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ABSTRACT 

Acreage o f  major community t y p e s  i n  a  r e g u l a r l y - f l o o d e d  marsh a t  Oak 

I s l a n d  i n  Brunswick County, North C a r o l i n a  was determined by a n a l y z i n g  

c o l o r - i n f r a r e d  a e r i a l  pho tographs .  V e g e t a t i o n  t y p e  coverage  o f  t h e  

e n t i r e  marsh was a l s o  determined i n  t h i s  s t u d y .  These v a l u e s  were  used 

t o  de te rmine  n e t  p r o d u c t i v i t y  on a  whole-marsh b a s i s .  

An a t t e m p t  t o  de te rmine  n e t  p r imary  p r o d u c t i v i t y  o f  t h e  major  

v e g e t a t i o n  t y p e s  i n  t h e  r e g u l a r l y - f l o o d e d  marsh was a l s o  made. A h a r v e s t  

method was used t o  o b t a i n  s t a n d i n g  c r o p  e s t i m a t e s  o f  dominant v e g e t a t i o n  

t y p e s .  These s t a n d i n g  c r o p  v a l u e s  were used t o  c a l c u l a t e  n e t  p r o d u c t i v i t y .  

Net p r o d u c t i o n  was de te rmined  by tyro methods: (1)  u s i n g  o n l y  l i v i n g  

s t a n d i n g  c r o p  e s t i m a t e s  and (2)  u s i n g  changes i n  l i v i n g  and dead s t a n d i n g  

c rop  e s t i m a t e s .  P r e d i c t e d  s t a n d i n g  c r o p  v a l u e s  o b t a i n e d  by f i t t i n g  t h e  

obse rved  d a t a  ( f rom b o t h  methods) t o  a  f o u r t h  degree  polynomial  i n  t ime 

were a l s o  c a l c u l a t e d  t o  make e s t i m a t e s  o f  n e t  p r o d u c t i o n .  The goodness 

of f i t  v a l u e s  o b t a i n e d  i n  t h i s  method were good f o r  a l l  v e g e t a t i o n  t y p e s .  

E s t i m a t e s  o f  n e t  p r imary  p r o d u c t i v i t y  u s i n g  changes i n  l i v i n g  and 

dead p r e d i c t e d  s t a n d i n g  c r o p s  o b t a i n e d  i n  t h i s  s t u d y  were a s  f o l l o w s :  

L 
s h o r t  S p a r t i n a  a l t e r n i f l o r a  - 1106 kcal/m / y r ,  medium S p a r t i n a  

2 2 
a l t e r n i f l o r a  - 1856 kcal /m / y r ,  t a l l  S p a r t i n a  a l t e r n i f l o r a  - 6471 kca l /m / y r  

2 
and Juncus  roemerianus  - 5346 k c a l  m / y r .  On a  whole-marsh b a s i s ,  n e t  

2 
pr imary p r o d u c t i o n  :>7as e s t i m a t e d  t o  be 1534 kcal /m / y r .  These e s t i m a t e s  

were t h e  b e s t  o b t a i n e d  i n  t h i s  s t u d y .  

The n e t  p r imary  p r o d u c t i o n  e s t i m a t e s  o b t a i n e d  i n  t h i s  s t u d y  were  

n o t  a s  h i g h  a s  v a l u e s  o b t a i n e d  i n  p r e v i o u s  s a l t - m a r s h  s t u d i e s .  Reasons 



f o r  t h i s  a p p a r e n t  d i s c r e p a n c y  cou ld  be: (1) l e n g t h  of  growing s e a s o n ,  

( 2 )  c l i m a t e  o f  s t u d y  a r e a s ,  (3)  p e r  c e n t  e s t i m a t e s  of  v e g e t a t i o n  cover -  

age of  marsh and (4)  c o r r e c t i o n  v a l u e  f o r  loss  o f  dead m a t e r i a l .  
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INTRODUCTION 

A p r e s e n t  t r e n d  i n  e c o l o g i c a l  s t u d i e s  i s  t o  d e t e r m i n e  p r o d u c t i v i t y  

and energy  f low i n  v a r i o u s  t e r r e s t r i a l  and a q u a t i c  ecosys tems .  Such 

s t u d i e s  have been c a r r i e d  o u t  i n  a  number o f  ecosys tems .  Energy flow 

i s  perhaps  b e s t  unders tood i n  t h e  r e g u l a r l y - f l o o d e d  s a l t  marsh o f  t h e  

s o u t h  A t l a n t i c  c o a s t .  The b u l k  o f  t h e  d a t a  on which t h i s  knowledge i s  

based h a s  been g a t h e r e d  a t  Sape lo  I s l a n d ,  Georg ia ,  by e c o l o g i s t s  from 

t h e  U n i v e r s i t y  of  Georgia .  

From d a t a  c o l l e c t e d  i n  t h e  Georg ia  e s t u a r i n e  s t u d i e s ,  Odum (1961) 

e s t i m a t e s  t h e  e s t u a r i n e  ecosystem t o  be one o f  t h e  most  p r o d u c t i v e  

sys tems i n  t h e  w o r l d .  He s t a t e s  t h a t  t h e  e s t u a r i n e  sys tem must be  con- 

s i d e r e d  i n  i t s  e n t i r e t y  ( t i d a l  f l a t s ,  c r e e k s ,  r i v e r s ,  submerged bot toms)  

and n o t  a s  s i n g l e  components. S t u d i e s  by Smal ley  (1959) ,  Odum (1961) ,  

and T e a l  (1962) i n d i c a t e  t h a t  t h e  p r o d u c t i v i t y  o f  t h e  p r imary  p r o d u c e r s  

i n  t h e  e s t u a r i n e  ecosystem i s  comparable t o  o r  g r e a t e r  t h a n  t h a t  o f  

ecosystems c u l t i v a t e d  by man. Odum (1961) s u g g e s t s  t h a t  a  management 

sys tem based on u t i l i z a t i o n  r a t h e r  t h a n  p r o d u c t i o n  i s  needed i n  o r d e r  t o  

avo id  s e r i o u s  m i s t a k e s  i n  c o n s e r v a t i o n  o f  t h e  e s t u a r i n e  ecosystem.  

R e a l i z i n g  t h e  importance  o f  t h e  e s t u a r i n e  ecosystem,  a  need e x i s t s  

t o  de te rmine  t h e  r e l a t i v e  v a l u e  o f  t h e  v a r i o u s  components o f  such a r e a s  

i n  o r d e r  t o  e s t a b l i s h  a n  e f f e c t i v e  program o f  e s t u a r i n e  management. 

Th i s  s t u d y  was c a r r i e d  o u t  i n  a n  e f f o r t  t o  de te rmine  t h e  g e n e r a l  n a t u r e  

o f  n e t  p r imary  p r o d u c t i o n  i n  a n  a r e a  o f  r e g u l a r l y - f l o o d e d  s a l t  marsh i n  

North C a r o l i n a .  



S p e c i f i c  o b j e c t i v e s  were:  

1. To deve lop  a  r a p i d  method o f  d e t e r m i n i n g  t h e  a r e a  occup ied  by 

major  s a l t  marsh community t y p e s  u s i n g  c o l o r - i n f r a r e d  photo-  

g r a p h s .  

2 .  To e s t i m a t e  t h e  magni tude of  n e t  p r imary  p r o d u c t i o n  i n  an  a r e a  

o f  we l l -deve loped  r e g u l a r l y -  f looded  s a l t  marsh i n  Nor th  C a r o l i n a .  



REVIEW OF LITERATURE 

S a l t  marshes a r e  a r e a s  o f  land which b o r d e r  t h e  s e a ,  which a r e  

dominated by g r a s s e s  o r  g r a s s - l i k e  p l a n t s ,  and which a r e  s u b j e c t  t o  

p e r i o d i c  t i d a l  i n u n d a t i o n  (Chapman, 1960) .  I n  t h e  e a s t e r n  Uni ted  S t a t e s ,  

marshes from New J e r s e y  t o  F l o r i d a  and L o u i s i a n a  belong t o  t h e  C o a s t a l  

P l a i n  type  (Chapman, 1960) .  Kurz and Wagner (1957) r e p o r t  t h e s e  marshes 

a r e  formed on a  s i n k i n g  c o a s t l i n e .  The s u b s t r a t e  i s  a  g r e y ,  s o f t  s i l t .  

D e s c r i p t i o n  o f  North  C a r o l i n a  S a l t  Marshes 

Wilson (1962) c l a s s i f i e s  North  C a r o l i n a  marshes  a s  r e g u l a r l y -  

f l o o d e d  (low) and i r r e g u l a r l y - f l o o d e d  (h igh)  s a l t  marshes .  R e g u l a r i t y  

o f  i n u n d a t i o n  by s a l i n e  t i d e s  i s  t h e  b a s i c  c r i t e r i o n  of  W i l s o n ' s  

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

Regu la r ly - f looded  marshes cover  about  58,400 a c r e s  i n  North 

C a r o l i n a ,  e x t e n d i n g  from Oregon I n l e t  and Ocracoke on t h e  O u t e r  Banks 

t o  B e a u f o r t ,  and s o u t h  t o  t h e  South  C a r o l i n a  s t a t e  l i n e  (Wilson,  1962) .  

S p a r t i n a  a l t e r n i f l o r a  ~ o i s e l '  i s  t h e  dominant v a s c u l a r  p l a n t  i n  t h e  

r e g u l a r l y - f l o o d e d  marsh.  It e x h i b i t s  t h i e e  h e i g h t  forms depending on 

i t s  p r o x i m i t y  t o  t i d a l  i n u n d a t i o n .  It h a s  been shown t h a t  t h e  h e i g h t  of  

S p a r t i n a  a l t e r n i f l o r a  d e c r e a s e s  a s  s a l i n i t y  i n c r e a s e s  ( T e a l ,  1958; 

Smal ley ,  1959; Adams, 1963) .  These a u t h o r s  n o t e  t h a t  t h e  t a l l  S p a r t i n a  

a l t e r n i f l o r a  (one mete r  o r  t a l l e r )  grows on t h e  s t r e a m s i d e  banks i n  t h e  

marshes .  On t h e  l e v e e s  and i n  t h e i r  immediate p r o x i m i t y ,  medium S p a r t i n a  

a l t e r n i f l o r a  (50 t o  100 cm) grows.  S h o r t  S p a r t i n a  a l t e r n i f l o r a  

' ~ o m e n c l a t u r e  a c c o r d i n g  t o  Radford e t  a l .  , 1964. 
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(10 t o  50 cm) grows i n  i n t e r c r e e k  a r e a s  i n  t h e  h i g h e s t  p a r t  o f  t h e  marsh.  

Juncus  roemer ianus  S c h e e l e  o c c u r s  i n  t h e  r e g u l a r l y - f l o o d e d  marsh i n  dense  

p a t c h e s  g e n e r a l l y  a t  h i g h e r  e l e v a t i o n s  (Adams, 1963) .  

I n  t h e  r e g u l a r l y - f l o o d e d  marsh,  t i d a l  i n u n d a t i o n  o c c u r s  t w i c e  d a i l y .  

Bordeau and Adams (1956) s t u d i e d  t h e  e f f e c t s  of  env i ronmenta l  f a c t o r s  

( e l e v a t i o n ,  s o i l  t e x t u r e ,  and s a l i n i t y )  on d i s t r i b u t i o n  of  v e g e t a t i o n  i n  a  

marsh a t  S o u t h p o r t ,  North C a r o l i n a .  They s t u d i e d  v e g e t a t i o n  zones i n  

which S p a r t i n a  p a t e n s ,  Juncus  roemer ianus ,  and t a l l ,  medium, and s h o r t  

S p a r t i n a  a l t e r n i f l o r a  were dominant.  T h e i r  r e s u l t s  showed t h a t  a  mic ro -  

r e l i e f  g r a d i e n t  e x i s t e d  th roughout  t h e  t h r e e  zones ,  and s o i l  t e x t u r e  was 

s i m i l a r  between t h e  l a t t e r  two zones b u t  became more sandy i n  t h e  S p a r t i n a  

p a t e n s  zone.  S a l i n i t y  i n c r e a s e d  more t h a n  twofold  landward from t h e  t a l l  

t o  s h o r t  S p a r t i n a  a l t e r n i f l o r a  zone,  and t h e n  d e c r e a s e d  t o  a  minimal l e v e l  

i n  t h e  S p a r t i n a  p a t e n s  zone.  Adams (1963) concluded t h a t  t i d a l  e l e v a t i o n  

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

a l s o  s t a t e d  t h a t  s a l i n i t y  i s  a  pr imary f a c t o r  i n  r e d u c i n g  growth o f  s a l t -  

marsh s p e c i e s .  

The s u b s t r a t e  of  t h e  r e g u l a r l y - f l o o d e d  marsh,  a s  d e s c r i b e d  by Adams 

(1963) )  c o n t a i n s  more s i l t  t h a n  t h e  s u b s t r a t e  o f  t h e  i r r e g u l a r l y - f l o o d e d  

marsh.  It i s  g r e y - c o l o r e d  and s o f t .  

I r r e g u l a r l y - f l o o d e d  marshes  a r e  t h e  most  e x t e n s i v e  o f  t h e  two marsh 

t y p e s  i n  North  C a r o l i n a ,  c o v e r i n g  100,450 a c r e s ,  and p r i m a r i l y  e x t e n d i n g  

from Roanoke I s l a n d  t o  A t l a n t i c  (Wilson,  1962) .  

I r r e g u l a r l y - f l o o d e d  marshes  a r e  f l o o d e d  a t  u n p r e d i c t a b l e  i n t e r v a l s .  

These f l o o d i n g  t i d e s  a r e  m o s t l y  c o n t r o l l e d  by h i g h  winds and s e v e r e  

s t o r m s .  The s u b s t r a t e  o f  t h e s e  marshes  i s  sand o v e r l a i n  w i t h  p e a t .  

The sand i s  more o r  l e s s  uniform b u t  t h e  p e a t  v a r i e s  i n  d e p t h  and 



compos i t ion  depending on t h e  v e g e t a t i o n  t y p e  (Wai t s ,  1967).  S a l i n i t y  

i n  t h i s  type  o f  marsh i s  d i r e c t l y  r e l a t e d  t o  t h e  r e g u l a r i t y  of  f l o o d i n g  

by sound w a t e r  (Wai t s ,  1967) .  

S t u d i e s  o f  i r r e g u l a r l y - f l o o d e d  marshes  a r e  n o t  numerous. Brown (1959) 

l i s t e d  t h e  i m p o r t a n t  v a s c u l a r  p l a n t  s p e c i e s  found i n  t h e  major  h a b i t a t s  

of  t h e  O u t e r  Banks; dunes ,  sand f l a t s ,  and marshes .  Dominant v a s c u l a r  

p l a n t  s p e c i e s  d e s c r i b e d  i n  t h e  s a l t  marsh h a b i t a t  a r e  S p a r t i n a  a l t e r n i -  

f l o r a ,  Juncus  roemer ianus ,  S p a r t i n a  p a t e n s ,  D i s t i c h l i s  s p i c a t a ,  and 

S c i r p u s  r o b u s t u s  (Brown, 1959; Burke, 1962; W a i t s ,  1967) .  

A e r i a l  Photography 

I n  1942,  Eastman Kodak Company i n t r o d u c e d  Kodak Ektachrome Aero 

f i l m  (High C o n t r a s t )  and Kodak Ektachrome Aero f i l m  (Camouflage D e t e c t i o n )  

f o r  m i l i t a r y  r e c o n n a i s s a n c e .  These f i l m s  were  p r e c u r s o r s  t o  Ektachrome 

Aero ( c o l o r )  and Ektachrome I n f r a r e d  Aero ( c o l o r - i n f r a r e d ) ,  t h e  f i l m s  

used i n  t h i s  s t u d y .  

I n  t h e  a r e a  o f  s c i e n t i f i c  u s e s ,  Co lwel l  h a s  used t h e s e  f i l m s  i n  

a t t e m p t s  t o  d e t e c t  d i s e a s e  i n  c e r e a l  g r a i n s ,  f i n d i n g  t h a t  c o l o r - i n f r a r e d  

f i l m  showed e v i d e n c e s  sf i n f e s t a t i o n  e a r l i e r  t h a n  c o l o r  o r  panchromat ic  

f i l m .  Co lwel l  h a s  e f f e c t i v e l y  used c o l o r - i n f r a r e d  f i l m  f o r  d i s t i n g u i s h -  

i n g  s o i l  t y p e s ,  m i n e r a l  t y p e s ,  p l a n t  s p e c i e s ,  w a t e r  d e p t h s ,  and t imber  

s t a n d  i n s e c t  a t t a c k s .  (Co lwel l ,  1956,  1960,  1964; American S o c i e t y  of  

Photogrammetry,  1960) . 
A d d i t i o n a l  s t u d i e s  i n  f o r e s t  d i s e a s e  d e t e c t i o n  by c o l o r - i n f r a r e d  

f i l m  have been i n  t h e  s p e c i f i c  a n a l y s i s  of  Oak W i l t ,  Annosus r o o t  r o t ,  

and l i t t l e  l e a f  d i s e a s e .  (Roth e t  a l e ,  1963; C o r d e l l  e t  a l . ,  1965) .  

Leuder (1959) d i s c u s s e d  p o s s i b l e  a p p l i c a t i o n  o f  c o l o r  and c o l o r -  

i n f r a r e d  f i l m  t o  e c o l o g i c a l  and b o t a n i c a l  s t u d i e s .  He proposed t h e  
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use  o f  c o l o r  and c o l o r - i n f r a r e d  f i l m  i n  s u r v e y i n g  t i d a l  marshes t o  o b t a i n  

c o r r e l a t i o n s  t h a t  may e x i s t  betr ieen t h e  p a t t e r n s  o f  t h e s e  a r e a s  and t h e  

l o c a t i o n  of  organisms such a s  o y s t e r s  which f e e d  upon food from t h e s e  

marshes .  He sugges ted  use  o f  t h e s e  f i l m s  t o  de te rmine  w e t - m a t e r i a l  

mosqu i to -b reed ing  a r e a s  i n  i n a c c e s s i b l e  r e g i o n s  such a s  New Guinea.  

Olson (1964) made one of  t h e  f i r s t  s t u d i e s  i n  t i d a l  marshes  i n v o l v -  

i n g  a e r i a l  pho tograph ic  i n t e r p r e t a t i o n .  He s t u d i e d  a e r i a l  photographs  

t o  de te rmine  t h e  type  o f  i n f o r m a t i o n  which cou ld  b e  o b t a i n e d  from them 

and t o  d e t e r m i n e  t h e  accuracy  o f  pho tograph ic  i n t e r p r e t a t i o n .  Accuracy 

o f  i d e n t i f i c a t i o n  i n  r e l a t i o n  t o  e x p e r i e n c e  o f  i n t e r p r e t e r s  v a r i e d  

d i r e c t l y  w i t h  t h e i r  p r e v i o u s  knowledge of v e g e t a t i o n  and p h o t o g r a p h i c  

i n t e r p r e t a t i o n .  He noted t h a t  accuracy  o f  i d e n t i f i c a t i o n  v a r i e d  l i t t l e  

i n  r e l a t i o n  t o  t h e  t y p e  o f  f i l m ,  panchromat ic  o r  c o l o r ,  used .  Co lor -  

i n f r a r e d  f i l m  was n o t  used i n  t h i s  s t u d y .  An i n c r e a s e  i n  s c a l e  i n c r e a s e d  

t h e  accuracy  of  i d e n t i f i c a t i o n  o f  pure  s t a n d s  o f  marsh v e g e t a t i o n  t y p e s .  

It was found t h a t  mixed t y p e s  were  l e s s  a c c u r a t e l y  i d e n t i f i e d  t h a n  p u r e  

v e g e t a t i o n  t y p e s .  Olson concluded t h a t  a e r i a l  photographs  a r e  u s e f u l  i n  

d e t e r m i n i n g  g e n e r a l  t y p e s  o f  marsh v e g e t a t i o n ,  and broad e c o l o g i c a l  zones .  

P l a n t  s p e c i e s  and a s s o c i a t i o n s  c a n  a l s o  be r e c o g n i z e d  w i t h  a r e a s o n a b l e  

d e g r e e  of  a c c u r a c y .  

Anson (1966) compared panchromat ic ,  c o l o r ,  and c o l o r - i n f r a r e d  f i l m  

i n  mapping t h e  d r a i n a g e , v e g e t a t i o n ,  s o i l s ,  and c u l t u r e  i n  a  C o a s t a l  

P l a i n  r e g i o n  of  Sou th  C a r o l i n a .  His  r e s u l t s  showed t h e  l a t t e r  two 

f i l m  t y p e s  s u p e r i o r  t o  panchromat ic  f o r  a l l  phases  o f  i n t e r p r e t a t i o n  

e x c e p t  s o i l s .  I n  s o i l s ,  s i m i l a r  r e s u l t s  were  o b t a i n e d  from each  type  

of  f i l m ,  C o l o r - i n f r a r e d  was s u p e r i o r  t o  c o l o r  o r  panchromat ic  f o r  
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v e g e t a t i o n  a n a l y s i s  and d r a i n a g e  mapping. Co lor  was s u p e r i o r  t o  c o l o r -  

i n f r a r e d  f o r  mapping c u l t u r e .  

S  t r a n d b e r g  (1966) used c o l o r - i n f r a r e d  photographs  i n  a  w a t e r  

q u a l i t y  a n a l y s i s  s t u d y .  He found t h a t  a l g a e  and o t h e r  a q u a t i c  growths 

can  be d e t e c t e d  on t h i s  f i l m .  Such growths may be  i n d i c a t i v e  of  i r r i -  

g a t i o n  r e t u r n  f lows  which may be  p o l l u t i n g  s t r eams  w i t h  p e s t i c i d e s  and 

o t h e r  ha rmfu l  c h e m i c a l s .  

A newer t e c h n i q u e  i n  a e r i a l  photography i s  by u s i n g  i n f r a r e d  and 

m u l t i s p e c t r a l  s e n s i n g  ( H o l t e r ,  1967) .  Pho tograph ic  type  f i l m s  t h a t  

a r e  s e n s i t i v e  t o  i n f r a r e d  canno t  be s t o r e d  w i t h o u t  f o g g i n g ;  t h e r e f o r e ,  

a  need f o r  a  more a c c u r a t e  image r e c o r d e r  i s  needed.  An a m p l i f i e r  i s  

used t o  t r a n s m i t  t h e  r a d i a t i o n  t o  t h e  photo  r e c o r d e r .  The r a d i a t i o n  

i s  broken i n t o  s p e c t r a l  bands and a  computer p r i n t s  t h e  d e s i r e d  band 

fo rming  a  d e t a i l e d  image. 

P r o d u c t i v i t y  S t u d i e s  i n  S a l t  Marshes 

The n e c e s s i t y  f o r  d e t e r m i n i n g  t h e  p r o d u c t i v i t y  o f  a q u a t i c  and 

t e r r e s t r i a l  ecosystems i s  n o t  a  new r e a l i z a t i o n .  The a c t u a l  de te rmina-  

t i o n  o f  p r o d u c t i v i t y  v a l u e s  i s ,  however, a  r e l a t i v e l y  r e c e n t  deve lop-  

ment .  The approach t o  p r o d u c t i v i t y  s t u d i e s  i n  t h e  ecosystem c a n  be 

o f  two t y p e s  w i t h  e i t h e r  t h e  e n t i r e  ecosystem on i n d i v i d u a l  components 

b e i n g  s t u d i e d  (Smal ley ,  1959) .  

Many p r o d u c t i v i t y  s t u d i e s  have been  done i n  t h e  a r e a  o f  t e r r e s t r i a l  

p l a n t s .  West lake  (1963) l i s t e d  p r o d u c t i v i t y  d a t a  f o r  c u l t i v a t e d  p l a n t s ,  

f o r e s t s ,  and u n c u l t i v a t e d  p l a n t s ;  Newbould (1963) reviewed p r o d u c t i v i t y  

d a t a  o f  v a r i o u s  t e r r e s t r i a l  p l a n t s  such  a s  ma ize ,  g r a s s  i n  o l d  f i e l d s ,  

and p r a i r i e s .  Ovington (1962) no ted  t h e  r a t e  of  accumula t ion  o f  p l a n t  



o r g a n i c  m a t t e r  i s  dependent  on many f a c t o r s  b u t  t h a t  h i g h l y  p r o d u c t i v e ,  

3 
i n t e n s i v e l y  managed t empera te  woodland c o n t a i n s  abou t  350 x 10 kg/ha  

o r g a n i c  m a t t e r  a t  about  50 y e a r s  o f  age .  It  averages  about  7  x l o3  kg /ha  

i n  annua l  a c c r e t i o n .  

Pomeroy's  s t u d y  (1959) showed t h a t  a l g a e ,  a  p r imary  p roducer  i n  t h e  

L 
e s t u a r i n e  ecosystem,  c o n t r i b u t e  1620 kca l /m / y r  n e t  p r o d u c t i o n  i n  a  

Georgia  e s t u a r y .  S c h e l s k e  and Odum (1961) no ted  f i v e  f a c t o r s  t h a t  con- 

t r i b u t e  t o  m a i n t a i n i n g  h i g h  p r o d u c t i v i t y  i n  t h e  e s t u a r i n e  ecosystem.  They 

a r e  t h e  t i d a l  regime i n  t h e  marsh;  t u r n o v e r ,  r e g e n e r a t i o n ,  and conse rva-  

t i o n  of n u t r i e n t s ;  abundance of  n u t r i e n t s ;  t h r e e  t y p e s  o f  p r imary  p r o d u c e r s ;  

and year-around p r o d u c t i o n  o f  c r o p s  by p r imary  p r o d u c e r s .  

Most o f  t h e  r e s e a r c h  on p r o d u c t i v i t y  of  s a l t  marshes  h a s  been done 

a t  Sape lo  I s l a n d ,  Georg ia ,  Most of  t h e  p r imary  p r o d u c t i o n  can  be a t t r i b -  

u t e d  t o  S p a r t i n a  a l t e r n i f l o r a .  It i s  t h e  o n l y  major  h i g h e r  p l a n t  i n  t h e  

marsh ( T e a l  and Kanwisher,  1961) .  T e a l  (1962) ,  u s i n g  t h e  d a t a  of  Smal ley  

(1959) ,  e s t i m a t e d  t h a t  marsh average  n e t  p r o d u c t i v i t y  o f  S p a r t i n a  a l t e r n i -  

2  
f l o r a  was 6580 kcal /m / y r ,  Net p r o d u c t i o n  d a t a  were  g a t h e r e d  from s h o r t  

and t a l l  ( l e v e e  and s t r e a m s i d e )  S p a r t i n a  a l t e r n i f l o r a  i n  S m a l l e y ' s  s t u d y .  

T e a l ' s  e s t i m a t e  of  n e t  p r o d u c t i o n  u s i n g  d a t a  c o l l e c t e d  by Smal ley  (1959) 

L 
o f  s h o r t  S p a r t i n a  a l t e r n i f l o r a  was 2570 kcal /m / y r  and a n  e s t i m a t e  of  

L 
8970 kcal /m / y r  was o b t a i n e d  f o r  t a l l  S p a r t i n a  a l t e r n i f l o r a .  An es t ima-  

2 
t i o n  of  5200 kca l /m / y r  n e t  p r o d u c t i o n  was made by Smal ley  (1959) f o r  

medium S p a r t i n a  a l t e r n i f l o r a .  It was a l s o  no ted  t h a t  s h o r t  S p a r t i n a  

a l t e r n i f l o r a  occup ied  42% o f  t h e  t o t a l  marsh a r e a  and t a l l  S p a r t i n a  

a l t e r n i f l o r a ,  58%, Gross p r o d u c t i o n  o f  t h i s  marsh was e s t i m a t e d  a t  

34580 k c a l l m L / y r .  Net p r o d u c t i o n  was c a l c u l a t e d  t o  be o n l y  19% o f  g r o s s  

p r o d u c t i o n .  



Harves t  methods have been used t o  de te rmine  n e t  p r imary  produc- 

t i v i t y  o f  v a s c u l a r  p l a n t s  i n  a l l  s a l t  marsh p r o d u c t i v i t y  s t u d i e s  t o  

d a t e  (Odum, 1959; Smal ley ,  1959; W a i t s ,  1967) .  T h i s  method canno t  

be used f o r  a l g a e  which produce many c r o p s  p e r  y e a r .  Harves t  methods 

a r e  based on p e r i o d i c a l l y  h a r v e s t i n g  t h e  s t a n d i n g  c r o p  of  g r a s s .  Dry 

we igh t  o f  g r a s s  i s  determined and p r o d u c t i o n  i s  c a l c u l a t e d  by add ing  

t h e  i n c r e a s e  i n  biomass d u r i n g  each  sample p e r i o d .  Removal o f  dead 

g r a s s  by t i d a l  a c t i o n  o r  animal f e e d i n g  r e s u l t s  i n  an  u n d e r e s t i m a t i o n  

of  n e t  p r o d u c t i v i t y .  Smal ley  used r e l a t i o n s h i p s  based on changes  i n  

l i v i n g  and dead s t a n d i n g  c r o p s  o f  S p a r t i n a  a l t e r n i f l o r a  t o  improve t h e  

e s t i m a t i o n  o f  n e t  p r imary  p r o d u c t i o n  i n  S p a r t i n a  a l t e r n i f  l o r a .  With 

a n  i n c r e a s e  i n  t h e  s t a n d i n g  c r o p  of  l i v i n g  and dead S p a r t i n a  

a l t e r n i f l o r a ,  n e t  p r o d u c t i o n  was t h e  sum o f  t h e  i n c r e a s e .  With a  

d e c r e a s e  i n  t h e  s t a n d i n g  c r o p  o f  l i v i n g  and dead S p a r t i n a  a l t e r n i f l o r a ,  

n e t  p r o d u c t i o n  was z e r o .  With a  d e c r e a s e  i n  t h e  s t a n d i n g  c r o p  o f  

l i v i n g  S p a r t i n a  a l t e r n i f l o r a  and a n  i n c r e a s e  i n  t h e  s t a n d i n g  c r o p  o f  

dead S p a r t i n a  a l t e r n i f l o r a ,  r e s u l t s  were added a l g e b r a i c a l l y .  I n  t h e  

s i t u a t i o n  where t h e r e  was a n  i n c r e a s e  i n  t h e  s t a n d i n g  c r o p  o f  l i v i n g  

S p a r t i n a  a l t e r n i f l o r a  and a  d e c r e a s e  i n  t h e  s t a n d i n g  c r o p  o f  dead 

S p a r t i n a  a l t e r n i f l o r a  p r o d u c t i o n  was e q u a l  t o  t h e  i n c r e a s e  i n  l i v i n g  

S p a r t i n a  a l t e r n i f  l o r a .  

Morgan (1961) made n e t  p r o d u c t i o n  e s t i m a t e s  i n  Delaware u s i n g  t h e  

c l i p  q u a d r a t  h a r v e s t  method. E s t i m a t e s  were made f o r  t h e  e n t i r e  marsh 

f o r  a l l  s p e c i e s  c o l l e c t i v e l y .  Morgan e s t i m a t e d  n e t  p r imary  p r o d u c t i v -  

2 
i t y  t o  be 445 gms d r y  weight/m . T h i s  v a l u e  i s  c o n s i d e r a b l y  lower t h a n  



t h e  p r o d u c t i v i t y  e s t i m a t e s  from t h e  Sape lo  I s l a n d  marshes .  Morgan p ro -  

posed t h e  l o n g e r  growing s e a s o n  i n  a  warmer c l i m a t e  may accoun t  f o r  

t h i s  v a r i a t i o n ,  

There  a r e  s e v e r a l  s t u d i e s  o f  s a l t  marsh p r o d u c t i o n  i n  North  

C a r o l i n a ,  Wai ts  (1967) c a r r i e d  o u t  a  p r o d u c t i v i t y  s t u d y  i n  an 

i r r e g u l a r l y - f l o o d e d  marsh on Bodie I s l a n d .  He de te rmined  obse rved  and 

p r e d i c t e d  s t a n d i n g  c r o p s  f o r  t h e  f o u r  p r i n c i p a l  v e g e t a t i o n  t y p e s ,  Net 

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

v e g e t a t i o n  t y p e s .  Net p r imary  p r o d u c t i v i t y  v a l u e s  o b t a i n e d  were  a s  

f o l l o w s :  mean annua l  n e t  p r o d u c t i o n  f o r  t h e  e n t i r e  marsh was 5350 

2  2  
kca l /m / y r .  Net p r o d u c t i o n  f o r  S p a r t i n a  p a t e n s  was 5835 kca l /m / y r ;  

2  
and f o r  Juncus  roemerianus  n e t  p r o d u c t i o n  was 6123 kcal /m / y r .  

These v a l u e s  f o r  t h e  i r r e g u l a r l y - f l o o d e d  s a l t  marsh f a l l  between 

t h e  e s t i m a t e s  o f  T e a l  (1962) f o r  s h o r t  and t a l l  S p a r t i n a  a l t e r n i f l o r a .  

2  
Wil l iams and Murdoch have c a r r i e d  o u t  s t u d i e s  o f  p r imary  p ro -  

d u c t i v i t y  i n  t h e  e s t u a r y  n e a r  B e a u f o r t ,  Nor th  C a r o l i n a .  Groups o f  

pr imary p roducers  f o r  which t h e y  have de te rmined  n e t  p r imary  produc- 

t i o n  a r e  phy top lank ton ,  S p a r t i n a  a l t e r n i f l o r a ,  and Juncus  roemer ianus .  

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

2 ~ i l l i a m s ,  R.  B . ,  and Marianne B .  Murdoch. Oak Ridge N a t i o n a l  
L a b o r a t o r y ,  Oak Ridge,  Tennessee ,  and U .  S .  Bureau o f  Commercial 
F i s h e r i e s ,  R a d i o b i o l o g i c a l  L a b o r a t o r y ,  B e a u f o r t ,  North C a r o l i n a .  
Annual p r o d u c t i o n  o f  S p a r t i n a  a l t e r n i f l o r a  and Juncus  roemer ianus  
i n  s a l t  marshes n e a r  B e a u f o r t ,  North C a r o l i n a .  P r e s e n t e d  a t  
A s s o c i a t i o n  o f  S o u t h e a s t e r n  B i o l o g i s t s  Meet ing,  A p r i l  15 ,  1966,  
R a l e i g h ,  North C a r o l i n a .  



and Juncus  roemerianus  was de te rmined  by w i l l i a m s 3  by a  h a r v e s t  method 

s i m i l a r  t o  t h a t  used a t  Sape lo  I s l a n d ,  Georg ia .  He c o l l e c t e d  t e n  one- 

me te r  s q u a r e  samples e v e r y  f i v e  weeks.  L i v i n g  and dead were s e p a r a t e d ,  

dead l e a v e s  and l e a f  s c a r s  were  counted o n  t h e  s t ems .  A b a l a n c e  between 

l i v i n g  and dead m a t e r i a l  was c a l c u l a t e d  from t h e s e  d a t a .  Wi l l i ams  

2 
e s t i m a t e s  p r o d u c t i o n  o f  S p a r t i n a  a l t e r n i f l o r a  t o  b e  1 kg/m / y r .  Using 

a  s l i g h t l y  d i f f e r e n t  method, he o b t a i n e d  a  s i m i l a r  e s t i m a t e  o f  n e t  

pr imary p r o d u c t i o n  f o r  Juncus  roemer ianus .  

3 ~ i l l i a m s ,  R. B .  Oak Ridge N a t i o n a l  L a b o r a t o r y ,  Oak Ridge ,  
Tennessee .  Pr imary p r o d u c t i o n  by marsh g r a s s  and e e l  g r a s s  a t  
B e a u f o r t ,  Nor th  C a r o l i n a .  P r e s e n t e d  a t  A t l a n t i c  E s t u a r i n e  Research 
S o c i e t y  Meet ing,  November 1 2 ,  1965,  Hampton, V i r g i n i a .  



METHODS 

D e s c r i p t i o n  of  t h e  S tudy  Area 

The a r e a  chosen f o r  s t u d y  i s  a  r e g u l a r l y - f l o o d e d  s a l t m a r s h ,  cover -  

i n g  approx imate ly  2 ,000 a c r e s ,  l o c a t e d  on Oak I s l a n d  i n  Brunswick 

County,  North C a r o l i n a . ( F i g u r e  1 ) .  Th i s  s t u d y  a r e a  i s  bounded on t h e  

w e s t  by t h e  Southport-Oak I s l a n d  Br idge ,  on t h e  n o r t h  by t h e  I n t r a -  

c o a s t a l  Waterway, on t h e  e a s t  by t h e  Cape F e a r  R i v e r ,  and o n  t h e  s o u t h  

by a  narrow f r i n g e  of  b a r r i e r  beach and m a r i t i m e  f o r e s t .  A l l  major  

community t y p e s  c h a r a c t e r i s t i c  of  r e g u l a r l y - f l o o d e d  marsh a r e  w e l l  

r e p r e s e n t e d  i n  t h e  s t u d y  a r e a .  

A e r i a l  Photography 

A e r i a l  photographs  were  used t o  i d e n t i f y  community t y p e s ,  t o  

de te rmine  t h e i r  d i s t r i b u t i o n ,  and t o  e s t i m a t e  a c r e a g e  o f  community 

t y p e s  w i t h i n  t h e  s t u d y  a r e a .  Two t y p e s  o f  f i l m  were used: Ektachrome 

Aero ( c o l o r )  and Ektachrome I n f r a r e d  Aero f i l m  ( c o l o r -  i n f r a r e d ) ,  Both 

of  t h e s e  f i l m s  a r e  r e v e r s a l  c o l o r  f i l m s  o f  t h e  s u b t r a c t i v e  type  y i e l d -  

i n g  a p o s i t i v e  t r a n s p a r e n c y  when developed.  Each f i l m  h a s  t h r e e  

emuls ion l a y e r s  c o a t e d  on a  s i n g l e  f i l m  b a s e .  The emuls ion l a y e r s  of  

t h e  c o l o r  f i l m  a r e  s e n s i t i v e  t o  wavelengths  i n  t h e  v i s i b l e  spect rum 

(400 t o  700 mu), When developed,  r e l a t i v e l y  t r u e  c o l o r s  r e s u l t  

( T a r k i n g t o n ,  1953; Leuder ,  1959; American S o c i e t y  o f  Photogrammetry,  

1960; F r i t z ,  1965) .  

I n  c o l o r - i n f r a r e d  f i l m ,  t h e  emuls ion l a y e r s  a r e  s e n s i t i v e  t o  t h e  

v i s i b l e  spect rum p l u s  t h e  i n f r a r e d  spect rum (700 t o  900 mu). Thus, 

t h e  term "near  i n f r a r e d "  f i l m  i s  more c o r r e c t  (Co lwel l ,  1960; 



F i g u r e  1. Map o f  Oak I s l a n d ,  North C a r o l i n a  showing l o c a t i o n  of  
t r a n s e c t s  and sample p o i n t s  
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S u i t s ,  1960) .  S i n c e  c o l o r - i n f r a r e d  f i l m  i s  a l s o  s e n s i t i v e  t o  b l u e  and 

v i o l e t  e m i s s i o n s ,  a  ye l low f i l t e r  such a s  a  Wra t t en  No. 12 o r  15G must 

be  used t o  f i l t e r  t h e s e  wave leng ths .  When deve loped ,  f a l s e  c o l o r s  r e s u l t .  

The r e s u l t i n g  c o l o r s  a r e  dependent  on t h e  i n f r a r e d  r e f l e c t a n c e  o f  t h e  

body photographed.  I n f r a r e d  r e f l e c t i n g  s u r f a c e s  appear  r e d ,  n o n - i n f r a r e d  

r e f l e c t i n g  s u r f a c e s  g r e e n ,  and b l u e  f e a t u r e s  b l a c k ,  Hea l thy ,  g r e e n  

v e g e t a t i o n  a p p e a r s  v a r i o u s  shades  of  r e d  due t o  i t s  h i g h  i n f r a r e d  

r e f l e c t a n c e  ( C l a r k ,  1945; Co lwel l ,  1956; Leuder ,  1959; C o r d e l l  e t  a l . ,  

1965) .  

A e r i a l  photographs  used i n  t h i s  s t u d y  were  t a k e n  by t h e  North 

C a r o l i n a  Highway Commission, A Wild RC 8 camera hav ing  a  l e n s  of  f o c a l  

l e n g t h  o f  152.18 mm was mounted i n  a n  Aero Commander 500 p l a n e .  The 

photographs  were  t a k e n  a t  3 ,000  f e e t  e l e v a t i o n ,  and t h e  r e s u l t i n g  s c a l e  

of  t h e  photographs  was 1 i n c h  = 500 f e e t .  D e v i a t i o n  from t h i s  s c a l e  

was p robab ly  w i t h i n  t h r e e  p e r c e n t  of  t h e  a l t i t u d e .  Some t i l t  may have 

o c c u r r e d .  Measurements made from t h e  photographs  a r e  w i t h i n  a  f i v e  

p e r c e n t  r ange  o f  s c a l e  a c c u r a c y .  

No f i l t e r  was used on t h e  Ektachromo Aero f i l m .  A f i l t e r  which 

c u t s  o f f  a t  a  wavelength  o f  500 mu was used on t h e  Ektachrome I n f r a r e d  

Aero f i l m ;  t h u s  t h e  range  o f  t h i s  f i l m  was from 500 t o  900 mu. Both 

f i l m s  were  developed by t h e  A e r i a l  Photography D i v i s i o n  a t  t h e  North  

C a r o l i n a  Highvay Commission u s i n g  t h e  s t a n d a r d  Ektachrome E-3 p r o c e s s .  

De te rmina t ion  o f  Community Types 

S i x  community t y p e s  were i n t e r p r e t e d  w i t h i n  t h e  s t u d y  a r e a .  Four 

v e g e t a t i o n  t y p e s  were  determined i n  t h e  Oak I s l a n d  marsh.  The a r e a  

occup ied  by each type  was determined by a n  a n a l y s i s  o f  t h e  c o l o r  and 
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c o l o r - i n f r a r e d  a e r i a l  pho tographs .  I n  o r d e r  t o  do t h i s ,  t h e  e n t i r e  s t u d y  

a r e a  was d i v i d e d  i n t o  75 t r a n s e c t s  200 f e e t  i n  w i d t h .  Each r a n  p a r a l l e l  

t o  t h e  Oak I s l a n d  Bridge o v e r  t h e  I n t r a c o a s t a l  Waterway. Based on 

g e n e r a l  v e g e t a t i o n  d i f f e r e n c e s  t h e  a r e a  was d i v i d e d  i n t o  two s e c t i o n s ,  

one w i t h  54 t r a n s e c t s  and t h e  o t h e r  w i t h  21.  A  t o t a l  of  2 1  t r a n s e c t s ,  

15 i n  t h e  l a r g e r  s e c t i o n  and 6 i n  t h e  s m a l l e r ,  were  randomly s e l e c t e d  

f o r  a n a l y s i s ,  A f t e r  t h e  t r a n s e c t s  were  s e l e c t e d  and l o c a t e d  on t h e  

pho tographs ,  a  c e l l u l o i d  o v e r l a y  hav ing  a  t r a n s e c t  200 f e e t  wide  (based 

on t h e  a e r i a l  photo  s c a l e )  was p l a c e d  over  t h e  s e l e c t e d  t r a n s e c t  on t h e  

photograph,  A d o t  g r i d  was t h e n  p l a c e d  randomly o v e r  t h e  o v e r l a y  and 

t h e  number o f  d o t s  which f e l l  on each community t y p e  were c o u n t e d .  The 

number o f  d o t s  f a l l i n g  on each community t y p e  was t h e n  m u l t i p l i e d  by 

t h e  a p p r o p r i a t e  c o n v e r s i o n  f a c t o r  ( 1  d o t  = 0.08967 a c r e s )  f o r  a  s c a l e  o f  

1 i n c h  = 500 f e e t ,  t o  y i e l d  t o t a l  a c r e a g e  and p e r c e h t a g e  of  each community 

type  

Net Pr imary P r o d u c t i o n  

V e g e t a t i o n  Sampling 

Net pr imary p r o d u c t i o n  of  v a s c u l a r  p l a n t s  i n  t h e  s t u d y  a r e a  was 

e s t i m a t e d  by t h e  c l i p  p l o t  method. An e f f o r t  was made t o  deve lop  a  

s t a t i s t i c a l l y  v a l i d  sample d e s i g n .  The same t r a n s e c t  d e s i g n  was used 

i n  c o l l e c t i o n  of  f i e l d  d a t a  a s  was used i n  t h e  a e r i a l  pho tograph ic  

a n a l y s i s  o f  community t y p e s .  Ten t r a n s e c t s  were  s e l e c t e d  randomly 

from a  t a b l e  of  random numbers. R e s t r i c t i o n s  p l a c e d  on t h e  s e l e c t i o n  

of  t r a n s e c t s  were  t h a t  seven  t r a n s e c t s  were  t o  come o u t  o f  t h e  l a r g e r  

s e c t i o n  and t h r e e  o u t  of  t h e  s m a l l e r .  Sampling was w i t h o u t  r e p l a c e m e n t .  
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A c r e e k  and i t s  a s s o c i a t e d  v e g e t a t i o n  t y p e s  were  t h e  b a s i c  sample 

u n i t s ,  Two c r e e k s  were  s e l e c t e d  from each o f  t h e s e  t r a n s e c t s  by coun t -  

i n g  t h e  t o t a l  number of  c r e e k s  i n  t h e  t r a n s e c t .  The c r e e k s  t h e n  were 

numbered, and two were s e l e c t e d  a t  random. P o s i t i o n i n g  o f  t h e  sample 

p o i n t  o n  t h e  r i g h t  o r  l e f t  s i d e  o f  t h e  c r e e k  when f a c i n g  up-creek was 

determined by f l i p p i n g  a  c o i n ,  I f  t h e  r i g h t  bank of t h e  f i r s t  c r e e k  

was chosen,  t h e  l e f t  bank of  t h e  second c r e e k  was a u t o m a t i c a l l y  t a k e n .  

The a c t u a l  p o i n t s  f o r  t h e  c o l l e c t i o n  o f  v e g e t a t i o n  d a t a  were 

e s t a b l i s h e d  a s  f o l l o w s .  Two sample l o c a t i o n s  were  used i n  t a l l  S p a r t i n a .  

A c o i n  was f l i p p e d  t o  de te rmine  whether  t h e  f i r s t  p o i n t  was t o  be  on a  

bank o r  on t h e  l e v e e .  I f  t h e  bank was t h e  s i t e  o f  sampl ing on t h e  f i r s t  

c r e e k ,  t h e  l e v e e  was t a k e n  on t h e  second c r e e k .  A medium S p a r t i n a  sample 

p o i n t  was p l a c e d  hal fway from each t a l l  S p a r t i n a  sample p o i n t  t o  t h e  

s h o r t  S p a r t i n a  zone.  S h o r t  S p a r t i n a  a l t e r n i f l o r a  was sampled by num- 

b e r i n g  t h e  s h o r t  zones i n  t h e  s e l e c t e d  t r a n s e c t  on t h e  c o l o r - i n f r a r e d  

photograph and t h e n  randomly choos ing  two such zones .  The sample p o i n t  

was p l a c e d  i n  t h e  middle  o f  t h e  zone.  Sample p o i n t s  were marked i n  t h e  

f i e l d  w i t h  wooden s t a k e s  e n a b l i n g  a  r e t u r n  t o  t h e  same p o i n t  f o r  

r e p e t i t i v e  sampl ing.  

S i t e s  f o r  sampl ing Juncus  roemerianus  were de te rmined  by s e l e c t i n g  

a t  random one clump of  Juncus  i n  each t r a n s e c t .  The sample p o i n t  was 

p l a c e d  a s  n e a r l y  a s  p o s s i b l e  i n  t h e  c e n t e r  of  t h e  clump. There  were 

o n l y  n i n e  sample p o i n t s  f o r  Juncus  roemerianus  due t o  t h e  absence of  

t h i s  v e g e t a t i o n  type  i n  one t r a n s e c t .  
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The number o f  sample p o i n t s  and t h e i r  d i s t r i b u t i o n  by v e g e t a t i o n  

t y p e s  i s  summarized i n  Table  1. 

Table  1. Number and d i s t r i b u t i o n  o f  sample p o i n t s  i n  Oak I s l a n d  s t u d y  
aPea 

V g g e t a t i o p  type  Number of  sample p o i n t s  

T a l l  S p a r t i n a  a l t e r n i f l o r a  

Bank 
Levee 

Medium S p a r t i n a  a l t e r n i f l o r a  

S h o r t  S p a r t i n a  a l t e r n i f l o r a  

Juncus  roemerianus  

S t a n d i n g  Crop E s t i m a t e s  

The method used t o  o b t a i n  s t a n d i n g  c r o p  e s t i m a t e s  was t h e  c l i p  p l o t  

method. C l i p  samples were t a k e n  d u r i n g  t h e  p e r i o d  June  1966 t o  March 

1967. Dates  of  sampl ing were:  June  28 - 3 0 ,  1966; J u l y  20 - 22,  

1966; August 15 - 17,  1966; September 23 - 24,  1966; November 11 - 13 ,  

1966; January  18 - 20,  1967, and March 13 - 15 ,  1967.  

2  
A c i r c u l a r  sample p l o t  O . l m  i n  a r e a  ( 3 5 . 6  cm d i a m e t e r )  was used .  

Samples were t a k e n  i n  t h e  v i c i n i t y  o f  t h e  sample p o i n t  by d ropp ing  a 

peg t o  de te rmine  t h e  p l o t  c e n t e r .  The peg was re -d ropped  i f  i t  f e l l  

on  a  p r e v i o u s l y  c l i p p e d  a r e a .  

A f t e r  t h e  p o i n t  o f  c o l l e c t i o n  was de te rmined ,  v e g e t a t i o n  was 

c l i p p e d  a s  c l o s e  t o  t h e  s u r f a c e  of  t h e  ground a s  p o s s i b l e  and p l a c e d  

i n  a  bag marked w i t h  t h e  t r a n s e c t  number, sample number, and name o f  



t h e  community t y p e .  Dead m a t e r i a l  and any l o o s e  m a t e r i a l  i n  t h e  c l i p  

a r e a  was a l s o  p l a c e d  i n  t h e  bag .  

A f t e r  c o l l e c t i o n ,  t h e  samples  were t a k e n  t o  t h e  l a b o r a t o r y  f o r  

a n a l y s i s .  The S p a r t i n a  a l t e r n i f l o r a  m a t e r i a l  was t r e a t e d  i n  t h e  f o l -  

lowing manner. The average  h e i g h t  of  t h e  p l a n t  m a t e r i a l  i n  t h e  b a g ,  and 

t h u s  of  t h e  sample,  was e s t i m a t e d  and t h e  m a t e r i a l  was t h e n  s e p a r a t e d  

i n t o  l i v i n g  and dead (based on c o l o r ) .  The dead m a t e r i a l  was l a b e l e d  a s  

s t a n d i n g  dead and any l o o s e  dead m a t e r i a l  was t r e a t e d  a s  dead d e b r i s .  

The l i v i n g  m a t e r i a l  was then  s e p a r a t e d  i n t o  new and o l d  groups  (based on 

h e i g h t  and l e a f  c o n d i t i o n ) .  I n  t h e  November c o l l e c t i o n ,  i t  was no ted  

t h a t  stems which cou ld  n o t  be  c l a s s i f i e d  a s  e i t h e r  new o r  o l d  were p r e s -  

e n t .  These stems were l a b e l e d  a s  i n t e r m e d i a t e .  The same b a s i s  ( h e i g h t  

and l e a f  c o l o r )  was used t o  c l a s s i f y  t h i s  group a s  I n  t h e  p r e v i o u s  g roups .  

The new, i n t e r m e d i a t e ,  and o l d  s tems were each  a r ranged  i n  o r d e r  of  h e i g h t  

and coun ted .  From a  t a b l e  o f  random numbers, t e n  s tems were s e l e c t e d  from 

each group.  These t e n  stems were t h e n  measured f o r  h e i g h t ,  number o f  

l i v i n g  and dead l e a v e s ,  and d i a m e t e r  o f  stem ( f i r s t  t h r e e  c o l l e c t i o n s ) .  

Dead m a t e r i a l  was removed from t h e  stem a f t e r  t h e  d i a m e t e r  was measured.  

Each of  t h e  s e l e c t e d  t e n  stems was l a b e l e d  i n d i v i d u a l l y  and weighed.  

Juncus  roemerianus  was handled d i f f e r e n t l y  due t o  i t s  growth h a b i t .  

The average  h e i g h t  o f  t h e  l e a v e s  was e s t i m a t e d .  The l e a v e s  were then  

s e p a r a t e d  i n t o  t h r e e  c a t e g o r i e s :  a l l  l i v i n g ,  g reen-dead ,  and a l l  dead.  

The a l l  dead was l a b e l e d  a s  s t a n d i n g  dead .  The l e a v e s  i n  t h e  a l l  

l i v i n g  c a t e g o r y  were  a r ranged  i n  o r d e r  of  i n c r e a s i n g  h e i g h t ,  coun ted ,  

and t e n  were randomly s e l e c t e d  f o r  h e i g h t  measurement. The green-dead 

c a t e g o r y  was measured f o r  t o t a l  h e i g h t ,  t h e  l e n g t h  o f  t h e  dead was 

t h e n  removed, measured,  and t agged .  The l i v i n g  p o r t i o n  was a l s o  t agged .  
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Dry w e i g h t s  of  a l l  p l a n t  m a t e r i a l s  were  de te rmined  by wrapping t h e  

samples ,  l a b e l i n g  them, and p l a c i n g  them i n  a n  oven a t  1 0 5 ' ~  f o r  24 

hours  a t  which t ime  t h e  samples were  removed and weighed.  

C a l o r i m e t r y  

C a l o r i c  v a l u e s  were  c a l c u l a t e d  f o r  a l l  s p e c i e s  i n  t h i s  s t u d y  i n  

o r d e r  t o  e x p r e s s  p r o d u c t i v i t y  d a t a  on a n  energy  b a s i s .  C a l o r i c  d e t e r -  

m i n a t i o n s  were  made on l i v i n g  p l a n t  m a t e r i a l  c o l l e c t e d  i n  June  1966, 

September 1966, and March 1967. Methods o f  c a l o r i c  d e t e r m i n a t i o n  

were  e s s e n t i a l l y  t h o s e  o f  Wai t s  (1967) .  A e r i a l  p o r t i o n s  o f  t h e  p l a n t s  

were  used f o r  t h e s e  d e t e r m i n a t i o n s .  Random samples  of  t h e  p l a n t  

m a t e r i a l  were t a k e n  from t h e  e n t i r e  c o l l e c t i o n  of  oven-dr ied  m a t e r i a l .  

A l l  o f  t h e s e  stems were  lumped t o  form a  composi te  sample .  The sample 

was t h e n  ground i n  a  Waring b l e n d o r ,  and p l a c e d  i n  a  d e s i c c a t o r  o v e r  

anhydrous CaC12, and l e f t  t o  d r y  u n t i l  c a l o r i c  d e t e r m i n a t i o n s  were  

made. A  Gallenkamp A d i b a t i c  Bomb C a l o r i m e t e r ,  Model CB-040, was used 

t o  b u r n  t h e  p l a n t  m a t e r i a l  and t o  make t h e  c a l o r i c  d e t e r m i n a t i o n s .  Two 

samples ,  each weighing approx imate ly  one gram, were  burned .  C a l c u l a -  

t i o n s  were  r e p o r t e d  a s  g r a m - c a l o r i e s  p e r  gram d r y  w e i g h t  o f  p l a n t  

m a t e r i a l .  

S t a t i s t i c a l  A n a l y s i s  

A e r i a l  Photopraphy 

S t a t i s t i c a l  a n a l y s i s  of  a c r e a g e  d a t a  o b t a i n e d  from c o l o r - i n f r a r e d  

photographs  was done u s i n g  s t a n d a r d  s t a t i s t i c a l  methods ( S t e e l e  and 

T o r r i e ,  1960) .  
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S t a n d i n g  Crop Data  

A s imple  a n a l y s i s  of  v a r i a n c e  ("between months" and " w i t h i n  months1') 

was computed u s i n g  t h e  s t a n d a r d  ANOV program f o r  t h e  I B M  360175 computer 

a t  t h e  T r i a n g l e  U n i v e r s i t i e s  Computation C e n t e r .  Th i s  a n a l y s i s  e s t a b -  

l i s h e d  a n  e s t i m a t e  o f  t h e  sampl ing e r r o r  from t h e  " w i t h i n  months" s o u r c e  

and a l lowed a n  o v e r a l l  t e s t  of  s i g n i f i c a n c e  o f  t h e  "between months1' 

v a r i a b i l i t y .  The sampl ing e r r o r  was a l s o  expressed  a s  a  r e l a t i v e  

s t a n d a r d  e r r o r ,  t h e  c o e f f i c i e n t  o f  v a r i a b i l i t y  (CV). 

A second a n a l y s i s  was performed t o  e x p r e s s  t h e  "between months" 

v a r i a b i l i t y  i n  p r o d u c t i o n  a s  a  f o u r t h  d e g r e e  i n  t ime ( t ) ,  where t h e  t ime 

v a r i a b l e  was t h e  s e r i a l  number of  t h e  months ( t  = 1, 2 ,  . . . ,  1 2 ) .  T h i s  

f o u r t h  degree  polynomial  was used by Wai ts  (1967) .  A s t a n d a r d  r e g r e s -  

s i o n  program was used f o r  t h i s  a n a l y s i s .  To f a c i l i t a t e  computa t ions ,  
- - 

t h e  v a r i a b l e  ( t )  was coded a s  t - t where t i s  t h e  mean v a l u e  o f  t 

o v e r  a l l  months (7 = 6 .47  f o r  a l l  S p a r t i n a s  and 7 = 5 . 4 3  f o r  t h e  Juncus)  . 

Thus, t h e  p r e d i c t i o n  e q u a t i o n  becomes: 

4 
y  (x) = bo + blXl + b2X2 + b  X + b  X 3 3  4 k  

- 
where t h e  i n c r e a s i n g  powers o f  ( t  - t )  a r e  r e p r e s e n t e d  by X1 t o  X 

4  ' 

The y - v a l u e s  were  t h e  observed w e i g h t s  f o r  p l o t s  a t  each sampl ing d a t e .  

The b - v a l u e s ,  t h e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s ,  have no meaning when 

i n t e r p r e t e d  i n d e p e n d e n t l y ,  b u t  a r e  o f  importance  i n  t h e  c a l c u l a t i o n  o f  

A t h e  p r e d i c t i o n  e q u a t i o n  of  y .  The p r e d i c t e d  v a l u e s  o b t a i n e d  by t h e  use  

o f  t h i s  e q u a t i o n  a r e  r e p r e s e n t e d  a s  s t a n d i n g  c r o p  e s t i m a t e s .  The v a l u e s  

were a l s o  used t o  e s t i m a t e  n e t  p r imary  p r o d u c t i o n .  



RESULTS 

A e r i a l  Photopraphy 

S i x  community t y p e s  were  recogn ized  i n  t h e  s t u d y  a r e a .  Each was 

d i s t i n g u i s h a b l e  on t h e  a e r i a l  photographs  by a  unique combinat ion o f  

c o l o r ,  t e x t u r e ,  and p o s i t i o n  (Tab le  2 ) .  

Tab le  2 ,  A e r i a l  photograph c o l o r  and t e x t u r e  p r o p e r t i e s  o f  community 
t y p e s  i n  Oak I s l a n d  S tudy  a r e a  

Type Color  I n f r a r e d  

S h o r t  S p a r t i n a  a l t e r n i f l o r a  

Medium S p a r t i n a  a l t e r n i f l o r a  

T a l l  S p a r t i n a  a l t e r n i f l o r a  

Juncus  roemerianus  

0 t h e r  

Water 

L i g h t  y e l l o w i s h -  L i g h t  p i n k  t o  g r e y  
g r e e n  

Not d i s t i n g u i s h a b l e  P ink  t o  r e d  

Dark g r e e n  B r i l l i a n t  r e d  

Grey P ink ,  o range  t o  g r e e n  

C l e a r  C l e a r  

Grey Black t o  b l u i s h  

I n  o r d e r  t o  de te rmine  t h e  r e l a t i v e  v a l u e  o f  c o l o r  v e r s u s  c o l o r -  

i n f r a r e d  photography f o r  mapping p u r p o s e s ,  f o u r  t r a n s e c t s  were  mapped by 

d o t  g r i d .  The r e s u l t s  (Table  3 )  show t h a t  medium S p a r t i n a  a l t e r n i f l o r a  

was n o t  d i s t i n g u i s h a b l e  from t a l l  on  t h e  c o l o r  pho tographs .  For t h i s  

r e a s o n ,  c o l o r - i n f r a r e d  was used t o  make t h e  f i n a l  a c r e a g e  de te rmina-  

t i o n s  o f  each community type  i n  t h e  Oak I s l a n d  marsh.  

T a l l  S p a r t i n a  a l t e r n i f l o r a  grows a l o n g  s t r e a m s  w i t h  medium S p a r t i n a  

a l t e r n i f l o r a  behind i t .  The c o l o r  o f  t h e  medium S p a r t i n a  a l t e r n i f l o r a  



Table  3 .  Comparison o f  a c r e a g e  of  community t y p e s  i n  f o u r  t r a n s e c t s  on 
c o l o r  and c o l o r - i n f r a r e d  photographs  i n  Oak I s l a n d  Marsh by 
d o t  g r i d  a n a l y s i s  

- - 

Color  Photographs  

Community t y p e s  

S h o r t  T a l l  
Transec  t S p a r t  i n a  S p a r t i n a  Juncus  

number a l t e r n i f l o r a  a l t e r n i f l o r a  roemerianus  Water T o t a l  

5 
6  
9  

10 
T o t a l  

C o l o r - i n £  r a r e d  Photographs  

Community t y p e s  

S h o r t  Medium T a l l  
S p a r t i n a  S p a r t i n a  S p a r t i n a  

Transec  t a l t e r n i -  a l t e r n i -  a l t e r n i -  Juncus  
number f l o r a  f l o r a  f l o r a  roemerianus  Water T o t a l  

5 1 3 . 4  2 , 9  1 . 6  0  1 . 0  18 .9  
6  21.4 4 . 0  2 .2  0  1 . 7  29 .3  
9 7 . 1  2 . 2  1 . 4  4 . 3  3 . 0  1 8 . 0  

10 8 . 7  2 , l  2 . 0  3 . 0  1 . 8  17.6  
T o t a l  5 0 . 6  1 1 . 2  7 . 2  7 . 3  7 . 5  8 3 . 6  
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on  t h e  c o l o r - i n f r a r e d  photograph i s  l e s s  r e d  t h a n  t h e  t a l l  S p a r t i n a  

a l t e r n i f l o r a .  S h o r t  S p a r t i n a  a l t e r n i f l o r a ,  which o c c u r s  i n  t h e  h i g h e s t  

p a r t s  o f  t h e  marsh between c r e e k s ,  has  some g r e y  c o l o r  on t h e  i n f r a r e d  

photographs  due t o  r e f l e c t i o n  from t h e  sed iments .  Juncus roemerianus  

forms a " fungus- l ike"  p a t c h  on photographs  o f  b o t h  t y p e s  making i t  

c l e a r l y  r e c o g n i z a b l e .  Types o f  communities c l a s s i f i e d  under t h e  term 

"other"  i n c l u d e d  s p o i l  a r e a s  and b a r e  a r e a s  i n  t h e  marsh. 

The r e s u l t s  o f  t h e  f i n a l  a n a l y s i s  o f  t h e  Oak I s l a n d  a r e a ,  d e t e r -  

mined on c o l o r - i n f r a r e d  photographs ,  a r e  shown a s  t o t a l  ac reage  and 

r e l a t i v e  importance o f  marsh community t y p e s  (Tab les  4 and 5 ) .  S h o r t  

S p a r t i n a  a l t e r n i f l o r a  i s  t h e  most impor tan t  community t y p e  i n  t h e  marsh 

r a n g i n g  i n  r e l a t i v e  importance from 9.9% - 62.6% (1 .6  - 21.4 a c r e s )  i n  

21 sample t r a n s e c t s .  Medium and t a l l  S p a r t i n a  a l t e r n i f l o r a  a r e  n e x t  i n  

importance.  They a r e  more even ly  d i s t r i b u t e d  t h a n  Juncus roemerianus  

which h a s  importance i n  o n l y  one s e c t i o n  o f  t h e  marsh.  Water h a s  l a r g e r  

a c r e a g e  and h i g h e r  importance v a l u e s  t h a n  any community t y p e  e x c e p t  

s h o r t  S p a r t i n a  a l t e r n i f l o r a  (6.6% - 41.4%). 

I n  a n a l y z i n g  t h e s e  21  t r a n s e c t s ,  i t  seems t h a t  d i s t r i b u t i o n  o f  t h e  

community t y p e s  i s  r e l a t e d  t o  g r o s s  h a b i t a t  c h a r a c t e r i s t i c s ,  Away from 

t h e  i n l e t  a s  w a t e r  a r e a  d e c r e a s e s  and t i d a l  c r e e k s  f i n g e r  o u t  i n t o  t h e  

marsh upstream, t a l l  S p a r t i n a  a l t e r n i f l o r a  a c r e a g e  d e c r e a s e s .  As t h e  

s t reams  narrow ( t r a n s e c t s  54 - 73) away from t h e  i n l e t ,  s h o r t  S p a r t i n a  

a l t e r n i f l o r a  and Juncus roemerianus  become i n c r e a s i n g l y  i m p o r t a n t ,  Thus, 

two d i s t i n c t  a r e a s  o f  d i s t r i b u t i o n  o f  community t y p e s  can  be s e e n  i n  

t h i s  marsh,  one l a r g e  a r e a  o f  S p a r t i n a  a l t e r n i f l o r a  dominance and t h e  

o t h e r  a s m a l l e r  a r e a  o f  Juncus roemer ianus .  



Table 4. Acreage o f  marsh community types  i n  Oak I s l a n d  Marsh by d o t  g r i d  a n a l y s i s  of  21 sample 
t r a n s e c t s  on co lo r - in f r a r ed  a e r i a l  photographs 

Acreage of  community type 

Shor t  Medium T a l l  
Transec t  Spar t i n a  S p a r t i n a  S p a r t  i n a  Juncus 

number a l t e r n i f l o r a  a l t e r n i f l o r a  a l t e r n i f l o r a  roemerianus Other Water T o t a l  



Table 5. Relative importance (percent of communities in transect) of marsh community types in 
21 sample transects in Oak Island Marsh 

Community type 

Short Medium Tall 
Trans ec t Spartina Spartina Spartina Juncus 
number alterniflora alterniflora alterniflora roemerianus Other Water 
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The d a t a  f o r  t h e  21 t r a n s e c t s  were c o n v e r t e d  t o  d e r i v e  an  e s t i m a t e  

of t o t a l  a c r e a g e  of each community t y p e  i n  t h e  e n t i r e  marsh.  These 

v a l u e s  (Table  6) show t h a t  s h o r t  S p a r t i n a  a l t e r n i f l o r a  c o v e r s  837 a c r e s  

(44.2%) o f  t h e  e s t i m a t e d  t o t a l  o f  1 ,895 a c r e s  i n  t h e  marsh.  Medium and 

t a l l  S p a r t i n a  a l t e r n i f l o r a  occupy 195 a c r e s  (10.3%) and 110 a c r e s  (5.8%) 

o f  t h e  t o t a l  marsh r e s p e c t i v e l y .  Water c o v e r s  25% of t h e  marsh.  Juncus 

roemerianus  c o v e r s  o n l y  161 a c r e s  (8.5%) o f  t h e  marsh a r e a .  

C o e f f i c i e n t s  o f  v a r i a t i o n  ( r e l a t i v e  v a r i a b i l i t y )  (Tab le  6) a r e  t e n  

p e r c e n t  o r  lower f o r  t h e  wide ly  and r e g u l a r l y  d i s t r i b u t e d  S p a r t i n a  

a l t e r n i f l o r a  and w a t e r  t y p e s .  These v a l u e s  a r e  h i g h e r  f o r  t h e  more 

s p o r a d i c  Juncus  roemerianus  and "other"  t y p e s .  

N e t  Pr imary P r o d u c t i o n  

Ca lor imet ry  

C a l o r i c  v a l u e s  determined f o r  t h e  f o u r  v e g e t a t i o n  t y p e s  i n  t h e  

community t y p e s  i n  t h e  Oak I s l a n d  marsh a r e  p r e s e n t e d  i n  Table  7 .  

D u p l i c a t e  v a l u e s  f o r  each sample p e r i o d  a r e  r e c o r d e d .  I n  o r d e r  t o  c a l -  

c u l a t e  n e t  p r o d u c t i v i t y  on an  energy b a s i s ,  t h e  i n d i v i d u a l  means f o r  

each v e g e t a t i o n  t y p e  r e p o r t e d  i n  t h i s  t a b l e  i n  g c a l / g  d r y  weigh t  o f  

p l a n t  m a t e r i a l  w i l l  be  used.  These v a l u e s  o b t a i n e d  i n  t h i s  s t u d y  a r e  

comparable t o  v a l u e s  r e p o r t e d  f o r  s a l t  marsh s p e c i e s  by o t h e r s  (Smalley,  

1959; G o l l e y ,  1961; Wai t s ,  1967; F o s t e r ,  1968).  

S t a n d i n g  Crop Data  

Although t h e  d a t a  g a t h e r e d  covered o n l y  a  12-month p e r i o d ,  t h e y  

spanned p a r t s  o f  two c o n s e c u t i v e  growing seasons .  For purposes  o f  





Table  7 .  C a l o r a c  v a l u e s  of  w h o l e - p l a n t  samples f o r  f o u r  v e g e t a t i o n  
t y p e s  

g c a l / g  d r y  we igh t  

C o l l e c t  i o n  
d a t a  V e g e t a t i o n  t y p e s  

S h o r t  Medium T a l l  
S p a r t i n a  S p a r t i n a  S p a r t i n a  Juncus  

Year Month a l t e r n i f l o r a  a l t e r n i f l o r a  a l t e r n i f l o r a  roemerianus  

1965 August 
b  

4127.0 
4051.4 

1966 June 3843.4 
3809.4 

1966 September 4128.7 
4054.9 

1967 March 3760.0 
3805.0 

a  
De te rmina t ions  of  above-ground p a r t s  o n l y .  

b ~ o l l e c t i o n  o f  p l a n t  m a t e r i a l  by P a u l  Sykes ,  Department o f  Zoology, 
North C a r o l i n a  S t a t e  U n i v e r s i t y  a t  R a l e i g h .  

computing p r o d u c t i o n  e s t i m a t e s ,  t h e  d a t a  were  a r ranged  so  a s  t o  r e p r e s e n t  

one growth c y c l e  from January  t o  November. 

2  
The obse rved  mean l i v i n g  s t a n d i n g  c r o p  v a l u e s  (g/O.lm ) f o r  each  

v e g e t a t i o n  type  a r e  p r e s e n t e d  i n  Tab le  8 .  The s t a n d i n g  c r o p  v a l u e s  a r e  

l i s t e d  f o r  o l d ,  i n t e r m e d i a t e ,  and new c a t e g o r i e s .  The v a l u e s  a r e  a l s o  

t o t a l e d  t o  o b t a i n  a  s t a n d i n g  c r o p  v a l u e  f o r  each  v e g e t a t i o n  t y p e .  



Table  8 .  Observed mean l i v i n g  s t a n d i n g  c r o p  f o r  each  v e g e t a t i o n  t y p e  i n  
t h e  Oak I s l a n d  Marsh 

2 
Mean s t a n d i n g  c r o p  (g/O.lm ) 

V e g e t a t i o n  type  January  March June  J u l y  August September November 

S p a r t i n a  
a l t e r n i f  l o r a  

S h o r t  
0  l d  
I n t e r m e d i a t e  
New 
T o t a l  

Medium 
0  l d  
I n t e r m e d i a t e  
New 
T o t a l  

T a l l  
0  l d  
I n t e r m e d i a t e  
New 
T o t a l  

Juncus  
roemerianus  

The obse rved  mean dead s t a n d i n g  c r o p  v a l u e  f o r  t h e  c a t e g o r i e s ,  o l d ,  

i n t e r m e d i a t e ,  new, and dead d e b r i s  i n  each v e g e t a t i o n  t y p e  a r e  shown i n  

Table  9 .  These v a l u e s  f o r  t h e  f o u r  c a t e g o r i e s  a r e  lumped t o  o b t a i n  a 

t o t a l  dead v a l u e  f o r  each v e g e t a t i o n  t y p e .  

Net p r imary  p r o d u c t i o n  was i n i t i a l l y  c a l c u l a t e d  by u s i n g  mean obse rved  

s t a n d i n g  c r o p  v a l u e s .  The peak s t a n d i n g  c r o p  f o r  each  v e g e t a t i o n  type  

minus t h e  minimal s t a n d i n g  c rop  was used t o  e s t i m a t e  n e t  p r imary  p r o d u c t i o n .  

Net p r o d u c t i o n  e s t i m a t e s  f o r  each v e g e t a t i o n  t y p e  a r e  shown i n  Tab le  10 .  



Table 9. Observed mean dead standing crop for each vegetation type in 
the Oak Island Marsh 

2 
Mean standing crop (g/O.lm ) 

Vegetation type January March June July August September Nsvember 

Spartina 
alternif lora 

Short 
0 ld 
Intermediate 
New 
Debris 
Total 

Medium 
0 ld 
Intermediate 
New 
Debris 
Total 

Tall 
0 ld 
Intermediate 
New 
Debris 
Total 

Juncus 
roemerianus 



Table  10.  Net p r imary  p f o d u c t i o n  f o r  each v e g e t a t i o n  type  u s i n g  n e t  
p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  from s t a n d i n g  c r o p  v a l u e s  

-- 

2  k c a l / g  kcal /m 
2  

V e g e t a t i o n  type  g/O. l m  g  /m2 

S p a r t i n a  a l t e r n i f  l o r a  

S h o r t  22 .3  223 3 .95 88 1 

Med ium 4 1 . 5  415 3 . 9 4  1635 

T a l l  1 1 7 . 1  1171 4 . 1 4  4848 

Juncus  roemerianus  6 5 . 4  654 4 . 4 0  2 8 7 8 

2  
The s t a n d i n g  c r o p  v a l u e s  f o r  each v e g e t a t i o n  t y p e  a r e  p r e s e n t e d  i n  g/O.lm , 

2  2  
t h e n  c o n v e r t e d  t o  g/m t o  c a l c u l a t e  p r o d u c t i o n .  The g/m p r o d u c t i o n  v a l u e s  

L 
a r e  c o n v e r t e d  t o  kcal /m f o r  t h e  purpose  o f  compar ison o f  t h e s e  v a l u e s  w i t h  

t h e  r e s u l t s  o b t a i n e d  i n  o t h e r  p r o d u c t i v i t y  s t u d i e s .  P r o d u c t i o n  e s t i m a t e s  

2  
on a n  e n e r g y  b a s i s  (kcal /m ) were c o n v e r t e d  from p r o d u c t i o n  e s t i m a t e s  on a  

2  
we igh t  b a s i s  (g/m ) by u s i n g  t h e  mean c a l o r i c  v a l u e s  i n  Tab le  7 .  

The d a t a  show t a l l  S p a r t i n a  a l t e r n i f l o r a  t o  be t h e  most p r o d u c t i v e  

v e g e t a t i o n  type  fo l lowed  by Juncus  roemer ianus .  Net p r o d u c t i o n  of  

medium S p a r t i n a  a l t e r n i f l o r a  was l e s s  t h a n  o n e - h a l f  t h a t  o f  t a l l  and 

s h o r t  S p a r t i n a  a l t e r n i f l o r a  p r o d u c t i o n  was o n l y  o n e - f i f t h  of  t h e  v a l u e  

f o r  t h e  t a l l  form. 

P e r c e n t a g e  of  marsh covered by each v e g e t a t i o n  type  and n e t  produc- 

t i o n  v a l u e s  a r e  p r e s e n t e d  i n  Tab le  11. Net p r o d u c t i o n  on a  whole-marsh 

b a s i s  i s  a l s o  p r e s e n t e d  i n  Tab le  11. This  t a b l e  shows t h a t  s h o r t  

S p a r t i n a  a l t e r n i f l o r a  c o v e r s  t h e  most a r e a  o f  t h e  marsh (44.2%) b u t  



Table  11. C a l c u l a t i o n s  o f  n e t  p r imary  p r o d u c t i o n  on a  whole-marsh b a s i s  
u s i n g  n e t  p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  from obse rved  l i v i n g  
s t a n d i n g  c r o p  v a l u e s  

Net p r o d u c t i o n  
V e g e t a t i o n  type  P e r c e n t a g e  of  marsh ( k c a l ~ m ~ / ~ r )  

S p a r t i n a  a l t e r n i f l o r a  

S h o r t  

Medium 1 0 . 3  1635 

T a l l  5 . 8  4848 

Juncus  roemerianus  8 . 5  2878 

-- - -- - -- 

Weighted mean 1084 

2  
h a s  t h e  lowes t  n e t  p r o d u c t i o n  (881  kca l /m / y r )  o f  any v e g e t a t i o n  t y p e .  

T a l l  S p a r t i n a  a l t e r n i f l o r a  occup ies  t h e  l e a s t  a r e a  i n  t h e  marsh (5 .8%) 

L 
b u t  i s  t h e  most p r o d u c t i v e  (4848 kcal/m / y r ) .  Net p r o d u c t i o n  on a  

2  
whole-marsh b a s i s  was c a l c u l a t e d  t o  be 1084 kcal /m / y r .  

E f f i c i e n c y  o f  n e t  p r o d u c t i o n  ( p e r c e n t a g e  of  i n c i d e n t  l i g h t  u t i l i z e d  

i n  n e t  p r o d u c t i o n )  was c a l c u l a t e d  f o r  each v e g e t a t i o n  t y p e  (Tab le  1 2 ) .  

L 
These v a l u e s  were c a l c u l a t e d  by u s i n g  t h e  v a l u e s  o f  818,730 kcal /m / y r  

2  
(Wai t s ,  1967) and 600,000 kcal /m / y r  ( T e a l ,  1962) a s  t h e  i n c i d e n t  

l i g h t  ene rgy  v a l u e s .  The n e t  p r o d u c t i o n  v a l u e  f o r  each v e g e t a t i o n  type  

was d i v i d e d  by t h e  mean o f  t h e s e  two i n c i d e n t  l i g h t  ene rgy  v a l u e s  t o  

o b t a i n  e f f i c i e n c y  of  n e t  p r o d u c t i o n .  T a l l  S p a r t i n a  a l t e r n i f l o r a  had 

t h e  h i g h e s t  e f f i c i e n c y  of n e t  p r o d u c t i o n  of  0.7% fo l lowed  by Juncus  

roemerianus  a t  0.4%. An e s t i m a t e  of  0.2% e f f i c i e n c y  was o b t a i n e d  



Table  12.  Net p r imary  p r o d u c t i o n  e f f i c i e n c y  of  each  v e g e t a t i o n  type  
and o f  whole-marsh u s i n g  n e t  p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  
from obse rved  l i v i n g  s t a n d i n g  c r o p  v a l u e s  

V e g e t a t i o n  type  E f f i c i e n c y  p e r  c e n t  

S p a r t i n a  a l t e r n i f l o r a  

S h o r t  

Medium 0 . 2  

T a l l  0 . 7  

Juncus  roemerianus  0 . 4  

Whole-marsh 0 . 2  

f o r  t h e  whole marsh.  These v a l u e s  a r e  comparable t o  t h o s e  o b t a i n e d  by 

Waits  (1967) b u t  c o n s i d e r a b l y  lower t h a n  t h o s e  by T e a l  (1962) .  

There  h a s  been c r i t i c i s m  o f  t h e  p r e v i o u s  method of  c a l c u l a t i n g  n e t  

p r imary  p r o d u c t i o n  a s  i t  uses  o n l y  t h e  obse rved  l i v i n g  s t a n d i n g  c r o p  and 

does  n o t  accoun t  f o r  m o r t a l i t y  b e f o r e  t h e  peak s t a n d i n g  c r o p  i s  r eached  

o r  growth o c c u r r i n g  a f t e r  t h e  peak s t a n d i n g  c r o p  i s  r eached  (Weiger t  

and Evans, 1964) .  

Smal ley  (1959) proposed a  method i n v o l v i n g  changes  o f  l i v i n g  and 

dead s t a n d i n g  c r o p s  i n  o r d e r  t o  meet t h i s  problem. I f  t h e  change i n  

t h e  s t a n d i n g  c r o p  i n c r e a s e d  from one c o l l e c t i n g  d a t e  t o  t h e  n e x t ,  t h e  

i n c r e a s e  was p o s i t i v e .  I f  t h e  change d e c r e a s e d ,  t h e  d e c r e a s e  was 

n e g a t i v e .  I f  bo th  t h e  l i v i n g  and dead c a t e g o r i e s  i n c r e a s e d ,  t h e  v a l u e s  

were added.  I f  b o t h  l i v i n g  and dead s t a n d i n g  c r o p s  d e c r e a s e d ,  n e t  pro-  

d u c t i o n  was z e r o .  I f  t h e  l i v i n g  i n c r e a s e d  and t h e  dead d e c r e a s e d ,  t h e  
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sum o f  t h e s e  two v a l u e s  was t h e  i n c r e a s e  o f  t h e  l i v i n g .  I f  t h e  dead 

i n c r e a s e d  and t h e  l i v i n g  d e c r e a s e d ,  t h e  n e g a t i v e  v a l u e  was s u b t r a c t e d  

from t h e  p o s i t i v e  v a l u e .  

The mean l i v i n g  and mean dead s t a n d i n g c r o p s  were  de te rmined  f o r  

each v e g e t a t i o n  type  i n  each sample p e r i o d .  The changes i n  t h e s e  c r o p s  

were  t h e n  de te rmined .  By t r e a t i n g  t h e  changes a s  proposed by Smal ley ,  

annua l  n e t  p r o d u c t i o n  r7as c a l c u l a t e d  (Tab les  13 - 1 6 ) .  

E s t i m a t e s  o f  n e t  pr imary p r o d u c t i o n  c a l c u l a t e d  u s i n g  changes  i n  

l i v i n g  and dead s t a n d i n g  c r o p s  a r e  h i g h e r  t h a n  t h o s e  c a l c u l a t e d  from 

l i v i n g  s t a n d i n g  c r o p s  a l o n e .  Comparison o f  Tab les  13 - 16 w i t h  Table  10 

2  
shows a n  u n d e r e s t i m a t i o n  o f  approx imate ly  400,  200, and 500 k c a l l m  / y r  f o r  

I 

s h o r t ,  medium and t a l l  S p a r t i n a  a l t e r n i f l o r a  r e s p e c t i v e l y .  Juncus  

2 
roemerianus  was underes t ima ted  by 600 kca l /m / y r .  

A summary o f  n e t  p r o d u c t i o n  e s t i m a t e s  f o r  each v e g e t a t i o n  t y p e  and 

p e r c e n t a g e  o f  marsh coverage i s  p r e s e n t e d  i n  Tab le  17.  Net p r o d u c t i o n  

2  
on a  whole-marsh b a s i s  i s  e s t i m a t e d  t o  be  1370 k c a l l m  / y r ,  a  v a l u e  

2  
approx imate ly  300 kcal /m / y r  g r e a t e r  t h a n  t h a t  o b t a i n e d  from changes  

i n  l i v i n g  s t a n d i n g  c r o p  a l o n e .  C a l c u l a t i o n s  u s i n g  changes i n  b o t h  

l i v i n g  and dead s t a n d i n g  c r o p s  a r e  though t  t o  be  a  b e t t e r  method o f  

e s t i m a t i n g  n e t  p r imary  p r o d u c t i o n .  

E f f i c i e n c y  of  n e t  p r imary  p r o d u c t i o n  f o r  each v e g e t a t i o n  type  i s  

p r e s e n t e d  i n  Tab le  18 .  These v a l u e s  were  de te rmined  i n  t h e  same manner 

a s  p r e v i o u s l y  d e s c r i b e d .  T a l l  S p a r t i n a  a l t e r n i f l o r a  (0.8%) fo l lowed  

by Juncus  roemerianus  v e g e t a t i o n  t y p e  (0.5%) had t h e  h i g h e s t  e f f i c i e n c i e s  

o f  n e t  p r o d u c t i o n .  E f f i c i e n c y  o f  n e t  p r o d u c t i o n  on a  whole-marsh b a s i s  

was 0 .2%.  The e f f i c i e n c y  v a l u e s  o b t a i n e d  by u s i n g  n e t  p r o d u c t i o n  



Table  13 .  C a l c u l a t i o n  o f  n e t  pr imary p r o d u c t i o n  f o r  s h o r t  S p a r t i n a  
a l t e r n i f l o r a  u s i n g  changes i n  observed l i v i n g  and dead mean 
s t a n d i n g  c rops  

Sample d a t e  S t and i n g  S tand ing  Net 
c r o p  ( l i v i n g )  c r o p  (deqd) Change Change p r o d u c t i  n  

Year Month (g /o .  l m 2 >  
2 

(g/O. l m  ) l i v i n g  dead (g/O. l m  ) 

1967 January  3 . 6  40.8  
0.2 - 6 . 5  0 . 2  

March 3 .8  34.3  
15.7 - 1 4 . 1  1 5 . 7  

19 6  6 June 1 9 , 5  20.2  
4 . 3  3 . 3  7 . 6  

J u l y  23.7 23 .5  
2.2 - 3 . 9  2 . 2  

August 25.9 19 .6  
- 1 . 0  8 . 2  7 .2  

September 24.9 27 .8  
-11.6  0 .9  0  

November 13 .3  28.7 

Annual Net Produc t  i o n  



Table  14.  C a l c u l a t i o n  o f  n e t  pr imary p r o d u c t i o n  f o r  medium S p a r t i n a  
a l t e r n i f l o r a  u s i n g  changes i n  observed  l i v i n g  and dead 
mean s t a n d i n g  c r o p s  

Sample d a t e  S  t and i n g  S t a n d i n g  Net 
c r o p  ( l i v 5 n g )  c rop  (d9ad) Change Change p r o d u c t i  n  

Year Month 
2 

(g/O. l m  ) (g/O.lm ) l i v i n g  dead (g/O.lm ) 

1967 January  6 . 2  8 6 , 4  
3 . 8  -28 .8  3 . 8  

March 10.0  57.6  
16 .6  -21 .2  16.6 

1966 June 26 .6  3 6 . 4  
9 . 3  3.4 12.7 

J u l y  35.9 3 9 . 8  
9 . 3  1 . 2  1 0 . 5  

August 45.2  4 1 . 0  
2 .5  - 9 . 7  2 . 5  

September 47 .7  3 2 . 3  
- 2 1 . 1  1 0 . 8  0  

November 26.6 43 .1  

Annual Net P r o d u c t i o n  



Table  15.  C a l c u l a t i o n  o f  n e t  p r imary  p r o d u c t i o n  f o r  t a l l  S p a r t i n a  
a l t e r n i f l o r a  u s i n g  changes  i n  obse rved  l i v i n g  and dead 
mean s t a n d i n g  c r o p s  

Sample d a t e  S t a n d i n g  S t a n d i n g  Net 
c r o p  ( l i v i n g )  c r o p  (dead)  Change Change p r o d u c t i o n  

Year Month ( d o .  lm2) (g/O. lm2) l i v i n g  dead ( 5 / 0 .  1m2) 

1967 J a n u a r y  1 7 . 4  118.2 
- 2.6  - 8 . 9  0  

March 14.8 109.3  
52 .6  -10.3 5 2 . 6  

1966 June  67 .4  99.0 
14.6 -54.7 1 4 . 6  

J u l y  82.0 4 4 . 3  
27 .0  4 . 0  3 1 . 0  

August 109.0  4 8 . 3  
22.9 - 5 . 0  22 .9  

September 131.9 43.3  
-13.2 21.7  8 . 5  

November 118.7 6 5 . 1  

Annual Net P r o d u c t i o n  



Table  16 .  C a l c u l a t i o n  of n e t  pr imary p r o d u c t i o n  f o r  Juncus roemerianus  
u s i n g  changes i n  observed l i v i n g  and dead mean s t a n d i n g  
c r o p s  

Sample d a t e  S t and i n g  S t a n d i n g  Net 
c r o p  ( l i v i n g )  c rop  (dead) Change Change P r o d u c t i  n  

Year Month (g /o  lm2) 
9 ( g / ~ .  lm2) l i v i n g  dead (g/O. l m  ) 

1967 January  6 5 . 1  9 7 . 1  
- 4 . 6  13 .5  8 . 9  

March 60 .5  110.6 
24.8  - 2 2 . 6  2 4 . 8  

1966 June 8 5 . 3  8 8 . 0  
10.4  -10 .4  10.4  

J u l y  95.7 77 .6  
21 .6  13 .9  3 5 . 5  

August 117.3  91 .5  
-30 .7  10.3 0  

September 8 6 . 6  101.8  
-34.6  - 2 . 3  0  

November 52 .O 99 .5  

Annual Net P r o d u c t i o n  



Table  17 .  C a l c u l a t i o n s  o f  n e t  p r imary  p r o d u c t i o n  on a  whole-marsh b a s i s  
u s i n g  n e t  p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  from obse rved  l i v i n g  
and dead s t a n d i n g  c r o p  v a l u e s  

Net p r o d y c t i o n  
V e g e t a t i o n  type  P e r c e n t a g e  o f  marsh (kcal /m / y r )  

- 

S p a r t i n a  a l t e r n i f l o r a  

S h o r t  44 .2  1300 

Medium 10 .3  1816 

T a l l  5 . 8  5365 

Juncus  roemerianus  8 . 5  3502 

Weighted mean 13 70 

Table  18.  Net p r imary  p r o d u c t i o n  e f f i c i e n c y  of  each  v e g e t a t i o n  t y p e  and 
o f  whole-marsh u s i n g  n e t  p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  from 
obse rved  l i v i n g  and dead s t a n d i n g  c r o p  v a l u e s  

V e g e t a t i o n  t y p e  E f f i c i e n c y  p e r  c e n t  

S p a r t i n a  a l t e r n i f l o r a  Oak I s l a n d ,  North  C a r o l i n a  

S h o r t  0 . 2  

Medium 

T a l l  0 . 8  

Juncus  roemerianus  

Whole-marsh 



4 1  

e s t i m a t e s  based on changes i n  l i v i n g  and dead s t a n d i n g  c r o p s  were  h i g h e r  

f o r  a l l  v e g e t a t i o n  t y p e s  t h a n  e f f i c i e n c i e s  of  obse rved  l i v i n g  s t a n d i n g  

c r o p  n e t  p r o d u c t i o n  v a l u e s .  On a  whole-marsh b a s i s ,  t h e  e f f i c i e n c y  

e s t i m a t e  was t h e  same. 

S t a t i s t i c a l  A n a l y s i s  o f  S t a n d i n g  Crop Data  

A s imple  a n a l y s i s  of  v a r i a n c e  and F - t e s t  of  t h e  d a t a  were  r u n  on 

t h e  computer (Tab le  1 9 ) .  The F - t e s t  shows t h a t  t h e r e  i s  s i g n i f i c a n t  

v a r i a t i o n ,  o v e r  and above sampl ing e r r o r ,  due t o  t ime th roughout  t h e  

y e a r .  A l l  F -va lues  proved t o  be  h i g h l y  s i g n i f i c a n t .  

R e l a t i v e  v a r i a b i l i t y  v a l u e s  ( c o e f f i c i e n t s  o f  v a r i a t i o n )  a r e  p r e -  

s e n t e d  i n  Tab le  20. R e l a t i v e  v a r i a b i l i t y  c h a r a c t e r i z e s  t h e  i n h e r e n t  

v a r i a b i l i t y  o f  t h e  e x p e r i m e n t a l  m a t e r i a l .  I n  a b s o l u t e  t e rms ,  v a r i a b i l i t y  

2 
i s  expressed  a s  s  , i n  r e l a t i v e  terms a s  t h e  c o e f f i c i e n t  o f  v a r i a t i o n .  

R e l a t i v e  v a r i a b i l i t y  e x p r e s s e s  where v a r i a b i l i t y  o t h e r  t h a n  t h a t  due t o  

sampl ing e r r o r  i s  l o c a t e d .  These v a l u e s  show t h a t  t h e  g r e a t e s t  v a r i a -  

b i l i t y  o c c u r s  i n  dead c a t e g o r i e s  which may be  a  problem o f  c l a s s i f i c a t i o n  

and growth p a t t e r n .  C l a s s i f i c a t i o n  o f  c a t e g o r i e s  and t i d a l  removal o f  

dead m a t e r i a l  from sample p o i n t s  may accoun t  f o r  some o f  t h i s  v a r i a b i l i t y .  

The s t a n d i n g  c r o p  d a t a  f o r  t h e  t ime p e r i o d  June 1966 - March 1967 

were  f i t t e d  t o  a  f o u r t h  d e g r e e  polynomial  i n  t h e  t ime  v a r i a b l e .  The d a t a  

were summed f o r  l i v i n g  o l d ,  i n t e r m e d i a t e ,  and new stems t o  g e t  a  t o t a l  

l i v i n g  v a l u e  f o r  s h o r t ,  medium, and t a l l  S p a r t i n a  a l t e r n i f l o r a .  The 

same p rocedure  was fo l lowed  t o  o b t a i n  a  t o t a l  dead v a l u e  f o r  each o f  

t h e s e  v e g e t a t i o n  t y p e s .  S p a r t i n a  a l t e r n i f l o r a  was a l s o  lumped t o  g e t  a  

p r e d i c t e d  v a l u e  f o r  a l l  v e g e t a t i o n  t y p e s  i n  which t h i s  s p e c i e s  o c c u r r e d ,  

Juncus  roemerianus  a l s o  was t o t a l e d  t o  o b t a i n  a  t o t a l  l i v i n g  and t o t a l  



a l l  Table  19 .  Ana lys i s  of v a r i a n c e  and F - t e s t  t o  t e s t  over  
between months 

4 2 

v a r i a t i o n  

V e g e t a t i o n  
V a r i a b l e  Source  d  f  MS F - r a t i o  type  

S h o r t  L ive  ( o l d )  
S p a r t i n a  
a l t e r n i f l o r a  

T o t a l  
Regress ion  
D e v i a t i o n s  

L ive  ( i n t e r m e d i a t e )  T o t a l  
Regress ion  
D e v i a t i o n s  

L ive  (new) T o t a l  
Regress ion  
D e v i a t i o n s  

Dead ( o l d )  T o t a l  
Regress ion  
D e v i a t i o n s  

Dead ( i n t e r m e d i a t e )  T o t a l  
Regress ion  
D e v i a t i o n s  

Dead (new) T o t a l  
Regress ion  
D e v i a t i o n s  

Dead ( d e b r i s )  T o t a l  
Regress ion  
D e v i a t i o n s  

Medium Live ( o l d )  
S p a r t i n a  
a l t e r n i f l o r a  

T o t a l  
Regress ion  
D e v i a t i o n s  

L ive  ( i n t e r m e d i a t e )  T o t a l  
Regress ion  
D e v i a t i o n s  

L ive  (new) T o t a l  
Regress ion  
Devia t  i o n s  

Dead ( o l d )  T o t a l  
Regress ion  
D e v i a t i o n s  



Table 19 (continued) 

Vegetation 
type Variable Source d f MS F-ratio 

Tall 
Spartina 
alternif lora 

Dead (intermediate) 

Dead (new) 

Dead (debris) 

Live (old) 

Live (intermediate) 

Live (new) 

Dead (old) 

Dead (intermediate) 

Dead (debris) 

Total 
Regression 
Deviations 

Total 
Regression 
Deviations 

Total 
Regression 
Deviations 

Total 
Regression 
Deviations 

Total 
Regress ion 
Deviation 

Total 
Regression 
Deviation 

Total 
Regress ion 
Deviation 

Total 
Regression 
Deviation 

Total 
Regression 
Deviation 



Table  19 ( c o n t i n u e d )  

V e g e t a t i o n  
type  V a r i a b l e  Source  d  f 

Juncus  L ive  ( a l l )  T o t a l  
roemerianus  Regress  i o n  

D e v i a t i o n s  

L ive  (green-dead)  T o t a l  
R e g r e s s i o n  
D e v i a t i o n s  

Dead ( a l l )  T o t a l  
R e g r e s s i o n  
D e v i a t i o n s  

Dead (green-dead)  T o t a l  
R e g r e s s i o n  
D e v i a t i o n s  

Dead ( d e b r i s )  T o t a l  
R e g r e s s i o n  
D e v i a t i o n s  

a  
A l l  r a t i o s  h i g h l y  s i g n i f i c a n t  a t  P L  0 .005  e x c e p t  b .  

b ~ i g n i f i c a n t  a t  0 .005  2 P <_ 0 .01 .  



Table 20. Re la t ive  v a r i a b i l i t y  of v a r i a b l e s  i n  vege ta t ion  types i n  Oak 
I s l a n d  Marsh 

Vegetat ion type Variable  

Shor t  
Spa r t  ina  
a l t e r n i f  l o r a  

Medium 
Spar t ina  
a l t e r n i f l o r a  

T a l l  
Spa r t ina  
a l t e r n i f l o r a  

Juncus 
roemerianus 

Live (o ld)  
Live ( in te rmedia te )  
Live (new) 
Dead (o ld)  
Dead ( in te rmedia te )  
Dead (new) 
Dead (deb r i s  

Live (o ld)  
Live ( in te rmedia te )  
Live (new) 
Dead (o ld)  
Dead ( in te rmedia te )  
Dead (new) 
Dead (deb r i s )  

Live (o ld)  
Live ( in te rmedia te )  
Live (new) 
Dead (o ld)  
Dead ( in te rmedia te )  
Dead (new) 
Dead (deb r i s )  

Live ( a l l )  
Live (green-dead) 
Dead ( a l l )  
Dead (green-dead) 
Dead (deb r i s )  

a  
General mean. 



dead p r e d i c t i o n  e s t i m a t e  f o r  c a l c u l a t i o n  o f  n e t  p r imary  p r o d u c t i o n .  

2 
C o e f f i c i e n t s  o f  d e t e r m i n a t i o n  (R ) were a l s o  c a l c u l a t e d .  These v a l u e s  

e x p r e s s  t h e  p e r c e n t a g e  o f  v a r i a b i l i t y  i n  t h e  s t a n d i n g  c r o p  e x p l a i n a b l e  

by t h e  p r e d i c t i o n  e q u a t i o n .  

A t e s t  of  t h e  h y p o t h e s i s  o f  no r e l a t i o n s h i p  i s  c o n t a i n e d  i n  t h e  

F-va lues  a s s o c i a t e d  w i t h  t h e  r e d u c t i o n  due t o  t h e  r e g r e s s i o n  on t h e  

model i n  Tab le  21.  Th i s  t e s t  e x p l a i n s  month-to-month v a r i a t i o n s .  A 

s i g n i f i c a n t  F-value  i n d i c a t e s  t h a t  some r e l a t i o n s h i p  e x i s t s .  The F-va lues  

a r e  a l l  h i g h l y  s i g n i f i c a n t  a t  t h e  ,005 l e v e l ,  excep t  t h e  dead d e b r i s  c a t e -  

gory  i n  t h e  Juncus  roemerianus  type  which i s  s i g n i f i c a n t  a t  t h e  .01 l e v e l .  

2 
The R - v a l u e s  a r e  c o n s i d e r e d  t o  be a  more q u a n t i t a t i v e  e x p r e s s i o n  o f  t h e  

2  
e x t e n t  o f  t h i s  r e l a t i o n s h i p .  The R  - v a l u e s  a r e  c o n s i d e r e d  t o  be  s i g n i f i -  

c a n t  i n  a l l  i n s t a n c e s  of  a  s i g n i f i c a n t  F - v a l u e .  

2 
It may be  no ted  i n  Table  2 2  t h a t  t h e  R - v a l u e s  a r e  h i g h e s t  i n  t h e  

l i v i n g  c a t e g o r i e s  of  s h o r t ,  medium, and t a l l  S p a r t i n a  a l t e r n i f l o r a .  The 

2  2  
R - v a l u e s  d rop  i n  t h e  dead c a t e g o r i e s  o f  a l l  v e g e t a t i o n  t y p e s .  The R - 
v a l u e s  a r e  lower i n  Juncus  roemerianus  i n  a l l  c a t e g o r i e s  t h a n  i n  S p a r t i n a  

a l t e r n i f l o r a  v e g e t a t i o n  t y p e s .  When S p a r t i n a  a l t e r n i f l o r a  v e g e t a t i o n  

L t y p e s  a r e  combined, t h e  R - v a l u e s  drop r a d i c a l l y .  

By f i t t i n g  t h e  obse rved  s t a n d i n g  c r o p  v a l u e s  t o  t h e  p r e d i c t i o n  

model,  i t  was p o s s i b l e  t o  de te rmine  s t a n d i n g  c r o p  e s t i m a t e s  i n  g/O.lm 
2 

(Tab le  2 3 ) .  The v a l u e s  f o r  February ,  A p r i l ,  May, O c t o b e r ,  and December 

a r e  determined by c a l c u l a t i o n  from t h e  p r e d i c t i o n  e q u a t i o n s  shown i n  

Appendix Table  1 s i n c e  no d a t a  were c o l l e c t e d  f o r  t h e s e  months.  

The p r e d i c t e d  s t a n d i n g  c r o p  v a l u e s  i n  Table  2 3  were used t o  e s t i m a t e  

n e t  pr imary p r o d u c t i o n  f o r  each v e g e t a t i o n  t y p e .  Both methods used t o  



Table  21. A n a l y s i s  o f  v a r i a n c e  and F - t e s t  t o  t e s t  t h e  r e d u c t i o n  of 
sum of squares  due t o  r e g r e s s i d n  on t h e  model f o r  s i g n i f i c a n c e  
( f o r  each l i v i n g  c a t e g o r y  and each dead c a t e g o r y  i n  each 
v e g e t a t i o n  t y p e )  

V e g e t a t i o n  
type  V a r i a b l e  Source  d  f  MS F - r a t i o  

S h o r t  Live  ( o l d )  T o t a l  13 8 
S p a r t  i n a  Regress ion  4  3085.3 4 7 . 6 a  
a l t e r n i f l o r a  D e v i a t i o n s  134 64.8 

Medium 
S p a r t i n a  
a l t e r n i f l o r a  

Live ( i n t e r m e d i a t e )  

Live (new) 

Dead ( o l d )  

Dead ( i n t e r m e d i a t e )  

Dead ( o l d )  

Dead ( d e b r i s )  

L ive  ( o l d )  

Live  ( i n t e r m e d i a t e )  

Live (new) 

T o t a l  
Regress ion  
D e v i a t i o n s  

T o t a l  
Regress ion  
D e v i a t i o n s  

T o t a l  
Regress ion  
D e v i a t i o n s  

T o t a l  
Regress ion  
D e v i a t i o n s  

T o t a l  
Regress ion  
D e v i a t i o n s  

T o t a l  
Regress ion  
D e v i a t i o n s  

T o t a l  
Regress ion  
D e v i a t i o n s  

T o t a l  
Regress ion  
D e v i a t i o n s  

T o t a l  
Regress ion  
D e v i a t i o n s  



Table  2 1 (con t inued)  

Vege ta t ion  
type  Source  V a r i a b l e  

Dead ( o l d )  T o t a l  
Regress ion  
D e v i a t i o n s  

Dead ( i n t e r m e d i a t e )  T o t a l  
Regress ion  
D e v i a t i o n s  

Dead (new) T o t a l  
Regress ion  
D e v i a t i o n s  

Dead ( d e b r i s )  T o t a l  
Regress ion  
D e v i a t i o n s  

Live ( o l d )  T o t a l  
Regress ion  
D e v i a t i o n s  

T a l l  
S p a r t i n a  
a l t e r n i f l o r a  

Live ( i n t e r m e d i a t e )  T o t a l  
Regress ion  
D e v i a t i o n s  

Live (new) T o t a l  
Regress ion  
D e v i a t i o n s  

Dead ( o l d )  T o t a l  
Regress ion  
D e v i a t i o n s  

Dead ( i n t e r m e d i a t e )  T o t a l  
Regress  i o n  
D e v i a t i o n s  

Dead (new) T o t a l  
Regress ion  
D e v i a t i o n s  

Dead ( d e b r i s )  T o t a l  
Regress ion  
D e v i a t i o n s  



Table 21 (continued) 

Vegetat ion 
type Var iab le  Source d f MS F - r a t i o  

Combined Live (o ld )  To ta l  
Spa r t ina  Regression 
a l t e r n i f l o r a  Deviat ions 

Live ( in te rmedia te )  To ta l  
Regression 
Deviat ions 

Live (new) To ta l  
Regression 
Deviat ions 

Dead (o ld)  To ta l  
Regression 
Deviat ions 

Dead ( in te rmedia te )  To ta l  
Regress ion  
Deviat ions 

Dead (new) To ta l  
Regression 
Deviat ions 

Dead (deb r i s )  To ta l  
Regression 
Deviat ions 

Juncus Live ( a l l )  Tota l  
roemerianus Regression 

Deviat ions 

Live (green-dead) To ta l  
Regression 
Deviat ions 

Dead (green-dead) To ta l  
Regression 
Deviat ions 



Table  2  1 ( c o n t i n u e d )  

V e g e t a t i o n  
t y p e  

-- 

V a r i a b l e  Source  d f MS F - r a t i o  

Dead ( a l l )  T o t a l  6  2 
R e g r e s s i o n  4 5514.2 7 . O  
D e v i a t i o n s  58 787.2  

Dead ( d e b r i s )  T o t a l  62 
2 .7  

b  
R e g r e s s i o n  4 836 .6  
D e v i a t i o n s  58 309.8  

- - - - 

a  
A l l  r a t i o s  h i g h l y  s i g n i f i c a n t  a t  P 5 0 .005  e x c e p t  b .  

b ~ i g n i f i c a n f  a t  0 .005  5 P 5 0.01. 



2  
Table 22. Goodness of f i t  (R -va lues)  of t he  model f o r  each v a r i a b l e  of  each v e g e t a t i o n  type  

Short  Medium T a l l  Combined 
Spa r t ina  S p a r t i n a  S p a r t i n a  S p a r t i n a  Juncus 

Var iab le  a l t e r n i f l o r a  a l t e r n i f l o r a  a l t e r n i f l o r a  a l t e r n i f l o r a  roemerianus 

Live (o ld)  0 .  586ga 

Live ( in t e rmed ia t e )  0.6562 

Live (new) 0.5150 

Dead (o ld)  0.1846 

Dead ( in t e rmed ia t e )  0.5851 

Dead (new) 0.2351 

Dead ( d e b r i s )  0.1345 

Live ( a l l )  

Live (green-dead) 

Dead (green-dead) 

Dead ( a l l )  

a  
A l l  va lues  h igh ly  s i g n i f i c a n t  a t  P 5 0.005 except  b .  

b ~ i g n i f i c a n t  a t  0.005 5 P 5 0.01. 



T a b l e  23.  P r e d i c t e d  s t a n d i n g  c rop  e s t i m a t e s  f o r  e a c h  v e g e t a t i o n  t y p e  

2 
Stand ing  c r o p  (g/O.lm ) 

S h o r t  Medium Tan 1 Combined 
Date  

S p a r t i n a  S p a r t i n a  S p a r t i n a  S p a r t i n a  Juncus  
a l t e r n i f l o r a  a l t e r n i f  l o r a  a l t e r n i f  l o r a  a l t e r n i f  l o r a  roemerianus  

L i v e  Dead Live Dead Live  Dead L i v e  Dead Live  Dead 

J a n u a r y  
February  
March 
A p r i l  

May 
June  
J u l y  
August 
September 
Oc tober  
November 
December 



c a l c u l a t e  p r imary  p r o d u c t i o n  were used w i t h  t h e  p r e d i c t e d  e s t i m a t e s  o f  

s t a n d i n g  c r o p .  Net pr imary p r o d u c t i o n  e s t i m a t e s  f o r  each v e g e t a t i o n  

type  and a  combined S p a r t i n a  a l t e r n i f l o r a  e s t i m a t e ,  b o t h  based on peak 

s t a n d i n g  c r o p  v a l u e s  a r e  g i v e n  i n  Tab le  24. The v a l u e s  f o r  s h o r t  and 

medium S p a r t i n a  a l t e r n i f l o r a  a r e  h i g h e r  t h a n  t h o s e  o b t a i n e d  i n  a  s i m i l a r  

f a s h i o n  from s t a n d i n g  c rop  v a l u e s .  However, t h e  v a l u e s  f o r  t a l l  S p a r t i n a  

a l t e r n i f l o r a  and Juncus  roemerianus  a r e  lower .  These l a t t e r  t y p e s  remain,  

however, t h e  most p r o d u c t i v e  of  t h e  f o u r  v e g e t a t i o n  t y p e s  i n  t h e  marsh.  

E s t i m a t e s  o f  n e t  pr imary p r o d u c t i o n  on a  whole-marsh b a s i s  u s i n g  

p r e d i c t e d  l i v i n g  s t a n d i n g  c r o p  v a l u e s  a r e  g i v e n  i n  Table  25.  These 

c a l c u l a t i o n s  were  made i n  t h e  same manner a s  p r e v i o u s l y  d e s c r i b e d .  Th i s  

2  
v a l u e ,  1067 kcal /m / y r ,  i s  lower t h a n  t h e  v a l u e  i n  Tab le  11 o f  1084 

2 
kcal /m / y r  n e t  p r o d u c t i o n  f o r  t h e  whole-marsh c a l c u l a t e d  from obse rved  

s t a n d i n g  c r o p  d a t a .  

E f f i c i e n c y  of  n e t  p r imary  p r o d u c t i o n  f o r  each  v e g e t a t i o n  t y p e  and 

on a  whole-marsh b a s i s  u s i n g  p r e d i c t e d  l i v i n g  s t a n d i n g  c r o p  v a l u e s  o n l y  

a r e  shown i n  Tab le  2 6 .  E f f i c i e n c y  v a l u e s  o b t a i n e d  were  abou t  t h e  same 

a s  t h o s e  o b t a i n e d  i n  Tab le  12 e x c e p t  f o r  t h e  t a l l  S p a r t i n a  a l t e r n i f l o r a  

and Juncus  roemerianus  t y p e s  which a r e  s l i g h t l y  lower.  On a  whole-marsh 

b a s i s ,  e s t i m a t e s  were  t h e  same. 

Tab les  2 7  through 3 1  p r e s e n t  n e t  p r imary  p r o d u c t i o n  e s t i m a t e s  

o b t a i n e d  by use  o f  t h e  method of d e t e r m i n i n g  n e t  p r imary  p r o d u c t i o n  

based on changes  i n  p r e d i c t e d  l i v i n g  and dead s t a n d i n g  c r o p  v a l u e s .  

C a l c u l a t i o n s  were  made i n  t h e  same manner a s  i n  Tab les  13 - 16.  

Values  o b t a i n e d  u s i n g  t h e  p r e d i c t e d  changes  i n  l i v i n g  and dead s t a n d -  

i n g  c rop  a r e  h i g h e r  t h a n  any p r e v i o u s l y  o b t a i n e d .  T a l l  S p a r t i n a  



Table  24. Net p r imary  p r o d u c t i o n  f o r  each v e g e t a t i o n  type  u s i n g  
p r e d i c t e d  l i v i n g  s t a n d i n g  c r o p  v a l u e s  

2  
k c a l / g  kca l /m 

2 
V e g e t a t i o n  type  g/O. l m  d m  

S p a r t i n a  a l t e r n i f l o r a  

S h o r t  

Medium 

T a l l  115.2  1152 4 . 1 4  4769 

Combined 

Juncus  roemer ianus  

Tab le  25. C a l c u l a t i o n  o f  n e t  p r imary  p r o d u c t i o n  o n  a  whole-marsh b a s i s  
u s i n g  n e t  p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  from p r e d i c t e d  
l i v i n g  s t a n d i n g  c r o p  v a l u e s  

Net produc t i o n  
V e g e t a t i o n  t y p e  P e r c e n t a g e  of  marsh (kca l /m21yr )  

S p a r t i n a  a l t e r n i f l o r a  

S h o r t  4 4 . 2  951 

Medium 

T a l l  

Combined 

Juncus  roemcrianus  

Weighted mean 1067 



Table  26.  Net p r imary  p r o d u c t i o n  e f f i c i e n c y  of  each v e g e t a t i o n  type  and 
of  whole-marsh u s i n g  n e t  p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  from 
p r e d i c t e d  l i v i n g  s t a n d i n g  c r o p  v a l u e s  

V e g e t a t i o n  type  E f f i c i e n c y  p e r  c e n t  

S p a r t i n a  a l t e r n i f l o r a  

Shor t 

Medium 

T a l l  

Combined 

Juncus  roemerianus  

Whole-marsh 

Oak I s l a n d ,  North  C a r o l i n a  

0 . 1  

0 . 3  

0 . 7  

0 . 3  

0 . 3  

0 . 2  



Table  27.  C a l c u l a t i o n  o f  n e t  pr imary p r o d u c t i o n  f o r  s h o r t  S p a r t i n a  
a l t e r n i f l o r a  u s i n g  changes i n  p r e d i c t e d  l i v i n g  and dead 
s t a n d i n g  c r o p s  

S t a n d i n g  S  t a n d i n g  
c r o p  c r o p  Net 

Sample l i v i n g  dead Change Change p roduc t  i o n  
d a t e  (g/O. lm2) (g/O. lm2) l i v i n g  dead (g/O. lm2) 

January  

February  

March 

A p r i l  

May 

June 

J u l y  

August 

September 

October  

November 

December 

Annual Net P r o d u c t i o n  



Table  28 .  C a l c u l a t i o n  o f  n e t  p r imary  p r o d u c t i o n  f o r  medium S p a r t i n a  
a l t e r n i f l o r a  u s i n g  changes i n  p r e d i c t e d  l i v i n g  and dead 
s t a n d i n g  c r o p s  

S t  anding S  t a n d i n g  
c r o p  c r o p  Net 

S amp l e  
livin5 

dead Change Change p r o d u c t i o n  
d a t e  (g/O.lm (g/O. lm2) l i v i n g  dead ( g / 0 .  lm2) 

January  

February  

March 

A p r i l  

May 

June 

J u l y  

August 

September 

Oc t o b e r  

November 

December 

Annual Net P r o d u c t i o n  



Table  29.  C a l c u l a t i o n  o f  n e t  p r imary  p r o d u c t i o n  f o r  t a l l  S p a r t i n a  
a l t e r n i f l o r a  u s i n g  changes i n  p r e d i c t e d  l i v i n g  and dead 
s t a n d i n g  c r o p s  

S t a n d i n g  S t and i n g  
c r o p  c r o p  Net 

Sample livin5 dead Change Change p r o d u c t  ' on  
(g/O.lm ) ( g / ~ .  1m2) l i v i n g  

.iJ 
d a t e  dead (g/O. l m  ) 

J a n u a r y  17 .3  151.7  
- 0 . 9  -45.7  0  

February  1 6 . 4  106.0  
- 0 . 9  - 8 . 3  0  

March 1 5 . 5  97 .7  
11.1 -21 .2  11.1 

A p r i l  26 .6  7 6 . 5  
17 . O  - 6 . 5  17 . O  

May 43 .6  7 0 . 0  
20.3  -11.1 2 0 . 3  

June 63.9  58 .9  
2 3 . 8  - 4 . 2  23 .8  

J u l y  87 .7  5 4 . 7  
22.2  0 . 4  2 2 . 6  

August 109.9 5 5 . 1  
1 5 . 2  6 . 6  21 .8  

September 125 .1  61.7 
5 . 6  1 4 . 8  20.4  

October  130.7  76.5 
-11 .0  25 .2  1 4 . 2  

November 119.7 101.7  
-30.7  3 5 . 8  5 . 1  

December 8 9 . 0  137 .5  

Annual Net P r o d u c t i o n  



Table  30 .  C a l c u l a t i o n  o f  n e t  p r imary  p r o d u c t i o n  f o r  combined S p a r t i n a  
a l t e r n i f l o r a  u s i n g  changes i n  p r e d i c t e d  l i v i n g  and dead 
s t a n d i n g  c r o p s  

S t a n d i n g  S  t and i n g  
c r o p  c r o p  Net 

S  amp l e  
living 

dead Change Change p r o d u c t  i o n  
d a t e  (g/O. l m  ) ( g / 0 .  lm2) l i v i n g  dead (g/O. lm2) 

January  

February  

March 

A p r i l  

May 

June 

J u l y  

Aug u s  t 

September 

October  

November 

December 

-- - p p p p p  

Annual Net P r o d u c t i o n  



Table  3 1 .  C a l c u l a t i o n  of n e t  p r imary  p r o d u c t i o n  f o r  Juncus  roemerianus  
u s i n g  changes i n  p r e d i c t e d  l i v i n g  and dead s t a n d i n g  c r o p s  

S t and i n g  S t a n d i n g  
c r o p  Net c rop  

l i v i n q  dead Change Change p r o d u c t i o n  Sample 2  
(g/O. l m  ) (g/O. l m  ) 1 i v  i n g  d a t e  dead ( g / ~ .  lm2) 

January  

February  

March 

A p r i l  

May 

June  

J u l y  

Aug us t 

September 

October  

November 



a l t e r n i f l o r a  and Juncus  roemer ianus ,  i n  t h a t  o r d e r ,  s t i l l  remain  t h e  most 

p r o d u c t i v e  o f  a l l  v e g e t a t i o n  t y p e s .  S h o r t  S p a r t i n a  a l t e r n i f l o r a  i s  t h e  

l e a s t  p r o d u c t i v e .  

Net pr imary p r o d u c t i o n  was c a l c u l a t e d  on a  whole-marsh b a s i s  i n  

t h e  same manner a s  p r e v i o u s l y  d e s c r i b e d  (Tab le  3 2 ) .  Values  o b t a i n e d  

based on p r e d i c t i o n  e s t i m a t e s  and u s i n g  changes i n  l i v i n g  and dead 

s t a n d i n g  c r o p  v a l u e s  were  much h i g h e r  t h a n  any of  t h e  p r e v i o u s  methods 

of  e s t i m a t i n g  n e t  p r o d u c t i o n .  

Table  32 .  C a l c u l a t i o n s  of n e t  p r imary  p r o d u c t i o n  on a whole-marsh 
b a s i s  u s i n g  n e t  p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  from 
changes i n  p r e d i c t e d  l i v i n g  and dead s t a n d i n g  c r o p s  

Net p r o d u c t i o n  
V e g e t a t i o n  type  P e r c e n t a g e  of  marsh (kcal /m21yr)  

S p a r t i n a  a l t e r n i f l o r a  

S h o r t  44.2 

Medium 1 0 . 3  

T a l l  5 . 8  

C ~ m b  ined  6 0 . 3  

Juncus  roemerianus  8 . 5  

Weighted mean 1534 

2  Th i s  method showed a n  i n c r e a s e  of  1100 kcal /m / y r  f o r  t a l l  

Z S p a r t i n a  a l t e r n i f l o r a  type  and 2200 k c a l l m  / y r  i n  Juncus  roemerianus  

2  
t y p e .  On a whole-marsh b a s i s ,  a n  i n c r e a s e  of  abou t  200 kcal /m / ~ r  was 

noted (Tab les  32 and 1 7 ) .  



The d a t a  o b t a i n e d  u s i n g  changes i n  p r e d i c t e d  l i v i n g  and dead s t a n d -  

i n g  c r o p s  appear  t o  be t h e  most n e a r l y  c o r r e c t  d a t a  o b t a i n e d  i n  t h i s  

s t u d y .  E s t i m a t e s  o b t a i n e d  a r e  much h i g h e r  and a r e  more comparable w i t h  

o t h e r  s a l t  marsh s t u d i e s  t h a n  any o f  t h e  p r e v i o u s  r e s u l t s  i n  t h i s  s t u d y ,  

E f f i c i e n c i e s  o f  n e t  p r o d u c t i o n  f o r  each  v e g e t a t i o n  t y p e ,  and t h e  

e n t i r e  marsh,  based on n e t  p r o d u c t i o n  d a t a  c a l c u l a t e d  from changes i n  

p r e d i c t e d  l i v i n g  and dead s t a n d i n g  c r o p  v a l u e s  a r e  t h e  h i g h e s t  o b t a i n e d  

i n  t h i s  s t u d y  (Tab le  3 3 ) .  T a l l  S p a r t i n a  a l t e r n i f l o r a  was t h e  most 

e f f i c i e n t  v e g e t a t i o n  t y p e  w i t h  a n  e f f i c i e n c y  o f  0 .9%.  Juncus  roemerianus  

type  fo l lowed  w i t h  a n  e f f i c i e n c y  of  0 ,8%.  On a  whole-marsh b a s i s ,  

however, e f f i c i e n c y  was t h e  same a s  a l l  o t h e r s  r e p o r t e d  i n  t h i s  s t u d y  

Tab le  3 3 .  Net p r imary  p r o d u c t i o n  e f f i c i e n c y  of  each v e g e t a t i o n  t y p e  
and of  whole-marsh u s i n g  n e t  p r o d u c t i o n  e s t i m a t e s  c a l c u -  
l a t e d  from changes i n  p r e d i c t e d  l i v i n g  and dead s t a n d i n g  
c r o p s  

V e g e t a t i o n  type  E f f i c i e n c y  p e r  c e n t  

S p a r t i n a  a l t e r n i f l o r a  Oak I s l a n d ,  North C a r o l i n a  

S h o r t  0 . 2  

Medium 0 . 3  

T a l l  0 . 9  

Combined 

Juncus  roemerianus  

Whole-marsh 



DISCUSSION AND CONCLUSIONS 

A e r i a l  Photography 

Color  and c o l o r - i n f r a r e d  a e r i a l  photographs  were  used i n  t h i s  s t u d y  

t o  de te rmine  a c r e a g e  of  community t y p e s  w i t h i n  t h e  Oak I s l a n d  marsh.  

Analyses  of  marsh v e g e t a t i o n  by c o l o r  and c o l o r - i n f r a r e d  photographs  

a r e  l i m i t e d .  Olson (1964) used c o l o r  and panchromat ic  f i l m s  t o  i n t e r -  

p r e t  marsh v e g e t a t i o n  i n  Maine.  He found t h a t  c o l o r  f i l m s  had a  h i g h e r  

p o t e n t i a l  t h a n  panchromat ic  f i l m s ,  n o t i n g  t h a t  a  s l i g h t  i n c r e a s e  i n  

accuracy  o f  i n t e r p r e t a t i o n  o c c u r r e d  w i t h  c o l o r  f i l m s .  Olson concluded 

i n  h i s  s t u d y  t h a t  volume and accuracy  o f  i n f o r m a t i o n  v a r i e d  w i t h  vege- 

t a t i o n  t y p e s  b e i n g  s t u d i e d ,  e x p e r i e n c e  o f  i n t e r p r e t o r s ,  and s c a l e s  of  

t h e  pho tographs .  O v e r a l l ,  Olson f e l t  t h a t  volume and accuracy  o f  

i n f o r m a t i o n  were n o t  r e l a t e d  t o  f i l m  type  used .  

Anson (1966) used panchromat ic ,  c o l o r ,  and c o l o r - i n f r a r e d  f i l m  t o  

o b t a i n  i n f o r m a t i o n  about  t h e  p o t e n t i a l  u s e f u l n e s s  o f  t h e s e  f i l m s  i n  

photogrammetric a p p l i c a t i o n s  i n  a n  a r e a  o f  t h e  South  C a r o l i n a  C o a s t a l  P l a i n .  

Of i n t e r p r e t e d  i t ems  on t h r e e  f i l m s ,  Anson 's  r e s u l t s  showed c o r r e c t  

a n a l y s e s  t o  be  20% g r e a t e r  on c o l o r  f i l m  and 22% g r e a t e r  on c o l o r -  

i n f r a r e d  f i l m .  He concluded t h a t  c o l o r -  i n f r a r e d  photography was 

s u p e r i o r  t o  t h e  o t h e r  f i l m s  f o r  mapping d r a i n a g e  and v e g e t a t i o n .  

The c o n c l u s i o n  o f  t h i s  s t u d y  i s  t h a t  mapping o f  r e l a t i v e l y  p u r e  

s t a n d s  of  s a l t  marsh v e g e t a t i o n  c a n  be c a r r i e d  o u t  s u c c e s s f u l l y  on 

c o l o r - i n f r a r e d  pho tographs .  E n t i r e  a c r e a g e  and d i s t r i b u t i o n  p a t t e r n s  

o f  v e g e t a t i o n  i n  an  a r e a  o f  s a l t  marsh may be  ana lyzed  i n  t h e  l a b o r a t o r y  

from such pho tographs .  However, i n  a r e a  of  mixed v e g e t a t i o n ,  c a r e  must  
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be t a k e n  t o  make adequa te  ground checks  s o  t h a t  s u b t l e  v a r i a t i o n  p a t t e r n s  

on t h e  photographs  may be c o r r e c t l y  i n t e r p r e t e d  ( F o s t e r ,  1968) .  

Net Pr imary Produc t  i o n  

A h a r v e s t  t e c h n i q u e  was used t o  o b t a i n  s t a n d i n g  c r o p  e s t i m a t e s  f o r  

t h e  f o u r  v e g e t a t i o n  t y p e s  i n  t h e  r e g u l a r l y - f l o o d e d  marsh a t  t h e  Oak 

I s l a n d  s t u d y  a r e a .  Once s t a n d i n g  c r o p  e s t i m a t e s  were  de te rmined ,  n e t  

p r o d u c t i o n  e s t i m a t e s  were t h e n  c a l c u l a t e d  u s i n g  two methods of  c a l c u -  

l a t i o n .  These methods invo lved  t h e  use  o f :  (1) l i v i n g  s t a n d i n g  c r o p  

v a l u e s  o n l y ,  b o t h  observed and p r e d i c t e d ,  and ( 2 )  changes i n  l i v i n g  

and dead s t a n d i n g  c r o p  v a l u e s ,  b o t h  observed and p r e d i c t e d ,  The 

r e s u l t s  o b t a i n e d  from t h e s e  two methods a r e  summarized i n  Table  34.  

C a l c u l a t i o n  o f  annua l  n e t  p r o d u c t i o n  e s t i m a t e s  f o r  v e g e t a t i o n  

t y p e s  based on l i v i n g  s t a n d i n g  c r o p  v a l u e s  o n l y ,  b o t h  obse rved  and 

p r e d i c t e d ,  a r e  t h e  lowes t  (Tab le  3 4 ) .  These e s t i m a t e s  can  b e  c o n s i d e r e d  

t o  be  minimum e s t i m a t e  v a l u e s  of  annua l  n e t  p r o d u c t i o n .  Sampling 

e r r o r  and changes i n  s t a n d i n g  c r o p  d a t a  such a s  d e a t h  o r  consumption 

by h e r b i v o r e s  o f  m a t e r i a l  between sampl ing p e r i o d s  a r e  n o t  t a k e n  i n t o  

t h i s  method o f  e s t i m a t i n g  n e t  p r o d u c t i v i t y .  

A second method used t o  c a l c u l a t e  n e t  p r o d u c t i o n  took i n t o  accoun t  

changes i n  bo th  l i v i n g  and dead s t a n d i n g  c r o p s  (Smal ley ,  1959) .  It  i s  

assumed i n  t h i s  method t h a t  any n e t  i n c r e a s e  i n  l i v i n g  m a t e r i a l  between 

sampling p e r i o d s  i s  due t o  growth o f  new o r  e x i s t i n g  s t ems .  Th i s  

i n c r e a s e  i s  t h e o r e t i c a l l y  g r e a t e r  t h a n  d e a t h  o f  s tems o r  consumption by 

h e r b i v o r e s .  I f  d e a t h  a n d / o r  h e r b i v o r e  consumption of  t h e  s t a n d i n g  c r o p  

exceeds  a n  i n c r e a s e  o f  t h e  l i v i n g  s t a n d i n g  c r o p ,  n e t  p r o d u c t i o n  i s  z e r o .  



Table  3 4 .  Summary of e s t i m a t e s  of annual  n e t  pr imary p r o d u c t i o n  f o r  
each v e g e t a t i o n  t y p e  and of whole-marsh i n  t h e  Oak I s l a n d  
marsh u s i n g  two methods of c a l c u l a t i o n  

Based on changes Based on changes 
i n  l i v i n g  i n  l i v i n g  and dead 

V e g e t a t i o n  s t a n d i n  5 crop  s t a n d i n g  c r o p s  
type  (kcal lm / y r )  (kca l /m2/yr )  

Observed s t a n d i n g  c r o p s  

S p a r t i n a  a l t e r n i f l o r a  

S h o r t  

Medium 

T a l l  

Juncus roemerianus  
Y 

Who le-mar s h  

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

S p a r t i n a  a l t e r n i f l o r a  

S h o r t  951 

Medium 

T a l l  

Combined 

Juncus roemer i a n u s  - 
Who le-marsh 



I f  a  d e c r e a s e  i n  t h e  dead s t a n d i n g  c rop  o c c u r s ,  n e t  p r o d u c t i o n  i s  con- 

s i d e r e d  a s  z e r o  because  p r o c e s s e s  which d e c r e a s e  t h e  dead c a t e g o r y  were 

n o t  s t u d i e d .  

E s t i m a t e s  o f  annua l  n e t  p r o d u c t i o n  o b t a i n e d  u s i n g  changes i n  l i v i n g  

and dead s t a n d i n g  c r o p  v a l u e s  a r e  h i g h e r  t h a n  t h o s e  u s i n g  o n l y  l i v i n g  

s t a n d i n g  c r o p  v a l u e s  (Table  3 4 ) .  T a l l  S p a r t i n a  a l t e r n i f l o r a  (5365 

Z kcal/m / y r )  i s  t h e  most p r o d u c t i v e  of  a l l  v e g e t a t i o n  t y p e s  i n  t h e  

2  marsh.  Net pr imary p r o d u c t i v i t y  was e s t i m a t e d  t o  be  1300 kca l /m / y r  

2 
f o r  s h o r t  S p a r t i n a  a l t e r n i f l o r a ,  1816 kcal /m / y r  f o r  medium S p a r t i n a  

L 
a l t e r n i f l o r a ,  and 3502 kcal /m Iyr f o r  t h e  Juncus  roemer ianus  t y p e .  On 

a  whole-marsh b a s i s ,  t h e  n e t  pr imary p r o d u c t i v i t y  e s t i m a t e  was 1370 

2  
kca l /m / y r .  It shou ld  be no ted  a t  t h i s  p o i n t  t h a t  e s t i m a t e s  on a  

whole-marsh b a s i s  were c a l c u l a t e d  from v e g e t a t i o n  type  p e r  c e n t  

coverage p r e s e n t e d  i n  Tab le  6 .  A l l  v e g e t a t i o n  t y p e s  t o t a l e d  c o v e r  

o n l y  68.8% of  t h e  e n t i r e  Oak I s l a n d  marsh.  The remain ing  p e r c e n t a g e  

i s  covered by w a t e r  (25%) and o t h e r  community t y p e s ,  such a s  b a r e  

sand ( 6 . 2 % ) .  P r o d u c t i v i t y  e s t i m a t e s  t h e r e f o r e  a r e  based on 68.8% 

v e g e t a t i o n  coverage  i n s t e a d  o f  100% coverages  a s  i n  o t h e r  marsh 

p r o d u c t i v i t y  s t u d i e s .  

E f f i c i e n c y  o f  n e t  p r o d u c t i o n  was h i g h e s t  f o r  t h e  t a l l  S p a r t i n a  

a l t e r n i f l o r a  type  (0 .8%) and Juncus  roemerianus  (0 .5%) .  On a  whole- 

marsh b a s i s  n e t  p r o d u c t i o n  e f f i c i e n c y  was 0 . 2 % .  Comparison o f  n e t  

p r o d u c t i o n  e f f i c i e n c i e s  w i t h  those  r e p o r t e d  i n  o t h e r  s t u d i e s  w i l l  be  

d i s c u s s e d .  l a t e r .  

Net p r o d u c t i o n  e s t i m a t e s  o b t a i n e d  i n  t h e  r e g u l a r l y - f l o o d e d  marsh 

on Oak I s l a n d  u s i n g  obse rved  changes i n  l i v i n g  and dead s t a n d i n g  c r o p s  



can  be  compared t o  t h e  r e s u l t s  o b t a i n e d  i n  o t h e r  s t u d i e s .  E s t i m a t e s  

o b t a i n e d  i n  t h e  Oak I s l a n d  s t u d y  were de te rmined  u s i n g  e s s e n t i a l l y  

t h e  t e c h n i q u e s  o f  Smal ley  (1959) and Wai ts  (1967) .  T e a l  (1962) 

u s i n g  t h e  d a t a  o f  Smalley (1959) showed n e t  p r o d u c t i o n  e s t i m a t e s  f o r  

t h e  r e g u l a r l y - f l o o d e d  marsh on S a p e l o  I s l a n d ,  Georg ia  a s  f o l l o w s :  

2  2 
s h o r t  S p a r t i n a  a l t e r n i f l o r a  - 2570 kca l /m / y r  (643 g/m / y r ) ,  l e v e e -  

2 
s t r e a m s i d e  (medium and t a l l )  S p a r t i n a  a l t e r n i f l o r a  - 8970 kca l /m / y r  

2  
(2243 g/m / y r ) .  On a  whole-marsh b a s i s ,  t o t a l  n e t  p r o d u c t i o n  was 

2  
6580 kcal /m / y r  . 

Net p r o d u c t i o n  e s t i m a t e s  f o r  a l l  v e g e t a t i o n  t y p e s  on Oak I s l a n d  

were much lower t h a n  t h o s e  o b t a i n e d  on Sape lo  I s l a n d .  There  a r e  

s e v e r a l  r e a s o n s  f o r  t h i s  d i f f e r e n c e .  I n  t h e  f i r s t  p l a c e  no measure- 

ments were made t o  e s t i m a t e  t h e  removal o f  l e a v e s  and s tems between 

sample p e r i o d s  a s  they  d i e d  o r  were  broken.  No c o r r e c t i o n  f a c t o r  was 

de te rmined  f o r  l o s s e s  o f  dead m a t e r i a l  due t o  t i d a l  a c t i o n ,  f o r  

decomposi t ion r a t e ,  o r  f o r  h e r b i v o r e  consumption.  Smal ley  (1959) 

used a  c o r r e c t i o n  v a l u e  o f  26.6% t o  compensate f o r  t h e  l o s s  o f  m a t e r i a l  

i n  his n e t  p r o d u c t i v i t y  e s t i m a t e .  I n  a d d i t i o n ,  t h e  growing s e a s o n  i n  

t h e  Sape lo  I s l a n d  r e g i o n  i s  somewhat longer  and more s u b t r o p i c a l  t h a n  

t h a t  i n  t h e  Oak I s l a n d  s t u d y  a r e a .  Perhaps  t h e  major  r e a s o n  i s  t h e  

d i f f e r e n c e  i n  p e r c e n t  coverage  o f  t h e  marsh by t a l l  and s h o r t  S p a r t i n a  

a l t e r n i f l o r a  i n  t h e  two a r e a s .  I n  t h e  Sape lo  I s l a n d  marsh,  l evee -  

s t r e a m s i d e  S p a r t i n a  a l t e r n i f l o r a  ( e q u i v a l e n t  t o  t a l l  and medium 

S p a r t i n a  a l t e r n i f l o r a  i n  t h i s  s t u d y )  o c c u p i e s  58% o f  t h e  t o t a l  a r e a  

and s h o r t  S p a r t i n a  a l t e r n i f l o r a  o c c u p i e s  42% o f  t h e  t o t a l  a r e a .  I n  

t h e  Oak I s l a n d  marsh,  t a l l  and medium S p a r t i n a  a l t e r n i f l o r a  occupy 
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o n l y  16.1% ( 5 . 8  and 10.3% r e s p e c t i v e l y )  o f  t h e  t o t a l  marsh,  w i t h  s h o r t  

S p a r t i n a  a l t e r n i f l o r a  occupying 44.2%,  and Juncus  roemerianus  8 .5%.  

S h o r t  S p a r t i n a  i s  much l e s s  p r o d u c t i v e  t h a n  t a l l  S p a r t i n a  and t h u s  t o t a l  

p r o d u c t i o n  i s  much l e s s  i n  t h e  Oak I s l a n d  marsh a s  compared t o  Sape lo  

I s l a n d  marsh.  

Comparison of  Oak I s l a n d  e s t i m a t e s  w i t h  t h o s e  o b t a i n e d  by Wai ts  

(1967) on Bodie I s l a n d ,  North C a r o l i n a ,  show e s t i m a t e s  o f  n e t  p r imary  

p r o d u c t i v i t y  t o  be lower f o r  Oak I s l a n d .  T h e o r e t i c a l l y  t h e  r e v e r s e  

should  be t r u e  s i n c e  t h e  Bodie I s l a n d  s t u d y  i s  i n  a n  i r r e g u l a r l y -  

f looded  marsh.  

a r e  a s  f o l l o w s :  

s p e c i e s )  - 5981 

E s t i m a t e s  o f  n e t  p r o d u c t i o n  o b t a i n e d  by Wai ts  (1967) 

S p a r t i n a  p a t e n s  - 5835 k c a l / m 2 / y r ,  Mixed ( s e v e r a l  

2 2  
kcal /m / y r ,  Juncus  roemerianus  - 6123 kcal /m / y r ,  

L 
and Marg ina l  type  - 3702 kcal /m / y r .  On a whole-marsh b a s i s ,  t h e r e  i s  

c o n s i d e r a b l e  d i f f e r e n c e  i n  mean annua l  n e t  p r o d u c t i o n .  Bodie I s l a n d  

2  
had a  n e t  p r o d u c t i o n  of  5350 kcal /m / y r ,  and Oak I s l a n d  measured 

2  
1370 kcal /m Iyr  P a r t  of  t h i s  d i f f e r e n c e  may be  due t o  t h e  method o f  

o f  e s t i m a t e s  o f  p e r  c e n t  v e g e t a t i o n  coverage  o f  marsh.  C a l c u l a t i o n s  

by Wai ts  (1967) were based on 100% v e g e t a t i o n  c o v e r .  V e g e t a t i o n  cover  

i n  t h e  Oak I s l a n d  marsh i s  o n l y  68.8% of  t h e  t o t a l  a r e a .  

S t u d i e s  by Wil l iams and ~ u r d o c h ~  o f  n e t  p r imary  p r o d u c t i o n  by 

S p a r t i n a  a l t e r n i f l o r a  a t  B e a u f o r t ,  North C a r o l i n a ,  were made by a  

4 ~ i l l i a m s ,  R .  B .  and Marianne B .  Murdoch. Oak Ridge N a t i o n a l  
Labora to ry ,  Oak Ridge,  Tennessee ,  and U .  S .  Bureau o f  Commercial 
F i s h e r i e s ,  R a d i o b i o l o g i c a l  L a b o r a t o r y ,  B e a u f o r t ,  North C a r o l i n a .  
Annual p r o d u c t i o n  o f  S p a r t i n a  a l t e r n i f l o r a  and Juncus  roemerianus  i n  
s a l t  marshes n e a r  B e a u f o r t ,  North C a r o l i n a .  P r e s e n t e d  a t  A s s o c i a t i o n  
of  S o u t h e a s t e r n  B i o l o g i s t s  Meet ing,  A p r i l  15 ,  1966,  R a l e i g h ,  North 
Caro l i n a .  



h a r v e s t  t e c h n i q u e  s i m i l a r  t o  t h e  one used a t  Sape lo  I s l a n d ,  Georgia .  

T h e i r  e s t i m a t e s  were made on t h e  e n t i r e  s p e c i e s  S p a r t i n a  a l t e r n i f l o r a  

i n s t e a d  o f  t h e  i n d i v i d u a l  h e i g h t  forms.  Ten one-meter  s q u a r e s  o f  

S p a r t i n a  a l t e r n i f l o r a  were h a r v e s t e d  e v e r y  f i v e  weeks.  A l l  l i v i n g  

and dead p l a n t s  were  removed. Dead l e a v e s  and number o f  l e a f  s c a r s  

were  c o u n t e d ,  t h u s  d e t e r m i n i n g  a  b a l a n c e  between l i v i n g  and dead 

m a t e r i a l .  A c o r r e c t i o n  v a l u e  i s  thus  used t o  accoun t  f o r  t h e  m i s s i n g  

dead l e a v e s .  Wil l iams and Murdoch a l s o  no ted  t h a t  development o f  new 

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

peak v a l u e  o f  t h e  s t a n d i n g  c r o p  t o  o b t a i n  annua l  p r o d u c t i o n .  Wil l iams 

5  2 
and Murdoch e s t i m a t e d  SO0 g d r y  m a t t e r  (400 gC/m ) a s  annua l  p r o d u c t i o n  

of  S p a r t i n a  a l t e r n i f l o r a .  

6  
I n  h a r v e s t i n g  Juncus  roemer ianus ,  Wil l iams and Murdoch h a r v e s t e d  

two one-meter s q u a r e  samples each  f i v e  weeks.  S e p a r a t i o n  o f  l e a v e s  

of  Juncus  roemerianus  was as p r e v i o u s l y  d e s c r i b e d  i n  t h e  METHODS 

s e c t i o n  o f  t h i s  paper .  T h i s  method o f  annua l  n e t  p r o d u c t i o n  de te rmina-  

L 
t i o n  y i e l d e d  e s t i m a t e s  of  1 kg/m . Using a  "compartmental  model" 

5 ~ i l l i a m s ,  R .  B .  and Marianne B Murdoch. Oak Ridge N a t i o n a l  
L a b o r a t o r y ,  Oak Ridge,  Tennessee ,  and U. S.  Bureau o f  Commercial 
F i s h e r i e s ,  R a d i o b i o l o g i c a l  Labora to ry ,  B e a u f o r t ,  Nor th  C a r o l i n a .  
Annual p r o d u c t i o n  o f  S p a r t i n a  and Juncus  i n  North C a r o l i n a  s a l t  
marshes .  P r e s e n t e d  a t  American I n s t i t u t e  o f  B i o l o g i c a l  S c i e n c e s  
Meeting,  August 15 ,  1966,  C o l l e g e  P a r k ,  Maryland.  





F o s t e r  (1968) made n e t  pr imary p r o d u c t i o n  e s t i m a t e s  on Juncus  

roemerianus  u s i n g  a  s l i g h t l y  d i f f e r e n t  method of  e s t i m a t i n g  n e t  pro-  

d u c t i o n .  H e  determined n e t  l e a f  p r o d u c t i v i t y  by u s i n g  r a t e s  o f  t r a n s -  

f e r  o f  l e a v e s  between c a t e g o r i e s  and by u s i n g  r a t e s  o f  growth and of  

d ie -back  of  l e a v e s .  Once t h e  number o f  l e a v e s  t r a n s f e r r e d  i n  a l l  

i n t e r v a l s  was summed, t h e  number of  l e a v e s  produced p e r  y e a r  was 

de te rmined .  T h i s  v a l u e  was t h e n  m u l t i p l i e d  by t h e  mean w e i g h t  of  

green-dead l e a v e s  t o  c a l c u l a t e  p r o d u c t i v i t y  i n  grams. I n  t h e  

second method, growth o r  d i e - b a c k  ( i n  cm) f o r  each i n t e r v a l  ( t i m e )  

was m u l t i p l i e d  by t h e  u n i t  we igh t  o f  green-dead l e a v e s  t o  o b t a i n  

p r o d u c t i v i t y  p e r  i n t e r v a l .  Annual p r o d u c t i o n  was o b t a i n e d  by summing 

a l l  i n t e r v a l  p r o d u c t i o n  v a l u e s .  E s t i m a t e s  o b t a i n e d  by F o s t e r  (1968) 

f o r  q e t  l e a f  p r o d u c t i v i t y  c a l c u l a t e d  from r a t e s  o f  t r a n s f e r  between 

2  2  
c a t e g o r i e s  were 550 leaveslm / y r  (1028 g/m / y r ) .  Annual p r o d u c t i o n  

2 
c a l c u l a t i o n  from r a t e s  o f  growth was 553 g/m and from r a t e s  o f  d i e -  

2 
back was 571 g/m . Mean annua l  p r o d u c t i o n  o f  t h e s e  v a l u e s  was 560 

2 
g/m / y r .  F o s t e r  c o n s i d e r e d  t h i s  v a l u e  t o  be a  minimum e s t i m a t e  of  

2 
p r ~ d u c t i v i t y  and t h e  l a r g e r  v a l u e  o f  1028 g/m / y r  t o  b e  a  maximum 

e s t i m a t e .  He s t a t e d  t h a t  t h e  minimum e s t i m a t e  i s  t h e  b e s t  e s t i m a t e  o f  

n e t  p r o d u c t i v i t y  o f  Juncus  roemer ianus .  

These v a l u e s  a r e  w i t h i n  t h e  range  of  v a l u e s  o b t a i n e d  i n  t h i s  

2 
s t u d y .  A minimum e s t i m a t e  o f  478 g/m / y r  and a  maximum v a l u e  o f  1215 

2  
g/m / y r  were  c a l c u l a t e d  depending upon t h e  method of  e s t i m a t i n g  n e t  

p r imary  p r o d u c t i o n .  

When n e t  p r o d u c t i o n  i s  c a l c u l a t e d  u s i n g  changes i n  obse rved  l i v i n g  

and dead s t a n d i n g  c r o p s ,  some of t h e  s t a n d i n g  c r o p  changes i n c l u d e d  i n  

t h e  c a l c u l a t i o n s  may be e r r o r s  due t o  sampl ing e r r o r  o r  o t h e r  
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uncons ide red  f a c t o r s .  The obse rved  d a t a  o b t a i n e d  i n  t h i s  s t u d y  were 

f i t t e d  t o  a  f o u r t h  degree  polynomial  i n  t ime  t o  o b t a i n  a  smoother growth 

p a t t e r n  o v e r  t ime .  The goodness of  f i t  o f  t h e  s t a n d i n g  c r o p  d a t a  

2  
( R  - v a l u e s )  was determined f o r  a l l  v e g e t a t i o n  t y p e s  (Tab le  2 2 ) .  The 

L 
R - v a l u e s  f o r  a l l  c a t e g o r i e s  e x c e p t  dead d e b r i s  of  t h e  Juncus  

roemerianus  type  were  h i g h l y  s i g n i f i c a n t  a t  t h e  .005 l e v e l .  The dead 

d e b r i s  c a t e g o r y  of  Juncus  roemerianus  t y p e  was s i g n i f i c a n t  a t  t h e  . O 1  

l e v e l .  

Even though t h e  r v values were  h i g h l y  s i g n i f i c a n t  ( t h e  h i g h e s t  

b e i n g  0 .6847) ,  t h e r e  i s  s t i l l  a  c o n s i d e r a b l e  amount o f  v a r i a b i l i t y  i n  

s t a n d i n g  c rop  n o t  accounted f o r  by t h e  r e g r e s s i o n  i n  t h e  model.  F a c t o r s  

o t h e r  t h a n  t ime would have t o  be c o n s i d e r e d  t o  e x p l a i n  t h e  remain ing  

v a r i a b i l i t y .  Such f a c t o r s  cou ld  be  t i d a l  e f f e c t s  and l o c a l  growth 

p a t t e r n .  S u r e l y  t h e  movement o f  t h e  m a t e r i a l  i n  t h e  dead c a t e g o r i e s  

i s  dependent  on t h e  t i d a l  regimes i n  t h e  r e g u l a r l y - f l o o d e d  marsh.  The 

L 
R - v a l u e s  i n  dead d e b r i s  c a t e g o r i e s  i n  a l l  v e g e t a t i o n  t y p e s  a r e  gener -  

2  
a l l y  lower ( i n  s i z e )  t h a n  o t h e r  c a t e g o r i e s .  These R - v a l u e s  f o r  t h e  

s t u d y  i n  g e n e r a l  f a l l  i n  a  r ange  c o n s i d e r e d  t o  b e  q u i t e  h i g h  f o r  b i o -  

l o g i c a l  m a t e r i a l .  T h e r e f o r e ,  p r e d i c t e d  e s t i m a t e s  o f  n e t  p r imary  produc- 

t i o n  a r e  c o n s i d e r e d  t o  be r e l i a b l e ,  d e s p i t e  t h e  f a c t  t h a t  c o n s i d e r a b l e  

v a r i a t i o n  remains  unexp la ined .  

L 
The R - v a l u e s  o b t a i n e d  i n  t h i s  s t u d y  a r e  much h i g h e r  and more 

s i g n i f i c a n t  o v e r a l l  t h a n  t h o s e  o b t a i n e d  by Wai t s  (1967) i n  t h e  Bodie 

I s l a n d  s t u d y .  The h i g h e s t  v a l u e  o b t a i n e d  by Wai ts  was 0 .5265 which 

was h i g h l y  s i g n i f i c a n t  a t  t h e  . O 1  l e v e l .  The p r e d i c t e d  s t a n d i n g  

c r o p  v a l u e s  o b t a i n e d  from f i t t i n g  t h e  obse rved  s t a n d i n g  c r o p  d a t a  t o  

t h e  f o u r t h  d e g r e e  polynomial  i n  t ime do n o t  i n c l u d e  some f l u c t u a t i o n s  
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a s s o c i a t e d  w i t h  t h e  obse rved  means. It i s  f o r  t h e  above r e a s o n s  t h a t  

t h e  n e t  p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  from changes  i n  p r e d i c t e d  l i v i n g  

and dead s t a n d i n g  c r o p s  a r e  c o n s i d e r e d  t o  b e  t h e  b e s t  e s t i m a t e s  o b t a i n e d  

i n  t h i s  s t u d y .  

Net p r imary  p r o d u c t i o n  e s t i m a t e s  o b t a i n e d  from changes  i n  p r e d i c t e d  

l i v i n g  and dead s t a n d i n g  c r o p s  a r e  p r e s e n t e d  i n  Table  34 .  These e s t i -  

mates  show t h a t  t a l l  S p a r t i n a  a l t e r n i f l o r a  t y p e  i s  t h e  most p r o d u c t i v e  

2  2 
(6471 k c a l l m  / y r )  fo l lowed  by Juncus  roemerianus  type  (5345 kca l /m / y r ) .  

2 
Net p r o d u c t i o n  on a  whole-marsh b a s i s  i s  1534 kca l /m / y r .  These r e s u l t s  

a r e  t h e  h i g h e s t  o b t a i n e d  i n  t h i s  s t u d y .  Wai ts  (1967) o b t a i n e d  t h e  f o l -  

lowing v a l u e s  u s i n g  t h e  same method o f  n e t  p r o d u c t i o n  c a l c u l a t i o n s  i n  

2  
t h e  Bodie I s l a n d  marsh:  S p a r t i n a  p a t e n s  - 6152 kca l /m / y r ,  Juncus  

2  2  
roemerianus  - 4028 kca l /m / ~ r ,  and whole-marsh b a s i s  - 4324 kca l /m / y r .  

Values  f o r  i n d i v i d u a l  v e g e t a t i o n  t y p e s  a r e  a p p r o x i m a t e l y  e q u a l .  Higher  

e s t i m a t e s  were  o b t a i n e d  i n  t h e  Oak I s l a n d  s t u d y  f o r  t h e  Juncus  t y p e .  

T i d a l  regimes i n  t h e  r e g u l a r l y - f l o o d e d  marsh t h e o r e t i c a l l y  remove w a s t e  

p r o d u c t s  and i n c r e a s e  n u t r i e n t  c i r c u l a t i o n .  The growing s e a s o n  b e i n g  

l o n g e r  i n  t h e  Oak I s l a n d  marsh t h a n  i n  t h e  Bodie I s l a n d  marsh c o u l d  

accoun t  f o r  t h e  i n c r e a s e d  p r o d u c t i o n  o f  Juncus  roemer ianus .  

E f f i c i e n c y  o f  n e t  p r imary  p r o d u c t i o n  v a l u e s  o b t a i n e d  i n  t h i s  s t u d y  

a r e  low compared t o  t h e  1.4% e f f i c i e n c y  o b t a i n e d  by T e a l  (1962) .  Regard- 

l e s s  o f  t h e  method o f  c a l c u l a t i o n  of  n e t  p r imary  p r o d u c t i v i t y ,  e f f i c i e n c y  

on a  whole-marsh b a s i s  (Tab les  12,  18,  26,  and 33)  was e s t i m a t e d  t o  be  

0 .2% i n  t h e  Oak I s l a n d  s t u d y .  The h i g h e s t  p e r c e n t a g e s  o b t a i n e d  ( u s i n g  

p r e d i c t e d  changes  i n  l i v i n g  and dead s t a n d i n g  c r o p s )  was 0 .9% f o r  t a l l  

S p a r t i n a  a l t e r n i f l o r a  and 0 .8% f o r  Juncus  roemer ianus .  Wai ts  (1967) 



o b t a i n e d  e s t i m a t e s  o f  0 . 3  t o  0.5% e f f i c i e n c i e s  of  n e t  p r o d u c t i o n  on a  

whole-marsh b a s i s .  E s t i m a t e s  o f  0.8% f o r  S p a r t i n a  p a t e n s  and 0 .5% f o r  

Juncus roemerianus  n e t  p r o d u c t i o n  e f f i c i e n c i e s  ( u s i n g  p r e d i c t e d  changes 

i n  l i v i n g  and dead s t a n d i n g ' c r o p s )  were t h e  h i g h e s t  v a l u e s  o b t a i n e d  i n  

t h e  Bsdie  I s l a n d  s t u d y .  These v a l u e s  a r e  approx imate ly  t h e  same f o r  

bo th  i r r e g u l a r l y  and r e g u l a r l y -  f  looded marshes i n  North C a r o l i n a .  

No e s t i m a t e s  o f  r e s p i r a t i o n  r a t e s  were o b t a i n e d  and t h u s  no e s t i m a t e  

of  g r o s s  pr imary p r o d u c t i o n  i s  a v a i l a b l e  f o r  t h e  Oak I s l a n d  s t u d y .  As 

t h i s  s t u d y  was concerned w i t h  c a l c u l a t i o n  of  n e t  pr imary p r o d u c t i v i t y  

i n  a  r e g u l a r l y - f l o o d e d  s a l t  marsh,  s e v e r a l  s o u r c e s  o f  e r r o r  a r e  n o t  com- 

p e n s a t e d  f o r  i n  e s t i m a t i n g  n e t  p r imary  p r o d u c t i o n .  F i r s t  of  a l l ,  sample 

e r r o r  must be a d m i t t e d .  No c o r r e c t i o n s  a r e  made f o r  t h i s  e r r o r .  Another 

s o u r c e  of  e r r o r  i s  t h a t  no compensation was a l lowed f o r  h e r b i v o r e  

a c t i v i t y .  Wai ts  (1967) ,  T e a l  (1962) ,  and Smal ley  (1959) f e e l  t h a t  t h i s  

2 
i s  n e g l i g i b l e .  T e a l  (1962) r e p o r t s  o n l y  305 kcal /m / y r  a r e  consumed by 

i n s e c t s .  Smal ley  (1959) s t a t e s  t h a t  g r a s s h o p p e r s  f e e d  on S p a r t i n a  

a l t e r n i f l o r a  o n l y  abou t  f o u r  months o u t  o f  t h e  y e a r .  He f e e l s  t h a t  

most organisms which f e e d  i n  t h e  marsh such a s  t h e  f i d d l e r  c r a b ,  t h e  

marsh musse l ,  and t h e  s a l t  marsh p e r i w i n k l e  a r e  d e t r i t u s  f e e d e r s .  

Smal ley  proposes  t h a t  most o f  t h e  S p a r t i n a  a l t e r n i f l o r a  p r o d u c t i o n  i s  

t h u s  passed  on t o  t h e  decomposers i n  t h e  marsh and t h e  e s t u a r y .  

No e s t i m a t e s  were made i n  t h e  Oak I s l a n d  marsh f o r  o t h e r  p r o d u c e r s .  

Other  p roducer  s o u r c e s  i n  t h e  marsh would be a l g a e  on t h e  exposed mud 

s u r f a c e s  and s tems of  t h e  v a s c u l a r  p l a n t s .  Some a l g a e  may be  suspended 

i n  t h e  w a t e r  i n  t h e  marsh.  Rago tzk ie  (1959) e s t i m a t e d  n e t  p r o d u c t i o n  

o f  phy top lank ton  i n  t h e  e s t u a r y  w a t e r  around Sape lo  I s l a n d  t o  be  z e r o .  

2 
E s t i m a t e  of  n e t  p r o d u c t i o n  o f  a l g a e  i n  t h e  marsh i s  1620 kcal /m ly r .  
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No e s t i m a t e s  o f  p r o d u c t i o n  of  r o o t s  and rhizomes were  made i n  t h i s  

s t u d y .  Only above-ground p a r t s  of  p l a n t s  were c o n s i d e r e d  i n  n e t  p r imary  

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

A f i n a l  s o u r c e  o f  e r r o r  i s  no e s t i m a t i o n  of  decompos i t ion  r a t e .  

Removal o f  m a t e r i a l  by decomposi t ion between sampl ing p e r i o d s  means 

unmeasured p r o d u c t i o n ,  t h u s  u n d e r e s t i m a t i o n  o f  n e t  p r o d u c t i v i t y .  No 

a t t e m p t  was made t o  compensate f o r  such m a t e r i a l  i n  t h i s  s t u d y .  

S t a t e m e n t s  a s  t o  e x a c t l y  how much n e t  p r imary  p r o d u c t i v i t y  i s  

expor ted  from t h e  marsh t o  t h e  e s t u a r y  canno t  be  made on t h e  b a s i s  of  

d a t a  from t h i s  s t u d y .  Based on o t h e r  s t u d i e s ,  i t  i s  r e a s o n a b l e  t o  

suppose  t h a t  much of  t h i s  p r o d u c t i v i t y  goes  t o  t h e  e s t u a r y  and i s  used 

by organisms i n  t h e  e s t u a r y .  



This  s t u d y  was c a r r i e d  o u t  i n  a n  e f f o r t  t o  de te rmine  t h e  g e n e r a l  

n a t u r e  of  n e t  p r imary  p r o d u c t i o n  i n  an  a r e a  o f  r e g u l a r l y - f l o o d e d  s a l t  

marsh a t  Oak I s l a n d ,  Brunswick County, North C a r o l i n a .  The s p e c i f i c  

o b j e c t i v e s  were:  (1)  t o  deve lop  a  r a p i d  method o f  d e t e r m i n i n g  t h e  

a r e a  o f  major  s a l t  marsh community t y p e s  u s i n g  c o l o r - i n f r a r e d  a e r i a l  

pho tographs ,  and ( 2 )  t o  e s t i m a t e  t h e  magnitude o f  n e t  p r imary  p r o d u c t i o n  

o f  major  v a s c u l a r  v e g e t a t i o n  t y p e s  w i t h i n  t h e  marsh.  A e r i a l  photographs  

and v e g e t a t i o n  samples were t a k e n  t o  de te rmine  n e t  p r imary  p r o d u c t i o n ,  

S h o r t ,  medium, and t a l l  S p a r t i n a  a l t e r n i f l o r a ,  and Juncus  

roemerianus  compose t h e  v e g e t a t i o n  i n  t h i s  r e g u l a r l y - f l o o d e d  marsh.  

Water and o t h e r  t y p e s  ( b a r e  sand and mud) were a l s o  c o n s i d e r e d  i n  

d e t e r m i n a t i o n  o f  t h e  t o t a l  a c r e a g e  of  t h e  v a r i o u s  community t y p e s  i n  t h e  

marsh.  Acreage d e t e r m i n a t i o n s  f o r  each o f  t h e  community t y p e s  a r e  made 

on c o l o r - i n f r a r e d  pho tographs .  C o l o r - i n f r a r e d  photographs  c a n  be  used 

i n  t h e  l a b o r a t o r y  t o  i n t e r p r e t  community t y p e s  o v e r  l a r g e  a r e a s .  

The pr imary purpose  o f  t h i s  s t u d y  was t o  o b t a i n  e s t i m a t e s  o f  n e t  

pr imary p r o d u c t i o n  of  v e g e t a t i o n  t y p e s  w i t h i n  t h e  r e g u l a r l y - f l o o d e d  

s a l t  marsh.  S t a n d i n g  c r o p  v a l u e s ,  o b t a i n e d  u s i n g  a  h a r v e s t  t e c h n i q u e ,  

were used t o  c a l c u l a t e  n e t  p r o d u c t i o n .  Net p r o d u c t i o n  was c a l c u l a t e d  

us ing  two methods:  (1)  u s e  of  o n l y  l i v i n g  s t a n d i n g  c r o p  v a l u e s ,  and 

( 2 )  use  of  bo th  changes i n  l i v i n g  and dead s t a n d i n g  c r o p s .  The f i r s t  

method when compared t o  t h e  second method showed a n  u n d e r e s t i m a t i o n  

of  n e t  p r o d u c t i o n .  E s t i m a t e s  o f  n e t  p r imary  p r ~ d u c t i o n  o b t a i n e d  

u s i n g  t h e  second method o f  c a l c u l a t i o n  a r e  a s  f o l l o w s :  s h ~ r t  

2  
S p a r t i n a  a l t e r n i f l o r a  - 1300 kcal /m / y r ,  medium S p a r t i n a  a l t e r n i f l o r a  - 



2  2 
1816 kca l /m I y r ,  t a l l  S p a r t i n a  a l t e r n i f l o r a  - 5365 kca l /m / y r ,  and 

L 
Juncus roemerianus  - 3502 kcal/m / y r .  Mean a n n u a l  n e t  p r o d u c t i o n  on 

2 
a  whole-marsh b a s i s  was e s t i m a t e d  t o  be 1370 kcal /m / y r .  E f f i c i e n c y  

o f  n e t  p r o d u c t i o n  ranged from 0.8% f o r  t a l l  S p a r t i n a  a l t e r n i f l o r a  t o  

0.2% f o r  s h o r t  S p a r t i n a  a l t e r n i f l o r a .  On a  whole-marsh b a s i s ,  e f f i c i e n c y  

of n e t  p r o d u c t i o n  was 0 .2%.  These v a l u e s  were  lower t h a n  t h o s e  r e p o r t e d  

by T e a l  (1962) o r  Wai ts  (1967) .  

The obse rved  s t a n d i n g  crop1 d a t a  were f i t t e d  t o  a  f o u r t h  d e g r e e  

polynomial  i n  t h e  t ime v a r i a b l e  t o  p rov ide  a  smoother f i t  o f  t h e  d a t a  

t o  a  growth c u r v e .  The goodness of  f i t  ( R ~ - v a l u e s )  o f  t h e  s t a n d i n g  

c r o p  d a t a  t o  t h e  polynomial  was good i n  t h i s  s t u d y .  These v a l u e s  were  

b e t t e r  t h a n  t h o s e  o b t a i n e d  by Wai ts  (1967) .  The p r e d i c t e d  v a l u e s  

o b t a i n e d  from f i t t i n g  t h e  obse rved  d a t a  t o  t h e  polynomial  were used t o  

c a l c u l a t e  n e t  p r o d u c t i o n .  Changes i n  bo th  p r e d i c t e d  l i v i n g  and dead 

s t a n d i n g  c r o p s  were  a l s o  c a l c u l a ~ e d .  Net p r o d u c t i o n  v a l u e s  o b t a i n e d  

by t h i s  method o f  c a l c u l a t i o n  a r e  a s  f o l l o w s :  s h o r t  S p a r t i n a  

2  a l t e r n i f l o r a  - 1106 kcal /m / y r ,  medium S p a r t i n a  a l t e r n i f l o r a  - 1856 

2  2  
kcal /m / y r ,  t a l l  S p a r t i n a  a l t e r n i f l o r a  - 6467 kcal /m / y r  and Juncus  

L 
roemerianus  - 5746 kcal /m lyr .  On a  whole-marsh b a s i s ,  n e t  p r imary  

2 
p r o d u c t i o n  was e s t i m a t e d  t o  be 1544 kca l /m / y r .  These v a l u e s  a r e  

thought  t o  be  t h e  most r e l i a b l e  e s t i m a t e s  o b t a i n e d  i n  t h i s  s t u d y .  

Sampling e r r o r  and o t h e r  p r o c e s s e s  n o t  s t u d i e d  i n  t h i s  i n v e s t i g a t i o n  

r e p r e s e n t  s o u r c e s  o f  e r r o r  i n  t h e s e  e s t i m a t e s  o f  n e t  p r o d u c t i o n .  

An energy e x p o r t  v a l u e  t o  t h e  e s t u a r y  was n o t  o b t a i n e d  i n  t h i s  

s t u d y .  However, t h e r e  i s  no r e a s o n  t o  suppose  t h a t  ene rgy  i s  n o t  

expor ted  i n t o  t h e  e s t u a r i n e  sys tem j u s t  a s  a t  Sape lo  I s l a n d ,  Georgia .  
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It i s  a l s o  r e a s o n a b l e  t o  suppose  t h a t  t h i s  e x p o r t e d  ene rgy  i s  a v a i l a b l e  

t o  organisms i n  t h e  e s t u a r i n e  sys tem.  
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APPENDIX 



Appendix Table 1. Prediction equations for each variable in each 
vegetation type obtained from fitting observed 
standing crop estimates to a fourth degree 
polynomial in time 

Short Spartina alterniflora 

Live (old) 

3 $(x2) = 21.153 + (3.613)t + (-1.383)t2 + (-0.114)t + (0.024)t 4 

Live (intermediate) 

3 $(x3) = 0.00003 + (-0.526)t + (0.219)t2 + (0.023)t + (-0.005)t 4 

Live (new) 

A 3 
y(X4) = 0.590 + (1.164)t + (0.304)t2 + (-0.054)t + (-0.013)t 4 

Dead (old) 

n 3 
y(X,) = 12.717 + (0.938)t + (0.862)t2 + (-0.062)t + (-0.017)t 4 

Dead (intermediate) 

Dead (new) 

3 a(x7) = -0.068 + (0.343)t + (0.114)~~ + (-0.0~4)~ + (-0.00~)~ 4 

Dead (debris) 

A 3 
y(Xg) = 10.523 + (-1.977)t + (0.052)t2 + (0.055)t + (-0.005)t 4 

Medium Spartina alterniflora 

Live (old) 

Live (intermediate) 

Live (new) 

A 
y(X4) = (-0.061) + (1.191)t + (0.371)t2 + (-0.054)t3 + (0.013)~ 4 
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Appendix Table 1 (continued) 

Dead (old) 

h 3 
y(X5) = 17.592 + (1.812) t + (2.629)t2 + (-0.207)t + (-0.063) t 4 

Dead (intermediate) 

A 2 
y(X6) = (-0.020) + (-0.709) t + (0.344) t + (0.018) t3 + (-0.009) t 4 

Dead (new) 

r\ y(X7) = (-0.109) + (0.241)t + 90.097)t2 + (-0.012)t3 + (-0.003)t 4 

Dead (debris) 

2 ;(x,) = (18.622) + (-5.175) t + (0.666)t + (0.184) t3 + (0.024)t 4 

Tall Spartina alterniflora 

Live (old) 

2 3 $(x,) = 73.934 + (23.483)t + (-1.096)t + (-0.560)t + (-O.OO2)t 4 

Live (intermediate) 

2 3 $(x3) = 0.002 + (-2.140)~ + (0.893)~ + (0.082)t + (-0.015)t 4 

Live (new) 

A y(X4) = 0.483 + (2.091)t + (0 

Dead (old) 

A 
y(X5) = 30.640 + (-3.092)t + 

Dead (intermediate) 

2 3 9(x6) = 0.008 + (-1.076)t + (0.438)t + (0.035)t + (0.004)t 4 

Dead (new) 

2 3 $(x,) = 0.039 + (0.161)t + (0.041)t + (0.002)t + (0.001)t 4 

Dead (debris) 

h 2 3 y(x8) = 25.497 + (-8.059)t + (-2.067)t + (0.383)t + (0.086)t 4 



Appendix Table  1 (con t inued)  

Combined S p a r t i n a  

Live ( o l d )  

A 
y(X2) = 42.126 + (12.162) t + (- 1 

Live l i n t e r m e d i a t e )  

a l t e r n i f l o r a  

A 2  3  y(X3) = -0.012 + ( - 1 . 2 9 1 ) t  + ( 0 . 5 6 8 ) t  + ( 0 . 0 4 6 ) t  + ( - 0 . 0 1 3 ) t  4  

Live (new) 

2  3  
$(x4) = 0.338 + (1 .482) t  + ( 0 . 3 9 9 ) t  + ( 0 . 0 6 6 ) t  + ( - 0 . 0 1 5 ) t  4  

Dead ( o l d )  

3  $(x5) = 20.309 + ( - 0 . 2 4 1 ) t  + ( 2 . 4 5 3 ) t 2  + ( - 0 . 1 3 4 ) t  + ( - 0 . 0 6 1 ) t  4  

Dead ( i n t e r m e d i a t e )  

2  
$(x6)  = -0 .003 + ( - 0 . 6 8 3 ) t  + ( 0 . 2 9 5 ) t  + (0 .021) t3  + ( - 0 . 0 0 4 ) t  4 

Dead (new) 

2  3  
;(X,) = -0 .046 + ( 0 . 2 4 9 ) t  + ( 0 . 0 8 4 ) ~  + ( - 0 . 0 0 8 ) t  + (-O.OO2)t 4  

Dead ( d e b r i s )  

2  3  
$(x8) = 18.215 + ( - 5 . 0 5 5 ) t  + ( - 0 . 9 0 2 ) t  + ( 0 . 2 0 7 ) t  + ( 0 . 0 3 5 ) t  4  

Juncus roemerianus  

Dead ( d e b r i s )  

Live ( a l l )  

4 2  3  y(X3) = 24.573 + ( 9 . 9 7 0 ) t  + ( 1 . 7 6 0 ) t  + ( - 0 . 4 4 6 ) t  + ( - 0 . 0 9 6 ) t  4  

Live (green-dead)  



Appendix T a b l e  1 ( c o n t i n u e d )  

Dead 

Dead 

( g r e e n -  dead )  


