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PREFACE 

This profile of the mangrove commun- and Tarpon Springs on the west. Refer- 
ity of south Florida is one i n  a series ences are provided for those seeking 
of community profiles which treat  coastal in-depth treatment o f  a specific facet of 
and marine habitats important to man. The mangrove ecology. The format, s tyle,  and 
obvious work that rrtangrove communities do level of presentation make this synthesis 
for man includes the stabilization and report adaptable t o  a diversity o f  needs 
protection of shorelines; the creation and such as the preparation of environmental 
maintenance of habitat for a great number assessment reports, supple men tar^ reading 
of animals, many of which are either in marine science courses, and the devel- 
endangered or have commercial value; and opment of a sense of the importance o f  
the provision of the basis of a food web this resource to those citizens who 
whose final products include a seafood control i t s  fate. 
smorgasbord of oys ters , crabs, 1 obs t e n ,  
shrimp, and fish. Less tangible b u t  Any questions or comments about or 
equally important benefits include wilder- requests for this pub1 ication should be 
ness, aesthetic and l i fe  support consider- directed to: 
ations. 

The information on these pages can Information Transfer Special is  t 
give a basic understanding of the mangrove National Coastal Ecosys terns Team 
cornunity and i t s  role in the regional U.S. Fish and Wildlife Service 
ecosystem of south Florida. The primary NASA-Sl i del7 Computer Camplex 
geographic area covered lies along the 1010 Gause Boulevard 
coast between Cape Canaveral on the east Slide1 1, Louisiana 70458 
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CHAPTER 1 .  INTRODUCTION 

1.1 "MANGROVE" DEFINITION 

The t e r m  "mangrove" exp resses  t w o  
d i s t i n c t l y  d i f f e r e n t  concepts. One usage 
r e f e r s  t o  ha lophyt ic  species o f  t r e e s  and 
shrubs  (ha1 ophy te  = p l a n t  g r o w i n g  i n  
s a l i n e  s o i  1 ). I n  t h i s  sense, mangrove i s  
a ca tch -a1  1 ,  b o t a n i c a l l y  d i v e r s e ,  non- 
taxonomic expression given t o  approximate- 
l y  12 f a m i l i e s  and more t h a n  50 spec ies  
(Chapman 1970) o f  t r o p i c a l  t r e e s  and  
shrubs  (see Waise l  1972 f o r  a d e t a i l e d  
1 i st) .  Whi l e  n o t  n e c e s s a r i  l y  c l  o s e l y  
r e l a t e d ,  a l l  t h e s e  p l a n t s  a r e  adapted t o  
(1) l oose ,  wet  s o i l s ,  (2) a sa l l 'ne  hab i  - 
t a t ,  (3) p e r i o d i c  t i d a l  submergence, and 
(4) usua l l y  have degrees o f  v i v i p a r i t y  o f  
propaqul es (see sec t ion  2.3 f o r  d iscussion 
o f  " v i v i p a r i t y "  and "propagu l  es"). 

The second usage o f  the  te rm mangrove 
encompasses t h e  e n t i r e  p l a n t  communi ty  
i n c l u d i n g  i n d i v i d u a l  mangrove species.  
Synonymous t e r m s  i n c l u d e  t i d a l  f o r e s t ,  
t i d a l  swamp f o r e s t ,  mangrove communi ty ,  
mangrove ecosystem, mangal (Macnae 1968), 
and mangrove swamp. 

For consistency, i n  t h i s  p u b l i c a t i o n  
we w i l l  use the  word "mangrove" f o r  i n d i -  
v idua l  k inds  o f  trees; mangrove community, 
mangrove ecosystem o r  mangrove f o r e s t  w i l l  
r e p r e s e n t  t h e  e n t i r e  assemblage o f  "man- 
groves". 

temperatures below f reez ing  for any l eng th  
o f  t ime.  C e r t a i n  spec ies ,  f o r  example,  
b l a c k  mangrove, Avi  c e n n i a  qerminans,  on 
t h e  no r the rn  coast o f  the  Gul f  o f  Mexico, 
m a i n t a i n  a semi-permanent  shrub f o r m  by 
g r o w i n g  back f r o m  t h e  r o o t s  a f t e r  f r e e z e  
damage . 

Lugo and Zucca (1977)  d i s c u s s  t h e  
impact o f  low temperature s t ress  on F l o r i -  
da mangroves. They found t h a t  mangrove 
communit ies respond t o  temperature s t ress  
by  d e c r e a s i n g  s t r u c t u r a l  complexi ty  (de- 
c reased  t r e e  h e i g h t ,  decreased 1 e a f  a rea  
i ndex, decreased l e a f  s i  ze, and increased 
t r e e  d e n s i t y ) .  They conc luded t h a t  man- 
groves  g r o w i n g  under c o n d i t i o n s  o f  h i g h  
s o i l  s a l i n i t y  s t ress are l ess  t o l e r a n t  of 
l o w  temperatures. Presumably, o ther  types 
o f  s t r e s s  (e.g., po l l u tan ts ,  d i k i ng )  cou ld  
reduce  t h e  t e m p e r a t u r e  to le rance o f  man- 
groves. 

H i g h  w a t e r  t e m p e r a t u r e s  can a l s o  be 
l i m i t i n g .  M c M i l l  an (1 971) r e p o r t e d  t h a t  
seed l ings  o f  black mangrove were k i l l e d  by 
t e m z e r a t u r e s  o f  39' t o  4 0 ' ~  ( 1 0 2 ~  t o  
104 F) a1 though es tab l ished seedl ings and 
t rees  were not damaged. To our knowledge, 
upper  t e m p e r a t u r e  t o l e r a n c e s  f o r  a d u l t  
mangroves are not w e l l  known, We suspect 
t h a t  w a t e r  t e m p e r a t u r e s  Sn t h e  range 42' 
t o  4 5 ' ~  ( 1 0 7 ~  t o  113°F) may be l i m i t i n g ,  

S a l t  Water 
1.2 FACTORS CONTROLLING MANGROVE DISTRI- 
BUTION 

Four  m a j o r  f a c t o r s  appear t o  l i m i t  
the d i s t r i b u t i o n  o f  mangroves and d e t e r -  
mine t h e  e x t e n t  o f  mangrove ecosys tem 
deve l  opment. These f a c t o r s  i nc?  ude (1) 
c l i m a t e ,  (2)  s a l t  wa te r ,  (3 )  t i d a l  f l u c -  
tua t ion ,  and (4) substrate. 

Cl imate 

Mangroves a re  t r o p i c a l  spec ies  and 
do n o t  deve lop  s a t i s f a c t o r i l y  i n  r e g i o n s  
where t h e  ailnual averaqe t e m p e r a t u r e  4 s  
b e l o w  19% o r  6 6 ' ~  ( W a i s e l  19721, 
Normally, they do not t o l e r a t e  temperature 
f l u c t u a t i o n s  exceed ing  10% ( 1 8 O ~ )  o r  

M a n g r o v e s  a r e  F a c u l t a t i v e  h a l o -  
phytes, i.e., s a l t  water i s  not a phys ica l  
requirement (Bowman 191 7; Egl e r  1948), I n  
f a c t ,  m o s t  mangroves  a r e  c a p a b l e  o f  
g r o w i n g  q u i t e  w e l l  i n  f r e s h w a t e r  (Teas 
l 979). It i s  i m p o r t a n t  t o  note,  however, 
t h a t  mangrove ecosystems do not develop i n  
s t r i c t l y  f reshwater  esrvi ronments; f a l  iarity 
i s  impor tan t  i n  reducing compet i t ion  f ram 
a t h e r  v a s c u l  a r  p1 a n t  spec? es (Kuenz le r  
1974). See sec t ion  2,2 about  s a l i n i t y  
t o 1  erance o f  mangrove species. 

Tida l  F?u t tua t i an  

While  t i d a l  i n f l u e n c e  i s  n o t  a 
e l l  r e c t  p h y s i o l o g f  c a r  r e q u i  remkin t  f o r  



mangroves, i t plays an impor tan t  i n d i  r e c t  
r o l e .  F i r s t ,  t i d a l  s t r e s s  (a1 t e r n a t e  
w e t t i n g  and drying), i n  combination w i t h  
s a l i n i t y ,  h e l p s  e x c l u d e  m o s t  o t h e r  
vascul a r  p lan ts  and thus reduces competi - 
t ion .  Second, i n  c e r t a i n  loca t ions ,  t i d e s  
b r i n g  s a l t  w a t e r  up t h e  e s t u a r y  a g a i n s t  
the  outward f l o w  o f  f reshwater  and a l l o w  
mangroves t o  become e s t a b l i s h e d  we1 1 
i n l a n d .  T h i r d ,  t i d e s  may t r a n s p o r t  
n u t r i e n t s  and r e l a t i v e 1  y  c lean water i n t o  
mangrove ecosystems and e x p o r t  accumul a -  
t i o n s  o f  organic carbon and reduced s u l f u r  
compounds. Fou r th ,  i n  a reas  w i t h  h i g h  
evaporat ion rates, the  ac t i on  o f  t he  t i d e s  
h e l p s  t o  p r e v e n t  s o i l  s a l i n i t i e s  f r o m  
r e a c h i n g  c o n c e n t r a t i o n s  wh ich  m i g h t  be 
l e t h a l  t o  mangroves. F i f t h ,  t i d e s  a id  i n  
t h e  d i s p e r s a l  o f  mangrove propagules and 
d e t r i t u s .  

Because o f  a11 o f  t h e s e  f a c t o r s ,  
termed t i d a l  subsid ies by E.P. Odum 
(1 971 ), mangrove ecosystems tend t o  reach 
t h e i r  g r e a t e s t  deve lopment  around t h e  
wor ld  i n  l o w - l y i n g  regions w i t h  r e l a t i v e l y  
l a r g e  t i d a l  ranges. Other types o f  water  
f?  u c t u a t i o n ,  e,g., seasonal  v a r i a t i o n  i n  
f reshwater  r u n o f f  f r o m  t h e  F l o r i d a  Eve r -  
glades, can prov ide  s i  m i  l a r  subsidies. 

Substrate and Wave Energy 

Mangroves grow b e s t  i n  depos i t iona l  
environments w i t h  low wave energy. High 
wave energy  p r e v e n t s  e s t a b l i s h m e n t  o f  
propagules, destroys t h e  r e l a t i v e l y  shal-  
l ow  mangrove r o o t  system and prevents t h e  
accumulat ion o f  f i n e  sediments, The most 
p r o d u c t i v e  mangrove ecosystems deve l  op 
alonq d e l t a i c  coasts o r  i n  es tua r ies  t h a t  
have f i n e - g r a i  ned muds composed o f  s i  It, 
c l a y  and a  h i g h  pe rcen tage  o f  o r g a n i c  
m a t t e r .  A n a e r o b i c  sed i  ments pose no 
p rob lems  f a r  mangroves (see s e c t i o n  2.7) 
a n d  e x c f  u d e  c o m p e t i n g  v a s c u l a r  p l a n t  
species, 

1,s GEOGRAPHICAL DISTRIBUTION 

Mangroves dom'inate approxi matety 75% 
o f  "Le world's t rop- ica l  coas t l i ne  between 
2 5 ' ~  and 2 5 " ~  ' t a t i  t u d e  (McGi 11 1959). On 

t h e  east coast o f  A f r ica ,  i n  A u s t r a l i a  and 
i n  New Zealand, t h e y  ex tend  10' t o  15O 
f a r t h e r  s o u t h  ( K u e n z l e r  1974) and i n  
Japan, F l o r i d a ,  Bermuda, and t h e  Red Sea 
they  extend 5' t o  7' f a r t h e r  north. These 
areas  o f  ex tended range g e n e r a l l y  o c c u r  
where oceanograph ic  c o n d i t i o n s  move un- 
usua l l y  warm water away from t h e  equator. 

Although c e r t a i n  regions such as the  
t r o p i c a l  I n d o - P a c i f i c  have as many as 30 
t o  40 s p e c i e s  o f  mangroves p resen t ,  o n l y  
t h r e e  s p e c i e s  a r e  found i n  F l o r i d a :  t h e  
red mangrove, Rhi zophora mangle, the black 
mangrove, A v i c e n n i a  germinans,  and t h e  
wh i te  mangrove, Laguncularia racemosa. A 
f o u r t h  spec ies ,  bu t tonwood,  Conocar us 
e r e c t a ,  i s  n o t  a  t r u e  mangrove + no t e n -  
dency t o  v i  v i p a r y  o r  r o o t  m o d i f i c a t i o n ) ,  
bu t  i s  an impor tan t  species i n  t he  t r a n s i -  
t i o n  zone on t h e  up land  edge o f  mangrove 
ecosystems (Tom1 i nson 1980). 

The ranges o f  mangrove spec ies  i n  
F l o r i d a  have f l u c t u a t e d  ove r  t h e  p a s t  
several centur ies  i n  response t o  r e l a t i v e -  
l y  short - term c l i m a t i c  change. Current1 y, 
t h e  s i t u a t i o n  i s  as f o l l o w s  ( F i g u r e  1). 
The r e d  mangrove and t h e  w h i t e  mangrove 
have been r e p o r t e d  as f a r  n o r t h  as Cedar 
Key on t h e  west  c o a s t  o f  F l o r i d a  (Rehm 
1976) and no r th  o f  t h e  Ponce de Leon I n l e t  
on t h e  e a s t  c o a s t  (Teas 1977); b o t h  o f  
these extremes 1 i e  a t  approximately 2g01 0' 
N l a t i t u d e .  S ign i f i can t  stands l i e  south 
o f  Cape Canaveral  on t h e  eas t  coas t  and 
Tarpon S p r i n g s  on t h e  west  coast .  The 
b l a c k  mangrove has been r e p o r t e d  as f a r  
n o r t h  as 3 0 ' ~  l a t i t u d e  on t h e  e a s t  c o a s t  
o f  F l o r i d a  (Savage 1972) and as scat te red 
sh rubs  a l o n g  t h e  n o r t h  c o a s t  o f  t h e  G u l f  
o f  Hexi co. 

I n t e r t i d a l  D i s t r i b u t i o n  

The g e n e r a l i z e d  d i  s t r j  b u t i  on o f  t h e  
red and black mangrove i n  r e l a t i o n  t o  t he  
i n t e r t j d a l  zone i s  shown i n  F i g u r e  2a. 
Loca l  v a r i a t i o n s  and e x c e p t i o n s  t o  t h i s  
p a t t e r n  occu r  commonly i n  response t o  
l o c a l i z e d  d i f f e r e n c e s  i n  s u b s t r a t e  t y p e  
and e l e v a t i o n ,  r a t e s  o f  sea l e v e l  r i s e ,  
and a v a r l e t y  o f  o t h e r  f a c t o r s  (see sec-  
t i o n  3-2 For a fu7 1 d iscussion of' mangrove 
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Figure 1.  Approximate northern 1 i m l  t s  f o r  t h e  red mangrove ( R ]  , black mangrove 
(B), and w h i t e  mangrove ( W )  i n  F l o r i d a  (based on Savage 1972) ;  d l t h o u g h  n o t  i n -  
d i c a t e d  i n  t h e  f i g u r e ,  t h e  b l a c k  mangrove extends along the  northern G u l f  a f  Mex- 
i c o  as scztterec! sb-rub%, 
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FSgure 2 ,  ( a )  W typlcal  in te r t ida l  profif e from s o u t h  F l o r i d a  showing the d i s -  
tributlsn of red and b lack  mangrove (adapted from Provos t  1974).  ( b )  The pat- 
t e r n  of annual sea level change i n  south F l o r i d a  (Mfamf)  (adapted from Provos t  
1974),  



zonat ion) .  Fu r the rmore ,  i t  i s  i m p o r t a n t  
t o  r e c o g n i z e  t h a t  t h e  i n t e r t i d a l  zone i n  
most  p a r t s  o f  F l o r i d a  changes seasonal ly 
(P rovos t  1974); t h e r e  i s  a  tendency f o r  
sea l e v e l  t o  be h igher  i n  the f a l l  than i n  
t h e  s p r i n g  ( F i g u r e  2b). As a  r e s u l t  t h e  
"high marsh" may remain t o t a l l y  dry dur ing  
the  spr ing  and be c o n t i n u a l l y  submerged i n  
t he  autumn. This phenomenon f u r t h e r  com- 
p l  i c a t e s  t h e  t e x t b o o k  concept  o f  t h e  i n -  
t e r t i d a l ,  " low marsh" red  mangrove and the  
i n f r e q u e n t l y  f l ooded ,  " h i g h  marsh" b l a c k  
mangrove. 

Mangrove Acreage i n  F l o r i d a  

E s t i m a t e s  o f  t h e  t o t a l  a c r e a g e  
o c c u p i e d  b y  m a n g r o v e  c o m m u n i t i e s  i n  
F l o r i d a  vary w ide ly  between 430,000 acres 
and over 500,000 acres (174,000 ha t o  over 
202,000 ha).  E r i c  H e a l d  ( T r o p i c a l  
B io indus t r i es ,  9869 Fern St., Miami, Fla.; 
p e r s o n a l  c o m m u n i c a t i o n  1 9 8 1 )  h a s  
i d e n t i f i e d  several reasons f o r  the  l ack  o f  
a g r e e m e n t  b e t w e e n  e s t i m a t e s .  These 
i n c l u d e :  (1)  i n c l u s i o n  o r  e x c l u s i o n  i n  
su rveys  o f  s m a l l  bays, ponds and c r e e k s  
w h i c h  occu r  w i t h i n  mangrove f o r e s t s ,  (2) 
i n c o r r e c t  i dent i  f i  c a t i  on o f  mangrove areas 
f r o m  a e r i a l  photography as a  r e s u l t  o f  
i nadequa te  " g r o u n d - t r u t h "  o b s e r v a t i o n s ,  
poor1 y con t ro l  1  ed ae r i  a1 photography, and 
s i  mp l  e  e r r o r s  o f  p l  a n i  m e t r y  caused b y  
photography o f  inadequate scale. 

The t w o  most  d e t a i l e d  e s t i m a t e s  o f  
a rea covered by mangroves i n  F l o r i d a  a r e  
provided by the Coastal Coordinat ing Coun- 
c i l ,  S t a t e  o f  Ff o r i d a  (1974) and R i rnhak  
and Growder (1974). C o n s i d e r a b l e  d i f -  
ferences ex3 s t  bet ween the  two  e s t i  mates, 
The e s t i m a t e  o f  B i  r n h a k  and C r o w d e r  
(1974), which i s  l i m i t e d  t o  c e r t a i n  areas 
o f  south F lor ida ,  appears t o  be u n r e a l i s -  
t i c a l l y  h i g h ,  p a r t i c u l a r l y  f o r  Monroe 
County (E r i c  Heal d, personal communication 
1981). C o a s t a l  C o o r d i n a t i n g  C o u n c i l  
( '1914) est imates a  t o t a l  o f  469,000 acres 
(190,000 ha) w i t h i n  t h e  State and suggests 
an expec ted  m a r g i n  o f  e r r o r  o f  15% (i.e. 
the4 r e s t i m a t e  l i e s  between 400,000 and 
540,000 a c r e s  o r  162,000 and 219,800 ha). 

A c c o r d i n g  t o  t h i s  survey,  n i n e t y  p e r c e n t  
o f  F l o r i d a "  mangroves are loca ted i n  t h e  
f o u r  s o u t h e r n  c o u n t i e s  o f  Lee (35,000 
acres or  14,000 ha), C o l l i e r  (72,000 acres 
o r  29,000 ha), Monroe (234,000 acres  o r  
95,000 ha), and Dade (81,000 ac res  o r  
33,000 ha). 

Much of t h e  area covered by mangroves 
i n  F l o r i d a  i s  p resen t l y  owned by Federal, 
S t a t e  o r  County governments, o r  by non- 
p r o f i t  o rgan iza t ions  such as the  Nat ional  
Audubon Soc ie t y .  A p p r o x i m a t e l y  280,000 
acres (113,000 ha) fa11 i n t o  t h i s  category 
(E r i c  Heal d, personal communication 1981). 
M o s t  o f  t h i s  a c r e a g e  i s  h e l d  by t h e  
Federal Government as a  r e s u l t  o f  t he  l and  
b e i n g  i n c l u d i n g  w i t h i n  t h e  Eve rg lades  
Nat i onal  Park. 

1.4 MANGROVE SPECIES DESCRIPTIONS 

The f o l l o w i n g  d e s c r i p t i o n s  come 
l a r g e l y  f r o m  C a r l t o n  (1975) and Savage 
(1972); see these pub l i ca t i ons  f o r  f u r t h e r  
c o m m e n t s  and p h o t o g r a p h s .  F o r  m o r e  
d e t a i l e d  desc r i p t i ons  o f  germinat ing seeds 
( p r o p a g u f e s )  see s e c t i o n  2.3. The t h r e e  
species are  shown i n  F igure  3, 

The B lack  Mangrove (Avicennia srminaans) 

A v i  c e n n i a  germ4 nans i s  synonymous 
w i t h  A, n i t i c l a  and i s  a  member o f  t h e  
f a m i  l v  Av icenn iaceae  ( f o r m e r l y  c l a s s e d  
under -~erbenaeeae), The t r e e  may reach a  
he igh t  o f  20 rn (64 f t j  and has dark, sca l y  
b a r k .  L e a v e s  a r e  5 t o  10  cm ( 2  t o  4 
i n c h e s )  i n  l e n g t h ,  n a r r o w l y  e l l i p t i c  o r  
oblong, shiny green above and covered w i t h  
shor t ,  dense h a i r s  below, The leaves are  
f requent1  y encrusted w i t h  sal t ,  This t r e e  
i s  c h a r a c t e r i z e d  by long h o ~ i z o n t a f  o r  
"cable" roo ts  w i t h  shor t  v e r t i c a l  ae ra t i ng  
branches (pneumatophores) t h a t  p r o f u s e l y  
p e n e t r a t e  t h e  s u b s t r a t e  be low  t h e  t ree .  
Propagu' les a r e  S i  ma-bean shaped, da rk  
g r e e n  w h i l e  on the  t r e e ,  and s e v e r a l  
c e n t i m e t e r s  (1 i n c h )  l o n g .  The t r e e  
flowers i n  sp r i ng  and e a r l y  summer. 
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Black Mangrove, Av icenn ia  germinans 

White Mangrove, Laguncul a r j a  racemosa 

Red Mangrove, Fjhizophora mangle 

Figure 3.  Three species sf  F lor ida  mangroves w i t h  propagules ,  f l s w e r s ,  and leaves. 



The White Mangrove (Lagunculari  a racemosa) 

The w h i t e  mangrove i s  one o f  450 
s p e c i e s  o f  p1ant.s i n  18 genera o f  t h e  
f a m i l y  Combretaceae ( synonymous  w i t h  
Te rm ina l i aceae) .  It i s  a t r e e  o r  shrub 
r e a c h i n g  15 m ( 4 9  f t )  o r  more i n  h e i g h t  
w i t h  broad, f l a t t e n e d  oval leaves up t o  7 
cm (3  i n c h e s )  l o n g  and rounded a t  b o t h  
ends. There  a r e  t w o  s a l t  g lands  a t  t h e  
apex o f  t h e  p e t i o l e .  The p ropagu le  i s  
v e r y  s m a l l  (1.0 t o  1,5 cm o r  0.4 t o  0.6 
i n c h e s  l o n g )  and b roades t  a t  i t s  apex. 
F l o w e r i n g  occu rs  i n  s p r i n g  and e a r l y  
summer. 

The Red Mangrove (Rhi zophora mangle) 

The red mangrove i s  one o f  more than 
70 s p e c i e s  i n  17 genera i n  t h e  f a m i l y  
Rhizophoraceae. This t r e e  may reach 25 m 
(80 f t )  i n  h e i g h t ,  has t h i n  g rey  ba rk  and 
da rk  red  wood. Leaves may be  2 t o  12 cm 
(1 t o  5 i n c h e s )  long,  b road  and b l u n t -  
p o i n t e d  a t  t h e  apex. The l e a v e s  a r e  
sh iny ,  deep green above and p a l e r  below. 
It i s  e a s i l y  i d e n t i f i e d  by  i t s  cha rac -  
t e r i s t i c  "p rop r o o t s "  a r i s i n g  f r o m  t h e  
t r u n k  and branches. The penc i  1 -shaped 
p ropagu les  a re  as much as 25 t o  30 cm (10 
t o  12 inches) long a f t e r  germination. It 
may f l o w e r  t h r o u g h o u t  t h e  year,  b u t  i n  
F l o r i d a  f l o w e r i n g  occurs predominately i n  
t h e  spr ing  and e a r l y  summer. 

1.5 MANGROVE COMMUNITY TYPES 

Mangrove f o r e s t  communities e x h i b i t  
t r e m e n d o u s  v a r i a t i o n  i n  f o r m .  F o r  
example, a mixed scrub f o r e s t  o f  black and 
red mangroves a t  Turkey Po in t  on Biscayne 
Bay b e a r s  l i t t l e  r e s e m b l a n c e  t o  t h e  
l u x u r i a n t  fo res ts ,  dominated by t h e  same 
two species, along the  lower  Shark River. 

Lugo and Snedaker (1974) p r o v i d e d  a 
convenient c l a s s i f i c a t i o n  system based on 
mangrove f o r e s t  physiogomy. They i den t i  - 
f l e d  s i x  major community types resuf t i n g  
from d i f f e r e n t  geological  and hydro log ica l  
processes. Each type has i t s  own charac- 
t e t i  s t i c  s e t  e f  env i  ranmental var-iabl es 
suck as s o i l  t ype and depth, s a i l  s a l i n i t y  

range, and f l u s h i n g  rates. Each community 
t ype  has c h a r a c t e r i s t i c  ranges o f  p r imary  
product ion,  l i t t e r  decomposit ion and car-  
bon e x p o r t  a l o n g  w i t h  d i f f e r e n c e s  i n  
n u t r i e n t  r e c y c l i n g  r a t e s ,  and communi ty  
components. The community types as shown 
i n  Figure 4 are as fo l l ows :  

(1) Overwash mangrove f o r e s t s  - 
these i s 1  ands are f requen t l y  overwashed by 
t i d e s  and thus have high ra tes  o f  organic 
expo r t ,  A l l  spec ies  o f  mangroves may be 
present, but red mangroves usua l l y  domi- 
nate. Maximum height  o f  t h e  mangroves i s  
about  7 m (23 f t ) .  

(2)  F r i  nqe mangrove f o r e s t s  - man- 
groves form a r e l a t i v e l y  t h i n  f r i nge  along 
waterways.  Z o n a t i o n  i s  t y p i c a l l y  as de- 
scr ibed by Davis (1940) (see d iscussion i n  
s e c t i o n  3.2). These f o r e s t s  a r e  b e s t  
de f ined along shorel ines whose e leva t i ons  
a r e  h i g h e r  t h a n  mean h i g h  t i d e ,  Maximum 
h e i g h t  o f  t h e  mangroves i s  about  10 m (32 
f t ) .  

(3) R i ve r i ne  mangrove fo res ts  - t h i s  
communi ty  t y p e  i n c l u d e s  t h e  t a l l  f l o o d  
p l a i n  f o res ts  along f l o w i n g  waters such as 
t i d a l  r i v e r s  and creeks. Although a shal- 
l o w  berm o f t e n  e x i s t s  a l o n g  t h e  creek 
bank, t h e  e n t i  r e  f o r e s t  i s  usua l l y  f lushed 
b y  d a i l y  t i d e s .  A 1 1  t h r e e  s p e c i e s  of 
mangroves are present, bu t  red mangroves 
( w i t h  n o t i c e a b l y  few, s h o r t  p r o p  r o o t s )  
predominate. Mangroves may reach he igh ts  
o f  18 t o  20 m (68 t o  65 f t ) .  

(49 B a s i n  mangrove f o r e s t s  - t h e s e  
f o r e s t s  occur i n1  and i n  depressions chan- 
n e l i ~ g  t e r r e s t r i a l  r u n o f f  t o w a r d  t h e  
coast .  C lose  t o  t h e  c o a s t  t h e y  a re  i n -  
f l  uenced by d a i l y  t i d e s  and a r e  u s u a l l y  
domina ted  by r e d  mangroves. Mov ing i n -  
l and ,  t h e  t j d a ' i  i n f l u e n c e  l e s s e n s  and 
dominance s h i f t s  t o  b lack and wh i te  man- 
groves. Trees may reach  15 m (49 f t )  i n  
height ,  

(5 )  Hammock f o r e s t s  - hammock man- 
grove communities are s i m i l a r  t o  the  basfn 
type except t h a t  they occur on ground t h a t  
3s slightly elevated ( 5 t o  10 cm o r  2 t o  4 
i n c h e s )  r e 1  a t ?  ve t o  stsrroundS ng areas. 



( 1 )  OVERWASH FOREST ( 2 )  FRINGE FOREST 

( 3 )  RlVERlME FOREST ( 4 )  BASIN FOREST 

65) HAMMOCK FOREST ( 6 )  SCRUB FOREST 

Ffgure 4. The s i x  mangrove cemmuni t y  types (Luge and Snedaker 1974). 



A l l  spec ies  o f  mangroves may be p resen t .  
Trees r a r e l y  exceed 5 m (16 f t )  i n  height.  

(6) Scrub o r  d w a r f  f o r e s t s  - t h i s  
communi ty  t y p e  i s  l i m i t e d  t o  t h e  f l a t  
c o a s t a l  f r i n g e  o f  sou th  F l o r i d a  and t h e  
F l o r i d a  Keys. A l l  t h r e e  spec ies  a r e  
present. I n d i v i d u a l  p lan ts  r a r e l y  exceed 
1.5 m (4.9 f t )  i n  h e i g h t ,  excep t  where 
t h e y  grow over  dep ress ions  f i l l e d  w i t h  
mangrove peat .  Many o f  t h e s e  t i n y  t r e e s  
a r e  40 o r  more y e a r s  o f  age. N u t r i e n t s  
appear t o  be l i m i t i n g  a l t h o u g h  s u b s t r a t e  
(usua l l y  l imestone mar l )  must p lay  a role. 

Throughout  t h i s  pub1 i c a t i o n  we have 
attempted t o  r e f e r  t o  Lugo and Snedaker's 
c l a s s i f i c a t i o n  scheme wherever  p o s s i b l e .  
Without a system o f  t h i s  type, comparisons 
b e t w e e n  s i t e s  b e c o m e  v i r t u a l l y  
meaningless. 

1.6 SUBSTRATES 

U n d e r s t a n d i n g  m a n g r o v e - s u b s t r a t e  
r e 1  a t i o n s h i  ps i s  c o m p l i c a t e d  b y  t h e  
a b i l i t y  o f  mangroves t o  grow on many types 
o f  substrates and because they o f t e n  a l t e r  
t h e  s u b s t r a t e  t h r o u g h  peat format ion and 
by a1 t e r i  ng pat te rns  o f  sedimentation. As 
a r e s u l t ,  mangroves a r e  found on a w i d e  
v a r i e t y  o f  substrates i n c l u d i n g  f i n e ,  
i n o r g a n i c  muds, muds w i t h  a h i g h  o r g a n i c  
con ten t ,  peat ,  sand, and even r o c k  and 
dead  c o r a l  i f  t h e r e  a r e  s u f f i c i e n t  
c r e v i c e s  f o r  r o o t  a t tachment .  Mangrove 
ecosystems, however, appear t o  fl our4 sh 
on ly  on muds and f ine-gra ined sands, 

I n  F lo r r ' da ,  t h e  p r i m a r y  mangrove 
s o i l s  a r e  e i t h e r  c a l c a r e o u s  m a r l  muds o r  
c a l c a r e o u s  sands i n  t h e  sou the rn  p a r t  o f  
t h e  S t a t e  and s i l i c e o u s  sands f a r t h e r  
n o r t h  (Kuenzler 7 974). Sedi ment d i  s t r i  bu- 
t i  on and, hence, mangrove development, 'I s 
c o n t r o l l e d  t o  a c o n s i d e r a b l e  e x t e n t  by 
wave and c u r r e n t  energy. Low energy  
shore1 i nes accumul a t e  f ine-gra ined sedi- 
ments  such as mud and s i l t  and u s u a l l y  
have t h e  b e s t  mangrove growth.  H i g h e r  
energy  shore1 i n e s  (more wave a c t i o n  o r  
h i g h e r  c u r r e n t  v e l o c i t i e s )  a r e  charac-  
t e r i  zed by  sandy sed imen ts  atid 7 2 5 5  pro -  
d u c t i v e  mangroves. I f  t h e  wave energy 

becomes t o o  g r e a t ,  mangroves w i  11 n o t  be 
present. O f  t h e  th ree  species o f  F l o r i d a  
mangroves, w h i t e  mangroves appear t o  
t o l e r a t e  sandy s u b s t r a t e s  t h e  b e s t  ( p e r -  
sonal observation), poss ib l y  because t h i  s  
spec ies  may t o l e r a t e  a g r e a t e r  dep th  t o  
t h e  w a t e r  t a b l e  t h a n  t h e  o t h e r  t w o  
species. 

Mangroves i n  F l o r i d a  o f ten  modi fy  t he  
under ly ing  subst ra te  through peat deposi - 
t i o n .  It i s  no t  unusual t o  f i n d  layers  o f  
mangrove peat several meters t h i c k  under- 
l y i n g  we1 1-establ  i shed mangrove ecosystems 
such as those along t h e  southwest coast of 
F l  o r i  da. Cohen and Spackman ( I  974) p r e -  
sen ted  a d e t a i l e d  account  o f  pea t  f o rma-  
t i o n  w i t h i n  t h e  var ious mangrove zones o f  
south F l o r i d a  and a l so  i n  areas dominated 
by black needl e rush (Juncus roemerianus), 
smooth cordgrass (S a r t i  na a? t e r n i  f l  o r a )  + and a v a r i e t y  o f  o t  e r  macroph.ytes; Cohen 
and spackman7 (1974) a1 so p r o i i  he descr i  p- 
t i o n s  and photography t o  a i d  i n  the  iden- 
t i  f i c a t i o n  of unknown peat samples. 

The f o l  1 owing desc r i p t i ons  come from 
Cohen and Spackman (1974) and f r o m  t h e  
p e r s o n a l  o b s e r v a t i o n s  o f  W,E. Odum and 
E.J. Heald. Red mangroves produce t h e  
most e a s i l y  recognized peat. More recent  
deposi ts  are spongy, f i b rous  and composed 
t o  a great  ex ten t  of f i n e  r o o t l e t s  (0.2 t o  
3.0 m m  i n  d iame te r ) .  A l s o  p r e s e n t  a r e  
l a r g e r  p i e c e s  o f  r o o t s  (3  t o  25 mm), b i t s  
o f  wood and  l e a v e s ,  and i n o r g a n i c  
m a t e r i a l s  s u c h  as p y r i t e ,  c a r b o n a t e  
minerals,  and quartz, Older deposi ts  are 
l e s s  e a s i l y  d i f f e r e n t i a t e d  although they 
rema in  somewhat f i b r o u s .  Peat wh ich  has 
r e c e n t l y  been excavated i s  redd i  sh-brown 
al though t h i s  changes t o  brown-black a f t e r  
a s h o r t  exposure t o  a i r ,  O l d e r  deposl ' ts  
are mo t t l ed  reddish-brown; deposits w i t h  a 
h i  gh c o n t e n t  o f  ca rbona tes  a r e  grey-! sh- 
brown upon excavation, 

Cohen and Spackman (1 974) were unable 
t o  f i nd  deposi ts  o f  pure black mangrove o r  
wh i te  martgrove peat suggesting t h a t  these 
two  species may not form extensive depos- 
i t s  o f  peat w h i l e  growing i n  pure stands. 
There are, however, many examples of peats 
w h i c h  a r e  s i x t w r e s  o f  red m a n g r o v e  
m a t e r l a l  and b l a c k  mangrove r o o t s .  They 



sugges ted  t h a t  t h e  b l a c k  mangrove p e a t s  
i d e n t i f i e d  by Dav is  (1946) were p r o b a b l y  
mix tures  o f  peat f rom several sources. 

Throughout  s o u t h  F l o r i d a  t h e  sub- 
s t  r a t e  u n d e r l y i n g  mangrove f o r e s t s  may 
c o n s i s t  o f  c o m p l i c a t e d  p a t t e r n s  o f  
ca1 careous muds, m a r l  s, she1 1, and sand 
i n t e r s p e r s e d  and o v e r l a i n  by l a y e r s  o f  
mangrove peat and w i t h  l imestone bedrock 
a t  t h e  bot tom.  D e t a i l e d  d e s c r i p t i o n s  o f  
t h i s  complex m a t r i x  and i t s  s p a t i a l  var ia -  
t i o n  were  g i v e n  by Dav i s  (1940, 1943, 
1946), E g l e r  (79521, Cra ighead (1 964), 
Zieman (1972) and Cohen and Spackman 
(1 974) amonq o the rs .  S c o f f  i n (1 970) d i  s -  
cussed t h e  a b i l i t y  o f  r e d  mangrove t o  
t r a p  and h o l d  sed imen ts  about i t s  p r o p  
roots. So c a l l e d  " land-bu i ld ing"  by man- 
groves i s  discussed i n  sec t ion  3.2. 

The long-term e f f e c t  o f  mangrove peat 
on mangrove d i s t r i b u t i o n  i s  not  e n t i  r e l y  
c l e a r .  C e r t a i n l y ,  i f  t h e r e  i s  no change 
i n  sea l e v e l  o r  i f  eros ion  i s  l i m i t e d ,  the  
a c c u m u l a t i o n  o f  peat  under s tands o f  r e d  
mangroves combined w i t h  d e p o s i t i o n  and 
accumuf a t i o n  o f  suspended sed i  ments w i  11 
r a i s e  t h e  f o r e s t  f l o o r  s u f f i c i e n t l y  t o  
lead t o  domination by b lack o r  wh i te  man- 
groves  and, u l  t i  m a t e l y ,  more t e r r e s t r i a l  
species,  Whether t h i s  i s  a  common se-  
quence s f  e v e n t s  i n  contemporary  sou th  
F l o r i d a  i s  n o t  c l e a r .  It i s  c l e a r  t h a t  
p e a t  f o r m t i o n  i s  a  p a s s i v e  process  and 
occurs p r i m a r i l y  where and when physical  
p rocesses such as e r o s i o n  and sea l e v e l  
r i s e  a r e  o f  m i n i m a l  i m p o r t a n c e  (Wan1 ess 
1974). 

Zieman (1972) p r e s e n t e d  an f n t e r -  
e s t i n g  argument sugges t i ng  t h a t  mangrove 
p e a t  may be capab le  o f  d i s s o l v i n g  under -  
l y i n g  l imestone rock, s ince carbonates may 
d i sso l ve  a t  pH 7 8 .  Throilgh t h i s  process, 
sha l  l o w  depress3 ons m i g h t  become deeper 
and t h e  o v e r l y i n g  pea t  l a y e r  t h i c k e r  
w i thou t  r a i s i n g  the sur face o f  t h e  f o r e s t  
f l o o r .  

D a t a  on c h e m i c a l  c h a r a c t e r i s t i c s  of 
F l o r i d a  m a n g r o v e  s o i l s  and p e a t  a r e  
l i m f  ted. Most  i n v e s t i g a t o r s  have found  
mangrove substrates t o  be a lmos t  tot5l;y 
anaerobic. Lee (I 969) recorded t y p i c a l  Eh  

v a l u e s  o f  -100 t o  -400 mv i n  mangrove 
peats. Such evidence o f  s t rong l y  reducing 
cond i t ions  are not  s u r p r i s i n g  cons ider ing  
t h e  f i n e - g r a i n e d ,  h i g h  o r g a n i c  n a t u r e  o f  
most mangrove sediments.  A1 though  man- 
groves  o c c u r  i n  l o w  o r g a n i c  sed imen ts  
( l e s s  than  1% o r g a n i c  m a t t e r ) ,  t y p i c a l  
v a l u e s  f o r  mangrove sed imen ts  a re  10% t o  
20% organic matter. 

Lee (1 969) ana l yzed  3,000- t o  3,500- 
year -o ld  mangrove peat  1 aye rs  u n d e r l y i  ng 
L i t t l e  B l a c k  Water Sound i n  F l o r i d a  Bay 
f o r  l i p i d  ca rbon  con ten t .  Peat l i p i d  
c o n t e n t  v a r i e d  between 0.6 and 2.7 mg 
l ip id -Cfgram of peat (dry w t  ) o r  about 3% 
o f  the  t o t a l  organic carbon t o t a l .  These 
values u s u a l l y  increased w i t h  depth. Long 
chain f a t t y  acids (C-16 and C-18) were the  
dominant f a t t y  ac ids found. 

F l o r i d a  mangrove pea ts  a re  u s u a l l y  
ac id i c ,  al though the  presence o f  carbonate 
m a t e r i a l s  can r a i s e  t h e  pH above 7.0. 
Zieman (7972) found red mangrove peats t o  
range f r o m  pH 4.9 t o  6.8; t h e  most a c i d  
cond i t ions  were usua l l y  found i n  t he  cen- 
t e r  o f  t h e  peat  l a y e r .  Lee (1969) r e -  
co rded  a  pH range f r o m  5 8  t o  6.8 i n  r e d  
mangrove pea t  a t  t h e  b o t t o m  o f  a  s h a l l o w  
embayment. Although Davis (1940) found a  
d i  f ference bet  ween red mangrove peat (5.0 
t o  5.5) and b l a c k  mangrove pea t  (6.9 t o  
7.21, t h i s  o b s e r v a t i o n  has n o t  been con- 
f i rmed because o f  t he  p rev ious l y  mentioned 
d i f f i c u l t y  in f i n d i n g  pure b lack mangrove 
peat. 

Presumably,  t h e  a c i d i c  c h a r a c t e r  o f  
mangrove p e a t  r e s u l t s  f r o m  r e l e a s e  o f  
organi c  ac ids dur i  ng anaerobic decomposi - 
t i o n  and f r o m  t h e  o x i d a t i o n  o f  reduced 
s u l f u r  compounds i f  t h e  peat  i s  d r i e d  i n  
t h e  presence o f  oxygen. T h i s  l a s t  p o i n t  
e x p l  a i  ns why " r e c l  a i  med" mangrove areas 
o f t e n  deve lop  h i g h l y  a c i d i c  s o i  1s (pH 3.5 
t o  5,O) s h o r t l y  a f t e r  r e c l a m a t i o n .  T h i s  
"cat c f  ay" problem has g r e a t l y  compl i cated 
t h e  c o n v e r s i o n  o f  mangrove r e g i o n s  t o  
a g r i c u l t u r a l  land i n  A f r i c a  and southeast 
A s i a  (Hesse 1961; H a r t  1962, 1963; Macnae 
1968). 

i n  summary, a l t h o u g h  c u r r e n t  under- 
s tanding of mangrove peats and s o i l s  i s  



f r a g m e n t a r y  and o f t e n  c o n t r a d i c t o r y ,  we 
can ou t1  i ne severa l  genera l  i z a t i  ons: 

(I j Mangroves  can  g r o w  on a  w i d e  
v a r i e t y  o f  subs t r a t es  i n c l u d i n g  mud, sand, 
r o c k ,  and pea t .  

( 2 )  Mangrove  ecosys tems  appear  t o  
f l o u r i s h  on f i n e - g r a i n e d  s e d i m e n t s  w h i c h  
a re  u s u a l l y  anaerobic  and may have a  h i gh  
o rgan i c  con ten t .  

( 3 )  Mangrove  e c o s y s t e m s  w h i c h  p e r -  
s i s t  f o r  some t l m e  may m o d i f y  t h e  u n d e r -  
l y i n g  s u b s t r a t e  t h r o u g h  p e a t  f o r m a t i o n .  
Th is  appears t o  occur  o n l y  i n  t h e  absence 
o f  s t r ong  phys i ca l  forces. 

( 4 )  Mangrove  p e a t  i s  f o r m e d  p r i  - 
m a r i l y  by r ed  mangroves and c o n s i s t s  pre-  
dom inan t l y  o f  r o o t  ma te r i a l .  

( 5 )  Red mang rove  p e a t s  may r e a c h  
t h i c k n e s s e s  o f  s e v e r a l  me te r s ,  have a  
r e l a t i v e l y  l o w  pH, and may be c a p a b l e  o f  
d i s s o l v i n g  unde r l y i ng  1 ayers o f  l imestone.  

( 6 )  When d r a i n e d ,  d r i e d ,  a n d  
aerated, mangrove so i  I s  usual  l y  exper ience  
d r a m a t i c  i n c r e a s e s  i n  a c i d i t y  due t o  t h e  
o x i d a t i o n  o f  r educed  s u l f u r  compounds. 
Th i s  g rea t1  y  comp l i ca tes  t h e i  r convers ion  
t o  a g r i c u l t u r e .  

1.7 WATER QUALITY 

Water qual i t y  c h a r a c t e r i s t i c s  o f  su r -  
face  wate rs  f l o w i n g  th rough  F l o r i d a  man- 
g r o v e  ecosys tems  e x h i b i t  g rea t  v a r i a t i o n  
f r om  one 1 o c a t i o n  t o  t h e  next. P rox im- i t y  
t o  t e r r e s t r i  a1 ecosystems, t h e  ocean, and 
human a c t i v i t i e s  a r e  a l l  i m p o r t a n t  i n  
d e t e r m i n i n g  o v e r a l l  w a t e r  q u a l  i t y .  
E q u a l l y  i m p o r t a n t  i s  t h e  e x t e n t  o f  t h e  
mangrove  e c o s y s t e m  s i n c e  d r a s t i c  a l t e r a -  
t i o n s  i n  wa te r  q u a l i t y  can occur  w i t h i n  a 
s tand  o f  mangroves. 

I n  g e n e r a l ,  t h e  s u r f a c e  w a t e r s  
a s s o c i a t e d  w i t h  mangroves a r e  c h a r a c -  
t e r i  zed by ( 1 )  a wide range o f  sa l  i n i t i  es 

f r o m  v i r t u a l l y  f r e s h  wate r  t o  above 40 p p t  
(d iscussed i n  s e c t i o n  2.2), (2) l o w  macro- 
n u t r i e n t  c o n c e n t r a t i o n s  ( p a r t i c u l a r l y  
phosphorous), (3) re1  a t i  v e l y  low d i  sso l  ved 
oxygen  c o n c e n t  r a t i o n s ,  and (4) f r e q u e n t l y  
inc reased  wa te r  c o l o r  and t u r b i d i t y .  The 
l a s t  t h r e e  c h a r a c t e r i s t i c s  are most p ro -  
nounced i n  ex tens i ve  mangrove  e c o s y s t e m s  
such  as t h o s e  a d j a c e n t  t o  t h e  E v e r g l a d e s  
and l e a s t  p ronounced  i n  s m a l l ,  s c a t t e r e d  
f o r e s t s  such  as t h e  ove rwash  i s l a n d s  i n  
t h e  F l o r i d a  Keys. 

Walsh (1967),  w o r k i n g  i n  a  mangrove 
swamp i n  H a w a i i ,  was one o f  t h e  f i r s t  t o  
document  t h e  t e n d e n c y  o f  mangrove eco-  
systems t o  a c t  as a  consumer o f  oxygen and 
a  s i nk  f o r  n u t r i e n t s  such as n i t r o g e n  and 
phosphorous .  C a r t e r  e t  a l .  (1973)  and 
Lugo  e t  a?.  (1976)  c o n f i r m e d  t h e s e  o b s e r -  
va t i ons  f o r  F l o r i d a  mangrove swamps, E v i -  
d e n t l y ,  n u t r i e n t s  a r e  removed and oxygen  
consumed by a  comb ina t ion  o f  pe r i phy ton  on 
mangrove prop roo ts ,  mud, o rgan ic  d e t r i t u s  
on t h e  s e d i m e n t  s u r f a c e ,  t h e  f i n e  r o o t  
s y s t e m  o f  t h e  mangroves,  s m a l l  i n v e r t e -  
b r a t e s ,  b e n t h i c  and e p i p h y t i c  a1 gae, and 
b a c t e r i a  and f u n g i  on a l l  these surfaces. 

The r e s u l t s  o f  oxygen  d e p l e t i o n  and 
n u t r f  e n t  removal a re  (1) d i s s o l v e d  oxygen 
concen t ra t i ons  be1 ow sa tu ra t ion ,  t y p i c a l  f y  
2 t o  4  ppm and o f t en  near zero i n  s tagnant  
1 o c a t i  ons and a f t e r  heavy, s torm-generated 
r u n o f f ,  ( 2 )  v e r y  l o w  t o t a l  phospho rus  
values, f r e q u e n t l y  below d e t e c t i o n  f i r n i t s ,  
and  (3)  m o d e r a t e  t o t a l  n i t r o g e n  v a l u e s  
( 0 - 5  t o  1.5 m g / 9 ) .  I n  a d d i t i o n ,  TOb: 
( t o t a l  o rgan i c  carbon) may range f rom 4 t o  
50 ppm o r  even  h i g h e r  a f t e r  r a i n ;  E r i c  
Weald ( p e r s o n a l  c o m m u n i c a t i o n  1981) has  
measu red  DOC ( d i s s o l v e d  o r g a n i c  c a r b o n )  
va lues as h i g h  as 710 ppm i n  wa te r  f l o w i n g  
f r o m  mangroves  t o  a d j a c e n t  bays. T u r -  
b i  d i  t y  u s u a l  l y  fa1  1 s i n  t h e  1 t o  15 JTU 
( Jackson  t u r b i t y  u n i t s )  range, The pH o f  
t h e  w a t e r  c o l u m n  i n  F l o r i d a  swanps  i s  
u s u a l l y  between 6.5 and 8,0 and a l k a l i n i t y  
be tween  100 t o  300 mg / l ,  O b v i o u s l y ,  ex -  
cep t i ons  t o  a i l  o f  these t r ends  can occur. 
B o t h  n a t u r a l  and human d i s t u r b a n c e  can 
r a i s e  mac ronu t r i en t  l e v e ? s  markedly. 



CHAPTER 2 .  AUTECOLOGY OF MANGROVES 

2-1 ADAPTATIONS TO NATURAL STRESS - 
ANAEROBIC SEDl MENTS 

Mangroves have a ser ies  o f  remarkable 
adaptat ions which enable them t o  f l o u r i s h  
i n  an e n v i  ronment c h a r a c t e r i z e d  by  h i  gh 
temperatures, w ide l y  f l u c t u a t i n g  s a l  i n i  - 
t i e s ,  and s h i f t i n g ,  anaerobic substrates. 
I n  t h i s  s e c t i o n  we r e v i e w  a few o f  t h e  
most impor tan t  adaptations. 

The roo t  system o f  mangroves provides 
the  key t o  existence upon un f r i end l y  sub- 
s t r a t e s  (see G i  11 and Tom1 i n s o n  1971 f o r  
an a n a t o m i c a l  r e v i e w  o f  mangrove r o o t s ) .  
U n l i k e  most  h i g h e r  p l a n t s ,  mangroves 
u s u a l l y  have h i g h l y  developed ae r i  a1 roo ts  
and modest below-ground roo t  systems. The 
a e r i a l  r o o t s  a l l o w  a tmospher i c  gases t o  
reach  t h e  underground r o o t s  w h i c h  a r e  
embedded i n  a n a e r o b i c  s o i l s .  The r e d  
mangrove has a sys tem o f  s t i l t  o r  p r o p  
r o o t s  w h i c h  e x t e n d  a me te r  (3 f t )  o r  more 
above the  sur face o f  t he  s o i l  and conta in  
many small  pores ( l e n t i c e l s )  which a t  low 
t i d e  a l l o w  oxygen t o  d i f f u s e  i n t o  t h e  
p l a n t  and down t o  the  underground roo ts  by 
means of open passages c a l l  ed aerenchyma 
(Scho lander  e t  a?. 1955) .  The l e n t i c e l s  
are h i g h l y  hydrophobic and p r e v e n t  w a t e r  
p e n e t r a t i o n  i n t o  t h e  aerenchyma sys tem 
dur ing  hfgh t i d e  (Waisel 1972). 

The black mangrove does not have prop 
r o o t s ,  b u t  does have smaf 7 a i r  r o o t s  o r  
pneumatophores wh ich  ex tend  v e r t i c a l  1 y 
upward f r o m  t h e  underground r o o t s  t o  a 
h e i g h t  o f  20 t o  30 cm (8 t o  12 i n c h e s )  
above t h e  s o i l ,  These pneumatophores 
resemble hundreds o f  t i n y  f i nge rs  s t i c k i n g  
up o u t  o f  t h e  mud undernea th  t h e  t r e e  
canopy, A t  low t i de ,  a i r  tr-avels through 
t h e  pneumatophores i n t o  t h e  aerenchyma 
sys tem and then  t o  a l l  l f v i o g  r o o t  t i s -  
sues, The wh i te  mangrove usua l l y  does not  
have e i t h e r  prop roo ts  o r  pneumatophores, 
bu t  u t i l i z e s  l e n t i c e l s  i n  t h e  lower  t r u n k  
t o  o b t a j n  oxygen f o r  t h e  aerenchyma sys-  
tem, "Peg r o o t s "  and pneumatophores may 
be p r e s e n t  i n  c e r t a i n  s i t u a t i o n s  ( J e n i k  
1967), 

Mangroves achieve s t r u c t u r a l  s tab i  1 i - 
t y  r'n a t  l e a s t  t w o  ways. Spec ies  such as 
t h e  red  mangrove use t h e  system 05  p r o p  

roo ts  t o  provide a more o r  less  f i r m  foun- 
da t i on  fo r  the  tree. Even though the prop 
r o o t s  a r e  anchored w i t h  o n l y  a modest 
assemblage o f  underground roots, the h o r i  - 
z o n t a l  e x t e n t  of t h e  p r o p  r o o t  sys tem 
insures considerable p r o t e c t i o n  f r o m  a1 1 
b u t  t h e  w o r s t  o f  h u r r i c a n e s .  Other  man- 
g rove  spec ies ,  i n c l u d i n g  t h e  b l a c k  man- 
grove, ob ta in  s tab i  1 i t y  w i t h  an extensive 
system o f  s h a l l o w ,  underground " c a b l e "  
r o o t s  t h a t  r a d i a t e  ou t  f r o m  t h e  c e n t r a l  
t r u n k  f o r  a c o n s i d e r a b l e  d i s t a n c e  i n  a l l  
d i  rec t ions ;  t h e  pneumatophores extend up- 
ward f r o m  t h e s e  c a b l e  r o o t s .  As i n  a l l  
F l o r i d a  mangroves, t h e  underground r o o t  
s y s t e m  i s  s h a l l o w  and a t a p  r o o t  i s  
l a c k i n g  (Walsh 1974). As Zieman (1 972) 
found, i n d i v i d u a l  r o o t s ,  p a r t i c u l a r l y  o f  
red  mangroves, may extend a meter o r  more 
downward i n  s u i t a b l e  so i ls .  

From the  standpoint o f  e f fec t iveness  
i n  t ranspo r t i ng  oxygen t o  the underground 
r o o t s ,  b o t h  prop r o o t s  and c a b l e  r o o t s  
seem equal 1y e f f e c t i  ve. From the  perspec- 
t i  ve o f  s t a b i l i t y ,  t h e  p r o p  r o o t s  o f  r e d  
mangroves appear t o  o f f e r  a d i s t i n c t  ad- 
vantage where wave and c u r r e n t  e n e r g i e s  
a r e  h igh.  

Unfortunately, as pointed out by Odum 
and Johannes (1975) ,  t h e  same s t r u c t u r e  
wh ich  a l l o w s  mangroves t o  t h r i v e  i n  an- 
a e r o b i c  s o i l  i s  a l s o  one o f  t h e  t r e e ' s  
most vulnerable components. Exposed por- 
t i o n s  o f  t h e  a e r i a l  r o o t  system a re  sus-  
c e p t i  b l  e t o  c1 ogg i  ng by f i n e  suspended 
ma te r i a l ,  a t tack  by roo t  borers, and pro-  
l onged  f l o o d i n g  (d i scussed  f u r t h e r  i n  
s e c t i o n  12. l ) .  Such ex tended s t r e s s  on 
t h e  a e r i a l  roo ts  can k i l l  the  e n t i r e  tree. 

2.2 ADAPTATIONS TO N A T U R A L  STRESS - 
SALINXTV 

Mangroves accommodate f l uc tua t i ons  and 
e x t r e m e s  o f  w a t e r  and s o i l  s a l i n i t y  
through a v a r i e t y  o f  mechanisms, although 
not  a l l  mechanisms are necessar i l y  present 
i n  t h e  same species,  Scho lander  e t  a l .  
(1 962) reported expesi mental evidence f o r  
two  major methods o f  i n t e r n a l  i o n  regula-  
t i o n  wh ich  t h e y  i d e n t i f i e d  i n  t w o  d i f -  
ferent  groups o f  mangroves: ( I )  the s a l t  



exc lus ion  species and (2) the s a l t  excre- 
t i  on species. I n  add i t ion ,  some mangroves 
u t i l i z e  succu lence  and the d i sca rd ing  of 
sa1 t - laden organs or par t s  (Teas 1979). 

The s a l  t - e x c l  u d i  ng spec ies ,  wh ich  
i n c l u d e  t h e  r e d  mangrove ,  s e p a r a t e  
f r e s h w a t e r  f r o m  sea w a t e r  a t  t h e  r o o t  
sur face by means o f  a  non-metabolic u l t r a -  
f i l t r a t i o n  system (Schol ander 1968). This 
"reverse osmosis" process i s  powered by a  
h igh  negat ive  pressure i n  the xylem which 
r e s u l t s  f r o m  t r a n s p i r a t i o n  a t  t h e  l e a f  
surface. S a l t  concentrat ion i n  the sap o f  
sa l  t - exc lud i  ng mangroves i s  about 1 /70 the  
s a l t  concent ra t ion  i n  sea water, a1 though 
t h i s  c o n c e n t r a t i o n  i s  a l m o s t  10 t i m e s  
h i g h e r  t h a n  f o u n d  i n  n o r m a l  p l a n t s  
(Schol  ander e t  a l .  1962). 

S a l t - s e c r e t i n g  spec ies ,  i n c l u d i n g  
b l  ack and w h i t e  mangroves (Schol  ander 
1968), use s a l t  glands on the l e a f  sur face 
t o  excrete excess sal t .  This i s  probably 
an enzymatic process ra the r  than a  physi -  
ca l  process s ince i t  i s  markedly tempera- 
t u r e  s e n s i t i v e  ( A t k i n s o n  e t  a l .  1967). 
The p rocess  appears t o  i n v o l v e  a c t i v e  
t r a n s p o r t  w i t h  a  requi  rement f o r  biochemi- 
c a l  energy  i n p u t .  As a  group, t h e  s a l t  
secre ters  tend t o  have sap s a l t  concentra- 
t i o n s  approx imate ly  10 t i m e s  h i g h e r  (1 /7  
t h e  concentrat ion o f  sea water) than t h a t  
of t h e  s a l t  excluders. 

I n  s p i t e  o f  these two general tenden- 
c i e s ,  i t  i s  p r o b a b l y  s a f e  t o  say t h a t  
i n d i v i d u a l  s p e c i e s  u t i l i z e  a  v a r i e t y  o f  
mechanisms t o  m a i n t a i n  s u i t a b l e  s a l t  
b a l a n c e  ( A l b e r t  1975). For  example, t h e  
r e d  mangrove i s  an e f f e c t i v e ,  b u t  n o t  
p e r f e c t ,  s a l t  exc luder .  As a  r e s u l t  t h i s  
species must s to re  and u l t i m a t e l y  dispose 
o f  excess s a l t  i n  l e a v e s  and f r u i t  (Teas 
1979). Most s a l t  s e c r e t e r s ,  i n c l u d i n g  
wh i te  and black mangroves, are capable o f  
l i m i t e d  s a l t  e x c l u s i o n  a t  t h e  r o o t  s u r -  
face. The wh i te  mangrove, when exposed t o  
hypersal i ne condi t ions,  not  on l y  excludes 
some s a l t  and secretes excess s a l t  through 
i t s  s a l t  g l a n d s ,  b u t  a l s o  d e v e l o p s  
t h i c k e n e d  s u c c u l e n t  l e a v e s  and d i  sca rds  
s a l t  dur ing  l e a f  f a l l  o f  senescent leaves 
(Teas 1979). 

There appears t o  be some v a r i a t i o n  i n  
t h e  sa1 i n i  t y  t o l e r a n c e  o f  F1 o r i  da man- 
groves. The r e d  mangrove i s  p r o b a b l y  
l i m i t e d  by s o i l  s a l i n i t i e s  above 60 t o  65 
ppt. Teas (1 979) r e c a l c u l a t e d  Bowman's 
(1 91 7 )  data and concluded t h a t  t r a n s p i  ra -  
t i o n  i n  r e d  mangrove s e e d l i n g s  ceases 
above 65 ppt. C in t ron  e t  al .  (1978) found 
more dead than  l i v i n g  r e d  mangrove t r e e s  
where i n t e r s t i t i a l  s o i l  s a l i n i t i e s  e x -  
ceeded 65 ppt. 

On t h e  o t h e r  hand, w h i t e  and b l a c k  
mangroves, which both possess s a l t  excre- 
t i o n  and l i m i t e d  s a l t  e x c l u s i o n  mech- 
anisms, can e x i s t  under more hypersa l ine  
c o n d i t i o n s .  Macnae (1 968) r e p o r t e d  t h a t  
b l a c k  mangroves can grow a t  s o i l  s a l  i n i  - 
t i e s  g r e a t e r  t h a n  90 ppt. Teas (1979) 
r e p o r t e d  d w a r f e d  and g n a r l e d  b l a c k  and 
w h i t e  mangroves ~ c c u r r i n g  i n  F l o r i d a  a t  
s o i l  s a l i n i t i e s  o f  88 ppt. 

There may be an add i t i ona l  f a c t o r  o r  
f a c t o r s  invo lved i n  s a l i n i t y  to le rance o f  
mangroves. McMi 11 an (1 975) found t h a t  
s e e d l i n g s  o f  b l a c k  and w h i t e  mangroves 
s u r v i v e d  s h o r t - t e r m  exposures  t o  80 p p t  
and 150 p p t  sea w a t e r  i f  t h e y  were grown 
i n  a  s o i l  w i t h  a  moderate c l a y  content ,  
They f a i l e d  t o  s u r v i v e  t h e s e  s a l i n i t i e s ,  
however, i f  t h e y  were grown i n  sand. A 
s o i l  w i t h  7% t o  10% c l a y  appeared t o  be 
adequate f o r  i n c r e a s e d  p r o t e c t i o n  f r o m  
hypersal i ne cond i t i ons .  

V e g e t a t i o n - f r e e  h y p e r s a l i n e  lagoons 
o r  b a r e  sand f l a t s  i n  t h e  c e n t e r  o f  man- 
g rove  ecosys tems have been d e s c r i b e d  by 
many a u t h o r s  (e.g,, Dav i s  1940; Fssbe rg  
1961; Bacon 1970). These f e a t u r e s  have 
been va r i ous l y  c a l  'fed sa l  i t r a l s  (Hol d r idge 
19401, s a l i n a s ,  s a l t e r n s ,  s a l t  f l a t s ,  and 
s a l t  barrens. Evident ly ,  a  combination o f  
l ow  seasonal r a i n f a l  I ,  occasional inunda- 
t i o n  by sea w a t e r ,  and h i g h  e v a p o r a t i o n  
ra tes  r e s u l t s  i n  s o i l  s a l i n i t i e s  above I 0 0  
pp t ,  w a t e r  t e m p e r a t u r e s  as h i g h  as 4 5 " ~  
( 1 1 3 ~ ~ )  i n  any s h a l l o w ,  s t a n d i n g  wa te r ,  
and subsequent mangrove death (Teas 1979). 
Once establ ished,  sat i nas tend t o  p e r s i s t  
un l  ess regu lar  t i d a l  f l u s h i n g  i s  enhanced 
by na tu ra l  o r  a r t i f i c i a l  changes i n  t i d a l  
c f  r c u f  a t i o n ,  



A1 though sa l  i nas occur f requen t l y  i n  
F l o r i d a ,  t h e y  a r e  r a r e l y  e x t e n s i v e  i n  
area, F o r  example, between Rookery Bay 
and M a r c o  I s l a n d  ( s o u t h  o f  N a p l e s ,  
F l o r i d a )  t h e r e  a r e  a s e r i e s  o f  s a l i n a s  i n  
t h e  b l a c k  mangrove-dominated zone on t h e  
upland s ide  o f  t he  mangrove swamps. These 
hypersal i ne lagoons occur where t h e  normal 
f l o w  o f  f r e s h  w a t e r  f rom up land  sources  
has been diver ted,  presumably r e s u l t i n g  i n  
e l e v a t e d  s o i l  s a l i n i t i e s  d u r i n g  t h e  d r y  
w i n t e r  months. 

I n  summary, s a l i n i t y  i s  a problem f o r  
mangroves on ly  under ex t reme h y p e r s a l  i ne 
condi t ions.  These cond i t i ons  occur natu- 
r a l l y  i n  F l o r i d a  i n  i r r e g u l a r l y  f l o o d e d  
areas o f  the  "high swamp" above the  normal 
h iqh  t i d e  mark and are accompanied by h igh  
s o i  1 s a l  i n i t  i es. F ' l o r i  da mangroves, 
l i s t e d  i n  o r d e r  o f  i n c r e a s i n g  s a l i n i t y  
t o l e r a n c e ,  appear t o  be red,  w h i t e ,  and 
b1 ack. 

2.3 REPRODUCTIVE STRATEGIES 

As po in ted  out by Rabinowitz (1978a), 
v i r t u a l l y  a l l  mangroves share two common 
r e p r o d u c t i v e  s t r a t e g i e s :  d i s p e r s a l  by 
means o f  w a t e r  (van der  P i  j 1  1972) and 
v i  v i pa ry  (Macnae 1968; G i  11 and Toml inson 
1969). W i v i p a r y  means t h a t  t h e  embryo 
deve lops  ~ o n t i n u o u s l y  w h i l e  a t t a c h e d  t o  
t h e  p a r e n t  t r e e  and d u r i n g  d i s p e r s a l .  
Since the re  i s  u n i n t e r r u p t e d  development 
from zygote through t h e  embryo t o  seedl ing 
w i thou t  any i n t e r m e d i  a t e  r e s t i n g  s tages,  
t h e  w o r d  " s e e d "  i s  i n a p p r o p r i a t e  f o r  
v i  v i  parous speci@s such as mangroves; t h e  
te rm "propagu le 'Ys  genera l l y  used i n  i t s  
place, 

Wh i l e  t h e  pheno logy  o f  b l a c k  and 
w h i t e  mangroves remains sketchy, G i  17 and 
Toml S nson fl 971 ) thoroughly described t h e  
sequence o f  f l o w e r i n g  i n  t h e  red mangrove. 
F l o w e r i n g  i n  t h i s  spec les  may t a k e  p l a c e  
a t  any t i m e  o f  the  year ,  a t  l e a s t  i n  
extreme south F lor ida ,  but reaches a maxi- 
mum i n  t h e  l a t e  s p r i n g  and summer, The 
f lowers  open approximately 1 t o  2 months 
a f t e r  t he  appearance o f  buds, The f l o w e r  
rema ins  intact only 3 t o  2 ddys; t h i s  

p r o b a b l y  accounts  f o r  t h e  low f e r t i l i z a -  
t i o n  rate,  es t imated by G i l l  and Tomlinson 
a t  0% t o  7.2%. P ropagu le  development i s  
slow, ranging from 8 t o  13 months. Savage 
(1 972) men t ions  t h a t  on t h e  F l o r i d a  g u l f  
coast, red mangrove propagules mature and 
f a l l  f rom t h e  t r e e  from J u l y  t o  September. 
W i th in  the  Everglades Nat ional  Park, b lack  
mangroves f l o w e r  from May u n t i l  Ju l y  and 
hear  f r u i t  f r o m  August u n t i l  November 
w h i l e  wh i te  mangroves f l o w e r  from May t o  
August and bear f r u i t  f rom Ju l y  t o  October 
(Loope 1980). 

The p ropagu les  o f  t h e  t h r e e  spec ies  
o f  F l o r i d a  mangroves are easy t o  d i f f e r e n -  
t i  ate. The f o l l o w i n g  d e s c r i p t i o n s  a1 1 
come f rom Rabinowi tz (1978a). White man- 
grove propagules are smal l  and f l a t t ened ,  
weigh l ess  than a gram, are about  2 cm 
long, are pea-green when they fa1 1 from 
the  parent t ree ,  and t u r n  mud-brown i n  two 
days o r  so. The p e r i c a r p  ( w a l l  o f  t h e  
r i p e n e d  p ropagu le )  serves  as a f l o a t  and 
i s  n o t  shed u n t i l  t h e  s e e d l i n g  i s  es tab -  
1 ished. D u r i n g  d i s p e r s a l  t h e  r a d i c l e  
(embryon ic  r o o t )  emerges from the propa- 
gule. This g e r m i n a t i o n  d u r i n g  d i  spessa l  
has l e d  Savage (1972) t o  r e f e r  t o  t h e  
wh i te  mangrove as "semi - v i  v i  parous". 

The propagules o f  t he  b lack mangrove 
when dropped f r o m  t h e  t r e e  a r e  ob long -  
e l  l i p t i c a l  ( resemb le  a f l a t t e n e d  01 i ve), 
we igh about  1 g and a r e  about  2 cm long.  
The p e r i c a r p  i s  l o s t  w i t h i n  a few days 
a f t e r  d r o p p i n g  f r o m  t h e  t r e e ;  a t  t h i s  
p o i n t  t h e  c o t y l e d o n s  ( p r i m a r y  l e a v e s )  
u n f o l d  and t h e  p r o p a g u l e  resembles  t w o  
b u t t e r f l i e s  on top  o f  one another. 

Propagules o f  the  red mangrove under- 
go e x t e n s i v e  v i v i p a r y  w h i l e  on t h e  t r e e .  
When p ropagu les  f a l l  f r o m  t h e  t r e e  t h e y  
resemble l a r g e  green beans. They are rod- 
shaped w i t h  p o i n t e d  ends, about  20 cm 
long, and weigh an average o f  15 g. 

Propagules o f  a l l  t h ree  species f l o a t  
and remain v iab le  f o r  extended per iods o f  
t i m e .  Apparen t l y ,  t h e r e  i s  an o b l i g a t e  
d i  spersal t i  me f o r  a1 1 F l o r i d a  mangroves, 
i .e., a c e r t a l n  per iod  o f  ti me must elapse 
d u r i n g  d i s p e r s a l  f o r  g e r m i n a t i o n  t o  be 



c o m p l e t e  and a f t e r  wh i ch  s e e d l i n g  estab-  
l i s h m e n t  can  t a k e  p l a c e .  R a b i n o w i t z  
(1 978a)  e s t i m a t e s  t h e  o b l  i gate  d i s p e r s a l  
p e r i o d  a t  a p p r o x i m a t e l y  8  days  f o r  w h i t e  
mangroves ,  14 days  f o r  b l a c k ,  and 40 days  
f o r  red. She f u r t h e r  e s t i m a t e s  t h e  a d d i -  
t i o n a l  t i m e  f o r  r o o t  e s t a b l i s h m e n t  a t  5, 
7, and 15 days  f o r  w h i t e ,  b l a c k ,  and r e d  
mangroves, r espec t i ve l y .  Her e s t i m a t e  f o r  
v i a b l e  l o n g e v i t y  o f  t h e  p r o p a g u l e s  i s  35 
days f o r  w h i t e  mangroves and 110 days f o r  
b1 ack. Davis  (1940) r e p o r t s  v i a b l e  propa- 
gu les o f  red  mangroves t h a t  had been kep t  
f l o a t i n g  f o r  12 months. 

Rab i  n o w i  t z  (1 978a)  a1 so c o n c l u d e d  
t h a t  b l a c k  and w h i t e  mangroves  r e q u i r e  a  
s t r a n d i n g  p e r i o d  o f  5 days o r  more  above 
t h e  i n f l u e n c e  o f  t i d e s  t o  t a k e  h o l d  i n  t h e  
s o i  1, As a  r e s u l t ,  t h e s e  t w o  s p e c i e s  a r e  
usual  1y r e s t r i c t e d  t o  t h e  h i ghe r  p o r t i o n s  
o f  t h e  mangrove  e c o s y s t e m  where  t i d a l  
e f f e c t s  a r e  in f requen t .  

The e l  ongated red  mangrove propagul e, 
however ,  has t h e  p o t e n t i a l  t o  become 
e s t a b l i s h e d  i n  s h a l l o w  w a t e r  w i t h  t i d a l  
i n f l u e n c e .  T h i s  happens i n  a t  ' l e a s t  t w o  
ways: ( 1 )  s t r a n d i n g  i n  a  v e r t i c a l  p o s i -  
t i o n  ( t h e y  f l o a t  v e r t i c a l l y )  o r  ( 2 )  
s t r a n d i n g  i n  a  h o r i z o n t a l  p o s i t i o n ,  
r o o t i n g  and then v e r t i c a l  e r e c t i o n  by t h e  
p l a n t  i t s e l f .  Lawrence (1949) and Rabino- 
w i t z  (1978a) f e l t  t h a t  t h e  l a t t e r  was t h e  
more common method. M. Wal t e r d i  ng (Ca1 if. 
Acad. Sci., San F r a n c i s c o ;  p e r s o n a l  com- 
m u n i c a t i o n  1980)  f a v o r s  v e r t i c a l  e s t a b -  
1 i shment ;  based upon h i s  o b s e r v a t i o n s ,  
su r f ace  wa te r  turbuSence works t h e  propa- 
g u t e  i n t o  t h e  s u b s t r a t e  d u r i n g  f a l l i n g  
t i d e s .  

M o r t a l i t y  o f  e s t a b l i s h e d  s e e d l i n g s  
seems t o  be  r e l a t e d  t o  p r o p a g u l e  s i z e .  
W o r k i n g  i n  Panama, R a b i n o w i t z  (1 978b) 
found t h a t  t h e  m o r t a l i t y  r a t e  o f  mangrove 
seed1 i n g s  was i n v e r s e l y  c o r r e l a t e d  w i t h  
i n i t i a l  p r o p a g u l e  s i z e .  The w h i t e  man- 
g rove ,  w h i c h  has t h e  s m a l l e s t  p r o p a g u l  e, 
has t h e  h i g h e s t  r a t e  o f  s e e d l i n g  m o r t a l  - 
j t y .  The b l a c k  mangrove  has an i n t e r m e -  
d i a t e  m o r t a l i t y  r a t e  w h i l e  t h e  r e d  man- 
grove, w i t h  t h e  l a r g e s t  propagule, has t h e  
l o w e s t  s e e d l i n g  m o r t a l i t y  r a t e .  She  

c o n c l u d e d  t h a t  s p e c i e s  w i t h  s m a l l  
propagul  es e s t a b l i s h  new coho r t s  annual l y  
b u t  d i e  r a p i d l y ,  w h i l e  spec ies such as t h e  
r e d  mangroves  may have  l o n g - l i v e d  and 
o f t e n  over1 app i  ng cohorts.  

Propagule s i z e  and seed1 i ng m o r t a l  i t y  
r a t e s  a r e  p a r t i c u l a r l y  i m p o r t a n t  i n  con- 
s i  d e r a t i  ons o f  succession and rep1 acement 
i n  e s t a b l i s h e d  mangrove fo res ts .  L i g h t  i s  
u s u a l l y  t h e  most s e r i o u s  l i m i t i n g  f a c t o r  
u n d e r n e a t h  e x i  s t i n g  mangrove  canop ies .  
Rabinowi t z  (1 978b) suggested t h a t  spec ies 
w i t h  s h o r t - l i v e d  p r o p a g u l  es mus t  become 
e s t a b l  i shed i n  an a r e a  w h i c h  a l  r e a d y  has  
a d e q u a t e  l i g h t  l e v e l s  e i t h e r  due t o  t r e e  
f a l l  o r  some o t h e r  f a c t o r .  I n  c o n t r a s t ,  
r e d  mangrove seed1 i ngs  can become estab-  
1 i s hed  under an e x i s t i n g ,  dense canopy and 
t h e n ,  due  t o  t h e i r  s u p e r i o r  e m b r y o n i c  
reserves, a re  a b l e  t o  w a i t  f o r  months f o r  
t r e e  f a l l  t o  open u p  t h e  canopy and p r e -  
sen t  an o p p o r t u n i t y  f o r  growth. 

2.4 BIOMASS PARTITIONING 

Few i n v e s t i g a t o r s  have  p a r t i t i o n e d  
t h e  t o t a l  biomass, aboveground and below- 
ground, con ta ined  i n  a  mangrove tree. An 
a n a l y s i s  o f  r e d  mangroves  i n  a P u e r t o  
R i  can f o r e s t  by Gal l e y  e t  a l ,  (1962) g i  wes 
some i n s i g h t  i n t o  what m igh t  be expected 
i n  south F l o r i da .  Aboveground and below- 
g r o u n d  b i omass  e x i s t e d  i n  a  r a t i o  o f  S r l  
i f  f i n e  r o o t s  and pea t  a re  i gno red  (F igure  
5). I n  t h i s  case, p e a t  and v e r y  f i n e  
r o o t s  ( s m a l l  e r  t h a n  0.5 cm d i a m e t e r )  e x -  
ceeded rema in i ng  biomass by 5:7, Lugo e t  
a l .  (1976)  r e p o r t e d  t h e  f o l l o w i n g  v a l u e s  
f o r  a  south F l o r i d a  red  mangrove overwash 
f o r e s t .  A11 v a l u e s  we re  r e p o r t e d  i n  d r y  
grams per  square meter,  p l u s  and minus one 
s tandard  e r r o r ,  and i g n o r i  ng+ b e h q r  und 
b iomass .  Th$y f o u n d  710 - 22 g i m q  o f  
7 eawez, 1 2.B2 - 15.3 g/m of+ p ropaqu  es, 

1 S 7043 - 7  g/m o f  woo$, 4695 - '91 g/m o f  
p rop  r o o t s  and 1565 - 234.5 g/m of d e t r i -  
t u s  on t h e  f o r e s t  f l oo r ,  

B iomass  p a r t i  t i o n i n g  be tween  d i f -  
f e r e n t  s p e c i e s  and l o c a t i o n s  mus t  be 
h i g h l y  v a r i a b l e ,  The age o f  t h e  f o r e s t  
w i l l  i n f l u e n c e  t h e  amount o f  wood biomass; 
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Figure 5, ( a )  Aboveground and belowground biomass o f  a Puerta Rfcan red mangrove 
fo res t .  Values In parentheses are dry g/m2; large roots = 2 cm+ i n  diameter, 
small roots = 0.5 - 1 - 0  cm. (b) Vertical d is t r ibut ion o f  l i g h t  in tens i ty  f n  the  
same fores t ;  canopy height :  i s  8 m ( 2 6  f t J  ( b o t h  figures adapted from Golfey e t  a].  
1962)- 



d e t r i t u s  v a r i e s  enormously from one s i t e  
t o  t h e  n e x t  depending upon t h e  amount of 
f 1  u v i  a1 t r a n s p o r t .  The biomass charac-  
t e r i s t i c s  o f  a  scrub f o r e s t  probably bear 
l i t t l e  resemblance t o  those o f  a  f r i n g i n g  
fo res t .  A t  t he  present time, there  i s  no t  
enough o f  t h i s  t y p e  o f  da ta  a v a i l a b l e  t o  
draw many conc lus ions .  One i n t r i g u i n g  
p o i n t  i s  t h a t  r e d  mangrove l e a f  b i o  ass 
a v e r a g e s  b e t w e e n  700 and 800  g / m B  a t  
v a r i o u s  s i t e s  w i t h  v e r y  d i f f e r e n t  f o r e s t  
morphologies (Odum and Heal d  1975a). Th is  
may be r e l a t e d  t o  the tendency o f  mangrove 
canop ies ,  once t h e y  have become e s t a b -  
l i s h e d ,  t o  i n h i b i t  l e a f  p r o d u c t i o n  a t  
1 ower 1 eve1 s  through se l  f -shad i  ng. 

Go1 l e y  e t  a l .  (1962) showed t h a t  t h e  
red mangrove canopy i s  an extremely e f f i -  
c i e n t  f i g h t  i n t e r c e p t o r .  N i n e t y - f i  ve 
p e r c e n t  o f  t h e  a v a i l a b l e  l i g h t  had been 
i n t e r c e p t e d  4 m (13 f t )  be low t h e  t o p  of 
t h e  canopy ( F i g u r e  5). As a  r e s u l t ,  90% 
o f  t he  l e a f  biomass ex is ted  i n  the  upper 4  
m  o f  the  canopy. Chlorophyl l  f o l l owed  t h e  
same pa t te rn  o f  d i s t r i b u t i o n .  

The l e a f  area index (LAI) o f  mangrove 
fo res ts  tends t o  be r e l a t i v e l y  low, Gol- 
l e y  e t  a l .  (1962) found a  LA1 o f  4.4 f o r  a  
Puerto Rican red mangrove forest .  Lugo e t  
a l .  (1975)  r e p o r t e d  a  LA1 o f  5.1 f o r  a  
F l o r i d a  b lack mangrove f o r e s t  and 3.5 fo r  
a  F l o r i d a  f r i n g e  r e d  mangrove f o r e s t .  A  
d i f f e r e n t  b lack mangrove fo res t ,  i n  F l o r i -  
da, was found t o  have values ranging f rom 
1 t o  4 and an average o f  2 t o  2.5 (Lugo 
and Zucca 1977). These va lues  compare 
w i t h  LAX'S o f  10 t o  20 reco rded  f o r  most 
t r o p i c a l  f o r e s t s  ( G o l l e y  e t  a1. 7974). 
The l o w  l e a f  a rea va lues  o f  mangrove 
f o r e s t s  can be a t t r i b u t e d  t o  a t  l e a s t  
t h ree  fac to rs :  (1) e f f e c t i v e  l i g h t  i n t e r -  
c e p t i o n  by t h e  mangrove canopy, (2 )  t h e  
i n a b i l i t y  o f  the  lower mangrove leaves t o  
f l o u r i s h  a t  low l i g h t  i n t e n s i t i e s ,  and (3) 
t h e  absence o f  a  low-1 i gh t -adap ted  p l a n t  
l a y e r  on t h e  f o r e s t  f l oo r .  

2.5 PRIMARY PRODUCTION 

P r i o r  t o  1970 v i  s t u a l l y  no i n f o r m a -  
t i o n  ex i s ted  conce rn ing  t h e  p r o d u c l i  u i t y  

o f  mangroves i n  Flor ida.  Since t h a t  t i m e  
knowledge has accumulated rap id ly ,  but  i t 
i s  s t i l l  u n r e a l i s t i c  t o  expec t  more t h a n  
p r e l i m i n a r y  statements about F l o r i d a  man- 
g r o v e  p r o d u c t i v i t y .  T h i s  d e f i c i e n c y  can 
be t r a c e d  t o  ( 1 )  t h e  d i f f i c u l t i e s  asso- 
c i  ated w i t h  measurements o f  mangrove pro-  
d u c t i v i t y  and (2) t h e  v a r i e t y  o f  f a c t o r s  
t h a t  a f f e c t  p r o d u c t i v i t y  and the r e s u l t i n g  
v a r i a t i o n s  t h a t  e x i s t  from s i t e  t o  s i te .  

P r o d u c t i v i t y  e s t i m a t e s  come f rom 
t h r e e  methods: (1) h a r v e s t ,  (2) gas ex-  
change, and (3)  l i t t e r  f a l l .  Ha rves t  
methods r e q u i  r e  e x t e n s i v e  manpower and 
knowledge o f  t h e  age o f  t h e  f o r e s t .  They 
a r e  b e s t  employed i n  c o m b i n a t i o n  w i t h  
s i  1 v i c u l  t u r e  p r a c t i c e s .  Since s i l v i c u l -  
t u r e  o f  south F l o r i d a  mangroves i s  p r a c t i -  
c a l  l y  non-existent,  t h i s  method has r a r e l y  
been used i n  F l o r i d a .  Noakes (1955) ,  
Macnae (1968), and Walsh (1974) s h o u l d  be 
consulted fo r  p r o d u c t i v i t y  est imates based 
on t h i s  t e c h n i q u e  i n  o t h e r  p a r t s  o f  t h e  
world. 

Gas e x c h a n g e  m e t h o d s ,  b a s e d  on  
measurements o f  C02 changes, have t h e  
advantage o f  precision and response t o  
shor t - te rm changes i n  l i g h t ,  temperature, 
and f l o o d i n g .  They i n c l u d e  b o t h  above- 
ground and belowground production, On t h e  
negat ive side, t he  necessary equipment i s  
expensive and t r i c k y  t o  operate properly, 
Moreover,  e x t  rap01 a t i ons  from shor t - te rm 
measurements t o  long-term est imates o f f e r  
c o n s i  d e r a b f  e  o p p s r t u n i  t y  f o r  e r r o r ,  
Never the f  ess, t h e  b e s t  e s t i m a t e s  of p r o -  
d u c t i v i t y  come from t h i s  method. 

The l i t t e r  fa11 t e c h n i q u e  (annual  
l i t t e r  f a l l  x 3 = annual  n e t  p r i m a r y  p r o -  
d u c t i o n )  was proposed by  Teas (1979) and 
i s  based on e a r l i e r  papers  by Bray and 
Gorham (1964) and G o l l e y  (1972) f o r  o t h e r  
t y p e s  o f  f o res ts .  T h i s  i s  a qu ick  and 
d i r t y  method a l t h o u g h  t h e  l a c k  of pre- 
c i s i o n  rema ins  t o  be demons t ra ted  f o r  
mangroves, An even q u i c k e r  and d i r t i e r  
method proposed by Teas (4979) I s  t o  f l )  
est imate  l e a f  s tanding crop (using var ious 
t e c h n i q u e s  i n c f  tading ha rves t i ng  or 19'ght 
t ransmiss ion  re la t i onsh ips )  and (2) m u l t i -  
p ly  by ?hi-see Thfs assumes an annual  :eaf 



t u r n o v e r  o f  one, which i s  suppor ted by t h e  
d a t a  o f  H e a l d  ( 1 9 6 9 )  a n d  P o o l  e t  a l .  
(1  977). 

Mangrove p r o d u c t i v i t y  i s  a f f e c t e d  by 
many f a c t o r s ;  some o f  t h e s e  have  been  
r e c o g n i z e d  and some r e m a i n  t o t a l l y  ob- 
s c u r e .  C a r t e r  e t  a l .  ( 1 9 7 3 )  p r o p o s e  
lump ing  these f a c t o r s  i n t o  t w o  broad ca te -  
g o r i e s :  t i d a l  and w a t e r  c h e m i s t r y .  We 
b e l i e v e  t h a t  a  number o f  a d d i t i o n a l  ca te -  
g o r i e s  should be considered. 

A m in ima l ,  though incomplete,  l i s t  of 
f a c t o r s  c o n t r o l  1 i n g  mangrove p r o d u c t i v i t y  
must i n c l  ude t h e  f o l  1 ow i  nq: 

* spec ies compos i t i on  o f  t h e  s tand  

age o f  t h e  s tand 

" presence o r  absence of competing 
spec ies 

degree o f  h e r b i v o r y  

* presence o r  absence o f  d isease and 
p a r a s i t e s  

" depth o f  s u b s t r a t e  

- s u b s t r a t e  t ype  

" n u t r i e n t  con ten t  o f  subs t r a t e  

" n u t r i e n t  con ten t  o f  o v e r l y i n g  wa te r  

" s a l i n i t y  o f  s o i l  and o v e r l y i n g  water  

" t r a n s p o r t  e f f i c i e n c y  of oxygen t o  r o o t  
system 

" aniount o f  t i d a l  f l u s h i n g  

" r e l a t i v e  wave energy 

* presence o r  absence o f  n e s t i n g  b i r d s  

p e r i o d i c i t y  o f  severe s t r e s s  ( h u r r i -  
canes, f i r e ,  etc,)  

" t ime  since f a s t  severe s t r e s s  

* cha rac te r1  s t i c s  o f  ground water  

* i n p u t s  o f  t o x i c  compounds o r  n u t r i e n t s  
f rom human a c t i v i t i e s  

* human i n f l u e n c e s  such as d i k i n g ,  
d i t c h i n g ,  and a1 t e r i  ng p a t t e r n s  o f  
r u n o f f .  

In s p i t e  o f  t h e  d i f f i c u l t i e s  w i t h  
v a r i o u s  methods  and t h e  i n t e r a c t i o n  o f  
c o n t r o l l i n g  f a c t o r s ,  i t  i s  p o s s i b l e  t o  
make g e n e r a l  s t a t e m e n t s  a b o u t  c e r t a i n  
a s p e c t s  o f  mangrove  p r o d u c t i v i t y ,  F o r  
examp le ,  W a i s e l ' s  (1972)  s t a t e m e n t  t h a t  
mangroves  have  l o w  t r a n s p i r a t i o n  r a t e s  
seems t o  be g e n e r a l l y  t r u e  i n  F l o r i d a .  
Lugo e t  al .  (1975) rep r t e d  t r a n s p i  r a t i o n  2 r a t e s  o f  2,500 g  H20/m /day  f o r  mangrove  
l e a v e s  i n  a  f r i n  I n g  r e d  mangrove  f o r e s t  S and 1,482 g  H20/m /day f o r  b l ack  mangrove 
l eaves .  T h i  s  i s  a p p r o x i  m a t e l y  one- th i  r d  
t o  o n e - h a l f  t h e  v a l u e  f o u n d  i n  t e m p e r a t e  
b r o a d  l e a f  f o r e s t s  on h o t  d r y  days,  b u t  
c o m p a r a b l e  t o  t r o p i c a l  r a i n f o r e s t s  (H.T, 
Odum and Jordan 1970). The l o w  t r a n s p i r a -  
t i o n  r a t e s  o f  mangroves a r e  p r o b a b l y  r e -  
l a t e d  t o  t h e  e n e r g e t i c  c o s t s  o f  m a i n -  
t a i n i n g  sap pressures o f  -35 t o  -60 atmo- 
spheres (Scholander e t  a l .  1965). 

L i t t e r  f a l l  ( l e a v e s ,  t w i g s ,  b a r k ,  
f r u i t ,  and f l o w e r s )  o f  F l o r i d a  mangrove  
f o r  s t s  appea rs  t o  a v e r a g e  2 t o  3 d r y  5 g/m d a y  i n  mos t  w e l l - d e v e l o p e d  mangrove 
s t a n d s  (see d i s c u s s i o n  i n  s e c t i o n  3.4). 
Th i s  can be an o rde r  o f  rnaqnitude l o w e r  -in 
scrub f o r e s t s .  

Wood p roduc t i on  o f  manqroves appears 
t o  be h i g h  compared t o  o t h e r  tempera te  and 
t r o p i c a l  t r e e s ,  a1 t hough  no measurements 
f r om  F l o r i d a  are ava i l ab l e .  Noakes (1 955) 
e s t i m a t e d  t h a t  t h e  wood p r o d u c t i o n  o f  an 
i n t e n s i v e l y  managed Ma1 ayan f o r e s t  was 
39.7 me t  r.i c  t o n s / h a / y e a r ,  Teas (1 979) 
suggested a  wood p roduc t i on  e s t i m a t e  o f  21 
m e t r i c  tons/ha/year  f o r  a  mature unmanaged 
red mangrove f o r e s t  i n  south F l o r i da .  H i s  
f i g u r e  was c a f c u l  a ted  f r om  a  l i t t e r / t o t a ' l  
b i o m a s s  r e 1  a t i o n s h i p  and i s  c e r t a i n l y  
s u b j e c t  t o  e r r o r ,  

R e p r e s e n t a t i v e  e s t i m a t e s  o f  g r o s s  
primary p r o d u c t i o n  f G P P )  n e t  p r i m a r y  



p r o d u c t i o n  (NPP), and r e s p i r a t i o n  (R) o f  
F l o r i d a  mangroves a re  g i v e n  i n  T a b l e  la.  
Compared t o  n e t  p r i  mary p r o d u c t i o n  (NPP) 
est imates f rom o ther  ecosystems, i n c l u d i n g  
a g r i c u l t u r a l  systems (E.P. Odum 1971 ), i t  
appears t h a t  mangroves a r e  among t h e  
w o r l d ' s  m o s t  p r o d u c t i v e  e c o s y s t e m s .  
Healthy mangrove ecosystems appear t o  be 
more p r o d u c t i v e  than  sea grass,  marsh 
grass and most o ther  coasta l  systems. 

F u r t h e r  e x a m i n a t i o n  o f  Tab le  l a  r e -  
v e a l s  s e v e r a l  p o s s i  b l  e  tendenc ies .  The 
f i  r s t  hypothet ica l  tendency, as discussed 
by Lugo e t  a l .  (1 975), i s  f o r  red mangroves 
t o  have t h e  h ighest  t o t a l  net production, 
b l a c k  t o  have i n t e r m e d i a t e  v a l u e s  and 
wh i te  the lowest. This conclusion assumes 
t h a t  t he  p lan ts  occur w i t h i n  t he  zone f o r  
w h i c h  t h e y  a r e  b e s t  adapted (see s e c t i o n  
3.2 f o r  d i s c u s s i o n  o f  z o n a t i o n )  and a r e  
not  e x i s t i n g  i n  an area w i t h  s t rong l i m i t -  
i n g  factors.  A scrub red mangrove fo res t ,  
f o r  example, growing under stressed condi - 
t i o n s  (high s o i l  s a l i n i t y  o r  low n u t r i e n t  
supp ly ) ,  has re1  a t i  v e l y  l o w  n e t  p roduc-  
t i  v i  t y  (Teas 1979). The pre-eminent posi - 
t i o n  o f  r e d  mangroves i s  shown b y  t h e  
comparative measurements o f  photosynthesis 
i n  Table l b ;  measurements were made w i t h i n  
canopy l e a v e s  o f  t r e e s  g r o w i n g  w i t h i n  
t h e i r  zones o f  o p t i  ma1 growth. 

A second noteworthy tendency i s  t h a t  
red mangrove GPP decreases w i t h  increas ing  
s a l i n i t y  w h i l e  GPP o f  b l a c k  and w h i t e  
m a n g r o v e s  increases w i t h  i n c r e a s i n g  
s a l i n i t y  up t o  a  point.  Est imates o f  Hicks 
and Burns (1975) demonstrate t h a t  t h i s  may 
be a  rea l  tendency (Table lc). 

D a t a  p r e s e n t e d  b y  M i l l e r  (1972), 
C a r t e r  e t  a l .  (1973), Lugo and Snedaker 
(1974), and H i c k s  and Burns (1975) sug- 
g e s t  a  t h i  r d  h y p o t h e t i c a l  t e n d e n c y ,  
assuming occurrence o f  the species w i t h i n  
i t s  adapted zone. It appears t h a t  t h e  
b lack mangrove t y p i c a l l y  has a much higher 
resp i  r a t i o n  rate, lower  net p r o d u c t i v i t y ,  
and l o w e r  GPP/R r a t i o  t han  t h e  r e d  man- 
grove. T h i s  can be a t t r i b u t e d  a t  l e a s t  
p a r t i a l l y ,  t o  t he  greater  s a l i n i t y  s t ress  
under  w h i c h  t h e  b l a c k  mangrove u s u a l l y  
grows; t h i s  leads t o  inore osmotic work, 

These th ree  apparent tendencies have 
l e d  C a r t e r  e t  a1. (1973) and Lugo e t  a1. 
(1976) t o  propose a  f o u r t h  tendency,  an 
i n v e r t e d  U-shaped r e 1  a t i o n s h i p  be tween 
wa te rway  p o s i t i o n  and n e t  mangrove com- 
muni t y  p r o d u c t i v i t y  ( F i g u r e  6). T h i s  
tendency i s  best  understood by v i s u a l i z i n g  
a  t y p i c a l  g rad ien t  on the  southwest coast 
o f  F l o r i d a .  A t  t h e  l andward  end o f  t h e  
g r a d i e n t ,  s a l i n i t i e s  a r e  v e r y  l o w ,  
n u t r i e n t  r u n o f f  f r o m  t e r r e s t r i  a1 eco- 
systems may be h igh and t i d a l  amp1 i t u d e  i s  
minor. A t  the seaward end, s a l i n i t i e s  are 
r e l a t i v e l y  high, t i d a l  ampl i t u d e  i s  r e l a -  
t i  v e l y  g r e a t  and n u t r i e n t  concentrat ions 
t e n d  t o  be l o w e r .  A t  e i t h e r  end o f  t h e  
gradient ,  t he  energet ic  costs are h igh and 
a  l a r g e  pe rcen tage  o f  GPP i s  used f o r  
s e l f - m a i n t e n a n c e ;  a t  t h e  l andward  end, 
compet i t ion  from f reshwater  p lan t  species 
i s  h i g h  and a t  t h e  seaward end, s a l i n i t y  
s t ress  may be l i m i t i n g .  I n  t h i s  scenario, 
t h e  h i g h e s t  NPP occu rs  f n  t h e  m i d d l e  
reg ion  o f  the  gradient ;  s a l i n i t y  and t i d a l  
ampl i t u d e  are h igh enough t o  l i m i t  compe- 
t i t i o n  w h i l e  t i d a l  f l u s h i n g  and modera te  
n u t r i e n t  l e v e l  s  enhance p r o d u c t i v i t y .  
H i c k s  and Burns (1975) p r e s e n t  da ta  t o  
support t h i s  hypothesis. 

I n  a d d i t i o n  t o  t h e s e  h y p o t h e s e s  
generated from f i e l d  data, t he re  have been 
t w o  s i g n i f i c a n t ,  p u b l i s h e d  a t t e m p t s  t o  
de r i ve  hypotheses from mathematical s i  mu- 
l a t i o n  models o f  mangroves. The f i r s t  
(Mi  1 1 e r  7972) i s  a  model o f  p r i m a r y  p r o -  
d u c t i  on and t ransp i  ra t4  on o f  red mangrove 
canopies and i s  based upon equations which 
u t i  1  i z e  f i e l d  measurements o f  t h e  energy 
budgets o f  i n d i v i d u a l  'leaves. TRls model 
p r e d i c t s  a  v a r i e t y  o f  i n t e r e s t i n g  t r e n d s  
w h i c h  need t o  be f u r t h e r  f i e l d  t e s t e d .  
One i n t e r e s t i n g  h y p o t h e s i  s  genera ted by 
t h e  mode? i s  t h a t  maximum photosynthesis 
o f  red mangrove stands should occur w i t h  a  
l e a f  a rea  i n d e x  (LAI)  o f  2.5 i f  no a c c f i  - 
mat ion t o  shade w i t h i n  the  canopy occurs; 
h igher  LAI's may lead t o  decreased produc- 
t i o n .  Ano the r  p r e d i c t i o n  i s  t h a t  r e d  
mangrove prodrsc t i  on i s  most  a f f e c t e d  by 
a i r  t e m p e r a t u r e  and h u m i d i t y  and, t o  a  
l e s s e r  degree, by t h e  ea-aunt o f  s o l r l r  
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T a b l e  I b .  C o m p a r a t i v e  m e a s u r e m e n t s  o f  photosynthesis i n  
gC /mz /day  ( L u g o  e t  a 1 .  1 9 7 5 ) .  

M a n g r o v e  t y p e  D a y t i m e  n e t  N i g h t t i m e  P,/R 
p h o t o s y n t h e s i s  r e s p i r a t i o n  

Red 1 . 3 8  0 . 2 3  6 . 0  

% I  a c k  '1.24 0 . 5 3  2 . 3  

W h i t e  0 . 5 8  0 . 1 7  3 . 4  

Red ( s e e d 1  i n g )  0 . 3 1  1 . 8 9  n e g a t i v e  

T a b l e  I c .  G r o s s  p r i m a r y  p r o d u c t i o n  ( G P P )  a t  d i f f e r e n t  
s a l i n i t i e s  ( H i c k s  a n d  B u r n s  1 9 7 5 ) .  

M a n g r o v e  t y p e  A v e r a g e  s u r f a c e  G P P  
s a l  i n i  t y  ( p p t )  ( g c / m 2 / d a y  1 

Red 

Red 

Red 

% l a c k  

B l a c k  

B l a c k  

W h i t e  

W h i t e  2 6 . 6  4 -  8 
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Figure 6. The hypothetical ref a t i onsh i  p between waterway pos i t i on  and community 
ne t  primary p r o d u c t i ~ n  o f  Florida mangrove f o r e s t s  (based on Ca r t e r  e t  a l .  1973). 



r a d i a t i o n  w i t h i n  t h e  ambient range. Gross 
p h o t o s y n t h e s i s  p e r  u n i t  l e a f  a r e a  was 
g r e a t e r  a t  t h e  t o p  o f  t h e  t r e e  canopy than 
a t  t h e  bottom, a1 though t h e  m idd le  l e v e l s  
had t h e  g rea tes t  product ion.  

M i  11 e r  (1972) concluded by suggest ing 
t h a t  t h e  canopy  d i s t r i b u t i o n  o f  r e d  man- 
g r o v e  l e a v e s  i s  n e a r l y  o p t i m a l  f o r  e f -  
f i c i e n t  w a t e r  u t i l i z a t i o n  r a t h e r  t h a n  
product ion.  Th is  i n d i c a t e s  t h a t  t h e  cano- 
py  i s  a d a p t e d  t o  m a x i m i z i n g  p r o d u c t i o n  
under c o n d i t i o n s  o f  s a t u r a t e d  w a t e r  sup-  
p l y  * 

The mangrove ecosystem model r epo r t ed  
by  Lugo e t  a l ,  (1976)  p r o v i d e s  h y p o t h e s e s  
on s u c c e s s i o n ,  t i  me t o  a r r i v e  a t  s t e a d y  
s t a t e  c o n d i t i o n s  (see s e c t i o n  3.2), and 
s e v e r a l  a s p e c t s  o f  p r o d u c t i v i t y .  The 
model  o u t p u t  s u g g e s t s  t h a t  t h e  r e l a t i v e  
amount o f  t i d a l  amp l i t ude  does not  a f f e c t  
GPP s i g n i f i c a n t l y ;  i ns tead ,  GPP appears t o  
be  e x t r e m e l y  s e n s i t i v e  t o  i n p u t s  o f  t e r -  
r e s t r i  a1 n u t r i e n t s .  It f o l l o w s  t h a t  l o ca -  
t i o n s  w i t h  l a r g e  amounts o f  n u t r i e n t  i n p u t  
f ram t e r r e s t r i  a1 s o u r c e s  ( r i  v e r i  ne man- 
g r o v e  c o m m u n i t i e s )  have  h i g h  r a t e s  o f  
mangrove  p r o d u c t i o n  (see  s e c t i o n  3.3). 
A1 1 s i  mu1 a t i  on model -generated hypotheses 
need t o  be f i e l d  t e s t e d  w i t h  a  p a r t i c u l a r -  
l y  c r i t i c a l  eye, s i n c e  t h e  s i m p l i f y i n g  
assumptions t h a t  a re  made i n  c o n s t r u c t i n g  
t h e  model  can  l e a d  t o  o v e r l y  s imp1 i s t i c  
answers. 

Mangrove  p r o d u c t i v i t y  r e s e a r c h  r e -  
m a i n s  i n  an  e m b r y o n i c  s tage.  C e r t a i n  
p r e l i m i n a r y  tendencies o r  hypotheses have 
been i d e n t i f i e d ,  b u t  much wo rk  m u s t  be  
done b e f o r e  we can  c o n c l u d e  t h a t  t h e s e  
hypotheses cannot be f a1  s i f i e d .  

2.6 HERBIVORY 

D i r e c t  herb4 vo r y  o f  mangrove leaves, 
1 e a f  buds, and p r o p a g u l  es i s  m o d e r a t e l y  
low,  bu t  h i g h l y  v a r i a b l e  f rom one s i t e  t o  
t h e  nex t .  I d e n t i f i e d  g r a z e r s  o f  l i v i n g  
~ l a n t  i arts (o the r  than wood) i n c l u d e  t h e  
w h i t e - t a i  l e d  'deer,   do coif eus v i r g i n i a n u s ,  
t h e  mangrove  t r e e  c rab ,  A r a t u s  p i s o n i i ,  
and i n s e c t s  i n c l u d i n g  b e e t l e s ,  l a r v a e  o f  

l e p i  dopterans (moths and b u t t e r f l i e s ) ,  and 
o r t hop te rans  (grasshoppers and c r i c ke t s ) ,  

Weald (1969) es t ima ted  a  mean g r a t i n g  
e f f e c t  on Nor th  R i v e r  r ed  mangrove leaves  
o f  5.1% o f  t h e  t o t a l  l e a f  a rea ;  v a l u e s  
f r o m  l e a f  t o  l e a f  w e r e  h i g h l y  v a r i a b l e  
r a n g i n g  f r o m  0 t o  I%%,  Beever  e t  a l .  
(1979)  p r e s e n t e d  a  d e t a i l e d  s t u d y  o f  
g r a z i n g  b y  t h e  mangrove  t r e e  c rab .  T h i s  
a r b o r e a l  g r a p s i d  c r a b  f e e d s  on numerous  
i t e m s  i n c l u d i n g  bee t les ,  c r i c k e t s ,  c a t e r -  
p i  1 1  a r s ,  1 i t t o r a l  a1 gae, and dead a n i  ma1 
m a t t e r .  I n  F l o r i d a ,  r e d  mangrove  l e a v e s  
f o r m  an i m p o r t a n t  component  o f  t h e  d i e t .  
Beeve r  e t  a l .  (1979)  measured  t r e e  c r a b  
g r a z i n g  r a n g i n g  f r o m  0.4% o f  t h e  t o t a l  
l e a f  a r e a  f o r  a  F l o r i d a  Keys ove rwash  
f o r e s t  t o  7.1% f o r  a  f r i n g i n g  f o r e s t  a t  
P i n e  I s l a n d ,  Lee County ,  F l o r i d a ,  The 
r e s e a r c h e r s  a l s o  f o u n d  t h a t  t r e e  c r a b  
g r a z i n g  r a t e s  a r e  r e l a t e d  t crab dens i ty .  9 Low d e n s i t i e s  (one c r a b / m  ) r e s u l t e d  i n  
l o w  l e a f  a r e a  damage ( l e s s  t h a n  1% o f  
t o t a l  1  a f  area) .  N i g h  d e n s i t i e s  ( f o u r  5 c rabs / rn  ) we re  accompan ied  by l e a f  a r e a  
damage rang ing  f r o m  4% t o  6% (see s e c t i o n  
6.2). 

Onuf e t  a l .  (7977)  i n v e s t i g a t e d  i n -  
s e c t  h e r b i v o r y  i n  f r i n q i n g  and o v e r w a s h  
r e d  mangrove  f o r e s t s  i n  t h e  I n d i a n  R i v e r  
e s t u a r y  n e a r  F t .  P i e r c e ,  F l o r i d a .  They 
f o u n d  s i  x m a j o r  h e r b i  v o r o u s  I n s e c t  
s p e c i e s ,  f i v e  l e p i d o p t e r a n  l a r v a e  and a  
b e e t 1  e. Compar i  sons we re  made a t  a h i  gh 
n u t r i e n t  s i t e  ( i n p u t  f r o m  a  b i  r d  rookery )  
and a  l o w  n u t r i e n t  s i t e .  B o t h  r e d  man- 
g r o v e  p r o d u c t i o n  and l e a f  n i  t r o q e n  w e r e  
s i g n i f i c a n t l y  h i ghe r  a t  t h e  h i g h  n u t r i e n t  
s i t e ,  T h i s  r e s u l t e d  i n  a  f o u r - f o l d  
g r e a t e r  l o s s  t o  h e r b i v o r e s  (26% o f  t o t a l  
l e a f  area ' lost t o  grazing);  t h i s  inc reased  
g r a z i n g  r a t e  more  t h a n  o f f s e t  t h e  i n -  
c r e a s e d  l e a f  p r o d u c t i o n  due  t o  n u t r i e n t  
i n p u t .  

C a l c u l a t i o n s  o f  l e a f  area damage may 
unde res t i  male t h e  impac t  o f  he rb ivo res  on 
mangroves. For  example, t h e  l a r v a e  o f  t h e  
01 e t h r e u t i d  m o t h ,  E c d y t o l  o p h a  sp., 
develops w i t h i n  red  mangrove l e a f  buds and 
causes  t h e  l o s s  o f  e n t i r e  leaves ,  A l l  
s t a g e s  o f  t h e  b e e t l e ,  F o e e i l i p s  



rh i zophorae ,  a t t a c k  mangrove p ropagu les  
w h i l e  s t i l l  a t t a c h e d  t o  t h e  p a r e n t  t r e e  
(Onuf e t  al .  1977). 

2.7 WOOD BORERS 

Many peop le  have t h e  m i s t a k e n  i d e a  
t h a t  mangrove wood i s  h i g h l y  r e s i s t a n t  t o  
marine borers. While t h i s  may be t r u e  t o  
a 1 i  m i  t e d  e x t e n t  f o r  c e r t a i n  mangrove 
species i n  o ther  par ts  o f  the world, none 
o f  t h e  F l o r i d a  mangroves have b o r e r -  
r e s i s t a n t  wood. S o u t h w e l l  and Bol tman 
(1971) found t h a t  t h e  wood o f  red,  b l a c k ,  
and w h i t e  mansroves has no r e s i s t a n c e  t o  
Teredo, ~ h o l  ad -and S i  mnorid borers; pieces -- 
o f  red manarove wood were c o m ~ l e t e f v  de- 
st royed a f& immersion i n  ocean water f o r  
14 months. 

An i n t e r e s t i n g  controversy surrounds 
t h e  a b i l i t y  o f  t h e  wood b o r i n g  isopod,  
Sphaeroma t e r e b r a n s ,  t o  bu r row  i n t o  t h e  
l i v i n g  p rop  r o o t s  o f  t h e  r e d  mangrove. 
Rehm and Humm (1973) were t h e  f i r s t  t o  
a t t r i b u t e  apparent ly  e x t e n s i v e  damage o f  
r e d  m a n g r o v e s  s t a n d s  w i t h i n  t h e  Ten 
Thousand I s l a n d s  area o f  s o u t h w e s t e r n  
F l o r i d a  t o  an isopod,  Sphaeroma. They 
f o u n d  e x t e n s i v e  d a m a g e  t h r o u g h o u t  
southwest F lo r ida ,  some i n f e s t a t i o n  no r th  
t o  Tarpon Spr ings ,  and a t o t a l  l a c k  o f  
i n f e s t a t i o n  i n  t h e  F l o r i d a  Keys f r o m  Key 
Largo south t o  Key West. The des t ruc t i on  
p rocess  was d e s c r i b e d  as f o l l o w s :  t h e  
adu l t  isopod bored i n t o  the  prop roo ts  ( 5 -  
mm d i a m e t e r  ho le ) ;  t h i s  was f o l l o w e d  by 
reproduct ion w i t h i n  t h e  ho le  and develop- 
ment o f  j u v e n i l e s  w i t h i n  t h e  roo t ,  T h i s  
process, ctsmbi ned w i t h  secondary decompo- 
s i t i o n  from fung i  and bacter ia,  f requent ly  
r e s u l t s  i n  p r o p  r o o t  severance near  t h e  
mean h i g h  t i d e  mark.  These a u t h o r s  
a t t r i b u t e d  l a s s  o f  numerous p r o p  r o o t s  
and, i n  some cases, l o s s  o f  e n t i r e  t r e e s  
dur ing  storms t o  isopod damage. 

The e x t e n t  o f  damage i n  t h e  Ten 
Thousand Is lands region l e d  Rehm and Humm 
( 1 9 7 3 )  t o  t e r m  t h e  phenomenon an "eco- 
catastrophe" OF poss ib ly  great importance. 
They f u r t h e r  s t a t e d  t h a t  s h r i n k i n g  of' 
mangrave areas appeared t o  be occur r ing  as 

a r e s u l t  o f  Sphaeroma i n f e s t a t i o n ;  t h i s  
po in t  was not  documented. 

E n r i g h t  (1974) produced a tongue-in- 
cheek rebu t ta l ,  on behal f  o f  Sphaero,ma and 
a q a i n s t  t h e  " t e r r e s t r i a l  i n v a d e r  , r e d  
mangroves. Snedaker (1974) c o n t r i b u t e d  a 
more s u b s t a n t i a l  argument i n  w h i c h  he 
p o i n t e d  o u t  t h a t  t h e  i s o p o d  i n f e s t a t i o n  
m i g h t  be an example o f  a l o n g - t e r m  eco- 
system con t ro l  process. 

Fur ther  arguments against  the  "ecoca- 
tastrophe" theory were advanced by Estevez 
and Simon (1975) and Estevez (1978). They 
provided more 1 i f e  h i  s to ry  i n fo rma t ion  f o r  
Sphaeroma and suggested a p o s s i b l e  ex- 
p lanat ion  f o r  t h e  a p p a r e n t l y  d e s t r u c t i v e  
i s o p o d  i n f e s t a t i o n s .  They found t w o  
species o f  isopods i n h a b i t i n g  red mangrove 
p rop  r o o t s ,  5. t e r e b r a n s  and a s y m p a t r i c  
congener, 2. quadr identaturn,  The 1 a t t e r  
does no t  appear t o  be a wood b o r e r  b u t  
u t i  1  i zes S. t e r e b r a n s  bur rows.  N e i t h e r  
species appeared t o  u t i l i z e  mangrove wood 
as a food  source. Es tevez  and Simon 
(1 975) found e x t e n s i v e  b u r r o w i n g  i n t o  
seed1 ings i n  add i t i on  t o  prop roo t  damage, 
I n  genera l ,  i n f e s t a t i o n s  appeared t o  be 
pa tchy  and l i m i t e d  t o  t h e  p e r i p h e r y  o f  
mangrove ecosystems. I n  areas w i t h  t h e  
h i g h e s t  d e n s i t y  o f  bur rows,  23% of a l l  
prop roots were infested.  There appeared 
t o  be more co lon i za t i on  by S. terebrans i n  
r e g i o n s  w i t h  f u l l  s t r e n g t r s e a  w a t e r  (30 
t o  35  pp t ) .  

The most important  f i n d i n g  by Estevez 
and Simon (1975) and Estevez  (1978) was 
t h a t  per iods o f  accelerated a c t i v i t y  by 2. 
terebrans were re la ted  t o  per iods o f  f l u c -  
t u a t i n g  and s l i g h t l y  i n c r e a s e d  s a l i n i t y .  
This suggests t h a t  f l u c t u a t i o n s  i n  isopod 
burrowing may be r e l a t e d  t o  t he  magnitude 
of f reshwater  r u n o f f  f rom the  Everglades. 
These a u t h o r s  agree w i t h  Snedaker (1974) 
and suggest t h a t  roo t  and t r e e  loss  due t o  
Sphaeroma a c t i v i t y  may be b e n e f i c i a l  t o  
mangrove ecosystems by a c c e l e r a t i n g  p ro -  
duc t ion  and roo t  germination. S i  m b e r l o f f  
e t  a l .  (1978)  a m p l i f i e d  t h i s  l a s t  sugges- 
t i o n  by showing t h a t  r o o t  branching, which 
i s  b e n e f i c i a l  t o  i n d i v i d u a l  t r e e s ,  i s  
s t imu la ted  by isopod a c t i v i t y .  



This  ecocatastrophe versus b e n e f i c i a l  
s t i m u l  us argument i s  n o t  complete1.y r e -  
solved. Probably, Sphaeroma r o o t  destruc- 
t i o n .  i n  a reas  o f  l o w    SO DO^ d e n s i t v .  can 
be a - b e n e f i c i a l  p rocess  ' t o  b o t h  t 6 e  i n -  
d i  v i d u a l  t r e e  and t o  t h e  e n t i  r e  mangrove 
stand. Whether changes i n  f r e s h w a t e r  
r u n o f f  have a c c e l e r a t e d  t h i s  p rocess  t o  
t h e  p o i n t  where unna tu ra l  and widespread 
damage i s  o c c u r r i n g  i s  n o t  c l e a r .  The 
d a t a  and r e s e a r c h  p e r s p e c t i v e  t o  answer 
t h i s  quest ion do n o t  ex i s t .  As a  r e s u l t ,  
we a r e  reduced t o  p r o v i d i n g  hypotheses 
w h i c h  cannot  be t e s t e d  w i t h  a v a i l a b l e  
knowledge. 

2.8 MANGROVE DISEASES 

Pub1 i shed  r e s e a r c h  on  mangrove  
d i seases  i s  rare.  The s h o r t  paper  by 
Olexa and Freeman (1975) i s  t h e  p r i n c i p a l  
r e f e r e n c e  f o r  d i seases  o f  F l o r i d a  man- 
groves. They r e p o r t e d  t h a t  b l a c k  man- 
groves  a r e  a f f e c t e d  by  t h e  pa thogen ic  

f u n g i ,  P h y l l o s t i c t a  h i b i s c i n a  and Nigro- 
s  o ra  sphaerica, These authors found t h a t  eh- - P. i b i s c i n a  caused n e c r o t i c  l e s i o n s  and 
death o f  b lack  mangrove leaves. They f e l t  
t h a t  under  c o n d i t i o n s  of h i g h  r e l a t i v e  
humid i t y  coupled w i t h  h i  gh tempera tu res ,  
t h i s  fungus couf d  pose a  ser ious t h r e a t  t o  
i n d i v i d u a l  t rees ,  p a r t i c u l a r l y  i f  the  t r e e  
had been weakened by some o t h e r  n a t u r a l  
agent ,  such as l i g h t n i n g  o r  w ind  damage. 
Ni grospora sphaer i  ca was considered t o  be 
o f  l i t t l e  d a n g e r  t o  b l a c k  mangroves .  
Another  f ungus ,  C y l i n r o c a r p o n  didymum, 
appears t o  f o r m  g a l l s  on t h e  p rop  r o o t s  
and stems o f  r e d  mangroves. . 0 l k x a  and 
Freeman (1  975) no ted  m o r t a l  i t y  of r e d  
mangroves i n  a r e a s  o f  h i g h  g a l l  i n f e s t a -  
t i o n s ,  a l t h o u g h  a  d i r e c t  c a u s a t i o n  l i n k  
was not proven. 

Fur ther  research on mangrove d i  seases 
i s  b a d l y  needed. V i r a l  d i s e a s e  must be 
i n v e s t i g a t e d .  The r o l e  o f  pathogens i n  
l i t t e r  p r o d u c t i o n  and as i n d i c a t o r s  o f  
mangrove s t r e s s  may be very important.  



CHAPTER 3 .  ECOSYSTEM STRUCTURE A N D  FUNCTION 

3.1 STRUCTURAL PROPERTIES OF MANGROVE 
FORESTS 

P u b l i s h e d  i n f o r m a t i o n  a b o u t  t h e  
s t r u c t u r a l  aspec ts  o f  F l o r i d a  mangrove 
f o r e s t s  i s  l i m i t e d ;  most  e x i s t i n g  d a t a  
have been publ ished s i n c e  t h e  m id -1  970's. 
T h i s  l a c k  o f  i n f o r m a t i o n  i s  u n f o r t u n a t e  
s ince q u a n t i t a t i v e  s t r u c t u r a l  data g r e a t l y  
a i d  u n d e r s t a n d i n g  o f  p rocesses such as 
succession and p r i m a r y  p r o d u c t i o n .  Even 
more important ,  the  response o f  mangrove 
fo res ts  t o  st ress,  both c l i m a t i c  and man- 
induced,  can be f o l l  owed q u a n t i t a t i v e l y  
w i t h  t h i s  type o f  data. 

Ba? 1  (1 980) con t r i bu ted  substant i  a1 1y 
t o  u n d e r s t a n d i n g  the  r o l e  o f  c o m p e t i -  
t i o n  i n  mangrove succession by measuring 
s t r u c t u r a l  f a c t o r s  such as b a s a l  a rea,  
t r e e  h e i g h t ,  and t r e e  dens i t y .  Lugo and 
Zucca (1977)  m o n i t o r e d  t h e  response of 
mangrove fo res ts  t o  f reezing temperatures 
by observing changes i n  s t r u c t u r a l  proper- 
t i e s  o f  t h e  trees. 

Basel ine s tud ies  o f  f o res t  s t r u c t u r e  
have been p u b l i s h e d  by Lugo and Snedaker 
(1 9 7 5 1 ,  and P o o l ,  Snedake r  and  Lugo  
(1977) .  For  example, Lugo and Snedaker 
(1 97%) compared a  f r i n g i n g  mangrove f o r e s t  
and a  b a s i n  f o r e s t  a t  Rookery Bay, nea r  
Naples, F lo r ida ,  They found the  f r i n g i n g  
f o r e s t ,  w h i c h  was dominated by red  man- 
groves,  t o  have a t r e e  d i v e r s i  y o f  H = 
1.48, a b a s a l  a r e a  o f  15.9 m I an 
aboveground biomass o f  17,932 g/m4,h 'ind a  
non-ex1 s t e n t  l i t t e r  l a y e r ,  The nearby  
bas in  f o r e s t  was dominated by b lack man- 
groves,  had a t r e e  d i  v e r s ' t y  o f  H = 0.96 3 and a  basa l  a rea o f  23.4 m /ha. The l i t -  
ter. l a y y  i n  t he  basin f o r e s t  averaged 550 
d r y  g/m . Tree  d i v e r s i t y  i n  a  h u r r i c a n e  
d i s t u r b e d  s e c t i o n  o f  t h e  Rookery Bay 
f o r e s t  was 1.62. S i m i l a r  da ta  were p r e -  
sen ted  f o r  mangrove f o r e s t s  i n  t h e  Ten 
Thousand Is lands area (Table 2). 

Data of t h i s  type are usefu l  f o r  many 
purposes i nc lud ing  impact statements, en- 
v i  ronmental surveys, and basic s c i e n t f  P ic  
ques t i ons .  C i n t r o n  e t  a? .  (7978) gave an 
i n d i c a t i o n  o f  t h e  d i r e c t i o n  i n  wh ich  f u -  
t u r e  research n i g h t  proceed, Warkfng i n  a  
mangrove stand i n  Puerto Rico, they found 

t r e e  h e i g h t  t o  be i n v e r s e l y  p r o p o r t i o n a l  
( r  = 0.72) t o  s o i l  s a l i n i t y  i n  t h e  range 
30 t o  72 ppt. Above 65 ppt s a l i n i t y ,  dead 
t r e e  basal area was h igher  than l i v e  t r e e  
basa l  a rea and above 90 p p t  t h e r e  was no 
1  i v e  t r e e  basal area. 

It should be poss ib le  t o  i n v e s t i g a t e  
t h e  r e l a t i o n s h i p  between a  v a r i e t y  o f  
mangrove s t r u c t u r a l  p rope r t i es  and f a c t o r s  
such as f l u s h i n g  f requency,  s o i l  depth ,  
n u t r i e n t  ava i  1  a b i  1  i t y ,  p o l  1 u t i o n  st ress,  
and o ther  measures o f  human impact. U l t i -  
mately, t h i s  should lead t o  an a b i l i t y  t o  
p r e d i c t  the  form and s t r u c t u r e  o f  mangrove 
f o r e s t s  r e s u l t i n g  f r o m  v a r i o u s  p h y s i c a l  
c o n d i t i o n s  o r  a r t i f i c i  a1 impacts .  One 
example o f  t h i s  p o t e n t i a l  t o o l  i s  B a l l ' s  
(1 980) documentation o f  s t r u c t u r a l  changes 
i n  mangrove fo res ts  resul  l i n g  from a1 t e r a -  
t i o n s  i n  t h e  h y d r o l o g i c a l  c o n d i t i o n s  o f  
sou th  Flor ida.  

3.2 ZONATION, SUCCESSION AND " L A N D -  
BUILDING" 

Much o f  the world's mangrove 1 i t e r a -  
t u r e  c o n s i s t s  o f  d e s c r i p t i v e  accounts  of 
zonation i n  mangrove fo res ts  and the  spe- 
c ies  composit ion w i t h i n  these zones. A7 - 
thouqh general agreement has been lacking,  
v a r i o u s  hypotheses have been pu t  f o r t h  
concerning the  poss ib le  connection between 
zonation, eco log ica l  successf on, competi - 
t i o n ,  and t h e  r o l e  o f  p h y s i c a l  f a c t o r s  
such as s o i l  s a l i n i t y  and t i d a l  amp1 i tude. 
I n  t h i s  s e c t i o n  we r e v i e w  b r i e f l y  t h e  
dominant ideas about mangrove zonation and 
succession and present our i n t e r p r e t a t i o n  
o f  t he  cur ren t  s ta tus  of knowledge. 

Davis (1 940), working i n  south F l o r i  - 
da, was one o f  t h e  f i r s t  i n v e s t i g a t o r s  t o  
d e s c r i b e  d i s t i n c t ,  a1 most  monospeci f i  c, 
zones w i t h i n  mangrove ecosystems. I n  what 
has become t h e  c l a s s i c a l  v iew,  he argued 
t h a t  mangrove zona t  i on p a t t e r n s  w e r e  
equivalent  t o  sera1 stages i n  succession. 
The most  seaward zone, dominated by r e d  
mangroves, was rega rded  as t h e  " p i o n e e r  
s t a g e " .  More I a 0 l d 9 ~ a r b  zones  w e r e  
dominated by w h i t e  mangrove ,  b l a c k  
mangrove, bu t tonwood a n d ,  f i n a l l y ,  t h e  
c l i m a t i c  cl i snax, a t r o p i c a l  forest .  Since 
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t h e s e  zones were regarded as p r o g r e s s i v e l y  
l a t e r  s t a g e s  i n  s u c c e s s i o n ,  t h e  e n t i r e  
mangrove  e c o s y s t e m  was be1 i e v e d  t o  be  
moving seaward th rough  a  process o f  sed i -  
ment accumula t ion  and co l  o n i  z a t i  on. Davi s  
based  h i s  a rgumen t  p r i m a r i l y  upon t h e  
sequence o f  observed zones and cores which 
showed red  mangrove peat u n d e r l y i n g  b l ack  
manqrove  p e a t  wh i ch ,  i n  t u r n ,  o c c u r r e d  
under t e r e s t r i  a1 p l a n t  communi t i e s .  

U n f o r t u n a t e l y ,  t h i s  Clements ian i n -  
t e r p r e t a t i o n  o f  mangrove  z o n a t i o n  was 
w i d e l y  accep ted ,  b u t  r a r e l y  t e s t e d .  F o r  
example ,  Chapman (1970)  expanded D a v i s '  
o r i g i n a l  s u c c e s s i o n a l  concept from south 
F l o r i d a  t o  e x p l a i n  z o n a t i o n  i n  mangrove  
f o r e s t s  i n  o t h e r  p a r t s  o f  t h e  w o r l d .  
Wal sh (1 974) thorough1 y rev iewed t h e  man- 
g rove  successi  o n j z o n a t i  on 1  i t e ra tu re .  

F o r t u n a t e l y ,  n o t  e v e r y o n e  a c c e p t e d  
D a v i s '  p o i n t  o f  v iew.  E g l e r  (1952)  and 
l a t e r  Thom (1967, 1975) argued t h a t  man- 
g rove  zona t ion  was a  response t o  e x t e r n a l  
phys i ca l  f o r ces  r a t h e r  t h a n  t e m p o r a l  se -  
quence  i n d u c e d  by  t h e  p l a n t s  t hemse l ves .  
E g l e r  (1952) showed t h a t  p a t t e r n s  o f  sed i -  
ment d e p o s i t i o n  p r e d i c t e d  by Davi ~ ' ( 1 9 4 0 )  
t h e o r y  d i d  n o t  a l w a y s  occur .  He a l s o  
showed t h a t  i n  some cases mangrove zones 
appeared t o  be moving landward r a t h e r  t han  
seaward.  Sea l e v e l  has been r i s i n g  i n  
s o u t h  F l o r i d a  a t  t h e  r a t e  o f  1 f t  (30  cm) 
p e r  1 0 0  t o  1 5 0  y e a r s  ( P r o v o s t  1974 ) .  
Spackman e t  a l ,  (1966) emphasized t h e  r o l e  
o f  sea l e v e l  change i n  de te rm in i ng  changes 
3n mangrove  z o n a t i o n ,  b o t h  t h r o u g h  sea 
I e v e b r i  se  and l a n d  subs idence .  B o t h  
E g l e r  (1952) and  Spackman e t  a l .  (1966) 
a l ong  w i t h  Wanless (1974) and Thon (1967, 
1 9 7 5 )  s u g g e s t e d  t h a t  m a n g r o v e s  w e r e  
r e a c t i n g  p a s s i v e l y  r a t h e r  than  a c t i v e l y  t o  
s t r o n g  geomorpho lag i ca l  p rocesses .  T h i s  
i mpl i e s  t h a t  mangroves should be regarded 
as  ' "and-s tab f  1 -I z e r s "  r a t h e r  t h a n  " ' land-  
b u i  1 ders",  

f u r t h e r m o r e ,  f i e l d  r esea rche rs  f r e -  
q u e n t l y  no ted  t h a t  r ed  mangroves were n o t  
a1  ways t h e  on1 y " p i o n e e r  s p e c i  e s ' b n  r e -  
c e n t l y  d e p o s i t e d  sed imen t .  I t  i s  n o t  
unusual t o  f i n d  seed l ings  o f  black, wh i te ,  
and r e d  mangroves  g r o w i n g  t o g e t h e r  on a 
new c o l o n i z a t i o n  r i t e .  Lew is  and Dunstan 

(1975) f o u n d  t h a t  b l a c k  mangroves  and 
w h i t e  mangroves a1 ong w i t h  t h e  sa l  tmeadow 
cordgrass, Spa r t i na  patens,  a re  o f t e n  t h e  
p i o n e e r s  on new d redge  s p o i l  i s l a n d s  i n  
c e n t r a l  F l o r i da .  On t h e  n o r t h e r n  coas t  o f  
t h e  G u l f  o f  Mex i co ,  whe re  b l a c k  mangrove  
i s  t h e  on1.y mangrove  s p e c i e s  p r e s e n t ,  i t  
may be preceded by marsh grasses such as 
s a l t m a r s h  c o r d g r a s s ,  S. p a t e n s ,  smoo th  
c o r d g r a s s ,  2. a1 t e r n i  f i o r a ,  o r  t h e  b l a c k  
need1 e  rush, Juncus roemer i  anus. I n  Puer- 
t o  R i c o ,  we o b s e r v e d  t h a t  w h i t e  mangrove  
o f t e n  p i o n e e r s  and dominates s i t e s  where 
o c e a n i c  ove rwash  o f  beach  sand  has  oc -  
curred. A1 1  o f  these  ohservat  i ons d e t r a c t  
f r o m  D a v i s '  (1  940) o r i g i n a l  c o n t e n t i  on 
t h a t  r e d  mangroves  s h o u l d  be r e g a r d e d  as 
t h e  i n i t i a l  c o l o n i z e r  o f  r e c e n t l y  de-  
p o s i t e d  sediments. It appears t h a t  under 
c e r t a i n  c o n d i t i o n s ,  e.g., s h a l  'low w a t e r  
d e p t h s ,  s u b s t r a t e  t y p e ,  and l a t i t u d e ,  
w h i t e  and b l ack  mangroves o r  marsh grasses 
can be e f f e c t i v e  p ioneer  species. 

The work of Rab inow i t z  (1975) added a  
new p e r s p e c t i v e  t o  t h e  manqrove zona t ion  
debate. Through c a r e f u l l y  designed r e c i p -  
r o c a l  p l a n t i n g  expe r imen t s  i n  Panamanian 
mangrove f o r e s t s  u s i n g  s p e c i e s  o f  R h i z o -  
p h o r a ,  L a g u n c u l  a r i  a, P e l  1 i c i e r a  a n d  
A v l c e n n i a ,  she d e m o n s t r a t e d  t h a t  each  -- 
species  cou ld  grow w e l l  w i t h i n  any o f  t h e  
mangrove zones. I n  o t h e r  words, p h y s i c a l  
and chemica l  f a c t o r s  such as s o i l  s a l i n i t y  
o r  f r e q u e n c y  o f  t i d a l  i n u n d a t i o n ,  w i t h i n  
each zone, were no t  s o l e l y  r espons ib l e  f o r  
e x c l u d i n g  s p e c i e s  f r o m  t h a t  zone. To 
e x p l a i n  z o n a t i o n ,  Rab i  n o w i  t z  p roposed  
t i d a l  s o r t i n g  o f  p r o p a g u l e s  based  upon 
propagufe s i  ze, r a t h e r  than  h a b i t a t  adap- 
ta t ion,as t h e  most i mpor tan t  mechani sm f o r  
z o n a t i o n  con t r o l .  

The mos t  r e c e n t  p i e c e  t o  be added t o  
t h e  zona t i  on lsuccess i  on puzz le  comes f r om  
t h e  wo rk  a f  B a l l  (1980). Based upon r e -  
s e a r c h  o f  manqrove  seconda ry  s u c c e s s i o n  
p a t t e r n s  ad jacen t  t o  Biscayne Bay, F l o r i -  
da, she made a  s t r o n g  case  f o r  t h e  i m p o r -  
t a n c e  o f  i n t e r s p e c i f i c  c o m p e t i t i o n  i n  
c o n t r a 3 l f n q  z o n a t i o n ,  She f o u n d  t h a t  
w h i t e  m a n g r o v e s ,  w h i c h  g r o w  b e s t  i n  
i n t e r t i d a l  a reas ,  do n o t  o c c u r  c o n s i s -  
t e n t l y  i n  t h e  i n t e r t i d a l  zone s f  m a t u r e  
mangrove stands. Instead, w h i t e  rnanqroves 



d o m i n a t e  h i g h e r ,  d r i e r  l o c a t i o n s  above 
mean h i g h  w a t e r  where  t h e  r e d  mangrove  
does n o t  a p p e a r  t o  have  a  c o m p e t i t i v e  
advantage. She suggested t h a t  c o m p e t i t i o n  
i s  n o t  so i m p o r t a n t  d u r i n g  t h e  e a r l y  
stages o f  success ion bu t  becomes c r i t i c a l  
as  i n d i v i d u a l  t r e e s  r e a c h  m a t u r i t y  and 
r e q u i r e  more space and o t h e r  resources. 

I n h e r e n t  i n  B a l l ' s  c o n c e p t  o f  zona- 
t i o n  i s  t h e  d i f f e r e n t i a l  i n f l u e n c e  o f  
p h y s i c a l  f a c t o r s  (e.g., s o i l  s a l i n i t y ,  
d e p t h  t o  w a t e r  t a b l e )  on t h e  c o m p e t i t i v e  
a b i  1  i t i e s  o f  t h e  d i f f e r e n t  m a n g r o v e  
s p e c i  es. She c o n c l  uded t h a t  s u c c e s s i o n  
p roceeds  i n d e p e n d e n t l y  w i t h i n  each zone, 
a l though  breaks i n  t h e  f o r e s t  canopy f rom 
1 i q h t n i n q  s t r i k e s  o r  h i g h  w i n d s  may p r o -  
duce  a  m o s a i c  o f  d i f f e r e n t  s u c c e s s i o n a l  
s t a q e s  w i t h i n  a  zone. These open ings  
a l l o w  spec ies whose seed l ings  do no t  com- 
p e t e  w e l l  i n  shade, such  as t h e  w h i t e  
mangrove, t o  become es tab l i shed ,  a t  1 eas t  
t e m p o r a r i l y ,  w i t h i n  s o l  i d  zones o f  r e d  
mangroves, 

Zona t ion  o f  mangrove spec ies does not  
appea r  t o  be  c o n t r o l l e d  by p h y s i c a l  and 
c h e m i c a l  f a c t o r s  d i  r e c t l  y ,  b u t  b y  t h e  
i n t e r p l a y  o f  these f a c t o r s  w i t h  i n t e r s p e -  
c i  f i c  c o m p e t i t i o n  and, poss i b l y ,  through 
t i d a l  s o r t i  ng o f  propagules. Once succes- 
s i o n  i n  a  mangrove zone reaches an e q u i l i -  
b r i um  s ta te ,  change i s  u n l i k e l y  un less  an 
e x t e r n a l  p e r t u r b a t i o n  occurs. These per- 
t u r b a t i o n s  range f r om  s m a l l  - sca le  d i s t u r -  
bance (1 i g h t n i n g  s t r i k e s )  t o  l a r g e - s c a l e  
p e r t u r b a t i o n s  (sea l eve1 change, h u r r i c a n e  
damage) and may cause  s u c c e s s i o n  w i t h i n  
zones t o  r e g r e s s  t o  an e a r l i e r  s tage .  
The re  i s  some e v i d e n c e  i n  s o u t h  F l o r i d a  
t h a t  h u r r i c a n e  p e r t u r b a t i o n s  o c c u r  on a  
f a i r l y  r e g u l a r  b a s i s ,  c r e a t i n g  a  p a t t e r n  
of c y c l  i c a l  succession. 

E x c e p t  f o r  B a l l  (1980)  and T a y l o r  
(1980), t h e  i m p o r t a n c e  o f  f i r e s  as an 
i n f l u e n c e  on mangrove success ion has been 
g e n e r a l l y  i g n o r e d .  Mos t  f i r e s  i n  t h e  
F l o r i d a  mangrove zone a r e  i n i t i a t e d  by  
l i g h t n i n g  and c o n s i s t  o f  s m a l l  c i r c u l a r  
o p e n i ~ g s  i n  t h e  mangrove  canopy ( T a y l o r  
1980). These openings p resen t  an oppor tu-  
n j  t y  f o r  secol-rbary s ~ c c e s s i o r i  with" nan 
e s t a b l i s h e d  zone. F o r  example ,  we have  

f r e q u e n t l y  o b s e r v e d  w h i t e  m a n g r o v e s  
f l o u r i s h i n g  i n  s m a l l  1 i g h t n i n g - c r e a t e d  
o p e n i n g s  i n  t h e  c e n t e r  o f  r e d  mang rove  
f o r e s t s .  F i r e  may a l s o  p l a y  a  r o l e  i n  
l i m i t i n g  t h e  i n 1  and sp read  o f  manqroves.  
Tay l o r  (1 981) p o i n t e d  o u t  t h a t  E v e r g l a d e s  
f i r e s  appea r  t o  p r e v e n t  t h e  encroachment 
o f  r e d  and w h i t e  mangroves  i n t o  a d j a c e n t  
herbaceous communities. 

F i n a l  l y ,  Lugo and Snedaker  (1  974),  
C i n t r o n  e t  a l .  (1978)  and Luqo (1980)  
s u g g e s t e d  t h a t  m a n g r o v e  e c o s y s t e m s  
f u n c t i o n  as c l a s s i  ca1 success ional  systems 
i n  a reas  o f  r a p i d  s e d i m e n t  d e p o s i t i o n  o r  
upon r e c e n t l y  c o l o n i z e d  s i t e s  such  as  
o f f s h o r e  i s lands .  They concluded t h a t  i n  
most areas mangrove f o r e s t s  a re  an example 
o f  s t eady - s t a te  c y c l i c a l  systems. Concep- 
t u a l l y ,  t h i s  i s  synonymous t o  E. P. Odum's 
(1 971 ) c y c l  i c  o r  c a t a s t r o p h i c  c l  i max. 
Chapman (1976a, b )  s u g g e s t e d  t h e  i d e a  o f  
c y c l  i c  success ion f o r  a  v a r i e t y  o f  coas ta l  
ecosystems. 

I f  F l  o r3  da mangrove  ecosys tems  a r e  
c y c l i c  s ys tems ,  t h e n  t h e r e  s h o u l d  be an  
i d e n t i  f i a b f e  p e r t u r b a t i o n  capable o f  s e t -  
t i n g  s u c c e s s i o n  back t o  an e a r l y  s t age .  
Lugo  and Snedaker  (1974)  s u g g e s t e d  t h a t  
h u r r i c a n e s  may p l a y  t h i s  r o l e .  They 
p o i n t e d  o u t  ( w i t h o u t  s u b s t a n t i a t i n g  da ta )  
t h a t  m a j o r  h u r r i c a n e s  o c c u r  abou t  e v e r y  
20-25 y e a r s  i n  s o u t h  F l o r i d a ,  C o i n c i -  
d e n t l y ,  mangrove  ecosys tems  appea r  t o  
reach t h e i  r maximum l e v e l s  o f  p r o d u c t i v i t y  
i n  about t h e  same p e r i o d  o f  t i m e  (Lugo and 
Snedaker  1974). T h i s  hypothes is  suggests 
t h a t  success ion w i t h i n  many mangrove eco- 
s y s t e m s  may p roceed  on a  c y c l i c a l  b a s i s  
r a t h e r  t h a n  i n  t h e  c l a s s i c a l  f a s h i o n ,  
Poss i b l y  o t h e r  phys i ca l  p e r t u r b a t i o n s  may 
i n f l  uence mangrove s u c c e s s i o n  i n c 7 u d i  n g  
i n c u r s i o n s  o f  f r e e z i  n q  tempera tu res  i n t o  
c e n t r a l  F l o r i d a ,  p e r i  od i c  droughts  caus ing  
unusua l l y  h i gh  s o i l  s a l i n i t i e s  (C in t r on  e t  
a1. 1978), and f i r e  s p r e a d i n g  i n t o  t h e  
upper zones o f  mangrove f o r e s t s  from t e r -  
r e s t r i  a1 sources. 

A l t h o u g h  u n d e r s t a n d i n g  o f  z o n a t i o n  
and s u c c e s s i o n  l'n mangrove  e c o s y s t e m s  
remains incomplete,  a  c l e a r e r  p i c t u r e  i s  
e m e r g i n g ,  a t  ? e a s t  f o r  s o u t h  F l o r r d a ,  
C o n t r a r y  t o  e a r l y  s u g g e s t i o n s ,  mangrove  



species zonation does not appear t o  repre- 
s e n t  sera1 s tages  o f  success ion  excep t ,  
perhaps, f o r  l oca t i ons  o f  recent co l  oni za- 
t i o n  o r  where sed iment  i s  a c c u m u l a t i n g  
r a p i d l y .  The r o l e  o f  mangroves  i n  
land-bui l d i  ng seems more pass! ve than 
a c t i  ve. Geomorphol og i  ca l  and hydro1 ogi  ca l  
processes appear t o  be the  dominant forces 
i n  determining whether mangrove shore1 i nes 
recede o r  grow. The r o l e  o f  mangroves i s  
t o  s t a b i  1 i ze sed i  ments wh ich  have been 
deposited by physical  processes. 

3.3 NUTRIENT CYCLING 

C u r r e n t  u n d e r s t a n d i n g  o f  n u t r i e n t  
cyc les  i n  mangrove ecosystems i s  f a r  f rom 
sat is fac tory .  Sporadic f i e l d  measurements 
have been made, b u t  a  comp le te  n u t r i e n t  
budget  has n o t  been p u b l i s h e d  f o r  any 
mangroye ecosystem i n  the  world. 

Several p ioneer ing  f i e l d  studies were 
conducted i n  F f  o r i d a  ( C a r t e r  e t  a1. 1973; 
Snedaker and Lugo 1973; Onuf e t  a l .  1977) 
and one s imu la t i on  model o f  mangrove nu- 
t r i e n t  cyc l  i ng has been pub1 i shed (Lugo e t  
a l .  1976). P r e l  i m i n a r y  measurements o f  
n i t r o g e n  f i x a t i o n  were made (Zuberer and 
S i l v e r  1975;  G o t t o  and T a y l o r  1976 ;  
Puberer  and S i l v e r  1978; Go t to  e t  a l .  
1981). Based an these studies, we present 
the  f o l l o w i n g  p re l im ina ry  conclusions. 

Mangrove ecosystems tend t o  act  as a  
s i n k  ( n e t  accumul a t o r )  f o r  v a r i o u s  e l  e- 
ments . i nc lud ing  macro n u t r i e n t s  such as 
n i  t ragen and phosphorus, t r ace  elements, 
and heavy metals, As we have discussed i n  
s e c t i o n  1-7, t h e s e  e lemen ts  a r e  removed 
f r o m  w a t e r s  f l o w i n g  t h r o u g h  mangrove 
swamps b y  t h e  conce r ted  a c t i o n  o f  t h e  
mangrove prop roots, prop roo t  algae, t h e  
assocs'ated sediments, the f i n e  roo t  system 
o f  t h e  mangrove t r e e s ,  and t h e  hes t  o f  
s m a l l  i n v e r t e b r a t e s  and m4 c r o o r g a n i  sms 
a t t a c h e d  t o  a l l  of t hese  sur faces ,  A l -  
t hough  t h e  t u r n o v e r  t i m e s  f o r  t h e s e  e7e- 
ments i n  mangrove swamps are not known, i t  
appears t h a t  a t  l e a s t  a p o r t i o n  may be 
s tored o r  t i e d  up i n  wood, sediments, and 
peat fa r  many years. 

A1 though mangrove ecosystems may tend 
t o  accumula te  n u t r i e n t s ,  t h e r e  i s  a  con- 
t i n u a l  loss through export  o f  p a r t i c u l a t e  
and d isso lved substances. I f  s i g n i f i c a n t  
n u t r i e n t  s t o r a g e  and r e s u l t a n t  h i  gh p r i  - 
mary p r o d u c t i o n  a r e  t o  occur ,  t h e r e  must  
be a  c o n t i n u a l  i n p u t  o f  n u t r i e n t s  t o  t h e  
mangrove f o r e s t  f r o m  o u t s i d e  t h e  sys tem 
( F i g u r e  7). Where n u t r i e n t  i n f l u x  t o  t h e  
mangrove e c o s y s t e m  i s  a p p r o x i  m a t e 1  y  
ba lanced by  n u t r i e n t  l o s s  i n  e x p o r t e d  
organic matter ,  then n u t r i e n t  storage w i  11 
be minima1 and mangrove net p r imary  pro- 
d u c t i o n  w i l l  be low. T h i s  appears t o  
occur i n  the  scrub mangrove community type 
and t o  a  l e s s e r  e x t e n t  i n  t h e  b a s i n  and 
hammock community types. 

Car ter  e t  al. (1973) and Snedaker and 
Lugo (1 973) have h y p o t h e s i z e d  t h a t  t h e  
greatest  na tu ra l  n u t r i e n t  i npu ts  fo r  man- 
grove swamps come from upland and t e r r e s -  
t r i a l  sources. A p p a r e n t l y  f o r  t h i s  rea -  
son, t h e  most  l u x u r i a n t  and p r o d u c t i v e  
mangrove fo res ts  i n  south F l o r i d a  occur i n  
r i  v e r i  ne 1  ocations or  adjacent t o  s i  qn i  f i  - 
cant up1 and drainage. 

Local i zed sources of nu t r ien ts ,  such 
as b i  r d  r o o k e r i e s ,  can r e s u l t  i n  g r e a t e r  
n u t r i e n t  storage and higher mangrove pro- 
d u c t i v i t y  (Onuf e t  al. 1977). I f  however, 
l a r g e  b i r d  r o o k e r i e s  ( o r  a r t i f i c i a l  nu- 
t r i e n t  i n p u t s )  occu r  i n  p o o r l y  f l u s h e d  
sect ions o f  mangrove ecosystems, r e s u l t a n t  
h i  gh n u t r i e n t  1 eve1 s  may i nhi  b i  t mangrove 
g r o w t h  (R. R. Lewis ,  111, H i l l s b o r o u g h  
Community Col  1 ege, Tampa, F l  a.; pe rsona l  
communication 1981). 

The output from the  s i  mu1 a t i o n  model 
o f  i u g o  e t  a l .  (1976) suggests  t h a t  i f  
n u t r i e n t  i npu t  t o  a  mangrove ecosystem i s  
reduced, t h e n  n u t r i e n t  s t o r a g e  l e v e l  s  
w i t h i n  t h e  mangrove ecosystem w i  11 be 
reduced and mangrove b iomass and p roduc -  
t i v i t y  w i l l  d e c l i n e ,  To ou r  knowledge 
t h i s  hypothesis has not been tes ted  i n  t he  
f i e l d ,  

Ni t rogen f i x a t i o n  occurs i n  mangrove 
swamps a t  r a t e s  c o m p a r a b l e  t o  t h o s e  
measured i n  other  shal low, t r o p i c a l  marine 
a r e a s  ( G o t t o  e t  a l .  1981),  N i t r o g e n  
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f i x a t i o n  has been f o u n d  i n  a s s o c i a t i o n  
w i t h  mangrove  l e a v e s ,  b o t h  li v i  nq and  
dead, mang rove  s e d i m e n t  s u r f a c e s ,  t h e  
l i t t e r  l a y e r  i n  mangrove swamps, and man- 
grove r o o t  systems (Got to  and Tay l o r  1976; 
Z u b e r e r  and  S i l v e r  1978; G o t t o  e t  a l .  
1981).  In v i r t u a l l y  a1 1 cases ,  n i t r o g e n  
f i x a t i o n  appea rs  t o  be l i m i t e d  b y  t h e  
a v a i l a b i l i t y  o f  l a b i l e  ca rbon  compounds. 
Perhaps f o r  t h i s  reason, t h e  h i ghes t  r a t e s  
o f  mangrove  n i t r o g e n  f i x a t i o n  have  been 
measured  i n  a s s o c i a t i o n  w i t h  d e c a y i n g  
mangrove leaves; presumably, t h e  decay ing 
l e a v e s  a c t  as a c a r b o n  s o u r c e  and t h u s  
a c c e l e r a t e  n i t r o g e n  f i x a t i o n .  Macko 
( 1 9 8 1 ) ,  u s i n g  s t a b l e  n i t r o g e n  r a t i o  
techniques,  has i n d i c a t e d  t h a t  as much as 
25% o f  t h e  n i t r o g e n  assoc ia ted  w i t h  b l ack  
mangrove  p e a t  i n  Texas i s  d e r i v e d  f r o m  
n i t r o g e n  f i x a t i o n .  

Z u b e r e r  and S i l  v e r  (1978) specu la ted  
t h a t  t h e  n i t r o g e n  f i x a t i o n  r a t es  observed 
i n  F l o r i d a  mangrove  swamps may be s u f -  
f i c i e n t  t o  supply  a  s i g n i f i c a n t  p o r t i o n  o f  
t h e  mangrove 's  g r o w t h  requi rements.  A1 - 
t h o u g h  t h i s  h y p o t h e s i s  i s  i m p o s s i b l e  t o  
t e s t  w i t h  p r e s e n t  i n f o r m a t i o n ,  i t  m i g h t  
e x p l a i n  why modera te ly  p roduc t i ve  mangrove 
s tands occur  i n  wa te rs  which are seve re l y  
n i t r o g e n  dep le ted ,  

I n  summary, know ledge  of n u t r i e n t  
cyc l  i n q  i n  mangrove  swamps i s  h i g h l y  
s p e e u l  a t i  ve. These ecosystems appear t o  
a c t  as a s i n k  f o r  many elements, i n c l u d i n g  
n i t r o g e n  and phospho rus ,  as l o n g  as a 
modes t  i n p u t  occ i r rs .  N i t r o g e n  f i x a t i  on 
w i t h i n  t h e  swamp may p rov i de  much o f  t h e  
n i  t r s g e n  needed f o r  mangrove growth. 

3,4 LITTER FALL AND DECOMPOSITION 

Un1 ess o the rw i se  s ta ted,  1 i t t e r  f a 1  1 
r e f e r s  t o  l e a v e s ,  wood ( t w i g s ) ,  l e a f  
s c a l e s ,  p r o p a g u l  es, b r a c t s ,  f l o w e r s ,  and  
i n s e c t  f r a s s  ( e x c r e m e n t )  wh ich  P a l l  f r o m  
t h e  t r e e .  Mangrove  l e a v e s  a r e  shed  con-  
ti n u o u s l y  t h r o u g h o u t  t h e  y e a r  a1 t h o u g h  a 
m ino r  peak occurs d u r i n g  t h e  e a r l y  p a r t  o f  
t h e  summer we t  season i n  F l o r i d a  (Weald 
1969; Pool e t  af .  1975), Sporadic  f i t t e r  
Fa?!  peaks  may F o l l a w  per!ods o f  s t r e s s  
f r o m  c o l d  a i r  t e m p e r a t u r e s ,  h i g h  s o i  1 

s a l i n i t i e s ,  and po l  1  u t i o n  events. L i t t e r  
f a l l  t y p i c a l l y  can be p a r t i t i o n e d  a s  68% 
t o  86% l e a v e s ,  3% t o  15% t w i g s  and 8% t o  
21% m i s c e l l a n e o u s ;  t h e  l a t t e r  i n c l u d e s  
f l o w e r s  and propagul es. 

L i t t e r  f a l l  i s  an impo r t an t  ecosystem 
process because i t  forms t h e  energy b a s i s  
f o r  d e t r i t u s - b a s e d  foodwebs  i n  mangrove 
swamps (see s e c t i o n s  3.5 and 3.6). The 
f i r s t  measurements o f  l i t t e r  f a l l  i n  man- 
g r o v e  swamps were  made b y  E.J, H e a l d  and 
W.E. Odum, w o r k i n g  i n  t h e  N o r t h  R i v e r  
e s t u a r y  i n  s o u t h  F l o r i d a  i n  1966-69. 
T h i s  was s u b s e q u e n t l y  p u b l i s h e d  as Heald 
(1969), Odum (1970),  and Odum and H e a l d  
(1975a). They es t ima ted  t h a t  l i t t e r  p ro -  
d u c t i  on f rom r i  v e r i  ne red mangrove f o r e s t s  
a v e r a g e d  2.4 d r y  g  ~f o r g a n i c  
m a t t e r / m 2 / d a y  ( o r  876 g/m / y e a r  o r  8.8 
m e t r i c  tons/ha/year). 

Subsequen t  s t u d i e s  aq reed  w i t h  t h i s  
e a r l y  e s t i m a t e  (Table 3), a1 though v a r i a -  
t i o n  c l e a r l y  e x i s t s  be tween  d i f f e r e n t  
t ypes  o f  communit ies.  Scrub f o r e s t s  w i t h  
s c a t t e r e d ,  v e r y  s m a l l  t r e e s  have  t h e  
s m a l l e s t  amount  o f  l e a f  f a l l ,  B a s i n  and 
hammock  f o r e s t s ,  w h i c h  a p p e a r  t o  b e  
n u t r i e n t  l i m i t e d ,  have  i n t e r m e d i a t e  l e a f  
f a 1  1 v a l u e s .  N o t  s u r p r i s i n g l y ,  t h e  
h i g h e s t  va lues occur  i n  t h e  h i g h l y  produc- 
t i  ve f r i n g i n g ,  overwash ,  and r i v e r i  ne 
f o res t s .  Odum and Heald (1 975a) suggested 
t h a t  t h e  r e l a t i v e l y  u n i f o r m  l i t t e r  f a 1 1  
v a l u e s  f r o m  p r o d u c t i v e  mangrove  f o r e s t s  
a r o u n d  t h e  w o r l d  r e s u l t  f r o m  t h e  shade 
i n t o l e r a n c e  o f  t h e  canopy 1 eaves  and t h e  
tendency f o r  t h e  canopy s i z e  t o  remain t h e  
same i n  s p i t e  o f  i n c r e a s i n g  h e i g h t .  I f  
d e t a i l e d  i n f o r m a t i o n  i s  l a ck i ng ,  red man- 
grove f o r e s t s  o f  south F l o r i d a ,  which a re  
n o t  severe ly  l i m i t e d  by l a c k  o f  n u t r i e n t s ,  
can  be assume t o  p r o d u c e  l i t t e r  f a i l  o f  9 2.0 t o  3.0 g/m /day o f  d r y  o rgan ic  mat te r .  
Pu re  s t a n d s  o f  b l a c k  mangroves  us a l l y  Y have  a l o w e r  r a t e  o f  1.0 t o  1.5 q/m /day  
(Lug0 e t  a l .  1980). 

Decomposi t ion o f  fa1 l e n  F l o r i d a  man- 
g r o v e  l e a v e s  has been i n v e s t i g a t e d  by a 
number  o f  r e s e a r c h e r s  i n c f u d i n s  H e a l d  
(19691,  Odum ( 1 9 7 0 ) ,  Odum a n d  H e a l d  
(?9?5a) ,  Pool e t  s f .  (1975),  Liigo and 
Snedaker (1 9751, Pwil  l ey f 1980) and Lugo e t  
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a l .  (1980). H e a l d  and Odum showed t h a t  
d e c o m p o s i t i o n  o f  r e d  m a n g r o v e  1  e a v e s  
proceeds most r a p i d l y  under mar ine cond i -  
t i o n s ,  somewhat more s l o w l y  in f reshwate r ,  
and v e r y  s l o w l y  on d r y  s u b s t r a t e s .  F o r  
example, u s i n g  t h e  l i t t e r  bag method, t h e y  
f o u n d  t h a t  o n l y  9% o f  t h e  o r i g i n a l  d r y  
w e i g h t  r e m a i n e d  a f t e r  4 months  i n  sea  
wa te r .  By c o m p a r i s o n ,  39% and 54% r e -  
mained a t  t h e  end o f  comparable per iods  i n  
b r a c k i s h  wa te r  and f reshwater .  Under d r y  
cond i t i ons ,  65% remained. H i  gher decompo- 
s i t i o n  r a t e s  i n  sea wate r  were r e l a t e d  t o  
inc reased  a c t i v i t y  of  shredder organisms, 
such as crabs and amphipods. 

H e a l d  (1969)  and Odum (1970)  a1 so 
found inc reases  i n  n i t r ogen ,  p ro te i n ,  and 
c a l o r i c  c o n t e n t  as mangrove  l e a v e s  p r o -  
g r e s s i  v e l y  decayed. The n i t r o g e n  con ten t  
o f  l eaves d e c a y i n g  u n d e r  b r a c k i  sh c o n d i  - 
t i o n s  (on an AFDW b a s i s )  i n c r e a s e d  f r o m  
1,5% ( 5 , 6 %  p r o t e i n )  t o  3.3% ( 2 0 . 6 %  
p r o t e i n )  o v e r  a  6 -mon th  p e r i o d .  Subse- 
q u e n t  i n f o r m a t i o n  (Odum e t  a l .  1979b)  
s u g g e s t e d  t h a t  t h e  p r o t e i n  i n c r e a s e  may 
no t  have been t h i s  q rea t  s i nce  some o f  t h e  
n i t r o g e n  i n c r e a s e  p r o b a b l y  i n c l uded  non- 
p r o t e i n  n i t r o g e n  compounds such  as a m i n o  
sugars,  F e l l  and  M a s t e r  (19731% F e l l  e t  
a l ,  (19801, F e l l  and Newe l1  (1980),  and  
F e l l  @t a l .  (1980) have p rov ided  more 
d e t a i l e d  i n f o r m a t i o n  on red  manqrove 1 e a f  
decomposi t ion,  t h e  r o l e  o f  f u n g i  i n  decom- 
p o s i t ? o n  (see  s e c t i o n  49, and n i t r o g e n  
changes and n i t r o q e n  i ~nrnobi 1 i z a t i  on d u r i n g  
d e c o m p o s i t i o n .  F e l l  e t  a l .  (1980)  
have  shown t h a t  as much as 50% o f  w e i g h t  
l o s s  o f  t h e  l e a f  d u r i n g  decompos i  t i o n  i s  
i n  t h e  f o r m  o f  d i s s o l v e d  o r g a n i c  m a t t e r  
(DBM).  

W e a l d  ex a l .  ( 1 9 7 9 ) ,  L u q o  e t  a l .  
(1980) and ~ w i 1 1 e y  (9980)  d i  s c o v e r e d  t h a t  
b l a c k  mangrove leaves decompose more r a -  
p i d l y  t h a n  r e d  manqrove  l e a v e s  and ap-  
p a r e n t l y  p r o d u c e  a  h i g h e r  p e r c e n t a g e  o f  
DOM, Poo l  e t  a l .  (1975) have  shown t h a t  
mangrove l i t t e r  decomposes and i s  expor ted  
m o s t  r a p i d l y  f r o m  f r e q u e n t l y  f I o o d e d  
r i  v e r i n e  and o v e r w a s h  F o r e s t s .  These  
c o m m u n i t i e s  have  1 i t t l e  accumul  a l i o n  o f  
l i t t e r  on t h e  f o r e s t  f l o o r ,  C o m m u n j t i e s  
w h i c h  a r e  n o t  as w e f ' i - f l u s h e d  by t h e  
t i d e s ,  such  as t h e  b a s i n  and hammock 

f o r e s t s ,  have s l owe r  r a t e s  o f  decomposi- 
t i o n  and l o w e r  expo r t  ra tes.  

3.5 CARBON EXPORT 

Research from F l o r i d a  mangrove swamps 
f o r m s  a  s m a l l  p o r t i o n  o f  t h e  l a r g e r  con-  
t r o v e r s y  conce rned  w i t h  t h e  e x t e n t  t o  
which coas ta l  wet1 ands expo r t  p a r t i c u l a t e  
o r g a n i c  ca rbon  ( r e v i e w e d  by Odum e t  a l .  
1979a). Avai 1  ab l e  e v i d e n c e  f r o m  F l  o r i  da, 
P u e r t o  R i c o  and A u s t r a l  i a  ( T a b l e  4 )  sug-  
ges ts  t h a t  mangrove swamps tend t o  be ne t  
e x p o r t e r s .  The v a l u e s  i n  T a b l e  4 s h o u l d  
be regarded as p r e l  i mi nary,  however, s i nce  
a l l  f i v e  s t ud i es  a re  based upon s i m p l i s t i c  
assumpt i  ons and method01 ogy. 

G o l l e y  e t  a l .  ( 1 9 6 2 )  b a s e d  t h e i r  
annua l  e s t i m a t e  o f  p a r t i c u l a t e  c a r b o n  
e x p o r t  f r o m  a  P u e r t o  R i c a n  f o r e s t  upon a  
f e w  weeks o f  measurements.  Odum and 
Heald's es t ima tes  were de r i ved  f r om  t w o  o r  
t h r e e  measurements a  month. A l l  i n v e s t i -  
ga to r s  have ignored  t he  impor tance  o f  bed 
l o a d  t r a n s p o r t  and t h e  i mpact  o f  e x t r e m e  
events. A l l  i n v e s t i g a t o r s  except Lugo e t  
a l .  (1980)  have  f a i l e d  t o  measure  DOC 
Flux.  

It seems r e l a t i v e l y  c l e a r  t h a t  man- 
grove f o r e s t s  do expo r t  o rgan i c  carbon t o  
nearby bodies of water. The magni tude o f  
t h i s  e x p o r t  has  p r o b a b l y  been u n d e r e s t i -  
mated  due t o  i g n a r i n q  b e d l o a d ,  e x t r e m e  
events,  and DOC. 

The v a l u e  o f  t h i s  c a r b o n  i n p u t  t o  
secondary consumers i n  r e c e i  v i  ng wa te rs  i s  
n o t  c l e a r .  As shown i n  s e c t i o n  3.6, f o o d  
webs based p r i  ma r i  1 y upon mangrove carbon 
do  e x i s t ,  The r e l a t i v e  i m p o r t a n c e  o f  
mangrove carbon t o  F l o r i d a  coas ta l  ecasys- 
tems remains specul a t i  ve. We suspect t h a t  
mangrove-based food webs are doml'nant i n  
s m a l l  bays, creeks and r i v e r s  w i t h i n  l a r g e  
mangrove  ecosys tems  such  as t h e  N o r t h  
R i v e r  s y s t e m  s t u d i e d  by H e a l d  (1 969) and 
Odum (1 9701, I n  i ntermed i  a t e - s i  zed bod ies  
o f  water,  such as Rookery Ray near  Naples, 
F l  o r ida ,  mangroves a re  p robab ly  i rnportant 
b u t  n o t  dorrrinartt sou r ces  o f  o r g a n i c  c a r -  
bon. Luqo e t  a l ,  (7980) e s t i m a t e  t h a t  
mangroves supp iy  32% o f  t h e  o rgan ic  carbon 



Table 4. Estimates o f  p a r t i c u l a t e  carbon expor t  from mangrove 
f o r e s t s .  Lugo e t  a1 . (1976) est imated export  from a t h e o r e t i -  
c a l ,  s t eady  s t a t e  f o r e s t  using a s imulat ion model. Lugo e t  a l .  
(1980) measured expor t  from an in land  black mangrove f o r e s t .  

Export 

Inves t iga to r s  Location s/m2/dar tonnes/ha/yr  

Golley e t  a l .  (1962) 

Heald (1959), Odum ( 1 9 7 0 ) ~  

Lugo and Snedaker (1975) 

Lugo e t  a1 . (1 976) 

Boto and B u n t  (1981) 

Lugo e t  a l .  (7980) 
b 

Puerto Rico 1 . I  4.0 

F lor ida  0.5 2.0 

F l  os i  da 1 .5  - 1.8 5.5 - 6.6 

Austral  i a 1 .I 4.0 

a ~ s t i r n a t e  only  inc ludes  carbon o f  mangrove o r i g i n .  
b ~ s t i m a t e  inc ludes  d isso lved  and p a r t i c u l a t e  carbon. 



i n p u t  t o  Rookery Bay. I n  v e r y  l a r g e  sys-  
tems, such as B fscayne  Bay near  Miami ,  
F lo r i da ,  mangroves are c l e a r l y  less  impor- 
t a n t  than any o ther  sources such as algae 
and sea grasses, a1 though mangrove carbon 
may be impor tan t  i n  l o c a l i z e d  s i t u a t i o n s  
such as t h e  immediate v i c i n i t y  o f  f r i n g i n g  
and overwash f o r e s t s .  The magn i tude o f  
m a n g r o v e  c a r b o n  e x p o r t  t o  unenc losed 
c o a s t a l  w a t e r s  and o f f s h o r e  remains  a 
mystery. 

3.6 ENERGY FLOW 

A t  l e a s t  seven sources  of o r g a n i c  
ca rbon  may s e r v e  as energy  i n p u t s  f o r  
consumers i n  mangrove ecosystems (Figure 
8). The pathways by w h i c h  t h i s  energy  
con ta in ing  ma te r i a l  i s  processed and made 
a v a i l a b l e  t o  each consumer spec ies  i s  
indeed complex. Not su rp r i s i ng l y ,  cu r ren t  
u n d e r s t a n d i  ng o f  energy  f 1 ow i n  F l  o r i  da 
mangrove ecosystems e x i s t s  l a r g e l y  l'n a 
q u a l i t a t i v e  sense; q u a n t i t a t i v e  d a t a  a r e  
scarce and piecemeal. A v a r i e t y  o f  inves- 
t i  gators have con t r i bu ted  i n fo rma t ion  over 
t he  past decade inc lud ing ,  bu t  not l i m i t e d  
t o ,  Heald (1969), Odum (1970), Odum and 
H e a i d  (l972), C a r t e r  e t  a l .  ( 1973 ) ,  
Pnedaker and Lugo (19731, Heald e t  a l .  
(19741, Lugo and Snedaker (1974, 1975), 
Odum and Hea ld  (1975a, b), and Pool e t  a l .  
(1977). Probably, t he  most complete study 
t o  d a t e  i s  t h e  i n v e s t i g a t i o n  o f  energy  
f l o w  I n  t h e  b lack  mangrove zone o f  Rookery 
Bay by  Lugo e t  a l e  ( 1  980). 

It i s  p o s s i b l e  a t  t h i s  t i m e  t o  p r e -  
sent a se r i es  o f  hypotheses concerning t h e  
r e l a t i v e  i m p o r t a n c e  o f  t h e s e  e n e r q y  
sources, F i  r s t ,  t h e  r e l a t i v e  i m p o r t a n c e  
o f  each source can vary f rom one l o c a t i o n  
t o  the! next ,  As w i l l  be shown i n  t h e  
f o f  l o w i n g  d i s c u s s i o n ,  t h e  consumers i n  
c e r t a i n  mangrove fo res ts  appear t o  depend 
p r i  m a r i  l y  upon mangrove-der i  ved carbon 
w h l l e  i n  o ther  l oca t tons  i npu ts  from phy- 
top lank ton and attached algae are probably 
more 1 mportant, 

Our second hypothesis i s  t h a t  energ-y 
f 1 ow based upon p h y t o p l a n k t o n  I s most  
impor tan t  i n  overwash mangrove forests and 
o t h e r  l o c a t i o n s  a s s o c f a t e d  w i t h  l a r g e  

bod ies  o f  c l e a r ,  r e l a t i v e l y  deep water .  
Conversely, phytoplankton are hypothesized 
t o  be r e l a t i v e l y  unimportant t o  the  energy 
budgets o f  t he  l a rge  r i v e r i n e  f o r e s t  com- 
muni t i  es a1 ong t h e  sou thwes t  c o a s t  o f  
F l o r i d a .  It shou ld  be remembered, how- 
ever ,  t h a t  even where p h y t o p l a n k t o n  a r e  
q u a n t i t a t i v e l y  u n i  m p o r t a n t ,  t h e y  p o t e n -  
t i ~ l l y  p e r f o r m  an i m p o r t a n t  f u n c t i o n  as 
t h e  b a s i s  o f  p h y t o p l  ank ton-zoop l  ank ton -  
l a r v a l  f i s h  food webs (Odum 1970). 

As a t h i r d  h y p o t h e s i s ,  I v e r  Brook  
( R o s e n s t e i l  School o f  Mar ine  and Atmos- 
p h e r i c  Sciences,  R i  ckenbacker Causeway, 
Miami, F l  a.; personal communication 1979) 
has suggested t h a t  b o t h  sea grasses and 
benth ic  algae serve as an impor tan t  energy 
source f o r  f r i n g i n g  mangrove c o m m u n i t i e s  
adjacent t o  l a r g e  bodies o f  water such as 
B i  scayne Bay and Whi t ewa te r  Bay. A1 though 
l i t t l e  evidence e x i s t s  t o  t e s t  t h i s  hypo- 
t h e s i  s, observations o f  extensi  ve deposi ts  
o f  sea grass and macroalgal d e t r i t u s  w i t h -  
i n  mangrove f o r e s t s  suggest  i n t u i t i  v e l y  
t h a t  Brook's hypothesis may be correct .  

I n  regions where mangrove shading of 
t h e  p r o p  r o o t s  i s  n o t  severe,  o u r  f o u r t h  
hypothesis suggests t h a t  carbon o r i  g i  na- 
t i n g  from prop roo t  epiphytes may be s ig -  
n i f i c a n t  t o  communi ty  energy  budgets. 
Lugo e t  a l .  (1975) have measured n e t  p r o -  
d u c t i o n  o f  p e r i  p h y t o n  i n  m a n g r o v e s  
f r i n g i n g  Rookery By and found average 
va lues  o f  1.1 gC/m /day. Hof fman and 
Dawe (1980) found a l o w e r  v a l u e  o f  0.14 ? gC/m /day. Because t h e s e  v a l u e s  a r e  
r o u g h l y  comparable t o  average exports o f  
mangrove l e a f  carbon ( s e c t i o n  3.5), i t s  
p o t e n t i a l  importance i s  obvious. 

The f i f t h  h y p o t h e s i s  s t a t e s  t h a t  
mangrove organic matter ,  p a r t i c u l  a r f  y l e a f  
m a t e r i a l ,  i s  an i m p o r t a n t  energy  s o u r c e  
f o r  a q u a t i c  consumers. T h i s  h y p o t h e s i s  
was f i r s t  espoused by Heald (1969) and 
Qdum (1970), who worked t o g e t h e r  i n  t h e  
r i  ver ine mangrove communities between t h e  
Everg f  ades and Whi t e w a t e r  Bay. C lear ly ,  
mangrove carbon i s  o f  g r e a t  i m p o r t a n c e  
w i t h i n  t h e  r i  ver ine  and basin communities 
a l l  a l o n g  "Le sou thwes t  c o a s t  o f  F l o r i d a  
(Odurn anti  Hea id  1975b); C a r t e r  e t  a? .  
(1973 )  and S n e d a k e r  and  t u g o  ( 1 9 7 3 )  
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p rov i ded  subsequent suppo r t i  ve data. What 
i s  n o t  c l e a r ,  i s  t h e  r e l a t i v e  i m p o r t a n c e  
o f  mangrove  c a r b o n  t o  consumers  w i t h i n  
f r i n g i n g ,  overwash ,  and mo re  i s o l a t e d  
mangrove communi t i e s .  

Our s i x t h  h y p o t h e s i s  i n v o l v e s  t h e  
assemb lage  o f  o r g a n i s m s  t h a t  g r a z e  man- 
g r o v e  l e a v e s  d i r e c t l y .  A  v a r i e t y  o f  i n -  
s e c t s  ( s e e  s e c t i o n  6) and t h e  mang rove  
t r e e  c rab ,  A r a t u s  p i s o n i i ,  (Reever  e t  a1. 
1979) o b t a i n  much o f  t h e i r  energy d i r e c t l y  
f rom l i v i n g  mangrove leaves,  even though 
g raz i ng  r a r e l y  exceeds 10% o f  ne t  p r i m a r y  
p roduc t i on  (Odum and Heald 1975b). 

As a s e v e n t h  h y p o t h e s i s  we s u g g e s t  
t h a t  a n a e r o b i c  decompos i t i on  o f  mangrove 
t i s s u e ,  p a r t i c u l a r l y  r o o t  m a t e r i  a1 , may 
s u p p o r t  an e x t e n s i v e  f o o d  web based  on 
b a c t e r i a  assoc ia ted  w i t h  methanogenesis o r  
t h e  p r o c e s s i n g  o f  r e d u c e d  s u l f u r  com- 
pounds. Our sugges t ion  o f  t h e  impo r t ance  
o f  r e d u c e d  s u l f u r  comes d i  s e c t 1  y  f r o m  
Wowarth and T e a l ' s  (1980)  d i s c o v e r y  o f  
t h i s  p o t e n t i a l l y  i m p o r t a n t  energy pathway 
i n  tempera te  Spa r t i na  (cordgrass)  marshes. 
Tney found t h a t  anaerobic  decompos i t i on  i s  
such  an i n c o m p l e t e  p r o c e s s  t h a t  i f  s u l -  
f a t e s  a r e  a v a i l a b l e  ( f r o m  sea w a t e r )  as 
much as 75% o f  t h e  o r i g i n a l  e n e r g y  i n  
p l a n t  t i s s u e s  may be c o n v e r t e d  by  s u l f u r  
reduc ing  b a c t e r i a  t o  r e d u c e d  s u l f u r  com- 
pounds  such as hyd rogen  s u l f i d e  and p y -  
r i t e ,  S u b s e q u e n t l y ,  i f  t h e s e  r e d u c e d  
su l  f u r  compounds are moved hydro1 o g i c a l l y  
t o  an o x i  d i  zed e n v i  ronment (sedi  ment su r -  
face  o r  c reek  bank) s u l f u r  - o x i d i z i n g  bac- 
t e r i a  (e,g., Th i  obac i  11 us spp.) may conve r t  
t h e  chemi car ly s t o r e d  energy t o  b a c t e r i  a1 - 
l y  s t o r e d  e n e r g y  w i t h  an e f f i c i e n c y  as  
g r e a t  as 50% (Payne 1970). P resumab l y ,  
d e p o s i t - f e e d i n g  o r g a n i s m s  such as g r a s s  
s h r i m p  (pal aemanetes )  and m u l l e t  (Mugi 1 j 
a r e  c a p a b l e  o f  g r a z i n g  t h e s e  s u l f u r -  
o x i d i  z i  rig b a c t e r i  a f r o m  t h e  s e d i m e n t  
s u r f a c e ,  I f  t h i s  h y p o t h e t i c a l  t r o p h i c  
exchange  does e x i s t ,  i t  may be o f  con-  
s i d e r a b l e  m a g n i t u d e  and may cause  us t o  
reexamine c u r r e n t  concepts o f  energy pro-  
c e s s i n g  a n d  e x p o r t  f r o m  m a n g r o v e  
ecosys tems ,  S i n c e  f r e s h w a t e r  c o n t a i n s  
remarkab ly  l i t t l e  s u l f a t e  i n  comparison t o  
seawater, t h i s  enerqy aathway is orobab ly  
sf  l i t t l e  impo r t ance  i n  mangrove  f o r e s t s  

of  very  l ow  s a l i n i t y .  

C a r b o n  i n p u t s  f r o m  t e r r e s t r i a l  
sources may be i m p o r t a n t  t o  c e r t a i n  rnan- 
g r o v e  c o m m u n i t i e s .  C a r t e r  e t  a l .  (1973)  
have  shown t h a t  t e r r e s t r i a l  c a r b o n  can  
r e a c h  c o a s t a l  e c o s y s t e m s  p a r t i c u l  a r l y  
where man has c u t  deep channels i n l a n d  f o r  
n a v i g a t i o n  o r  d r a i  nage purposes .  The 
m a g n i t u d e  o f  t h i s  i n f l u x  has  n o t  been  
adequate1 y measured a1 though C a r t e r  e t  a1, 
d i d  f i n d  t h a t  ma in land  f o r e s t s  ( i n c l u d i n g  
mangroves) c o n t r i b u t e d  approx i  mate1.y 2,100 
m e t r i c  t o n s  o f  c a r b o n  p e r  y e a r  t o  
Fahkahatchee Bay. 

A t m o s p h e r i c  i n p u t s  f r o m  r a i n f a l  I 
appea r  t o  be m i n i m a l  i n  a11 cases. l u g 0  
e t  a l .  (1 980) measured t h r o u g h f a l l  ( p r e c i  - 
p i t a t i o n  pass ing through t h e  t r e e  canopy) 
i n  Rook r y  Bay mangrove  f a r e s t s  o f  75 t o  2 17 gC/m /year. Th i s  would be an o v e r e s t i -  
m a t e  o f  a t m o s p h e r i c  i n p u t  s i n c e  i t  con -  
t a i n s  carbon leached f rom mangrove leaves. 
The b e s t  guess o f  a t m  s p h e r i c  i n p u t  i s  

F! b e t w e e n  3 t o  5  gC/m / y e a r  f o r  s o u t h  
F l o r i d a  mangrove ecosystems. 

Subsequent s tages o f  energy t r a n s f e r  
i n  manqrove c o m m u n i t y  f o o d  webs r e m a i n  
1 a r g e l y  h y p o t h e t i c a l .  Odum ('1 970) and 
Odum a n d  H e a l A  ( 1  9 7 5 b )  have  o u t l i n e d  
severa l  pathways whereby mangrove  c a r b o n  
and e n e r g y  a r e  p r o c e s s e d  b y  a  v a r i e t y  o f  
organisms (see F i g u r e  8). Apparent ly ,  t h e  
m o s t  i m p o r t a n t  pa thway  f o l l o w s  t h e  se-  
quence: mangrove-1 e a f  d e t r i t u s  s u b s t r a t e -  
m i  c r o b e - d e t r i  t u s  consumer -h i  gher  consu- 
mers. The c r i t i c a l  l i n k s  a r e  p rov i ded  by  
t h e  m i c r o b e s  such  as b a c t e r i a  and f u n g i  
(see F e l l  e t  a l .  1375) and by t h e  d e t r i t u s  
consumers .  The l a t t e r  g r o u p  was s t u d i e d  
by Odum (1970)  and Odum and H e a l d  (1975b)  
and  f o u n d  t o  c o n s i s t  of' a  v a r i e t y  o f  
i n v e r t e b r a t e s  (e.g., c a r i  d e a n  s h r i m p ,  
crabs, m o l l  usks, i n s e c t  l a r vae ,  amphipods) 
and a  few f i shes .  

S t a b l e  c a r b o n  s t u d i e s  such  as t h o s e  
d o n e  b y  Ha - i nes  ( 1 9 7 6 )  i n  S p a r t i n a  
( c o r d g r a s s )  ma rshes  have n o t  been p e r -  
formed i n  mangrove ecosystems. Manqroves 
a r e  6-3 p l a n t s  and have 613  values i n  t h e  
range o? minus 25 t o  m inus  26 (74acko 
1981), A c c o r d i n g  t o  t h e  same a u t h o r ,  



mang rove  p e a t  has a  613 v a l u e  o f  m i n u s  
22. Because these  va lues a re  d r a m a t i c a l l y  
d i f f e r e n t  f r om  t h e  va lues f o r  sea grasses 
and  many a l g a e ,  t h e  p o s s i b i l i t i e s  f o r  
u s i n g  t h i s  t o o l  i n  mangrove ecosystems i s  
e x c e l  l e n t .  Macko (1981)  a1 so s u g g e s t e d  
t h e  u t i l i t y  o f  u s i n g  s t a b l e  n i t r o g e n  r a -  
t i o s  f o r  f u t u r e  mangrove food web i n v e s t i -  
g a t i o n s ;  he r e p o r t e d  6 1 5  v a l u e s  o f  p l u s  
6.0 t o  p l u s  6.5 f o r  mangrove  t i s s u e  and 
p l u s  5 f o r  mangrove peat. 

I n  r e v i e w i n g  con tempo ra r y  know1 edge 
o f  e n e r g y  f l o w  i n  mangrove  ecosys tems,  
t h r e e  conc lus ions  emerge, 

(1) We have a  h y p o t h e t i c a l  framework 
o f  mangrove  e n e r g y  f l o w  o f  a  qua1 i t a t i v e  

n a t u r e .  T h i s  f r a m e w o r k  a p p e a r s  t o  be 
r e a s o n a b l y  a c c u r a t e  a l t h o u g h  subsequen t  
d e v e l o p m e n t s ,  such  as e l u c i d a t i o n  o f  t h e  
r e d u c e d  s u l f u r  h y p o t h e s i s ,  may r e q u i r e  
some modi f i c a t i  on. 

( 2 )  Measurements  o f  t h e  r e l a t s ' v e  
impor tance  of v a r i o u s  c a r b o n  s o u r c e s  a r e  
g e n e r a l  l y  l ack ing ,  

( 3 )  De ta i  1 ed measurements o f  energy 
f 1  ow i n c l  u d i  ng t h e  r e 1  a t i  ve i n p u t s  o f  
d i f f e r e n t  c a r b o n  s o u r c e s  a r e  c r i t i c a l l y  
needed. Technolog ica l  d i  f f i  cu1  t i  es, h i g h  
c o s t s ,  a n d  d i f f i c u l t i e s  i n h e r e n t  i n  
t r a n s f e r r i n g  f i n d i n g s  f r o m  one es tua r y  t o  
t h e  n e x t  p r e s e n t  a  m a j o r  c h a l l e n g e  t o  
e s t u a r i n e  e c o l o g i s t s  o f  t h e  fu tu re .  



CHAPTER 4 .  COMMUNITY COMPONENTS - MICROORGANISMS 

The m y c o f l o r a  ( f u n g i )  a r e  t h e  b e s t  
s t u d i e d  component  o f  t h e  m i c r o b i a l  com- 
m u n i t y  o f  mangrove  swamps. Much p i o -  
nee r i ng  work has been c a r r i e d  ou t  i n  south 
F l o r i da .  Reviews o f  t h e  c u r r e n t  knowledge 
o f  mangrove -assoc i  a ted  f ung i  can be found 
i n  Kohl meyer and Kohlmeyer (1979) and F e l l  
e t  a l .  (1980). 

One o f  t h e  e a r l i e s t  s t u d i e s  o f  man- 
grove myco f l o ra  was pub l  i shed  by Kohlmeyer 
(1  969). He d i  sccrvered l a r g e  p o p u l a t i o n s  
o f  mar ine  f unq i  on t h e  submerged p a r t s  of  
a e r i a l  r o o t s ,  s tems,  and b ranches  and on 
1 i v i n g  and dead mangrove  l eaves .  E x t e n -  
s i v e  work  a t  t h e  U n i v e r s i t y  o f  M i a m i  b y  
F e l l  and h i s  c o w o r k e r s  (e.g., F e l l  and 
M a s t e r  1973; F e l l  e t  a l .  1975, 1980) e x -  
p l o r e d  t h e  r o l e  o f  f u n g i  i n  t h e  decom- 
p o s i t i o n  o f  mangrove  l e a v e s  and t h e  i m -  
mob3 1  i z a t  i on o f  n i t r o g e n .  Newel 1  (1  974)  
s t u d i e d  t h e  s u c c e s s i o n  o f  m y c o f l o r a  on 
s e e d l i n g s  o f  r e d  mangrove. A s u r v e y  o f  
t h e  aqua t i c  yeas t s  o c c u r r i n g  i n  t h e  south 
F l o r i d a  mang rove  zone was p u b l  i s h e d  b y  
Ahearn  e t  a l .  ( 1  368). 

One o f  t he  most i n t e r e s t i n g  p ieces o f  
i n f o r m a t i o n  t o  emerge f rom t h i s  e x t e n s i v e  
myco f l o ra  research concerns t h e  succession 
o f  o r q a n i  sms a s s o c i a t e d  w i t h  d e c a y i n g  
l e a v e s  ( s u m m a r i z e d  b y  F e l l  e t  a l .  1975, 
1980). Senescent leaves o f  red mangroves 
a r e  t y p i c a l l y  c o l o n i z e d  b.y s p e c i e s  o f  
N i g r o s m ,  Ph I l o s t i c a ,  and P e s t a l o t i c a .  + Once t h e  l e a f  has fa1 en f rom t he  t r e e  and 
d u p i n g  t h e  e a r l y  s t a g e s  o f  decay, t h e  
f u n g a l  f l o r a  i s  d o m i n a t e d  by  s p e c i e s  o f  
P h y t q p h t h o r a  and, t o  a  l e s s e r  e x t e n t ,  

Drechs le ra  and Gloeosporium. I n  t h e  l a t -  
t e r  s t a g e s  o f  decay t h e  d o m i n a n t  gene ra  
a r e  Cal so, G l i oc i d i um ,  and L u l  wor th ia .  

Understanding t h e  occurrence and suc- 
c e s s i o n  o f  f u n g i  on d e c a y i n g  mangrove  
leaves i s  i m p o r t a n t  because o f  t h e i r  r o l e  
i n  energy f l o w  i n  mangrove swamps. Heald 
(1969),  Odum (1970) and Odum and H e a l d  
(1  975b) h y p o t h e s i z e d  t h a t  f u n g i  and bac-  
t e r i a  a r e  i m p o r t a n t  i n  c o n v e r t i n g  mangrove 
l e a f  o rgan ic  m a t e r i a l  i n t o  a  f o rm  t h a t  can 
he d i g e s t e d  and a s s i m i l a t e d  b y  d e t r i t i -  
v o r e s  (see  s e c t i o n  3.6). 

Our u n d e r s t a n d i n g  o f  t h e  r o l e  and 
occurrence o f  b a c t e r i a  i n  mangrove swamps 
i s  n o t  as w e l l  documented  as f o r  f u n g i ,  
Casagrande and Given (1975) have suggested 
t h a t  b a c t e r i a  a r e  i m p o r t a n t  i n  t h e  e a r l y  
stages o f  mangrove 1  ea f  decompos i t i on  and 
a r e  rep laced i n  t he  l a t t e r  stages by f unq i  
w h i c h  a r e  b e t t e r  e q u i p p e d  t o  a t t a c k  r e -  
f r a c t i  ve o r g a n i c  compounds. Un l  i k e  t h e  
myco f lo ra ,  t h e  b a c t e r i a  a r e  c l e a r l y  impo r -  
t a n t  i n  t h e  anaerobic  reg ions  o f  mangrove 
swamps. Vankatesan and Ramamurthy (unpubl . 
da ta )  found den i  t r i f y i n g  b a c t e r i a  t o  be 
abundant and u b i q u i t o u s  i n  mangrove s o i l s .  
Zuberer and S i  1 ve r  (1 978) have emphasized 
t h e  impor tance o f  n i  t r o g e n - f i x i  ng b a c t e r i a  
i n  the  zone around mangrove r o o t s .  They, 
i n  f a c t ,  were a b l e  t o  i s o l a t e  and coun t  a  
v a r i e t y  o f  t ypes  o f  b a c t e r i a  f rom mangrove 
sediments i n c l u d i n g  aerob ic  h e t e r o t r o p h s ,  
a n a e r o b i c  h e t e r o t r o p h s ,  n i t r o g e n - f i x i n g  
h e t e r o t r o p h s ,  and s u l f a t e - r e d u c i n g  bac -  
t e r i  a. 



CHAPTER 5 .  COMMUNITY COMPONENTS - PLANTS OTHER THAN MANGROVES 

5 .1 . ROOT AND MUD ALGAE 

The a e r i a l  r o o t  systems o f  mangroves 
p r o v i d e  a  c o n v e n i e n t  s u b s t r a t e  f o r  a t -  
tachment  o f  algae. These r o o t  a l g a l  com- 
mun i  t i e s  a r e  p a r t i c u l a r l y  n o t i c e a b l e  on 
r e d  mangrove pror, r o o t s  b u t  a1 so occur  t o  
a  l e s s e r  e x t e n t  on  b l a c k  m a n g r o v e  
pneuma topho res  l o c a t e d  i n  t he  i n t e r t i d a l  
zone. P r o d u c t i v i t y  o f  p r o p  r o o t  a l g a l  
communi t i  es can be app rec i ab l e  i f  shading 
b y  mangroves  i s  n o t  t o o  s e v e r e ;  as d i s -  
c u s s e d  i n  s e c t i o n  3.6, Lugo  e t  a l .  ( 1  975) 
f o u n d  a  p r o p  r o o t  c o m m u n i t y  n e t  p r i m a r y  
p r o d u c t i o n  r a t e  o f  1.1 gC/m /day, a  l e v e l  
comparable t o  mangrove l e a f  fa1  1. Biomass 
o f  t h e s e  a l g a e  can be as h i g h  as 200 t o  
3 0 0  g  p e r  p r o p  r o o t  ( B u r k h o l d e r  a n d  
A1 modovar 1973). O f  course, p roduc t i on  of 
t h i s  magni tude o n l y  occurs on t h e  edge of 
t h e  f o r e s t  and i s  v i r t u a l l y  n i l  i n  t h e  
c e n t e r  o f  t h e  swamp. N e v e r t h e l e s s ,  t h i s  
a l g a l  c a r b o n  has c o n s i d e r a b l e  p o t e n t i a l  
f o o d  v a l u e  e i t h e r  t o  d i r e c t  g r a z e r s  o r  
d e t r i t i v o r e s .  

V e r t i c a l  d i s t r i b u t i o n  o f  p r o p  r o o t  
a lgae  has been s t u d i e d  by many researchers  
( G e r l a c h  1958; A lmodova r  and B i e b l  1962; 
B i e b l  1962; P o s t  1963; R u t z l e r  1969; 
Burkhol  d e r  and Almodovar 1973; Rehm 1974; 
Yoshioka '1975); o n l y  one o f  these  s t u d i e s  
(Rehm 1974)  was c o n d u c t e d  i n  F l o r i d a .  
There i s  a  tendency f o r  c e r t a i n  genera of 
a1 gae t o  f o rm  a  c h a r a c t e r i s t i c  a s s o c i a t i o n  
on mangrove  r o o t s  a r o u n d  t h e  w o r l d  (Pos t  
1963 ) .  F o u r  p h y l a  t e n d  t o  d o m i n a t e :  
Chlorophyta, Cyanophyta,  Phaeophyta,  and 
Rhodophy ta ;  t h e  l a s t  i s  u s u a l l y  t h e  mos t  
i m p o r t a n t  i n  t e r m s  o f  b iomass .  O f  74 
s p e c i e s  of m a r i n e  a l g a e  r e c o r d e d  as p r o p  
r o o t  e p i p h y t e s  b e t w e e n  Tampa and Key 
Largo, 38 were Rhodophyta, 29 Chlorophyta, 
4 Phaeophyta and 3  Cyanophyta (Rehm 1974). 

Z o n a t i o n  t o  be e x p e c t e d  on F l o r i d a  
mangroves  i s  shown i n  F i g u r e  9; t h i s  se -  
quence  comes l a r g e l y  f r o m  T a y l o r  (1 960)-  
Near  t h e  h i g h  w a t e r  mark,  a  g reen  band 
u s u a l l y  e x i s t s  which i s  dominated by spe- 
c i e s  o f  R h i z o c l o n i u m .  Be low  t h i s  i s  a  
zone domi  n a t e d  by s p e c i e s  of  B o s t r y c h i  a, 
C a t e n e l l a ,  and Ca log l ossa .  It i s  t h i s  
a s s o c i a t i  on t h a t  most people t h i n k  of when 
mangrove  prop r o o t  a l g a e  a r e  men t i oned .  

Because much mud i s  o f t e n  depos i ted  on t h e  
B o s t r y c h i a - C a t e n e l l  a-Cal o g l o s s a  compl  ex, 
i t  o f t e n  has a d i n g y ,  g r a y  appearance.  
The re  a r e  many  o t h e r - a l g a e f o u n d  i n  t h i s  
zone, bu t  t h e s e  t h r e e  genera u s u a l l y  dorni- 
na te .  A t  b r a c k i s h  o r  n e a r l y  f r e s h w a t e r  
l o c a t i o n s ,  t h e y  a r e  rep laced by spec ies o f  
Batophora, Chae tomorpha ,  C 1  adophora,  and 
P e n i  c i  11  us .  The  p n e u m a t o p h o r e s  o f  - 
A,, 4 i r o n n i i i .  when c o l o n i z e d .  a r e  o f t e n  

. r e d w - i  t h  s ~ e c i e s  o f  R h i  zoc f  on ium,  C O V C  . 

B o s t r y c h i  a a n d  t i onos t r oma  ( T a y l o r  1960); 
H o f f m a n  a n d  ~ a b n  9 8 0 ) f o u n d  t h a t  t h e  
Bast r y c h i a  b i  n d e r i  -dominated communi t y  on 
t h e  pneumatophores o f  b lack  mangro es had 
a  s t a n d i n g  c r o p  o f  22 g  d r  w t /md  and a  
ne t  p r o d u c t i o n  o f  0.14 gC/m /day. 

If t h e r e  i s  a  p e r m a n e n t l y  submerged  
 ort ti on o f  t h e  p r o p  r o o t .  i t  may b e  
covered w i t h  r i c h  qrowths o f  hcanthophora, 
S p y r i d a ,  Hypnea ,  L a u r e n c i a ,  W r a n g e l i a ,  
Valonia,  and ~ a u l e r ~ d v a r  and B i e b l  - A d d i t i o n a l  gene ra  w h i c h  may be  
~ r e s - e n t  b e l o w  mean h i a h  w a t e r  a r e :  
3 - 

M u r r a y e l l  a, P o l y s i p h o n i ~ ,  C e n t r o c e r a s ,  
W u r d e m a n n i a  D i c * t a ,  Ha1  i m e d a ,  - - - -  9 - 
L a u r e n c i  a,  a n d  ~ a s y a l r ~ a y l  o r  1 9 6 0 ;  
Burkho lder  and  A1 modovar  1973; Yosh ioka  
1975). I n  a d d i t i o n ,  anywhere on t h e  m o i s t  
s e c t i o n s  of t h e  p r o p  r o o t s  t h e r e  a r e  
usual  Jy e p i p h y t i c  diatorns and f i l amen tous  
green and b l  ue-green a lgae  o f  many genera. 

Rehm (1974) found a  s i g n i f i c a n t  d i f -  
f e r e n c e  i n  t h e  p r o p  r o o t  a l g a e  b e t w e e n  
south and c e n t r a l  F l o r i da .  South o f  Tampa 
Bay t h e  s t a n d a r d  B o s t r y c h i a - C a t e n e l f  a- 
C a l o g l o s s a  d o m i n a t e s .  I n  t h e  Tampa Bay 
a rea ,  s p e c i e s  o f  t h e  o r d e r s  U t a t r i c h a ' l e s  
and C ladopho ra l  es are dominant. 

The mud ad jacen t  t o  t h e  mangrove r o o t  
community i s  o f t e n  r i c h l y  popu la ted  w i t h  a  
v a r i e t y  o f  a1g;ae. These can  i n c l u d e  
s p e c i e s  o f  C' i  a d o p h o r o p s i  s, Enteromor ha, 
Y a u c h e r i a ,  a n d  B o o d l e o p s i s  ( d l  
i n  a d d i t i o n  t o  a w h o l e  h o s t  o f  b e n t h i c  
d i a t o m s  a n d  d i  n o f l a g e l  1 a t e s  (Wood 1965)  
and o t h e r  f i 1 amentous green and b l  ue-green 
a1 gae (Ma ra the  1965). 

A d j a c e n t  t o  mangrove a reas ,  on t h e  
b o t t o m s  o f  s h o a l s ,  s h a l l o w  b a y s  a n d  
c r e e k s ,  t h e r e  3s o f t e n  a  v a r i e t y  of 
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Ffgure 9. Vertical distribertlon o f  selected algae and invertebrates on red 
mangrove prop roots fcompJlcd from Taylor 1960 and our ~bservat icns) .  



t r o p i c a l  a l  g a e  i n c l  u d i  n g  s p e c i e s  o f  
C a u l e r p a ,  A c e t a b u l  a r i a ,  P e n i c i l l  u s ,  
G r a c i l a r i a ,  H a l i  meda ,  S a r g a s s u m ,  --- ----- 
B a t o p h o r a ,  Udotea,  and Dasya. These aTe 
d i s c u s s e d  a t  l e n g t h  by  Z ieman ( i n  prep.). 
O t h e r  p e r t i n e n t  r e f e r e n c e s  f o r  mangrove  
r e g i o n s  i n c l u d e  D a v i s  (1940) ,  T a y l o r  
(1960),  Tabb and Mann ing  (1961),  and Tabb 
e t  a l .  (1962).  

B e f o r e  we can  u n d e r s t a n d  t h e  i m p o r -  
t a n c e  ( o r  l a c k  o f  i m p o r t a n c e )  o f  p h y t o -  
p l ank ton  i n  mangrove reg ions,  some ques- 
t i o n s  mus t  be answered.  How p r o d u c t i v e  
a re  t h e  nannoplankton? How does t h e  d a i l y  
and seasonal s h i f t  i n  phy top lank ton  domi - 
nance a f f e c t  community p r o d u c t i  v i  t y ?  Does 
t h e  g e n e r a l l y  l o w  s t and ing  c rop  o f  phyto-  
p l a n k t o n  r e p r e s e n t  l o w  p r o d u c t i v i t y  o r  a  
h i g h  g raz i ng  r a t e ?  

5.2 PHYTOPLANKTON 
5.3 ASSOCIATED VASCULAR PLANTS 

A1 1 a s p e c t s  o f  p h y t o p l a n k t o n ,  f r o m  
s e a s o n a l  o c c u r r e n c e  t o  p r o d u c t i v i t y  
s t u d i e s ,  a r e  p o o r l y  s t u d i e d  i n  mangrove 
ecosystems. Th is  i s  p a r t i c u l a r l y  t r u e  i n  
F l o r i d a .  

Evidence f rom B r a z i l  ( Te i xe i  r a  e t  al .  
1965, 1967, 1969; Tundi s i  1969) i nd i  ca tes  
t h a t  p h y t o p l a n k t o n  can be an i m p o r t a n t  
component o f  t h e  t o t a l  p r i m a r y  p roduc t i on  
i n  mangrove ecosystems; j u s t  how impo r t an t  
i s  n o t  c l e a r .  G e n e r a l l y ,  s t a n d i n g  c r o p s  
o f  ne t  phy top lank ton  i n  mangrove areas are 
1 ow ( p e r s o n a l  o b s e r v a t i o n ) .  The nanno-  
p l a n k t o n ,  w h i c h  have  n o t  been s t u d i e d  a t  
a l l ,  appear t o  be most i m p o r t a n t  i n  t e rms  
o f  t o t a l  m e t a b o l i s m  ( T u n d i s i  1969). The 
n e t  PI a n k t o n  a r e  u s u a l  1 v domi  n a t e d  bv 
d i a t . o m s  s u c h  as ~ h a l  a i s o t h r i  x spp.", 
C h a e t o c e r a s  spp.,  N i  t z s c h i a  spp . ,  
Ske le tonema  spp., and R h i z o s o l e n i a  spp. 
(Mat tox 1949; Wood 1965; tJa1sh 1967; Bacon 
1970). A t  t i m e s ,  b l ooms  o f  d i n o f l a g e l  - 
l a t e s  s u c h  a s  P e r i d i n i u m  spp. a n d  
G m n o d i n i u m  spp. may d o m i n a t e  ( p e r s o n a l  

I n  many l oca t i ons ,  p a r t i c u -  
l a r l y  i n  s h a l l o w  wate rs  w i t h  some t u rbu -  
lence,  ben th i c  d ia toms such as PI eu ros i  gma 
spp., Mastog l  o i  a  spp., and D i  s p l  onei s  may 
be n u m e r i c a l l y  i m p o r t a n t  i n  t h e  ne t  p l ank -  
t o n  (wood 1965). 

Understanding t h e  mangrove-associated 
phy top lank ton  community i s  compl i c a t e d  by 
t h e  c o n s t a n t  m i x i n g  o f  w a t e r  masses i n  
mangrove  r e g i o n s .  Depend ing  upon t h e  
l o c a t i o n ,  t h e  phy top lank ton  may be domi- 
n a t e d  by  o c e a n i c  and n e r i t i c  f o rms ,  by  
t r u e  e s t u a r i n e  p lankton,  and by f r eshwa te r  
p l a n k t o n .  The p a t t e r n  o f  dominance  may 
change d a i l y  o r  seasonal i y depending upon 
t h e  source o f  t h e  p r i n c i p a l  wa te r  mass, 

Four spec ies o f  aqua t i c  grasses occur  
on bay and creek bot toms ad jacen t  t o  man- 
g r o v e  f o r e s t s .  T u r t l e  g rass ,  Tha l  a s s i  a  
testud inum, and manatee grass, Syr ingodium 
f i l l i f o r m e ,  a re  t w o  t r o p i c a l  sea grasses 
wh ich  occur  i n  waters  w i t h  average s a l i n i -  
t i e s  above a b o u t  20 p p t .  Shoal  g rass ,  
Ha l  o d u l e  w r i  g h t i i ,  i s  f o u n d  a t  somewhat  
l o w e r  s a l i n i t i e s  and widgeongrass, Ruppia 
m a r i t i m a ,  i s  a  f r eshwa te r  grass which can 
t o 1  e r a t e  l o w  s a l i n i t i e s .  These g r a s s e s  
o c c u r  t h r o u g h o u t  s o u t h  F l o r i d a ,  o f t e n  i n  
c l o s e  j u x t a p o s i t i o n  t o  mangroves. Zieman 
( i n  prep.) p r e s e n t s  a  t h o r o u q h  r e v i e w  o f  
sea g r a s s e s  a l o n g  w i t h  comments a b o u t  
p o s s i b l e  e n e r g y  f l o w  l i n k a g e s  w i t h  
manqrove ecosystems. 

The re  a r e  e x t e n s i v e  a r e a s  o f  man- 
groves i n  south F l o r i d a  wh ich  are c l o s e l y  
a s s o c i a t e d  w i t h  marshes  d o m i n a t e d  by a  
v a r i e t y  o f  o t h e r  s a l  t - t o l e r a n t  p l a n t s ,  
F o r  example ,  a l o n g  t h e  s o u t h w e s t  c o a s t  
between F lamingo and Naples, marshes are? 
s c a t t e r e d  th roughou t  t h e  mangrove be? t and 
a l s o  b o r d e r  t h e  mangroves  on t h e  u p l a n d  
s i d e .  The e s t u a r i n e  marshes  w i t h i n  t h e  
mangrove  swamps have  bee^ e x t e n s i v e l y  
d e s c r i b e d  b y  E q l e r  (1952),  C a r t e r  e t  a l e  
(19731, and O l m s t e a d  e t  a l .  (1981), They 
c o n t a i n  v a r i o u s  s a l t - t o l e r a n t  m a r s h  
spec ies i n c l u d i n g :  s a l t  qrass, D i s t i c h l i s  
s p i c a t a ,  b l a c k  n e e d l e  r u s h ,  J u n c u s  
r c e m e r i a n u s ,  s p i k e  r u s h ,  E l e o c h a r i  s - 
eel f u1  osa, g l a s s  w o r t ,  S a l  i c o r n i  a spp., 
G u l f  c o r d g r a s s ,  S p a r t i n a  s p a r t i n a e ,  sea 
p u r s f  ane, Sesuv iurn p o r t u l a c a s t r u m ,  s a l t  
w o r t ,  B a t i s  m a r i t i m a ,  a n d  sea ox -eye ,  
B o r r i  c h i a  f r u t e s c e n s ,  F a r t h e r  n o r t h ,  
a h v e  f aapa  on t5e west cczs t  cF f=!9-idap 
marshes  p o p u l a t e d  by smooth  c o r d g r a s s ,  



S p a r t i n a  a l t e r n i f l o r a ,  and b l a c k  n e e d l e  
r u s h ,  Juncus  r o e m e r i  anus, become more  
e x t e n s i v e  and eventual  l y  rep1 ace mangrove 
swamps. Even i n  t h e  E v e r g l a d e s  r e g i o n ,  
t h e  s a l i n e  marshes a re  comparable t o  man- 
g roves  i n  a r e a l  e x t e n t ,  a l t hough  t hey  
t e n d  t o  be some d i s t ance  f r om  open water. 
S t u d i e s  o f  t h e s e  marshes,  i n c l u d i n g  a s -  
sessmen t  o f  t h e i r  e c o l o q i c a l  v a l  ue, a r e  
a1 most non-exi  s ten t .  Ce r t a i n l y ,  the.y have 
c o n s i d e r a b l e  i m p o r t a n c e  as h a b i t a t  f o r  
s m a l l  f i s h e s  which, i n  tu rn ,  suppor t  many 
o f  t h e  n e s t i n g  w a d i n g  b i r d s  i n  s o u t h  
F l o r i d a  (see s e c t i o n  9). 

T r o p i c a l  ha rdwood  f o r e s t s  may occur  
w i t h i n  t h e  mangrove zone i n  south F l o r i d a ,  
p a r t i c u l a r l y  where o l d  shore1 i nes o r  areas 
o f  s torm sed imen ta t i on  have c rea ted  r i dges  
1 m o r  mo re  above MSL (mean sea l e v e l )  
(O lms tead  e t  a l .  1981). S i m i l a r  f o r e s t s  
o r  "hammocks" o c c u r  t o  t h e  r e a r  o f  t h e  
mangrove  zone on h i g h e r  ground. T y p i c a l  
t r e e s  i n  bo th  f o r e s t  types i n c l u d e  t h e  fan  
p a l m ,  T h r i n a x  r a d i a t a ,  b u t t o n w o o d ,  
Conocarpus e rec ta ,  manchi nee1 , H i  ppomane 
m a n c i n e l l a ,  and, i n  t h e  p a s t ,  mahogany, 
S w i e t e n i a  m a h a g o n i .  O lms tead  e t  a l e  
' v g m v i b e  a d e s c r i p t i o n  o f  t h e s e  
communities. 

Freshwater  marsh p lan ts ,  such as t h e  
q r a s s e s ,  r u s h e s  and sedges t h a t  d o m i n a t e  
t h e  f r e s h w a t e r  E ~ e r g l a d e s ,  a r e  n o t  
m e n t i o n e d  h e r e ,  a 1  t h o u g h  t h e y  a r e  
occas iona l  l y  mixed i n  w i t h  sma l l  mangroves 

t h a t  have become e s t a b l i s h e d  we1 l i n 1  and. 
See H o f s t e t t e r  (1974) f o r  a r e v i e w  o f  
1 i t e r a t u r e  d e a l i n g  w i t h  these p1 ants. 

F i n a l l y ,  a  g roup  o f  somewhat s a l t -  
t o 1  e r a n t  h e r b a c e o u s  p l a n t s  i s  f o u n d  
w i t h i n  stands o f  mangroves. They u s u a l l y  
occur  where s l  i q h t  i nc reases  i n  e l e v a t i o n  
e x i s t  and where s u f f i c i e n t  l i g h t  f i 1  t e r s  
t h r o u g h  t h e  mangrove  canopy. C a r t e r  e t  
a l .  (1973) l i s t  t h e  f o l l o w i n g  as examples 
o f  members o f  t h e  manqrove commun i t y :  
l e a t h e r  f e r n s ,  ~ c r o s t i c i ~ u m  aureum and &. 
d a n a e i f o l i u m ;  s p a n i s h  bayone t ,  Yucca 
a l o i f o l i a ;  s p i d e r  l i l y ,  H y m e n o c a l l  i s  
T a t i f o l i a ;  sea b l i t e ,  Suaeda l i n e a r i s ;  
c h a f f  f l o w e r ,  A l t e rnan the ra  ramosissima; 
samphi re ,  Phi  I oxerus vermi  c u l  a r i  s; b lood-  
l ea f ,  I r e s i n e  ce l os i a ;  p r i c k l y p e a r  cactus,  
O p u n t i a  s t r i c t a ;  m a r s h  e l d e r ,  2 
f r u t e s c e n s ;  t h e  r u b b e r  v i n e ,  Rhabdaden ia  
b i f l o r a ;  t h e  l i a n a s ,  Ipomoea t u b a  and 

v o l  u b i l  i s ;  and a v a r i e t y  o f  
Bromel i aceae). 

A1 thouqh t h e  1 i s t s  o f  vascu la r  p l a n t s  
w h i c h  o c c u r  i n  mangrove  swamps may seem 
ex tens ive ,  t h e  ac tua l  number of spec ies i n  
a n y  g i v e n  l o c a t i o n  t e n d s  t o  b e  l o w  
compared  t o  t o t a l l y  f r e s h w a t e r  e n v i r o n -  
men t s  (see C a r l t o n  1977). Ana logous  t o  
t e m p e r a t e  s a l t  marshes,  mangrove  swamps 
p o s s e s s  t o o  many s o u r c e s  o f  s t r e s s ,  
p a r t i c u l a r l y  f r o m  t i d a l  s a l t  w a t e r ,  t o  
have  a h i g h  d i v e r s i t y  o f  v a s c u l a r  p l a n t  
species. 



CHAPTER 6 .  COMMUNITY COMPONENTS - INVERTEBRATES 

6.1 ECOLOGICAL RELATIONSHIPS 

The mangrove ecosystem, w i t h  i t s  t r e e  
canop ies ,  masses o f  a e r i a l  r o o t s ,  muddy 
s u b s t r a t e s ,  and a s s o c i a t e d  c reeks  and 
s m a l l  embayments, o f f e r s  many h a b i t a t  
oppo r tun i t i es  f o r  a  wide v a r i e t y  o f  i n v e r -  
tebrates, Whi 1 e  the re  are few comparisons 
o f  s p e c i e s  r i c h n e s s  w i t h  o t h e r  t y p e s  o f  
coas ta l  ecosystems, mangrove swamps appear 
t o  be c h a r a c t e r i z e d  by m o d e r a t e l y  h i g h  
i n v e r t e b r a t e  spec ies  d i v e r s i t y .  Abel e  
(1 974) compared H' (Shannon Weaver) d i v e r -  
s i t y  o f  decapod  c r u s t a c e a n s  b e t w e e n  
v a r i o u s  1 i t t o r a l  m a r i n e  commun i t i es  and 
found mangrove swamps i n  an i n te rmed ia te  
p o s i t i o n  w i t h  more decapod spec ies  t h a n  
S p a r t i n a  marshes b u t  c o n s i d e r a b l y  l e s s  
than were associated w i t h  rocky subst ra te  
communities. 

There  i s  l i t t l e  doubt  t h a t  t h e  maze 
o f  p r o p  r o o t s  and muddy s u b s t r a t e s  under  
i n t e r t i  da1 mangrove t rees  provides h a b i t a t  
f o r  a  w ide  range o f  i n v e r t e b r a t e s  and 
f-i shes ( F i g u r e  10) (see s e c t i o n  7  f o r  t h e  
l a t t e r ) .  The n u r s e r y  v a l u e  o f  t h e  p r o p  
r o o t  complex f o r  juveni  1  e  spiny lobsters,  
Panul i r u s  arqus, i s  we1 1 e s t a b l i s h e d  
' m a - 5 ;  Olsen and Kob l ic  1975; 
L i t t l e  1977; Witham e t  a l .  1968). Ac- 
c o r d i n g  t o  t h e s e  resea rche rs ,  t h e  p h y l -  
losome l a r v a e  o f  s p i n y  l o b s t e r s  o f t e n  
s e t t l e  among t h e  p rop  r o o t s  and rema in  
t h e r e  f o r  much o f  t h e i r  j u v e n i l e  l i v e s .  
The p r o p  r o o t s  p r o v i d e  p r o t e c t i o n  f rom 
predators and a  poss ib le  source o f  food i n  
t h e  associated populat ions o f  smal l  i nve r -  
t e b r a t e s .  To p r o v i d e  t h e  b e s t  h a b i t a t ,  a  
s e c t i o n  o f  t h e  p r o p  r o o t s  shou ld  ex tend  
be low  mean l o w  t i d e .  I f  c o n d i t i o n s  a r e  
s u i t a b l e ,  t h e  j u v e n i l e s  may rema in  i n  
c lose assoc ia t ion  w i t h  t h e  prop roo t  com- 
m u n i t y  f o r  as much as 2 y e a r s  u n t i l  t h e y  
reach a  carapace length  o f  60 t o  70 mm. 

I n  a d d i t i o n  t o  i t s  va lue  as s p i n y  
l o b s t e r  hab i ta t ,  manqrove ecosystems a1 so 
harbor t h e  f o l l o w i n g  inver tebra tes :  bar- 
nacl  es, sponges, polychaete worms, gastro-  
pod mollusks, pelecypod mollusks, isopods, 
amphipods, mysids, crabs, caridean shrimp, 
penae id  s h r i  mp, h a r p a c t i c o i d  copepods, 
snapping shrimp, sstracods, coelenterates,  
nematodes, a  w ide  va r l ' e t y  o f  i n s e c t s ,  

bryozoans,  and t u n i c a t e s .  The most  ob- 
vious and dominant o rgan isms a r e  u s u a l l y  
ba rnac les ,  c rabs ,  o y s t e r s ,  mussel s, i s o -  
pods, po l ychae tes ,  gas t ropods  and, t u n i  - 
cates. 

A s t r i k i n g  c h a r a c t e r i s t i c  o f  most  
mangrove swamps i s  the pa t te rn  o f  hor izon- 
t a l  and v e r t i c a l  zonation o f  i nve r teb ra tes  
(Figure 9). Charac te r i s t i c  v e r t i c a l  zona- 
t i o n  pat te rns  are found on the  prop roo ts  
(Rutz le r  1969) and not so obvious hor izon- 
t a l  d i s t r i b u t i o n s  occu r  as you  move back 
i n t o  t h e  c e n t e r  o f  t h e  swamp (Warner 
1969). I n v e r t e b r a t e  b iomass i n  t h e  r e d  
mangrove zone on the  edge o f  t h e  swamp may 
be e r y  h igh ,  o f t e n  i n  excess o f  100 d r y  5 g/m o f  organic mat te r  i n  many l o c a t i o n s  
(personal observation). I n  t h e  center  o f  
t h e  swamp, p a r t i c u l a r l y  where t h e r e  i s  
l i t t l e  f l o o d i n g ,  b iomass i s  u s u a l l y  an 
o r d e r  o f  magn i tude  l e s s ;  G o l l e y  et:, a l .  
(1962) found an average o f  6.4 g/m o f  
i n v e r t e b r a t e s  i n  t h e  c e n t e r  o f  a  P u e r t o  
Rican mangrove swamp. 

Mangrove-associ ated inver tebra tes  can 
be p l a c e d  i n  f o u r  m a j o r  c a t e g o r i e s  based 
on t r o p h i c  pos i t i on :  

(1) d i r e c t  grazers - l i m i t e d  t o  

( a )  i n s e c t s  and t h e  mangrove t r e e  
crab, Aratus p i s o n i i ,  a ? ?  o f  which feed on 
leaves i n  t he  mangrove canopy and 

(b) a  group o f  s m a l l  i n v e r t e b r a t e s  
w h i c h  graze t h e  prop r o o t  and mud a l g a e  
d i  r e c t l y ;  

(2 )  f i l t e r  f e e d e r s  - l a r g e l y  s e s s i l e  
prop roo t  i nve r teb ra tes  which f i l t e r  phy- 
top lank ton and d e t r i t u s  from the  water; 

(3)  d e p o s i t  f e e d e r s  - m o b i l e  i n v e r t e -  
b r a t e s  w h i c h  s k i m  d e t r i t u s ,  a lgae  and 
occasional smal l  animals from the sur face 
s f  the  mud and f o r e s t  f l oo r ;  

(4) carnivores - h i g h l y  mobi le i n v e r t e -  
b ra tes  which feed upon the  th ree  preceding 
groups i n  a ? ?  l o c a t i o n s  f r o m  t h e  t r e e  
canopy ( l a r g e l y  i n s e c t s )  t o  t h e  mud s u r -  
face. Food sources i n  mangrove swamps and 
energy f l o w  are discussed i n  sec t ion  3,6. 
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6.2. ARBOREAL ARTHROPOD COMMUNITY 

A s u r p r i  s i n g  v a r i e t y  o f  a r t h r o p o d s  
i n h a b i t  t he  mangrove canopy. Because they 
a r e  f r e q u e n t l y  s e c r e t i  ve o r  p o s s e s s  
camou f lage  c o l o r a t i o n ,  t h e i r  n u m e r i c a l  
i m p o r t a n c e  o f t e n  has been over looked.  
Beever e t  a l .  (1979) p o i n t e d  ou t  t h a t  
a r b o r e a l  a r t h r o p o d s  have a  v a r i e t y  o f  
eco l  ogi  c a l  r o l  es: (1 ) d i  r e c t  herb i  vory on 
mangrove leaves, (2) predator-prey i n t e r -  
a c t i o n s ,  and (3) b iomass e x p o r t  t h r o u g h  
f r a s s  p r o d u c t i o n  and l e a f  d e f o l i a t i o n .  
D i r e c t  g r a z i n g  i s  t y p i c a l l y  p a t c h y  i n  
d i s t r i b u t i o n .  It i s  n o t  unusua l  t o  f i n d  
ex tens ive  s t re tches o f  mangroves t h a t  have 
scarce ly  been grazed. I n  nearby areas, as 
much as 80% o f  t h e  l e a v e s  may have some 
damage (Beever e t  al. 1979). As a  general 
r u l e ,  i t  i s  p r o b a b l y  s a f e  t o  s t a t e  t h a t  
healthy, unstressed mangrove s tands n o r -  
mal  ly have l e s s  t h a n  10% o f  t h e i r  t o t a l  
l e a f  a rea grazed (Heald 1969). I n  many 
l oca t i ons ,  percent l e a f  area damaged i s  on 
t h e  o r d e r  o f  1% t o  2% ( B e e v e r  e t  a l .  
1979). There are exceptions. Onuf e t  al. 
(1977) reported biomass l o s s  t o  arthropod 
grazers as h igh  as 26% i n  a  mangrove stand 
where g r o w t h  and n i t r o g e n  c o n t e n t  o f  t h e  
l e a v e s  had been enhanced by i n p u t  o f  nu- 
t r i e n t s  from a  b i r d  rookery. 

I n  t e r m s  o f  numbers o f  spec ies ,  t h e  
dominant group o f  a r b o r e a l  a r t h r o p o d s  i s  
i n s e c t s .  The most t h o r o u g h  i n v e n t o r y  of 
mangrove-associated i nsec ts  was conducted 
by S imber lo f f  and Wilson t o  ob ta in  the  raw 
d a t a  f o r  t h e i r  papers  on i s l a n d  b i o -  
geography ( S i  mber l  o f f  and W i  1 son 1969; 
S imber lo f f  1976). These papers l i s t  over 
200 spec ies  o f  i n s e c t s  a s s o c i a t e d  w i t h  
overwash mangrove i s l a n d s  i n  t h e  F l o r i d a  
Keys. There i s  no reason t o  expect l esse r  
numbers i n  o t h e r  t y p e s  o f  mangrove com- 
m u n i t i e s ,  except  f o r  t h e  mangrove sc rub  
f o r e s t s .  The most t ho rough  s t u d y  o f  i n -  
sec t  grazing on mangrove leaves i s  t h a t  s f  
Onuf e t  af .  (1977) (see s e c t i o n  2.6). 

A l t h o u g h  n o t  as n u m e r i c a l l y  impres- 
s i v e  as t h e  i n s e c t s ,  t h e  mangrove t r e e  
crab, Aratus p i s o n i i ,  appears t o  be poten- 
t i a l l y  as i m p o r t a n t  i n  t e r m s  o f  g r a z f n g  
i m p a c t  (Beever e t  a?. 3979). The l i f e  
h i s t o r y  o f  t h i s  sec re t i ve  l i t t l e  crab has 

been  d e s c r i b e d  b y  W a r n e r  (1967).  
Jamaica i t s  numbers range f rom 11 t o  1 m PI a t  t h e  edge o f  f r i n g i n g  swamps t o  6/m i n  
t he  center  o f  l a r g e  swamps. Beever e t  a1. 
(1979) r e p o r t e d  t y p i c a l  d e n s i t i e s  f o r  a  
v a r i e t y  o  s i t e s  i n  s o u t h  F l o r i d a  o f  1  t o  5 4 c rabs /m . These same a u t h o r s  r e p o r t e d  
some i n t e r e s t i n g  d e t a i l s  about  t h e  c rab :  
(1)  t h e  d i e t  i s  omnivorous  r a n g i n g  f r o m  
f r e s h  mangrove 1  eaves t o  c a t e r p i  11 a rs ,  
beetles, and var ious insects;  (2) t he  crab 
s u f f e r s  h ighest  p r e d a t i o n  p r e s s u r e  w h i l e  
i n  t h e  p lank ton i c  l a r v a l  stage; (3) preda- 
t i o n  on t h e  c r a b s  w h i l e  i n  t h e  a r b o r e a l  
community i s  l ow  and comes from b i r d s  such 
as t h e  w h i t e  i b i s ,  raccoons,  o t h e r  man- 
grove t r e e  crabs and, i f  t h e  crabs f a l l  i n  
t h e  water ,  f i s h e s  such as t h e  mangrove 
snapper; and (4) i n  one l o c a t i o n  i n  sou th  
F l o r i d a  (Pine I s l a n d  Sound) they found i n  
accordance w i t h  normal  b i o g e o g r a p h i c a l  
t h e o r y ,  t h e  h i g h e s t  d e n s i t i e s  o f  c r a b s  
a s s o c i a t e d  w i t h  f r i n g i n g  fo res ts  and t h e  
l o w e s t  d e n s i t i e s  on d i s t a n t  i s l a n d s ,  b u t  
a t  Sugar  L o a f  Key t h e  u n e x p l a i n a b l e  
reverse d i s t r i b u t i o n  was found. 

O t h e r  i n v e r t e b r a t e s  may v i s i t  t h e  
canopy f r o m  be low  e i t h e r  f o r  purposes o f  
feeding o r  f o r  p ro tec t i on  f rom h igh  t ides. 
I n c l u d e d  i n  t h i s  q roup a r e  t h e  pu lmona te  
a a s t r o o o d s .  L i t t o r i n a  a n o u l i f e r a .  
t e r i t h i i e a  i c a l a r i f o r m i s ,  andt.le1amp& 
c o f f e u s ,  t h e  isopod,  L lgea  e x o t i c a ,  and a  
host o f  smal l  crabs. 

I n  summary, w i t h  t h e  e x c e p t i o n  o f  a  
h a l f  dozen key papers, t h e  a r b o r e a l  man- 
g rove  communi ty  has been g e n e r a l l y  i g -  
nored. Both i nsec ts  and t h e  mangrove t r e e  
crab p l  ay s i  gni  f i cant ecol og i  ca l  ro les  and 
may a f f e c t  mangrove p r o d u c t i v i t y  t o  a 
g reater  ex ten t  than has been recognized, 

6.3 PROP ROOT AND ASSOCIATED MUD SURFACE 
COMMUNITY 

These t w o  somewhat d i s t i n c t  com- 
muni t ies  have been lumped together  because 
o f  t h e  l a r g e  number o f  m o b i l e  o rgan isms  
w h i c h  move back and f o r t h  between t i d a l  
cyc les .  The a e r i a l  r o o t s  a r e  used as  
p r o t e c t i v e  h a b i t a t  and t o  some ex tent  f a r  
feedt ng w h i f  e t he  nearby mud s u b s t r a t e s  
are used p r i n c i p a l l y  f o r  feeding. 



The p r o p  r o o t s  s u p p o r t  an abundance 
o f  s e s s i l e  o r g a n i s m s .  The v e r t i c a l  
zonat ion  o f  both mob i l e  and sess i l e  i nve r -  
t e b r a t e s  has been s t u d i e d  e x t e n s i v e l y  i n  
o t h e r  p a r t s  o f  t h e  w o r l d  (Goodbody 1961; 
Macnae 1968; R u t z l  e r  1969; Coomans 1969; 
Bacon 1970; Kol ehmai nen 1973; Sasekumar 
1974; Yoshi oka 1975). V e r t i c a l  z o n a t i  on 
c e r t a i n l y  e x i s t s  on F l o r i d a  red mangrove 
r o o t s .  The g e n e r a l i z e d  scheme shown i n  
F igu re  9 e s s e n t i a l l y  conta ins two zones: 
an upper zone dominanted by barnacles and 
a lower zone dominated by mussels, oys ters  
and ascidians. Retween mean high t i d e  and 
mean t i d e ,  t h e  w o o d  b o r i n g  i s o p o d ,  
Sphaeroma terebrans ( c l i  scussed a t  1 eng th  
i n  s e ~ t i o n ~ m ~ r t a n t ,  both numeri - 
c a ' i l y  and t h r o u g h  t h e  p r o v i s i o n  o f  
numerous holes f o r  use by o ther  organisms 
(Estevez 1978). 

The m o s t  c o m p l e t e  s t u d y  o f  t h e  
F l o r i d a  mangrove p r o p  r o o t  communi ty  i s  
Cour tney"  (11975) c o m ~ a r i s o n  o f  s e a w a l l  
and mangrove associat ions.  He reported an 
ex tens ive  1 i s t  o f  invertebrates from man- 
grove prop roo ts  a t  Marco Is land,  F lo r i da ,  
i n c l  t rd ing :  C r a s s a s t r e a  - -  v i  r g i n i c a ,  
t i t t o r i n a  
3 iodora  cayenens1 5 ,  
--I 
Pisan la  t i n c t a ,  B ~ a c h i d o n t e s  exustus, -- - 
n i n e  spec ies  o f  p o l  y c h a e t e r ,  Sphaeroma 

P a l a e m o n  f l o r i d a n u s ,  t e r e b r _ a n  , -  _ _ -  F a 7 4  -- menes l o n g i  earrdatus, Synal pheus 
f r i t m m 1 l e 7 1 e r i ,  T h o r  f l o r i d a n t m s .  - - -  - 

i _  -- -- 
P e t r o l i s m  armatus, and a t  l e a s t  e i g h t  
s p e c i e s  o f  crabs. The f o l l o w i n q  s p e c i e s  
$ere found on ly  on mangrove roo fs  and no t  
o n  s e a w a l l  s: T u r i  t e l  l q  sp., 
c o r o n a ,  A n a c h i  s s e n i l p l  i c a t  
s t r i  ata, ~ y p s e l o d o k i s  sp., & imbr ica ta ,  
Carditamera f lo r idana,  Pseudoi rus typ ica ,  
and Martesia s t r i a t a .  

Tabb e t  al, (1 9621 and Odum and Heal d 
( 1  972) reported a v a r i e t y  OF inve r teb ra tes  
a s s o c i a t e d  w i t h  p r o p  r o o t s  i n  t h e  Wh i te -  
w a t e r  Bay reg ion .  A l t h o u g h  many s p e c i e s  
c o i n c i d e  w i t h  C o u r t n e y ' s  (1975) l i s t ,  
t h e r e  are a1 so s i g n i f i c a n t  d i f f e rences  due 
t o  t h e  l o w e r  s a l i n i t i e s  i n  t h i s  reg ion .  
I t  i s  probably safe t o  conclude t h a t  prop 
r o o t  communi ti es vary  somewhat from sf t e  
to s i t e  i n  response t o  a number a f  f a c t o r s  

i n c l u d i n g  l a t i t u d e ,  sa1 i n i t y ,  and p r o x i  - 
m i t y  t o  o t h e r  commun i t i es  such as sea 
grass beds and coral  reefs. 

S u t h e r l  and (1 980), w o r k i n g  on r e d  
m a n g r o v e  p r o p  r o o t  c o m m u n i t i e s  i n  
Venezuela, f ound  l i t t l e  change i n  t h e  
i nve r teb ra te  species composit ion on i n d i  - 
v i d u a l  p rop  r o o t s  d u r i n g  an 18-month 
pe r iod .  The spec ies  c o m p o s i t i o n  v a r i e d  
g r e a t l y ,  however, between a d j a c e n t  p r o p  
roots,  presumably i n  response t o  stochas- 
t i c  (chance) processes. 

The mud f l a t s  a d j a c e n t  t o  mangroves 
p r o v i d e  f e e d i n g  areas f o r  a range of i n -  
ver tebrates t h a t  scu t t l e ,  crawl ,  and swim 
out  from the cover o f  the  mangrove roots. 
Some emerge a t  low t i d e  and feed on algae, 
d e t r i t u s ,  and s m a l l  i n v e r t e b r a t e s  on t h e  
mud f l a t s  w h i l e  t h e y  a r e  h i g h  and dry. 
Others emerge wh i l e  t he  t i d e  i s  in, p a r t i -  
c u l a r l y  a t  n i g h t ,  and f o r a g e  ac ross  t h e  
f looded f l a t s  i n  search o f  the  same foods 
p l u s  o t h e r  i n v e r t e b r a t e s  w h i c h  h a v e  
emerged f rom t h e  mud. I n  many ways t h e  
mangrove-mud f l a t  r e l a t i o n s h i p  i s  analo- 
gous t o  t h e  c o r a l  r e e f  ( r e f u g e )  sea g r a s s  
(Feed ing area) r e l a t i o n s h i p  r e v i e w e d  by 
l i e m a n  ( i n  prep.). The n e t  e f f e c t  i s  t h a t  
t he  impact of the  mangrove community may 
extend some d i  stance beyond the boundaries 
o f  the mangrove forest .  

I n  a d d i t i o n  t o  t h e  organ isms wh ich  
move from the  mangroves t o  the  mud f l a t s ,  
t h e r e  i s  a s m a l l  qroup wh ich  uses t h e  
substrate adjacent t o  mangroves f o r  b o t h  
h a b i t a t  and feeding,  I n  t h e  W h i t e w a t e r  
Bay region, f ou r  crabs e x p l o i t  t he  i n t e r -  
t i d a l  muds f r o m  t h e  s a f e t y  o f  bu r rows :  
Uca p u q i l a t o r ,  U. s  ec iosa,  ti-. - 
and E u r y t i u m  l i ~ o f ~  e t  a 
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I n  low s a l i n i t y  manqrove fo res ts  o f  south 
F lor ida ,  the c ray f i sh ,  Procambarus a1 l e n i  , 
i s  a dominant  member o f  t h e  b u r r o w i n g ,  
b e n t h i c  cornmunitv (Hobbs 1942) as i s  t h e  
c rab ,    hi thrapanopeus h a r r i s i i  (Odum and 
Heald 19/21. Both organisms are found i n  
a remarkable number o f  f i s h  stomachs, 

The b e n t h i c  fauna and i n f a u n a  o f  
c r e e k  and b a y  b o t t o m s  n e a r  m a n g r o v e  
f o r e s t s  a re  h l g h ' t y  v a r i a b l e  f r o m  one 



l o c a t i o n  t o  t h e  n e x t .  Many o f  t h e s e  
o r g a n i s m s ,  p a r t i c u l a r l y  t h e  d e p o s i t  and 
f i l t e r  f e e d e r s ,  b e n e f i t  f rom p a r t i c u l a t e  
o rgan i c  m a t t e r  o r i g i n a t i n g  f r o m  mangrove  
l i t t e r  f a 1 1  (Odum and H e a l d  1972, 1975b). 
Tabb and Mann ing  (1961)  and Tabb e t  a l .  
( 1  962)  p r e s e n t  l i s t s  and d i s c u s s i o n s  o f  
many o f  t h e  b e n t h i c  i n v e r t e b r a t e s  ad jacen t  
t o  mangrove  a r e a s  o f  W h i t e w a t e r  Bay. 
We ins te in  e t  af. (1977) compared t h e  ben- 
t h i c  fauna o f  a  mangrove- l ined creek and a  
n e a r b y  man-made c a n a l  on Marco  I s l a n d .  
They  f o u n d  ( 9 )  t h e  mangrove f auna  t o  be 
mo re  d i  v e r s e  t h a n  t h e  c a n a l  f auna  and (2 )  
a  h i g h e r  d i v e r s i t y  o f  o r g a n i s m s  a t  t h e  
mou ths  o f  mangrove  c r e e k s  t h a n  i n  t h e  
"heads" o r  upst ream ends. Courtney (1 975) 
f o u n d  t h e  same p a t t e r n  o f  u p s t r e a m  
d e c r e a s e s  i n  d i v e r s i t y ,  p r e s u m a b l y  i n  
response t o  d e c r e a s i  ng oxygen  c o n c e n t  r a -  
t i o n s  and i n c r e a s i n g l y  f i n e r  sediments. 

F i n a l l y ,  t h e  i r r e g u l a r l y  f l ooded  sub- 
s t r a t e s  i n  t h e  cen te r  o f  mangrove f o r e s t s  
c o n t a i n  a  s m a l l  bu t  i n t e r e s t i n g  assemblage 
o f  i n v e r t e b r a t e s .  The  1  i t t e r  l a y e r ,  
composed 1 a r g e l y  o f  mangrove 1 eaves, e v i  - 
d e n t l y  i n c l u d e s  a  v a r i e t y  o f  nematodes. 
Due t o  t h e  usual  taxonomic d i f f i c u l t i e s  i n  
i d e n t i f y i n g  nematodes,  c o m p l e t e  s p e c i e s  
l i s t s  do n o t  e x i s t  f o r  mangrove  f o r e s t s ;  
however, many spec ies and i n d i v i d u a l  s  a re  
a s s o c i a t e d  w i t h  t h e  d e c a y i n g  l e a v e s  
(Hopper  e t  a]. 1973). I n  a d d i t i o n  t o  
nematodes,  t h e  w e t t e r  s e c t i o n s  o f  t h e  
swamp f l o o r  can con ta i n  mosqu i to  and o t h e r  
i n s e c t  la rvae ,  p o l y c h a e t e s ,  h a r p a c t i  c o i d  
c o p e p o d s ,  i s o p o d s ,  a n d  a m p h i p o d s .  
S i m b e r l o f f  (1976)  l i s t s  16 s p e c i e s  o f  
i n s e c t s  assoc ia ted  w i t h  t h e  muddy f l o o r  of 
mang rove  f o r e s t s .  Roaming a c r o s s  t h e  
f o r e s t  f l o o r  d u r i n g  l o w  t i d e  a r e  s e v e r a l  
c r u s t a c e a n s  i n c l u d i n q  t h e  manqrove t r e e  
c r a b ,  A r a t u s  p i  s o n i  i , c r a b s  o f  t h e  genus 
Sesarma, and t h e  p u l m o n a t e  g a s t r o p o d s ,  
M e l a m p u s  c o e f f e u s  a n d  C e r i t h i d e a  --- 
s c a l a r i f o r m i s .  B o t h  s n a i  1 s  c l e a r l y  have  
t h e  a b i l i t y  t o  qraze and consume r e c e n t l y  
f a l l e n  l e i v e s  T p e r s o n a l  o b s e r v a t i o n ) .  
W i t h  f a v o r a b l e  c o n d i t i o n s  ( r e l a t i v e l y  f r e -  
q u e n t  t i d a l  i n u n d a t i o n  p f  us t h e  p r e s e n c e  
o f  red mangroves) Me1 ampus popu la t i ons  can 

exceed  500/m2 and  a v e r a g e  100  t o  200/m2 
(Heal  d, unpub l  i shed data). C e r i  t h i d e a  i s  
f o u n d  l a r g e l y  i n  a s s o c i a t i o n  w i t h  b l a c k  
mangroves  d can  r e a c h  d e n s i t i e s  o f  a t  Y' l e a s t  400/m . 

6.4 WATER COLUMN COMMUNITY 

Th i s  s e c t i o n  i s  embarrass ing ly  shor t ;  
t h e  r easons  f o r  t h i s  b r e v i t y  a r e  (1) t h e  
p a u c i t y  o f  r e s e a r c h  on z o o p l a n k t o n  i n  
F l o r i d a  mangrove-domina ted  a r e a s  and (2) 
our i n a b i l i t y  t o  d i s cove r  some o f  t h e  work 
w h i c h  u n d o u b t e d l y  has been done. D a v i s  
and W i l l i a m s  (1950) a re  u s u a l l y  quoted as 
t h e  p r i m a r y  r e f e rence  on F l o r i d a  mangrove- 
a s s o c i a t e d  z o o p l a n k t o n ,  b u t  t h e i r  p a p e r  
o n l y  l i s t s  z o o p l a n k t e r s  c o l l e c t e d  i n  t w o  
a reas .  Z o o p l a n k t o n  n e a r  mangroves  a r e  
p robab ly  no d i f f e r e n t  f r om  those  Found i n  
o t h e r  s h a l l o w ,  i n s h o r e  a r e a s  i n  s o u t h  
F l o r i d a .  Based on D a v i s  and W i l l i a m s  
(1950)  and Reeve (1964), we can  h y p o t h e -  
s i z e  t h a t  t h e  c o m m u n i t y  i s  d o m i n a t e d  by 
copepod spec ies o f  genus A c a r t i  a, p a r t i  cu- 
l a r l y  A c a r t i a  t onsa .  I n  a d d i t i o n ,  we 
c o u l d  e x p e c t  a  f e w  o t h e r  c a l a n a i d  cope-  
pods, a r r o w  worms ( S a g i t t a  spp.), many 
f i sh ,  po lychae te  and crustacean l a r v a e  and 
eggs. Another component o f  t h e  '"1 ankton; 
p a r t i c u l a r l y  a t  n i g h t ,  a r e  b e n t h i c  
amphipods, mysids, and isopods which l e a v e  
t h e  bo t tom t o  feed  (personal  observat ion) ,  

P l a n k t o n  a r e  n o t  t h e  o n l y  i n v e r t e -  
b r a t e s  i n  t h e  w a t e r  column. Sw imming  
crabs, such as t h e  b l u e  crab, C a l l i n e c t e s  
sap idus ,  a r e  p l e n t i f u l  i n  mos t  e s t u a r i n e  
mangrove reg ions  o f  south F l o r i da .  O ther  
swimming crustaceans i n c l u d e  t h e  ca r i dean  
s h r i  mp ( P a l  a e m o n e t e s  spp. and P e r i  - 
c l  i m e n e s ' m 5  t h e  s n a p p i n g  sh-p 
- m s p p . ) ,  and t h e  p e n a e i d  s h r i m p  
(Penaeus spp). A 7 7  o f  t h e s e  s w l m m i n g  
crustaceans spend cons iderabf  e  t i m e  on o r  
i n  t h e  b e n t h o s  and a round  mangrove  p r o p  
r o o t s .  F rom t h e  econom ic  p o i n t  o f  v i ew ,  
t h e  p i n k  s h r i m p ,  Penaeus duora rum,  i s  
~ r o b a b l  v t h e  most i m ~ o r t a n t  saec ies asso- 
=i  ated  irdi t h  mangrove 'areas (see discuss! an 
i n  s e c t i o n  11). 



CHAPTER 7.  COMMUNITY COMPONENTS - FISHES 

O f  t h e  s i x  mangrove communi ty  t y p e s  
d i scussed  i n  s e c t i o n  1.5, f i s h e s  a r e  an 
i m p o r t a n t  component o f  f o u r :  (1 )  b a s i n  
f o r e s t s ,  (2 )  r i v e r i n e  f o r e s t s ,  (3 )  f r i n g e  
fo res ts ,  and (4)  overwash i s l a n d  forests.  
For  conven ience we have d i v i d e d  f r i n g e  
f o r e s t s  i n t o  t w o  sub-components: (a)  
f o r e s t s  w h i c h  f r i n q e  e s t u a r i n e  bays and 
l a g o o n s  and  ( b )  f o r e s t s  wh ich  f r i n g e  
ocean ic  bays and lagoons. T h i s  d i  v i s i o n  
i s  necessary because t h e  f i s h  communities 
d i f f e r  markedly. 

Mangroves se rve  t w o  d i s t i n c t  r o l e s  
f o r  f i s h e s  and i t  i s  c o n c e p t u a l l y  i m p o r -  
t a n t  t o  d i s t i n g u i s h  between them. F i r s t ,  
t h e  mangrove-water  i n t e r f a c e ,  g e n e r a l l y  
r e d  mangrove p r o p  r o o t s ,  a f f o r d  a r e l a -  
ti ve ly  pro tec ted h a b i t a t  which i s  p a r t i c u -  
l a r l y  s u i t a b l e  f o r  j u v e n i l e  f i s h e s .  
Secondly, mangrove leaves, as discussed i n  
s e c t i o n  3.6, a r e  t h e  b a s i c  energy  source  
o f  a detr i tus-based food web on which many 
f i s h e s  a r e  dependent. The h a b i t a t  v a l u e  
o f  mangroves can be considered s t r i c t l y  a 
f unc t i on  o f  the  area o f  i n t e r f a c e  between 
t h e  water and the  mangrove prop roots;  i t  
i s  an a t t r i b u t e  shared by a11 f o u r  t y p e s  
o f  mangrove commmniti es, The i m p o r t a n c e  
o f  t h e  mangrove detr f tus-based food web i s  
dependent on the  re1 a t i  ve cant  r i  bu t  i on of 
o ther  forms o f  energy i n  a given envi ron-  
ment, i n c l u d i n g  p h y t o p l a n k t o n ,  b e n t h i c  
algae, sea grass d e t r i t u s ,  and t e r r e s t r i a l  
ca rbon  sources. F i g u r e  11 p r o v i d e s  a 
d i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  t h e  re la -  
t i v e  pos i t i ons  a lonq a food web continuum 
o f  t h e  four mangrove communities, 

Fishes recorded f rom mangrove h a k i  - 
t a t s  i n  south F lo r i da  are l i s t e d  i n  Appen- 
d i x  B. Although the  f l s h  communlt-les are  
d i  scussed separate1 y be1 ow, they have been 
combined i n t o  c e r t a i n  categor ies i n  Appen- 
d i x  B; F ishes  f r o m  mangrove bas?ns  and  
ti ver ine  f o r e s t s  have been combined under 
t h e  heading o f  t i d a l  streams; f i shes  From 
f r i n g i n g  f o r e s t s  along es tuar ine  bays and 
l agoons  a r e  l i s t e d  under  t h e  head ing o f  
e s t u a r i n e  bays; f i s h e s  f r o m  ocean ic  bays 
and lagoons have been l i s t e d  under oceanic 
bays,  S i r i c e  f io  s u r v e y s  h a v e  been 
pub1 l s h e d  spec i  f i c a 2  l y  r e l a t i n g  t o  over- 
wash i s l a n d  f o r e s t s ,  t h e r e  i s  no l i s t i n g  
f o r  t h i s  communi ty  t y p e  i n  Appendix B e  

S i t e  c h a r a c t e r i s t i c s  and sampling methods 
f o r  these community types are summarized 
i n  Append-i x A, Nomenclature and taxonomi c 
order f o l l o w  Ba i ley  e t  a l ,  (1970). 

7-1 BASIN MANGROVE FORESTS 

The i n f requen t l y  f looded pools i n  t he  
b l  ack mangrove-domi nated zone provide an 
ex t reme h a b i t a t  wh ich  few  spec ies  o f  
f i s h e s  can t o l e r a t e .  The w a t e r s  a r e  
d a r k l y  s t a i n e d  w i t h  o r g a n i c  a c i d s  and 
t a n n i n s  leached f r o m  t h e  t h i c k  l a y e r  of 
l e a f  l i t t e r .  D i s s o l v e d  o x y g e n  i s  
f r e q u e n t l y  l o w  (1 -2  ppm) and hydrogen 
s u l f i d e  i s  r e l e a s e d  f r o m  t h e  sed imen ts  
f o l l o w i n g  p h y s i c a l  d is turbance.  S a l i n i -  
t i e s  a r e  h i g h l y  v a r i a b l e  r a n g i n g  f r o m  
t o t a l l y  f r e s h  t o  h y p e r s a l i n e .  The f i s h  
f a m i l i e s  best adapted t o  t h i s  h a b i t a t  a re  
t h e  eu ryha l  i ne cypr inodonts ( k i l l i f i s h e s )  
and t h e  poec i  1 i i d s  (1 i vebearers) .  The 
k i  11 i f i  shes i n c l u d e  Fundulus conf luentus 
(Hea ld  e t  a l .  1974), R i v u l u s  marmoratus  
(PI. P, Weins te i  n, Va. Commonwealth Uni  v., 
Richmond. Va.: pe rsona l  commun ica t i on  
1 9 8 1 1 ,  l o r i d c h t h s  c a r p i o ,  a n d  
C y p r i  nodon v a r i  egatus  0dum197Q). The 
poec i  11 i d s  i n c l u d e  Poec i?  i a  l a t i p i n n 2  
(Ddum 1976) and, the most common, Gambusia 
a f f i n i s  (Weald e t  a l .  19741, Wh i l e  t h e  
species r ichness o f  f i shes  i; t h i s  h a b i t a t  
i s  law,  t h e  d e n s i t i e s  o f  f i s h  a r e  o f t e n  
v e r y  h igh.  W e i n s t e i n  (fers. comm.) has 
recorded up t o  38 Fish Jm . 

A l l  o f  t hese  f i s h e s  a r e  permanent  
res idents,  complet ing t h e i  r l i f e  cycles i n  
t h i s  h a b i t a t .  They feed  p r i m a r i l y  on 
mosquito la rvae and small  crustaceans such 
as amphipods which, i n  turn,  feed on man- 
g rove  d e t r i t u s  and algae. These s m a l l  
f i s h e s  e n t e r  c o a s t a l  food webs when t h e y  
a r e  f l u s h e d  i n t o  t h e  main  wa te rcou rses  
d u r i n g  h i g h  s p r i n g  t i d e s  o r  f o l l o w j n g  
s e a s o n a l l y  heavy ra-ins. Were t h e y  a r e  
eaten by numerous p i s c i  varaus f i s h e s  i n-  
c lud ing  snaok, l ady f i sh ,  tarpon, gars, and 
mangrove snappers, The a l t e r n a t e  energy  
pathway f o r  f i s h e s  o f  the  b l a c k  mangrove 
b a s i n  wetiancis U G C U ~ S  w h e n  t h e  p o a i s  
shr ink  dur ing  d ry  weather, the  f i shes  are  
c o n c e n t r a t e d  f n t a  s m a l l e r  areas, and a r e  
fed-upon by var ious  wading b i  rds  i n e l  ud i  ng 
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herons,  i b i s  and t h e  wood s t o r k  (Heald e t  
a l .  1974). 

7.2 RIVERINE FORESTS 

T i d a l  s t reams and r i v e r s ,  f r i n g e d  
l a r g e l y  by r e d  mangroves, connect  t h e  
f reshwater  marshes o f  south F l o r i d a  w i t h  
t h e  s h a l l o w  e s t u a r i n e  bays and l agoons  
( F i g u r e  12). Few o f  t hese  s t reams have 
been s tud ied  thoroughly. The exception i s  
t h e  Nor th  R i v e r  wh ich  f l o w s  i n t o  Whi te -  
w a t e r  Bay and was s t u d i e d  by  Tabb (1966) 
and Odum (1970). S p r i n g e r  and Woodburn 
(1960) c o l l e c t e d  f i s h e s  i n  a  bayou o r  
t i d a l  pass c o n n e c t i n g  Boca Ciega Bay and 
O l d  Tampa Bay. C a r t e r  e t  a t .  ( 1 9 7 3 )  
r e p o r t e d  on t h e  f i s h e s  o f  t w o  t i d a l  
s t reams e n t e r i n g  Fahkahatchee and Fahka 
Union Bays. Nugent (1970) sampled f i shes  
i n  t w o  s t reams  on t h e  wes te rn  shore o f  
B i  scayne Bay. C h a r a c t e r i s t i c s  o f  t h e s e  
areas and sampling gear used by the  inves-  
t i g a t o r s  are summarized i n  Appendix A. 

These t i d a l  s t reams and a s s o c i a t e d  
r i  ver f  ne mangrove fo res ts  e x h i b i t  extreme 
seasonal v a r i a b i  1 i t y  i n  b o t h  p h y s i c a l  
characteai  s l i c s  and f i s h  community compo- 
s'it ion. S a l i n i t y  v a r i a t i o n s  are d i r e c t l y  
r e l a t e d  t o  changes i n  t h e  make-up o f  t h e  
f i s h  assemblage. D u r i n g  t h e  wet  season 
( J u n e  - November) ,  s a l i n i t i e s  f a 1  1 
throughout the  water courses and, a t  some 
locations S n  c e r t a i n  heavy r u n o f f  years ,  
become f r e s h  a l l  o f  t h e  way t o  t h e  mouth 
(Odum 1970). O p p o r t u n i s t i c  f r e s h w a t e r  
species, which are  normal ly  res t r - i c ted  t o  
the sawgrass and black needle rush marshes 
s f  t h e  headwaters,  i nvade  t h e  mangrove 
zone. These i n c l u d e  t h e  F l o r i d a  sa r .  
L e  i s o s t e u s  l a t  r h i n c u s ;  s e v e " r a 1  
b u n P i d ~ m e n u s  Le~orn i  s  ., I 
and t h e  l a r g e m o u t h  bass, M i c r o p t e r u s  
s a l  m o i d e s ;  t h e  f r e s h w a t e r  c a t f i s h e s ,  
F t a l  urus f ia ta l  i s  and Noturus g y r i  nus; and 
t h e  k i l j i f i s h e s  n o r m c o n s i d e r e d  
f r e s h w a t e r  i n h a b i t a n t s  such as l u c a n i a  
goodei and -- Ri vulus marmsratus, 

t i d a l  streams p r i m a r i l y  on feeding forays. 
Examples inc lude the  j ew f i sh ,  E i n e  he lus  
i t a j a r a ,  t h e  s t i n g r a y s  (Oasyat* 
n e e d l e f i  shes  ( B e l o n i d a e ) ,  t h e  j a c k s  
(Carangi dae), and the  barracuda, Sphyraena 
bar racuda.  Other  seasonal  movements o f  
f i s h e s  appear t o  be t e m p e r a t u r e  r e l a t e d .  
Tabb and Manning (1961) documented move- 
ments o f  a  number o f  species from shal low 
i n s h o r e  w a t e r s  t o  deeper w a t e r  d u r i n g  
t i m e s  o f  l o w  t e m p e r a t u r e  s t r e s s .  The 
l i n e d  so le ,  t h e  hogchoker,  t h e  b ighead  
sea rob in ,  and t h e  s t r i p e d  m u l l e t ,  f o r  
example, are much l ess  f requen t l y  caught 
i n  w i n t e r  i n  shal low inshore waters. 

A t h i r d  t y p e  o f  s e a s o n a l i t y  o f  f i s h  
populat ions i n  the t i d a l  r i v e r s  i s  r e l a t e d  
t o  l i f e  cyc les .  Many o f  t h e  f i s h  w h i c h  
u t i l i z e  t h e  t i d a l  s t ream h a b i t a t  do so 
o n l y  as j u v e n i l e s .  Thus, t h e r e  a r e  peaks 
o f  abundance o f  t hese  spec ies  f o l l o w i n g  
o f f sho re  spawning when l a r v a l  o r  j u v e n i l e  
forms are rec ru i t ed  t o  t he  mangrove stream 
h a b i t a t .  I n  gene ra l ,  r e c r u i t m e n t  o c c u r s  
i n  t h e  l a t e  s p r i n g  o r  e a r l y  summer f o l -  
l o w i n g  l a t e  w i n t e r  and s p r i n g  spawning 
o f f s h o r e  o r  i n  t i d a l  passes (Re id  1954). 
Numerous species are invo lved i n  t h i s  l i f e  
cyc le  phenomenon i n c l u d i n g  s t r i p e d  mu1 1 e t  , 
g r e y  snapper, sheepshead, s p o t t e d  sea 
t r o u t ,  red drum, and s i l v e r  perch, 

The o n l y  e s t i m a t e  o f  f i s h  s t a n d i n g  
crop from t i d a l  stream hab i ta t s  i s  t h a t  o f  
C a r t e r  e t  a?. (1973). They reco rded  27 
s p e c i e s  wei gh ine  65,891 g  (wet  wh.) f r o m  
an area o f  734 m o r  about  90 g/m . T h i s  
i s  p r o b a b l y  an o v e r e s t i m a t e  s i n c e  an un- 
known p o r t i o n  o f  t h e  f i s h  communi ty  had 
moved f r o m  t h e  f l o o d e d  l o w l a n d s  t o  t h e  
stream on the  ebb t i d e ;  sampling occurred 
a t  low t i d e  i n  October. Nonetheless, t h i s  
i s  an i n d i c a t i o n  o f  the  h igh  f i s h  standing 
crop which t h i s  mangrove-associ ated habi - 
t a t  can suppor t .  The number o f  spec ies  
r e p o r t e d  f r o m  i n d i v i d u a l  t i d a l  s t reams 
a n n u a l l y  ranges f r o m  47 t o  60 and t h e  
t o t a l  from a? l t i d a l  streams i n  southwest 
F l o r i d a  i s  111 species (Appendix 5). 

D u r i n g  t h e  d r y  season (December t o  The food webs i n  these r i v e r i n e  man- 
e a r l y  May! s a l i n i t i e s  r i s e  as a r+esult of grave ecosystems appesr  t o  be p redomj -  
decreased f reshwater  runoff and con t i nu ing  n a n t l y  mangrove det r i tus-based,  although 
evapora t i on .  M a r i n e  spec ies  i nvade  t h e  t h e  Biscayne Bay stream studied by Nugent 





(1970) may be an e x c e p t i o n .  The b a s i c  
l i n k  between the  mangrove l e a f  and h igher 
o r d e r  consumers i s  p r o v i d e d  by m i c r o -  
o r g a n i  sms ( f u n g i ,  b a c t e r i a ,  P ro tozoa )  
which co lon ize  t h e  decaying leaf  and con- 
v e r t  them i n t o  a  r e l a t i v e l y  r i c h  p r o t e i n  
source  (Odum 1970; Odum and Heald 1975a). 
These decaying l e a f  f raqments  w i t h  asso- 
c i a t e d  m i c r o o r g a n i s m s  are f e d  upon by a  
group o f  omni vorous d e t  r i  ti vores i n c l  udi  ng 
amphi pods, mysi ds, cumaceans, ostracods, 
c h i  r o n o m i d  l a r v a e ,  h a r p a c t i c o i d  and  
c a l a n o i d  copepods ,  s n a p p i n g  s h r i m p ,  
caridean and penaeid shrimp, a  v a r i e t y  of 
crabs, f i l t e r - f e e d i n g  b ivalves,  and a  few 
spec ies  o f  f i s h e s  (Odum 1970; Odum and 
Hea ld  1972; Odum and Hea ld  1975b). These 
d e t r f t i  vores, i n  t u r n ,  a re  consumed by a  
number o f  small carnivorous f ishes, which 
i n  t u r n ,  a r e  c o n s u m e d  b y  l a r g e r  
p i s c i v o r o u s  f i s h e s .  The concept  o f  man- 
grove t roph i c  s t r u c t u r e  i s  a1 so discussed 
i n  s e c t i o n  3.6. See A p p e n d i x  B  f o r  
species s p e c i f i c  d i e t a r y  informat ion.  

The t i d a l  c r e e k s  s t u d i e d  by Nugent 
(1970) on t h e  w e s t e r n  shore o f  B i scayne  
Bay d i f f e r  f r o m  t h e  p r e v i o u s l y  discussed 
s t reams i n  t h e  E v e r g l a d e s  es tua ry ,  The 
mouths o f  t h e  B i s c a y n e  Bay c reeks  have 
dense g rowths  s f  sea g rasses  wh ich  con- 
t r i b u t e  sea g r a s s  d e t r i t u s .  The s a l i n i -  
t i e s  a r e  c o n s i d e r a b l y  g r e a t e r  and t h e  
streams are loca ted o n l y  a  few k i l ome te rs  
from cora l  reefs,  wh ich  are l a r g e l y  absent 
on F lor ida 's  west coast, a t  l eas t  close t o  
shore. As a  r e s u l t ,  23 spec ies  l i s t e d  i n  
Appendix B  were captured by Nugent (1970) 
and a r e  n o t  r e c o r d e d  from r i v e r i n e  man- 
g r o v e  h a b i t a t  on t h e  w e s t  c o a s t  o f  
F lor ida.  Examples i n c l u d e  several o f  t h e  
g r u n t s  (Pomadasy i d a e ) ,  t h e  g ray  t r i g g e r -  
f i s h ,  B a l i s t e s  ca r i s c u s ,  t h e  b a r b f i s h ,  
Scorpaena bras i  l -e-;-h ielssl s t e  scrawled bsx- 
f i s h ,  L a c t o  h r  s , and t h e  
s n a p p e r ~ s s  synagri s. 

R i  v e r i  ne mangrove comnuni  t i e s  and 
a s s o c i a t e d  t i d a l  s t r e a m s  and r i v e r s  a r e  
t y p i f i e d  by t h e  foT l o w i n g  fam i  1 i e s  o f  
f i s h e s :  k i f l i f i s h e s  ( c y p r i n o d o n t i d a e ) ,  
1 i vebearers  (Paec i  1 i i dae), s f  1 v e r s i  des 
( A t h t t r i  n i d a e ) ,  m o j a r r a s  (Grp~reidae), tirs- 
pan (E lop idae ) ,  snosk (Centropomi dae), 
s n a p p e r s  ( L u t j a n i d a e ) ,  sea c a t f i s h e s  

( A r i  i d a e ) ,  g o b i e s  (Gob i  i d a e ) ,  p o r g y s  
(Spar idae) ,  m u l l e t s  (Mugi 1 i dae ) ,  drums 
( S c i  aen i  dae), and anchovies (Engraul idae). 
The mangrove-1 i ned s t  reams and associ ated 
p o o l s  a r e  i m p o r t a n t  n u r s e r y  areas f o r  
s e v e r a l  m a r i n e  and e s t u a r i n e  spec ies  o f  
gamefi sh. The tarpon, Megal ops at1 a n t i  ca, 
snook, Cent ropomus undeci ma1 i s ,  and 1  ady- 
f i s h ,  E lops  saurus,  u t i l i z e  t h e s e  a reas  
f r o m  t h e  t i m e  t h e y  reach t h e  e s t u a r y  as 
~ o s t - 1  arvae, havi nq been spawned offshore. 
G r a y  s n a p p e r ,  - L u t j a n u s  g r i  s e u s ,  
sheepshead, Archosargus probatocephalus, 
spot ted seatrout ,  Cynosci on nebul osus, and 
red  drum, Sciaenops oce l l a ta ,  are r e -  
c r u i t e d  t o  grass beds o f  shal low bays and 
lagoons as post- larvae and enter  the 
mangrove-1 i ned streams f o r  the nex t  sever- 
a l  years (Heald and Odum 1970). O f  these 
species, on ly  the spotted seat rou t  prob- 
ab l y  spawns i n  the estuary (Tabb 1966). 
Other species o f  commercial o r  game impor- 
tance which use the  r i v e r i n e  f r i n g i n g  
h a b i t a t  inc lude c r e v a l l e  jack ,  g a f f t o p s a i l  
c a t f i s h ,  j e w f i  sh, s t r i p e d  mojarra, bar ra-  
cuda, A t l a n t i c  thread her r ing ,  and ye1 low- 
f i n  menhaden (Odum 1970). 

7.3 FRINGING FORESTS ALONG ESTUARINE BAYS 
AND LAGOONS 

Mangrove-f  r i  nged e s t u a r i n e  bays and 
l a g o o n s  a r e  e x e m p l i f i e d  b y  t h e  Ten 
Thousand Is1  ands area and Whitewater Bay. 
Q u a n t i t a t i v e  f i s h  data are ava i l ab le  f rom 
Fahkahatchee Bay ( C a r t e r  e t  a l .  1973; 
Yokel 1975b; Seaman e t  a l .  1973), Fahka 
Un ion Bay ( C a r t e r  e t  a1. 19731, Rookery 
Bay ( Y o k e l  1975a) ,  t h e  M a r c o  I s l a n d  
E s t u a r y  ( W e i n s t e i n  e t  a l .  1977; Yokel 
1975a), and Wh i tewa te r  Bay f C t  a r k  1970). 
I n d i v i d u a l  s f  t e  c h a r a c t e r i s t i c s  a r e  
summarized i n  Appendix A. A l l  e x c e p t  
Fahka U n i o n  Bay c o n t a i n  s i g n i f i c a n t  
amounts o f  sea grasses. Macroalgae domi- 
nate the  benthic producers o f  Fahka Union 
Bay. S t u d i e s  by Re id  (1954)  and K i ' lby  
(1955) near Cedar Key, F l o r i d a ,  were n o t  
inc luded i n  our summary because mangroves 
a r e  spe?rse i n  t h i s  area and no men t ion  o f  
mangrove c o l l e c t i n g  s i t e s  were made by 
these a u t  hops, Stetdies ~f Cz7 onsabat chee 
Bay ( G u n t e r  and Half  7 9 6 5 )  and  o f  
C h a r l o t t e  Harbor (Wang and Raney 1971) 



w e r e  o m i t t e d  because  t h e  a r e a s  s t u d i e d  
have been h i g h l y  m o d i f i e d  and because da ta  
f r o m  many h a b i t a t s  were  p o o l e d  i n  t h e  
f i n a l  p r e s e n t a t i o n .  

A1 9 o f  t h e  bays rev iewed i n  our sum- 
mar ies  a r e  f r i n g e d  by dense growths o f  r ed  
mangroves and a l l  c o n t a i n  sma l l  mangrove 
i s l e t s .  C a r t e r  e t  a l .  (19731, i n  t h e i r  
s t u d i e s  o f  Fahkaha t chee  and Fahka U n i o n  
bays ,  e s t i m a t e d  t h a t  57% t o  80% o f  t h e  
t o t a l  e n e r g y  budge t  o f  t h e s e  t w o  bays  i s  
s u p p o r t e d  by  e x p o r t s  o f  p a r t i c u l a t e  and 
d i s s o l v e d  o r g a n i c  m a t t e r  f r o m  t h e  man- 
groves w i t h i n  t h e  bays and i n f l o w i n g  t i d a l  
s t r eams .  Lugo e t  a l .  (1980)  e s t i m a t e d  
t h a t  t h e  mangroves sur round ing  Rookery Bay 
p r o v i d e  32% o f  t h e  e n e r g y  base  o f  t h e  
h e t e r o t r o p h i c  community found i n  t h e  bay. 

S a l  i n i t i e s  i n  t h e s e  bays  t e n d  t o  be 
h i g h e r  t h a n  i n  t h e  t i d a l  s t r e a m s  and 
r i v e r s  and t h e  f i s h  assemblages  r e f l e c t  
b o t h  t h i s  f e a t u r e  and t h e  added h a b i t a t  
d i m e n s i o n  o f  sea g r a s s  and macro  a1 gae 
beds. T r u l y  f r e s h w a t e r  s p e c i e s  a r e  r a r e  
i n  these  communi t ies  and a  p r o p o r t i o n a l l y  
g r e a t e r  percentage o f  mar ine  v i s i t o r s  i s  
p r e s e n t .  The d o m i n a n t  f i s h  f a m i l i e s  o f  
t h e  b e n t h i c  h a b i t a t  i n c l u d e  d r u m s  
( S c i  a e n i  dae),  p o r g y s  ( S p a r i  dae) ,  g r u n t s  
(Pomadasy idae) ,  m o j a r r a s  ( G e r r e i  d a e ) ,  
snappers (Lu t jan idae) ,  and mu1 l e t  (Mugi l i - 
dae). Other fami  l e s  w i t h  s i z e a b l e  c o n t r i  - 
b u t i o n s  t o  t h e  b e n t h i c  fauna i n c l u d e  p i pe -  
f i s h e s  (Syngna th i dae ) ,  f l o u n d e r  ( B o t h i  - 
dae),  s o l e  ( S o l  e i d a e ) ,  searob ins  (T r i g1  i -  
dae), and t o a d f  i shes (Rat racho i  d i  dae). 

N u m e r i c a l l y  abundan t  f i s h e s  o f  t h e  
m i d  and uppe r  w a t e r s  i n c l u d e  a n c h o v i e s  
( E n g r a u l i d a e ) ,  h e r r i n g s  ( C l u p e i d a e )  and 
n e e d l e f a ' s h e s  (Re lon i dae ) .  A t  a l l  l o c a -  
t i o n s  s tud ied ,  t h e  ben th i c  fauna was domi- 
na ted  by t h e  p i n f i s h ,  Lagodon rhomboid@$, 
t h e  s i l v e r  perch, ~ a i r r f i e l l a ~ h r y s u r a ,  t h e  
p i g f i s h ,  Or tho  r i  s t i s  ghrvsootera,  and t h e  
m o j a r r a s b m u s  I_r_ g u l a  and E. 
argenteus. The most common mldwate r  aa 
sur face  soeci  es i n c l  ude t h e  t w o  anchovies, 
Anchoa m i ' t c h i l  l i  and - A, hepsetus, and t w d  
c l  u ~ e i d s .  B r e v o o r t i a  sm i t h?  and H a r e n ~ u l a  
oen'sacoiae. T h e  t o t a l  number o f  s ~ e t i e s  
L- 

recordc .d t h e  ind.ivielua1 s t u d i e s  ranged 
from 47 t o  8P; a  t o t a l  o f  117 spec-ies was 

c o ?  l e c t e d  i n  t h e s e  mangrove- f r inged  bays 
and lagoons (Appendix B). 

I n  none o f  t h e s e  s t u d i e s  were  t h e  
f i s h e s  s p e c i f i c a l l y  u t i l i z i n g  t h e  f r i n g i n g  
mangrove  h a b i t a t  enumera ted  s e p a r a t e l y  
f r o m  t h o s e  c o l l e c t e d  i n  t h e  bay as a  
whole. The c o l l e c t i o n s  were most o f t e n  a t  
open w a t e r  s t a t i o n s  e a s i l y  samp led  b y  
o t t e r  t r a w l .  C a r t e r  e t  al .  (1973) had t w o  
shore se ine  s t a t i o n s  ad jacen t  t o  mangroves 
b u t  t h e  data were pooled f o r  pub l i ca t i on .  
O f  t h e  f o u r  s t a t i o n s  i n  Rooke ry  Bay sam- 
p l e d  by  Yokel (1975a), one was immed ia te l y  
ad jacen t  t o  t h e  f r i n g i n g  mangrove  s h o r e -  
l i n e  and had  m o d e r a t e  amounts  o f  sea 
grasses. 

The t y p i c a l  p a t t e r n  w h i c h  emerges 
from many e s t u a r i n e  s t u d i e s  i s  t h a t  r e l a -  
t i v e l y  few f i s h  spec ies n u m e r i c a l l y  domi- 
na te  t h e  catch. Th i s  i s  c e r t a i n l y  t r u e  i n  
m a n g r o v e - f  r i  nged e s t u a r i e s .  I n  Rookery  
Bay (Yoke l  1975a)  s i x  s p e c i e s  c o m p r i s e d  
88% o f  t h e  t r a w l - c a t c h a b l e  f i s h e s ,  i n  
Fahkahatchee Bay seven  s p e c i e s  c o m p r i s e d  
97% o f  t h e  c a t c h  from t h r e e  c a p t u r e  
t e c h n i q u e s  ( C a r t e r  e t  a l .  1973),  and i n  
t h e  Marco  I s l a n d  e s t u a r y  25 s p e c i e s  com- 
p r i s e d  97% o f  t h e  t r a w l - c a t c h a b l e  f i s h e s  
(We ins te in  e t  al .  1977). 

L i k e  t i d a l  r i v e r  and s t ream communi- 
t i e s ,  t h e s e  s h a l l o w  b a y s  s e r v e  as n u r -  
s e r i e s  f o r  numerous spec ies o f  es tua r i ne -  
dependen t  f i s h e s  t h a t  a r e  spawned o f f  - 
shore.  Based on t h e  d i s t r i b u t i o n  and  
abundance o f  j u v e n i  1 e  f i s h e s  o f  a1 1 spe- 
c i e s  i n  s i x  h a b i t a t s ,  C a r t e r  e t  a l ,  (7973) 
r a n k e d  t h e  m a n g r o v e - f r i n g e d  bays  as t h e  
most i mpor tan t  nursery  grounds; t h e  t i  da l  
s t reams were a  c l o s e  second. Sha l low bays 
and t i d a l  s t reams p r o v i d e  s a f e  n u r s e r i e s  
due t o  seasona l l y  abundant food  resources 
and t h e  l o w  f r e q u e n c y  o f  l a r g e  p r e d a t o r s  
( C a r t e r  e t  a7. 1973; Thayer  e t  a?. 79781, 
The r e l a t i v e  l a c k  o f  l a r g e  p redaceous  
f i s h e s  i s  p r o b a b l y  due t o  t h e i r  g e n e r a l  
i n a b i l i t y  t o  osmoreguf a t e  i n  wa te rs  of l o w  
and/or f l u c t u a t i n g  sat i n i  ty. 

As i n  t - r ' d a l  s t r e a m s ,  t h e  peak abun- 
dance o f  j u v e n i l e  and l a r v a l  f i s h e s  i n  t h e  
bays  i s  i n  s p r i n g  and e a r l y  summer ( R e i d  
1 9 5 4 ) ,  I n  genera 1, t h e  h i g h e s t  s t a n d i n g  



crops and the  greatest  species r ichness o f  
f i shes  occur i n  the l a t e  summer and e a r l y  
f a l l  (Clark 1970). F i sh  dens i t i es  dec l i ne  
i n  t h e  autumn and w i n t e r  as many f i s h e s  
move t o  deeper waters. 

7.4 FRINGING FORESTS ALONG OCEANIC BAYS 
AND LAGOONS 

Mangrove-f  r i  nged "ocean ic"  bays and 
lagoons are e x e m p l i f i e d  by Po rpo i se  Lake 
i n  e a s t e r n  F l o r i d a  Bay (Hudson e t  a l .  
1970), western F l o r i d a  Bay (Schmidt 1979), 
southern Biscayne Bay (Bader and Roessl e r  
19711, a n d  O l d  Rhodes Key Lagoon i n  
eastern Biscayne Bay (Holm 1977). Charac- 
t e r i s t i c s  of these s i t e s  are summarized i n  
Appendix A. Compared t o  t h e  mangrove- 
f r i n g e d  bays d i s c u s s e d  i n  t h e  p r e v i o u s  
sect ion, these envi ronments general l y  ex- 
h i b i t  c l ea re r  wa te r ,  s a n d i e r  s u b s t r a t e s ,  
and h i g h e r  and l e s s  v a r i a b l e  s a l i n i t i e s .  
C l o s e r  p r o x i m i t y  t o  t h e  F l o r i d a  r e e f  
t r a c t ,  t h e  At1 a n t i c  Ocean, and the  Gulf o f  
Mexico r e s u l t s  i n  a l a r g e r  p o t e n t i a l  pool 
o f  f i s h  spec ies .  These f o u r  l o c a t i o n s  
have produced repor ts  o f  156 f i s h  species 
(Appendix 5). 

Mangrove f r i nges  make up a r e l a t i v e l y  
s m a l l  p r o p o r t i o n  o f  t hese  e n v i  ronments ;  
accordingly, t h e i r  c o n t r i b u t i o n  t o  the  bay 
food webs i s  p r o b a b l y  n o t  very  l a r g e .  
Bader and Roess le r  (1972) e s t i m a t e d  t h a t  
the  f r i n g i n g  mangrove communi t y  c o n t  r i  b -  
utes approximately 1% o f  t h e  t o t a l  energy 
budget  o f  sou the rn  B i scayne  Bay; t h e y  
considered only mafnland mangroves and d i d  
n o t  I n c l u d e  t h e  s m a l l  a rea o f  mangrove 
islands. The main eco log ica l  r o l e  o f  t h e  
f r i n g i n g  mangroves i n  t h i s  t y p e  o f  en-  
v i  ronrnent i s  p r o b a b l y  t w o f o l d .  F i r s t ,  
they increase t h e  h a b i t a t  d i v e r s i t y  w i t h i n  
an o t h e r w i s e  r e l a t i v e 1  y homogeneous bay 
system. Second, they provide a r e l a t i  ve l y  
p ro tec ted h a b i t a t  f o r  juveni  1 e f i shes (and 
c e r t a i n  inver tebra tes)  t h a t  l a t e r  move t o  
more open water o r  cora l  ree f  communities, 
The second r o l e  i s  analogous t o  one o f  t h e  
e c o l r ~ g i c a l  r o l e s  o f  sea grass communities 
(see Zieman, i n  prep) a l t h o u g h  t h e  f l ' sh  
species invo lved may be d i f f e ren t .  

Based p r i  mar i  l y  on h a b i t a t  des i  gna- 
t i o n s  o f  Voss e t  a l .  (1969), t h e  f i s h e s  o f  
B i scayne  Bay can be c h a r a c t e r i z e d  as t o  
p r e f e r r e d  h a b i t a t .  O f  t h e  t h r e e  ma in  
h a b i t a t  types, (1) rock/coral  /seawall ,  (2) 
grassbed/ t idal  f l a t ,  and (3) mangrove, the  
g r a s s b e d / t i d a l  f l a t  ranked f i r s t  i n  f i s h  
s p e c i e s  occurrences.  One hundred and 
twenty- two of 156 species (79%) are known 
t o  o c c u r  i n  t h i s  e n v i r o n m e n t .  
R o c k / c o r a l / s e a w a l l  h a b i t a t s  were f r e -  
quented by 49 species (32%) and mangroves 
a r e  known t o  be u t i l i z e d  by 54 s p e c i e s  
(35%) o f  t h e  t o t a l  f i s h  spec ies  reco rded  
f rom t h i s  bay. 

7.5 OVER WASH MANGROVE ISLANDS 

I n  t e r m s  o f  f i s h - r e l a t e d  research,  
these communities are the  l eas t  s tudied o f  
a l l  mangrove communi ty  t y p e s  i n  s o u t h  
F l o r i d a .  They a re  t y p i f i e d  by t h e  l o w -  
l y i n g  mangrove-covered i s 1  ands t h a t  occur 
i n  t h e  F l o r i d a  Keys and F l o r i d a  Bay and 
may be overwashed p e r i o d i c a l l y  by t h e  
t ides.  Examples inc lude She1 1 Key, Cotton 
Key, and t h e  Cowpens. I s l a n d s  o f  t h i s  
t y p e  ex tend  southwest  f r o m  t h e  F l o r i d a  
m a i n l a n d  t h r o u g h  t h e  Marquesas. The Dry 
Tortugas lack we1 1 -developed mangrove com- 
mun i t i es  although stunted t rees  are found 
(Dav is  1942). 

These is lands are the  most oceanic of 
any o f  t he  mangrove communities discussed. 
They are character ized by r e l a t i v e l y  c l e a r  
w a t e r  (Gore 1977) and a re  l a r g e l y  f r e e  o f  
t h e  f reshwater  i n f l o w  and s a l i n i t y  va r i a -  
t i o n s  wh ich  c h a r a c t e r i z e  o t h e r  F l o r i d a  
mangrove communi t i es t o  vary ing degrees. 
Numerous statements e x i s t  i n  t h e  1 i t e r a -  
t u r e  acknowledging the  frequent p rox i  mi t y  
of mangrove is lands t o  co ra l  ree fs  and sea 
grass beds (McCoy and Heck 1976; Thayer e t  
a l .  1978). 01 sen e t  a l .  (1973) w o r k i n g  i n  
t h e  U.S. V i r g i n  I s l a n d s ,  found 74% t o  93% 
~ v e r l  ap i n  t h e  f i s h  species composit ion of 
f r i n g i n g  cora l  ree fs  and shal low mangrove- 
F r i n g e d  ocean ic  bays. Voss e t  a].  (1969) 
l i  s t e d  f i s h  spec ies  t h a t  were c o l l e c t e d  
f rom a l l  t h r e e  t y p e s  o f  commun i t i es :  
f r i n g i n g  mangroves, c o r a l  r e e f s  and sea 



g r a s s  beds i n  B iscayne Bay, b u t  t h e r e  
appears t o  have been no systemat ic  survey 
o f  t h e  f i s h  assemblage c h a r a c t e r i s t i c  o f  
t he  mangrove-covered o r  mangrove- f  r i  nged 
F l o r i d a  Keys. No one has q u a n t i f i e d  t h e  
f a u n a l  c o n n e c t i o n s  wh ich  we h y p o t h e s i z e  
e x i s t  b e t w e e n  t h e  mangroves  and sea 
grasses and between t h e  mangroves and 
c o r a l  reefs. 

I n  t h e  absence o f  publ ished data from 
t h e  mangrove key communities, on ly  t en ta -  
t i v e  statements can be made. I n  general, 
we expec t  t h a t  w h i l e  mangrove i s l a n d s  
s e r v e  as a  n u r s e r y  area f o r  j u v e n i l e  
f i s h e s ,  t h i s  f u n c t i o n  i s  l i m i t e d  l a r g e l y  
t o  c o r a l  r e e f  and m a r i n e  i n s h o r e  f i s h e s  
and n o t  t h e  es tua r ine -dependen t  spec ies  
t h a t  we have d i scussed  p r e v i o u s l y .  The 
l a t t e r  ( j u v e n i l e  snook, red  drum, spot ted 
seat rou t )  appear t o  requi  r e  r e l a t i v e l y  low 
s a l i n i t i e s  not  found i n  a s s o c i a t i o n  w i t h  
most  o f  t h e  overwash i s l a n d s .  Casual 
o b s e r v a t i o n  around t h e  edges o f  t h e s e  
i s f  ands  s u g g e s t s  t h a t  c h a r a c t e r i s t i c  
f i s h e s  i n c l u d e  t h e  sea bass f a m i l y  (Ser -  
r a n i d a e ) ,  t r i g g e r f i s h e s  ( B a l i s t i d a e ) ,  
snappers ( L u t j a n i  dae) ,  g r u n t s  (Poma- 
dasy idae)  , porgies ( S  a r i dae )  p a r r o t f i  shes 
(Scaridae), wrasses tab r i dae ) ,  bonef i  shes 
(A1 b u l  idae) ,  j a c k s  (Carangi  dae), damsel - 
f ishes (Pomacentridae), and s u r g e o n f i s h e s  
(Acanthuridae); many o f  these f i shes  occur 
on o r  a re  associated w i t h  cora l  reefs. We 
a1 so suspect  t h a t  cons i  d e r a b l  e  over1  ap 
o c c u r s  i n  t h e  f i s h  assemblage o f  t h e s e  
mangrove i s l a n d s  and sea grass  communi - 
t i e s ;  examples  i n c l u d e  p u f f e r s  (Telrao-  
dontidae), p i  pef ishes (Syngnathidae) , go- 
b i e s  ( ~ o b i i d a e )  and scorpionf ishes 
paen i  dae). S tark  and Schroeder IScor- 1971) 
suggested t h a t  j u v e n i l e  g ray  snapper, 
w h i c h  use t h e  f r i n g i n g  mangroves of t h e  
keys  as s h e l t e r  d u r i n g  t h e  day, f o r a g e  i n  
a d j a c e n t  sea grass  beds a t  n i g h t ,  I n  t h e  
absence o f  s a l i n i t y  b a r r i e r s ,  p r e d a t o r y  
f ishes probably en te r  the  f r i nges  o f  these 

m a n g r o v e  i s l a n d s  on t h e  r i s i n g  t i d e .  
Inc luded i n  t h i s  group are sharks, tarpon, 
jacks, snook, bonef ish and barracuda. 

7.6 GRADIENT OF MANGROVE COMMUNIT Y 
INTERACTIONS 

Mangrove commlrni t i e s  o c c u r  under  a  
w ide  range o f  c o n d i t i o n s  f r o m  v i  r t u a l  1y 
f r e s h w a t e r  a t  t h e  headwaters  o f  t i d a l  
s t reams  t o  n e a r l y  ocean ic  c o n d i t i o n s  i n  
t h e  F l o r i d a  Keys. At tempt ing t o  present a  
s i n g l e  l i s t  o f  f i s h  c h a r a c t e r i s t i c  o f  
mangrove environments (Appendix 0) can be 
misleading. For t h i s  reason we presented 
t h e  concept  o f  a  con t i nuum o r  complex 
g r a d i e n t  i n  F i g u r e  11 and have f o l l o w e d  
t h a t  scheme t h r o u g h o u t  s e c t i o n  7. The 
gradient  s t re tches f rom s e a s o n a l l y  f r e s h  
t o  oceanic condi t ions,  from h i g h l y  var ia -  
b l e  s a l i n i t i e s  t o  near ly  constant s a l  i n i  - 
ty, from muddy and l imestone substrates t o  
sandy s u b s t r a t e s ,  f r o m  d a r k - s t a i n e d  and 
someti mes t u r b i d  waters t o  c l e a r  waters, 
and f rom food webs t h a t  are predominant ly  
mangrove detr i tus-based t o  food webs based 
p r i m a r i l y  on other  energy sources. Clear- 
l y ,  t he re  are other  gradtents as one moves 
f r o m  n o r t h  t o  s o u t h  i n  t h e  S t a t e  o f  
F l o r i d a .  A t  t h e  n o r t h e r n  end o f  t h e  
State, temperatures are more va r i ab le  and 
seasonal ly lower  than i n  the  south. Sedi- 
ments change from predominantly s i l i c i o u s  
i n  c e n t r a l  and n o r t h  F l o r i d a  t o  predomi -  
nan t l y  carbonate i n  extreme south Flor ida.  
Neve r the less ,  t h e  complex grad ien t  shown 
i n  F igure  11, w h i l e  g r e a t l y  s i m p l i f i e d  f o r  
g r a p h i c  purposes, suggests  t h a t  charac-  
t e r i s t i c  f i s h  assemblages r e p l a c e  one 
a n o t h e r  a l a n g  a  g r a d i e n t  o f  chang ing  
p h y s i  c a l  and b i o g e o g r a p h i c  c o n d i t i o n s .  
Such a  concept i s  usefu l  i n  understanding 
the  fac to rs  con t ro l  1 i ng the  composi t ion a f  
f i s h  assemblages associated w i t h  mangroves 
of t he  four  major community types i n  south 
F lo r i da .  



CHAPTER 8. COMMUNITY COMPONENTS - AMPHIBIANS AND REPTILES 

Food hab i t s  and s ta tus  o f  24 species a  v a r i e t y  of submerged aquat ic  p lan ts  and 
o f  t u r t l e s ,  snakes, l i z a r d s ,  and f r o g s  o f  sea grasses;  r e c e n t  ev idence has shown 
t h e  F l o r i d a  mangrove r e g i o n  are  g i v e n  i n  t h a t  they a l so  feed on mangrove roo ts  and 
Appendix C. Any o f  t h r e e  c r i t e r i a  had t o  l e a v e s  (E rns t  and Barbour  1972). The 
be met b e f o r e  a  spec ies  was i n c l u d e d  i n  A t l a n t i c  r i d l e y ' s  p r e f e r r e d  h a b i t a t  i s  
t h i s  t a b l e :  ( 1 )  a  d i r e c t  r e f e r e n c e  i n  " s h a l l o w  c o a s t a l  wa te rs ,  e s p e c i a l l y  t h e  
t h e  l i t e r a t u r e  t o  mangrove use by t h e  mangrove-bordered bays o f  t h e  s o u t h e r n  
spec ies ,  (2)  r e f e r e n c e  t o  a  spec ies  as h a l f  o f  t h e  p e n i n s u l a  o f  F l o r i d a "  ( ~ a r r  
being present a t  a  p a r t i c u l a r  geographical and Goin 1955). Hawksbi l l  t u r t l e s  feed on 
l o c a t i o n  w i t h i n  t h e  mangrove zone o f  a  v a r i e t y  o f  p l a n t  m a t e r i a l s  i n c l u d i n g  
F l o r i d a ,  and (3 )  No r th  Amer ican spec ies  m a n g r o v e  ( e s p e c i  a1 I y  r e d  m a n g r o v e ) ,  
recorded f rom mangroves i n  t h e  West I nd ies  f r u i t s ,  leaves,  wood, and bark  ( E r n s t  and 
o r  South Amer ica,  b u t  no t  f r o m  F l o r i d a .  Ba rbou r  1972), 
This l a s t  c r i t e r i o n  assumes t h a t  a  species 
wh ich  can u t i l i z e  mangroves o u t s i d e  o f  Three spec ies  i n  t h e  genus A n o l i s  
F l o r i d a  w i l l  b e  a b l e  t o  u s e  t h e m  i n  have been reported from F l o r i d a  mangroves: 
F lor ida.  Ten t u r t l e s  are l i s t e d  o f  which t h e  green ano le ,  t h e  cuban brown ano le ,  
f ou r  ( s t r i p e d  mud t u r t l e ,  chicken t u r t l e ,  and t h e  Bahaman bank anole. A11 a r e  
F l o r i d a  red -be l l i ed  t u r t l e ,  and s o f t s h e l l  a r b o r e a l  l i z a r d s  t h a t  feed on i n s e c t s .  
t u r t l e )  a r e  t y p i c a l  o f  f r e s h w a t e r .  Two The green anole i s  w idesp read  t h r o u g h o u t  
(mud t u r t l e  and t h e  o r n a t e  diamondback t h e  Southeastern Uni ted States and i s  not  
t e r r a p i n )  are found i n  brack ish  water and a t  a l l  dependent on manqrove swamps. The 
t h e  rema inde r  ( h a w k s b i l l ,  green, logger- o t h e r  t w o  s p e c i e s  h a v e  much m o r e  
head, and A t l a n t i c  r i d l e y )  a re  found  i n  r e s t r i c t e d  d i s t r i b u t i o n s  i n  t h e  U n i t e d  
marine waters. S t a t e s  and a r e  f o u n d  o n l y  i n  s o u t h  

F l o r i d a .  They a l s o  a r e  no t  r e s t r i c t e d  
F r e s h w a t e r  spec ies  u s u a l l y  occu r  i n  t o  mangrove  e c o s y s t e m s ,  O f  t h e  s i x  

t h e  headwater  r e g i o n s  o f  mangrove- l  i ned spec ies  o f  snakes 1 i s ted,  t h e  mangrove 
r i v e r  s y s t e m s .  A l l  f o u r  f r e s h w a t e r  water  snake (Figure 13) i s  most dependent 
spec ies  a r e  found i n  h a b i t a t s  o t h e r  t h a n  upon mangrove habi tats.  
mangrove swamps inc lud ing  streams, ponds, 
and f r e s h w a t e r  marshes. The b r a c k i s h  Two i m p o r t a n t  spec ies  o f  r e p t i l e s  
water species are found i n  s a l t  marshes i n  found i n  mangrove swamps are t h e  American 
a d d l t i o n  t o  mangrove swamps. Mangroves, a l l i g a t o r  and the  American crocodi le. The 
however, a re  the  p r i n c i p a l  h a b i t a t  f o r  t h e  a1 1 i g a t o r  i s  w idespread t h r o u g h o u t  t h e  
o r n a t e  diamondback t e r r a p i n  ( E r n s t  and Sou theas te rn  U n i t e d  S t a t e s  and i s  o n l y  
B a r b o u r  1972) .  C a r r  and G o i n  ( 1 9 5 5 )  i n c i d e n t a l l y  found i n  l o w  s a l i n i t y  sec-  
l i s t e d  two subspecies o f  the  diamondback: t i o n s  o f  F l o r i d a  mangrove areas (Kushlan 
Malaclemys_ -- t e r r - i n  -- rnacrospi lota and - M. - t ,  1980). The Amer ican c r o c o d i l e  i s  r a r e ;  
rhizophorarum. ~ a l a c l e m y s  t e r r a p i n  macro- h i s t o r i c a l l y  i t s  d i  s t r i  bu t ton  was centered 
s p i l o t a  i n h a b i t s  the southwest and south- i n  t h e  mangrove-dominated areas  o f  t h e  
ern  coasts, and M. L, rJ&ophorarum i s  upper and lower  F lo r i da  Keys ( p a r t i c u l a r l y  
found i n  t h e  F l o r i d a  Keys, The two sub- Key Largo)  and t h e  mangrove-1 i n e d  shore-  
species i n te rg rade  i n  the  reg ion  of nor th -  S ines  and mud f l a t s  a l o n g  t h e  n o r t h e r n  
e rn  F l o r i d a  Bay, edge  o f  F l o r i d a  a n d  W h i t e w a t e r  Bays  

(Kush lan 1980). Mangroves appear t o  be 
A l l  f o u r  s f  t h e  mar ine  t u r t l e s  a r e  c r i t i c a l  h a b i t a t  f o r  t h i s  species. I t s  

a s s o c i a t e d  w i t h  mangrove v e g e t a t i o n  a t  range has shrunk  c o n s i d e r a b l y  i n  s o u t h  
some stage of t h e i r  l i ves .  Loggerhead and F l o r i d a  s i n c e  t h e  1930'ss,  even though 
green t u r t l e s  a r e  a p p a r e n t l y  much l e s s  F l o r i d a  Bay was added t o  E v e r g l a d e s  
dependent on mangroves than the  remaining R a t i o n a l  Park i n  1950 (Moore 1953; Qgden 
two,  a l t h o u g h  we s t r o n g l y  suspect  x h a r  5978). Much of t h e  decrease i n  range i s  
recen t l y  hatched loggerheads may use man- due t o  i n c r e a s e d  human a c t i v i t y  i n  t h e  
g rove  e s t u a r i e s  as n u r s e r y  areas. Green F l o r i d a  Keys. The r e m a i n i n g  p o p u l a t i o n  
t u r t l e s  are genera l ly  be l ieved t o  feed on c e n t e r s  o f  t h e  Amer ican c r o c o d i l e  a r e  i n  
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nor thern  F l o r i d a  Bay and adjacent coasta l  
swamps and t h e  n o r t h e r n  end o f  Key Largo 
(Ogden 1978; Kushlan 1980). The s p e c i e s  
uses a  v a r i e t y  o f  hab i ta t s  f o r  nes t ing  i n  
t h e  F l o r i d a  Bay r e g i o n  i n c l u d i n g  open 
hardwood t h i c k e t s  a l o n g  c r e e k  banks ,  
hardwood-shrub t h i c k e t s  a t  t h e  heads o f  
sand-she1 1 beaches, and t h i c k e t s  o f  b lack 
mangroves behind marl banks (Ogden 1978). 
On Key La rgo  t h e  c r o c o d i l e  l o c a t e s  i t s  
n e s t s  on c reek  and cana l  banks i n  r e d  and 
black mangrove swamps (Ogden 1978). Man- 
grove areas thus appear t o  be important  i n  
t h e  b r e e d i n g  b i o l o g y  o f  t h i s  endangered 
specl es. 

I n t e r e s t i n g l y ,  on l y  t h ree  species o f  

amphib ians ,  t o  our  knowledge,  have been 
recorded i n  F lo r i da  mangrove swamps (Ap- 
p e n d i x  C). T h i s  i s  due t o  t w o  f a c t o r s :  
(1 )  l a c k  o f  d e t a i l e d  surveys  i n  l o w  sa-  
l i n i t y  swamps and (2 )  t h e  i n a b i l i t y  o f  
most  amph ib ians  t o  osmoregu la te  i n  s a l t  
w a t e r .  No d o u b t ,  s e v e r a l  a d d i t i o n a l  
species occur i n  t he  f reshwater  -dominated 
hammock and b a s i n  mangrove commun i t i es  
i n l a n d  f r o m  t h e  coast .  P o s s i b l e  a d d i -  
t i  o n a l  s o e c i e r  i n c l u d e :  t h e  e a s t e r n  
nar row-mouthed toad,  Gast rophryne c a r o -  
l i nens i  s. t h e  e a s t e r n  s ~ a d e f  o o t  toad.  
~ c a ~ h i o ~ h s  h o l  b r o o k i ,  t h e  c r i c k e t  f r o g ;  
A c r i s  g r y l l u s ,  t h e  green t r e e  f r o g ,  H y l a  
c i n e r e a .  and t h e  s o u t h e r n  l e o o a r d  f r o s .  " - 
Rana u t r i c u l a r i a .  



CHAPTER 9 .  COMMUNITY COMPONENTS - BIRDS 

9.1 ECOLOGICAL RELATIONSHIPS 

Because mangroves p r e s e n t  a more 
d i  v e r s e  s t r u c t u r a l  h a b i t a t  t h a n  most  
c o a s t a l  ecosystems, they  shou ld  h a r b o r  a 
g r e a t e r  v a r i e t y  o f  b i  r d l  i f e  t h a n  areas 
such as s a l t  marshes, mud f l a t s ,  and 
beaches (MacAr thur  and MacArthur 1961 ). 
The s h a l l  ow w a t e r  and exposed sed imen ts  
be1 ow mangroves are avai 1 ab le  f o r  probing 
s h o r e b i  rds.  Longer-1 egged wading b i  r d s  
u t i l i z e  t h e s e  s h a l l o w  areas as w e l l  as 
deeper waters along mangrove- l  i ned p o o l  s 
and waterways. Surface-feeding and d i v i n g  
b i  r d s  wou ld  be expected i n  s i m i l a r  a reas  
as the  wading birds. The major d i f f e rence  
between mangrove swamps and other coastal  
ecosystems i s  t h e  a v a i l a b i l i t y  o f  t h e  
trunks, 1 imbs, and f o l i a g e  comprising t h e  
t r e e  canopy. T h i s  enables a v a r i e t y  o f  
passerine and non-passer i  ne b i  rds ,  w h i c h  
a r e  no t  found commonly i n  o t h e r  w e t l a n d  
areas,  t o  use mangrove swamps. It a l s o  
a l l o w s  e x t e n s i v e  b r e e d i n g  a c t i v i t y  by a 
number o f  t ree-nest i  ng b i  rds. 

The composit ion o f  t he  avifauna com- 
munity i n  mangrove ecosystems is, i n  fac t ,  
h i g h l y  d i  verse. Cawkel l  (1 964) reco rded  
45 spec ies  f r o m  t h e  mangroves o f  Gambia 
(Afr ica) .  Haverschmi d t  (1 965) reported 87 
speci es o f  b i  rds  which u t i  1 i zed mangroves 
i n  Sur inam ( S .  America). F f r e n c h  (7966) 
l i s t e d  94 species from the Caroni mangrove 
swamp i n  Tr in idad wh i l e  Bacon (1970) found 
137 i n  the  same swamp. I n  Malaya, Nisbet 
(1  968) r e p o r t e d  121 spec ies  i n  mangrove 
swamps and F i e l d  (1968) observed 76 f r o m  
t h e  mangroves o f  S ier ra  Leone (Afr ica). 

Use o f  mangrove ecosystems by b i r d s  
i n  F l o r i d a  has n o t  been recorded i n  de- 
t a i  1. Ni ne ty - two  spec ies  have been ob- 
served i n  the  mangrove hab i ta t  o f  Sanibel 
I s l a n d ,  F l o r i d a  (L. Narc isse,  J.M. "Ding" 
D a r l i n g  Nat l ,  Wi ld1  i f e  Refuge, Sani be1 
Is., Fla.; pe rsona l  communicat ion  1981). 
Robertson (1955) and Robertson and Kushlan 
(1974) r e p o r t e d  on t h e  e n t i r e  b r e e d i n g  
b i  r d  fauna o f  p e n i n s u l a r  south  Ff o r i d a ,  
i n c l  u d i  ng mangrove reg ions.  Based on 
1 i m i t e d  surveys,  t hese  a u t h o r s  r e p o r t e d  
on ly  17  species as u t i l i z i n g  mangroves f o r  
breeding purposes. Because t h e i r  s tudies 
d i d  not consider m i  grants o r  non-breeding 

r e s i d e n t s ,  a s i g n i f i c a n t  f r a c t i o n  o f  t h e  
av i  fauna community was omitted. 

Based on in fo rma t ion  gleaned from the 
l i t e r a t u r e ,  we have compiled a 1 i s t  o f  181 
species o f  b i r d s  t h a t  use F l o r i d a  mangrove 
areas f o r  f eed ing ,  n e s t i n g ,  r o o s t i n g ,  o r  
o t h e r  a c t i v i t i e s  (Appendix D). C r i t e r i a  
f o r  1 i s t i n g  these  spec ies  i s  t h e  same as 
t h a t  used f o r  l i s t i n g  r e p t i l e s  and amphi- 
bians (see Chapter 8 o f  t h i s  volume). 

O f t e n  r e f e r e n c e s  were found s t a t i n g  
t h a t  a g i v e n  spec ies  i n  F l o r i d a  o c c u r r e d  
i n  "wet  c o a s t a l  hammocks", " c o a s t a l  wet 
f o r e s t s "  o r  t h e  l i k e ,  w i t h o u t  a s p e c i f i c  
r e f e r e n c e  t o  mangroves. These spec ies  
were n o t  i n c l u d e d  i n  Appendix D. Thus, 
t h i s  l i s t  i s  a c o n s e r v a t i v e  e s t i m a t e  o f  
t he  a v i  fauna associated w i t h  F l o r i d a  man- 
grove swamps. Sources f o r  each l i s t i n g  
a r e  p r o v i d e d  even though many a r e  redun- 
dant. Food hab i t  data are based on Howell 
(1932) and M a r t i n  e t  a l .  (1951). E s t i -  
mates o f  abundance were der ived from b i r d  
l i s t s  p u b l i s h e d  by  t h e  U,S. F i s h  and  
W i l d 1  i f e  S e r v i c e  f o r  t h e  3.M. "D ing"  
D a r l i n g  N a t i o n a l  W i l d l i f e  R e f u g e  a t  
Sanibel Island, F lor ida ,  and by the  Ever- 
g lades  N a t u r a l  H i  s t o r y  Assaci  a t i  on f o r  
E v e r g l  ades N a t i o n a l  Park. F requen t l y ,  
species were recorded from mangrove swamps 
a t  one locat ion,  but not the other. 

We have d i  v i  ded the mangrove a v i  fauna 
i n t o  s i x  groups based on s i m i l a r i t i e s  i n  
methods o f  p r o c u r i n g  food. These groups 
( g u i l d s )  a r e  t h e  wading b i r d s ,  p r o b i n g  
sho reb i rds ,  f l o a t i n g  and d i v i n g  w a t e r -  
b i rds ,  aer i  a l  ly-searching b i rds ,  b i  rds o f  
prey, and arboreal birds. This l a s t  group 
i s  something o f  a ca tch-a l l  group, but i s  
composed main ly  o f  b i r d s  t h a t  feed and/or 
nest i n  the  mangrove canopy, 

9.2 WADING BIRDS: 

Herons, egrets, ib ises,  b$ t t e rns ,  and 
spsonbi 1 I s  are t h e  most conspicuous group 
o f  b i r d s  found i n  mangroves ( F i g u r e  14)  
and a r e  by f a r  t h e  mast s t u d f e d  and b e s t  
understood,  E igh teen  spec ies  (and one 
i m p o r t a n t  subspec ies)  a r e  r e p o r t e d  f rom 
south Ff o r i  da mangroves. 
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Mangrove swamps provide two func t ions  
f o r  wading b i rds.  F i r s t ,  they func t i on  as 
f e e d i  ng grounds. T w o - t h i  r d s  o f  t h e s e  
species feed a1 most exc lus i ve l y  on f ishes. 
Although much o f  t h e i r  d i e t  i s  provided by 
f reshwater  and non-mangrove marine areas, 
a l l  o f  them f e e d  f r e q u e n t l y  i n  mangrove 
swamps. White i b i s  feed predominantly on 
c r a b s  o f  t h e  genus Uca when f e e d i n g  i n  
mangroves ( K u s h l a n  and  K u s h l  an 1975;  
Kushl an 1979). Mo l l  usks and inver tebra tes  
o f  t h e  sed imen ts  a r e  p r i n c i p a l  foods o f  
t h e  r o s e a t e  s p o o n b i l l  al though some f i s h  
a r e  ea ten  ( A 1  1 en 1942). Ye1 1 ow-crowned 
n i g h t  herons and American b i t t e r n s  e a t  
crabs, c ray f i sh ,  frogs, and mice i n  addi-  
t i o n  t o  f i s h e s .  S n a i l s  o f  t h e  genus 
Pomacea are fed upon almost exc lus i ve l y  by 
t h e  l i m p k i n .  The s a n d h i l l  c rane  i s  an 
anomaly i n  t h i s  group s ince a  m a j o r i t y  o f  
i t s  f ood  i s  v e g e t a b l e  m a t t e r ,  e s p e c i a l l y  
r o o t s  a n d  r h i z o m e s  o f  C y p e r u s  and  
S a g i t t a r i a .  I t s  use o f  mangroves i s  
probably minimal ,  o c c u r r i n g  where i n l a n d  
coasta l  marshes a d j o i n  mangroves (Kushlan, 
unpubl. da ta) .  The remaining 12 species 
are  e s s e n t i a l l y  p isc ivorous  a1 though they 
d i f f e r  somewhat i n  t he  species and s izes  
o f  f i shes  t h a t  they consume. 

Mangrove  swamps a l s o  s e r v e  as 
b r e e d i n g  h a b i t a t  f o r  wading b i r d s .  W i t h  
t h e  e x c e p t i o n  o f  t h e  l i m p k i n ,  sandh i11 
crane,  and t h e  t w o  b i t t e r n s ,  a17 wading 
b i r d  spec ies  i n  Appendix D b u i l d  t h e i r  
n e s t s  i n  a l l  t h r e e  spec ies  o f  mangrove 
t r e e s  (Maxwel l  and Ka le  1977; G i  r a r d  and 
Tay lor  1979). The species o f ten  aggregate 
i n  l a r g e  b r e e d i n g  c o l o n i e s  w i t h  s e v e r a l  
thousand nes t i ng  p a i r s  (Kushlan and White 
1977a). The Loui s i  ana heron, snowy egret ,  
and c a t t l e  e g r e t  a r e  t h e  most numerous 
breeders i n  south F l o r i d a  mangroves (based 
on data i n  Kushlan and White l977a). 

I n  wet  y e a r s  o v e r  90% o f  t h e  s o u t h  
F l o r i d a  popu la t ion  o f  wh i te  i b i s  breed i n  
t h e  i n t e r i o r ,  f reshwater  wetlands o f  t h e  
Everg lades;  d u r i n g  these  t i m e s  t h e  man- 
groves  a r e  a p p a r e n t l y  u n i m p o r t a n t ,  sup- 
p o r t i n g  l e s s  than  10% o f  t h e  p o p u l a t i o n  
(Kush lan 1976, 1977a, b). D u r i n g  d rough t  
yea rs ,  however, p r o d u c t i o n  i s  s u s t a i n e d  
so:efy by b r e e d i n g  c31onies ! oca ted  i n  
mangroves near  t h e  coas t  (Kushl an 1977a, 

b). Mangroves a r e  c r i t i c a l  l y  i m p o r t a n t  
f o r  t he  su rv i va l  o f  the  wh i te  i b i s  popula- 
t i o n  e v e n  t h o u g h  t h e y  a p p e a r  t o  be 
u t i l i z e d  t o  a  l e s s e r  e x t e n t  t h a n  f r e s h -  
w a t e r  h a b i t a t s .  T h i s  p a t t e r n  o f  l a r g e r  
b u t  1  ess s t a b l e  b r e e d i n g  c o l o n i e s  u s i n g  
i n l a n d  marshes and smal le r  but more s tab le  
co lon ies  using mangroves i s  a l s o  cha rac -  
t e r i s t i c  o f  heron populat ions (Kushlan and 
Frohring, i n  prep). 

T a b l e  5  g i v e s  t h e  number o f  a c t i v e  
nests observed i n  mangrove regions du r ing  
t h e  1974-75 nes t i ng  season and t h e  percen- 
t a g e  t h i s  r e p r e s e n t s  o f  t h e  e n t i r e  sou th  
F l  o r i  da b r e e d i n g  p o p u l a t i o n  f o r  t h e  n i n e  
most abundant species o f  waders and th ree  
a s s o c i a t e d  species.  The dependence o f  
r o s e a t e  spoonbi 11 s, g r e a t  b l u e  herons,  
Louis iana herons,  brown p e l  i cans, and 
d o u b l e - c r e s t e d  c o r m o r a n t s  on mangrove 
r e g i o n s  i s  ev iden t .  N e s t i n g  by t h e  red-  
d i sh  egre t  was not q u a n t i f i e d  dur ing  t h i s  
s t u d y  a1 though  Kushl  an and Wh i te  (1 977a) 
i n d i c a t e d  t h a t  t h e  o n l y  n e s t s  o f  t h i s  
s p e c i e s  wh ich  t h e y  saw were, i n  f a c t ,  i n  
mangroves. Fur ther  observations i n d i c a t e  
t h a t  t h i s  spec ies  n e s t s  i n  mangroves ex- 
c l  us i  ve l y  (Kushlan, pers. comm.). Si mi 1 ar -  
l y ,  t he  great wh i te  heron i s  h i g h l y  depen- 
dent upon mangroves f o r  nest jng; they use 
t h e  t i n y  mangrove i s l e t s  wh ich  abound 
along t h e  F l o r i d a  Keys and i n  F l o r i d a  Bay 
(Howel 1 1932). 

D u r i n g  many y e a r s  t h e  Everg lades 
popu la t ion  o f  wood s torks  i s  known t o  nest  
a l m o s t  s o l e l y  i n  mangroves (Ogden e t  al, 
1976); t h i s  popuf a t i  on comprises approxi -  
m a t e l y  o n e - t h i r d  o f  t h e  t o t a l  s o u t h  
F l o r i d a  popu la t ion .  Success fu l  b r e e d i n g  
o f  a l l  t h e s e  mangrove n e s t e r s  i s  un- 
d o u b t e d l y  c o r r e l a t e d  w i t h  t h e  abundant 
s u p p l y  o f  f i  shes assoc i  a t e d  w i t h  man- 
groves. Meeting t h e  energet ic  demands of 
growing young i s  somewhat eas ier  i n  habi- 
t a t s  w i t h  a b u n d a n t  p rey ,  T h i s  i s  
e s p e c i a l l y  i m p o r t a n t  f o r  t h e  wood stork 
wh ich  r e q u i r e s  t h a t  i t s  prey be coneen- 
t r a t e d  i n t o  sma l l  p o o l s  by f a l l i n g  w a t e r  
l e v e l s  dur ing  the  d ry  season before it can 
n e s t  successflm' l fy (Kahl 1964; Kushlan e t  
a l e  1975; Odgen e t  a l .  1978). B reed ing  
acks^vidy by wad ing b i r d s  i n  mangroves 
along t h e  sauthwest and sou the rn  F l o r i d a  



Table 5. Nes t i ng  s t a t i s t i c s  o f  wading b i r d s  and assoc ia ted  
spec ies i n  south F l o r i da ,  1974-1975 (based on da ta  i n  
Kushlan and White 1977a). 

% o f  t o t a l  a c t i v e  
A c t i v e  nes t s  i n  nes ts  i n  south 

Species mangroves F l o r i d a  

White i b i s  191 4 7 

Roseate spoonbi 11 500 100 

Wood s t o r k  1335 31 

Great b l u e  heron 4 58 9 2 

Great e g r e t  181 2 3 9 

Snowy e g r e t  2377 46 

L i t t l e  b l  ue heron 71 15 

Lou i s i ana  heron 347 0 7 0 

C a t t l e  egret 21 80 13 

Brown pel  i can 741 1 00 

Double-c res  t e d  
cormoran t  



c o a s t s  t a k e s  p l a c e  t h r o u g h o u t  t h e  y e a r  
( T a b l e  6); a t  l e a s t  one spec ies  o f  wader 
b reeds  d u r i n g  e v e r y  month. C o l o n i e s  on 
t h e  mangrove i s l a n d s  i n  F t  o r i d a  Bay were  
n o t e d  t o  be a c t i v e  n e s t i n g  s i t e s  d u r i n g  
a l l  months o f  t h e  y e a r  excep t  September 
and October (Kushlan and White 1977a). 

The seasonal movements o f  wood s to rks  
and wh i te  i b i s e s  between the var ious south 
F l o r i d a  ecosystems were d e s c r i  bed by 
Ogden e t  a l e  (1978) and Kush lan (1979). 
Mangrove ecosystems appear t o  be most  
h e a v i l y  used f o r  feeding i n  summer (wh i te  
i b i s )  and e a r l y  w i n t e r  ( w h i t e  i b i s  and 
wood s t o r k ) .  The r e m a i n i n g  spec ies  o f  
wading b i r d s  appear t o  use mangrove areas 
most heav i l y  i n  t he  w i n t e r  months, r e f l e c -  
t i n g  t h e  i n f l u x  o f  m i g r a n t s  f r o m  f a r t h e r  
nor th.  

Wading b i  r d s  p l a y  an i m p o r t a n t  r o f  e  
i n  n u t r i e n t  c y c l i n g  i n  t h e  c o a s t a l  man- 
g rove  zone. M c I v o r  (pers. observ.) has 
noted increased t u r b i d i t y ,  g r e a t e r  a l  g a l  
b iomass,  and decreased f i s h  abundance 
around r e d  mangrove i s l e t s  w i t h  n e s t i n g  
f r i g a t e  b i r d s  and cormorants. Onuf e t  al. 
(1977) reported r e s u l t s  f rom a  smal l  (100 
b i r d )  r o o k e r y  on a  mangrove i s l e t  on t h e  
e a s t  c o a s t  o f  F l o r i d a .  A d d i t i o n s  o f  
a m m o n i u m - n i t r o g e n  f r o l  t h e  b i r d ' s  
d r o p p i n g s  exceeded 1 g/m /day. Water  
beneath t h e  mangroves contained f i v e  t imes  
more ammonium and phosphate t h a n  w a t e r  
b e n e a t h  m a n g r o v e s  w i t h o u t  r o o k e r i e s .  
Although the  wading b i r d s  were shown t o  be 
a  v e c t o r  f o r  c o n c e n t r a t i n g  n u t r i e n t s ,  i t  
must  be no ted  t h a t  t h i s  i s  a  l o c a l i z e d  
phenomenon r e s t r i c t e d  t o  t h e  areas around 
r o o k e r i e s  i n  t h e  mangrove zone. The 
e f f e c t  wou ld  be l a r g e r  around l a r g e r  
r o o k e r i e s .  Onuf  e t  a l .  ( 1 9 7 7 )  a l s o  
repor ted  t h a t  mangroves i n  t he  area o f  t he  
r o o k e r y  had i n c r e a s e d  l e v e l s  o f  p r i  mary 
product ion,  h igher  stem and f o l  i a r  n i t r o -  
gen l e v e l s ,  and h i g h e r  h e r b i v o r e  grazl 'ng 
i m p a c t  t h a n  mangroves w i thout  rookeries. 
L e w i s  and L e w i s  (1978) s t a t e d  t h a t  man- 
groves  i n  l a r g e  r o o k e r i e s  may eventua l ly  
be k i l l e d  due t o  s t r f  p p i n g  o f  l e a v e s  and 
branches f o r  n e s t i n g  m a t e r i a l  and by 
poisoning due t o  l a rge  volumes o f  urea and 
amrronia that  are deposited Sn b i r d  guano. 
T h i s  l a t t e r  e f f e c t  w o u l d  be  m o r e  

pronounced i n  r o o k e r i e s  w i t h i n  mangrove 
regions subject  t o  in f requent  t i  da1 f lush-  
i ng. 

9.3 PROBING SHOREBIRDS 

B i r d s  i n  t h i s  group a r e  commonly 
found associated w i t h  i n t e r t i d a l  and shal-  
l o w  w a t e r  h a b i t a t s .  k f o l f f  (1969) and 
Schne ide r  (1  978) have shown t h a t  p l o v e r s  
and sandpipers are oppor tun i s t i c  feeders, 
t a k i n g  t h e  most  abundant, p r o p e r - s i z e d  
i nve r teb ra tes  present i n  whatever h a b i t a t  
t h e  b i r d s  happen t o  occupy. 

O f  t h e  25 spec ies  i n c l u d e d  i n  t h i s  
g u i l d  (Appendix D), t w o  a r e  y e a r - r o u n d  
r e s i d e n t s  ( c l a p p e r  r a i l  and w i l l e t ) ,  t w o  
breed i n  mangrove areas (c lapper r a i l  and 
black-necked s t i l t ) ,  and the  remainder are 
t r a n s i e n t s  o r  w i n t e r  residents. Baker and 
Baker (1973) i nd i ca ted  t h a t  w i n t e r  was the  
most c r u c i a l  t i m e  f o r  shorebirds, i n  terms 
o f  s u r v i v a l .  C o i n c i d e n t a l l y ,  w i n t e r  i s  
t he  t i m e  when most shorebirds use mangrove 
areas. The i n v e r t e b r a t e  fauna (mollusks, 
c rus taceans,  and a q u a t i c  i n s e c t s )  w h i c h  
o c c u r  on t h e  sed iments  under i n t e r t i d a l  
mangroves f o r m s  t h e  p r i n c i p a l  d i e t  o f  
t h e s e  s p e c i e s .  W i l l e t s  and  g r e a t e r  
y e l l o w l e g s  e a t  a  1 arge amount o f  f i s h e s ,  
especi a1 l y  Fundul us, i n  a d d i t i o n  t o  i nve r -  
t e b r a t e s .  Many o f  t h e  s p e c i e s  1  i s t e d  i n  
t h i s  g u i l d  ob ta in  a  s i g n i f i c a n t  p o r t i o n  o f  
t h e i r  energy sequi rements from o ther  habi - 
ta ts ,  p a r t i c u l a r l y  sandy beaches, marshes, 
and f r e s h w a t e r  p r a i r i e s .  O f  t h e  s p e c i e s  
i n  t h i s  g u i l d ,  t h e  c l a p p e r  r a i l  i s  p rob-  
a b l y  most dependent on mangroves f o r  
s u r v i v a l  i n  s o u t h  F l o r i d a  (Robertson 
1955), a1 though i n  o t h e r  g e o g r a p h i c a l  
1  ocat ions they  frequent s a l t  and brack ish  
marshes . 

9.4 FLOATING AND DIVING WATER BIRDS 

Twenty-ni ne species o f  ducks, grebes, 
l oons ,  co rmoran ts ,  and g a l l i n u l e s  were 
i d e n t i f i e d  as papul a t i  ng mangrove areas i n  
south F l o r i d a  (Appendix a). E i  ght species 
a r e  y e a r - r o u n d  r e s j d e n t s  w h i l e  t h e  
rema i  nder  a r e  p r e s e n t  only dur ing  migra- 
t i o n  a r  as w i n t e r  visitor's. 



Table 6. Timing o f  nes t ing  by wading b i  rds  and associated 
species i n  south Flor ida.  Adapted from data i n  Kushlan and 
White (1977a), Kushlan and McEwan ( i n  press). 

Species 
Months 

S O N D J F M A M J J A  

White i b i s  

Wood s to rk  

Roseate spoonbi 11 

Great bl ue/whi t e  
heron 

Great egre t  

L i t t l e  b lue  heron 

C a t t l e  egre t  

Doubl e-crested 
cormorant 

Brown pel i can 



From the  standpoint o f  feeding, mem- 
b e r s  o f  t h i s  g u i l d  a re  h i g h l y  h e t e r o -  
geneous. P i  s c i  vorous species inc lude t h e  
cormorant, anhinga, pel icans,  and mergan- 
sers.  He rb i vo rous  spec ies  i n c l u d e  t h e  
p i  n t a i  1, ma1 1 ard, wigeon, m o t t l e d  duck, 
and teals.  A t h i r d  group feeds p r i m a r i l y  
on b e n t h i c  m o l l  usks and i n v e r t e b r a t e s .  
Scaup, canvasback, redhead, and gal 1 i n u l e s  
b e l o n g  t o  t h i s  group. The ducks i n  t h i s  
l a s t  g roup a l s o  consume a s i g n i f i c a n t  
f r a c t i o n  o f  p l a n t  mater ia l .  

Spec ies  o f  t h i s  g u i l d  a re  permanent 
r e s i d e n t s  and u s u a l l y  b reed  i n  mangrove 
swamps. As shown i n  Tab le  5, t h e  brown 
pe l  i can and doub le -c res ted  co rmoran t  a r e  
h i q h l y  d e p e n d e n t  upon m a n g r o v e s  f o r  
nes t i ng  i n  south F l o r i d a  even though both 
w i l l  b u i l d  nests i n  any a v a i l a b l e  t r e e  i n  
o ther  geographical regions. It seems t h a t  
when mangroves are ava i lab le ,  they are the  
p r e f e r r e d  n e s t i n g  s i t e .  The a n h i n g a  
breeds i n  mangrove r e g i o n s  b u t  i s  more 
commonly found i n l a n d  near freshwater (J. 
A. Kushl an, So. F l  a. Res. Ctr., Eve rg lades  
Nat'l. Park, Homestead, Fla.;  >personal 
communication 1981). For t he  o ther  species 
1 i s t e d  i n  t h i s  g u i l d ,  mangrove swamps 
prov ide  a  common but  not a  required hab i -  
t a t ;  a11 o f  t h e s e  s p e c i e s  u t i l i z e  a  
v a r i e t y  o f  aquat ic  environments. 

Kush lan e t  a l .  ( i n  prep.) p r o v i d e  
recent  data on the  abundance and d i s t r i b u -  
t i o n  o f  22 spec ies  o f  w a t e r f o w l  and t h e  
American coot i n  south F l o r i d a  estuaries. 
The American coot i s  by f a r  the most abun- 
dant species, accounting f o r  j u s t  over 50% 
o f  t h e  t o t a l  p o p u l a t i o n .  S i x  spec ies  o f  
ducks were r e s p o n s i b l e  f o r  more t h a n  99% 
o f  the  i n d i v i d u a l s  seen: blue-winged t e a l  
(41%), l e s s e r  scaup (24%),  p i n t a i  1 (1 8x1, 
Amer ican wigeon (9%), r i n g - n e c k e d  duck 
(5%), and s h o v e l e r  (3%). The m a j o r  h a b i -  
t a t s  i n c l u d e d  i n  t h e s e  a u t h o r s '  surveys  
were coastal p r a i r i e  and marshes, mangrove 
f o r e s t s ,  and m a n g r o v e - l i n e d  bays  and 
waterways of t he  Everglades National Park. 

e s t u a r i e s  s u p p o r t  f r o m  5% t o  10% o f  t h e  
t o t a l  w i n t e r i n g  w a t e r f o w l  p o p u l a t i o n  i n  
F l o r i d a  (Goodwin 1979; Kush lan e t  at .  i n  
prep.).  As K u s h l a n  e t  a1, p o i n t  out ,  
however,  t h e  Eve rg lades  a re  n o t  managed 
f o r  s i n g l e  species or groups of species as 
a r e  areas  o f  F l o r i d a  s u p p o r t i n g  l a r g e r  
w a t e r f o w l  p o p u l a t i o n s .  A 1  t h o u g h  t h e  
i m p o r t a n c e  o f  sou th  F l o r i d a ' s  mangrove 
es tuar ies  t o  cont inenta l  water fowl  popula- 
t i o n s  may be s m a l l ,  t h e  e f f e c t  o f  70,000 
d u c k s  and c o o t s  on t h e s e  e s t u a r i e s  
p r o b a b l y  i s  n o t  (Kushlan e t  a1. i n  prep.). 

Kush lan ( p e r s o n a l  c o m m u n i c a t i o n )  
t h i n k s  t h a t  t h e  e s t u a r i e s  o f  t h e  Ever-  
g lades  have an i m p o r t a n t  s u r v i v a l  v a l u e  
f o r  some segments o f  t h e  Amer ican w h i t e  
p e l i c a n  p o p u l a t i o n .  I n  w i n t e r ,  a p p r o x i -  
mately 25% o f  the wh i te  pe l icans  are found 
i n  F l o r i d a  Bay and 75% i n  t h e  Cape Sab le  
region. They feed p r i m a r i l y  i n  f reshwater  
r e g i o n s  o f  c o a s t a l  marshes and p r a i  r i  es 
and use mangroves where t h e y  a d j o i n  t h i s  
type o f  hab i ta t .  

9.5 AERIALLY -SEARCHING BIRDS 

G u l l s ,  t e r n s ,  t h e  k i n g f i s h e r ,  t h e  
b lack skimmer, and the f i s h  crow comprise 
t h i s  g u i l d  o f  omnivorous and p i s c i v o r o u s  
species (Appendix D). These b i r d s  hunt i n  
ponds, creeks,  and waterways a d j a c e n t  t o  
mangrove stands. Many f i shes  and i n v e r t e -  
b r a t e s  upon w h i c h  t h e y  f e e d  come f r o m  
mangrove-based food webs. Only s i x  o f  t he  
1 4  spec ies  a r e  y e a r - r o u n d  r e s i d e n t s  o f  
south Flor ida.  The l e a s t  t e r n  i s  an abun- 
dant summer res ident  and the remainder a r e  
w i n t e r  res idents o r  t ransients,  

Only t he  f i s h  crow a c t u a l l y  nests i n  
mangroves, G u l l s  and t e r n s  p r e f e r  open 
sandy areas f o r  nes t ing  (Kushlan and White 
1977b) and use mangrove ecosystems o n l y  
f o r  feed ing .  A 1 7  of t h e  spec ies  i n  t h i s  
g u i l d  a r e  reco rded  f r o m  a v a r i e t y  o f  
coasta l  and i n l a n d  wetland habi tats,  

F rom t h e s e  d a t a  i t  a p p e a r s  t h a t  
water fowl  and coots are most abundant i n  9.6 BIRDS OF PREY 
r e g i o n s  w h e r e  mangrove ,  w e t  c o a s t a l  
p raFr - ies ,  marshes,  a n d  open w a t e r  a r e  This gui I d  i s  composed o f  20 species 
i n t e r s p e r s e d ,  O v e r a l l ,  t h e  Everg lades o f  hawks, f a l cons ,  v u l t u r e s ,  and o w l s  



w h i c h  u t i l i z e  mangrove swamps i n  sou th  
F l o r i d a  (Appendix D). The magni f i c a n t  
f r i  g a t e b i  r d  has been i n c l u d e d  i n  t h i  s  
group because o f  i t s  h a b i t  o f  robbing many 
o f  t h e s e  b i  r d s  o f  t h e i r  prey. Prey  con- 
sumed by t h i s  g u i l d  i n c l u d e s  snakes, 
1 i z a r d s ,  f r o g s  ( r e d - s h o u l d e r e d  hawk, 
swa l l ow- ta i l ed  k i t e ) ,  smal l  b i r d s  (shor t -  
t a i l e d  hawk), water fowl  (pereqr i  ne falcon, 
g r e a t - h o r n e d  ow l ) ,  f i s h e s  (osprey,  b a l d  
eag le ) ,  and c a r r i o n  ( b l a c k  and t u r k e y  
vu l tu res) .  

Eleven o f  these species are permanent 
res idents,  one a  summer res ident ,  and the  
remainder are w i n t e r  residents. The i r  use 
o f  mangrove areas  v a r i e s  g r e a t l y .  The 
m a g n i f i c e n t  f r i g a t e b i  rd ,  wh ich  occu rs  
p r i n c i p a l l y  i n  ex t reme s o u t h e r n  F l o r i d a  
and t h e  F l o r i d a  Keys, u t i l i z e s  small  over- 
wash mangrove i s l ands  f o r  both roosts and 
n e s t i n g  c o l o n i e s .  Bo th  spec ies  o f  v u l -  
t u r e s  a r e  w i d e l y  d i s t r i b u t e d  i n  sou th  
F l o r i d a  mangrove reg ions ;  l a r g e  co lon ia l  
r o o s t s  can be found  i n  mangrove swamps 
near t he  coast. Swal low- ta i led  k i t e s  are 
common o v e r  t h e  e n t i  r e  F l o r i d a  mangrove 
r e g i o n  ( R o b e r t s o n  1955;  Snyder 1974). 
Snyder (1974) r e p o r t s  e x t e n s i  v e l y  on t h e  
b r e e d i n g  b i o l o g y  o f  t h e  s w a l l o w - t a i l e d  
k i t e s  i n  s o u t h  F l o r i d a .  The n e s t s  he 
observed were a1 1 l o c a t e d  i n  b l a c k  man- 
groves  a l t h o u g h  t h e y  do n e s t  i n  o t h e r  
hab i ta ts ,  

The b a l d  eag le ,  osprey  ( F i g u r e  15), 
and p e r e g r i  ne f a ?  con a r e  dependent upon 
mangrove ecosystems f o r  t h e i  r c o n t i n u e d  
existence i n  south Flor ida.  Both the  ba ld  
e a g l e  and osp rey  feed e x t e n s i v e l y  on t h e  
w e a l t h  o f  f i s h e s  found a s s o c i a t e d  w i t h  
mangrove ecosystems. Add i t i ona l l y ,  man- 
g roves  a r e  used as r o o s t s  and s u p p o r t  
s t ruc tu res  f o r  nests. N i  sbet (1 968) i n d i  - 
cated t h a t  i n  Malaysia the  most impor tan t  
r o l e  o f  mangroves f o r  b i r d s  may be as 
w i n t e s d n g  h a b i t a t  f o r  p a l a e a r c t i c  mS- 
g r a n t s ,  o f  w h i c h  t h e  p e r e g r i n e  f a l c o n  i s  
one. Kush lan (pess. comm.) s t a t e d  t h a t  
r e c e n t  su rveys  have shown f a l c o n s  t o  
w i n t e r  i n  mangroves, p a r t i c u l a r l y  a l o n g  
t h e  shore o f  F l o r i d a  Bay where they estab- 
l i s h  feeding territories, They forage on 
c o n c e n t r a t i o n s  o f  s h o r e b i r d s  and wa te r -  
fowl, These prey species o f  t h e  peregr ine 

are common inhab i tan ts  o f  mangrove areas. 
T h i s  c o u l d  a l s o  be t r u e  f o r  t h e  m e r l i n ,  
which l i k e  the  peregr ine falcon, feeds on 
water fowl  and shorebi  rds. The r e m a i n i n g  
species i n  t h i s  g u i l d  are probably not so 
dependent on mangroves; a1 though they may 
be common i n  mangrove ecosystems, t h e y  
u t i  1 i z e  o ther  h a b i t a t s  as we1 1. 

9.7 ARBOREAL BIRDS 

T h i s  g u i l d  i s  t h e  l a r g e s t  ( 7 1  
species) and most d iverse group i n h a b i t i n g  
mangrove fo res ts .  I n c l u d e d  are  p igeons,  
c u c k o o s ,  w o o d p e c k e r s ,  f l y c a t c h e r s ,  
t h rushes ,  v i r e o s ,  w a r b l e r s ,  b l a c k b i r d s ,  
and sparrows. We have lumped t h i s  d iverse  
group t o g e t h e r  because they u t i l i z e  man- 
grove ecosystems i n  remarkab ly  s i m i l a r  
ways. I n v e r t e b r a t e s ,  p a r t i c u l a r l y  
insects,  make up a  s i g n i f i c a n t  p o r t i o n  o f  
most o f  t h e s e  b i r d s '  d i e t s ,  a l t h o u g h  t h e  
whi te-crowned pigeon, mourni ng dove, and 
many o f  t h e  f r i n g i l i d s  (cardinal ,  towhee) 
e a t  a  v a r i e t y  o f  seeds, b e r r i e s ,  and 
f r u i t s .  

As t h e  name given t h i s  g u i l d  imp l ies ,  
t h e s e  b i r d s  use t h e  h a b i t a t  p r o v i d e d  b y  
the  mangrove canopy. Many b i r d s  a l so  use 
the trunk, branches, and a e r i a l  roo ts  f o r  
f e e d i n g .  S e v e r a l  d i f f e r e n t  t y p e s  o f  
s e a r c h i n g  p a t t e r n s  a r e  used. Hawking o f  
i nsec ts  i s  the  pr imary  mode o f  feeding by 
t h e  c u c k o o s ,  c h u c k - w i  11 s -w idows ,  t h e  
k i  ngbi rds, and the  f lycatchers.  Gleaning 
i s  employed by  most of t h e  w a r b l e r s .  
Woodpeckers and t h e  prothonotary warbler  
are c l a s s i c  probers. 

Seve ra l  o f  t h e  b i r d s  i n  t h i s  g u i l d  
are heav i l y  dependent upon mangrove areas. 
The p r a i r i e  warbler  and the  y e l l o w  warb ler  
a r e  subspec ies  o f  more w idesp read  N o r t h  
Amer ican spec ies  (see Appendix D f o r  
s c i e n t i f i c  names). They are found l arge ly  
w i t h i n  m a n g r o v e  a r e a s  (Rober tson and 
Kushl an 1974). The whi te-crowned pigeon, 
mangrove cuckoo, gray k ingb i  rd, and b lack-  
whiskered v i  reo are of recent West Ind ian  
o r i g i n ,  They f i r s t  moved i n t o  t h e  
mangrove-covered regions o f  south F l o r i d a  
f r o m  source areas  i n  t h e  i s l a n d s  o f  t h e  
Caribbean. Confined a t  f i r s t  t o  mangrove 



F i g u r e  !5. crpl - i )  r i?t l :~; : incl  to ;:s f ie i t .  : n  a red mlngrove t r e e  neQr r i h i t e w a t e r  
Bay. ?ho>:cgraph 5y 33,kid See%%. 



swamps, a l l  b u t  t h e  mangrove cuckoo have 
expanded t h e i r  range i n  peninsular  F l o r i d a  
by  u s i n g  non-mangrove h a b i t a t .  I n  t h i s  
v e i n  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  many 
s p e c i e s  o f  r a r e  a n d l o r  i r r e g u l a r  occu r -  
rence i n  south F l o r i d a  are o f  West Ind ian  
o r i g i n  and use mangroves t o  a  considerable 
extent. These inc lude t h e  Bahama p i  n t a i  1, 
masked duck, Car ibbean coot ,  loggerhead 
k ingb i  rd, t h i c k - b i  1 l e d  v i reo,  and s t r i p e -  
headed tanager  (Robertson and Kushl an 
1974). 

T w e n t y - f o u r  o f  t h e  spec ies  i n  t h i s  
g u i l d  are permanent res idents ,  27 are  win- 
t e r ,  and 6 a re  summer res idents .  Fourteen 
species are seen on ly  dur ing  migrat ions.  

9.8 ASSOCIATIONS BETWEEN MANGROVE 
COMMUNITY TYPES AND BIRDS 

E s t i m a t i n g  t h e  d e g r e e  o f  u s e  o f  
mangrove swamps by  b i r d s  as we have done 
(Appendix 0) i s  open t o  c r i t i c i s m  because 
o f  t h e  p a u c i t y  o f  i n f o r m a t i o n  upon w h i c h  
t o  base judqements. E s t i m a t i n g  wh ich  
mangrove community t y p e s  (see s e c t i o n  1 ,  
F l g u r e  4 )  a r e  used by wh ich  b i r d s  i s  open 
t o  even more severe  c r i t i c i s m .  Fo r  t h i s  
reason t h e  f o l l o w i n g  comments shou ld  be 
regarded as general and pre l im inary .  

I n  terms o f  u t i l i z a t i o n  by avifauna, 
t h e  scrub mangrove swamps are probably t he  
1  e a s t  u t i  l i zed mangrove communi ty  type. 
Because t h e  canopy i s  p o o r l y  developed,  
most  o f  t h e  a r b o r e a l  spec ies  a r e  absent ,  
a1 though Emlen ( 1  977) reco rded  t h e  red -  
winged b lackb i rd ,  h a i r y  woodpecker, nor th-  
e rn  wa te r th rush,  ye1 l ow-rumped warbler, 
comman y e 1  1 o w t h r o a t ,  o range-c rowned  
w a r b l e r ,  pa lm  w a r b l e r ,  ye1 l o w  w a r b l e r ,  
mourning dove, and gray k i n g b i r d  i n  scrub 
mangroves on Grand Bahama I s l a n d .  O f  25 
d i f f e r e n t  h a b j t a t s  su rveyed  by Emlen 
( 1 9 7 7 ) ,  t h e  y e l f a w  w a r b l e r  and g r a y  
k i n g b i r d  were found i n  the  scrub mangroves 
only, Ae r ia l  l y -search ing  and wading b i r d s  
m i q h t  use sc rub  mangroves i f  f i s h e s  a re  
present. 

O v e r w a s h  m a n g r o v e  i s l a n d s  a r e  
u t i l i z e d  i n  a v a ~ i e t y  o f  ways by a l i  o f  
t h e  b i r d  gui lds. M o s t  o f  t he  wading b i r d s  

p l u s  t h e  m a g n i f i c e n t  f r i  g a t e b i  r d ,  t h e  
anhinga,  t h e  co rmoran t ,  and t h e  brown 
p e l i c a n  use overwash i s l a n d s  f o r  nes t i ng  
(Kushlan and Wh i te  1977a). Wading and 
a e r i  a1 ly -search i  ng b i  rds  commonly feed i n  
c l o s e  p r o x i m i t y  t o  overwash i s l a n d s .  A 
v a r i e t y  o f  m i  g r a t i n g  arboreal  and probi  ng 
spec ies  use t h e  i s l a n d s  f o r  f e e d i n g  and 
r o o s t i n g .  Y e l l o w  and palm w a r b l e r s  a r e  
common around mangrove i s l ands  i n  F l o r i d a  
Bay as are the  b lack -be l l i ed  plover, ruddy 
t u r n s t o n e ,  w i l  l e t ,  d u n l i n ,  and s h o r t -  
b i l l e d  d o w i t c h e r .  R a f t s  o f  ducks a r e  
common near t he  inshore is lands and b i r d s  
of p r e y  such as t h e  osprey,  t h e  b a l d  
eag le ,  and b o t h  v u l t u r e s  use mangrove 
i s l ands  f o r  roos t i ng  and nesting. 

F r i n g e  and r i v e r i n e  mangrove com- 
m u n i t i e s  a re  i m p o r t a n t  feeding areas f o r  
wading and p r o b i n g  b i r d s .  F l o a t i n g  and 
d i v i n g  and a e r i a l l y - s e a r c h i n g  b i  r d s  use 
the lakes and waterways adjacent t o  these 
mangrove communities fo r  feeding. Many o f  
t h e  w a d i n g  b i r d s  n e s t  i n  f r i n g e  a n d  
r i v e r i n e  f o r e s t s .  F o r  example, when t h e  
wood i b i s  nests i n  coastal areas, i t  uses 
these mangrove communities almost exclu-  
s i v e l y  (Kushlan, personal communica t ion) .  
Most o f  t h e  a r b o r e a l  b i r d s  and b i r d s  o f  
prey associated w i t h  mangroves a r e  found  
i n  t hese  t w o  t y p e s  o f  communi t ies .  T h i s  
i s  not  s u r p r i s i n g  since the t r e e  canopy i s  
e x t r e m e l y  we1 1 - d e v e l o p e d  and o f f e r s  
roost ing,  feed ing  and n e s t i n g  o p p o r t u n i  - 
t i e s ,  

Hammock and basin mangrove commun-i - 
t i e s  are so d iverse  i n  size, loca t ion ,  and 
p r o x i m i t y  t o  o ther  communities t h a t  i t  i s  
d i f f i c u l t  t o  make many general statements 
about  t h e i  r a v i  fauna. S ince t h e r e  o f t e n  
i s  l i t t l e  s t a n d i n g  w a t e r  i n  hammock 
fo res ts ,  wading and d i v i n g  b i  rds probably 
are not common. Prox imi ty  t o  t e r r e s t r i a l  
communities i n  some cases may increase t h e  
d i v e r s i t y  o f  a r b o r e a l  spec ies  i n  b o t h  
hammock and b a s i n  f o r e s t s ;  p r o x i m i t y  t o  
open areas may increase the ' l i ke l ihood o f  
b i r d s  o f  prey, 

I t  seems s a f e  t o  conc lude t h a t  each 
s f  t h e  st 'x  mangrove communi ty  t y p e s  has 
some v d l  ue t o  t h e  d v f  fauna. i h i  s va i  ue 
d i  f f e r s  a c c o r d i n g  t o  communi t y  t y p e  and 



k i n d  o f  b i r d  group under c o n s i d e r a t i o n .  
C e r t a i n l y ,  more i n f o r m a t i o n  i s  needed, 
p a r t i c u l a r l y  concerning the  dependence o f  
r a r e  o r  endangered spec ies  on s p e c i f i c  
community types. 

9,9 MANGROVES AS WINTER HABITAT FOR NORTH 
AMERICAN MIGRANT LAND BIRDS 

An i n t e r e s t i n g  o b s e r v a t i o n  based on 
the  data i n  t h i s  chapter i s  t he  seemingly 
i m p o r t a n t  r o l e  t h a t  mangrove ecosystems 
p l a y  i n  p r o v i d i n g  w i n t e r i n g  h a b i t a t  f o r  
m i g r a n t s  o f  N o r t h  Amer ican o r i g i n .  Lack 
and Lack (1972) s t u d i e d  t h e  w i n t e r i n g  
w a r b l e r  communi ty  i n  Jamaica. I n  f o u r  
n a t u r a l  h a b i t a t s  i n c l u d i n g  m a n g r o v e  
fo res t ,  lowland dry  1  i mestone forest ,  mid- 
l e v e l  wet 1 i mestone f o r e s t ,  and montane 
c l o u d  fo res t ,a  t o t a l  o f  174, 131, 61, and 
49 w a r b l e r s  ( i n d i v i d u a l s )  w e r e  seen,  
respect ively.  When computed on a  per hour 
o f  o b s e r v a t i o n  basis,  t h e  d i f f e r e n c e  i s  
more s t r i k i n g  w i t h  22 w a r b l e r s  p e r  hou r  
seen i n  mangroves and o n l y  1, 2, and 1 
seen i n  t h e  o ther  f o r e s t  habi tats,  respec- 
t i  ve l y .  For  a1 1  p a s s e r i  nes c o n s i d e r e d  
together,  26 passerineslhour were seen i n  
mangroves w i t h  5, 13, and 3  r e s p e c t i v e l y  
i n  t h e  o t h e r  f o r e s t  h a b i t a t s .  On a  

s p e c i e s  b a s i s  o n l y  9  were reco rded  f r o m  
mangroves whereas 19, 13, and 16 species, 
respect ive ly ,  were seen i n  the  o ther  habi-  
t a t s .  T h i s  l a r g e  number o f  spec ies  f r o m  
t h e  o ther  hab i ta t s  appears t o  r e s u l t  from 
t h e  s i g h t i n g  o f  r a r e  spec ies  a f t e r  many 
hours  o f  obse rva t i on .  On ly  9  hours  were 
spent  by Lack and Lack (1972) i n  t h e  man- 
groves  whereas between 30 and 86 hours  
were spent  i n  o t h e r  h a b i t a t s .  More t i m e  
i n  the mangrove zone would have undoubted- 
l y  r e s u l t e d  i n  more spec ies  (and i n -  
d i  v i  dua l  s )  observed (Preston 1979). 

Hut to (1 980) presented extensive data 
c o n c e r n i  ng t h e  c o m p o s i t i o n  o f  m i g r a t o r y  
land b i r d  communities i n  Mexico i n  w i n t e r  
f o r  13 h a b i t a t  types.  Mangrove areas  
tended t o  have more m i g r a n t  spec ies  t h a n  
most  n a t u r a l  h a b i t a t s  (except  g a l l e r y  
f o res ts )  and a lso  had a  greater  dens i ty  of 
i n d i v i d u a l  s  t h a n  o t h e r  h a b i t a t s  ( a g a i n  
except f o r  g a l l e r y  forests] .  I n  both tack 
and Lack 's  and H u t t o ' s  s t u d i e s ,  d i s t u r b e d  
and edge h a b i t a t s  had t h e  h i g h e s t  number 
o f  s p e c i e s  and g r e a t e s t  d e n s i t y  o f  
i n d i v i d u a l  s. The p e r c e n t a g e  o f  t h e  
a v i  fauna communi t y  composed o f  m i  g r a n t s  
was h ighest  i n  mangrove habitats, however. 
From t h i s  we can i n f e r  t h e  i m p o r t a n c e  o f  
mangroves i n  t h e  main tenance o f  N o r t h  
Ameri can m i  grant  1 and b i  rds. 



CHAPTER 10 .  COMMUNITY COMPONENTS - MAMMALS 

Thi  r t y - s i x  na t i ve  and nine int roduced 
species o f  land mammals occur i n  the  south 
F l o r i d a  r e g i o n  (Layne 1974; Hami l  t o n  and 
Whi t taker  1979). O f  these, almost 50% (18 
s p e c i e s )  a r e  found i n  t h e  mangrove zone 
(Layne 1974). I n  add i t ion ,  two species o f  
m a r i n e  mammals a r e  known f r o m  mangrove 
areas, Data on t h e  abundance and food  
hab i t s  o f  these 20 species are summarized 
i n  Appendix E. A 1  1 a r e  permanent r e s i  - 
dents. The c r i t e r i a  f o r  i nc lus ion  i n  t h i s  
t a b l e  a r e  s i m i l a r  t o  t h o s e  used f o r  t h e  
av i f auna .  S i g h t  r e c o r d s  i n  mangroves o r  
l o c a l i t y  d a t a  f r o m  known mangrove areas  
were r e q u i r e d  b e f o r e  a spec ies  was i n -  
cluded. This has produced a conservat ive 
es t ima te  o f  the  mammal species t h a t  u t i -  
1 i ze mangrove areas. 

Seve ra l  mammals do n o t  appear i n  
Appendix E because t h e y  have n o t  been 
r e c o r d e d  f r o m  mangrove swamps i n  sou th  
F l o r i d a ;  however, t h e y  occu r  so w i d e l y  
t h a t  we suspect they w i l l  be found i n  t h i s  
h a b i t a t  i n  t h e  f u t u r e .  T h i s  g r o u p  
i n c l u d e s  t h e  c o t t o n  mouse, Peromyscus 

t h e  h i s p i d  c o t t o n  r a t ,  S ig -  
t h e  round-tai l e d  muskrat, 

n i ,  t h e  house mouse, Mus 
musculus, t h e  l e a s t  shrew, C r y p t o t i s  
parva, and t h e  s h o r t - t a i  l e d  shrew, Bf ar ina  
b rev i  cauda, - 

Few rodents and no bats are inc luded 
i n  Appendix E, Compared t o  t h e  r e s t  o f  
t h e  S ta te ,  t h e  sou th  F l o r i d a  r e g i o n  i s  
d e f f  c i e n t  i n  t h e s e  t w o  groups (Layne 
1974). A l t hough  we have no c o n f i r m a t i v e  
f i e l d  data,  we suspect  t h a t  mangrove 
swamps along the  cen t ra l  and nor th  F l o r i d a  
coasts conta in  more mammal species, par- 
t i c u l a r l y  rodents and bats. 

A slumber o f  med ium-s i t ed  and l a r g e  
c a r n i v o r e s ,  i n c l  u d i n g  pan the r ,  g ray  fox, 
bobcat ,  s t r i p e d  skunk, raccoon, mink,  
r i v e r  o t t e r ,  and b l a c k  bear,  appear t o  
u t i l i z e  s o u t h  F l o r i d a  mangrove areas. 
O n l y  t h r e e  o f  t h e s e  s p e c t e s  ( s t r i p e d  
skunk, raccoon, and bobcat) are common i n  
m a n g r o v e s ,  b u t  s e v e r a l  o f  t h e  r a r e r  
spec! es seem t o  be h i g h l y  dependent on 
mangrove swamps. Of 18 recent s igh t lngs  
o f  t h e  p a n t h e r  f n Everg lades  N a t i o n a l  
Park, 75 were f r o m  mangrove ecosystems 

(Layne 1974). H a m i l t o n  and Whi t t a k e r  
(1979) s t a t e  t h a t  i t  i s  t h e  c o a s t a l  ham- 
mocks o f  south F l  o r i  day i nc lud ing  mangrove 
a r e a s ,  w h i c h  s e r v e  t o  p r e s e r v e  t h i s  
spec ies  i n  t h e  Eas te rn  U n i t e d  Sta tes .  
Shemnitz (1974) reported t h a t  most of t h e  
r e m a i n i n g  pan the rs  were found i n  t h e  
sou thwes t  p o r t i o n  o f  F l o r i d a  a1 ong t h e  
c o a s t  and i n  t h e  i n t e r i o r  Eve rg lades  
reg1 ons. 

The ex tent  t o  which o ther  carnivores 
use mangrove areas  v a r i e s  w i d e l y  among 
species.  Schwar tz  (1949) s t a t e s  t h a t  
mink,  a l t h o u g h  r a r e ,  p r e f e r  mangroves t o  
o ther  coasta l  h a b i t a t s  i n  Flor ida.  Layne 
(1974, see h i s  f i g u r e  1 )  g i v e s  a d i s j u n c t  
d i s t r i b u t i o n  f o r  t h i s  species i n  F lo r i da ,  
w i t h  t h e  m a j o r  geog raph ica l  range b e i n g  
t h e  southwest  coast .  R i v e r  o t t e r s  a l s o  
u t i  1 i z e  mangrove h a b i t a t  heavi ly .  O t te rs  
have been found even f a r  f r o m  shore  on 
small  mangrove overwash i s 1  ands i n  F l o r i d a  
Bay (Layne 7974). Gray fox are not depen- 
den t  upon mangroves, a l t h o u g h  t h e y  occa- 
s i o n a l l y  use t h i s  habi tat .  Less than 20% 
o f  a l l  s i gh t i ngs  o f  t h i s  species i n  Ever- 
glades Nat ional  Park were from mangroves 
(Layne 1974). Bobcat a r e  found  i n  a l m o s t  
a l l  h a b i t a t s  i n  sou th  F l o r i d a  f r o m  p i n e -  
l a n d s  t o  dense mangrove f o r e s t s .  The 
preponderance o f  r e c e n t  s i  g h t i  ngs, how- 
ever ,  has been made f rom t h e  mangrove 
zone, p a r t i c u l a r l y  on o f f s h o r e  mangrove 
overwash is lands (Layne 1974). Black bear 
a r e  a p p a r e n t l y  most abundant i n  t h e  B i g  
Cypress Swamp of Co l l  i er  County (Shemni t z  
1974) and a re  r a r e  i n  t h e  rema inde r  o f  
south F l o r i  da. 

The s m a l l  mammal fauna o f  t h e  man- 
grove tone  o f  sou th  F l o r i d a  a r e  predomi  - 
n a t e l  y a r b o r e a l  and t e r r e s t r i  a 1  spec ies  
w h i c h  a r e  adapted t o  p e r i o d i c  f l o o d i n g .  
Opossum, marsh r a b b i t s ,  c o t t o n  r a t s ,  and 
r i c e  r a t s  are commonly found i n  mangrove 
swamps. The Cudjoe Key r i c e  r a t  i s  a 
n e w l y  d e s c r i b e d  spec ies  found o n l y  on 
Cudjoe Key i n  t h e  F l o r i d a  Keys. T h i s  
spec ies  appears t o  be c l o s e l y  a s s o c i a t e d  
w i t h  stands of wh i te  mangroves (Hamilton 
and Whi t taker  1979). 

W h i t e - t a i l e d  d e e r  a r e  common i n  



F l o r i d a  mangrove swamps, a1 though  t h e y  
u t i l i z e  many o t h e r  h a b i t a t s .  The k e y  
deer, a  r a r e  and endangered subspecies, i s  
r e s t r i c t e d  t o  t h e  B i g  P ine  Key group i n  
the  F l o r i d a  Keys, al though i t  ranged onto 
t h e  m a i n l a n d  i n  h i s t o r i c a l  t imes .  A l -  
though t h i s  l i t t l e  deer makes use o f  p ine  
uplands and oak hammocks, i t  ex tens i ve l y  
e x p l o i t s  mangrove swamps f o r  f ood  and 
cover. 

Two m a r i n e  mammal s, t h e  b o t t l e n o s e  
p o r p o i s e  and t h e  mana tee ,  f r e q u e n t  
mangrove-l i ned  waterways. The bot t lenose 
p o r p o i s e  feeds on mangrove -assoc ia ted  
f i s h e s  such as t h e  s t  r i  ped mu1 l e t ,  Mugi 1  
cepha l  us. A 1  though t h e  manatee feeds  

p r i m a r i l y  upon sea grasses and o t h e r  
submerged aquat ic  p lants,  it i s  commonly 
found  i n  cana ls ,  c o a s t a l  r i v e r s ,  and 
embayments c lose t o  mangrove swamps. 

Except  f o r  t h e  Cudjoe Key r i c e  r a t ,  
none o f  t he  mammals found i n  F l o r i d a  man- 
groves are s o l e l y  dependent upon mangrove 
ecosystems; a l l  o f  t h e s e  s p e c i e s  can 
u t i l i z e  o t h e r  h a b i t a t s .  The d e s t r u c t i o n  
of extensive mangrove swamps would, how- 
ever ,  have d e l e t e r i o u s  e f f e c t s  on a1 most  
a l l  o f  t h e s e  species.  P o p u l a t i o n s  of 
pan the r ,  key deer, and t h e  r i v e r  o t t e r  
wou ld  p r o b a b l y  be t h e  most  s e r i o u s l y  
a f fec ted ,  because they use mangrove habi - 
t a t  ex tens i ve l y .  



CHAPTER 1 1 .  VALUE OF MANGROVE ECOSYSTEMS TO MAN 

Mangrove swamps a r e  of ten hot, f e t i d ,  
mosqui t o - r i  dden, and a1 most i mpenet rab l  e. 
As a consequence, they a re  f requent ly  he ld  
i n  l o w  regard.  It i s  p o s s i b l e  t h a t  more 
ac res  o f  mangrove, w o r l d w i d e ,  have been 
o b l i t e r a t e d  by man i n  t h e  name o f  " rec la -  
m a t i o n "  t h a n  any o t h e r  t y p e  o f  c o a s t a l  
env i ronment .  Rec lamat ion ,  a c c o r d i n g  t o  
Webster 's ,  means " t o  c l a i m  back, as of 
wasteland". Mangrove swamps are anyth ing 
But  was te land ,  however,  and i t  i s  i m p o r -  
t a n t  t o  e s t a b l i s h  t h i s  f a c t  be fo re  a  
v a l u a b l e  r e s o u r c e  i s  l o s t .  We can t h i n k  
o f  s i x  major categor ies of mangrove values 
t o  man; no doubt, t he re  are more. 

1 . 1  SHORELINE STABILIZATION AND STORM 
PROTECT I O N  

The a b i l i t y  o f  a l l  t h r e e  F l o r i d a  
mangroves t o  t r a p ,  h o l d  and, t o  some 
extent ,  s tab i  1 i z e  i n t e r t i d a l  sediments has 
been demonstrated repeatedly (reviewed by 
S c o f f i n  1970; Carl t o n  1974). The contem- 
p o r a r y  v iew  o f  mangroves i s  t h a t  t h e y  
f u n c t i o n  n o t  as '"and b u i l d e r s "  as hypo- 
t h e s i z e d  by Dav is  (1940) and o t h e r s ,  b u t  
as " s t a b i l i z e r s "  o f  sed imen ts  t h a t  have 
been deposi t e d  1 arge ly  by geomorphol ogi  ca l  
p rocesses (see sec t i on  3.2). 

G i l l  ( 1 9 7 0 ) ,  Sawaqe ( 1 9 7 2 ) ,  Teas 
(3977),  and o t h e r s  have  emphasized t h a t  
l a n d  s t a b i  1  $ z a t i  on by  mangroves i s  pos-  
s i b l e  only where cond i t i ons  are r e l a t i v e l y  
q u i e s c e n t  and s t r o n g  wave a c t i o n  and /o r  
cur ren ts  do not occur. Unfortunately, no 
one has d e v i s e d  a method t o  p r e d i c t  t h e  
t h r e s h o l d  o f  p h y s i c a l  c o n d i t i o n s  above 
which mangroves a r e  unable t o  surv ive  and 
stab3 1 i ae t h e  sediments, Cer ta in ly ,  t h i s  
depends t o  some ex tent  on substrate type; 
mangroves appear t o  w i ths tand wave energy 
b e s t  on s o l  i d  r o c k  s u b s t r a t e s  w i t h  many 
cracks and c rev ices  f o r  roo t  penetrat ion. 
From OUP own expe r ience ,  we suspect  t h a t  
mangroves on sandy and muddy s u b s t r a t e s  
cannot  t o l e r a t e  any b u t  t h e  l o w e s t  wave 
ene rg ies ,  t i d a l  c u r r e n t s  much above 25  
cmls. or heavy, r e s u l a r  boat wakes, 

The concept t h a t  t h e  red mangrove i s  
t h e  b e s t  l a n d  s t a b i l i z e r  has been ques- 

t i o n e d  by Savage (1 972), C a r l  t o n  (1 974), 
and Teas (1977). These authors argue t h a t  
t h e  b l a c k  mangrove  ( 1 )  i s  e a s i e r  t o  
t ransp lan t  as a  seed1 i ng, (2) es tab l  i shes 
i t s  pneumatophore system more r a p i d l y  than 
the  red mangrove develops prop roots, (3) 
has an underground r o o t  sys tem t h a t  i s  
b e t t e r  adapted t o  ho ld ing  sediments (Teas 
1977), (4) i s  more cold-hardy, and ( 5 )  can 
b e t t e r  t o l e r a t e  " a r t i f i c i a l "  s u b s t r a t e s  
such as d r e d g e - s p o i l ,  f i n g e r  f i l l  s, and 
causeways. Generally, the wh i te  mangrove 
i s  regarded as the  poorest land s t a b i l i z e r  
o f  t h e  F l o r i d a  mangroves (Hanlon e t  a l .  
1975). 

Although mangroves are suscept ib le  t o  
hurr icane damage (see sec t ion  12.1 ), they 
p r o v i d e  c o n s i d e r a b l e  p r o t e c t i o n  t o  areas 
on t h e i r  l andward  s ide.  They cannot  
p r e v e n t  a1 1 f l o o d i n g  damage, bu t  t h e y  do 
m i t i g a t e  t h e  e f f e c t s  o f  waves a n d  
breakers.  The degree o f  t h i s  p r o t e c t  i o n  
i s  r o u g h l y  p r o p o r t i o n a l  t o  t h e  w i d t h  o f  
t h e  mangrove zone. Very na r row  f r i n g i n g  
f o r e s t s  o f f e r  m i n i m a l  p r o t e c t i o n  wh i  l e  
e x t e n s i v e  s tands o f  mangroves n o t  o n l y  
p r e v e n t  wave damage, b u t  reduce much o f  
t he  f looding damage by damping and ho ld ing  
f1 ood waters .  Fosberg ( 1  971) suggested 
t h a t  the November 1970 typhoon and accom- 
panying storm surge t h a t  c la imed between 
300,000 and 500,000 human l i v e s  i n  
Bangladesh might not have been so destruc-  
t i v e  if thousands of hectares o f  mangrove 
swamps had n o t  been r e p l a c e d  w i t h  r i c e  
paddi es. 

11,2 HABITAT VALUE TO WILDLIFE 

F l o r i d a  m a n g r o v e  e c o s y s t e m s  a r e  
i m p o r t a n t  h a b i t a t  f o r  a w i d e  v a r i e t y  o f  
r e p t i l e s ,  amphibians, b i rds ,  and mammals 
(see s e c t i o n s  8, 9, and 10). Some o f  
these animals are o f  commercial and spor t  
i m p o r t a n c e  fe.g., w h i t e - t a i l e d  deer,  sea 
t u r t l e s ,  p i n k  s h r i m p ,  s p i n y  l o b s t e r ,  
snook, g r e y  snapper). Many o f  t h e s e  a r e  
i m p o r t a n t  t o  t h e  sou th  F l o r i d a  t o u r i s t  
i n d u s t r y  i nc lud ing  t h e  wading b i  rds  (e,g., 
e g r e t s ,  wood s t o r k ,  w h i t e  i b i s ,  he rons ]  
which nest i n  t he  mangrove zone. 



11.3 IMPORTANCE TO THREATENED AND ENDAN- 
GERED SPECIES 

The mangrove fo res ts  o f  south F l o r i d a  
a r e  i m p o r t a n t  h a b i t a t  f o r  a t  l e a s t  seven 
endangered spec ies ,  f i  ve endangered sub- 
s p e c i  es, and t h r e e  t h r e a t e n e d  spec i  es 
(Federa l  R e g i s t e r  1980). The endangered 
spec ies  i n c l u d e  t h e  Amer ican c r o c o d i l e ,  
t h e  h a w k s b i l l  sea t u r t l e ,  t h e  A t l a n t i c  
r i d l e y  sea t u r t l e ,  t h e  F l o r i d a  manatee, 
t h e  b a l d  eag le ,  t h e  Amer ican p e r e g r i n e  
fa lcon,  and the  brown pel ican. The endan- 
u e r e d  s u b s u e c i e s  a r e  t h e  k e v  d e e r  

I F e l  i s  conco l  o r  c o r v i  1. 
t h e  Barbados ye1  l o w a r - e n i c a  

e tech i  a  pe tech i  a), t h e  At1 a n t i c s a l t m a r s h  
h e r o d i a  fasc ia ta  taen ia ta ]  and t h e  

- -  
e a s t e r n  i n d i  g o m ~ r y m a r c h 6 n  c o r a i  s  
couperi). Threatened spec ies  i nc1 ude t h e  
Amer ican a1 l i g a t o r ,  t h e  green sea t u r t l e  
and t h e  l ogge rhead  sea t u r t l e .  A l t hough  
a11 o f  t h e s e  a n i m a l s  u t i l i z e  mangrove 
h a b i t a t  a t  t imes i n  t h e i r  l i f e  h i s t o r i e s ,  
s p e c i e s  t h a t  wou ld  be most  a d v e r s e l y  
a f fec ted  by widespread mangrove d e s t r u c -  
t i o n  a r e  t h e  Amer ican c r o c o d i l e ,  t h e  
F l o r i d a  pan the r ,  t h e  Amer ican p e r e g r i n e  
f a l c o n ,  t h e  b r o w n  p e l i c a n ,  and t h e  
A t l a n t i c  r i d l e y  sea t u r t l e .  The so-ca l led  
m a n g r o v e  f o x  s q u i  r r e l  ( S c i u r u s  n i g e r  
a v i c e n n i a )  i s  w i d e l y  b e l i e v e d  t o  be a  
mangrove-dependent endangered species.  
This i s  not  t he  case since i t  i s  c u r r e n t l y  
rega rded  as "rare' :  n o t  endangered, and, 
f u r t h e r ,  there  i s  some quest ion whether 
o r  n o t  t h i s  i s  a l e g i t i m a t e  sub-species 
( H a l l  1981). As a  f i n a l  no te ,  we s h o u l d  
p o i n t  out t h a t  t he  red  w o l f  (Canis -- rufus),  
w h i c h  i s  b e l i e v e d  t o  b e  e x t i n c t  i n  
F lo r ida ,  a t  one t ime  used mangrove h a b i t a t  
i n  a d d i t i o n  t o  o t h e r  a r e a s  i n  s o u t h  
F lo r i da .  

11.4 VALUE TO SPORT AND COMMERCIAL 
FISHERIES 

The f i s h  and i n v e r t e b r a t e  fauna of 
mangrove waterways are  c lose l y  l i n k e d  t o  
mangrove t r e e s  t h r o u g h  ( a )  t h e  h a b i t a t  
value o f  t he  a e r i a l  r oo t  s t r u c t u r e  and (b) 
t h e  mangrove l e a f  detr i tus-based food web 
(see s e c t i o n s  6 and 7 ) .  The imp1 i c a t i  ons 

o f  t h e s e  c o n n e c t i o n s  were d i s c u s s e d  by 
Hea ld  (1969), Odum (197Q), Heald and Odum 
(1 970), and Odum and Hea ld  (1 975b3 i n  
terms o f  support f o r  commercial and spor t  
f i s h e r i e s .  

A min i  ma1 l i s t  o f  mangrove-associ ated 
organ isms o f  commerc ia l  o r  s p o r t  v a l u e  
i n c l u d e s  o y s t e r s ,  b l u e  c r a b s ,  s p i n y  
l o b s t e r s ,  p i n k  shr imp,  snook, mu1 l e t ,  
menhaden, r e d  drum, s p o t t e d  sea t r o u t ,  
g r a y  a n d  o t h e r  s n a p p e r ,  t a r p o n ,  
sheepshead, l a d y f i  sh, jacks ,  g a f f t o p s a i l  
ca t f i sh ,  and the  jewf ish .  Heald and Odum 
(1 970) p o i n t e d  o u t  t h a t  t h e  commerci a1 
f i s h e r i e s  catch, exc lud ing  shrimp, i n  t he  
area f r o m  Naples t o  F l o r i d a  Bay was 2.7 
m i l l i o n  pounds i n  1965. Almost a l l  o f  t he  
f i s h  and s h e l l f i s h  w h i c h  make up t h i s  
catch u t i l i z e  the  mangrove h a b i t a t  a t  sorne 
p o i n t  dur ing  t h e i r  l i f e  cycles, I n  addi-  
t i o n ,  t h e  To r tugas  p i n k  s h r i m p  f i s h e r y ,  
wh ich  produces i n  excess o f  11 m i l l i o n  
pounds o f  s h r i m p  a  yea r  ( I d y l  1 1965a), i s  
c l o s e l y  a s s o c i a t e d  w i t h  t h e  Everg lades 
e s t u a r y  and i t s  mangrove-1 i ned bays and 
r i  vers. 

11.5 AESTHETICS, TOURISM AND T H E  
INTANGIBLES 

One value o f  t h e  mangrove ecosystem, 
which i s  d i f f i c u l t  t o  document i n  d o l l a r s  
o r  pounds o f  meat, i s  t h e  aes thet ic  value 
t o  man. A d m i t t e d l y ,  n o t  a l l  i n d i v i d u a l s  
f i n d  v i s i t s  t o  mangrove swamps a  pleasant 
exper ience,  There a re  many o t h e r s ,  how- 
eve r ,  who p l a c e  a  g r e a t  dea l  o f  va lue  on 
t h e  extensive v i s t a s  o f  mangrove canopies, 
waterways,  and a s s o c i a t e d  w i l d l i f e  and 
f i shes  o f  south F lor ida .  I n  a  sense, t h i s  
mangrove b e l t  a l o n g  w i t h  t h e  r e m a i n i n g  
sect ions o f  t h e  f reshwater  Everglades and 
B i g  Cypress Swamp are t h e  only remaining 
w i l d e r n e s s  areas  i n  t h i s  p a r t  o f  t h e  
U n i t e d  States. 

Hundreds o f  thousands o f  v i s i t o r s  
each y e a r  v i s i t  t h e  Eve rg lades  N a t i o n a l  
Park; p a r t  o f  the  reason FOP many o f  these 
v i s i t s  inc ludes hopes o f  ca tch ing  snook o r  
gray snappers i n  t h e  mangrove-lined w a t e r -  
ways, s e e i n g  e x o t i c  wad ing b i r d s ,  c r o c o -  
d i  les,  o r  panthers, o r  s imp ly  d i  scovesi ng 



what a t r o p i c a l  mangrove f o r e s t  l o o k s  
l i k e .  The N a t i o n a l  Park Serv ice ,  i n  an 
a t t e m p t  t o  accommodate t h i s  l a s t  wish,  
mainta ins extensive boa rdwa lks  and canoe 
t r a i l s  t h r o u g h  t h e  mangrove forests near 
F l a m i n g o ,  F l o r i d a .  I n  o t h e r ,  m o r e  
developed p a r t s  o f  the State, small stands 
o f  mangroves or mangrove is lands provide a 
f e e l i n g  o f  wi lderness i n  p r o x i m i t y  t o  t he  
r a p i d l y  burgeoning urban areas. A v a r i e t y  
o f  t o u r i s t  a t t r a c t i o n s  i nc lud ing  Fai r c h i  I d  
T r o p i c a l  Gardens near  Miami  and T i k i  
Gardens near S t .  Pctersburg u t i l i z e s  t h e  
e x o t i c  appearance o f  mangroves as a key 
i n g r e d i e n t  i n  an a t t r a c t i v e  landscape. 
C lear ly ,  mangroves c o n t r i b u t e  i n t a n g i b l y  
by  d i  v e r s i  f y i  ng t h e  appearance o f  sou th  
F lor ida .  

I 1.6 ECONOMIC PRODUCTS 

E lsewhere  i n  t h e  wor ld ,  mangrove 
fo res ts  serve as a renewable resource f o r  
many v a l u a b l e  products .  F o r  a f u l l  d i s -  
cussion o f  t h e  p o t e n t i a l  uses o f  mangrove 
p r o d u c t s ,  see de l a  Cruz ( i n  p ress  a), 
Mor ton  (1965) f o r  r e d  mangrove p roduc ts ,  
and Moldenke (1967) f o r  b l a c k  mangrove 
products. 

I n  many c o u n t r i e s  t h e  ba rk  o f  man- 
groves  i s  used as a source  o f  t a n n i n s  and 
dyes. Since the  bark i s  20% t o  30% tann in  
on a d r y  w e i g h t  b a s i s ,  i t  i s  an e x c e l l e n t  
source (Hanlon e t  al. 1975). S i l v i c u l t u r e  
( f o r e s t r y )  o f  mangrove f o r e s t s  has been 
p r a c t i c e d  e x t e n s i v e l y  i n  A f r i c a ,  P u e r t o  
Rico,  and many p a r t s  o f  Southeast  As ia  
(Holdridge 1940; Noakes 1955; Macnae 7968; 
Walsh 1974; Teas 1977). Mangrove wood 

makes a durable and water r e s i s t a n t  t imber  
which has been used successfu l ly  f o r  r e s i -  
d e n t i a l  b u i l d i n g s ,  b o a t s ,  p i l i n g s ,  
hogsheads, f e n c e  pos ts ,  and f u r n i t u r e  
(Kuenz le r  1974; Hanlon e t  a7. 1975). I n  
Southeast  As ia  mangrove wood i s  w i d e l y  
used f o r  h igh qua1 i t y  charcoal. 

Morton (1 965) mentions t h a t  red man- 
grove f r u i t s  are somtimes eaten by humans 
i n  C e n t r a l  America, b u t  o n l y  by popu la -  
t i o n s  under duress and subject  t o  s ta rva-  
t ion .  Mangrove leaves have va r i ous l y  been 
used f o r  teas ,  m e d i c i n a l  purposes,  and 
l i v e s t o c k  feeds. Mangrove t e a s  must be 
drunk i n  small  q u a n t i t i e s  and mixed w i t h  
m i l k  because o f  t h e  h i g h  t a n n i n  c o n t e n t  
(Morton 1962); t he  m i l k  b inds the  tannins 
and makes the beverage more palatable. 

As a f i n a l  note, we should po in t  ou t  
t h a t  mangrove t r e e s  a r e  r e s p o n s i b l e  f o r  
c o n t r i b u t i n g  d i  r e c t l y  t o  one commerci a1 
product i n  F lo r ida .  The f l owers  o f  b lack 
mangroves a re  o f  cons iderab le  importance 
t o  t he  th ree  m i l l i o n  d o l l a r  (1965 f i gu res )  
F l o r i d a  honey i ndus t r y  (Morton 1964). 

Other  t han  t h e  honey i n d u s t r y ,  most  
o f  t h e s e  e c o n o m i c  uses  a r e  somewhat  
d e s t r u c t i v e .  There a re  many cases i n  
w h i c h  c l  e a r - c u t  mangrove f o r e s t s  have 
f a i  l e d  t o  regenerate success fu l l y  f o r  many 
y e a r s  b e c a u s e  o f  l a c k  o f  p r o p a g u l e  
d i s p e r s a l  o r  i n c r e a s e d  s o i l  s a l i n i t i e s  
(Teas 1979). We be l ieve  t h a t  the  best use 
o f  F l o r i d a  mangrove swamps w i l l  cont inue 
t o  be as  p r e s e r v e d  a r e a s  t o  s u p p o r t  
w i l d 1  i f e ,  f i s h i n g ,  shore1 i ne s t a b i l  i za- 
t i o n ,  endangered spec ies ,  and a e s t h e t i c  
va'l ues. 



CHAPTER 12. MANAGEMENT IMPLICATIONS 

12.1 INHERENT VULNERABILITY 

Mangroves have e v o l v e d  r e m a r k a b l e  
p h y s i  01 o g i  ca? and anatomical  adaptat ions 
enabl ing them t o  f l o u r i s h  under cond i t i ons  
o f  h i g h  t e m p e r a t u r e s ,  w ide ly  f l u c t u a t i n g  
s a l i n i t i e s ,  h igh  c o n c e n t r a t i o n s  o f  heavy 
m e t a l s  (Walsh e t  al. 1979), and anaerob i c  
so i l s .  Unfor tunate ly,  one o f  these adap- 
t a t i o n s ,  t h e  a e r i a l  r o o t  system, i s  a1 so 
one o f  t h e  p lan t ' s  most vulnerable compo- 
nents .  Odum and Johannes (1975) have 
r e f e r r e d  t o  t h e  a e r i a l  r o o t s  as t h e  man- 
grove 's  Achi 11 es' hee l  because of t h e i  r 
s u s c e p t i b i l i t y  t o  c l o g g i n g ,  p r o l o n g e d  
f looding,  and bo r ing  damage from isopods 
and o ther  inver tebra tes  (see sec t ion  6  f o r  
a  d i s c u s s i o n  o f  t h e  l a t t e r ) .  T h i s  means 
t h a t  any process, na tu ra l  o r  man-induced, 
w h i c h  c o a t s  t h e  a e r i a l  r o o t s  w i t h  f i n e  
sed imen ts  o r  cove rs  them w i t h  w a t e r  f o r  
ex tended p e r i o d s  has t h e  p o t e n t i a l  f o r  
mangrove d e s t r u c t i o n .  Bacon ( 1  970) men- 
t i o n s  a  case i n  Tr in idad where t h e  Caroni 
R i v e r  i n u n d a t e d  t h e  a d j a c e n t  C a r o n i  
M a n g r o v e  Swamp d u r i n g  a  f l o o d  and  
d e p o s i t e d  a  l a y e r  o f  f i n e  r e d  m a r l  i n  a  
l a r g e  stand o f  b lack mangroves which sub- 
sequently died. Many examples o f  damage 
t o  mangrove swamps from human a c t i v i t i e s  
have been documented (see sec t ion  12.2). 

One of t he  few na tu ra l  processes t h a t  
causes p e r i o d i c  and e x t e n s i v e  damage t o  
mangrove ecosystems i s  l a r g e  h u r r i c a n e s  
(Figure 16). Craighead and G i l b e r t  ((1962) 
and Tabb and Jones (1962) have documented 
t h e  i m p a c t  o f  H u r r i c a n e  Donna i n  1960 on 
p a r t s  o f  t h e  m a n g r o v e  zone o f  s o u t h  
F l o r i d a .  C r a i  ghead and Gi 1  b e r t  ( 1  962) 
found e x t e n s i v e  damage ove r  an area o f  
100,000 ac res  (40,000 ha). Loss o f  t r e e s  
ranged f rom 25% t o  700%. Damage occurred 
i n  t h r e e  ways: (1) w ind  s h e a r i n g  o f  t h e  
t r u n k  6 t o  10 f t  (2  t o  3  m) above ground, 
(2) overwash mangrove i s ?  ands being swept  
c lean,  and (3) t r e e s  d y i n g  months a f t e r  
t h e  s to rm,  a p p a r e n t l y  i n  response t o  
damage t o  the  prop roo ts  from coat ings by 
mar l  and f ine  organic matter.  The l a t t e r  
t y p e  o f  damage was most widespread,  b u t  
r a r e l y  o c c u r r e d  i n  i n t e r t i d a l  f o r e s t s ,  
p resumab ly  because t h e  a e r i a l  roo ts  were 
f lushed and cleaned by t i d a l  action, F i s h  
and i nve r teb ra tes  were adversely a f fec ted  

by oxygen d e p l e t i o n  due t o  accumulat ions 
o f  decomposing o r g a n i c  m a t t e r  (Tabb and 
Jones 1962). 

H u r r i c a n e  B e t s y  i n  1965 d i d  l i t t l e  
damage t o  mangroves i n  s o u t h  F l o r i d a ;  
t h e r e  was a1 so l i t t l e  d e p o s i t i o n  o f  s i l t  
and mar1 w i t h i n  mangrove stands from t h i s  
m i n i  ma1 s t o r m  (A lexander  1967). Lugo e t  
a? .  ( 1  976) have h y p o t h e s i z e d  t h a t  severe  
h u r r i c a n e s  occu r  i n  s o u t h  F l o r i d a  and 
Puerto Rico on a  t i m e  i n t e r v a l  o f  25 t o  30 
y e a r s  and t h a t  mangrove ecosystems a re  
adapted t o  reach maximum biomass and pro- 
d u c t i v i t y  on the  same t i m e  cycle. 

1 2.2 MAN-INDUCED DESTRUCTION 

D e s t r u c t i o n  o f  mangrove f o r e s t s  i n  
F l o r i d a  has o c c u r r e d  i n  v a r i o u s  ways 
i n c l u d i n g  o u t r i g h t  d e s t r u c t i o n  and l a n d  
fi 11 ing, d i k i n g  and f lood ing  (Figure I ? ) ,  
t h r o u g h  i n t r o d u c t i o n  o f  f i n e  p a r t i c u l  a te  
mater ia l ,  and p o l l u t i o n  damage, par-  
t i c u l a r l y  o i l  s p i l l  s. To o u r  knowledge 
t h e r e  a r e  no complete,  p u b l i s h e d  docu- 
mented est imates o f  the amount o f  mangrove 
f o r e s t s  i n  F l o r i d a  w h i c h  have  been  
d e s t r o y e d  by  man i n  t h i s  century .  Our 
conclusion i s  t h a t  t o t a l  l oss  s ta tewide i s  
n o t  t o o  g r e a t ,  p r o b a b l y  i n  t h e  range o f  3 
t o  5% o f  t h e  o r i g i n a l  a rea covered by 
mangroves i n  t h e  1 9 t h  c e n t u r y ,  b u t  t h a t  
1 osses i n  s p e c i f i c  areas, p a r t i c u l a r l y  
u rban areas, a re  app rec iab le .  T h i s  con- 
c l u s i o n  i s  based on fou r  pieces o f  i n f o r -  
mation. (1) Linda11 and Saloman (1 977) 
have e s t i m a t e d  t h a t  t h e  t o t a l  l o s s  o f  
vegetated i n t e r t i d a l  marshes and mangrove 
swamps i n  F l o r i d a  due t o  dredge and f i l l  
i s  23,521 ac res  (9,522 ha); remember t h a t  
t h e r e  a r e  between 430,800 and 500,000 
acres (174,000 t o  202,000 ha) o f  mangroves 
i n  F l o r i d a  ( s e e  s e c t i o n  l ,3j ,  ( 2 )  
B i  rnhak and Crowder (1974) es t imate  a  loss  
of a p p r o x i m a t e l y  11,000 ac res  (4,453 ha) 
o f  mangroves between 1943 and 1970 i n  
t h r e e  c o u n t i e s  ( C o l t  f e r ,  Monroe,  and 
Dade), (3) Afi obv ious  l o s s  o f  mangrove 
fo res ts  has occurred i n  Tampa Bay, around 
Havco f s i a n d ,  i n  t h e  Florida Keys, and 
a l o n g  t h e  l o w e r  e a s t  coas t  o f  F l o r i d a ,  
For example, Lewis e t  al. (1979) est imated 
t h a t  44% o f  the? i n t e r t i d a l  v e g e t a t j o n  



~~~~~~e 2 6 .  Daniaged s t a n d  o e r d  zrld b lack inangroves Rear F lamingo ,  F l o r i d a ,  as 
j " , a $ l ~ a r e d  7 y e ~ r 5  after kiii!-y i r,q?ii? . " *  v,.J.i:ril. I - -  . 



F i g ~ r e  7 7 ,  i4angrove forest  l e a ?  Key M e s t  as i t  appeared i n  1981 af te r  b e i n g  
i? ,es l r~yed by d i  k i  no 4 arid bir,kpadndi ng , 



i n c l u d i n g  mangroves i n  t h e  Tampa Bay 
estuary has been destroyed dur ing  the past 
100 years .  (4)  Heald (unpub l i shed  MS.) 
has e s t i m a t e d  a l o s s  o f  2,000 ac res  (810 
ha) o f  mangroves w i t h i n  t h e  F l o r i d a  Keys 
( n o t  c o n s i d e r e d  by  B i rnhak  and Crowder 
1974). So w h i l e  l oss  of mangrove ecosys- 
tems t h r o u g h o u t  F l o r i d a  i s  n o t  o v e r -  
whe lming,  l o s s e s  a t  s p e c i f i c  l o c a t i o n s  
have been substant ia l .  

D i k i n g ,  impounding,  and l o n g -  t e r m  
f l o o d i n g  o f  mangroves w i t h  standing water 
can cause mass morta l  i ty, especi a1 1 y when 
prop roo ts  and pneumatophores are covered 
(Breen and H i 1  l 1969; Odum and Johannes 
1975; Pa t te rson -Zucca  1978; i u g o  1981). 
I n  s o u t h  F l o r i d a ,  E. Heald (pers. comm.) 
has observed t h a t  permanent impoundment by 
d i k i n g  wh ich  p r e v e n t s  any t i d a l  exchange 
and r a i s e s  w a t e r  l e v e l s  s i g n i f i c a n t l y  
du r i ng  the  wet season w i l l  k i l l  a l l  adu l t  
r e d  and b1 ack mangrove t r e e s .  I f  cond i  - 
t i o n s  beh ind  t h e  d i k e  rema in  r e l a t i v e l y  
d r y ,  t h e  mangroves may s u r v i v e  f o r  many 
years u n t i  1 replaced by t e r r e s t r i a l  vege- 
t a t i o n .  

Mangroves a r e  unusual  l y  suscept ib le 
t a  h e r b i c i d e s  (Wa'lsh e.t a l .  1973). A t  
l e a s t  250,000 ac res  (100,000 ha) o f  man- 
grove f o r e s t s  were d e f o l  i a t e d  and k i  11 ed 
i n  South V i e t  Nam by t h e  U.S. m i l i t a r y .  
This widespread des t ruc t i on  has been docu- 
mented by T s c h i r l e y  (19691, Or ians  and 
P f e i f f e r  (19709, Wes t i ng  (4971), and a 
committee o f  the  US. Academy o f  Sciences 
(Odum e t  a l .  19741, I n  many cases t h e s e  
f o r e s t s  were slow t o  regenerate; observa- 
t i o n s  by de Sy'lva and M i c h e l  (1974) i n d i -  
c a t e d  h i g h e r  r a t e s  o f  s i l t a t i o n ,  g r e a t e r  
water t u r b i d i t y ,  and poss ib ly  lower d i s -  
$01 ved oxygen c o n c e n t r a t i o n s  i n  swamps 
which sustained the  most damage. Teas and 
K e l l y  (1975) reported t h a t  i n  F l o r i d a  the  
b l a c k  mangrove i s  somewhat r e s i s t a n t  t o  
most herb ic ides  b u t  the  r e d  mangrove i s  
extrenlely s e n s i t i v e  t o  herb ic ide  damage. 
He hypothesi zed t h a t  t he  vul nerabi 1 f t y  o f  
t h e  r e d  marlgrove i s  r e l a t e d  t o  t h e  s m a l l  
reserves o f  v iab le  l e a f  buds i n  t h i s  tree, 
Fo l l aw l ' ng  h i s  re i tson ing ,  t h e  s t r e s s  o f  a 
s i n g l e  d e f o l i a t i o n  i s  s u f f i c i e n t  t o  k i i 7  
t h e  e n t i r e  tree. 

A 1  though mangroves commonfy occur i n  
areas o f  rap id  sedimentat ion, they cannot 
s u r v i v e  heavy l o a d s  o f  f i n e ,  f l o c u l e n t  
ma te r i a l s  which coat t he  prop roots. The 
i n s t a n c e s  o f  mangrove death  f rom t h e s e  
substances have been b r i e f l y  rev iewed  b y  
Odum and Johannes (1 975). Mangrove deaths 
f r o m  f i n e  muds and m a r l ,  ground b a u x i t e  
and o t h e r  o r e  wastes, sugar cane wastes, 
p u l p  m i  11 e f f l u e n t ,  sodium h y d r o x i d e  
wastes from baux i te  processing, and f rom 
i n t r u s i o n  o f  l a r g e  q u a n t i t i e s  o f  beach 
sand have been documented f rom v a r i o u s  
areas o f  t he  world. 

12.3 EFFECTS OF OIL SPILLS ON MANGROVES 

There i s  l i t t l e  doubt t h a t  petro leum 
and petroleum byproducts can be extremely 
h a r m f u l  t o  mangroves. Damage f r o m  o i l  
s p i l l s  has been rev iewed  by Odum and 
Johannes (1975), C a r l b e r g  (1980), Ray ( i n  
p ress ) ,  and de l a  Cruz ( i n  p ress ,  b). 
Over 100 references de ta i  1 i ng the e f f e c t s  
o f  o i l  s p i l l  s  on niangroves and mangrove- 
a s s o c i a t e d  b i o t a  a re  i n c l u d e d  i n  t h e s e  
reviews. 

Pe t ro leum and i t s  byp roduc ts  i n j u r e  
and k i l l  mangroves i n  a v a r i e t y  o f  ways. 
Crude o i  1 coats roots, rhs'zomes, and pneu- 
matophores and d i s r u p t s  oxygen t r a n s p o r t  
t o  u n d e r g r o u n d  r o o t s  ( B a k e r  1971 ). 
Various repor ts  suggest t h a t  the c r i t i c a l  
c o n c e n t r a t i o n  f o r  c rude  o i l  s p i l l s  which 
may cause ex t  ns ive  damage i s  between 100 f and 200 m1 / m  o f  swamp s u r f a c e  (Odum and 
Johannes 1975). Pet r a l  eum i s  r e a d i  l y  
absorbed by l i p o p h y l i c  substances an sur- 
faces o f  mangroves. This leads t o  severe 
metabol ic  a l t e r a t i o n s  such as displacement 
o f  f a t t y  mo lecu les  by o i l  hydrocarbons 
lead ing  t o  des t ruc t ion  o f  c e l l  u l a r  permea- 
b i  ? i t y  andlor d i s s o l u t i o n  o f  hydrocarbons 
i n  l i p i d  components of ch lo rop las ts  (Baker 
1971), 

As w i t h  other  i n t e r t i d a l  communities, 
many o f  t h e  i n v e r t e b r a t e s ,  f i s h e s ,  and 
p lan ts  associated w i t h  the mangrove com- 
muni ty  are h iqh fy  suscept ib le t o  petro leum 
p r o d t ~ c t s .  W i d e s p r e a d  d e s t r u c t i o n  o f  
organisms such as attached algae, oysters, 
t u n i c a t e s ,  ~ i t i b s ,  and g o S i r s  +-., ilo e been 
reaorted i n  the l i t e r a t t i r e  (reviewed by de 



l a  Cruz i n  press, b; Ray i n  press). 

Damage f r o m  o i l  s p i l l s  f o l l o w s  a  
p r e d i c t a b l e  p a t t e r n  (Tab le  7) w h i c h  may 
r e q u i  r e  y e a r s  t o  complete.  It i s  i m p o r -  
t a n t  t o  r e c o g n i z e  t h a t  many o f  t h e  most  
severe  responses,  i n c l u d i n g  t r e e  death,  
may n o t  appear f o r  months o r  even y e a r s  
a f t e r  t he  s p i l l .  

I n  F lo r i da ,  Chan (1977) reported t h a t  
red mangrove seedl ings and black mangrove 
pneumatophores were pat ' t icul a r l y  s e n s i t i v e  
t o  an o i l  s p i l l  w h i c h  o c c u r r e d  i n  t h e  
F l o r i d a  Keys. L e w i s  (1979a, 1980b) has 
fo l l owed  the  long-term e f f e c t s  o f  a  s p i l l  
o f  150,000 l i t e r s  (39,000 ga l )  o f  bunker C 
and d i e s e l  o i l  i n  Tampa Bay. He observed 
shor t - te rm (72-hour) morta l  i t y  o f  i n v e r t e -  
b r a t e s  su 
corona a 
c u l  v e r i .  
o f  mangro 

ch as t h e  gas t ropod  Melongena 
ind t h e  p o l y c h a e t e  Laeonere i  s  
M o r t a l i t y  o f  a1 1  t h r e e  s p e c i e s  

ves began a f t e r  t h r e e  weeks and 
c o n t i n u e d  f o r  more t h a n  a  year. Sub- 
l e t h a l  damage inc luded p a r t i a l  d e f o l i a t i o n  
o f  a l l  s p e c i e s  and n e c r o s i s  o f  b l a c k  
mangrove pneumatophores; dea th  depended 
upon t h e  pe rcen tage  o f  pneumatophores 
a f fec ted .  

I n  a d d i t i o n  t o  t h e  damage f r o m  o i l  
sp i  11 s, t he re  are many adverse impacts on 
mangrove f o r e s t s  f r o m  t h e  p rocess  of o i l  
exp lo ra t i on  and d r i l l i n g  (Table 8). Th is  
t y p e  o f  damage c a n  o f t e n  be r e d u c e d  
through ca re fu l  management and mon i to r i ng  
o f  d r i l l i n g  s i tes .  

A l t hough  l i t t l e  i s  known c o n c e r n l n g  
ways t o  prevent damage t o  mangroves once a  
s p i  1  I has occur red,  p r o t e c t i o n  o f  a e r i a l  
r o o t s  seems e s s e n t i a l .  Prop r o o t s  and 
pneumatophores must be cleaned w i t h  com- 
pounds w h i c h  w i l l  n o t  damage t h e  p l a n t  
t i s s u e s .  D i s p e r s a n t s  commonly used t o  
combat o i l  s p i l l s  are, i n  gene ra l ,  t o x i c  
t o  v a s c u l a r  p l a n t s  (Baker 1971). I f  pos-  
s i b l e ,  o i l  l a d e n  spray  s h o u l d  n o t  be 
a l l o w e d  t o  r e a c h  l e a f  sur faces .  Damage 
du r ing  clean-up (e.g., t r amp1  ing ,  compac- 
t i o n ,  bu l ldoz ing)  may be more d e s t r u c t i v e  
t h a n  t h e  u n t r e a t e d  e f f e c t s  o f  t h e  o i l  
s p i l l  (de l a  Cruz i n  press, b). 

12.4 MAN-INDUCED MODIFICATIONS 

I n  sou th  F l o r i d a ,  man has been r e -  
spons i  b l e  f o r  m o d i f i c a t i o n s  which, w h i l e  
n o t  k i  11  i ng mangroves o u t r i g h t ,  have a1 - 
t e r e d  components o f  t h e  mangrove ecosys- 
tem. One o f  t h e  most  w idesp read  changes 
i n v o l v e s  t h e  a1 t e r a t i o n  o f  f r e s h w a t e r  
runof f .  Much o f  t h e  f reshwater  runoff of 
t h e  F l o r i d a  Eve rg lades  has been d i v e r t e d  
e l  sewhere w i t h  the  r e s u l t  t h a t  s a l i n i t i e s  
i n  t h e  Everg lades e s t u a r y  a r e  g e n e r a l l y  
h i g h e r  t h a n  a t  t h e  t u r n  o f  t h e  century .  
Teas (1977) p o i n t s  ou t  t h a t  d r a i n a g e  i n  
t h e  Miami area has lowered the  water t a b l e  
as much as 2 m (6 f t ) .  

I n t e r f e r e n c e  w i t h  f reshwater  i n f l ow  
has e x t e n s i v e  e f f e c t s  on e s t u a r i e s  (Odum 
1970). F l o r i d a  e s t u a r i e s  a re  no excep- 
t i o n ;  t h e  e f f e c t s  on f i s h  and i n v e r t e b r a t e  
s p e c i e s  a l o n g  t h e  edge o f  B iscayne and 
F l o r i d a  Bays have been s t r i k i n g .  The 
mismanagement of freshwater and i t s  
e f f e c t s  on a q u a t i c  o rgan isms have been 
discussed by Tabb (1 963); I d y l  1 (1 965a,b); 
Tabb and Yokel (1968) and I d y l l  e t  a1. 
(1968). I n  a d d i t i o n ,  Es tevez  and Simon 
(1 975) have h y p o t h e s i z e d  t h a t  t h e  i m p a c t  
o f  the  bo r ing  i sopod, Sphaeroma terebrans, 
may be more severe when f reshwater  f lows 
f rom t h e  Everglades are a1 tered. 

One g e n e r a l  l y  u n r e c o g n i z e d  s i d e  
e f f e c t  o f  lowered f reshwater  f l o w  and s a l t  
water i n t r u s i o n  has been the  i n l a n d  expan- 
s ion  o f  mangrove fo res ts  i n  many areas o f  
s o u t h  F l o r i d a .  There  i s  documented e v i  - 
d e n c e  t h a t  t h e  m a n g r o v e  b o r d e r s  o f  
B i scayne  Bay and much o f  t h e  Eve rg lades  
e s t u a r y  have expanded i n l a n d  d u r i n g  t h e  
p a s t  30 t o  40 y e a r s  (Reark 1975; Teas 
1979; Ba? 1 1980). 

Sections o f  many mangrove fo res ts  i n  
south F l o r i d a  have been replaced by f i l l e d  
r e s i d e n t i a l  l o t s  and n a v i g a t i o n  canals,  
Although these canal systems have not  been 
s t u d i e d  e x t e n s i v e l y ,  t h e r e  i s  some e v i -  
dence, most ly  unpublished, t h a t  canals are 
n o t  as p r o d u c t i v e  i n  t e r m s  o f  f i s h e s  and 
i n v e r t e b r a t e s  as t h e  n a t u r a l  mangrove- 
l i ned  w a t e r w a y s  n h i  ch  t h e y  replaced,  



T a b l e  7 .  Genera1 r e s p o n s e  o f  mangrove ecosys t ems  t o  
s e v e r e  o i l  s p i l l s  ( f rom Lewis f 9 8 0 b )  

S t a g e  Observed impac t  

Acute  

0 t o  1 5  days  

15  t o  30 days  

Chron i c  

30 days  t o  1 y e a r  

1 y e a r  t o  5 y e a r s  

Deaths  o f  b i r d s ,  t u r t l e s ,  f i s h e s ,  and 
i n v e r t e b r a t e s  

D e f o l i a t i o n  and d e a t h  o f  s m a l l  mang roves ,  
l o s s  o f  a e r J a l  r o o t  community 

Defol i a t i o n  and d e a t h  o f  medium-s i red  
mangroves ( 1  - 3 m ) ,  t i s sue  damage to  
a e r i a l  r o o t s  

Death o f  l a r g e  mangroves ( g r e a t e r  t h a n  
3 m),  l o s s  o f  o i l e d  a e r i a l  r o o t s ,  and 
r eg rowth  of  new r o o t s  ( o f t e n  de fo rmed)  

R e c o l o n d z a t i o n  o f  o i l - damaged  a r e a s  by 
new s e e d l i n g s  

1 y e a r  t o  1 0  y e a r s  ( ? )  Keduct lon  i n  l i t t e r  f a l l ,  r educed  r e -  
p r o d u c t i o n ,  and r educed  s u r v i v a l  o f  
s eed1  i ngs  

Death o r  reduced  growth o f  young t r e e s  
c o l o n i z i n g  s p i l l  s i t e  (3) 

I n c r e a s e d  i n s e c t  damage ( ? )  

1 0  t o  50 y e a r s  (3) Complete r e c o v e r y  
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Weinstein e t  at. (1977) found t h a t  a r t i f i -  
c i a l  canals had lower species d i v e r s i t y  o f  
benth ic  in fauna and t r a w l  -captured f i shes  
and g e n e r a l l y  f i n e r  sed iments  t h a n  t h e  
n a t u r a l  communi t ies .  Cour tney  (1 975) 
reported a  number o f  mangrove-associ  a t e d  
i n v e r t e b r a t e s  w h i c h  d i d  n o t  occu r  i n  t h e  
a r t i f i c i a l  channels. 

Mosqu i to  p r o d u c t i o n  i s  a  s e r i o u s  
problem i n  b lack mangrove-domi nated swamps 
i n  F l o r i d a  (Provost 1969). The s a l t  marsh 
mosqu i tos ,  ' Aedes taen io rhynchus  and L. 
s o l  1  i c i  t a n s .  do n o t  reoroduce be1 ow t h e  
mean h i g h  t i d e  mark anh f o r  t h i s  reason 
a r e  n o t  a  s e r i o u s  p rob lem i n  t h e  i n t e r -  
t i d a l  red mangrove swamps. Mosquitos l a y  
t h e i r  eggs on t h e  damp s o i l  o f  the  i r r e g u -  
l a r l y  f l o o d e d  b l a c k  mangrove zone; t h e s e  
eggs h a t c h  and deve lop  when f l o o d e d  by 
spr ing  t i d e s ,  storm t i d e s  o r  heavy rains. 
As w i t h  t h e  " h i g h  m a r s h ' b f  t e m p e r a t e  
l a t i t u d e s ,  t he re  have been some at tempts 
t o  d i t c h  t h e  b l a c k  manqrove zone so t h a t  
i t  d r a i n s  r a p i d l y  a f t e r  f l o o d i n g .  
A1 though  p r o p e r 1  y designed d i t c h i n q  does 
n o t  appear t o  be p a r t i c u 1 a r l . y  h a r m f u l  t o  
mangrove swamps ( o t h e r  t h a n  t h e  a rea  
destroyed t o  d i g  the  d i t c h  and receive t h e  
s p o i l ) ,  i t  i s  an expens i ve  p r a c t i c e  and 
f o r  t h i s  reason i s  n o t  w i d e l y  p r a c t i c e d .  
P r o p e r l y  managed d i k i n g  can be an e f f e c -  
t i v e  mosquito con t ro l  approach w i t h  m i n i  - 
ma1 s i d e  e f f e c t s  t o  b l a c k  m a n g r o v e s  
(P rovos t  1969). G e n e r a l l y ,  d i t c h i n g  o r  
d i k i n g  o f  t he  i n t e r t i d a l  red mangrove zone 
i s  a  waste o f  money. 

Mangrove swamps have been proposed as 
p o s s i b f  e  t e r t i a r y  t r e a t m e n t  a reas  f o r  
sewage ( s e e  d i s c u s s i o n  b y  Odum and  
Johannes 1975). To o u r  knowledge, t h i s  
a l t e r n a t e  use i s  no t  c u r r e n t l y  p r a c t i c e d  
i n  south F lor ida .  Un t i  1 more experimental 
r e s u l t s  a re  ava i l ab le  on the  a s s i m i l a t i v e  
c a p a c i t i e s  and l o n g - t e r m  changes t o  be 
expec ted  i n  mangrove f o r e s t s  r e c e i  v i  ng 
heavy l o a d s  o f  secondary t r e a t e d  sewage, 
i t  wou ld  be an e n v i r o n m e n t a l  r i s k  t o  use 
mangrove f o r e s t s  f o r  t h i s  purpose, 

I n  many a reas  o f  t h e  w o r l d  mangrove 
swamps have been c o n v e r t e d  t o  o t h e r  uses 
such as a q u a c u l t u r e  and a g r i c u l t u r e  (see 
de l a  Cruz, i n  press ,  a). A l t hough  some 

o f  t h e  most p r o d u c t i v e  aquaculture ponds 
i n  I ndones ia  and t h e  Ph i l i pp ines  a r e  
loca ted i n  former mangrove swamps, t he re  
i s  some q u e s t i o n  whe the r  t h e  o r i g i n a l  
na tu ra l  system was not equa l ly  p roduct i  ve 
i n  terms o f  f i s h e r i e s  products a t  no cos t  
t o  man (Odum 1974).  C o n v e r s i o n  t o  
aquaculture and a g r i  cu1 t u r e  i s  cursed w i t h  
a  v a r i e t y  o f  problems inc lud ing  subsequent 
l a n d  s u b s i d e n c e  and  t h e  " c a t  c l a y "  
p r o b l e m .  The l a t t e r  r e f e r s  t o  t h e  
d r a s t i c a l l y  l o w e r e d  s o i l  pH wh ich  o f t e n  
occurs a f t e r  drainage and has been t raced  
t o  ox ida t i on  o f  reduced s u l f u r  compounds 
(Dent 1947; Tornl inson 1957; Hesse 1961 ; 
H a r t  1962, 1963; Moorman and Pons 1975). 
Expe r ience  i n  A f r i c a ,  P u e r t o  Rico,  and 
Southeast  A s i a  c o n f i r m s  t h a t  mangrove 
f o r e s t s  i n  t h e i r  n a t u r a l  s t a t e  a re  more 
valuable than the  "reclaimed" 1  and. 

12.5 PROTECTIVE MEASURES INCLUDING 
TRANSPLANTING 

Pro tec t i on  o f  mangroves inc ludes (1) 
p r e v e n t i o n  o f  o u t r i g h t  d e s t r u c t i o n  f r o m  
d r e d g i n g  and f i l l i n g ;  (2)  p r e v e n t i o n  o f  
drainage, d i k i n g  and f l ood ing  (except f o r  
c a r e f u l l y  managed m o s q u i t o  c o n t r o l ) ;  (3 )  
prevent ion o f  any a1 t e r a t i  on o f  hydro1 og i -  
c a l  c i r c u l a t i o n  p a t t e r n s ,  p a r t i c u l a r l y  
i n v o l v i n g  t i d a l  exchange; (4)  p r e v e n t i o n  
o f  i n t r o d u c t i o n  o f  f ine-gra ined ma te r i a l s  
which might  c l o g  the  a e r i a l  roots, such as 
c l a y ,  and sugar cane wastes; (5)  p reven-  
t i o n  o f  o i l  s p i l l s  and h e r b i c i d e  sp ray  
d r i f t a g e ;  and (6) prevent ion o f  increased 
wave a c t i o n  o r  c u r r e n t  v e l o c i t i e s  f r o m  
boat wakes, and sea walls. 

Where mangroves have been destroyed, 
t h e y  can be r e p l a n t e d  o r  s u i t a b l e  a l t e r -  
n a t e  areas  can be p l a n t e d ,  ac re  f o r  ac re ,  
t h r o u g h  m i  t i  g a t i o n  procedures (see Lewis 
e t  a l .  1979). An e x t e n s i v e  body  o f  
1 i t e r a t u r e  e x i s t s  c o n c e r n i n g  mangrove 
p l a n t i n g  t e c h n i q u e s  i n  F l o r i d a  (Savage 
1972; C a r l t o n  1974; P u l v e r  1976; Teas 
1977; Go fo r th  and Thomas 1979; L e w i s  
1979b). Mangroves were i n i t i a l l y  p lan ted 
i n  F l o r i d a  a t  l e a s t  as e a r l y  as 1917 t o  
p r o t e c t  t h e  o v e r s e a s  r a i l w a y  i n  t h e  
F l o r i d a  Keys (Teas 7977). 

Bo th  r e d  and b l a c k  mangroves have 



been used i n  t r a n s p l a n t i n g .  As we men- 
t i oned  i n  sec t ion  11, black mangroves seem 
t o  have c e r t a i n  advantages ove r  r e d  man- 
groves. P r o p e r l y  des igned p l  a n t i  ngs a r e  
u s u a l l y  75% t o  90% s u c c e s s f u l ,  a l t h o u g h  
t h e  l a r g e r  t h e  t r a n s p l a n t e d  t r e e ,  t h e  
l o w e r  i t s  s u r v i v a l  r a t e  (Teas 1977).  
P r u n i n g  p r o b a b l y  enhances s u r v i v a l  o f  
t r ees  o ther  than seed1 ings  (Carl t o n  1974). 
I m p o r t a n t  c o n s i d e r a t i o n s  (Lew is  1979b; 
Teas 1977) i n  t ransp lan t i ng  mangroves are: 
(I) t o  p l a n t  i n  t h e  i n t e r t i d a l  zone and 
a v o i d  p l a n t i n g  a t  t o o  h i g h  o r  t o o  l o w  an 
e levat ion ,  (2) t o  avoid p l a n t i n g  where t h e  
s h o r e l i n e  energy  i s  t o o  g r e a t ,  ( 3 )  t o  
a v o i d  human vanda l i sm,  and (4)  t o  a v o i d  
accumulat ions o f  dead sea grass and o the r  
wrack. 

Costs  o f  t r a n s p l a n t i n g  have been 
va r i ous l y  estimated. Teas (1 977) suggests 
$462 an a c r e  ($1,14O/ha) f o r  u n r o o t e d  
p ropagu les  p l a n t e d  3 f t  (0.9 m) a p a r t ,  
$1,017 an acre ($2,50O/ha) fo r  es tab l ished 
s e e d l i n g s  p l a n t e d  3 f t  (0.9 m) a p a r t  and 
$87,500 ($21 6,13O/ha) f o r  3 year-o ld nur-  
s e r y  t r e e s  p l a n t e d  4 ft (1.2 m) apa r t .  
L e w i s  (1979b) c r i t i c i z e d  Teas' c o s t s  as 
unreal  i s t i c a l  l y  low and reported a p r o j e c t  
i n  P u e r t o  R i c o  w h i c h  used e s t a b l i s h e d  
s e e d l i n g s  a t  a c o s t  o f  $5,060 an a c r e  
($1 2,50O/ha); he d i d  suggest  t h a t  t h i s  
c o s t  c o u l d  be c u t  i n  h a l f  f o r  l a r g e r  
p ro jec ts .  

12.6 ECOLOGICAL VALUE OF BLACK VS. RED 
MANGROVES 

One unanswered q u e s t i o n  o f  c u r r e n t  
i n t e r e s t  i n  F1 o r i  da concerns the  ecol og i  - 
ca t  v a l u e  o f  b l a c k  mangrove f o r e s t s  com- 
pared t o  i n t e r t i d a l  red mangrove forests. 
I n  many respects, t h i s  i s  i d e n t i c a l  t o  t h e  
"high marsh" versus "low marsh" debate i n  
t e m p e r a t e  wet1  ands. One h y p o t h e t i c a l  
argument wh ich  has been p resen ted  f r e -  
q u e n t l y  i n  c o u r t  cases d u r i n g  t h e  p a s t  
decade  s u g g e s t s  t h a t  b l a c k  m a n g r o v e  
f o r e s t s  have l e s s  e c o l o g i c a l  v a l u e  t h a n  
r e d  mangrove f o r e s t s  t o  b o t h  man and 
c o a s t a l  ecosystems. T h i s  argument i s  
based on an apparen t  l a c k  o f  s u b s t a n t i a l  
p a r t i c u l a t e  d e t r i t u s  e x p o r t  f r o m  b l a c k  
mangrove f o r e s t s  above mean high t i d e  and 

t h e  genera l ly  perceived l ack  o f  organisms, 
p a r t i c u l a r l y  gamefi shes, w h i c h  use b l a c k  
mangrove fo res ts  as habi tat .  

The c o u n t e r  argument s t a t e s  t h a t  
b l a c k  mangrove f o r e s t s  are impor tan t  f o r  
t he  support o f  w i l d l i f e  and t h e  export  o f  
s u b s t a n t i a l  q u a n t i t i e s  o f  d i s s o l v e d  
o r g a n i c  m a t t e r  (DOM). Lugo e t  a l .  (1980) 
p r o v i d e  e v i d e n c e  t h a t  b l a c k  mangrove 
f o r e s t s  do, i n  fac t ,  expor t  l a r g e  quant i -  
t i e s  o f  DOM. They p o i n t  o u t  t h a t  (1) 
b l a c k  mangrove 1 eaves decompose more 
r a p i d l y  than red mangrove leaves and thus 
produce r e l a t i v e l y  more DOM and (2) abso- 
l u t e  export  o f  carbon f rom these forests,  
on a s ta tewide scale, i s  equal o r  g reater  
than f rom red mangrove forests.  

12.7 THE IMPORTANCE OF INTER-COMMUNITY 
EXCHANGE 

From previous d iscussions (sect ions 6 
and 7.5 and Appendices B, C, 5 and E) i t  
i s  c l e a r  t h a t  many s p e c i e s  o f  f i s h e s ,  
i n v e r t e b r a t e s ,  b i  rds,  and mammals move 
between mangrove f o r e s t  commun i t i es  and 
o t h e r  h a b i t a t s  i n c l u d i n g  sea grass  beds, 
co ra l  reefs, t e r r e s t r i a l  forests,  and t h e  
f reshwater  Everglades. F o r  example, t h e  
g ray  snapper, L u t j a n u s  g r i s e u s ,  spends 
p a r t  o f  i t s  j u v e n i l e  l i f e  i n  sea g rass  
beds, moves t o  m a n g r o v e - l i n e d  bays and 
r i ve rs ,  and then migra tes  t o  deeper water 
and co ra l  ree fs  as an a d u l t  (Croaker 1962; 
S t a r c k  and Schroeder 1971). The p i n k  
shrimp, Penaeus duorarurn, spends i t s  juve- 
n i  l e  1 i f e  i n  m a n s r o v e - l i n e d  bays and 
r i v e r s  b e f o r e  mo;ing o f f s h o r e  ' to t h e  
Tortugas grounds as an adul t .  During i t s  
j u v e n i l e  p e r i o d  i t  appears t o  move back 
and f o r t h  f rom mangrove-dominated areas t o  
sea g r a s s  beds. The s p i n y  l o b s t e r ,  
Panul i rus argus, as a j u v e n i l e  f requen t l y  
uses mangrove prop roo t  communities as a 
refuge; when near ing ma tu r i  t y  t h i s  species 
moves t o  deeper w a t e r  i n  sea grass  and 
c o r a l  r e e f  c o m m u n i t i e s  (see d i s c u s s i o n  
s e c t i o n  6.11, Many o f  t h e  mammals fsec-  
L i o n  10)  and b i r d s  ( s e c t i o n  9)  move back 
and f o r t h  between mangrove communities and 
a v a r i e t y  o f  o ther  environments. 

T h e s e  a r e  o n l y  a f e w  o f  many 



examples. C l e a r l y ,  mangrove ecosystems 
a r e  1 i n k e d  f u n c t i o n a l l y  t o  o t h e r  s o u t h  
F l o r i d a  ecosystems through physical  pro- 
cesses such as w a t e r  f l o w  and o r g a n i c  
carbon f l u x .  As a r e s u l t ,  t h e  success fu l  
management and/or  p r e s e r v a t i o n  o f  many 
f i s h e s ,  mammals, b i r d s ,  r e p t i  1 es, and 
amphibians depends on proper understanding 
and management o f  a va r ie t y  o f  ecosystems 
and the  processes tha t  l i n k  them. Saving 
mangrove s tands  may do t h e  gray  snapper 
l i t t l e  good  i f  sea g r a s s  beds  a r e  
destroyed.  P ink  sh r imp  populat ions w i l l  
be enhanced by t h e  p r e s e r v a t i o n  o f  sea 
grass beds and mangrove-1 ined waters, but  
sh r imp  catches on t h e  Tor tugas grounds 
w i l l  dec l ine  i f  freshwater f l o w  from the  
Everglades i s  not  managed c a r e f u l l y  ( I d y l  1 
e t  a l .  1968). Success fu l  management o f  
s o u t h  F l o r i d a  mangrove  e c o s y s t e m s ,  
i n c l  u d i  ng t h e i  r va l  u a b l e  resources, w i  11 
depend on knowledgeab le  management o f  a 
number  o f  o t h e r  e c o s y s t e m s  and t h e  
processes which l i n k  them. 

12.8 MANAGEMENT PRACTICES: PRESERVATION 

Based on y e a r s  o f  research  i n  sou th  
F l o r i d a  and based on t h e  i n f o r m a t i o n  

rev iewed  f o r  t h i s  pub1 i c a t i o n ,  we have 
concluded t h a t  the  b e s t  management p r a c -  
t i c e  f o r  a l l  t ypes  o f  F l o r i d a  mangrove 
ecosystems i s  p r e s e r v a t i o n .  C e n t r a l  t o  
t h i s  c o n c e p t  i s  t h e  p r e s e r v a t i o n  o f  
adjacent ecosystems t h a t  a re  1 inked s i  gni  - 
f i  c a n t l y  by f u n c t i o n a l  processes. The 
c o n t i n u e d  s u c c e s s f u l  f u n c t i o n i n g  o f  t h e  
mangrove b e l t  o f  southwest  F l o r i d a  i s  
h i g h l y  dependent on t h e  c o n t i n u a l  e x i s -  
t e n c e  o f  t h e  Everg lades and B i g  Cypress 
Swamp i n  an e c o l o g i c a l  ly hea l  t h y  cond i  - 
t i o n .  

A t  no c o s t  t o  man, mangrove f o r e s t s  
provide h a b i t a t  f o r  valuable b i rds,  mam- 
mals,  amphibians,  r e p t i l e s ,  f i s h e s ,  and 
i n v e r t e b r a t e s  and pro tec t  endangered 
species, a t  l e a s t  p a r t i a l l y  support exten- 
s i  ve coastal food webs, provide shore1 i n e  
s t a b i l i t y  and s t o r m  p r o t e c t i o n ,  and 
genera te  a e s t h e t i c a l l y  p l e a s i n g  e x p e r i  - 
ences ( F i g u r e  18). I n  s i t u a t i o n s  where 
overwhelming economic p ressu res  d i c t a t e  
mangrove destruct ion,  every e f f o r t  should 
be made t o  a m e l i o r a t e  any l o s s e s  e i t h e r  
t h r o u g h  m i t i g a t i o n  o r  t h r o u g h  madi f i e d  
development as desc r ibed  by Voss (1969) 
and Tabb and Heald (1 973) i n  wh ich  c a n a l s  
and seawalls are placed as f a r  t o  the rea r  
o f  the swamp as possible. 
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APPENDIX A. Summary of the site characteristics and sampling 
methodology for fishes in: A-l - mangrove-fringed 
tidal streams and rivers, A-2 - mangrove-lined 
estuarine bays and lagoons, and A-3 - mangrove- 
lined oceanic bays and lagoons. 



Table A-1. S i t e  characterist ics and sampl ing methodology f o r  fishes 
i n  mangrove-fri nged t i d a l  streams and r ivers .  

Mean 
depth; Number 

S a l i n i t y  Temperature t i d a l  species 
Locat ion  range range range Substrate Benthic vegeta t ion  Sampling methods Frequency recorded 

Nor th  River;  0-27 o/oo 15.4'-33.2'~ 1 m; Large ly  exposed Scattered Ruppia Bag seine, throw Monthly, Sept. 55 
Tabb 1966, 0.5 m l imestone, and mari t ima near mouth nets, d i p  nets, 1965 through 
Odum 1970 sand banks ; traps,  pound net ,  Sept. 1966 

undercut man- f i s h p o i s o n , r o d &  (Tabb) 
grove peat  ree l ,  tramnel net, 

s e t  l i n e s  

Cross Bayou 3.2-29.8 o/oo 1 3 . 0 ~ - 3 1 . 5 ~ ~  Max. Hard muddy sand Sparse Bag seine; minnow Monthly, Sept. 
Canal (Noca depth Enteromorpha seine 1957 through 
Ciega Bay t o  1.5 m; Dec. 1958 
Old Tampa Bay); 0.9 m 
Spr inger & 

c-. Woodburn 1960 
S 

Fahkahatchee Less than Not g iven 
stream, 1 m; range 
stream en te r i ng  n o t  g iven 
Fahka Union 
Canal; Car ter  
e t  a ? .  1973 

Not g iven Seines rou t i ne1  y; Monthly, Jan. 
b lack  n e t  & r o t e -  1972 through 
none f o r  s i n g l e  Dec. 1972 
standing crop 
est imate w 

Unnamed streams 16-32 o/oo 1 3 . ~ ~ - 3 7 . 1 ~ ~  1.1 m; Thick organic Dense Thalassia 
near Turkey 0.5 m mud-g i l l  ne t  & testudinum a t  
Point ,  Biscayne t r a p  s i t e s ;  mouth 
Bay; Nuqent c u l v e r t  a t  hoop 
1970 n e t  s i t e s  

G i l l  nets; hoop Weekly, g i l l  
nets; t r aps  nets; bimonthly, 

others;  August 
1968 through 
Oec. 1969 

Tota l  111 
Only taken i n  SE Fla. Q 



Tab le  A-2. S i t e  characteristics and sampling methodology for fishes 
in mangrove-1 i ned estuarine bays and lagoons. 

Mean 
depth; Number 

S a l i n i t y  Temperature t i d a l  species  
Location range range range Subs t ra te  Benthic vegetat ion Sampling methods Frequency recorded 

Fahkahatchee Average - 21'-31°c 1 . 2  m ;  Generally Extensive a reas  of Vegetated, mud, Monthly, Ju ly  47 
Bay, 743 ha; 15-37 o/oo, (Yakelb; --- muddy, some H a l o d u l e w r i g h t ~ ~ ,  sand/shell bottoms 1971through (Yokel ) 
Yokel 1975b, low of  1 o/ooo 23.5 -32 C sand & she l l  Thafassia  t e s t u  lnum sampled by o t t e r  Ju ly  1972 
Carter  e t  a] .  recorded by (Carter  i n  northern port ion trawl (Yokel); 2 (Yokel); 8~~ 
1973 Yokel, Sept .  e t  a1 . )  bag se ines ,  o t t e r  Monthly, Jan. 

1971 t rawl ,  surface 1972 through 
trawl (Car te r  Dec. 1972 
e t  a1 .) (Car te r  e t  a1 .) 

ta 
Fahka Uqion 5-35 3/00 ~ 4 ~ - 3 2 . 5 ~ ~  1.0 m; #uddy , L i t t l e  seagrass ,  2 bag se ines ,  Monthly, Jan. 

--- 89' 
Bay, 185 ha; subject  t o  occasional high standing crop o t t e r  t rawl,  1972 through 
Carter  e t  a l .  sporadic sandy area of green a lgae  surface trawl Dec. 1972 
1973 massive o r  oys te r  

freshwater bar 
inp t s  from 
G A c ~  drainage 
canals  

Rookery Bay, 8.9-38.5 o/oo 1 4 . 3 ~ - 3 1 . 8 ~ ~  0.9 m; Mud, sand, -- Halodulewr igh t i i ,  Vegetated,mud, Monthly, June 
419 ha; .55 m she1 1 Thalassia  testudinum, sand/shel l  bottoms 1970 through 
Yokel 1975a Halophila engelmanni i sampled by o ther  Ju ly  1972 

trawl 

Marco Is land 19 o/oo Sept. 13"-32'~ Not given Mud, muddy Halodule wri b t i i  Vegetated, mud, Monthly, Ju ly  59 
Estuary; Yokel 1971: o ther -  sand, she1 l y  -sii&%- sandlshel l  bottoms 1971 through (Yokel ) 
1975b; Vein- wise over  a sand back-bays of man- sampled by o t t e r  Ju ly ,  1972 82 ; 
s t e i n  e t  a l .  4-yr period grove complex; trawl (Yokel ) ; (Yokel ); (Wei n- 
1977 29-39 O / O O  -- Thalassia not well o t t e r  trawl (Wein- Monthly, Ju ly  s t e i n )  

developed s t e i n  e t  a1 . )  ,1971 through 
Jan. 1975 
(Wei ns te i  n 
e t  a l . )  

Whi tewater 2.9-29.3 o/oo 1 5 . 9 ~ - 3 2 . 1 " ~  Shallow Peat, s i l t ,  Haloduie wright i i  , Roller  frame trawl Monthly - 8 
Bay, Clark s t a t i o n s -  marl & s h e l l ,  Udotea conglut inata ,  s t a t i o n s  
1970 1 m ,  deep sand & she l l  Chara hornmanni , Sept .  1968 

s t a t i o n s -  E e d i c e l l a t a ,  through 
0.8-1.0 m ;  Graci1:ria sp . ,  Nov. 1969 
0.6 m Halophila b a i l l o n i s  

Total 117 

a89 spec ies  i n  Fahkahatchee and Fahka Union Bays combined. 
b ~ u l  f h e r i  can Corporati on. 



Table A-3. S i t e  c h a r a c t e r i s t i c s  and sarnpl i n g  methodology f a r  f ishes 
i n  mangrave-1 i ned oceanic bays and lagoons. 

Mean 
depth; Number 

S a l i n i t y  Temperature t i d a l  species 
Locat ion range range range Substrate Benthic vegeta t ion  Sampling methods Frequency recorded 

Old Rhodes Average Apr i  1 - Average f o r  0.61 m; 
Key Lagoon, June 1973 - Apr. -June 0.5 m 
Holm 1977 37 o/oo 1973 - 2 8 ' ~  range 

Seagrasses: Visual  counts, Monthly, 1973 31 
Thalassia testudinum t raps,  hook and 

l i n e  

Porpoise Lake, 27.8-49.6 o/oo 16.6°-32.20~ Max. Carbonate Seagrasses: exten- Suct ion sampler, Monthly, A p r i l  64 
F l o r i d a  Ray, depth - mud & s h e l l  s i v e  Thalassia slednet, pushnet, 1965 through 
Hudson e t  a l .  2.1 m; fragments testuainum, sparse beach seine, cas t  Jan. 1968 
1970 --- Halodule w r i g h t i i  net ,  r o l l e r - f r ame  

t rawls ,  hook & l i n e  
w a Southern 5.0-43.8 o/oo 13.5'-38 .7'ca Range Mud, sand, Seagrasses: O t te r  t rawl  
w Biscayne Bay, 1.0-2.5 m coarse Thalassia testudinum, 

Bader and sand & s h e l l  Halodule w r i g h t i i  , 
Roessler fragments red algae-Laurencia , 
1971 Digenia 

Monthly, J u l y  
1968 through 
June 1970 

Western Not given Mot given Not g iven Not g iven Not g iven though Bag seine, semi- Monthly, May 
F l o r i d  Bay h author s ta tes  each ba l loon o t t e r  1973 through 
316 km , representa t ive  t r aw l  June 1974 a t  
Scftrnidt 1979 benth ic  h a b i t a t  12 s ta t i ons  

was sampled 

Tota l  156 

a Some sanipling s ta t i ons  were w i t h i n  the  area o f  the  thermal plume from the Turkey Po in t  power p lan t ,  temperature e leva t i on  up t o  5 .2 '~  above ambient. 



ILPPEKDIX B. Fishes of mangrove areas  of Flor ida  tabulated by 
h a b i t a t  type. Key t o  numbered references appears 
a t  t h e  end of the table .  Diet items l i s t e d  i n  
order of decreasing importance. 



Habitat Type 

Family and Species Reference Diet 
Diet 

Reference Comments 

Orectolobidae - 
carpet sharks 
Ginglymostoma cirratum + + 1, 5, 7 Fish, cephalopods, molluscs, Randall 1967 
nurse shark shrimp, sea urchins Clark & von 

Schmidt 1965 
Bohlke & 

Chaplin 1968 

Carcharhinidae - 
reauiem sharks 
Carcharhinus leucas + 
bull shark 

Carcharhinus limbatus 
blacktip shark 

Negaprion brevirostris + 
lemon shark 

Sphyrnidae - hammerhead 
sharks 
Sphyrna tiburo - 
bonnethead 

Pristidae - sawfishes 
Pristis pectinata + 
smalltooth sawfish 

Rhinobatidae - 
auitarfishes 

8 Juveniles: fish (Arius felis, Odum 1971a 
Lophogobius, Mugil cephalus, 

-- - 

Brevoortia patronus, 
?ricropogon undulatus), crus- 
taceans includins ~enaeid - - 
shrimp, blue crabs 

+ 11 Fish (Caranx sp., Centrowmus Clark & 

undecimalis, Chilomyctetus von Schmidt 
schoepfi, Arius felis, Lacto- 1965 
phryS trigonnus Lagodon 
rhomboides) , crabs 

+ 4, 5, 7 Young: crustaceans, fish Randall 1967 
~dults: fish, crustaceans Clark & von 

Schmidt 1965 

+ + 2, 5 Mantis shrimp, shrimp, isopods, Bohlke & 

barnacles, bivalve molluscs, ~haplin 1968 
cephalopods, fish 

+ 5, 15 Fish, benthic crustaceans Bohlke & 
Chaplin 1968 

Torpedinidae- electric 
rays 
Narcine brasiliensis- + + 1,17,18 
lesser electric ray 

Rajidae - skates 
Sja texana 
roundel skate 

Crustacea , fish, annelids Reid 1954 
+ 1 

Dasyatidae - stingrays 
Dasyatis americana - t. + + 2,4,5,7 Fishes , s ipuncu l fdandpo ly -  Randall 1967 
southern stingray chaete worms, crabs, bivalves, 

shrimp, mantis shrimp 

Dasyatis sabina + + 2, 8, 13, Benthic invertebrates inclu- Darnell 1958 
Atlantic stingray 17 ding bivalves, xanthid and 

portunid crabs, shrimps, 
amphipods, annelids, chirono- 
mid larvae 

Gymnura micrura - 
smooth butterfly 
ray 

Urolophus jamaicensis- 
yellow stingray 

17 Fish, moPluscs, annelids, Peterson & 
shrimp, other small peterson 1979 
crustaceans 

+ 1 probably small burrowing Bohlke & 
invertebrates Cfiaplin 1968 

a~his and all subsequent Odm. 1971 citations refer to W.E. 0d.m 1971. 



Myliobatidae - eag le  r a y s  
Aetobatus n a r i n a r i  - + 2 Clams, o y s t e r s  
s p o t t e d  eag le  ray 

- 5 %  
Family and Species  m v a  

a u 

Bohlke 6 
Chaplin 1968 

Lepisoste idae - gars  
Lepisosteus  p l a t y r h i n c u s -  t 
Flor ida  gar 

%I 

r( 

u x 
+ u r n m u m  
& m w r n o r n  

2 ,  7, 13, Fish  ( p o e c i l i i d s ,  cypr inodonts ,  Wum 1971 
15 sma l l  cen t ra rch ids ) ,  crustaceans 

(car idean sh r imp) , insec t  l a rvae  

U 

2 Diet 
m %I x Reference Die t  Reference Comments 

Elopidae - t a rpons  
 lops saurus  - + + + 2,  3 ,  7,  < 45 m: zooplankton, chaeto- Odum 1971 
l a d y f i s h  8 ,  13, 15 gnaths ,  polychaete  Austin & 

worms Austin 1971 
> 45 m: car idean & penaeid 

shrimp, va r ious  sma l l  
f i s h  

Megalops a t l a n t i c a  - 
tarpon 

ALbulidae - bone f i s h e s  
Albula - 
bone? f i s h  

Anyul l l idae - e e l s  
Rngui l la  r o s t r a t s  - -+ 
American e e l  

+ + + 7,  8 ,  13 ,  < 45 m: plankton (cyclopoid Odum 1971 Obligate  a i r  
15  copepods Austin & brea the r s .  Juv- 

j w e n i l e s  : f i s h  (Cambusia, Austin 1971 e n i l e s  i n h a b i t  
Fundulus h e t e r o c l i t u s  , Mugil shal low brackish 
ceghalus)  , crustaceans (os t r a -  pools  low i n  oxygen, 
cods,  car idean shrimp) o f t e n  con ta in ing  
a d u l t s :  wide v a r i e t y  of f i s h ,  H2S (Wade 1962) 
c r a b s ,  shrimp, ctenophores, 
i n s e c t s  

Ophirhthidae - snake 
e e l s  

Myrophis punc ta tus  t 4  

speckled warn e e l  

Ophichthus games; - 
shrimp e e l  

Clujteidae - h e r r i n g s  
Brevnort ia  - + + 
y e l l a u f ~ n  s a r d i n e  

Brevoort ia  patronus - + 
Gulf menhaden 

+ 4,  5 Clams, s n a i l s ,  shrimp, smal l  Bohlke & 

f i s h  Chaplin 
1968 

6 ,  1 3  50-200 mm: amphipods, isopods Cdum 1971 
180-472 mm: xanthid  crabs,, 

car idean shrimp, f i s h  
(Xophogobius cypxinoidesj  

2 ,  3 ,  17,  Polychaetes ,  Branchiostoma Sprlnqer  & Members of  t h i s  
18 caribaeum, sand c rabs  Woodburn family burrow 

1960, i n  mud o r  sand,  
Reid 1954 undersampled by 

most methods 
(Bohlke s Chaplin 
19681 

38-48 m: phytoplankton, zoo- Darnel l  
p lankton,  p l a n t  fraqments, 1958 
d e t r i t u s  
85-103 nnn: orqan ic  mz t t e r ,  s i l t ,  
diatoms, Poraminiferans, copepods 



Habitat  Type 

Diet 
Reference Corments Family and Species Diet 

Harenaula pensacolae 
scaled sardine 

+ + + 2, 3, 8. 30 mm: planktonic copepods. Odum 1971 
13  zoea, naup l i i ,  l a r v a l  f i s h  

64-96 m: amphipods. 
harpact icoid copepods, isopods, 
mysids, chironomid l a rvae  

Opisthonema o ~ l i n u m  - 
Atlan t ic  thread her r ing  

+ + + 2, 3, 5, Copepods, polychaetes, shrimp, Odum 1971 
13, 17 f i s h e s ,  crab l a rvae ,  mysids 

Sardinel la  anchovia 
Spanish sa rd ine  

Engraulidae - anchovies 
Anchoa cubana - -- 
Cuban anchovy 

.I- 2, 16 Ostracods, copepods Springer 6 
Woodburn 
1960 

+ + 2, 3, 13, 32-114 mm: copepods, isopods, Springer & 
16, 17 mysids, caridean shrimp, small Woodburn 

bivalves 1960 

Anchoa hepsetus - 
s t r i p e d  anchovy 

Anchoa lanprotaenia - 
bigeye anchovy 

Anchoa m i t c h i l l i  - - 
bay anchovy 

+ + + 1, 2,  3, c25 nun: microzooplankton Odum 1971 
5. 7, 8. 31-62 mm: amphipode, zooplank- 
13,  16-18 ton, mysids, ostracods,  p lan t  

d e t r i t u s ,  copepods, small molluscs, 
chironomid l a rvae  

Synodontidae - 
l i z a r d f i s h e s  

Odum 1971 + + + 1-3, 5 .  8. Small f i s h ,  crabs,  shrimp, 
17. 18  polychaete worms 

Synodus foetens - 
inshore l i z a r d f i s h  

Catostomidae - suckers 
A f reshwater  
s t r a y  

Erin saon s u c e t t a  - 
* s ~ -  

I c t a l u r i d a r  - freshwater 
c a t f i s h  

Ic ta lu rus  n a t a l i s  - 
yellow bullhead 

A freshwater 
s t r a y  

Noturus gyri_"_"u_K - 
tadpole madtom 

A freshwater 
s t r a y  

Arri idae - sea c a t f i s h e s  
Arius £ e l i s  - sea c a t f i s h  + + + 2, 3, 5, 100 mm: copepods, zooplankton Odum 1971 

7 ,  8 ,  13, amphipods, mysids, chironomid 
17 larvae,  isopods, small crabs 

100-200 rmn: benthic  Inverte- 
b ra tes  
200-330 m: crabs,  amphipods, 
mysids, f i s h e s ,  bark, c rayf i sh ,  
caridean and penaeid shrimp 

Bagre marinus - 
g a f f t o p s a i l  c a t f i s h  

+ + 2. 8, 17 262-445 nan: blue crabs,  s m l l  Odwn 1971 
f i shes  

Batrachoididae - toadfishes 
Opsanus beta  - 
Gulf toadfish 

+ + + 1-3, 5, 18-60 mm: amphipods, chironornid Mum 1971 S a l i n i t i e s  
7, 12,  13, larvae,  mysids, isopods, few f i s h  10 of00 > 
15, 17,  18 .60 mm: caridean shrimp, xarathid (Qdum 1971) 

crabs,  snapping shriinp, mussels. 
f i s h ,  mngrose  bark 



Rabipat  T y p e  

Die t  
D ie t  

Reference Comments 

Por lchthys  porosissimu& + 3, 18 
A t l a n t i c  midshipman 

Gobiesocidae - c l . i ng f i shes  
Gobiesox stnimosus - + + + 2 ,  3, 5 ,  8 10-32 mm: amphipods, i sopods ,  Odum 1971 
s k i l l e c f i s l ~  chironomid l a r v a e  

Ogcocephalidae - b a t f i s h e s  
Ogcocep1~alus nasu tus  + + 1 8  Small b i v a l v e s ,  gas t ropods ,  
sho r tnose  b a t f i s h  polychaetes  

Reid 1954 

O~coceplra lus  r a d i a t u s  + 2 ,  11, 17,  
polka-dot b a t f i s h  1 8  

Gadidae - codf i shes  
Urojhycis  f lor i .danus  + -- 1 2  Amphipods, i sopods ,  mysids, Spr inger  & A spec ie s  more 
Southcrn hakc decapod shrimp, polychaetes ,  Woodburn common a t  more 

i n s e c t  l a r v a e ,  f i s h e s  (Lagodon 1960 n o r t h e r l y  
rl~omboides, !aralichthys. l a t i t u d e s  

al&&l?.E2) 

Ophidi idae  - cusk-eel-ti, 
brotuLas 

Guntct r icht i iy  lun&i&mi> f ----- - . 17  
gold  b ro tu ln  

s-aforo-? + + 1, 3 
kcy brocula  

9?1idi01: kL'Lkrooki f j 
bank cusb-ecli 

Exococ+tidae - flying- 
f i c h e s ,  ha t ibeaks  

Chriodorus a t h e r i n o l d r b  --- ---- 
hardhead lxalfh%roak 

E1yporha1n~lI~ un i fnsc i  atus- r + 2 ,  3 ,  5 
halfbeak 

Bolonirlae - naccllefisiles 
St rongylura  sg .I- + 2 ,  7 ,  15 
A t l a n t i c  n e e d l e f i s h  

S t ronqy lu ra  tlmucu + 4 4 2 ,  3 ,  11 
timucu 

juven i l e s :  zooplankton inc lud ing  Carr  & 

c r a b  megalops, v e l i g e r s  , cope- Adams 1973 
pods 
130-199 mm: e p i p h y t i c  a l g a e ,  
d e t r i t u s ,  s e a g r a s s  

357-475 mm: smal l  f i s h e s ,  D~L-nel l  
i n s e c t s ,  shrimp, smal l  anmililts 1958 
o f  vascu la r  p l a n t  m a t e r i a l  and 
a l y a e  

I n  grassbeds  - Brook 
Juven i l e s :  polychaete  worms, 1975 
cumaceacs, f i s h  
Adul ts :  f i s h ,  p r imar i ly  
a th t ? r in ids  

159-378 rm: anchovies ,  shrimp r a n d a l l  Pr imari ly  i n shore  
1967 s p e c i e s , f r e e l y  

e n t e r s  f r e sh -  
wa te r  (Randal l  
1967) 

250-1370 m: f i s h e s ,  s h r i a p  Randall Open water  and 
1967 in shore  s u r f a c e  

wa te r  i n h a b i t a n t  
(Voss e t  a l .  
1969) 



Habitat Type 

Diet 
Reference Comments Diet 

Cyprinodontidae - k i l l i -  
f i shes  

Adinia xenica - 
diamond k i l l i f i s h  

2,  8,13-15 Plant d e t r i t u s ,  diatoms, Odum 1971 
amphipods, harpacticoid 
copepods, insec ts  

Cyprinodon variegatus 
sheepshead minnow 2 ,  7, 8, Plant d e t r i t u s ,  algae, Odum 1971 

13-15 nematodes, small crustaceans 

Floridichthys carpio 
goldspotted k i l l i f i s h  

2 ,  3, 8, Amphipods, ostracods, isopods, Odum 1971 
13 copepods, chironomid la rvae ,  

nematodes, p l a n t  d e t r i t u s ,  algae 

Fundulus confluentus 
marsh k i l l i f i s h  

2, 8,13-15 Caridean shrimp, small f i s h ,  Odum 1971 
(Gambusia a f f i n i s )  , amphipods, 
isopods, adul t  & l a rva l  insec ts ,  
copepods, mysids, ostracods,  
a lga l  filaments 

Fundulus chrysotus + 
golden topminnow 

Rare i n  mangrove 
zone, headwater 
pools only 

Fundulus grandis + 
Gulf k i l l i f i s h  

2,8,13-15 Amphipods, isopods. xanthid Odum 1971 
crabs, chironomid larvae,  
t e r r e s t r i a l  insec ts ,  s n a i l s ,  
algae,  small f i s h  (poec i l i ids )  

Fundulus he te roc l i tus  
Mmichog 

7 Small crustaceans (amphipods, Peterson & 

isopods, ostracods, tanoids,  Peterson 
copepods), d e t r i t u s ,  polychaete 1979 
w o r n ,  insec ts ,  sna i l s ,  inver- 
t ebra te  eggs 

Fundulus seminolis -- 
Seminole k i l l i f i s h  Primarily a 

freshwater form, 
headwater pools 
only 

Jordanella  f lo r idae  
f lagf i sh  Primarily fresh- 

water, c o m r r  i n  
pools in  headwater 
regions 

Lucania 
bluefin k i l l i f i s h  

2, 8, 13-15 Small crustaceans (copepods, odum 1971 
cladocerans, os t racods) ,  insec t  
larvae 

Headwater pools 
and channel 

Lucania parva 
rainwater k i l l i f i s h  

1-3, 5, 8 ,  (20 m: planktonic copepods Odum 1971 
13-15, 17 21-37 m: amphipode, mysids, 

chironomid larvae,  ostracods,  
molluscs, plant  d e t r i t u s  

Poecil i idee - l ivebearers  
Gambusia a f f i n i s  -- 
mosquitofish 

2 ,  3, 7 ,  A v e r s a t i l e  feeder: amphipods, odum 1971 
13-15 chironomid larvae,  hydracarina, 

harpacticoid cnpepods, s n a i l s ,  
an ts ,  a d u l t  insec ts ,  p l y c h a e t e  
worms, ostracods, mosquito pupae, 
algae 

Gambusia rhizophorae + 
mangrove gambusia 

Fresh and brackish 
water i n  P&izophora 
swamps, northern 
Cuba, southeastern 
Florida 



Habitat Type 

Diet 
Reference Coaments Diet 

Heterandria f o m s a  t 

l e a s t  k i l l i f i s h  
8. 14, 15 Chironomid larvae,  harpacticoid Odum 1971 

and planktonic copepods, clado- 
cerans, t e r r e s t r i a l  insec t s ,  
algae, diatormr 

Poeci l ia  l a t ip inna  + 
s a i l f i n  molly 

+ 5. 7, 8 .  Plant  d e t r i t u s ,  a lgae,  diatoms Mum 1971 
13-15 

Atherinidae - s i lve rs ides  
Allanet ta  harringtonensis + 5 39-60 m: copepods, f i s h  larvae, Randall 
reef s i lve rs ide  polychaete lsrvae 1967 

Membzas martinica -- 
rough s i l v e r s i a e  

+ + 2, 5, 11 Small zooplankton crustaceans, Peterson & 

juvenile & l a r v a l  f i shes ,  peterson 
insec t s ,  d e t r i t u s ,  s n a i l s  1979 

Menidia be ry l l ina  + + t 2,  3, 8, Insects ,  copepods, chironomid Odum 1971 
tidewater s i lve rs ide  11, 12. larvae,  mysids, amphipads 

13, 17, 
18 

Syngnathidae - 
pipefishes,  seahorses 

Corythoichthys 
a l b i r o s t r i s  
whitenose pipefish 

Associated with 
vegetated a reas  (Tabb 
& Manning 1961) 

Hippocornpus erectus 
l ined seahorse 

Hippocmpus zosterae 
dwarf seahorse 

Intimately associated 
with unattached algae 
(Tabb & Manning 

o r  grassy 
a reas  (Springer & 

Woodburn 1960) 

Micrognathus cr inigerus + + 
fringed pipef i s h  

1, 5 ,  10 52-82 m: copepcds, micro- 
crustaceans 

Reid 1954 

Syngnathus f lo r idae  + + 
dusky pipefiah 

3 5 Caridean shrimp, amphipads, 
tanaids,  isopods 

B r w k  1975 

Syngnathus lou i s  ianac + + 
chain pipefish 

1 -  1 Copepods, amphipads, small 
16-18 shrimp 

Reid 1954 Inhabi t  grassy 
f l a t s  (Springer & 

Woodburn 1960) 

Syngnathus scove1l.i + + +  
Gulf p i g e f ~ s h  

1-3, 5, 11, Amphipods, isopcds, tanaids,  
16-18 copapoas, t iny  caridean 

shrimp, gastropcx5s (Bittium, 
Mitrel la)  

Brook . 197 5 
Springer 6 
Wooclburn 1960 
Reid 1954 

3ngmethua spr lnger i  + 
hll p i p e f ~ a h  

3ngnathus $unck~xi  + 
Pugnose piperfish 

Associated with 
vegetated a reas  
(Tabb & Manning 
1961) 

Syngnathus pelagicus 
sargassum pipef i s h  

Centropoziidae - s n w k s  
Centropsmus p r~ra l l e luo  + 
f a t  snoak 

Family a s  a whole 
shows preference 
f o r  es tua r ine  man- 
grove h a b i t s t  
(nivas 1962) 

Centtopbmw pect inatus + 
tarpon snook 



Habita t  Type 
4 I 

Diet 
Reference Comments 

Centropomus undecimalis + + + 2, 5 ,  7 ,  8, Juveni les :  car idean shrimp, 
snook 1 ,  3 14 small cyprinodont f i s h e s ,  

gobies, mojarras 
Adults: f i s h ,  c rabs ,  penaeid 

shrimp, c ray f i sh ,  snapping 
shrimp 

Odum 1973 By f a r  most 
Austin 6 abundant of 
Austin tb ree  species  
1971 (Rivas 1962) 

Serranidae - sea basses  
Cen t ropr i s t i s  s t r i a t a  + 11 Family i n  general  carnivorous 
black seabass on f i s h ,  crustaceans 

Diplectrum formosum + + 2 ,  3 ,  11, Caridean & penaeid shrimp, 
sand perch 16-18 copepods, c rabs ,  f i s h  

Epinephelus its j a ra  + + + 2,5, 7 , 8 ,  Juveni les :  penaeid shrimp, 
jewf i s h  11, 13, 15 xan'ihid crabs  

Epinephelus & 
red grouper 

Epinephelus s t r i  a t u s  
Nassau grouper 

:}"popF?tr;s pue l l a  
J a r r e  nam e t  

Mycteroperca &crolepis 
gag 

Centrarchidae - sunfishes  
Elassom evergladei  -- 
Everglades pygmy sunf i sh  + 

Lepomis a u r i t u s  
redbreast  sunf ish 

Lepo1ni.s macrochirus + - 
b l u e q i l l  

1,epmis microlophus + 
redear sun£ i s h  

Lepomis punctatus  
s -p t t ed  sunf i sh  

+ 11 228-340 nun: crustaceans,  
crabs ,  f i s h e s  

+ 4,  11 170-686 nun: f i s h ,  crabs ,  
stomatopods, cephalopods, 
shrimp, spiny l o b s t e r s ,  
gastropods, b ivalves ,  isopods 

+ 11 54-98 nun: snapping shrimp, 
crabs ,  f i s h ,  mysids, stomato- 
pods. isopods 

+ + 1, 2 ,  5, 11, 71-100 mm: penaeid shrimp, 
17 ,  18 f i s h  

Randall 
1967 

Reid 1954 

Odum 1971 The most abundant 
of t h e  seabasses 
i n  mangrove h a b i t a t s  

Randall 
1967 

Randall 
1967 

Reid 1954 

Family is pr imari ly  
f reshwater ,  f i s h  
occasionai ly  en te r  
headwater a rea  
of mangrove- 
f r inged strean 

2 ,  13 ,  15 Shrimp (Palaemonetes), f i s h  Dessel le  e t   let from bake 
(Gobiosoma bosci ,  Lepomis a l .  1978 Pontchartrakn 
macrochirus) , d e t r i t u s ,  s a l i n i t i e s  1.6- 
V a l l i s n e r i a ,  amphipods, xan- 4.1 o/oo 

t h i d  c rabs ,  b lue crabs 

2 ,  15 Amghipods, blue c r& (=- Dessellc e t  Diet  from Lake 
l i n e c t e s  s w )  , xanthid al. 1976 Pontchar t ra in  

crabs ,  d e t r i t u s ,  v a l l i s n e r i a ,  s a l i n i t i e s  l.6- 
clams (ilangia cuneata: , 4.1 o/oo 

sponge ( ~ ~ h ~ d a t i a v i a t i l i s : ,  
barnacles ,  i n s e c t  larvae 

2 ,  13-15 Chironomid l a rvae ,  amphipods, Dessel le  e t  Diet: f ron  Lake 
xanthid crabs ,  clam (Ranqia a l .  1976 Fontchar t ra in  

cuneata) . sponge (Ephfdatia s a l i n i t i e s  1.6- 

f l u v i a t i l i s ) ,  d e t r i t u s  4 . 1  o/oo 

8 ,  14, 15 Cladocerans, small crabs .  ~d.m 197i S a l i n i t i e s C l 5 o / o o  
mysids, chironomids, amphipods, ioalm 1971) 

insec t s ,  molluscs, isopods, 
f i s h ,  a lgae  



Habitat w e  
' '  

Micropterw salmoides + 
largemouth bass 

13-15 Caridean shrimp, small blue Darnell 1958 
crabs,  crayfish.  xanthid crabs. 
25 species of  f i s h ,  Vall isnerie.  
Cladophore 

Apogonidae - cardinalf ishes 
Astraponon a l u t w  + + 1 . 3  
bronze card ina l f i sh  

Astrapop;on s t e l l a t u s  + ' 1  
conchf i s h  

Pomatomidae - bluefishes 
Pomatomus s a l t a t r i x  
b luef i sh  

+ 11 Young: mainly f i s h e s  (anchovies, Peterson & 
s i lvera ides .  k i l l i f i s h e s ,  men- Peterson 1979 
haden, shad, spotted sea t rou t ) ,  
shrimp, crabs,  other  small 
crustaceans, annelids, s n a i l s  

Rachycentridae - cobias 
Rachycentron canadum + + 5, 7 ,  11 Fish. crabs 
cobia 

Randall 1967 

Echeneidae - remoraa 
Echeneis neucratoides + + + 2, 1 Fish, isopods, other  crustacea Randall 1967 Members of t h i s  
whitefin sharksucker f a a l l y  a t tach  t o  

aherks and l a r g e  
bony f i shes  
(Randall 1967) 

7 58-175 mra: copepods. isopods. Randall 1967 
ver tebra te  muscle t i s sue ,  crab 
larvae,  f i s h  remains, c r w t a -  
cenna , amphipods 

Remora remora -- 
remora 

Cnrnngidae - jacks, pompanos 
Gnranx crysoa - blue - + + + 2, 4, 5, 
r m e r  7. 11 

Caranx hippoa - 
crevalla Jack 

Caranx ruber -- 
bar jack 

Chloroscombrus chryaurw 
Atlantic  bumper 

Ttachinotus camlinars 
Florida pompano 

+ + + 2, 5 ,  7, Fishes, crustaceans 
8, 11, 13 

Odum 1971 

+ 4, 11 160-547 m: fLsh, shrimp. mysids. Randall 1967 
stomatopode, gastropods 

c 4 + 2, 3, 5, Snapping shrimp, penneid shrimp, Tabb & 
8, 11, 13 l a r v a l  anchovies, ladyfish,  Manning 1961 

harpacticoid copepods 

Family of swift-  
swimming , carniv- 
orous f i shes  , 
often running in 
schools. wide- 
ranging7 1967) (Randall 

+ 11 sardines (Hare u la  sp.) . Springer & Cb,mmon over mud 
mole crabs&p. 1. Woodburn bottoms (Randall 
bivalves (E sp.) 1950 1967) 

+ + 7, U 15-70 rsm: myside, shrimp, Carr & Adams %re apt  t o  occur 
anchcvies, s i lvers ides ,  crabs,  1973 over sandy bottoms 
snails than r. carolinas 

(Randall 1967) 

c + + 2, 3, 7, Yo+-: s b r f q  & ather Peterson & 
11 c r w t a c e e ,  ansrall or;.lluacs Peterson I979 



Habitat Type 
1 .  I 

%Ij 
Family and Species 2 8 A Reference Diet 

Diet 
Reference Comments 

Hemicaranx 
amblyrhynchus - 
bluntnose jack 

Caranx l a t u s  -- 
horse-eye jack 

Lutjanidae - snappers 
Lutjanus a n a l i s  
mutton snapper 

12 Predaceous on o ther  f i s h e s  Darnel1 1958 Considered by 
Gunter (1956) t o  
be euryhal ine 

+ 1. 4, 11 204-620 m: crabs,  f i s h ,  Randall 1967 Cornonly found 
gastropods, octopods, hermit over sand, sea- 
crabs, penaeid shrimp, spiny g rass ,  rubble. 
l o b s t e r ,  stomatopods c o r a l  r ee f s  

(Randall 1967) 

Lutjanus apodus + + 1, 4, 5, Crustaceans (shrimp, snapping Nugent 1970 
s c h o o h a s t a r  7, 11 shrimp, blue crabs,  xanthid 

crabs, grapsid c rabs ) ,  f i s h  

Lutjanus g r i seus  + + + 1-5. 7. <SO mm: r e s ide  i n  grassbeds Odum 1971 By f a r  the most 
gray snapper 8, 11-13. feeding on s m d  crustaceans, abundant snapper 

15-16 insec t  l a rvae  i n  mangrove 
95-254 rum: r es ide  i n  mangrove h a b i t a t s  
creeks feeding on crustaceans 
(snapping shrimp, xanthid crabs. 
penaeid shrimp, crayfish,  caridean 
shrimp), f i s h  including gobies, 
anchovies, poec i l i ids ,  e e l s ,  
k i l l i  f i shes  

Lutjanus jocu 
dog snapper 

+ 1 190-630 m: f i s h ,  crabs, Randall 1967 
octopods, spiny lobs te r ,  
gastropods 

Lutjanus synagris  + + + 1, 2, 3, snapping shrimp, crabs, Stark h Known, from brackish 
lane snapper 5, 7, 11, anchovies, annel ids ,  molluscs Schroeder water to  depths of 

16-18 1970 220 fathoms 
(Randall 1967) 

Gerreidae - majarras 
Diapterus olisthostomua + 
I r i s h  pompano 

2 110-116 mm: green algae Austin & 
(Enteromorpha f l exuosa ,  Austin 1971 
Cladophora), Ruppia maritima, 
blue-green algae (w 
lXij 116cula) 

Diap te rw plumieri + + + 2, 7 ,  5, 36-172 mm: mysids, amphipode, Odum 1971 A permanent 
s t r iped  mojarra 11-13, harpact icoid copepods, r es iden t  (Odum 

15,  18 chironomid l a rvae ,  ostracods,  1971) 
bivalves,  p lan t  d e t r i t u s  

E~tcinostomus a r ~ e n t e u t i  f + + 1-5. 7 ,  19-63 m: amphipods, Odum 1971 
s p o t f i n  mojarra 8. 11-13, chironomids, harpact icoid 

16-18 copepods, ostracods,  myside, 
molluscs, plant  d e t r i t u s  

Eucinostornw & + + -b 1-3, 5, 19-70 mm: amphipods, chironomid Odum 1971 
s i l v e r  jenny 7, 8, larvae,  harpact icoid copepods, 

11-13, molluscs, mysids, ostracods,  
16-18 p lan t  d e t r i t u s  

Euainostomus l e f r o y i  + + 10 
mottled ao ja r ra  

Gerres cinereus -- + + 2 ,  7, 11 Crabs, bivalves,  gasrropode, Randall 1967, 
y e l l a r f f n  nrojarra polychaete warms, shrimp, Austin & 

ostracods Ausein 1971 

Paaadasyidae - grunts  Family carnivorous though r a r e l y  Randall 1961 Moat s h e l t e r  on 
piscivorous c o r a l  reef by 

day, feed On 
grassy f l a t s  by 
n igh t  (Randall 
1967) 



Habitat Type . . 

Diet Family and Species d 2 
Diet 

Reference Comments 

Anisotremus virginicus 
porkf i sh  

2 
d o  a $ $ , ; ,  

+ 11 112-264 mm: b r i t t l e  s t a r s ,  crabs, Randall 
shrimp, polychaetes , isopods, 1967 
bivalves, stomatopods , gastropods 

d 

o" Reference 

Haemulon aurolineatum + 1 ,  4, 11 97-170 mm: shrimp & shrimp la r -  Randall 
tomtate vae, polychaetes, hermit crabs,  1967 

amphipods, copepods, gastropods, 
bivalves 

Haemulon carbonarium 
Caesar grunt 

Haemulon flavolineatum 
French grunt 

1 156-273 mm: crabs,  g a s t r o p d s ,  Randall 
sea urchins, chi tons,  p l y -  1967 
chaetes, b r i t t l e  s t a r s ,  slpun- 
culid worms, shrimp 

4 113-228 mm: p l y c h a e t e s ,  crabs,  Randall 
sipunculid worms, chitons, 1967 
holothurians, isopods, shrimp, 
bivalves 

Haemulon p a r r a i  + + 1, 7 Benthic invertebrates including Randdl1 
s a i l o r ' s  choice shrimp, crabs,  amphipods, gas- 1967 

tropods, polychaete worms, 
bivalves 

Haemulon plumi e r i  
white grunt 

tiaemulon album -" - 
margate 

+ + 1 ,  2, 11,lR 130-279 mm: crabs,  polychaete Panda11 
worms, sea urchins, sipunculld 1967 
wrms, gastropods, shrimp, b r i t t l e  Reid 
s t a r s ;  "juveniles: copepods, mysids 1954 

7 Benthic invertebrates including Randall 
crabs,  shrimp, polychaete worms, 1967 
amphipods, copepods, s n a i l s ,  
bivalves 

HaRmulon sciurus -- + + + 1 ,  3, 5, Benthic invertebrates including Randall 
bluestr iped grunt 7 ,  11 crustaceans, molluscs, annelid 1967 

worms 

Orthopristis_ chrysop- + + 1-3, 5, Juveniles: 16-30 mm: plankton Carr & Strong preference 

l 3 X 3  11, 16-18 including copepods, mysids, Adams f a r  vegetated sub- 
plgf i sh  post larval  shrimp 1973 s t r a t e  i n  bay 

>30 mm: polychaetes, shrimp, areas (Weinstein 
amphipods e t  a l .  1977) 

SpmPdae - porgies 
Axchosargus prohtocepha- + + + 2, 3, 5,  7 ,  i4O mm: i n  grassbeds -copepods, 
l u s  - 0 ,  11-13, amphipods, chironmid larvae,  
nhoepshead 17-18 myslds, algae, molluscs 

>40 mm: i n  mangrove creeks - 
mussels, f a l s e  mussels, crabs,  
snapping shrimp, crayfish,  
hydrazoms, algae, p lan t  
d e t r i t u s  

32-85 m: i n  Puerto Rico man- 
groves - 100% blue-green 
algae (Lyngbya mojuscula) 

e h o s a r g u s  r h w k a i d a l i s  
sea breato 

+ 5 ,  11 105-220 m: seagrassas Cymxlocea 
& Thalassia, algae,crabs, gas- 
tropods, invertebrate eggs, 
bivalves 

Odum 1971 
Austin & 

Austin 
1971 

Randall Usually seen i n  
1967 mangrove sloughs, 

ra re  on reefs  
(Randall 1967) 

+ + 11, 17 Copepods, amphipods, mysids, rteid 1954 Associated with 
shrimp, bivalves, gastropods grassy f l a t s  (Tabb G 
(Mitrel la ,  Ritti.,im), polychaetes Manning 1961) 

+ 1 190-250 m: polychaetes, brittle handall 
sk-r ,  b>z;:-rzc, 5 c d t  crabs, 3067 
sea urchxns, gastropods, chitons 



Habitat Type 

Reference Diet  
Diet 

Reference CnmmentF 

Lagodon rhaaboides + + + 1-3,5, 7 , 8 ,  In mangrove creek-scorched Odum 1971 Strong preference 
pinf ish 11, 12, 16- mussel, mysids, amphipcds, Reid 1954 f o r  vegetated sub- 

18 f a l s e  mussel s t r a t e  i n  bay a reas  
In Whitewater Bay-1000 p lan t  (Weinstein e t  a l .  
material 1977) 

sciaenidaa - dxums 
Bai rd ie l la  batabana 
blue croaker 

Bai rd ie l la  chrysura + + + 1-3, 8,  11- Larvae: copepods, l a r v a l  f i s h  Wum 1971 
s i l v e r  perch 13,  16-18 (Menidia beryll ina)  

127-181 m: f i s h  (Anchoa 
m i t c h i l l i )  , mysids 

w o a c i o n  arenaxius + +  2, 12, 17,  Mostly f i sh ,  caridean shrimp, Springer& 
sand seatrout  18 mysida, amphipode, c rab  zoea woodburn 

1960 

Cynoscion nebulosue + + + 1-3, 5, 7 ,  <SO mm: copepods, planktonic Odum 1971 
spotted seatrout  8 ,  11-13, crustacea 

15, 17, 18  50-275 m: f i s h  1- cephalus, 

stomus gula, g. argenteus, 
Cyprincdon varieqatus,  
Gobiosana robustum, Anchoa --- 
snitchil l i )  

Menticirrhus americanus 
Southern kingf i s h  

2 ,  7 ,  12, 4 0  mm: planktonic organisms Springer L 
17-18 >4O nun: filamentous algae,  Wocdburn 

demids ,  farams, amphipods, 1960 
mysids, copepods, ostracods, 
isopods, chaetognaths, bi- 
valves, s n a i l s ,  polychaete 
wonns 

2 ,  11-12, Fish, benthic crustaceans Springer 6 
17-18 Woodburn 

1960 

Menticirrhus l i t t o r a l i s  + + 2 ,  Polychaetes, bivalves ( ~ 1 ,  Springer & Hostcoanaon off sandy 

Gulf kingfish sand crab Emerita), razor clams Woodburn beaches ( ~ p r i n g a r  & 

1960 woodburn 1960) 

Micropogon undulatus + + 11, 12 Juveniles: copepods, mysids, Springer 6 
Atlantic  croaker caridean shrimp, polychaete Woodburn 

worms, insec t  larvae,  iso- 1960 
pods, small bivalves 

Pogonias cromis + + + 2, 7, 11, <lo0 mm: molluscs, xanthid Darnell 
black d r u m  12, 15 crabs 1958 

>lo0 m: bivalves, amphipocis, 
blue crabs, penaeid shrimp, 
caridean shrimp 

Sciaenops oce l la ta  + + + 2 , 3 ,  5 , 8 ,  -10 m: planktonic organrsms Odun 1971 
red drum 11-13, 15, (copepods, crab zoea, l a rva l  

17 f l s h )  
34-42 m: rnyslds, amphrpocis, 

caridean shrlnp 
>50 m.r xanthrd & portunzd 

crabs,  penaeld shrimp, 
e m 1 1  f l r h  

308-403 m: xanthid crabs 

EguetW sculai.natus 
high-hat 

13. 68-152 m: shrlmp 6 skrmp F(andaL1 Characterls trc  of 
larvae,  ~sopocb ,  stnmatopod 1967 cora l  r e e f s  
raawae, cope:vudii, ar-phipZe ( P ~ ~ s I ?  1967) 



Habitat Type 

Family and Species Diet  
Diet 

Reference Comments 

Ephippidae - spadef ishes  
Chaetodipterus  + + 2 ,  3 ,  5,  Worms, crus taceans ,  deb r i s  Darnell  
.At lant ic  spadef i s h  11, 16-18 1961 

Pomacentridae - 
damself ishes  

Abudefduf s a x a t i l i s  
s e rgean t  major 

1,abridae - wrasses 
tlalichoeres b i v i t t a t u s  
s l i p p e r y  d i ck  

sca r rdae  - p a r r o t f l s h e s  
Nlcholslnd u s t a  
emerald p a r r o t f l s t ~  

Scarus  coaruleus  -- -- 
b l u e  p a r r o t f i s h  

Sc&rus c ro i cens l s  
s t r i p e d  p a r r o t f ~ ~ h  

%%isom chrvso t e r m  
redt-akroCf tzh--- 

w r z s o m a  v r r l d e  
s t a p l l g h t  pa r ro t f  l a b  

101-135 mm: copepods, a lgae ,  Randal l .  
fish eggs, f i s h ,  shrimp l a rvae ,  1967 
polychaetes 

67-153 mm: crabs .  s ea  urchins ,  Randall 
p l y c h a e t e s ,  qastropods, b r i t t l e  1967 
s t a r s ,  b ivalves ,  shrimp, f i s h ,  
hermit crabs  

+ + 1, 2 ,  11, 18 Family herbivorous, feeding Randall 
p r imar i ly  on a lgae  growing 1967 
on hard s u b s t r a t e s ,  secondar i ly  
on seagrasses  

Juven i l e s  (7-12 nun) 
i n h a b i t  very shallow 
nearshore  sandy 
beaches. Bear a 
decept ive  resemblance 
t o  i n f e r t i l e  red 
mangrove seed pods 
(Breder 1946) 

C h a r a c t e r i s t i c  family  
of co ra l  r e e f s  (Ran- 
d a l l  1967) 

A h a b i t a t  g e n e r a l i s t :  
r e e f s ,  grassbeds ,  
rock p i l e s ,  wharfs 
(Bohlke & Chaplin 
1968) 

Shallow water patch 
r e e f s ,  sand to t toms,  
grassbeds ( m n d a l l  
1967) 

Family cha rac t e r i s -  
t i c  of c o r a l  r e e f s ,  
ranging i n t o  grass-  
beds 

Requires near  marine 
s a l i n i t i e s  (Tabb & 

Manning 1961) 

Mugi i ldde  - rnulletn 
-1 cephalus + + + 2 ,  3. 5 ,  7. 8, Inorganic  sedrments,  f i n e  Mum 1471 
s t r ~ p e i !  mu l l e t  11-13, 15 d e t r r t u s ,  mxcro-algae 

Mu& r+-!E - 
white  mu? l ~ t  

+ + + 2 ,  5 ,  '7 ,  25-73 mm: p l a n t  d e t r a t u s ,  blue-  ust tin 6 
11-12 qreen a lgae  (kyngbya-majuscula) Austrn 

1971 

Muij i l  t r lchodun + * + 2,7, 11,  12 
f a x i t a l l  mul le t  

Sphyrsenidae - barracudas + + + 1-5, 7 .  8 ,  135-369 m: f i s h  (~ucinontomus Odum 1971 Sa i in i . t i e s  > lo  o/oo 
Sphyraena -&rracuda 11, 1 3  p&, Menidie beryll::na, A*- (Odum 1971) 
g r e a t  barracuda probatocephalus) 

9 r s t o q n a t h l d a e -  ]swi~.shes Famrly l ~ v e s  rn 

c&~stoynathus maxt i losus  + 1 53-110 nm. sl l r imp,  ~ s o p o d s ,   anda all burrows ~ . n  sediment, 

mot t led  ~ a w f l s h  f zshes , polychaetes , myslds , 1967 o f t en  l n  v l c l n l t y  
e=r;ep3d~ of r e e f s  (Randall 

19671 



Habitat Type 
0 8 

Clinidae - c l i n i d s  
Chaenopsis o c e l l a t a  
bluethroat  pikeblenny 

d l 2  
Family and Species ! wu, 

5 Family appears t o  be carnivorous Randail Inshore on rock, 
+ on benthic invertebrates 1967 c o r a l  o r  rubble 

subs t ra tes  (Ran- 
d a l l  1967) 

Paraclirius mannoratus + 1 ,  5, 11 
marbled blenny 

01 a 

urn 2 k 

Paraclinus fasc ia tus  
banded blenny 

" 
2 Diet 
o a  ! 2 Reference Diet Reference Coments 

stathmonotus hemphilli + 1 
blackbelly blenny 

Blenniidae - combtooth 
blennies 

Chasrrodes saburrae -- 
Florida blenny 

Blennius marmoreus -- 
seaweed blenny 

+ + 1-3, 11, 17, 21-25 mm: amphipads car r  & Comon brackish 
18 25-60 mm: amphipods, d e t r i t u s ,  Adams water blenny (Tabb 

p l y c h a e t e s ,  s n a i l s  1973 & Manning 1961) 

+ 5 Algae, organic d e t r i t u s ,  Randall 
b r i t t l e  s t a r s ,  polychaetes, 1967 
hydroids 

Blennius n ichols i  
p- 

highfin blenny 

Callionymidae - dragonets 
C a l l i o n e  pauciradiatus + 1 , 5 , 1 1  
spotted dragonet 

Eleotr idae - sleepers 
Dormitator maculatus + 
f a t  s leeper 

Gobiidae - gobies 
~a thygobius  soporator + + + 2, 3 ,  8, 11, Caridean shrimp, chironom'id Odum 1971 
. f r i l l f i n  goby 17 larvae,  amphipods 

Gobionellus -pas t a t u s  + 
sharp ta i l  goby 

12 Filamentous algae (m- Springer & 
morpha), ostracods, copepods, Xoodburn 
insec t  larvae 1960 

Gobionellus shufe ld t i  + + 2, 17, 18 
freshwater goby 

Gobionellus smaragdus + + c 3, 8, 10, 11, 
emerald goby 15 

Gobiosoma bosci -- + + 2,  12 Small crustaceans including peterson 6 
naked goby amphipods, annelids, f i s h ,  Peterson 

f i s h  eggs 1979 

Gobiosoma longipala + 17 
twoscale goby 

Gobiosoma macrodon -- 
t i g e r  goby 

Gobiosom robustum -- + + + 1-3, 5, 8, Amphipods, mysids, chironomid Odum 1971 
code goby 11, 16-18 larvae 

Freshwater and 
low s a l i n i t y  a reas  
(Darnell 1961) 

mphoqobius cyprinoldes + + + 1-3, 7,  8, A v e r s a t i l e  feeder: amphiMs,  Odm. 1971 
crested goby 13 mangrove d e t r i t u s ,  filamentous 

algae,  mysids, caridean & 
penaeid shrimp, polychaete 
worms, o s t r a c d s ,  bivalves, 
chironomid larvae,  hazpacticoid 
copepods, isopods, ran th id  
crabs,  s n a i l s  



Habitat  Type 

* a  2 Diet  
Family and Species Diet Reference Comutents 

Hicrogobius gulosus + + 2 , 5 , 8 ,  11- Rmphipods, copepods, chironomid Odum 1971 
clown goby 13 ,15 .17 .  l a rvae  

18 

Hicrogobius microlepis  
banner goby 

+ 5 Planktonic organisms Birdsong 
1981 

Microsobius tha lass inus  + + 2, 3, 12 Small crustaceans including Peterson 6 
green goby amphipods, other  inver tebra tes  Peterson 

1979 

Scombridae - mackerels, 
tunas 

ScOmberOnD3rus maculatus + + + 2 ,  12, Adults feeding on penaeid Tabb & 
Spanish mackerel 15 shrimp migrating from t i d a l  Manning 

stream 1961 

Scomberonmrus cava l la  
king mackerel 

+ 11 350-1022 m: f i s h  Randall 
1967 

Scorpaenidae - scorpion- 
f i s h e s  

Scorpaona b r a s i l i e n s i e  + + 7 ,  11 Shrimp, o ther  crustaceans, Randall 
barbf i s h  f i s h  1967 

Scorpaena grandicornis  
plumed scorpionfish 

+ 1 37-102 nm: shrimp, f i s h ,  Randall Host o f t e n  found 
un iden t i f i ed  crustaceans 1967 i n  seagrass  

h i g l i d a e  - searobins 
Prionotus salmonicolor + 5 
blackwing searobin 

Prionotus s c i t u l u s  -- + + + 3 11 Small molluscs, s h r h p ,  c rabs  Peterson & 
leopard searobin 16-18 f i s h ,  small crustaceans Peterson 1979 

(ostracods,  cumaceans) 

Prionotus t r i b u l u s  -- + + + 1-3, 11-13, Shrimp, crabs, f i s h e s ,  amphi- Peterson & 
bighend searobin 17, 18 pods, copepods, annel ids ,  Peterson 1979 

bivalves,  sea  urchins 

Bothidae - lef tayt t  
f loundera 

b t h u r ;  o c e l l a t u s  -- 
eyed f lounder  

Citharichthys macrops 
s w t c e d  whiff 

Citharichthys 
sp i lop te rue  
bay whiff 

Etropus c r o e s o t w  
fr inged f lounder  

+ I, 11 68-130 m: f i s h ,  crabs, shrimp, Randall 1967 
amphipods 

+ + 1, 17,  18 Mainly mysids, a l s o  shrimp, Peterson & Recorded from 
crabs,  copepods, amphipods, Peterson s a l i n i t y  r a w e  
f i s h e s ,  annel ids  1979 2.5-36.7 o/oo 

(Darnell 1961) 

+ + 3, 11, 16 Calanoid copepods, cumsceans. Peterson & 
amphipods, mysida, shrfiap, Peterson 
crabs,  isopods, annelids. 1979 
molluscs, f i s h e s  

Pera l i ch thys  a l b i g u t t a  + + + 1-3, 7 ,  11, <45 m: em11 crustaceans,  Springer & 
Gulf flounder 12, 1 7 ,  18 including amphipode, emall Woodburn 

f i s h  1960: Reid 
r45 nm: f i s h  (pigfish,  p in f ieh ,  1954 

l i z a r d f i s h ,  bay anchovy. 
lidbrids), crustaceans 

Para l i ch thys  l e t h o s t i g m  - + 2 Mainly f i s h e s  (mullet,  m n b -  Peterson & 
Southern f lounder  den, shad, anehcvies, p in f i sh ,  Peterson 

w j a r r a s ,  croakers) ,  crabs,  1979 
~ R L ~ S  ~ l 1 ~ 8 ~ 8 ~  p e ~ e % d  
shrimp, amphipods 



Habi t a t  Type 

Family and Species  D ie t  
D ie t  

Reference Comments 

Syaciwn ~ a p i l l o s u m  T 1 
dusky f lounder  

S o l e ~ d a e  - s o l e s  
Achirus l i n e a t u s  -- -- + + + 1-3, 5, 8 ,  32-74 mm: chironomid l a r v a e ,  Odum 1971 
l i n e d  s o l e  11-13, 17- polychaete  worms, fo ramin i f e rans  

18 

T r i n e c t e s  i n s c r i p t u s  
scrawled s o l e  

T r inec t e s  maculatus - -- + + + 2 ,  3,  8 ,  14-110 mm: amphipods, mysids Odum 1971 
hogchoker 11-13, 17 ,  

18 

Cynoglossidae - tonque- 
f i s h e s  

S~nrphurus ~ i 1 a g i u s a  
blackchcek tongue£ i s h  s + + 1 ,  3 ,  11, 35-102 mm: polychaete  worms, Aust in  & 

1 2 ,  16-ltl o s t r acods ,  po r tun id  c r a b s ,  Aust in  
w a n d  Nalodule p l a n t  1971 
t 1ps 

B a l i s t i d a e  - t r i g g e r f i s h e s  
G f l l c f i s h e s  

<?L?!2?5!.!! ?.E$2.2?!L 
orange f i L c f i s h  

E3alistes ve tu l a  
yi;een cr i q i ~ r r f  i s h  

MC)ndCanthus ~ 1 1 2  d t u ~  - -- .- 
f r inged  f i l r t i s h  

4 1 , l l  s eag ras ses ,  a l g a e ,  hermit  Randall A s s o c ~ a t e d  wl th  
c rabs ,  g a ~ t r o ~ p o d s  1967 g ra s sbeds ,  sponge/sea 

f a n  h a b r t a t s  ( R a n -  
d a l l  1967, Voss 
e t  a l .  1969) 

.I. 11 130-480 nun: sea  u rch ins ,  c r abs ,  
b iva lves ,  b r i t t l e  s t a r s ,  p l y -  
c h a e t e s ,  hermi.t c r abs ,  gas t ro -  
pods, a lqae  

+ + 1, 1.1, 17 47-97 nun: Algae, o rgan ic  d e t r i -  
t u s ,  s eag ras s ,  copepods, shrimp 
6; shrimp l a r v a e ,  amphipads, 
t a n a i d s ,  polychaetes , rnol luscs  

Randall S o l i t a r y  r e e f  f i s h  
1967 ranging i n t o  g ra s s -  

beds  

Randal l ,  Closely  a s s o c i a t e d  
1967 wi th  vege ta t ed  a r e a s  
spr ingex 6 (Tabb fi Manning 
Wwdburn 1961) 
1960 

+ - 3 ,  1 R e t r l t u s ,  bryozoans, annelids, P e t e r s o n &  ~ s s o c i a t e d  w i t h  
16-18 h ~ r p a c t r c o l d  copepods, amphl- Pe t e r son  v e g e t a t e d a r e a s  (Tabb 

pods, hermit c r a b s ,  mol luscs ,  1979 & FLsnning 1961) 
d lqae ,  sea  u rch ins  

B a l i s t r s  cap r i scus  + 
gray t r i g g e r f i s h  

Or t r ac i idae  - boxfirlres 
Lactophrys 9uadracornls- + + + 1 , 2 ,  5, 7 ,  Vegeta t ion,  a l q a e ,  b iva lves  -- Reid 1954 Ycung mrmLc sea- 
scr d w l c i l   LOW^ ~ s h  11 ,  16-10 g r a s s  b l ades  

( RoWke & C h d p l ~ n  
1968) 

&-s.t$ki"i_ g i yonus + 1, 4,  11 109-395 m: c r a b s ,  b iva lves ,  Randal l  P r imar i ly  a r e s i d e n t  
crilnkfrsh polychaetes ,  s ea  u rch ins ,  a l g a e ,  1967 o f  seag ras s  (Randal l  

s eay ras s ,  gas t ropods ,  amphipods 1967) 

IacC0phrj.s t r i q u e t c r  - 
smooth t runkf  l s h  

+ 1 93-250 mm: polychaetes ,  sipim- Randal l  PruraraLy a r ee f  
c d l l d  worms, c r a b s ,  sbxunp, 1967 s p e c i e s  (Randal l  
gastroyxxis, hcrmlt: c r a b s ,  s e a  1967) 
u rch ins ,  b iva lves  

Tetraodoni ldae  - p u f f e r s  
%phoeroldes  ntp?kelus + + + 1-3, 5 ,  11, P-venlles: detritus, f e c a l  carx  & 

%sumern  ~ a t r e r  IC-18 p e l l e t s ,  zooplankton, p l y -  Mm 
chae te s ,  g a s t r a y d s ,  c r a b s ,  1973 
s h r i m p  
Adul ts :  smal l  c r m s ,  b i v a l v e s  



Habitat  Type , I 

4) 

3 0 

Diet 
Family and Species g g 8 3 g $ Reference Diet Reference Coments 

Sphoeroides speng le r i  + 4. 1, 7, 1 Crabs, bivalves,  s n a i l s ,  Randall Inhab i t s  sea- 
band ta i l  puf fe r  polychaetes, amphipods, 1967 grass ,  r e e f ,  

shrimp rubble, man- 
groves (Randall 
1967; Voss e t  a1 
1969) 

Sphoeroides testudineus + + 1, 7 85-92 mm: portunid megalops Austin 6 
checkered puffer  l a rvae ,  gastropods Austin 1971 

Diodontidae - porcupine- 
f i s h e s  

Chilomycrerus antennatus + 11 Gastropods, hermit crabs. Randall Reefs and grass-  
b r id led  bur r f  is11 isopods, crabs,  shrlmp 1967 beds (Voss 

e t  a l .  1969) 

Chilomyccerus anti11arum + 2 
web burrf i s h  

Chilomycterus echoepfi + + 1-3, 5 ,  Gastropods, barnacles ,  crabs,  Springer 6 Associated wi th  
s t r i p e d  bur r f i sh  11, 16-18 amphipods Woodburn grassbeds (Voas 

1965 e t  a l .  1969) 
S a l i n i t i e s  
225 o/oo (Springer 
& Woodburn 1965) 

Reference Numbers Key 

Bader 6 Roessler 1971 
Carter  e t  a l .  1973 
Clark 1970 
RoXm 1977 
Hudsuri et a1. 1970 
Kushlen 6 Lodge 1974 
Nugent 1970 
Mum 1971 
Rives 1969 

Seaman e t  a l .  1973 
Schmidt 1979 
Springer & Woodburn 1960 
Tahb 1966 
Tnbb. Dubrow & Manning 1962 
Tabb & Manning 1961 
Weinstein e t  a l .  1977 
Yokel 1975a 
Yokel 1975b 



APPENDIX C. Amphibians and reptiles recorded from south Florida mangrove 
swamps. 



AMPHIBIANS AND REPTILES OF FLORIDA'S MANGROVES 

Species  S t a t u s  Food Habits  

Mud T u r t l e  Abundsnt 
(Kinosternon subrubrum) 

S t r i p e d  Mud T u r t l e  
(Kinosternon bau r i  ) 

Ornate 
Diamondback Terrap in  
(Malaclemys t e r r a p i n  
macrospi lo ta  and 
M, I. rhizophorarum) - 

F l o r i d a  Red-bellied T u r t l e  
(Chrysemys ne l son i )  

Chicken T u r t l e  
(Deirochelys r e t i c u l a r i a )  

Green T u r t l e  
(Cheloni? mydas) 

Common 

Uncommon 

I n s e c t s ,  c rus t aceans ,  
mollusks 

Rare - Uncommon S a q i t t a r i a ,  Lemna, ~ a i a s  

Uncommon Crayfish,  i n s e c t s ,  Nuphar 

Uncommon 

Hawksbill  Rare 
(Eretmochclys imbr ica ta )  

Loggerhead 
(=:& c a r e t t a )  

Common 

F l o r i d a  S o f t s h e l l  
(Trionyx f e r ax )  --- - 

Algae, s n a i l s ,  dead 
f i s h  

L i t t o r i n a ,  Melampus, M, 
Anomalocardia 

A t l a n t i c  Ridiey Uncommon 
(Lepidochelys kempii) 

Green Anole 
($noi i s  c a r o l i n e n s i s )  

Cuban Brown Anole 
(Rnol i s  s a g r e i )  

Bahaman Bank Anole 
EanoIis d i s t i c h u s )  

Green Water Snake 
( ~ e r o d i a  cyclopion)  

Mangrove Water Snake 

Common 

Common 

Common 

Uncommon 

Common 

Common 

Mangrove r o o t s  and l eaves ,  
seagrasses  

Rhizophora: f r u i t s ,  l e aves  
wood, bark 

Crabs, j e l l y f i s h ,  t un i -  
c a t e s  

S n a i l s ,  c r a b s ,  clams 

S n a i l s ,  c r a y f i s h ,  mussels,  
f rogs ,  f i s h ,  waterfowl 

I n s e c t s  

I n s e c t s  

I n s e c t s  

F i sh  

F i s h ,  i nve r t eb ra t e s  



AMPHIBIANS AND REPTILES OF FLORIDA'S MANGROVES (concluded) 

Species Status  Food Habits 

Striped Swamp Snake 
(Liodytes a l l en i )  

Eastern Indigo Snake 
(Drymarchon corais) 

Rat Snake 
(Elaphe obsoleta) 

Uncommon Crayfish, s i rens ,  frogs 

Uncommon Small mammals, birds,  
frogs 

Uncolmnon Small mammals, birds 

Eastern Cottonmouth Uncomon Fish, frogs,  snakes, 
(Agkistrodon piscivorus) birds ,  s m a l l  mammals 

American Alligator Common 
(Alligator mississippiensis) 

American Crocodile 
(Cracodylus acutus) 

Giant Toad 
(Bufo m r b u s )  

Squirrel  Treefrog 
(m squirel la)  

Fish, waterbirds 

Rare Fish, waterbirds 

Common Invertebrates 

Abundant Insects 

Cuban Treefrog Common 
(Hyla septentr ional is)  

Insects,  frogs, toads, 
l i za rds  

References : Carr and Gain 1955; Ernst & Barbour 1972; 
Mahmuud 1965; L. Narcisse, R.N. "Ding" Darling 
Fed. Wildlife Refuge, Sanibell  Is., Fla.; 
personel conrmunication (1981). 



APPENDIX D .  Avifauna of south Florida mangrove swamps. 



WADING BIRDS 

Ci)nnion Naluc :;eason of 
( 1-IL in nallic) nbilnclance Occurrcncea Nest ing a Food llabi t; P ~ l g ! : e n ~ f ! ~  

F i sh  

F i sh  

Howell 1932 
Kushlan & White 1977a 

Great Egret Common 
(Casmerodius e) 

Snowy Egret  Common 
(Egret ta  =) 

Howell 1932 
Kushlan & White 1977a 
Ffrench 1966 

C a t t l e  Egret  C o w n  
(Bubulcus i b i s )  

F i sh  

F i sh  

Howell 1932 
Kushlan & White 1977a 

Great  White Heron Rare 
(Ardea herodias  
o c c i d e n t a l i s )  

Howell 1932 
Kushlan & White 1977a 

Great  Blue Heron Common 
(Ardea herodias)  

F i sh  

F i sh  

Howell 1932 
Kushlan & White 1977a 

Reddish Egret  Uncommon 
(Dichromanassa 
ruf  escens) 

Howell 1932 
Kushlan & White 1977a 

Louisiana Heron Common 
(Hydranassa t r i c o l o r )  

F i sh  Kushlan & White 1977a 
Maxwell & Kale 1977 
Girard  & Taylor  1979 

L i t t l e  Blue Heron Common 
(F lo r ida  caerulea)  

B 

Fish  Kushlan & h ? i t e  1977a 
Maxwell & Kale 1977 
Girard  S. Taylor 1979 

Robertson & Kushlan 1974 
Maxwell 6 Kale 1977 
Girard  & Taylor 1979 

Green Heron C o m n  
(Butorides str_iat.z) 

F i sh  

Black-crowned Night Common 
Heron 

(Nycticorax 
nyct icorax)  

F i sh ,  crus taceans ,  
f rogs ,  mice 

Ffrench 1966 
Maxwell & Kale 1977 
Girard  & Taylor 1979 

Yellow-crowned Night Common 
Heron 

(Nyctanassa v io l acea )  

F i sh ,  c r a y f i s h ,  
c r abs  

Ffrench 1966 
Girard  h Taylor 1979 

Ffrench 1966 Least  B i t t e r n  Uncommon 
(Ixobrychus e x i l i s )  ' 

Fish  

Narcisse .  pe r s .  American B i t t e r n  Uncommon 
(Botaurus 
l en t ig inosus )  

Crayf ish ,  f rogs ,  
small f i s h e s  

Wood Stork Common 
(Mycteria americana) ( l o c a l l y  

abundant) 

F i sh  Kahl 1964 
Ogden e t  a l .  1976 
Kushlan 1979 

Glossy I b i s  U n c o m n  F i sh  Eacon 1970 
Hcrwell 1932 

White I b i s  Abundant 
(Eudocimus a lbus)  

Kushlan 1979 
Kushlarr & Psshlan 1975 
Girsrd  & Taylor 1979 

F i sh ,  c r abs  (%> 

Roseate Spoonbill  Rare t o  Y r  
(Ajaia a j a j a )  Uncomon 

Shrimp, f i s h ,  m s h l a n  s white  1977a 
aquat ic  vege ta t ion  Eowell 1932 

Sandh i l l  c r ane  Rare 
(9 canadensis) 

Roots, rhizomes of i3gdsn 1969 
Cynerus & =- Ho-weZ1 1932 
t a r i a  - 

LimpXin Rare 
(Aramus quarauna) 

S n a i l s  (Pomace& 



PROBING SHORE BIRDS 

Common Name Season of 
(Lat in  name) Abundance Occurrencea ~ e s t i n ~ ~  Food Habits References 

King R a i l  Comon Y r  
(Rallus e lgans)  

Beet les ,  grass- Narcise, pe r s .  Comm. 
hoppers,  aqua t i c  Martin e t  a l .  1951 
bugs 

Clapper Ra i l  Uncommon- Y r Y Crabs, shrimp Howell 1932 
Ffrench 1966 
Bacon 1970 

. . 
(Rallus longiro-  common 
s t r i s )  

V i rg in i a  Ra i l  Rare W 
(Kallus l imico la )  

Beet les ,  s n a i l s ,  Marcisse, pers .  Corn. 

sp ide r s  Martin e t  a l .  1951 

Insec t s ,  seeds o f  Howell 1932 
emergent aqua t i c  Bacon 1970 
p l an t s  

Sora Uncommon t o  W 
( p r z a n a  c a r o l i n a )  l o c a l l y  

abundant 

Black R a i l  
(La te ra l lu s  
jamaicensis)  

Rare Beet les ,  s n a i l s  Narcisse, p e r s  comm. 

Crustaceans, Ffrench 1966 
mollusks Bacon 1970 

Baker 6 Baker 1973 

Semipalmated Plover 
(Charadrius semi- 
palmatus) 

Locally 
common 

Crabs, shrimp. Howell 1932 
c ray f i sh  Bacon 1970 

~ i l e o n ' s  Plover 
( ~ h a r a d r i u s  wi lsonia)  

Locally 
c o m n  

Crabs, mollusks Howell 1932 
Bacon 1970 
Ffrench 1966 

Black-be1 l i e d  Plover  
(j ' luvLalls 
u ~ t a r o l a )  .- -- 

Common 

Insec t s ,  crus- Ogden 1969 
taceans ,  mollusks Howell 1932 

Common 

llncommon 

Ruddy Turnstonc 
(!\renaria i n t e r p r e s )  

Mollusks, i n s e c t s ,  Howell 1932 
woms Bacon 1970 

(;onmton Snipe 
(Qplts g a l l  ina&c) 

Long-billed Curlew 
(Numenlus mer i canus )  

Crustaceans , Ogden 1969 
i n s e c t s  

i n ~ l u ~ b r c l  
( N x ~ e n i u ~  phacopus) 

Mollusks, crus-  Ogden 1968 
taceans  , worms, Howell 1932 
i n s e c t s  

Spot ted  Sandpiper 
(&zSJis ~ C I J ~ ~ C  la) 

Mollusks, crus- Ffrench 1966 
taceans  Bacon 1970 

Russel 1980 

S o l i t a r y  Sandpiper 
(T_rJ-nx f o l l t n r i r ~ )  

Common 

Common 

Crustaceans, aquat ic  Howell 1932 
i n s e c t s ,  6 ~ 1 1  f rogs  Bacon 1970 

Y Crabs, c r ay f i shes ,  Howell 1932 
k i l l i i i s h e s  Bacon 1970 

Fishes ,  crabs ,  Howell 1932 
crus taceans  Ffrench 1966 

Bacon 1970 

I,csseu Yellowlegs 
('rringe f l a v i p e s )  

Sna i l s ,  mollusks, Ffrench 1966 
c rabs  Bacon 1970 

Baker & Baker 1973 

Red lGlot 
(Ca l id r i s  canutusf 

Marine worns, Howell 1932 
crus taceans  Ogden 1964 

Marine worms, Ogden 1964 
mollusks Baker 6 Baker 1973 

m i t e - r m p e d  Sandpiper 
(Ca l id r i s  f u s c l c o l l i s )  

Chironomlds, s n a i l s  Howell 1932 
Bacon 1970 



PROBING SHOREBIRDS (concludedj 

Cornton Name Season o f  
( l a t i n  name) Abundance Occurrencea Plestinya Food Habi t s  References 

Least Sandpiper  Comn~on W,T 
(ggLchi~-& :g1>-:nir2l2%) 

Pupae o f  b e e t l e s  Bacon 1970 
and f l i e s  Baker & Baker 1973 

S t i l t  Sandpiper  Kartt- i n ~ c  ut~inlon W, T 
(Microi~aIi%ns 
hink3ntOJXt) -- 

Semipalmated Sandpiper  Com~non- W,T 
( i s  I abundant 

Western Sandpiper  Common- W, 1 
(Cali~ir1:s n l ~ l u r - ~ )  abundant 

%rb led  f:odvi t Harc~-~.oriimon W 
( L i n 0  5 a icd-ta ) 

h ~ e r i c a n  Avocet lincommon N,T 

Black-necked S t i l t  Common S 
(Ilimai~ t o  ?\I 5. ;nf~nc~:t:>!s ) 

Mollusks,  Bacon 1970 
c r u s t a c e a n s  Baker & Baker 1973 

Chironomids iIowell 1932 
Bacon 1970 

Mollusks,  i n s e c t s  Bacon 1970 
Raker & Baker 1973 

Chironomids iiowell 1932 
Bacon 1970 

Crus taceans ,  Howell 1932 
mol lusks ,  s e e d s  of  
emergent a q u n t t c  
p l a n t s  

Marine worms, Ogden 1969 
a q u a t i c  i n s e c t s  

Aquat ic  b e e t l e s  Howcil 1932 
Bacon 1970 



SURFACE AND D I V I N G  BIRDS 

- 

Cormon Name Season o f  
(La t in  name) Abundance ~ c c w r r e n c e ~  t2estinYa Food t iabi ts  References 

cormon ~ o o n  o fca s iona l  
(Gavia innner) 

F i sh ,  crabs ,  mollusks 

Horned Grebe u n c o m n  
(Podiceps a u r i t u a )  

Fish, aqua t i c  i n s e c t s ,  
mollusks 

Ogden 1969 

Pied-bi l l*  Grebe Uncorr~non- 
(~od i lymbus  camon  
podicepa) 

Cray f i sh ,  f i s h ,  
mollusks 

white P e l i c a n  Rare 
(Pelecanue cornon 
erythrorhynchos)  

Fish  Narcisse . Per". coma. 

Brown P e l i c a n  Conmn Ffrench 1966 
Bacon 1970 

Double-crested Camnwn 
cormorant 

Kushlan & White i977a Y Fi sh  

Y Fish  

(Phelecrocorax 
aur  i t u s )  

Anhinga Contmon 
(Anhinga anhlnqa) 

Ffrench 1966 

~ u l v o u s  Wistlina D U C ~  Uric-on 
(Dcndrocygna 
b i c o l o r )  - 

Ogden 1969 
Smith, p e r s .  obe. 

Mallard U n c m o n  
(& platyrhynchoal 

Widgeon g ra s s  Ogden 1969 
Kushlan e t  a1 .  . i n  prep. 

Wden 1969 Black Ruck Rare 
(*a r u b r l w s )  

Mollusks, c r u s t a -  
ceans ,  widgeon g ra s s  

M o t t l e d  Duck Uncannon 
( A 2  f u l v i ~ u l a )  

Y Polyqonum, s n a i l s ,  LaHunc L Cornwell 1970 
Kushlan e t  a l . ,  i n  prep. 

Eadwall uncr~nm~n (a n) 
I&y&, zos t e r a ,  
mollusks 

Ogden 1969 

P i n t a i i  Abundant 
(Anas a c u t a )  

Saggftlaria,  mollusks, 
cJ"arus 

Narcisse ,  pe r s .  comm. 
Kushlan e t  a l . , i n  prep. 

Gram-wingad Tea l  Abundant 
(kna* c r ecca  cr r ro l inansis)  

Ruppia, Zostera 
aqUatlc i n s e c t s  

Nsrc isse ,  pere .  comm. 
Kunhlan e t  a l . ,  i n  prep. 

Blue-winqe8 Teal Abundant 
(Anas d i s c o r s )  

c&oerus, s n a i l s ,  
i n s e c t s ,  c rus taceans  

Narcisse ,  pers .  corn. 
Ffrrnch 1966 

Amcioan Wiqaon Camon 
is m ~ r i c a n a l  

Ruppia, zos t e r a ,  
mollusks 

Narcisse ,  pers .  e m .  
Kushlan e t  a l . ,  i n  prep. 

m l l u s k s ,  aqua t l c  
i n e e c t s ,  w, 
zos t e r a  

wOoa Duck Rare 
( a h  spanrzi) 

Nuts, seeds Oqden 1969 

Redhead Rare 
(Aythya w e r i c a n a )  

S n a i l s ,  ciams, aqua t i c  Oqden 1969 
i n s e c t s ,  -, e- 
t e r a  - 
p-, .---..- 

L & > ~ U . . * . . ,  *;--:a, 
c r a y f i s h ,  s n a i l s  

A-2 "- ua-... 196'3 
Kushlan e t  a l . ,  i n  prep. 

Va l l i ane r i a ,  m, 
Zostexa 

Ogden 1969 
Kushlan e t  a l . , i n  prep. 



SURFACE AND DIVING BIRDS (concluded) 

Common Name Season of 
(Latin name) Abundance Occurrence a ~ e s  ting a Food Habits References 

Lesser Scaup Common- W 
(Aythya af f inis) abundant 

Bufflehead Rare W 
(Bucephala albeola) 

Ruddy Duck Coxawn W 
(Oxyura jamaicensis) 

Hooded Merganser 
(Lophody tes 
cucullatus) 

Red-breasted Merganser 
(Mergus serrator) 

Purple Gallinule 
(Porphyrula 
mart inica) 

Common Gallinule 
(Gallinda chloropusf 

American Coot 
(Fulica americana) 

Common W,T 

Rare Yr 

Conmron Yr 

Abundant WiT 

Mollusksi Ruppia Narcisse, pers. corn. 
Ogden 1969 
Kushlan et al., in prep. 

Gastropods, crabs, Ogden 1969 
crustaceans Kushlan et al., in prep- 

Potamogeton, e, Ogden 1969 - 
Zostera, Ruppia. Kushlan et al., in prep. 
mollusks 

Fish Ogden 1969 

Fish Narcisse, pers. corn. 

Y Aquatic insects, Narcisse, pers. corn. 
mollusks, Ffrench 1966 
Eleocharis. Paspalum 

Y Seeds, aquatic Narcisse, pers. corn. 
insects Ffrench 1966 

Ruppia, m, Narcisse, pers. conrm. 
Potamogeton, 
aquatic insects 



AERIALLY SEARCHING 

Common Name Season of 
( L a t i n  name) Abundance occurrencea Nestin$ Food H a b i t s  References 

Herr ing  Gul l  Uncommon W 
(- a r g e n t a t u s )  

F i s h ,  mollusks,  Narc i sse ,  p e r s .  corn .  
c r u s t a c e a n s  Ogden 1969 

Ring-b i l led  Gull  Cormnon WtT 
(- delawarens is )  

F i s h ,  i n s e c t s ,  Narc i sse ,  p e r s .  corn .  
mollusks Ogden 1969 

Laughing G u l l  C o m n  Y r 
f- a t r i c i l l a )  

F i s h ,  shrimp, c r a b s  Narc isse ,  p e r s .  conm. 
Ogden 1969 

Bonaparte 's  Gul l  Uncommon w 
(e p h i l a d e l p h i a )  

F i s h ,  i n s e c t s  Ogden 1969 

G u l l - b i l l e d  Tern Uncommon Y r  
(Geloche l ido l  
n i l o t i c a )  --- 

Mayf l ies ,  d r a g o n f l i e s  Ogden 1969 

F o r s t e r  's Tern Uncommon- W 
(S te rna  P o s t e r i )  cornon 

F i s h  Narc isse ,  pers .  conm. 
Oyden 1969 

Cannon Tern U n c o m n  W 
(S te rna  hirundo) 

F i s h  Ogden 1969 

Leaat  Tern C o m n  
(Ste rna  a l b i f r o n s )  

F i s h  Narc isse ,  pers. corn .  
Ogdcn 1969 

Royal Torn Common W,T 
(Thalasseus maxima) 

F i s h  Ogden 1969 

Sandwich Tarn Uncommon Y r 
(Sterna :?a&- 
v t c e n s i s )  

F i s h  Narc isse ,  pers. comm. 
Ogden 1969 

Caspian Tarn I J n c o m n  W 
(,Ttz~lrn canspJn) 

F i s h  Ogden 1969 

Black S k i m e r  Connon Y r 
(Rynchopa *) 

F i s h  Ogden 1969 

Bolted K l n q f i n h e r  Common Yr 
( ~ ~ 1 9 a c o r y l e  aZcyu11) 

~ ~ ~ ~ i ~ ~ ~ ,  pers. corn .  

Frwh Crow (:omon Yr Y F i s h  
(2s-v-u-c %ifragus)  

Narc isse ,  p e r s .  corn .  



BIRDS OF PREY 

Cornii~o~, Nnsb': Soason oE 
itdl i n  !born.:) Abi~ndancc Occurrenc<ia ~ e s t i n ~ ~  Pnod llahits References 

Magnificent Frigate- Consinon S Yr 
bird uncomm~n w 

(Fregata magnificens) 

Y Fish Narcisse, pers. conan. 
Smith, pers. obs. 

Turkey Vulture c~nrm~n y r  Y Carrion 
(Cathartes aura)  

NarciSse, pers .  corn. 
Orians 1969 

Black Vulture Cormnon Y r Y Carrion 
(Coraqyps a t r a t u s )  

Robertson & Kushlan 
1974 

Orians 1969 

Swallow-tailed Kite C m n  S Y Snakes, l i z a r d s ,  Howell 1932 
f rogs  Snyder 1974 

unc~nrm~n w Smaller passerinas Howell 1932 

Uncmon yr  Y Larger passerines Howell 1932 

uncommon ~r Y Small manonals, b i r d s  Howell 1932 

(Elanoides for f ica-  
tust 

Sharp-shinned Hawk 
(Accipiter s t r i a t u s )  

Cooper ' s Hawk 
(Accipiter cooperi i)  

Red-tailed Hawk 
(= jamaicensis) 

Red-shouldered Hawk 
(Buteo l inea tus)  

c o m n  YT Y Snakes, frogs,  Howell 1932 
' l i z a r d s ,  insec ts  Robartson & Kushlan 

1974 

Broad-winged Hawk Uncomnon W 
(= platypterus)  

Insec ts ,  small Howell 1932 
mannnals 

Swainson's Hawk Rare 
(Butec swainsonil 

Small mammls, grass- Howell 1932 
hoppers 

Short-tailed Hawk Uncommn W 
(m brachyurus) 

Small b i rds  Howell 1932 

Bald Eagle 
(Haliaeetus 
leucocephalus) 

Harsh Hawk 
(Circua cyaneus) 

Osprey 
(Pandion haliaetus)  

Peregrine Falcon 
(e peregrinus) 

Rare-locally YI 
c o m n  (Pla. 
Bay I 

Fishes Hgwell 1932 

Small mammala, shore- Howell 1932 
bf rds  

Fishes Howell 1932 

Very rare-  W 
local ly coneaon 
(Fla. Bay) 

Waterfowl, shorebirds Nisbet 1968 
Ogden 1969 
Howell 1932 

Small b i rds ,  shore- Howell 1932 
b i r d s  

American Kestrel  c m n  
Lr- sparverius) 

Barn Owl Uncomn Yr 
(Wto a l b )  

Y Small mammals ~ o v e l l  1932 

Great Horned Dwl tmc-n Y r  Y Waterfowl, smll Have11 1932 
(Bubo virginianos) manolals 

Barred Owi uncomon yr Y Smali mmmals, frogs, H m l l  1932 
( S t r i x  varia) snakes 



ARBOREAL BIRDS 

Cornman Name Season of 
(La t i n  name) Abundance Occurrencea ~ e s t i n g ~  Food Habits References 

Mourning Dove Uncommon 
(Zenaidura macroura) 

Seeds Emlen 1977 

White-crowned Pigeon Uncommon Berr ies ,  seeds, Howell 1932 
f r u i t s  Robertson & Kushlan 1974 (Columba 

leucocephala) 

Mangrove Cuckoo Uncommon 
(Coccyzus a i n o r )  

C a t e r p i l l a r s ,  Howell 1932 
mantids Ffrench 1966 

Robertson & Kushlan 1974 
Martin e t  a l .  1951 

Yellow-billed Cuckoo Common 
(Coccyzus americanus) 

C a t e r p i l l a r s ,  Howell 1932 
bee t l es  Ffrench 1966 

Martin e t  a l .  1951 

Smooth-billed Ani Rare 
(Crotophaga &) 

Insec t s  Howell 1932 
Ffrench 1966 

Chuck-wil 1's-widow Uncommon 
(Caprimulgus 
ca ro l inens i s )  

Mosqui to~ ,  moths Martin e t  a l .  1951 
Narcisse, pers .  comm. 

Coniman Fl icker  U~lcommon 
( ~ j ~ ~ t e s  auraci~fi) 

Ants, b e e t l e s ,  Narcisse, pers .  comm. 
f r u i t s  i n  winter  Martin e t  a l .  1951 

Beetles, be r r i es ,  Howell 1932 
f r u l t s  Robertson 1955 

Robertson & Kushlan 1974 

Pi lented Woodpecker Uncomon 
(~tlro-co~us p i l ea tus )  

Ked-bcllLcd Woodpecker Common 
(Nc;l.a_n$~je,q carolic+q) 

Beet les ,  a n t s ,  Narcisse, pers .  corn. 
grasshoppers. Martin e t  a l .  1951 
c r i c k e t s  

Beet les ,  an t s ,  Narcisse, pers .  corn. 
grasshoppers, Martin e t  a l .  1951 
c a t e r p i l l a r s  

Red-headed Woodpecker Rare 

YcIiuw-bellied Uncommon 
Sapsucker 

( ~ ~ ) & r a ~ ~ ~ u s -  xn~izu.u> 

Beet les ,  ants; Narcisse, pers .  corn. 
c a t e r p i l l a r s  Martin e t  a l .  1951 

tiairy Woodpecker Rare Jnfieccs, bee t l e  Emlen 1977 
la rvae  

Ants ,  wasps, Narcisse, pers .  corn. 
grasshoppers Martin e t  a l .  1951 

Gray Kingbird Common 
~ ~ ~ c e ? ~ ~  
dominicensis) .- -- .. 

Bees, wasps, Howell 1932 
bee t l es ,  dragon Robertson & Kushlan 1974 

Western Klngbzrd Rare 
{L~~~ZIXU~Z yer t i c a l u s )  

Bees, wasps, Narcisse, pe r s .  corn. 
grasshoppers Martin e t  a l .  1951 

Great CrelLrd Unconunon 
Fiycarcher (comnon S f  

(P1'yfwrcilus cfioiIu-s_:, 

Insec t s ,  b e r r i e s  Howell 1932 
Robertson 1955 

Acadian Plycatcher Rnre 
(Empidonax v i reecer~s )  

Small f l y i n g  i n s e c t s  Morton 1980 

Fss te rn  Phoebe Common 
(Sayornis pko&~) 

Bees, wasps, a n t s  Narcisse, pers .  Corn. 
Nart in  e t  a l .  1951 

Eastern Wand Pewee Mre-uncouunon 
(Contopus virene)  

6res, waapa, ants, Xatcisar ,  pere.  corn. 
moths Howell 1932 



ARBOREAL BIRDS (continued) 

Comon Name Scason o f  
(La t ln  name)  bund dance occurrencea Nestxnga rood ~ a b l  ts Referencrs  

Barn Swallow Locally common W 
(Hirundo r u s t i c a )  

In sec t s  iiowell 1932 
Bacon 1970 

Blue Jay Uncommon Y r  Y Grasshoppers, ca t e r -  Narcisse, pers.  corn. 
(Cyanocitta c r i s t a t a )  p i l l a r s ,  bee t l e s  Martin e t  a l .  1951 

Tufted ti tmouse Very r a re -  W 
(Parus b i co lo r )  r a r e  

Ca te rp i l l a r s .  wasps, Howell 1932 
bees Robertson&Kushlan 1974 

Carolina Wren Uncommon Yr Y Ants, f l i e s .  m i l l i -  Narcisse, pers.  corn. 
(Thryothorus peds Martin e t  a i .  1951 
ludovicianus) 

Mockingbird Abundant YI Y F r u i t s ,  b e r r i e s  Robertson 1955 (e po lyg lo t to s )  

Catbi rd  C o m n  W,T F r u i t s ,  i n sec t s  Narcisse, pers .  corn. 
(Dumetella caro- Martin e t  a l .  1951 
l i n e n s i s )  

Brown Thrasher Uncommon 
(Toxostoma rufum) 

Yr Y Beet les  

American Robin Abundant W 
(a miqrator ius)  

Blue-gray Gnatcatcher Uncommon W , T  
(Po l iop t i l a  caerulea)  

Ruby-crowned Kingle t  Uncommon W.T 
(Requlus calendula) 

~ a r c i s s e  , pers .  corn. 
Martin e t  a l .  1951 

Worms, b e r r i e s ,  Narcisse, pers .  comm. 
i n s e c t s  Martin e t  d l . .  1951 

I n s e c t s ,  e spec i a l ly  Narcisse ,  pers .  comm. 
Hymenopterans iiowell 1932 

Wasps, an t s  Narcisse ,  pers .  comm. 
Kowell 1932 

White-eyed Vireo Uncommon S.T Y B u t t e r f l i e s ,  moths Robertson 1955 
(Vireo yr i seus )  

Black-whiskered Vireo Uncomon y r  Y Spide r s ,  c a t e r p i l l a r s  flowell 1932 
(- al t i lOquu6)  Robertson & Kushlan. 1974 

Red-eyed Vireo u n c o m n  S.T Y C a t e r p i l l a r s ,  b e e t l e s  Narcisse ,  pe r s .  corm. 
(v i r eo  ol ivaceus)  Howell, 1932 

Yellow-throated Vireo Uncommon W 
(= f l av i f rons )  

Black-and-white F a i r l y  
Warbler common 

(Mniot i l ta  v a r i a )  

Worm-eating Warbler U n c o m n  w 
(Helmitheros e- 
vorus) 

Prothonotary Warbler U n c m n  
(Protonotar ia  c i t r e a )  

Yellow-throated C o m n  
Warbler 

(Dendroica dominica) 

Yellow Warbler C o m n  
(Dendroica pe t ech ia )  

Yellow-rinnped 
Warbler Abundant 

(Dendroica coronata)  

P r a i r i e  Warbler L'nccmor, 
(Dendroica d i s c o l o r )  

Palm Warbler Abdndant 
(Dendroica palmarurn) 

B u t t e r f l i e s ,  moths, Morton 1980 

Wood boring i n s e c t s  Lack and Lack 1972 
Keast 1980 
Oqden 1969 

C a t e r p j l l a r s ,  sp ide r s  Ogden 1969 
Kushlan, pe r s .  coirm.c 

I n s e c t s  Ffrench. 1966 
Russel 1980 

Bee t l e s ,  moths, Norton 1980 
sp ide r s  

Y I n s e c t s  Have r sch ld t  1965 
Ffrench 1966 
Omails 1969 
Terborgh & liaaborg 1980 

Dipterans ,  bayberr ies  Narcisse ,  pers .  corn. 

Y 1 3 i r  ~ o t h s ,  b e e t l e s ,  i l i e s  Lack & Lack ---- 
Robertson & Kushlan 1974 

I n s e c t s  iack & Lack 1972 
Emlan i977 



ARBOREAL BIRDS (continued) 

Common Name 
(ratin name) Al,unclance 

Season O F  
Occurrencea t4estinga Food Habits References 

Blackpoll Warbler Unconwon 
(Dendroica s t r i a t a )  

T 1nsects  Ffrench 1966 

Bay-breasted Warbler Rare 
(Dendroica castanea) 

T Insects  Morton 1980 

Black-throated Green Uncomn 
Warbler 

(Dendroica virens)  

Aphids, l ea f - ro l le rs ,  Ogden 1969 
and other  insec ts  Kushlan, pers. corn. 

Chestnut-sided Warbler Rare T Insec ts  Morton 1980 
(Dendroica pensyl- - 

Cape May Warbler Uncomon 
(Dendroica t i g r i n a )  C o m n  

Ogden 1969 

Black-throated Gray Rare 
Warbler 

(Dendroica nigrescens) 

Insects  Ogden 1969 
Kushlan, pers. corn. 
Hutto 1980 

Black-throated Blue Uncommon 
Warbler C o m n  

(Dendroica caeru- 
lescens) 

Beetles,  f l i e s ,  an ts  Kushlan, pers. corn. 
Ogden 1969 

Northern Waterthrush Rbundant 
(Seiurus novebora- Rare 
censis)  

Insects  Schwartz 1964 
Ffrench 1966 
Bacon 1970 
Russell 1980 

Yellowthroat Common 
(Geothlypus t r ichas)  

YT Y Grasshoppers, c r icke ts ,  Narcisse, pers. comm. 
an ts ,  wasps Howell 1932 

Lack & Lack 1972 

Caterp i l la rs  Bennett 1980 
Ffrench 1966 
Bacori 1970 

Am@rican Redstart C o m n  
(Setophaga r u t + c i l l a )  

T insects Morton 1980 Tennessee Warbler Uncommon 
(Vermivora peregrlna) 

T Insects  Hutto 1980 

W Insec ts  Hutto 1980 Orange-crowned Wwblex C o m n  
(Vermivora c e l a t a )  

T ~ n s e c t s  Morton 1980 Golden-winged Warbler 3ara 
(Yermlvora chryeop- 
tere) 

W Hymenoptera Lack and Lack 1972 Northern Parula C o m n  
(Parula americana) 

Wenbird Com~\~n Beetles,  c r icke ts ,  Lack and Lack 1972 
grasshoppers 

Beetles,  c a t e r p i l l a r s ,  Morton 1980 
an ts  

Kentucky warbler &re-mconmnan 
(oporornia formoous) 

Yellow-breasted Chgt C o m n  
( I c t e r i a  virens) 



ARBOREAL BIRDS (concluded) 

Conlmon Na~nc ~ e a s o r l  of  
( r ,at i t~ 1ia111e) hhundnnce Occurrencea bIestinga Food l l ab i t s  References 

Wilson's Warbler  are-uncomon T 
(Wilsonia p u s i l l a )  

Red-winged Blackbird Common y r  
(Agelaius phoeniceus) 

Boat- tai led Grackle Unconunon 
(Q+s.c_a@ ?-a&) 

Common Grackle Uncommon Y K  
(Quiscalus qu i scu la )  

Cardinal 
(Card ina l i s  - -- 
cardinal  i s )  -- . 

Orchard Or io le  
( I c t e r u s  spur ius )  

Indigo Bunting 
(Passe r i r~a  g?a?l 

summer Tanager 
(Piranga r i ~ b r a j  

KuLous-sided Towhee 
(P ip i lo  erythroph- 
thalmus) 

Swamp Sparrow 
(Melospiza geor9iana) 

Insec t s  Hutto 1980 
Ramos and Warner 1980 

Seeds, i n s e c t s  Howell 1932 
Robertson 1955 

Y Crayfish,  c rabs ,  Robertson 1955 
shrimp Girard & Taylor 1979 

Y I n s e c t s ,  ca te r -  Howell. 1932 
p i l l a r s  Robertson 1955 

Common Y r  Y Insec t s ,  seeds Robertson 1955 

Rare T Grasshoppers. b e e t l e s  Morton 1980 

uncommon W.T 

Common 

Common 

Grasshoppers, ca te r -  Narcisse,  pers .  conan. 
p i l l a r s  Howell 1932 

Hymenoptera Morton 1980 

C a t e r p i l l a r s ,  bee t l es  Bacon 1970 
Martin e t  a l .  1951 

Y r  Y C a t e r p i l l a r s ,  bay- Narcisse,  pers .  corn.  
b e r r i e s ,  f r u i t s  Howell 1932 

Ants, f l i e s ,  seeds Narcisse,  pers .  c m .  
SSowcll 1932 

%r = year round res iden t  
S = swmner res iden t  
W = winter  res iden t  
T = t r a n s i e n t ,  present  only during spr ing  and f a i l  migration 
Y = species  breeds i n  mangroves 

b ~ .  Narcisse, R.N.  "Ding" Darling Fed. Wildl i fe  Refuge, Sanibel Is land,  Fla .  (1981). 

'J.A. Kushlan, So. Fla .  Res. C t r . ,  Everglades Natl.  Park, Homestead, Fla. 



APPENDIX E. Mammals of south Florida mangrove swamps. 



MAMMALS OF FLORIDA MANGROVES 

Spec ies S ta tus  Food Habits  

V i r g i n i a  Opossum 
(Didelphis v i r g i n i a n a )  

Short- tai led Shrew 
(Blarina brevicaudaf 

Marsh Rabbit 
(Sylvilagus p a l u s t r i s )  

Gray Squir re l  
(Sciurus c a r o l i n e n s i s )  

Fox Squ i r re l  
(Sciurus n i q e r )  

Marsh Rice Rat 
(Ory zomy s p a l u s t r  is) 

Cudjoe Key R i c e  Rat  
(Oryzomys a r g e n t a t u s )  

Cotton Rat  
(Sigmodon h i s p i d u s )  

Gray Fox 
(Urocyon cinereoargenteus) 

Black Bear 
(Ursus americanus) 

Raccoon 
(P- l o to r )  

Mink 
(Mustela v i son)  

s t r i p e d  Skunk 
(Mephitis mephi t i s )  

River Ot ter  
4utra canadensi s 1 

Abundant F r u i t s ,  b e r r i e s ,  inSects ,  
f rogs ,  snakes, small 
bi rds  and mammals 

Uncommon 

Abundant 

Occasional 

Rare 

Uncommon 

Rare 

Abundant 

Unconmon 

Rare 

Abundant 

Rare 

Common 

Uncommon 

Insec t s  

Emergent aquat ics  

F r u i t s ,  b e r r i e s ,  mast, 
seeds 

F r u i t s ,  b e r r i e s ,  mast 

Seeds of emergent p lan t s ,  
insec t s ,  c rabs  

Seeds, i n s e c t s ,  crabs 

Sedges, grasses ,  cray- 
f i s h ,  crabs ,  insec t s  

Small mammals, b i r d s  

F r u i t s ,  b e r r i e s ,  f i s h ,  
mice 

Crayfish, f rogs ,  f i s h  

Small mimnafs, f i s h ,  
f rogs ,  snakes, aquat ic  
i n s e c t s  

Bird eggs and young 
frags, mice, l a rge r  
inver tebra tes  

Crayfish, f i s h ,  mussels 



MAMMALS OF FLORIDA MANGROVES (concluded) 

Species S ta tus  Food Habits 

Panther 
( F e l i s  concolor) 

Bobcat 
(Fe l i s  rufus) 

Very r a r e  Deer, r a b b i t s ,  mice, 
b i rds  

Common 

White-tailed Deer Common 
(Odocoileus virginianus) 

Key Deer 
( 2 . ~ .  clavium) 

Black Rat 
(Rattus r a t t u s )  

Bottle-nosed Dolphin 
(Fursiops t runcatus)  

West Indian Manatee 
(Trichechus manatus) 

Rabbits, s q u i r r e l s ,  
b i rds  

Emergent aquat ics ,  nuts ,  
acorns,  occasionally 
mangrove leaves 

Common on cer-  Emergent aquat ics  and 
t a i n  Florida Keys other  vegetat ion 
(no longer on 
mainland) 

Common 

Uncommon 

Uncommon 

Fish 

Submerged aquat ics ,  
Zostera, Ruppia, Halodule, 
Syringodium, Cymodocea , 
Thalassia 

R e f  esences: Layne 1974 ; Hamilton and Whittaker 1979 ; 
L .  Narcisse, R.N.  "Ding" Darling Fed. Wildlife 
Refuge, Sanibel Island,  Fla. ;  personal  commu- 
nicat ion.  
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