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PREFACE 

Th i s  community p r o f i l e  i s  one i n  a  s e r i e s  o f  F i s h  and W i l d l i f e  Se rv i ce  
pub1 i c a t i o n s  comp i  1  ed t o  p r o v i d e  a  s t a t e - o f - t h e - k n o w l e d g e  s y n t h e s i s  o f  
s c i e n t i f i c  i n f o r m a t i o n  and 1  i t e r a t u r e  a v a i l a b l e  on v a r i o u s  c o a s t a l  
h a b i t a t s .  The e m p h a s i s  o f  t h i s  p r o f i l e  i s  on i r r e g u l a r l y  f l o o d e d  Juncus  
roemerianus marshes a long  t h e  shores o f  t h e  no r t heas te rn  a r c  o f  t h e  G m  
Mexico f r om  t h e  Pear l  R ive r ,  M i s s i s s i p p i ,  t o  Cedar Key, F l o r i d a .  

I n f o r m a t i o n  f o r  t h e  p r o f i l e  was g a t h e r e d  f r o m  b o t h  p u b l i s h e d  
l i t e r a t u r e  and, whe re  a c c e s s i b l e ,  numerous  g r a d u a t e  r e s e a r c h  t h e s e s  and  
d i s s e r t a t i o n s .  A l t h o u g h  t h e  m a j o r i t y  o f  marshes  i n  t h i s  r e g i o n  a r e  
dominated by Juncus, research  emphasis has been on community s t r u c t u r e  and 
f u n c t i o n  i n  z m f  t h e  marsh dominated by o t h e r  spec ies such as S p a r t i n a  
a1 t e r n i  f l  ora. Some sec t i ons  o f  t h e  p r o f  i 1 e, t h e r e f o r e ,  focus  on s e l e c t e d  
zones o r  spec ies i n  t h e  marsh because o f  t h e  l a c k  o f  i n f o r m a t i o n  on o t h e r  
zones o r  spec i es ,  I n  m o s t  cases  t h r o u g h o u t  t h e  p r o f i l e ,  t h e  d a t a  a r e  
r e p r e s e n t a t i v e  o f  marshes o f  t h i s  p a r t i c u l a r  a rea  on ly .  

I t  i s  hoped t h a t  t h e  p r o f i l e  c o n t e n t  and f o r m a t  w i l l  be u s e f u l  t o  a  
b r o a d  s p e c t r u m  o f  u s e r s  i n c l u d i n g  o t h e r  s c i e n t i s t s ,  s t u d e n t s ,  r e s o u r c e  
managers and  p l a n n e r s ,  t e a c h e r s  and  i n t e r e s t e d  1  aype rsons .  The p r o f i l e  
i n c l u d e s  s t r u c t u r a l  and  f u n c t i o n a l  a s p e c t s  o f  t h e  communi  t y :  i t s  
env i ronmenta l  s e t t i n g ,  zona t i on  and vascu la r  p l a n t  communi t ies ,  m i c r o b i a l  
and nonvascular  p l a n t  communi t ies ,  marsh fauna, e c o l o g i c a l  dynamics, and 
human i m p a c t .  A b r i e f  summary o f  r e s e a r c h  needed i n  t h i s  h a b i t a t  as  
d e t e r m i n e d  f r o m  i n f o r m a t i o n  l a c k i n g  i n  t h e  a v a i l a b l e  l i t e r a t u r e  i s  
p r o v i  ded. 

Ques t ions  o r  comments conce rn i ng  t h i s  p r o f i l e  o r  o t h e r s  i n  t h e  s e r i e s  
shou ld  be d i r e c t e d  t o  t h e  f o l l o w i n g  address. 

I n f o r m a t i o n  T r a n s f e r  S p e c i a l i s t  
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U.S. F i s h  and Wi ld1  i f e  Se rv i ce  
NASA-S1 i d e l l  Computer Conipl ex 
1010 Gause Boulevard 
S l  i d e l l ,  LA 70458 
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CHAPTER 1 

ENVIRONMENTAL SETTING 

DISTRIBUTION 

T h e  b l a c k  n e e d l e r u s h  ( J u n c u s  -- - - - 
r o e m e r i a n u s  S c h e e l e )  o c c u r s  a l o n g  t h e  
A t l a n t i c  and  G u l f  o f  M e x i c o  c o a s t s  o f  
N o r t h  A l i l e r i ca  be tween  l a t i t u d e s  250 and  
420 N, r e a c h i n g  i t s  n o r t h e r n  1  i m i  t a l o n g  
t he  coas t  o f  New Jersey.  O f  t h e  3,174,333 
ha o f  marsh  a r e a  i n  t h e  e a s t e r n  U n i t e d  
S t a t e s ,  10.067:) i s  d o m i n a t e d  b y  J .  
r o e m e r i a n u s  ( E l e u t e r i  u s  1976a) .  ~ a b 1 e - i -  
summar i zes  t h e  a r e a l  e x t e n t  o f  Juncus  
r o e m e r i a n u s  - d o m i n a t e d  marshes  i n  t h e  
Uni  t e d  S t a t e s .  Though t h e  n o r t h e a s t e r n  
g u J  f ( w e s t  F l o r i d a ,  A l a b a m a ,  a n d  
M i s s i s s i p p i )  c o n t a i n s  o n l y  8% o f  U n i t e d  
S ta tes  marsh area, i t  represen ts  over  28% 
o f  a l l  U n i t e d  S t a t e s  J, r o e n e r i a n u s  - 
dominated marshes as compared t o  47% a long  
t h e  A t l a n t i c  coast .  T h i s  t h r e e - s t a t e  a r c  
i n  t h e  g u l f  has  a  q r e a t e r  p r o p o r t i o n  
(52.9%) o f  i t s  marshlands dominated by t h e  
n e e d l e r u s h  t h a n  any o t h e r  a r e a  o f  t h e  
coun t r y .  

1 a rge ,  we1 1 - deve loped ,  b u t  d i  s con -  
t i n u o u s  s t a n d s  o f  Juncus  b o r d e r  t h e  l o w -  
ene rgy  sho re1  i n e s ,  sounds,  l a g o o n s ,  and  
bays f rom Cedar Key, F l o r i d a ,  t o  t h e  Pear l  
R i v e r  e s t u a r y ,  M i s s i s s i p p i  ( F i g u r e  1). 
Sou th  o f  F l o r i d a ' s  Cedar  Key, mangrove  
s p e c i e s  b e g i n  t o  codom ina te  w i t h  Juncus, 
and a t  l o w e r  l d t i t u d e s  mangroves  f a r  
exceed  Juncus  i n  abundance and b i omass .  
The M i s s i s s i p p i  R i ve r  d ischarge  and d e l t a  
s y s t e m  w e s t  o f  t h e  P e a r l  R i v e r  i n  
Lou i s i ana  c rea tes  c o n d i t i o n s  f o r  e x t e n s i v e  
marsh  d e v e l o p m e n t  d o m i n a t e d  by S p a r t i n a  
a1 te rn ;  f 1 e r a  w i t h  abundant Juncus. On1 y  a 
f ew  l a r g e  marshes  o f  Juncus  a r e  f o u n d  i n  
Texas,  t h o u g h  t h e  s p e c i e s  i s  s c a t t e r e d  
a long  t h e  coas t  i n t o  Mexico. Hypersa l ine  

c o n d i t i o n s  i n  many Texas c o a s t a l  a r e a s  
e x c l u d e  Juncus. 

F u r t h e r  d i s c u s s i o n s  o f  g u l f  Juncus  
roemer ianus marshes w i l l  r e f e r  t o  c o a s t a l  --- 
M i s s i s s i p p i ,  A l a b a m a ,  a n d  n o r t h w e s t  
F l o r i d a  and t o  Juncus w i t h o u t  t h e  s p e c i f i c  -- 
ep i t aph  un l ess  o t h e r  than  J. roemerianus. - 

I r r e g u l a r l y  f l o o d e d  Juncus  marshes  
a r e  c l a s s i f i e d  i n  t h e  U.S. F i s h  a n d  
W i l d l i f e  S e r v i c e ' s  w e t l a n d ' s  c l a s s i f i c a -  
t i o n  s y s t e m  ( C o w a r d i n  e t  a l . ,  1979)  as 
f o l  1  ows: 

System - Es tua r i ne  
Subsystem - I n t e r t i d a l  
C lass  - Emergent we t land  

Subclass - P e r s i s t e n t  
Water reg ime - I r r e g u l a r l y  f looded.  

CL IMATOL OGY 

G u l f  c o a s t  c l i m a t o l o g y  i s  c h a r a c -  
t e r i z e d  by s o u t h e r l y  t o  s o u t h e a s t e r l y  
p r e v a i  1  i ng winds governed by t he  i n t e n s i t y  
o f  c i r c u l a t i o n  a b o u t  t h e  Azores -Bermuda 
H igh .  P r e v a i l i n g  o n s h o r e  w i n d s  p r o v i d e  
t h e  s i n g l e  m o s t  i m p o r t a n t  s o u r c e  o f  
a tmospher ic  nloi  s t u r e  t o  t h e  g u l f  r e g i o n  o f  
t h e  U n i t e d  S t a t e s .  T h i s  p r e v a i  1 i ng f l o w  
i s  most pronounced i n  t h e  summer when t h e  
h i g h  i s  s t r o n g e s t  and f u r t h e s t  nor th .  As 
t h e  h i gh  weakens i n  w i n t e r ,  t he  gu l  t f a l l s  
under t h e  i n f l uence  o f  d i s tu rbances  i n  t h e  
m i d l a t i  t u d i n a l  wester1 i es .  I n t r u s i o n s  o f  
p o l a r  a i r  t h r u s t  deep i n t o  t he  r e q i o n  and 
o f t e n  s t a l l  over  coas ta l  areas, p roduc ing  
a  s t a b l e  dome o f  c o l d  a i r  some t imes  f a r  
o v e r  t h e  g u l f  ( N a r d  1980). W i n t e r  f r o s t  
i n  t h e s e  c o a s t a l  ma rshes  p r e v e n t s  t h e  



Tab le  1. P r o p o r t i o n a t e  lli s t r i b u t i  on of 
Juncus-dominated marshes o f  t h e  n o r t h -  
e a s t e r n  G u l f  o f  Vex ico t o  t o t a l  marsh 
area:  n o r t h e a s t e r n  g u l f ,  t o t a l  gu1 f, and 
g u l f  and A t l a n t i c  coas ts  o f  t h e  Un i t ed  
S ta tes ,  1972. (Data f rom E l  e u t e r i u s  
1976a). 

T o t a l  J u n c u i -  Juncus-d0nlindLed 
a r e a  ( h a )  a o m i n a t c d  ( h d i  i7,-<f e a c h  t o t a l  ) 

N E  Lul f qf i " le~ !&o 
F l o r i d a  (Wcst Coac*t. i  214,054"  6 0 . 7 ~ 0 "  28.38 
Alabama 14,ii19i' 4  ,2'40" 30.60 
H i s s i r s i p p i  % i , l U 7 c  24,8b6' 

.-  .- 
91.73 
. .. 

T o t a l  255,lHU 69.906 J S . 2 3  

s u c c e s s f u l  e s t a b l  i s h n e n t  o f  mangrove  
s p e c i e s .  Mean annua l  t e m p e r a t u r e s  a r e  
app rox ima te l y  700 F (Tab le  2A). 

The summer c l  i m a t e  becomes a1 m o s t  
t r o p i c a l ,  punc tua ted  by c o n v e c t i v e  a i  rmass 
t h u n d e r s t o r m s  and  i n f r e q u e n t  t r o p i c a l  
d i s t u r b a n c e s ,  e.g., e a s t e r l y  waves and  
h u r r i c a n e s .  The  i n t e r a c t i o n  b e t w e e n  
~ n o i  s t ,  c o n v e c t i v e l y  uns tab l e  g u l f  a i r  and 
f r o n t a l  systems i s  a p r i m a r y  mechanism f o r  
p r o d u c t i o n  o f  p r e c i p i t a t i o n  f o r  t h e  
e a s t e r n  g u l f ,  e s p e c i a l l y  i n  t h e  summer. 
Th i s  area e x h i b i t s  a  l a t e  s p r i n g  t o  summer 
maximum i n  r a i n f a l l  and hence, a  maximum 
i n  f r e s h w a t e r  r u n o f f .  Mean a n n u a l  
p r e c i p i t a t i o n  i s  f r o m  50 t o  6 7  i n .  
d e p e n d i n g  on  t h e  r e c o r d  s t a t i o n  ( T a b l e  
2 B ) .  

N E  Gul f  a s  o f  
u s - ~ ; u l f  r 0 t d 7  11 O I  5) ti6 Freshwate r  r u n o f f  and i t s  assoc i a t ed  
Totdl  U S ( A L l d l l E l ~  

a n d  ~ u l f  i 3.174.31id  ~ l y . 1 ~ 3 ~  lir 06 s e d i n e n t  i n p u t  i n t o  coas ta l  wa te r s  i n  t h e  
N E G u l l a s  o f  

211 15 
n o r t h e a s t e r n  g u l f  i s  s i g n i f i c a n t  ( T a b l e  

ii C_ TztaJ -- - H 114 - 3). The two  l a r g e s t  d ischarge  systems a re  
% ~ c ~ u l t . ~  e t  a1 ! Y l L  
!'( r m ~ e  1971  t h e  A p a l a c h i c o l a  i n  F l o r i d a  (22,485 c f s )  
c t ~ r u t ~ r i u s  1977 and t h e  M o b i l e  Bay system, Alabama (65,515 
d t ~ e u ~ e r i u ~  1776 c f s ) ;  b o t h  emp ty  i n t o  l a r g e  e s t u a r i n e  

F i g u r e  I. " J r t h e a s t e r n  Gul f  of i l e x i c o  showing t h e  l o c a t i o n  o f  coas ta l  systems where 
Juncus roemerianus marshes may be found. 



embayments. O t h e r  m a j o r  r i v e r s  i n c l u d e  
t h e  Suwannee and Escamb ia  i n  F l o r i d a  and 
t h e  Pascagou la  and  P e a r l  i n  M i s s i s s i p p i .  
B e t w e e n  t h e  A p a l  a c h i c o l a  R i v e r  and  
Suwannee R i v e r  on t h e  F l o r i d a  w e s t  c o a s t  
t h e r e  a r e  no m a j o r  r i v e r s ;  t h e  s m a l l e r  
r i v e r s  empty  d i r e c t l y  i n t o  t h e  G u l f  o f  
Mexico. 

TIDES AND SEA LEVEL 

T i d e s  o f  t h e  n o r t h e a s t e r n  G u l f  o f  
Mexico a re  o f  two types: semid iu rna l  f rom 
s o u t h  F l o r i d a  t o  A p a l a c h i c o l a  Bay and 
d i u r n a l  ( d a i l y )  f r o m  A p a l a c h i c o l a  Bay 
w e s t w a r d  ( F i g u r e  2 ) .  S e m i d i u r n a l  t i d e s  
a r e  mixed w i t h  unequal h i ghs  and l ows  and 
r a n g e  f r o m  0.67 m t o  1 .16 m  ( P r o v o s t  
1973) .  Changes i n  r a n g e  i n  s e m i d i u r n a l  

t i d e s  a r e  c o r r e l a t e d  w i t h  t h e  moon's 
phase,  t h e  g r e a t e s t  r a n g e  ( s p r i n g  t i d e s )  
co r respond ing  w i t h  t he  new and f u l l  moon 
and l o w e s t  r a n g e s  (neap  t i d e s )  n e a r  t h e  
t i m e s  o f  t h e  m o o n ' s  f i r s t  and  t h i r d  
q u a r t e r s .  Be tween s p r i n g  and  neap t i d e s  
t h e  r ange  may d e c r e a s e  f r o m  20 p e r c e n t  
above t h e  a v e r a g e  t o  a b o u t  20 p e r c e n t  
b e l o w  t h e  a v e r a g e  on  a  7.5 day c y c l e  
(Marmer 1954) .  

D a i l y  t i d e s  t o  t h e  w e s t  a r e  o f  l e s s  
amp1 i t u d e  (0.37-0.52 m) t h a n  t h e  s e m i -  
d i u r n a l  t i d e s .  The  m a i n  s o u r c e  o f  
v a r i a t i o n  i n  r a n g e  o f  t h e  d a i l y  t i d e s  i s  
a s s o c i a t e d  w i t h  t h e  moon's  d e c l i n a t i o n .  
When t h e  moon i s  over  o r  near  t h e  equa to r  
t h e  t i d e  has  i t s  l o w e s t  r a n g e  and  i s  
c a l l e d  an e q u a t o r i a l  t i d e .  T r o p i c  t i d e s  
w i t h  t h e  g r e a t e s t  r a n g e  o c c u r  a t  1 3  3 / 4  
day i n t e r v a l s  when t h e  moon i s  n e a r  i t s  

Table 2A. Flean month ly  and mean annual a i r  temperature (1941-1970) and 1982 depar tu res  
f rom normal ( O F )  (mod i f i ed  from NOAA 1983). 

Annual 1982 
Sta t ion  Jan Feb Mar Apr May Jun J u l  Aug Sep Oct Nov Dec t o t a l  depar ture  

- -- - 

Tampa, Fl. 60.4 61.8 66.0 72.0 77.2 81.0 81.9 82.2 80.8 74.7 66.8 61.6 72.2 + 1.2 

Apalachicola,  FL 53.7 55.8 60.7 68.3 74.9 80.0 81.4 82.5 78.6 70.8 61.1 55.2 68.5 t 0.4 

Pensacola,  FL 52.1 54.8 59.9 68.1 75.2 80.6 81.8 81.8 78.1 70.0 59.5 53.8 68.0 - 0.8 

Mobile, AL. 51.2 54.0 59.4 67.9 74.8 80.3 81.6 81.5 77.5 68.9 58.5 52.9 67.4 + 0.3 

Table 28. Mean month ly  and inean annual p r e c i p i t a t i o n  (1941-1970) and 1992 depar tu res  
from normal ( i n ches )  (mod i f i ed  from N04A 1983). 

Annual ? 982 

Sta t ion  Jan Feb Mar Apr May Jun Ju l  Aug Sep Oct Nov Dec Total  Departure 

- - -- 

Tampa, FL 2 - 3 1  2.86 1.89 2.10 2-41  6.49 8.43 8.00 6.35 2.54 1.79 2-19  49.38 t! 3 

Apalachicola,  FL 3.07 3.78 4.70 7.61 2.18 5.30 8.02 8.07 9.00 2.83 2.68 3-32  5i.2! +26 

Pensacola,  Fi 4.37 ?.b9 6 - 3 1  4.99 4.25 5.30 7.17 6.67 8 -15  3.13 3-17 4.66 64-22 - 9 

Mobile, AL 4.71 4.76 7.07 5.59 4.52 6.09 8.86 6-93  6.59 2.55 3.39 5.92 69.98 t? 7 



Table 3.  Drainage area,  annual mean streamflow, 1981-82 percentage o f  
normal flow, and receiving waters of major r ivers .  

Drainage 1981-82 f l owb  
areaa Normal f low (percent  o f  normal) 

R iver ,  S ta te  (mi2)  ( c f s )  1981 1982 Receiv ing watersa 

Suwannee, FL 7,090 10,150 5 5 80 G u l f  o f  Mexico 

Apalachicala,  FL 17,100 22,485 5 6 8 5 Apalachicola Bay 

Fscambia, Fl 1,817 6,170 62 9 1 Pensacol a  Bay 

Alabama, Al. 22,000 36,011 5 2 * Mobi le  Bay 

Tombi gbee , At 8 ,  700 26,504 54 * Mobi le  Bay 

Pascagoula, MS 6,600 9,770 66 68 M iss i ss ipp i  Sound 

Pearl, MS 6,610 9,641 58 66 Lake Borgne 

-- - 
aFrom Kwon 1969 
b ~ r o m  NOAA 198'3 
*Data unava i ldb le .  

F i g u r e  2. Yortheastern G u l  f of Xexico tidal character is t ics  (Coast and Geodetic Survey 
1982), energy levels (Tanner 13601, and mean t i de  intervals  ( f t )  w i t h  100-year sea- 
leve? r i s e s  i n  parentheses (Provost 1973) .  



m a x i m u m  d e c l i n a t i o n  n o r t h  o r  s o u t h  West o f  Apalachee Bay, t h e  A p a l a c h i -  
( P r o v o s t  1973) .  c o l a  R i v e r  ( l a r g e s t  i n  F l o r i d a )  a n d  t h e  

Weak a s t r o n o m i c a l  t i d e s  ( l o w  
amp l  i t u d e )  a r e  o f t e n  o v e r s h a d o w e d  by  
n e t e o r o l  o g i c a l  c o n d i t i o n s  s u c h  as  
s e a s o n a l l y  c h a n g i n g  w i n d  d i r e c t i o n s  and 
summer t r o p i c a l  s t o r m s .  T i d e s  o f  t h e  
A t l a n t i c  marshes a r e  t y p i c a l l y  sem id i u rna l  
w i t h  ampl  i t u d e s  o f  2.0 m o r  g r e a t e r  and 
a r e  m a i n t a i n e d  b y  m o r e  s t a b l e  
me teo ro l og i ca l  cond i t i ons .  

On t h e  n o r t h e a s t  g u l f  coas t ,  month ly  
sea l e v e l  r i s e s  above t h e  mean annua l  
l e v e l  beg inn i ng  i n  May. It remains above 
t h e  mean l e v e l  f o r  h a l f  t h e  y e a r  ( J u n e -  
December)  as compared  t o  t h e  A t 1  a n t i c  
coasts,  where l e v e l s  c l i m b  r a p i d l y  above 
t h e  nean between August and September and 
re r r ia in  e l e v a t e d  f o r  o n l y  t h r e e  mon ths  
( P r o v o s t  1 9 7 3 ) .  H i g h e r  s e a  l e v e l s ,  
c o u p l e d  w i t h  s o u t h e r l y  w i n d s ,  r e s u l t  i n  
i n c r e a s e d  ma rsh  f l o o d i n g  even  on neap 
t i d e s .  T h i s  c o i n c i d e n c e  o f  c o n d i t i o n s  
i n c r e a s e s  h i g h  t i d e  h e i g h t s  c a u s i n g  even  
t h e  h i g h  marsh meadow t o  rema in  f l ooded  
f o r  cons i de rab le  pe r i ods  o f  t i m e  (Provos t  
1973) .  

Changes  i n  mean s e a  l e v e l  a r e  
c u r r e n t l y  proceeding a t  a  very  l o w  r a t e  i n  
t h e  n o r t h e a s t e r n  g u l f .  Shepard  ( 1960 )  
proposed t h a t  sea l e v e l  rose  a t  an average 
r a t e  o f  a b o u t  0.85 m  p e r  c e n t u r y  f r o m  
17,000 t o  8,000 y e a r s  b e f o r e  t h e  p r e s e n t .  
From t h e r e  t h e  r a t e  decreased t o  l e s s  than 
0.3 m p e r  c e n t u r y  u n t i l  a b o u t  3,600 y e a r s  
ago when i t  r e a c h e d  i t s  p r e s e n t  l e v e l  
(Coleman and S m i t h  1964) .  The c u r r e n t  
e s t i m a t e d  r a t e  o f  sea l e v e l  r i s e  f o r  
F l o r i d a  i s  t2.4 mm yr- l  (Provos t  1973); on 
t h e  g u l f  c o a s t  t h e  r a t e  i s  t 1 . 8  mm y r - 1  
(Aubrey and Emery 1983). 

DEVELOPMENT OF COASTAL FEATURES 

The  s h o r e  f r o m  A n c l o t e  K e y  t o  
Apa lachee  Bay i s  c l a s s i f i e d  as  a  " z e r o  
e n e r g y "  s e c t o r  i n  w h i c h  wave e n e r g y  i s  
dampened  o v e r  t h e  b r o a d ,  s h a l  l o w  
l i m e s t o n e  p l a t e a u  o f  t h e  g u l f  b o t t o m  
( P r i c e  1953; F i g u r e  2).  T h e r e  a r e  no 
s i g n i  f i c a n t  s e d i m e n t  sou rces ;  hence  no 
b a r r i e r s  have  f o rmed ;  and  t h e r e  i s  o n l y  
s l i g h t  b e a c h  d e v e l o p n e n t  ( F i g u r e  3 ) .  
Shore1 i nes  suppor t  Juncus marshes d i r e c t l y  
o n  t h e  G u l f  o f  M e x i c o .  S c a t t e r e d  
mangroves may occur. 

O c h l  o c k o n e e  R i v e r  s u p p l y  a 1  1  u v i u m  
d o w n d r i f t  t o  t h e  w e s t  and  a c r o s s  S t .  
Josephs  Bay f o r  t h e  c o n s t r u c t i o n  o f  a 
system o f  beaches, s p i t s ,  b a r r i e r  i s1 ands, 
and b a r s  a t  t h e  r i v e r  mouths. W i t h i n  t h i s  
low-energy zone, marshes a re  found on t h e  
l e e s i d e  o f  b a r r i e r s  a n d  w i t h i n  b a y s  
p r o t e c t e d  b y  wave a c t i o n  ( T a n n e r  1960 ;  
Kwon 1969). 

S e d i m e n t  f r o m  a l l u v i a l  and  s h e l f  
s o u r c e s  i s  l a r g e l y  l o s t  t o  c o a s t a l  
d e p o s i t i o n  w e s t  o f  St.  Josephs  Bay w h e r e  
t h e  7 5 - f t .  d e p t h  c o n t o u r  sweeps i n t o  t h e  
n e a r s h o r e  zone,  d i r e c t i n g  m a t e r i  a1  f r o m  
t h e  westward d r i f t  i n t o  deeper wa te r s .  No 
b a r r i e r s  a r e  f ound  i n  t h i s  zone  ( T a n n e r  
1960) .  M o d e r a t e  e n e r g y  waves f o r m  g u l f -  
f r o n t  beaches, w i t h  marshes r e s t r i c t e d  t o  
p r o t e c t e d  bays such as St. Andrews Bay and 
Choctawhatchee Bay. 

Santa Rosa I s l a n d  and t h e  M i s s i s s i p p i  
Sound  b a r r i e r s  f u r t h e r  w e s t  r e c e i v e  
s e d i m e n t s  d o w n d r i f t  f r o m  Choctawhatchee 
Bay and M o b i l e  Bay, r e s p e c t i v e l y ,  as w e l l  
as sands f r o m  t h e  Con t i nen ta l  S h e l f  (Kwon 
1969). Steep main1 and b l u f f s  beh ind  Santa 
Rosa I s l a n d  do n o t  s t l p p o r t  b r o a d  s a l t  
m a r s h e s ;  t h e s e  a r e  r e s t r i c t e d  t o  
sho re l i nes  o f  t h e  Pensacola, Escambia, and 
Eas t  Bays. The M i s s i s s i p p i  Sound b a r r i e r s  
p r o v i d e  p r o t e c t i o n  f o r  t h e  m a i n l a n d  f r o m  
moderate g u l f  wave energ ies  and r e s u l t  i n  
e x t e n s i v e  ma rsh  d e v e l o p n e n t  a l o n g  b o t h  
shores o f  t h e  sound. 

SUBSTRATE CHARACTERISTICS 

T i d a l  ma rsh  s o i l  s  o f  t h e  g u l f  c o a s t  
a r e  v e r y  d i v e r s e ,  as w o u l d  be e x p e c t e d  
w i t h  d i f f e r e n t  sediment  sources and v a r i e d  
d e p o s i t i o n a l  environments. I n  a  s t u d y  o f  
t h e  ma rshes  o f  W a k u l l a  Coun ty ,  F l o r i d a ,  
C o u l t a s  (1969,  1970)  f o u n d  f o u r  m a j o r  
g r o u p s  o f  s o i l s :  h a p l  a q u o d s ,  
p s a m m a q u e n t s ,  h a p l  a q u o l  l e s ,  a n d  
o c h r a q u a l  f s .  These s o i l  s  w e r e  s a l  i n e ,  
p r e d o m i n a t e l y  s a n d y  i n  t e x t u r e ,  a n d  
s h a l  l o w  o v e r  1 i n e s t o n e .  M a g n e s i u m  ( M g )  
was t h e  predominate c a t i o n  found. Sodium 
(Na) was f ound  t o  be mo re  a b u n d a n t  t h a n  
p o t a s s i u m  ( K ) ,  c o n t r a r y  t o  c o n d i  t i o n s  
u s u a l l y  f ound  i n  u p l a n d  s o i l s .  T h i s  
c o n d i t i o n  i s  p r o b a b l y  due t o  t h e  h i g h  



F igu re  3. Coasta l  f ea tu res  o f  the  n o r t h e a s t e r n  Gu l f  o f  Mexico (mod i f i ed  from P r i c e  
1354 and Tanner 1960).  

p r o p o r t i o n  o f  Mg a n d  Na s a l t s  f o u n d  i n  
s e a w a t e r .  Su1 f i d i c  l a y e r s  w e r e  f o u n d  i n  
t h e  h a p l  a q u o l l  s. S o i l s  w e r e  f o u n d  t o  be 
h i g h l y  m i x e d  a t  t h e  s u r f a c e  by  a n i m a l s ,  
e s p e c i a l l y  f i d d l e r  c r a b s  ( U c a  spp . ) .  
Species o f  - D i  s t i c h l  i s  predominated on t he  
haplaquods and ochraqua l f s ,  and spec ies of  
Juncus  p r e d o m i n a t e d  on psammaquents  and ---- 
h a p x u o l l  s  (Coul t a s  1969, 1970). 

Three m d j o r  s o i l  groups were found i n  
o t h e r  m a r s h e s  o f  Apa ldchee  Bay, F l o r i d a  
( C o u l  t a s  and G ross  1975) .  Psammaquents 
and haplaquods occup ied  a  p o s i t i o n  i n  t h e  
u p p e r  r n a r s h  a d j a c e n t  t o  t h e  up l ands .  
S u l  f a q u e n t s  we re  t y p i c a l l y  i n  a  l o w e r  
marsh p o s i t i o n .  Bo th  s o i l  o rgan i c  m a t t e r  
a n d  c l a y  c o n t e n t  d e c r e a s e d  s h a r p l y  f r o m  
1 ower e l e v a t i o n  t o  h i g h e r  e l e v a t i o n  s o i  1  s. 
I n  t h e  a r e a  o f  s u l f a q u e n t s ,  t h e  o d o r  o f  
h y d r o g e n  s u l f i d e  gas  was s t r o n g .  A i r  
d r y i n g  o f  s o i  1 s  produced ab rup t  decreases 
i n  s o i l  pH ( 2 - 4  u n i t < )  w i t h  g r e a t e s t  
i n c r e a s e s  i n  t h e  s u l  f a q u e n t s .  H i g h e r  
c o n t e n t  o f  a r g a n i c  c a r b o n  and c l a y  i n  
s u r f a c e  h o r i z o n s  o f  t h i s  s o i l  group a long  
w i t h  h i g h l y  r e d u c e d  c o n d i t i o n s  inc reased  
t h e  r e t e n t i o n  o f  i r o n  su'i f i d e s .  C a l c i u m  

was t h e  m o s t  abundan t  e x t r a c t a b l e  base  
w i t h  Na u s u a l l y  more  p r e v a l e n t  t h a n  K.  
Psammaquents  and  h a p l  aquods we re  sandy. 
P a r t i c l e  s i z e  da ta  i n d i c d t e d  d e p o s i t i o n  o f  
s i  i t  and  c l a y  m a r i n e  s e d i m e n t s  on  t h e  
su l  f aquents (Coul t a s  and Gross 1975). 

A d d i t i o n a l  sediment  a n a l y s i s  i n  these  
same marshes a l ong  t h e  "zero energy" zone 
o f  wes t  F l o r i d a  r evea led  pea ty  sandy mud, 
ca rbonaceous  muddy sand, o r  r e 1  a t i  v e l y  
c l e a n  sand  based  upon  g r a i n  s i z e  a n d  
amount  o f  o r g a n i c  m a t t e r  ( 1 5 - 4 0  %, 4-1576 
and 0.1-4%, r e s p e c t i v e l y )  (Swanson e t  a l .  
1972) .  More  t h a n  90% o f  t h e  i n o r g a n i c  
coclponent o f  t he  sediment  was s i  1 t - s i z e d  
t o  m e d i u m - s i z e d  q u a r t z .  P y r i t e  was t h e  
second  m o s t  abundan t  i n o r q a n i c  m i n e r a l .  
E i g h t y  p e r c e n t  o f  t h e  o r g a n i c  m a t t e r  i n  
t h e  s e d i m e n t s  was h u m i c  m a t e r i a l  f r o m  
i n l a n d  swamps d e l i v e r e d  t o  t h e  m a r s h  by 
streams. The rema in i ng  202 o f  t h e  o r q a n i c  
m a t t e r  was a l s o  o f  t h e  humic type,  m a i n l y  
d e r i v e d  f r o m  t h e  s t a l k s  and r o o t  m a t t e r  o f  
Juncus  and  t o  a  m i n o r  e x t e n t  f r o m  n e a r b y  
s e a g r a s s e s  such  as T h a l a s s i a  t e s t u d i n u m  
(Swanson e t  a l .  1972) .  



The pH and E h  of t h e  s e d i m e n t s  a r e  
r e l a t e d  t o  o r g a n i c  c o n t e n t  - t h e  g r e a t e r  
t h e  amount  of o r g a n i c  m a t t e r ,  t h e  l o w e r  
t h e  pH and E h .  Swanson e t  a l .  ( 1972 )  
found  marsh s o i l s  ve ry  a c i d i c  and h i g h l y  
r educ ing .  Some me ta l  s  were  e n r i c h e d  i n  
t h e  s e d i m e n t  b e c a u s e  of t h e  abundan t  
o r g a n i c  m a t t e r  a n d  t h e  r e d u c e d  
e n v i  r o n m e n t .  T h e s e  i n c l u d e d  i r o n ,  
manganese,  c o b a l t ,  chromium,  c o p p e r ,  
molybdenum, n i c k l e ,  and  vanadium (except  
f o r  i r o n ,  e a c h  l e s s  t h a n  0.1% o f  t h e  
s a m p l e ) .  I r o n  s u l f i d e  e x h i b i t e d  marked 
i nc rea se  w i th  depth. 

M i s s i s s i p p i  Sound marsh s o i l s  grade 
from general l y  sandy (e.g., b a r r i e r  i s l a n d  
m a r s h e s )  t o  s i l t y  w i t h  a  t h i n  s u r f a c e  
l a y e r  o f  muck. T e x t u r e  a n a l y s i s  by 
Humphrey ( 1 9 7 9 )  on muddy i n s h o r e  marsh 
s u b s t r a t e  r e v e a l e d  t h e  f o 1  l o w i n g  
components: 24-28% sand, 40-48% s i  I t ,  and 
24-36% c lay .  Soi l  o rganic  ma t t e r  con t en t  
ranged  f rom 5  t o  132. The pH v a l u e s  were  
a b o u t  5 .2-5 .9  i n  a r e a s  d o m i n a t e d  b v  
S p a r t i n a  c y n o s u r o i d e s  and 6.2 i n  ~ u n c u ;  
mar shes  (Hackney and de l a  Cruz 1978;  
F a u l k n e r  a n d  d e  l a  C r u z  1 9 8 2 ) .  
I n t e r s t i t i a l  water  sa l  i n i  t i e s  ranged from 
2.5 t o  16.8 p p t  and r e a c h e d  a b o u t  20 p p t  
during pro1 onged dry per iods  (Hackney and 
de l a  Cruz 1978). Both marsh types  showed 
s i m i l a r  o r d e r s  o f  r e l a t i v e  abundance  o f  
n u t r i e n t  e l e m e n t s  ( N  > Mg > Ca > K > Mn 
> P > Z n ) .  

SAL INITY 

As w i t h  s o i l s ,  i t  i s  d i f f i c u l t  t o  
g e n e r a l i z e  a b o u t  marsh s a l  i n i  t y  1  eve1 s .  
Surface water  s a l i n i t i e s  r e f l e c t  seasonal  
m e t e o r o l o g i c a l  c o n d i  t i  o n s  a n d  r u n o f f  
p a t t e r n s  c o u p l e d  w i t h  t i d a l  c o n d i t i o n s .  
S a l i n i t y  ranges have been measured a t  0.0- 

9.0 p p t  ( B i s h o p  1981)  and 16.2-27.8 p p t  
(Sage  and Sul I i v a n  1978)  i n  M i s s i s s i p p i  
m a r s h e s ,  and 13.2-19.1 p p t  i n  F l o r i d a  
~i iarshes (1.indbet-g and Har r i s  1973). 

S a l i n i t i e s  of i n t e r s t i t i a l  w a t e r s  
w i t h i n  t h e  s e d i m e n t s  v a r y  n o t  o n l y  
g e o g r a p h i c a l  l y ,  r e f 1  e c t i n g  su r f ace  wa te r  
l e v e l s ,  b u t  a1 s o  w i t h i n  d i f f e r e n t  z o n e s  
of a s i n g l e  marsh.  Mean i n t e r s t i t i a l  
s a l i n i t i e s  near  t h e  s o i l  su r f ace  (1-4 cm) 
r anged  f rom 10.1 t o  24.4 p p t ,  w h i l e  a t  
22-25 cm depths ,  s a l  i n i  t i e s  were 8.5-12.1 
p p t  (L indburg  and H a r r i s  1973) .  Mean 
i n t e r s t i t i a l  s a l i n i t i e s  d e c r e a s e d  w i t h  
d e p t h  by a s  much a s  50% f rom a  v a l u e  n e a r  
t h e  s e d i m e n t - w a t e r  i n t e r f a c e .  T h i s  
d e c r e a s e  was d i r e c t l y  a f f e c t e d  by t h e  
over ly ing  s a l i n i t y .  I n t e r s t i t i a l  s a l  i n i -  
t i e s  d e c r e a s e d  s l i g h t l y  i n  r e s p o n s e  t o  
low-sa1 i n i  t y  ove r ly ing  water  but i nc r ea sed  
a f t e r  e x p o s u r e  t o  more s a l i n e  o v e r l y i n g  
w a t e r s ,  i n d i c a t i n g  a  d e n s i t y  g r a d i e n t -  
i nduced  exchange  a c r o s s  t h e  i n t e r f a c e .  
I n t e r s t i t i a l  s a l i n i t i e s  a t  a depth of 23.5 
cm were  c o n t r o l l e d  by r e s p o n s e  of t h e  
f r e s h  g r o u n d w a t e r  t a b l e  t o  v a r y i  nq 
h y d r o s t a t i c  p ressures .  

In a  M i s s i s s i ~ ~ i  marsh  domina t ed  b v  
Juncus and s p a r t i n a  ' ~ ~ n o s u r o i d e s ,  i n t e r :  
s t i  t i a l  w a t e r  s a l  i n i  t i e s  a1 s o  r e f l e c t e d  
changes i n  t he  s u r f a c e  wa te r  (Hackney and 
de l a  Cruz 1978) .  The s a l i n i t y  o f  i n t e r -  
s t i  t i a l  water  was u sua l l y  h igher ,  varying 
be tween  2.5 and 15.8 p p t ,  t h a n  t h e  nea rby  
s u r f a c e  w a t e r  which r anged  f rom 0.0 t o  
11.5 ppt. Maximum f looding  of marsh zones 
was from 0.2 t o  12% of  t he  time. S a l i n i t y  
i n c r e a s e d  a s  d i s t a n c e  of  t h e  sampl i n g  
s t a t i o n  f rom t h e  c r e e k  i n c r e a s e d ,  a  
s i t u a t i o n  s i m i l a r  t o  t h a t  found i n  F lo r ida  
by Kurz  a n d  Wagner  ( 1 9 5 7 ) ,  W i l l i a m s  
(19811,  and o t h e r s  ( J a c k s o n  1952;  Harp 
1980 1 .  



CHAPTER 2 

MARSH ZONATION AND VASCULAR PLANT COMMUNITIES 

PLANT COMMUNITY COMPOSITION 

I n  a n y  m a r s h  s e t t i n g ,  t h e  m o s t  
obv ious v i s u a l  imp ress i on  i s  one o f  a lmos t  
homogenous expanses  o f  dense g r a s s - 1  i k e  
p l a n t s .  I n  f a c t ,  ma rshes  a r e  mo re  o f t e n  
t y p i f i e d  by t h e  d o m i n a n t  v a s c u l a r  p l a n t  
s p e c i e s  t h a n  by  any o t h e r  f e a t u r e  ( i .e . ,  
S p a r t i n a  a1 t e r n i  f l o r a  ma rsh  o r  Juncus  
marshj .  Very few p l a n t s  have p h y s i c a l  and 
p h y s i o l o g i c a l  a d a p t a t i o n s  t o  g row and 
r e p r o d u c e  i n  t h e  c o n d i t i o n s  o f  s a l  i n i  t y  
ar id f l o o d i n g  f o u n d  i n  t h e  s a l t  marsh.  F o r  
t h i s  r e a s o n ,  s e v e r a l  gene ra  w i t h i n  t h e  
g r a s s  f a m i l y  ( P o a c e a e ) ,  sedge f a m i l y  
(Cyperaceae), and r u s h  f a m i  1  y  ( Juncaceae )  
d o m i n a t e ,  r e p r e s e n t e d  t h r o u g h o u t  t h e  
w o r l d ' s  s a l t  m d r s h e s  b y  o n l y  a  f e w  
species. Marsh p l a n t  commun i t ies  a r e  l ow  
i n  s p e c i e s  d i v e r s i t y  a n d  t y p i c a l  l y  
d o m i n a t e d  by  a  s r ~ a l l  number  o f  s p e c i e s .  
The  r e m a i n d e r  o f  t h e  v a s c u l a r  p l a n t  

community i s  compr ised o f  a  l a r g e r  number 
o f  i n c i d e n t a l  spec ies o f  patchy occurrence 
a n d  i s  r e p r e s e n t e d  b y  o n l y  a  f e w  
i n d i v i d u a l s .  Rarer  spec ies and d i v e r s i t y  
i n c r e a s e  as  f r e s h w a t e r  i n p u t  i n c r e a s e s  
( F i g u r e  4 ) .  

A s e c o n d  f e a t u r e  o f  m a r s h  p l a n t  
c o ~ n m u n i t i e s  i s  t h e  a p p a r e n t  z o n a t i o n  o f  
b o t h  d i f f e r e n t  s p e c i e s  and  d i f f e r e n t  
a r o w t h  f o r m s .  Z o n a t i o n  o f  d i f f e r e n t  
< e i g h t  f o r m s  o f  S p a r t i n a  a l t e r n i f l o r a  i n  
marshes  o f  t h e  U.S. A t l a n t i c  c o a s t  i s  
p r o b a b l y  t h e  b e s t  documented and s t u d i e d  
example o f  t h i s  phenomenon ( A n d e r s o n  and  
Treshow 1980). 

L.ow t i d a l  amp1 i tudes and l o w  f requen-  
cy  o f  i nunda t i on  w i t h i n  t h e  n o r t h e a s t e r n  
Gul f o f  M e x i c o  p r o d u c e  l e s s  f l o o d i n g  
s t r e s s  on t h e  p l a n t s  t h a n  a l o n g  o t h e r  
s h o r e l i n e s  ( s e e  C h a p t e r  1 f o r  d e t a i l s ) .  
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Figure 3, D i s t r i b u t i o n  of dominant p l a n t s  i n  a M i s s i s s i p p i  es t t r a r i ne  system through 
the s a l i n i t y  g rad i en t .  Width of f i g u r e s  r ep resen t s  t h e  r e l a t i v e  abundance of t he  
spec ies  i n  t he  marshes (mod i f ied  from E l e u t e r i u s  1973). 



Long p e r i o d s  of e x p o s u r e ,  e s p e c i a l l y  
during low r a i n f a l l  per iods ,  r e s u l t  in. an 
i n c r e a s e d  i  n p o r t a n c e  o f  v a s c u l a r  p l a n t  
s p e c i e s '  s a l  i n i  t y  t o 1  e r a n c e  r a n g e s .  
Consequently, s p e c i e s  c o m p o s i t i o n  o f  t h e  
v a s c u l a r  p l a n t  conmuni t y  i s  s i m i l a r  t o  
s o u t h e a s t e r n  Un i t ed  S t a t e s  m a r s h e s ,  b u t  
d o m i n a n c e  i s  s h i f t e d  from i n t e r t i d a l  
c o r d g r a s s  ( S p a r t i  na a1 t e r n i  f l o r a )  t o  t h e  
e u r v h a l  i n e  b l a c k  n e e d l e r u s h  ( J u n c u s  
r o e m e r i a n u s )  ( F i g u r e  5 ) .  A long  t h e  -- 
continuum of marsh environmental va r i ab l e s  
f r o m  t h e  i n t e r t i d a l  t o  t h e  u p l a n d ,  
d i f f e r e n t  he ight  forms a r e  found in Juncus 
and t o  a  l e s s e r  e x t e n t ,  a l s o  i n  S. a l t e r -  
ni  f  1  o r a .  Both s p e c i e s  become-shorter 
toward the  upland. 

A number  o f  s t u d i e s  p r o v i d e  an 
ove ra l l  view of p l a n t  spec i e s  composition 
and z o n a t i o n  i n  mar shes  o f  F l o r i d a  (Kurz 

Figure 5. Black needlerush (Juncus roe- 
merianus).  Photo by J. Stout .  

and Wagner 19571, Alabama (Sapp e t  a ] .  
1976;  S t o u t  1979 ;  S t o u t  and de l a  Cruz 
1981a)  and M i s s i s s i p p i  ( E l e u t e r i u s  1972,  
1973, 1978). E l e u t e r i u s  (1973) i d e n t i f i e d  
a p p r o x i m a t e l y  6 0  p l a n t  s p e c i e s  a s  
occurr ing i n  brackish ,  s a l i n e ,  o r  hypersa- 
l i n e  Miss i ss ippi  mar shes .  F o r t y  s p e c i e s  
of marsh p l a n t s  were found by Hackney and 
de l a  C r u z  ( 1 9 8 2 )  i n  an o l i g o h a l i n e  
b r a c k i s h  J u n c u s  marsh  i n  M i s s i s s i p p i  
( T a b l e  4 ) .  Most o f  t h e  s p e c i e s  were  
i n c i d e n t a l s  and r a r e l y  con t r ibu t ed  s ign i  - 
f i c a n t l y  t o  c o v e r  o r  b iomass .  Twelve 

Table 4. Species  composition o f  a brack- 
i sh  s tudy marsh i n  St. Louis Bay Estuary 
(Hackney and de l a  Cruz 1932). 

Taxonomic family and Common name 
s c i e n t i f i c  name 

Juncaceae 
Juncus roemerianus Needlerush 
Juncus effusus -- - 

Grami neae 
Spartina a1 t e rn i f lo ra  Smooth cordgrass 
Spartina cynosuroides Giant cordgrass 
Spartina patens -- - Sal tmeadow cordgrass 
Distich1 i s  spicata S a l t  grass 
Panicum v T r j Z i i T  -- Switch grass 
Panicum amarulum Shoredune panicum 
Zizaniops> mil iaceae Water mi l l e t  
Phragmites aus t ra l  i s -  Common reed 

Cyperaceae 
Sci rous americanus Bulrush 
~ c i  rpus robustus 
Scirpus cal i fornicus - -- -. . -. 
Sci rpus 01 neyi 
SciF~iiT v a 1 i d us -- 
Scirpus sp. 
Cladium jamaicense -- 

Asteraceae 

Leafy sedge 

Three square sedge 
Bull whip 

Sawgrass 

Spike rush 
Spike rush 
Umbrel I a sedge 

Startwort  

Seaside golden rod 
Hog weed 
:/larsh e lde r  

(cont inued)  



Table 4. Concluded. 

Taxonomic family and Common name 
s c i e n t i f i c  name 

A1 i srnaceae 
Sag) t t a r i a  f d l c a t a  Arrow head 
sag  i t tiY7T - -- ii inCciTio 1 - I - a 

Amaryllidaceae 
Crlnum americanum - - Mdrsh l i l y  

Ap i  aceae 
11 - l f i o ~ ~ ~  s chj_nensir 

Vi t accac  
Ay)ejj:p~ i s s p . Pepper vine 

I r i  daceae 
I rj_s v-lrgln Southern b l u e  f l a g  

Convol vu1 dcea 
Ipoe~na sdgi - t t a t a  - -  Morn1 ng g lory  

l y th raceae  
L y  thruin 1 i neare - - - -- - - t oosc s t r i  f e  

Asclepiaddceac 
A!+cj'pids curassavrca  

Ca~npanu l accae 
l o b c l ~ a  ----- c a r d i n a l i s  . -- Cardinal f lower 

s p e c i e s  were rnost abundant i n  Juncus- 
d o m i n a t e d  m a r s h e s  ( T a b l e  5 ) .  Mdny 
i n c i d e n t a l  s p e c i e s  were dbsent  in  t he  
hypersal ine d n d  sdl ine marshes, b u t  t h e i r  
members and density increased under more 
01 igohal ine condi t ions .  

Tabie 5 .  Most frequently occurring vascu- 
l a r  p lants  i n  Juncus marshes of the north 
eastern Gulf of Mexico. 

' ~ J C ' C  i e s  Co~nmon name 

Junciiq rocirrerlanus iil ack n e c d l e r u s l ~  
S-iYaYt i  na  Z:<<rir;ii-ff.1~;:3~ Smootti c o r d y r d , ~ ,  o y s t e r  g r a s s  
5 .  <iterrs Sal  tmeadow hay.  sdl  tnieadow c o r d g r a s s  
.5. w ni;sutoj.i%", G i a n t  c o r d g r d s s ,  rough c o r d g r a s s  
~ l s t i c h l  i s  s p i c d t a  Sdl t graess  
cc :-~$j i ol " 6 ~  i- ~ Three scjuare sedae 
sb'i.7 ?Wn ik rii $e1:?o1-II -.-- ".- , .. , - . Anrludl g l a s s w o r t  
>a. v l r g i n i c a  
&ti s--ma.iiti-ma 

?erwr111ia1 y;os>wor i 
p-h. Fa. ,,+ S d i  twor t  
. ..F F-s. a!.!J~a~~ Comnion c a n e .  r c seau  c a n e  

Bacchar i s  ha1 i n i f o l j a  Sea m y r t l e  
7 - - - -  iv.3 --- c-~L-+s---‘ M s r j h  e l d e r  
,- - - . . . - - - .- .. ... . . . . . - ~ - - .- ~ -. 

Three d i f fe ren t  plant cor111tin-i t i e s  can 
be described fo r  -. Juncus-dominated marshes: 
(1) s a l i n e  marshes exper ienc ing  1 i  t t l e  
s ign i f ican t  d i lu t ion  of t ida l  waters, ( 2 )  
brack ish  marshes where t i d a l  wa te rs  a r e  
r o u t i n e l y  di 1 uted before  f l  ooding tile 
marsh, and ( 3 )  a t r a n s i t i o n a l  conmunity 
between brackish and f r e s h w a t e r  marshes. 
The 1 a t t e r  has been termed "Interntediate 
Marsh" ( E l e u t e r i u s  1972 ,  1973 )  o r  
"Brackish Marsh 11" ( S t o u t  1979) (F igu re  
6 ) .  General charac te r i s t i cs  of the plant 
communities of each type are prcsented i n  
Table 6. 

ZONES 

Vascular p l a n t s  demonstrate obvious 
and d i s t i n c t i v e  p a t t e r n s  o f  s p e c i e s  
zonat ion w i th in  t he  s a l t  and brack ish  
marshes. Various au tho r s  have descr ibed  
and named these zones. Uhler and Hotchkiss 
(1968 )  i d e n t i f y  t h e  i r r e g u l a r l y  f looded 
s a l t  marsh, t he  s a l t  f l a t ,  and t he  s a l t  

PROTECTED BEACH 

Figure 6. Marsh zonation within gulf 
coastal es tuar ies  (modified f rom 
Eleuterius 1973). 



Table 6. Dominant species o f  marsh plant communities in three  Juncus marsh types(from 
Stout 1979; Sapp e t  a l .  1976; and Eleuterius 1972, 1973). 

Marsh type Sc ien t i f i c  name Common name Notes 

Saline marsh 

Brackish marsh 

Juncus roemerianus 
Spartina a1 terni f 1 ora 
S. patens - 
S. cynosuroides - 
Dis t ich l i s  spicata 
Salicornia spp. 
Sci rpus 01 neyi 
Sc. robustus -- 

Black needlerush Low diversi ty  
Smooth cordgrass Great homogeneity of stands 
Sal tmeadcw cordgrass 
t i  ant cordgrass 
S a l t  grass 
Sal tworts 
Three-square 
Leafy sedge 

Juncus roemerianus Greatly diminished 
Spartina a1 te rn i f  lora  - S. a1 te rn i f lo ra  
S. cynosuroi des - Increased abundance of 
S. patens - - S. cynosuroides & 
t imonium caroliniana Sea lavender - S. patens 
Scirpus olneyi - D. spicata and Salicornia 
Sag i t t a r ia  l a t i f o l i a  Arrow leaf  spp. absent 

Intermediate marsh 
(Brackish I I (Stout 1979)  Juncus roemerianus Absence of & a1 te rn i f lo ra ,  

Phragmites a u s t r a l i s  Roseau cane - S. patens, Sc. olneyi,  and 
Cladium jamaicense Saw grass -- Sc. robustus 
Sci rpus val i dus Bullwhip Increased diversi ty  
I r i s  virginica - Blue f l a g  Mixed stands 

meadow. Subrahmanyam and Drake (19751 
subdivided the  marsh i n t o  low marsh, 
upper marsh, and high marsh based upon 
s o i l  c o n d i t i o n s ,  e l e v a t i o n ,  and spec i e s  
assemblages. Regardl ess  of names applied 
t o  the zofies, the dis t r ibut ion of species 
along a  t ransect  from water t o  upland can 
be genera l i zed .  For t h e  purpose of t h i s  
p r o f i l e ,  f ou r  e co log i ca l  zones w i l l  be 
discussed: Spartina a1 t e rn i f l  ora, Juncus 
roemerianus, s a l t  f l a t ,  and high meadow. 

Sparti na a1 terni  f l  ora Zone 

Spartina a1 t e rn i f l o r a  forms a  border 
along the open water within the in te r t ida l  
zone (F igu re  7 ) .  This  f r i n g e  may extend 
a b c v e  mean h i g h  wa te r  ! M H W )  depending an 
l oca l  cond i t i ons  (F igu re  8 ) .  E l e u t e r i u s  
and E l e u t e r i u s  ( 1 9 7 9 )  found t h i s  s p e c i e s  
be tween  - 0 . 2 4  m t o  0.54 rn (MLW 1, an 

e l e v a t i o n a l  r a n g e  of 0 .78 m .  I f  t h e  
shore1 i ne  i s  broad and gen t l y  s l op ing ,  S. 
a1 t e r n i f l o r a  p l a n t s  may e x h i b i t  
d i f f e r e n c e s  i n  g rowth  fo rm and i n  
f lower ing  (F igu re  9  A ) .  T a l l e r  p l a n t s  
w i t h  f lower  heads occur i n  t h e  lower 
e l e v a t i o n s  of t h e  zone, whi le  s h o r t e r ,  
s t e r i l e  plants occupy the upper area. T h e  
Spartina band i s  usually monospecific and 
may be from l e s s  than a  meter  t o  t e n s  o f  
meters wide. On shorelines with a  greater  
i n i t i a l  s lope ,  S. a l t e r n i f l o r a  can be 
found only a s  i n f i v i d u a l s  mixed i n  w i t h  
Juncus roemerianus. 

Along s h o r e l i n e s  which r e c e i v e  
greater  wave energy, a levee may form j u s t  
upslope from the  S p a r t i n a  a1 t e r n i f l o r a  
f r i n g e  (F igure  9 ~ r T t h i s  c a se ,  t h e  
p a t t e r n  of S. a l t e r n i f l o r a  a b u t t i n g  a  
Juncus zone 7 s  i n t e r r u ~ t e d  b v  a  band of 
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Figure 8. Elevation range of Spartina 
al ternif lora  in relation to t ides along 
the northwest Florida gulf coast (modified 
from Kurz and Wagner 1957). 

Figure 7 ,  2 a r t i n a  a l te rn i f lora  a t  low 
t i d e .  Photo by 3. Stout. Juncus wi 1 1  be found immediately behind 

t h e v e e .  

I n  brackish marshes, t he  densi ty  of 
vegetation comprised of species typically Spartina a1 t e rn i f lo ra  i s  diminished,  and 
adapted t o  higher e leva t ion .  These may the lower marsh zone may be codominated or  
i nclude - S. --.---- patens,  Borrichia t ru t e scens ,  en t i  r e ly  comprised of Spar t i  na cynosu- -- 
D i s t i c h l i s  s p i c a t a ,  a n d  the s a l t  shrubs roides (Figure 10). Spartina cynosuroides ----- ----- 
Uaccharis ha l i~n i to l i a  and Iva frutescens. can occur a t  higher e l e v a t i o n s ,  such a s  ---- ----- 
The r e l a t i v e l y  higher enFgy  of wave low levees ,  than S. a1 t e r n i f l o r a  and may 
movesent onto sho re l ines  such a s  t h i s  i s  be found scatteredamong the Juncus or in 
evi  denctd i n codrse s u b s t r a t e s ,  o f ten  of other irregularly flooded brackish marshes 
she l l  hash, and in  dense wrack-l ines  of (Jackson 1952; E leu te r iu s  1973; Sapp e t  
hedvier nra te r ia l s  on the  facing s lope of a l .  1976; Hackney and de l a  Cruz 1982) 
the  levee.  Where t i d a l  c reeks  perletrate (Figure 11 1. 
the  1 evee or  breaks in t h e  levee occur ,  a  
second zone of S. a ?  t e r n i f  1 o ra ,  with I n t e r m e d i a t e  marshes  have no S. 
shorter p l  dots thaT those in front of the d l  terni f 1 ora zone and d i s t i nc t  Z0nati on is 
l evee ,  gray be forind before reaching the obscure. 
Juncus zone. The shorter S. a l te rn i f lora  
zone r a r e l y  produces  f f i w e r s  and i s  Juncus roernerianus Zone - 
inundated less  frequently and for  shorter 
du ra t ions  than i n  f r o n t  of the  levee. If Juncus roemerianus conpri  s e s  t he  
t h e  levee i s  continuous, without breaks, l a r g e s t  vegetated zone and the bulk of 
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F igu re  9. Genera l ized diagrams of g u l f  coas t  s a l t  marshes on p r o t e c t e d  l o w  energy 
sho re l i nes  and open moderate energy shore l ines .  

btor,iass i n  most marshes on t h e  no r t heas t  
g u l f  coast.  An ab rup t  demarcat ion ilriiall y 
e x i s t s  between t h e  l owe r  Spar t ina  zone and 
t h e  J u n c u s  z o n e  ( ~ i g u m .  T h i s  
b o u n d m n e  has  been sugges ted  d s  an 
i n d i c a t o r  o f  mean h i g h  w a t e r  (Sapp e t  3 1 .  
19761, b u t  t h e  d i f f e r e n c e s  i n  t he  phys i ca l  
env i  ranment on e i t h e r  s i d e  o f  t he  1 i ne a re  
not n e a r l y  a s  d i s t i n c t  as t h e  d i  t fe rences  
between p l a n t  communit ies.  E l e u t e r i u s  and 
E l e u t e r i u s  ( 1 9 7 9 )  f o u n d  t h a t  t h e  u l )per  
q u a r t e r  o f  t h e  e l e v a t i o n  zone occupied by 

S.  a1 t e r n i  t l o r a  was more s i  n i l  a r  t o  t h e  _ -_ ------ 
Tower  q u a r t e r  o f  t h e  Juncus  zone when 
d e t a i l s  o f  i n n u n d a t i o n  f r e q u e n c y  and 
d u r a t i o n  w e r e  e x a m i n e d  ( F i g u r e  1 3 ) .  
Thi  r t y - e i g h t  percen t  o f  h i g h  t i d e s  c a r r i e d  
w a t e r  i n t o  t h e  uppe r  ..--- S p a r t i n a  -- zone ( S 4 )  
and 26% i n t o  low Juncus (~17. However, 78% 
reached t h e  n e x t  m ~ p a r t i n a  --- zone (531. 
Thus t he  separa t ion  o f  spec ies i n  Spa r t i na  
and JUIICUS' zones j n v o i  ves more tnan s i  nrple 
t i  d a n n d a t i o n .  Edaphic c o n d i t i o n s  and 
b i o t i c  f a c t o r s  may a l s o  be impor tan t .  



Figure 12, Abrupt boundary between Spar- 
tina a1 terni f lora ( foreground) and  Juncus - 
romerianus. Photo by 3 .  S t o u t .  

The broad expanses of Juncus occupy a 
much ndrrower e l e v a t i o n m a n g e  b u t  
typica l ly  grea ter  horizontal distances 
t h a n  S. a 1  t e r n i f l o r a  in the northeast  

&a- --- 
G u l f .  The Juncus zone o t  Eleuterius and 
~1 c u t e r i u s ~  covered an elevational  
range ot 0.21 PI, from 0.54 m to 0.75 m 
(ML W 1. The zone rndy be several hundred 
meters t o  several miles wide (Swanson e t  
a l .  1 9 7 2 ) .  

Tidal inundation of this entire zone 
i s  very i r r e g u l a r ,  a n d  higher elevations 
m a y  be flooded only durina sprinq t i d e s  

Figure 10. Inflorescence of giant cord- storin events, ~t a  ~ i i s i s s i ~ p ; "  s i t e ,  
grass (Soartina gnosuroides). Photo by the entire  Juncus zone was flooded only 16 
J ,  S t o u t .  tirnes out o n 6 8 p r e d i c t e d  high tides for 

Figure 11. Composite profile diagram o f  a  Mississippi brackish Juncus marsh (compiled 
from Hackney and de l a  Cruz 1978, 1982). 



NUMBER OF FLOODINGS 
(OUT OF 368) 

DIFFERENCE IN FLOODINGS 64 148 4 5 3 9 2 9 15 

PERCENT OF TOTAL HIGHS 98 95 7 8 3 8 2 6  16 8 4 
f I I 

PERCENT OF TOTAL TIME 87  66 TT- -G-T 2.9 1 1.3 0.86 
FLOODED (8,750 HOURS) --- - -- - 

Figure 13, P r o f i l e  o f  t he  d i s t r i b u t i o n  of Spart ina a1 t e r n i f l o r a  ( S )  and Juncus roe- 
merianus ( J )  along an e l eva t i on  grad ien t  with respec t ive  f looding  condit ions.  P l a n t  
he ights  a r e  not  t o  s c a l e ,  b~ r t  approximate r e l a t i v e  growth forms i n  each zone. Zones 
a r e  o* ilrtequal width, but represen t  equal por t ions  of the  range o f  e leva t ion  f o r  each 
species ( d a t a  froii! E leu te r ius  and E leu t e r iu s  1979). 

t h e  y e a r .  P o r t i o n s  of t h e  J u n c u s  zone 
were  i n u n d a t e d  from 0.1367: to-f t h e  
t o t a l  t i m e  t h a t  any p o r t i o n  of t h e  marsh 
was covered by water  during t he  year .  The 
upper  p o r t i o n  of t h e  zone was exposed  
c o n t i n u o u s l y  f o r  o v e r  720 h o u r s  d u r i n g  
1  a t e  November and December (El e u t e r i u s  and 
E l e u t e r i u s  1979)  ( F i g u r e  13 ) .  Al t h o u ~ h  
e l e v a t i o n s  i n  t h e  J u n c u s  zone may f a l l  
w i th in  t he  range of loca l  t i d a l  ampli tude,  
t i d e s  o f  t h o s e  h e i g h t s  o r  h i g h e r  rnay o r  
may n o t  r e a c h  a  p a r t i c u l a r  a r e a  due t o  
l evees  and o t h e r  topographic r e s t r i c t i o n s ,  
perco la t ion  i n t o  t h e  s u b s t r a t e s  a t  l o w e r  
e l e v a t i o n s ,  and i n c r e a s e d  r e s i s t a n c e  t o  
f low induced by f r i c t i o n  with t h e  sediment 
and d e n s e  v e g e t d t i o n  (Kurz and Wagner 
1957 1 .  

Because of  l o n g e r  and  more f r e q u e n t  
o e r i o d s  of e x p o s u r e  a n d  e v a p o r a t i o n ,  
i n t e r s t i  t i  a1  w a t e r  s a l i n i t i e s  may be 
h i g h e r  i n  J u n c u s  t han  S. a l t e r n i l l o r a  
zones (Hackney and de l a  C u z  19781. H 3  
o r g a n i c  c o n t e n t  and a c i d  c o n d i t i o n s  of  
J u n c u s  s o i l s  have a l s o  been no t ed  (Kurr  
and Wagner 1957;  C o u l t a s  and Gross  1975) .  
Organic conten t  may impede perco la t ion  of 
bo th  t i d a l  w a t e r  and r a i n w a t e r  i n t o  t h e  
s u b s t r a t e .  F i e l d  pH a s  low a s  4.3 was 
measured  by Kurr and Wdqner 11957: i n  
F l o r i d a  J u n c u s  marsh s o i l s .  Upon d r y i n g  
o f  s i m i m i l  s ,  C o u l t a s  and Gros s  

( 1 9 / 5 )  obse rved  d r o p s  i n  pH v a l u e s  of 0.5 
t o  3.7 pH u n i t s  w i t h  r e s u l t i n g  pH r a n g i n g  
frocr 2.5 t o  7.2. 

As p r e v i o u s l y  m e n t i o n e d ,  t h e  J u n c u s  
zone i s  o f t e n  c o m p r i s e d  o f  two o r  more 
h e i  g h t  f o r r n s  r e f l e c t i n g  m i c r o h a h i t a t  
d i f f e r ences  ac ros s  the zone. Two he igh t s ,  
t a l l  (2.0 m )  and s h o r t  (0.5-1.0 m ) ,  were  
found  i n  t h e  b r a c k i s h  marsh  s t u d i e d  by 
Hackney and de l a  Cruz (1978); t he  t a l l e s t  
p l a n t s  we re  n e a r e s t  t h e  t i d a l  s o u r c e  dnd 
more  f r e q u e n t l y  f l o o d e d  ( F i g u r e  1 1  1. 
Table 7 p r e sen t s  a  summary of d i f f e r e n c e s  
i n  gros: ,  m o r p h o l o g y  a n d  popu l  a t i o n  
p a r a m e t e r s  of J u n c u s  i n  t h r e e  s u h z o n e s  
( l o w ,  u p p e r ,  arid h igh  m a r s h )  of -- J u n c u s  
marshes i n  northwest  F lo r ida .  Though stem 
he ight  and d iameter  decrease  with d i s t ance  
frorn t h e  s h o r e ,  s t e m  d e n s i t i e s  and  new 
l e a f  p r o d u c t i o n  i n c r e a s e  w i t h  d i s t a n c e  
i n l d n d  ( K r u c z y n s k i  e t  a l .  1 9 7 8 a ) .  
Oi t fe rences  i n  s o i l  t e x t u r e  and s a l i n i t y  
we re  no t ed  f o r  3 i  f f e r e n t  h e i g h t  f o r m s  i n  
M i s s i s s i p p i  m a r s h e s  ( E l e u t e r i u s  a n d  
Caldwell 1981a). Tal l  p l a n t s  (mfan = 142 
cm) were  found  i n  h i g h l y  o r g a n i c  s o i l s ,  
coniposed p r imar i l y  of pea t  w i th  s a l  i ni t i e s  
o f  0-6  p p t ;  and  s h o r t  p l a n t s  (mean = 26 
cm) i n  sand!, s o i l s  u n d e r l a i n  a t  2 -4  f e e t  
by c1 ay and w i t h  hiah sdt i n 5  ties o f  50-300 
ppt;  and i n  terrc~ediate  he igh t  p l a n t s  (mean 
= 1 0 4  c m )  i n  s a n d y  c l a y  of 5 - 2 0  p p t  



Table 7. Morpho log ica l  f ea tu res  (annual mean va lues)  of 
Juncus from t h r e e  marsh zones ( f r o m  Kruczynsk i  e t  a l .  m r .  

Marsh zones 

Feature  Low marsh Upper marsh High marsh 

Mean densi ty/m2 ( t o t a l  ) 1,660 2,097 4,719 

Mean densi  ty/m2 ( 1 i ve) 885 993 1,692 

Mean densi ty/m2 (dead) 776 1,164 3,029 

Mean h e i g h t  (cm) In2 88 7 8 

Hean diameter (mm) 3.6 2.9 1.9 

New leaves/20 p l a n t s l y e a r  26 39 44 

He igh t  o f  b r a c t s  w i t h  f l owers  (cm) 70 66 54 

Number o f  f lowers/m2 4 0 46 7 

P e r f e c t  f lowers  ( X I  

s a l i n i t y .  T h e r e  i s  a  d e c l i n e  i n  s e x u a l  T h i s  zone i s  r a r e l y  i n u n d a t e d  by  t i d a l  
r e p r o d u c t i o n  i n  Juncus  p l a n t s  a t  h i g h e r  w a t e r ,  and  when i n u n d a t e d ,  t h e  w a t e r  
e l e v a t i o n s  s i m i l a r  t o  t h a t  s e e n  i n  q u i c k l y  p e r c o l a t e s  t h r o u g h  t h e  c o a r s e  
S p a r t j n a  a l t e r n i f l o r a  ( K r u c z y n s k i  e t  a l .  s u b s t r a r e .  B a r r e n s  w i t h i n  t h e  s a l t  f l a t  -- 
1978a j . - shor tes t  ( < 0.5 m) Juncus p l a n t s ,  r e c e i v e  t i d a l  i n p u t  l e a s t  f r equen t l y .  Low 
u s u a l l y  s t e r i l e ,  a r e  f ound  a d j a c e n t  t o  r a t e s  o f  t i d a l  r e c h a r g e ,  l o n g  p e r i o d s  o f  
s d l t  f l a t s  ( E l e u t e r i u s  a n d  C a l d w e l l  e x p o s u r e ,  h i g h  e v a p o r a t i o n ,  a n d  
1981a) .  These d i f f e r e n c e s ,  w i t h i n  w h a t  c o n c e n t r a t i o n  o f  s o l u b l e  s a l t s  r e s u l t  i n  
may a t  i i r s t  g l a n c e  a p p e a r  t o  b e  a  f a i r l y  e x t r e m e l y  h i g h  i n t e r s t i t i a l  w a t e r  
u n i f o r m  and homogeneous s t an * ,  m u s t  be s a l  i n i t i e s .  E v a p o r a t i o n  i s  h i g h  because  
recogn ized  i n  te rms  o f  e v a l u a t i n g  spec ies of severa l  f a c t o r s  i n c l  udjng: (1) coarse 
f u n c t i o n s ,  s t r e s s  impac ts ,  and management s e d j  merits w j  t h  1  a r g e  i n t e r s t i c e s ,  ( 2 )  
i n  Juncus marshes. g r e a t e r  w i n d  v e l o c i t i e s  due t o  s p a r s e  o r  

no v e g e t a t i o n ,  and  ( 3 )  h i g h e r  s u r f a c e  
S a l t  F l a t s  t e m p e r a t u r e s  a l s o  r e l a t e d  t o  m i n i m a l  --- s h a d i n g  by  a  p l a n t  canopy.  S a l t  f l a t s  

develop a t  a  c r i t i c a l  l e v e l  above f r e q u e n t  
The tern1 " s a l t  f l a t "  w i i  1  be used  t o  f l o o d i n g ,  b u t  n o t  h i g h  e n o u g h  i n  

d e s c r i b e  a  zone of sandy, hype rsa l i ne  s o i l  e l e v a t i o n  t o  a l l o w  f o r  e f f e c t i v e  l e a c h i n g  
j u s t  u p l a n d  o f  t h e  Juncus  zone. The s a l t  by r a i n f a l l ,  wh ich  c o n t r i b u t e s  f u r t h e r  t o  
f l a t  i n c l u d e s  t h e  p o r t i o n s  o f  t h e  zone t h e  h i g h  s a l i n i t i e s  ( K u r z  and Wagner 
v e a e t a t e d  b y  h a l o p h y t i c  s p e c i e s  a n d  1 9 5 7 ) .  M o r e  r e s e a r c h  i s  n e e d e d  t o  
p o r t i o n s  c a l l e d  " b a r r e n s , ' b h i c h  a r e  d e l i n e a t e  t h e  phys icochemica l  dynamics o f  
d e v o i d  o f  v a s c u l a r  p l a n t s  (See K u r z  and t h i s  zone and t h e  b i o t i c  r e a c t i o n s  t o  t h e  
Wagner 1957, and  C o u l t a s  dnd G ross  1975) .  m i c r o h a b i t a t  t h a t  a re  c rea ted .  



The margins ,  seaward a n d  upland, of 
the sal t f l a t  usual ly present mirror-image 
p l a n t  communities on e i t h e r  s i d e  of the  
bar rens .  D i s t i c h l  i s  s p i c a t a  extends in  
p a r a l l e l  s t r a n d s  by rhizomes from the 
upper edge of t he  Juncus  and the  lower 
edge of the  h i g h  meadow i n t o  the  s a l t  
f l a t .  As s a l i n i t i e s  become higher toward 
t h e  bar rens ,  D i s t i c h l i s  no longer  grows 
and ad j acen t  rhizomes apoear about equal 
in length (Figure 14). ~ i ' s t i c h l i s  forms a 
low p r o f i l e  c a r p e t  on e i t h e r  s i d e  of the  
barrens. Infrequent individual s  of other 
spec i e s  found among t h e  D i s t i c h l i s  may 
include Limonium carol i n i  anum, Agal i  nus 
mari t i  ma. A. DurDurea. Sabatia dodecandra. 

4 6 

S. s t e l i a ~ i s ,  and ' ~ t r i ~ l e x  a r e n a r i a  
c e r sona l  co l lec t ions ) .  A t  s l igh t ly  lower 
e l e v a t i o n s  where r a i n w a t e r  mdy pool,  o r  
neare r  t o  t h e  f r e s h w a t e r  t a b l e ,  Sc i rpus  
olneyi may occur in  seiall stdnds among the 
D i  s t i c h l  - i  s .  I n d i v i d u a l  c l umps  of 
Spa r t i na  s p a r t i n a e  may a1 so occur ,  o f t en  
e s t a b l i s h e d  on a  smal l  hummock on the  
D i s t i ch l  i s  margin,  such a s  those  c r ea t ed  
over rotted re1 i c  t r e e  stumps. 

e rec t ,  t r ee - l ike  stems (Figure 15). All 
three species are  obl igate  halophytes and 
do no t  l i v e  in  lower  s a l i n i t y  a r e a s  of a  
marsh o r  i n  b r ack i sh  o r  i n t e r m e d i a t e  
marshes. These s u c c u l e n t  s p e c i e s  have 
i n t e r n a l  f l u i d s  which a r e  hyper ton ic  
(osmotically more c o n c e n t r a t e d )  re1 a t i  ve 
t o  s a l  i ni t i e s  of e x t e r n a l  environmental  
f l u i d s  and a r e  t h u s  ab l e  t o  t a k e  i n  water  
in t h i s  p h y s i o l o g i c a l l y  x e r i c  s e t t i n g .  
I n t e rna l  s a l i n i t i e s  may reach 80-95 p p t  
( p e r s o n a l  o b s e r v a t i o n ) .  S l i g h t  
differences in height may be found between 
i n d i v i d u a l  s  of  t h e s e  s p e c i e s  l oca t ed  
nearest the barrens and those located near 
the D i s t i c h l i s  f r i n g e  (Kurz a n d  Wagner 
1957 ) . 

The ba r r ens  a r e  devoid of va scu l a r  
p l a n t s  because o f  s a l i n i t y  cond i t i ons .  
The s ize  of the barrens var ies  with local 
conditions and may even change over short  
p e r i o d s  of  t i m e  w i t h  i n c r e a s e d  o r  
decreased r a i n f a l l ,  t i d a l  inunda t ion ,  o r  
changes  i n  e l e v a t i o n .  I f  s a l i n i t y  
d e c r e a s e s ,  s e e d 1  i  nqs  of t h e  annua l  

v 

interior to t h e  ~ i ~ t i ~ h l i ~  margins of Sal i c o r n i a  b ige l  ovi i  and rhizomes of the  
t h e  s a l t  f l a t  only t h r e e  s p e c i e s  a r e  other s a l t  f l a t  species can quickly invade 
f o u n d :  s a l  i  c o r n i  a  v i  r g  i n i c a  ( a  the  bar rens .  Increased  s a l i n i t i e s  can,  
perennial  ),-yr6r<e-i<vj-i fix-,nTGT)T and however, a1 S O  r e s u l t  i n  t h e  expan~l 'on  o f  
Ba t i s  marj t ima.  ~ 0 t h  S. v i r g j n i c a  and the barrens a t  the  loss  of plant  coverage. 
B a t i s  t r a i l  a c r o s s  t h T  s u b s t r a t e  a s  
p r o s t r a t e  s t e m s  ( F i g u r e  1 5 ) .  S .  
b ige lov i  i  grows i n  s t a n d s  of i n d i v i d u a l ,  High 

The hiqh meadow o r  hiqh marsh ma.y 

Figure 14. S a l t  f l a t  zone with Juncus 
( r e a r ) ,  Di s t i c h l  i s  s p i c a t a ,  Sal icornia 
bigelovii ,  and barren soi l .  Photo by J.  
Stout. 

vary g r e a t l y  i n  i t s  a r e a l  e x t e n t ,  from a 
narrowly vegetated f r inge between the s a l t  
f l a t  and upland v e g e t a t i o n ,  t o  a  broad 
meadow of g r a s s l i k e  vege t a t i on  (F igu re  
16) .  Juncus i s  aga in  very abundant i n  
t h i s  zone, s h a r i n g  dominance t o  varying 
degrees  w i t h  S p a r t i n a  pa tens ,  Spa r t i na  
p a t e n s  d o m i n a t e s  n e a r e s t  t h e  up l and  
border. Numerous i n c i d e n t a l  spec i e s  a r e  
found in  t h i s  zone which grades  i n t o  a  
shrub/forb ecotone between t h e  marsh and 
the upland fores t .  This zone contr ibutes  
most t o  t h e  d i v e r s i t y  of p l a n t  s p e c i e s  
over t he  e n t i r e  marsh. Other s p e c i e s  
incf ude Fimbri sty1 i s  carol i  niana, Scirpus 
robus tus ,  Aster  t enu i  f o l  i u s ,  Phragmi t e s  
a u s t r a l  i s ,  Cynanchum a n g u s t i f o l  i u n ,  
Pluchea sis., and t he  shrubs  t3acchar?s 
ha1 im i fo l  i a ,  f r u t e s c e n s ,  and Myrica 
c e r i  f e r a  (Figure 17) .  



Salt grass ( D i  stichl i s  spicata) Glasswort (Bati s mari tima) 

Perennial saltwort (Salicornia virginica) Annual glasswort (Sal icornia bigelovii) 

Figure 15. Comrnon plant species of zones wi thin Juncus-domi nated marshes. Photos by 
J. Stout. 

JUNCUS ROEMERIANU? I IFE HISTORY makes J. roemerianus unique among rushes. 
Study of the rhizomes during anthesi  s  

The marshes o f  Mir;sissippi Sound have shows t h a t  they bear  l e a v e s  wi th  
been well s tudied,  d n d  the  taxonomy a n d  inflorescenses composed exclusively of 
l i f e  history studies of  Juncus -- roemerianus p i s t i l  l a t e  or bisexual flowers. Trans- 
i n  t h e s e  m a r s h e s  a r e  w e l l  known planted clonal material from unisexual and 
(E leu te r ius  1974a,b, 1975, 1976b, 1978; bisexual plants produced only the respec- 
Eleuterius and McDaniel 1978;  Eleuterius t i v e  flower type fo r  f ive  years .  No 
and Gal dwell 1981al. staminate f lowers have been found along 

t h e  g u l f  c o a s t  ( E l e u t e r i u s  1974a;  
Si n t i  1 a r  t o  o ther  marsh spermato- Eleuterius and McDani el  1978). Plants  

phytes, Juncus roemerianus spreads by grown from seeds  a l s o  c o n s i s t e n t l y  
vigorous r h i z o n e  growth, a n d  a  s ingle  produced a  single flower type (Eleuterius 
p lant  may the re fo re  cover la rge  areas of  1984). Unisexual flowers are the results  
the  marsh surface.  Rhizomatous growth of stamen abort ion in  immature f lowers 
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F i g u r e  16. S a l t  f l a t  w i t h  barrens (cen- 
t e r ) ,  h i g h  meadow upland ( l e f t ) ,  and low 
Juncus marsh ( r i g h t ) .  Photo by J. Stout .  

( E l e u t e r i u s  and M c D a n i e l s  1978) .  F l o w e r  
t y p e s  may b e  m i x e d  i n  m a r s h e s  w h e r e  
r h i z o m e s  o f  d i f f e r e n t  shoots  i n t e r m i n g l e  
o r  may be i n  homogeneous s t a n d s  o f  a  
s i n g l e  f l o w e r  t ype .  I n  t h e  St .  M a r k s  
Re fuge  ( F l o r i d a )  marshes,  t h e r e  was a  
s i g n i f i c a n t l y  g r e a t e r  p r o p o r t i o n  (57%) o f  
b i s e x u a l  f l o w e r s  i n  l o w  ma rsh  ( ~ 2 ,  P < 
0.01),  and no s i g n i f i c a n t  d i f f e r e n c e  i n  
p r o p o r t i o n  o f  t h e  two f l o w e r  types between 
h i g h  marsh  (8%)  and u p p e r  marsh  ( 17%)  
( K r u c z y n s k i  e t  a1. 1978a) .  D i m o r p h i c  
f l o w e r s  ( p i s t i l l a t e  a n d  b i s e x u a l )  i n  
Juncus roemer ianus a r e  a l s o  u n i q u e  among 
I 

species o f  Juncus, where b i sexua l  f l o w e r s  
a re  t h e  r u l e .  B isexua l  p l a n t s  must  se rve  

Roseau cane (Phragmi tes a u s t r a l i s )  i n  
f l a w e r  

Spa r t i na  s p a r t i n a e  

S a l t  shrubs (Bacchar is  ha1 i m i f o l  i a )  on 
hummock i n  h i g h  meadow 

F igu re  17.  I n c i d e n t a l  p l a n t  spec ies cmrnol 
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Three-corner  sedge (Sc i  rpus  r obus tus  1 

r~ t o  Juncus marshes, Photos by J. Stout .  



a s  t h e  p o l l e n  s o u r c e  f o r  u n i s e x u a l  
p i  s t i l l a t e  p l a n t s  by c ross  p o l l  i n a t i o n .  

Juncus  r o e m e r i  anus produces f l o w e r s  
i n  t h e  no r t heas te rn  g u l f  f r om  m i d w i n t e r  t o  
m i d s p r i n g  ( J a n u a r y  - A p r i l )  ( F i g u r e  18) .  
T h i s  r e d u c e s  t h e  p o s s i b i l i t y  o f  
h y b r i d i z a t i o n  w i t h  J. e f f u s u s  w h i c h  may 
co-occur  i n  f r e s h e r  marshes, b u t  i n i t i a t e s  
f l o w e r i n g  i n  A p r i  1  ( E l e u t e r i u s  1974a). J. 
roemer ianus seeds a r e  shed s i n u l t a n e o u s l ~  
A l t h o u g h  seeds a r e  h i g h l y  v i a b l e  (mean 2 
9 0 X ) ,  t h e y  have  a  h i g h  l i g h t  and m o i s t u r e  
r e q u i r e m e n t  a n d  p r o d u c e  s e e d 1  i n g s  
g e n e r a l l y  o n l y  on barren,  sandy subs t ra te .  
P rogeny  o f  t h e  b i s e x u a l  p l a n t  t y p e  a r e  
l e s s  v i g o r o u s  t h a n  t h e  u n i s e x u a l  t y p e .  
Once es tab l i shed ,  J. roemer ianus ma in ta i ns  
i t s e l  t i n  t h e  m d E h  t h r o u g h  v e g e t a t i v e  
growth. Therefore,  sexual r ep roduc t i on  i s  
i m p o r t a n t  p r i m a r i l y  f o r  c o l o n i z a t i o n  o f  
new h a b i t a t s  ( E l c u t e r i u s  1974b). 

Juncus roemer ianus p l a n t s  mature from 
s e e d l w i  n  a b o u t  fl months ,  a1 t hough  
p l a n t s  a r e  u s u a l l y  18-24 months o l d  b e f o r e  
t h e y  f l o w e r .  P r o l i f i c  f l o w e r  p roduc t i on  
b e g i n s  a t  a b o u t  t h r e e  y e a r s  ( E l e u t e r i u s  
1974d).  

El e u t e r i  u s  a n d  C a l  d w e l l  1 1 9 8 1 a )  
showed t h a t  s h o o t  age, number  o f  l e a v e s  
p r o d u c e d ,  p l  a s t o c  h r o n  ( t i n e  i n t e r v a l  
between Sni ti a t i o n  o f  sequent i  a1 l eaves) ,  
and  l e d f  l o r i y e v i  t y  v a r i e d  c o n s i d e r a b l y  
b e t w e e n  p o p u l a t i o n s  o f  J. r o e m e r i a n u s  -- -- ----" -- 
1 i v i  n g  u n d e r  d i  f  f e r e n t  e n v i  r o n ~ i l e n t a l  
c o n d i t i o n \ .  A1 1  p o p u l a t i o n s ,  however ,  
e x i ~ i b i t e d :  (1) c e s s a t i o n  o t  g r o w t h  o f  
f i r s t  l e a f  when g row th  o f  t h e  second l e a f  
was i n i t i a t e d ,  ( 2 )  d e a t h  o f  l e a v e s  f r o m  
t h e  t i p  downward, dnd ( 3 )  growth  r a t e s  o f  
Iedves  w i t h i n  a p o p u l a t i o n  equal 1 i n g  t h e i r  
dedt l l  r d t e s  d u r i  rlg mdxiniuw g rowth  per iods .  
I n  t h i s  s t u d y ,  h o w e v e r ,  t a l  1  a n d  
1 n t cv - r ne t l i a t c  p1 a n t  pop i l l  d t i o n s  p r o d u c e d  
r,urbe 1 e d v e ~  p e r  shoot anriud l l y  ( f o u r )  than 
i h o r t  p a j ) u l a t i o n s  ( t w o ) ,  hdd l o n g e r  l e d f  
1 1  f c  (14 dnd 16 months, r c s p c c t i v e l y )  than  
b h o r t  t ' o r r j s  (/.!I r ' lonths) ,  dnd had a r e d t e r  
averdge shoot l o n g e v i t y  ( 2 1  nlonths and 25 
s l o n t h s )  ,IS c o ~ ~ p a v - e d  t o  s h o r t  u l  a n t s  (11 
r l ~ o n t h i ) .  Some v e g e t a t i v e  s h o o t s  o f  t h e  
i n t ~ r m e d ?  a t e  n e i  g h t  t o r m  mdy l i ve f o u r  

F i g u r e  18. The l i f e  c y c l e  o f  Juncus 
roemer ianus i n  r e l a t i o n  t o  t h e  seasons i n  
M i s s i s s i p p i  (from E l e u t e r i u s  1975). 

y e a r s  o r  l o n g e r  ( E l e u t e r i u s  and  Ca l  d w e l l  
1981a 1 .  

S h o r t  p o p u l a t i o n s  o f  J. r o e m e r i a n u s  
riiay appea r  l e s s  p r o d u c t i i e  t h a n  t a l l e r  
f o r r ~ ~ s  when p r o d u c t i  v i  t y  es t ima tes  do n o t  
ddequdte ly  account  t o r  biomass t u r n  over.  
E l e u t e r i u s  and Cal d w e l l  (1981a) found t h a t  
i n  some s h o r t  stands, t w o  e n t i r e  c rops  of 
shoots  may t u rnove r  every  22 months, w h i l e  
i n  t a l l e r  f o r m s  a  c o m p l e t e  v e g e t a t i o n a l  
t u rnove r  may r e q u i r e  up t o  4 years.  Rapid 
t u rnove r  and h i ghe r  stem d f n s i  t y  i n  s h o r t  
p l a n t s  may i n d i c a t e  an e q u a l  o r  g r e a t e r  
biomass va l ue  o f  these p l a n t s  r e l a t i v e  t o  
t d l  l e r  p l a n t s  ( E l e u t e r i u s  and Ca l  d w e l l  
1981a). S ince  s h o r t  p l a n t s  a r e  t y p i c a l l y  
d t  h i g h e r  e l e v a t i o n s  i n  t h e  ma rsh  ( s e e  
Zones) ,  r e c o g n i  t i o n  o f  t h e  p o t e n t i a l  
i i i l p a r t a n c e  o t  s h o r t e r  p l a n t s  m u s t  be 
c o n s i d e r e d  b e f o r e  a d v o c a t i n g  a  m o r e  
r e 1  axed  a t t i t u d e  a b o u t  n a r s h  a1 t e r a t i o n s  
i n  h i g h e r  marshes. 



CHAPTER 3 

MICROBIAL AND NONVASCULAR PLANT COMMUNITY 

1 i  t t l e  i s  known a b o u t  t h e  s p e c i e s  
c o m p o s i t i o n  and  f u n c t i o n a l  c o n t r i b u t i o n s  
of nonvascular  f l o r a l  communi t i e s  w i t h i n  
Juncus marshes. Diverse canopies  of t a l l  
spermatophyte s p e c i e s  1  imi t 1  i g h t  a v a i l a -  
b i l i t y  a t  t h e  marsh s u r f a c e  b u t  a l s o  
moderate e x t r e m e  e n v i r o n m e n t a l  f l  u c t u a -  
t i o n s .  B e n t h i c  a1 gal  c o m m u n i t i e s  have 
rece ived  t h e  g r e a t e s t  a t t e n t i  on. However, 
marsh s u b s t r a t e s  a1 so provide h a b i t a t s  f o r  
ep iphy t i c  ~ n i c r o f l  o r a l  communities.  

MICROBIAt. COMMUNITIES 

I n  o r d e r  t o  i d e n t i f y  t h e  o r g a n i s m s  
p o t e n t i a l  l y  a c t i v e  i n  t h e  decomposi  t i o n  
process ,  Brawn and Landers (1978) is01 a t ed  
p u r e  c u l  t u r e s  of  m i c r o - o r g a n i  sms from 
aboveoround and be1 owqround 1  i t t e r  baqs of 
d e t r i d t u s  o f  spar t in"a  a1 t e r n i  f lo ra - ,  S. 
c y n o s u r o i d e s ,  D i s t i c h 1  i s  s p i c a t a  a n 7  
Juncus roemeri  anus of s i x  d i f f e r e n t  aqes. 
Samples were ob ta ined  from coas t a l  ~ u n c u s  
mar shes  i n  M i s s i s s i p p i  and Alabama. All  
c o u n t s  we re  c a r r i e d  o u t  unde r  a e r o b i c  
c o n d i  t i o n s ,  a n d  t h e r e f o r e ,  o b l  i  g a t e  
a n a e r o b e s  w e r e  n o t  d e t e c t e d .  S i x t y  
s p e c i e s  o f  f u n g i ,  y e a s t s ,  a n d  
a c t i n o m y c e t e s  w e r e  i  s o l a t e d .  P l a t e  
counts  were a lways  h ighes t  i n  aboveground 
bags. Counts i n  belowground samples of S. 
a l t e r n i f l o r a  were lower than counts  from 
a l l  o t h e r  s p e c i e s .  Count  r e s u l t s  a r e  
summarized i n  Table 8. 

Twenty- f  i v e  s p e c i e s  of f i l a m e n t o u s  
f u n g i  a r e  i d e n t i f i e d  a s  o c c u r r i n g  on 
S p a r t i n a  spp .  i n  t h e  mar shes  of  M i s s i s -  
s i p p i ,  Alabama and F l o r i d a  ( T a b l e  9 )  
( G e s s n e r  and  Kohlmeyer  1976) .  A l l  f u n g i  
i s o l a t e d  by Gessner  and Kohlmeyer, and not  
determined on1 y  from t h e  1  i  t e r a t u r e ,  were 

found growing on t he  aboveground p a r t s  of 
t h e  p l a n t s .  S p a r t i n a  a1 t e r n i f l  o r a  was 
h o s t  t o  t h e  g r e a t e s t  number of  f u n g a l  
s p e c i e s .  Of t h e  m i c r o b i a l  s p e c i e s  found  
in  t h e  n o r t h e a s t  g u l f ,  severa l  have a  wide 
geographical range,  occur r ing  wherever t h e  
hos t  i s  found. These i nc lude  Buergenerula 
spa r t i nae ,  Claviceps purpurea,  Leptosphae- 
r i a  a1 b o ~ u n c t a t a .  L o b i o n e s .  Lul w o r t h i a  . . 

medusa var. m e d i s c  ~ h a e o s i h a e r i  a  typha-  
rum, P l e o s p o r a m i c a ,  Puccinia  sparga-  
n io ides .  Phoma SD.. and Staaonosoora so. 

Tracy  and E a r l e  (1895 )  r e p o r t e d  t h e  
a s c o m y c i t o u s  e r g o t  f u n g u s ,  C l a v i c e p s  
p u r p u r e a ,  on S p a r t i n a  a1 t e r n i f l o r a  i n  
Mi s s i s s i p p i  t i d a l  marshes .  Claviceps has 
a l s o  been r e p o r t e d  u t i l i z i n g  s a l t  g r a s s  
( D i s t i c h l i s  s p i c a t a )  a s  a  h o s t  s p e c i e s  
( P a r r i  s  1 9 5 9 m e u t e r i u s  and Meyers  
(1974) found t h e  e r g o t  fungus on S. -- a l t e r -  
ni f l  o r a  throuahout  At1 a n t i c  and qul f  c o a s t  
m a r s h e s  and a1 s o  f r e q u e n t l y  on-S. - p a t e n s  
and S. c y n o s u r o i d e s .  I n f e c t i o n  of  t h e  
t h r e e  S o a r t i  na s a e c i e s  i  s s e a u e n t i  a l .  
~ c l  e r o t i a l  ge rmi  n 'a t ion  i s  s imu l  t a n e o u s  
w i t h  f l o w e r i n g  i n  S p a r t i n a  p a t e n s  and  
s p o r e s  a r e  t h e n  s p r e a d  by i n s e c t s  t o  
l a t e r - f l o w e r i n g  - S. c y n o s u r o i d e s  and S. 
a1 t e r n i f l o r a .  C o n i d i a  may a 1  s o  b F  
d i s p e r s e d  by t h e  wind t o  open f l o w e r s .  
Absence of t he  e r g o t  i n  ad j acen t  Spa r t i na  
s p a r t i n a e  may be e x p l a i n e d  by t h e  c l o s e d  
s ~ i k e l e t s .  w i t h o u t  e x s e r t e d  s t i q m a s  o r  
stamens td f a c i l i t a t e  i n f ec t i on .  - 

I n v e s t i g a t i o n s  o f  S. a1 t e r n i f l o r a  
s t a n d s  i n  M i s s i s s i p p i  %veal  t h a t  t h e  
incidence of e r g o t  i n f e c t i o n  v a r i e s  w i t h  
l oca t i on .  Barren spo i l  a r e a s  and manmade 
beaches about  3-4 f t .  above mean low wa te r  
show 100% p a n i c l e  i n f e c t i o n  w i t h  95% of  
t h e  s e e d s  r e p l a c e d  by s c l e r o t i a .  P l a n t s  



Table 8. Mean p l a t e  counts  of marsh mic ro f l o r a  on d i f f e r e n t  sperniatophyte 
de t r i t u s  and a t  two depths in the sediment (data from Brown and Landers 19783. 

Sperma tophy t e  Total Fungi Yeasts Acti nomycetes 
-- 

Aboveground 

Juncus roerrierianus (MS) 8.3 x 107 - 6.2 x 106 3.6 x 106 8.5 x 106 

Spartina cynosuroi des .- 2.1 x lo8 1.2 x 107 1.7 x  lo6 1.8 x lo7 

S. patens -- 2.4 x 108 3.2 x 107 4.9 x 106 2.8 x 107 

J .  roemerianus ( A l  --- 1.7 x 108 3.3 x 106 1.3 x 106 4.4 lo7 

S. a l t e rn i f l o r a  -- 

Distich1 i s  spicata 

Belowground - 5 cm 

S. cynosuroi des - ---,---.- 
J .  roenieri anus (AL. ) -- 

S. a1 terni  f l  ora - 

Belowground - 10 cn 

J .  roemerianus ( M S )  ----.-.--- 8.0 x 106 3.6 x 105 2.9 x  105 2.8 x  106 

5.  cynosuroi des --- -- 1.3 x lo7 6.9 x 105 4.4 x 105 1.2 x lo6 

J . rocrrreri dnus ( A 1  --- ---- 5.9 x 107 9.6 x 105 4.4 x 105 1.2 x 107 

S .  a l t c rn i f l o r a  -- - - - - --- 3.1 x 106 1.1 x 105 3.3 x 103 8.5 x lo6 

f rom u n d i s t u r b e d  m a r s h e s  show a  10% 
i n f e c t i o n  r a t e  wi th  l e s s  than 18 of t h e  
s e e d s  l o s t .  N a t u r a l  marsh l e v e e s  
represent an intermediate condition having 
an i n f e c t i o n  r a t e  of 62'3 and seed l o s s  of 
5%. Grea te r  e x p o s u r e ,  a e r a t i o n ,  and 
periodic drying of the  sllbstrate a t  higher 
e levat ions  may favor ergot germination and 
dissemination on the spoil and beach s i t e s  
(Eleuter ius  and Meyers 1974). 

There are  several implications of the 
e r g o t  i n f e c t i o n s  of  S p a r t i n a  s p e c i e s  
within the marsh: 1) heavy infect ions  may 
produce y i e l d s  of e r g o t  g r e a t  enough t o  
make harvest fo r  pharmaceuticals econoni- 
c a l  iy appeal i ng ,  2) human a1 t e r a t i o n s  of 
na tu r a l  wet1 ands and c rea t ion  of a r t i f i -  
c i  a1 mar shes  may c r e a t e  c o n d i t i o n s  
sui table  fo r  widespread infect ion,  and 3 )  
extensive loss  of viable seeds will  reduce 



Table 9. Higher f i lamentous fungi reported from Spart ina spp. from t h e  north-  
eastern Gu l f  o f  Mexico by d i r e c t  observation, i nc lud ing  t h e i r  geographical 
d i s t r i b u t i o n  and l i t e r a t u r e  c i t a t i o n s .  Host code: A, S a r t i n a  a l t e r n i f l o r a ;  C, 
S. c  nosur-oides; P, S. patens; and S, Spart ina sp. u n i d e n t i f i e d  from marine 
~ a b i h f i e d  fr% Gessner and Kohlmeyer 1976). 

P-- 

Fungus Host 

I. Ascomycetes 

Anthostomella sp. 

Buergenerul a s p a r t i  nae A 
Kohlmeyer e t  Gessner 

Claviceps purpurea ( F r . )  Tul. A 

Halosphaeria hamata A 
(Hohnk) Kohl m 

Leptosphaeria albopunctata A 
(Westend. ) Sacc. 

L .  arundinacea (Sow.) Sacc. S 

1, herpotr ichoides  deNot P 

!, l a c u s t r i s  (Fuckel ) Wint. S 

L. obiones (Crouan e t  A 
Crouan) Sacc. 

Location L i t e r a t u r e  

RI,  Conn, NC, F l a ,  Arg 

Me, N H ,  R I ,  Conn, NJ, 
Va, NC,  F l a ,  Arg 

Me, N H ,  Mass, R I ,  N Y ,  
NJ, Del, Md, Va, NC, 
S t ,  Ga, Fla,  Ala, La,  
Miss, Tex, Arg, Uru 

N Y ,  F l a ,  Miss 

Md, Miss 

Me, R I ,  F l a  

RI, Conn, NJ, Va, NC,  
F l a ,  Arg 

NC, F la  

NC, F l a  

NC, F l a  

Me, RI, f.onn, Mass, 
NJ, Md, Va, NC, SC, 
Fla,  Miss, f e x  

Gessner and Goos 1973b; 
Gessner and Kohlmeyer 1976 

Webber 2970; Gessner and Goos 
1973a, 1973b, Gessner 1976; 
Gessner and Kohlmeyer 1976 

Seymour 1929; Sprague 1950; U.S. 
Dep. Agric. 1960; Gessner and 

Goos 1973b; F l e u t e r i u s  and 
Meyers 1974; Gessner 1976; 
Lindquis t  (unpubl ished) ;  
Gessner and Kohlmeyer 1976 

Seymour 1929; Sprague 1950; U.S. 
Dep. Agric. 1960; E leu te r ju s  and 
Meyers 1974 

Seymour 2929; Sprague 2950; U.S. 
Dep. Agric. 1960; F l e u t e r i u s  and 
Meyers 1974 

Gessner and Goos 1973a, 197.3b; 
Gessner 1976; Gessner and 
Kohlmeyer 1976 

Johnson 1956a; Johnson and 
Sparrow 1961; Gessner and Goos 
1973b; Gessner 1976; 
Gessner and Kohl neyer ,  1976 

Johnson and Sparrow 1961 

Johnson and Sparrow 2962 

Johnson and Sparrow 1961 

Johnson 1956a; Johnson and 
Sparrow 1961; Wagner J969; 
Webber 1970; Gessner and Goos 
?977a, 1977b; Gessner 1976 

(cant  inued) 
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Table 9. Continued. 

Fungus Host Loca t i on  L i  t e r a t u r e  

oraemaris L inde r  A Mass, R I ,  NC, F la ,  Tex Johnson 1956a; Johnson and 
Sparrow 1961; Webber 1966; 
Gessner and Kohl meyer 1976 

!..- s c i r p i n a  Wint. S NC, F l a  Johnson and Sparrow 1961 

I.. vagans Kars ten S NC, F l a  Johnson and Sparrow 1961 

I . .  medusa var. medusa A Va, NC, SC, F la ,  Tex Johnson 1956b; Johnson and 
( F l l ,  e t  Fverh.) C r i bb  Sparrow 1961 
e t  C r i bb  

Phdeosphaeria typharum A Can, Me, R I .  Conn, NJ, Gessner and Goos 197?b; Gessner 
(Desmaz. ) Holm Va, NC, F la ,  Arg 1976; Gessner and Kohlmeyer 1976 

Pleospora pe lag i ca  Johnson A RI, NC, F l a  Johnson 1956a; Johnson and Sparrow 
1961; Gessner 1976; Gessner and 
Kohlmeyer,1976 

Pucc in ia  seymouriana Arth.  .-- A NY, Miss Seymour 1929; U.S. Dep. Agr ic.  
1960; A r thu r  and Cummins 1962; 
Cummins 1971 

P. sparganioides F11. e t  - A Me,NH, Mass, RI,  Del ,  Seymour 1929; U.S. Dep. Agric. 
Rarth. Va,  Nf ,  F la ,  Miss 1960; A r thu r  and Cummins 1962; 

Cummins 1971 

r NJ, Del ,  Md, Sf,  F la ,  Seymour 1929; U.S. Dep. Agr ic.  
l a 1960; A r thu r  and Cummins 1962 

Uromyces acwninatus Ar th .  A Me, NH, Mass, Conn, Seymour 1929; U.S. Dep. Agr ic .  
NY, NJ, Del, Md, F l a  1960; Cummins 1971 

Seymour 1929; U.S. Dep. Agric. 
I 960 

P Me, Mass, Conn, NH, Seymour 1929; U.S. Dep. Agr ic.  
NY, NJ, Del, Md, F l a  1960 

U. argutus Kern - A F la ,  Fr Seymour 1929; U.S. Dep. Agr ic.  
1960; rummins 1971 

(con t inued)  
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Table 9. Concluded. 

Fungus Host Location I. i t e r a t u r e  

I! I .  Fungi Imperfecti 

A. Coelomycetes 

Phoma sp. and spermogonia 

Stagonospora sp. I1 

i r a c y e l l a  spa r t i nae  ( P k . )  
Tassi  

B. Hyphomycetes 

Al ternar ia  a1 t e rna t a  (Fr.) 
K e i  ss1 . 

Drechslera halodes 
(Drechsl .  Subram. e t  
J a i n  

Fpicoccum nigrum Link 

A Can, Me, RI,Conn, NJ, 
Va, NC, Fla,  La, Arg 

A Can, Me, RI, Conn, NJ, 
Va, NC, F l a ,  Arg 

P Miss 

A Me, RI ,  Conn, Va, F l a  

A RI, NC, Fla 

A Conn, RI, Va, Fla 

Meyers e t  a l .  1970; Gessner and 
Goos 1973a, 197'ib; Gessner 
1976; Gessner and Kohl meyer ?976 

Gessner and Goos 1973b; Gessner 
1976; Gessner and Kohl meyer I976 

Seymour ?929; U.S. Dep. Agric. 
? 960 

Gessner 1976; Gessner and 
Kohlmeyer 1976 

Gessner 1976; Gessner and 
Kohlmeyer 1976 

Gessner and Goos 7973b; Gessner 
1976; Gessner and Kohlmeyer 1976 

t h e  avai 1 abi 1 i  ty of propagules and thus  
i n h i b i t  n a t u r a l  c o l o n i z a t i o n  of new 
s u b s t r a t e s  and dieback a r ea s  by sexual 
reproduction of the  Spa r t i  n a .  Long-term 
i n p a c t s  of e r g o t  i n f e c t i o n  on marsh 
maintenance,  expans ion ,  a n d  f u n c t i o n  
w i t h i n  e s t u a r i n e  s y s t e m s  may be 
s ign i f ican t .  

The r u s t  fungus Puccinia  sparga-  
n i o i d e s  has been repor ted  on S. at t e r n i -  
f l o r a  i n  Mi s s i s s i pp i  a n d  ~ l o r % a  a s  well 
a s  o t h e r  s t a t e s  (USDA 1960) .  Mo da ta  a re  
available on the patterns of i t s  d is t r ibu-  
t i o n  o r  e x t e n t  o f  i n f ec t i on .  In North 
Ca ro l i na ,  Van Dyke and Amerson (1976)  
found an inverse ref ationship between the 
p e r c e n t a g e s  of i n f e c t e d  p l a n t s  and 
i n t e r s t i t i a l  water  s a l i n i t i e s .  I t  may, 
therefore,  be expected t ha t  the incidence 

of r u s t  i n f e c t i o n  would be low in  nor th-  
eastern gulf marshes t h a t  exhibi t  seasonal 
per iods  of high s o i l  s a l i n i t y  due t o  
exposure and evaporation. 

AL GAE 

Only the diatom and blue-green algal 
conmuni t i es  of Juncus marshes have been 
s t ud i ed .  There i s  no in format ion  on 
the  func t i ona l  r o l e s  of t he se  two groups 
and o t h e r  a l g a e  w i t h i n  t h e  marsh 
ecosystem. 

Kurz and Wagner (1957) tabulated the 
zortal re la t ionship o f  a l g a l  spec ies  w f  t h  
niarsh spermatophyte conmunities. As can 
be seen i n  Table 10 ,  few spec i e s  were 
observed, but  t h e  most f r equen t l y  noted 



were ep iphy t i c  Bostrychia  and Enteromorpha 
and u n i d e n t i f i e d  s o i l  d i a t o m s .  Saqe and 
S u l l i v a n  ( 1 9 7 8 )  found  t h e  g r e e n  a l g a e  
Rhi zocl oni un - r i  par i  urn var. i mpl exum and R. 
k e rne r i  on ly  i n  w i n t e r  and sp r inq  a s  a  m a t  
a t t a c h e d  t o  J u n c u s .  In  a  & b s e q u e n t  
s t u d y ,  S u l l  iv-(1982a) found  e p i p h y t i c  
d i  a tor i ts  on B o s t r y c h i a  r a d i c a n s  a n d  -- 
Gal ~ g l o s s a  l e p r i  u r r i  a t t a c h e d  t o  dead  
s tems of S u a 7 - t i E T a E r n i  f 1  ora .  

Sage and Su l l i van  (1978) descr ibed  a  
s i n g l e  n e a r l y  homogeneous conimuni t y  of  
b l  ue-green a1 gae throuqhout  t he  di f f e r e n t  
a n g i o s p e r m  zones. o f  a  Mis s i s s ipp i  marsh. 
The  f i v e  a n g i o s p e r m  c a n o p i e s  w e r e  
D i s t i c h 1  i s  s p i c a t a ,  S c i r p u s  . o l n e y i ,  
~ p a r t i n a  - p a t e n s ,  S p a r t i n a  a1 t e r n i f l o r a ,  -- -- a n d  J u n c u s  r o e m e r i a n u s .  E a c h  z o n e  --- ---- 
r e p r e s e n t e d  a  d i f f e r e n t  s e t  o f  
e n v i  r o n m e n t a l  c o n d i t i o n s  ( T a b l e  1 1 ) .  

T w e n t y - f i v e  s p e c i e s  of  b l u e - g r e e n  a1  gat? 
were  i d e n t i f i e d ,  b u t  t h e  communi ty  was 
s t r o n g l y  dominated by only t h r e e  spec i e s :  
S c h i z o t h r i x  c a l c i c o l  a  ( 4 0 . 5 %  a n n u a l  - -  
~ u n ~ ~ j a c y  s t i  s  montana 
(17.4% annual  r e l a t i v e  a b u n d a n c e ) ,  and A. 
a e r u g i n o s a  ( 1 6 . 4 %  a n n u a l  r e 1  a t i v ?  
abundance) .  A h i g h  of  20 s p e c i e s  was 
a s s o c i a t e d  w i t h  J u n c u s ,  and a low o f  14 
s p e c i e s  was a s s o c i a t e d  w i t h  - S. - p a t e n s .  
Seven spec i e s  were found only once during 
t h e  s t u d y ,  w h e r e a s  20 s p e c i e s  were  found  
i n  a1 1 h a b i t a t s  (Sage  and S u l l  i v a n  1978) .  
( N u m b e r s  o f  i n d i v i d u a l s  found  i n  S. 
a l t e r n i f l o r a  and J u n c u s  a r e  p r e s e n t e d  in 
Tab1 e 11.) Seasonal abundance was h ighes t  
(802 i n d i v i d u a l s )  i n  J u n e  and l o w e s t  
( 2 9 0 )  i n  January,  i n d i c a t i n g  a  s e a s o n a l i t y  
i n  s tanding  crop. 

This  Mis s i s s ipp i  marsh has an a lmos t  
cont inuous angiosperm canopy; t hus ,  t h e r e  

T a b l e  10. Zonal r e l a t i o n s h i p s  o f  a l g a e  w i t h  s p e r m a t o p h y t e  c o m m u n i t i e s  i n  
F lo r ida  marshes (modi f ied  from Kurz and Wagner 1957). 

Sperma tophy t e  communi t y  Donii nan t  a1 gae L.ocation 

S t a r t i n a  a1 t e r n i  f l o r a  - -- --- --*--- ----- Bostrychi a ,  Enteromorpha Attached t o  culms 
f fexuosa ,  Melosira  - - - - - - - - - - ---- - 

Microcoleus - - chthonoplas tes  - Channel bottom 

Phormi dium f r a g i l e ,  ---- Attached t o  
1 yngbya confervoides  - o y s t e r  s h e l l s  

Soi l  diatoms 

Chondria,  D i s n i a ,  D r i f t  fragments 
Enteromorp-h: , Sargassum, - 
Polys-nia, Champia, 
F<SinLa'-- ---- 

Juncus roemeri anus -- - - * - * - 

D i  s t i c h l  i s  s p i c a t a  

Bos t rychia ,  Cladophora, Attached t o  culms 
C h a e t o m o r f i - a ~ i o % i F p h a ,  
Lvnubva a e s t u a r i  i 

Bostrychi a ,  Cl adophora, Attached t o  culms 
F h F t m a ,  Enteromorpha, 
Lyngbya a e s t u a r i  i , 
Enteromoroha 



Table 11. Abundance of blue-green a1 ga species col Iected i n  Gravel ine Bay Marsh, 
Miss i ss i pp i ,  with physical charac te r i s t i cs  of each habi ta t  ( 0  = not col lected)  
(Sage and Sul livan 1978). 

Marsh habi ta ta  

Bl ue-green a1 gae DS SO SP S A JR TOTAL 

Anabaena osc i l l  ar ioides  Bory 5 3 6 3 46 63 
Anacysti s aeruginosa (Zanard. ) Dr. & Daily 40 49 58 159 77 386 
A. dimidiata (Kurtz) Dr. & Daily - 8 5 2 2 3 20 
A. marina (Hansg.) Dr. & Daily -- 2 2 46 2 7 4 5 47 187 
A. montana (Lightf.)  Dr. & Daily f .  montana -- 99 58 7 7 93 80 407 
Calothrix crustacea Schousb. & Thur. 0 1 0 0 0 1 
Coccochloris aeruginosa (Nag) Dr. & Daily 0 1 0 0 3 4 
C, stagnina Spreng. 7 2 7 20 35 7 1 
Fntophysalis conferta (Kutz.) Dr. & Daily 1 3 2 8 2 16 
F .  deusta (Menegh.) Dr. & Daily -- 3 2 19 2 5 3 1 17 124 
Gomphosphaeria aponina Kutz 0 0 I 2 3 6 
Johannesbaptista pellucida (Dickie) W .  R.  Taylor & Dr. 2 3 1 5 I 1 2  

Microcoleus lyngbyaceus (Kutz. ) Crouan 1 0 0 0 0 1 
Nostoc commune Vauch. -- 0 0 0 5 1 6 

N .  spumigena (Mert.) Dr. - 0 0 0 0 1 1 

Oscil l a t o r i a  a Ag. 1 4 2 6 12 25 
0. submembranocea Ard. & St ra f f .  - 2 0 0 0 3 5 
Porphyrosiphon miniatus (Hauck) Dr. 0 0 0 0 I I 
P .  nota r i s i i  (Menegh. Kutz. - 1 0 0 0 0 1 
Schizothrix arenaria (Berk.) Gom. 1 0 0 0 0 1 
S. calcicola  (Ag.) Gom. - 101 175 155 266 250 947 
S. mexicana Gom. -- 2 1 0 D 0 3 
Scytonema hofmannii Ag. 0 n 0 0 1 1 
Spirul ina subsal sa Oerst. 15 11  6 5 2 39 
Stichosiphon sansibaricus (Hieron. 1 Dr. & Daily 2 3 1 6 3 15 

- - - - - -  
Totals: individuals 342 384 370 656 588 2,343 

species 18 16 14 7 5 20 25 

Marsh surface temp ( O C )  

Sa l in i ty  ( p p t )  
Canopy height (cm) 
Standing water (cm) 

on 1 Sept. 1977 

N = Number of observations 
a~~ = Dis t ich l i s  spicata 
SO = Scirpus olneyi 
SP = a a r t i n a  patens 
SA = Se, a1 te rn i f lo ra  
JR = Juncus roemerianus 



w e r e  f e w  o p e n  a r e a s  s u i t a b l e  f o r  
s i rppor t ing  a1 ga l  m a t  deve lopmen t .  Where 
s m a l l  m a t s  we re  f o u n d  t h e y  c o n s i s t e d  
p r i m a r i l y  o f  M i c r o c o l  eus l yngbyaceus ,  
S c h i  z o t h r i x  c a l c i c o l  a, and S. a r e n a r i a  
( S a s e d m  l i v a n  1978). Openareas  w i t h  
m a t  communi t i e s  a r e  much more ex tens i ve  i n  
many Alabama and F l o r i d a  marshes, b u t  have 
n o t  been s tud ied .  

M a p l e s  ( 1 9 8 2 )  f o u n d  s i m i l a r  l o w  
d i v e r s i t y  v a l u e s  f o r  b l  u e - g r e e n  a1 gae i n  
L o u i s i a n a  marshes  s a l t  f l a t s  d e v o i d  o f  a  
spermatophyte canopy. I n  s i x  s a l t  f l a t s ,  
seven gene ra  o f  Chrysophycophyta,  e leven  
gene ra  o f  Cyanoch l  o r o n t a ,  and seven teen  
genera o f  t h e  Chlorophycophyta were found 
(Table 12). The n o s t  abundant a laae  were 
O s c i l l a t o r i a  sp. High s o i l  pH w i z h i n  t h e  
s a l t  pannes may b e  an i m p o r t a n t  f a c t o r  
i n f  1  u e n c i  ng  t h e  f r e q u e n c y  and occurrence 
o f  s o i l  a l g a e .  B l u e - g r e e n  a l g a e  a r e  
p a r t i c u l a r l y  s e n s i t i v e  t o  low pH, whereas 
g r e e n  a l g a e  a r e  t h e  l e a s t  s e n s i t i v e  
(Maples and Watson 1979). 

B l u e - g r e e n  a l g a e  d e m o n s t r a t e  an 
a b i l i t y  t o  s u r v i v e  i n  a  w i d e  v a r i e t y  o f  
h a b i t a t s .  The o n l y  s i g n i f i c a n t  conimunity 
changes  i n  t h e  b l u e - g r e e n  a l g a e  were  
b e t w e e n  a r e a s  e i t h e r  shaded by canopy 
v e g e t a t i o n  o r  1  a c k i n g  c o v e r .  L i g h t  
i n t e n s i t y  i s  t h e n  a  m a j o r  f a c t o r  
i n f l u e n c  ing  t h e  d i s t r i b u t i o n  o f  b lue-green 
a l g a e  w i t h i n  s a l t  m a r s h e s  ( S a g e  a n d  
Sil l  1  i van 1978). 

D i a t o m s  ( F i g u r e  1 9 )  e x h i b i t  a  
c o n t i n u o u s  b e n t h i c  marsh  c o v e r  b o t h  i n  
a r e a s  w i t h  and  w i t h o u t  a  s p e r m a t o p h y t e  
canopy.  S u l l i v a n  ( 1 9 7 8 )  i d e n t i f i e d  119 
d i a t o n l  t a x a  i n  a  M i s s i s s i p p i  marsh  w i t h  
v a r i a t i o n s  i n  c o r n l ~ t u n i  t y  c o n i p o s i  t i o n  
h c n e a t h  f i v e  cdnopy  s p e c i e s  ( a s  l i s t e d  
above f o r  b l  u e - g r e e n  a1 gae) .  W i t h i n  t h e  
M i  s s i s s i  p i l i  n ~ d r s t i ,  t h e  m o s t  abundan t  
d i a t om  spec ie5 wds N a v i c u l a  t r i  p u n c t a t a ,  
w h i c h  a c c o u n t e d - f ~ ~ - ~ l - ? . ? ' i ,  o f  t h e  
individuals i d e n t i  t i e d .  The g r e a t e s t  
n u n i h u r  o t  s p e c i e s  ( 8 9 )  was F o u n d  i n  
U i s t i c h l i s  s p i c a t a  and t h e  l o w e s t  i n  - 
J u n c u s .  O n l y  s e v e n  s p e c S e s  w e r e  -- -- -- - - - 
restricted t o  a  s i n g l e  s p e r ~ n a t o p h y t e  
canopy.  S i g n i f i c a n t  d i f f e r e n c e s  were  
dert~uns L1.d t ed  b e t w e e n  t h e  f i v e  h a b i t a t s  
w i t h  r e g a r d  t o  s p e c i e s  d i v e r s i t y  ( H ' )  and 
t h e  number  o f  t a x a  i n  a  samp le  (S) .  The 
presence o f  r e s t r i c t e d  t axa  i n d i c a t e s  t h a t  

d i f f e r e n c e s  do e x i s t  among t h e  e d a p h i c  
h a b i t a t s  beneath d i f f e r e n t  canopy spec ies  
( S u l l  i v a n  1978) .  D i v e r s i t y  v a l u e s  
we re  h i g h  f o r  a l l  c o m m u n i t i e s  (H'  = 3.348 
- 4.246 and  S = 35.3 - 43.0) o f  d i a t o m s  i n  
c o n t r a s t  t o  t h e  l o w  d i v e r s i t y  o f  
spermatophytes. S u l l  i v a n  ( 1978 )  s u g g e s t e d  
t h a t  s a l t  m a r s h  s e d i m e n t s  do  n o t  
c o n s t i t u t e  a  s t r e s s f u l  env i ronment  f o r  t h e  
we1 l - a d a p t e d  d i a t o m  communi  t i e s .  The 
h i g h l y  dynamic  n a t u r e  o f  t h e  ma rsh  and  
h e t e r o g e n e i t y  o f  t h e  ma rsh  s e d i m e n t s  
c r e a t e  v a r i o u s  m i c r o n i c h e s  such  t h a t  no 
s i n g l e  t a x o n  c o m p l e t e l y  d o m i n a t e s  a  
commun i ty .  A l a r g e  nuniber o f  d i a t o m  
s p e c i e s  i d e n t i f i e d  a r e  m o t i l e ,  p e n n a t e  
f o r m s  a b l e  t o  a d j u s t  t o  c h a n g i n g  
c o n d i t i o n s  t h r o u g h  l o c o m o t i o n  ( S u l l i v a n  
1978).  

One hundred o f  t h e  M i s s i s s i p p i  d i a t om  
t a x a  have a l s o  been r e p o r t e d  i n  t h e  
marshes  o f  D e l a w a r e  a n d / o r  New J e r s e y  
( S u l l i v a n  1 9 7 5  a n d  S u l  1 i v a n  1 9 7 7 ,  
r e s p e c t i v e l y ) ,  w h i c h  s u g g e s t s  t h a t  a  
s i n g l e ,  b a s i c  e d a p h i c  d i a t o m  c o m m u n i t y  
ind igenous t o  A t l a n t i c  and g u l f  c o a s t  s a l t  
marshes may e x i s t .  

C a n o n i c a l  c o r r e l a t i o n  a n a l y s i s  o f  
n i a r s h  d i a t o m  d a t a  i n d i c a t e s  t h a t  
d i s t r i b u t i o n s  a r e  p r i m a r i l y  reguf a t ed  by 
marsh su r f ace  e l e v a t i o n  and canopy he i gh t .  
O f  t h e  t w o ,  canopy c h a r a c t e r i s t i c s  a r e  
most complex as t hey  r e l a t e  t o  q u a l i t y  and 
q u a n t i t y  o f  l i g h t  and r e l a t i v e  h u m i d i t y  a t  
t he  marsh su r f ace  (Sul 1  i van 1982b). Other  
parameters  such as ammonia n i t r ogen ,  f a r  
r e d  1  i g h t  energy, and s o i l  m o i s t u r e  can be 
i m p o r t a n t  i n  d e t e r m i n i n g  t h e  s t r u c t u r a l  
o r g a n i z a t i o n  o f  edaphic d ia tom commun i t ies  
( S u l  1  i van 1978). 

E x p e r i m e n t a l  r e m o v a l  o f  a  canopy  o f  
U i  s t i c h l  i s  s p i c a t a  reduced d i a t om  species 
d i v e r s i t y  ( H T a n d t h e  number o f  t a x a  i n  a  
samp le  (S) .  N i n e  p r e e x i s t i n g  t a x a  we re  
e l i m i n a t e d  and t h r e e  new t axa  i n t r o d u c e d  
t o  t h e  c o m n i u n i t y  ( S u l l i v a n  1 9 8 1 ) .  
Therefore, marsh a1 t e r a t i o n s  which a f f e c t  
c a n o p y  c h a r a c t e r i s t i c s  n a y  h a v e  
s i g n i f i c a n t  i m p a c t s  upon t h e  b e n t h i c  
c o m m u n i t i e s  t h r o u s h  a1 t e r a t i o n s  o f  t h e  
a1 ga l  conlmuni t y  s t r u c t u r e .  

Enr ichment  o f  t h e  M i s s i s s i p p i  Juncus 
marsh w i t h  n i t r o g e n  had p o s i t i v e  impac t s  
on d ia tom comnluni t y  o r g a n i z a t i o n  and d i d  



T a b l e  12 .  D i s t r i b u t i o n  o f  m i c r o a l g a e  f o u n d  i n  s i x  s a l t  f l a t s  
a l o n g  t h e  c o a s t  o f  s o u t h w e s t e r n  L o u i s i a n a .  ( M a p l e s  a n d  Watson  
1979) .  

November 1978 A p r i l  1979 
s i t e  no.  s i t e  no. 

C l  a s s i  f i c a t i o n  

Chl  orophycophyta  
Anki  strodesmus 
Brac teococcus  

- ~ . . ~ ~  

Chl o r o s a r c i  na 
C h l o r o s a r c i  nops i  s  
G l e o c v s t i s  
~ l e b < o r m i d i  urn 
M i c r o s p o r a  
Pedimonas 
P l  euast rum 
Radi osphaera 
R h i z o c l o n i  um 
Spongioch l  o r i  s  
S t i a e o c l o n i u m  

d - 

T e t r a c y s t i  s  
m o t h r i x  

Chrysophycophyta  
A m ~ h o r a  
B o t r y d i o p s i  s  
C h r y s o s a r c i  n i a  
F r a g i  1 a r i a  
N a v i c u l  a  
N i  t z s c h i a  
Ochrornonas 

Cyanochl  o r o n t a  
Anabaena 
Aphanotheca 
C a l o t h r i x  

Nos t o c  

T o t a l  s  

t  + + 
+ t t  + + t  t  

t + t  + +  t t t  t t t  

t  

+ t  t t +  t t t  t t t  
+ 

+ +  t  
t  

t  

t t  

t  

t t  + 

t  

+ 
+ t  t  t  

t t t  t t t  t t t  + t +  
t  t t  t  

t  t  t  t  

t t t  t t t  t t f  t t t  
t t +  t + t  t  t  t t  + 
+ t +  + + +  



n o t  e l i m i n a t e  t a x a  ( S u l l i v a n  1981) .  H i g h  
1  i g h t  i n t e n s i t y  caused  by  canopy  r e m o v a l  
i n  c o n j u n c t i o n  w i t h  n i t r o g e n  e n r i c h m e n t  
i n c r e a s e d  t h e  r e l a t i v e  abundance o f  N. 

a n d e r s h e i m i e n s i s  f r o m  f a l l  througi;  
2 p r i n g ,  w h i l 2  n a t u r a l  1  i g h t  i n t e n s i t y  and 
n i t r o g e n  e n r i c h m e n t  under  an und i s t u rbed  
canopy  g r e a t l y  s t i m u l a t e d  N. p e r v e r s a  
g r o w t h  i n  s p r i n g  and s u m m e r  ( S u l l  i v a n  
1981 1.  

S u l l  i v a n  (1982a) compared t h e  s t r u c -  
t u r e  o f  an e p i p h y t i c  and  e d a p h i c  d i a t o m  
c o m m u n i t v  w i t h i n  t h e  same s t a n d  o f  
S p a r t i n a  a l t e r n i t l o r a  i n  M i s s i s s i p p i .  N i  t z s c h i a  m i n u t u l a  i n s i d e  va l ve  (600OX, OD Epiphytic diatoms were examined 

t i 1  t )  r e d  a l g a l  spec ies,  Ros t r ych i a  r a d i c s n s  and 
C a l o c l l o s s a  l e o r F 3 U r i  i. w h i c h  w e r e  
a s s o c i a t e d  w i t h  d e a d  s.' a1  t e r n i  f l o r a  
stems. The dominant taxyo- 
and e ~ i  ~ h v t i c  c o m m u n i t i e s  we re  ~ n a u l  u s  

8 8 -  

b a l  t i c u s ,  F r a g i  1  a r i a  a t o n u s ,  F. p i n n a t a  
and N i t z c h i a  m i n u t u l ~ t a T ~ T 3 ~  
e p i p h y t i c  a n d  43 e d a p h i c  t a x a  w e r e  
e n c o u n t e r e d .  S p e c i e s  d i v e r s i t y  ( H ' )  and  
t h e  number  o f  t a x a  i n  a  samp le  ( 5 )  w e r e  
s i m i l a r  i n  O c t o b e r  and  J a n u a r y  f o r  b o t h  
h a b i t a t s .  E d a p h i c  commun i t i e s  e x h i b i t e d  
h i g h e r  d i v e r s i t y ,  b u t  c o m p a r i s o n  o f  t h e  
spec ies s t r u c t u r e  o f  t h e  two  conirnunit ies 
r e v e a l e d  t h a t  t h e y  s h a r e d  63.2% o f  t h e  
inaximunl s i m i l a r i t y  poss i b l e .  

D e n t i c u l a  s u b t i l  i s  i n s i d e  v a l v e  (10,00OX, Mu1 t i c e l  1  u l  a r  a1 gae o f  n o r t h e a s t  gu l  f 
45' t i l t )  marshes a r e  o o o r l v  known. I n  a d d i t i o n  t o  

obse rva t i ons  o rev i ous l  Y mentioned. Pccora 

Achnanthes lance01 a  t a  raphe and a raph id  
va l  ves (6500X, 45" t i  1  t )  

F i g u r e  19. Juncus marsh diatoms. Photos 
by N. S u l l i v a n .  

(1978,  1 9 8 0 ) '  d e s c r i b e d  f i v e  s p e c i e s  o f  
V a u c h e r i a  ( X a n t h o p h y c e a e )  f r o m  J u n c u s  
narshes  i n  M i s s i s s i p p i  and wes te rn  F l o r i d a  
( T a b l e  1 3 ) .  T h i s  g e n u s  i s  a  m a j o r  
component  o f  t h e  a1 g a l  f l o r a  i n  d i v e r s e  
h a b i t a t s  o f  t h e s e  marshes  d u r i n q  w i n t e r .  
Va t j che r i  a  v e l  u t i  na i s  t h e  m o s t  ' abundan t  
V a u c h e r c  s ~ e c i e s  i n  t h e  n o r t h e r n  n u l f  ., 
p- 

coas t  r eg i ons  (Pecora 1980). 

I n  a d d i t i o n ,  Humm and C a y l o r  ( 1 9 5 7 )  
l i s t e d  t w o  c v a n o o h v t e s  ( M i c r o c o l e u s  

com~onen t s  o f  t h e  summer s a l t  marsh f l o r a  
o f  M i s s i s s f p p i  Sound. 



Table 13. Occurrence of Vaucheria species (Xanthophyceae) i n  marshes 
of the northeastern Gulf of Mexico (data from Pecora 1978, 1980). 

Species 
So i l  water 

Location s a l i n i t y  Occurrence 

.- - -- 

V. t i i a  -- S t .  Louis Bay, MS 4.5 ppt 

V .  ade laa  -- S t .  Louis Bay, MS 5.5-8.0 ppt  

V. a rcass ionensisa  S t .  Marks S t a t e  Park, 25 ppt - 
Wakulla Co., FL 

V .  p r o l i f e r a  var. Buccaneer S t .  Park,  9.5 ppt  - 
re t iculosporab Hancock Co., MS 

V. v e lu t ina  -- Buccaneer S t .  Park,  2.0 ppt  
Hancock Co., MS 

Buccaneer St .  Park,  9.0 ppt 
Hancock Co., MS 

Bayside Dr., Miss. 
Sound, Hancock Co., 
r?s 

Shaded s o i l  among 
Spa r t i  na cynosuroides 

Open, nonshaded a reas  of 
a Juncus roemerianus 
marsh 

Exposed edge of J, 
roemerianus marsh wi th  
f i l amen t s  o f  Cladophora 
sp. and Dichotomosiphon 
tuberosus 

Compacted p l an t  deb r i s  
a t  edge of 112 roemerianus 
marsh 

Exposed mud i n  
Spa r t i na  patens 

In mud o f  J- roemerianus 

Dry s o i l  of burned 
J .  roemerianus and - 
D i s t i c h l i s  s p i c a t a  

' ~ i t - s t  r epo r t  from Gulf of Mexico. 
b ~ i r s t  r epo r t  from North America. 



CHAPTER 4 

MARSH FAUNA 

ZOOPLANKTON 

Very l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  
o n  z o o p l a n k t o n  o f  g u l f  c o a s t  J u n c u s  
marshes.  The o n l y  a v a i l a b l e  s t u d y  i s  o f  
decapod  1  a r v a e  ( S h i p p  1977) .  Decapod 
l a r v a e  make u p  a  m a j o r  p o r t i o n  o f  t h e  
t o t a l  merop lank ton  and  s e a s o n a l l y  a r e  an 
i m p o r t a n t  p a r t  o f  t h e  t o t a l  zooplankters .  
A d u l t  d e c a p o d s  a r e  m a j o r  m a r s h  
d e t r i  t i v o r e s  and may s i g n i f i c a n t l y  c o n t r o l  
d e t r i  t a l  ener?y f l o w .  

S h i p p  ( 1 9 7 7 )  i d e n t i f i e d  d e c a p o d  
l a r v a l  s tages r e p r e s e n t i n g  9  f a m i l  i e s ,  14 
s p e c i e s ,  and  12 gene ra  i n  an Alabama 
J u n c u s  m a r s h  c o m p l e x .  --- U c a  s p p . ,  
R7i-rt-"?ooanooeus h a r r i  s i  i . Sesarma r e t i  - 
cu l a t um  'and ~ e s a r m a  c i n e r e i n  were t h e  most  
m v  c o l l e c t e d  forms (Tab le  14).  w i t h  
Uca  s p t .  m a k i n g  u p  8 6 %  o f  t h e  ' t o t a l  
cbTt e c t i o n .  L a r v a e  w e r e  abundan t  A p r i  1  
t h r o u g h  Sep tembe r  w i t h  t h e  m o s t  s p e c i e s  
( e i g h t )  c o l l e c t e d  i n  Sep tember ,  a  p e r i o d  
o f  m o d e r a t e  t e m p e r a t u r e s  (22.9-23.8 OC) 
and broad s a l  i n i  t y  ranges (3-22 pp t ) .  

I n  t h e  A l a b a m a  s t u d y  d i f f e r e n t  
s p e c i e s  showed d i f f e r e n t  seasonal peaks 
o f  abundance. Rh i  t h r o p a n o p e u s  h a r r i  s i  i 
l a r v a e  w e r e  m o s t  a b u n d a n t  i n  J u n e .  
P a l  a e m o n e t e s  spp .  a n d  E u r y p a n o p e u s  
d e p r e s s m o  showed peak abundance i n  
June .  b u t  t h e s e  t w o  s ~ e c i e s  had  a  second 
peak ' i n  August - sep tenber  and September, 
r e s p e c t i v e l y .  The x a n t h i d  l a r v a e  Panopeus 
h e r b s t i i /  Eu r y t h i um  l imosum had a  s i n g l e  
peak o f  abundance i n  Sep tember .  Sesarma -- 
c i n e r e u r n  and  -- Uca spp. peaked  i n  Aurjrrst. 
Sesarma r e t i c u l a t u m  was most  numerous i n  
August b u t  had a  s m a l l e r  second peak abun- 
dance i n  May (Shipp 1977). 

S a l  i n i  t y  appea red  t o  p l a y  a  r o l e  i n  
d i s t r i b u t i o n  o f  decapod  l a r v a e .  S h i p p  
( 1977 )  f o u n d  f o u r  t a x a  t h r o u g h o u t  t h e  
r a n g e  o f  s a l i n i t y  (0.6-22.0 p p t ) :  - Uca 
spp., Sesarma r e t i c u l  a tum,  S. c i  nereum, 
and R h i  t h r o p a n o p e u s  h a r r i  s i T ( T a b l e .  
O g y r i d e s  1 i m i c o l a  and Upogeb ia  a f f i n i s  
w e r e  c o l l e c t e d  o n l y  a t  t h e  h i g h e s t  
s a l  i n i  t y  s t a t i o n  (4.1-22.0 pp t ) .  S a l i n i t y  
ranges f o r  o t h e r  spec ies were Palaemonetes 
s p p .  ( 1 . 4 - 2 2 . 0  p p t ) ;  E u r y p a n o p e u s  
depressus and Panopeus h e r b s t i  i /Eu ry  t i  um 
l i m o s u m  (1.6-22.0 p p t ) ;  and A l p h e u s  sp. 
and C a l l  i a n a s s a  sp. (1.6-18 ppt) .  

S e v e r a l  s p e c i e s  o f  decapod  l a r v a e  
showed a  c o n s i s t e n t  p a t t e r n  o f  g r e a t e r  
abundance i n  b o t t o m  samples ove r  24-hour 
c o l l e c t i o n  p e r i o d s  and i n  n i g h t  samp les .  
T h e s e  i n c l u d e  S e s a r m a  r e t i c u l a t u m ,  
Rhi thropanopeus h a r r i  s i  i , and P a l a e m o n e t K  
sp. There was a l s o  a  g r e a t e r  abundance o f  
p r o g r e s s i v e l y  o l d e r  s t a g e s  i n  b o t t o m  
c o l l e c t i o n s  e x c e p t  f o r  m e g a l o p s  o f  
C a l l  i n e c t e s  sap idus .  V e r t i c a l  m i g r a t i o n  
was no ted  f o r  a l l  spec ies c o l l e c t e d  i n  any 
numbers d u r i n g  t h e  24-hour samples (Shipp 
1977 1. 

M o r e  i n f o r m a t i o n  i s  n e e d e d  o n  
env i ronmenta l  c o n t r o l  s  o f  d i s t r i b u t i o n  and 
success o f  l a r v a l  forms i n  o r d e r  t o  under-  
s tand  t h e  ecology o f  t h e  adu l t s .  S tud i es  
o f  z o o p l a n k t o n ,  o t h e r  t h a n  decapods,  a r e  
s o r e l y  needed. 

ME IOFAUNA 

Me io fauna l  commun i t ies  have r e c e i v e d  
a t t e n t i o n  i n  G u l f  o f  Mexico Juncus marshes 
r e c e n t l y .  I n f o r m a t i o n  i s  a v a i l a b l e  on 
s p e c i e s  c o m p o s i t i o n  a n d  s h o r t - t e r m  



T a b l e  14.  La rva l  decapod c r u s t a c e a n  s p e c i e s  and abundance  i n  t h e  
z o o p l a n k t o n  o f  an Alabaina J u n c u s  marsh ( d a t a  f rom S h i p p  1977) .  S p e c i e s  
names i n  paren theses  i n d i c a t e  probable spec i e s  i d e n t i f i c a t i o n .  

Sal i ni t y  
Re1 a t i  ve abundance ranges 

Species  Abundance ( % )  ( P P ~ )  

Palaemonetes spp. 

A1 pheus sp .  (he te rochae l  i s )  

Alpheus sp.  

Ogyrides 1 imicola  

L.eptoche1 a sp.  

Call  i anassa  sp .  ( j amaicense)  -- 

Upogebia a f f i n i s  

Sesarma cinereum 

Sesarma r e t i c u l  atum 

Uca spp. - 

Rhi thropanopeus h a r r i  s i  i 

Eurypanopeus depressus  

Panopeus h e r b s t i  i/ 
Eurytium 1 imosum 

Call  i n e c t e s  sap idus  

Total  

f l u c t u a t i o n s  ( 1 - 2  y r ) ,  b u t  no work has  
been done on t h e i r  e c o l o g i c a l  r o l e  o r  
long-term community dynamics. 

In comparison t o  o t h e r  marsh systems,  
Harp (1980) found Alabama marsh a r ea s  w i t h  
Juncus roemerianus and S p a r t i n a  a1 t e r n i -  
f l o r a c a n o p i e s  d e p a u p e r a t e  i n  bo th  t o t a l  
abundance  and  number of  copepod s p e c i e s  
p r e s e n t .  Ten m a j o r  t a x a  c o m p r i s e d  t h e  

t o t a l  meiofauna community. Of t he se  taxa ,  
nematodes dominated both h a b i t a t s .  

I n  S. a1 t e r n i  f l o r a ,  nema todes  con -  
t r i b u t e d 5 2 %  a n d  7 7 %  o f  t h e  t o t a l  
me io fauna  f o r  two  y e a r s ,  h a r p a c t i c o i d  
copepods  2 5 % ,  and 01 i g o c h a e t e s  2% ( T a b l e  
15).  Abundance peaked i n  March, f e l l  t o  a 
minimum i n  J u n e ,  t h e n  i n c r e a s e d  t h r o u g h  
the  fa1 1 and win te r .  Nematode and copepod 



Table 15. Meiofaunal communities, dominant copepods, copepod abundance, and  copepod 
d ivers i ty  in Alabama coastal marshes. 

Copepod Copepod 

Spermatophyte canopy Community composi t i ona  Dominant copepodsb abundance d i v e r s i t y  ( H ' )  

Spar t ina  a1 t e r n i  f l o r a  Nematoda 62-77'L Microar thr i  dion Spring & f a l l  Low, decreas ing 
Harpacticoid Copepods 25% 1 i t t o r a l e  (49.5%) peaks in  sp r ing  and 
O l  i gochaeta 22 Fnhydrosoma propinquum minimum summer fa1 1 
Totdl Taxa - 1 1  Onychocamptus mohamed 

Nannopus p a l u s t r i s  

Juncus roen~erianus Nemdtoda 52-57:, Schizopera sp .  (44.7%) Spring peaks, Low, va r i ab l e  
Harpacticoid Copepods 265 Nannopus p a l u s t r i s  minimum summer over y e a r  
01 igochaetd 10X, Microar thr i  dion 
Polychaeta 3% 1 i  t t o r a l  e  
Total  Taxa - 10 Hdl icyclops  sp. 

Phyl lopodopsyllus 
aeqypt icus  

a ~ v e s t e r  1978 
b Harp 1980 

abundance variations were sirnil a r  to  those 
of the to ta l  meiofauna (Figure 20). 

Meiofauna of Juncus hab i ta t s  was a1 so ----- 
dominated by nematodes (52-57%),  wi th  
ha rpac t i co i  d copepods compris ing 2 6 7 ,  
01 i g o c h a e t ~ s  l o % ,  and polychaetes  3% of 
t h e  t o t a l  number of i nd iv idua l s .  The 
polychaete M a n y u n ?  a e s t u a r i n a  was more 
numerous i i x c u s  t h a n  i n  S p a r t i n a ,  b u t  ----- 
did not f luctuate  as widely over the year 
in Juncus areas. .-- 

Warp (1080)  i d e n t i f i e d  14 h a r p a c t i -  
c u i d  and 1 cyclopoid copepod spec ies .  
Twelve s p e c i e s  were found under Spartina 
a1 terni  f l  ura and Juncus canooi e s T r C  
-v 

spccies ( ~ c h i z o p e r a ~ ~ h y l l o p o d o ~ s ~ l l u s  --- 
aeyypt icus ,  and Robertsonia sp.) were - 
r c s t r i c 5 ' i f  t o  Juncus,  and four  spec i e s  
(Schizopera  k n a b e n i ,  P s e u d o s t e n h e l  i a  - w e l l s i ,  Ni tocra  sp. and Tachidius  sp.) -- 
were r e s t r i c t e d  t o  Spa r t i na  s i t e s  (Table  
16) .  Dominant spec i e s  were d i f f e r e n t  
between the two spermatophyte covers. Com- 
parisons af  species composition of the two 
corqmunities and seasonal  v a r i a t i o n s  in  
abundance a r e  p resen ted  i n  Figure 20. 

Although t he  two marsh copepod com- 
muni t i e s  di f fered in species s t ructure  and 
dynamics, spec i e s  d i v e r s i t i e s  were no t  
s i g n i f i c a n t l y  d i f f e r e n t .  This  has been 
noted in  o t h e r  a r e a s  a t  d i f f e r e n t  depth 
zones of sub t i da l  marsh s i t e s  (Coull  and 
Fleeger  1977; Bell  1979) and in  reg ions  
where sedi  mentol og ica l  regimes d i f f e r  
g r e a t l y  ( I v e s t e r  1980). I v e s t e r  (1975) 
i nd i ca t ed  t h a t  nufiieri c a l  equ iva lence  of 
divers i ty  indices masks the f a c t  t h a t  each 
community i s  composed of d i f fe ren t  species 
parti  t ionin? resources in d i f fe ren t  ways. 
Fur ther  s t u d i e s  a r e  needed t o  understand 
the  ecol ogi cal  d i  f  ferences between marsh 
meiofauna communi t i e s .  

A number of mechanisms have been 
suggested a s  control 1 ing copepod community 
dynamics. Among t he se  f a c t o r s  a r e  food 
resource a v a i l a b i l i t y ,  p r eda t i on ,  and 
physicochemical factors.  

Though s a l t  marshes usually have high 
primary production, feeding s t r a t eg i e s  of 
some c o p e p o d  s p e c i e s  a r e  h i g h l y  
spec i a l i z ed .  In South Carol i na  marshes,  
Stenhel S ia b i f id ia  populations were found 
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Table 16. Benthic copepod species under and highest copepod abundance. fhus,  the 
S ar t ina  a l t e rn i f l o r a  and Juncus roemerj- e f f e c t  of b io log i ca l  a c t i o n  on h a b i t a t  
h d i  fied fran Harp 1980). - heterogeneity and avai 1 a b i  1  i ty  i s  unclear 

in gulf Juncus marshes. 

Canopy species Hori zontal  communi ty  zona t ion  may 
--- --- --- - r e f l e c t  d i f f e r e n c e s  i n  physicochemical 
Sg_a_r_t 1 n a  J_u_llc_u us 

f a c t o r s .  The l o w e r  i n t e r t i d a l  zone 

- - - -- - - - -- - --- --- - -- - - -- - - - - -- - -- occup i ed  by S.  a l t e r n i f l o r a  i s  more 
r egu l a r l y  f looded than hiqher  zones and 

Sch~zopera kna_b_en~a S~h lzope ra  sp. i s ,  consequent ly ,  sub jec ted  t o  s h o r t e r  
~?&dort^enhel~a w e l l s ~ ~ o ~ e ~ ~ s ~ a  sp 
FaEn>I$_s- J)ZT u  s t r i ?  Nannopus palus t r l  s periods of sediment exposure, l e s s  drying, 
Enhydrosoma proJ,lnquum TnTy3702oG proi,inquum and l e s s  s o l a r  hea t ing .  This  i n  p a r t  
~~y?%dc;i;m~tu<-moTiammed O<ychocan~<tus n6-b-a~limeir 
MlcroarthrlrdioFTrff6rdle Phyllopodosyllus a e g y i ~ l c u s a  

compensates for  l e s s  shadinq of substra tes  
Tdchidius SP a ~ l ~ d r t h r i d 1 0 n  1 1  t t ~ r a i e  by t h e  s p e r m a t o p h ~  t e  canopy of t h i  s  zone 
SGttoTCna cafit iens~ s Scottzarid canddensl s and s m a l l  e r  q u a n t i t i e s  of p r o t e c t i v e  
Me<ochira sp Mesochra sp 
Nitocra sp .a  N-iCtocG sp 

1  i t t e r  on t h e  s u b s t r a t e  sur face .  O n  the  
KaiYF~clops si). Hal~cyclops  sp.  o t he r  hand, Juncus a r e a s  provide a  dense 
i c t i riC<omida e  Ec tin6-3omidae shading canopy and heavy 1  i  t t e r  cover, b u t  

a r e  s u s c e p t i b l e  t o  per iods  of severe  
- - - - -- - - - -  - -- - d e s s i c a t i o n  and r e s u l t i n g  e l e v a t e d  
dspecies r e s t r i c t e d  t o  e ~ t h t ' r  S jar t jna  or ,Juncu~ standz.  i n t e r s t i t i a l  s a l i n i t i e s .  

t o  be dens i t y  dependent (F lecger  1979).  
However, populat ion densi t ies  in Alabama 
Juncus nlarshes were so low tha t  competi- 
-or food here seems un l i ke ly  t o  be a  
1 i r ~ i  t i  ng f d c  t o r ,  a1 thouqh s e a s o n a l  
dvoi labi l i  ty of specif ic  food i  terns (i.~., 
algae, bacter ia ,  e tc . )  may be l imi t i rg .  

M a c r o f a u n a  p r e d a t i o n  a n d / o r  
disturbance may have an important role in 
regtrl a t i  n q  copepod communities. This i s  
e s p e c i a l l y  t r u e  i n  zoncs  f r e q u e n t l y  
i  nunddted and, t h e r e f o r e ,  vul ncrabl c  to  
dcjuatic rndcrofauna such as  t h e  g r a s s  
shrimp (Pa 1 demonetes punio) (Sikora 1977; 
Be1 7 a n d - c o u ~ ~ l 9 7 8 ) ~  Ta c o a s t  Juncus 
marsh nieio.t.atlna may be 1 e s s  s u s c e p t i b l e  
because of irrequl dr d n d  i nfrecluent t ida l  
f lood ing  d n d  exposure pa t t e rn s .  Harp 
11980) found no s i gn i  t i c a n t  a s s o c i a t i o n  
b ~ t w e e n  copepod a n d  nlacrofauna abundance 
rtattcrns. 

Marsh s u b s t r a t e s  r ep r e sen t  preat, 
s p d t j a l  he te roqene i ty  due i n  p a r t  t o  
b i o y p n i c  a c t i v i t y .  Macrofauna burrows, 
e s p e c i a l l y  t h o s e  of  Uca, may d f f e c t  
copepod densi  t i e s  ( ~ e r f l e t  a l .  1978).  
Root biomass nay 1 i m i  t mei ofauna abundance 
by cccttpyinfi a v a i l  a b l e  space {Bell 1979). 
Harp's Spa r t i na  r i  be, however, had the  
g r e a t e s t  belowground biomass of p l an t  
mater ia l ,  the greates t  density of Q sp., 

Juncus marshes located in embayments -- 
and r i v e r  mouths, i n s t e a d  of d i r e c t l y  on 
the  c o a s t l i n e ,  r e p r e s e n t  a  l e s s  s a l i n e  
envi ronnient and reduced seasonal extremes 
in  f l u c t u a t i n g  s a l i n i t i e s .  Within the  
lower s a l i n i t y  marshes,  pH, sa l  i n i t y ,  
n i t r ogen ,  and phosphorus a r e  impor tan t  
a b i o t i c  v a r i a b l e s  e x p l a i n i n g  t h e  
var i  abi  1 i  ty  i n  t he  dens i t y  and d i v e r s i t y  
of meiofauna (Humphrey 1979). 

I n  a  brackish marsh of St. Louis Bay, 
M i s s i s s i p p i ,  Humphrey ( 1 9 7 9 )  found 
rneiofauna d i spersed  throughout the marsh 
with  a  high degree of s i m i l a r i t y  among 
p l an t  a s s o c i a t i o n s .  Within s t ands  of 
s h o r t  and t a l l  J u n c u s  -- r o e m e r i a n u s ,  
Spa r t i na  pa tens ,  S p a r t i  na cynosuroi des ,  ---- -- 
and P h r a a r ! ? t e s s t r a l  i s .  e i sh t  major taxa 

z ., 
were-6-a.- Mci ofauna were dominated 
by nematods and fo r amin i f e r ans .  Other 
abundan t  t a x a  i n c l u d e d  p o l y c h a e t e s ,  
crustaceans (harpacticoids and  ostracods). 
and i n s e c t  l a rvae .  low e l e v a t i o n  s i t e s  
c o n t a i n e d  g r e a t e r  d e n s i  t i e s ,  and  
i n d i v i d u a l  s  w e r e  more  e q u i  t a b l y  
dis t r ibuted among the component species in 
these zones. Densities were higher during 
the  spr ing  and lower i n  the  w in t e r  wi th  
dec l i ne s  dur ing t he  summer and f a l l .  
However, no s i g n i f i c a n t  d i f f e r e n c e s  
Setneer! seasci~s wore ~ e a s u r e d .  

Because the marsh environment of the 
northeast gulf i s  so dependent on seasonal 



and annual fluctuations in meteorological 
condi t ions  ( i . e . ,  winds and r a i n f a l l  ) ,  
long-term community analyses are necessary 
t o  e x p l a i n  meiofauna p o p u l a t i o n  and 
communi ty dynamics. Benthic envi ronmental 
condi t ions  wi l l  d i f f e r  between coas ta l  
sat ine Juncus marshes and brackish Juncus 
marshes. Differences may be at t r ibuted to 
source(s) of flood waters, sediments, and 
n u t r i e n t s  and wi l l  be manifested in  the  
meiofaunal communi t i e s .  More work i s  
necessary t o  understand the rneiofauna 
cornnluni ty  dynamics and env i ronmen ta l  
c o n t r o l  s  a long  t h e  e n t i r e  ranqe of 
condi t ions  in  which Juncus marshes a r e  
found along the northeastern gulf coast. 

MACROINVERTEBRATES 

Macroinvertebrates comprise a large 
and diverse group of organisms c lose ly  
1 inked t o  the a b i o t i c  marsh environment 
and uniquely adapted t o  i t s  r i g o r s  and 
variations. Heard (1979) compiled a  guide 
to 88 species of macroinvertebrates which 
have been observed and reported in marshes 
of the northeastern Gulf of Mexico. The 
species l i s t i ng  would be greatly expanded 
with the addi t ion  of o l igochae tes  and 
i n s e c t s ,  taxa t h a t  a r e  abundant in  the 
marshes b u t  p r e s e n t  d i f f i c u l  t i e s  i n  
systematics and identification. 

Species range in  s i z e  from small 
annelids and crustaceans less  than 1  m m  in 
s i z e  t o  la rge  bivalve mollusks and crabs 
over 100 m m  wide. They a r e  found as both 
benthic epifauna and infauna and a r e  
pelagic  as  well as  in t i d a l  creeks and 
ponds. Occurrence over t ime va r i e s  from 
permanent t o  seasonal t o  t idal  depending 
upon such aspec ts  of the s p e c i f i c  l i f e  
h i s to ry  as  feeding s t ra tegy ,  respiratory 
physiology, and reproduct ive pa t t e rns .  
Spati  a1 di s t r ibu t ions  ref lect  adaptations 
of each species  i n  regards t o  osmotic 
regula t ion ,  des s i ca t ion ,  oxygen l e v e l s ,  
and pH as  we1 1 as r e s p i r a t i o n ,  sediment 
preference,  and reproductive and feeding 
demands. 

As highly productive systems, marshes 
provide ample n u t r i e n t s  i n  a va r i e ty  of 
forms t o  s u i t  the various inve r t eb ra t e  
feeding mechanisms. Abundant 1 iving plant 
ma te r i a l ,  especial  ly  benthic  algae and 
epiphytes, support qrazers such as gastro- 

pods. Bivalve suspension feeders consume 
abundant d e t r i  t d l  ma te r i a l  wi th in  the 
t i d a l  "soup." ~ o s t  i n v e r t e b r a t e s  of the 
marsh a r e  d e t r j t i v o r e s  o r  omnivores and 
provide an impor tan t  l i n k  a t  the base of 
the  food cha in ,  concen t r a t ing  the food 
values of d e t r i t u s ,  a l g a e ,  a n d  meiofauna 
for  t ransfer  t o  higher trophic levels. 

Macroinvertebrate Cotlmuni ty Studies 

Subrahmanyam e t  a1 . (1976) provide 
the only Comprehensive p i c tu re  of the  
macroi nver tebra te  community in Juncus 
marshes. Two F lo r ida  Juncus marshes, 
Wakulla and S t .  Marks, were each divided 
i n t o  low marsh, upper marsh, and high 
marsh zones based on soi 1 character is t ics  
and e l eva t ion .  Tidal c r eeks  r ep re sen t  a  
four th  zone. The low marsh and upper 
marsh were sampled wi th  t r a p s  and a l l  
th ree  zones by random t r a n s e c t s .  Tidal 
creeks were sampled with seines. 

Four major taxa comprised the inver- 
t e b r a t e  communi ty ,  mol l u s c a  ( 3 1 % ) ,  
annel ida (24%),  i n s e c t  l a rvae  ( I % ) ,  and 
crustacea (44%). Traps yielded a  total  of 
48 spec ies ,  40 a t  S t .  Marks with 63% 
common t o  low and upper marshes, and 43 a t  
Wakulla with a  low and upper marsh species 
s imilar i ty  of 53%. Nineteen species (39%) 
were found in  a1 1 four  zones, whereas 11 
spec ies  were found i n  only one zone. 
Unique species  were t y p i c a l  l y  e s t u a r i n e  
forms found in the marsh only on floodinq 
t i d e s  (e.g., Hami noea succ inea ,  Taphro- 
n v s i s  bowmani. and Mvsidoasis a l m v r a f ,  - -- 
Sixteen species.were des igna ted  abundant 
r e s iden t  spec i e s ,  occur r ing  in  a t  l e a s t  
t h ree  seasons a n d  wi th  a mean dens i ty  of 
greater than 3/n2/season (Table 17). 

Pooled mean d e n s i t i e s  of a l l  four  
zones exhib i ted  a  bimodal d i s t r i b u t i o n  
t h a t  peaked in February-Apri 1,  with a  
snal  l e r  peak in  September. Both peaks 
showed higher s p e c i e s  d i v e r s i t y  w i t h  
i n c r e a s e d  d e n s i t i e s  of  some s p e c i e s  
(Subrahmanyam e t  a l .  1976). Maximum l a t e  
winter density (578/m2) corresponded with 
spec ies  breeding P a t t e r n s .  A t  t h i s  t ime 
recru i tment  of j uven i l e s  of the mollusks 
L i t t o r i n a  i r r o r a t a ,  Cya thu ra  pol i  t a ,  
Sesarma reticulaturn, Me1 ampus bidentatus, 
tulodiol us demi ssus ( =  G e u k e n s ~ a ~ ~ ~  
and Cy renoi  dea f 1 o r i  dana was common. 
Densities were lowest i n  summer (375/m2) 



Table 17. Rankings ( R ) ,  frequency of occurrence (F/12), and Biological Index 
values (BI) of the 10 most important species of macroinvertebrates i~ the two 
marsh zones of S t .  Marks and Wakulla, Florida, based on densitieslm in  trap 
samples (Subrahmanyam e t  al .  1976). 

Marsh zonesa 

WI. M SlM WUM SUM 

Species R F/12  BI R F/12 R F/12 BI R F/!2 BI 

L i  t t o r i n a  i r r o r a t a  
Cyathura p o l  i t a  
Apseudes sp. 
Scol oplos f r a g i  1 i s  
Sesarma r e t i c u l  atum 
Modiolus demissus 
Nednthes succined - 
Leptoche l i a  sp. 
I n s e c t  l a r v a e  
Uca spp. - 
He1 eobops sp. 
Cyrenoidea f l o r i dana  
Amphictei s gunner i  
Laeonerei s cu'l v e r i  
Polymesoda c a r o l  i n i a n a  
Cer i  thfdea s c a l a r i f o r m i s  - - - - - 10 4 20 - - - -- 
Me1 ampus b i  dentatus - - - - I n  5 30 

a WI M - Wakul la l ow  marsh, S1.M = S t  Marks low marsh, WUM = Wakulla upper marsh, SUM = S t M a r k s  
upper mdrsh. 

due to predat ion by f i s h .  Subrahmanyam 
and Coul t a s  (198U) provided c o r r e l a t i o n  
c o e f  f i  c i e n t s  be tween evenness  and 
diversity of f ish and invertebrates which 
a1 so imp1 ied a mutual regulation between 
the  two groups. High temperatirres, low 
oxygen, and low moisture may also diminish 
sumner d e n s i t i e s ,  a s  has been suqoested 
f o r  Malmyrapseudes bahamens is ,  a 
ranaid$c-&Z-r"ieg e t a  1.---'-'- 

No signif icant  monthly density vari-  
a t i o n s  were de t ec t ed ,  i nd ica t ing  f a i r l y  
s t a b l e  i n v e r t e b r a t e  p o p u l a t i o n s  
(Sirbrahmanyam e t  a l .  1976). However, low 
marsh zones had significantly more species 
than did the upper marsh. This may be 
caused by greater accessSbi7 i t y  of thc 1 ow 
marsh t o  e s t u a r i n e  o rgan i sms .  The 
homoqenei ty index ( H I )  on density was 33- 
38% between the two zones, i.e., one third 

of the densi ty  of the two zones was made 
u p  of the same species. Zone differences 
were also seen in higher diversity in the 
low marsh than i n  the upper marsh. A 
second c o n t r i b u t i n g  f a c t o r  to  higher 
density and diversity within the low marsh 
may be the greater avai labi l i ty  of organic 
de t r i tus  in t h i s  zone (Coultas 1969). 

When the  Biological  Index ( B I ) ,  a  
function of frequency and re1 at ive density 
of species  between samples i s  used, the  
marsh periwinkle (Li t t o r i  na i r rora ta ) ,  the 
i sopod Cya thura pol i  ta ,  and the polychaete 
Scolopl os f r a g i l i s m i  nated both marshes 
TTable 17). Based on biomass ins tead  of 
dens i ty ,  1. i r r o r a t a  con t r ibu ted  81% of 
the total, and t h e r e f o r e ,  any scasonal 
chanqes i n  community biomass p a r a l l e l  
t h o s e  of L i  t t o r i  na (Subrahmanyam and 
Coul tas  198iT) (Figure 21  1. 



F i g u r e  21. Seasonal f l u c t u a t i o n s  of 
biomass and densi  ty o f  macro inver tebra tes  
i n  F l o r i d a  marsh zones. S t i pp l ed  areas 
r ep resen t  L i  t t o r i n a  i r r o r a t a  (redrawn from 
Subrahmanyam and Coul t a s  1980). 

S p e c i e s  r e 1  a t i  ve abundance showed 
seasonal success ion w i  t h  C y a t h u r a  p o l  i t a  
p e a k i n g  i n  f a l l ,  and t h e  t a n a i d a c e a n  
Hal myrapseudes bahamensi s  ( =  Apseudes) and 
p o l y c h a e t e  S c o l o p l o s  f r a g i l  i s  m o s t  
abundan t  i n  t h e  s p r i n g .  S c a l o p l o s  was 
r ep l aced  by Neanthes succinea i n  t he  f a l l  
(Subrahmanyam and Coul t as  1980). 

S i g n i f i c a n t  c o m m u n i t y  changes we re  
seen near t he  s a l t  f l a t  d i v i d i n g  t h e  n a r s h  
i n t o  t w o  d i s t i n c t  i n v e r t e b r a t e  s p e c i e s  
communit ies.  They we re  c h a r a c t e r i z e d  by 
S u b r a h m a n y a m  e t  a l .  ( 1 9 7 6 )  a s  a l o w  
rnarsh/upper marsh community dominated by 
L . i  t t o r i n a  i r r o r a t a ,  C y a t h u r a  p o l  i t a ,  and 
tanaidaceans, w i t h  severa l  abundant p o l y -  
c h a e t e s  ( S c o l o p l o s  f r a g i l  i s ,  Nean thes  --- 
succi  nea, and Laeonere i  s  c u l  v e r i  ). M o l l  usk 
-ions i n c r e a s e d -  t o w a r d  t h e  s a l t  
f l a t .  A  h i g h  ma rsh  c o m m u n i t y  e x i s t e d  
w i t h  abundant f i d d l e r  c rabs  (Uca s ~ o . 1  and 
t h e  g a s t r o p o d s  Melampus b i d z t a t u s  and 
C e r i  t h i d e a  s c a l a r i  f o r m i  s  ( F i g u r e  2 2  and 
T a b l e  18). 

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

d e p o s i t  f e e d e r s  and  a  sand  f r a c t i o n  f r o m  
34-79%; the re fo re ,  o t h e r  f a c t o r s  must a l s o  
g o v e r n  d i s t r i b u t i o n  o f  s p e c i e s .  
(Subrahmanyan and Coul t a s  1980). 

Mo l l usks  and a r t h r o p o d s  d o m i n a t e d  a  
Juncus marsh a t  Bay St. Louis ,  M i s s i s s i p p i  
(Humphrey 1979) .  F i v e  s t a t i o n s  we re  
sampled based upon t h e  spec ies o f  vascu la r  
p l a n t  p r e s e n t :  s h o r t  and  t a l l  Juncus ,  
S p a r t i n a  c y n o s u r o i d e s ,  S. p a t e n s ,  and a  - 
m i x e d o m o f  S . n o s u r o ~ d e s ,  - S. 
a1 t e r n i f l o r a ,  and Phragmi tes a u s t r a l  i s .  

As i n  n o r t h  F l o r i d a ,  t h e  l o w  marsh  
Juncus  c o n t a i n e d  t h e  g r e a t e s t  d i v e r s i t y  
and d e n s i t y  o f  i n v e r t e b r a t e s .  S o i l  pH, 
phosphorus  c o n t e n t ,  and  f r e e  s o i l  w a t e r  
were p o s i t i v e l y  c o r r e l a t e d  w i t h  abundance. 
Dom inan t  s p e c i e s  by b o t h  d e n s i t y  and  
b i o m a s s  were :  l o w  marsh  Juncus  - t h e  
b i  v a l  v e s  P o l y m e s o d a  c a r o l  i n i a n a  a n d  
Geukensia demi ssa, and t h e i  t i n a  
usnea ( =  N e r i t i n a  r e c l i v a t a )  and h i g h  

DISTANCE FROM MARSH EDGE ( M I  

L O W  -UPPER -HIGH 
MARSH- MARSH MARSH-) 

f a u n a l  s p e c i n e n s  n a y  b e  ~ 0 v e r n e d  b y  
s u b s t r a t e  p r o p e r t i e s .  An o p t i m u m  g r a i n  F i gu re  22. Ho r i zon ta l  d i s t r i b u t i o n  o f  
s i z e  f o r  suspension feeders (0.18 mm w i t h  macro inver tebra tes  i n  St. Marks and 
5 0 - 9 0 %  s i l  t - c 1  ay f r a c t i o n )  n a y  e x i s t  Wakulla t i d a l  narshes based on t r a n s e c t  
( S a n d e r s  1 9 5 8 ) .  H o w e v e r ,  t h e  n o r t h  sampl ing (redrawn from Subrahmanyam e t  a l .  
F l o r i d a  marshes  had  a  p reponde rance  o f  1976). 



Table 18. Horizontal distribution and relative abundance of macroinvertebrates o f  two 
Juncus marshes. Abundant species occurred in a t  least three seasons a t  densities 
greater than 3/m , scarce species i n  a t  least  two seasons a t  densities greater than 
l / m 2 ,  and rare species in one or two seasons a t  densities less than l/m2. LM = lower 
marsh, UFI = upper marsh, HM = high marsh (Subrahmanyam e t  a1 i. 21976)- 

L M LM / UM UM UM I HM HM Ubiquitous 

Abundance (0-100 m )  (0-300 m )  (200-300m) (200-500m) (400-500 m )  (0-500 in) 

Abundant i r ro ra ta  
C.  p o l i t a  - 
Apseudes sp. 
Leptochelia sp. 
S. f r a g i l i s  - 
1 . -  culveri 
N. succinea -- 
A. gunneri - 
M. demissus 
S. reticulatum - 
G. bonnieroides - 
Uca spp. - 
N. abiuna -- 

M. bidentatus C, floridana - 

Scarce S. quadri- - G. mucronatus -- M. n i t ida recl ivata  scalariformis Insect larvae 
U. longisignal i s  dentatum .- -- P. caroliniana 01 igochaetes 

F. limnosum .- U. speciosa - 
pa lus t r i s  - 0. g r i l l u s  

Tali t r i  d 

U. pugilator - L. ponticaa 

Rare T. bowmani - --- S .  cinereurn P .  floridana r. louisianurn - - 
c?; d3~. -. P. - herbsti i  I . hyalina 
P. plu* - F .  ~upicolum - 
CA f=Cil 

corona 
ti. succrned ".."- ---- 
A. pap.yr1a 
-" 

T. p l e b ~ u s  - 
E2. heteropodga 
M. sdngu~nea 
r. c a p ~ t a t a -  - 
Notomastis sp. 

dUenotes species found only in t ransect  samples. 



marsh J u n c u s  - Flelampus b i d e n t a t u s ,  -- Uca 
s p . ,  a n d  _--_____- P o l y m e s o d a  ___________ c a r o l i n i a n a .  
L i  t t o r i n a  i  r r o r a t a  w e r e  o f  m i n i  ma1 
i m p o r t a n c e ,  found  on ly  i n f r e q u e n t l y  i n  
s a m p l e s ,  pe rhaps  b e c a u s e  of t h e  l o w e r  
s a l i n i t i e s  ( x  = 7.58 p p t )  cor ipared  t o  t he  
n o r t h  F l o r i d a  c i a r s h  ( x  = 1 5  01'00) 
(Humphrey 1979). D ive r s i t y  was a l s o  low, 
w i t h  maximum H '  = 0.77  i n  l o w  m a r s h  
J u n c u s ,  compared t o  t h e  F l o r i d a  mar shes  -- 
w h e r e  H '  = 2 .49  ( S u b r a h m a n y a m  e t  a l .  
1 9 7 6 ) .  The M i s s i s s i p p i  m a r s h  may 
r e p r e s e n t  t h e  l o w e r  e n d  o f  s a l i n i t y  
t o l e r e n c e s  f o r  many e s t u a r i n e  and marsh  
o r g a n i s m s ;  and y e t  i t  i s  s t i l l  t o o  s a l t y  
F o r  m o s t  f r e s h w a t e r  o r  t e r r e s t r i a l  
spec ies .  Mean dens i t y  (26 /nf  of t he  two 
Juncus zones was lower than 475/rn2 found -- 
by Subrahmanyam e t  a l .  ( 1 9 7 6 ) ,  b u t  
b iomass  r anged  w i t h i n  v a l u e s  f o r  n o r t h  
F l o r i d a  ( F i g u r e  2 3 ) .  T h i s  may be 
e x p l a i n e d  by t h e  coninuni t y  donri nance  i n  
Mi s s i  s s i  ppi of 1  a rge r  bi val ve no1 1  usks and 
t h e  s c a r c i t y  of L i  t t o r i n a  i r r o r a t a .  

I n  a  t h i r d  c o m m u n i t y  s t u d y  o f  
rnacro inver tebra tes ,  pure s t ands  of Juncus 
r o e m e r i a n u s ,  i n t e r t i d a l  S p a r t i n a  - --------- --- ----- 
a r t e r n i f l o r a ,  and Di s t i c h l  i s  s p i c a t a  along 
a  s a l t  f l a t  i n  Alabama were  s ampled  by 
I v e s t e r  ( 1 9 7 8 )  f o r  m a c r o i n v e r t e b r a t e  
community c o m p a r i s o n s .  A t o t a l  o f  1 8  
s p e c i e s  w e r e  i d e n t i f i e d  a1 ong  w i t h  
u n i d e n t i f i e d  01 igochae tes ,  i n s e c t s ,  and a  
c a p i t e l l  i d  p o l y c h a e t e  ( T a b l e  1 9 ) .  
01 igochae tes  domina ted  each  of t h e  t h r e e  
comnuni t i e s  ranging i n  r e l a t i v e  aDundance 
f rom 80% i n  S p a r t i n a  a1 t e r n i  f l  o r a  t o  53% 
i n  D i s t i c h l i s  -- s p i c a t a ~ a b l e  20). S i x  
m a c r o i n v e r t e b r a t e  s p e c i e s  composed o v e r  
90% of t o t a l  numbers  of t h e  community i n  
e a c h  zone ,  though s p e c i e s  and r e l a t i v e  
a b u n d a v c e  d i f f e r e d  b e t w e e n  z o n e s .  
1.i t t o r i n a  i r r o r a t a  and  Guekensi  a  demi s s a  
we re  i m p o r t a n t  o n l y  i n  S p a r t i  na s t a n d s .  
1.. i r r o r a t a  was r e p l a c e d  by Melarnpus 
' F j - i d m E  a n d  i n c r e a s e d  n u m b e r s  o f  
N e r i t i n a  r e c l i v a t a  i n  J u n c u s  a n d  --------- 
D i  q t i c h l  i s .  Polvinesoda c a r o l  i n i a n a  was - - -  - 
t h e  o r eva l en t  b iva lve  of t h e  Juncus zone, 
a s  s e e n  i n  b o t h  n o r t h  F l o r i d a  a n d  
M i s s i s s i p p i  (Subrahmanyam e t  a l .  1976;  
Humphrey 1979) .  The re  was no abundan t  
b i v a l v e  found  n e a r  t h e  M i s s i s s i p p i  s a l t  
f l a t  (Humphrey 1979). 

M a c r o i n v e r t e b r a t e  d i v e r s i t y  ( H ' )  i n  
A1 abama  J u n c u s  ( 0 . 6 9 )  a n d  Di s t i c h l  i s  

TOTAL BIOMASS SPARTINA 

P = Polymesoda caroliniana 
C = Cyrenoida floridana 
D = Detracia floridana 
M = Melampus bidentatus 
L = Littoridinops paluslris 
S = Succinea ovalis 
V = Vertigo ovata 
0 = Minor species 

JUNCUS 

Figure 23. Percentage con t r i bu t i on  of t he  
dominant rnol lusk  spec ie?  t o  t o t a l  mollusk 
biomass ( q  dry w t .  m ) i n  Miss i ss ipp i  
Juncus ro6merianus and Spa r t i na  cynosur- 
o ides  marshes (redrawn from i3i shop 1981). 

(0 .66)  mar shes  was s i m i l a r  t o  Humphrey's 
( 1 9 7 9 ) f i n d i n g s  i n  M i s s i s s i p p i .  A1 abama 
S p a r t i n a  a l t e r n i  f l  o r a  had t h e  l o w e s t  
n l a c r o i  n v e r t e b r a t e  d i v e r s i t y  ( 0 . 3 7 ) ;  
d i v e r s i t y  d e c l i n e d  i n  bo th  l a t e  w i n t e r -  
e a r l y  s p r i n g  and i n  e a r l y  f a l l  ( I v e s t e r  
19781. 

Marsh t i d a l  c r e e k  c o m m u n i t i e s  have  
m a r k e d  s e a s o n a l  f l u c t u a t i o n s  i n  
m a c r o i n v e r t e b r a t e  s p e c i e s  abundance .  
G r a s s  shrimp ( p a l  a e m o n e t e s  puyl io ,  P .  
i n t e r m e d i u s )  a n d b l u e  c r a b s  ( ~ a l l i n e c t e s  
s ap idus )  were found d o m i n a t i n g  c r e e k s  i n  
sp r ing  and summer, whi le  mysid shrimp were 
most abundant i n  s p r i n g  (Subrahmanyam e t  
a l .  1 9 7 6 ;  S u b r a h m a n y a m  a n d  Cou l  t a s  
1980). Eight  of t h e  t h i r t y - e i g h t  s p e c i e s  
c o l l  e c t e d  i n  c r e e k s  w e r e  abundant enough 
t o  be c o n s i d e r e d  d o m i n a n t s .  Dens? t i e s  
were h ighes t  during warmer months due t o  
an i nc r ea se  i n young decapod crus taceans .  
Creek samples y i e l d e d  15  spec i e s  no t  found 
i n  marsh zones (Table  21). 



Tab le  19, Occurrence o f  macro inver tebra tes  i n  Alabama coas ta l  marshes 
( d a t a  from I v e s t e r  1978). C = c lass ;  F = f a m i l y ;  0 = o rder .  

Zones of occurrence 

Invertebrates Juncus romerianus Spartina a1 te rn i f lo ra  Distich1 i s  spicata 

Anne1 ida 

F. f api t e l l  idae 
Heteromasts  f i 1  iformis 

F. Nererdae 
L.ycastopsis sp- 
Nereis succinea ---- 

C . 01 i gochaetae 

X Rare 

Mol 'iusca 

X 
X Rare 
X 
X 
X Rare 

X Rare 
X 
X 
X 

L i t to r ina  jr-~orata X Rare 
X 
X 
X Rare 
X 

Melampu2. bi dentata 
Neritina recl ivata  ---- - -- 
teukensia de~ni ssa -""..,- 

Polymesoda cdrol iniana -- ---- 
Rangid cuneaA X Rare 

Crustacea 

Aramadi 11 ulrl vul qare - 
(ndmTtdrUS mucronatus ---- ----- 
Orchestid grilLu2 "------" 
Sesarma reticulatum .--- 
Ucd sp- A - 
[c a 1 o n i > j - p ?  l i ~  
Uca minax -- --- 
Uca p a l a t a _ r  -* 

c e ~  

Hackney and de l a  C ruz  ( 1981a )  f o u n d  
o n l y  s i x  s p e c i e s  o f  i n v e r t e b r a t e s  i n  an 
01 i g o h a l  i n e  ma rsh  c r e e k  i n  M i s s i s s i p p i .  
A1 1 were macrocrustaceans; Penaeus aztecus 
a n d  t h e  p a r a s i t i c  i s o p o d  P r o b o p y r u s  
p a n d a l i c o l a  were most  abundant. The mud - 
c r a n ' f i x h r o p a n o p e u s  h a r r i  s i  i ) was an 
a b u n d a n t  M i s s i s s i p p i  s p e c i e s  n o t  l i s t e d  
f o r  t h e  n o r t h  F l o r i d a  marshes  ( T a b l e  22 ;  
F i g u r e s  2 4 ,  25 ,  2 6 ) .  

I s o l a t e d  p o n d s  w i t h i n  t h e  m a r s h  
r e c e i v e  t i d a l  i n p u t  and  r e c r u i t  s p e c i e s  
du r i ng  s p r i n g  t i d e s  and storms. Tab le  23 
compares t h e  common i n v e r t e b r a t e  s p e c i e s  
o f  an i s o l a t e d  pond w i t h  marsh c reeks  and 
an open bay. Among t h e  s i x  i n v e r t e b r a t e  
s p e c i e s  i n  ponds,  Pa laernone tes  p u g i o  and  
C a l l  i n e c t e s  s a p i d u s  w e r e  d m a n t  
l subrahmanyan i  and  Couf t a s  1980). These 
same t w o  spec ies were dominant  i n  c reeks  



T a b l e  20. R e l a t i v e  abundance o f  d o m i n a n t  m a c r o i n v e r t e b r a t e s  i n  t h r e e  zones  o f  a 
no r t heas te rn  g u l f  coas t  marsh (da ta  f r o m  I v e s t e r  1978). 

Zone 

S p a r t i  na a1 t e r n i  f l o r a  Juncus roemerianus D i  s t i c h l  i s s p i c a t a  

01 i gochaeta 80% 
Nere i  s  succ i neaa 7  7; 
L . i  t t o r i  na i r r o r a t a  5% 
N e r i  t i na r e c l  i v a t a  2% 
Geukensia demissa 2% 

01 i qochaeta 54% 01 i qochaeta 5 3% 
~ e r e i  s succ inea 1 3% 
Unident.  c a p i t e l  1  i dae  10% 

~ e r i t i n a  r e c l i v a t a  25% 
Melampus b i d e n t a t u s  3% 
Uca sp. - 5% 
Orches t i a  a r i l l  us 3% 

Me1 ampus bi 'dentatus 8% 
Polvmesoda c a r o l  i n i a n a  3% 

Uca sp. - 2% 
- 

Unident .  c a p i  t e l l  i dae  3% 

- 
T o t a l  98% 

a ~ y n .  Neanthes succ i  nea. 

Tab le  21. Species of mac ro i nve r t eb ra tes  (Subrahmanyam and Coul  t a s  1980)  and  i n  
c o l l e c t e d  i n  t i d a l  creeks of St. Marks and Apa lach ico la  Bay (L - i v ings ton  1976). 
Wakul l a  Juncus marshes (Subrahmanyam e t  
a l .  1976)- M o l l  usk Communi t i e s  

B i v a l v i a  C i r r i p e d i a  
M o l l  usk spec ies are i m p o r t a n t  members 

T _ a ~ l _ u s  p l e b i u s  
Macoma c o n s t r i c t a a  
MCTI o 1  ~r3emls;sus -- -- - - -- 
Gemma p u r p u r e a a -  
C r a s s o s t r e a  vi r g i n i c a a  -- 

Gas t ropoda  

Chthamalus f t - a g i l  i s  
- 

B a l  anus a m p h i m  - -- -- 

o f  t h e  marsh  c'ommuni ty i n  t e r m s  o f  t h e i r  
abundance, biomass, and r o l e s  i n  t h e  food  
c h a i n .  N i n e  s p e c i e s  o f  m o l l u s k s  we re  I sppoda 
f o u n d  i n  Juncus  r o e m e r i a n u s  and Spa r t i na  
c v n o s u r o i d e s  s t a n d s  i n  a  M i s s i s s i p p i  Spaeroma q u a d r i d e n t a t u m  

A61phi poda 
o i  i goha'i i n e  ma rsh  (B ishop 1981). E i g h t y -  
f i v e  pe r cen t  o f  t h e  i n d i v i d u a l  s  c o l  l e c t e d  
i n  t h e  J u n c u s  s t a n d  w e r e  o f  t h r e e  

Melongena co rona  
- - - -~ .. 
Can tha rus  t i n c t u s a  - - .. .. .-. . . 
E p i t o n i u m  .- r u p i c o l u m  
Hami noea s u c c i  nea - ---- 
N a s s a r i u s  vib'-eS;b- 
N e r i f  i - n a - - r a i V a J d  
EuTTZa-Ctr i  d t a" 

Coroph ium l o u i  s ianum 
€oi- ojki-u% m s i h  --.-. 
T a l i  triB 

g a s t r o p o d  s p e c i e s :  D e t r a c i a  f l o r i  dana, 
Me1 ampus b i  dentatus,  and Succ i  nea ova l  i s .  
m g a s t r o p o d , ~ n o b o p s  j a c k s o n i  , was 
c o l l e c t e d  i n  r e l a t i v e l y  l a r g e  numbers;  

O r c h e s t i a  g r i l l u s  
*ma r u  s m ~ $ i - o ~ g ~  

Mys idacea t h i s  s n a i l  may have  been  m i s s e d  i n  t h e  
n o r t h  F l o r i d a  s t u d i e s  because  o f  t h e  
l a r g e r  mesh s i z e  o f  t h e  c o l l e c t i n g  gear .  
A t y p i c a l  1y t e r r e s t r i  a1 spec ies,  V e r t i q a  
ovata,  was found i n  Juncus as w e l l .  

Taphromys i  s bowmani ---.- - 
M y s i d o p s i s  - . aTiii j?a- 

P o l y c h a e t a  
Penaeus a z t e c u s a  - --- 
Penaeus du-orarum 
Pa l  aernonetes p u g l o  Gastropods were much l e s s  abundant i n  
F.-TiTj[?aTs* --- - 
P. j n t e r m e d i u s a  J u n c u s  s t a n d s  t h a n  i n  S p a r t i n a  ------ 
Pal  a m d a n u s a  ---- -- - - c y n o s u r o i  d e s  s t a n d s .  W h e r e a s  t o t a l  
C a l l  i n e c t e s  sapid<Ac -- -- - -- -- -- - numbers  peaked a t  103 i n d i v i d u a l  s / m 2  i n  
P a n o ~ e u s  h e r b s t i  i - J u l y  i n  J u n c u s ,  a  s i n a l e  s p e c i e s ,  sc spp. 
Sesarma r e t i c u l a t u r n  L i t t o r i d i n o p s  p a l  u s t r i s ,  a t t a i n e d  

- 
---- - ---- 

-- - - -- - d e n s i t i e s  i n  June  o f  o v e r  1,500/m2 i n  
Spar t ina .  D e t r a c i a  and V e r t i g o  were a l s o  

Neanthes s u c s ~  -- 
S c o l o p l o s  f r a g i l  i s  
c I-EG~ d~ s youldira -- 

a ~ o t  f o u n d  i n  marsh zones 



< -  - P ,  
Tab le  22. Crustacean spec ies i n  an o l i g o -  
ha? i n e  M i s s i s s i p p i  t i d a l  c reek  ( da ta  f rom 
Hackney and de l a  Cruz 1981a). 

Abundance Species 
Gammarus nucrona tus  ( h p h i  poda) 

Abundant Palaemonetes pu i o  -%- C a l l  i n e c t e s  saD1 us 
~i t h r o p a n o p e u s i  s i  i 
llca l o n a i  s i  anal i s  

I n f r e q u e n t  Penaeus aztecus 
P r o b o p y r E - x a l  i c o l  a  

common i n  S p a r t i  na, b u t  Me1 ampus, Onobops, 
and Succinea were n o t  found there-e 
27) .  

Th ree  b i v a l v e  m o l l u s k s  spec ies were 
f o u n d  b y  B i s h o p  ( 1 9 8 1 )  ( F i g u r e  2 8 ) .  
P o l y n l e s o d a  c a r o l  i n i a n a  and  C y r e n o i d a  
f l o r i d a n a  w e r e  f o u n d  i n  J u n c u s  a n d  
S p a r t i n a  z o n e s .  G e u k e n s i a  d e m i  s s a  
g r a n o s i  s s i  ma was f o u n d  i n  ~ u n c z - o n  
C v r e n o i  da  f l  o r i  ddna  was t h e  d o m i n a n t  
4 

s o e c i e s .  c o m ~ r i  s i  n(:94.8'%; and 86.6% o f  
~ h n c u s  and  ~ p ' a r t i n a  b i v a l v e s  c o l l e c t e d ,  
r e s p e c t i v e l y .  There were more b i v a l v e s  i n  
J u n c c ~ s  (1,0951 i n d i v i d u a l s )  t h a n  i n  -- 
Spar t i na  (201  i n d i v i d u a l  s) .  

To ta l  mol l u skan  biomass was s i g n i f i  - 
c a n t l y  g r e a t e r  i n  Juncus  (10.4 g d r y  w t .  
m - 2 y r - 1 )  t h a n  i n  S p a r t i n a  (3.4 g  d r y  w t .  
m -2y r -1 .  A p p r o x i  m a t e l  y  83% o f  t h e  t o t a l  
biomass was o rov ided  by t h e  two don inan t  
b i va l ves .  Gastropod spec ies accounted f o r  
d p p r o x i r n a t e l y  17% o f  t h e  t o t a l  b i omass ,  
e v e n  t h o u g h  t h e y  w e r e  m o r e  n u m e r o u s  
I D i  shop 1981). 

Species Notes ----. - 
Neri  t i n a  usnea ( =  Ne r i  t i n a  r e c l i v a t a )  

( F i  g u F ~ - T s ~ i  11 -6'reathing gast ropod 
i n  i n t e r t i d a l  h a b i t a t s  throughout  t h e  Gul f 
o t  Mex i co .  L ehman and  H a m i l  t o n  ( 1980 )  
d e t e r m i n e d  a  s a l  i n i  t y  t o l e r a n c e  o f  1-19% 
f o r  t h e  s n a i l  and a  marked p re fe rence  f o r  
sol i d  r u b s t r a t e s .  N e r i  t i n a  usnea was 
found t o  i n g e s t  o n l y  e p i p h y t i c  f r o m  
t h e  s u b s t r a t e  p l a n t s  and n o t  sand o r  p l a n t  
biomass. 

O rches t i a  g r i l l a s  ( Isopoda)  

Cl i banar ius  v i  t t a t u s  (Decapoda) -.--- 

Panopeus herbs t i  i -s impsoni (Deca 

Sesarma r e t i c u l a t u q  

F i gu re  24. Common crustaceans 
Juncus marshes ( f r om  Heard 1982). 

o f  g u l f  



CHELAE 

Uca rapax - U. panacea  - 

U .  l o n g i s i g n a l i s  - U .  s p e c i o s a  - 

U. minax - -  U. s p i n i c a r p a  - 
FRONTAL MARGINS 

U. r apax  - U. l o n g i s i g n a l i s  - 

F i g u r e  25. Chelae  and f r o n t a l  margins  o f  5 s p e c i e s  found i n  g u l f  c o a s t  Juncus  
marshes ( f rom Heard 1982).  

Melampus b i d e n t a t u s  was d e s c r i b e d  by two-week  i n t e r v a l s  i n  p h a s e  w i t h  s p r i n g  
R u s s e l l - H u n t e r  e t  a l .  ( 1 9 7 2 )  a s  t i d e s .  
amphi  b io t r s .  R e s p i r a t i o n  i s  by b r e a t h i n g  
a i r  t h r o u q h  a  pneumostorne a n d  l u n g s .  
However ,  r e p r o d u c t i o n  i s  l i k e  t h a t  o f  H a r l  o s  ( 1 9 7 6 )  f o u n d  Me1 ampus  b i  d e n -  
p r i m i t i v e  mar ine  s n a i l  s ,  w i t h  p r o d u c t i o n  t a t u s  o n l y  w i t h i n  1.0 m on e i t h e r  s m  
o f  a  l a r g e  n u m b e r  o f  s m a l l  e g g s  a n d  a  t h e u n c u s  e d g e  o f  a  F l o r i d a  s a l t  f l a t .  
p l a n k t o n i c  vel  i g e r  l a r v a e .  Egg- laying and ~ i l  d e r ( 1 9 7 9 )  found g r e a t e s t  d e n s i t i e s  i n  
h a t c h i n g  a r e ,  t h e r e f o r e ,  synchronous w i t h  m i x e d  v e g e t a t i o n  dominaeed  by J u n c u s  and  
s p r i n g  t i d e s .  Wi 1  d e r  ( 1 9 7 9 )  o b s e r v e d  d e t e r m i n e d  a  s i g n i f i c a n t  r e l a t i o n s h i p  
a g g r e g a t i o n ,  c o p u l a t i o n ,  and egg-1 dy ing  a t  between p l a n t  d e n s i t y  and s n a i l  d e n s i t y .  



When submerged, Me1 ampus -- bi den t a t u s  
s u f f e r s  heavy preda t ion  from Fundul us 
g r and i s ,  5 s i r n i l i s ,  Panopeus h e r b s t i i ,  
and Caf 1 i n e c t e s  sap idus  (Har los  1976).  
I nd iv idua l s  i n  the  high marsh have been 
observed bei n g  e a t en  by c l  apper r a i  1 s 
(Howell 1932; Heard 1982) a n d  Sesarna  
reticulatum (Nil der 1979). 

Me1 ampus 1 acks an opercul urn and has 
no ab-ility to  burrow or form a n  epiphragm 
t o  r e s i s t  de s i cca t i on  ( P r i c e  a n d  Russel - 
Hunter 1975). Though they can survive u p  
t o  80% weight l o s s  by d e s i c c a t i o n  ( P r i c e  
19761, t h e  s n a i l s  avoid d e s i c c a t i o n  by 
several behavioral adap t a t i ons  i nc lud ing  
a g g r e g a t i o n  ( P r i c e  and Russel 1-Hunter 
1975) and p o s i t i v e  qeo t ax i s  dur ing  dry 
s p e l l s  by hiding in burrows, under rocks  
and d e t r i t u s  ( P r i c e  and Russel 1 -Hunter 
1975; Wilder 1979). 

Figure 26. Small blue cra 
sapidus) seeking refuge amo 
f lo ra  a t  low t ide .  Photo 

1 - i t t o r i n a  i r r o r a t a ,  the  marsh per -  
b (Cal l inectes  iw ink l e ,  i s  probably the  be s t  known s a l t  
lng 5. a1 te rn i -  marsh i n v e r t e b r a t e  of southeastern North 

by J. Stout. America. A1 t h o u g h  they have g i l l s ,  I, 

Table 23. Comparison of the dominant species of epi faunal invertebrates in 
a bay, marsh c r e e k s ,  and i s o l a t e d  ponds based o n  numerical  abundance 
(Subrahrnanyam and Coul t a s  1980). 

Bay systema Marsh creeksb pondsb 

Call i nec t e s  s a ~ i  dus -- 
Trachypenaeus constr ic tus  ----- - 
Penaeus duorarum --- - 
Penaeus s e t i  ferus -- -- A 

Chrysaora qui nqueci rrhaL 
. .- ------ 
Penaeus aztecus 
lo1 1 i guncul a brevi sC -- 
Pal aemonetes vul gari s 
Portunus i b b z j r -  e, Stonol ophus me ezgri  sC 
Pal aemonetes pugi o - 
Saui 11 a emnusa 

P .  pugio - ---- 
Pal aemonetes i ntermedi us 
C .  sapidus - -- 
Taphromysi s bowmani 
P .  duorarum - --- 
Gammarus mucrona tus  -- 
P .  v-rr---- 

4 - 
Mysidopsis almyra 
Nassarius v m  -- 
Panopeus herbsti  i 
Melongena corona 
Orchestia m s  

pugi o 
i ntermedi us 
sapi dus 
vul gari  s 
duorarum 

b~ubrahmanyam and Coul t a s  1980. 

C ~ p e c i e s  not recorded in marsh creeks or ponds. 
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Ceri thidea spp.  

N e r i  tina usnea 

t i  ttorina irrorata 

Me1 ampus spp. Detraci a f t o r  idana 

F i g u r e  27.  Common marsh gastropod species ( f rom i g a z j -  



Pol ymesoda carol i n i  ana 

Ceukensi a  demi ssa 

i r ro ra ta  rarely enter  the water. They feed 
on t he  marsh f l o o r  dur ing low t i d e s  and 
c l i m b  p l a n t  s t e m s  a s  t h e  t i d e s  r i s e  
(F igure  29). However, l a r g e r  s n a i l s  may 
spend more time in the water than smaller 
s n a i l  s. Stanhope e t  a l .  (1982) descr ibed  
a  s i z e - s p e c i f i c  response t o  submergence 
due to  d i f f e r en t i a l  p reda t ion  on s m a l l e r  
s n a i  1  s  by t h e  bl ue c r a b  (Ca l l  i n e c t e s  
sap idus) .  Pe r iw ink l e s  5-7 mn i n  shell-  
height were regularly eaten by blue crabs. 

Cyrinaidea f lor idana Figure 29. Periwinkles (ti t to r ina  i r r o r -  
a t a )  feeding on marsh surface ( top)  and on 

Figure 28. Bivalve mollusks common to Juncus stems (bot tom).  photos by 
Juncus marshes (from Heard 1982). J. Stout. 



o f  s n a i l s  10-16 mm, ahout 2 5 %  bore frat- through June. There was evidence f o r  
t u re  marks i nd i ca t i  ve of  u n s u c c e s  protogynous hermaphroditism in the isapod. 
a t t a c k s  by b l  u e  c r a b s ;  t h o s e  1 e s s  t h a n  L.arre males may have functioned as females 
5 m m  in heiqht were not attacked. during the preceding spring and summer. 

P e r i w i n k l e s  e x h i b i t  d n  ups lope  Addi t i  onal  gene ra l  l  i  f e  hi s t o r y  
movement pattern apparently toward vegeta- O f  'nost  i n v e r t e b r a t e s  O f  t h e  
t iondl  r e f u g e s .  ~ ~ ~ i l  ton (1917, 1978) northeastern gulf marshes may be found in 
demonstrated t h a t  the  direction of move- H e a r d  ( Ig7 ' ) -  
nent  i s  mediated by visual  percept ion,  
especially of ve9etation, on the horizon. Insects 

L i t t o r i n a  i r r o r a t a  p a i r  and spawn 
during new and f u l l  moons; spawning i s  
c o r r e l a t e d  with the  t ime of hiph t i d e .  
Females subriierge for  two to  four succes- 
s ive  days to r e l ea se  pelagic  egq cases .  
Metamorphosis t o  a  crawl ing supra t ida l  
snail i s  preceeded by a  planktonic veliger 
stage (Gallagher and Reid 1974). 

Bingham (1972)  found t i  t t o r i n a  
i  r r o r a t a  unevenly di s t r i  buted over the 
marsh w i t h  a  s h a r p  d e c l i n e  i n  t o t a l  
population density and large adult  snai ls  
a t  the upper marsh. Adults required a 
s a l i n i t y  of 15 p p t  o r  g r e a t e r ,  and lower 
s a l i n i t i e s  of the upper marsh probably 
1 imi ted distribution. Subrahrnanyam e t  a l .  
(1976) c o l l e c t e d  more young s n a i l s  (1-11 
m r n )  in  the  lower marsh (415/yr )  than in 
the upper marsh (34/yr). 

The an thur id  i sopod Cyathura pol i  t a  
i s  considered euryokous because of i t s  
nearly ubiqui tous" d i s t r i b u t i o n  in many 
s a l  i n i  t y ,  t e m p e r a t u r e ,  a n d  s e d i  n e n t  
regimes from Maine to Louisiana. Adults 
can withstand s a l i n i t i e s  from 0  t o  140 
ppt ,  a  pH of 3.4 t o  11, and temperatures  
from -8 t o  45 O C  f o r  u p  t o  12 hours,  b u t  
they d i e  quickly i n  water with l i t t l e  
oxygen (Burbanck 19G1). Kruczynski and 
Subrahmanyam (1978) found the re  was no 
s ignif icant  variation in densities of the 
isopod between low and upper marsh zones 
of a  north F lor ida  Juncus marsh. No C .  
pol i  ta were col 1 e c t e d w a r d  of the s a R  
f l a t s ,  

Cyathura polita probably has a  2-yr. 
l i f e  cycle in n m r n  Florida (Kruczynski 
and Subrahclanyam 1978). Males matured 
f i r s t  and made u p  100% of the  sexual ly 
mature  p o p u l a t i o n  i n  w i n t e r .  The 
percentage of males declined in qpring as 
f e n a l e s  with o o s t i g i t e s  appeared in  the 
population. Reproduction was from Auri 1 

Though species from a l l  major insect 
o r d ~ r s  have been r e p o r t e d  from s a l t  
marshes, the  Dip tera ,  Coleoptera ,  and 
Hemi ptera predominate. 

The d e f i n i t i o n  of  " s a l t  marsh 
insects" i s  complicated by a  large number 
of t r a n s i e n t  spec i e s ,  i.e., spec ies  which 
may range into s a l t  marshes b u t  are common 
in o the r  h a b i t a t s .  In t h i s  p r o f i l e ,  only 
t h o s e  s p e c i e s  t h a t  have a  h a b i t u a l  
requirement for  some part  of the sal tmarsh 
environment a t  some s tage  of t h e i r  l i f e  
cycle are considered. 

The insect fauna can conveniently be 
divided i n t o  aqua t i c ,  subterranean,  and 
su r f ace - l i v ing  groups. Aquatic spec ies  
a r e  invaders  of f reshwater  o r i g i n  and 
include dipteran 1  arvae (especially those 
of t h e  C u l i c i d a e ,  Chi ronomidae ,  and 
Ceratopoqoni dae) ,  heteropterans,  coleop- 
t e r a n s ,  and c e r t a i n  t r i chop te ran  la rvae .  
The subterranean and surface-living forms 
a r e  regarded a s  being of t e r r e s t r i a l  
origin and include representatives of most 
major insect  orders (.Foster and Treherne 
1976 1 .  

The i n s e c t  populat ions of a  Missis-  
sippi Juncus-dominated marsh were assessed 
by P a r K 1 1 9 7 8 ) .  Two hundred sixty-f ive 
spec ies  represent ing  7 2  f a m i l i e s  and 9 
o r d e r s  were c o l l  e c t e d  using s tandard 
sweepnet techniques.  Only four  Diptera ,  
orie Hymenoptera,  and one Hemi p t e r a  
occurred consistently throughout the year. 
N u m e r i c a l l y ,  t h e  d i p t e r a n s  and  
hynenopterans were codoni nants throughout 
the year and were joined during the warmer 
rionths by the equal ly  abundant homop- 
te rans .  The t o t a l  number of spec ies  of 
hymenopterans co17 ected ( 7 i  1 was g r e a t e r  
t h a n  the dipteran count (64), ye t  only one 
spec ies  of a  s i n g l e  fami ly  (Formicidael 



accounted f o r  t he  l a r g e  number o f  t he  
Hpenoptera. 

Overall insect  akuntldnce was greates t  
I n  t h e  l d t e  sp r i ng -ea r l y  sumrncr iApri 1 ,  
Mdy, ar:rf Jurle). Two seasonal :>eaks i n  

i n s e c t  spec i e s  d i v c r r i  t y  were found, one 
i n  Play, ( W '  -- 4 .7 )  a n d  t h e  o t h e r  i n  
Sc i~ te t~ ihcr  i f ! '  = 5.25). The - ,pring peak 
coincided w i t h  t h e  tinre when t he r e  were 
1 arar  qtiantl t i e s  of fresh,  new veretation 
d n d  the second peak when the senescence of 
most marsh vcqeta t i  o n  be!]an ( P a r s o n s  
1318). This c t f e c t  was e s p e c i a l l y  pro- 
!inunced i n I * ~ C J C S ~  v c  po~111 a t i  on i n c r e d r , ~ ~  
ohc,erved alnontl hotiwptcrnns and dipteranr. 
The r'rlsect dsscr:ibldgc i s  detflrirlincd by the 
n ~ t t u r e  a n d  amount o f  s h e l t e r  and food 
c ,up[~ l  y. Specie', cliverri t y  incrcascs with 
vc(jctatior1 C,tr'iicturdl c o ~ ~ i i ) I ~ ~ x i t y .  

W h i l c  I r r r , r c t s  i l c ,  n o r o u p  a r c  
c o n s i  d e r e d  r - c , e l i>c  t o r s  C0l:ll)drCd ti) 
vcrtchratcc,  %oi~ie ~nsoctc,  ~ t r c  k-sclcctorc, 
. I i t )  Ccir;~t~rur~ ( 1 3 1 2 )  dcf incd 
\pccie . ,  which rc tnain  i r i  t h e  mt.trst) 
throucjhout the  ycar in dcl r l l  t form a s  
"pcrs;istclrit" thorre r f s t o c i a t ~ d  i r i th  
sc>dsunal o r  triqh cne rqy  i n p u t s  d s  
" ~ , ~ a s ~ n a l "  S I I P C I ~ ~ .  Thest! osscn t i  ( i l l  y are 
tlie k -  anti r - t r l f l s  txtrs, r~)spcct?vcl  y .  The 
I - - s r l r c t o r r  a r e  r-csporisik)lc tor irtcreased 
r t c h n r ' i ~ ,  ant i  t l i  vcr.;i t y  i n  the  i n s e c t  
coli1r:lcinlty w)rcr, t h ~ ~ y  rr\pc)rld tcf irlcreased 
I - E ~ Q L I ~ L ( I S  ~furirlg rcproduc t ivc cyclcs. 

O f  &l>prox~rtntcl y 708 t,jrc,cior, of d d u l  t 
i nc,ect:, cof 1 trr t c d  by i\it-son*, ( lO / lR) ,  on1 y 
$ 7  x :pccics rc!)rcsPnt i n g  thrcc ordcbrr d n d  
s i x  f < i i i ~ i  1 i r s  [ D i p t ~ r ' i :  O t i  t i d < l e ,  
L t ~ l  or-ai,~ dm@, i~i-iopocll dde, S t  i cbmy;.i dac; 
l ly l l rc r rop t~r t i :  Fot*rt i i  L i riar; Ilci;li p t c r a :  
t v c r t t t 5 t  d n r )  wPrr ~ o l  l ~ c t f ' c t  w i  t t - ~  ~ f ~ o i i g h  
f rcqt!crit-y a n ( f  ~ c > n s i  \ t t l n c y  t o  h e  
Lorr.; i cfcrcrl i)tir-s; i r , tor i t ,  y~~ t . - r t ) und  r ~ s i a t l n t  
<<L!<*t. I " 

F i  c,h connuni t ~ c q  o f  the Junciis c~iarsh 
art. no t ah l c  both irr t h c l r  spec i e s  d ive r -  
.;i t y  and abtindancc of i n d i v i d t r a l  s .  
% ~ a c , s n n d l  change.: 1 n 1 ocal cnvi ronmental 
cvndi t iuns of tenrpcrature and sa1 i ni ty , as 
wel l  a s  t i d e - r e l a t e d  changes in  h a b i t a t  
avai lahi l  i ty ,  coufllc with species toleran- 

ces,  1 i f e  h i  s t o r i e s ,  h a o ~  t d t  preferences, 
a n d  f e e d i n g  s t r a t e q i e s  t o  p roduce  a  
dynamic comrrlunl t y .  

The cor:imuni t y  i s  do r l i na t ed  ~y 
p h y s i o l o g i c a l l y  e u r y h a l  i ne  a n d  
h o l c u r y h a l  i n e  f i s h  ( K i l b y  1 9 5 5 ;  
Subrahnanyam and Drake 1975; Subrahnanyam 
d n d  Coultas 1980; Hackney and de l a  Cruz 
1981a). Of 49 spec i e s  c o l l e c t e d  i n  a 
Florida - Juncus --- -- - marsh by Kilby (195.51, over 
two-thirds were predoininantly f r e shwa te r  
to brackish wdter species. These species 
coripri sed aprrroxilnately 87.79 of the to ta l  
riur-iber of i n d i v i d u a l s  c o l l e c t e d .  A n  
0 1  igohct l  i n c  ( 0 . 5 - 5 . 0  p p t )  marsh i n  
M i r s l s s i p p i  was d i s t i n c t i v e  i n  t h a t  
f r eshwate r  c e n t r a r c h i  ds  ( M i  c r o p t e r u s  
s a l  aioi des and L epomi s  m a c r o ? G i m  
niajor predator F c E  n%zc%i-iy-did de l a  
Cruz 1981a). 

The marsh landscape provides diverse 
f i  s h  h a b i t a t s .  The avai 1 abi 1 i  t y  of each 
hdhi t a t  v a r i e s  t i d a l l y  and seasonal  ly.  
Most obvious a r e  t h c  t i d a l  c reeks  which 
w i n d  arid branch throughout t h e  marsh. 
Ilrei,rr, pri nlary crccks nlay provide percia- 
ncnt hdbitat though the overall to ta l  area 
I e, t ide  dependent. In ter t idal  creeks are 
d v ~ i l a b l r  t o  f i s h  only on f lood ing  and 
h i  y h  t idcs  and r:idy be par t i a l ly  unavaila- 
t ) l t ~  d n r i n q  s e a s o n s  w i t h  low t i d a l  
delpl i ttide. 

Depressions and ponds w i th in  the  
ciarsh may represent pers is tent  habi ta ts  i f  
deep enough and flooded frequently, or may 
only have s tand ing  wate r  dur ing 1 imi ted 
pcriods of the year. Pond co~lmunities are 
isola ted from the remainder of the marsh 
except  on spr ing  t i d c s  o r  storm t i d e s  
which provide an avenue f a r  immigration or 
c r z i q r a t i o n  a s  we71 a s  r e p l e n i s h i n s  
n u t r i c n t s ,  food organisms,  and oxygen 
v~i  thin the ponds. 

Tidal range and specif ic  marsh topog- 
raphy wil l  deternline the areal extent  and 
te~~l;mral avai 1 d b i  1 i ty of the marsh surface 
a s  f i s h  h a b i t a t .  This  h a b i t a t  i s  d i f f i -  
c u l t  to  sample because of the vegetation. 
The dynamics and d e t a i l s  of u t i l i z a t i o n  
need f u r t k r  elucidation to  determine the 
v a l u e  of t h e  march i t s e l f  to  f i 5 h .  

Over 80 spec i e s  of f i s h  have been 
repor ted  from c r eeks ,  ponds, and open 





Table 24. Concluded. 

- . - 

Species Reference 

Meni di a beryl l i na 
Membras martinica 
Micropterus salmoides 
Le~orni s ~ u n c t a t u s  

" - - 
01 i gopl i t e s  saurus 
Trachinotus a u s  --- 
Caranx hippos 
Selene GiGr- -- 
Seriol a zonata 
Eucinostomus argenteus 

~ l y  E.  9 actyl us - ---- octonemus 
Orthopri s t i  s chrysopterus - 

Cynosdionnebul osus ---- 
C. arenarius ---- ------ 
Leiostomus xanthurus -- P Sc~aenops oscell a ta  
K n t ~ c ~  r r h m r c a n u s  
O&"i"FjjiFs-$5 - 

1 c r o 3 i u s  aulosus -- 
M. thaTZSti&--- - " --.---- 
G b ~  osoma robustum E-TTi- cT- -- 
Gob~~EiiiTl us bol eosoma 
Evorthodus l y r ~ c u s  
Eleotr is  yisonis -.---- 

Chasmodes saburrae ." ----r--- - 
Achi rus 1 ineatus -- - -- --- 
Para1 ichthys lethostigma --- ----- 
P .  a lb iau t ta  
-___g_l 

Symphurus plagiusa 
.lllll.ll" lllllv - 
C I  tharichthys spi 1 opterus --- - - 
Sphoeroides nephelus -. -.--- -- 

1 - Kilby 1955 
2 = Cherr 1974 
3 = Subrahmanyam and Drake 1975 
4 = Subrahmanyam and Coultas 1980 
5 = Hackney a n d  de l a  Cruz 1981a 

a Uncommon occurrences i n  references are under1 i ned. 



R e s i d e n t s  a r e  d o r n i n d t e d  by  
c y p r i  nodont  s p e c i e s .  Subrahmdnyam and 
Drake (1375 )  a t t r i b u t e d  53  -90 of  t o t a l  
n o n t h l v  b iomass  t o  a d u l t s  of Fundulus  - --- - 
s i r n i l  i s ,  F. g r a n d i s ,  and  C y p r i n o d o n  --- - -- - -- - - -- 
v a r i e g a t u s .  L e s s  common were  Adin id  -- 
xenica. Poecil  i a  l a t i u i n n a .  L ucanid udrva. g u  re -3 mii7..-..̂ ---.- v- 

and F. conf luentus  ( . Var ia t io"  
i n  s F a s Z X i l 7 a 6 X a n c e  of  t he se  dominants 
was pos i t i ve ly  c o r r e l a t e d  with temperature 
b u t  n o t  w i t h  s a l i n i t y .  Most r e s i d e n t  
s p e c i e s  have p r o t r a c t e d  o r  c o n t i n u o u s  
spawning seasons a s  evidenced by t he  year -  
round presence of juveni I e s  and by spec i e s  
1 i f e  h i s t o ry  s t u d i e s  (Kil by 1955; Harring- 
t o n  1 9 5 9 ;  M a r t i n  dnd  F i n u c a n e  1 9 6 9 ;  
Subrahrnanyam and Drake 1975;  Hardy 1978;  
de V l a m i n q  e t  d l .  1 9 7 8 ) .  A d d i t i o n a l  
spec ies ,  includir i?  - Mugil cephalus,  -- Anchoa 
mi t c h i  11 i  . Membras mar t in ica  and Brevoor- 
t i a  patronus were p e r s i s t e n t  in  an o l i go -  - 
h a l i n e  marsh c r e e k  i n  M i s s i s s i p p i  and 
c o n t r i b u t e d  up t o  99.9% of t o t a l  c a t c h e s  
in  spr ing  and w in t e r  (Hackney 1977 1. 

Marsh r e s i d e n t  spec i e s  a r e  t y p i c a l l y  
oppo r tun i s t i c  ornnivores, capable of u t i l i -  
z i n g  d i f f e r e n t  f o o d  d e p e n d i n g  o n  
a v a i l a b i l i t y .  Mar r ing ton  and H a r r i n n t o n  
(1961)  found t h a t  r e s i d e n t  s p e c i e s  made 
heavy use  o f  sudden h a t c h e s  o f  m o s q u i t o  
l a r v a e ,  t h e n  r e t u r n 9 d  t o  o t h e r  f o o d s  a s  
t he  niosqui t o s  were depleted (e.g., -- L ucania 
parvd a t e  cosepods; Cyprinodon va r i eoa tu s  --- --- 
a n d  P o e c i l i a  l a t l p i n n a  a t e  p T a 3  - - - - - -- - - - - - -- - -- 
m a t e r i a l  F o r a g i n g  s p e c i e s ,  however ,  
d id  n o t  e a t  t h e  abundan t  n o s c ; u i t o s ,  h u t  

I n  tne norti? F tor lda  s t u d i e s ,  M e ~ ~ i c l i ~  
b lt-:/ll irla riadr un ~ 6 - 7 2 "  of t he  ca t ches  by 
~ i ~ l ~ \ i ) ~ r  a n d  o c c u r r e d  t h r o u g h o u t  t h e  y e a r .  
l e i o s to i i u s  - x d ~ i t n ~ r u s  jc 'v2niles were common 
i n  sprint_! and l a t T f a l l ,  a ccoun t i r l q  f o r  
1 6 - 3 0 >  of  c a t c h  by numbers  and bi0111ric;s. 
Abundance was n e g a t i  vely c o r r e l a t e d  w i th  
t e m p e r a t u r e  ( r  = 0.381, p  c 0.01)  d n d  
9 o s i  t i v e l y  c o r r e l a t e d  r r i  t h  s a l i n i t y  ( r  = 
0.351, p  < 0.05) .  A d u l t s  were  c a u g h t  i n  
h iqh  t i d e  s amp le s  i n  summer and f a 1  1. 
~ u i e n i l e  mojdrrds (Eucinostornus -- argenteus)  -- 
occurred p r imar i l y  i n  f a l l ,  compris ina 14- 
7 2 ,  of th catch  i y  nu~ilbers ( ~ u b r a h m a n ~ a r ~  
and Drake 1975) .  Anchoa m i t c h i l l i  was 
represen ted  in  most c a t c h e s  by j u v e n i  1  e s  
o n l y  b e t w e e n  March  a n d  S e p t e m b e r .  
Va r i a t i ons  in  abundance were  n o t  r e l a t e d  
t o  t e m p e r a t u r e  o r  s a l i n i t y .  Two o t h e r  
n u r s e r y  u t i  1  i  z e r s ,  Mugi 1 c e p h a l  us  and 
L a g o d o n  -- --. r h o n i b o i d e s  w e r e  s e d s o n a l  l y  
abundan t  (ub rahn t anyam and  Drake 1975) .  
Most . iuveni  l e s  of t h e s e  two s p e c i e s  and 
~ e i o s ~ o r i u s  x a n t h u r u s  l e a v e  t h e  m a r s h  
c r e e k s  by J ~ z e  (Zi lberberg  1966). 

Foraqinq spec i e s  a r e  cap tured  only on 
h igh  t i c ' e s  a s  t hey  make u s e  of i n c r e a s e @  
f e e d i n n  t ~ a a i  t d t  clurir~c! t i r l d l  f l o o d i n g  of  
t h e  marsh s u r f a c e .  Most f o r a g e r s  a r e  
e s t u a r i n e  resideri ts  anct t h e i r  nuribers and 
d i v e r s i t y  depend upon the  proxi mi t y  of t he  
marsh  t o  e s t u a r i n e  o r  n e a r s h o r e  w a t e r s .  
Ei q h t  s p e c i e s  v e r e  c a t e l j o r i  z e d  by 
Suhrahmanyam and Drake (1975) a s  foragers .  
Dorriinants included Hvoorham~hus uni t a s c i  - 

---__-___l_l_I_ 

a t u s ,  --- Oai r d i e l l  a  -- c h c s u r a ,  ---- 'and Cynosc lon  
iircn<lri us. 

stayecf wi th  h s i c  food sources.  

A r e l a t i v e l y  small number of spec i e s  
d o n i n a t e  t h e  marsh  f i s h  community on an  
annual  b a s i s .  The marsh f i s h  community 
s t r u c t u r e  ( i . e . ,  d i  v e r s i  t y  and e v e n n e s s )  
may be narkedly inf luenced by t he  nursery 
r o l e  p l ayed  by t h e s e  h a b i t a t s .  Nursery  
u t i l i z e r s  may be r e p r e s e n t e d  by o n l y  
j u v e n i l e s  on b o t h  t i d e s  o r  by a d u l t s  a s  
well a t  hi9h t i d e s  (Subrahmanyan and Drake 
19753. Alcng w i t h  t h e  r e s i d e n t  c y p r i n o -  
d o n t s  i n  t h e  n o r t h  F l o r i d a  m a r s h e s ,  
j u v e n i l e s  o f  f o u r  n u r s e r y  s p e c i e s  
c o n t r i b u t e d  s i q n i f i c a n t l y  t o  f i s h  com- 
muni t y  s t r u c t u r e  (Kil  by 1955; Subrahmanyam 
and Drake 1975). 

S p e c i e s  c a t e g o r i z e d  a s  s p o r a d i c  
v i s i t o r s  i n c l u d e  P o l y d a c t y l  us  oc tonemus  -- 
(Subrahmanyan  and Urake lm, Angui l l a  
r o s t r a t a .  A r c h o s a r o u s  o r o b a t o c ~ ~  
CjGio=i -- i i T ~ l o s u s , ~ * s  f e l i s ,  and 
Sphyraena  b a r r a c u d a  f ~ i ~ 9 ~ a c k n e y  ---- 
dnd de l a  Cruz 1 9 8 l a )  ( s e e  T a b l e  24  f o r  
uncorilman spec ies ) .  

Di f  f e r e n t  spec i e s  may have o t h e r  than 
seasonal  d i f f e r ences  con t r i bu t i ng  t o  t h e i r  
abundance  o r  o c c u r r e n c e .  C h e r r  ( 1 9 7 4 )  
found both dayln i  g h t  s p e c i e s  p r e f e r e n c e s  
and high t ide / low t i d e  spec i e s  p r e f e r ences  
i q  a  Juncus marsh creek i n  Apalachee Bay, 
F l  o r i n a b l e  25). 



Sheepshead minnow (Cyprinodon vari eqa tus: Longnose kil l i f i s h  (Fundulus s i m i l  i s )  

S a i l  f i n  ~o? !y  (Poecil ia la t ip inna)  Pinf i sh  (Laqodon rhomboides) 

Figure 30. Corn!non marsh fishes.  I : t io~os courtesy of R. Shipp. 

Spc'cies d o ~ ~ ~ i n a n c e  i s  a l s o  d i f f e r e n t  ( 2 )  species breeding ac t i v i t y ,  (3 )  species 
ilctwccn habi ta ts .  Prtrer species are  found feetl ing behavior ,  ( 4 )  h a b i t a t  d i v e r s i t y  
in i roldted ponds than in creeks. Cor.tri,on and available space, and ( 5 )  proximity to  
pond tlor,~inants inclutie Pa Poecilia ----- la t ip inna,  t h e  e s t u a r y  and n e a r s h o r e  w a t e r s .  
Cypri - ----I--- nodon . ----A-n var i  eqa tu s ,  1 ucania parva,  Subrahmanyam and Drake (1975) found s igni-  
------- Adi ni d -- xenica ,  ----- Funflu1 us conf l  u e n t u s ; - a  f i can t  seasonal changes in f i sh  divers i ty  
1 eiostomus xanthurus .  Freshwater  forms ( H I ) ,  species richness (D), and equ i tab i l -  ----- 
such as  G a n h u s i a a f f i n i s  a n d  Lepo~ i i s  sp. i t y  ( E ) ,  b u t  no d i f f e r e n c e s  i n  t h e s e  
may a l s o  be p r e s e n t .  ( K i l b y  1 9 5 5 ;  i nd i ce s  between t i d e s .  D ive r s i t y  and 
Su5rahc:::anyarn and Ccultas 19891 ( f a b l e  20) .  species richness were Cticjher i n  spring and 

f a l l  and lower in  w in t e r  and summer. 
J~nc t i s  r~arsh  f i sh  ~0mIun i t y  s t ructure  Changes i n  s p e c i e s  equ i  t a b {  1 i  t y  we re  

i s  in f luenced  by: (1) season and t i d e s ,  re la ted to  the seasonal abundance of a few 



Table 25. Fish species preference based on occurrence ( %  of to ta l  of tha t  
spec i e s  caught  under given c o n d i t i o n )  f o r  ( A )  day in igh t  and ( 8 )  high 
tide/low t ide ,  Live Oak Point, Florida (data from Cherr 1974). 

-- 

Species ?A Species % 

A )  Night Day 

Strongyl ura notata 
3. timica - 
Men? di a  bery 11 i  na 
07iaoDTites saurus 
~ r a t h i n o t u s  =us 
Leiostomus xanthurus 
Polydactyl us octonemus 

B )  High t i de  

-- 
Lucania aarva 
~ u c i  nostbmus argenteus 
Para1 ichthys a lbigut ta  -- 
Symphurus pl agi usa --- 

Lucania aarva 
~ u c i n o s t % i ? - ~  
E .  aula -- 
sph;eroides nephel us 

L.ow t ide  

01 i  gopl i  t e s  saurus 66.7 
Pol ydactyl us oc tonemus 84.6 

s p e c i e s  s u c h  a s  Anchoa r n i t c h i l l i  
(Subrahmanyam and COu7-tZT lT%m--m 
major temporal changes appeared t o  be 
r e l a t e d  t o  t he  breeding p a t t e r n s  of t h e  
f i s h  with a  sequence of juveni l e  nursery 
u se r s  being noted. L.eiostomus xanthurus 
dominated winter and spr ing  co l l  e c t i o n s ,  
fol lowed in t h e  sp r i ng  and summer by 
Anchoa mi t ch i l  l i  a n d  Renidia beryl1  ina .  
m c o 1  l e c t i o n s  were  domina t ed  by 
Eucinostomus sp. and Lagodon rhomboides. 
Temporal success ion avoids niche overlap 
between t h e s e  s p e c i e s  w i t h  f e e d i n g  
s im i l a r i t i e s  (Subrahnanyan and Drake 1975, 
Subrahmanyam and Coul t a s  1980). Abundance 
per u n i t  of e f f o r t  pe r  month var ied  from 
62 to  6,973 individuals (Subrahmanyam and 
Coul t a s  1980). 

Total f i s h  biomass a l s o  r e f l e c t s  
periods o t  breeding and juvenile ac t iv i ty  
in  the  narsh.  There i s  s i g n i f i c a n t l y  
higher  biomass dur ing t he  warm months; 

t h i s  can be a t t r i b u t e d  t o  t h e  g r e a t e r  
number of spec i e s  and j u v e n i l e s  p r e sen t ,  
and to  larger  individuals in the  resident 
f i s h  p o p u l a t i o n .  Th ree  s p e c i e s  - 
Cyprinodon variegatus,  Menidia beryl 1 ina, - 
and Leiostornus xanthurus account  f o r  low 
win t e r  biomass l e v e l s .  Monthly biomass 
va r i ed  from 98.8 g  t o  5,168 g per  u n i t  of 
e f f o r t  (Subrahmanyam and Drake 1975) .  

Total  abundance was s i g n i f i c a n t l y  
d i f f e r e n t  between high and low t i d e s  b u t  
was not  c o r r e l a t e d  with t empera ture  o r  
s a l  i  ni ty .  Average 1  ow-tide catches were 
greater than high t i d e  when the community 
could occupy a  larger  habi ta t  space as  i t  
spread ac ross  the  marsh sur face .  High 
t ide  col lect ions  were composed mostly of 
j u v e n i l e s  of nursery spec i e s  wi th  a  few 
adults and subadul t s  of foraging species. 
Many resident species l e f t  the crzeks and 
spread with t ida l  waters across the marsh 
surface. Juveniles and adul ts  of resident 



Table 26. Comparison o f  t he  10 dominant f i s h  spec ies i n  an es tuary ,  s a l t  
ma rsh  t i d a l  c r e e k s ,  a n d  i s o l a t e d  ponds i n  s a l t  marshes  i n  n o r t h  F l o r i d a .  
(Subrahmanyam and Coul t a s  1980). 

Apal ach i co l  a  %aye Marsh t i d a l  creeksf  I s01  a t e d  pondsf 
----- -pp 

Anchoa mi t c h e l l  i 
W ~ o ~ T u ~ a  -- tusa  
Cynoscion-arenariusc 
E i o s t o m i s  - xanthurus -..&- - 
Chl oroscombrus chry  surusa 

" --.------ --.- 
K e n t i c r  r r h u s  amer~canusT ----- -- .-- 
Sym hurus p l ag i usa  
d ~ c - t ~ l  i i ~  <cItlinemu s 
A r i u s  f e l j s T  "-----^I--" 

K O f i o E Y T r i  bu l  usC ------ ---------  

A, m i t c h i l l i b  - .  
I .  xanthurus 
C n d u l  us s imi  1  i sd - -- 
7;- grand i  s  -. 

p-- 

Eucinostomus g e n t e u s  
E n m a - K r y l l  i n? -- -- 
I x o d o n  rhomboidesd 
* "-" - 
F. con f l uen tus  --- ----- -"- 

I.. xanthurus - 
P o e c i l i a  a t i  i Qi- C ,  v a r i e  a t u s  -A A. x e n ~ c a  
-- 
Mufi cephal usC - 
F. c o n f l  uentusc 

2 -- 
F. grandisU -- 
Lucania parvac -- - 
F. s i m i l i s  - -- 
Microgobius gulosusc .d --- 

a ~ o t  recorded  i n  marsh t i d a l  creeks o r  ponds. 

h ~ a r e  i n  i s o l a t e d  ponds. 

re are i n  t i d a l  creeks.  

d ~ a r e  i n  e5 tuary .  

e l i v i n y s t o n  1976. 

f~ubrahrfranyam arid Coul t a s  1980. 

<,pec,ies c o n t r l h u t e d  s i g n i f i c a n t l y  t o  l o w  
t i d e  c a l l e c t i o n r  as. mdrsh  s u r f a c e  w a t e r  
t l r c i i  ricd away i n t o  t hc  creeks (Subrahmanyam 
anti I l rdko 1915). 

Thoiiqh nlariy iiiar-sh f i s h  s p c c i e c  have  
I r t t l e  ~ o n i r n e r c i d t  - t m p o r t a n c e ,  t h e i r  
d l v c r s c  t u u d  t i a b i  t r  a n d  i n t e n s e  
t i t  i 1 i z d t i o n  o f  nrdr%Ii c rceks  may (,lake then1 
c ~ ~ , p c ~ e i a l l y  r t v p o r t a n t  i n  t r a n s f c k r r r n g  
c n c r q y  t r o r i l  t h c  n d r s h  t o  l,he e s t u a r y  and 
codl;t.al w a t e r s  and  t h u s  t o  c o r r o i c r c i a l  l y  
v a l u a b l e  s p e c i e s .  N u r s e r y  s i t c c i e s  and  
f .ordrt in i j  specie.; consucre d e t r i t u s ,  1 arvae, 
dnd p l dnk ton  a t  t h e  bdse o f  t h e  food chd in  
r n  t h e  i - larsh and  t h e n  i n t r o t f u c e  t h i s  
en r rqy  t o  t h e  es tua r i r i c  and nodrst iore food  
c h d i n s  w h e n  t h e y  l e a v e  t h e  m a r s h .  
Foray1 ng c d r n i v o r c s  a1 so p rov i de  a t r o p h i c  
I ~ n k  b e t w e e n  t h e  m a r s h  a n d  a d j a c e n t  
ecosystems (see Table 2 7 ) .  

R e p t i l e s  - - -- dnd - Amphibians - 

O n l y  a f e w  r e p t i l e  s p e c i e s  h a v e  
a d d p t c d  t o  t h e  c o n d i t i o n s  o f  t h e  Juncus  
rrlarsh ( T a b l e  28). W i t h  t h e  e x c e p t i o n  o f  
t h e  A ~ l e r i c a n  d l  1 i q a t o r ,  marsh  r e p t i  l e  
s p e c i e s  h d v c  v e r y  1  il-.ii t e d  geo f r r aph i c  
d i s t r r b u t i o n s  and ,  a l o n g  w i t h  t h e  
a1 1 i g a t o r ,  h a v e  b e e n  d e s i g n a t e d  f o r  
s p e c i a l  s t a t u s  o r  c o n c e r n  by t h e  s t a t e s  
where  t h e y  a r e  f o u n d  ( F i g u r e  31) .  No 
i n t o r r n a t i o n  i s  a v a i l a b l e  o n  n a r s h  
a~?iphi b ~ a n s .  

Ui  r d s  

Juncus  n ldrshes o f  t h e  n o r t h e a s t e r n  
Gul t T E i c o  have, i n  a d d i t i o n  t o  a  r i c h  
l o c a l  r e s i d e n t  b i r d  f a u n a ,  s e a s o n a l  
i n f l u x e s  o f  spec ies m i g r a t i n g  through t h e  
M i s s i s s i p p i  F l y w a y .  W i t h i n  t h e  marsh  



Table 27. Food h a b i t s  of dominant f i s h  spec ies o f  t h e  Juncus marsh. 

Species ~ e r b i v o r e l  Detri t ivore l  Plankton Carnivores 
de t r i  t ivore  carnivore feeders Larvivores General Piscivores 

Cyprinodon variegatus 
Leiostomus xanthurus 

cephalus 
Poecilia la t ipinna -- 
Fucinostomus sp. 
Fundulus grandis 
F. s imi l i s  -- 
Hyporhamphus uni fasciatus  
Lagodon rhomboides 
Menidia beryl 1 ina 
Strongylura sp. 
Cynoscion arenarius 
Oligoplites saurus 
Megalops a t l an t ica  
Diapturus 
Lucania parva 
Elops saurus 
Fundul us conf 1 uentus 
Gambusia a f f i n i s  -- 
Centropomus undecimalis 
Cynoscion nebul osus 
Lepomi s macrochi rus  
Micropterus salmoides 

1 = Harrington and Harrington 1961. 5 = Harrington and Harrington 1972 
2 = Subrahmanyam and Drake 1975 6 = Hansen 1969 
3 = Moody 1950 7 = Hackney and de l a  Cruz 1981a 
4 = Lorio and Schafer 1965 

sys tem,  b i r d s  c o m p r i s e  one o f  t h e  l a r g e r  
he rb i vo re  groups and a r e  a l s o  s i g n i f i c a n t  
a t  h i ghe r  t r o p h i c  l e v e l s  as t o p  c a r n i v o r e s  
i n  b o t h  t h e  immediate marsh and e s t u a r i n e  
f o o d  c h a i n s .  The Juncus  m a r s h  s u p p o r t s  
y e a r - r o u n d  r e s i d e n i ( e . q . ,  c l a p p e r  r a i l  
and g r e a t  b l u e  h e r o n ) ,  s u m m e r - n e s t i n g  
s p e c i e s  (e.g., l e a s t  b i t t e r n ) ,  m i g r a n t s  
(e.g., s h o r t - b i l  l e d  marsh wren, sedge wren 
a n d  A m e r i c a n  w i g e o n ) ,  c a s u a l  f e e d e r s  
(e.g., g r e a t  w h i t e  h e r o n s ) ,  and  summer 
v i s i t o r s  ( w h i t e  i b i s ) .  

I n  t h e i r  summary of c o a s t a l  b i r d s  o f  
t h e  G u l f  o f  Mex i co ,  L o w e r y  and  Newman 
(1954 )  f o u n d  t h a t  o f  125  c o a s t a l  s p e c i e s ,  
a l l  b u t  1 9  have been r e c o r d e d  a l l  a l o n g  

t h e  shore1 i n e s  o f  t h e  g u l f .  T h e i r  geogra- 
p h i c  v a r i a n c e  i s  p r i m a r i l y  a  m a t t e r  o f  
season. No s p e c i e s  o f  b i r d  i s  endem ic  t o  
t h e  marshes o f  t h e  n o r t h e a s t e r n  g u l f  area 
alone. F i v e  subspecies o f  marsh b i r d s  a r e  
r e s t r i c t e d  t o  ma rshes  o f  t h e  G u l f  o f  
Mexico: t w o  seas ide sparrows, Ammodranus 
m a r i t i m u s  j u n c i c o l a  f r om  T a y l o r  County t o  
S t .  A n d r e w s  Bay ,  F l o r i d a ,  a n d  A. m. 
f i s h e r i  f r om  t h e  c o a s t  o f  Alabama to-~i$ 
Island, Texas; t h e  L o u i s i a n a  c l a p p e r  r a i l  
(Ral l u s  1 o n g i r o s t r i  s  s a t u r a t u s )  f r o m  A la -  
bama t o  Texas, and t w o  marsh wrens, C i s t o -  
t ho rus  p a l r i s t r i  s m a r i  anae  f r o m  C h a r m  
Harbor, F l o r i d a  t o  Mob i l e ,  Alabama, and C. 
p. t h r y o p h i l u s  o f  t h e  c o a s t s  o f  ~ i s s i s ?  
7 

s i  pp i ,  Lou is iana ,  and Texas. 



Table 28. R e p t i l e s  of t h e  coas t a l  marshes of t h e  no r thea s t e rn  
Gulf of Mexico. 

Name Distribution 

Mississippi diamondback terrapin Florida panhandi e  to  
(Malaclemys terrapin -- p i l e a t a )  western Loui si ana 

A1 abama red-be1 1  ied t u r t l e  Apalachee Bay, Florida,  
(Pseudemys alabamensis to  Mobile Bay, Alabama 

Florida cooter Florida west to Mobile 
(Pseudemys f l o r i  dana floridanal - -- Bay, Alabama 

American a1 1 i  gator Ubiquitous 
(Al l igator  missi ss ippiensis)  -- ----- 

Gulf s a l t  marsh water snake West central  Florida t o  
(Nerodia fasc ia ta  --. c l a r k i i )  central  Texas 

Over 60 species of birds use habi ta ts  
wi th in  Juncus - dominated marshes (Table 
29). Few of these are  permanent res idents  
of the  marsh, b u t  make use of abundant 
f o o d ~ s o u r c e s ,  r e s t i n g  a r e a s ,  and re fuges  
wi th in  the  marsh. Wading b i r d s ,  and 
shoreb i rds  more t yp i ca l  of beaches and 
b a r s ,  a r e  o f t en  observed feed ing  in  t h e  
marsh i n t e r t i d a l  zone, i n  c r eeks ,  o r  on 
sandy berms along t h e  shore.  S a l t  f l a t s  
a1 so provide good feeding areas fo r  these 
spec i e s  and f o r  migrants .  Woody vegeta-  
t i o n  of berms and hummocks p r o v i d e s  
nesting habi ta t  for perching birds (Figure 
32) .  

Only clapper r a i l s  and seaside spar- 
rows n e s t  in  pure Juncus s tands .  Most 
o t h e r  n e s t s  a r e  found in  small  t r e e s  and 
shrubs  on s h e l l  and sand berms and spo i l  
deposits within the marshes. This proba- 
bly provides some p ro t ec t i on  from preda-  
to r s  as well as from the e f f ec t s  of t ida l  
inundation. 

Portnoy (1977) found t h a t  t h e  snowy 
Figure 31. Mississippi diamondback terra-  e o r e t  and q r e a t  e g r e t  were  t h e  n o s t  
pin (Malaclemys terrapin  p i lea ta )  and the  a b u n d a r ~ t  n e s t i n g  s p e c i e s  in  b rack ish  
g u l f  s a l t  marsh snake (Nerodia fasc ia ta  marshes,  and t r i c o l o r e d  herons were t h e  
c f a rk i i ) .  Phota by J. Stout, most abundant spec i e s  i n  s a l t  marshes 



Table 29. Birds a s soc i a t ed  wi th  s a l t  and brackish  nrarsh environments i n  
AS a bama . 

Name Occurrences Special  s t a t u s b  

Falconiformes 
Turkey v u l t u r e  (Ca tha r t e s  
Northern h a r r i e r  (Ci rcus  cyaneus)  

Grui formes 
Kina r a i l  (Ra l lu s  e l e a a n s )  

__r_- 
Cl acper  r a i l 1  ongi r o s t r i  s 
V i rg in i a  r a i l  TRaflus l i m i c o l a )  
Sora (Porzana c - a r  
Ye1 l o w r a i l ~ ~ o t u r n i c o ~ s  noveboracensi s )  
Purple  gal 1 i n u l e  (Porphyrula  mar t in ica  1 
Common moor hen (Gal 1 inul a C ~ ~ O ~ O D U S )  

Charadri i  formes 
Gul l -b i l  l ed  t e r n  (S te rna  n i l o t i c a )  
F o r s t e r  ' s t e r n  ( ~ . f o r s t e r i )  
Caspian t e r n  ( ~ . F a s p i a )  -- 
American oys t e r ca t che r  (Haematopus pal 1 i a t u s  ) 
Semi palmated ol over (Charadri us s e m i ~ a l m a t u s  
p i p i n g  p lover '  ( C .  meiodus) 
Snowy p1 over (C7a lEGEdFinus  
Wi 1 son ' s ol oveFIC .  wi 1 soni a 
K i l l d e e r  I c .  v o c i ~ r u s ) .  
 lack-bellied plover  (P luv i a l  i s  s q u a t a r o l a )  
Ruddv tu rns tone  (Arenaria  i n t e r ~ r e s )  
Lon$-bi1 l ed  c u r l e w i u s  americanus ) 
Whimbrell ( N .  D ~ ~ ~ O D U S )  
Wi1 l e t  ( ~ a t 0 p t ; o p h o r u s  semi palmatus 1 
Greater  ye1 l-inga me1 an01 eucus 1 
Redknot (Cal i d r i s  c a m  
B a i r d ' s  s andp ipe r  ( C . r d i  i  ) 
Leas t  sandoioer  (C .%inu t i l l a )  
Dunlin ( c . '  a ip inn5T 
S h o r t - b i l l e d  dowitcher  ( C .  g r i s e u s )  
S t i  1 t sandpiper  ( C .  himanto- 
Semipalmated s a n d z p e r  ( C .  - p u r i l l u s )  
Western sandpiper  ( C .  mauri ) - 
American avoce t  (ReGrv i  r o s t r a  americana)  

Ciconi iforrnes 
Great  white  heron (Ardea herodi a s  occ identa l  i  s )  CS 
Great  b lue  heron ( A .  h e rod i a s )  P B  
Green-backed he ron7Bu to r i  des v i  rescens  ) SB 
L i t t l e  b lue  heron ( E g r e t t a  caeru lea  SB 
Great  e g r e t  (Casmerodi us a l b u s )  P B  
Snowy e g r e t  ( E g r e t t a  t h u l a )  P B 
Tr ico lored  h e x  -1 o r )  S B 
B l  ack-crowned n i g h t h e r o n  (Nyct icorax nyc t icorax  PB 

( con t inued )  
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Table 23. Concluded. 

-."---" ---. _ l___-v_l- -. -- 

Name Occurrences Specia l  s t a t usb  

Leas t  b i t t e r n  ( I xobrychus  e x i l  i s )  SB 
American b i  t t e r r i - - ~ t u  - -- -%-. 4- inosus - --- M 
Whi te- faced i b i s  (-dl5 c h t h l  C 
White i b i s  (~udocimxus -----. ---- a T b y s r '  S 

Anscr i  furmes 
Fulvous whi s t1  i n g  duck (Dendrocy~na - -- ------- b i c o l o r )  
M a l l a r d  (Anas p l a t y r h y n c E T T -  
Anle r i c a n b3 gc k -  du? c--(~:-y<b r i j e  -- s  - ) 
~ o t t l e d  duck ( A .  f u l v i l ~ M * ~ -  
Gddwnll ( A .  str^eii~fa'~-w-v-- 
Nor thern  {Tnfai-1- PAl': acu ta )  - - -- 
~ r c e n - w i n b e d  t e a l  (A. c rccca 
B l  ue-winged t e a l  ( 6 '  -- dfsc<ri) F 

Anjerican w i  yeun ( A .  americdna) 
Nor thern  shove le r  T A . - C " I Y C J ~ ~ )  
Redhcdd (Aythya drnericgna? 
lesser  c,c&p TA I T i j G - d V i n i s )  
s u r f  i i o l u r  iM~+>-nittg 
Recf-l,redstcd n@ryanGr 

Pnsser i  f ormcr 
Trct i  swal low (Tdchyc i  nc ta  b i c o l  or 1 

-*-  - -- ----- - ---- 
F i s h  crow (Curvus oss i  f ragus7 

-* (- I ^ -I-- 1 ---I 1 

Marrh wren (C rs to tho ru r  p a l u s t r i s )  
sedge wren (C"."'j,TitF"rislisjx - --" I" 
Eds tc rn  rneddo%l aarT '(SSi-furnel 1  a majnd ) 
W P ~  t e r n  incddowl a r k  ( r.--nne$-&E tx) "" 

Retf-winged black O i  r d  (ACJ~~ITG-~ w -- - - phooniceus -- - - - - - --- 1 
f l o a t - t a r l e d  y r d c k l e  ( C a s r i d i x  mcxicanusr 
S i i a r p - t a i l e d  sparrow (AimVdGrami<-cdudJkutus) - - 
Seaside sjadrrow ( A ,  t n d r 7 f i m i k r -  - - -  - 

clllcc u r r cncc  ( frorri Ckrrrmock 1974; ImhoFf 1976).  
f) Pcrmanrot rez idc r r t ;  MzMigrant; W = W i  n t e r  V I  s i  t o r ;  S=Sumnier r e s i d e n t ;  
L Cdsudl;  I3 Urccd ing  popu la t ion .  

' ' ~ p r c  td1 r , t d t i i s  (Front Christmdn and L ~ p p l  n c o t t  1978) 
F E 10ri dal 1 I r t ;  A~Aldbatrid 1 i.;t; TrThrtaatcned; 5-Specia l  concern. 

I T t x t ~ l t  10).  I \ r o  r%er todr ,  a t  i n c u b a t i a n  
L~cI'(% d ~ t ~ r i i ~ l  rlefl for  t h ~ $ ( ?  varrour, s p c ~  i c s  
( F i g c r r c  3.1). T h e  s n o w y  e u r e t ,  g r e d t  
t3(]reLV l i t t l ~  !>ltir hcr'on, t r i c o l o r e d  
heror,, d r ~ d  f . - o r \ l e r ' r ;  t e r n  i n ~ u n a t e  e n 2 5  
d u r l  n t  tfic s p r ?  n g ,  Suintner i n c u h a t i  ort l 's 
t y b i t i i i  i j f  C i i ?  r * c l ? i " t  i i t ; ? ~ ,  v i i $ ; s - f a c ~ d  
l r r l s ,  c d t t l c  e g r e t ,  arltl l c d s t  t e r n .  
! r l c o l  o red  f?er lsns b e q ?  n Incubation i r l  

e a r l y  s p r i n g ,  and eqgs may he Found i n  
F ~ I : I O  n e s t s  t h r o u g h  m i d s u m m e r .  Two 
sepdrdte i r1cut)dtion per iods,  i n  s p r i  ns and 
dga1n i n  mid-summer,  a r e  e x h i b i t e d  by 
Sldckcrowned n i g h t  herons and 1 i t t l e  b l u e  
herons (F i qu re  33) (Por tnoy 1977).  

Man; coas ta l  b i r d s  nes t  i n  f r eshwa te r  
d e l t a s  and u s e  t h e  Juncus  marsh  h a b i t a t s  -- 



F igu re  32. blest1 i n g  herons i n  shrubs of a  
Juncus marsh. Photo by J. Stout .  

as secondary b reed ing  and d i s p e r s a l  areas. 
The marsh  p r o v i d e s  an i d e a l  e n v i r o n ~ l e n t  
f o r  b reed ing  b i r d s .  Dense v e g e t a t i o n  and 
t h e  i s o l a t e d  n a t u r e  o f  many ma rsh  t r a c t s  
r e s t r i c t  access  by p r e d a t o r s ,  e s p e c i a l l y  
t h e  r a c c o o n  ( P r o c y o n  l o t o r ) .  S m a l l  f i s h  
as we1 1  as numerous, abundant i n v e r t e b r a t e  
s p e c i e s  p r o v i d e  f o o d  f o r  b o t h  a d i r l t s  and  
young  f l e d g l  inqs. 

R a i l s  b u i l d  a  p l a t f o r m  n e s t  o f  
Spa r t i na  a1 t e r n i  f l o r a  s t e n  f ragments  woven 
among s t a n d i n g  l i v e  s tems.  N e s t s  a r e  
u s u a l l y  i n  a r e a s  c l o s e  t o  seconda ry  and  
t e r t i a r y  t i d a l  c r e e k s ,  a b o u t  15-25  cm 
above t h e  marsh f l o o r .  Nest  h e i g h t  seems 
t o  accommodate average t i d e  he i gh t s ,  b u t  
H o l l i m a n  ( 1 9 7 8 )  f o u n d  a  number  o f  n e s t s  
d e s t r o y e d  by s t o r m  t i d e s .  I n  t h i s  s t u d y  
no nes t s  were found i n  pure  Juncus s tands 
o r  i n  a r e a s  w h e r e  t h e r e  was a  m i x t u r e  o f  
o n l y  D i  s t i c h l  i s  and  S p a r t i n a .  However ,  
r a i l  a c t i v i t y  i s  e v i d e n c e d  i n  Juncus  
s t a n d s  b y  t r a i l s  w o r n  b e t w e e n  t h e  l e a v e s  

Tab le  30 
n e s t i n g  
marshes, 
coasts ,  1 

. Abundance of some c o l o n i a l  
b i  r d s  o f  s a l  t and b r a c k i s h  

Lou i  siana-Mississippi-Alabama 
,976 (adapted frorn Po r t noy  1977). 

Breeding a d u l t s  

Species  Brackish S a l t  
marsh marsh 

01 i vaceous cormorant 7 88 0 

O f  t h e  s p e c i e s  f o u n d  i n  t h e  ma rshes  Great egret 15,138 20,564 

o f  t h i s  r e g i o n  o n l y  t h e  c l a p p e r  r a i  1 SnoMy 15,932 53,018 
( R a l l  us l o n g i r o s t r i  s)  has been s t u d i e d  i n  
d e t a i l .  Though t h e  c l appe r  r a i l ,  o r  marsh C a t t l e  e g r e t  2,400 2,212 
hen, i s  a  popu la r  s p o r t  spec ies i n  marshes 
i n  o t h e r  r e s i o n s  o f  t h e  U n i t e d  S t a t e s ,  i t  Trico lored  heron 13,294 112,000 
i s  n o t  so a l o n g  t h e  g u l f  c o a s t .  ~ o l 1  i h a n  
( 1978 )  a t t r i b u t e d  t h e  absence o f  h u n t e r  heron 

pressure  t o  i n a c c e s s i b i  1  i ty caused by 1  ow n i g h t  4,604 
t i d e s  and l a c k  o f  e x t e n s i v e  a r e a s  o f  
h a b i t a t .  Nest s i t e s  and h i ghe r  p o p u l a t i o n  White i b i s  134 11,095 
d e n s i t i e s  a r e  found i n  l a r g e  open areas o f  
S. a1 t e r n i f l o r a .  I n  m o s t  n o r t h e a s t e r n  White-faced i b i s  0 6,909 - 
g u l f  coas t  marshes, S. a1 t e r n i f l o r a  occurs  
o n l y  as a  f r i n g e ,  a n r t h e  marsh expanse i s  s p o O n b i l l  

d o m i n a t e d  by Juncus  w i t h  s i g n i  f i c a n t l y  Laugh ing  g u l l  
f e w e r  r a i l s  p e r  ha. I n  A labama,  r a i l  
d e n s i t i e s  r a n g e d  f r o m  2 . 6 4 / h a  - i n  a n  Gul l -b i l l ed  t e r n  0 20 
i n s u l a r  ma rsh  w i t h  85% S. a l t e r n i f l o r a  
cover  t o  0.121ha i n  an i n s u l a r  marsh w i t h  For s t e r ' s  tern 6,768 12,196 
95% Juncus  and  3% S p a r t i n a  ( H o l l i m a n  Least tern 
1978). E x a m i n a t i o n  o f  h u r r i c a n e  i m o a c t s  
on popu la t i ons  of c l appe r  r a i l s  i n d & a t e d  (-aspian t e r n  
s i g n i f i c a n t  p o p u l a t i o n  r e d u c t i o n  i n  
c o a s t a l  marshes  whe re  s t o r n  o v e r w a s h  Royal t e rn  
c a u s e d  s e d i m e n t s  t o  b u r y  t h e  S. 
a1 t e r n i  f l  o r a  h a b i t a t  ( H o l l  i man 1981 1. Black skimmer 
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F igure  33. Feasonal t i m i n g  o f  i n c u b a t i o n  
For conlrnnn wading b i r d s  and seab i rds  
nes t i ng  i n  s a l t  and b rack i sh  rr~arshes o f  
the no r t heas te rn  Gulf of Mexico. (Modi- 
f i e d  from Portnoy 1977). 

and p l a n t s  by f r e q u e n t  r e p e a t e d  passages.  
u l  t h rk  h i  r t fs .  

R d i l  s d r c  o p p o r t u n i s t i c  o n n i v o r e s ,  
u c c ~ r p y i n q  a h r o a d  t e e d i n g  ' n i c h e  i n  
r~arc,l.ke$. Faorl h a h i  t s  o f  c l  a l>per  r a i  1  s  
hdve bocn ~ X ~ I I I I ~ ~ C ~  f o r  bo th  the! 1 ou i s i ana  
t , d r  1 ( K d l  l u s  l o n 9 l r o c t r i s  s a t u r a t u s :  
Alat>drna f o  l"crxac'ix"and t17C F T m r i c f i  "TTSEfiFr 
rrfl'l ( K .  1. 5 6 o t t i ) .  I f o w e l l  11q32) 1 i ; t ed  
f o u r  s p c c i e s  o f  decapod c r u s t a c e a n s  arid 
one s p e c i e s  o f  i n s e c t  e a t e n  by F l o r i d a  
c l a p f ~ e r  r a i l s  i n  w c s t c r n  F l o r i d a ,  N i n e  
genera  o f  f o o d  o rgan i sms  were i d e n t i f i e d  
f ro tn  a t o u i s i a n a  c l a p p e r  r a i l  s t o r r ach  by  
U a t c n ~ a n  ( 1 9 6 5 ) .  Uca ,  1 i t t o r i n a ,  a n d  
Sesarrnd o c c l l r r ~ d  mOS t f?CQGi-ntTY 174' , 
TgTi,-ZTd 338 o f  s tor i ldchs,  r e s p e c t i v e l y ) .  
S to~ lachs  of AS abama b i r d s  y i e l d e d  lica and -- 
seeds (Fin1 1 i man 1978). 

p e l r d  ( 1 9 8 2 1  d e s c r i b e d  Food  a ~ d  
f e e d i n g  h a h ? t s  o f  f i v e  sub . rpec ies  o f  
c ldpper.  r a i l s  o f  t h e  guf f and A t l a n t i c  
coasts.  Thouqh t h e r e  were some d i f f e r e n -  
c e s  i n  d i e t a r y  i t e m s  due t o  zoogeography  
and h a b i t a t  type,  a l l  f i v e  subspecies a t e  
b a s i c a l l y  t he  same k i n d s  o f  food. F i d d l e r  
c rabs  (Uca) were t he  most commonly occur -  
r i n g  fob-d i n  a p p r o x i m a t e l y  707' o f  t h e  
r a i l ' s  s tomachs .  Sesarrya were  f o u n d  i n  
20% o f  t h e  s tomachs  o f  b o t h  s u b s p e c i e s .  
R e l a t i v e  abundance o f  t he  two  c r a b  genera 
i n  t h e  d i e t  v a r i e d  w i t h  season and  t i d a l  
c o n d i t i o n s .  Uca a re  g e n e r a l l y  l e s s  a c t i v e  
and  i n  the i r - - i ;ur rows d u r i n n  t h e  w i n t e r  
( T e a l  1958) .  Sesarma a r e  more t e r r e s -  
t r i a l  t h a n  Uca--ay a v o i d  t h e  h i g h -  
t i d e  w a t e r s - t a k i n g  r e f u g e  on d e t r i  t d l  

r a f t s  o r  on 1  i v i n g  p l a n t s  where  t h e y  a r e  
more vu l ne rab le  t o  p reda t ion .  Rai 1  s  taken  
by  Hea rd  appeared  t o  have  been f e e d i n g  
t h r o u g h o u t  t h e  t i d a l  c y c l e ;  m o s t  f e e d i n g  
was d u r i n g  l o w  t i de .  

1 " i -- t t o r i n a  - - - -- i r r o r a t a  a n d  Melampus 
b i t l en ta tus  were the  second  m o s t  -abundan t  
component  o f  t h e  c l a p p e r  r a i l s '  d i e t .  
These rnol l u s k s  we re  f o u n d  i n  25; o f  t h e  
stomachs o f  t h e  Lou i s i ana  c l appe r  and 15, 
of  t he  F l o r i d a  c l appe r  r a i  1. These may be 
nta jor  food i tems d u r i n g  c o l d  pe r i ods  when 
Ucd and o t h e r  c r a b s  a r e  l e s s  a c c e s s i b l e .  
-T 

M i n o r  cns iponen ts  o f  t h e  d i e t  i n c l u d e  
p o l y c h a e t c  w o r n s ,  i n s e c t s ,  and p l a n t  
materials, a l l  o f  w h i c h  may b e  m o r e  
i m p o r t a n t  d u r i n g  w i n t e r  f e e d i n q .  
Ve r t eb ra tes  have r a r e l y  been repo r t ed  f r o m  
c l a p p e r  r a i l  s t o m a c h ~ a n a l y s e s ,  b u t  f i s h  
r e m a i n s  we re  f o u n d  by Hea rd  (1982 )  i n  R.  
1. s a t u r a t u s .  Hea rd ' s  u n p u b l i s h e d  d a t a  6n 
E l i i n t h  p a r a s i t e s  o f  t h e  r a i l  s u g g e s t  
t h a t  f i s h  a re  o f  some importance. 

Four  spec ies o f  marsh b i r d s  have been 
g i v e n  s p e c i a l  s t a t u s  by t h e  S t a t e s  o f  
F l o r i d a  o r  A1 abama. Alabama has i n d i c a t e d  
t h a t  b o t h  t h e  l i t t l e  b l u e  h e r o n  ( E g r e t t a  - 
c a e r u l e a )  and  t h e  b l  a c k - c r o w n e d  n i  n h t  
h e ~ N " y c t i c o r a x  n y c t i c o r a x )  a r e  * o f  
" ~ p e c i a m f C " i ? i % ?  " T h r e a t e n e d "  s t a t u s  
has  been  o i v e n  t o  t h e  a r e a t  w h i t e  h e r o n  
(A rdea  h e r o d i a s  o c c i d e n t a l  i s )  i n  F l o r i d a  
i iZ -55"  t h e n O t t l m k m  f u l v i o u l a )  

--L 

i n  Alabama. A l l  s p e c i e s  u s i n g  h a b i t a t s  
w i t h i n  t h e  Juncus  marshes  a re ,  howeve r ,  
somewhat th rea tened  by t h e  1  i m i  t e d  amount 
o f  s u i t a b l e  m a r s h  a v a i l a b l e  a n d  b y  



i n c r e a s i n g  p r e s s u r e s  t o  develop marshes. 
Breeding b i r d s  a r e  e s p e c i a l l y  suscep t i b l e  
t o  human d is tu rbances  s i nce  most a r e  ve r y  
s e c r e t i v e  a n d  r e q u i r e  i s o l a t i o n  f o r  
nes t ing .  

Mammal s  

Mammals o f  t h e  Juncus  marsh  may b e  
ca tegor i zed  i n t o  t h ree  groups: (1) marsh 
r e s i d e n t s ,  ( 2 )  i n h a b i t a n t s  o f  t h e  
ma rsh /up l  and  i n t e r f a c e ,  and  ( 3 )  i rp l  and  
mammals e n t e r i n g  t he  marsh t o  feed  (Table 
311. 

Marsh  r e s i d e n t s  i n c l u d e  t h e  n u t r i a ,  
L o u i s i a n a  m u s k r a t ,  and marsh  r a b b i t ,  a l l  
o f  w h i c h  a r e  s t r o n g  swimmers.  T h e i r  
b e h a v i o r  i n c l u d e s  n e s t i n g  among p l a n t  
s tems o r  b u i l d i n g  dens w i t h  e l e v a t e d  
f l o o r s  t o  keep  t h e i r  young  above t i d a l  
w a t e r s  ( F i g u r e  34).  A l l  a r e  h e r b i v o r e s  
feed ing  upon herbaceous leaves, stems, and 
r o o t s .  T h e i r  l a r g e  s i z e  and  v o r a c i o u s  
appe t i t es  nay  r e s u l t  i n  s i q n i f i c a n t  damage 

Table 31. Common mammals assoc ia ted  w i t h  
Juncus roemerianus marshes o f  t h e  n o r t h -  
eas te rn  Gul f o f  Mexico. 

Marsh r a b b i t  (Sy_tlv_iJ$p~ p a l u s t r i s  p a l u s t r i s )  

R  i c  e  r a t  (Ory~ovys. pa&.tri?- p_a_1j?-t_r!_s_ a  

Co t ton  r a t  (_Zi,xmodon. h i? i !E~s. )  a 

Lou i s i ana  muskra t  (Ondatra - z i b e t h i c u s  r i v a l i c i u s )  

Nut r i a ( My~c_a_s_t.st~r_ c ~ y p ~ s  b o  n a21 eT1rI3 ) 

Raccoon (Procyon l o t o r  var iE )b  --- - - - - - 

Southern  m i n k  I M u s t e l l d  *"_ "_12 )b 

O t t e r  ( L u t r a  c .  canadens i s l b  

Red fox  (Yu lpes .- f u ~ v a ) ~  

L o n g - t a i l e d  weasel (Muste la  -- f r e n a t a l b  

Bobcat (Lynx ---- r u f u s l b  -- 

Deer ( ~ o _ _ c o ~ ~ s  sp.  )a 

dMarsh up land  i n t e r f d c e  i n h a b i t a n t s  

'predators f r om up land  h a b i t a t s .  

F igu re  34. Nut r ia  n e s t  3n s h o r t  Spar t ina  
a1 t e r n i f l o r a .  Photo by J. Stout .  

t o  p l a n t s  i f  a n i m a l  p o p u l a t i o n  d e n s i t i e s  
a r e  h i gh .  The n u t r i a  i s  s u c c e s s f u l  i n  
f r e s h w a t e r  a s  w e l l  as  i n  t h e  J u n c u s  
rrtarshes. The m u s k r a t  ( F i g u r e  3 5 ) d '  
n u t r i a  s u p p o r t  a  f u r - t r a p p i n g  i n d u s t r y ,  
e s p e c i a l l y  i n  M i s s i s s i p p i  marshes. 

The c o t t o n  r a t  i s  more t e r r e s t r i a l  i n  
n e s t i n g  h a b i t  and p r e f e r s  t h e  h igher ,  l e s s  
f r e q u e n t l y  f l ooded  marsh up1 and in te r face .  
The r i c e  r a t  i s  t h e  m o s t  a b u n d a n t  o f  a l l  
t h e  coas ta l  marsh mammals. The r i c e  r a t  i s  
a  good swimmer and may be observed f eed ing  
i n  t h e  l o w e r  marsh. To escape  f l o o d i n g  
waters,  they use entergent vege ta t i on  and 
f l o a t i n g  d e b r i s  as t e m p o r a r y  r e f u g e s .  
Wolfe (1982) found t h a t  p o p u l a t i o n  s i z e  of 
t h e  r i c e  r a t  showed no  n o t i c e a b l e  change 

F igure  35. Common muskrat  (Ondatra 
z i b e t h i c u s ) .  Photo by J. Mol f ,  



f o l l o w i n g  m a r s h  f f o o d i n g  by a s t o r m  and 
two hur r icanes w i t h i n  a six-month pe r iod  
i n  1979. These granivorous species are a 
p r i m a r y  food  f o r  l a r g e r  p r e d a t o r s  t h a t  
v i s i t  t h e  marsh t o  feed. 

Predator spec ies  inc lude the  raccoon, 
mink ,  l o n g - t a i l e d  weasel ,  and o t t e r  who 
o n l y  v i s i t  t h e  marsh  f o r  f e e d i n g  ( F i g u r e  
36 ) .  A l l  h a v e  m i x e d  d i e t s  o f  s m a l l  
mammals, such a s  t h e  r a t s  above; young 
muskra t ,  n u t r i a  and b i r d s ;  and b e n t h i c  
i n v e r t e b r a t e s  a n d  f i s h  i n  t h e  t i d a l  
creeks. Debr is  mats and abandoned n u t r i a  Figure 36. Heron and raccoon t racks  a t  
o r  muskrat dens serve as feeding s ta t ions .  low t i d e .  Photo by J. Stout, 



CHAPTER 5 

ECOLOGICAL DYNAMlCS 

Marshes have h i s t o r i c a l l y  been viewed 
a s  v i t a l  primary p roduc t i on  s i t e s  t h a t  
serve as  the base of d e t r i t a l  food chains 
( O d u m  and de l a  Cruz 1967;  de l a  C r u z  
1973). High l e v e l s  of p r o d u c t i v i t y  have 
been a t t r i b u t e d  t o  a v a r i e t y  of marsh 
types  ( s e e  reviews by Keefe 1972 and 
Turner 1976); three components contribute 
t o  these high levels:  phytoplankton, algae 
on the sediments and p lan t s ,  and vascular 
pl ants.  

Marsh de t r i t u s  produced by biological 
decomposi t ion,  a s  well  a s  mechanical 
breakdown of dead plants,  i s  reported as  a 
r i c h  and abundant food s o u r c e  f o r  marsh 
and e s t u a r i n e  organisms ( d e  l a  Cruz and 
Gabriel  1974; de l a  Cruz 1975; de l a  Cruz 
and Poe 1975b). S t u d i e s  of  p a t t e r n s  and 
s i g n i f i c a n c e  of t r a n s p o r t  o f  d e t r i t u s  t o  
e s t u a r i e s  have y i e lded  d i spa r a t e  r e su l t s  
and demonstrate t h a t  t h e  energy  dynamics 
of d i f f e r e n t  marsh/es tuar ine  systems may 
vary greatly (Nixon and Ovia t t  1973; Day 
e t  a l .  1973; Hackney 1977).  

c l a r i f y  the role  of these marshes in  food 
chains i n  order t o  determine t he i r  value. 

PRIMARY PRODUCTION 

No data are avai lable  on primary pro- 
duction in the phytoplankton and attached 
a lga l  components of Juncus marsh f l o r a .  
Therefore ,  e s t i m a t e s  of marsh primary 
productivity are fo r  vascular plants only 
and a r e  underestimates of biomass produced 
by the e n t i r e  primary-producer conmuni ty. 

J u n c u s  r o e m e r i a n u s  and  S p a r t i n a  
a1 t e r m  have-been the most frequently 
i n v e s t i g a t e d  s p e c i e s  on t h e  gulf  coas t .  
D i f f e r e n t  t e c h n i q u e s  f o r  compu t ing  
estimated annual net  aboveground primary 
product ion ( A N P P )  y i e l d  widely varying 
r e s u l t s  and make comparisons between 
d i f f e r e n t  s t u d i e s  d i f f i c u l t  i f  n o t  
imposs ib le  (Tab1 e 3 2 ) .  E s t i m a t e s  o f  
s t a n d i n g  c r o p  a s  a n  i n d i c a t o r  o f  
product ion provide mGre s i m i l a r  r e s u l t s  
be tween  s t u d i e s .  L i t t l e  d a t a  i s  
a v a i  1 a b l e  on b e l o w g r o u n d  p r i m a r y  
p r o d u c t i o n ,  a1 though  t h i s  product ion Recen t  i n f o r m a t i o n  (Nixon 1980;  c o m p o n e n t  b e  v e r y  i m p o r t a n t  

Haines 1976, 1977) q u e s t i o n s  long-held  e c o l o n i c a l l y ~  dogma regardi ng marshes a s  nu t r ien t  pool s  
and primary sources  of d e t r i t u s  f o r  t he  
food  c h a i n .  Very few c o m p r e h e n s i v e  Aboveground ne t  primary product ion 
studies have addressed t he  functional role  es t imates  fo r  Sparti  na a1 t e rn i  f l  ora (130- 
o f  s a l t  m a r s h e s  i n  t h e  e s t u a r i n e  2,029 g dry w t  m-Lyr-1) and f o r  S p a r t i n a  
ecosystem, and even l e s s  i n fo rma t ion  i s  patens (1,242 and 1,922 g dry w t  m w  
avai lable  to  assess the r o l e  of gulf coast  on t h e  g u l f  c o a s t  a r e  g r e a t e r  t h a n  
Juncus marshes. This  r o l e  cannot  be estimates from s tud i e s  i n  A t l a n t i c  c o a s t  
i n t e r p o l a t e d  from da ta  on o t h e r  t ypes  of marshes (Stroud and Cooper 1968; Williams 
marsh systems ( i . e . ,  S p a r t i n 3  a l t e r n i -  and Murdoch 1972; Waits 1967; Wass and 
f l o r a )  because of t h e  l o w e r  t i d a l  energy Wright 1969; Steever 1972). A wide range 
inputs on the gulf coast ,  i r r egu l a r  t i da l  of values f o r  DisJichlis  spicata  (63-1,484 
flooding, and differences i n  Juncus t i s sue  3 dry W t  m - *  y r - l )  from a l i m i t e d  number 
composition. There i s  a c r i t i c a l n e e d  to  of s tudies  i s  d i f f i c u l t  t o  evaluate. 
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Table 32. Estimates o f  p r o d u c t i v i t y  f o r  various s a l t  marsh p lan ts  o f  the  northeastern 
Gul f  o f  Mexico coasts. 

Above Below Tota l  Above Be1 ow To ta l  
Species State ANPP ANPP ANPP standing s tanding s tanding References 

(g/m2) (g/m2) (g/m2) crop (g/m2) c rop  (g/m2) c rop  

Juncus roemerianus 

MS 

MS 

1,697a 

MS 390b 

Spar t ina a l t e r n i f l o r a  At 2,029"6,218a 

MS ( T a l l )  

( S h o r t )  

2, 000C E l e u t e r i u s  1972 

de l a  Cruz 1974 

Gabr ie l  and 
de l a  Cruz 1974 

1 , 3 6 0 ~  de l a  Cruz and 
Hackney 1977 

5, non- 7, nnoc 

S tou t  1978 

2,000-4, 0 0 0 ~  Hackney e t  a l .  1978 

530f 4,573d 5,101 Kruczynski e t  a l .  
1978a 

351f 5,14nd 5,591 

8,247 t .275C 5,073c 6,108 S tou t  1978 

6,708 ~ , n l n d  3,595d 4,625 

3,000-7,000 Hackney e t  d l .  !978 

1,473b de l a  Cruz 1974 

1 ,964a 

1,1189~ 

(continued) 

Kruczynski e t  a l .  
1978a 



Table 32. Conc? uded. 

Above Below To ta l  Above Below To ta l  
Species State ANPP ANPP ANPP standing standing s tanding References 

(g/m2) (g/m2) (g/m2) c rop (g /m2)  crop(g/m2) c rop  

Spar t ina patens MS 

Spar t ina cynosuroides MS 475b 

D i s t i c h l i s  sp icata 

de l a  Cruz 1974 

Gabr ie l  and 
de l a  Cruz 1974 

Hackney e t  a t .  1978 

de l a  Cruz 1974 

Gabr ie l  and 
de l a  Cruz 1974 

Hackney e t  a l .  1978 

Kruczynski e t  a l .  
1978a 

Scirpus robustus MS 1,056b de l a  Cruz 1974 

Scirpus o lney i  MS 495C 12,oooC 12,695 H a l l  and Faulkner  
1980 

Mixed species MS 1,051b de l a  Cruz 1974 

Method o f  Ca lcu la t ion  

a ~ r n a l  1 ey 1959 ePer iod ic  max.-min. model MS = M i s s i s s i p p i  LM = Low Marsh 
b ~ i l n e r  & Hughes 1968 (Hackney and Hackney 197i; 1978) AL = Alabama UM = Upper Marsh 
'peak standing crop f ~ n d  o f  season l i v e  FL = F l o r i d a  HM = High Marsh 
d ~ e a n  monthly standing crop SWeigert and Fvans 1964 

O f  t h e  s p e c i e s  1  i s t e d  i n  T a b l e  32. 
D i s t i c h l i s  sp i ca ta ,  Spa r t i na  cynosuro ides l  
and S c i  r p u s  spp. have  a  we1 1  - d e f i n e d  
g row ing  season f r om  e a r l y  s p r i n g  t o  f a l l .  
/\lo s i g n i f i c a n t  w i n t e r  p r o d u c t i o n  o f  new 
t i s s u e s  o c c u r s  i n  any o f  t h e s e  s p e c i e s .  
H o w e v e r ,  u n l i k e  m o s t  A t l a n t i c  c o a s t  
marshes, g u l f  marshes s u p p o r t  rneasurabl  e  
p r o d u c t i v i t y  i n  a11 months w i t h  new l i v e  
t i s s u e s  be i ng  produced by Juncus, Spa r t i na  
a1  t e r n i f l o r a  a n d  S. p a t e n s .  B i omass  
p r o d u c t i o n  h a s  a  x f f e r e n t  s e a s o n a l  

p a t t e r n  f o r  each  o f  t h e s e  s p e c i e s .  Dead 
and p a r t i a l l y  decaying biomass a re  g r e a t e r  
t h a n  l i v i n g  b i omass  t h r o u g h  t h e  w i n t e r  
months (Gabr ie l  and de l a  Cruz 1974; S t o u t  
1978; Kruczynsk i  e t  a l .  1978a).  

Be lowg round  p r o d u c t i v i t y  o f  ma rsh  
p l a n t s  i s  d i f f i c u l t  t o  a c c u r a t e l y  a s s e s s  
because o f  prob lems i n  s e p a r a t i n g  1 i v i n g  
and dead m a t e r i a l  and thus, i n  d e t e r m i n i n g  
r a t e s  o f  l o s s  by death and deconposi t i o n .  
A t t e m p t s  a t  e s t i m a t i n g  b e l o w g r o u n d  ANPP 



have r e s u l t e d  i n  1.1-7.6 k g  m-2 f o r  Juncus 
and 3.5-6.2 k g  m-2 f o r  S. a l t e r n i f l o r a  
( S t o u t  1978).  S t a n d i n o  c r o ~  e s t i m a t e s  
f o r  a l l  s p e c i e s  studied i n d i c a t e d  t h a t  
t o t a l  ( 1  i v i n g  a n d  d e a d )  b e l o w g r o u n d  
biomass exceeded aboveground biomass t h ree  
t o  t e n  t i n e s  ( F i g u r e  37).  S t o u t  (1978)  
and de l a  C ruz  and  Hackney ( 1977 )  f o u n d  
t h a t  most  r o o t  and rh izome m a t e r i a l  i s  i n  
t he  upper 20 cm w i t h  as much as 80% i n  t h e  
0 -10  cm l a y e r  ( F i g u r e  38) .  Th.is l a r g e  
p o o l  o f  b i omass  may p r o v i d e  v a l u a b l e  
e n e r g y  i f  i t  f i n d s  i t s  way i n t o  t h e  f o o d  
web. Some may be l o s t  through r e s p i r a t i o n  
o r  i n  t h e  anaerobic  p roduc t i on  o f  methane 
and o t h e r  a n a e r o b i c  byp roduc t s  by m i c r o -  
organisms. Organic m a t e r i a l  s w i t h i n  t h e  
s u b s t r a t e  c o u l d  b e  r e m o v e d  b y  
b i o t u r b a t i o n ,  e r o s i o n ,  s u b s u r f a c e  
drainage, o r  th rough  seepage as d i s so l ved  
o r g a n i c s .  Because o f  t h e  s i g n i f i c a n t  

1000 1 ABOVEGROUND 

c o n t r i b u t i o n  o f  belowground p roduc t i on  t o  
t o t a l  marsh p l a n t  biomass, i t  i s  necessary 
t o  de te rmine  more about  i t s  f a t e  and r o l e  
i n  t h e  ecosystem. 

P r o d u c t i v i t y  o f  b o t h  J u n c u s  a n d  
S p a r t i n a  a1  t e r n i f l o r a  may d i f f e r  i n  
d i f f e r e n t  zones o f  t h e  marsh. Kruczynsk i  
e t  a l .  ( 1 9 7 8 a )  f o u n d  t h a t  t o t a l  n e t  
aboveg round  Juncus  p r o d u c t i o n  d e c r e a s e  
landward  f o r  Juncus ( l o w  marsh = 700 m- P 
yr- l ,  u p p e r  = 335 g m-2 y r - a  a n d  
h i g h  ma rsh  = 1 3 0  g m - 2  y r - l ) .  H i g h e s t  
annual mean be1 owground biomass i n  Juncus 
was i n  t h e  h i g h  ma rsh  (8.7 t i m e s  a b o v e -  
g round ) ,  w h i l e  l o w  ma rsh  and  u p p e r  ma rsh  
had  s i m i  1 a r  be1 owg round  t o  aboveg round  
r a t i o s  (3.7 and 3.8, r e s p e c t i v e l y )  ( T a b l e  
32). 

BELOWGROUND 
I T 
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i o n  of a n n u d l  mean and monthly mean below- 
ground biomass o f  Juncus roemerianus a n d  Spartt'na. a l t e r n i f l o r a  (from 
Stout  1978). 



TISSUE NUTRIENTS 

C o n c e n t r a t i o n s  o f  a m i n o  a c i d s ,  
n u t r i e n t s ,  and  p r o t e i n  a r e  h i g h e r  i n  
Juncus roemerianus, a  C3 species., t han  i n  
C n  s ~ e c i e s  wh ich  have been exanlned (i.e., 
ST a ' l  t e r n i f l o r a ,  S. c y n o s u r o i d e s ,  S. - 
p a t e n s ,  and  D i s t i c h l i s  s p i c a t a )  ( ~ a b K  
-his nay  imp1 y  a  p o t e n t i  a1 he rb i vo re  
p r e f e r e n c e  - f o r  t h i s  m o r e  n u t r i t i o u s  
s p e c i e s  and c e r t a i n l y  i n d i c a t e s  a  1  a r g e  
p o o l  o f  h i g h - q u a l i t y  f o o d  m a t e r i a l  as a  
r e s u l t  o f  i t s  h i g h  p r o d u c t i v i t y  a n d  
e x t e n s i v e  c o v e r a g e  (de  l a  C ruz  and  Poe 
1975a).  

N u t r i e n t  c o n t e n t  may v a r y  c o n s i d e r -  
a b l y  between popu la t ions .  Twenty-two f r e e  
am ino  a c i d s  we re  i s o l a t e d  b y  E l e u t e r i u s  
( 1979 )  f r o m  d w a r f  Juncus  p l a n t s  ( 3 0  cm),  
w h i l e  o n l y  18 were found i n  e i t h e r  medium 
( 1 2 0  c m )  o r  t a l l  ( 2 1 0  c m )  p l a n t  
p o p u l a t i o n s .  F r e e  am ino  a c i d  c o n t e n t  o f  
d w a r f  p l a n t s  was t w i c e  as g r e a t  as  i n  
o t h e r  popu la t i ons  (Tab1 e 33). 

Juncus  may, however ,  have  n a t u r a l  
defenses a g a i n s t  funga l  and i n s e c t  a t tack .  
H i g h  l e v e l  s  o f  s i l i c a  we re  f ound  i n  t h e  
l e a v e s  a n d  r h i z o m e s  i n  a l l  t h r e e  
p o p u l a t i o n s  ( T a b l e  3 4 )  ( L a n n i n g  a n d  
E l e u t e r i u s  19713). Rhizome s i l i c a  con ten t  
was d i r e c t l y  r e l a t e d  t o  a v a i l a b l e  s i l i c a  
i n  t h e  s o i l ,  b u t  l e a f  concen t ra t i ons  were 
s i m i l a r  f o r  a l l  t h r e e  h e i g h t  forms. Both 

1 eaves  and r h i z o m e s  e x h i b i t e d  i n c r e a s e d  
s i l i c a  c o n t e n t  w i t h  age. 

DECOMPOSITION AND FOOD VALUE OF DETRITUS 

G r e a t  v a r i a b i l i t y  e x i s t s  i n  t h e  
decompos i  t i o n  o f  d i f f e r e n t  ma rsh  p l a n t s  
( F i g u r e  3 9 )  due t o  d i f f e r e n c e s  i n  t i s s u e  
make-up and env i ronmenta l  c o n d i t i o n s  where 
t h e  swecies occur .  Dead l eaves  and stems 
o f  ~ p ' a r t i n a  a1 t e r n i f l o r a  break down most  
r a p i d l y  o f  a l l  spec ies  s t u d i e d  (Tab le  35). 
When l e a f  decompos i t i on  i s  t a k i n g  p l a c e  on 
t h e  ma rsh  s u r f a c e ,  80-90% o f  i n i t i a l  
biomass may be l o s t  f r o m  1  i t t e r  bags i n  a  
y e a r .  W i t h i n  c r e e k s ,  S. a1 t e r n i f l o r a  
l i t t e r  n a y  l o s e  up t o  9 5 T o f  i t s  i n i  t i a r  
b i o m a s s  i n  a  y e a r  ( K r u c z y n s k i  e t  a l .  
1978b)  ( F i g u r e  40). O c c u r r i n g  i n  o r  n e a r  
i n t e r t i d a l  a r e a s ,  t h i s  l o s s  b y  
decomposi t ion p rov i des  an a l m o s t  comp le te  
annua l  t u r n o v e r  o f  a b o v e g r o u n d  p l  a n t  
p r o d u c t i o n  t o  d e t r i  t u s  by t h i  s  species. 

Other  spec ies  s t u d i e d  have decomposi- 
t i o n  r a t e s  s i g n i f i c a n t l y  l o w e r  t h a n  S. 
a1 t e r n i f l o r a .  Higher,  d r i e r  marsh s p e c i e s  
S. p a t e n s  and D i s t i c h l i s  s p i c a t a  w e r e  
q o w e s t  t o  decompose w i t h  36% and 38-54% 
l osses  pe r  yea r  i n  marshes o f  M i s s i s s i p p i  
Sound ( S t o u t  and  de l a  C ruz  1981b) .  When 
p laced  i n  t h e  m o i s t  c o n d i t i o n s  o f  a  creek, 
up t o  73% o f  D i s t i c h l i s  s p i c a t a  \vas l o s t  
(de  l a  C ruz  1975) .  

Table 33. Amino ac i d  and crude p r o t e i n  (mglg) i n  s a l t  marsh p l a n t s  ( s h o o t l r o o t )  
(mod i f i ed  f rom de l a  Cruz and Foe 1975a). 

Plant species 

Oist ichl is  Phragmi tes- Sparti na Spartina Spartina Juncus 
Parameter spicata dustral i s  a1 terni flora cynosuroides patens roemeri anus 

Total amino acid ( A A )  48.5/27.3 42.8/26.4 40.4/27.6 36.9/30.2 48.!/47.8 74.3/17.9 

Crude protein ( C P )  69.21'58.; 46.5/50.6 55.8/44.0 46.9155.8 72.0184.n 79.0/59.2 



Table 34. Var ia t ion  i n  amino ac id  ( A f  and s i l i c a  and ash con t en t  ( B )  of 
t i s s u e s  from t h r e e  populat ions  of Juncus roemerianus (compiled from 
Eleuterius 1979 and Lanning and E l  eute3E-78, respectively).  

Free Protein-bound 
amino acids amino acids Number 

Population (mg/g (mg/g amino acids 

Tall (210 cm) 0.781 113.0 18 

Medium (120 cm) 0.651 113.5 18 

Short (30 cm) 1.383 108.2 2 2 

Rhizome s i l i c a  mg soi l  s i l i c a /  L.eaf s i l i c a  
(X dry w t .  1009 soi l  I% dry w t . )  

(B) 

Tat 1 

Medi urn 

Short 

Decomposition l o s s  was intermediate 
for Juncus though higher in Florida (652) 
than- in Mississippi Sound (40-48%). Rates 
for S. cynosuroides are  more variable (26-  
5 7 % ) 7  Simi l a r  t o  S, a1 t e r n i f l o r a  and S. - -- 
pa t ens ,  deco~npos i t ion  was enhanced b 7  
nroist creek conditions result ing in a net  
l o s s  f o r  S. cvnosuroides of 61% fde l a  
Cruz 1975): 

Belowground bionass has much slower 
r d t e s  of decomposit ion than aboveground 
mate r ia l  f o r  t he  same species .  L i n i  t ed  
resu l t s  a re  available,  and more informa- 
t ion i s  needed fo r  an  ecological in terpre-  
t a t i o n  of the  da ta .  Fa s t e r  decomposit ion 
i n  the  1;pper 10 ct:: of r,ubc,trste h a s  been 
d e m o n s t r a t e d  f o r  J u n c u s  and  S .  
cynosuroides, but not for S. a l t e r n i f l o z  
(Hackney and de l a  Cruz 1-0). Gr'eater 

a e r a t i o n  wi th in  t h i s  l aye r  c r e a t e s  more 
favorab le  c o n d i t i o n s  f o r  decomposi ng 
biota. A maximum of 25% loss annually i s  
seen f o r  Juncus in the  top 10 cm wi th  a  
minimum l o s s  8% in the 10-20 crn layer 
f o r  Juncus and S. ~ n o s u ~ r - i & .  ( S t o u t  i n d  
de l m  19817. H a X e v  and de l a  Cruz 

Analysis of dead, decomposing, and 
d e t r i  t a l  t i s s u e s  of marsh speci  e s  i  ndi - 
c a t e s  several  gericral p a t t e r n s  of t i s s u e  
cornposi t ion changes during decomposition: 
(1 )  i n c r e a s e  i n  amino a c i d s  a n d / o r  
p r o t e i n s ;  ( 2 1  r e t e n t i o n  o r  i n c r e a s e  in  
c a l o r i c  con ten t ;  ( 3 )  dec l i ne s  in  crude 
f i b e r ,  c a r b ~ h y d r d t e s ,  t a t s ,  a n d  o r g a n i c  
c o n t e n t ;  and ( 4 )  i n c r e a s e d  b a c t e r i a l  
r e s p i r a t i o n  Idc l a  C r u z  1975;  de l a  Cruz 
and Poe 1975b; de l a  Cruz and Gabriel  
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DAYS OF EXPOSURE 

I n  v i  t r o  d e c o m ~ o s i  t i o n  o f  p a r t i c l e s  
(250 Z $ ~ P a r t ~  na' cynosuroi des r e s u l t e d  
i n  an i n c r e a s e  i n  c r u d e  ~ r o t e f n .  t o t a l  
amino a c i d s ,  and e s s e n t i a l  amino a c i d s  
f r o m  19.0 t o  31.0 mg/g, 11.) t o  17.6 mg/g, 
and 5.8 t o  8.1 mg/g, r e s p e c t i v e l y ,  o v e r  a  
36-day p e r i o d  (de l a  Cruz e t  a l .  1975). 
When compared t o  t h e  i n c r e m e n t  i n  c r u d e  
p r o t e i n  i n  the  i n  s i t u  s tud ies  (de l a  Cruz 
and Poe 1975b), i n v i t r o  r e s u l t s  a r c  -- 
l o w e r ,  s u g g e s t i n g  a d d i t i o n a l  sources  o t  
n i t r ogen  i n  the  na tu ra l  environment (e.g., 
adsorbed and/or absorbed so lub le  n u t r i e n t s  
[de l a  Cruz e t  a l .  19751). F o l l o w i n g  
decomposition, Juncus roemerianus d e t r i t u s  
has n o t a b l y  h i g h e r  t o t a l  amino a c i d s ,  
c r u d e  p r o t e i n ,  and  a m i n o  a c i d / c r u d e  
p r o t e i n  r a t i o s  than  o t h e r  marsh p l a n t  
spec ies  (Table 36). 

F igure 39. Decmposi t i  on o f  aboveground Changes d u r i n g  d e c o m p o s i t i o n  o f  
and belowground p l a n t  mater ia l  of Juncus be1 owground m a t e r i a l  have i n d i c a t e d  no 
roemerianus and Spar t ina  a1 t e r n i f l o x  d i  s t i n c t  t r e n d s  f o r  n u t r i e n t s  o r  energy  
aboveground D i s t i c h l i s  s  i c a t a  and 5. v a l u e  ( S t o u t  and de l a  Cruz 1978; Hackney 9aa atens (modif ied from Stout  an e  l a  Cruz and de l a  Cruz 1980). 

1974; Brown e t  a l .  1978; K ruckzynsk i  e t  
a l .  1978b). A l l  o f  t h e s e  i m p l y  a  r i c h  
n u t r i e n t  source,  r e a d i l y  a s s i m i l a b l e  t o  
d e t r i  t i v o r e s .  

E x a m i n a t i o n  o f  changes i n  t i s s u e  
c o m p o s i t i o n  f o r  ------,. S p a r t i n a  a1 t e r i  f l o r a ,  
D i s t i ch1  i s  spicata, and Sclrpus americana 
i nd i ca ted  t h a t  these species r e t a i n  60-70% 
o r g a n i c  m a t t e r  d u r i n g  decompos i t i on .  
C a l o r i c  v a l u e s  r e m a i n e d  t h e  same o r  
increased s l i g h t l y .  P r o t e i n  showed a  96- 
300% i n c r e a s e  f r o m  dead  p l a n t s  t o  
p a r t i c u l a t e  d e t r i t u s  s tage,  w h i l e  c r u d e  
f i b e r ,  ca rbohyd ra tes ,  and f a t s  d e c l i n e d  
(de l a  Cruz 1975). S i m i l a r  pa t te rns  were 
seen f o r  Juncus when p a r t i c u l a t e  d e t r i t u s  
from li t t m  was f u r t h e r  decomposed i n  
incubat ion  f l a s k s  (de l a  Cruz and Gabr ie l  

TRANSPORT OF ORGANIC MATTER 

H igh  p r i m a r y  p r o d u c t i o n ,  r a p i d  r a t e  
o f  decomposition, e f f i c i e n t  f o r m a t i o n  o f  
m a r s h  p l a n t  d e t r i t u s ,  a n d  i m p o r t  o f  
a1 l och thonous  o r g a n i c  m a t e r i a l s  cha rac -  
t e r i z e  t h e  f e r t i l i t y  o f  e s t u a r i n e  and 
c o a s t a l  systems. The a c t u a l  1 i nkages  i n  
t h e  marsh -es tua ry  food web have n o t  been 
demonstrated, b u t  i n fo rma t ion  i s  becoming 
a v a i l a b l e  wh ich  i n d i c a t e s  some o f  t h e  
poss ib le  mechanisms and pathways o f  energy 
and n u t r i e n t  t rans fers .  

Freshwater o u t f l o w  from major  r i v e r s  
i n t o  t h e  n o r t h e r n  G u l f  o f  M e x i c o  
t ranspor ts  l a rge  q u a n t i t i e s  o f  carbon and 
produces v a r i a b l e  low sal  i n i  t y  cond i t i ons  
i n  areas such as M i s s i s s i p p i  Sound. Post  
and de l a  Cruz (1977) e s t i m a t e d  t h a t  t h e  



Table 35. Annual decomposition r a t e s  (as  Percentage of t o t a l  l o s s )  o f  dominant marsh 
p lants.  

Aboveground Belowground 

Mesh % l o s s /  % l o s s /  
Species S ta te  Marsh zone s i z e  fmm) Year year  References 

Juncus roemerianus MS 5.0 4 0 de l a  Cruz & Gabr ie l  1974 

3.0 48 5 cm = 17.5 Hackney & de l a  Cruz 1980 
15 cm = 7.9 

5.0 65 Kruczynski  e t  a l .  19786 

Spar t i na  a1 t e r n i f l o r a  FL High marsh 5.0 

FL Midmarsh 5.0 

FL Low marsh 5.0 

FL Creek 5.0 

1.25 44 10  cm = 25 S t o u t  & de l a  Cruz 1978, 1981 
20 cm = 22 

Kruczynski  e t  a l .  19786 

Kruczynski  e t  a l .  1978b 

Kruczynski e t  a l .  1978b 

Kruczynski  e t  a l .  1978b 

AL Low marsh 1.25 86 10  cm = 14 S t o u t  & de l a  Cruz 1978, 1981b 
20 cm = 3 1  

Spar t i na  cynosuroides MS High marsh 5.0 5 7 

MS Creek 5.0 61  

de l a  Cruz 1975 

de l a  Cruz 1975 

MS High marsh 3.0 26 5 cm = 20.5 Hackney & de l a  Cruz 1980 
15 cm - 6.7 

Spar t i  na patens MS High marsh 3.0 36 S t o u t  & de l a  Cruz 1978, 1981 

D i s t i c h l i s  sp ica ta  AL Midmarsh 1.25 38 

MS Marsh 5.0 54 

MS Creek 5.0 7 3 

S t o u t  & de l a  Cruz 1978, 2981 

de l a  Cruz 1975 

de l a  Cruz 1975 

Jourdan R i v e r ,  f o r  example, t r a n s p o r t e d  o r i g i n  f r o m  f o r e s t s  t h a t  s u r r o u n d  t h e  
688,000 kg  y r - 1  o f  p a r t i c u l a t e  o r g a n i c  numerous small  streams which f low i n t o  the  
m a t t e r  i n t o  S t .  L o u i s  Bay E s t u a r y ,  Jourdan R iver  (de l a  Cruz and Post  1977). 
M i s s i s s i p p i .  They e s t i m a t e d  t h a t  t h i s  
t r a n s p o r t  c o u l d  be as much as 921,000 k Hackney 11977) q u a n t i f i e d  the  f l u x  o f  
~ r - 1  o r  as l i t t l e  as 450,000 k g  yr-B suspended  o r g a n i c  d e t r i t u s ,  f l o a t i n g  
depending on r a i n f a l l  and t i d e s .  T h i s  d e b r i s ,  and a n i m a l  b iomass o v e r  b o t h  
p a r t i c u l a t e  c a r b o n  i s  o f  t e r r e s t r i a l  d iu rna l  and semidiurnal  t i d a l  per iods i n  a  



p e r i o d s .  The ma rsh  may t h e n  s e r v e  t o  

SPARTINA ALTERNIFLORA 
da rnpen  o s c i l l a t i o n s  i n  d e t r i t u s  
a v a i l a b i l i t y  t o  t h e  e s t u a r y  i n s t e a d  o f  
p r o v i d i n g  a cons tan t  i n p u t  o r  expor t .  

There was a  sma l l ,  b u t  i m p o r t a n t  n e t  
e x p o r t  o f  l i v i n g  b i o m a s s  ( 0 - 5  k g  y r - l )  
f r om  t h e  Bay St.  L o u i s  marsh, M i s s i s s i p p i  
(Hackney 1977) .  T h i s  i s  p r o b a b l y  a  g r o s s  
underes t imate  because i t  does n o t  i n c l  ude 
t h e  l a r g e  numbers  o f  a n i m a l s  r emoved  by  
p reda to rs ,  1  a r g e r  organisms a b l e  t o  avo i  d  
t h e  c o l  l e c t i o n  ne t s  and s m a l l e r  organisms 
pass ing  t h rough  t h e  net .  

S t o u t  ( 1 9 7 8 )  f o u n d  h i g h  l e v e l s  o f  
dead biomass rer i la i  n i n g  on marshes i n s t e a d  
o f  b e i n g  removed.  T h i s  was e s p e c i a l l y  
t r u e  f o r  J u n c u s  w i t h  a  l i v e  t o  dead  r a t i o  
i n  June of-OI56; The passage o f  Hu r r i cane  
Bob o v e r  t h e  M i s s i s s i p p i  c o a s t  i n  J u l y ,  
1979, r e s u l t e d  i n  a  n e t  r e m o v a l  o f  218  x  
103 kg o f  dead p l a n t  m a t e r i a l  (wrack )  f r o m  
a  96-ha  s t u d y  a r e a  (Hackney a n d  B i s h o p  
1981). I t rlay be t h a t  w i t h i n  M i s s i s s i p p i  
Sound marshes which exper ience l o w  t i d a l  
a m p l i t u d e ,  t h e  ma rsh  a c t s  as an  e n e r g y  
r e s e r v o i r ,  a n d  s t o r m  s u r q e s  may a c c o u n t  
f o r  s u b s t a n t i a l  p o r t i o n s  o f  t h e  t o t a l  
annual e x p o r t  o f  o rgan i c  d e t r i t u s  f r om  t h e  
m a r s h .  S i m i l a r  i n f o r m a t i o n  i s  n o t  

s 0 N a J F M A M J J A a v a i l a b l e  o n  o t h e r  g u l f  c o a s t  
1974 1975 m a r s h / e s t u a r i  ne s y s t e m s .  I n  a  N o r t h  

C a r o l i n a  J u n c u s  m a r s h ,  K u e n z l e r  a n d  
f fgure 40. Rate o f  disappearance of M a r s h a l  1  ( m e p o r t e d  r e m o v a l  o f  270 
Juncus and Spar t ina  i n  li t te rbags  p laced  9 - I  m 2  o f  Juncus  b y  a  t r o p i c a l  s t o r m  b u t  
P 

i n  a  F l o r i d a  t i d a l  creek ( redrawn frm no s i g n i f i c a n t  e f f e c t  o f  t h e  subsequen t  
Kruczynsk i  e t  a t .  1978a). passage  o f  a  h u r r i c a n e  t h r o u g h  t h e  sane  

area.  

s m a l l  t i d a l  c r e e k  i n  a  Bay ,St. L o u i s ,  
M i s s i s s i p p i  marsh. H i s  r e s u l t s  i n d i c a t e :  
(1)  a n e t  annual expo r t  o f  f l o a t i n g  deb r i s  
( 3 . 1  kg); ( 2 )  a  n e t  a n n u a l  i m p o r t  o f  
suspended p a r t i c u l a t e  d e t r i  t u s  (38.5 k g ) ;  
and ( 3 )  an annua l  n e t  i m p o r t  o f  4 m i l l i o n  
k i l o j a u l c s  o f  e n e r g y  f o r  t h e  5 .8 -ha  
d r a i n a g e  b a s i n .  Hackney and  de l a  C ruz  
11919)  f ound  t h a t  f o r  t h i s  m a r s h  t h e r e  
was a  t o t a l  n e t  i m p o r t  o f  39.32 k g  o f  
p a r t i c u l a t e  o rgan i c  d e t r i t u s  and 292.51 kg 
o f  suspended i n o r g a n i c  d e t r i t u s .  Th is  was 
e q u i v a l e n t  t o  168 g  m2 ~ r - 1  o f  d e t r i t a l  
m a t e r i a l  t o  the marsh o f  wh ich  1 6  % w a s  
carbon ,  I m p o r t s  t o  t h e  ma rsh  o c c u r r e d  
d u r i n g  h i g h  r i v e r  d ischarge  w i t h  t h e  marsh 
e x p o r t i n g  d u r i n g  1 ow r i v e r  d i s c h a r g e  

Hackney and  H a i n e s  ( 1980 )  compared  
136/12C i s o t o p e  r a t i o s  i n  t h e  t i s s u e  o f  
t h e  f a u n a  o f  a  ma rsh  d o m i n a t e d  by  C3 

marsh  d o m i n a t e d  b y  Cq &- 
t o  d e t e r m i n e  p o s s i b l e  f ood  

37). Faunal t i s s u e  r a t i o s  
s h o u l d  r e f 1  e c t  t h e  same c a r b o n  r a t i o s  
f o u n d  i n  t h e  p l a n t  s p e c i e s  g r a t e d  on  o r  
p r o d u c i n g  d e t r i  t a l  food .  Ma rsh  fauna  
e x h i b i t e d  no s i g n i f i c a n t  d i f f e r e n c e s  
a t t r i b u t a b l e  t o  t y p e  o f  d o m i n a n t  p l a n t  
cover.  Hackney and Haines (1980) proposed 
t h a t  t .he c a r b o n  r a t i o s  o b s e r v e d  may 
r e f l e c t  a  s i g n i f i c a n t  i n ~ u t  o f  a l l o c h -  
t -honous t e r r e s t r i a l  m a t e r i a l  by r i v e r  
f l ow .  Sediment carbon r a t i o s  were i n t e r -  
med ia te  between t h e  two  marsh commun i t ies  
( F i g u r e  41). T h i s  r a t i o  c o u l d  a l s o  be 



T a b l e  36. T o t a l  am ino  a c i d  and  c r u d e  p r o t e i n  c o n t e n t  ( m g  g-1 )  f o r  1 i v e ,  
dead, and decayed marsh p l a n t s  and d e t r i t u s  decomposed a- i n  s i t u  ( m o d i f i e d  
f r om  de l a  Crur  and Poe 1975b). 

To ta l  amino Crude f AA 
Species Component a c i d  ( A A )  p r o t e i n  ( C P )  i n  CP 

Juncus roerneri anus -- 

L i v e  74.2 79.0 94.05 

Dead 34.3 49.5 69.39 

D ~ t r i  t u s  65.1 87.1 74.74 

Spa r t i na  cynosuro ides --.,..- 

1 i v e  36.9 46.9 76.68 

Dead 12.0 19.0 63.16 

D e t r i t u s  32.3 44.4 68.02 

Sc i  r2us aniericanus - --- 
1 i v e  85.0 100.3 84.75 

Oead 32.1 30.7 75.2; 

i l e t r i  t u s  41.3 64.4 64.13 

D i s t i c h 1  i s  sp i ca ta  

l i v e  48.5 69.2 70.09 

Dead 20.2 29.8 67.79 

D e t r i t u s  45.7 72 .3  63.21 

a t t r i b u t e d  t o  marsh  a l g a e  and pe rhaps  marsh  r a t h e r  t n d n  p roduced  by  r r i i c r o b i a l  
r e f l e c t s  t h e  t r o p h i c  l ' rnpor tance o f  t h i s  d e c o m p o s i t i o n  o f  -- Juncus. P a r t i c l e s  were 
1 i t t l e - known  marsh component. agqreqates o f  d i a t o m  f r u s t i r l e  f r a g m e n t s ;  

s p e c i e s  o f  t h e  b e n t h i c  genera  N i t z s c h i a  
R ibe l  i n  and CoI1 i e r  (1979) found t h a t  and Nav icu la  were most cornrrlon. i;i%iyymm 

9 8 5  o f  p a r t i c u l a t e  d e t r i t a l  m a t e r i a l  ( 1 T f l x d e n t i f i a b l e  i n c l u s i o n s ,  a1 1 
s n a l l e r  than 0.064 mm ("flano d e t r i t u s "  of  Sound t o g e t h e r  by  an  a d h e s i v e  subs tance ,  
Odum and de l a  Cruz 1967)  f r o m  a  F l o r i d a  were  a l s o  p r e s e n t .  V i s u a l  o b s e r v a t i o n s  
. I ~ i n c u z  r n a r q h  \$a< marl@ u!, o f  amorphour  a n d  c e l  l u l o s e - s t a i  r i i  q q  t e c h p i  q u e s  -- - 
aggrega tes .  These d e t r i  t a l  agg rega tes ,  i n d i c a t e d  t h a t  v a s c u l a r  p l a n t  f r a g m e n t s  
averaging 25-50;irn i n  d i a m e t e r ,  we re  c o m p r i s e d  l e s s  t h d n  1% o f  t h e  t o t a l  
de r i ved  f rom t h e  ben th i c  m i c r o f l o r a  o f  t h e  suspended load. 
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Table 37. Carbon isotope canposition o f  fauna and organic material 
col lected i n  Juncus and Spartina marshes i n  a Mississippi estuary (from 
Hackney and ~ a m 9 8 0 ) .  

l 3c  (0100) (PDB la 

Trophic l e v e l  Species Juncus Spar t ina  
marsh marsh 

Herb ivore  
D e t r i  t i v o r e  

F i  1 t e r  feeder 

Omnivore 

Top ca rn i vo re  

P I  an ts  

Sediment 
Suspended d e t r i t u s  

Orchelimum sp., grasshopper 
Uca l ong i s i gna l i s ,  f i d d l e r  c rab - 
L i t t o r i n a  i r r o r a t a ,  pe r iw ink le  s n a i l  
Ne r i  t i n a  r e c l  i va ta ,  mud snai 1 
Membras mart in ica,  rough s i l v e r s i d e  
Anchoa m i t c h i l l i ,  anchovy 

cephalus, mu1 l e t  
Polymesoda ca ro l i n i ana ,  Caro l ina  marsh clam 
Rangia cuneata, broadclam 
Geukensia demissus, r i bbed  mussel 
Sesarma re t icu la tum,  squareback c rab  
C a l l  inec tes  sapidus, b lue  c rab 
Penaeus aztecus, brown shrimp -- 
Rhithropanopeus h a r r i s i i ,  mud crab 
Lucania parva, ra inwater  k i l l i f i s h  
Fundulus conf luentus ,  k i l l  i f i s h  
Micropterus salmoides, largemouth bass 
Archosargus probatocephalus, sheepshead 
Juncus roemerianus 
Spar t ina  cynosuroi  des 

a I s o t o p i c  r a t i o s  r e l a t i v e  t o  Chicago PDB standard i s o t o p i c  b icarbonate  re ference mater ia l .  

- 30 An e x a m i n a t i o n  o f  f l o a t i n g  s u r f a c e  
f i l m s  and o f  su r face  f i l m s  upon t h e  marsh - - 25  

0 

sediment  r evea led  a  m i x t u r e  o f  m a t e r i a l s  
a, 
a e s s e n t i a l  l y  i d e n t i c a l  t o  t he  components o f  
a - -20 - the  suspended p a r t i c u l a t e s  ( H a r r i s s  e t  a l .  

1980) .  R i s i n g  t i d e s  l i f t e d  t h e  f i l m s  o f  s- - -15 aggregate m a t e r i a l  f r o m  t h e  sediment  a1 gae 
f! c a r p e t  and  e b b i n g  t i d e s  t r a n s p o r t e d  t h e  
* - 1 0  f l o a t i n g  f i l m s  i n t o  t i d a l  c r e e k s .  M i l d  

wa te r  su r f ace  d i s t u r b a n c e s  d i  s n e r s ? d  t h e  
f i l m s ,  wh ich  sank as d e t r i t a l  aggregates 

z , i n t o  t h e  wa te r  c o l  unn. 
b- E g  b- 
t z I- z % g 
a u 

2 
?i (0 

J 
a F A U N A  fJl f ~ l  a FAUNA S 2 W W  H a r r i s s  e t  a l .  ( 1980 )  summar i zed  

t i d a l l y  r e l a t e d  c h a r a c t e r i s t i c s  o f  
F i g u r e  41. Decanpos i t i on  o f  c, ' 3 C  ,,]u,s suspended aggregates as f o f  lows: ( 1 )  The 
f o r  b i o t a ,  seston, and sediment i n  two concen t ra t i ons  o f  suspended p a r t i c u l a t e s  
M i s s i s s i p p i  marshes (redrawn frm Hackney i n  e b b - t i d e  w a t e r s  a r e  t y p i c a l l y  g r e a t e r  
and Haines 1980). than concen t ra t i ons  measured i n  f l o o d - t i d e  



waters .  (2 )  The concen t ra t i on  o f  suspen- n a t e r i a l  f r o m  t h e  m a r s h  o n  subsequen t  
ded  p a r t i c u l a t e s  i s  commonly  h i g h e r  i n  e b b i n g  t i d e s .  A  t h i n  l a y e r  o f  b e n t h i c  
day t ime ebb - t i de  wa te rs  than  i n  n i g h t t i m e  d i a t o m s  and  m u c i l a g i n o u s  m a t e r i a l  soon 
e b b - t i d e  w a t e r s .  ( 3 )  The r a t e  o f  change  appears ,  C o m p l e t e l y  c o v e r i n g  t h e  l e a f  
i n  suspended p a r t i c u l a t e  c o n c e n t r a t i o n s  fragment.  Juncus t i s s u e  t h e r e f o r e  appears 
reaches va lues up t o  approximately 9  mg/ l  t o  be r a p i d l y  c o v e r e d  o v e r  b y  t h e  ma rsh  
h r - I  d u r i n g  t h e  t r a n s i t i o n  f r o m  f l o o d  t o  b e n t h i c  m i c r o f l o r a l  c o m m u n i t y  and  i s  
ebb  o r  v i c e  v e r s a  when o t h e r  f a c t o r s  i n c o r p o r a t e d  i n  t h e  s u r f a c e  o f  t h e  ma rsh  
(e.g., w i n d ,  b e n t h i c  a n i n a l  a c t i v i t y )  a r e  f l o o r .  The t i s s u e  i s  t h e n  decomposed 
a t  a  minimum. beneath t h e  l a y e r  of  b e n t h i c  a lgae  and i s  

the reby  r e t a i n e d  i n  t h e  marsh (R ibe l  i n  and 
S e a s o n a l  l y ,  c o n c e n t r a t i o n s  o f  C o l l i e r  1979) .  

d e t r i  t a l  a g g r e g a t e s  a r e  l o w e r  i n  t h e  
w i n t e r  months  and i n c r e a s e  t h r o u g h  t h e  I t  i s  o b v i o u s  t h a t  more  r e s e a r c h  i s  
s p r i n g  and e a r l y  summer t o  maximum va lues  needed t o  e l a b o r a t e  t h e  c o m p l e x  coup1 i n g  
i n  August and September. The sca l e  of t h e  o f  marsh p r i m a r y  p r o d u c t i o n  and e s t u a r i n e  
s e a s o n a l  v a r i a b i  1  i t y  i n s u s p e n d e d  food cha ins .  
p a r t i c u l a t e  concen t ra t i ons  was s i m i l a r  t o  
t h e  v a r i  a b i  1  i t y  o b s e r v e d  on an h o u r l y  t o  CONSUMER ECOLOGY 
d a i l y  b a s i s  d u r i n g  i n t e n s i v e  sampl  i n g  
per iods.  Suspended p a r t i c u l a t e  concen t ra -  C o n s u m e r  e c o l o g y  a n d  d e t a i  1  s  o f  
t i o n s  i n  f l o o d - t i d e  w a t e r  t y p i c a l l y  d i d  e n e r g y  f l o w  t h r o u q h  m a r s h  f a u n a  and  i n t o  
n o t  vary  by more than  a  f a c t o r  o f  two  on a  e s t u a r i n e  f o o d  c h a i n s  h a v e  n o t  b e e n  
d a i l y  o r  seasona l  b a s i s .  The suspended  s t u d i e d  o r  documen ted  i n  n o r t h e a s t  g u l f  
p a r t i c u l a t e  c o n c e n t r a t i o n s  i n  e b b - t i d e  marshes. A  s i n g l e  s t udy  by Parsons and de 
wate rs  va ry  by an o rde r  o f  magnitude on a  l a  C r u z  ( 1980 ) ,  h o w e v e r ,  p r o v i d e s  some 
seasonal basis.  Q u a l i t a t i v e l y  these da ta  i n s i g h t  i n t o  p r i m a r y  c o n s u m p t i o n  and  
s u g g e s t  t h a t  t h e  Juncus  marsh  p r o b a b l y  seconda ry  p r o d u c t i o n  w i t h i n  t h e  marsh.  
expo r t s  p a r t i c u l a t e s  t o  e s t u a r i n e  wa t e r S  Th ree  s p e c i e s  o f  conocepha l  i n e  grasshop- 
d u r i n g  approx imate ly  9  months o f  t h e  y e a r  pers  ( T e t t i g o n i i d a e )  were  t h e  ma jo r  i n s e c t  
( H a r r i s s  e t  a l .  1980) .  he rb i vo res  g r a z i n g  on t h e  leaves  o f  Juncus 

i n  a  M i s s i s s i p p i  marsh (Parsons and- 
A  h y p o t h e s i s  f o r  t h e  a b s e n c e  o f  Cruz 1980). They i n g e s t e d  105 k i l o j o u l e s  

d e t r i t a l  Juncus  m a t e r i a l  i n  e b b - t i d e  ( k ~ ) r n - 2  o f  t h e  31.62 k J  m-2 n e t  a n n u a l  
wa te rs  i s  p rov i ded  by R i b e l i n  and C o l l i e r  aboveground  p r o d u c t i o n  o f  t h e  Juncus.  
(1979) .  O l d e r  l e a v e s  o f  Juncus  p l a n t s  P r a c t i c a l l y  a l l  g r a z i n g  occu r red  i n  summer 
seldom d i e  and drop t o  t h e  marsh f l o o r  as and was l o c a l i z e d  on t h e  d i s t a l  p o r t i o n  o f  
s i n g l e  pieces. Instead,  d ry ,  dead t i s s u e  t h e  l e a v e s  ( F i g u r e  42) .  F o l l o w i n g  t h e  
i s  n o r m a l l y  f o u n d  a t  t h e  t i p s  o f  many g r a z i n g  season, t h e  d i s t a l  p o r t i o n  o f  t h e  
l e a v e s  and c a n  e x t e n d  downward  f o r  up t o  l e a v e s  d i e d  and f e l l  t o  t h e  ma rsh  f l o o r  
25 cm. S m a l l  p i e c e s  o f  t h i s  dead  r e g i o n  r ep resen t i ng  t h e  a d d i t i o n  o f  245.7 k J  m-2 
break o f f ,  o f t en  as a  r e s u l t  of mechanica l  y r - l  o f  Juncus  m a t e r i a l  t o  t h e  h e t e r o -  
a b r a s i o n ,  and  f a l l  t o  t h e  marsh  f l o o r .  t r o p h i c  f ood  c h a i n  p r i o r  t o  t h e  death and 
T h e i r  s c a r c i t y  i n  t h e  t i d a l  s t r e a m s  i s  decompos i t i on  o f  t h e  e n t i r e  Juncus l e a f .  
p robab ly  due t o  t h e  dense g rowth  o f  Juncus 
t h a t  serves as a  h i g h l y  e f f e c t i v e  f m  A s s i m i l a t i o n  o f  i n  e s t e d  J u n c u s  9 r e t a i n i n g  t h e  dead f ragments i n  t he  marsh. t i s s u e  was 60.7 k J  m-2 y r -  , and  p r o d u c -  
I f  t h e  l e a f  f ragments a re  l e f t  i n  c o n t a c t  t i o n  o f  new t i s s u e  by t h e  grasshoppers was 
w i t h  t h e  mud su r f ace  a f t e r  an ebbing t i d e ,  9.6 kJ  m-2 yr- l ,  w h i c h  r e p r e s e n t e d  0.03% 
they  q u i c k l y  become w a t e r l o g g e d  and soon o f  n e t  p r i m a r y  p r o d u c t i o n  (Parsons and de 
c o l  l e c t  s m a l l  amounts  o f  r e d e p o s i  t e d ,  l a  Cruz 1980). - Juncus con ta i ned  app rox i -  
p r e v i o u s l y  f l o a t i n g  f i l  n s  w h i c h  l o o s e l y  ma te l y  t w i c e  t h e  amino a c i d  concen t ra t i ons  
cemen t  them t o  t h e  mud s u r f a c e .  W i t h i n  neasured i n  S p a r t i n a  cynosuro ides  f o r  n i n e  
t w o  o r  t h r e e  days, f i l a m e n t s  f r o m  t h e  of t h e  t e n  e s s e n t i a l  amino a c i d s  r e q u i r e d  
dense fi 1 a n e n t o u s  a1 gae and f u n g i  g r o w  by insec ts .  S t a b l e  ca rbon  i s o t o p e  r a t i o s  
o v e r  t h e  d e a d  l e a f  f r a g m e n t s .  T h i  s  i n  t h e  s u b a d u l t  g r a s s h o p p e r s  i n d i c a t e d  
n e t w o r k  p r o v i d e s  a d d i t i o n a l  a t t a c h m e n t s  t h a t  approx imate ly  o n e - t h i r d  o f  t h e i r  d i e t  
t h a t  p r e v e n t  t h e  r e m o v a l  o f  dead p l a n t  was Juncus (Hackney and Haines 1980). 
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F i g u r e  42. Grazed p o r t i o n s  o f  Juncus 

l eaves  (bot tom).  Photo: 

The area o f  t h e  l e a f  n o r m a l l y  grazed 
b y  t h e  g r a s s h o p p e r s  c o n t a i n e d  p r o p o r -  
t i o n a l l y  g r e a t e r  amoun t s  o f  m o s t  a m i n o  
a c i d s  t h a n  e i t h e r  t h e  t i p  o r  b o t t o m  
p o r t i o n s .  Two n o n e s s e n t i a l  a m i n o  a c i d s ,  
g l u t a m i c  a c i d  and p r o l i n e ,  were h i g h e r  i n  
t h e  q r a z e d  p o r t i o n s  t h a n  e i t h e r  t i p s  o r  
bottoms. These compounds a re  exceed ing ly  
i m p o r t a n t  i n  t h e  m e t a b o l i c  mechanisms of 
f l i g h t .  T i m i n g  o f  i n g e s t i o n  by subadu l t s  
c o i n c i d e s  w i  t h  t h e  p h y s i o l o g i c a l  develop-  
ment necessary f o r  f l i g h t .  

SUMMARY 

I t  i s  o b v i o u s  f r o m  t h e  a b o v e  
d i s cuss i on  t h a t  a  good dea l  o f  i n f o r m a t i o n  
i s  a v a i  1  a b l e  on p r i m a r y  p roduc t i on  r a t e s  
and  r a t e s  o f  c a r b o n  and  m i n e r a l  l o s s  
d u r i n g  i n  s i  t u  decay o f  a e r i a l  p l a n t  -- 
t i s s u e s  o f  dominant  spec ies  such as Juncus 
and  S p a r t i  na a1 t e r n i  f 1  o r a .  M o s t  o t h e r  
p l a n t  spec ies  a re  t h e  s u b j e c t  o f  o n l y  one 
s tudy a t  a  s i n g l e  l o c a t i o n  a l ong  t h e  g u l f .  
O n l y  p r e l i m i n a r y  d a t a  i s  a v a i l a b l e  on 
b e l o w g r o u n d  p o o l s  o f  m a t e r i a l s ,  a n d  t h e  
technology and m e t h o d o l o q y  t o  a s s e s s  t h e  
p r o d u c t i o n  c o m p o n e n t  i s  s t i l l  q u i t e  
p r i m i t i v e .  Mechani srils and fo rms o f  e x p o r t  
o r  s t o r a s e  o f  p r i m a r y  p r o d u c t i o n  f r o m  
marsh  p l a n t s  a r e  p o o r l y  u n d e r s t o o d  and  
e x i s t i n g  i n f o r m a t i o n  i s  a t  b e s t  v a r i a b l e ,  
i f  n o t  c o n t r a d i c t o r y .  Answers a re  needed 
t o  q u e s t i o n s  p e r t a i n i n g  t o  d e t r i t u s  
u t i l i z a t i o n  and i t s  i m p a c t  on  seconda ry  
p roduc t ion ;  t h e  f a t e  and t u rnove r  r a t e  o f  
t h e  n u t r i e n t s  r e l e a s e d  i n  decornposi  ti on; 
t h e  impac t  o f  meteor01 o g i c a l  , sedimentary ,  
and  g e o n o r p h o l o g i c a l  e v e n t s  on  n u t r i e n t  
u t i l  i z a t i o n  and a c c r e t i o n ;  a n d  n u t r i e n t  
t r a n s l o c a t i o n  b e t w e e n  s h o o t s  and r o o t s  
p r i o r  t o  dea th  and decomposi t ion.  



CHAPTER 6 

HUMAN IMPACT 

N a t u r a l  marsh f u n c t i o n s  a r e  m u l t i -  
face ted  and va luable  f o r  food and n u t r i e n t  
s o u r c e s ,  f a u n d l  h a b i t a t ,  water  puri f i c a -  
t i o n ,  s h o r e l i n e  s t a b i  1 i z a t i o n ,  s t o r m  
b u f f e r s ,  and r e c r e a t i o n .  They a r e  a l s o  
important  f o r  marsh products  (e.g., poten- 
t i a l  d r u g s ,  f ood ,  and c r a f t  m e t e r i a l s ) ,  
and aquacul t u r c ,  f u r  t rapping ,  and energy 
p o t e n t i a l s .  Many of t h e  v a l u e s  may be 
maintained wi th  m u l t i p l e  use by compatible  
a c t i v i t i e s ;  however, s i g n i f i c a n t  l o s s  of 
value accompanies c e r t a i n  individual  uses. 
An  eva lua t ion  of monetary value a t t r i b u t e d  
t o  d i f f e r e n t  u s e s  i s  summar ized  i n  T a b l e  
38 ( d e  l a  Cruz 1976) .  Values  a t t r i b u t e d  

Table 38. Examples of monetary eva lua t ion  
fo r  Juncus-dominated marshes (from de l a  
~rui1976T. 

A i~p r i i n i n i+ te  I~ILOIII~-.L~PI t d l  ized 
d n n u d l  retii1.n v d l i i e  1p("r ti(:(" t a r e  

Apprndi ir  p e r  hec t d r e  a t  1' i : i t f 3 r ~ % . t d  

P u l a  p r o r l u c t i o n  f o r  
pnper mdk in(; 114 P , i l : l t  

f ' f i t 0 t i d i  d ~ v i * l ~ p l n t . r l t  
f o r  d q u d c u l  tare') 2,964 42,J43 

dl,. ,.,a, ..+.;."IS '.act v31:ie i s  llii"d ~n t i?? rn~rnul,~ Y = R l i  wktrsrP V - . . - - - . .. - - . -A . . - . * 
reprei t lnt i ,  the vd ' l~ i r  o f  a pdrcel  o f  l a n d ,  R i s  .$?nudl r.et!ir.rl !or 
i t ,  a n d  i t i le a:iproxir:i.ite i f i t c . r c \ t  r a t e .  

%.itinati~~. u f  Gnssel~nl, e i  a ! .  (19733. 

t o  t h e  n a t u r a l  f u n c t i o n i n g  o f  t h e  n a r s h -  
e s t u a r i n e .  s y s t e m  r ange  f rom an annual  
r e tu rn  of $481/ha f o r  n u t r i e n t  and h a b i t a t  
input  t o  dependent f i s h e r i e s ,  t o  $7,452/ha 
f o r  t o t d l  1 i  f e  s u p p o r t .  R e s p e c t i v e  
i  ncome-capi  t a l  i zed ( 7 % )  v a l u e s  f o r  t h e  
a b o v e  f u n c t i o n s  w e r e  $ 6 , 8 7 8  a n d  
$106,457/ha.  These v a l u e s  a r e  s i g n i f i -  
c a n t l y  h i g h e r  t han  t h o s e  proposed  by 
Gosselink e t  a l .  (1973) and i l l u s t r a t e  t h e  
d i f f i c u l  t i e s  i n  p lac ing  a  f i n i t e  econonlic 
v a l u e  on b i o l o g i c a l  f u n c t i o n i n g .  Lynne 
and Prochaska (1981) a t tempted  t o  e s t i m a t e  
t h e  marg ina l  ( economic )  v a l u e s  of t h e  
Juncus marsh i n  f i s h  and s h e l l f i s h  produc- 
-7--- t r o n  ( s p e c i f i c a l l y  b l u e  c r a b s )  by 
d e v e l o p i n g  a n  a g g r e g a t e  p r o d u c t i o n  
funct ion model r e l a t i n g  marsh t o  blue c r ab  
population dynamics. The derived dockside 
v a l u e  a f  $0.30 p e r  a c r e  w h e n  c a p i t a l i z e d  
y i e l d s  a n  annua l  v a l u e  o f  $3.00 p e r  a c r e  
in blue c r ab  production. More ififormati on 
i s  needed t o  q u a n t i f y  vri t h  p r e c i s i o n  t h e  
l i n k a g e s  of marsh f u n c t i o n s  and t h e i r  
a s soc i a t ed  economic values. 

MARSH ALTERATION A N D  LOSSES 

For  a l o n g  t i n e  m a r s h l a n d s  we re  
viewed a s  lands  with very l i t t l e  value o r  
use. Consequently, t h e  value of marsh1 and 
d c r e a g e  was o n l y  enhanced by c o n v e r s i o n  
( c o n s e q u e n t l y  d e s t r u c t i o n )  t o  m o r e  
" p r o d u c t i v e "  u s e s .  I n  Miss i ss ipp i  Sound, 
S t o u t  and de l a  Cruz (1981  a )  e s t i m a t e d  a 
l o s s  of 4 ,040 h e c t a r e s  (9 ,978 a c r e s )  o r  
11.5% of t o t a l  marsh acredoe by conversion 
t o  open water  by dredging or t o  upland dry 
ground by f i l l  i ng .  They c o n s i d e r e d  t h i s  
an u n d e r e s t l m a t e  a s  d a t a  were  n o t  com- 
p l e t e ,  and only l a rqe  s i t e s  were included. 
Net l o s s  of marsh  a c r e a g e  i n  Mobi le  Bay 



due t o  d redg ing  a c t i v i t i e s  a l one  was 1,596 
ha p r i o r  t o  1979 ( S t o u t  1979).  T h i s  l o s s  
was e q u i v a l e n t  t o  22% o f  t o t a l  m a r s h  
acreage w i t h i n  t h e  bay. 

McNul ty  e t  a l .  (1972) de te rmined  t h a t  
9,527 ha o f  w e s t  F l o r i d a  e s t u a r i e s  h a d  
been f i l l e d  f o r  spoi  1  d i sposa l  , causeways, 
and  r e s i d e n t i a l  o r  i n d u s t r i a l  use. An 
a d d i t i o n a l  10,800 ha had been d r a i n e d .  
The amount  o f  marsh  i n c l u d e d  i n  t h e s e  
t o t a l s  i s  n o t  provided. 

Loss due t o  human a c t i v i t i e s  becomes 
more  c r i t i c a l  when l o s s e s  a t t r i b u t e d  t o  
e r o s i o n  a r e  a1 so  c o n s i d e r e d .  M i n i m a l  
e s t i m a t e s  o f  annua l  ma rsh  e r o s i o n  i n  
Alabama a l ong  M i s s i s s i p p i  Sound were 16-31 
ha. 

The g r a d u a l  b u t  c o n t i n u i n 9  l o s s  o f  
ma rsh  ac reage  s h o u l d  be  o f  c o n c e r n  when 
v iewed as a  t o t a l  l o s s  o f  marsh f u n c t i o n s  
and va l ue .  

FIRE 

A  s m a l l  f u r  i n d u s t r y  i n  c o a s t a l  
M i s s i s s i p p i  and  A l a b a m a  d e p e n d s  u p o n  
n u t r i a  and muskrat.  Occasional raccoon, 
f o x ,  opossum, and  m i n k  n a y  a l s o  be  t aken .  
F u r  s a l e s  i n  M i s s i s s i p p i  w e r e  $2,529 f o r  
muskra t  and $468 f o r  n u t r i a  i n  1975-76, a  
d e c l i n e  f r o m  1974-75 va lues o f  $10,706 and 
$582, r e s p e c t i v e l y .  S ince average p r i c e s  
pe r  p e l t  remained t h e  same, t h e  d e c l i n e  i n  
t o t a l  number  o f  p e l t s  t a k e n  a c c o u n t s  f o r  
t h e  r e d u c t i o n  (de l a  Cruz 1976). 

T r a p p e r s  t h i n k  f r e q u e n t  b u r n i n g  o f  
t h e  c o a s t a l  ma rsh  makes t r a p p i n g  e a s i e r  
and  f o o d  abundan t  f o r  p r e f e r r e d  p e l t  
mammal s  . 

The e f f e c t s  o f  f i r e  i n  t w o  M i s s i  s -  
s i p p i  t i d a l  marshes  f r o m  1976 t o  1980 
p r o v i d e  i n s i g h t  i n t o  t h e  i m p a c t  o f  t h i s  
p r a c t i c e  on marsh s t r u c t u r e  and f u n c t i o n  
(Hackney and de l a  Cruz  1981b).  F i r e  
i n c r e a s e d  t h e  n e t  p r i m a r y  p r o d u c t i o n  
(ANPP) o f  t h e  a e r i a l  p o r t i o n  i n  Juncus and 
S p a r t i  na cynosuro ides comrnuni tie- and 
49% r e s p e c t i v e l y ,  ove r  con t r o l s .  Inc reased  
p r o d t i c t i o r ;  o f  t u n c u s  c o m n u n i  t i e s  may be 
a t t r i b u t e d  to-r r e m o b i l  i z a t i o n  o f  
e n e r g y  a n d  n u t r i e n t s  f r o m  r o o t s  a n d  
r h i z o m e s  t o  a b o v e q r o u n d  t i s s u e s ,  ( 2 )  

i n c r e a s e d  1 i g h t  a v a i l a b i l i t y ,  and 13) 
removal o f  accumulated dead m a t e r i a l  w i t h  
subsequen t  a s h  d e p o s i t i o n .  R e p e a t e d  
r e m o v a l  o f  v e g e t a t i o n  b y  t h r e e  annua l  
f i r e s  r e s u l t e d  i n  a  d e c l i n e  i n  v i g o r  and  
g row th  o f  Juncus. T o t a l  community biomass 
was m a i n t a i n e d  by i n c r e a s e d  g r o w t h  o f  
o t h e r  s p e c i e s  w h i c h  t o o k  advan tage  o f  
i m p r o v e d  l i g h t  a n d  s p a c e  c o n d i t i o n s .  
However, Sc i r pus  spp. (wh i ch  m i g h t  improve 
t h e  h a b i t a t  f o r  f u r  b e a r e r s )  d i d  n o t  
i n c r e a s e  i n  abundance  (Hackney and  de l a  
Cruz 1981b) .  

P roduc t i on  o f  S. cynosuro ides d i d  n o t  
d e c l  i ne w i t h  r e p e a t e d  bu rn8  ngs,  b u t  an 
i n c r e a s e  i n  t h e  p r o d u c t i o n  o f  t h e  
a s s o c i a t e d  s p e c i e s  P a n i c u m  v i r g a t u m  
changed t h e  r e 1  a t i  ve c o n t r i b u t i o n  o f  p l a n t  
spec ies and i nc reased  biomass. 

Release o f  n u t r i e n t s  f o l l o w i n g  f i r e s  
i n  t h e  two  n a r s h  commun i t ies  r e s u l t e d  i n  
i n c reased  c a l c i u m  (Ca) and phosphorus (PI  
a t  bo th  s i t e s  and magnesium (Mg) a t  t h e  S. 
cynosuro ides s i t e .  Es t ima ted  n i t r o g e n  (n 
l o s s e s  f r o m  aboveg round  s t a n d i n g  c r o p s  
w e r e  70% a t  b o t h  s i t e s .  P o t a s s i u m  (K)  
l o sses  were 35 and 38%. r e s p e c t i v e l y ,  f o r  
t h e  Juncus and S. cynosuro ides commun i t ies  
( F a u l k n e r a n d  d F l a  Cruz 1982). 

Enhancement o f  t h e  sedi  n e n t  n u t r i e n t  
p o o l  was  l i m i t e d  t o  t h e  t o p  2  cm o f  
sediment. Sur face  pH was e l e v a t e d  i n  b o t h  
s i t e s  f o l l o w i n g  b u r n i n p  due t o  t h e  h i g h  
i n p u t  o f  b a s i c  c a t i o n  o x i d e s  a n d  
carbonates ( p r i m a r i l y  K', Caf, and MCJ~'). 
The pH e l e v a t i o n  was s h o r t l i v e d  i n  Juncus, 
b u t  p e r s i s t e d  i n  t h e  S p a r t i n a .  
E x t r a c t a b l e  s o i l  P  and K incr<aseldldafTFr 
b u r n i n g  and r e m a i n e d  e l e v a t e d  a t  b o t h  
s i t e s .  E x t r a c t a b l e  Ca i nc reased  over  30% 
and  r e m a i n e d  e l e v a t e d  a t  t h e  S p a r t i n a  
s i t e .  Magnes ium a t  b o t h  s i t e s  and Ca a t  
t h e  Juncus s i t e  appeared t o  i n c rease  over  
t i m e .  L e v e l s  o f  s e d i m e n t  N r e m a i n e d  
unchanged  a t  b o t h  s i t e s  ( F a u l  k n e r  and  de 
l a  C ruz  1982) .  

The Hackney and  de l a  C r u z  ( 1981b )  
s t u d y  p o i n t s  o u t  t h e  i m p a c t  o f  f i r e  and 
i t s  i m p l i c a t i o n s  on t h e  management o f  
these marshes: 

d e n s i t y  a f t e r  r e p e a t e d  b u r n s  w i l l  r e d u c e  
t h e  dense l i v i n g  r oo t / r h i zome  mat  and may 



c a u s e  t h e  s e d i m e n t s  t o  b e c o m e  
unconsol i d a t e d  and s u b j e c t  t o  eros ion.  

2. F i r e  des t roys  a  l a r g e  q u a n t i t y  o f  
p l a n t  b i omass ,  some o f  w h i c h  i s  p r o b a b l y  
d e s t i n e d  f o r  e x p o r t  t o  n e d r b y  a q u a t i c  
ecosystems. 

3. Removal o f  v e g e t a t i o n  by f i r e  
e x p o s e s  t h e  m a r s h  s u r f a c e  a n d  i t s  
a s s o c i a t e d  f l o r a  and f a u n a  t o  i n c r e a s e d  
s o l a r  i n s o l a t i o n  a n d  e v a p o r a t i o n  and  may 
i nc rease  p r e d a t i o n  pressures. 

4. F r e q u e n t l y  r e p e a t e d  ma rsh  b u r n s  
w i l l  r e s u l t  i n  community succession. The 
d e t a i l s  o f  success ion and impac ts  on marsh 
f u n c t i o n i n g  a r e  n o t  known. 

I t  i s  s u g g e s t e d  t h a t  f i r e s  o n l y  be 
used  as  a  management t o o l  e v e r y  4  o r  5  
yea rs  and t h a t  p o r t i o n s  o f  marshes, r a t h e r  
than e n t i r e  marshes, be burned i n  a  r o t a -  
t i o n  (Hackney and de l a  Cruz 1981b). 

PETROLEUM POLL.UTION 

Because o f  t h e i r  l o c a t i o n ,  Juncus  
marshes a re  s u s c e p t i b l e  t o  o i l  p o l l u t i o n - -  
i n d i r e c t l y  by r e s i d u a l  o i l s  i n  l a n d  r u n o f f  
and d i r e c t l y  by massive q u a n t i t i e s  o f  o i l  
s p i l l e d  i n  g u l f  and e s t u a r i n e  waters .  I n  
e x p e r i m e n t a l  ma rsh  ponds, t h e  p r i m a r y  
p roduc t i on  o f  t he  phy top l  ankton comnuni t y  
was r e d u c e d  by  44  t o  65% and r e s p i r a t i o n  
was r e d u c e d  30  t o  50% t w o  weeks a f t e r  an 
exper imenta l  " s p i l l "  o f  E m p i r e  M i x  c r u d e  
o i l  (1.45 m g l p e r  l i t e r  o f  w a t e r ) .  Two 
m o n t h s  a f t e r  t h e  s p i l l ,  p r i m a r y  
p r o d u c t i v i t y  and r e s p i r a t i o n  i n  t h e  o i l e d  
pond were 17% and 7% l owe r ,  r e s p e c t i v e l y ,  
than i n  c o n t r o l  ponds (de l a  Cruz 1982). 

On t h e  marsh  s u r f a c e ,  c o n t a m i n a t i o n  
i s  u s u a l l y  r e s t r i c t e d  t o  t h e  o u t e r  1 o r  2  
m o f  marsh  f r i n g e ,  u n l e s s  t h e  a r e a  i s  
t o t a l  1  y submerged. Con tamina t ion  occurs 
on t h e  s u r f a c e s  o f  t h e  s u b s t r a t e ,  l o w e r  
p l a n t  s tens ,  and leaves, and may pene t ra te  
t h e  s u b s t r a t e  t h r o u g h  worm t u b e s  and  
b u r r o w s .  P h o t o s y n t h e t i c  p o r t i o n s  o f  t h e  
p l a n t s  ex tend ing  above t h e  h i g h - t i d e  l e v e l  
u s u a l l y  a r e  n o t  c o n t a m i n a t e d .  When t h e  
p? a n t s  a re  t o t a l  1 y  covered, m o r t a l  i t y  nay 
occu r ,  p l a n t s  p a r t i a l l y  c o n t a m i n a t e d  by  
r e s i d u a l  and  l o w  t o x i c i t y  o i l s  can  be 
expected t o  recover  (Cas t l e  1977). 

A  l o w - l e v e l  dose o f  Emp i re  M i x  c rude  
o i l  (250-600  m l  m-2) i n i t i a l l y  a f f e c t e d  
t h e  p r i m a r y  p r o d u c t i v i t y  o f  a  M i s s i s s i p p i  
Juncus  marsh.  A  s i n g l e  heavy  dose  o f  
1,500 m l  m-2 o f  Saud i  A r a b i a n  o i l  k i l l e d  
m o s t  p l a n t s  and  c o m p l e t e l y  s u p p r e s s e d  
g r o w t h  i n  s u r v i v o r s  f o r  1 - 2  y e a r s  ( de  l a  
C ruz  e t  a l .  1981) .  

The impac t  o f  o i l  on marsh fauna can 
be acu te  o r  ch ron ic .  Heavy concen t ra t i ons  
o f  c r u d e  o i l  have  r e s u l t e d  i n  m a s s i v e  
k i l l i n g  o f  b i r d s ,  f i s h ,  and i n v e r t e b r a t e s  
a s s o c i a t e d  w i t h  we t l ands .  Low- leve l  b u t  
c h r o n i c  dosages ( 25 -75  m9 1 -11  o f  E m p i r e  
M ix  and Saudi A rab ian  o i l s  have been shown 
t o  r e t a r d  q row th  and cause severe f i n  r o t  
i n  t h e  s t r i p e d  m u l l e t  ( M u g i l  c e p h a l u s )  
(M inchew  and  ~ a r b r o u e h  1977). S h r i m o  
(Penaeus spp.) showed b e h a v i o r a l  changes  
when exposed  t o  l o w  c o n c e n t r a t i o n s  o f  
crude o i l .  N i g e r i a n  o i l  was most  t o x i c  t o  
s h r i m p  and  r e s u l t e d  i n  u n c o o r d i n a t e d  
s w i m m i n g  b e h a v i o r  and  s p i r a l  1  i n g  m o t i o n  
(B rown  1978) .  O y s t e r s  r esponded  t o  o i l  
c o n t a m i n a t i o n  b y  c l o s i n g  o f  v a l v e s  a n d  
ceas ing  o f  pumping. Barszcz e t  a l .  (1978) 
observed t h a t  o y s t e r s  reduced t h e i r  i n t a k e  
and/or  a s s i m i l a t i o n  o f  f o o d  when exposed  
c h r o n i c a l l y  t o  s i n g l e ,  l o w - l e v e l  ( 4  ppm) 
doses o f  E m p i r e  M i x ,  Saud i  A r a b i a n ,  a n d  
N i g e r i a n  c r u d e  o i  1  s. H i s t o l o g i c a l  
a1 t e r a t i o n s  i n  t h e  c o n n e c t i v e  t i s s u e s  
a s s o c i a t e d  w i t h  t h e  body w a l l ,  m a n t l e s ,  
and f o o d  g r o o v e  we re  a1 so obse rved .  O i l  
exposure may reduce r e p r o d u c t i v e  p o t e n t i  a1 
i n  o y s t e r s  as  i n d i c a t e d  by  r e d u c t j o n  i n  
t h e  d e v e l o p n e n t  o f  t h e  g e r m i n a l  t ~ s s u e s  
( B a r s z c z  e t  a l .  1978).  

F u r t h e r  s t u d y  i s  needed  on o i  1 s p i  11 
i m p a c t s  and  on  o t h e r  components  o f  t h e  
marsh b i o t a .  

PULP-M ILL EFFLUENTS 

L i v i n g s t o n  (1975), i n  a  2 -y r  s tudy o f  
t h e  i m p a c t  o f  k r a f t  p u l p - m i l l  e f f l u e n t s  
(KME) on f i s h  f a u n a  i n  t h e  Apa lachee  Bay 
a r e a  o f  F l o r i d a ,  f o u n d  t h a t  ma rsh  f i s h  
assemblages i n  areas o f  acu te  dosage were 
s e v e r e l y  r e d u c e d  i n  n u m b e r s  o f  b o t h  
i n d i v i d u a l  s  and  s p e c i e s .  P o l  1  u t e d  a r e a s  
showed changes  i n  c o m m u n i t y  s t r u c t u r e ,  
i . e . ,  d e c r e a s e d  d o m i n a n c e  as  w e l l  a s  
q u a 1  i t a t i v e  d i f f e r e n c e s  i n  s p e c i e s  
c o m p o s i t i o n  when compa red  t o  c o n t r o l  
areas.  



An a s s o c i a t e d  s t u d y  c o m p a r i n g  t h e  
b i r d  p o p u l a t i o n s  i n  t h e  m a r s h  a r e a s  
(Weiser  1973) p o i n t e d  o u t  reduced numbers 
o f  s p e c i e s  and i n d i v i d u a l s  i n  t h e  KME- 
p o l  1  u  t e d  areas. 

MITIGATION 

S i n c e  m a r s h e s  p l a y  a  u n i q u e  a n d  
c r i t i c a l  r o l e  i n  c o a s t a l  ecosystems, i t  i s  
i m p o r t a n t  t h a t  t hey  be preserved and even 
r e s t o r e d  w h e r e  p o s s i b l e ;  t h e i r  
c o n t r i b u t i o n s  m u s t  b e  r e c o g n i z e d ,  
eva l  uated, and enhanced. 

Recent exper iments  have ana lyzed  t h e  
s u c c e s s  o f  h a r v e s t  a n d  a r t i f i c i a l  
f e r t i l i z a t i o n  i n  e n h a n c i n g  t h e  p r i m a r y  
p r o d u c t i v i t y  o f  dominant  p l a n t  spec ies  i n  
t h e  M i s s i s s i p p i - A l a b a m a  marshes  ( d e  1  a  
C ruz  e t  a l .  1981b) .  I n d i c a t i o n s  a r e  t h a t  
f e r t i  1  i z a t i o n ,  e i t h e r  w i t h  commerc i  a1 
f e r t i l i z e r  o r  n i  t r o g e n - r i c h  w a s t e s ,  may 
inc rease  p l a n t  p r o d u c t i o n  and enhance t h e  
f o o d  c h a i n  r o l e  o f  r e m a i n i n g  marshes .  
F e r t i  1  i z a t i o n  w i t h  commerc ia l  EJH4N03 (1269 
ne2) i n  a  s i n g l e ,  l a t e - w i n t e r  a p p l i c a t i o n  
inc reased  p r i m a r y  p r o d u c t i o n  o f  Juncus by 
59-74%, S p a r t i n a  a1 t e r n i f l o r a  b y x a n d  
S. cynosuro ides by 24%. Ha rves t i ng  was o f  
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q u e s t i o n a b l e  v a l u e  because  o f  l a c k  o f  
t e c h n o 1  o g y  a n d  r e s u l t a n t  e x t r e m e  
d i s r u p t i o n  o f  t h e  s u b s t r a t e  ( S t o u t  e t  a l .  
1980). However, i f  any o f  t h e  r e c e n t  work 
on c h e m i c a l  d e r i v a t i v e s  ( M i l e s  and  de l a  
C ruz  1976;'Mody e t  a l .  1 9 7 5 )  and  on  t h e  
p o t e n t i a l  o f  marsh p l a n t s  (de  l a  Cruz and 
L i g h t s e y  Unpubl .  MS.) p r o v e s  t o  be o.f 
econom ic  v a l u e ,  c e r t a i n  p l a n t s  may be  
r e g u l a r l y  harves ted  f o r  c e r t a i n  p l a n t s  f o r  
c h e m i c a l s ,  c e l  l u l o s e ,  a n d  o t h e r  b y -  
p roduc ts  . 

Demand f o r  s u i t a b l e  dredge m a t e r i a l  
d i sposa l  s i t e s  and apparen t  successes w i t h  
marsh c r e a t i o n  on s p o i l  may meet a  need t o  
b a t h  p reserve  r e m a i n i n g  marsh and rep l ace  
l o s t  ma rsh  ac reage .  E l e u t e r i u s  ( 1974a )  
success fu l  l y  t r a n s p l a n t e d  S p a r t i  na patens, 
D i s t i c h 1  i s  s p i c a t a ,  S. c y n o s u r o i d e s ,  S. 
a1 t e r n i f l o r a ,  a u s t r a l  i s ,  a n 7  
J u n c u s  o n  M i s s i s s i p p i  
Sound. E x t e n s i v e  i n v e s t i g a t i o n s  by t h e  
U-S. Army Co rps  o f  E n q i n e e r s '  Waterwa.ys 
E x p e r i m e n t  S t a t i o n  a t  ~ i c k s b u r j ,  
M i s s i s s i p p i ,  r e s u l t e d  i n  d e t a i l e d  
g u i d e l i n e s  f o r  marsh p l a n t  es tab l i shmen t .  

The r e a d e r  i s  r e f e r r e d  t o  t h e i r  summary 
p u b l i c a t i o n s  f o r  f u r t h e r  i n f o r m a t i o n  (see 
Kadlec and Wentz 1,974; Wentz e t  a t .  1974). 

Two a t t e m p t s  h a v e  b e e n  made i n  
n o r t h w e s t e r n  F l o r i d a  t o  c r e a t e  s a l t  
ma rshes  b y  p l a n t i n g  d r e d g e  s p o i l  ( F i g u r e  
4 3 ) .  T h e  i n t e r t i d a l  a r e a  o f  P a n a c e a  
I s l a n d ,  a t  D ickerson  Bay, was p l a n t e d  w i t h  
Juncus ,  D i s t i c h l  i s  s p i c a t a ,  and  S p a r t i n a  
a1 t e r n i  f l o r a  c u l  m s ( C o u l t a s  e t  a l .  1978;  
Krucyznsk i  and Huf fman 1978). Only  a  few 
c lumps o f  S. a l t e r n i f l o r a  were p r e s e n t  17 
m o n t h s  a f T e r  p l a n t i n g .  L o s s e s  w e r e  
a t t r i b u t e d  t o  a t t r i t i o n  a n d  e r o s i o n .  
S p a r t i n a  a l t e r n i f l o r a  t r a n s p l a n t s  s u r v i v e d  
w e l l  a t  D r a k e  W i l s o n  I s l a n d  i n  
Apa lach i co l a  Bay, a c h i e v i n g  f u l l  cover  o f  
t h e  7 - a c r e  i n t e r t i d a l  a r e a  w i t h i n  15 
months a f t e r  p l a n t i n g .  A t  e l e v a t i o n s  f r o m  
1.0 m t o  1.4 m above  MSL, b a r e - r o o t  c u l m s  
o f  5. patens s u r v i v e d  we1 1  on Drake Wi lson  -- 
I s l a n d .  X e r i c ,  n u t r i e n t - p o o r  s e d i m e n t s  
can be r a p i d l y  s t a b i l  i z e d  th rough  p l a n t i n g  
o f  t h i s  species. 

E l e u t e r i u s  (1974a) and E l e u t e r i u s  and 
C a l d w e l l  ( 1 9 8 1 b )  t r a n s p l a n t e d  m a r s h  
s ~ e c i e s  o n t o  b a r r e n  s p o i l  a r e a s  a t  H o r n  
I s l and ,  Simmons Bayou, and Sh ip  and P e t i t  
B o i  s  I s 1  ands,  M i s s i s s i p p i .  S p e c i e s  u s e d  
i n c l u d e d  S. a1 t e r n i f l o r a .  S. o a t e n s .  S.  - 
c y n o s u r o i z s ,  D. s p i c a t a ,  ~ u ' n c u s ,  * a n d  
Phragmi t e s  a u s t r x  i s .  Bo th  D i  s t i c h l  i s  and 
S. o a t e n s  h a d  aood  s u r v i v a l  when o l a n t e d  - 
i n  'peat o e l l e t i .  T h i s  method d i d  n'ot work 
w e l l  f o r  o t h e r  s p e c i e s  w h i c h  s h o w e d  
g r e a t e r  s u r v i v a l  success when t r a n s p l a n t e d  
as cu lms  o r  p l a n t  sp r igs .  

E l e u t e r i u s  and C a l d w e l l  (1981b) found 
t h a t  c o l o n i e s  and i m m a t u r e  s t a n d s  o f  S. 
a1 t e r n i f l o r a  s p r e a d  c e n t r i f u g a l  l y  a t  
f i r s t ,  t hen  p redom inan t l y  downward on t h e  
t i d a l  p l a n e .  F o u r  o r  n o r e  y e a r s  may be 
r e q u i r e d  b e f o r e  t h i s  s p e c i e s  r e a c h e s  t h e  
l o w e s t  1 i m i  t o f  v e r t i c a l  d i s t r i b u t i o n .  
F r o m  a  s i n g l e  t r a n s p l a n t  i n  D a v i s  and 
B i l o x i  Bays,  M i s s i s s i p p i ,  0.2 ha was 
c o m p l e t e l y  c o v e r e d  by  S. a1 t e r n i f l o r a  i n  
t w o  y e a r s .  D. s p i c a t a w a s  o b s e r v e d  t o  
r a o i d l v  c o l o n i z e  b a r r e n  s p o i l  i s l a n d s  and 
gei-ierai ly r e p l a c e  - S. a1 t e r n i  f l o r a  as t h a t  

s  dow 

Juncus  was v e r y  s l o w  t o  n a t u r a l l y  - 
c o l  o n l z e  s p o i l  i s 1  ands i n  M i s s i s s i p p i  
( E l e u t e r i u s  and  C a l  d w e l l  1981b) .  I t  may 
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Figure 43. Marsh creation projects, northeastern Gulf of Mexico ( a f t e r  Kruczynski 
1982). 

take 10 years  before t h i s  spec ies  begins decreasing order  of importance, were 
t o  be observed, o f t e n  i ?  the  D. sp i ca t a  erosion by wind o r  water ,  a v a i l a b l e  s o i l  
zone. Juncus may a lso  become established water ,  s o i l  water s a l i n i t y ,  and s o i l  
a t  the upper edge of the S. a1 t e r n i f l o r a  nutrients. Potential marsh-creation s i t e s  
zone, eventua l ly  crowding-out the  l a t t e r  should be surveyed f o r  topographic and 
s p e c i e s .  Juncus  grows very s l o w l y  so i l s  information before transplantina. A 
compared t o  S. a1 t e r n i f l o r a  and D .  w a i t i n g  p e r i o d  of 1 -2  y e a r s  may be 
s p i c a t a ,  b u t  once i ~ e c o r n e s  e s t a b l i s h e d  required on new spoil to allow for normal 
in  an a rea ,  no o the r  spec ies  seems t o  be s e t t l i n g  of sediments. Hay bales  were 
a b l e  t o  r e p l a c e  i t .  E l e u t e r i u s  and recommended to  reduce wave erosion while 
Caldwell (1981b) estimated that  from 16 to s t i l l  allowing t idal  exchange. 
35 yrs .  may be requi red  f o r  Juncus t o  
colonize spoi l  a n d  fo rn  a closed stand. New marshes  can be c r e a t e d  and 
I n  c o n t r a s t ,  cul n s  planted a t  4-foot  damaged marshes restored by a  well-planned 
centers fornied a  closed stand in 5 years. and t i l~led revegetat ion program i f  loca l  

environmental condi t ions  a r e  su i t ab l e .  
Transplants  of S. cynosuroides a t  However, many s i t e s  a r e  not  s u i t a b l e  

Simmons Bayou, M i s s i s s i p p i ,  were slow because of one or  more f a c t o r s  mentioned 
growing b u t  did not form closed s tands 8 above; therefore ,  t h i s  approach must be 
years a f t e r  planting (Eleuterius and Gill considered on a case-by-case basis. 
1981). S imi l a r  growth and cover r a t e s  
were found for  Phragmites austral  i s  in the Current ly,  mi t i  ga t  ion opt ions  a r e  
same study. limited. The value of -- Juncus marshes and 

t h e i r  continued d e t e r i o r a t i o n  and loss  
According t o  E l e u t e r i u s  (1974b,) mandate t h a t  new v i a b l e  o p t i o n s  be 

factors affect ing t r ansp l  a n t  success ,  in investigated and exercised. 
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CHAPTER 7 

RESEARCH NEEDS 

As can be seen i n  preceding chapters, marshes, secondary p r o d u c t i v i t y ,  envi ron-  
c o n s i d e r a b l e  i n f o r m a t i o n  h a s  b e e n  mental tolerances. 
deve loped conce rn ing  t h e  s t r u c t u r e  and 
f u n c t i o n  o f  J u n c u s - d o m i n a t e d  m a r s h  (6) Macrofauna - popu la t ion  dynamics, 
e c o s y s  t e m s  o n  t h e  c o a s t s  o f  t h e  energy  budgets ,  h a b i t a t  r e q u i r e m e n t s ,  
n o r t h e a s t e r n  G u l f  o f  Mexico,  There  i s  i " e r a c t i 0 n s  f o r  do l l l i nan t  s p e c i e s  o f  
much more n o t  known, and numerous b a s i c  m ~ l l u s k s ,  arthropods, b i rds ,  and clammals. 
and  a p p l i e d  s t u d i e s  a r e  needed  t o  
s a t i s f a c t o r i l y  evaluate the importance o f  ( 7 )  - Commercia l  species - q u a n t i f i c a -  
t h e s e  systems and t o  f u r t h e r  unde rs tand  t i o n  o f  marsh r o l e  i n  f o o d  r e q u i r e m e n t s  

t h e  f u n c t i o n i n g  o f  t h e  marshes i n  t h e  and 

o v e r a l l  e c o l o g y  o f  t h e  e s t u a r i e s  and 
coasta l  waters o f  the region. S i g n i f i c a n t  ( 8 )  F i s h  - f e e d i n g  and b r e e d i n g  
data gaps i nc lude  the  fo l l ow ing :  chronologies and marsh dependency, u t i  1 i- 

z a t i o n  o f  marsh d e t r i t u s .  

( 1 )  Phy to  l a n k t o n  - community dyna- 
_e7_ mics ,  e n v i  ronrnenta t o 1  erances,  p r i m a r y  

p r o d u c t i v i t y  i n  marsh creeks. Comparative 
i m p o r t a n c e  vs. b e n t h i c  macroa lgae vs. 
macrophy t e s  . 

( 2 )  B e n t h i c  a lgae - con~munity s t r u c -  
ture,  substrate requirements, envi ronmen- 
t a l  r e l a t i o n s h i p s ,  p r i m a r y  p r o d u c t i v i t y ,  
food chain ro le .  

( 3 )  Belowground biomass - p roduc t i v i  - 
t y ,  decompos i t i on ,  r o l e  i n  n u t r i e n t  and 
energy flow. 

(4) Mic rob io ta  - r o l e  i n  d e t r i t u s  and 
decor i~posi  t i o n  processes,  e n v i r o n m e n t a l  
con t ro l s ,  a c t i o n  i n  n u t r i e n t  cyc l ing .  

( 5 )  Z o o p l a n k t o n  - u t i l i z a t i o n  o f  

(9) Hydrological  s tud ies  - f reshwater  
d i  scharge pat terns,  n u t r i e n t  and sediment 
f l  uxes, t o x i c  rnateri  a1 s  t ranspor t .  

( 1 0 )  I n t e r - r e l a t i o n s h i p s  o f  f r e s h -  
water wet1 ands and Juncus coasta l  marshes. 

(11 1 N u t r i e n t  c o n t r i b u t i o n s  o f  
J u n c u s - d o m i n a t e d  c o a s t a l  m a r s h e s  t o  
e i t u a r i n e  communities. 

( 1 2 )  C r e a t i o n  and success o f  man- 
made marshes. 

( 1 3 )  t o n g - t e r m  s t u d i e s  t o  e v a l u a t e  
1  ong-term cyc les  and aper iod ic  events. 

(14) Impact s tudies,  i.e., t h i n  l a y e r  
s p o i l  d i s p o s a l  , d i t c h i n g ,  e l e v a t e d  con- 
s t r u c t i o n .  
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GLOSSARY 

A c t i  nomycetes- f i l amen tous  b a c t e r i a  

Anthes i  s- f l o w e r i n g  

Ascomycetes- a  g r o u p  o f  f u n g i  i n c l u d i n g  
yeas ts ,  molds, and powdery m i ldews  

Basi  d i  omycetes- a  group o f  f u n g i  i n c l  u d i  ng 
r u s t s ,  j e l l y  f ung i ,  and mushrooms 

B i o l o g i c a l  I n d e x -  a  measure  o f  s p e c i e s  
impor tance de te rmined  by ass i gn i ng  scores 
t o  s p e c i e s  i n  t h e  o r d e r  o f  abundance i n  a  
sample 

Biomass- w e i g h t  o f  l i v i n g  o r  p r e v i o u s l y  
l i v i n g  m a t e r i a l  e x p r e s s e d  i n  w e t  w e i g h t ,  
d r y  weight ,  o r  ash- f ree  d r y  w e i g h t  

B isexua l  f l o w e r -  a  f l o w e r  w i t h  bo th  male 
(stamens) and fema le  ( p i s t i l )  r e p r o d u c t i v e  
organs 

B rac t s -  a  m o d i f i e d  l e a f  e x i s t i n g  i n  a  much 
reduced form, o f  t e n  sca l  e l  i ke 

C3 spec ies-  p l a n t s  which f i x  carbon by t h e  
C a l v i n  c y c l e  o f  pho tosyn thes is  and produce 
two  three-carbon mo lecu les  o f  3-phospho- 
g l y c e r i c  a c i d  f r om  one mo lecu le  o f  carbon 
d i  o x i  de 

spec ies-  p l a n t s  which f i x  carbon by way 
o  t h e  C-4 d i c a r b o x y l  i c  a c i d  pa thway ,  C4 
f o r m i n g  ma1 i c  a c i d  and a s p a r t i c  a c i d  

Carn ivo re -  a n  o r g a n i s m  whose p r i n c i p a l  
food  source i s  l i v i n g  an imal  t i s s u e  

Ch l~ rophycophy ta -  t h e  green a1 gae 

Con id ia -  a s e x u a l  r e p r o d u c t i v e  s p o r e s  i n  
yeas t s  

Culm- t h e  stem o f  grasses 

Cyanochl o ron ta -  t h e  b l  ue-green a1 gae 

D e t r i  t i v o r e -  an o r g a n i s m  whose p r i n c i p a l  
f o o d  s o u r c e  i s  f r a g m e n t s  o f  p r e v i o u s l y  
1 i v i  ng t i s s u e  ( d e t r i t u s )  

D i u r n a l  t i d e -  hav i ng  one h i g h  and one l o w  
t i d e  i n  each ?a-hour  p e r i o d  

Eh- a  m e a s u r e  o f  e l e c t r o n  a c t i v i t y  
e x p r e s s e d  i n  m i l  1 i v o l  t s  as  a  measure  o f  
o x i d a t i o n  - r e d u c t i o n  p o t e n t i a l  o f  a 
substance 

Edaphic- r e l a t e d  t o  t h e  s o i l  

Ep i fauna-  an ima l s  l i v i n g  on t h e  su r f ace  o f  
t h e  s o i l  

E p i p h y t i c -  l i v i n g  on p l a n t  su r f aces  

E u t r o p h i c a t i o n -  n u t r i e n t  e n r i c h m e n t  o f  a  
s y s t e m  r e s u l t i n g  i n  i n c r e a s e d  p r i m a r y  
p roduc t i on  o f  o r g a n i c  m a t e r i a l  

Euryha l ine -  h a v i n g  a  b r o a d  t o l e r a n c e  o f  
f l u c t u a t i n g  s a l i n i t i e s  f r o m  seawater  t o  15  
p p t  o r  l o w e r  

Euryokous- b r o a d  t o l e r a n c e  o f  a  v a r i e t y  
o f  env i ronmenta l  parameters 

Gynodioecious- hav i ng  t w o  t ypes  o f  f l o w e r s  
on s e p a r a t e  p l a n t s ,  one  w i t h  b i s e x u a l  
f l owers ,  one w i t h  female o n l y  

Chrysophycophyta- t h e  a  1  g a e  d i v i s i o n  Hectare-  a  m e t r i c  u n i t  o f  a rea  e q u i v a l e n t  
i n c l u d i n g  d ia toms t o  10,000 square me te r s  (2.47 ac res )  



Herb ivo re -  a n  o r g a n i s m  w h i c h  d e r i v e s  i t s  
n u t r i t i o n  p r i m a r i l y  f r o m  1  i v i n g  p l a n t  
m a t e r i a l  

Ho leuryha l  i ne- an i  ma1 s  w i  t h  b road  sa l  i n i  t y  
t o l e r a n c e  who spend a1 1  o f  t h e i r  1 i v e s  i n  
t h e  es tua r y  such as cyp r i nodon t  f i shes  

Hypersa l ine -  s a l i n i t y  g r e a t e r  than  35 p p t  

I n t e r s t i t i a l  wa te r -  wa te r  con ta i ned  w i t h i n  
spaces, as between s o i l  p a r t i c l e s  

K i l o j o u l e -  1,000 j o u l e s  a  u n i t  o f  work o r  
e n e r g y ;  1 j o u l e  = 107' e r g s  o r  a p p r o x i -  
ma te l y  0.7375 f o o t  pounds 

Megalops- l a r v a l  s t a g e  j u s t  b e f o r e  t h e  
a d u l t  s tage i n  mar ine  c rabs  

Meiofauna- an ima l s  i n  t h e  s i z e  range f r om  
1.0 mm t o  0.1 mm 

Meropl ankton-  organisms which spend o n l y  a  
p a r t  o f  t h e i r  l i f e  c y c l e s  i n  t h e  p l ank ton  

O l i g o h a l i n e -  b rack ish ,  15.0 - 5.0 p p t  

Omnivore- an o rgan ism w i t h  a b road  d i e t  o f  
b o t h  an imal  and p l a n t  t i s s u e  

O o s t i g i  t e s -  p l a t e - 1  i k e  processes f r om  t h e  
bases o f  t h e  t h o r a c i c  l e g s  o f  pe racar idan  
c rus taceans  f o r  b rood ing  young 

Pan i c l e -  a  f o r m  o f  f l o w e r  ar rangement  i n  a  
b ranch ing  p a t t e r n  

P e l a ~ i c -  p e r t a i n i n g  t o  t h e  open w a t e r  o f  
t h e  ocean 

P e r f e c t  f l o w e r -  a  f l o w e r  w i t h  b o t h  m a l e  
and fema le  r e p r o d u c t i v e  organs 

Pneumostome- p u l m o n a r y  a p e r t u r e  i n  some 
gast ropods 

P r o t o g y n o u s  herrnaphrodi  t i s m -  an o rgan ism 
e x i s t i n g  i n i t i a l l y  a s  a  s e x u a l  f e m a l e  
c o n v e r t i n g  a t  a  l a t e r  age t o  a  f u n c t i o n a l  
male, e s p e c i a l l y  found i n  f i s h  

Rhizome- an underground stem 

S c l e r o t i a -  a  h a r d ,  d o r m a n t  s t a g e  o f  some 
f u n g i  

Semid iu rna l  t i d e -  hav i ng  2  h i g h  and 2 l o w  
t i d e s  each 24-hour p e r i o d  

Spermatophyte- a  f l o w e r i n g  p l  a n t  p roduc i ng  
t r u e  seeds 

S tamina te  f l o w e r -  a  f l o w e r  w i t h  o n l y  male 
r e p r o d u c t i v e  organs (stamens) 

S u p r a t i d a l -  above mean h i g h  wa te r  

X e r i c -  v e r y  l o w  i n  m o i s t u r e  f o r  l i f e  
suppo r t  
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