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PREFACE 

T h i s  r e p o r t  stemmed f r o m  a  workshop h e l d  a t  A n n a p o l i s ,  Mary land,  
Feb rua ry  9-10, 1987, t o  i d e n t i f y  p r i o r i t y  i n f o r m a t i o n  needs f o r  n o n t i d a l  , 
f r e s h w a t e r  p a l  u s t r i n e  and r i v e r i n e  w e t l a n d s  ( e x c l u s i v e  o f  i s o l a t e d  we t l ands ) .  
P a r t i c i p a n t s  i n  t h e  workshop were p r i m a r i l y  r e p r e s e n t a t i v e s  o f  t h e  U.S. F i s h  
and W i l d l i f e  S e r v i c e ' s  E c o l o g i c a l  S e r v i c e s  F i e l d  O f f i c e s  l o c a t e d  a t  Annapo l i s ,  
Mary land ,  and S t a t e  C o l l e g e ,  Pennsy l van ia .  A h i g h  - p r i o r i t y  i n f o r m a t i o n  need 
i d e n t i f i e d  b y  t h e  workshop p a r t i c i p a n t s  was documenta t ion  o f  t h e  v a l u e s  t o  
f i  sh o f  f r e s h w a t e r  p a l  u s t r i n e  w e t l a n d s  t h a t  a r e  gene ra l  l y  t r e e -  and shrub-  
domina ted  f l o o d p l a i n s  o f  s t reams t h a t  f l o w  t o  c o a s t a l  a reas  o f  t h e  e a s t e r n  
p o r t i o n  o f  t h e  U n i t e d  S t a t e s .  The workshop p a r t i c i p a n t s  conc luded  t h a t  a  
s y n t h e s i s  o f  t h e  r e l e v a n t  l i t e r a t u r e  s h o u l d  be t h e  f i r s t  s t e p  i n  a d d r e s s i n g  
t h i s  i n f o r m a t i o n  need. The p a r t i c i p a n t s  a l s o  r e c o g n i z e d  t h a t  l ong - te rm  f i e l d  
r e s e a r c h  w i l l  be r e q u i r e d  t o  d e t e r m i n e  more c l e a r l y  t h e  r e l a t i o n s h i p s  between 
t h e s e  s e l e c t e d  p a l u s t r i n e  we t l ands  and a s s o c i a t e d  f i s h e r i e s  resou rces .  Soon 
a f t e r  a  r e v i e w  o f  t h e  r e l e v a n t  l i t e r a t u r e  was i n i t i a t e d  i t  became e v i d e n t  t h a t  
t h e r e  i s  s u f f i c i e n t  ev idence  t o  s u p p o r t  t h e  h y p o t h e s i s  t h a t  p a l  u s t r i n e  we t l ands  
o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  a r e  i m p o r t a n t  t o  f i s h e r y  r e s o u r c e s .  I t  a1 so 
became e v i d e n t  t h a t  much a d d i t i o n a l  r e s e a r c h  on t h i s  s u b j e c t  i s  needed f o r  use 
i n  management and p r o t e c t i o n  o f  t h e s e  v i t a l  w e t l a n d  r e s o u r c e s  and t h e i r  
a s s o c i a t e d  f i she ry  r e s o u r c e s .  

Wet lands a r e  o f  n a t i o n a l  i n t e r e s t  because o f  t h e  many b e n e f i t s  t h e y  
p r o v i d e  f o r  s o c i e t y .  P a l u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  a r e  
n o t a b l e  because o f  t h e  l a r g e  a reas  t h e y  c o v e r  and because o f  t h e  r a p i d  r a t e  a t  
wh i ch  t h e y  a r e  b e i n g  c o n v e r t e d  f o r  t i m b e r  p r o d u c t i o n ,  a g r i c u l t u r e ,  and human 
s e t t l e m e n t .  These wet1 ands a r e  i n e x t r i c a b l y  1  i n k e d ,  d i r e c t l y  o r  i n d i r e c t l y ,  
t o  s t reams,  e s t u a r i e s ,  and up land  watersheds .  T h i s  r e p o r t  f ocuses  on l i n k a g e s  
between t h e s e  we t l ands ,  wh i ch  f l a n k  many o f  t h e  m a j o r  s t reams t h a t  f l o w  t h r o u g h  
t h e  Piedmont  and Coas ta l  P l a i n  t o  t h e  sea, and t h e i r  r e l a t i o n s h i p  t o  f i s h e r y  
r e s o u r c e s .  The d r a f t  m a n u s c r i p t  was rev iewed  b y  s i x  w e t l a n d  e c o l o g i s t s  f o r  
t e c h n i c a l  c o n t e n t  and soundness o f  concepts: Some m a j o r  changes i n  f o r m a t  and 
c o n t e n t  o f  t h e  d r a f t  m a n u s c r i p t  a1 ong w i t h  o t h e r  comments and recorr~mendati  ons 
by t h e s e  s i x  r e v i e w e r s  were i n c o r p o r a t e d  where a p p r o p r i a t e  i n  t h e  f i n a l  
m a n u s c r i p t .  

Sugges t i ons  o r  comments r e l a t i n g  t o  t h i s  r e p o r t  s h o u l d  be s e n t  t o  t h e  
a u t h o r  a t  t h e  n o t e d  address .  
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INTRODUCTION 

A t  t h e  f u n c t i o n a l  l e v e l ,  we t l ands  moderate t h e  e f f e c t s  o f  f l o o d i n g ,  
m a i n t a i n  and improve w a t e r  q u a l i t y ,  p r o v i d e  f i s h  and w i l d l i f e  h a b i t a t ,  suppo r t  
f o o d  cha ins ,  and have a e s t h e t i c  and h e r i t a g e  v a l  cles ( T a b l e  1). Wet lands a1 so 
c o n t r i b u t e  t o  t h e  s t a b i  1  i ty  o f  l e v e l  s  o f  a tmospher ic  n i t r o g e n ,  s u l  f u r ,  carbon 
d i o x i d e ,  and methane ( M i  t s c h  and Gossel i n k  1986). 

Numerous l aws  and r e g u l a t i o n s  have been enac ted  t o  p r o t e c t  and manage 
we t l ands  ( Z i n n  and Copeland 1982; K u s l e r  1983; M i t s c h  and G o s s e l i n k  1986), b u t  
t h e  a rea  o f  we t l ands  i n  t h e  l o w e r  conterminous  U n i t e d  S t a t e s  d e c l i n e d  f rom 
about  215 m i l l i o n  a c r e s  i n  p r e s e t t l e m e n t  t i m e s  (Roe and Ayres  1954) t o  about  
99 m i l l i o n  a c r e s  i n  t h e  mid-1970's ( F r a y e r  e t  a l .  1983). D u r i n g  t h e  p a s t  
40 y e a r s ,  t h e r e  have been s i g n i f i c a n t  l o s s e s  o f  p a l u s t r i n e  we t l ands  o f  f o r e s t e d  
r i p a r i a n  f l o o d p l a i n s  i n  t h e  sou theas te rn  p o r t i o n  o f  t h e  U n i t e d  S t a t e s .  A n e t  
l o s s  o f  4.5 m i l l i o n  ac res  o f  p a l u s t r i n e  f o r e s t e d  we t l ands  o c c u r r e d  i n  t h e  
M i  s s i  s s i p p i  F lyway a1 one d u r i n g  t h e  1950'  s-1970's ( F r a y e r  e t  a1 . 1983). 

U n t i l  t h e  second h a l f  o f  t h e  t w e n t i e t h  c e n t u r y ,  t h e  o n l y  f u n c t i o n a l  v a l u e  
w i d e l y  a t t r i b u t e d  t o  we t l ands  was t h a t  o f  p r o v i d i n g  h a b i t a t  f o r  w i  l d l  i f e ,  
p a r t i c u l a r l y  w a t e r f o w l .  More r e c e n t l y ,  we t l ands  have a t t r a c t e d  s i g n i f i c a n t  
a t t e n t i o n  r e l a t e d  t o  o t h e r  f u n c t i o n s  and v a l u e s  (Good e t  a l .  1978; Greeson e t  
a l .  1979; B r i n s o n  e t  a l .  1981a,b; R ichardson 1981; Sa the r  and Smi th  1984; 
S t r i c k l a n d  1986; M i  t c h  and Gossel i n k  1986). 

A t  t h e  p o p u l a t i o n  1 eve1 , wet1 and-dependent f i sh, she1 1 f i sh, f u rbea re rs ,  
and w a t e r f o w l  p r o v i d e  a  v a l u a b l e  h a r v e s t  and m i l l i o n s  o f  man-days o f  
r e c r e a t i o n a l  f i s h i n g  and h u n t i n g .  Commercial l a n d i n g s  o f  wet land-dependent  
f i s h  spec ies  had a  l a n d i n g  v a l u e  exceed ing  $700 m i l l i o n  i n  1976; and i n  1975, 
r e c r e a t i o n a l  f i she rmen  spent  $31.1  b i l l i o n  p u r s u i n g  we t l and -assoc ia ted  f i s h e s  
( P e t e r s  e t  a1 . 1979). About  o n e - t h i r d  o f  t h e  N o r t h  American b i r d  spec ies  use 
we t l ands  (Kroodsman 1979), as do numerous a q u a t i c  i n v e r t e b r a t e s ,  amphib ians,  
r e p t i l e s ,  f i s h ,  and mammals (Lambou 1965, 1984; Z i s e r  1978; C l a r k  1979; 
F r e d r i c k s o n  1979; Sch i  t o s k e y  and L i n d e r  1979; B r i  nson e t  a1 . 1981a,b; F r i z e l l  
1988). About  50% o f  t h e  t h r e a t e n e d  o r  endangered animal  spec ies  and 28% o f  
t h e  p l a n t  spec ies  a r e  a s s o c i a t e d  w i t h  we t l ands ,  i n c l u d i n g  22 o f  t h e  4 1  spec ies  
and subspec ies  o f  U n i t e d  S t a t e s  f i s h e s  l i s t e d  as  endangered o r  t h r e a t e n e d  
( W i l l i a m s  and Dodd 1979; N i e r i n g  1988). The t i n i b e r  v a l u e  o f  sou the rn  w e t l a n d  
f o r e s t s  was e s t i m a t e d  t o  be $8  b i l l i o n  (Johnson 1979). 

FOCUS, SCOPE, AND PURPOSE OF THIS REPORT 

There i s  no u n i v e r s a l ,  c o r r e c t ,  i n d i  spu tab l  e, e c o l o g i c a l  1y sound 
d e f i n i t i o n  f o r  we t l ands ,  p r - i m a r i l y  because o f  t h e  d i v e r s i t y  o f  we t l ands  and 



T a b l e  1. Summary o f  r e p r e s e n t a t i v e  examples o f  f u n c t i o n s  o f  f o r e s t e d  
p a l u s t r i n e  w e t l a n d s  (adap ted  f r o m  Roe1 l e  e t  a1 . 1987).  

M a j o r  f u n c t i o n a l  c a t e g o r i e s  S p e c i f i c  f u n c t i o n s  

Hydro1 ogy 

Water  qua l  i t y  

F i  s h e r i e s  and w i  l d l  i f e  

Ecosystem p rocesses  

F l o o d  s t o r a g e  
V e l o c i t y  r e d u c t i o n  
Groundwater  d i s c h a r g e  m o d i f i c a t i o n  

Sediment  r e t e n t i  on 
E r o s i o n  c o n t r o l  
N u t r i e n t  r e t e n t i o n  and t r a n s f o r m a t i o n  
Contaminan t  r e t e n t i o n  and t r a n s f o r m a t i o n  

H a b i t a t  f o r  f i n f i s h  
H a b i t a t  f o r  she1 l f i s h  
H a b i t a t  f o r  wood ducks  
H a b i t a t  f o r  w i n t e r i n g  d a b b l i n g  ducks  
H a b i t a t  f o r  b l a c k  bea r  
H a b i t a t  f o r  w h i t e - t a i l e d  d e e r  
H a b i t a t  f o r  m i g r a t i n g  p a s s e r i n e  b i  r d s  

Ma in tenance  o f  n a t u r a l  b i o t i c  d i v e r s i t y ,  
c u m u l a t i v e  l e v e l  

Ma in tenance  o f  n a t u r a l  b i o t i c  d i v e r s i t y ,  
s i t e - s p e c i f i c  l e v e l  

Food c h a i n  s u p p o r t  
S t r e a m f l  ow m e d i a t i o n  
T r a n s f o r m i  ng and f i 1  t e r i  ng ( w a t e r  qua l  i t y )  

Cultural/recreational/econornic Sensory e x p e r i e n c e  
R e c r e a t i o n  e x p e r i e n c e  
I n f o r m a t i o n  s t o r a g e  
Renewable h a r v e s t i n g  

because demarca t i on  between we t  and dry env i r onmen ts  l i e s  a l o n g  a  con t inuum.  
However, s e v e r a l  w e t l a n d  c l a s s i f i c a t i o n  systems impose b o u n d a r i e s  on w e t l a n d s  
f o r  t h e  purposes  o f  i n v e n t o r y ,  e v a l b a t i o n ,  and management ( e .g . ,  M a r t i n  e t  a l .  
1953; Shaw and F r e d i n e  1956; S t e w a r t  and K a n t r u d  1971; G o l e t  and Larson  1974; 
Z o l t a i  e t  a l .  1975; M i l l a r  1976; Cowardin e t  a1 . 1979) .  D e f i n i t i o n s  o f  
w e t l a n d s  o f t e n  depend on t h e  o b j e c t i v e s  and f i e l d  o f  i n t e r e s t  o f  t h e  u s e r .  I 
have chosen p a l  u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  f o r  t h e  f o c u s  
o f  t h i s  r e p o r t .  These w e t l a n d s  a r e  p r i m a r i l y  f o r e s t e d  and sc rub / sh rub  c l a s s e s  



o f  t h e  p a l u s t r i n e  w e t l a n d s  system as c l a s s i f i e d  b y  Coward-in e t  a1 . (1979) .  As 
used  i n  t h i  s  r e p o r t ,  p a l  u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  
i n c l u d e  o n l y  w e t l a n d s  t h a t  a r e  d i r e c t l y  c o u p l e d  t o  u p l a n d  wa te r sheds  and t o  
s t r eam systems ( g e n e r a l l y  h i g h e r  o r d e r  s t reams)  w h i c h  f l o w  t o  e s t u a r i e s  a l o n g  
t h e  mid-  and s o u t h - A t l a n t i c  and t h e  n o r t h e r n  G-u l f  o f  Mex i co  c o a s t a l  a reas  o f  
t h e  U n i t e d  S t a t e s .  Ups lope ,  t h e s e  w e t l a n d s  a r e  bounded b y  t e r r e s t r i a l  h a b i t a t .  
They a r e  c o u p l e d  t o  r i v e r i n e  h a b i t a t  v i a  a  " w a t e r  b r i d g e "  d u r i n g  f l o o d i n g  
( F i g u r e  1). The w a t e r  b r i d g e  i s  e s s e n t i a l  f r o m  a  f i s h e r y  f u n c t i o n a l  v a l u e  
s t a n d p o i n t  because d u r i n g  f 1  o o d i  ng i t  a1 1  ows f i sh access  t o  p r o d u c t i v e  
f l o o d p l a i n  a r e a s  used  f o r  spawning,  n u r s e r y ,  f e e d i n g ,  and c o v e r .  The w a t e r  
b r i d g e  a1 so p r o v i d e s  passage f o r  f i s h  t o  r e t u r n  t o  t h e  s t r eam channe l  d u r i n g  
r e c e d i n g  f l o o d w a t e r s .  A  s t ream c o r r i d o r  w i t h  p a l u s t r i n e  f o r e s t e d  w e t l a n d s  
l o c a t e d  i n  i t s  f l o o d p l a i n  may a l s o  c o n t a i n  w e t l a n d s  c l a s s i f i e d  as  E s t u a r i n e  
I n t e r t i d a l  F o r e s t e d  Wet lands ,  R i v e r i n e  Lower P e r e n n i a l  Emergent  Wet lands  and 
A q u a t i c  Beds, and P a l u s t r i n e  A q u a t i c  Beds (Coward in  e t  a l .  1979).  These 
w e t l a n d  h a b i t a t s  a r e  a l s o  f u n c t i o n a l l y  i m p o r t a n t  t o  f i s h  t h a t  use t h e  s t ream 
c o r r i d o r  and a s s o c i a t e d  w e t l a n d s .  However,  such w e t l a n d s  a r e  n o t  t h e  f o c u s  o f  
t h i s  r e p o r t .  Terms o t h e r  a u t h o r s  have used  t o  d e s c r i b e  p a l u s t r i n e  w e t l a n d s  o f  
s p e c i a l  i n t e r e s t  and w h i c h  I c o n s i d e r  t o  be g e n e r a l l y  synonymous t o  w e t l a n d s  
t h a t  a r e  t h e  f o c u s  o f  t h i s  r e p o r t  a r e  1  i s t e d  i n  T a b l e  2 .  

A  r e c e n t  su r vey  b y  Abe rne thy  and T u r n e r  (1987)  showed t h a t  57% o f  t h e  
f o r e s t e d  w e t l a n d  a r e a  i n  t h e  U n i t e d  S t a t e s  i s  l o c a t e d  i n  Alabama, Arkansas,  
Geo rg i a ,  F l o r i d a ,  Ken tucky ,  L o u i s i a n a ,  M i s s i s s i p p i  , M i s s o u r i ,  N o r t h  C a r o l i n a ,  
Sou th  C a r o l i n a ,  Tennessee, and V i r g i n i a .  I n  t h i s  a r e a  o f  t h e  U n i t e d  S t a t e s ,  
p a l  u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  a r e  commonly r e f e r r e d  t o  
a s  b o t t o m l a n d  hardwoods.  However, t h i s  t e r m  i s  used v e r y  l o o s e l y  f r om  an 
a n a t o m i c a l  s t a n d p o i n t ,  s i n c e  b o t h  hardwood and so f twood  t r e e  s p e c i e s  o c c u r  on 
f l o o d p l a i n s  o f  s t reams i n  t h e s e  S t a t e s .  

LITERATURE REV1 EW 

USE OF FLOODPLAINS BY FISH 

I t  i s  g e n e r a l  l y  known t h a t  p a l  u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  
f l o o d p l a i n s  p r o v i d e  c o v e r ,  spawning,  and n u r s e r y  h a b i t a t  -- i n  s i t u  f o r  numerous 
f i s h  s p e c i e s  ( e . g . ,  H inchee  1977; Has t - ings  1979; Welcomme 1979; Whar ton and 
B r i n s o n  1979; Chambers 1980; Whar ton e t  a l .  1981) .  I t i s  g e n e r a l l y  known o r  
assumed t h a t  such w e t l a n d s  u s u a l l y  i m p o r t ,  p roduce ,  s t o r e ,  r e c y c l e ,  and e x p o r t  
b i o t i c  and a b i o t i c  m a t e r i a l s  t h a t  a r e  used i n  f o o d  c h a i n s  b y  f i s h  s i t u  o r  
a t  s i t e s  downstream ( e . g . ,  Day e t  a l .  1977, 1980; L i v i n g s t o n  and Loucks 1979; 
Conner and Day 1982; T a y l o r  e t  a1 . 1984) .  

Most  o f  t h e  a v a i l a b l e  i n f o r m a t i o n  on t h e  o c c u r r e n c e ,  p o p u l a t i o n ,  and 
p r o d u c t i o n  o f  f i s h  i n  f o r e s t e d  f l o o d p l a i n s  has been r e v i e w e d  and summarized b y  
Whar ton e t  a l .  (1981,  1982) .  I t  has been shown t h a t  90 f i s h  s p e c i e s  use t h e  
wooded f l o o d p l a i n s  o f  t h e  A t c h a f a l a y a  R i v e r ,  L o u i s i a n a  (Lambou 1965, 1984; 
B r yan  e t  a1 . 1975, 1976) .  Of  t h e  90 s p e c i e s ,  5 1  used t h e  o v e r f l o w  wooded 
a r e a s  f o r  spawning o r  f o r  r e a r i n g  o f  young ,  w h i l e  53 s p e c i e s  used  t h e s e  a reas  



a TEMPORARILY FLOODED 
b SEASONALLY FLOODED 
c SEMIPERMANENTLY FLOODED 
d INTERMIITENTLY EXPOSED 
e PERMANENTLY FLOODED 

F i g u r e  1. S i m p l i f i e d  schema o f  a  c r o s s  s e c t i o n  o f  a  s t ream c o r r i d o r  showing 
t h e  p r o x i m i t y  o f  a  p a l u s t r i n e  w e t l a n d  i n  a  f o r e s t e d  r i p a r i a n  f l o o d p l a i n  t o  
up land ,  r i v e r i n e ,  and some o t h e r  p a l u s t r i n e  h a b i t a t s  ( adap ted  f r o m  Cowardin 
e t  a l .  1979).  

f o r  f e e d i n g  ( T a b l e  3 ) .  B o t t o m l a n d  hardwood a reas  o f  t h e  Henderson Lake a r e a  
i n  t h e  A t c h a f a l a y a  f l o o d p l a i n  a r e  used  by  a t  l e a s t  37 f i s h  s p e c i e s  f o r  spawning 
and n u r s e r y  h a b i t a t  (Po l  l a r d  e t  a1 . 1983; Lambou 1984) .  The number o f  f i s h  
spec ies  t h a t  have been c o l l e c t e d  f r o m  o t h e r  f l o o d p l a i n s  a r e a s  i n c l u d e :  13 i n  
a  c y p r e s s  swamp i n  F l o r i d a  ( C a r l s o n  and Duever  1977) ,  16 f r o m  a  b l a c k w a t e r  
c r e e k  f l o o d p l a i n  i n  N o r t h  C a r o l i n a  (Walker  1980),  and 20 f r om f l o o d p l a i n  a reas  
a l o n g  t h e  Savannah R i v e r  i n  Geo rg ia  ( P a t r i c k  e t  a l .  1967) .  Numerous f i s h  
spec ies  use t h e  f l o o d p l a i n  a l o n g  t h e  Suwanee R i v e r  i n  Geo rg ia  f o r  spawning and 
n u r s e r y  h a b i t a t  (Wya t t  and H o l d e r  1969; H o l d e r  1970; H o l d e r  e t  a l .  1970, 1971; 
Germann 1973) .  F o r e s t e d  f l o o d p l a i n s  a r e  used as  spawning s i t e s  b y  h i c k o r y  
shad ( A l o s a  m e d i o c r i s )  and b l u e b a c k  h e r r i n g  (& s a p i d i s s i m a )  i n  New J e r s e y  



Tab le  2. Some te rms  used b y  v a r i o u s  a u t h o r s  i n  d i s c u s s i n g  P a l u s t r i n e  
Fo res ted  Wet lands and Scrub/Shrub Wet lands (Cowardin e t  a l .  1979) and t h a t  
a r e  c o n s i d e r e d  t o  be  g e n e r a l l y  synonymous t o  p a l u s t r i n e  we t l ands  o f  f o r e s t e d  
r i p a r i a n  f l o o d p l a i n s .  

Term Au tho r  

F l  oodpl  a i  n 
F l o o d p l a i n s  o f  r i v e r s  

Fo res ted  w e t l  ands 
Swamp f o r e s t s  

Wet lands o f  bo t tom land  
hardwood f o r e s t s  

F l o o d p l a i n  swamps 

R i p a r i a n  ecosystems 
R i p a r i a n  w e t l  ands 

Bottom1 and f o r e s t s  

Bo t to r r~ l  and hardwood-cypress 
f o r e s t s  

Low1 and hardwood w e t l  ands 

P ine  b a r r e n s  
Cedar swamps 

Welcomme (1979, 1985) 

Conner and Day (1982) 

C l a r k  and Benforado (1981), 
Roe1 l e  e t  a1 . (1987), W i  1  k i nson  
e t  a l .  (1987), Lea (1988) 

Kuenz le r  e t  a1 . (1980) 

Ewe1 (1978),  B r i n s o n  e t  a l .  
(1981b),  M i t s c h  and G o s s e l i n k  
(1986) 

Day e t  a l .  (1981),  McKnight  e t  a l .  
(1981) 

Langdon e t  a l .  (1981) 

F r e d r i  c  kson ( 1979a, b) 

P a t r i c k  e t  a1 . (1979) 

(unpubl  i shed r e p o r t  c i t e d  b y  H a s t i  ngs 1979). The b l  ue c r a b  ( C a l l  i n e c t e s  
sapidus) ,  shr imp (Panaeus sp.) ,  and seve ra l  spec ies  o f  e s t u a r i n e  f i n f i s h  were 
found  t o  use f r e s h w a t e r  f o r e s t e d  f l o o d p l a - i n s  i n  L o u i s i a n a  (Hinchee 1977; 
Chambers 1980; Lambou 1984). C r a y f i s h  f o rm  a  l a r g e  percentage bf  t h e  a q u a t i c  
animal  biomass on some f l o o d p l a i n s  (Ho lde r  1971; K o n i k o f f  1977) and a r e  an 
i m p o r t a n t  f o o d  source f o r  t h e  l a r g e  p r e d a t o r  f i s h e s  found on f l o o d p l a i n s  (Penn 
1950; Ho lde r  1971; Wharton 1977). Severa l  spec ies  o f  f r e s h w a t e r  mussels 
dominate t h e  an imal  biomass o f  some f l o o d p l a i n s  (Parson and Wharton 1978). 
The g l o c h i d i a n  s tage  o f  most f r e s h w a t e r  mussels cannot  s u r v i v e  u n l e s s  t h e y  



T a b l e  3. Summary o f  f i s h  use o f  h a b i t a t  t y p e s  f o r  a  p a r t i c u l a r  purpose i n  
t h e  l eveed  A t c h a f a l a y a  B a s i n  between Morgan C i t y  and Simmesport,  L o u i s i a n a  
(adap ted  f r o m  Lambou 1984) .  

H a b i t a t  t y p e  and use 

Pe rcen t  o f  t o t a l  
Number o f  number ( n  = 90) 

f i s h  spec ies  o f  spec ies  

Used o v e r f l o w  wooded a reas  f o r  
spawning o r  r e a r i n g  o f  young 

Used o v e r f l o w  wooded a reas  f o r  
f e e d i  rig 

Spawned i n  mar i ne  w a t e r s  and a d u l t s  
and s u b a d u l t s  used o v e r f l o w  wooded 
and permanent-water  a reas  f o r  
f e e d i n g  

How e x t e n s i v e l y  o v e r f l o w  wooded 
a r e a s  were used i s  n o t  known 

Used permanent-water  a reas  w i t h  
c u r r e n t ,  how e x t e n s i v e  o v e r f l o w  
wooded a r e a s  were used i s  n o t  known 5 

M a i n l y  i n h a b i t e d  mar i ne  o r  e s t u a r i n e  
wa te rs ,  a  few i n d i v i d u a l s  i n v a d e d  
a r e a  d u r i  ng 1 ow-water p e r i  ods 4  

become a t t a c h e d  t o  t h e i r  h o s t - s p e c i f i c  spec ies  o f  f i s h .  The average annual  
y i e l d  o f  f i n f i s h  and s h e l l f i s h  f r om f l o o d p l a i n s  t o  man i s  l a r g e l y  dependent  on 
t h e  rnaxirnum a r e a  f l o o d e d  (Bryan and Sab ins  1979) and t h e  amount o f  f i s h i n g  
e f f o r t .  Y i e l d s  may range  f r o m  abou t  4,000 t o  6,000 kg/km2 o f  f i n f i s h  (Welcomme 
1979) t o  as  h i g h  as 8,797 kg/km2 o f  f i n f i s h  and s h e l l f i s h  combined (Lambou 
1984). F i s h  d e n s i t y  and biomass i n  a  c y p r e s s  (Taxodium d i s t i c h u m )  swamp i n  
F l o r i d a  ranged f r om 16 t o  43 f i  sh/m2 and 1 t o  3  g/rn2 r e s p e c t i v e l y  ( C a r l  son and 
Duever 1977) .  The a r e a  o f  b o t t o m l a n d  hardwood w e t l a n d s  i n  t h e  M i s s i s s i p p i  
R i v e r  b a s i n  i s  1  i k e l y  an i m p o r t a n t  d e t e r m i n a n t  o f  t h e  o v e r a l l  l e v e l  o f  f i s h e r y  
p r o d u c t i v i t y  i n  t h a t  r i v e r  b a s i n  ( R i s o t t o  and Tu rne r  1985) .  



STRUCTURE, FUNCTION, AND HYDROPERIOD OF FLOODPLAINS 

A f l o o d p l a i n  may be c o n s i d e r e d  t h e  p a r t  o f  a  s t r eam channel  t h a t  i s  used 
t o  accommodate h i g h  f l o w s  ( B r i n s o n  e t  a l .  1981).  F l o o d p l a i n s  r e s u l t  f r o m  t h e  
c o m b i n a t i o n  o f  t h e  d e p o s i t i o n  o f  a l l u v i a l  m a t e r i a l s  ( a g g r a d a t i o n )  and down- 
c u t t i n g  o f  s u r f a c e  m a t e r i a l  o v e r  a  p e r i o d  o f  many y e a r s .  I n  a  r e v i e w  o f  t h e  
s t r u c t u r e  and f u n c t i o n  o f  r i p a r i a n  f l o o d p l a i n s  M i t s c h  and G o s s e l i n k  (1986) 
p o i n t e d  o u t  t h a t  t h e  impo r tance  o f  t h e  s t ream t o  t h e  f l o o d p l a i n  and t h e  
f l o o d p l a i n  t o  t h e  s t r eam c a n n o t  be overemphasized.  I f  t h e  s t r eam o r  t h e  
f l o o d p l a i n  i s  a1 t e r e d  t h e  o t h e r  w i  11 s u r e l y  change i n  t i m e  because s t reams and 
t h e i r  f l o o d p l a i n s  a r e  -in c o n t i n u a l  dynamic ba lance  between t h e  b u i l d i n g  and 
removal  o f  s t r u c t u r e .  G e n e r a l l y ,  t h e r e  a r e  f o u r  h y d r o l o g i c a l  phases o f  a  
s t ream i n  r e l a t i o n  t o  i t s  f l o o d p l a i n  ( F i g u r e  2 ) .  

The h y d r o p e r i o d  ( F i g u r e  3) d e f i n e s  t h e  p a t t e r n  o f  r i s e  and f a l l  o f  t h e  
f l o o d p l a i n ' s  s u r f a c e  and subsu r f ace  w a t e r .  The h y d r o p e r i o d  i s  u n i q u e  t o  each 
s t ream and each f l o o d p l a i n  and i s  t h e  d r i v i n g  f o r c e  w h i c h  d e t e r m i n e s  t h e  
f l o o d p l a i n ' s  s t r u c t u r e  and f u n c t i o n .  Changes i n  t h e  f r equency ,  d u r a t i o n ,  and 
t i m i n g  o f  t h e  h y d r o p e r i o d  may p r e v e n t  passage o f  f i s h  between t h e  s t r eam and 
i t s  f l o o d p l a i n ,  a l t e r  t h e  age s t r u c t u r e  and s p e c i e s  c o m p o s i t i o n  o f  t h e  
f l o o d p l a i n  f l o r a  and fauna ,  and i n t e r f e r e  w i t h  e c o l o g i c a l  p rocesses  t h a t  
s u p p o r t  f o o d  c h a i n s  i n  t h e  w e t l a n d  and i n  downstream systems (Bed inge r  1981; 
Kad lec  1987; K l imas  1988).  The t i m i n g  o f  f l o o d i n g  i s  p a r t i c u l a r l y  i m p o r t a n t  
because f l o o d i n g  d u r i n g  t h e  g row ing  season has a  g r e a t e r  e f f e c t  on f l o o d p l a i n  
p r o d u c t i v i t y  t h a n  does an equa l  amount o f  f l o o d i n g  d u r i n g  t h e  nongrowing  
season ( M i t s c h  and G o s s e l i n k  1986).  F l o o d p l a i n  v e g e t a t i o n  i s  dependent  on 
i n u n d a t i o n  and d r a i n a g e  p a t t e r n s  t h a t  d i f f e r e n t i a l l y  i n f l u e n c e  t h e  a b i l i t y  o f  
v a r i o u s  p l a n t  s p e c i e s  t o  become e s t a b l i s h e d  and compete on a  g i v e n  s i t e  ( K l i m a s  
1988).  T i m i n g  and magn i tude  o f  f l o o d s  a r e  e s p e c i a l l y  c r i t i c a l  t o  f i s h  s p e c i e s  
t h a t  use t h e  f l o o d p l a i n  f o r  spawning.  M i g r a t i o n  r o u t e s  may be b l o c k e d  i f  
f l o o d  l e v e l  s  a r e  t o o  low.  

The Ro le  o f  Hyd ro logy  i n  F l o o d p l a i n s  

The r o l e  o f  h y d r o l o g y  i n  ma in tenance  o f  f l o o d p l a i n  w e t l a n d s  has been 
d i s c u s s e d  by  numerous a u t h o r s  ( e . g . ,  Conner and Day 1976; G o s s e l i n k  and T u r n e r  
1978; Bed inge r  1979, 1981; C a r t e r  e t  a1 . 1979; Wharton 1980; B r i n s o n  e t  a1 . 
1981b; G o s s e l i n k  e t  a l .  1981; K l imas  1988) .  G o s s e l i n k  and T u r n e r  (1978) 
deve loped  a  concep tua l  model o f  t h e  r o l e  o f  h y d r o l o g y  i n  f r e s h w a t e r  w e t l a n d s .  
T h e i r  model was adapted  ( F i g u r e  4) t o  r e p r e s e n t  t h e  r o l e  o f  h y d r o l o g y  i n  
p a l u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  d i s c u s s e d  i n  t h i s  r e p o r t .  
T h i s  model shows t h a t  some c l  i m a t i c  f a c t o r s  may have an o v e r r i d i n g  i n f l u e n c e  
on t h e  t y p e s  o f  s p e c i e s  t h a t  d e v e l o p  i n  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d -  
p l a i n s .  However, c e r t a i n  a t t r i b u t e s  o f  t h e  h y d r o l o g i c  reg ime (i . e . ,  w a t e r  
source ,  v e l o c i t y ,  renewa l  r a t e ,  and t i m i n g )  a r e  o f  most  impo r tance  t o  t h e  
b i o t a ,  and e s p e c i a l l y  t o  f i s h .  The sou rce  o f  w a t e r  s t r o n g l y  i n f l u e n c e s  i t s  
i o n i c  c o m p o s i t i o n ,  oxygen s a t u r a t i o n ,  and t o x i n  l o a d ,  each o f  w h i c h  may 
i n f  1  uence t h e  w a t e r  qua1 i t y  s u i  t a b i  1  i t y  f o r  f i sh. Water  v e l o c i t y  a f f e c t s  
t u r b u l e n c e  and sed iment  t r a n s p o r t  and d i s t r i b u t i o n ,  each o f  w h i c h  may be  
d e t e r m i n i n g  f a c t o r s  f o r  f i s h  spawning and f e e d i n g  h a b i t a t .  'The renewa l  r a t e  
o r  f r e q u e n c y  o f  r ep lacemen t  o f  t h e  w a t e r  i s  dependent  on volume and f r equency  
o f  i n u n d a t i o n  and v e l o c i t y .  The renewa l  r a t e  and t h e  t- im-ing o f  f r equency  o f  



F i g u r e  2 .  S c h e m a t i c  s h o w i n g  f o u r  o f  t h e  h y d r o l o g i c a l  p h a s e s  o f  a  s t r e a m  i n  
r e l a t i o n  t o  i t s  f o r e s t e d  r i p a r i a n  f l o o d p l a i n :  a ,  d r o u g h t  p h a s e  w i t h  t h e  w a t e r  
l e v e l  o n  t h e  f l o o d p l a i n  t o o  l o w  t o  s u p p o r t  f i s h ;  b ,  f l o o d  p h a s e  when o v e r b a n k  
f l o w  f r o m  t h e  s t r e a m  c h a n n e l  c o n t r i b u t e s  w a t e r  t o  t h e  f l o o d p l a i n  a1 l o w i n g  f i s h  
p a s s a g e ;  c ,  p o s t - f l o o d  p h a s e  w i t h  s u r f a c e  d r a i n a g e  f r o m  t h e  f l o o d p l a i n  t o  t h e  
s t r e a m ,  a l l o w i n g  f i s h  p a s s a g e ;  a n d  d ,  n o r m a l  c h a n n e l - c o n t a i n e d  s t r e a m f l o w  
w h i c h  o r i g i n a t e s  f r o m  f l o o d p l a i n  s e e p a g e ,  p r e c i p i t a t i o n ,  o r  l a t e r a l  r u n o f f  
f r o m  a d j a c e n t  u p l a n d s .  ( A d a p t e d  f r o m  M . M .  B r i n s o n ,  H .  D .  B r a d s h a w ,  a n d  R . N .  
Ho lmes ,  " S i g n i f i c a n c e  o f  f l o o d p l a i n s  i n  n u t r i e n t  e x c h a n g e  b e t w e e n  a  s t r e a m  a n d  
i t s  f l o o d p l a i n , "  i n  T . D .  F o n t a i n e  a n d  S . M .  B a r t e l l ,  D y n a m i c s  o f  L o t i c  Eco- 
s y s t e m s ,  p p .  199-221 ,  w i t h  p e r m i  s s i o n  f r o m  B u t t e r w o r t h  Pub1 i s h e r s ,  S tonehem,  
MA.)  
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F i g u r e  3 .  Example o f  hyd rog raphs  f r o m  t h e  A p a l a c h i c o l  a  R i v e r ,  F l o r i d a  ( s o l  i d  
l i n e )  a t  r i v e r  m i l e  86, and  f r o m  two nearby  f l o o d p l a i n  s i t e s  a l o n g  t h e  r i v e r  
d u r i n g  t h e  w a t e r  y e a r  1980. F l o o d p l a i n  s i t e  1, (dashed l i n e )  was l o c a t e d  one 
m i l e  e a s t . o f  t h e  r i v e r  i n  a l a r g e  t u p e l o - c y p r e s s  swamp t h a t  was pe rmanen t l y  
ponded w i t h  1-2 f e e t  o f  w a t e r .  F l o o d p l a i n  s i t e  2 ( d o t t e d  l i n e )  was l o c a t e d  
a b o u t  0.5 m i l e  w e s t  o f  t h e  r i v e r  i n  a  f l o o d p l a i n  w i t h  h i g h  f l o w  v e l o c i t i e s  
d u r i n g  f l o o d s ,  b u t  w h i c h  was ponded d u r i n g  l ow  f l o w s  (adap ted  f r om Le i tman e t  
a l .  1984).  

i n u n d a t i o n  and i t s  r e g u l a r i t y  may l i m i t  t h e  a v a i l a b i l i t y  and use o f  t h e  f l o o d -  
p l a i n  b y  f i s h  and  w i l d l i f e  s p e c i e s .  Water  n u t r i e n t s ,  t o x i n s ,  and oxygen 
a v a i l a b i l i t y  a r e  key  chemophys ica l  p r o p e r t i e s  o f  t h e  f l o o d p l a i n ' s  s u b s t r a t e  
and a r e  s t r o n g l y  i n f l u e n c e d  b y  t h e  h y d r o l o g i c  r eg ime .  D e t a i l e d  d i s c u s s i o n s  on 
t h e  i n f l u e n c e  o f  t h e  h y d r o l o g i c  reg ime on f l o o d p l a i n  f l o r a  a r e  f ound  -in 
Gossel  i n k  and  T u r n e r  (1978) .  

Openness o r  c o u p l i n g  and p r i m a r y  p r o d u c t i v i t y ,  secondary p r o d u c t i v i t y  and 
f o o d  c h a i n  s u p p o r t ,  and w a t e r  qua1 i t y  c h a r a c t e r i s t i c s  o f  w e t l a n d s  a r e  known t o  
respond t o  h y d r o l o g y ,  wh i ch  i n  t u r n  d e t e r m i n e s  t h e  f i s h e r i e s  v a l u e  o f  
p a l  u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s .  These c h a r a c t e r i s t i c s ,  
t h e i r  responses  t o  h y d r o l o g y ,  and t h e i r  r e l a t i o n s h i p  t o  f i s h e r y  r e s o u r c e s  a r e  
d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s  o f  t h i s  pape r .  
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F i g u r e  4 .  A c o n c e p t u a l  model o f  t h e  r o l e  o f  h y d r o l o g y  i n  p a l u s t r i n e  w e t l a n d s  
o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s .  ( M o d i f i e d  f r o m  Gossel  i n k  and T u r n e r  (1978) .  
O r i g i n a l  c o p y r i g h t  1978 by  Academic P ress ,  I n c .  M o d i f i e d  and r ep roduced  w i t h  
p e r m i s s i o n  f r o m  t h e  p u b l i s h e r s . )  



F l o o d p l a i n  Coup1 i n g  and Pr imary  P r o d u c t i v i t y  

P o r t i o n s  o f  t h e  l e n g t h  o f  a  s t ream c o r r i d o r ,  i n c l u d i n g  t r i b u t a r i e s ,  have 
v i t a l  h y d r o l o g i c  and b i o l o g i c  a t t r i b u t e s  t h a t  coup le  a  st ream upstream and 
downstream, and l a t e r a l  l y  w i t h  i t s  f l o o d p l a i n  (Wharton and B r i n s o n  1979). 
Pal  u s t r i n e  we t l ands  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  a r e  coup led  d i r e c t l y  o r  
i n d i r e c t l y  t o  up land  watersheds,  streams, and e s t u a r i e s .  By v i r t u e  o f  t h i s  
coup1 i ng , g r a v i t y ,  t h e  so l  u b i  1 i t y  and t r a n s p o r t  p r o p e r t i e s  o f  wa te r ,  and t h e  
m o b i l i t y  o f  v a r i o u s  a q u a t i c  organisms,  i n c l u d i n g  f i s h ,  t hese  we t l ands  a r e  open 
systems accoun t i ng  f o r  exchange o f  m a t e r i a l s  among v a r i o u s  components o f  t h e  
st ream c o r r i d o r  ( F i g u r e  5 ) .  The f u n c t i o n a l  aspec t  o f  t h i s  c o u p l i n g  depends on 
p u l s e s  o f  w a t e r  f l o w  wh ich  a r e  v i t a l  t o  p r i m a r y  and secondary p r o d u c t i v i t y  i n  
t h e  f l o o d p l a i n  and a t  downstream s i t e s  (Wharton and B r i n s o n  1979). 

S t u d i e s  have shown t h a t  p r i m a r y  p r o d u c t i v i t y  o f  f o r e s t e d  f l o o d p l a i n s  
depends on h y d r o l o g i c  and n u t r i e n t  c o n d i t i o n s  (see summary by  M i t s c h  and 
Gossel i n k  1986). H i g h e s t  p r o d u c t i v i t y  r e s u l t s  f r om we t l ands  t h a t  a r e  n e i t h e r  
t o o  wet  n o r  t o o  d r y  b u t  t h a t  have seasonal h y d r o l o g i c  p u l s i n g  (Brown e t  a l .  
1979; B r i n s o n  e t  a l .  1981b; Conner and Day 1982) ( F i g u r e  6 ) .  F l o o d p l a i n  
f o r e s t s  a r e  aniong t h e  h i g h e s t  i n  p r i m a r y  p r o d u c t i v i t y  o f  any ecosystem i n  t h e  
sou theas te rn  U n i t e d  S t a t e s  (Boyd 1976; Conner and Day 1976; Brown e t  a l .  
1979). N u t r i e n t  suppl  i e s  f r om t h e  watershed d e p o s i t e d  d u r i n g  st ream f 1  ood ing  
p r o v i d e  resou rces  necessary t o  s u s t a i n  h i g h  r a t e s  o f  p r o d u c t i v i t y .  T rees  a r e  
t h e  f l o o d p l a i n ' s  p r i m a r y  p roduce rs  and t h e  source o f  much o f  t h e  d e t r i t u s  on 
t h e  f l o o d p l a i n  and i n  t h e  a s s o c i a t e d  s t ream (Wharton and B r i n s o n  1979).  
Aboveground biomass v a r i e s  w i d e l y ,  r a n g i n g  f rom 10 kg/m2 t o  119 kg/m2 ( B r i n s o n  
e t  a l .  198:Lb). Some t r e e  spec ies  commonly found on f o r e s t e d  f l o o d p l a i n s  i n  
t h e  Southeas t  a r e  b a l d  cyp ress  (Taxodium d i  s t i chum)  , 
a q u a t i c a ) ,  swamp t u p e l o  (K s y l v a t i c a ) ,  b l a c k  gum (N.- 
(Cara a q u a t i  ca)  , overcup oak (Quercus  l y r a t a )  , r e d  
A t l a n t i c  w h i t e  cedar  (Chamaecyparis t h y o i d e s ) ,  and 

w a t e r  
i f  1  o r a )  
maple 
w a t e r  

c a r o l  i n i a n s ) .  However, t r e e  spec ies   omp position may v a r y  g r e a t  
h y d r o l o g i c  reg imes,  changes i n  f l o o d p l a i n  e l e v a t i o n ,  and o t h e r  

t u p e l o  (Nyssa 
, w a t e r  h i c k o r y  
(Acer  rubrum), 
ash ( F r a x i n u s  

l y  depending on 
f a c t o r s  ( c o i n e r  

and ~ a y -  1976;- Wharton and B r i n s o n  1979; B r i  nson e t  a1 . 1981 ; Larson e t  a1 . 
1981; McKnight  e t  a1 . 1981; Abernethy  and Tu rne r  1987). 

One o f  t h e  fundamental f u n c t i o n s  o f  p r i m a r y  p r o d u c t i v i t y  i n  f o r e s t e d  
f l o o d p l a i n s  i s  t h a t  o f  p r o v i d i n g  energy f o r  d e t r i  tus-based f o o d  webs, i n c l u d i n g  
f i s h  f o o d  webs, -- i n  s i t u  and a t  downstream s i t e s .  D e t r i t u s - b a s e d  f o o d  webs add 
s t a b i l i t y  t o  ecosystems by  making t h e  energy t h a t  i s  s e a s o n a l l y  f i x e d  by  
p r i m a r y  p r o d u c t i o n  a v a i  1  a b l e  t o  consumers ove r -1  anger p e r i o d s  o f  t i m e .  

Secondary P r o d u c t i v i t y  and Food Chain Suppor t  R e l a t e d  t o  t h e  F l o o d p l a i n  

A r e v i e w  o f  t h e  secondary p r o d u c t i o n  va lues  o f  we t l ands  by  Crow and 
Macdonald (1979) suggests t h a t  t h r e e  d i s t i n c t  and s i g n i f i c a n t  w e t l a n d  
c o n t r i b u t i o n s  t o  secondary p r o d u c t i v i t y  s tand  above a1 1  o t h e r s .  Two o f  t hese  
c o n t r i b u t i o n s  r e l a t e  t o  w e t l a n d  t r o p h i c  resou rces  and one r e l a t e s  t o  n o n t r o p h i c  
resou rces .  G e n e r a l l y ,  f ood  energy use i n  we t l ands  i s  o f  two t y p e s :  d i r e c t  
and i n d i r e c t  consumpt ion.  D i r e c t  consumpt i  on i s  concerned w i t h  energy and 
m a t t e r  t r a n s f e r r e d  by  means o f  g r a z i n g  by consumers, i n c l u d i n g  i n s e c t s  (Wal lace  
and O'Hop 1985; S c o t t  and Hask ins  1987), w a t e r f o w l  (Chamber la in 1959; Glasgow 
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F i g u r e  5 .  Schema s h o w i n g  t h e  p o t e n t i a l  f o r  t r a n s f e r  o f  m a t e r i a l s  b e t w e e n  a  
p a l  u s t r i n e  w e t l a n d  o f  a  f o r e s t e d  r i p a r i a n  f l o o d p l a i n  a n d  o t h e r  s y s t e m s  1 i n k e d  
d i r e c t l y  o r  i n d i r e c t l y  t o  t h e  w e t l a n d .  F o r  e a c h  s y s t e m  (i . e . ,  t e r r e s t r i a l  
w a t e r s h e d ,  r i v e r i n e ,  f o r e s t e d  r i p a r i a n  w e t l a n d ,  e s t u a r i n e ,  a n d  r n a r i n e ) ,  
e x a m p l e s  a r e  g i v e n  o f  m a j o r  s o u r c e s  o f  e n e r g y  f o r  t h e  s y s t e m  ( E ) ,  some m a j o r  
p r i m a r y  p r o d u c e r s  f o r  t h e  s y s t e m  ( P ) ,  a n d  some m a j o r  c o n s u m e r s  f o r  t h e  s y s t e m  
( C ) .  A r r o w s  w i t h  b r o k e n  l i n e  i n d i c a t e  d i r e c t  l i n k a g e  a n d  d i r e c t i o n  o f  t r a n s f e r  
o f  w a t e r ,  d e t r i t u s ,  n u t r i e n t s ,  a n d  s e d i m e n t s .  A r r o w s  w i t h  s o l i d  l i n e  i n d i c a t e  
d i r e c t  l i n k a g e  a n d  d i r e c t i o n  o f  movement o f  f i s h  a n d  o t h e r  p r i m a r y  c o n s u m e r s .  

reptiles, crayfish 
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F i g u r e  6 .  Ne t  p r i m a r y  p r o d u c t i v i t y  (NPP)  o f  v a r i o u s  swamp a r e a s  c l a s s i f i e d  
as  t o  t h e i r  f l o o d i n g  reg ime (Conner and Day 1982) .  

and B a r d w e l l  1962) ,  and mammal s  (Lowery 1974) .  I n d i r e c t  consumpt ion  i n v o l v e s  
energy  t r a n s f e r  a s s o c i a t e d  w i t h  a l t e r e d  s t a t e s  o f  t h e  w e t l a n d  p r o d u c t s  under  
e s s e n t i a l l y  t h r e e  c o n d i t i o n s :  (1) f o o d  c h a i n  p r e d a t o r - p r e y  t r a n s f e r ,  
(2 )  energy  a s s o c i a t e d  w i t h  w e t l a n d  p l a n t  d e t r i t u s ,  and ( 3 )  energy  d e r i v e d  f r om 
d i s s o l v e d  o r g a n i c  carbon  t h a t  may be l eached  f r o m  w e t l a n d  p l a n t s ,  o r  e x c r e t e d  
by  w e t l a n d  dependent  o rgan isms (Crow and Macdonald 1979) .  I n  a d d i t i o n  t o  i t s  
own n u t r i t i v e  v a l u e ,  d e t r i t u s  p r o v i d e s  a  r i c h  s u b s t r a t e  f o r  t h e  g row th  o f  
d i a t o m s ,  b a c t e r i a ,  and o t h e r  m i c r o o r g a n i  sms (Kaush i  k and Hynes 1971; 
M e l c h i o r r i - S a n t o l  i n i  and Hampton 1972) .  Thus, w e t l a n d - d e r i v e d  d e t r i t u s  and 
i t s  a s s o c i a t e d  m i c r o b i o t a  i s  e x p o r t e d  downstream, r e c y c l e d  t h r o u g h  omnivores  
and h e r b i v o r e s ,  and r e i n o c u l a t e d  w i t h  m i c r o b i o t a ,  and 1 i k e l y  s u p p o r t s  m a j o r  
f o o d  webs t h a t  i n c l u d e  c o m m e r c i a l l y  i m p o r t a n t  f i s h  and s h e l l f i s h .  The t h i r d  
p r i n c i p a l  c o n t r i b u t i o n  o f  we t1  ands t o  secondary p r o d u c t i o n  i n v o l v e  n o n t r o p h i c  
r e s o u r c e s  (Crow and Macdonald 1979) .  P a l u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  
f l o o d p l a i n s  p r o v i d e  h a b i t a t  f o r  v a r i o u s  l i f e  s t ages  and a c t i v i t i e s  o f  numerous 
s p e c i e s  o f  f i s h ,  b i r d s ,  and i ~ v e r t e b r a t e s .  A summary o f  models  o f  energy  
t r a n s f e r ,  r e s o u r c e  use p a t t e r n s ,  and t empo ra l  use p a t t e r n s  f o r  w e t l a n d  
secondary p r o d u c t i v i t y  a r e  g i v e n  i n  Tab le  4 .  



Tab le  4. Wet1 and secondary p r o d u c t i v i t y :  summary o f  model s  o f  energy  
t r a n s f e r ,  r e s o u r c e  use p a t t e r n s ,  and t empora l  use p a t t e r n s  (Crow and 
Macdonald 1979). (Reproduced w i t h  p e r m i s s i o n  o f  t h e  Amer ican Water  
Resource A s s o c i a t i o n .  ) 

Modes o f  
energy  t r a n s f e r  

Resource 
use p a t t e r n s  

Temporal 
use p a t t e r n s  

D i r e c t  consumpt ion  o f  
p r i m a r y  p r o d u c e r s  

Food web p r e d a t o r -  
p r e y  t r a n s f e r  

D e t r i t u s  e x p o r t  

D i s s o l v e d  o r g a n i c  
carbon l e a c h a t e s  
f r om p l a n t s ,  
e x c r e t i o n  f r om 
an ima ls  

E x p o r t  o f  1 a r vae  
and j u v e n i l e s  

TROPHIC RESOURCES : 

D i r e c t  g r a z i n g  Permanent wet1 and 
O n s i t e  d e t r i t u s  use p o p u l a t i o n s  
Of  f s i  t e  d e t r i t u s  use 
Cyc l  i ng o f  b a c t e r i a -  Seasonal w e t l a n d  use 

r i c h  d e t r i t u s  and b y  l o c a l  p o p u l a t i o n s  
f e c a l  m a t t e r  

P r e d a t o r - p r e y  i n t e r a c t i o n s  

NONTROPHIC RESOURCES: 

B reed ing  s i t e s  and 
n u r s e r y  a reas  

F l i g h t  s t a g i n g  a reas  

Seasonal w e t l a n d  use 
by  p o p u l a t i o n s  

Occas iona l  w e t l a n d  
v i s i t o r s  f r om 
a d j a c e n t  h a b i t a t  

R e s t i n g  a reas  
Refuge f r om p r e d a t o r s  

One o f  t h e  ' reasons  f o r  h i g h  f i s h  p r o d u c t i v i t y  i n  t h e  A t c h a f a l a y a  R i v e r  
f l o o d p l a i n  (Lambou 1984) was a t t r i b u t e d  t o  t h e  s h o r t ,  e f f i c i e n t  a q u a t i c  
b a c t e r i a - d e t r i t u s - b a s e d  f o o d  c h a i n  i n v o l v i n g  o n l y  two o r  t h r e e  t r a n s f e r s  o f  
energy ,  i . e . :  

b a c t e r i a  -+ d e t r i t u s  + c r a y f i  sh -+ man 
4 
-+ l a r g e  f i n f i s h  -+ man 

as compared t o :  



p h y t o p l a n k t o n  + z o o p l a n k t o n  -+ i n s e c t s  
J. 

-+ s m a l l  f i s h  -+ l a r g e r  f i s h  -+ man 

Water  Qua1 i t y  and t h e  F l o o d p l a i n  

The r o l e  o f  f o r e s t e d  w e t l a n d s  i n  t h e  s o u t h e a s t e r n  U n i t e d  S t a t e s  i n  
m a i n t a i n i n g  w a t e r  q u a l i t y  was r e v i e w e d  b y  Winger  ( 1986 ) .  Good w a t e r  q u a l i t y  
enhances t h e  q u a l i t y  o f  f i s h  h a b i t a t .  The q u a l i t y  o f  w a t e r  e n t e r i n g  o r  l e a v i n g  
t h e  f l o o d p l a i n  and  e x p o r t e d  downstream may be a f f e c t e d  by  t h e  n u t r i e n t  c o n t e n t  
o f  s u r f a c e  w a t e r  o r  g round  w a t e r  f r o m  t h e  wa te r shed .  I n  t h e  p a s t  two  decades,  
conce rns  have i n c r e a s e d  t h a t  t h e  use o f  a g r i c u l t u r a l  f e r t i l i z e r s  and  p e s t i c i d e s  
may r e s u l t  i n  c o n t a m i n a t i o n  o f  s u r f a c e  and g round  w a t e r  and i n c r e a s e d  n u t r i e n t  
l o a d i n g  t o  s t reams (Kemp 1949; S c h e u l e r  and Kemp 1979; K u e n z l e r  and C r a i g  
1986) .  G i  11 i am e t  a1 . (1974)  f o u n d  g round  w a t e r  n i t r a t e  c o n c e n t a t i o n s  t o  be 
h i g h e r  unde r  c u l t i v a t e d  and f e r t i  1  i z e d  f i e l d s  t h a n  f r o m  u n f e r t i  1  i z e d  woods. A  
s t u d y  i n  f o u r  wa te r sheds  o f  t h e  L i t t l e  R i v e r  i n  t h e  G e o r g i a  Coas ta l  P l a i n  
(Lowrance e t  a1 . 1985) showed t h a t  two  wa te r sheds  w i t h  more a g r i c u l t u r a l  l a n d  
had c o n s i s t e n t l y  h i g h e r  l o a d s  o f  N, K ,  Ca, Mg, and C1 i n  s t r e a m f l o w ,  and had 
NO3-N l o a d s  1.5 t o  4 .4  t i m e s  h i g h e r  t h a n  l o a d s  f r o m  two  l e s s - a g r i c u l t u r a l  

wa te r sheds .  A g r i c u l t u r a l  n o n p o i n t  sou rces  a r e  a  m a j o r  c o n t r i b u t o r  t o  n u t r i e n t  
l o a d i n g  t o  some s t r eam systems (Kemp 1949; S c h e u l e r  and Kemp 1979; K u e n z l e r  
and C r a i g  1986) .  

F o r e s t e d  f l o o d p l a i n s  can  be  e f f e c t i v e  f i l t e r s  f o r  n u t r i e n t  m a t e r i a l s  i n  
l a t e r a l  r u n o f f  and g round  w a t e r .  A  50-m-wide r i p a r i a n  f o r e s t  i n  an 
a g r i c u l t u r a l  wa te r shed  n e a r  t h e  Chesapeake Bay i n  M a r y l a n d  removed a b o u t  89% 
o f  t h e  n i t r o g e n  and  80% o f  t h e  phosphorus  t h a t  e n t e r e d  t h e  f o r e s t  f r o m  u p l a n d  
r u n o f f ,  g round  w a t e r ,  and b u l k  p r e c i p i t a t i o n  ( P e t e r j o h n  and C o r r e l l  1984) .  
C o r r e l  1  (1987)  c o n c l u d e d  t h a t  p r o t e c t i o n  and p r o p e r  management o f  r i p a r i a n  
f o r e s t  b u f f e r  s t r i p s  between c r o p l a n d  and  u rban  a r e a s  a l o n g  t h e  f i r s t  o r d e r  
s t reams i n  t h e  wa te r shed  o f  Chesapeake Bay wou ld  p r e v e n t  most  o f  t h e  n i t r a t e  
f r o m  t h e s e  wa te r shed  sou rces  f r o m  b e i n g  d i s c h a r g e d  i n t o  t h e  bay .  K u e n z l e r  e t  
a l .  (1980)  r e p o r t e d  a  s i g n i f i c a n t  r e t e n t i o n  o f  phosphorous  by a  c o a s t a l  p l a i n  
f l o o d p l a i n  swamp i n  N o r t h  C a r o l i n a .  O t h e r  s t u d i e s  have p r o v i d e d  e v i d e n c e  t h a t  
f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  r educe  sed iment  and phosphorous  l o a d s  i n  a d j a c e n t  
s t reams ( e . g . ,  McCo l l  1978; S c h l o s s e r  and  K a r r  1981a,b) .  'The same g e n e r a l  
c o n c l u s i o n  t h a t  f o r e s t e d  f l o o d p l a i n s  e f f e c t i v e l y  r educe  1  eve1 s  o f  n u t r i e n t s  
f r o m  a g r i c u l t u r a l  l a n d s  t o  r e c e i v i n g  w a t e r s  has been reached  as  a  r e s u l t  o f  
numerous s t u d i e s  ( e . g . ,  Lowrance e t  a l .  1983, 1984a,b,c;  C o r r e l l  e t  a l .  1984, 
1986; Cooper e t  a1 . 1986; P e t e r j o h n  and  C o r r e l  1  1986; Schnabel  1986; G i  11 iam 
e t  a1 . 1988; C o r r e l  1  and We1 l e r ,  i n  p r e s s ) .  



SUMMARY AND CONCLUSION 

P a l u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  w e r e  d e f i n e d  a s  
f r e s h w a t e r  w e t l a n d s  t h a t  a r e  c o u p l e d  t o  u p l a n d  w a t e r s h e d s  and t o  a d j a c e n t  
s t r e a m s .  C o u p l i n g  be tween  t h e  f l o o d p l a i n  and  t h e  w a t e r s h e d  f o r m s  a  c o n t i n u u m .  
C o u p l i n g  t o  t h e  a s s o c i a t e d  s t r e a m  i s  v i a  a  " w a t e r  b r i d g e , ' '  a t  l e a s t  d u r i n g  
f l o o d i n g  and  g e n e r a l l y  d u r i n g  t h e  g r o w i n g  season.  The a s s o c i a t e d  s t r e a m  f o r m s  
a  c o n t i n u u m  t o  downs t ream a q u a t i c  s y s t e m s .  T h i s  openness  o f  a  s t r e a m  c o r r i d o r  
ecosys te r r~  s t r o n g l y  s u g g e s t s  t h a t  a  sys tems  approach  be  t a k e n  i n  t h e  e x a m i n a t i o n  
o f  t h e  r e l a t i o n s h i p  be tween  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  and 
f i s h e r y  r e s o u r c e s .  Numerous s t u d i e s  show t h a t  many s p e c i e s  o f  f i s h  and  s e v e r a l  
s p e c i e s  o f  s h e l l f i s h  use  p a l u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s ,  
b u t  f e w  s t u d i e s  have  been made t o  q u a n t i f y  t h e  v a l u e  o f  t h e s e  w e t l a n d s  t o  
f i s h e r i e s  p r o d u c t i o n .  F i s h  y i e l d s  t o  man b y  many o f  t h e  m a j o r  r i v e r  f l o o d -  
p l a i n s  o f  t h e  w o r l d  have beer1 e s t i m a t e d  t o  b e  4 ,000 t o  6 ,000  kg/km2/year /  
maximum a r e a  f l o o d e d  (Welcomme 1 9 7 9 ) .  I n  t h e  U n i t e d  S t a t e s ,  few  i f  any  
f l o o d p l a i n  f i s h e r i e s  a r e  f u l l y  e x p l o i t e d ,  and  f i s h  p r o d u c t i o n  on f l o o d p l a i n s  
has  n o t  been  a d e q u a t e l y  q u a n t i f i e d .  The a v e r a g e  a n n u a l  h a r v e s t  o f  f i s h  and  
s h e l l f i s h  f r o m  f l o o d p l a i n s  i n  L o u i s i a n a  has  been e s t i m a t e d  t o  be  a s  h i g h  a s  
8 ,797 kg/km2 (Lambou 1984) .  

It i s  g e n e r a l  l y  known, b u t  n o t  s u f f i c i e n t l y  q u a n t i f i e d  o r  s u b s t a n t i a t e d ,  
t h a t  p a l  u s t r i  ne w e t 1  ands o f  f o r e s t e d  r i p a r i a n  f 1  o o d p l  a i  n s  i m p o r t ,  s t o r e ,  
p r o d u c e ,  and  r e c y c l e  m a t e r i a l s  u s e d  i n  f o o d  c h a i n s  i n  s i t u  b y  numerous 
o r g a n i s m s ,  i n c l u d i n g  many s p e c i e s  o f  f i s h .  I n  m o s t ,  if n o t a l l  o f  t h e s e  
w e t l a n d s ,  some r e s i d u a l  m a t e r i a l s  a r e  e x p o r t e d  t o  downs t ream a q u a t i c  sys tems  
where  t h e  m a t e r i a l s  a r e  a v a i l a b l e  f o r  u s e  i n  f o o d  c h a i n s  o f  f i s h .  Thus,  
p a l u s t r i n e  w e t l a n d s  o f  f o r e s t e d  r i p a r i a n  f l o o d p l a i n s  may be  u s e d  b y  f i s h  f o r  
f e e d i n g ,  spawn ing ,  n u r s e r y  a n d  r e a r i n g  h a b i t a t ,  o r  a s  a  s o u r c e  o f  m a t e r i a l s  
u s e d  i n  f o o d  c h a i n s  a t  downs t ream s i t e s .  T h i s  openness emphas izes  t h a t  one o f  
t h e  f u n d a m e n t a l  f u n c t i o n s  o f  w e t l a n d  p r i m a r y  p r o d u c t i o n  i s  p r o v i d i n g  e n e r g y  
f l o w  t o  d e t r i t a l  f o o d  webs. D e t r i t u s - b a s e d  f o o d  webs add  s t a b i l i t y  t o  a q u a t i c  
sys tems  b y  mak i  r ~ g  t h e  s e a s o n a l  l y  f i x e d  p h o t o s y n t h e t i c  e n e r g y  a v a i l a b l e  t o  
f i s h ,  s h e l l f i s h ,  and  o t h e r  consumers  o v e r  l o n g e r  p e r i o d s  o f  t i m e  and a t  s i t e s  
r e m o t e  f r o m  where  t h e  d e t r i t u s  was p r o d u c e d .  

A l l  w e t l a n d s  e x i s t  a s  a  r e s u l t  o f  h y d r o l o g i c  r e g i m e s .  Food c h a i n  s u p p o r t ,  
openness ,  p r o d u c t i v i t y ,  s p e c i e s  d i v e r s i t y  and  s t r u c t u r e ,  and n u t r i e n t  c y c l i n g  
a r e  some o f  t h e  i m p o r t a n t  c h a r a c t e r i s t i c s  o f  f o r e s t e d  f l o o d p l a i n s  t h a t  r e s p o n d  
t o  h y d r o l o g i c  r e g i m e s .  B u f f e r  s t r i p s  o f  f o r e s t e d  r i p a r i a n  w e t l a n d s  e f f e c t i v e l y  
r e d u c e  l e v e l s  o f  n u t r i e n t s  a n d  p o s s i b l y  l e v e l s  o f  p e s t i c i d e s  f r o m  a g r i c u l t u r a l  
l a n d s  r e a c h i n g  r e c e i v i n g  w a t e r s .  The i m p o r t a n c e  o f  t h e  r e l a t i o n s h i p  be tween  
t h e  s t r e a m  h y d r o p e r i o d  a n d  f l o o d p l a i n  i s  u n d e n i a b l e .  I f  e i t h e r  i s  a l t e r e d  t h e  
o t h e r  w i l l  s u r e l y  change.  F o r  examp le ,  s t r e a m  c h a n n e l i z a t i o n  o r  s t r e a m  
impoundment may o r  may n o t  r e d u c e  w e t l a n d  a r e a  on t h e  a d j a c e n t  f l o o d p l a i n ,  b u t  
e i t h e r  a c t i v i t y  may d r a s t i c a l l y  a l t e r  t h e  q u a l i t y  and  q u a n t i t y  o f  t h e  w e t l a n d  
b y  a1 t e r i n g  i t s  h y d r o p e r i o d .  T i m i n g ,  magni  t u d e ,  and  d u r a t i o n  o f  f l o o d i n g  a r e  
t h e  p r i m a r y  d e t e r m i n a n t s  o f  f l o o d p l a i n  s t r u c t u r e  and  f u n c t i o n .  We have  g a i n e d  



a  c o n s i d e r a b l e  amount o f  i n s i g h t  on how p a l u s t r i n e  w e t l a n d s  o f  f o r e s t e d  
r i p a r i a n  f l o o d p l a i n s  f u n c t i o n .  However, more i n f o r m a t i o n  i s  r e q u i r e d  t o  h e l p  
ensure  t h a t  t h e s e  w e t l a n d s  a r e  managed i n  a  manner t h a t  p r o v i d e s  t h e  g r e a t e s t  
b e n e f i t s  t o  s o c i e t y .  Three  r e s e a r c h  t o p i c s  t h a t  need irnmediate a t t e n t i o n  a r e  
(1) t r o p h i c  r e l a t i o n s h i p s  between f i s h  communi t ies  o f  t h e  w e t l a n d  and 
a s s o c i a t e d  s t reams and e s t u a r i e s ,  ( 2 )  r e l a t i o n s h i p s  between wa te r shed  l a n d  use 
and t h e  w e t l a n d s ,  and ( 3 )  t h e  e f f e c t s  o f  h y d r o l o g y  ( i . e . ,  t i m i n g ,  e x t e n t ,  
d u r a t i o n ,  and f r equency  o f  f l o o d i n g )  on e c o l o g i c a l  p rocesses  ( i . e . ,  
p r o d u c t i v i t y ,  n u t r i e n t  c y c l i n g ,  f o o d  c h a i n  s u p p o r t ,  and spec ies  d i v e r s i t y  and 
s t r u c t u r e )  i n  t h e  w e t l a n d .  Research i n  each o f  t h e s e  a reas  shou ld  l e a d  t o  
b e t t e r  gu ide1  i n e s  f o r  p r o t e c t i n g  and managing p a l  u s t r i n e  w e t l a n d s  o f  f o r e s t e d  
r i p a r i a n  f l o o d p l a i n s  and t h e  f i  she ry  r e s o u r c e s  t h a t  t h e s e  w e t l a n d s  s u s t a i n .  
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