i s )  and s c a t t e r e d  
dec iduous oaks on we1 1  - d ra i ned  deep 
sands; (2 )  a  scrub community c o n s i s t -  
i n g  o f  a  sand p i n e  (P inus c lausa)  
o v e r s t o r y  and dense evergreen under- 
s t o r y  on deep sands; and (3)  p i n e  
f o r e s t s  ( p i n e  f l a twoods )  w i t h  an un- 
d e r s t o r y  o f  saw pa lmet to  (Serenoa 
repens f ,  g a l l  b e r r y  (T l ex  g l a b r a )  , and 
o t h e r  shrubs and herbs on f l a t ,  poo r l y  

d ra i ned  s i t e s .  Fores ts  o f  bay t r e e s  
~ y ~ r ~ r s ~ ~  ~ 2 :  ::d ksy 

swamps o r  bayheads, occupy depress ions 
on t h e  s ides o r  a t  t h e  bot tom o f  
s lopes where s o i l s  a re  kep t  mo i s t  o r  
wet by seepage, Along drainages, i n  
depress ions i n  t h e  uplands, and i n  
o t h e r  low areas a re  swamps and 
marshes. Of l e s s e r  ex ten t ,  and o f t e n  
p r o t e c t e d  f rom f i r e  by nearby bodies 
o f  water ,  a re  t h e  sca t t e red  patches o f  
mixed hardwood f o r e s t  c a l l e d  hammocks 
( o r  " r o u t h c r n  mixed hardwood f c r e s t ,  " 
Monk 1965).  

Some hammocks r e s i d e  on p o o r l y  
d ra i ned  s o i l s  o r  on s o i l s  w i t h  h i g h  
water  t a b l e s ,  and occas iona l  f l o o d i n g  
sa tu ra tes  t h e  s o i l s  f o r  a  t ime  s u f f i -  
c i e n t  t o  modi fy  p l a n t  species composi- 
t i o n .  These a re  h y d r i c  hammocks. 
Other names f o r  t h i s  we t land  f o r e s t  
i n c l u d e  "1 ow hammock" (Harper 1915), 
"wet land hardwood hammock" ( S o i l  Con- 
s e r v a t i  an Se rv i ce  1981), and " low1 and 
oak hammock" (Dunn 1982). Hyd r i c  ham- 
mocks o f t e n  have a  broad- leaved ever -  
green appearance and t y p i c a l l y  con ta i n  
1  i v e  and swamp 1 au re l  oaks (Quercus 
v i r g i n i a n a  and Quercus l a u r i f o l  i a ) ,  
cabbage palm (Sabal pa lme t t o ) ,  south-  
e r n  red-cedar  (Jun iperus  s i l i c i c o l a ) ,  
sweetgum (L iqu idambar  s t y r a c i f  7ua) , 
and hornbeam (Carp inus c a r o l  i n i ana )  . 
Hyd r i c  hammocks a r e  d i s t i n g u i s h e d  f rom 
t h e  d r i e r  mesic hammocks by t h e  ab- 
sence o r  s c a r c i t y  o f  a number o f  t r e e  
spec ies i n c l u d i n g  p i g n u t  h i c k o r y  
(Carya g l ab ra )  , hop hornbeam (Ostrya 
v i r g i n i a n a )  , winged elm (Ulmus a l a t a )  , 
and sou thern  magnol i a  (Magnol ia gran-  
d i f l o r a ) .  Whi le  some hyd rophy t i c  t r e e  
spec ies common t o  mixed hardwood 
swamps, such as r e d  maple (Acer  
rubrum) and swamp t u p e l o  (Nyssa s y l -  
v a t i c a  va r .  b i f l o r a ) ,  are shared by 
h y d r i c  hammocks, o thers ,  no tab l y  ashes 



\ f r . a2 ;1 i1 :~s  s p p .  ) and t l d l i l  cvprcss 
! T 7 %  .' -1 i ? l ~ ~ t t ~ h ~ m ) .  a re  r a r e ,  Eiy 
c:r rc ~ d t r ~ a c k s  fr-ctjuently a r e  s i t u ~ l e d  
on gen t l e  s lopes  betwecr~ rneslc h,nfn.ltock 
or plne flatwoods and r ~ v c r  swamp, wet 
p r a ~ r i e ,  o r  marsh. The prcctbc hound 
a r i e s  between t he  rnnmlun~ tit.:, a re  elii 
s i v e ,  ye t  a  d i s t ~ n c t  cctmbrr~atlnn of 
p l a n t s ,  animals ,  and pl-iyslcal condi-  
t r ons  cha rac t e r i ze  Iiydrlc har:?mr\rks and 
make then recogr>izable i n  ilreat v < ~  
r i c t y  o f  s e t t i n g s .  

Hydric hammocks a r e  w e t  1 ands because 
they of ten  a r e  saturateL! with frrshwa- 
t e r  dnd ar-e cha rac t e r i r ed  by veqrta-  
t ion  t h a t  i s  t o l e r a n t  of wct s o r l s .  
The schemc developed by Cowardin et  
a ? .  (1979) ,  and used in t he  National 
Wetland Inventory, c l d s s l f i ~ s  t h ~ s  
communi t y  as a  pal u s t r i n e  forested 
wet1 and with a  seasona l ly  f l ooded wa 

t p r  y ~ g i n e .  i (ydric  hammock i s  One of 
siiny t y p r s  o f  f o r e s t e d  w e t l a n d s  in  
F lor ida  (Table 1 ) .  I h e  d i f f e r e n c e s  i n  
ttw l p ~ l g t h s  of t h e  l i s t s  a n d  t h e  c a t e -  
g o r l r ?  of wet lands  i d e n t i f i e d  a t t e s t  
t o  the v a r i a t i o n  w i t h j n  and  among wet- 
land communities, a s  we1 1 as  t o  t h e  
s u b j e c t i v i t y  i n h e r e n t  i n  human a t -  
tempts t o  inlpose d i s t i n c t i o n s  upon 
nat t i ra l  g r a d i e n t s  of v e g e t a t i o n .  Nev- 
e r t h r> lus s ,  t h e  t h r e e  c l a s s i f i c a t i o n s  
agree t h a t  hydri c  hammocks d i  f f e r  from 
most o t h ~ r  wet lands  i n  t h e i r  vegeta- 
t lor1 and tiydroi ogy. Swamps of  mixed 
hardwoods o r  c y p r e s s  tend t o  be 
f iooded more f r e q u e n t l y  and  r e g u l a r l y ,  
f o r  a  longer  p e r i o d ,  and  t o  a g r e a t e r  
depth than hydr ic  hammocks. Bayheads 
(a1 so  c a l l  ed bay swamps o r  b a y g a l l s )  
a re  d i s t i n g u i s h e d  by t h e i r  cons t an t  
seepage, pea t  s u b s t r a t e ,  a n d  abundance 
of bay t r e e s .  R i v e r  f l o w  i n f l u e n c e s  
f loodpla in  and bo t tom1  a n d  f o r e s t s ,  

Table 1. Classifications of freshwater, forested wetlands in Florida. Communities on the same line are 
approximately equivalent. In some cases, a class in one list Is Subdivided into several classes in 
another list. 

So i 1 Conservat ion 
Serv ice  (1981) 

f l o r i da  Natural Areas Wharton e t  a ? .  (1977)  
Inventory (1984) 

Bottomland hardwoods 

Swamp hardwoods 

Cypress swamp 

Scrub cypress  
Shrub bog-bay swamp 

P i t che r  p l an t  bog 

Wet1 and hardwood hammock 
Cabbage palm hammock 

Floodplain f o r e s t ;  
Floodplain swamp 

Freshwater t i d a l  swamp 
Strand swamp 
Dome 
Basin swamp 

Bayy a1 1 ; Bog 
Seepage s lope 

Hydri c  hammock 

Wet f l  atwoods 
Bottom1 and fo res t  

A l l u v i a l  r i v e r  swamp 

B lackwa te r  r i v e r  swamp 
Backswamp 
S p r i n g r u n  swamp 
Tidewa te r  swamp 
Cypress  s t r a n d  
Cypress  pond (dome) 
Gum pond and swamp 
Lake b o r d e r  swamp 
Dwarf c y p r e s s  
Bay swamp; S h r u b  bog 

Herb bog 
Bog swamp 
Seepage swamp 
South F l o r i d a  hammock 
Hydric hammock 



whereas hydric  hammock i s  a  s t i l l - w a -  
t e r  wetland (Wharton e t  a7. 1977).  
Typicz??;~ on a l l u v i a l  fIoodp:afns, 
bottomland hardwood f o r e s t s  contain a  
number of  spec i e s  t h a t  a r e  absent  from 
hydr ic  hammocks, notably overcup oak 
(Quercus l y r a t a ) ,  water  hickory (Carya 
aquat  i c a )  , cottonwood (Popu7us he te ro-  
phy7 l a ) ,  and sycamore (P la tanus  occ i -  
d e n t a l i s ) .  

The most ex tens ive  s t ands  of hydric 
hammock a r e  found in  F lo r ida  along the  
Gulf of Mexico from Aripeka i n  t h e  
south t o  S t .  Marks i n  t h e  panhandle 
(F igure  1 ) .  Almost a  continuous b e l t ,  
t h e  hammock f o r e s t  l i e s  just landward 
of s a l t  marsh. Another l a r g e  stand 

i nhab i t s  p a r t  of t h e  west bank of  t h e  
upper S t .  Johns River and, in land  of 
coas ta l  dunes, a n a r r o w r  s t r i p  o f  hy- 
d r i c  hammock p a r a l l e l s  t he  A t l a n t i c  
shore of nor theas te rn  F lor ida .  Many 
small e r  s tands  a r e  s c a t t e r e d  about ,  
p r imar i ly  i n  t h e  northern and cen t r a l  
reg ions  of pen insu la r  F lor ida .  Hydric 
hammocks a r e  s ca r ce  i n  t he  panhandle 
west of S t .  Marks, and t h e i r  southern 
l i m i t  i s  sub j ec t  t o  debate .  Hydric 
hammocks of  cabbage palm, l i v e  oak, 
swamp l a u r e l  oak, and red maple t o  t h e  
west and nor th  of  Lake Okeechobee were 
descr ibed by R .  Harper (1927); proba- 
bly t h i s  i s  t h e  southern e x t e n t  of 
t h e i r  range (Figure 1 ) .  Fa r the r  t o  
t he  west,  hydric  hammock dominated by 

ORANGE LAKE 

SILVER SPRINGS 

INOLE COUNTY 

EKlVA SPRINGS 

HILLSBOROUGH 
RIVER 

MYAKKA RIVER I 

Figure 1. Distribution of hydric hammocks in Florida. Locations of the largest stands and those 
sampled in the present study are shown. Numerous stands too small to delineate at this scale occur 
throughout the northern and central sections of the peninsula. Dashed line is the contour of 15-m 
elevation. 



cabbage palm and l i v e  oak ad jo ins  t he  
marshes of t he  Myakka River .  We f o l -  
low t h e  examples of  R.  Harper (1927) 
and Davis (1943) i n  d i f f e r e n t i a t i n g  
t he  temperate-subtropical  hydric  ham- 
mocks from t h e  t r o p i c a l  hammocks o r  
t r e e  i s l a n d s  common t o  southern 
F lor ida .  The t rop i ca l  hammocks fea-  
t u r e  a d ive r se  assemblage of  West In- 
d i an ,  f l ood - in to l e r an t  p l a n t s  (Olmsted 
and Loope 1984). They a l so  may in -  
h a b i t  s l i g h t  mounds within marsh, 
p r a i r i e ,  and mangrove vegetat ion,  
physiographic s e t t i n g s  d i f f e r e n t  from 
those  of most hydric  hammocks. The 
Fakahatchee s t r and  i n  southwestern 
F lor ida  i s  d i f f i c u l t  t o  c l a s s i f y  be- 
cause i t  conta ins  s tands  of  cabbage 
palm and swamp l a u r e l  oak t h a t  resem- 
b l e  hydric  hammock. However, these  
f o r e s t s  most l i k e l y  a r e  t r a n s i e n t  
s t ages  r e s u l t i n g  from the  harvest ing 
of cypress .  

Hydric hammocks seem t o  be r a r e  ou t -  
s i d e  of Flor ida.  Wharton (1977) noted 
only small patches of comparable f o r -  
e s t  i n  Georgia, mainly in  t h e  coastal  
1 owl ands near  Savannah. Reviews of 
t he  vegetat ion of South Carolina 
(Barry 1980) and t he  lowland f o r e s t s  
of i t s  northern coa'stal pl a i n  (Jones 
1981) included no desc r ip t i ons  of 
f o r e s t s  s imi l a r  i n  vegetat ion and hy- 
drology t o  hydric hammocks. A1 though 
Harper (1905) repor ted  t h a t  hammocks 
ranged from North Carol ina t o  Florida 
and Miss i ss ipp i ,  t he  vegetat ion su r -  
veys of  Georgia and South Carolina 
suggest  t h a t ,  beyond Flor ida ,  t he  ham- 
mocks a r e  mainly of t h e  d r i e r  mesic 
and x e r i c  types.  

A1 1 wet1 ands--forested and non- 
fo r e s t ed ,  s a l twa t e r  and freshwater--  

covered more than 8.3 n ~ i  7 1  ion ac r e s  of 
F lo r ida ,  about 22% of i t s  land a r ea ,  

1472-73 i ; '  - - - a -  ' " " A '  
la1t1paVat A J u Y j .  Fur e s k d  

wetlands accounted f o r  about 2 . 1  mil- 
l i o n  ha;  of t h a t  amount, hydr ic  ham- 
mock probably compri sed 120,000 t o  
140,000 ha. Hydric hammock i s  e s t i -  
mated t o  cover  80,000 t o  100,000 ha a t  
p resen t  (Simons e t  a 7 .  1988).  A p re -  
c i s e  de te rmina t ion  i s  not a v a i l a b l e  
because t h e  boundaries  of  hydric  ham- 
mocks a r e  d i f f i c u l t  t o  d e l i n e a t e  on 
a e r i  a1 photographs. Nei ther  can d a t a  
on i t s  extent be e x l r d , t d  f rom t h e  
pe r iod i c  i n v e n t o r i e s  o f  sou theas te rn  
f o r e s t s  ( e . g . ,  Bechtold and Knight 
1982), because hydr ic  hammock does not  
correspond t o  a U.S. Fores t  Service 
f o r e s t  type o r  physiographic c l a s s .  
However, i t  i s  ev iden t  t h a t  t h e  a rea  
of  hydr ic  hammock has s i g n i f i c a n t l y  
dec l ined  i n  modern t imes ,  due primar- 
i l y  t o  c l e a r i n g  f o r  a g r i c u l t u r e ,  r e a l  
e s t a t e  development, and, especi  a1 l y  in  
t h e  p a s t  20 y e a r s ,  f o r  pine p lan ta -  
t i o n s .  The management guide t h a t  ac- 
companies t h i s  p r o f i l e  d e t a i l s  t he  
var ious  uses of hydr ic  hammocks, both 
del i  be r a t e  and i nadve r t en t  a1 t e r a t i  ons 
o f  t h i s  community, and t he  impacts on 
f o r e s t  s t r u c t u r e ,  wild1 i f e  h a b i t a t ,  
and hydrology (Simons e t  a l .  1988), 
This  community p r o f i l e  summarizes what 
i s  known of  t h e  ecology o f  hydric  ham- 
mocks and i nc ludes  new d a t a  on t he  
v a r i a t i o n  of  p l a n t  composition among 
s tands .  S ince  hydr ic  hammocks have 
been 1 i  t t l e  s t u d i e d ,  many inferences 
a r e  made from s i m i l a r  communities. 
The s ca rce  s c i e n t i f i c  a t t e n t i o n  a f -  
forded hydr ic  hammocks i n  no way r e -  
f l e c t s  t h e i r  va lue .  The beauty of hy- 
dric-hammock f o r e s t s  and t h e i r  provi - 
s ion  of  w i l d l i f e  h a b i t a t ,  t imber ,  and 
f lood  cont ro l  argue f o r  t h e i r  p reser -  
va t ion  and sound management. 



CHAPTER 2. PHYSICAL SElTiNG 

2.3 CLIMATE 

F l o r i d a  boasts  a  s u b t r o p i c a l  c l i -  
mate, b u t  t h a t  i s  t e c h n i c a l l y  c o r r e c t  
o n l y  f o r  t h e  southernmost and coas ta l  
p o r t i o n s  o f  t h e  s t a t e  (Dohrenwend and 
H a r r i s  1975). Win te r  tempera tu res  i n  
n o r t h e r n  F l o r i d a  a re  much lower  than 
i n  t h e  southern p a r t  o f  t h e  S ta te :  
mean minimum values a r e  5 and 16 OC,  

r e s p e c t i v e l y  (Jordan 1984) ,  and ex-  
tremes i n  t h e  n o r t h  range w e l l  below 
f r e e z i n g .  Low-temperature extremes i n  
w i n t e r  r e q u i r e  many p l a n t s  and animals 
t o  ove rw in te r  i n  t y p i c a l  temperate- 
zone manner. Summer tempera tu res ,  i n -  
f l uenced  by warm, m o i s t  a i r  f rom t h e  
Gulf  o f  Mexico and t h e  A t l a n t i c  Ocean, 
a re  r e 1  a t i v e l y  u n i f o r m  th roughou t  t h e  
s t a t e .  I n  J u l y  t h e  mean d a i l y  maximum 
i s  about 31  t o  33 OC and t h e  mean 
d a i l y  minimum ranges f r o m  22 t o  24 OC. 
The average growing season i s  270 days 
i n  t h e  n o r t h  and more t h a n  320 days i n  
t h e  south (Tanner and Sm i t h  1981). 

Rai n f a l l  i s  p l e n t i f u l  everywhere i n  
F l o r i d a ,  averag ing  between 122 and 152 
cm annua l l y  (Jordan 1984) ,  bu t  i t s  
d i s t r i b u t i o n  i s  h i g h l y  uneven over  the  
yea r  (F i gu re  2) .  R a i n f a l l  i s  a t  a  
maximum i n  summer and a  minimum i n  
s p r i n g  (Ap r i  1 -May) and f a 1  1  (October- 
November), when cond i  t i  ans become 
drough ty  i n  some y e a r s .  Southern 
F l o r i d a  r ece i ves  most o f  i t s  r a i n  i n  
t h e  p e r i o d  from June t h r o u g h  Septem- 
ber ,  and i t s  h y d r i c  hammocks may f l o o d  
then.  Nor thern  F l o r i d a  r ece i ves  an 
a d d i t i o n a l  pu l se  of r a i n  i n  l a t e  w in -  
t e r .  Because of 1  ewer evapo t ransp i  r a -  
t i o n  r a t es ,  w i n t e r  prob-  
a b l y  c o n t r i b u t e s  as much o r  more than 
summer r a i n  t o  su r face-  and ground- 
water  supp l ies .  Hydr i c  hammocks i n  
no r t he rn  F l o r i d a  o f ten  a r e  f looded a t  

Figure 2. Seasonal distribution of rainfall at three 
locations in Florida, 1941-70 average (from Jor- 
dan 1984). 

t he  beg inn i ng  o f  t h e  g row ing  season 
due t o  t h e  l a t e  w i n t e r  r a i n s .  Espe- 
c i a l l y  a long  t h e  g u l f  coast ,  h y d r i c  
hammocks a l s o  may f l ood  f rom h u r r i -  
canes i n  l a t e  summer a n d  e a r l y  f a l l .  

Thunderstorms p r e v a i l  on 70 o r  more 
days each yea r  i n  F l o r i d a  (Jordan 
1984) and b r i n g  1  i g h t n i n g  as we l l  as 
r a i n .  B o l t s  o f  1  i g h t n i n g  can s t r i k e  
and k i l l  i n d i v i d u a l  t r e e s  and i g n i t e  
f i r e s .  F i r e s  a re  r e 1  a t i v e l y  uncommon 
i n  h y d r i c  hammocks, but t h e i r  f requen t  
occurrence i n  some a d j a c e n t  communi- 
t i e s  a f f e c t s  t h e  e x t e n t  and composi- 
t i o n  o f  h y d r i c  hammocks. Before hu- 
mans a c t i v e l y  Suppressed  f i r e s  and 
b u i l t  roads and o t h e r  b a r r i e r s  t o  
t h e i r  spread, f i r e s  m u s t  have burned 



f a r  more frequently and e x t e n s i v e l y  
across the Florida 1 andscape. 

2.2 PHYSIOGRAPHY AND GEOLOGY 

Florida appears f l a t  and f e a t u r e l e s s  
compared with the dramatic 1 andforms 
of the western United S t a t e s .  All 
s i t e s  are close to  the sea h o r i z o n -  
t a l l y  and vert ically:  no p l a c e  i s  
more than 120 km from the At1 a n t i c  
Ocean or the Gulf of Mexico, and 
Florida's highest point i s  o n l y  105 m 
above sea level .  Much of the  s t a t e  i s  
elevated 15 m or  l e s s  (Figure 1 ) .  Mi- 
nor changes in topography--di f f e r e n c e s  
on the order of centimeters r a t h e r  
than meters--greatly a f fec t  t h e  na- 
ture ,  extent, and d i s t r i b u t i o n  of 
Florida's plant communities. 

Florida l i e s  within the Gulf and A t -  
l an t i c  coastal-plain province and con- 
ta ins  f ive major physiographic r e g i o n s  
(Figure 3 ) .  Finer geomorphic d i v i -  
sions are described by Puri and Vernon 
(1964) and White (1970). Maximum l o -  
cal re1 ief  occurs within t h e  western  

MARIANNA 
LOWLANDS 

Figure 3. Physiographic regions of Florida. The 
Floridan Plateau includes Florida and its sub- 
merged continental shelves. The edge of the 
plateau is indicated by the go m depth contour 
(from Cooke 1939). 

highl ands of  t h e  panhandle, where 
ro l l ing  uplands a r e  cut  by narrow, 
steep-wai i eu b i f t j d ~ u  v d i  7 e y ~ ,  and 1 s 
next g rea tes t  in t h e  centra l  highl ands 
tha t  r u n  north and south through much 
of the  peninsula. Fringing the  e n t i r e  
peninsula and extending t o  the extreme 
west of the  panhandle, the coastal  
low1 ands have 1 i  t t l  e re1 i ef  and gener- 
a l l y  r i s e  slowly v ia  s t ep - l ike  t e r -  
races t o  the  cen t ra l  r idges .  The land 
surfaces of the Okeechobee pla in  of 
southern Florida and t h e  Big Bend area 
(northeastern corner o f  .ehe Gulf of 
Mexico) are  v i r t u a l l y  f l a t .  

Florida's topography and physio- 
graphic d ivis ions  have resul ted  from 
the in terplay of sediment deposition 
(mainly marine), erosion,  and solu- 
t ion .  Since a t  l e a s t  t h e  ear ly  Creta- 
ceous period, t h e  Florida peninsula 
has exis ted  as pa r t  of t h e  much 
broader Floridan Pl ateau,  a s t ab le  
carbonate platform (Puri and Vernon 
1964).  The r e l a t i v e  amounts of land 
and water on the  plateau have varied 
with f luctuat ing sea l e v e l ;  a t  pre- 
sent ,  the  emergent peninsula and the 
submerged continental  she1 f t h a t  r ings 
the s t a t e  a r e  roughly equal in  area 
(Figure 3 ) .  The Floridan Plateau was 
formed in warm shallow seas by the de- 
posit ion of thousands of f e e t  of Cre- 
taceous and Ter t i a ry  limestone and 
do1 omi t e  (Figure 4) .  Some evapori t e s  
(e.g. ,  anhydri t e )  a1 so were deposited, 
but only small amounts of c l a s t i c  
(sand, s i l t s ,  c lay)  sediments accumu- 
l a t ed .  The deposi ts  amassed atop the 
coas ta l -p la in  foundation of sedimen- 
tary  and igneous rocks and the i r  
thickness and s lope were influenced by 
the Peninsular Arch (Figure 4 ) .  Ex- 
tending down the  peninsula from south- 
ern Georgia t o  t h e  southeast ,  the  Arch 
i s  Flor ida ' s  dominant subsurface 
s t ructure .  This deformation probably 
resulted from c r u s t a l  s t r e s s e s  that  
warped the  coas ta l  -p la in  f l o o r  during 
the  1 a t e  Paleocene o r  ea r ly  Mesozoic 
(Applin 1951). In comparison, the 
overlying carbonate deposi ts  have ex- 
perienced 1 i t t l e  deformation. Out- 

s 

croppi ngs of Eocene and 01 igocene 
1 imestones ind ica te  t h e  Ocal a Up1 i f t  
in west-central Flor ida  (Figures 4 and 
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Figure 4. Geologic cross section of peninsular 
northern Florida. Vertical scale is exaggerated 
about 160 times (adapted from Faulkner 1973). 

5 ) ,  t h e  S t a t e ' s  major s u r f i c i a l  s t r u c -  
t u r e  (Vernon 1951).  

The beginning of  t h e  Miocene period 
in  F lo r ida  was marked by a  dramatic 
change i n  depos i t iona l  p a t t e r n s  (Puri 
and Vernon 1964; Winker and Howard 
1977; Riggs 1984). A f lood  of t e r -  
r igenous sediments began t o  e n t e r  t he  
peninsula  from t h e  no r th ;  t h e  sands 
and c l a y s  were t r anspo r t ed  mainly t o  
t h e  e a s t  and sou theas t .  Deposition of 
carbonate  sediments,  predominantly in 
southern and e a s t e r n  F lo r ida ,  cont in-  
ued i n t e r m i t t e n t l y .  Phosphorites 
formed .on shal  low marine platforms,  
e s p e c i a l l y  around t h e  Ocal a  Up1 i f t  
(Riggs 1984). By t h e  end of the  
Miocene, a  blanket  of sand, r e l a t i v e l y  
impermeabl e  c l  ay,  and marl covered 
most of t h e  carbonate  p la teau .  The 
c r e s t  of t h e  Ocala Up1 i f t  probably r e -  
mained above s ea  l eve l  dur ing  much of 
t h e  Miocene and a l l  of t h e  Pl iocene, 
and received no sediment depos i t s  
(Vernon 1951). Sand depos i t ion  
reached i t s  maximum e x t e n t  during t h e  
Pl iocene,  forming a  1 a rge  beach-ridge 

01 Pleistocene 

Qs Pleistocene shell hash. 
clay and sand 

PC Pliocene clastics 

MC Miocene clastics 

MI Miocene limestone 

01 Oligocene limestone 

El Eocene limestone ci 

Figure 5. Geologic map of Florida showing 
dominant rocks at or near the surface. Areas with 
surface limestone are shaded (adapted from Ver- 
non and Puri 1964; Tanner and Smith 1981). 

p la in  in  t h e  panhandle and p a r a l l e l  
sho re l i ne  r i dges  t h a t  f lanked t h e  
s i d e s  of t h e  nor th-south  a x i s  of t h e  
peninsula  (Winker and Howard 1977). 
Thus, F lo r ida ' s  high1 ands were born; 
even today t h e i r  su r f ace  rocks show 
the  dominance of Mio-Pliocene depos i t s  
of c l a s t i c  sediments (Figure 5 ) .  The 
longshore t r a n s p o r t  o f  sand i n  Miocene 
and more r ecen t  t imes was f a r  g r e a t e r  
along t he  A t l a n t i c  c o a s t  of t h e  penin- 
s u l a  than on t h e  g u l f  shore,  shown by 
t h e  s i g n i f i c a n t l y  t h i c k e r  s t r a t a  of 
Miocene and post-Miocene sediments be- 
neath t h e  e a s t e r n  h a l f  of t h e  penin- 
s u l a  (F igure  4 ) .  The su r f ace  of t h e  
At1 a n t i c  coas t a l  low1 ands i  s  covered 
mainly by P l e i s t ocene  and Recent sand 
depos i t s  (Figure 5 ) .  In c o n t r a s t ,  t h e  
coas t a l  lowlands along t h e  Gulf of 
Mexico, from Pasco County in  t h e  south 
t o  j u s t  p a s t  S t .  Marks in  t h e  e a s t e r n  
panhandle, r e t a i n  T e r t i a r y  1 imestone 
a t  o r  near  t h e  su r f ace .  Solu t ion  of 
t he  carbonates  has  r e s u l t e d  i n  t h e  de- 
velopment of a  k a r s t  p l a i n  because 
both t h e  water  t a b l e  and t h e  l imes tone  
a r e  a t  o r  near  t h e  land  su r f ace .  This  



i s  precisely the region where hydric 
hammocks are most extensive (Figure 
1 ) .  

Sea-1 evel f luctuations have a1 so 
greatly influenced Florida's topogra- 
phy. The Mia-Pl iocene shore1 ine 
ridges are the oldest  and highest of a 
ser ies  formed by the  regressing ocean. 
Overall , sea 1 evel has dropped during 
the past 10 t o  15 million years, b u t  
the process has not been continuous. 
Reversals of the 1 ong-term decl ine, 
most evident during the Pleistocene 
period, occurred when sea level was 
a1 ternately 1 owered and ra i  sed by the 
development and subsequent me1 t i ng of 
glacial ice in high la t i tudes .  A t  the 
height of the Wisconsin glaciation 
about 17,000 years ago, sea level may 
have dropped t o  130 m below the pre- 
sent mean (Mil 1 iman and Emery 1968) ; 
during the preceding intergl  a c i  a1 pe- 
riod, the ocean rose t o  a level 8-11 m 
above the present value. When the  sea 
was stationary fo r  a long period, 
waves and wind cut seaward-facing es- 
carpments and bui l t  dunes and shore- 
1 ine ridges. Adjacent, shallow ocean 
floors were eroded, forming nearly 
level marine terraces  t ha t  persisted 
when sea level f e l l  again (Figure 6 ) .  
The Pam1 ico marine plain, constructed 
during the Pleistocene, includes 
Florida's land surface lying between 3 
and 8 m in elevation. Much of i t s  
area in the gulf coastal counties of 
Dixie, Levy, and Citrus i s  occupied by 
hydric hammock (Vernon 1951; Puri e t  
a ? .  1967). On the Atlantic side of 
the peninsula, s t r i p s  of hydric ham- 
mock are found, instead, on the more 
recent Si lver  Bluff terrace  (U.S. Soil 
Conservation Service 1980). 

The advances and r e t r ea t s  of the sea 
l e f t  t he i r  imprints on other features 
af Florida's environment as we1 1 . 
When the sea was low, especially dur- 
ing Pliocene and Pleistocene times, 
surface drainage rapidly developed, 
eroding so f t  sediments that  covered 
the 1 imestone bedrock (Str i  ngf i e l  d and 
Le Grand 1966; Faulkner 1973). In 
many places, the 1 imestone became ex- 
posed, i n f i l t r a t ed  with water, and 
riddled with solution cavi t ies .  Cir- 
culation of water in the Tertiary 

03 Wlcornlco, Penholoway, 
Talbot 

@j Pamllco 

0 Silver Bluff 

Figure 6. Marine terraces of Florida. The eleva- 
tions of the terraces are Silver Bluff, cl-3 m; 
Pamlico, 2-8 m; Wicomico, 8-31 m; Coharie etc., 
31-66 m; Pliocene, 66-98 m (adapted from Healy 
1975). 

1 imestone accelerated,  replacing 
aboveground f l  ows, promoting even more 
solution, and becoming the  Floridan 
aquifer,  one of the  most elaborate 
ground-water storage and drainage sys- 
tems in the world (S t r ingf ie ld  and Le 
Grand 1966). 

Low stages of sea level in the 
Pl e i  stocene were accompanied by de- 
c l ines  in the  ground-water table 
(Watts 1971). Because solution of 
limestone proceeds mainly a t  and just 
below the water t ab l e  (Str ingf ie ld  and 
Le Grand 1966), lowered water tables 
aided growth of the subsurface 
drainage system. Depressed water t a -  
bles a1 so meant d r i e r  surface terra in .  
Remains of the mammal assemblage l iv -  
ing in the ea r ly  post-glacial  period 
of the Holocene (about 8,000 BP) sug- 
gest  tha t  xer ic ,  open woodland and 
grassland were prevalent (Martin and 
Webb 1974). Pollen in sediments of 
Florida and Georgia 1 akes corroborate 
the  predominance of oak and pra i r i e  
vegetation a t  t ha t  time of lowered sea 
l eve l .  As the sea,  and presumably the 
water t ab le ,  rose through the 
Holocene, pines rep1 aced oaks and mod- 



ern  vege ta t i on  assoc i a t i ons  formed-- 
p i n e  f l  atwoods, hammocks, cypress 
swamps, and bayheads (Watts 1980: 
Watts and S t u i v e r  1980). 

Hydric-hammock s o i l s  formed ma in l y  
i n  sandy and loamy mar ine sediments 
over  s o f t  and ha rd  l imes tone .  A  t h i n  
veneer o f  r e c e n t  and r e s i d u a l  weath- 
ered sands covers much o f  t h e  T e r t i a r y  
l imes tone  i n  t h e  g u l f  coas ta l  ham- 
mocks. Thompson (1980) measured t h e  
depth o f  t h e  l imes tone  bedrock i n  s i x  
hydric-hammock s tands a t  t h e  no r t he rn  
end o f  t h e  r eg i on ;  t h e  e x t e n t  o f  sha l -  
l ow l imes tone  ( l e s s  t han  90 cm beneath 
t h e  su r f ace )  ranged f rom 8% t o  66% o f  
t h e  area. Outcrops o f  l imes tone  are 
common i n  t h e  g u l f  coas ta l  hammocks 
(F i gu re  7 ) .  I n  c o n t r a s t ,  ex tens ive  
h y d r i c  hammocks grow on deep sand 
a long  t h e  upper S t .  Johns R i v e r  (U.S. 
S o i l  Conservat ion Se rv i ce  1960). 

There a1 k a l  i n e  m a t e r i a l s ,  such as 
mar l ,  l i e  a t  l e a s t  107 cm below t h e  
surface. However,  t h e  f l o w  of  t h i s  
s t r e t c h  o f  t h e  S t .  Johns R i v e r  i s  
g r e a t l y  i n f l u e n c e d  by t h e  d ischarge  o f  
h igh1 y  m inera l  i z e d  and sal  i n e  water  
( r e s i d u a l  sea water  t rapped  i n  a  deep 
a q u i f e r )  f rom upstream a r t e s i a n  
sp r i ngs  ( L i c h t l e r  e t  a 1 .  1968). High 
concen t ra t i ons  o f  c a l c i  um and o t h e r  
s a l t s  de r i ved  f rom t h e  s o l u t i o n  o f  
1  imestone may become a v a i l  ab le  t o  t h e  
h y d r i c  hammocks d u r i n g  h igh-wate r  pe- 
r i o d s .  Other  hydric-hammock s o i l s  
(e.g., t h e  Tuscaw i l l a  and Parkwood se-  
r i e s  i n  t h e  A t l a n t i c  coas ta l  l ow lands)  
c o n t a i n  s h e l l  and l imes tone  fragments 
r a t h e r  than s o l i d  l imes tone  subst ra tum 
(U.S. S o i l  Conservat ion Se rv i ce  1974; 
1980) . 

The s o i l s  assoc ia ted  w i t h  h y d r i c -  
hammock vege ta t i on  a r e  n e a r l y  1  eve1 
and somewhat p o o r l y  t o  p o o r l y  d ra ined  
(U.S. S o i l  Conservat ion Se rv i ce  1981). 

Figure 7. Limestone outcrop in a gulf coastal hammock. 



Sandy sur face  l aye r s  and sandy loam 
subsoi l s  a r c  com~on (Table 2) .  The 
weakly cemented Bh horizon (hardpan) 
typical  of pine flatwoods i s  absent .  
Clayey soi 1 s support hydric-hammock 
vegetation in  some areas .  Near t he  
S i l v e r  Springs run in  north-central  
Flor ida,  hydric hammocks grow on phos- 
pha t ic  clayey s o i l s  (loamy f i n e  sands) 
t h a t  contain 1 imestone nodules and 
s h e l l s .  Known l o c a l l y  a s  "gumbo," t he  
s o i l s  belong t o  t h e  Eureka and Pais ley 
series and a re  poorly drained (U.S.  
Soil  Conservation Service 1979). 
Shallow limestone bedrock in the  gu l f  
coastal  hammocks of Levy County, cen- 
t r a l  F lor ida ,  i s  capped by several 
inches t o  several f e e t  of sandy loam 
or  sandy c l ay  loam ( J .  D .  Slabaugh, 
U.S. Department of Agricul ture  Soil 
Conservation Service,  Bronson, Fl a .  ; 
pers .  comm.). In Waccasassa f i n e  
sandy loam (Table 2 ) ,  permeabil i t y  i s  
moderately slow t.o slow. The loamy 
cap i s ,  in  tu rn ,  covered by a mantle 
of sand t h a t  gradual ly thickens with 
increasing d is tance  from the  t i d a l  
marshes. Due t o  t he  i r r e g u l a r  config- 
urat ion of the  bedrock, t he  sandy man- 
t l e  a l so  va r i e s  in thickness  over 
short  d i s tances .  Slash pine,  Pinus 

e]]iottii, grows O n  s o i l s  w i t h  t he  
sandy mantle; converse ly ,  hydric-ham- 
mock v e y e i a l  iurr w ; ~ : I  ve1-y ;CW V T  f t O  

s lash  pines occupies  t h e  s o i l s  lacking 
t he  mantle.  

In c o n t r a s t  t o  t h e  h igh ly  ac id  s o i l s  
of pine f la twoods and bayheads, hy- 
dric-hammock s o i l s  gene ra l l y  a r e  
s l i g h t l y  ac id  t o  mildly a lka l i ne  
(Tables 2 and 3 ) .  Five hydr ic  hammock 
stands a t  t h e  nor thern  reach of t he  
gu l f  coas ta l  hammocks had s o i l  pH va l -  
ues between 5.7 dtid 5 . 3 ,  end 5 i x t h  
had a value of 5 . 1  (Thompson 1980).  
The clayey so i  1 s t h a t  support  hydric 
hammocks near  S i l v e r  Springs a r e  mod- 
e r a t e l y  ac id  (U.S. Soi l  Conservation 
Serv ice  1979).  Organic ma t t e r  content 
of hydric-hammock s o i l s  i s  var iab le  
but o f t e n  low (Table 2) ,  p a r t i c u l a r l y  
in  r e l a t i o n  t o  t h e  amounts i n  bayhead 
s o i l s .  More a p t l y  termed " p e a t , "  bay- 
head s o i l  i n  northwestern and cen t ra l  
F lor ida  con t a in s  l5%-98% organ ic  mat- 
t e r  (Wharton e t  a l .  1977; Clewell e t  
a 1 .  1982) .  Thompson (1980) reported 
organic  ma t t e r  concen t r a t i ons  of 18%- 
54% i n  s u r f i c i a l  samples of hydric- 
hammock s o i l s ,  but t h e  r e s u l t s  proba- 
bly were biased by t h e  inc lus ion  of 

Table 2. Characteristics of some sol1 series associated with hydric-hammock vegetation (from U.S. Soil 
Conservation Service 1974; 1977; 1980; data for the Waccasassa series are from J. D. Slabaugh, pers. 
comrn.). 

Depth Texture pH Organic Cat ions (Meq./100 g) 
(cm) mat te r  (%) 

Soil s e r i e s  % sand % s i l t  % c l ay  Ca Mg K Na 

Aripeka 0-8 9 1 7 2 6.2 1.6 3 . 1  1 .6  0.1 0.0 
33-38 70 6 24 7.7 1 .O 7 .7  1.5 0.2 0.8 

Pa rkwood 0-18  87 7 6 7.6 5.0 15.8 2.0 0.4 0.7 
f i n e  sand 28-43 69 7 24 8 .3  1.3 

Tuscawi 11 a 0 - 8  88 11 1 6.0 3 .1  9.2 1.0 0.2 0.5 
25-33 82 2 14 6.9 0 .9  12.2 0 .6  0 .1  0.2 



Table 3. Comparison of surface soil characteristics among three hardwood wetland types in Florida 
(data lor  mixed hardwood swamps and bayheads from Monk 1966; data for hydric hammocksfrorn this 
studv. Table 2. and Thompson 1980). 

Pl  an t  community PH Cat ions  (Meq./100 g) 

M i  xed hardwood swamp 3.8-6.8 1.6-134.9 

Bayhead 3.6-4.3 0.5-12.7 

Hyd r i c  hammock 5.1-7.6 6.4-18.9 

t h e  su r f ace  l i t t e r  l a y e r .  The A u c i l l a  
h y d r i c  hammock occurs on 15 cm o f  o r -  
g a n i c - r i c h  sand (Wharton e t  a7. 1977). 
Th i s  we t land  a d j o i n s  a  s p r i n g  r u n  and 
shares some f ea tu res  w i t h  bayheads: 
near cons tan t  s o i l  s a t u r a t i o n  and t h e  
presence o f  t r e e s  such as sweetbays, 
Magnol ia  v i r g i n i a n a ,  t h a t  t h r i v e  on 
o rgan i c  s o i l s .  Such h y d r i c  hammocks, 
more c o n s t a n t l y  we t ted  than  a1 t e r -  
n a t e l y  f l ooded  and d r i ed ,  p robab ly  
have t h e  h i g h e s t  con ten t  o f  s o i l  o r -  
gan ic  ma t t e r .  N u t r i e n t  ( c a t i o n )  con- 
c e n t r a t i o n s  a re  moderate i n  h y d r i c -  
hammock s o i l s  (Table 2),  f a l l i n g  a t  
t h e  l ow  end o f  t h e  range r e p o r t e d  f o r  
s o i l s  i n  mixed hardwood swamps (Table 
3) .  Bayhead s o i l s  t end  t o  have s t i l l  
l ower  concen t ra t ions ,  e s p e c i a l l y  o f  
ca l c i um  and magnesium (Monk 1966). 

2.4 HYDROLOGY 

Water i s  t h e  d r i v i n g  f o r c e  i n  wet- 
1  ands, govern ing  t h e i r  unique cha r -  
a c t e r i  s t i c s  and f unc t i ons .  Un fo r t u -  
n a t e l y ,  t h e  hydro logy  o f  h y d r i c  ham- 
mocks i s  p o o r l y  known. I n s u f f i c i e n t  
i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  na tu re  
and r a t e s  o f  h y d r o l o g i c a l  i n p u t s  and 
ou tpu ts ,  and t h e  frequency and dura -  
t i o n  o f  f l o o d i n g ,  t o  c o n s t r u c t  a  water  
budget f o r  a  h y d r i c  hammock. The f o l -  
l ow ing  d i s cuss i on  i s  1  a rge l y  con jec -  
t u r a l ,  based on l i m i t e d  da ta  and p e r -  
sonal observa t ions .  

Sources o f  wa te r  t o  h y d r i c  hammocks 
are r a i n f a l l ,  r i v e r  inunda t ion ,  over -  

l and  f l o w  and seepage from ad jacen t  
uplands, and d ischarge  f rom deep 
aqu i f e r s .  The r e 1  a t i v e  c o n t r i b u t i o n s  
o f  these  i n p u t s  va r y  among i n d i v i d u a l  
hammocks and w i t h  season. Wharton e t  
a1. (1977) d i s t i n g u i s h e d  h y d r i c  ham- 
mocks from f l o o d p l a i n  f o r e s t s  (a1 so 
c a l l  ed bottom1 and hardwood f o r e s t s  and 
r i v e r  swamps) by t h e  source o f  water :  
t h e  former  a re  inunda ted  by l o c a l  wa- 
t e r ,  w h i l e  t h e  l a t t e r  a re  f l ooded  by 
r i v e r s .  However, t h e  demarcat ion i s  
n o t  as c l e a r - c u t  as t h e  d e f i n i t i o n s  
imp ly .  For  example, t h e  ma jo r  hydro-  
l o g i c a l  i n p u t s  t o  t h e  h y d r i c  hammocks 
i n  t h e  upper S t .  Johns R i ve r  bas i n  
p robab ly  a r e  seepage f rom upland areas 
and r a i n f a l l .  Yet these  f o r e s t s  a l s o  
are f l ooded  o c c a s i o n a l l y  by t h e  r i v e r  
d u r i n g  pe r i ods  o f  h i gh  water .  I n  t h e  
lower  bas in ,  narrow s t r i p s  o f  h y d r i c  
hammock 1  i e  between r i v e r  swamp and 
scrubby p i n e  f l  atwoods communi t i e s  
(F igure  8 ) .  Though Laess le  (1942) as- 
se r t ed  t h a t  t h e  hammock s o i l s  were 
kept  sa tu ra ted  by seepage f rom ups1 ope 
sandy areas and were n o t  sub jec t  t o  
f l ood ing ,  t h i s  d e s c r i p t i o n  p robab ly  i s  
more appl i cab1 e  t o  nearby bayheads 
(F igure  8 ) ;  t h e  h y d r i c  hammocks a re  
covered p e r i o d i c a l l y  by t h e  S t .  Johns 
R iver .  Hyd r i c  hammocks a l so  a r e  found 
on s l i g h t l y  e l eva ted  areas ad jacen t  t o  
many s p r i n g  runs,  such as t h e  Ho- 
mosassa, Wekiva, and A u c i l l  a  R ive rs ,  
i n  n o r t h e r n  and c e n t r a l  F l o r i d a .  
Spr ings feed  t h e  r i v e r s  and m a i n t a i n  a  
re1  a t i v e l y  cons tan t ,  h i g h  wate r  t a b l e  
through a  steady d ischarge  o f  water  
f rom t h e  F l o r i d a n  a q u i f e r  (F i gu re  9 ) .  
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water t a M  I_ surface of soil 

Figure 8. Sequence of plant communities from the lower St. Johns River to upland scrubby 
flatwoods. In the higher flatwoods, water percolates to the hardpan and moves laterally until it 
emerges in  the bayhead at the base of the slope. Ground water also seeps into the hydric hammock 
(from Laessle 1942). 

STREAM HYDRIC HAMMOCK MESlC HAMM 

--- APPROX MEAN WATER TABLE 

Figure 9. Generalized profile of a spring-fed stream and adjoining hydric hammock. The wavy lines 
indicate the annual fluctuation in river level. A high water table beneath the hydric hammock is 
maintained by the spring run (adapted from Wharton et al. 1977). 

A1 ong the  spr ing  runs, hammock vegeta- 
t i o n  occurs  where t he  water  t a b l e  usu- 
a l l y  i s  below t h e  su r f ace  and where 
spr ing  seepage i s  supplemented by 
r a i n f a l l  and runoff  from the  uplands. 
These examples suggest  t h a t ,  while  
cons iderab le  va r i a t i on  e x i s t s  among 
hydr ic  hammocks, they d i f f e r  from both 
bottomland hardwood f o r e s t s  and bay- 

heads i n  t h e i r  mix ture  of  water 
sources .  Bottom1 and hardwood f o r e s t s  
r ece ive  most o f  t h e i r  water  from r i v e r  
flow, and bayheads a r e  charac te r ized  
by ground-water seepage. . 

Within a hyd r i c  hammock, hydro- 
l o g i c a l  i n p u t s  vary with season. 
Ra in fa l l  i s  d i s t r i b u t e d  very unevenly 



throughout t h e  yea r  i n  F l o r i d a ,  and 
ground-water 1 eve1 in hydri c  hamnlocks 
. 1 T -  a i . ,  
I IULL .UUL-L - )  U L L V I  Y 11ly1Ji.  A l l  ~ 8 , ~  Tjscj* 
Creek hammock in c e n t r a l  F l o r i d a ,  t h e  
water  t a b l  e  dropped, p robably  be1 OW 

t h e  r o o t  zone, dur ing  t h e  pe r iod  of 
low r a i n f a l l  in  sp r ing  1986 (Figure 
1 0 ) .  Ground-water 1  eve] reac ted  
qu ick ly  t o  increased r a i n f a l l  i n  sum- 
mer, r i s i n g  towards t h e  land  su r f ace .  
Evapot ransp i ra t ion  must have removed 
much of  t h e  added wa te r ,  y e t  t h e  up- 
ward displacement  of  t h e  w a t e r  t ab l  e  
($5 i n  Juncj :;as f;r 3 7 2 3 t ~ r  t h ;n  
t h e  l oca l  input  of r a i n  ( 2 2  cm). The 
hydric-hammock soi  1  s  c o l l e c t e d  runoff 
and seepage from t h e  uplands,  and per -  
haps r i v e r  overflow, dur ing  t h e  ra iny  
season.  I n  droughty p e r i o d s ,  up1 and 
seepage probably was t h e  main source 
of water  t o  t h e  hammock. 

I I I 
I I 
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Figure 10. Rainfall and ground-water level in 
1986 at Tiger Creek hydric hammock, central 
Florida. (Ground-water data are from Robert 
Tighe, Center for Wetlands, University of  Florida, 
Gainesville.) 

A bayhead s i t u a t e d  i n  t h e  Tiger  
Creek watershed exper ienced  f a r  l e s s  
ckr in~c -in w a t e r  t a b l e  depth  with sea- 
son than t h e  hydr ic  hammock (Figure 
11) .  Preslrmably i t s  major  source of  
wa te r ,  seepage, was more cons t an t  than 
r a i n f a l l .  Also, t h e  p e a t  s o i l s  t y p i -  
c a l  of bayheads hold more water  than 

1 MlXtO HARDWOOD SWAMP 
4.1 1.. ;\ ->-.\ ~pAn~---kA 
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Figure 11. Water-table profiles across three plant 
communities adjacent to Tiger Creek, showing 
ground-surface elevation (solid line) and maxi- 
mum (closed circles) and minimum (open circles) 
heights of the water table during the period June 
1985 to September 1986 (February 1986 to Sep 
tember 1986 for hydric hammock). (Data are from 
Robert Tighe, Center for Wetlands, University of 
Florida, Gainesvilie.) 



s o i l s  with l e s s  organic  ma t t e r ,  and 
they  maintain higher  water  l e v e l s  due 
t o  c a p i l l a r y  ac t i on .  

Water- table  depths in  a mixed hard- 
wood swamp adjacent  t o  Tiger Creek 
f l u c t u a t e d  s l i g h t l y  l e s s  than i n  t he  
nearby hammock (F igure  11 ) .  The water 
t a b l e  s a t  a t  o r  above t h e  sur face  of 
most of t he  swamp a t  t h e  time of  high- 
e s t  ground-water l e v e l .  In t he  hydric 
hammock, t h e  water t a b l e  remained be- 
lowground over  t he  course of study. 
Although d a t a  a r e  lack ing ,  i t  i s  gen- 
e r a l  1 y acknowl edged t h a t  hydri c ham- 
mocks f lood l e s s  f r equen t ly ,  t o  a 
shal lower depth,  and f o r  a s h o r t e r  pe- 
r i od  than mixed hardwood swamps ( e . g . ,  
Brown and S ta rnes  1983). 

Most o r  a l l  hydric. hammocks f lood on 
occasion (Figure 12 ) ,  but depth,  f r e -  

Figure 12. Flooding of hydric hammock along the 
Myakka River, Sarasota County, Florida. This 
flood arrived as backwater from the river, three 
days after rain. 

quency, and du ra t i on  vary from one 
hammock t o  another .  Some oaks  on the  
f r i n g e  u T  Lilt: A v lildl~i!iiu~i( 

bear water l i n e s  about 1 m above the  
ground. Ext rapola t ion  of high-water 
l i n e s  i n t o  hydr ic  hammock in t h e  S t .  
Johns River basin i n d i c a t e s  t h a t  par t  
of t he  f o r e s t  f l oods  annual ly t o  a 
depth of 20-30 cm ( G .  R .  Best and P .  
Walt ace, Center f o r  Wetlands, Univer- 
s i t y  of F lo r ida ,  G a i n e s v i l l e ;  pers .  
comm.) . 

,ti; hYdr ic hallirllocks f f a t ~ i - c  a I-, igii 
water  t a b l e  s ea sona l ly  o r  year-round.  
For two t o  s i x  months during most 
y e a r s ,  t h e  water  t a b l e  i s  very near 
(within 30 cm) o r  above t h e  s o i l  sur -  
f ace  of t h e  g u l f  coas t a l  hammocks in 
Levy County ( J .  D. Slabaugh, pers .  
comm.) . Subsurface c l  ay 1 ayers  proba- 
b ly  hold t he  water  t a b l e  c l o s e  t o  the  
su r f ace  of t he  Auc i l l a  hammock (C. H .  
Wharton, I n s t i t u t e  of Ecology, Univer- 
s i  t y  of Georg ia.; pers. cornm. ) . As de- 
sc r ibed  prev ious ly  (F igure  9 ) ,  spring 
runs maintain a high water  t a b l e  year-  
round beneath ad j acen t  hydr ic  hammock. 
Because t h e  water  t a b l e  i s  high and 
t h e  land i s  f l a t ,  hydric-hammock s o i l s  
quickly become s a t u r a t e d  dur ing  heavy 
r a i n s ,  and excess  water  c o l l e c t s  on 
t h e  sur face .  The frequency of inunda- 
t i o n  may vary from once pe r  decade, 
especi  a1 l y  where hu r r i canes  induce 
f looding ,  t o  once o r  twice  per  yea r .  

The r a t e  of water  l o s s  from hydric  
hammock, and so  t h e  hydroperiod 
(du ra t i on  of f l ood ing )  , i s  va r i ab l e .  
The gu l f  coas t a l  hammocks occas iona l ly  
a r e  flooded by hu r r i canes  and probably 
d r a i n  wi th in  s eve ra l  weeks v i a  small 
c r eeks .  Due t o  t h e i r  poorly drained 
c1 ayey so i  1 s ,  hydr ic  hammocks a1 ong 
t h e  S i l v e r  Spr ings  run may remain in-  
undated f o r  two o r  t h r e e  months f o l -  
lowing r a i n s  i n  summer and win te r .  
Sanchez P r a i r i e ,  a small hydr ic  ham- 
mock i n  no r th - cen t r a l  F lo r ida ,  was 
covered with up t o  a meter of water 
f o r  severa l  months in  w in t e r  and 
sp r ing  1986 (F igu re  13) ;  i t  a l s o  had 
flooded t h e  prev ious  summer, but f o r  a 
s h o r t e r  t ime.  The 1 onger hydroperiod 
in  w in t e r  was due both t o  prolonged 
r a i n s  and t o  slow l o s s e s  of water  by 



Figure 13. Flooding and drydown of Sanchez Prairie, a small hydric hammock in San Felasco 
Hammock State Preserve, Alachua County, Florida. Common trees include live and swamp laurel 
oaks, sweetgum, red maple, and loblolly pine. 



evapot ransp i ra t ion  and sink-hol e 
d ra inage .  

Probably t h e  major outputs  o f  water 
from hydri c hammocks a r e  evapo- 
t r a n s p i r a t i o n  and sur face  runoff .  
Ground-water recharge i s  un l ike ly  t o  
be s i g n i f i c a n t  i n  most hydr ic  ham- 
mocks; recharge i s  minimal o r  nonexis- 
t e n t  where T e r t i a r y  l imestone and, 
t h e r e f o r e ,  t h e  Floridan aqu i f e r ,  l i e  
c l o s e  t o  o r  a t  t h e  su r f ace  (Conover e t  
a7 .  1984). Sur face  water detained i n  
hydric  hammocks e x i t s  by shee t  flow 
and small s t reams.  Shall  ow-lying 
permeable 1 imestone tends t o  r e s t r i c t  
t h e  development o f  sur face  dra inage ,  
1 imi t i n g  r i v e r s  i n  1 imestone t e r r a i n ,  
such a s  t h e  Suwannee of northern 
F lo r ida ,  t o  few t r i b u t a r i e s  
( S t r i n g f i e l d  and Le Grand 1966). The 
gul f  coas t a l  hammocks a r e  t r ansec t ed  
by small ,  poorly-defined streams and 
drainageways. Discharge of hammock 
drainage t o  rece iv ing  a r ea s  ( e - g . ,  t h e  
e s t u a r i e s  o f  t h e  g u l f  c o a s t )  i s  proba- 
bly spread over  t ime a s  well a s  a rea .  
The dense vege t a t i on  and f l a t  topogra- 
phy of hydric  hammocks probably slows 
t he  movement of water and a t t enua t e s  
peak storm f lows.  

2.5 PHYSICAL CONTROL OF DISTRIBUTION OF 
HYDRIC HAMMOCKS 

A unique combination of physical 
condit ions i s  requi red  f o r  t h e  ex i s -  
tence of hydr ic  hammocks. I t  includes 
f l a t  t e r r a i n ,  the inf luence  of  lime- 
s tone,  sandy o r  sandy c l ay  s o i l ,  a 
high water t a b l e ,  and occas iona l - to -  
seasonal inundat ion by a mixture of 
r a i n f a l l ,  seepage, and, sometimes, 
r i v e r  overflow. Southeastern s t a t e s  
besides F lor ida  1 ack t he  conf igura t ion  
of physical f e a t u r e s  needed f o r  t h e  
development of  hydr ic  hammocks. The 
f l a t  topography o f  much of peninsu la r  
Flor ida i s  rep1 aced northward by more 
varied and h i l l y  t e r r a i n .  Except i n  
p a r t s  of South Caro l ina ' s  coas ta l  
p l a in ,  l imestone bedrock i s  buried f a r  
beneath t he  s u r f a c e  ( S t r i n g f i e l d  and 
Le Grand 1966). Al luv ia l  r i v e r s  o r i g -  
i na t e  in  t h e  mountains and Piedmont 
and ca r ry  high l oads  of sediment t o  
t h e  coas ta l  p l a in .  The sediments a r e  
deposi ted i n  ex tens ive  f l oodp la in s ,  

providing s u b s t r a t e  f o r  bottomland 
hardwood f o r e s t s ,  t h e  predominant type 
of  foresled w ~ t : ~ i L d  {;;;&J ~ V I I  e l  a i .  
1982). 

Hydric hammocks a r e  scarce  in  
F lo r ida ' s  panhandle west of S t .  Marks 
f o r  t he  same reasons  t h a t  they  a r e  
r a r e  ou t s ide  of t h e  S t a t e .  Most of 
F lo r ida ' s  l a r g e  r i v e r  systems and 
f l oodp la in s ,  and a l l  of t h e  a l l u v i a l  
r i v e r s ,  a r e  concent ra ted  i n  t h a t  r e -  
gion (Wharton e t  a l .  1977). Tr ibu ta ry  
creeks o f t en  O ~ t a F y  deep,  i3drrCW 
ravines  t h a t  d i s s e c t  t h e  h i l l y  land- 
scape of t he  highlands (Clewell 1981). 
In t he  f l a t t e r  coas t a l  lowlands,  lime- 
s t one  d i p s  below t h e  s u r f a c e  j u s t  west 
o f  S t .  Marks (F igure  5 ) .  

The ex t en t  and d i s t r i b u t i o n  of hy- 
d r i c  hammocks w i th in  peninsu la r  
F lor ida  a r e  g r e a t l y  in f luenced  by t o -  
pography and physiography. The 
1 a rges t  s t ands ,  t h e  g u l f  coas t a l  ham- 
mocks, i n h a b i t  ocean-smoothed t e r r a c e s  
with l imestone and t he  water  t a b l e  
c l o s e  t o  t h e  su r f ace .  Narrower bands 
o f  hydr ic  hammock commonly occur be- 
tween mixed hardwood swamp and upland 
f o r e s t  i n  northern and c e n t r a l  Flor ida 
(Figure 14a) .  Where t h e  s l ope  between 
1 owl and and up1 and i n c r e a s e s ,  hydri c 
hammock t h i n s  o r  d i s appea r s  (Figure 
14b) .  On t h e  west bank o f  t h e  upper 
S t .  Johns River ,  a swath of hydric 
hammock about 50 km long and averaging 
1 - 2  km wide abu t s  f reshwater  marsh 
(F igures  15, 16 ) .  In c o n t r a s t ,  on t he  
e a s t  s i d e  c f  t h e  r i v e r ,  hydr ic  hammock 
occurs  only i n  small pa tches  among 
marsh and p ine  f l  atwoods communities. 
The s o i l  types  a r e  s i m i l a r ,  i f  not  t he  
same (U.S. So i l  Conservation Service 
1960, 1974), and t h e  e l e v a t i o n s  of t he  
hammocks with r e s p e c t  t o  t h e  S t .  Johns 
River sugges t  t h a t  t h e  frequency of 
r i v e r  f l ood ing  i s  a l i k e .  One d i f f e r -  
ence t h a t  may account  f o r  t h e  more ex- 
t e n s i v e  hydric-hammock f o r e s t  on t he  
west bank of  t h e  r i v e r  i s  t h e  l a rge  
number of  t r i b u t a r y  s t reams on t h a t  
s i d e  (F igures  15, 16 ) .  We specula te  
t h a t  t h e  s t reams,  and t h e i r  r i v e r  
swamps, promote t h e  e s t a b l  i shment of 
hydr ic  hammocks v i a  t h e i r  e f f e c t s  on 
1 ocal hydro1 ogy and t h e  containment of 
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Figure 14. Two vegetation transects from river 
swamp to upland forest in the Oklawaha River 
basin, central Florida. Solid bars indicate the 
approximate width of hydric hammock on a gentle 
rise (a) and a steeper slope (b). The distributions 
of various tree species are shown as bracketed 
lines; asterisks represent single individuals (for 
scientific names, refer to Table 4; adapled from 
Florida Game and Fresh Water Fish Commission 
1976). 

f i r e .  Close s tudy o f  t h e  l o c a l  d i s -  
t r i b u t i o n  o f  h y d r i c  hammocks would 
c o n t r i b u t e  g r e a t l y  t o  our understand- 
i n g  o f  t h e  r e1  a t i o n s h i p  between phys i  - 
ca1 f a c t o r s  and t h e  development o f  
t h i s  community. 

Figure 15. Topographic map of the upper St. 
Johns River floodplain between Puzzle Lake and 
Lake Poinsett. The distribution of hydric ham- 
mock on the west side of the river is shown. 
Scattered hydric hammock stands are situated at 
about 5-m elevation on the east side of the river, 
but they are too small to delineate on this map. 

2.6 SUMMARY 

A b i o t i c  c h a r a c t e r i s t i c s  d i f f e r  f rom 
one hammock t o  another,  and some are  
shared by o the r  p l a n t  communities, b u t  
t h e i r  c o n f i g u r a t i o n  d i s t i n g u i s h e s  hy- 
d r i c  hammocks. A l l  h y d r i c  hammocks 
r e s i d e  on f l a t  t e r r a i n ,  t h e  most ex- 
t e n s i v e  stands i n h a b i t i n g  r e c e n t l y  ex- 
posed, ocean-smoothed t e r r aces .  Hy- 
dric-hammock s o i l s  gene ra l l y  are 
sandy, low t o  moderate i n  o rgan ic  mat- 
t e r  con ten t ,  and s l i g h t l y  a l k a l i n e  t o  
m i l d l y  a c i d i c ;  t hey  l a c k  t h e  a l l u v i a l  
sediment on which bot tomland hardwoods 
occur .  The i n f l u e n c e  o f  l imes tone  i s  
a  c b i q u i  tous  f ea tu re .  Limestone 



Figure 16. Aerial photograph of hydric hammock on the west bank of the St. Johns River. View is 
from Puzzle Lake to the west, towards the mouth of the Econlockhatchee River (photo by G. Kenneth 
Scudder). 

bedrock 1 i e s  c l o s e  t o  or a t  the  s u r -  
face  of many hammocks; i n  o the r s ,  c a l -  
cium i s  provided by flooding o r  seep-  
ing water o r  by s h e l l s  and limestone 
fragments in  t h e  s o i l .  

Another c h a r a c t e r i s t i c  o f  hydric 
hammocks, the  high water t a b l e ,  i s  
produced in  a  v a r i e t y  of ways. Expo- 
sures  of T e r t i a r y  limestone in  t h e  
gu l f  coas ta l  hammocks bring t h e  Fl o r i  - 
dan a q u i f e r  c l o s e  t o  t h e  sur face .  Hy- 
d r i c  hammocks ad jacent  t o  spring runs 
have high water t a b l e s  due t o  d i s -  
charges from deep aqu i f e r s .  In some 
hammocks, subsurface c l a y  l a y e r s  con- 
f i n e  seepage and percola t ing  r a i n f a l l  
t o  shallower s t r a t a .  

Hydric hammocks rece ive  water from 
r a i n f a l l ,  r i v e r  overflow, and seepage 
and runoff from uplands. The mixture 
of  water sources v a r i e s  among ham- 
mocks, but none i s  dominated by seep-  

age o r  r i v e r i n e  f loodwater  char-  
a c t e r i s t i c s  of bayheads and bottomland 
hardwood f o r e s t s ,  r e spec t ive ly .  A t  
one end of t h e  spectrum, some hydric 
hammocks a r e  s t rong ly  influenced by 
seepage. The s o i l s  a r e  of ten  sa tu-  
ra ted  and r e l a t i v e l y  high in organic 
mat te r .  However, ground-water l eve l s  
in  t he se  hammocks a r e  not  as  constant  
a s  in bayheads, and may drop below the  
root  zone f o r  b r i e f  per iods .  In con- 
t r a s t ,  some hydric  hammocks probably 
experience extremes of f looding and 
drydown, t h e  former occasioned by pe- 
r i o d i c  r i v e r  overflow. Most hydric 
hammocks fa1 1 between t h e s e  two types.  
Rainfa l l  i s  t h e  main source of water,  

- 
but seepage and r i v e r i n e  floodwater 
a1 so c o n t r i b u t e .  

w 

Rainfal l  ( ac t i ng  d i r e c t l y  o r  v ia  
over1 and o r  r i v e r  f lows) occasional ly 
r a i s e s  t he  water  t a b l e  above t h e  s u r -  
face  of  hydr ic  hammocks. Flooding 



f r equency  may be once p e r  y e a r  i n  f l o o d i n g  . Hydroperi  od a1 so  v a r i e s  
sou the rn  F l o r i d a ,  t imed wi th  t h e  r a i n y  aniong hammocks, depending on t h e  r a t e  
per iuci i r l  >ullililer . Kydr i~ ~ I ~ I I I I I I U L ~ ~  iit v-f tlkapott d i i s l )  i t'at ;oil, t h e  e x t e n t  o f  
n o r t h e r n  F l o r i d a  may f lood  twice  per  d r a i  nageway s ,  and so i  1 t y p e .  However, 
y e a r ,  i n  slimmer and i n  w i n t e r .  Some both hydroper iod and f l o o d i n g  f r e -  
h y d r i c  hammocks a r e  inundated l e s s  o f -  quency i n  h y d r i c  hammocks a r e  l e s s  
t e n ,  perhaps  a s  i n f r e q u e n t l y  a s  once than i n  mixed hardwood swamps. 
p e r  decade ,  when h u r r i c a n e s  induce 



CHAPTER 3. VEGETATION OF HYDRIC HAMMOCKS 

S e t  amid t he  marshes, p r a i r i e s ,  and 
pine flatwoods of F lo r ida ,  hammocks 
a r e  conspicuous in t h e i r  height and 
dens i t y  of vege t a t i on .  A c losed 
canopy and, o f t e n ,  t h e  dominance of 
broad-1 eaved evergreen spec ies  (Harper 
1915; Laessle  1942; Monk 1965; Gre l l e r  
1980) c r e a t e  heavy shade within a 
s t and .  The l u sh ,  jungle-1 i ke appear- 
ance of some hydr ic  hammocks (Figure 

17 )  t;e::c; 5 !1~152?y t c ~ p c r a : e  
f l o r a .  Many s p e c i e s ,  inc lud ing  sweet- 
gum, l i v e  and swamp l a u r e l  oaks, red 
map1 e ,  and sugarber ry  ( C e l t i s  l a ev i -  
g a t a ) ,  range f a r  t o  t h e  north as  well 
as  throughout  F lo r ida .  

V i r t u a l l y  a l l  o f  t h e  p l a n t  species  
common t o  hydr ic  hammocks (Table 4) 
a r e  included i n  o t h e r  communities. 
Only p ink- root  (Spige l  i a  loganio ides) ,  
an herb, i s  known t o  bc en3ccic 

Figure 17. A large sweetgum in dense hydric hammock along Tiger Creek, Florida. Rows of holes 
On the trunk are from repeated feeding by overwintering yellow-bellied sapsuckers. 
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Table 4. Plants occurring in hydric hammocksa. Abundance classes are abundant (A), common (C), 
occasional (O), and rare (R). 

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

Acer barbatum 
Acer negundo 
Acer rubrum 
Aescu7us pav ia  
Ampel ops i s  arborea 
Bacchar i s  h a l i m i f o l i a  
Berchemia scandens 
B ignon ia  capreol  a t a  
Bumel ia r e c l i n a t a  
Ca7 1 i ca rpa  americana 
Camps i s  rad icans  
Carp inus c a r o l  i n i a n a  
Carya aquat i c a  
Carya g l a b r a  
Ce7 t i s  l a e v i g a t a  
C e r c i s  canadensis 
Cornus foemina 
Crataegus v i r i d i s  
Crataegus m a r s h a l l i i  
Decumaria barbara  
Diospyros v i r g i n i a n a  
Eugenia a x i l  l a r i s  
Fores t  i e r a  7 i g u s t r i n a  
F rax inus  c a r o l  i n i ana  
F rax i nus  p a u c i f  l o r a  
F rax inus  pennsy lvanica 
Geisemium se~nperv l  rens 
G l e d i t s i a  aqua t i ca  
Gordonia l as i an thus  
Hypericum hype r i co i des  
I l e x  cass i ne  
17ex co r i acea  
17ex dec idua 
I l e x  g l a b r a  
17ex opaca 
I l e x  v o m i t o r i a  
I 1  7 i c i um  p a r v i f l o r u m  
I t e a  v i r g i n i c a  
Jun iperus  s i  7 i c i c o 7 a  
Liquidambar s t y r a c i f l u a  
L i r i odend ron  t u l i p i f e r a  
Lyonia l u c i d a  
Magnol ia  v i r g i n i a n a  
Morus r ub ra  
Myr i ca  c e r i f e r a  
Nyssa s y l v a t i c a  va r .  b i f  l o rd  
Par thenocissus qu inque fo7 ia  
Persea p a l u s t r i s  

Woody Pl an t s :  

F lo r ida  map1 e 
box-elder  
red maple 
red buckeye 
pepper vine 
groundsel 
r a t t a n  vine 
c ro s s  v ine  
buckthorn 
beautyberry 
trumpet c reeper  
hornbeam 
water hickory 
pignut  hickory 
sugarber ry  
redbud 
swamp dogwood 
green haw 
pa r s l ey  haw 
c l  imbing hydrangea 
persimmon 
white  s topper  
p r i v e t  
pop ash 
swamp ash 
green ash 
yellow jessamine 
water-1 ocus t  
l ob lo l l y -bay  
S t .  Andrew's-cross 
dahoon 
big gal  1 ber ry  
possum-haw 
gal  1 ber ry  
American hol l y  
yaupon 
yellow an i se  
Virginia-wil low 
southern red-cedar  
sweetgum 
t u l i p  t r e e  
f e t t e r b u s h  
sweetbay 
red  mu1 berry 
wax-myrtl e 
swamp tupe lo  
V i rg in i a  c reeper  
swampbay 

(Continued) 



Table 4. (Continued). 

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

Pinus e l l i o t t i i  
Pinus se ro t  i n a  
Pinus taeda 
Quercus l a u r i f o l  i a  b 
Quercus michaux i i  
Quercus n i g r a  
Quercus shumard i i 
Quercus v i r g i n i a n a  
Rhaphidophyllum h y s t r i x  
Rubus a rgu tus  
Saba 7 pa lmet to  
Sabal minor 
Sagere t ia  m i n u t i f  l o r a  
Sambucus canadensis 
Sebast iana f r u t i c o s a  
Serenoa repens 
Smilax spp. 
T i l i a  c a r o l i n i a n a  
Toxicodendron radicans 
Ulmus a l a t a  
Ulmus americana var.  f lo r idana  
Ulmus c rass i f 07  i a  
Vaccinium e l l i o t t i i  
Vaccinium fuscatum 
Viburnum dentatum var.  scabre l lum 
Viburnum obovatum 
V i t i s  a e s t i v a l i s  
V i t i s  r o t u n d i f o l  i a  

s l a sh  pine 
pond pine 
l o b l o l l y  pine 
swamp 1 aurel  oak 
swamp ches tnut  oak 
water oak 
shumard oak 
l i v e  oak 
need1 e palm 
highbush blackberry 
cabbage palm 
bluestem palmetto 
climbing buckthorn 
e lderber ry  
s ebas t i  an-bush 
saw palmetto 
g reenbr i a r  
basswood 
poison ivy 
winged elm 
Flor ida  elm 
cedar  elm 
may berry 
swamp blueberry 
southern arrow-wood 
wal t e r  viburnum 
summer grape 
bul l  ace grape 

Arisaema t r i p h y l l u m  
Arnoglossum d i v e r s  if07 ium 
Arundinar ia  gigantea' 
Aster spp. 
Azo77a caro7 in iana  
Boehmeria c y l i n d r i c a  
Botrychium spp. 
Caca 1 i a  suaveo 1 ens 
Carex spp. 
Chasmanthium spp. 
Cirs ium spp. 
Cladium jamaicense 
Clematis c r i s p a  
Conyza canadensis 
Cyperus sp. 
Desmodium spp. 
Dicondra c a r o l i n i e n s i s  
D ryop te r i s  ludov ic iana  
Elephant opus nudatus 

Herbaceous P lan ts :  

j a ck - in - the -pu lp i t  
i  ndian-pl an t a in  
sw i t ch  cane 
a s t e r  
mosquito f e rn  
bog hemp 
grape f e r n  
i ndian-pl an t a in  
sedges 
sp i  kegrasses 
t h i s t l e s  
sawgrass 
1 ea ther - f lower  
horseweed 
f 1 a t  sedge 
beggarweed 
pony-foot 
F lo r ida  s h i e l d  f e r n  
purple e lephant '  s - f o o t  

(Con t i nued) 



Table 4. (Continued). 

Scientific name Common name 

E l y t r a r i a  c a r o l  i nens i s  
Epidendrum conopseum 
E r e c h t i t e s  h i e r a c i f o l i a  
Eupator ium c a p i 7 l i f o 7 i u m  
Eupator ium jacundum 
G a l a c t i a  spp. 
Ga7ium spp. 
Hydroco ty le  spp. 
Hypoxis leptocarpa 
H y p t i s  a l a t a  
Imperata sp. 
Juncus spp. 
Leers ia  hexandra 
Lemna spp. 
L o r i n s e r i a  a r e o l a t a  
M e l o t h r i a  pendula 
Mikan ia  scandens 
M i t c h e l l a  repens 
Muhl enberg ia schreber i  
Oplismenus s e t a r i u s  
Osmunda cinnamomea 
Panicum commutatum 
Panicum r i g i d u l u m  
Panicum spp. 
Paspalum f lor idanum 
Paspalum spp. 
Ph 1 ebod ium aureum 
Phy l lan thus  l iebmannianus 
Po lygonum hydrop ipero ides  
Polypodium po7ypodioides 
Ponth ieva racemosa 
Psycho t r i a  undata 
Rhynchospora spp. 
R u e l l i a  c a r o l i n i e n s i s  
S a l v i a  l y r a t a  
S a l v i n i a  r o t u n d i f 0 7  i a  
San i cu la  canadensis 
S c l e r i a  t r i g l o m e r a t a  
Senecio g l a b e l l u s  
S p i g e l i a  logan io ides  
Sp i ran thes  l o n g i l a b r i s  
Sp i r ode la  spp. 
Stenotaphrum secundatum 
S i sy r i nch ium a t l a n t i c u m  
The7yp te r i s  spp. 
T i l l a n d s i a  b a r t r a m i i  
T i l l a n d s i a  r ecu rva ta  
T i l l a n d s i a  setacea 
T i l l a n d s i a  usneoides 
Tr ichostema dichotomum 

scal e-stem 
green-fly orchid 
f i reweed 
dog-fennel 
agerati na 
milk pea 
bedstraw 
penny-wort 
swamp (ye1 1 ow) star-grass 
musky mint 
cogon grass 
rush 
southern cut grass 
duckweed 
chain fern 
creeping-cucumber 
cl imbing hempweed 
partridge berry 
nimbl eweed 
woods grass 
cinnamon fern 
vari abl e pani cum 
red-top panicum 
panic grass 
Florida paspal um 
paspal um 
go1 dfoot fern 
pine-wood dainties 
mild water-pepper 
resurrection fern 
shadow-wi tch 
wild coffee 
beak rush 
wild petunia 
lyre-leaf sage 
water spangles 
snakeroot 
tall nut-grass 
butterweed 
pink-root 
long-1 ip ladies'-tresses 
duckweed 
St. Augustine grass 
bl ue-eyed-grass 
wood fern 
needl e-leaf ai rpl ant 
ball moss 
needle-leaf ai rpl ant 
Spanish moss 
blue curls 

Abundance 

(Continued) 



Table 4. (Concluded). 

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

Urena l oba ta  
Verbesina v i r g i n i c a  
Vernonia spp. 
V i o l a  a f f i n i s  
V i t t a r i a  l i n e a t a  
Woodwardia v i r g i n i c a  

caesar weed 
f rostweed 
ironweed 
F l o r i d a  v i o l e t  
shoes t r i ng  f e r n  
cha in  f e r n  

a The spec ies l i s t  was der i ved  by R.W. Simons f rom numerous f i e l d  t r i p s  and 
c o n s u l t a t i o n s  w i t h  D.W. H a l l  (Herbarium, U n i v e r s i t y  o f  F l o r i d a ) ,  D.B. Ward 
(Department o f  Botany, U n i v e r s i t y  o f  F l o r i d a )  , W .  S .  Judd (Department of 
Botany, U n i v e r s i t y  o f  F1 o r i d a )  , R.K. Godfrey (Department o f  Bi  01 og i  c a l  Sci - 
ences, F l o r i d a  S t a t e  U n i v e r s i t y ) ,  D.K. Younker ( F l o r i d a  Department o f  Natu- 
r a l  Resources), and others ;  f rom a rev iew o f  s i t e  surveys done f o r  the  
F l o r i d a  Na tu ra l  Areas Inven to ry ;  and f rom l i t e r a t u r e  (Nash 1895; Harper 
1914, 1915; Laessle 1942; F l o r i d a  Game and Fresh Water Commission 1976; S i -  
mons and H i n t e r m i s t e r  1984; Simons e t  a l .  1984). 

H i s t o r i c a l l y ,  most authors  t r e a t e d  l a u r e l  oaks as a s i n g l e  spec ies b u t  d i f -  
fered on t h e  app rop r i a t e  s c i e n t i f i c  name; the  c u r r e n t  consensus i s  t o  t r e a t  
t h e  wet land form as swamp l a u r e l  ( o r  d iamond- leaf )  oak, Q.  l a u r i f o l i a ,  and 
t h e  upland form as l a u r e l  oak, Q. hemisphaerica. Wool fenden (1967) i d e n t i -  
f i e d  t h i s  oak as Quercus hemisphaerica, l a u r e l  oak. L i t t l e  (1979) cons id-  
ered l a u r e l  oak and swamp l a u r e l  oak t o  be t h e  same spec ies,  Quercus 7au r i -  
f o l i a .  

Inc ludes  A rund ina r i a  t ec ta ,  sometimes c a l l e d  r i v e r  cane o r  bamboo. 

(Godfrey 1979). About one-ha1 f o f  t h e  
woody p l a n t  species l i s t e d  i n  Table 4 
a1 so a re  c h a r a c t e r i s t i c  o f  southeast -  
e rn  bottomland hardwood f o r e s t s  
(Wharton e t  a7. 1982). Harper (1915) 
surveyed t h e  vege ta t i on  o f  a  p a r t  o f  
c e n t r a l  F l o r i d a  and observed 19 abun- 
dant t r e e  spec ies i n  l ow  ( h y d r i c )  ham- 
mocks; o f  these, seven a l s o  were com- 
mon i n  h i gh  (mesic) hammock, s i x  oc -  
cu r red  f r e q u e n t l y  i n  swamps, two were 
abundant i n  bo th  h i g h  hammock and 
swamp, and t h e  r e s t  had u n c e r t a i n  
i d e n t i f i c a t i o n s .  The spec ies 1 i s t s  o f  
h y d r i c  hammock, mesic hammock, and 
m i  xed hardwood swamp communities 
g r e a t l y  over1 ap, b u t  t h e  r e l a t i v e  
abundances o f  t h e  spec ies d i f f e r  
( F l o r i d a  Game and Fresh Water F i s h  
Commission 1976). Some p l  an t  species 
(e.g., F l o r i d a  elm) a re  cons iderab ly  
more common i n  h y d r i c  hammocks than  

elsewhere. Whi le  t h e  p l a n t  species o f  
h y d r i c  hammocks a r e  n o t  d i s t i n c t i v e ,  
t h e i r  assemblage i s .  

The canopy o f  h y d r i c  hammocks i s  
about 17-21 m h i g h  and i s  dominated by 
one o r  more oak spec ies,  cabbage palm, 
o r  a  combinat ion of these.  A lso  com- 
mon a r e  sweetgum, l o b l o l l y  pine, 
F l o r i d a  elm, and r e d  maple. Canopy 
c l o s u r e  i s  75%-90%. The t r e e s  may be 
1 aced w i t h  v i n e s - - t y p i c a l l y  trumpet 
creeper,  pepper v i n e ,  po i son  i v y ,  and 
w i l d  grape--and ep iphy tes  may be abun- 
dan t  on t h e  t r e e  t r u n k s  and l imbs.  
Young canopy t r ees ,  espec i  a1 l y  cabbage 
palm and sweetgum, may be frequent i n  
t h e  unde rs to r y ,  b u t  i n  some hyd r i c  
hammocks, hornbeam dominates. Blue- 
stem pa lmet to ,  Sm i l ax  species, o r  a  
m i x t u r e  o f  shrubs and sap1 i ngs  may oc- 
cupy t h e  shrub l a y e r .  However, cover 



of t he  subcanopy and shrub l a y e r s  i s  
extremely v a r i a b l e ;  t h i s  vegetat ion 
o f t en  i s  so  s p a r s e  t h a t  vi s i  b i  l i t y  i s  
good a t  eye l e v e l .  Likewise, t he  
ground l a y e r  may be absent  o r  cons i s t  
of a  dense growth of f e r n s ,  sedges, 
g r a s s e s ,  and 5mi7ax s p e c i e s .  

Ve r t i c a l  s t r u c t u r e  and spec i e s  com- 
pos i t i on  of  t h e  vege ta t ion  vary con- 
s i de rab ly  from one hydric  hammock t o  
another .  The o b j e c t i v e s  of t h i s  chap- 
t e r  a r e  t o  document some of t he  d i f -  
f e r ences  among hydr ic  hammock s tands  
and t o  sugges t  f a c t o r s  respons ib le  f o r  
t h i s  v a r i a t i o n .  Because hydric  ham- 
mock vege t a t i on  has been 1 i t t l e  s tud-  
i e d ,  only hypotheses,  based upon our 
obse rva t i ons  and re1 evant  da t a  from 

o t h e r  communities, a r e  presented.  We 
hope t he se  con j ec tu re s  w i l l  spur  f u r -  
t h e r  r e sea rch .  Many p i a n t  spec i e s  of 
hydr ic  hammocks a r e  s i g n i f i c a n t  t o  an- 
imals a s  well a s  t o  humans (Simons et  
a l .  1988). To preserve and manage 
t h e s e  resources ,  i t  i s  necessary t o  
understand t h e  f a c t o r s  respons ib le  f o r  
s tand  composition. 

3.2 VEGETATION PATTERNS 

Very few q u a n t i t a t i v e  d e s c r i p t i o n s  
of hydric-hammock vege ta t ion  have been 
publ ished;  t he se  a r e  supplemented by 
our  surveys (Table 5)  o f  s t ands  l o -  
c a t ed  throughout t h e  range of  hydr ic  
hammock i n  F lor ida  (F igure  1 ) .  The 

Table 5. Composition of hydric hammock stands (importance valuesa of trees 2 10 cm dbh). 
- - - - -- 

s i  t e s b  
-- 

Species  ESJ TOS MYR TC SEM WEK N G H  OPH HR' SS SFH IGH 

Cabbage palm 
Live oak 
Swamp l a u r e l  oak 
Sweetqum 
F lo r ida  elm 
Lob1 01 1 y p ine  
Red maple 
Hornbeam 
Water oak 
Sweetbay 
Southern red-cedar  
Sugarberry 
Swamp tupe lo  
Green ash 
Winged elm 
Swamp bay 
Basswood 
Shumard oak 
Wax-myrtl e 
Persimmon 
Pignut hickory 
Water-1 ocus t  
Red mu1 ber ry  
Bald cypress  
Water hickory 
Swamp ash 

80 75 72 56 52 50 43 27 20 26 
7 13 23 6 33 13 7 30 3 

2 2 7 6 14 10 8 11 1 22 22 
3 18 11 t l  7 4 10 17 23 17 

t 1  6 12 5  2 6 2 1 5  
2 8 1 38 5 4 

6 14 4 10 5 
2 4 t l  4 29 16 

t l  t l  2 7 7 2 1  
< 1 10 5 1 10 

10 4 2 1 
4 2 4 3 

4 2 7 t l  
1 6 (1 6 

6 1  1 
< 1 2 2 t l  

2 3 
< 1 1 3 

3 1 < 1 
1 (1 1 

t 1 1 2 
2 t l  2 

< 1 < 1 2 
6 t 1 
3 

2 
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Table 5. (Concluded). 

~i t e s b  

Species ESJ TOS MYR TC SEM WEK NGH OPH HR' SS SFH IGH 

L o b l o l  l y - b a y  
Dahoon 
White ash 
Southern magnol i a  
Prunus sp. 
Dev i 1 wood 
Pop ash 
Slash p i n e  
Spruce p i n e  
Green haw 

N u m b e r o f s p e c i e s  4 11 5 12 11 10 22 13 16 10 12 17 

Basal a rea(m2/ha)  54 71 67 57 29 61 46 42 97 42 49 43 

Trees i n  sample 263 473 224 234 113 69 1,979 113 425 273 197 140 

a The importance va lue o f  a spec ies i s  one -ha l f  t h e  sum o f  t h e  r e l a t i v e  den- 
s i t y  (percentage o f  t o t a l  t r e e  d e n s i t y  i n  t he  sample) and t h e  r e l a t i v e  basal 
area (percentage t o t a l  basal area i n  t h e  sample). S i t e s  were sampled du r i ng  
t h e  p resen t  s tudy  except  where o the rw i se  noted. Ten-meter-wide b e l t  t r a n -  
sec ts  were used t o  sample t h e  t r e e s .  The number and l e n g t h  o f  t r ansec t s  
v a r i e d  w i t h  t h e  s i z e  and he te rogene i t y  o f  t h e  h y d r i c  hammock. 

S i t e  l o c a t i o n s  a re  shown on F i gu re  1. Code f o r  h y d r i c  hammocks: 
ESJ = eas t  s i de  o f  upper St .  Johns R i ve r  (Seminole Ranch Rec rea t i on  Area);  
TOS = Tosohatchee S ta te  Reserve, west s i d e  o f  upper St .  Johns R i ve r ;  
MYR = Myakka R i v e r  S ta te  Park (Shep's I s l a n d ) ;  
TC = T i g e r  Creek Nature Preserve; 
SEM = Seminole County, nor thwest  co rner  ad jacen t  t o  t h e  S t .  Johns R i v e r  
(da ta  f rom G. R. Best and P. Wallace, Center  Fo r  Wetlands, U n i v e r s i t y  o f  
F l o r i d a ,  Ga inesv i l  l e )  ; 
WEK = Wekiva Spr ings run ,  Wekiwa Spr ings S t a t e  Park ( t h e  s p e l l i n g  o f  t h e  
park  d i f f e r s  f rom t h a t  o f  t h e  s p r i n g  and r i v e r ) ;  
NGH = no r t he rn  g u l f  coas ta l  hammocks, S t .  Marks Na t i ona l  W i l d l i f e  Refuge 
(Thompson 1980) ; 
OPH = Orange Lake palm hammock, no r t heas te rn  shore o f  Orange Lake, Alachua 
County; 
HR = Hi  l l sbo rough  R i ve r  S t a t e  Park (Wool fenden 1967) ; 
SS = S i l v e r  Spr ings  r u n  ( n o r t h  s i de ) ,  Mar ion County; 
SFH = San Felasco Hammock S t a t e  Preserve (Sanchez P r a i r i e ) ;  
IGH = i n l a n d  reach  o f  G u l f  Hammock (near  O t t e r  Creek, Levy County). 

A l l  t r ees ,  no ma t t e r  what d iamete r ,  were recorded a long  a 1-m wide, 300-m- 
l ong  t r a n s e c t .  Besides t h e  spec ies f o r  which da ta  on d e n s i t y  and d iameter  
were recorded, s i x  a d d i t i o n a l  t r e e  spec ies were no ted  i n  t h e  p l o t  
(Wool fenden 1967). 



s i t e s  were not chosen randomly; 
ra ther ,  they were selected to  encom- 
pass the hydrological and soil  condi- 
t ions  associated with t h i s  community 
and to  demonstrate the  degree of vari-  
at ion in plant composition. 

Hydric hammocks range from nearly 
monospecific stands of cabbage palm 
(Figure 18) t o  diverse hardwood 
fores t s  1 acking t h i s  species (Figure 
19; Table 5 ) .  Tree species (woody 
plants 210 cm in diameter a t  breast 
height) numbered from 5 to  2 2  per 
stand in the present study. Differ-  
ences in sample s i z e  may have ac- 
counted fo r  some, but not a l l ,  of the 
variation in species richness among 
the fo res t s .  Hydric hammocks lying 
between the pine flatwoods and fresh- 
water marshes of the S t .  Johns (Figure 
20) and Myakka (Figure 18) River 
basins were the  l e a s t  diverse.  Not 
only were few species present--mainly 
cabbage palm, 1 ive oak, and southern 

red-cedar--but they were very unevenly 
represented. Hydric hammocks of the 
Gulf Hammock region (Figure 191, ex- 
cepting stands immediately adjacent to  
s a l t  marsh, contained many more 
species, and the  t r e e s  were appor- 
tioned more evenly among species. 
Monk and McGinnis (1966) compared d i -  
vers i ty  of t r e e  species of ten fores t  
community types in north central 
Florida, including f i ve  categories of 
southern mi xed hardwood fores t  
(hammock) del ineated by content of 
soi l  moisture and so i l  calcium. The 
"wet calcareous cl imax southern mixed 
hardwoods" type was judged t o  be the 
most diverse. Locations of the stands 
used in the analysis were not given; 
however, the wet calcareous hardwood 
stands probably were hydri c hammocks 
similar t o  the diverse fores ts  we sam- 
pled in the inland Gulf Hammock region 
and in San Felasco Hammock State  Pre- 
serve (Table 5 ) .  

Figure 18. Cabbage palm predominates in hydric hammock along Upper Myakka Lake, Myakka River 
State Park. 



Figure 19. Hydric hammocksat the inland edge of Gulf Hammock feature a diverse mixture of swamp 
laurel oak, sweetgum, Florida elm, hornbeam, loblolly pine, sweetbay, and red maple. Cabbage palm 
is absent. 

Figure 20. Hydric hammock forest of cabbage palm, five oak, and southern red-cedar adjoins 
freshwater prairie along the upper St. Johns River. 



When presen t  in  a  hydric  hammock, 
cabbage palm was near ly  always the  
?redorninant t r e e  (Tab1 e 5 ) .  Ouercus 
spec i e s ,  especi  a1 1 y 1 i ve oak and swamp 
l a u r e l  oak, were always important ,  and 
sweetgum and F lo r ida  elm o f t en  were 
abundant.  Tree spec i e s  t h a t  f r e -  
quent ly appeared in  moderate numbers 
included red map1 e ,  water oak, sweet- 
bay, sugarber ry ,  swamp tupe lo ,  green 
ash ,  and swampbay. Some spec i e s  were 
1 ocal l y  abundant,  but absent  o r  scarce  
e l  sewhere. For exampl e ,  southern red-  
cedar  shared t h e  canopy with cabbage 
palm and l i v e  oak i n  hydr ic  hammocks 
along t h e  upper S t .  Johns River and in 
t he  coas ta l  reaches of t he  gulf  
coas ta l  hammocks (F igure  21) ;  most 
o t h e r  hydr ic  hammocks lacked t h i s  
spec i e s  (Table 5 ) .  Loblol ly pine was 
f a r  more common in  some hydr ic  ham- 
mocks than in  o t h e r s  and was t he  domi- 
nant spec i e s  i n  hydr ic  f o r e s t  near 
S i l v e r  Springs run (Table 5 ;  Figure 

2 2 ) .  There, mature p ines  averaged 2 5 -  
35 m in  he ight  and towered over  a  sub- 
canoDv of t y p i c a l  hvdri c-hammock 
spec i e s :  cabbage palm, l i v e  oak, 
sweetgum, and water  oak (F igure  23) .  
This a s soc i a t i on  o f  t r e e  spec ies  was 
d i s t i ngu i shed  from hydric  hammock and 
termed "shor t -1  e a f  pine and cabbage 
palmetto bottoms" by Harper (1915) and 
" l o b l o l l y  pine hammock" by t h e  F lor ida  
Game and Fresh Water Fish Commission 
(1976).  I n s t ead ,  we cons ider  t he  S i l -  
ver  Spr ings  f o r e s t  t o  be a  v a r i a n t  of 
hydr ic  hammock t h a t  conta ins  an unusu- 
a l l y  high abundance of lob lo l  l y  pine.  
Loblol l y  pine-dominated hammock i s  
very ex tens ive  i n  t he  S i l v e r  Springs 
reg ion ,  and i t  a l s o  occurs  i n  small 
pa tches  wi th in  many l a r g e  hydr ic  ham- 
mocks. 

Some t r e e  s p e c i e s  a r e  c h a r a c t e r -  
i  s t i c ,  although in f r equen t ,  members of 

Figure 21. Coastal hydric hammock where it adjoins salt marsh, Gulf Hammock, Levy County. The 
canopy consists entirely of cabbage palm, southern red-cedar, and live oak. 



Figure 22. Loblolly pine hydric hammock, Silver Springs, Marion County. 

Figure 23. Vertical structure of hydric hammock dominated by loblolly pine. 
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hydr ic  harriniock f o r e s t s .  These spec ies  
i  ncl i~de  persimmon and r e d  mill ber ry ,  
-..A +" - : -  --,-2~.t :br:;:Cc c ~ ~ , , ,  Cl\,.,n 
U,," > > , b  1 ,  

3 . ",,, d"><,L 

s t ands  in  t h i s  s tudy  Probably  was d u e  
t o  i n s u f f i c i e n t  sanlple s i z e  (Table 5 ) .  
Two spec ies  not  included i n  t he  saa-  
p l e s ,  but observed in  a few hydric 
hammocks, were cedar  elm and swatrip 
ches tnu t  oak. 

A number of s p e c i e s  a r e  r a r e  in  hy- 
d r i c  hammocks; they  a r e  v i r t u a l l y  r e -  
s t r i c t e d  t o  o t h e r  communit ies .  Bald 
c s r n r p c <  j i -  - -  an?, 1351 : ! l ~ - h 3 ~ ~  ~ , h a r a ~ t o y i  S -  

t i c  of mixed hardwood swamps and bay- 
heads r e s p e c t i v e l y ,  a r e  examples.  The 
hydr ic  hammock along Wekiva Spring run 
(F igure  2 4 )  conta ined  a  s c a t t e r i n g  of 
l ob lo l l y -bay ;  i t  a l s o  d i f f e r e d  from 
t h e  remaining s t a n d s  in  i t s  high pro- 
por t ions  of red maple and sweetbay and 
i n  t he  absence o f  l i v e  o a k  (Table 5 ) .  
This  wet1 and f o r e s t  was in te rmedia te  

Figure 24. A hydric hammock strongly affected 
by seepage, Wekiva Springs, seminole County. 

in compos i t ion  between " t y p i c a l "  hy- 
d r i  c  hamrnoc k (dominated by cabbage 
?:I:::, z2ks, sii.cstg~;x, azd F lor ida  e l n j  
and bayhead. The l a t t e r  f o r e s t  
c h i e f l y  c o n s i s t s  of l ob lo l l y -bay ,  
sweetbay, and swampbay, with smaller  
amounts of r e d  maple and swamp tupe lo  
(Monk 1966) .  

The u n d e r s t o r y  and ground vegetat ion 
in hydric  hammocks a r e  more va r i ab l e  
in composi t ion and  abundance than a re  
the  t r e e s .  Woody p l a n t s  of two s i z e  
~ I a c q p q ,  7 . 5 - 1 0  cm dbh a ~ d  210 cw dbh, 
were sampled i n  two hydr ic  hammocks, 
one in  Seminole  County and t h e  o ther  
on t h e  n o r t h e r n  gu l f  coas t  (Figure 
2 5 ) .  These hammocks resembled each 
o the r  f a r  more i n  t h e  types and r e l a -  
t i v e  abundances a f  t h e i r  t r e e s  than in 
the  mix tu re s  o f  t h e i r  shrubs and 
sapl ings .  Cabbage  palm dominated, and 
swamp l a u r e l  o a k ,  sweetgum, Florida 
elm, and l o b 1 0 1  l y  pine were common 
t r w q  i n  b o t h  f o r e s t s .  Sweetgum was 
an impor tan t  s a p l i n g  i n  both hydric 
hammocks, b u t  swampbay and swamp ash 
sapl ings codomi n a t e d  i n  t h e  northern 
gul f  hammock, whereas swamp 1  aurel 
oak, red map le ,  and hornbeam sapl ings 
were abundant  i  n  t h e  Seminole County 
hammock. 

Within e a c h  o f  t h e  sampled hammocks, 
the  small e r  - s i ze c l  a s s  near ly  equaled 
thc  lsrgcr i n  t h e  dens i t y  of stems 
(about 760 p e r  h a ) ,  but spec ies  compo- 
s i  t i o n  d i f f e r e d  g r e a t l y .  Most s t r i  k- 
ing was t h e  n e a r  absence of  cabbage 
palm in  t h e  s m a l l e r  s i z e - c l a s s .  A l -  
though s tems 2 .5 -10  cm dbh a r e  usual ly 
c l a s s i f i e d  a s  unders tory  and those 
g r e a t e r  t h a n  10 cm dbh a r e  considered 
t o  be in  t h e  canopy,  t h i s  i s  not co r -  
r e c t  f o r  c a b b a g e  palms. The i r  t runks 
a re  produced f u l l  s i z e  i n  t h e  apical  
bud ( g e n e r a l l y  10 cm o r  more in 
diameter)  and  i n c r e a s e  in  height  only. 
Therefore,  e s s e n t i a l l y  a l l  cabbage 
palms were r e c o r d e d  in  t h e  t r e e  c a t e -  
gory, even t h o u g h  they may have ranged 
from 1 .4  m t o  canopy he igh t .  In some 
of t h e  h y d r i c  hammocks we v i s i t e d ,  
such as  Myakka R i v e r  (F igure  18), S i l -  
ver Spr ings  ( F i g u r e  2 2 ) ,  and Wekiva 
Springs ( F i g u r e  24 ) ,  cabbage palms 
formed a  d e n s e  unde r s to ry  as  well a s  a  
s i g n i f i c a n t  p a r t  o f  t h e  canopy. 
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Figi~re 25. Species composition of common trees (>I0 cm dbh; hatched bars) and shrubs and 
saplings (2.5-10 dbh; open bars) in  two hydric hammocks: (a) Seminole County (data from G. R. Best 
and P. Wallace, Center for Wetlands, University of Florida); (b) northern gulf coastal hammock 
(Thompson 1980). Importance values (defined in  Table 5) were calculated for each size-class within 
a hammock. Species with importance values of 5 or less in both tree and sapling classes were 
omitted. 

Tree sap l ings  dominated t h e  2.5-10 
cm dbh : izc  c l a s s  i n  h y d r i c  hammocks 
o f  Seminole County and the  no r t he rn  
g u l f  coast  (F igure  25);  shrubs ac- 
counted f o r  l e s s  than 20% o f  t h e  basal 
area. Wi th  the  except ion o f  cabbage 
palm, a1 1 t r e e  species were r ep re -  
sented i n  t h e  sma l l e r - s i zed  category.  
The converse was no t  t r u e :  r e d  maple 
sapl ings were abundant i n  t he  Seminole 
County hammock, bu t  mature t r ees  o f  
t h a t  species were absent.  I n  the  same 
f o r e s t ,  swamp 1 accrel oak, sweetgum, 
and l o b l o l l y  p i n e  had h i ghe r  impor- 
tance va lues as sapl i ngs  than as 
t r ees .  Apparen t l y  t h e  canopy con- 
t a i n e d  gaps t h a t  promoted c o l o n i z a t i o n  
o f  these shade - i n t o l e ran t  species 
(Putnam e t  a 7 .  1960). 

Hornbeam and swampbay were more im- 
p o r t a n t  as "sapl  i ngs "  than as " t rees , "  
because t hey  a t t a i n  m a t u r i t y  a t  a 
smal l  s i z e  (F igure  2 5 ) .  Hornbeam was 
an abundant member o f  t h e  subcanopy o f  

t h e  Seminole County hammock, t h e  Or-  
ange Lakc palm hammock, and the i n l a n d  
reach o f  G u l f  Hammock, and i t  must 
have dominated t h i s  s t r a t um  i n  t h e  
H i1  1 sborough R i v e r  h y d r i c  hammock 
(Table 5 ) .  However, t h i s  species was 
scarce i n  t h e  n o r t h e r n  g u l f  coas ta l  
hammock (Thompson 1980) and non-ex is -  
t e n t  i n  many o f  t h e  h y d r i c  hammocks 
t h a t  we v i s i t e d ,  i n c l u d i n g  S i l v e r  
Spr ings,  Wekiva Spr ings,  Myakka River ,  
and Sanchez P r a i r i e  ( i n  San Felasco 
Hammock S ta te  Preserve) .  Hornbeam's 
absence f rom t h e  l a s t  f o r e s t  i s  puz- 
z l i n g ,  s i nce  t h e  spec ies i s  common i n  
surrounding mesic hammock. 

Yaupon, wax-myr t le ,  and dahoon were 
t h e  most common shrubs on t h e  no r t he rn  
g u l f  coas t  (Thompson 1980), whereas 
swamp dogwood and wax-myr t le  were t h e  
o n l y  shrubs sampled i n  t h e  Seminole 
County h y d r i c  hammock (G .  R. Best  and 
P. Wall ace, pers .  comm. ) .  Wax-myrtle 



was t h e  most f requent  shrub i n  t h e  hy- 
d r i c  hanimccks t h a t  we surveyed. Few 
s n r u o  species u L L u r  r e d  r e y u i  d r  ; y ,  d r ~ d  

s e v e r a l  were r e s t r - ~ c t e d  t o  one o r  a  
few hammocks. Blue-stem palmetto ap- 
pea red  in severa l  s tands  wi th in  the  
S i  1 v e r  Springs hydric  hammock. Needle 
palm was presen t  only a t  Wekiva 
S p r i n g s  and Tiger  Creek. The d r i e r  
p a r t s  of t he  Sanchez P r a i r i e  hydric 
hammock f ea tu r ed  b lueber ry  bushes 
(Vaccin ium s p p .  ) , but t he  we t t e r  areas  
had no shrubs.  Among the  hydric  ham- 
i i id~kh we ;l i s  i Led, b i i l  u?. veyetatf \u':~ 

d e n s e s t  a t  Wekiva Spr ings .  

t iydric  hammocks wi th  a  high abun- 
dance  of cabbage palm, such as  Toso- 
ha t chee  and Myakka River (Table 5 ) ,  
g e n e r a l l y  had few p l a n t s  i n  t h e  shrub 
l a y e r ,  except f o r  very young palms, 
and no ground vege ta t ion  (Figure 18). 
The ex t en t  of t h e  ground l a y e r  was ex- 
t r eme ly  v a r i a b l e  both among and within 
t h e  re ina in i i ig  fc r -es t s .  I n  t he  S i l ve r  
Sp r ings  hydric  hammock, dense patches 
o f  spi kegrasses  (Chasmanthium spp.)  
i n h a b i t e d  c l e a r i n g s .  Vegetation, 
main ly  g r a s se s  and f e r n s ,  covered from 
74% t o  96% of t h e  ground i n  s i x  s tands 
a t  t he  northern end of  t h e  Gulf Ham- 
mock region (Thompson 1980). The 
p l  a n t s  were p r e sen t  in  s l  igh t l  y  open 
a r e a s  and absent  from low, wet p laces ,  
sugges t i ng  t h a t  they were 1 imi t ed  by 
low 1 i g h t  and extended f1 ooding. 
Herbaceous vege ta t ion  was most lush 
and d ive r se  i n  t he  Tiger  Creek, S i l v e r  
S p r i n g s ,  and in1 and Gulf Hammock 
f o r e s t s .  In those  hydr ic  hammocks, a  
p rofus ion  of f e r n s ,  g r a s s e s ,  sedges, 
and herbs covered t h e  ground (Figure 
1 9 ) .  

The l a r g e s t  contiguous stand of hy- 
d r i c  hammock, known l o c a l l y  a s  Gulf 
Hammock, comprises t h e  s ec t i on  of  gu l f  
c o a s t a l  hammock between t h e  Suwannee 
and With1 acoochee Rivers .  Or ig ina l l y  
cove r ing  more than 40,000 ha, Gulf 
Hammock has been reduced by c l e a r i n g  
f o r  pine p l a n t a t i o n s  and a g r i c u l t u r e  
(Simons e t  d l .  1988). Gulf Hammock i s  
h i g h l y  d i v e r s e ,  encompassing most o f  
t h e  v a r i a t i o n  i n  s t r u c t u r e  and compo- 
s i  t i o n  found among hydr ic  hammocks. 
Few hammocks have such a  complete s e t  
a f  t he  more common p l an t  spec i e s ,  nor 

of t h e  r a r e  ones, such as  cedar  elm, 
American plum, p ink- root ,  pine-wood 
d a i n t i s s ,  hiid t h e  two indian p l an t a in s  
Caca7 i a  suaveolens and Arnog7ossum d i -  
v e r s i f o l  ium. 

The i n t e r f a c e  of  s a l t  marsh and Gulf 
Hammock f o r e s t  (Figure 26) i s  very i r -  
r e g u l a r .  Many i s l a n d s  of hammock a r e  
found in  t he  marsh, and t he  marsh ex- 
tends  i n t o  t h e  f o r e s t  along t i d a l  
c reeks ,  sometimes f o r  cons iderab le  
d i s t a n c e s .  In most p laces  along t he  
boundary, t h e  f o r e s t  begins abrupt ly  
with a dense,  12-  15-meter - ta l l  s tand 
of cabbage palm, l i v e  oak, southern 
red-cedar ,  and occas iona l ly  water l o -  
c u s t .  Loblolly pine sometimes occurs  
a t  t h e  f o r e s t  edge, and in  a  few a r ea s  
of coas ta l  Gulf Hammock, i t  dominates 
t h e  f o r e s t ,  o f ten  in a s soc i a t i on  with 
a  dense ground cover of S t .  Augustine 

Figure 26. Edge of hydric hammock and salt 
marsh in Gulf Hammock, along the Gulf of Mexico 
near the Withlacoochee River, Citrus County, 
Florida. 



g r a s s .  Sal t - t o l e r a n t  shrubs such as  
1r.a frotescens (marsh e l d e r ) ,  Lycrrtm 
c a r o l  in ianum (Chri s tmasber ry) ,  and 
Bacchar i s  angust if07 i a ,  B. 
g 7 0 m e r u l i f o l i a ,  and B. h a 7 i m i f o l i a  
( s a l t bushes )  a r e  abundant a t  t he  f o r -  
e s t  edge i n  some loca t i ons .  Vines a r e  
r a r e  a t  t h e  edge, and both vines and 
shrubs a r e  s ca r ce  in  t h e  f o r e s t  i n t e -  
r i o r  u n t i l  a t  l e a s t  1 km in land .  The 
ground cover  i s  very sparse .  This  
coas t a l  p a r t  of Gulf Hammock i s  q u i t e  
s imi l  a r  t o  t h e  hydr ic  hammocks border- 
ing t h e  marshes along t he  S t .  Johns 
and Myakka Rivers .  

With i nc r ea s ing  d i s t a n c e  from t h e  
s a l t  marsh, cabbage palm, l i v e  oak, 
and southern red-cedar  decl  ine and 
hardwoods i nc r ea se  in  dominance. Be- 
g inn ing  a t  about 2 km in land ,  Gulf 
Hammock i s  d i v i s i b l e  i n t o  t h r e e  main 
vege ta t ion  t ypes .  Swamps of bald cy- 
p r e s s ,  red maple, swamp tupe lo ,  and 
green ash occur i n  low areas  and along 
t h e  poorly defined c reek  drainages.  
Fo re s t s  t h a t  might be considered e i -  
t h e r  mesic o r  hydr ic  hammock occupy 
s l  i g h t l y  e leva ted  r i dges .  The over-  
s t o r y  conta ins  swamp ches tnu t ,  Shu- 
mard, l i v e ,  l a u r e l ,  and water  oaks, 
p lus  sweetgum, southern magnol i  a ,  sug- 
a rbe r ry ,  winged elm, F lor ida  elm, 
F lor ida  maple, lob101 l y  pine,  southern 
red-cedar ,  pignut  hickory, persimmon, 
red mulberry, and basswood. The un- 
de r s to ry  and ground cover  a l s o  a r e  d i -  
verse .  The t h i r d  type  of vege ta t ion ,  
t h e  major i ty  of Gulf Hammock, i s  be- 
tween t he se  two "extremes" i n  spec ies  
composition and i s  c l e a r l y  hydric  ham- 
mock . 

This  major hydr ic  hammock (Figure 
19) c o n s i s t s  mainly of  swamp l a u r e l  
oak and sweetgum in  combination with 
l i v e  oak, water  oak, l o b l o l l y  p ine ,  
F lor ida  elm, basswood, persimmon, red 
maple, sweetbay, sugarberry,  and cab- 
bage palm. The average he ight  of t he  
dominant canopy t r e e s  i s  about 30 m ,  
wi th s c a t t e r e d  lob1 01 ly pines  emerging 
3-6 m above t he  canopy. The s c a t t e r e d  
l i v e  oaks a r e  by f a r  t h e  l a r g e s t  
t r e e s ,  averaging about twice t he  t r unk  
diameter and crown spread of t he  o t h e r  
canopy t r e e  spec i e s .  The ground a t  
t h e  bases of t h e s e  big l i v e  oaks o f t en  

i s  r a i s ed  by t he  r o o t  system t o  form a 
mound. This mic ro toaoa ra~hv  i s  p a r -  
t i c u l a r l y  well s u i t e d  f o r  t h e  e s t ab -  
1 ishment of magnolias,  and, in  con- 
junc t ion  with t h e  spreading crown of 
t h e  l i v e  oak, f o r  t h e  growth of sev-  
e r a l  spec i e s  of v ines  (bu l l ace  and 
summer grape ,  pepper v ine ,  r a t t a n  
vine,  and cl imbing buckthorn) .  A sub- 
canopy dominated by hornbeam, wax-myr- 
t l e ,  swamp dogwood, and var ious  t r e e  
sap1 ings  o f t en  i s  we1 1 developed. The 
ground l a y e r  commonly i s  a dense mix- 
t u r e  of  g r a s s e s ,  sedges ,  and f e r n s ,  
but i n  wet a r ea s  t h e  cover  i s  mostly 
l e a f  1 i t t e r  with on ly  a s c a t t e r i n g  of 
herbaceous pl a n t s .  

Patches of  hydr ic  hammock dominated 
by l o b l o l l y  pine a r e  found wi th in  Gulf 
Hammock. Some of  t h e s e  a r e  na tura l  
and o t h e r s  a r e  t h e  r e s u l t  of human ac-  
t i v i t y .  Some o f  t h e  higher  r i dges  
were c l ea r ed  f o r  farmjng 1 ong ago, ap- 
pa ren t l y  by German immigrants,  and 
then abandoned. Now s t ands  of  l a r g e  
l o b l o l l y  p ine s ,  l o c a l l y  known a s  
"German I s l ands" ,  cover  t h e  o ld  
f i e l d s .  A modern a c t i v i t y  wi th  s imi-  
l a r  r e s u l t s  i s  t h e  c l e a r c u t t i n g  of ex-  
t e n s i v e  a r e a s  of Gulf Hammock f o l l  owed 
by t h e  p l an t i ng  o f  l o b l o l l y  p ine .  

Gulf Hammock and i t s  surroundings 
a r e  very f l a t ,  with one except ion .  
Old sand  dunes .covered with sand pine 
sc rub  vege ta t ion  a r e  found on t he  
nor th  s i d e ,  j u s t  in land  from Cedar 
Key. A mixture of swamp and hydric  
hammock occurs  ad j acen t  t o  t h e  dunes, 
but both of  t h e s e  t ypes  a r e  somewhat 
d i f f e r e n t  i n  composition than  e l s e -  
where i n  Gulf Hammock, presumably due 
t o  t h e  cont inuous  supply of  water 
seeping ou t  of t h e  dunes and t o  t he  
t h i c k e r  l a y e r  of o rgan i c  muck. Swamp 
t u p e l o ,  t h e  dominant t r e e  o r  codomi- 
nant with green ash ,  i s  much more 
abundant than  i n  o t h e r  swamps of t he  
reg ion .  The hydr ic  hammock a l s o  i s  
d i f f e r e n t  i n  i t s  abundance of  needle 
palm, which i s  q u i t e  s c a r c e  elsewhere 
i n  Gulf Hammock. This  p a r t  of Gulf 
Hammock i s  most s i m i l a r  t o  t h e  hydric  
hammocks a t  Wekiva Sp r ings ,  Mormon 
Branch Botanical  Area i n  t h e  Ocala Na- 
t i o n a l  Fo re s t ,  and T ige r  Creek. 



Gulf Hammock i s  rep1 aced abrupt ly  a t  
i t s  in land  edqe by pine flatwoods. 
However, s t r i p s  of hydric  hammock ex- 
t e n d  inland along streams such as  
~ o c k y  Creek, O t t e r  Creek ( in land  Gulf 
Hammock s i t e ,  Table 5 ) ,  and t h e  Wac- 
c a s a s s a  River, and these  f o r e s t s  grad- 
u a l l y  become l e s s  d ive r se .  Cedar elm 
and American plum do not occur within 
t h e s e  inland s t r i p s .  Other t r e e s  t h a t  
d i s a p p e a r ,  roughly i n  order  of disap-  
pearance ,  a r e  red buckeye, water l o -  
c u s t ,  F lor ida  maple, Shumard oak, 
swamp ches tnut  oak, cabbage palm, 
wi nged elm, sugarber ry ,  basswood, and, 
f i n a l l y ,  l o b l o l l y  pine.  The hydric 
hammocks f a r t h e s t  i  nl and a1 ong the  
s t r eams  c o n s i s t  mainly of swamp 1 aurel 
oak ,  sweetgum, red map1 e ,  sweetbay, 
and Flor ida  elm; occasional  spec ies  
i  nc l  ude 1 i  ve oak, persimmon, swamp- 
bay,  dahoon, and s l a s h  pine.  Wax-myr- 
t l e  i s  an abundant shrub. This f o r e s t  
i s  most s i m i l a r  t o  o the r  hydric  ham- 
mocks found ad jacent  t o  f 1 atwoods and 
t o  s andh i l l  streams such a s  Tiger 
Creek.  

3.3 SOURCES OF VARIATION 

Complex i n t e r a c t i n g  f a c t o r s  probably 
i  n f l  uence the  spec i e s  composition of 
h y d r i c  hammock and d i s t i n g u i s h  i t  from 
o t h e r  communi t i e s .  We propose t h a t  
t h e  geographical l oca t ion  of  a s tand,  
t h e  hydrological regime, edaphic con- 
d i  t i o n s ,  and f i r e  frequency and in ten-  
s i t y  a r e  t h e  major determinants  of t h e  
s t r u c t u r e  of hydric  hammock. Distur-  
bances o the r  than f i r e  and f looding,  
bo th  na tura l  and human, a l s o  may 
g r e a t l y  a1 t e r  t h e  f o r e s t ' s  d i v e r s i t y  
and  biomass. 

P l an t  spec ies  whose geographical 
d i s t r i b u t i o n s  completely include t h a t  
o f  hydr ic  hammock may be cha rac t e r i s -  
t i c  components of  t h i s  communi t y  
throughout  i t s  range. Live oak, swamp 
l a u r e l  oak, red maple, and many o the r  
s p e c i e s  t h a t  occur i n  hydric  hammocks 
(Tab1 e 4)  range throughout F lor ida  
( L i t t l e  1978); t h e  absence of any of  
t h e s e  spec i e s  from a p a r t i c u l a r  s tand 
i s  due t o  f a c t o r s  such a s  hydrological 

condi t ions ,  s o i l  type,  and f i r e .  How- 
ever ,  a number of spec i e s  have r e -  
s t r i c t e d  geographic d i s t r i b u t i o n s  t h a t  
preclude t h e i r  presence in some hydric 
hammocks. Absence o f  such charac ter -  
i s t i c  but not ubiqui tous spec i e s  may 
cause doubt about t h e  c l a s s i f i c a t i o n  
of a s tand of f o r e s t  un less  a complex 
model i s  kept i n  mind. 

Temperate spec ies  dominate t h e  f l o r a  
of hydric hammocks but  have various 
southward l i m i t s  t o  t h e i r  d i s t r i -  
but ions (Figure 27) .  The ranges of 
two abundant spec ies ,  sweetgum and 
l o b l o l l y  pine, do not extend south of 
cen t r a l  F lor ida .  A number of l e s s  
common t r e e s ,  including green ash,  
Shumard oak, swamp chestnut oak, cedar  
elm, and winged elm, a r e  r e s t r i c t e d  t o  
northern F lor ida .  So too  a r e  some oc- 
ca s i  onal shrubs and herbs: buckthorn, 
green haw, red buckeye, and switch 
cane. The depauperate f l o r a  of hydric  
hammock in  Myakka River S t a t e  Park 
(Table 5) may r e s u l t ,  a t  l e a s t  p a r t l y ,  
from i t s  l oca t ion  south of t h e  ranges 
of many spec i e s  common t o  hydric  ham- 
mocks . 

A few spec i e s  a r e  found only i n  a 
small number o f  hydric  hammocks be- 

green ash ] \ Shumard oak I \ 

Figure 27. Natural ranges in Florida of four 
species of trees common to hydric hammock 
(from Little 1978). The range of green ash acfually 
extends southeastward at least to Wekiva 
Springs, Orange County. 



cause they  a r e  t r o p i c a l  p l a n t s  con- 
f ined  mostly t o  south F l n r i d a -  None 
occur  in  abundance and only one, white  
s t oppe r ,  i s  a t r e e .  I so l a t ed  popula- 
t i o n s  of t h i s  spec i e s  occur north of 
Lake Okeechobee ( L i t t l e  1978); one i s  
p r e sen t  i n  hydr ic  hammock in  Toso- 
hatchee S t a t e  Reserve. The geographi- 
ca l  d i s t r i b u t i o n s  of severa l  herba- 
ceous p l a n t s  common t o  hydr ic  ham- 
mocks, inc lud ing  goldfoot  f e rn  and 
wild co f f ee ,  extend north from t h e  
Caribbean t o  c e n t r a l  F lor ida .  

A s t r i k i n g  example of  t he  in f luence  
of a spec i e s '  range on t h e  composition 
of hydr ic  hammock i s  cabbage palm, t h e  
predominant t r e e  spec i e s  i n  many hy- 
d r i  c hammocks. From North Carol i na t o  
northern F lo r ida  and west across  t h e  
panhandle, t h i s  spec i e s  i s  e s s e n t i a l l y  
r e s t r i c t e d  t o  t h e  c o a s t  (Figure 28) .  
South of a l i n e  from about Cedar Key 
on t h e  g u l f  coas t  t o  S t .  Augustine on 
t he  A t l a n t i c ,  cabbage palm ranges 

Figure 28. Distribution of cabbage palm in 
Florida (from Little 1978). Asterisks on the inset 
map indicate isolated populations of cabbage 
palm outside of its continuous range (from Brown 
1973). 

across  F lor ida '  s peni nsul a .  North of 
t h i s  l i n e ,  a few i n t e r i o r  populat ions 
a r e  s c a t t e r e d  a1 ong r i v e r s .  Hydric 
hammocks i n  t h e  nor thern  region,  f o r  
example in  San Felasco Hammock S t a t e  
Preserve (Tab1 e 5), 1 ack cabbage palm. 
The in land  Gulf Hammock s i t e  t h a t  we 
sampled (Table 5)  i s  s i t u a t e d  a t  t h e  
edge of  cabbage palm's coas t a l  range. 
Cabbage palm was absent  from much of 
t he  f o r e s t ,  but i t  was common, espe-  
c i a l l y  in  t h e  unders tory ,  in  some 
p a r t s .  

Numerous s t u d i e s  have demonstrated 
o r  i n f e r r e d  t h a t  p a t t e r n s  of vegeta-  
t i o n  i n  southern f o r e s t e d  wetlands a r e  
s t rong ly  in f luenced  by f looding 
(Bedinger 1978; Huffman and Forsythe 
1981; Wharton e t  a 7 .  1982; Leitman e t  
a7.  1983). Frequency, du ra t i on ,  
depth,  and t iming of  f looding  a r e  f ac -  
t o r s  t h a t  a f f e c t  t h e  spec i e s  composi- 
t i o n  of  a f o r e s t e d  wetland.  The e f -  
f e c t s  of f looding  on t h e s e  communities 
a r e  mediated by physical  and chemical 
changes in  t h e  s o i l s  and varying r e -  
sponses t o  t h e  a l t e r a t i o n s  by p l a n t  
spec i e s .  

The na tu re  and e x t e n t  of t h e  physi- 
ca l  and chemical p rocesses  t h a t  fol low 
s o i l  inundat ion l a r g e l y  depend on t h e  
du ra t i on  of submergence and on s o i l  
p r o p e r t i e s  (Ponnamperuma 1984). When 
a s o i l  i s  f looded o r  s a t u r a t e d ,  gas  
exchange between t h e  s o i l  and a i r  i s  
g r e a t l y  r e s t r i c t e d .  The slowing of 
gas  d i f f u s i o n  i s  p a r t i c u l a r l y  g r e a t  i n  
s o i l s  with high c l a y  con t en t .  Oxygen 
supply t o  t h e  s o i l  i s  d r a s t i c a l l y  c u t ,  
and r o o t s  and microorganisms dep l e t e  
t h e  oxygen in  t h e  s o i l  water  very 
r a p i d l y .  Gases produced by so i  1 
metabol ism ( e .g . ,  carbon d ioxide)  ac-  
cumulate. Anaerobic cond i t i ons  induce 
a number o f  chemical changes in  t h e  
s o i l ,  many of  which a r e  de t r imenta l  t o  
p l a n t  growth. N i t r a t e  i s  replaced by 
ammonium, o f t e n  l e s s  p r e f e r r e d  f o r  up- 
t ake  and a s s i m i l a t i o n  by p l a n t  
spec i e s .  Oxidized forms of i r o n ,  man- 
ganese,  and s u l f u r  a r e  reduced t o  po- 
t e n t i a l l y  t o x i c  forms, inc lud ing  s u l -  
f i de s .  Ethanol ,  another  po ten t  i a1 
t o x i n ,  i s  a by-product of anaerobic 
r e s p i r a t i o n  i n  most p l a n t  r o o t s .  



A sequence of changes in p lan t  
m a t  a hnl i grn and  ~ h v s i  01 ogi ca9 orocesses 
fol low t h e  onse t  of  anaerobios is  in  
water1 ogged so i  1 s (Kozl owski 1984a, 
b )  . Decreased water adsorpt ion and 
c lo su re  of t h e  stomata r e s u l t  in  a 

4 slowed r a t e  of photosynthesis .  Root 
permeabi 1 i  t y  i s  reduced, a f f e c t i n g  the  

I movement of ions  including n u t r i e n t s .  
Leaf ch lo ros i s  and absc i s s ion ,  and r e -  
ta rded  p l an t  growth ( e spec i a l l y  
height-growth) f o l l  ow. Morphological 
chanqes, such a s  t h e  formation of 
aerenchyma t i s s u e  and the  growth of 
adven t i t i ous  r o o t s ,  may t ake  place.  
I f  f looding  i s  prolonged, t he  p lan t  
d i e s .  Flood-to1 e r a n t  p l a n t s ,  charac-  
t e r i s t i c  of wetlands,  possess  a v a r i -  
e t y  of morphological and physiological  
adapta t ions  (reviewed in Hook and 
Crawford 1978) t h a t  avoid o r  mi t iga te  
f looding s t r e s s e s .  These adapta t ions  
commonly f a c i l  i t e  oxygen f l u x  t o  the  
r o o t s  and enhance t h e  a b i l i t y  of p lan t  
r o o t s  t o  r e s p i r e  anaerobical  l y  without 
harmful e f f e c t s .  

Plant  responses t o  f looding a r e  
s t rong ly  i n f l  uenced by t h e  dura t ion ,  
t iming,  and depth o f  inundat ion,  but 
t h e  condi t ion  of  t h e  floodwater a l so  
i s  s i g n i f i c a n t .  Flowing water i s  be t -  
t e r  to1 e r a t ed  than s tanding water,  
presumably because of t h e  higher con- 
c e n t r a t i o n s  of d i sso lved  oxygen in t he  
former. The e f f e c t s  of f lood durat ion 
a r e  c l e a r  from t h e  preceding para- 
graph; changes i n  p l a n t  physiology be- 
come progress ive ly  more severe with 
increased period of anaerobiosi  s .  The 
adverse e f f e c t s  of f l  ooding are  exac- 
erbated during t h e  growing season when 
oxygen demands a r e  g r e a t e s t .  On the  
o t h e r  hand, f looding  during t h e  dor- 
mant season has re1 a t i v e l y  1 i  t t l  e im- 
pac t  on t h e  physiology and survival  of 
most t r e e  spec i e s  , (Gil l  1970). Depth 
of inundation i s  c r i t i c a l  t o  p lan t  
surv iva l  because oxygen d i f fu s ion  t o  
t h e  roo t s  i s  g r e a t l y  slowed by passage 
through water.  Water depth with r e -  
spec t  t o  p l an t  he ight  a l s o  a f f e c t s  
p l an t  response t o  f looding .  Most Shu- 
mard oak and sweetgum seedlings su r -  
vived 60 days when flooded only t o  the  
roo t  c o l l a r  (Hosner and Boyce 1962), 
but a l l  died a f t e r  20 days of complete 
submersion (Hosner 1960). Water deep 
enough t o  cover most of  t h e  p lan t  de- 

c reases  1 i gh t  i n t e n s i t y  and i n t e r f e r e s  
with stomata1 function. 

The a b i l i t y  t o  withstand f looding 
v a r i e s  among p l an t  spec ies ,  sometimes 
among populat ions,  and with p l an t  age 
and p l an t  s i z e  (Whitlow and Harr i s  
1979). Most assessments of t h e  r e l a -  
t i v e  to le rance  of  woody p l an t s  t o  
f looding a r e  based on t h e  r e s u l t s  of 
experimental inundation of seed1 ings  
and r e se rvo i r  f looding  of  e s t ab l i shed  
f o r e s t s .  Resul ts  of s tud i e s  examining 
the  responses of  wetland hardwood 
t r e e s  were summarized by Gi l l  (1970), 
Teskey and Hinckley (1977), Whitlow 
and Harr i s  (1979), and McKnight e t  a l .  
(1981). Some t r e e  spec ies  common t o  
hydri c hammocks were included. Care 
must be taken in  applying t h e  r e s u l t s  
of t he se  t e s t s  t o  i n t e r p r e t a t i o n s  of 
natural  communities. Reservoir  f lood-  
ing i s  considerably l e s s  e r r a t i c  than 
natural  f looding and, i n  na tu re ,  nu- 
merous f a c t o r s  i n t e r a c t  with inunda- 
t i on  t o  inf luence  vegetat ion p a t t e r n s .  
Nevertheless, some conclusions from 
s t u d i e s  of f lood to l e r ance  he lp  in ex- 
p la in ing  p l an t  d i s t r i b u t i o n s  within 
and among hydric  hammocks. 

McKnight e t  a 1 .  (1981) assigned 
southern bottomland t r e e s  t o  fou r  t o l -  
erance c l a s s e s  t h a t  var ied  i n  two r e -  
gards:  length  of t ime during t h e  
growing season t h a t  t h e  spec ies  can 
withstand flooded o r  s a tu ra t ed  s o i l s ,  
and t h e  ex t en t  of  anatomical and phys- 
io l  ogi cal  adapta t ions .  Only one com- 
mon hydri c-hammock spec ies ,  swamp t u -  
pel o ,  was considered t o  be t o l e r a n t .  
This spec i e s  can surv ive  long periods 
of inundat ion,  and i t s  seeds remain 
v i a b l e  when submerged in water f o r  
months. Most hydric-hammock spec ies  
(red maple, sweetgum, F lor ida  elm, 
l o b l o l l y  pine,  sweetbay, persimmon, 
green ash,  swamp l aurel  oak) a r e  mod- 
e r a t e l y  t o l e r a n t  of f looding;  some 
morphol ogical  o r  physiol ogical  adapta- 
t i o n s  t o  f looding  may develop (Figure 
29) ,  but t hey  do not enable t h e  t r e e  
t o  su rv ive  f looding f o r  an e n t i r e  
growing season. Mature t r e e s  of s i x  
hydric-hammock spec i e s  remained 
hea l thy  when f looded f o r  17%-37% of 
t he  growing season; red maple with-  
stood t h e  l onges t  f looding  per iod ,  and 



were saturated (Teskey and t i i n ck l ey  
I ? ? ? ) .  

Figure 29. Buttressed roots of trees in hydric 
hammock, including Florida elm (In front) and 
swamp laurel oak (behind), provide stability in 
wet soils and perhaps help to aerate the root 
system. 

water oak and l o b l o l l y  pine t h e  s h o r t -  
e s t  (Teskey and Hinckley 1977). 
Weakly t o l e r a n t  spec ies  include horn- 
beam, red mulberry, and several  oaks--  
water ,  l i v e ,  Shumard, and swamp ches t -  
n u t .  According t o  McKnight e t  a l .  
(1981) ,  t he se  spec ies  a r e  ab l e  t o  s u r -  
vive only sho r t  hydroperiods ( a  few 
days t o  a  few weeks),  and they possess 
no apparent  adapta t ions  t o  inundat ion.  
Seedl ings of hydric  hammock t r e e s  gen- 
e r a l l y  a r e  more s e n s i t i v e  t o  f looding 
than mature t r e e s ,  a l though,  a s  noted 
above, mor t a l i t y  r a t e s  depend on t he  
degree of submersion. In shor t - te rm 
experiments,  dea th  usua l ly  occurred 
within 20-30 days when the  seed l ings  
were compl e t e l  y  submersed and within 
0.5-3 months when they were p a r t i a l l y  
f looded;  no seed1 ings d ied  when s o i l s  

The damming of t h e  Oklawaha River in  
no r th - cen t r a l  F lor ida  provided addi - 
t i o n a l  evidence of t he  d i f f e r ences  in 
flood t o l e r ance  among hydric-hammock 
spec ies  (Harms e t  a 1  . 1 9 8 0 ) .  Probably 
most of t he  flooded f o r e s t  was r i v e r  
swamp dominated by deciduous hard- 
woods, but p a r t  was hydric  hammock 
(F lo r ida  Game and Fresh Water Fish 
Lcirnmr s s ion  1476 j . Tiir-ee yedt :, d f t e i  
dam cons t ruc t i on ,  t r e e  mortal i t y  was 
s t rong ly  c o r r e l a t e d  with water  depth,  
with e s s e n t i a l l y  100% m o r t a l i t y  a t  av- 
erage depths of 1 . 2  m o r  more, de-  
c reas ing  as  p r eva i l i ng  water l eve l  de-  
c l  ined. However, mortal i  t y  r a t e s  s i g -  
n i f i c a n t l y  var ied  among t r e e  spec i e s .  
Bald cypress ,  swamp tupe lo ,  and cab- 
bage palm were t h e  most t o l e r a n t  of 
f looding .  Cabbage palms were s c a t -  
t e r ed  throughout t h e  f o r e s t  and few 
d ied ,  i r r e s p e c t i v e  of water depth.  
They accounted f o r  most of t h e  s u r -  
v ivors  in t h e  most deeply flooded sec-  
t i on  of t he  f o r e s t .  Two spec ies  of 
oaks, water and swamp l a u r e l ,  were 
l e a s t  t o l e r a n t  of f looding ,  surviving 
only a t  t h e  sha l lowes t  depths (about 
t h e  same and 20 cm deeper  than control  
s i t e s  ou t s ide  of t he  r e s e r v o i r ) .  No 
doubt water l e v e l s  in  t he  r e s e r v o i r  
f l uc tua t ed  less  thdn i n  t i le  u n d i 5 -  
turbed f loodpla in  and long periods of 
continuous f looding occurred.  How- 
ever ,  da t a  on t h e  water  e l eva t i on  of 
t he  l ake  i n d i c a t e  t h a t  prolonged dry-  
downs a l s o  took p lace  (Harms e t  a l .  
1980). 

The placement of t r e e  spec i e s  within 
hydric  hammocks probably re f1  e c t s  in 
l a r g e  p a r t  t h e i r  r e l a t i v e  t o l e r ances  
t o  f looding .  Species  abundances a1 ong 
a  presumed f looding g rad i en t  in 
Sanchez P r a i r i e ,  San Fel asco Hammock 
S t a t e  Preserve,  a r e  shown i n  Figure 
30. A t  t h e  time of sampling, shallow 
water stood a t  t h e  beginning of t he  
t r a n s e c t ,  i n  a  s tand  dominated by bald 
cypress  and red maple. The t r a n s e c t  
climbed a  very g e n t l e  s l ope  i n t o  hy- 
d r i c  hammock, ending where l i v e  and 
water oaks dominated and t h e  ground 
was q u i t e  d ry .  Bald cypress  was r e -  
s t r i c t e d  t o  t h e  we t t e r  (swamp) end of 
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Figure 30. Distribution of tree species along a 
presumed flooding gradient in Sanchez Prairie, 
San Felasco Hammock State Preserve. The tran- 
sect begins in swamp conditions (left) and ends 
in drier hydric hammock (right). 

t h e  g r a d i e n t ,  and l i v e  oak, water oak, 
and l o b l o l l y  pine t o  t h e  d r i e r  
(hammock) p a r t .  Red maple and swamp 
1 a u r e l  oak ranged almost throughout 
t h e  swamp/hammock t r a n s e c t .  Swamp 
l a u r e l  oak was replaced by 1 ive  and 
wa te r  oaks  a t  t h e  dry  end of t h e  gra-  
d i e n t ,  t h e i r  r e l a t i v e  pos i t i ons  i n  ac- 
cordance  with f looding  to1 e rances  in -  
f e r r e d  from t h e  s t u d i e s  c i t e d  above. 

Another  s tudy  t r ansec t ed  200 m of a 
Semi no1 e County hydri c hammock (Table 
5 ) ,  descending 80 cm t o  r i v e r  swamp 
dominated by bald cypress ,  red maple, 
and sweetgum ( G .  R .  Best and P. Wal- 
l a c e ,  p e r s .  comm.). The f i r s t  ha l f  of 
t h e  t r a n s e c t  probably was s l i g h t l y  
above average high water ,  whereas t he  
second h a l f  was s l i g h t l y  below. Sug- 
a r b e r r y '  and hornbeam were found only 
i n  t h e  f i r s t  50 m ,  while  swamp l au re l  
oak extended t o  150 m.  Sweetgum and 
F l o r i d a  elm ranged throughout t h e  two 
hammock s e c t i o n s  and i n t o  t h e  swamp. 
Cabbage palm, t h e  dominant t r e e  in  
t h i s  h y d r i c  hammock (Table 5), a l so  
was ub iqu i tous ,  but i t s  abundance de- 
c l  i ned  g r e a t l y  i n  t h e  swamp. Red 
maple occurred in  swamp and hydric  
hammock, though only a s  s ap l i ngs  in 
t h e  l a t t e r .  NO 1 i ve  oaks were sam- 
p l e d ,  a l though t h i s  spec i e s  was ob- 

served i n  o t h e r ,  gene ra l l y  d r i e r ,  
p a r t s  of t h e  hydric  hammock. 

Some of the d i f f e r ences  in  com- 
pos i t i on  o f  p l a n t  spec ies  among hydric  
hammocks a l s o  r e s u l t  from va r i ab l e  
p a t t e r n s  o f  f looding and drydown. The 
Seminole County hammock probably 
f l oods  more o f t en  and f o r  a longer  pe- 
r i o d  than many o t h e r s ,  which was r e -  
f l e c t e d  i n  the vegetat ion:  F lor ida  
elm was an important spec i e s ,  red 
maple and swamp l au re l  oak sap1 ings 
were abundant, no 1 i ve  oaks were sam- 
p led ,  and bald cypresses  were presen t .  
Live oak was absent  a l so  from t h e  
Wekiva Springs and Tiger  Creek hydric  
hammocks, both of  which rece ive  seep- 
age and a r e  almost always moist .  In 
t he  Wekiva Springs hammock, a high wa- 
t e r  t a b l e  i s  maintained by d ischarge  
from a deep aqu i f e r  ( see  Figure 9 ) .  
The hydrology o f  t he  Tiger  Creek ham- 
mock was discussed i n  Chapter 2 .4 ;  
t h i  s wet1 and r ece ives  up1 and seepage 
depending on t h e  season. The profu- 
s i on  of shrubs and ground vege ta t ion  
i n  t he se  hammocks probably r e s u l t s  
from the  near ly  cons tan t  s a t u r a t i o n  of 
t h e  s o i l s .  The inf luence  of  seepage 
on p l an t  spec i e s  composition i s  espe- 
c i a l  1 y pronounced a t  Wekiva Springs.  
Numerous bay t r e e s ,  needle palm, and 
cinnamon f e r n  make t h i s  f o r e s t  i n t e r -  
mediate in composition between 
" typ i ca l  " hydr ic  hammock and bayhead, 
a community cha rac t e r i zed  by cons tan t  
seepage. The re1 a t i v e l y  cons tan t  
moisture regime of t h e  Wekiva Springs 
and Tiger  Creek hammocks c o n t r a s t s  
with t h e  extremes of drought and 
f looding  experienced by o the r  hydric  
hammocks. We suggest  t h a t  hydr ic  ham- 
mocks low i n  spec ies  d i v e r s i t y  and 
dominated by cabbage palm and l i v e  oak 
exi st where long ,  d ry  periods a r e  in -  
t e r r u p t e d  by occasional episodes of 
f looding .  Examples a r e  found i n  t he  
upper S t .  Johns and Myakka River 
bas ins ,  where r i v e r  overflow only spo- 
r a d i c a l l y  f loods  t he  hydric  hammocks. 
In Myakka River S t a t e  Park, hydric  
hammock has  expanded i n t o  freshwater  
marsh dur ing  t h e  pas t  30 yea r s  (Figure 
3 1 ) ,  a t  t h e  same time a s  r i v e r  l e v e l s  
have dec l ined  due t o  upstream d i v e r -  
s i ons  (Robert Dye, F lor ida  Department 
of Natural Resources; pers .  comm.). 
Whereas t h e  o ld  p a r t  of t h e  hydr ic  
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Figure 31. Expansion of hydric hammock 
(Shep's Island) into freshwater marsh, Myakka 
River State Park, 1957-1972. 

hammock i s  composed of  cabbage palm 
and l i v e  oak, t h e  invading vege ta t ion  
c o n s i s t s  o f  swamp l a u r e l  oak, F lor ida  
elm, and, c l o s e r  t o  t h e  marsh, water 
l o c u s t  and pop ash (F igure  3 2 ) .  Se- 
vere f looding during t h e  summer of 
1982 k i l l e d  many swamp l a u r e l  oaks,  
but not 1  i v e  oaks. Apparently t h e  
l a t t e r  spec i e s  can withstand occa- 
s iona l  deep inundat ion but no t  pro- 
longed soi  1  s a t u r a t i o n .  

CABBAGE PALM 
LIVE OAK 

3.3.3 E d a ~ h i c  Condit ions 

P a r t i c u l a r  p l a n t  s p e c i e s  may be f a -  
vored i n  some hyd r i c  hammocks because 
of v a r i a t i o n s  in s o i l  t y p e .  Changes 
i n  s o i l  t e x t u r e ,  o rgan i c  c o n t e n t ,  and 
pH can markedly a f f e c t  d r a inage  and 
n u t r i e n t  ava i l  ab i l  i t y ,  and t h e r e f o r e ,  
t h e  growth and s u r v i v a l  of va r ious  
spec i e s .  For example, sweetbay gener -  
a l l y  i s  a s soc i a t ed  with o rgan i c  s o i l s  
(Wharton e t  a 7 .  1976).  This  s p e c i e s  
i s  most abundant i n  hyd r i c  hammocks 
such a s  t h e  Wekiva Spr ings  f o r e s t  
(Table 5 )  t h a t  a r e  c h a r a c t e r i z e d  by 
seepage of ground water  and o rgan i c -  
r i c h  s o i l s .  The abundance of lob101 l y  
pine i n  t he  nor thern  g u l f  c o a s t a l  ham- 
mocks i  s  nega t i ve ly  c o r r e l  a t e d  wi t h  
s o i l  pH (Thompson 1980).  Among t h e  
hydr ic  hammocks sampled i n  Table 5,  
l o b l o l l y  p ine  was most important  i n  
t h e  S i l v e r  Spr ings  f o r e s t ;  t h e  c layey  
s o i l s  i n  t h a t  r eg ion  a r e  more a c i d  
than t h e  f i n e  sands common t o  most hy- 
d r i c  hammocks. The abundance p a t t e r n s  
of water  oak, both w i th in  t h e  nor thern  
Gulf Hammock and among hydr ic  ham- 
mocks, p a r a l l e l  t h o s e  of l o b l o l l y  
p ine ,  suggest ing t h a t  growth of  both 
spec i e s  i s  favored by s i m i l a r  condi-  
t i o n s .  

SWAMP LAUREL 
OAK WATER LOCUST 

FLORIDA ELM POP ASH 

Figure 32. Profile of expanding hydric hammock, Myakka River State Park. 



The s a l t  c o n c e n t r a t i o n  o f  h y d r i c -  
hammock so i  1  s  s t r o n g l y  i n f l u e n c e s  com- 
mun I t y  SxruLLur e .  i ~ d r  i~ ~ I ~ I , ~ I ~ I U L ~ >  ill!- 

m e d i a t e l y  ad jacen t  t o  s a l t  marshes o f  
t h e  c e n t r a l  g u l f  coas t  a re  composed 
a l m o s t  e n t i r e l y  of  Cabbage palm, 
sou the rn  red-cedar ,  and l i v e  oak 
( F i g u r e  21) .  These f o r e s t s  were 
t e rmed  coas ta l  hammocks by Swindel l  
(1949) ,  t h e  F l o r i d a  Game and Fresh Wa- 
t e r  F i sh  Commission (1976),  and 
C l e w e l l  (1981), b u t  we cons ider  them 
t o  be an extreme t y p e  o f  h y d r i c  ham- 
mock Li,ai, ; >  > i i i ip l  i fie6 Ly o ~ e d ; i  >pray  
and f l oodwa te r .  The dominance o f  cab- 
bage palm i n  a s s o c i a t i o n  w i t h  1  i v e  oak 
and red-cedar  con t i nues  f o r  about 2  km 
i n l a n d  (F igure  33 ) .  As d i s t a n c e  from 
t h e  sa l  tmarsh boundary increases,  the 
f o r e s t  i s  en r i ched  w i t h  a d d i t i o n a l  
spec i es .  L o b l o l l y  p i n e  i s  t h e  f i r s t  
a d d i t i o n ,  sometimes o c c u r r i n g  a t  the 
f o r e s t  edge. Cedar e lm occurs as 
s c a t t e r e d  t r e e s  beg inn i ng  perhaps 200-  
300 in froia the  coast.  A t  dbout 1 kn~, 
F l o r i d a  elm, sugarber ry ,  and F l o r i d a  
map le  become common i n  some p laces.  
Sweetgum, swamp l a u r e l  oak, and horn-  
beam are abundant a t  2 km. Average 
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Figure 33. Change i n  tree-species composition 
of a hydric hammock with increasing distance 
from i ts  salt-marsh boundary. The point-quarter 
method was used, at 50-rn intervals, to  Sample the 
trees along a  transect in Gulf Hammock. 

maximum h e i g h t  o f  t r e e s  inc reases  from 
12-14 m a t  t h e  m a r s h  edge t o  18-20 m 
itr idnri i . 5  km. f hompson (193'3) noted 
t h a t  t h e  s t r u c t u r e  of hydric-hammock 
stands i n  t h e  n o r t h e r n  Gulf Hammock 
a lso  v a r i e d  w i t h  d i s t a n c e  f rom t i d a l  
marsh. Cabbage p a l m  and southern r ed -  
cedar decreased i n r e 1  a t i v e  importance 
and sweetgum i n c r e a s e d ,  as stands were 
l oca ted  f a r t h e r  from t h e  marsh and 
s o i l  c o n c e n t r a t i  o n s  of so l ub l  e  s a l t s  
decreased. Cabbage palm, 1  i v e  oak, 
and southern r e d - c e d a r  a re  v e r y  s a l t -  
t o l e i t i t i t  {Kurr and Wagner 1957). The 
l a s t  spec ies has  been termed a  c a l c i -  
p h i l e  (ca lc ium-1  o v i n g )  because i t  a1 - 
most always i s  a s s o c i a t e d  w i t h  1  ime- 
stone outcrops o r  c o a s t a l  ( s a l t y )  r e -  
g ions .  However, sou thern  red-cedar  
does n o t  r e q u i r e  s a l t ;  i t  may be r e -  
s t r i c t e d  t o  s a 1  t - i n f l u e n c e d  h y d r i c  
hammocks because i t  i s  excluded from 
o thers  by l e s s  s a l  t - t o l e r a n t  species. 
Absent f rom many h y d r i c  hammocks, 
southern red-cedar i s  most abundant a t  
the  seaward edge o f  t h e  g u l f  coas ta l  
hammocks and i n  h y d r i c  hammocks o f  t he  
upper S t .  Johns R i v e r  b a s i n  (Table 5 ) .  
The species c o m p o s i t i o n  o f  h y d r i c  ham- 
mocks i n  these t w o  areas i s  v e r y  s i m i -  
l a r :  almost e x c l u s i v e l y  cabbage palm, 
l i v e  oak, and s o u t h e r n  red-cedar .  The 
hydric-hammock s o i  1  s  ad jacen t  t o  t h e  
marshes o f  t h e  S t .  Johns R i v e r  are 
bathed by o c c a s i o n a l  r i v e r  ove r f l ow  
con ta i n i ng  s a l t s  o r i g i n a t i n g  as up- 
stream a r t e s i a n  f l o w  of f o s s i l  sea wa- 
t e r  (see Chapter 2 .3 ) .  

Hammocks commonly a r e  thought  t o  be 
f r e e  o f  f i r e  and, indeed,  t o  owe t h e i r  
ex is tence  t o  p r o t e c t i o n  from t h i s  d i s -  
turbance (e  .g. , We1 1  s  1942). Harper 
(1915) no ted  o f  h y d r i c  hammocks: "The 
humus p robab ly  se l dom or never  ge t s  
d r y  enough t o  b u r n ,  so t h a t  f i r e  does 
no t  need t o  be r e c k o n e d  wi th . "  He em- 
phasized two f e a t u r e s  o f  t h i s  commu- 
n i t y  t h a t  t e n d  t o  reduce f i r e  f r e -  
quency and i n t e n s i t y :  wet s o i l s  and 
( u s u a l l y )  t h e  l a c k  o f  a  s u b s t a n t i a l  
1  i t t e r  1  ayer .  However, we observed 
f i r e  scars  i n  v i r t u a l l y  every  h y d r i c  
hammock we v i s i t e d .  Almost a l l  o f  t h e  
char red  t r u n k s  w e r e  o f  cabbage palms. 
F i r e  mark5 a r e  p rese rved  on these 



t r e e s  f o r  many yea r s  because they do 
not slough of f  t h e  t runks  ( i a e s s l e  
1 9 4 2 ) .  P!G 6 3 ~ b t  hydric  ha:ccck: Szrn 
much l e s s  o f t en  than f i r e - adap ted  com- 
muni t i  e s  such as  pine f l  atwoods, bu t  
we propose t h a t  f i r e s  a r e  s u f f i c i e n t l y  
f requent  and in t ense  i n  some s t ands  t o  
i n f l  uence p l an t  composi t i o n  (F igure  
34 ) .  

The e f f e c t s  of f i r e  on hydric-ham- 
mock vegeta t ion  a r e  mediated by d i f -  
fe rences  i n  suscept i  bi 1  i  t y  among t h e  
p l a n t s .  Seedl ings and sap1 i n g - s i z e d  
t r e e s  a re  more 1  i  kely t o  be k i l l e d  by 
f i r e  than l a r g e r  t r e e s ,  because t h e  
bark tends t o  be l e s s  t h i c k  and t h e  
crowns can be reached by t h e  f lames.  
However, even l a r g e  t r e e s  of some hy- 
dric-hammock spec i e s ,  e s p e c i a l l y  hard-  
woods, can be in jured  by f i r e ,  making 
them sub jec t  t o  a t t a c k s  by fungi and 
i n s e c t s  (Fowell s 1965). Bark t h i c k -  

Figure 34. Fire in the cabbage palm edge Of 

hydric hammock, Seminole Ranch, Brevard 
County; top, June 1977, bottom, May 1978 (photo 
at top by G. Kenneth Scudder). 

ness v a r i e s  among spec i e s ,  accounting 
f o r  some, but not a l l ,  of t he  d i f f e r -  
nncsz i n  f i r p  C I I C C P ~ ~  i b i l  i  t,y (Tab1 P 

6 ) .  When bark th ickness  was held con- 
s t a n t ,  fourteen spec i e s  of southern 
t r e e s  s t i l l  varied in f i r e  r e s i s t a n c e ,  
presumably due t o  d i f f e r ences  in t h e  
s t r u c t u r e ,  composition, dens i ty ,  and 
moisture content  of t h e  bark (Hare 
1965). Generally, c o n i f e r s  were more 
r e s i s t a n t  than hardwoods, and f i e l d  
observat ions support t he se  f i nd ings .  
Pine f l  atwoods (and planted p ine  plan-  
t a t  i o n s )  a r e  maintained by r egu la r  
f i r e s  t h a t  k i l l  hardwood reproduct ion .  
Two severe ly  burned cypress  swamps ex- 
perienced 18% and 23% d e c l i n e s  in t h e  
abundance of the  dominant t r e e ,  pond 
cypress  (Taxodium dis t ichum va r .  
nutans,  a  c o n i f e r ) ,  but 98% and 83% 
decreases i n  t h e  hardwoods (mainly 
swamp tupe lo ,  sweetgum, and sweetbay) 
(Ewe1 and Mitsch 1978). Loblol ly pine 
i s  among t h e  most f i r e - t o l e r a n t  
spec ies  i n  hydric hammocks, and almost 
a l l  t h e  hardwoods a r e  suscep t ib l e  t o  
f i r e .  However, one c o n i f e r ,  southern 
red-cedar ,  i s  q u i t e  f i r e - s u s c e p t i  b le  
(Putnam e t  a7. 1960). 

Table 6. Fire sensitivity in five tree species com- 
mon to hydric hammocks. A standardized flame 
was applied to living bark and the mean time in 
seconds for cambium to reach a lethal tempera- 
ture of 60 "C was recorded (from Hare 1965). 

Bark th i ckness  (cm) 

Species  0.5 0 .8  1 .0  

Sweetgum 25.6 48.6 101.8 

Red map1 e  29.0 56.8 117.6 

Water oak 30.2 61.0 136.0 

Sweetbay 30.8 67.0 152.0 

Loblol ly pine 35.6 84.2 179.2 



Cabbage palm i s  the most f i r e - t o l e r -  
a n t  t r e e  in hydric hammocks, surviving 
even h t l v r r  r r ;  1 ii. A i i  f l i i ~ f i ~ l  bui-ii iii 
a cabbage pal m/l i ve oak/southern red- 
cedar stand in Tosohatchee State Re- 
serve ki l led a l l  t r ees  except cabbage 
palms (Randall E .  Hester, Florida De- 
partment of Natural Resources; pers. 
comm. ) . Harlow (1959) ascri  bed nearly 
monospecific stands of cabbage palm to 
frequent f i r e s  (every 2-3 years) .  
Fires favor cabbage palm, and t he i r  
production of flammable 1 i t t e r  in turn 
~)-c;,;;i?tes f i I-e. Less frequent and in- 
tense f i r e s  probably favor 1 ive oak in 
addition t o  cabbage palm. Though many 
authors (e .g . ,  Putnam e t  a1 .  1960; 
Fowell s 1965) have claimed tha t  1 ive 
oak i s  f i re-suscept i  b le ,  Laessle and 
Monk (1961) observed signs of f i r e  in 
a1 1 eight of the  1 ive-oak-dominated 
fores ts  they examined in northeastern 
Florida. Because coastal and in1 and 
stands featured similar vegetation and 
f i r e  scars ,  Laessle and Mank (1961) 
concluded tha t  s a l t  spray was l ess  im- 
portant than occasional f i r e ,  coupled 
with the tenaci ty  and longevity of 
l i ve  oak, in maintaining l i v e  oak for-  
e s t .  More frequent and intense f i r e s  
resul ted,  in coastal areas, in a low 
thicket  of vegetation containing saw 

palmetto and dwarfed forms of several 
oak species (Laessle and Monk 1961). 

Some of the variation in species 
composi t i  on among hydri c hammocks 
(Table 5) also may resu l t  from difFer- 
ences in f i r e  frequency and intensi ty .  
The domination of loblolly pine in hy- 
dr ic  hammocks a1 ong Si 1 ver Springs r u n  
probably i s  favored by occasional 
l i gh t  f i r e s  as well as soi l  condi- 
t ions .  If f i r e  (and c a t t l e  grazing) 
were prevented, the fo res t  would con- 
verge toward more "typical " hydri c 
hammock with an abundance of cabbage 
palm, oaks, and sweetgum (Florida Game 
and Fresh Water Fish Commission 1976). 
Hydric hammocks highly dominated by 
cabbage palm, and some l ive  oak, are  
found in the Myakka and S t .  Johns 
River basins (Table 5) .  In these a r -  
eas, hammocks often are  bounded both 
up- and down-slope by communities 
characterized by frequent f i re - -p ine  
flaiwoods and freshwater marsh. Geo- 
graphical location plays a role  in the  
low d ivers i ty  of hydric hammock in the  
Myakka region (see section 3.31), but 
other factors  a lso  may be important. 
Figure 35 contras ts  the t r e e  species 
composition of two hydric hammocks 
within Myakka River Sta te  Park. The 

0 Shep's Island 
Deer Prairie Slough 

swamp 

Florida 

Figure 35. Tree-species composition of two hydric hammocks in Myakka River State Park: Shep's 
island, adjacent to Upper Myakka Lake and Deer Prairie Slough, about 20 km to the east. 
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f i r s t ,  Shep's Island ( T a b l e  51, a d j a -  
cent t o  Upper Myakka Lake ,  cons i s t s  of  
cabbage palm and l i v e  o a k  and has I l r ; -  
t l e  shrub and ground V e g e t a t i o n .  The 
second hammock, loca ted  a b o u t  20 km t o  
the eas t  in Deer P r a i r i e  Slough, con- 
t a i n s  a number of hardwoods absent 
from Shep's Island, a s  w e l l  a s  copious 
shrubs and herbs. The h y d r i c  hanlmock 
in  Deer Pra i r i e  S lough  occupies a 
s l i gh t l y  elevated a r e a  t h a t  i s  com- 
ple te ly  surrounded b~ mi xed hardwood 
swamp. We suggest t h a t  t h i s  contrast 
in hammock vegetation i s d u e  t o  d ii i F- 
ference in f i r e  f requency  and inten- 
s i t y .  Presumably f i r e s  t h a t  sweep the 
vast marshes of the  Myakka region also 
b u r n  Shep's Island b u t  a r e  damped by 
the swamp in Deer P r a i r i e  Slough and 
only rarely reach t h e  hammock there. 
I t  also i s  possible t h a t  t h e  hydrolog- 
ical  conditions of t h e  two hammocks 
d i f f e r  enough t o  a ccoun t  f o r  some of 
the differences in s p e c i e s  composi - 

t ion.  The swamp may modulate the  
flooding regime of the Deer Prai r ie  
Siough i ld111111u~k i u ~ h  t h ~ t  th: dcr:t'c:: 
of flooding i s  l e ss  than in the Shep's 
Island hammock and drydowns are n o t  as 
severe. 

80 - cabbage 

The plant composition of the Toso- 
hatchee hydric hammock (upper S t .  
Johns River) varies great ly  on a local 
scale (Figure 36). Portions of the 
hammock jmmedi ate ly  adjaceqt t o  fresh- 
water marsh (Figure 36c, d) are the 
l e a s t  diverse.  Fire scars  are  perva- 
sive,  signal 1 i ng more frequent burns 
in these s i t e s  than in hammock por- 
t ions  next t o  a mixed hardwood swamp 
(Figure 36b) and a creek (Figure 36a). 
The low basal area of fo res t  (d) and 
i t s  short  s t a tu re  ( the  average height 
of the canopy i s  1 2  m, in contrast  to  
17 m in s i t e  ( b ) )  probably are  due to  
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Figure 36. Species comf30sition Of nearby Portions of a hydric-hammock stand in the northern 
part of Tosohatchee State preserves Orange Total basal area is listed for each site. 



frequent f i r e s ,  a1 though timber har- 
vesting (evident from stumps of south- 
ern red-cedar) also may be s ign i f i  - 
cant. I t  i s  l ike ly  t ha t  s i t e s  ( a )  and 
(b) are more diverse not only because 
of l ess  frequent f i r e ,  b u t  because of 
l ess  extreme hydrological regimes-- 
t h e i r  s o i l s  probably are kept more 
constantly saturated.  The low diver-  
s i t y  a t  s i t e s  ( c )  and (d) may also re- 
s u l t ,  in par t ,  from higher s a l t  con- 
centrations tha t  exclude sal  t - i n t o l e r -  
ant species. 

The boundaries of hydri c hammocks, 
as well as t h e i r  species composition, 
may be affected by f i r e .  When f i r e  i s  
suppressed in an adjoining communi t y ,  
often by human act ions ,  hydric hammock 
may expand. In the Alafia River sys- 
tem of west-central Florida,  Clewel 1 
et a l .  (1982) documented the  movement 
of wetland hardwoods ( l ive  oak, swamp 
laurel  oak, water oak, and sweetgum) 
into  pine flatwoods. They a t t r ibu ted  
the  extension t o  a reduction in f i r e  
frequency brought about by agri cul-  
tu ra l  a c t i v i t i e s  i n  the  uplands. 
Though the  expansion of hydric hammock 
into  freshwater marsh in Myakka River 
S ta te  Park i s  re la ted par t ly  t o  
changes in the  hydro1 ogi cal regime 
(see section 3.32),  f i r e  suppression 
also may be responsible. Fire sup- 
pression within the park has accompa- 
nied increased recreational use; f r e -  
quency a l so  has decreased in the wa- 
tershed due t o  land-use changes. 

3.3.5 Other Disturbances 

Hydric hammocks have a long his tory 
of human use and disturbance t ha t  i s  
chronicled in the  accompanying man- 
agement handbook (Simons e t  a 7 .  1989). 
Probably few areas have remained un-  
touched by human a c t i v i t i e s .  Timber 
harvesting and 1 ivestock grazing prob- 
ably have had the  g rea tes t  influence 
on the plant composition of contempo- 
rary  hydric hammocks. 

Logging of hydric-hammock fores t s  
has g rea t ly  varied in in tens i ty  and 
sca le ,  from se lec t ive  cuts  of sca t -  
tered individual s  t o  c learcut t ing of 
hundreds of acres.  Until the  twen- 
t i e t h  century, the  cu t s  generally were 

se lec t ive ;  the chosen species changed 
w i t h  m2rket  dz~:c?. I I ,  :.,- uc; ;ak ~;l; 

highly valued in the era of wooden 
ships ,  especia l ly  in the early and 
mid-1800's when the United States  
bu i l t  i t s  navy. Pencil production in 
the  l a t e  1800's was dominated by 
southern red-cedar, resul t i  nq in the 
over-exploitation of t h i s  species in 
Gulf Hammock. The large stumps tha t  
have endured in the hydric hammocks 
show tha t  regenerated southern red- 
cedars have no+ y e t  reached t he i r  f:r 
mer s ize .  In t he  1800's and 1900's, 
sweetgum and some other  hardwoods of 
hydric hammocks were cut  se lect ively  
fo r  manufacture of furni ture  and 
c ra tes ,  and these harvests too are 
manifested in present s ize  d i s t r i  bu- 
t ions .  Sweetgum t r ee s  between 50 and 
75 cm dbh are common in the Tiger 
Creek hydri c hammock, 1 ong protected 
from harvesting, and in remote areas 
of the gulf coastal  hammocks, b u t  
elsewhere the t r e e s  a re  rare ly  greater 
than 50 cm dbh. Where past harvesting 
i s  par t icular ly  evident, f o r  example 
in the  Orange Lake palm/oak hammock 
(Tab1 e 5 ) ,  sweetgirms are l e s s  than 25 
cm dbh. Highgrading, the  practice of 
harvesting a l l  merchantable t rees  
while leaving species and individual 
t r e e s  of low value, became popular in 
the twentieth century. This type of 
1 oggi ng in hydri c hammocks general 1 y 
re ta ins  a l l  cabbage palm, l i ve  oak, 
and an assortment of crooked and de- 
cayed t rees .  The dominance of cabbage 
palm and l i v e  oak in some hydric ham- 
mocks, f o r  example the Orange Lake 
fo r e s t ,  must in part be due t o  high- 
grading and select ive  harvesting prac- 
t i c e s  tha t  bypassed these species. 
Clearcutting became the predominant 
mode of harvest in hydric hammock in 
the past 20 years.  Sometimes the 
cl earcuts are  a1 1 owed t o  regenerate 
naturally,  but more o f ten ,  and par t i c -  
ul a r l y  in the gulf  coastal hammocks, 
they are planted with loblol ly  pine. 

Spanish explorers brought c a t t l e  and 
hogs t o  Florida in the  sixteenth cen- 
tury,  and wild hogs have roamed hydric 
hammocks and many other habitats ever 
since. Catt le s t i l l  are grazed in 
some hydric hammocks where ground veg- 
e ta t ion i s  r e l a t i ve ly  lush, such as 
the inland reaches of the gulf coastal 



hammocks and in  l o b l o l l y  pine-domi - 
n a t d  hammnrkq. Cr27i179 hy cattle n r  
f e r a l  hogs can g r e a t l y  in f luence  t h e  
p l an t  spec ies  composition of  hydr ic  
hammock. Hogs av id ly  consume mast ,  
i n f l  uenci ng oak regenera t i  on, and 
t h e i r  roo t ing  f o r  t ube r s ,  r o o t s ,  and 
small i nve r t eb ra t e s  severe ly  d i s t u r b s  
t he  s o i l .  C a t t l e  compact t h e  s o i l  and 
reduce browse and groundcover vegeta-  
t i o n ,  including hardwood regenera t ion  
(F igure  3 7 ) .  Where c a t t l e  d e n s i t y  i s  
high. hydric  hammock may resemble a  
manicured lawn with an occasional t r e e  
( o f t e n  l i v e  oak ) .  The dominance of 
cabbage palm and l i v e  oak i n  some hy- 
d r i c  hammocks, f o r  example t h e  Orange 
Lake f o r e s t ,  probably i s  perpe tua ted  
by p r e f e r e n t i a l  consumption of hard-  
wood seedl ings  and sap l ings  by g raz -  
e r s .  

The major na tura l  d i s turbances  i n  
hydr ic  hammocks a r e  f loodins .  f i r e ,  

g r az ing ,  and wind. Browsing by n a t i v e  
w i l d 3  i f e .  main1 v dee r ,  in f luences  t h e  
abundance and composition of ground- 
cover ,  t r e e  seedl i ngs ,  and shrub vege- 
t a t i o n .  Gaps from f a l l e n  t r e e s  a r e  
found in  a l l  hydr ic  hammocks, but they 
a r e  e spec i a l  l y  common i n  coas ta l  a r e a s  
vulnerable  t o  hur r icanes  (F igure  38) .  

Succession,  whether on n a t u r a l l y  
c l ea r ed  o r  on harvested s i t e s ,  has not  
been documented i n  hydri c  hammocks. 
However. some t r e n d s  can be p r ed i c t ed  
based upon spec i e s  d i f f e r e n c e s  i n  
shade to1 e r ance ,  re1  a t i  ve growth r a t e ,  
longevi ty ,  requirements  f o r  seed1 ing 
e s t a b l  ishment,  and a b i l i t y  t o  sp rou t  
fol lowing d i s tu rbance  (Putnam e t  a ? .  
1960; Fowells 1965; McKnight e t  a7 .  
1981). The composition o f  t h e  regen- 
e r a t i n g  f o r e s t  i s  a f f ec t ed  by a  number 
of f a c t o r s  inc lud ing  t h e  t ype ,  s eve r -  
i t y ,  and e x t e n t  of d i s t u rbance ,  t h e  
composition of t h e  pre-d is turbance  

Figure 37. A grazing exclosure in Gulf Hammock demonstrates the effects of cattle and deer on the 
ground cover of hydric hammock. Wood fern is a predominant species both inside and outside the 
exclosure, but its height is greatly reduced by grazers. 



Figure 38. Tree blowdowns due to hurricanes are a common sight in gulf coastal hammocks. This 
southern red-cedar was located in a patch of hammock surrounded by salt marsh. 

stand ( e s p e c i a l l y  ages and spec ies  of 
t r e e s ) ,  and seed sources.  I f  the  d i s -  
turbance ( f i r e ,  hurr icane,  1  oggi ng, 
e t c .  ) i s  re1 a t i v e l y  moderate, removing 
mainly canopy t r e e s ,  then t h e  new f o r -  
e s t  w i l l  be dominated by t h e  growth of 
remai ninq seed1 i  nqs and sap1 ings and 
sprouts  from vigorous sprouters  such 
as  sweetgum and persimmon. More se-  
vere d i s tu rbances  favor  sprouting or  
new regenera t ion ;  t h e  outcome probably 
depends on the  o r i g i n a l  composition of 
t h e  s tand .  V i r t u a l l y  a l l  hardwoods 
common t o  hydric  hammock a r e  capable 
of sp rou t ing ,  but  in  many spec ies  t h i s  
a b i l i t y  i s  inverse ly  r e l a t e d  t o  the  
s i z e  of t h e  t r e e .  Therefore,  i f  young 
hardwoods a r e  present  in t h e  pre-di s -  
turbance s tand and t h e  d is turbance  i s  
not so i n t ense  as  t o  des t roy  t h e i r  
r o o t s ,  they may then sprout  vigorously 
t o  produce a  new canopy. The new f o r -  
e s t  i s  l i k e l y  t o  contain sweetgum and 
hornbeam, but a1 so oaks, sugarberry,  

and o the r  hardwoods. On t h e  o ther  
hand, i f  t h e  canopy contained mostly 
o lder  hardwoods and l i t t l e  understory 
was present  p r i o r  t o  t h e  d is turbance ,  
then severe d is turbance  wi l l  i n i t i a t e  
new regenerat ion in  which 1 oblol l y  
pine and sweetgum a r e  dominant 
spec ies .  Sweetgum i s  t h e  major colo-  
n izer  following most d i s turbances  in 
hydri c  hammock because usua l ly  i t  i s  
an abundant member of t h e  f o r e s t ,  i t  
i s  a  pro1 i f i c  producer of seeds ,  and 
i t  vigorously sprouts  from roo t s  and 
stumps. However, l o b l o l l y  pine i s  
more favored by severe ,  1  a rge-sca l  e  
d i s turbances ,  such as  c l e a r c u t s  with 
the  s l a sh  removed. Loblolly pine r e -  
qu i r e s  mineral s o i l  and t h e  absence of 
competing vegeta t ion  f o r  good seed 
germination and growth, and i t  regen- 
e r a t e s  and grows very r ap id ly  when 
these  condi t ions  a r e  present  i n  hydric  
hammock. The development of "mature" 
hydric  hammock, wi th  i t s  abundance of 





phosphorus-rich water; l e ss  productive 
cypress domes obtained 1 i t t l e  
phospnorus aecause t ne i r  water was 
stagnant and derived mainly from rain- 
fa1 l . Hydric hammocks probably are 
more productive than cypress domes 
(956 gm dry wt/m2; Brown 19811, and 
1 ess productive than bottom1 and h rd 5 - wood fores t s  (1,374 gm dry w t . / m  /yr 
in a Louisiana stand; Connor and Day 
1976). Hydric hammocks are considered 
t o  be s t i l l -wa t e r  wetlands in contrast 
t o  those dominated by r iver  flow; how- 
ever,  surface waEer may move across 
the gent le  slopes of hammocks during 
and following floods. Flooding f re -  
quency var ies  among hydric hammocks, 
but in many, inundation occurs a t  the 
height of the rainy season(s) --ei  ther 
once or twice per year.  Unlike cy- 
press domes, hydric hammocks receive 
water from a var ie ty  of sources, in- 
cluding r a i n f a l l ,  r i ve r  overflow, and 
up1 and seepage. 

In forested wetlands, the two compo- 
nents of above-ground production, stem 
growth and the production of leaves, 
f r u i t ,  and flowers (measured as l i t t e r  
fa1 1 ) , are  about equally important 
(Connor and Day 1982). Li t t e r - f a l l  
production in wet1 ands i s  positively 
re la ted t o  the  movement of water 
(Brinson et a 7 .  1981), b u t  the re la-  
t ionship with flooding frequency i s  
l e s s  c lea r .  In Florida's Apalachicola 
River f loodplain,  annual 1 i t t e r - f a l l  
in swamp communities i s  l e s s  than in 
high-ground, lev e stands (760 versus 2 874 gm dry w t  ./m /yr respectively; El - 
der and Cairns 1982). The 1 evee so i l s  
are saturated only during the flood 
season, and t h e i r  fores ts  are domi- 
nated by sweetgum, sugarberry, and 
swamp laurel  oak. The f i r s t  two 
species are  especial? y high producers 
of leaf  1 i t t e r ;  grape vines also con- 
t r i bu t e  heavily to  l ea f  f a l l  in the 
1 evee fo res t s .  L i t t e r  production di f -  
fered only s l i gh t l y  between an upland 
terrace  fo res t  and i t s  adjacent flood- 
plain fo res t  in the South Carolina 
coast 1 plain (606 versus 667 gm dry ? wt./m/yr respectively;  Shure and 
Gottschal k 1985). Situated just  be- 
yond the flooding margin, the terrace 
fo res t  contained water oak, swamp 
chestnut oak, poplar, and pignut hick- 

ory. The floodplain swamps of both 
rivers were composed largely of tupe- 
los and ash; the Apalachicola swamp 
also had abundant bald cypress, and 
the South Carol ina fo res t  included 
sweetgum and red maple. The d r i e r  
fores ts  of the two systems have t r e e  
species in common with hydric hammock 
and the i r  flooding frequencies p roba -  
bly circumscribe the range among ham- 
mocks. L i t t e r  production i n  hydric 
hammock i s  l ike ly  t o  be on the same 
order as the levee and upland terrace  
fores ts ,  but the seasonal pattern may 
be quite d i f fe ren t .  In the  
Apal achicol a River floodplain, 1 i t t e r  
fa l l  peaks sharply in autumn (Elder 
and Cairns 1982). Most of the t r e e  
species, including sweetgum, American 
elm, and hornbeam, follow t h i s  phenol - 
ogy, but swamp laurel  oak sustains 
high leaf-fa1 1 production from October 
through March. Whereas floodplain 
swamps typically are dominated by de- 
ciduous species, hydric hammocks con- 
ta in  an abundance of evergreens. 
S t i l l  , evergreen 1 eaves a re  not perma- 
nent. In some cases, leaf f a l l  i s  
pulsed; 1 ive oak and sweetbay drop 
t he i r  leaves a t  the  same time as new 
ones emerge in spring. Other species, 
such as cabbage palm, lose leaves 
throughout the year. 

L i t t e r  must decompose slowly within 
the hydric-hammock community. The 
ra te  of decomposition i s  l ike ly  to  be 
l ess  than in wetlands with flowing wa- 
t e r  and with a higher frequency and 
greater  duration of flooding . Leaves 
immersed in the Apalachicola River de- 
composed s ignif icant ly  f a s t e r  than 
those s e t  on an unflooded levee s i t e  
(Elder and Cairns 1982). No doubt wa- 
t e r  flow enhanced the fragmentation 
and leaching of the  material ,  a com- 
posite of f ive  major floodplain 
species. On the levee, even the most 
rapidly decomposing leaves 1 os t  l e s s  
than half the i r  mass in s i x  months. 
Rate of l ea f  decomposition tha t  de- 
creased across floodpl ain t ransects  
correl ated with reduced flooding; how- 
ever, changes in the species composi- 
t ion of the l i t t e r  probably were the  
proximate cause (Elder and Cairns 
1982; Shure et a l .  1985). In the  
South Carolina floodplain system de- 
scribed in the preceding paragraph, 



l o c a l l y  c o l l e c t e d  l i t t e r  l o s t  85% of 
i t s  mass i n  one year  a t  a streambank 
s i t e ,  but only 58% annua l ly  in  t h e  
t e r r a c e  f o r e s t  dominated by oaks 
(Shure e t  a ] .  1985). The l e a f  decom- 
pos i t i on  r a t e s  of most f l oodp la in  
spec ies ,  including t upe lo ,  a s h ,  black 
gum, red maple, and sweetgum, were 
very rap id ,  but those of ba ld  cypress  
and swamp l a u r e l  oak were cons ide rab ly  
slower (Elder  and Cairns 1982; Shure 
e t  a ? .  1985). Leaves t h a t  were r e c a l -  
c i  t r a n t  t o  decomposition tended t o  
have higher  carbon:nitrogen r a t i o s  and 
g r e a t e r  concent ra t ions  of 1 i gn in  and 
c e l l  ulose.  Decomposition r a t e s  of oak 
1 eaves besides swamp 1 au re l  were not  

measured, but they a l s o  a r e  1 i ke ly  t o  
be slow because of  s i m i l a r  chemical 
cha rac t e r ]  s t ~ c s .  A i  rnougn i i r;r;er de- 
composition i s  l i k e l y  t o  be slow i n  
hydric  hammocks because of pl a n t  
spec ies  composition, low f looding  f r e -  
quency, and t h e  absence of s t rong  wa- 
t e r  flow, probably only a small amount 
of 1 i t t e r  and decomposed mater ia l  i s  
washed ou t  by occasional  f l oods .  The 
amount and form ( p a r t  i cu l  a t e ,  d i s -  
solved)  of expor t  from a hammock de-  
pends on cu r r en t  v e l o c i t y ,  t h e  t iming 
of f l oods  in  r e i a t i o n  t o  t he  seasonal  
pa t t e rn  of l i t t e r  f a l l ,  and uptake 
r a t e s  of  d i sso lved  n u t r i e n t s  by ham- 
mock p l a n t s .  



CHAPTER 4. ANIMALS 

4.1 INTRODUCTION 

V i r t u a l l y  n o t h i n g  has been pub l i shed  
about i n v e r t e b r a t e s  i n h a b i t i n g  h y d r i c  
hammock. T h i s  h a b i t a t  i s  impor tan t  t o  
c e r t a i n  b u t t e r f l  i e s  (John A. Fluno, 
Department o f  Entomology, Ohio S ta te  
U n i v e r s i t y ,  r e t i r e d ;  pers .  comm.) , 
Sugarberry i s  t h e  so l e  hos t  p l a n t  f o r  
t h e  snout b u t t e r f l y  (L ibytheana bach- 
man i i )  , t h e  hackberry  b u t t e r f l y  
(Asterocampa c e l t i s ) ,  and t h e  tawny 
emperor (Asterocampa c l y t o n )  . Sugar- 
b e r r y  and wate r  e lm (P7anera agua t i ca )  
a re  p r ima ry  hos t s  f o r  t h e  quest ionmark 
b u t t e r f l y  (Po lygon ia  i n t e r r o g a t  i o n i s ) ,  
w i t h  f a l s e  n e t t l e  as an occas ional  
hos t .  C a t e r p i l l a r s  o f  t h e  eas te rn  
t i g e r  s w a l l o w t a i l  ( P a p i l i o  glaucus) 
feed on Frax inus ,  L i r i odendron ,  and 
Nagno7 i a  v i r g i n i a n a .  

Very few animals are endemic t o  hy-  
d r i c  hammock. The c r a y f i s h  Procam- 
barus  geodytes, a  p r imary  burrower,  
appears t o  have an endemic d i s t r i b u -  
t i o n  i n  t h e  h y d r i c  hammock a long  S i l -  
ve r  R i v e r  and i n  o t he r  f o r e s t e d  wet- 
l ands  o f  t h e  Oklawaha R i ve r  watershed 
(Franz 1976). A subspecies o f  t h e  
southeastern shrew (Sorex l o n g i r o s t r i s  
e i o n i s )  was describ.ed by Davis  (1957) 
from t h e  h y d r i c  hammock around Ho- 
mosassa Spr ings,  C i t r u s  County, 
F l o r i d a .  However, t h e  ac tua l  d i s t r i  - 
b u t i o n  of t h i s  form and i t s  v a l i d i t y  
as a  taxon a re  u n c e r t a i n  (Humphrey e t  
a l .  1986). Desp i te  t h e i r  common 
names, n e i t h e r  t h e  G u l f  Hammock r a t  
snake n o r  t h e  Gulf  Hammock dwar f  s i r e n  
a re  r e s t r i c t e d  t o  h y d r i c  hammock, 
though t h e  r a t  snake occurs the re ;  t h e  
s i r e n  occurs i n  ponds i n  and beyond 
h y d r i c  hammock. 

Though t h e  b i o l o g y  o f  most ve r -  
t eb ra tes  found i n  h y d r i c  hammock i s  
f a i r l y  w e l l  known, v e r y  few have been 
s t ud i ed  there.  The v e r t e b r a t e  fauna 
o f  h y d r i c  hammock i s  n o t  unique t o  t h e  
h a b i t a t ,  resembl i n g  faunas o f  most 
o t h e r  f o res ted  h a b i t a t s  i n  pen insu la r  
F l o r i d a .  However, t h e  hydric-hammock 
fauna i s  l u x u r i a n t .  Compared w i t h  
o t h e r  types o f  f o r e s t  i n  t h e  reg ion,  
h y d r i c  hammock has a  h i g h l y  d i ve r se  
ve r t eb ra te  fauna and a  h i g h  abundance 
o f  se lec ted  species. 

4.2 REPTILES AND AMPHIBIANS 

The herpetofauna has no species 
unique t o  h y d r i c  hammock and i s  repre -  
s e n t a t i v e  o f  t he  r e g i o n  (Table 7 ) .  
C h a r a c t e r i s t i c  spec ies i n c l u d e  south- 
e r n  b l ack  racer ,  r a t  snake, F l o r i d a  
box t u r t l e ,  green anole,  ground sk ink,  
broad-headed sk ink,  sou thern  toad, 
green t r e e f r o g ,  s q u i r r e l  t r e e f r o g ,  and 
eas te rn  narrow-mouth toad. The 
coas ta l  v a r i a n t  o f  h y d r i c  hammock 
l a c k s  many species found i n  t h e  i n l a n d  
v a r i a n t s  o f  h y d r i c  hammock where 
f loodwate r  i s  f r e s h  r a t h e r  t han  brack- 
i sh .  The b l u e - s t r i p e d  r i b b o n  snake 
and b l u e - s t r i p e d  g a r t e r  snake a re  
widespread i n  severa l  h a b i t a t s  o f  t he  
g u l f  coas ta l  reg ion ,  b u t  t hey  were 
found o n l y  i n  t h e  c o a s t a l  sample o f  
h y d r i c  hammock shown i n  Table 7. I n -  
l and h y d r i c  hammock has an assoc i a t i on  
o f  r e p t i l e s  and amphibians t h a t  ap- 
pears t o  be eco tona l  between mesic 
hammock and swamp f o r e s t .  Lob1 01 l y  
pine-dominated h y d r i c  hammock i nc l udes  
a  number o f  spec ies c h a r a c t e r i s t i c  o f  
p i n e  f l a twoods  (pinewoods snake, scar-  
l e t  k i n g  snake, pinewoods t r e e f r o g ) .  

Some q u a n t i t a t i v e  d a t a  a re  a v a i l  ab l e  
on t h e  r e p t i l e  and amphibian community 



Table 7. Occurrence of reptiles and amphibians in three variants of hydric hammock along the route 
of the proposed Cross-Florida Barge Canal, including associated aquatic habitats such as ponds and 
streams (Florida Game and Fresh Water Fish Commission 1976). 

Species 

Lob1 01 1  y  
Coasta l  I n l a n d  p i n e  
h y d r i c  h y d r i c  h y d r i c  
hammocka hammock hammock 

Eastern mud snake (Farancia abacura abacura) P-0 
Southern r i n g n e c k  snake (Diadophis punctatus punctatus) P-F P-F 
? i n e ~ o a d z  sszke (Rhadiqaea f ! a v f  7 a t a )  
Rough green snake (Opheodrys aes t i vus )  P-F P-F 
Southern b l a c k  r a c e r  (Coluber c o n s t r i c t o r  p r iapus)  P-F P-F 
Eastern coachwhip snake (Mast icophis f lage7lum f l age l l um)  P - 0  P - I  
Eastern i n d i g o  snake (Drymarchon co ra i s  coupe r i )  P-0 C-F 
Red r a t  snake (Elaphe g u t t a t a  g u t t a t a )  P-0 P-0 
Yel low r a t  snake (Elaphe obsoleta q u a d r i v i t t a t a )  P-F 
G u l f  Hammock r a t  snake (Elaphe o. 9. x E. o.  s p i l o i d e s )  C-0 P-F 
S c a r l e t  k ingsnake (Lamprope7tis t r ianguium elapsoides) F - 0  
Eastern k ingsnake (Lamprope7tis ge tu lus  ge tu lus )  P-0 
F l o r i d a  s c a r l e t  snake (Cemophora coccinea coccinea) P-0  P-0 
Rough e a r t h  snake ( V i r g i n f a  s t r i a t u l a )  
F l o r i d a  w a t e r  snake (Nerodia f a s c i a t a  p i c t i v e n t r i s )  P-0 
Peninsula r i b b o n  snake (Thamnophis sau r i t us  sackeni)  P-F 
B l u e - s t r i p e d  r i b b o n  snake (Thamnophis s a u r i t u s  n i t a e )  C-F 
Eastern g a r t e r  snake (Thamnophis s i r t a l i s  s i r t a l i s )  P-0 
B l u e - s t r i p e d  g a r t e r  snake (Thamnophis s i r t a l i s  s i m i l i s )  C - F  
S t r i p e d  c r a y f i s h  snake (Regina a1 l e n i )  
Nor thern  F l o r i d a  swamp snake (Seminatr ix  pygaea pygaea) P-0 
F l o r i d a  brown snake ( S t o r e r i a  dekayi v i c t a )  P-0 P-0 
F l o r i d a  r e d - b e l l i e d  snake ( S t o r e r i a  occip i tomaculata obscura) P-F 
Eastern c o r a l  snake (Micrurus f u l v i u s  f u l v i u s )  P - 0  P-0 
F l o r i d a  cot tonmouth (Agkistrodon p isc ivorous conant i )  P-F 
Dusky pigmy r a t t l e s n a k e  ( S i s t r u r u s  m i l i a r i u s  barbour i )  P-F P-0 
Eastern diamondback r a t t l e s n a k e  (Cro ta lus  adamanteus) P - 0  P-0 
Stinkpot t u r t l e  (Stet-notherus odoratus) P - C  
S t r i p e d  mud t u r t l e  (Kinosternon b a u r i i )  P-F 
F l o r i d a  mud t u r t l e  (Kinosternon subrubrum s te indachner i )  
F l o r i d a  box t u r t l e  (Terrapene c a r o l i n a  b a u r i )  P-0 P-F 
Peninsula c o o t e r  (Pseudemys f lo r idana pen insu la r i s )  P-0 
Green ano le  (Ano l i s  ca ro l i nens i s  c a r o l i n e n s i s )  P-F P-F 
Southern fence  l i z a r d  (Scelcporus undulatus undulatus)  F - 0  
Eastern g l a s s  1  i z a r d  (Ophisaurus vent ra l  i s )  P-F 
I s 1  and g l  ass 1 i z a r d .  (Ophisaurus compressus) P- I 
Ground s k i n k  (Scincel7a l a t e r a l e )  P-F P-F 
Broad-headed s k i n k  (Eumeces l a t i c e p s )  P -  I C-F 
Southeastern f i v e - l i n e d  s k i n k  (Eumeces inexpectatus) P-F 
Two-toed amphi uma (Amphiuma means) P-0 
S t r i p e d  newt (Notophtha7mus p e r s t r i a t u s )  P-0 
Peninsula newt (Notophthalmus v i r idescens p i a r o p i c o l a )  P-F 
Mote salamander (Ambystoma ta lpojdeum) P-0 
S l imy  salamander (Plethodon g lu t i nosus  g lu t i nosus )  C-F 
Dwarf salamander (Eurycea q u a d r i d i g i t a t a )  P-0 
Southern dusky salamander (Desmognathus a u r i c u l a t u s )  P-0 
Grea te r  s i r e n  ( S i r e n  l a c e r t i n a )  P-0 
Eas te rn  spadefoot toad  (Scaphiophus ho7brooki ho lb rook i )  P-0 
Oak toad  (Bufo querc icus)  
Southern t o a d  (Bufo t e r r e s t r i s )  P-F P- F  
F l o r i d a  c r i c k e t  f r o g  ( A c r i s  g r y l l u s  d o r s a l i s )  P-0 P-F 

(Continued) 

C-F 
P- I 

C- I 
P-F 
P- F  

P-F 

P-0 
P-0 
P-0 
P-0 
P - F  
P-F 
P- I 
C-F 
P-0 
P-F 
P-0  
P-F 

P-F 
P-0 
P-F 

P-0 
P-F 
P-F 



Table 7. (Concluded), 
-- 

L o b l o l  l y  
Coasta l  I n l a n d  p i n e  
h y d r i c  h y d r i c  h y d r i c  

Species hammocka hammock hammock 

L i t t l e  g rass  f r o g  (Limnaoedus c c u l a r i s )  P-F P-F 
F l o r i d a  chorus f r o g  (Pseudacr is  n i g r i t a  verrucosa) P- F 
Green t r e e f r o g  (Hy la  c i ne rea )  P- F P-F P-F 
Southern s p r i n g  peeper (Hyla c r u c i f e r  bartramiana) P-F P-0 
Pinewoods t r e e f r o g  (Hy la  f e m o r a l i s )  P- F 
Rark ing  t r e e f r o g  (Hy la  q r a t i o s a )  P-0 P-F 
S q u i r r e l  t r e e f r o g  (Hy la  s q u i r e l l a )  P- F P-F P-F 
Cope's g r a y  t r e e f r o g  (Hy la  chrysoscel  i s )  P-F 
Greenhouse f r o g  (E leu therodac ty lus  p l a n i r o s t r i s )  P-F 
B u l l f r o g  (Rana catesbeiana) P-0 P- I 
Southern l e o p a r d  f r o g  (Rana sphenocephala) P- F P-F P-F 
Bronze f rog  (Rana c lami tans  c l am i tans )  P-0 
R i v e r  f r o g  (Rana heckscher i )  P- I 
P i g  f r o g  (Rana g r y l  i o )  P-F 
Eas te rn  narrow-mouth t o a d  (Gastrophryne c a r o l i n e n s i s )  P-F P-F P-F 

T o t a l  number o f  species 2 8 51 50 

a The c o a s t a l  hammock sampled here  was t o p o g r a p h i c a l l y  d i v e r s e  and inc luded  some mesic 
and x e r i c  hammock. The sample a lso  i n c l u d e d  the  e a s t e r n  hognose snake (Heterodon 
p7a t y rh i nos ) ,  F l o r i d a  crowned snake ( T a n t i l  l a  r e l i c t a  r e i  i c t a ) ,  Peninsula mole s k i n k  
(Eumeces egregius onocrep is )  , and F l o r i d a  worm l i z a r d  (Rhineura f l o r idana)  , which do 
n o t  occur  i n  h y d r i c  hammock. Other  species c h a r a c t e r i s t i c  o f  mesic o r  x e r i c  hammock 
may a l s o  have been over - represen ted  i n  t h i s  sample. 

C = c h a r a c t e r i s t i c  
P = p resen t  
F = f requen t  
0 = occasional  
I - i t l f r e q i i e r ~ t  

of h y d r i c  hammocks. I n  a permanent 
p l o t  i n  1 o b l o l  l y  p i n e  h y d r i c  hammock 
(Table 8), more t han  97 i n d i v i d u a l s  o f  
8 spec ies o f  r e p t i l e s  and amphibians 
were found i n  quadra t  sampling, and 
more than 245 i n d i v i d u a l s  o f  17 
spec ies were found i n  t ime-cons t ra ined  
sampl i ng . Compared wi  t h  seven o t h e r  
h a b i t a t s  so sampled i n  t h e  reg ion,  hy -  
d r i c  hammock ranked second i n  t h e  num- 
ber  of  spec ies p resen t  and had more 
than t w i c e  as many i n d i v i d u a l s  as i n  
any o t h e r  h a b i t a t .  The two methods 
t oge the r  produced more than 342 i n d i -  
v i d u a l s  of 18 species, more than i n  
any o t h e r  h a b i t a t .  The most abundant 
spec ies were t h e  green anole, ground 
sk ink ,  F l o r i d a  c r i c k e t  f rog ,  1 i t t l e  
g rass  frog, s q u i r r e l  t r e e f r o g ,  and 

greenhouse f r o g .  The l i t t l e  grass 
f r o g  and s q u i r r e l  t r e e f r o g  reached 
t h e i r  maximum abundance i n  t h i s  habi - 
t a t .  

A r rays  o f  d r i f t  fences f i t t e d  w i t h  
p i  t - f a l l  t r a p s  and funne l  - t r a p s  cap- 
t u red  a d i f f e r e n t  se t  o f  r e p t i l e s  and 
amphibians (Tab1 e 9). Compared w i t h  
t e n  o t h e r  h a b i t a t s  sampled by t h i s  
technique, h y d r i c  hammock ranked sec- 
ond i n  number o f  spec ies and t h i r d  i n  
number o f  i n d i v i d u a l  s cap tu red  ( w i t h  
captures o f  t h e  greenhouse f r o g  
de l e ted  because o f  i t s  s e l e c t i o n  o f  
t r a p s  f o r  s h e l t e r ) .  The most common 
species i n  h y d r i c  hammock were t h e  
narrow-mouth toad, spadefoot toad,  and 
ground s k i n k .  The spadefoot  t oad  



Table 8. Occurrence of reptiles and amphibians in a loblolly pine hydric hammock on the route of the 
proposed Cross-Florida Barge Canal (Florida Game and Fresh Water Fish Commission f 976). 

Species  

- 

Spr ing  S urnrne r Autumn 

Area- 1 imi ted search o f  a  1000 -2  quadrat w i thout  t i m e  l i m i t s  

Scar1 e t  ki ngsnake 
Green anole 
Ground sk ink  
Oak toad  
L i t t l e  g r a s s  f rog  
Pinewoods t r e e f r o g  
Squi r re l  t r e e f r o g  
Greenhouse f rog  

Total species/ individual  s 5/9 7/>54 

Time- l imi ted  search f o r  6 man-hours w i thout  marked boundaries 

Pinewoods snake 
Black r a c e r  
F lor ida  cottonmouth 
F lor ida  box t u r t l e  
Green anole 
Ground sk ink  
Southeastern f ive-1  ined sk ink  
Unidentif ied skink 
Oak toad 
Southern toad 
Flor ida  c r i c k e t  f rog  
L i t t l e  g r a s s  f rog  
Pinewoods t r e e f r o g  
Squi r re l  t r e e f r o g  
Greenhouse f rog  
Southern 1 eopard f rog  
Eastern narrow-mouth toad 

Total species/ individual  s 7/>62 12/>99 

reached i t s  maximum abundance i n  t h i s  
h a b i t a t .  

box t u r t l e ,  green anole ,  ground sk ink ,  
broad-headed sk ink ,  southern t oad ,  
g r e e n  t r e e f r o g ,  s q u i r r e l  t r e e f r o g ,  
s o u t h e r n  1 eopard f rog ,  and narrow- 
mouth t o a d .  In continuous sampling i n  
t h i s  h a b i t a t  (Tab le  lo), t h e  community 
of r e p t i l e s  and amphibians ranked s e c -  
ond i n  number of  i nd iv idua l s  and n i n t h  
i n  number of  s p e c i e s ,  compared wi th  
s i m i l a r  samples from 1 1  o the r  h a b i t a t s  
i n  t h a t  reg ion .  The most common 

During in t ens ive  sampling o f  t h e  
l o b l o l l y  pine v a r i a n t  o f  coas t a l  hy- 
d r i c  hammock i n  S t .  Marks National 
Wild1 i f e  Refuge, Wakulla County, 
Florida,  12 spec i e s  o f  r e p t i l e s  and 
amphibians were found (U.S. Fish and 
Wild l i fe  Serv ice  119801): pigmy r a t -  
t l esnake ,  ribbon snake, black r ace r ,  



Table 9. Occurrence o f  reptiles and amphibians 
in two drift fence arrays with pit-fall traps a n d  
funnel-traps from 31 March l o  18 October 1975, in 
a hydric hammock on the route of the proposed 
Cross-Florida Barge Canal (Florida Game and  
Fresh Water Fish Commission 1976). 

Species 

Southern r i  ngneck snake 
Eastern coachwhip snake 
Eastern g a r t e r  snake 
F l o r i d a  red-be1 1 i e d  snake 
Dusky pigmy r a t t l e s n a k e  
S t r i p e d  mud t u r t l e  
Green anole 
Ground sk i nk  
Broad-headed s k i  nk  
S l  imy salamander 
Eastern spadefoot toad 
Southern t oad  
L i t t l e  grass f r o g  
Southern s p r i n g  peeper 
Southern 1 eopard f r o g  
Bronze f r o g  
Eastern narrow-mouth toad  

To ta l  spec ies 
To ta l  i n d i v i d u a l s  

Number 

species were g a r t e r  snake, red-be1 1 i e d  
snake, ground s k i  nk, broad-headed 
sk ink,  green t r e e f r o g ,  s q u i r r e l  
t r e e f r o g ,  southern leopard  f rog,  and 
narrow-mouth toad. 

S tud ies  o f  p a r t i c u l  a r  species o f  
r e p t i l e s  o r  amphibians s p e c i f i c a l l y  i n  
h y d r i c  hammock a r e  a lmost  non -ex i s -  
t e n t .  The l o n e  excep t i on  i s  t h e  e a s t -  
e rn  i n d i g o  snake, a t h rea tened  
species. Th i s  species spends most o f  
t h e  w i n t e r  i n  dens i n  ho l l ow  r o o t  
channels and r oden t  burrows a t  t h e  
bases of l a r g e  l i v e  oaks; o t h e r  den 
s i t e s  a re  armadi 11 o burrows, ho l  l o w  
logs ,  s o l u t i o n  ho l es  i n  l imes tone  o u t -  
crops, and windrows o f  d e b r i s  f r o m  
1 umbering ope ra t i ons  (Moler El9851 ) . 

Table 10. Occurrence of reptiles and amphibians 
i n  two drift fence arrays with pit-fall traps and 
funnel-traps from 9 December 1978 t o  25 July 
1979, in coastal hydric hammock, loblolly pine 
variant, i n  St. Marks National Wildlife Refuge, 
Wakulla Co., Florida (U.S. Fish and Wildlife Ser- 
vice 1980). 

Species Number 

Southern r ingneck  snake 
Southern b l  ac k r a c e r  
S c a r l e t  k ingsnake 
Eas te rn  k i  ngsnake 
F l o r i d a  scar1 e t  snake 
F l o r i d a  water  snake 
Ribbon snake 
Ga r t e r  snake 
F l o r i d a  r e d - b e l l  i e d  snake 
F l o r i d a  mud t u r t l e  
Green anole 
Ground s k i n k  
Broad-headed s k i  nk 
One-toed amphiuma 

(Amphiuma pho7eter) 
Sl  imy s a l  amander 
Dwarf s a l  amander 
Southern t oad  
Cope's g ray  t r e e f r o g  
Green t r e e f r o g  
S q u i r r e l  t r e e f r o g  
B u l l  f r o g  
Southern 1 eopard f r o g  
Eas te rn  narrow-mouth toad  

T o t a l  spec ies 
To ta l  i n d i v i d u a l s  

I n d i g o  snakes breed i n  l a t e  autumn and 
w i n t e r  (Speake e t  a l .  19781, when 
males make b r i e f  t r i p s  away f rom dens 
appa ren t l y  i n  search o f  females (Moler 
[ I9851 ) . Dur ing  summer, i n d i g o  snakes 
a r e  o f t e n  found i n  assoc i a t i on  w i t h  
ponds. Animals w i t h  access t o  bo th  
c l e a r c u t s  and uncu t  hammock seem t o  
p r e f e r  t h e  former,  f r e q u e n t l y  occur -  
r i n g  near  t h e  ecotone o f  c l e a r c u t  and 
hammock. Home ranges i n  w i n t e r  aver -  
age 6.5 ha i n  s i z e ;  i n  summer, t hey  
average 158 ha (Moler  119851). 



4.3 BIRDS 

4.3.1 Community S t r u c t u r e  

More i s  known about t h e  community o f  
b i r d s  o f  h y d r i c  hammocks than about 
o t h e r  groups o f  animals 1  i v i n g  there,  
b u t  ve r y  l i t t l e  i s  known about spe- 
c i f i c  b i r d  popu la t i ons  i n  t h i s  hab i -  
t a t .  The most common year- round r e s i  - 
dents  a re  t h e  red-shouldered hawk, 
ba r red  owl , red-  be1 1  i e d  woodpecker, 
p i f e a t e d  u o c ~ ~ e c k e r ,  no r t he rn  f! i c 4 e r ,  
American crow, f i s h  crow, b l ue  j ay ,  
Carol  i n a  wren, t u f t e d  t i  tmouse, Car- 
o l i n a  chickadee, and no r t he rn  c a r d i -  
n a l .  The most common summer r e s i d e n t s  
a re  t h e  g r e a t  c res ted  f l y ca t che r ,  
n o r t h e r n  p a r u l  a  warb le r ,  and summer 
tanager .  The most common w i n t e r  r e s i -  
dents  a re  t h e  eas te rn  phoebe, American 
r ob i n ,  house wren, ruby-crowned 
k ing1 e t ,  ye1 1  ow-rumped warb ler ,  Ameri - 
can galdf  inch, and whi t e - t h r o a t e d  
sparrow. 

Three v a r i a n t s  o f  t h i s  h a b i t a t  were 
i nc l uded  i n  t h e  s tudy o f  f l o r a  and 
fauna o f  t h e  r o u t e  o f  t he  proposed 
C ross -F l o r i da  Barge Canal ( F l o r i d a  
Game and Fresh Water F i s h  Commission 
1976).  Raw da ta  from t h a t  s tudy have 
been analyzed by Humphrey and N e s b i t t  
[1989] and a re  summarized i n  Table 11. 
r n a s t a l  h y d r i c  hammock wat char -  
a c t e r i z e d  by t h e  h i ghes t  abso lu te  num- 
be r  o f  k i n g f i s h e r s ,  f i s h  crows, he rm i t  
thrushes,  ye1 low-rumped warb lers ,  
no r t he rn  c a r d i n a l s  i n  w in te r ,  and 
wh i t e - t h roa ted  sparrows. Th is  was t h e  
o n l y  h a b i t a t  i n  which g ray  k i n g b i r d s  
were recorded.  I n 1  and h y d r i c  hammock 
was cha rac te r i zed  by t h e  h i ghes t  abso- 
l u t e  number o f  red-shouldered hawks, 
mourning doves, p i l e a t e d  woodpeckers, 
Carol  i n a  wrens, b l  ue-gray gnatcatch-  
e rs ,  and b lack -and-wh i te  warb le rs .  
The l o b l o l l y  p i n e  v a r i a n t  o f  h y d r i c  
hammock was cha rac te r i zed  by t h e  h i g h -  
e s t  abso lu te  number o f  b l ack  v u l t u r e s ,  
downy woodpeckers, h a i r y  woodpeckers, 
American crows i n  w in te r ,  wood pewees, 
brown-headed nuthatches, ye l l ow -  
t h roa ted  v i r eos ,  and summer tanagers. 
Large, r a r e  spec ies f o r  which h y d r i c  
hammock was impor tan t  i n c l uded  nes t i ng  
ospreys and American s w a l l o w - t a i l e d  
k i t e s  (Elanoides f o r f i c a t u s )  and pos t -  

breeding wood s t o r k s  (Ryc ter ia  
americana). an endanqered spec ies.  
Hydr i c  hammock supported l a r g e  numbers 
o f  ove rw in te r i ng  passer i  nes. Not 
recorded i n  these samples b u t  very  
abundant, especi  a1 l y  f o r a g i n g  over  t h e  
edge o f  h y d r i c  hammock w i t h  marsh and 
w i t h  f l  atwoods, were f l o c k s  o f  over-  
w i n t e r i n g  t r e e  swal 1 ows ( I r idoprocne 
b i c o l o r ) .  

B i r d  communities i n  t h e  t h r e e  types 
of h y d r i c  hammock (Table 11) were con- 
s i s t e n t l y  among t h e  most d i v e r s e  o f  
those o f  14 h a b i t a t s  i n  t h e  r eg i on .  
I n  t he  breeding season, t h e  d i v e r s i t y  
index H1(Shannon and Weaver 1949) was 
h i ghes t  i n  l o b l o l l y  p i n e  h y d r i c  ham- 
mock, second i n  rank  i n  coas ta l  h y d r i c  
hammock, and f i f t h  i n  i n l a n d  h y d r i c  
hammock. As measured by number o f  
species, d i v e r s i t y  i n  t h e  b reed ing  
season ranked f o u r t h ,  f i f t h ,  and s i x t h  
i n  t h e  t h ree  types o f  h y d r i c  hammock. 
I n  w in te r ,  d i v e r s i t y  as measured by 
number o f  species was h i ghe r  i n  t h e  
t h ree  types o f  h y d r i c  hammock than i n  
any o t h e r  h a b i t a t ,  and d i v e r s i t y  as 
measured by H' was h i ghes t  i n  i n l a n d  
h y d r i c  hammock, f o u r t h  i n  rank  i n  hy -  
d r i c  l o b l o l l y  p i ne  hammock, and e i g h t h  
i n  coas ta l  h y d r i c  hammock. Abundance 
o f  b i r d s ,  as measured by number o f  i n -  
d i v i d u a l s ,  was i n t e rmed ia te  i n  t h e  
t h ree  types o f  h y d r i c  hammock. 

A1 though each o f  t h e  t h r e e  types o f  
h y d r i c  hammock can be d i f f e r e n t i a t e d  
by a  few spec ies o f  b i r d s  o c c u r r i n g  
o n l y  o r  i n  h i ghes t  number t he re ,  t h e  
s i m i l a r i t y  o f  these b i r d  communities 
i s  much more s t r i k i n g  t han  t h e i r  d i f -  
ferences (Humphrey and Nesbi tt 
[1989]).  Th i s  s i m i l a r i t y  i s  n o t  l i m -  
i t e d  t o  h y d r i c  hammocks; i t  extends t o  
a l l  t ypes  o f  f o r e s t s  sampled i n  t h e  
reg ion ,  suggest ing t h a t  b i r d  communi - 
t i e s  do n o t  d i f f e r e n t i a t e  among types  
o f  f o r e s t s  n e a r l y  as f i n e l y  as do 
f o r e s t e r s  and e c o l o g i s t s .  I ns tead  o f  
be ing  h a b i t a t - s p e c i f i c  e n t i t i e s ,  these 
b i r d  assoc i a t i ons  appear t o  fo rm ac- 
co rd i ng  t o  t h e  adap ta t ions  o f  i n d i v i d -  
ua l  spec ies i n  response t o  g r a d i e n t s  
o f  va r i ous  f e a t u r e s  o f  t h e  env i r on -  
ment. Humphrey and Nesbi tt suggested 
two such g r a d i e n t s  on t h e  b a s i s  o f  t h e  
ava i  1  a b l e  da ta - - th ree-d imens iona l  



Table d l .  Bird populations and community characteristics along the route of the proposed Cross- 
Florida Barge Canal. The sampling unit was the sum of counts made on a day at a site in  a habitat; the 
WU~Q;;~;;~ 3: brk:r~ :CLT!E r2nrjecf frem 305 to 330 minutes In one day. Tabular values are averages of 
the one-day counts expressed as birds per hour. For species significantly affected by season i n  
analysis of varianceacross 14 habitats, counts areshown separately forwinter and summer; otherwise, 
they are combined. Some species were not observed anywhere in some seasons. 

Variable 

Lob1 01 1 y 
Coastal Inland pine 
hydric hydr ic hydric 

Season hammock hammock hammock 

Popu7ation counts 

Green-backed heron (Bu to r i des  s t r i a t u s )  
K i  1 l dee r  (Charadr ius  v o c i f e r u s )  
Turkey vu l t u re  (Cathar tes  aura)  
Black vu l t u re  (Coragyps a t r a t u s )  
Red-shouldered hawk (Buteo l i n e a t u s )  
Osprey (Pandion h a l i a e t u s )  
Northern bobwhite (Co l i nus  v i r g i n i a n u s )  
Mourning dove (Zenaida macroura) 
Yei i OM-b i l  1 rd cuckoo (Coccyzus amcricanus) 
Barred owl ( S t r i x  v a r i a )  
Be1 t e d  k ing f i sher  (Ce ry le  a lcyon)  
Red-bel l ied woodpecker (Melanerpes c a r o l i n u s )  
Northern f l  i cker (Col aptes aura tus)  
Ye1 1 ow-be1 1 i ed sapsucker (Sphyrapicus v a r i u s )  
Downy woodpecker (P i co ides  pubescens) 
Hai ry  woodpecker (P i co ides  v i l l o s u s )  
Pi leated woodpecker (Dryocopus p i l e a t u s )  
Gray k i ngb i r d  (Tyrannus domin icens is )  
Great crested f l yca tcher  (Myiarchus c r i n i t u s )  
Eastern wood-pewee [Contopus v i r e n s )  
Eastern phoebe ( S a y o m i s  phoebe) 
Acadian f l yca tcher  (Empidonax v i rescens )  
Purple mar t in  (Progne sub i s )  
Blue jay  (Cyanoc i t t a  c r i s t a t a )  
American crow (Corvus brachyrhynchos) 
American crow (Corvus brachyrhynchos) 
Fish crow (Corvus o s s i f r a g u s )  
Tufted titmouse (Parus b i c o l o r )  
Carol ina chickadee (Parus c a r o l i n e n s i s )  
Brown-headed nuthatch ( S i t t a  p u s i l l a )  
Carol ina wren (Thryothorus l udov i c ianus )  
Carol ina wren (Thryothorus  l udov i c ianus )  
House.wren (Trog lody tes  aedon) 
Ruby-crowned k i ng l e t  (Regulus ca lendu la )  
Blue-gray gnatcatcher ( P o l i o p t i l a  caeru lea)  
Eastern b lueb i rd  ( S i a l i a  s i a l i s )  
Hermit thrush (Catharus g u t t a t u s )  
American r ob i n  (Turdus m i g r a t o r i u s )  
Loggerhead shr i ke  (Lan ius  ludov ic ianus)  
Gray c a t b i r d  (Dumetel l a  ca ro l  i nens i s )  
Northern mockingbird (Mimus po7yg70ttos)  
Northern mockingbird (Mimus p o l y g l o t t o s )  
Brown thrasher (Toxostoma rufum) 

winter 
winter* 
both 
winter* 
winter* 
breeding 
breeding* 
breeding* 
both* 
breeding 
both* 
breeding* 
both* 
winter*  
winter* 
breeding* 
both* 
breeding 
breeding* 
breeding 
winter  
breeding 
breeding 
breeding* 
breeding* 
winter*  
breeding* 
both 
both* 
breeding* 
breeding* 
winter* 
winter  
winter*  
winter* 
breeding* 
winter* 
winter  
winter* 
winter* 
breeding* 
winter* 
both 

(Continued) 



Table 11. (Concluded). 
- ---- 

Var iable 

Whi te-eyed v i reo  ( V i r e o  g r i s e u s )  
Yellow-throated v i reo  ( V i r e o  f l a v i f r o n s )  
Sol i t a r y  v i r eo  ( V i r e o  so1 i t a r i u s )  
Red-eyed v i r eo  ( V i r e o  01 i v a c e u s )  
Northern paru l  a  warbler ( P a r u l a  americana)  
Black-and-white warbler ( M n i o t i ? t a  v a r i a )  
Ye1 1 ow-rumped warbler ( D e n d r o i c a  coronata )  
Yellow-throated warbler ( D e n d r o i c a  d o m i n i c a )  
Pra i r i e  warbler (Dendroica d i s c o l o r )  
Pine warbler (Dendroica p i n u s )  
Common ye1 lowthroat ( G e o t h l y p i s  t r i c h a s )  
Eastern meadowl ark ( S t u r n e l  l a  magna) 
Redwi nged b lackbi rd  (Age la ius  phoeniceus)  
Boat- t a i l e d  grackle ( Q u i s c a l u s  m a j o r )  
Common grackle (Quisca lus  q u i s c u l a )  
Summer tanager (P i ranga  r u b r a )  
Northern card ina l  (Cardina 1 i s  c a r d i n a l  i s )  
Northern card ina l  (Card ina l  i s  c a x d i i l a l  i s )  
American go ldf inch ( C a r d u e l i s  t r i s t i s )  
Rufous-sided towhee ( P i p i l o  e r y t h r o p h t h a l a m u s )  
Rufous-sided towhee ( P i p i  l o  e r y t h r o p h t h a  1 amus)  
Savannah sparrow (Passerculus sandwichens is )  
Bachman's sparrow (Aimophi la  a e s t i v a l i s )  
Whi te- throated sparrow ( Z o n o t r i c h i a  a l b i c o l l  i s )  
Swamp sparrow (Melospiza g e o r g i a n a )  

Community c h a r a c t e r i s t i c s  

Number o f  species 
Number o f  species 
D ive rs i t y  index ( H ' )  
Divers i t y  index ( H ' )  
Number o f  i nd iv idua ls  
Number o f  i nd iv idua ls  

Season 

breeding* 
breeding* 
winter* 
breeding* 
breedi ng 
win ter*  
winter  
both 
breeding 
winter* 
both 
winter* 
breeding* 
both 
breeding* 
breeding* 
breeding* 
winter* 
winter 
breeding* 
winter* 
winter  
breeding* 
winter* 
winter  

Coastal 
hydr ic  
hammock 

In1  and 
hydr i c  
hammock 

1 . 5  
0 
0 
0.7 
1.1 
6.0 
0.4 
0 
0 
0 
1 .o 
0 
0 
0 
0 
1.5 

13.5 
4.8 
0 
0.4 
1.6 
0 
0 
0.4 
0.8 

Lob1 01 1 y 
pine 
hydric 
hammock 

breeding 24.0 22.0 23.5 
winter*  23.0 29.0 23.3 
breeding* 2.74 2.55 2.77 
winter* 2.30 2.96 2.60 
breeding* 70.2 95.0 92.2 
winter  57.6 80.0 94.4 

* S ign i f i can t  hab i ta t  ef fect for the season ind icated (P < 0.05). 

s t r u c t u r e  o f  t h e  vege ta t ion  r a n g i n g  
f rom homogeneous t o  heterogeneous, 
w i t h  h y d r i c  hammocks be ing  n e a r  t h e  
mu1 t i  s t r a t a l  extreme, and t r e e  
composi t ion r ang ing  from a1 1 hardwood 
t o  i n c l u d i n g  subs tan t i a l  numbers of 
con i f e r s ,  w i t h  t he  l o b l o l l y  p i n e  v a r i -  
a n t  of h y d r i c  hammock fo rming  o n e  ex- 
treme o f  t h i s  g rad i en t .  Severa l  
spec ies most s t r o n g l y  assoc i a t ed  w i t h  
t h e  c o n i f e r  end o f  t h i s  g r a d i e n t  
(ye? 1 ow- t h roa ted  warb ler ,  ye1 low- 
t h r o a t e d  v i r eo ,  brown-headed nu tha t ch ,  

and summer tanager)  occur  o n l y  o r  i n  
h i ghes t  numbers i n  f o r e s t s  w i t h  co- 
dominant c o n i f e r s .  

The importance o f  h y d r i c  hammock t o  
ove rw in te r i ng  passer ines  can be sur -  
mised f rom t h e  h i g h  number o f  c e r t a i n  
species i n  Table 11 (American r o b i n ,  
ruby-crowned k i n g l e t ,  b lack -and-wh i te  
warb ler ,  ye1 1 ow-rumped wa rb l e r )  , b u t  
t h i s  phenomenon has n o t  been descr ibed  
adequately.  The b e s t  i n f o r m a t i o n  i s  



f rom censuses o f  a  13.5-ha h y d r i c  ham- 
mock i n  H i l l sbo rough  R i v e r  S ta te  Park, 
H i  1 l sborough Co., F l o r i d a  (Wool fenden 
1967; 1968). I n i s  s i t e  supported 366 
i n d i v i d u a l s  o f  16 spec ies per  40.5 ha 
du r i ng  b reed ing  versus 411 i n d i v i d u a l s  
o f  33 spec ies d u r i n g  w i n t e r .  Species 
o f  o v e r w i n t e r i n g  m ig ran t s  i d e n t i f i e d  
on t h i s  s i t e  ( i n  a d d i t i o n  t o  those 
j u s t  1  i s ted)  i n c l u d e  eas te rn  phoebe, 
hermi t  th rush ,  ye1 low-be1 1  i e d  sap- 
sucker,  s o l i t a r y  v i r e o ,  ovenbi rd ,  o r -  
ange-crowned warbl  e r ,  palm warb ler ,  
common ye1 1  owth roa t ,  and American 
g o l d f i n c h .  Much a t t e n t i o n  has been 
g i ven  r e c e n t l y  (e.g. ,  Pasquier 1982) 
t o  t h e  r o l e  o f  Neo t rop i ca l  f o r e s t s  i n  
suppor t ing  popu la t i ons  o f  m ig ran t  
passer ines t h a t  breed i n  eas te rn  Nor th  
America, b u t  t h e  same r o l e  o f  f o r e s t s  
o f  t h e  sou theas te rn  Un i t ed  States,  and 
h y d r i c  hammock i n  p a r t i c u l a r ,  i s  l e s s  
w ide l y  recognized.  Th i s  r o l e  needs t o  
be much b e t t e r  documented and pub1 i - 
c i  zed. 

Long-term t r ends  i n  popu la t ions  o f  
breeding b i r d s  i n  F l o r i d a ,  based on 
breeding b i r d  survey counts  f rom 1969 
t o  1983 i n  a l l  h a b i t a t s ,  revea led  s i g -  
n i f i c a n t  changes i n  t h e  number o f  sev- 
e r a l  spec ies o c c u r r i n g  i n  h y d r i c  ham- 
mock (Cox 1987). These inc luded  i n -  
creases i n  number o f  t h e  mourning dove 
and osprey and decreases i n  number o f  
t h e  n o r t h e r n  f l  i c k e r ,  brown-headed 
nuthatch,  n o r t h e r n  mockingbird,  eas t -  
e rn  b l  uebi  r d ,  1  oggerhead sh r i ke ,  ye1 - 
1  ow- t h roa ted  warb le r ,  p r a i r i e  warb ler ,  
common ye1 l ow th roa t ,  red-winged b lack -  
b i r d ,  and eas te rn  meadowlark. Three 
of t h e  d e c l i n i n g  spec ies are c a v i t y -  
nes te rs .  

4.3.2 Se lec ted  Soecies 

The wood duck ( A i x  sponsa) usua l l y  
forages elsewhere b u t  nes t s  i n  c a v i -  
t i e s  o f  l i v e  t rees ,  i n c l u d i n g  those i n  
h y d r i c  hammock. T h i s  h a b i t a t  may be 
impo r t an t  t o  wood ducks because o f  i t s  
abundance o f  den t r e e s  and i t s  proxim- 
i t y  t o  water .  Acorns and o t h e r  mast 
a re  impor tan t  f a l l  and w i n t e r  foods o f  
wood ducks (Landers e t  a l .  1976). 
Wood ducks p r e f e r  t o  fo rage  f o r  mast 
f a l l e n  i n t o  sha l l ow  water  o r  on t h e  
f o r e s t  f l o o r  ad jacen t  t o  water, and we 

have observed t h i s  behavior  i n  f looded 
hyd r i  c  hammocks. 

Wi ld  t u r k e y  (Meleagr is  ga l lopavo)  
were sub jec t  t o  market hun t ing  i n  
F l o r i d a  u n t i l  t h a t  commerce was banned 
i n  1901. The popu la t ion  i n  Gu l f  Ham- 
mock i n  1948-49 was considered 
" reasonably  good" (est imated a t  500 t o  
600 b i r d s ,  o r  one per  71 ha o f  s u i t -  
ab le  h a b i t a t )  b u t  f a r  below ca r r y i ng  
capac i t y  (Swindel l  1949). Major pres-  
sures on t he  popu la t i on  were cons id-  
ered t o  be hunt ing,  which increased 
a f t e r  World War 11, and r educ t i on  o f  
h a b i t a t  qua1 i t y  by succession and 
canopy c l osu re  f o l l  owing 1  umbering. 
The l owes t  d e n s i t i e s  o f  tu rkeys  i n  t he  
area a re  i n  ex tens ive  hammock unbroken 
by c l ea r i ngs ,  which would p rov ide  
p o u l t s  w i t h  a  s u i t a b l e  abundance o f  
i n sec t s .  Turkeys s h i f t  t o  t he  ham- 
mocks i n  autumn when acorns are a v a i l  - 
ab le  and t o  hammock edges, f latwoods, 
and c l e a r i n g s  i n  l a t e  w i n t e r  and e a r l y  
sp r i ng  when new herb  growth becomes 
avai  1  ab l  e. 

The i v o r y -  b i  11 ed woodpecker 
(Campephi 7us p r i n c i p a l  i s )  once inhab- 
i t e d  h y d r i c  hammock, as w e l l  as i t s  
modal h a b i t a t  o f  r i v e r  swamp and cy- 
press swamp. Records o f  o r i g i n a l  
d i s t r i b u t i o n  o f  t h i s  b i r d  i n  "marl 
hammocks" (Tanner 1942) were up t he  
St .  Marks R i ve r  (Wakul la County); 
Pumpkin and Cal i f o r n i a  Swamps ( D i x i e  
County) ; Suwannee Hammock, Rosewood, 
O t t e r  Creek, G u l f  Hammock, and Sim's 
Ridge (Levy County) ; Crys ta l  R ive r  
( C i t r u s  County) ; Tampa (Hi1 1  sborough 
County); Manatee County; En te rp r i se  
and Tu rnbu l l  Hammock (Vo lus ia  County) ; 
J im  Creek (Orange County); Tay lo r  
Creek and Wolf Creek (Osceol a  County) ; 
H igh l  ands Hammock (H igh l  ands County) ; 
and Caloosahatchee reg i on  (Lee 
County) . The avai 1  ab l e  dens i t y  e s t i  - 
mates a r e  t h a t  one p a i r  o f  i v o r y - b i l l s  
needed 15.5 t o  44 square k i lomete rs  of 
good h a b i t a t ;  t h e  same stands sup- 
p o r t e d  r ough l y  72 p i l e a t e d  woodpeckers 
and 252 red-be1 1  i e d  woodpeckers. Vir- 
g i n  h y d r i c  hammock i s  cha rac te r i zed  by 
ve ry  o l d  and s tand ing  dead t rees ,  
which suppor ted t h e  woodpeckers' main 
d i e t  o f  l a r v a e  o f  bo re r s  f bup res t i d  



and cerambyci d  beet1 es) . Unl i ke 1 a r -  
vae o f  o t h e r  types o f  bo re rs ,  these 
occur  o n l y  between t h e  b a r k  and sap- 
wood; hence t hey  a r e  a v a i l a b l e  on ly  
f o r  a  few yea rs  a f t e r  death o f  the 
t r ee ,  and t h e i r  o v e r a l l  d e n s i t y  i s  
q u i t e  low, even i n  v i r g i n  f o r e s t .  The 
near  e x t i n c t i o n  o f  t h i s  woodpecker i s  
a t t r i b u t e d  ma in l y  t o  c u t t i n g  o f  v i r g i n  
f o r e s t ,  acce le ra ted  by hun t i ng  by I n -  
d i ans  f o r  ornaments, by s c i e n t i s t s  and 
c o l l e c t o r s  f o r  specimens, and by l o c a l  
r e s i d e n t s  f o r  c u r i o s i t y  and f o r  food. 
The i v o r y - b i  1 l disappeared from most 
o f  F l o r i d a  by 1900-15. By 1935 on l y  a  
few remnant popu la t i ons  were l e f t ;  the 
1 a s t  r e 1  i able r e p o r t  f rom G u l f  Hammock 
was i n  1934 (Tanner 1942). 

The Carol  i na parakeet  (Conuropsis 
ca ro  7 i nens i s )  a1 so occupied hyd r i  c  
hammock (McKinley 1985), b u t  the  
recorded observa t ions  are t o o  vague t o  
p rov i de  a sense o f  t h e  importance o f  
t h i s  assoc i a t i on .  Apparent ly  t h i s  
spec ies occur red  p r i m a r i  1  y  i n  cypress 
swamps and p i n e  f la twoods,  where i t  
f e d  on c o n i f e r  seeds. However, the re  
a re  severa l  s p e c i f i c  re fe rences  t o  
Ca ro l i na  parakeets seen o r  c o l l e c t e d  
i n  h y d r i c  hammock: G u l f  Hammock, Levy 
County (Laurent  1906; Gordon 1909) ; 
hammock woods and cypress swamps 
around Or1 ando and Sanford (Nehr l  i ng  
1896) ; and numerous 1 ocal  i t i  es t h a t  
a re  near both h y d r i c  hammock and p r i -  
mary feeding h a b i t a t s .  

Al though i t  d i d  n o t  appear i n  the 
samples r epo r t ed  i n  Table 11  (perhaps 
due t o  t h e  h i g h l y  clumped d i spe rs i on  
and nomadic t r a v e l s  o f  i t s  f l o c k s ) ,  
t h e  cedar waxwing (Bombyci 1 l a  cedro- 
rum) i s  q u i t e  abundant i n  h y d r i c  ham- 
mock, e s p e c i a l l y  i n  autumn and w in te r .  
The species i s  named f o r  i t s  p r e f e r -  
ence f o r  cedar b e r r i e s  ( M a r t i n  e t  a7.  
1951); cedar b e r r i e s  may be except ion-  
a l l y  n u t r i t i o u s  because o f  t h e i r  h igh 
l i p i d  con ten t .  A f l o c k  o f  waxwings 
u s u a l l y  feeds u n t i l  s a t i a t e d  and then 
r e s t s  i n  a  group on bare l i m b s  o f  a  
t r e e  near  t h e  food source. Most seeds 
pass r a p i d l y  th rough  t h e  d i g e s t i v e  
system and a re  depos i ted  w i t h  t h e  f e -  
ces near  b u t  n o t  under t h e  paren t  
t r e e ,  a f t e r  which t h e  b i r d s  o f t e n  feed 
again. Th is  assoc i a t i on  o f  seed-d is-  

pe rser  and f r u i t - p r o d u c e r  may be a 
p r imary  f o r c e  i n  ma in ta i n i ng  t h e  r ed -  
cedar componeni u f  iile i iYU;r ;L ;I~I~IIIIUL;I 
community . 

4.4 MAMMALS 

4.4.1 Communitv S t r u c t u r e  

The mammal s  o c c u r r i n g  i n  h y d r i  c  ham- 
mock have been i d e n t i f i e d  (Table 12),  
bu t  t h e  s t a t u s  des i gna t i on  p rov ides  
poor r e s o l u t i o n  u f  a b ~ : i d ~ ~ ; ~ t .  In p i t -  
f a l l  t r a p p i n g  d i r e c t e d  a t  r e p t i l e s  and 
amphi b i  ans, t h e  smal l  mammals cap tu red  
i n  h y d r i c  hammock o r  bayhead (da ta  
pooled)  p e r  1,000 p i t - n i g h t s  were 2.70 
s h o r t - t a i  l e d  shrews, 0.74 southeastern 
shrews, 0.25 l e a s t  shrews, and 0.25 
go lden mice ( F l o r i d a  Game and Fresh 
Water F i s h  Commission 1976). I n  p i t -  
f a l l  t r a p p i n g  d i r e c t e d  a t  shrews i n  
coas ta l  h y d r i c  hammock, t h e  smal l  mam- 
mals cap tu red  i n  772 pit-nights were 
t h r e e  sou theas te rn  shrews, e leven 
s h o r t - t a i  l e d  shrews, and one l e a s t  
shrew (Humphrey e t  a7. 1986). Mammal 
t r a c k s  counted pe r  m i l e  i n  l o b l o l l y  
p i ne  h y d r i c  hammock ( F l o r i d a  Game and 
Fresh Water F i s h  Commission 1976) i n -  
c luded 11.33 f o r  w h i t e - t a i l e d  deer,  
2.00 f o r  a rmad i l l o ,  and 0.67 f o r  f e r a l  
hogs. I n d i v i d u a l  mammal s  observed 
w h i l e  n i g h t - l i g h t i n g  a long  91 m i l e s  
t r a v e l l e d  i n  l o b l o l l y  p i n e  h y d r i c  hdm- 
mock ( F l o r i d a  Game and Fresh Water 
F i sh  Commission 1976) i n c l uded  34 
whi t e - t a i l e d  deer ,  20 a rmad i l l o s ,  5  
r a b b i t s ,  4 raccoons, and 3 opossums. 
M i  s c e l  1 aneous observa t ions  o f  mammal s 
made per  100 hours i n  a  h a b i t a t  t ype  
( F l o r i d a  Game and Fresh Water F ish  
Commission 1976) inc luded :  coas ta l  
h y d r i c  hammock--4 whi t e - t a i l e d  deer 
and 4 l o n g - t a i l e d  weasels; i n l a n d  hy- 
d r i c  hammock--3 whi t e - t a i l e d  deer;  and 
l o b l o l l y  p i n e  h y d r i c  hammock--22 a r -  
mad i l l o s ,  8  w h i t e - t a i l e d  deer,  5  r a c -  
coons, 4  opossums, and 3 g ray  s q u i r -  
r e l  s. The number o f  s q u i r r e l  s  seen o r  
heard p e r  hour whi 1  e  conduct i ng p o i  n t -  
counts  o f  b i r d s  ( F l o r i d a  Game and 
Fresh Water F i s h  Commission 1976) was 
h i ghes t  among 18 h a b i t a t  t ypes  i n  i n -  
l and  h y d r i c  hammock (2.40) -, ld t h i r d  
h i ghes t  i n  coas ta l  h y d r i c  hammock 
(1.67), b u t  none were de tec ted  i n  



Table d 2. Occurrence of mammals in three variants of hydric hammock along the route of the proposed 
Cross-Florida Barge Canal, compiled from all sources (Florida Gameand Fresh Water Fish Commission 
1976). 

Species  

Lob1 01 1 y 
Coastal Inland pine 
hydric  hydr ic  hydric  
hammock hammock hammock 

Virg in ia  opossum ( D i d e l p h i s  v i r g i n i a n a )  
Southeastern shrew (Sorex l o n g i r o s t r i s )  
S h o r t - t a i l e d  shrew (B7ar ina c a r o l i n e n s i s )  
Least shrew ( C r y p t o t i s  parva)  
Red ba t  ( Las iu rus  b o r e a l i s )  
Seminole b a t  ( Las iu rus  seminolus) 
Ye1 1 ow ba t  ( Las iu rus  in te rmed ius )  
Evening ba t  ( N y c t i c e i u s  humeral is )  
Southeastern big-eared bat  (P leco tus  townsend i i )  
Nine-banded a rmadi l lo  (Dasypus novemcinctus) 
Eastern c o t t o n t a i l  ( S y l v i l a g u s  f l o r i d a n u s )  
Marsh r a b b i t  (Sy 1 v i  lagus p a l u s t r i s )  
Gray s q u i r r e l  (Sc iu rus  ca ro l  i n e n s i s )  
Sherman's fox s q u i r r e l  (Sc iu rus  n i g e r  shermani) 
Southern f l y i n g  s q u i r r e l  (Glaucomys vo lans)  
Eastern woodrat (Neotoma f l o r i d a n a )  
Cotton mouse (Peromyscus gossypinus) 
Golden mouse (Ochrotomys nut t a l l  i )  
Eastern harves t  mouse (Rei throdontomys humul i s )  
Marsh r i c e  r a t  (Oryzomys p a l u s t r i s )  
Hispid co t t on  r a t  (Sigmodon h i sp i dus )  
Gray fox (Urocyon c inereoargenteus)  
Long-tail  ed weasel (Mustela f r e n a t a )  
St r iped  skunk (Meph i t i s  meph i t i s )  
Raccoon (Procyon l o t o r )  
Flor ida  panther  (Fe i  i s  concolor  c o r y i )  
Feral hog (Sus s c r o f a )  
Whi t e - t a i l e d  dee r  (Odocoi leus v i r g i n i a n u s )  

C = c h a r a c t e r i s t i c  
P = present  
F = f requent  
0 = occasional  
I  = in f requent  

l o b l o l l y  pine hydric  hammock. The 
only small mammals t rapped in  coas ta l  
hydric  hammock and inland hydric ham- 
mock in  t h e  S t .  Marks Wi ld l i fe  Refuge, 
Wakulla County, F lor ida ,  were co t ton  
mice, golden mice, and ea s t e rn  
woodrats (U.S. Fish and Wild l i fe  Ser-  
v i ce  [1980]). 

P-F 
P- I 
P -  I 
P-  i 
P- I 
P-  I 

C - F  

P-0 

P- F 

P-F 

C-F 

C - F  
P-  I  
P-F 
P-  I 

P -F  
P-0 
P-0 
P- I 
P- I 

P-0 
P -F  

Considering a1 1 t h e  a v a i l a b l e  i n f o r -  
mation, a t  l e a s t  t h e  fol lowing spec i e s  
of mammals a r e  c h a r a c t e r i s t i c  o f  hy- 
d r i  c  hammock: opossum, southeas te rn  
shrew, s h o r t - t a i l e d  shrew, armadil lo ,  
gray s q u i r r e l ,  f l y i n g  s q u i r r e l ,  co t t on  
mouse, raccoon, f e r a l  hog, and white-  
t a i l e d  dee r .  The F lo r ida  panther  has 



no spec i f i c  hab i t a t  preference; i t  has 
been reported i n coastal  hammock 
(Pearson 1951) and hydri c hammock 
(Layne 1970). The panther probably 
was charac te r i s t i c  of hydric hammock 
before the  elimination of most breed- 
ing populations from northern Florida 
by man. Like the  panther, the Florida 
bl ack bear (Ursus f loridanus 
f loridanus) has no spec i f i c  habi ta t  
preference. Instead, the preferred 
habi ta t  of bears i s  a mosaic of wet- 
land and upland f o r e s t s  (Harlow 1961), 
including hydric hammocks. Bears are 
s t i l l  r e l a t i v e l y  common in  and near 
the  Ocala and Osceola National 
Forests, which incl ude some hydric 
hammock habi ta t .  Specific bear s igh t -  
i n g ~  were reported f o r  the  Ocala Na- 
t ional  Forest by Florida Game and 
Fresh Water Fish Commission (1976) and 
f o r  the Osceol a National Forest (U.S. 
Fish and Wild1 i f e  Service 1978). The 
southeastern brown bat (Plyotis aus- 
t ro r ipa r ius )  and bobcat (iynx rufus) 
a l so  occur in hydric hammocks (Pearson 
1954). 

4.4.2 Sel ccted Soecies 

Armadillos have been studied ex- 
tensively in Florida,  though not with 
reference t o  spec i f i c  habi ta ts .  The 
d i e t  of armadillos in  Florida (Nesbitt 
e t  a l .  1977) cons i s t s  mostly of i n -  
sec t s  (78% by volume) and includes 
small quan t i t i e s  of earthworms (5%), 
r e p t i l e s  and amphibians ( 1 %  and 
birds and mammals ( ~ 1 % ) .  Though a va-  
r i e t y  of vertebrates are included in 
the d i e t ,  these account f o r  ~ 0 . 0 1 %  of 
the items eaten (Wirtz e t  a] .  1985). 
Presumably an abundance of macroinver- 
tebra tes  i n  the  leaf  1 i t t e r  of hydric 
hammock i s  responsible f o r  the abun- 
dance of armadillos the re ,  Armadillos 
dig burrows and den underground; in 
regularly flooded areas ,  burrows are 
placed i n  patches of high ground. 

Gray s q u i r r e l s  occur a t  dens i t i e s  of 
roughly 5 per ha in  inland hydric ham- 
mock and 2.5 per ha i n  coastal hydric 
hammock in autumn (Jennings 1951). 
Staple foods of the gray squir re l  in 
hydric hammock and adjacent f o r e s t s  
are the seeds of loblol ly  pine and the 

Seeds ,  buds, and f lowers  of hickories,  
Oaks, elms, magno1 i a s ,  and red maples. 
The  abcndzRcp r _ r ~  s t 2 y l ~  fnod' c h i f t s  
seasona l  1 y among 1 ~ c a l  pl ant communi - 
t i e s ,  a f f e c t i n g  the l o c a l  d i s t r ibu t ion  
o f  s a u i r r e l  s .  From september t o  mid- 
~ a n u a ' r ~ ,  acbrns '  'and hickory nuts are 
a v a i l a b l e  i n  a l l  h a b i t a t s ,  squ i r re l s  
a r e  widely d i s t r i b u t e d ,  and they be- 
come f a t .  By mid-January the supply 
sf hard mast i s  exhausted,  but buds 
and seeds of elm and maple b ~ ~ ~ m e  
abundant i n  hydri c hammock and r i v e r  
swanp, and s q g ; ~ y c l r  {perhepr the en- 
t i  r e  popula t ion)  become concentrated 
i n  t h e s e  communities, with a density 
o f  13.8 p e r  ha recorded by Jennings. 
A t  t h i  s time squ i r re l  s abandon coastal 
h y d r i c  hammock, because cedar berries 
a r e  no longer  avail  a b l e ;  1 i t t l e  food 
i s  produced and no s q u i r r e l s  are pre- 
s e n t  the re  u n t i l  autumn. In spring 
and summer, squ i r re l  s are  dispersed 
throughout r i v e r  swamp, hydric ham- 
mock, and nres ic  hammock. Green nuts 
o f  h i c k o r i e s ,  oaks, and lob lo l ly  pines 
a r e  eaten i n  Ju ly  and August. Usually 
a gray s q u i r r e l  can f i n d  a t  l e a s t  two 
o f  these  p lan t  communities by moving 
o n l y  a few hundred f e e t ,  because many 
h y d r i c  hammocks are  small and ecotonal 
o r ,  i f  l a r g e ,  are  in terspersed with 
d e n d r i  t i c  swamps and mesic ridges. 
S q u i r r e l s  sca t t e rhoard  acorns in the 
s o i l ,  especi  a1 l y  a t  elevated s i t e s  
n e a r  the bases o f  t r e e s  and stumps. 
Acorns buried during drought periods 
may be covered subsequently by stand- 
ing  water before t h e y  a r e  consumed. 
The supply of  s to red  food helps sup- 
p o r t  the s q u i r r e l  population through 
t h e  winter  and may be an essent ia l  re-  
s o u r c e  f o r  t h e  spr ing breeding season. 
While l ack  of an acorn crop in one or 
a few spec ies  of oak i s  normal, a com- 
p l e t e  f a i l u r e  of acorn  mast in a l l  
s p e c i e s  i s  uncommon. In such a mast 
f a i l u r e ,  t h e  few a v a i l a b l e  acorns were 
completely harvested by wild1 i f e  by 
mid-October; t h e r e a f t e r  the  squir re ls  
su rv ived  by recovering stored acorns 
(Jennings  1951). Gray squ i r re l s  nest 
i n  t r e e  c a v i t i e s  ( u s u a l l y  in l i v e  
o a k s )  dur ing winter ,  and in the  spring 
t h e y  build n e s t s  made of leaves and 
t w i g s  o r  of cabbage palm f i b e r s .  Or- 
d i n a r i l y  a SPrlng and a f a l l  breeding 
season Occur, but s p r i n g  breeding does 



no s p e c i f i c  h a b i t a t  p reference ;  i t  has 
been repor ted  in  coas t a l  hammock 
(Pearson 1951) and hyar ic  nammoc~ 
(Layne 1970). The panther  probably 
was c h a r a c t e r i s t i c  of hydric  hammock 
before t he  e l imina t ion  of  most breed- 
ing populat ions from nor thern  F lor ida  
by man, Like t h e  panther ,  t h e  F lor ida  
bl ack bear (Ursus f 1 oridanus 
f 7oridanus) has no s p e c i f i c  h a b i t a t  
p reference .  Ins tead ,  t h e  prefer red  
h a b i t a t  of bears  i s  a mosaic of wet- 
land and upland f o r e s t s  (Harlow 1961), 
including hydric  hammocks. Bears a re  
s t i l l  r e l a t i v e l y  common in and near 
t he  Ocala and Osceola National 
Fo re s t s ,  which include some hydric  
hammock h a b i t a t .  S p e c i f i c  bear  s i g h t -  
i n g ~  were repor ted  f o r  t h e  Ocala Na- 
t i o n a l  Fores t  by F lor ida  Game and 
Fresh Water Fish Commission (1976) and 
f o r  t h e  Osceola National Fores t  (U.S. 
Fish and Wi ld l i f e  Service 1978). The 
southeas te rn  brown ba t  (Myotis aus- 
t r o r i p a r i u s )  and bobcat (Lynx ru fus )  
a l s o  occur i n  hydric  hammocks (Pearson 
1954) . 

4 . 4 . 2  Selected Soecies  

Armadillos have been s tudied  ex- 
t ens ive ly  i n  F lo r ida ,  though not with 
re ference  t o  s p e c i f i c  h a b i t a t s .  The 
d i e t  of a rmadi l los  in  F lor ida  (Nesbi t t  
e t  a l .  1977) c o n s i s t s  mostly of i n -  
s e c t s  (78% by volume) and includes 
small q u a n t i t i e s  of earthworms (5%),  
r e p t i l e s  and amphibians ( 1 %  and 
b i r d s  and mammals ( ~ 1 % ) .  Though a va- 
r i e t y  of v e r t e b r a t e s  a r e  included in 
t h e  d i e t ,  t he se  account f o r  ~ 0 . 0 1 %  of 
t h e  items ea ten  (Wirtz e t  a7. 1985). 
Presumably an abundance of macroinver- 
t e b r a t e s  i n  t h e  l e a f  1 i t t e r  of  hydric  
hammock i s  r e spons ib l e  f o r  t h e  abun- 
dance of  armadi 11 os t h e r e .  Armadi 110s 
d ig  burrows and den underground; in 
regul  a r l y  f l  ooded a r e a s ,  burrows a re  
placed in  pa tches  of high ground. 

Gray s q u i r r e l s  occur a t  d e n s i t i e s  of 
roughly 5 per  ha i n  inland hydric  ham- 
mock and 2.5 per  ha i n  coas t a l  hydric  
hammock in  autumn (Jennings 1951). 
S t a p l e  foods of  t h e  gray s q u i r r e l  in  
hydr ic  hammock and ad jacent  f o r e s t s  
a r e  t h e  seeds  o f  l o b f o l l y  p ine  and t h e  

seeds ,  buds, and f lowers  of h i c k o r i e s ,  
oaks, elms, magnolias, and red  maples. 
TL ,,,, - abundanc~ 3f rtz:!e fnndc c h i f t s  
s ea sona l ly  among 1 ocal p l an t  communi - 
t i e s ,  a f f e c t i n g  t h e  l oca l  d i s t r i b u t i o n  
of s q u i r r e l s .  From September t o  mid- 
January,  acorns and hickory nu t s  a r e  
a v a i l a b l e  i n  a l l  h a b i t a t s ,  s q u i r r e l s  
a r e  widely d i s t r i b u t e d ,  and they  be- 
come f a t .  By mid-January t h e  supply 
of hard mast i s  exhausted,  but  buds 
and seeds of elm and maple become 
abundant i n  hydr ic  hammock and r i v e r  
swamp, and squirrels (perbap: t h e  en- 
t i r e  populat ion)  become concent ra ted  
in  t h e s e  communities, with a dens i ty  
of 13.8 pe r  ha recorded by Jennings.  
A t  t h i s  time s q u i r r e l s  abandon coas t a l  
hydri c hammock, because cedar  b e r r i e s  
a r e  no longer  a v a i l a b l e ;  l i t t l e  food 
i s  produced and no s q u i r r e l s  a r e  pre-  
s en t  t h e r e  u n t i l  autumn. In sp r ing  
and summer, s q u i r r e l  s a r e  d ispersed  
throughout r i v e r  swamp, hydri c ham- 
mock, and mesic hammock. Green nuts  
of h i c k o r i e s ,  oaks,  and l o b l o l l y  p ines  
a r e  ea ten  i n  J u l y  and August. Usually 
a gray  s q u i r r e l  can f i n d  a t  l e a s t  two 
of t h e s e  p l a n t  communities by moving 
only a few hundred f e e t ,  because many 
hydric  hammocks a r e  small and ecotonal 
o r ,  i f  l a r g e ,  a r e  i n t e r spe r sed  with 
dendri  t i c  swamps and mesic r i dges .  
Squi r re l  s s ca t t e rhoa rd  acorns i n  t h e  
s o i l  , especi  a1 l y  a t  e l eva t ed  s i t e s  
near  t h e  bases o f  t r e e s  and stumps. 
Acorns buried dur ing  drought per iods  
may be covered subsequently by s tand-  
ing water before  t hey  a r e  consumed. 
The supply of  s t o r e d  food he lps  sup- 
po r t  t h e  s q u i r r e l  popul a t i o n  through 
the  win ter  and may be an e s s e n t i a l  r e -  
source f o r  t h e  sp r ing  breeding season. 
While 1 ack of an acorn crop i n  one or  
a few spec i e s  o f  oak i s  normal, a com- 
p l e t e  f a i l u r e  of  acorn mast i n  a l l  
spec i e s  i s  uncommon. I n  such a mast 
f a i l u r e ,  t h e  few a v a i l a b l e  acorns  were 
compl e t e l y  harvested by wi l d l  i f e  by 
mid-October; t h e r e a f t e r  t h e  s q u i r r e l s  
survived by recovering s t o r e d  acorns 
(Jennings 1951). Gray s q u i r r e l  s nes t  
in  t r e e  c a v i t i e s  (u sua l ly  i n  l i v e  
oaks) during win t e r ,  and in  t h e  spr ing  
they bui ld  n e s t s  made of l eaves  and 
twigs o r  of  cabbage palm f i b e r s .  Or- 
d i n a r i l y  a spr ing  and a f a l l  breeding 
season occur, bu t  sp r ing  breeding does 



n o t  t a k e  p l a c e  i n  years  o f  mast f a i l  - 
u re .  Deaths due t o  s t a r v a t i o n  o r  d i s -  
ease have n o t  been recordea  I n  t n l s  
h a b i t a t .  

The e a s t e r n  woodrat i s  most abundant 
i n  t h e  ecotone between mesic and hy -  
d r i  c  hammocks (Pearson 1952). Breed- 
i n g  occurs year- round.  Nests a r e  
marked o n l y  by ve r y  sma l l  p i l e s  o f  
s t i c k s ,  and t hey  a re  found  i n  barns, 
hot  1 ow 1 ogs, and subter ranean chambers 
under  stumps o r  t h e  bases o r  r o o t s  o f  
t r e e s .  

The go lden  mouse i s  most p l e n t i f u l  
i n  areas h a v i n g  a  dense t h i c k e t  o r  
sh rub  l a y e r  and a  sparse  herbaceous 
ground cove r .  Nests a r e  i n  dense 
shrubs o r  sub te r ranean  chambers. 
Golden mice  use shrubs, h o l l o w  l ogs ,  
and underground t u n n e l s  as escape 
cove r  (Pearson 1954). I t  i s  impo r t an t  
t o  n o t e  t h a t  a l though  Pearson (1954) 
found go lden  mice o n l y  i n  ad jacen t  
rnesic hammocks, t h e  F l o r i d a  Game and 
Fresh Water F i s h  Commission (1976) and 
t h e  U.S. F i s h  and W i l d l i f e  Serv ice  
[1980] found  them i n  h y d r i c  hammock. 

The c o t t o n  mouse i s  t h e  most abun- 
dan t  mammal i n  G u l f  Hammock (Pearson 
1953, 1954) .  Cover and n e s t  s i t e s  are 
more common i n  h y d r i c  hammock than i n  
ad j acen t  mes ic  hammock. Males have 
l a r g e r  home ranges t han  females. Home 
ranges o f  males o v e r l a p  one another ,  
b u t  t hose  o f  females do n o t .  Home 
ranges a r e  sma l l  e r  when p o p u l a t i o n  
d e n s i t y  i s  h i g h  t han  when i t  i s  low.  
Breed ing  t a k e s  p l a c e  d u r i n g  most o f  
t h e  year ,  b u t  females seldom a r e  p reg-  
n a n t  i n  summer (May t h rough  August) .  
Nes ts  a r e  i n  l o g s ,  stumps, and bases 
o f  t r e e s ;  o f t e n  t hey  c o n t a i n  caches o f  
1  i v e  oak and swamp l a u r e l  oak acorns. 
The most i m p o r t a n t  f a c t o r  a f f e c t i n g  
p o p u l a t i o n s  p robab l y  i s t h e  q u a n t i t y  
o f  aco rn  mas t - - h i gh  d e n s i t i e s  of  c o t -  
t o n  m i ce  d e c l i n e  a f t e r  a  mast f a i l u r e .  
P o t e n t i a l  compe t i t o r s  i n  poor  mast 
y e a r s  i n c l u d e  w i l d  t u r keys ,  b l u e  j ays ,  
common g r a c k l e s ,  g ray  s q u i r r e l  s, eas t -  
e r n  woodra ts ,  opossums, whi t e - t a i l e d  
d e e r  and (most i m p o r t a n t l y )  f e r a l  
hogs. P o t e n t  i a1 p r e d a t o r s  i n c l ude  
bobca ts ,  b a r r e d  owl s, and severa l  
spec i es  o f  snake. P a r a s i t i s m  by 

c u t e r e b r i d  f 1  y 1 arvae (Cuterebr idae)  
i n  t h i s  h a b i t a t  i s  heavy and may be 
f a t a l .  Co t ton  mice r e a d i l y  swim, 
c l i m b  vege ta t ion ,  and jump t o  t h e  
ground from cons iderab le  h e i g h t s .  

The raccoon i s  an o p p o r t u n i s t  and 
g e n e r a l i s t  i n  bo th  h a b i t a t  and d i e t .  
Raccoons occur  i n  every  t e r r e s t r i a l  
and wet land  h a b i t a t  w i t h i n  t h e i r  over -  
a l l  range. P l an t s  (most1 y  nu t s ,  
drupes, and b e r r i e s )  make up 50%-80% 
o f  t h e  raccoon d i e t .  The drupes and 
b e r r i e s  have seeds t h a t  probably  a re  
d ispersed  r a t h e r  than destroyed, i n -  
c l u d i n g  beautyberry ,  b lackber ry ,  b l  ue- 
be r i es ,  cabbage palm, pa lmet tos,  e l  - 
de rbe r r y ,  grapes, g reenbr i  a rs ,  ho l  - 
l i e s ,  pepper v i ne ,  persimmon, r e d  
cedar,  sugarberry ,  swamp tupe lo ,  and 
viburnum (F.  Ctarper 1927; I vey  1947; 
Ca ldwe l l  1963; Johnson 1970; Hal 1  s  
1977). 

Ihe  b l ack  bear p o p u l a t ~ o n  o f  w i t  
Hammock was exterminated by about 
1950, because t he  l o c a l  people cons id -  
ered bears des t royers  o f  p rope r t y  
(Pearson 1954). The remain ing f r a g -  
ments o f  bear  d i s t r i b u t i o n  i nc l ude  ex-  
t e n s i v e  areas o f  h y d r i c  hammock along 
t h e  g u l f  coas t  o f  Pasco and Hernando 
Count ies and Tay l o r  and Wakulla Coun- 
t i e s  (Brady and Maehr 1985). Extant  
popu la t i ons  i n  t h e  Osceola and Ocala 
Nat i o ~ l d l  Tot e s t s  a l s o  i t i i l t ide  t i i i a l  
h y d r i c  hammocks i n  t h e i r  ranges. L i k e  
o t h e r  l a r g e  mammals, t h e  b l ack  bear 
has broad h a b i t a t  requi rements and can 
1  i v e  wherever s u f f i c i e n t  f o rag i ng  a r -  
eas, denning s i t e s ,  and escape cover 
a re  a v a i l a b l e .  Areas i n  F l o r i d a  occu- 
p i e d  by b l a c k  bears c o n s i s t  o f  l a r g e  
t r a c t s  o f  undeveloped f o r e s t s  con ta i n -  
i n g  d i v e r s e  vege ta t i on  types (Harlow 
1961). No seasonal movements among 
h a b i t a t s  by F l o r i d a  b l a c k  bear are 
known, bu t  they p robab ly  occur ,  espe- 
c i a l l y  i n  sp r i ng  when mast supp l ies  
a re  exhausted. 

The b l ack  bear i s  an omnivore, bu t  
most o f  i t s  d i e t  i s  p l a n t  m a t e r i a l ,  
and mast i s  t he  prominent component. 
Examinat i o n  o f  stomach con ten ts  and 
sca ts  o f  b l a c k  bears i n  a  v a r i e t y  o f  
F l o r i d a  h a b i t a t s  (Maehr and Brady 
1984) showed t h a t  t h e  d i e t  of  b l ack  
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saw palmetto,  and o t h e r  non - f ru i t  
p l a n t  p a r t s ,  p lus  honeybees (Apis  me7- 
7 i f e r a )  and ca rpen t e r  a n t s  
(Campanotus). In summer t h e  d i e t  
s h i f t s  from s o f t  vege t a t i ve  p a r t s  t o  
r ipen ing  s o f t  mast and e a r l y  hard 
mast, including b luebe r r i e s ,  ga l  1 be r -  
r i e s ,  b l ackbe r r i e s ,  saw palmetto 
b e r r i e s ,  honeybees, bess beet1 e s  
(Odontotaenius d i s j u n c t u s ) ,  c a rpen t e r  
a i i ts ,  w;? ki ngs t i  cks (Anf  somorpha 
bupres to ides)  , paper wasps (Pol  i s t e s )  , 
and bumblebees (Bombus bimacul a t u s ) .  
In autumn and w in t e r  t h e  d i e t  c o n s i s t s  
of hard mast and f r u i t s  of oaks,  saw 
palmetto,  swamp tupe lo ,  cabbage palm, 
needle  palm, gal  1 b e r r i e s ,  honeybees, 
and yel low j acke t s  (Vespula).  Bears 
feed on acorns both on t h e  ground and 
a rbo rea l l y .  Ve r t eb ra t e s  account f o r  
only about 5% of t h e  d i e t ;  spec i e s  i n -  
c l  ude gopher t o r t o i  se (Gopherus 
polyphemus), armadi 11 o ,  f e r a l  hog, and 
w h i t e - t a i l e d  dee r .  Black bears  ac-  
t i v e l y  maintain c e r t a i n  spec i e s  i n  t h e  
p l a n t  communities they occupy by d i s -  
pers ing  undigested seeds  of t h e  f r u i t s  
they e a t  (Rogers and Applegate 1983; 
Maehr 1984). Major spec i e s  invol ved 
i n  t h i s  mutualism , inc lude  saw p a l -  
metto, cabbage palm, needle  palm, 
swamp tupe lo ,  b lueber ry ,  and r a sp -  
be r ry ,  Probably numerous o t h e r  
spec i e s  ( s e e  Maehr and DeFazio 1985) 
a l s o  ga in  t h i s  advantage a s  minor d i -  
e t a r y  components of bears .  

S i t e s  p r e f e r r ed  by black bears  f o r  
win te r  denning a r e  c a v i t i e s  in  l a r g e  
t r e e s ,  which provide p ro t ec t i on  from 
weather and d i s tu rbance  (Hami 1 ton and 
Marchinton 1980; Pel ton e t  a 7 .  1980).  
Denning i s  especi  a1 l y  important  f o r  
sows with cubs. The sma l l e r  s i z e  of 
sows and t h e  tendency of sows t o  den 
e a r l i e r  than  boars  (Pe l ton  e t  a7. 
1980) may g ive  females access  t o  
small e r  c a v i t i e s  and t h e  bes t -pro-  
t e c t e d  den s i t e s .  Large, dense t h i c k -  
e t s  provide escape cover  from most 
dangers (U.S. Fish and Wi ld l i f e  Ser -  
v i ce  1978), but hunters '  dogs a r e  de- 
t e r r e d  only by very  1 a rge  w a t e r - f i l l  ed 
a reas .  In F lo r ida  t h e  bes t  such e s -  
cape cover i s  bayheads, t i t i  swamps, 
and hardwood swamps (Layne 1976; 

Williams 1978).  The home ranges of  
black bears  over1 ap broadly ,  bu t  ind i  - 
v i d ~ ~ a l  c a v o i d  one another .  Subadul t 
males may be k i l l e d  o r  d r iven  away by 
adu l t  ma1 e s  . Di s p e r s i  ng subadul t s  o f  - 
t en  move ou t  of s u i t a b l e  h a b i t a t  and 
a r e  s h o t  by humans. Home ranges of 
black bears  in  t h e  Osceola National 
Fores t  (which con t a in s  many very  small 
patches of hydr ic  hammock) a r e  l a r g e  
and v a r i a b l e  r e l a t i v e  t o  t hose  i n  
o the r  a r e a s  of t h e  United S t a t e s ,  
probably because o f  low q u a l i t y  of t h e  
hahi t a t  (James Mykvtka. Reynolds, 
Smith and H i l l s ,  Tampa; pe r s .  comm.). 

The F lo r ida  panther  i nhab i t ed  hydr ic  
hammock near  t he  town of  Gulf Hammock 
(Levy County) and e a s t  of Cedar Key 
u n t i l  about 1950 ( e - g . ,  Pearson 1954).  
Now i t  i s  widely thought  t h a t  a l l  
breeding popul a t i  ons have been ex t  i r- 
pated from nor thern  F lo r ida .  However, 
occasional  r e p o r t s  1 i ke t h e  conf i  rmed 
s i g h t i n g  near  t he  nor thern  edge of t h e  
Ocala National Fo re s t  (Table 12) and 
r e g u l a r  r e p o r t s  i n  t h e  1970's  and 
1980's in  and nea r  hydr ic  hammock on 
t h e  west bank of t h e  S t .  Johns River 
i n  Orange and Seminole Counties  ind i  - 
c a t e  t h a t  a few i n d i v i d u a l s  remain i n  
t h i s  h a b i t a t .  

Domestic hogs were f i r s t  introduced 
i n t o  F lo r ida  in  1539 by Hernando De 
Soto (Lewis 1907). Although now abun- 
dant  i n  hydr ic  hammock, f e r a l  hogs 
have n o t  been s tud i ed  t h e r e .  In South 
Carol i n a ,  f e r a l  hogs u s u a l l y  avoid 
s a l t  marsh but make heavy use of  
f r e s h -  and bracki  sh-water  marsh and o f  
cypress-gum swamps (except  dur ing  au- 
tumn); they  use upland pine h a b i t a t s  
i n  p ropo r t i on  t o  a v a i l  a b i l  i t y ,  and 
they use upland hardwood f o r e s t s  
l i g h t l y  except  when acorns  a r e  a v a i l -  
ab l e  (Wood and Brenneman 1980). Feral 
hogs feed  i n  oak s t ands  in  autumn and 
w in t e r  a s  long a s  acorns  a r e  a v a i l -  
ab l e ,  and a t  o t h e r  t imes they  feed on 
g r a s s e s ,  r o o t s ,  and t u b e r s  on t h e  mar- 
g i n s  of  marshes and swamps (Wood and 
Roark 1980). Where fewer h a b i t a t s  a r e  
p r e sen t  and ind iv idua l  hogs compete 
i n t e n s e l y  f o r  food (e .g . ,  on Ossabaw 
I s l and ,  Georg ia ) ,  f e r a l  hogs f r e -  
quent ly  use s a l t  marsh (Graves and 



Graves 1977). These observa t ions  sug- 
g e s t  t h a t  t h e  supply ;C r ias t ,  par t iiu- 
1 a r l y  acorns,  i s  a key resource  f o r  
f e r a l  hogs i n  hydr ic  hammock. In some 
seasons o r  during mast f a i l u r e s ,  r o o t s  
a r e  a d i e t a r y  s t a p l e ;  f e r a l  hogs a1 s o  
e a t  t r e e  s eed l ings ,  chewing t h e  r o o t s ,  
swallowing t h e  sap  and s t a r c h e s ,  and 
r e j e c t i n g  t h e  woody t i s s u e  (Wood and 
Roark 1980). This  d e s t r u c t i o n  of 
r o o t s  and s eed l ings  can d e t e r  f o r e s t  
regenera t ion .  Feral hogs a r e  i n t ense  
competi tors  with n a t i v e  wi?d: i fe  f o r  
t h e  supply of f a l l e n  mast.  During a 
yea r  of mast f a i l u r e ,  they  may have 
s e r i o u s  impacts on tu rkey ,  dee r ,  and 
( t o  a l e s s e r  e x t e n t )  bear  popula t ions .  

Whi te - ta i led  dee r  were s t ud i ed  i n  a 
very general  way i n  Gulf Hammock by 
Swi ndel 1 (1949). According t o  Bartram 
(1791) and e a r l y  r e s i d e n t s ,  dee r  were 
very abundant in  t h e  reg ion .  Market 
hunt ing was i n t ense  i n  t h e  l a t e  
1800's,  and by 1925 t h e  populat ion was 
so  reduced t h a t  s i g h t i n g s  of dee r  s i gn  
i n  Gulf Hammock were unusual.  Subse- 
quent ly  t h e  dee r  popul a t i o n  increased  
t o  an est imated 100-325 animals f o r  
t h e  e n t i r e  a r e a  by 1948-49. The l ega l  
harves t  t h a t  y e a r  was documented a s  
one dee r  per  900 a c r e s  of s u i t a b l e  
h a b i t a t .  Swindell  judged t h a t  hunting 
(which l e g a l l y  allowed harves t  of 
bucks only)  cont inued t o  be t h e  p r i -  

mary l i m i t i n g  f a c t o r ,  based on  t he  
pr-evai i ing b u c ~ : d o e  r a t l o  of 1:2.5 t o  
1:4,  wi th  i l l e g a l  " f i r e  h u n t i n g w  ( w i t h  
head1 i g h t s  a t  n i g h t )  a f  bo th  sexes ac-  
counting f o r  a t  l e a s t  25% of t h e  lega l  
ki 11 . Legal hunt ing  u sua l  1 y employed 
dogs; t h i s  method was v e r y  e f f e c t i v e  
and caused s u r v i v o r s  t o  abandon t h e i r  
home ranges temporari  l y  t o  move t o  r e -  
mote po r t i ons  of t h e  hammock. 
Swindell considered t h e  h a b i t a t  t o  be 
excel 1 e n t  i n  qua1 i  t y  b u t  underused by 
beer. Deer forayed rnaiiily i n  h j d r i c  
hammock in t h e  d r y  sp r ing t ime  and 
moved t o  t h e  h ighe r  mes ic  hammocks in  
summer when hydri  c hammock f 1 ooded . 
In autumn, d e e r  sought  a c o r n s  wherever 
they  occur red ,  p r e f e r r i n g  acorns  from 
l i v e  oak > swamp c h e s t n u t  oak > l au re l  
and water  oaks. Die t  o f  d e e r  in  t h e  
Gulf and Richloam Hammocks in  l a t e  
f a l l  and w in t e r  was 58% acorns ,  30% 
woody p l a n t s ,  6% f o r b s ,  and 6% mush- 
rooms (War1 ow 1965).  

Subsequently 122,000 a c r e s  of Gul f 
Hammock became t h e  Gulf  Hammock 
Wi ld l i f e  Management Area.  Ki 11 da t a  
from t h e  period 1953-56 i nd i ca t ed  a 
populat ion of 1 ,400  t o  1 ,800  deer  f o r  
t h e  a r e a .  Along wi th  an est imated 
3,000 c a t t l e  and 6,000 f e r a l  hogs, t he  
t o t a l  dens i t y  of  u n g u l a t e s  was approx- 
imately one per  11  acres--among the  
hezv i e s t  c o n c e n t r a t i o n s  i n  F l o r i d a  
(Harlow 1959). 
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R primawy v a l u e  of hydric  hanlmock~ 
f o r  wild1 i f e  i s  the  numerous t r e e  cav- 
i t i e s  used by many species of wi ld l i f e  
f o r  nesting or  cover. Den t r e e s  ( l i v e  
cavi ty-bearing t r e e s )  remain standing 
much longer (Carey 1983) than snags 
(dead cavity-bearing t r e e s ) .  In a 
survey of den t r e e s  in various habi- 
t a t s  in Florida and South Carolina, 
McComb e t  a ] .  (1986) found t h a t  old 
f o r e s t  stands (>60 years)  had 3 t o  20 
times more dens than in  young stands.  
The survey c l a s s i f i e d  f o r e s t  types 
in to  groups found in  both s t a t e s  
(hydric hammock does not occur in 
South Carol ina;  Florida hammmocks e i  - 
t h e r  were included in another group or 
were not sampled). The oak-tupelo- 
bald cypress and palm categories had 
respect ively  t h e  highest and second- 
highest number of den t r e e s  and dens 
among 12 f o r e s t  types i n  Florida.  
Loblolly pine planta t ions ,  t o  which 
hydric hammocks often are converted, 
had among the  lowest number of den 
t r e e s  and dens--roughly 10% as  many as 
in palm f o r e s t  and 5% as many a s  in 
oak-tupel o-bal d cypress f o r e s t .  

Another f ea tu re  of hydric hammock of 
g rea t  s ignif icance  t o  w i l d l i f e  i s  the 
abundance and character  of the  seeds 
and f r u i t s  i t  produces. Seasonally 
abundant seeds and f r u i t s  are  im- 
portant  sources of protein and phos- 
phorus (Short and Epps 1976), which 
frequently are  in 1 imited supply in 
forage ava i l ab le  in southern f o r e s t s  
(Bla i r  and Epps 1969). The phosphorus 
requirement in t h e  d i e t  of growing and 
developing wild turkeys i s  0.75%- 
0.80%, 1.0% for  the northern bobwhite, 
0.5% f o r  t r e e  s q u i r r e l s ,  and >0.25% 
f o r  whi t e - t a i  l ed  deer (Hal 1 s 1970). 
Average values show t h a t  legume seeds 

are the  best. source of both nu t r i en t s  
(31.2% and 0.54% of dry matter ,  r e -  
spect ively;  Short and Epps 1976), but 
the only common species  of legume in 
hydri c hammock i s  water 1 ocust ,  which 
occurs on the marsh edge of some 
stands.  Water locus t  seeds a re  con- 
sumed by black bears,  c a t t l e ,  and 
fe ra l  hogs. Numerous other  seeds, in-  
cluding those of pines and sweetgum, 
average lower in prote in  (17.6% of dry 
matter)  and phosphorus (0.37%) than 
legumes, but higher than acorns and 
f leshy and dr ied  f r u i t s .  Pine seeds 
are used by s q u i r r e l s  and apparently 
were a d i e t a r y  s t a p l e  of Carolina 
parakeets. Sweetgum seeds a r e  a main- 
s tay  f o r  overwintering American 
goldfinches. Dried f r u i t s ,  including 
the samaras of maple, elm, and ash, 
a lso  a re  intermediate in content  of 
prote in  (11.9% of dry  matter) and 
phosphorus (0.24%), and they a re  i m -  
portant  foods when f r e s h .  A t  t h a t  
time, they a re  heavily eaten by ani -  
mals such a s  the  northern cardinal  and 
gray squ i r re l  . However, when dr ied ,  
the high f i b e r  content  of these  seeds 
makes t h e i r  d i g e s t i b i l  i t y  very low. 
Despite r e l a t i v e l y  low content  of pro- 
t e i n  and phosphorus, acorns (5.9% and 
0.09% o f  dry mat ter ,  respect ively)  and 
f leshy f r u i t s  (8.4% and 0.22% of dry 
matter ,  respect ively)  a re  extremely 
valuable because of t h e i r  pal a t ab i l  - 
i t y ,  seasonal abundance, and accessi-  
b i l i t y  t o  a wide va r i e ty  of  wi ld l i f e  
species.  In p a r t i  cu1 a r ,  acorns are  
avai lable  f o r  a long period in autumn 
and winter .  Acorns and f leshy f r u i t s  
are  d i e t a r y  s t a p l e s  of numerous 
species of  b i rds  and mammals, includ- 
ing t h e  important game species (wild 
turkey,  gray s q u i r r e l ,  raccoon, black 
bear, f e r a l  hog, and whi te- ta i led  
deer) .  



Consumption o f  f l e s h y  f r u i t s  by r e s -  
i d e n t  and m ig ran t  b i r d s  has no t  been 
examined irl ityCir i~ i i a ~ t l t l t ~ ~ k ,  bu t  it has 
been s t u d i e d  i n  mesic hammock i n  
F l o r i d a  (Skeate 1987). Most species 
o f  f r u g i v o r o u s  b i r d s  a re  mutual i s t i c  
seed-di  spersers  ; o n l y  t h r e e  species 
( no r t he rn  c a r d i n a l ,  summer tanager,  
and rose-b reas ted  grosbeak, Pheuct icus 
7udovic ianus)  a r e  f r u i t  " t h i eves "  t h a t  
a t e  t h e  p u l p  and dropped t h e  seed, 
undi  spersed, be1 ow t h e  paren t  p l a n t .  
Consequent ly t h e  suppor t  o f  t h i s  seg- 
ment of  t h e  d v i f a u n a  has r e ~ i p r o ~ d l  
imp1 i c a t i  ons f o r  t h e  r ep roduc t i on  and 
r e s i l i e n c e  o f  a  subset o f  t h e  p l a n t  
community. I n  mesic hammock t h i s  mu- 
t u a l  ism i n v o l v e s  22 spec ies o f  b i r d s  
and 45 spec ies  o f  p l an t s ,  dominated by 
mig ran t  spec ies  o f  b i r d s  and p l a n t s  
t h a t  f r u i t  i n  f a l l  o r  f a l l  - t o - w i n t e r .  
The g r e a t e s t  p r o p o r t i o n s  o f  f r u i t s  are 
eaten by w i n t e r i n g  American r ob i ns  
(57%) and cedar waxwings (20%); t he  
g r e a t e s t  d i v e r s i t y  o f  f r u i t s  a r e  ea ten  
by w i n t e r i n g  r o b i n s  (18 spec ies)  and 
he rm i t  th rushes  (Catharus g u t t a t u s ,  16 
spec ies ) .  The pace o f  seed-d ispersa l  
quickens i n  September and October, be- 
g i n n i n g  w i t h  a r r i v a l  o f  f o u r  t r a n s i e n t  
species o f  thrushes and con t i nu i ng  
w i t h  t h e  a r r i v a l  o f  w i n t e r i n g  rob ins ,  
waxwings, h e r m i t  thrushes,  and ye1 1  ow- 
rumped wa rb l e r s  (F igure  39) .  By t he  
peak of seed-d ispersa l  a c t i v i t y  i n  De- 
cember, 28 spec ies o f  b i  r d - d i  spersed 
p l a n t s  a r e  i n  f r u i t ,  be ing  consumed by 
10 w i n t e r  and 4  year- round res i den t  
spec ies o f  b i r d .  Seed-di spersa l  ac- 
t i v i t y  d im in i shes  i n  March, and by 
A p r i l  -May o n l y  3 spec ies o f  b i r d - d i s -  
persed p l a n t s  a re  i n  f r u i t ,  and t he  
d i s p e r s e r  a s s o c i a t i o n  d imin ishes t o  4 
summer and 4  year- round res i den t  
spec ies o f  b i r d .  Th i s  f o r e s t  has p ro -  
p o r t i o n a t g l y  l e s s  summer f r u i t i n g  ( a  
t o t a l  o f  9 spec ies)  and more w i n t e r  
f r u i t i n g  (4  spec ies i n  a d d i t i o n  t o  t he  
19 f a l l - w i n t e r  f r u i t i n g  species) than 
i n  a  f o r e s t  i n  I l l i n o i s .  

Maintenance and e l a b o r a t i o n  o f  the  
a s s o c i a t i o n  o f  b i r d  and p l a n t  mu- 
t u a l i s t ~  i s  though t  t o  be d r i v e n  by a  
few p a i r s  o f  s t r o n g l y  i n t e r a c t i n g  
b i r d s  and p l a n t s  (Skeate 1987). These 
a re  t h e  veery (Catharus fuscescens) 
w i t h  V i r g i n i a  creeper  (Parthenocissus 

B I R D - F R U I T  D I S P E R S A L  IN H A M M O C K S  
1 

Figure 39. Phenology of bird diversity and abun- 
dance and the number of species of plants 
producing fruits edible to birds in a mesic ham- 
mock in San Felasco State Preserve, Alachua 
County, Florida (Skeate 1987). 

quinquefo7 i a )  , A r a l  i a  spinosa, and 
f l owe r i ng  dogwood (Cornus f 1 o r i d a )  ; 
rob ins  w i t h  dogwood, r ed  bay (Persea 
borbonia) ,  and c h e r r y  l a u r e l  (Prunus 
caro7 in iana)  ; and waxwings w i t h  
m i s t l e t o e  (Phoradendron serot inum) . 
A l l  these p l a n t s  p rov i de  e x c e l l e n t  
food because t h e i r  f r u i t s  a r e  unusu- 
a l l y  r i c h  i n  l i p i d s .  Consumption o f  



these  p r imary  d i e t a r y  i tems i n d i r e c t l y  
c..,, I uvors  seed dispersa: o f  o t h e r  specie: 
t h a t  are l e s s  common o r  have l e s s  r e -  
ward ing f r u i t s ,  because t h e  p r imary  
f r u g i v o r e s  have v a r i e d  d i e t s .  A t  t h e  
same t ime, l e s s  abundant o r  e f f e c t i v e  
spec ies o f  f r u g i v o r o u s  b i r d s ,  each 
w i t h  i t s  own v a r i e d  d i e t ,  a re  encour- 
aged i n  t h e  a s s o c i a t i o n  by t h e  p re -  
d i c t a b l y  t i m e l y  resource  o f  a  v a r i e t y  
o f  f r u i t s .  Wide-ranging spec ies o f  
p r imary  p l a n t s  w i t h  h igh-1  i p i d  f r u i t  
(creeper,  dogwood) supply  r n i g ra t i  ng 
f r u g i v o r e s  w i t h  a  high-qua1 i t y  supply  
o f  food con t i nuous l y  d u r i n g  m i g r a t i o n  
southward through t h e  A t l a n t i c  f lyway,  
and s i m i l a r  spec ies w i t h  ranges r e -  
s t r i c t e d  t o  t h e  southeastern Un i t ed  
S ta tes  o f f e r  resources t o  suppor t  t h e  
b i r d  popul a t i  ons d u r i n g  w i n t e r .  

Another mutual ism t h a t  may be impor- 
t a n t  i n  succession o r  i n vas i on  o f  hy-  
d r i c  hammock i s  an assoc i a t i on  o f  t r e e  
swa l l  ows and ye1 1 ow-rumped warb le rs  
w i t h  wax-myr t l  e  and a microorgani  sm 
( t h e  so i  1  b a c t e r i  um Frank ia )  . Th i s  
i n t e r a c t i o n  i s  impor tan t  because o f  
t h e  aggress ive p i onee r i ng  o f  wax- 
my r t l e ,  made p o s s i b l e  by t h e  n i t r o g e n -  
f i x i n g  o f  i t s  act inomycete-nodul a ted  
r o o t s ,  i t s  a l l e l o p a t h y  t o  young com- 
p e t  i t o r s ,  and i t s  broadcast  d i spe rsa l  
by l a r g e  f l o c k s  o f  ove rw in te r i ng ,  om- 
n ivo rous  b i r d s  (Schnoes and Humphrey 
1987). 

General i zed consumers (such as r a c -  
coons and bears)  and sca t t e r - hoa rde rs  
(such as b l u e  j a y s  and g ray  s q u i r r e l s )  
a l s o  are prominent  d i spe rse r s  o f  seeds 
o f  p l a n t s  o f  h y d r i c  hammock. 
Seedl ings o f  cabbage palm and red  bay 
have been observed growing i n  bear 

sca ts  (Maehr 1984).  The d i v e r s i t y  o f  
drupes and herrips eaten bv bears and 
raccoons suggests t h e  s i z e  o f  t h e  as-  
sembl age o f  mutual i s t s  i nvo l ved .  A1 - 
though general  i z e d  consumers u s u a l l y  
k i l l  nu ts  by e a t i n g  them and hence do 
n o t  b e n e f i t  oak t r e e s ,  acorns nonethe- 
l e s s  a re  c r u c i a l  t o  t h e  i n t e r a c t i v e  
r o l e s  o f  genera l  i zed consumers by a t  - 
t r a c t i n g  them t o  t h e  s i t e s  where d r u -  
pes and b e r r i e s  a l s o  a re  ea ten  and 
d ispersed.  I n  c o n t r a s t ,  j a y s  and 
s q u i r r e l  s  s t o r e  n u t s  ( espec i a l  1 y 
acorns) i n d i v i d u a l l y  i n  t h e  s o i l  f o r  
1  a t e r  consumption. Nuts  f o r g o t t e n  o r  
l e f t  because o f  death o r  depar tu re  o f  
t h e  consumer c o n t r i b u t e  t o  reproduc-  
t i o n  o f  t h e  mature f o r e s t  o r  succes- 
s i on  a f t e r  d i s tu rbance  o r  lumber ing o f  
t h e  f o r e s t .  

The d i v e r s i t y  o f  mast -produc ing 
spec ies i n  southern f o r e s t s  produces a 
composite phenol ogy y i e l d i n g  food  
year- round f o r  gene ra l i zed  consumers 
capable o f  e a t i n g  bo th  hard and s o f t  
mast ( H a r r i s  e t  a7. 1979). However, 
t h e  c o n t i n u i t y  o f  t h i s  supply  i s  i n -  
complete w i t h i n  s p e c i f i c  t ypes  o f  f o r -  
e s t .  For example, l i t t l e  hard  mast i s  
produced i n  h y d r i c  hammock i n  w i n t e r ,  
and d u r a t i o n  o f  t h e  h i a t u s  between 
consumption o f  t h e  l a s t  acorns and 
a v a i l a b i l i t y  o f  t h e  f i r s t  elm and 
maple seeds v a r i e s  accord ing  t o  t h e  
volume o f  t h e  year ' s  acorn crop.  To 
b r i d g e  d i s c o n t i n u i t i e s  i n  t h e  seasonal 
food supply,  j u x t a p o s i t i o n  o r  i n t e r -  
spers ion  o f  two o r  more types o f  f o r -  
e s t  i s  c r i t i c a l l y  impo r t an t  t o  many 
mob i l e  o r  l a r g e  spec ies o f  w i l d 1  i f e  
t h a t  move t c  f i n d  food. Documented 
examples a re  g i ven  i n  t h e  d i s cuss i on  
o f  i n d i v i d u a l  spec ies o f  mammals and 
b i r d s ,  Chapter 4 .  



CHAPTER 6. LINKAGES WITH OTHER ECOSYSTEMS 

Hydric hammocks are interconnected 
with up1 and and downs1 ope communi t i  es 
by flows of water and movements of an- 
imal s .  Because of high ground-water 
level and, sometimes, discharge from 
deep aquifers ,  a hammock may be con- 
nected t o  recharge areas,  such as the 
sandy uplands of the central Florida 
ridge, which a re  located f a r  beyond 
the watershed defined by surface 
drainage. Hydric hammocks often in- 
tercept  surface and ground water be- 
fore i t  enters  r ive rs  and es tuar ies ,  
perhaps a l t e r ing  the pattern and qual- 
i t y  of flow. Some animals merely pass 
through hydric hammocks en route to  
preferred hab i ta t ,  but fo r  others,  
t h i s  forested wetland provides c r i t i -  
cal she l te r  and food during part of 
t h e i r  l i f e  cycles. Movements of ani- 
mals, and t h e i r  transport  of f r u i t s  
and seeds, 1 ink both the  plant and an- 
imal components of hydric hammocks to 
adjacent and d i s tan t  communities, 

6.1 WITH ESTUARIES 

The extensive band of hydric ham- 
mocks along the gulf coast of Florida 
(Figure 1 )  l inks  upland and s a l t  
marsh/estuarine systems. The most irn- 
por.tant feature  of t h i s  coupling i s  
the modification, by passage of water 
through hydric hammock, of the quan- 
t i t y ,  timing, and quali ty of freshwa- 
t e r  tha t  reaches the estuaries.  
Changes in one o r  more of these param- 
e t e r s  can great ly  a l t e r  estuarine 
s t ructure  and productivity. 

The flow of freshwater into es- 
tua r ies  has numerous consequences 
(Snedaker and deSylva 1977), of which 
the major ones are the  reduction of 
sal in i  ty ;  the  induction of freshwater 

and saltwater mixing; the  establish- 
ment of horizontal and vertical  gradi - 
ents of sa l in i ty ;  and the addition of 
nutrients,  dissolved and par t icula te  
organic matter, and sediments derived 
from the watershed. The quantity and 
timing of freshwater del ivery deter-  
mine, in par t ,  seasonal changes i n  
physico-chemical regimes that  in turn 
are ref lected in regular patterns of 
estuarine use by animals. Year-round 
inhabitants, mainly invertebrates,  are 
plent i ful ,  but the  great  number and 
variety of part-time residents d i s t i n -  
guish es tuar ies .  In the southeastern 
United States ,  most f i sh  and inverte- 
brate species of commerci a1 importance 
use es tuar ies  and t he i r  fr inging s a l t  
marshes as nurseries,  entering and 
leaving the shallow waters in a regu- 
l a r  seasonal progression from 1 a te  
f a l l  through ear ly  summer (Sheridan 
and Livingston 1979; Rogers e t  a ] .  
1984). Temporal and spati  a1 di  s t r ibu-  
t ions of species within es tuar ies  are 
associated with physico-chemical and 
biot ic  factors ,  many of which are in- 
f l  uenced by freshwater inflow (e .g. ,  
sal in i  t y  and food avai labi l i ty)  . In 
coastal waters, annual freshwater in- 
put i s correlated with production of 
some invertebrate and f ish  species, 
but the  mechanisms generally are not 
well understood (Meeter et  a 7 .  1979; 
Sincla i r  et  a7. 1986). The e f fec t  of 
freshwater discharge on the abundance 
o f  oysters i s  mediated by changes in 
s a l i n i t y .  The optimal s a l i n i t y  range 
fo r  oyster growth in Apalachicola Bay 
i s  15%-25%, but a more important role  
of s a l i n i t y  i s  indirect  in t ha t  low 
sal in i  t y  excludes important predators 
of oysters (Menzel e t  a 7 .  1966). 

How forested wet1 ands influence the  
delivery of freshwater to  es tuar ies  



can be inferred from the consequences 
o f  timber harvesting in swamps within 
the drainage area of Apalachicola Bay, 
in northwestern Florida (Livingston 
and Duncan 1979). Normally the  
Apal achicola River's flow into  the bay 
peaks in winter-spring, whereas 1 ocal 
ra in fa l l  i s  highest in summer. The 
discrepancy in seasonal patterns of 
r ive r  flow and ra in fa l l  i s  due t o  the  
higher evapotranspiration of watershed 
vegetation in summer. In contras t ,  
runoff from clearcut swamps i s  pulsed 
and timed with bouts of rain.  Hydric 
hammocks also are  l ike ly  to s t ab i l i z e  
the timing of freshwater inflow t o  ad- 
joining es tuar ies  and to  attenuate 
peak flows t ha t ,  unchecked, cause 
abrupt changes i n  sal ini ty .  How 
forested wetl ands influence the qua1 - 
i t y  of freshwater inflow to  es tuar ies  
i s  l e s s  c lear .  Both the magnitude and 
timing of flooding a f fec t  the amounts 
and forms of materials transported 
from forested wetl ands to es tuar ies  
(Livingston 1984). Nutrient and pol - 
lu tant  assimilation by wetlands i s  en- 
hanced by slow passage of water over 
these f l a t ,  densely vegetated areas.  
On the other hand, materials can be 
transferred from wetl ands to  receiving 
waters during periods of high flow. A 
strong posit ive correl ation between 
r a t e  of flow and concentration of de- 
t r i t u s  was observed during winter and 
spring in the lower Apalachicola River 
(Livingston 1984). No correlation was 
found in summer; then, even occasional 
high flows contained low levels of de- 
t r i  tus.  Particulate organic matter 
was transferred from the floodplain t o  
the estuary primarily during winter 
and spring floods because r i ve r  flow 
ra tes  were high and because the  floods 
occurred soon a f t e r  the  1 i t t e r - f a l l  
peak (Elder and Cairns 1982). Consid- 
ered over an annual cycle, the  flood- 
plain fo res t  of the Apal achicol a River 
exported nutrients t o  the estuary 
(Mattraw and Elder 1982). Hydric ham- 
mock i s  flooded less  frequently and 
severely than r i  ver-dominated flood- 
plain fores t ,  so net export of n u -  
t r i e n t s  i s  l ike ly  t o  be small. Floods 
due t o  hurricanes may occasionally 
flush de t r i tus  from coastal hydric 
hammocks into  es tuar ies ,  a1 though 
t he i r  timing ( l a t e  summer) i s  such 

that  the standing crop of l i t t e r  ,is 
l ikely  to  be small. 

6.2 WITH ADJACENT AND DISTANT HABITATS 

Many kinds of animals move among 
habitats t o  find essent i a1 support 
during the annual cycle o r  in d i f f e r -  
ent stages of t h e i r  l i f e  cycles.  Lo- 
cal movements of resident animal s 
within t he i r  home ranges can l i nk  hy- 
dric hammock w i t h  iipsl ope h a b i t a t s .  
However, t h i s  phenomenon has seldom 
been documented because of the paucity 
of research on animals inhabit ing hy- 
d r ic  hammocks. The repor ts  of move- 
ments of eastern indigo snakes between 
hydri c hammocks and cl  earcuts  [Mol e r  
19851 and of seasonal s h i f t s  in den- 
s i  ty  of gray squirrel  s between hydri c 
and mesic hammock (Jennings 1951) are 
exceptions tha t  prove the  ru le .  

Longer movements of non-sedentary 
passerine birds t ha t  spend much of the 
winter in hydric hammock likewise l ink 
t h i s  habitat  with upland fo res t s  in 
Florida. While on winter range, these 
birds are nomadic and non-specific in 
the i r  habitat  requirements. In l a t e  
winter and ea r ly  spring, large numbers 
of normally forest-dwel 1 i ng passeri nes 
appear in various upland and disturbed 
habi ta ts  to  take advantage of isolated 
and newly avai 1 able food resources. 
Unfortunately, t h i s  movement i s  so 
complex and var iable  among places and 
years as t o  seem chaotic;  i t  probably 
will never be documented adequately 
without a massive investment of fund- 
ing f o r  research. Some of the most 
common species involved are seed-di s -  
persi ng mutual i sts ( t r e e  swallow, 
cedar waxwing, American robin, ye1 1 ow- 
rumped warbler) ; t h i s  l inkage presum- 
ably a lso  maintains s im i l a r i t i e s  in 
composition of the  various plant 
communities. 

Finally,  long-distance, seasonal mi - 
grations of these same species between 
breeding and non-breeding ranges 
(Figure 40) 1 ink otherwise unrelated 
habi ta ts  through support of t he  birds 
over t h e i r  annual reproductive cycles. 
Especially fo r  strongly mutualist ic 
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species, these l inkages se t  up i n t e r -  
dependencies, the scope o f  which can 
only d imly be envisaged. The t r e e  
swall ow, f o r  example, i s omnivorous 
dur ing w in ter  and s t r i k i n g l y  involved 
i n  p lan t  succession of F lo r i da  habi - 
t a t s  because o f  i t s  great  numbers and 
wide d ispersal  o f  seeds o f  t he  p io -  
neering wax-myrtle. On breeding 
range, the t r e e  swallow populat ion i s  
l i m i t e d  by a dec l i n ing  resource, cav i -  
t i e s  made i n  t rees by other  animals 
(Erskine 1979). Possib ly  a dec l ine  i n  
nest ing of t r ee  swallows i n  eastern 
North America may a f f e c t  succession of 
hydr i  c hammocks. 

Figure 40. Breeding and winter ranges of  
selected migrant birds that live in hydric ham- 
mock for part of the year: (a) American swallow- 
tailed kite; (b) tree swallow; (c) hermit thrush; (d) 
American robin; (e)cedarwaxwing; and (f) yellow- 
rumped warbler. 
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