
OVERDR.  

V I I / 1 5  3

B o t a n i c a  M a r i n a  Vol.  4 1 ,  1998,  p p .  2 4 9 —2 5 6  ©  1998 b y  W a l t e r  d e  G r u y t e r  • B e r l in  • N e w  Y ork

B I B L I O T H E E K
NIOO-CEMO

Postbus 140

Carbon Assimilation in Posidonia oceanica: Biotic Determinants 4400 a c  y e r s e k e

M . M odigh3’*, M . L orentib and L. M azzellab ,

a S t a z i o n e  Z o o l o g i c a  “ A. D o h r n ” , V il la  C o m u n a l e ,  1-80121 N a p o l i ,  I ta ly
b L a b o r a t o r i o  d i  E c o l o g ía  d e l  B e n th o s  d e l l a  S t a z i o n e  Z o o lo g i c a ,  P u n t a  S. P ie t ro ,  1-80077  I sc h ia  ( N A ) ,  I ta ly  

* C o r r e s p o n d i n g  a u t h o r

C a r b o n  a s s im i la t io n  in th e  M e d i t e r r a n e a n  s e a g ra s s  P osidon ia  ocean ica  w as  m e a s u r e d  b y  m e a n s  o f  the  14C 
te c h n iq u e .  W h o le  sh o o t s  w e re  h a rv e s te d  s e a s o n a l ly  a t  5 a n d  22 m  d e p th  a t  L a c e o  A m e n o  ( G u l f  o f  N ap le s )  
a n d  i n c u b a t e d  a t  c o n s t a n t  s a t u r a t i n g  l igh t  in th e  la b o ra to ry .  C a r b o n  in c o r p o r a t i o n  o f  d if fe ren t  l e a f  sec t ions  
as  well a s  e p ip h y t ic  a s s im i la t io n  w ere  e v a lu a te d .  M e a n  a s s im i la t io n  v a lu e s  o f  1 .42  ±  0 .62  p g C  m g -1  D W  h -1 
( N  =  60) a n d  1.43 ±  0.70 p g C  m g -1 D W  h -1 (N  =  48)  w e re  fo u n d  in p la n t s  o f  P. ocean ica  co l le c te d  a t  5 a n d  
22 m  d e p th ,  respectively . M a x i m u m  c a r b o n  a s s im i la t io n  va lues ,  u p  to  2.98 p g C  m g " 1 D W  h ~ l, w e re  r e c o rd e d  
in  F e b ru a r y .  T h e  h ig h e s t  r a te s ,  as  w ell a s  th e  lo w e s t  v a r iab i l i ty  in c a r b o n  a s s im i la t io n  a c ro s s  s e a s o n s  a n d  
d e p th s ,  w e re  g e n e ra l ly  r e c o rd e d  in  m id -se c t io n s  o f  leaves  o f  r a n k  II  t h r o u g h  IV, w h ic h  p o in t e d  to  a  f u n d a m e n ­
ta l  h o m o g e n e i ty  in a s s im ila t ive  r e s p o n s e  o f  t h e  b u lk  o f  th e  p h o to s y n th e t i c  t i s sue .  E p ip h y t ic  c a r b o n  a s s im i la ­
t io n  w as  e s t im a te d  to  r a n g e  b e tw e e n  33 a n d  5 2%  o f  t o t a l  P. ocean ica  s h o o t  p r o d u c t i o n ,  excep t  f o r  F e b r u a r y  
w h e n  th e  e p ip h y t ic  c o v e ra g e  w a s  m in o r ,  in  p a r t i c u l a r  a t  22  m . T issue  age ,  as  e x p re s s e d  by  le a f  r a n k  a n d  t issue  
p o s i t i o n  a lo n g  th e  l e a f  b la d e ,  w as  th e  m a j o r  b io t ic  f a c to r  a f fec t in g  c a r b o n  a s s im i la t io n  cap ac i ty .  O n  th e  o th e r  
h a n d ,  d e p th  se e m e d  to  h a v e  a  m i n o r  in f lu en ce  o n  c a r b o n  p r o d u c t io n  p o te n t i a l  o f  P. ocean ica  leave s  in 
c o m p a r i s o n  to  t h e  o th e r  f a c to rs .  It is h y p o th e s iz e d  th a t  in seag rasses  t issue  a g e  d e te rm in e s  th e  c a p a c i ty  o f  
c a r b o n  a s s im i la t io n ,  w h ile  in s i tu  l igh t re g im es  reg u la te s  th e  p la n t  a d a p ta t io n s  t o  d i f fe ren t  d ep th s .

In troduction

P r o d u c t i o n  e c o lo g y  o f  s e ag ra sse s  h a s  lo n g  b e e n  in ves­
t ig a te d ,  e sp ec ia l ly  in r e la t io n  to  th e  fa c to r s  t h a t  c a n  
a ffec t  g r o w th  p a t t e r n s  (see H i l lm a n  e t a i  1989 fo r  a 
rev iew ). In  th e  M e d i t e r r a n e a n  spec ies  P o sidon ia  oce­
a n ica  (L .)  D e li le ,  p r o d u c t io n  a n d  g r o w th  a r e  k n o w n  
to  v a ry  a lo n g  d e p th  g ra d ie n t s  a n d  to  fo l lo w  se a s o n a l  
p a t t e r n s  ( B u ia  et al. 1992, A ic o v e r r o  e t al. 1995, Z u p o  
e t al. 1997). P o sid o n ia  o cea n ica  m e a d o w s  ex te n d  f r o m  
n e a r  th e  s u r f a c e  d o w n  to  4 0  m  d e p th ,  b e in g  e x p o sed  
to  a  b r o a d  r a n g e  o f  p h y s ica l  g ra d ie n ts ,  e. g. l igh t.  T h e  
a d a p t a t i o n  o f  th e  p la n t  to  th e se  d i f fe ren t  e n v i r o n ­
m e n t a l  c o n d i t i o n s  s h o u ld  rely o n  th e  ab il i ty  to  re ­
s p o n d  to  e x te r n a l  c o n s t r a in t s  as  well as  o n  in n e r  r e g u ­
l a t in g  m e c h a n i s m s  (O t t  1979, P i r e  1989). T h e  b a la n c e  
b e tw e e n  th e  in t r in s ic  a n d  e x tr in s ic  f a c to r s  is c ru c ia l  
f o r  t h e  su ccess  o f  c o lo n i z a t io n  a n d  fo r  th e  s tab i l i ty  o f  
m e a d o w s .  T h e  s low  g ro w th ,  t h e  p a r t i c u l a r  r e p r o ­
d u c t iv e  s t r a te g y  o f  th e  p l a n t  a n d  th e  lo w  g en e t ic  v a r i ­
ab i l i ty  o f  p o p u la t io n s  re su l t  in a  h ig h  frag i l i ty  o f  the  
s y s te m  a n d  a t  p r e s e n t  P. ocean ica  is a  p o te n t i a l ly  e n ­
d a n g e r e d  spec ies  (B u ia  a n d  M a z z e l la  1991, M a r b à  et 
al. 1996, P r o c a c c in i  e t al. 1996).

V a r io u s  m e t h o d s  h a v e  b een  e m p lo y e d  to  m e a s u re  
p r o d u c t i o n  in P. ocean ica  in  r e l a t io n  to  p r o d u c t io n  
y ie ld s  a n d  s e a s o n a l  g r o w th  p a t t e rn s .  T hese  in c lu d e  
m a r k i n g  m e t h o d s  (B u ia  e t al. 1992), m e a s u r e m e n ts  o f  
o x y g e n  e v o lu t io n  (P ire  1986, L o r e n t i  et cd. 1995), 14C  
a s s im i la t io n  (L ib e s  a n d  B o u d o u r e s q u e  1987) a n d  re ­

c o n s t ru c t iv e  m e th o d s  ( i .e .  le p id o c h ro n o lo g y .  Per-  
g e n t - M a r t in i  e t cd. 1994).

T h e  a im  o f  th e  p r e s e n t  w o r k  w a s  to  e v a lu a te  the  
in t r in s ic  c a r b o n  a s s im i la t io n  p o te n t ia l  re la t ive ly  in d e ­
p e n d e n t  o f  the  d i f fe re n t  sp a t ia l  a n d  t e m p o r a l  p la n t  
lo c a t io n s .  As l igh t a v a i la b i l i ty  is w idely  c o n s id e r e d  to  
be  th e  m a in  f a c to r  g o v e rn in g  p la n t  p r o d u c t i o n  (Z im -  
m e r m a n n  e t cd. 1994), a n  e x p e r im e n ta l  a p p r o a c h  w as  
dev ised  to  d is c r im in a te  its ro le  f r o m  o t h e r  f a c to r s .  To 
th is  e n d ,  c a r b o n  i n c o r p o r a t io n  o f  p la n t s  s a m p le d  a t  
d i f fe ren t  in s i tu  l igh t levels w a s  m e a s u re d  a t  c o n s t a n t ,  
s a t u r a t i n g  i r r a d ia n c e  in  th e  la b o ra to ry .  In  a d d i t i o n ,  
th e  a im  w a s  to  h ig h l ig h t  th e  ro le  o f  t i ssue  a g e  in r e l a ­
t i o n  to  l e a f  g r o w th  p a t t e r n s  a t  d i f fe ren t  d e p th s .  T h e  
c o n t r ib u t io n  o f  e p ip h y te s  in th e  c a r b o n  a s s im i la t io n  
b u d g e t  o f  th e  s h o o t  w a s  a lso  a p p r o a c h e d .  F o r  this  
s tu dy ,  th e  14C  i n c o r p o r a t io n  t e c h n iq u e  w a s  se lec ted  
as  th e  m o s t  su i tab le  m e th o d .

M ateria ls  and M ethods

T h e  e x p e r im e n ts  w ere  p e r f o r m e d  o n  P o sidon ia  o cea n ­
ica  p la n t s  f r o m  L a c e o  A m e n o  ( I s la n d  o f  I s c h ia ,  G u l f  
o f  N a p le s ,  I ta ly ) ,  a  si te  c h a ra c te r i z e d  by  a c o n t i n u o u s  
m e a d o w  e x te n d in g  f r o m  1 to  33 m e te rs  d e p th  w h e re  
s tu d ie s  h a v e  b e e n  c o n d u c te d  fo r  severa l  y e a r s  (e. g. 
W i t tm a n  1984, P ire  1986, M a z z e l la  e t cd. 1989, B u ia  
et cd. 1992). E n v i r o n m e n ta l  a n d  b io lo g ica l  p a r a ­
m e te r s  o f  th e  s a m p l in g  si te  h a v e  b een  r e p o r t e d  in 
B u ia  e t al. (1992). In  p a r t ic u la r ,  in s itu  t e m p e r a t u r e s ,



2 5 0  M . M o d ig h  e t aí.

a s  m e a s u r e d  in 1988 — 1990, h a v e  a n  a n n u a l  av e ra g e  
o f  20 .2°  a t  5 m  a n d  o f  18.6° a t  22  m . I n  su m m e r ,  d u e  
t o  t h e r m a l  s t r a t i f i c a t io n ,  a  d if fe rence  o f  6 .6° w a s  re ­
c o r d e d  in Ju ly ,  w h ile  th is  d if fe ren ce  w as  less t h a n  0.1° 
in F e b ru a r y .  D i f fe ren ce s  in i r r a d ia n c e  w e re  even  m o re  
r e m a r k a b l e  b e tw e e n  th e  tw o  d e p th s  c o n s id e re d .  M e a ­
s u r e m e n ts  o f  p h o to s y n th e t i c a l ly  ac t ive  r a d i a t i o n  
( P A R )  a t  t h e  t o p  o f  th e  c a n o p y  s h o w e d  a r e d u c t io n  
o f  in c id e n t  i r r a d ia n c e  o f  a b o u t  80%  b e tw e e n  th e  tw o  
d e p th s ,  t h e  a n n u a l  a v e ra g e  o f  in s itu  i r r a d ia n c e  at 
n o o n  b e in g  480  p E  m ~ 2 s -1  a n d  105 p E  i r T 2 s _1 a t  5 
a n d  22 m  d e p th ,  respectively .

W h o le  s h o o t s  o f  P. o cea n ica , still a t t a c h e d  to  th e  
rh iz o m e ,  w e re  s a m p le d  by  S C U B A  d iv in g  a t  5 a n d  
22  m  d e p th s  in  N o v e m b e r  1993 a n d  in  F e b ru a r y ,  M a y  
a n d  A u g u s t  1994.

F o r  th e  in c u b a t io n  e x p e r im e n ts ,  o n e  w h o le  s h o o t  
w a s  c a re fu l ly  s e p a r a te d  f r o m  th e  o th e r s ,  r in se d  w ith  
f i l te red  s e a w a te r  a n d  in s e r te d  in th e  i n c u b a t io n  dev ice  
(Fig. 1). T h e  in c u b a t io n  b o t t le ,  specif ica lly  dev ised ,  
w a s  a t w o - c h a m b e r  c y l in d e r  m a d e  o f  p lex ig las  w ith  
th e  u p p e r  c h a m b e r ,  des ig n e d  to  c o n ta in  th e  sh o o t .

?<so

Fig .  1. I n c u b a t i o n  vesse l  u s e d  f o r  d e t e r m i n a t i o n  o f  P o si­
d o n ia  o c e a n ic a  c a r b o n  i n c o r p o r a t i o n .

h a v in g  a v o lu m e  o f  1.72 L. T h e  tw o  c h a m b e r s  w ere  
c o n n e c te d  t h r o u g h  a  ho le  a n d  a  la tex  sea l  a r o u n d  th e  
bas is  o f  th e  p la n t  p r e v e n te d  a n y  p a s s a g e  o f  l iqu id  
b e tw e e n  th e  tw o  c h a m b e r s .  T h e  tw o  c h a m b e r s  o f  the  
c y l in d e r  w ere  fi lled w i th  fi l te red  s e a w a te r  a n d  4 0  pCi 
o f  N a 2 14C 0 3 w ere  in jec ted  in to  th e  u p p e r  c h a m b e r  
t h r o u g h  a n  o p e n in g  in th e  lid. T h e  lo w e r  c h a m b e r ,  
h o ld in g  th e  rh i z o m e ,  c o n ta in e d  n o  r a d io a c t iv e  c a r ­
b o n .  A  m a g n e t ic  b a r  a p p l i e d  b e lo w  th e  lid o f  th e  u p ­
p e r  c h a m b e r  p ro v id e d  gen tle  s t i r r in g  t h r o u g h o u t  the  
i n c u b a t io n  w h ic h  w a s  c a r r ie d  o u t  fo r  th r e e  h o u r s  at 
th e  t e m p e r a t u r e  r e c o r d e d  in s itu . T w o  w h i te  f lu o re s ­
c e n t  la m p s ,  p la c e d  a t  e i th e r  s ide  o f  th e  cy l ind e r ,  gave  
a n  i r r a d ia n c e  o f  250 p E  m ~ 2 s - 1 , m e a s u r e d  in s id e  th e  
c y l in d e r  b y  m e a n s  o f  a  B io sp h e r ica l  s u b m e rs ib le  
q u a n t u m  p r o b e  (Q S I-1 4 0 ) .  T h is  v a lu e  is a b o v e  the  
s a t u r a t i o n  l igh t level r e p o r te d  fo r  P o sid o n ia  (P ire  
1986, L o re n t i  et al. 1995).

In  o r d e r  to  d is t in g u ish  b e tw e e n  P o sid o n ia  a n d  e p i­
p h y te  p r o d u c t io n ,  s o m e  a d d i t io n a l  leaves w e re  c a re ­
fully  f reed  f r o m  th e i r  e p ip h y t ic  c o v e ra g e  a n d  in c u ­
b a te d  in  th e  sa m e  c h a m b e r  as  th e  w h o le  sh o o t .  
F u r t h e r m o r e ,  severa l  l e a f  sec t ion s  o f  15 c m  leng th  
w e re  in c u b a t e d  in 200  m L  tu b e s  a t  th e  s a m e  e x p e r i ­
m e n t a l  c o n d i t io n s  as  th o s e  d e sc r ib ed  fo r  t h e  cy linder.  
In  o r d e r  to  assess d a r k  c a r b o n  a s s im i la t io n ,  s o m e  in ­
c u b a t i o n  e x p e r im e n t s  u s in g  th e  200  m L  tu b e s  were 
a lso  p e r f o r m e d  in th e  d a rk .

A f te r  i n c u b a t io n ,  th e  s h o o t  w a s  r in s e d  severa l  
t im es  in f i l te red  s e a w a te r  a n d  e ach  l e a f  w a s  m e a s u re d  
a n d  n u m b e r e d ,  ‘le a f  1’ b e in g  th e  y o u n g e s t  g re e n  leaf, 
a n d  e p ip h y t ic  c o v e ra g e  e v a lu a te d .  E a c h  l e a f  w a s  d i ­
v id ed  in to  th r e e  sec t io ns  o f  e q u a l  len g th ,  a  p ro x im a l ,  
a  m e d i a n  a n d  a n  ap ica l  sec t io n .  F o r  leaves  less th a n  
18 c m  lo n g  th e  w h o le  b la d e  w as  u sed .  S o m e  o ld e r  
leaves h a d  a  b r o w n  (d e a d )  t ip  w h ich  w as  c o n s id e re d  
s e p a r a te ly  f r o m  th e  g re e n  ap ica l  p a r t .  F o r  d ig e s t io n  
o f  P o sid o n ia  t issue ,  a  m e t h o d  m o d i f i e d  a f t e r  L ew is  et 
al. (1982) w a s  d ev e lo p e d .  T h re e  2 c m  p iece s  f ro m  
ea ch  sec t io n  w e re  cu t  o f f  w i th  a  r a z o r  b la d e ,  p u t  in to  
a  sc in t i l la t io n  v ia l w i th  10 m L  o f  c o n c e n t r a t e d  H N 0 3 
fo r  48  h o u r s .  T h e  s h e a th  o f  a d u l t  leaves ,  d e a d  
sh e a th s ,  a s  well as  slices o f  th e  rh i z o m e  w e r e  c u t  in to  
p ieces  a n d  ac id  d iges ted .  O n e  m L  o f  t h e  a c id  e x t r a c t  
w a s  d i lu te d  w i th  9 m L  o f  T R I S  buffer.  O n e  m L  o f  the  
re s u l t in g  s o lu t io n  w as  m ix e d  w i th  9 m L  o f  A q u a s o l  
sc in t i l la t io n  cock ta i l ,  left o v e rn ig h t  a n d  th e r e a f t e r  
re a d  w i th  a  P a c k a r d  L iq u id  S c in t i l la to r .  T h e  N a 2 
,4C 0 3 s o lu t i o n  w a s  s t a n d a r d iz e d  a t  e a c h  e x p e r im e n t .  
F o r  e a c h  k in d  o f  t issue  (leaves, s h e a th  a n d  rh iz o m e ) ,  
severa l  sp e c im e n s  w ere  p r e p a r e d  as  d e s c r ib e d  abo ve ,  
w i th o u t  a d d in g  th e  r a d io a c t iv e  c a r b o n  a n d  th e  sc in ­
t i l l a to r  r e a d in g  s u b t r a c te d  as  a b la n k .  I n  o r d e r  t o  d is ­
t in g u is h  th e  c a r b o n  a s s im i la t io n  o f  P o sid o n ia  f ro m  
th a t  o f  t h e  e p ip h y t ic  c o m m u n i ty ,  th e  th r e e  s c in t i l l a to r  
r e a d in g s  fo r  e a ch  le a f  sec t io n  w e re  p o o le d  a n d  
‘s c r a p e d ’ l e a f  v a lu e s  w e re  s u b t r a c t e d  f r o m  th e  u n ­
t r e a te d  l e a f  va lues ,  t a k in g  c a re  to  c o n s id e r  leav es  o f  
s im i la r  r a n k  a n d  e p ip h y te  co v e ra g e .  A s a  c o n t r o l ,
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so m e  leaves a p p a r e n t ly  w i th o u t  a n y  e p ip h y te s  w ere  
s c r a p e d  a n d  in c u b a te d .

T h e  e v a lu a t io n  o f  d ry  w e ig h t  p e r  u n i t  a r e a  w as 
p e r f o r m e d  o n  leaves  o f  d i f f e re n t  a g e  a n d  d if fe ren t 
s ec t io ns  w i th in  t h e  leaves. N o  o b v io u s  p a t t e r n  o f  
v a r i a t i o n  c o u ld  b e  d e tec ted ,  th u s  a n  a v e ra g e  value  
o f  4 .4  m g  D W  c m “ 2 (S D  =  0 .69 7 ,  n  =  40)  h a s  been 
used .

M u l t i f a c to r  a n a ly s is  o f  v a r i a n c e  ( M - A N O V A )  w as  
p e r f o rm e d  in o r d e r  to  a ssess  th e  effec t  o f  d if fe ren t  
f a c to r s  (d e p th ,  m o n t h ,  l e a f  r a n k  a n d  ‘t i ssue  level’, i. e. 
d is ta n c e  o f  t i s su e  in  c m  f r o m  le a f  b as is )  o n  c a r b o n  
a ss im i la t io n .  A  M A N O V A  te s t  w a s  a ls o  p e r f o rm e d  
o n  d a t a  c o l le c te d  a t  e a c h  m o n t h  in o r d e r  to  d e te rm in e  
s e a s o n a l  d i f fe ren ce s  in t h e  e f fec t  o f  th e  c o n s id e re d  
fa c to r s  o n  th e  a s s im i la t io n  ra te s .  L in e a r  reg ress ion  
an a ly se s  w ere  c o n d u c te d  t o  d e te r m i n e  th e  effect o f  
‘t i ssue  level’ o n  c a r b o n  i n c o r p o r a t i o n  fo r  b o t h  d if ­
fe ren t  le a f  r a n k s  a n d  sea so n s .  A  m u l t ip le  r a n g e  test 
w a s  p e r f o r m e d  in o r d e r  to  in v e s t ig a te  th e  d if ference  
in c a r b o n  in c o r p o r a t i o n  p a t t e r n  a lo n g  th e  b la d e  by 
leaves  o f  d i f f e re n t  r a n k .  All a n a ly s e s  w e re  p e r fo rm e d  
w ith  th e  a id  o f  th e  S T A T G R A P H I C S  P L U S  s ta t i s t i ­
ca l  p a c k a g e  (M a n u g is t i c s  Inc .  1994).

Results

A m o n g  th e  a n a ly z e d  s h o o t s ,  th e  n u m b e r  o f  leaves 
r a n g e d  b e tw e e n  4  ( A u g u s t  a t  5 m )  a n d  7 (F e b r u a r y  at 
22  m). A t  5 m ,  l e a f  leng th  v a r ie d  b e tw e e n  5.5 c m  for 
th e  y o u n g e s t  l e a f  to  62 c m  fo r  th e  I I I  le a f  b o t h  be ing  
r e c o rd e d  in  A u g u s t ,  w h ile  a t  22 m  it  w a s  be tw een  
5 c m  fo r  th e  y o u n g e s t  l e a f  in N o v e m b e r  to  86 cm  for 
th e  I I I  le a f  in A u g u s t .

W h e n  th e  w h o le  p o o l  o f  d a t a  w a s  c o n s id e red ,  
P osidon ia  free  f r o m  e p ip h y te s  s h o w e d  n o  s ign if ican t 
d i f fe ren ce  in  p r o d u c t i o n  p o te n t i a l  a t  th e  tw o  s ta ­
t io n s  co n s id e re d :  1.42 ±  0 .6 2  p g C  m g “ 1 D W  h “ 1 
a t  5 m  (N  =  60) a n d  1.43 ± 0 . 7 0  p g C  m g “ 1 D W  
h “ 1 (N  =  48)  a t  22 m  ( t  =  0 .36 6 ,  d .  f. = 1 0 4 ,  
p  =  0.71).

D a r k  c a r b o n  a s s im i la t io n  by  leaves  w a s  a lw ays  d e ­
tec ted  a n d  s h o w e d  s im i la r  v a lu e s  fo r  b o t h  s ta t io n s ,
0 .25 ±  0.03 a n d  0.27 ±  0 .02  p g C  m g “ 1 D W  h “ 1 fo r  
5 a n d  22 m ,  respectively . O n  th e  c o n t r a ry ,  sc in t i l la to r  
r e a d in g s  fo r  s h e a th s  a n d  slices o f  th e  rh iz o m e ,  a f te r  
‘b l a n k ’ va lu e s  h a d  b een  s u b t r a c t e d ,  w e re  to o  low  to  
be  sign ifican t.

C o n s id e r in g  l e a f  sec t ion s ,  c a r b o n  a s s im i la t io n  in 
p la n t s  f r o m  b o t h  d e p th s  w a s  h ig h e s t  in  th e  m id  sec­
t i o n s  o f  leaves  r a n k i n g  f r o m  II  t o  IV, w h e re  va lues  
u p  to  2.98 p g C  m g “ 1 D W  h “ 1 w e re  r e c o r d e d  (F igs 2, 
3). T h e  ap ica l  p a r t  o f  b a r e  P o sid o n ia  leaves  sh o w ed  
g en era l ly  lo w e r  a s s im i la t io n  a n d  v e ry  lo w  va lues  w ere  
r e c o rd e d  fo r  b r o w n  t ip s ,  m a x .  0 .13  p g C  m g “ 1 
D W  h “ 1.

A ss im ila t io n  m e a s u r e m e n t s  p e r f o r m e d  in th e  200 
m L  tu b e s  w e re  n o t  d is s im ila r  f r o m  th e  d a t a  o b ta in e d

fo r  th e  c y l in d e r  i n c u b a t io n ,  w h e n  l e a f  r a n k  a n d  lea f  
sec t io n  w ere  t a k e n  in to  a c c o u n t .

O n  a  s e a s o n a l  b as is ,  th e  h ig h es t  c a r b o n  a s s im i la ­
t io n  ra te s  fo r  b o t h  s t a t io n s  w ere  r e c o r d e d  in F e b r u a r y  
(2.07 ± 0 . 4 5  p g C  m g “ 1 D W  h “ 1 a t  5 m  a n d  2.22 
±  0 .96  p g C  m g “ 1 D W  h “ 1 a t  22  m  b o t h  in le a f  m id  
sec t ions) ,  w h e n  a  w id e r  r a n g e  o f  va lu e s  w ere  f o u n d  
a s  c o m p a r e d  to  th o s e  r e c o r d e d  in o th e r  m o n th s ,  
b a se d  o n  a  g r e a t e r  v a r ia b i l i ty  in  a s s im i la t io n  a m o n g  
d if fe ren t  le a f  s e c t io n s  (F igs 2, 3).

D iffe rences  in p r o d u c t io n  b e tw e e n  th e  tw o  s t a t io n s  
as  well as  b e tw e e n  sea s o n s  w e re  f o u n d  w h e n  c a r b o n  
a ss im i la t io n  o n  a  l e a f  su r fa c e  b a s is  (i. e. b y  in t e g r a t ­
in g  a s s im i la t io n  b y  th e  w h o le  a r e a  o f  in d iv id u a l  lea f  
p o r t io n s )  w a s  c o n s id e re d ,  d u e  to  th e  s u b s ta n t i a l  d if ­
ferences  b o t h  fo r  th e  len g th  a n d  th e  n u m b e r  o f  leaves 
in a sh o o t .  T h e  h ig h es t  c o n t r i b u t i o n  by  in d iv id u a l  
leaves, a s  well as  th e  h ig h e s t  d i f fe ren ces  b e tw een  
d e p th s ,  w ere  r e c o rd e d  in A u g u s t  w h e n  m a x im a l  lea f  
le n g th  w'as o b s e r v e d  a t  22 m  (F ig s  4 A ,  4B).

C o n s id e r in g  th e  w h o le  s h o o t ,  a t  5 m  th e  h ig hes t  
v a lu e  o f  o rg a n ic  c a r b o n  p r o d u c t io n  w as  o b s e r v e d  in 
F e b ru a r y  w h e n  l e a f  su r face  w a s  n o t  a t  i ts  m a x i m u m  
(Fig. 5A), w h ile  a t  22  m ,  th e  m a x i m u m  c a r b o n  a s s im ­
i la t ion  p e r  s h o o t  w as  r e c o r d e d  in A u g u s t  w h e n  the  
h igh es t  va lu e  o f  le a f  su r face  w'as a lso  r e c o r d e d  (Fig. 
5B).

E p ip h y t ic  c a r b o n  a s s im i la t io n ,  c a lc u la te d  o n  th e  
basis  o f  P osidon ia  le a f  su r fa c e  is h e re  r e p o r te d  fo r  th e  
w h o le  sh o o t .  E p ip h y te  c a r b o n  a s s im i la t io n  ra te s  on  
p la n t s  f ro m  5 m  d e p th  r a n g e d  f r o m  59.8 p g C  s h o o t “ 1 
h “ 1 in N o v e m b e r  to  133.4 p g C  s h o o t “ 1 h “ 1 in A u ­
gust .  w hile  a t  22  m  it r a n g e d  f r o m  7.95 p g C  s h o o t “ 1 
h “ 1 in F e b r u a r y  to  223 p g C  s h o o t “ 1 h “ 1 in A u g u s t  
(Fig. 5A , 5B). F o r  th e  leaves t h a t  w'ere s c r a p e d  b e fo re  
in c u b a t io n  a l t h o u g h  no  \ i s ib le  e p ip h y te s  w ere  o b ­
served  (c o n t ro l ) ,  th e  sc in t i l la to r  r e a d in g s  w ere  s im ila r  
to  th o s e  o f  u n t r e a t e d  leaves o f  s im i la r  r a n k  w i th  no 
vis ib le  ep iph y tes .

T h e  o ld e r  th e  leaves th e  m o r e  c o n s i s te n t  w a s  the  
e p ip h y t ic  c o v e ra g e ,  in p a r t i c u l a r  a lo n g  th e  le a f  m a r ­
g ins a n d  in th e  d is ta l  sec t ion .  T h e  y o u n g e s t  (I) le a f  
h a d  n o  visible e p ip h y te s  a t  all  o r  a t  m o s t  5%  c o v e ra g e  
in th e  d is ta l  p a r t .  In  the  ap ic a l  sec t io n  o f  o ld e r  leaves, 
th e  p e rc e n ta g e  o f  le a f  su r fa c e  c o v e re d  b y  e p ip h y te s  
w as  u p  to  6 0 - 8 0 %  (Table I). M o s t  o f  th e  e p ip h y t ic  
a lgae  w ere  e n c ru s t in g  soft a n d  c a lc a re o u s  a lgae ,  such  
as  M yrio n em a , H y d ro lith o n , a n d  P n eo p h y llu m , b u t  
so m e  e rec t  a lg a e  ( C astagnea , G iraudyci, Laurencia )  
w ere  a lso  o b se rv e d ,  m a in ly  in su m m e r .  H e te r o t r o p h i c  
e p ip h y te s  (e. g. F ly d ro zo a ,  B ry o z o a ,  P o ly c h a e t a )  w ere  
a lso  p resen t ,  m a in ly  in F e b r u a r y  a t  5 m .  E p ip h y te  a s ­
s im i la t io n  v a r ie d  a c c o rd in g  to  th e  p o s i t io n  a lo n g  th e  
le a f  b lade ;  in p a r t ic u la r ,  e p ip h y te s  o f  g re e n  ap ica l  
p a r t s  sh o w ed  h ig h e r  c a r b o n  a s s im i la t io n  va lu e s  as  
c o m p a r e d  to  t h o s e  g ro w in g  a n  b r o w n  tips  o f  th e  
sa m e  leaf. E p ip h y te  p r o d u c t io n  w as  e s t im a te d  to  r e ­
p re sen t  3 3 - 5 2 %  o f  to ta l  s h o o t  p r o d u c t io n  e x c e p t  f o r  
F e b r u a r y  w h e n  th e  e p ip h y t ic  c o v e ra g e  w as  m i n o r  in
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p a r t i c u l a r  a t  22 m . M a x i m u m  re la t iv e  c o n t r ib u t io n  
w a s  r e c o r d e d  a t  22 m  in N o v e m b e r  (F ig .  6).

A  m u l t i f a c t o r  A N O V A  an a ly s is  c o n d u c t e d  o n  the  
w h o le  se t o f  d a t a  rev ea led  th e  m a j o r  im p o r t a n c e  o f  
th e  s e a s o n  in  a f fec t in g  a s s im ila t iv e  p e r f o r m a n c e  by  
leaves ,  fo l lo w e d  by ‘t issue  level’, (i. e. th e  d is ta n c e  o f  
t h e  b la d e  se c t io n  f r o m  th e  l e a f  basis ,  in  c m )  a n d  lea f  
r a n k  (T ab le  II) .  R e su lts  o f  th e  M A N O V A  p e r f o r m e d  
o n  d a t a  c o l le c te d  a t  e a c h  m o n t h  a r e  r e p o r t e d  in T a ­
b le  III .  O n ly  in N o v e m b e r  d e p th  h a d  s o m e  effect.  T is ­

sue age  effect, as  d e s c r ib e d  b y  d if fe ren ces  in  a s s im i la ­
t io n  by  t issue  level a n d  l e a f  r a n k ,  w as  s ig n if ic an t  in 
F e b ru a ry ;  in p a r t i c u l a r ,  t i ssue  p o s i t i o n  a lo n g  th e  
b lad e  w a s  h igh ly  s ig n if ic an t .  N o n e  o f  th e  f a c to r s  sig­
n if ican t ly  affected  th e  c a r b o n  a s s im i la t io n  in M a y  
an d  A u g u s t .

A  c o m p a r i s o n  o f  c a r b o n  i n c o r p o r a t io n  ra te s  in 
leaves o f  d if fe ren t r a n k s  (p o o le d  a c ro s s  se a s o n s ) ,  p e r ­
fo rm e d  b y  m e a n s  o f  a m u l t ip le  r a n g e  te s t ,  sh o w ed  
how' th e  g enera l ly  o ld e s t  le a f  (n o .  V I) d if fe red  fro m
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F ig .  2. R a t e s  o f  c a r b o n  i n c o r p o r a t i o n  o f  P. o cea n ica  s h o o t s  f r o m  5 m  d e p t h ,  d iv id e d  b y  l e a f  r a n k  a n d  b l a d e  p o r t i o n  (m e a n  
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Fig .  3. R a t e s  o f  c a r b o n  i n c o r p o r a t i o n  o f  P. o ce a n ic a  s h o o t s  f ro m  22 m  d e p t h ,  d iv id ed  b y  l e a f  r a n k  a n d  b l a d e  p o r t i o n  
( m e a n s  ±  s t a n d a r d  e r ro r s ) .
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leaves I I - I V ,  b u t  n o t  f r o m  th e  firs t a n d  f i f th  le a f  
(Table  IV).

In leaves  o f  d i f fe re n t  r a n k s ,  c a r b o n  a s s im i la t io n  
w as c o r r e la t e d  w i th  d is ta n c e  f r o m  le a f  basis  in le a f  I 
a n d  le a f  V, b u t  t h e  sign w a s  re v e rsed  (Table  V).

L o w e r  R B  M id d le   U p p e r
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Fig. 4. R a te s  o f  c a r b o n  i n c o r p o r a t i o n  b y  d i f fe re n t  l e a f  p o r ­
t io n s  o f  P. o c e a n ic a  s h o o t s  f r o m  5 m  (a )  a n d  22 nr (b) d e p th .

I
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Fig. 5. R a te s  o f  t o t a l  c a r b o n  a s s i m i l a t i o n  b y  le a f  t i s s u e  a n d  
e p ip h y te s  in t h e  a n a l y z e d  P. o c e a n ic a  s h o o t s .  O n  th e  se c o n d  
Y ax is  th e  t o t a l  s h o o t  a r e a  is p l o t t e d .

Discussion and Conclusion

T h e  p re s e n t  s tu d y  s h o w e d  a lo w  v a r iab i l i ty  in c a r ­
b o n  a ss im i la t io n  o f  P osidon ia  ocea n ica  leaves  at 
c o n s t a n t  s a t u r a t i n g  i r r a d ia n c e .  By c o n t r o l l in g  i r r a ­
d ian ce ,  it w as  p o s s ib le  t o  assess to  w h ich  e x te n t  
o th e r  f a c to r s  a f fec ted  c a r b o n  a s s im i la t io n .  W i th in  
th e  low  va r iab i l i ty  r e c o r d e d ,  h o w ev er ,  f a c to r s  w h ich  
h a v e  a m a j o r  ro le  in t h e  c a p a c i ty  o f  c a r b o n  ass im i­
la t io n  b y  P. ocean ica  w e re  iden t if ied .  In  p a r t ic u la r ,  
le a f  age  a n d  le a f  r a n k  seem  to  be  d r iv in g  fac to rs ,  
f r o m  w h ich  th e  im p o r t a n c e  o f  th e  m o n t h  in re la t io n  
to  the  sea s o n a l i ty  f o u n d  in th e  l e a f  g r o w th  (B u ia  
e t al. 1992) derives.

T h e  h ig h e s t  as  well a s  th e  less v a r iab le  r a te s  o f  c a r ­
b o n  in c o r p o r a t io n  w e re  fo u n d  fo r  l e a f  t i ssue  f r o m  the  
leaves o f  in t e rm e d ia t e  r a n k s  ( I I - I V )  b o t h  o n  a 
w i th in - s h o o t  a n d  a  s e a s o n a l  basis . O n  th e  o t h e r  h a n d ,  
lo w e r  v a lu e s  a n d  h ig h e r  v a r iab i l i ty  in  c a r b o n  a s s im i­
la t io n  ra te s  o c c u r r e d  b o t h  in sen escen t  a n d  new ly  
f o r m e d  t issue  as  c o m p a r e d  to  th o s e  o b s e r v e d  fo r  
leaves I I - I V .  T h e  d iv e r s i ty  b e tw een  th e se  la t te r  
leaves  a n d  the  o th e r s  w a s  c o n f i rm e d  b y  th e  s ta t is t ica l  
c o m p a r i s o n  o f  a s s im i la t io n  ra te s  in l e a f  V I, g en e ra l ly  
th e  o ld e s t  o f  th e  s h o o t  in  th is  s tu dy ,  w i th  th o s e  o f  
e ach  o f  th e  o th e r  leaves. A ss im ila t io n  levels o f  leaves
I. V a n d  VI d o  n o t  d if fe r  s ign if ican tly ,  a l t h o u g h  the 
m e a n in g  o f  such  s im i la r i ty  is c lea r ly  tw o -e d g e d ,  in 
th e  sen se  t h a t  th e  y o u n g  tissue  o f  l e a f  I h a s  n o t  yet 
r e a c h e d  th e  p h y s io lo g ica l  m a tu r i ty  w h e re a s  s e n e s ­
cen t  leaves h av e  a l r e a d y  p a ssed  su ch  s tag e .  F u r t h e r ­
m o re .  g r a d ie n ts  o f  c a r b o n  a ss im i la t io n  ra te s  a lo n g  
th e  leaf, w h ich  w ere  d i rec t ly  re la ted  to  t i ssue  age, 
w'ere e v id e n t  in leaves I a n d  V. T h e se  g ra d ie n t s  
fo l lo w e d  a n  o p p o s i t e  t r e n d  in th e  y o u n g e s t  versus  
th e  o ld e s t  leaves, inc rea s in g  to w a r d s  th e  t ip  fo r  the  
y o u n g e s t  a n d  d e c re a s in g  w i th  in c re a s in g  d is ta n c e  
f ro m  th e  sh e a th  in th e  o ld e s t  leaves. T h e  la c k  o f  a 
s ig n if ic a n t  t r e n d  in c a r b o n  a ss im i la t io n  a lo n g  the  
b la d e  o f  l e a f  VI m ig h t  be  ex p la in ed  b y  th is  le a f  
be in g  a lm o s t  c o m p le te ly  senescen t.  O n  th e  c o n t r a ry ,  
th e  s a m e  lack  o f  ax ia l  t r e n d  in leaves I I - I V  s u p ­
p o r t s  th e  view  o f  a  h o m o g e n e i ty  in p r o d u c t i o n  by 
th e  m o s t  ac t iv e  p h o to s y n th e t i c  tissues.

In  s h o r t ,  th e  b u lk  o f  s h o o t  c a r b o n  a s s im i la t io n  w as 
p e r f o r m e d  by  ph ys io lo g ica l ly  m a tu r e  t is su es ,  w h ich  
w ere  r e p re s e n te d  by the  in t e rm e d ia t e  leaves  ( f ro m  II 
to  IV), a n d  in p a r t i c u l a r  b y  the i r  m i d - p o r t i o n s  w h e re  
p h o to s y n th e t i c  p e r f o r m a n c e  w as re la t ive ly  h ig h  an d  
s tab le .  T h is  is in a c c o rd a n c e  w ith  w h a t  h a s  b e e n  p r e ­
v io u s ly  f o u n d  by  us ing  th e  Z ie m a n  le a f  m a r k in g  
m e t h o d ,  w h e re b y  on ly  s o m e  leaves ( I I  a n d  I I I ,  in  th is  
case)  c o u ld  be  re p re se n ta t iv e  o f  the  w h o le  s h o o t  p r o ­
d u c t io n  ( Z u p o  e t a!. 1997). S im ilarly ,  L ib e s  a n d  B o u -  
d o u r e s q u e  (1987) re p o r te d  th e  h ig hes t  c a r b o n  a s s im i­
la t io n  to  o c c u r  in leaves II  to  IV. T h e  lo w  v a r iab i l i ty  
o f  th e  c a r b o n  ass im i la t io n  m e a s u r e m e n ts  r e p o r te d  
(L ib es  a n d  B o u d o u re s q u e  1987 a n d  th is  s t u d y )  seem s 
to  v a l id a te  well th e  l4C a p p r o a c h  fo r  m e a s u r in g  p r o ­
d u c t iv i ty  in P. ocean ica , a t  leas t  fo r  s h o r t  ( 2 - 3  h o u r s )
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T a b le  I. P e r c e n ta g e  o f  e p i p h y t e  c o v e r in g  o n  leaves  o f  P. ocea n ica  o f  d i f fe r e n t  r a n k s .

L e a f
p o r t i o n

5 m 22 m

I II I II IV V VI I II III IV V VI VII

N o v e m b e r M id d le — — _ 40 50 50 _ _ _ 50 50
U p p e r - 15 30 40 50 50 - 5 20 60 60

F e b r u a r y M id d le - - - 50 50 60 - - - - i - 20
U p p e r - 25 30 50 60 70 - - 5 5 10 15 20

M a y M id d le - 10 10 20 30 60 - - 20 20 70
U p p e r 5 35 40 40 30 60 - 5 30 4 0 70

A u g u s t M id d le - 25 30 50 - - - 50 70
U p p e r 75 80 50 5 40 40 70 70

-  d e n o t e s  c o v e r in g  e s t im a te s  b e l o w  5%.

in c u b a t io n s .  F u r t h e r m o r e ,  s tu d ie s  o n  o x y g en  e v o lu ­
t io n ,  c o n v e r t e d  in te rm s  o f  c a r b o n  a s s im i la t io n ,  p e r ­
fo r m e d  o n  w h o le  P. ocea n ica  p la n t s  (P ire  1986) o r  on  
l e a f  sec t io ns  (L o re n t i  e t al. 1995), r e p o r t e d  v a lu e s  in 
th e  s a m e  ra n g e  as  th o s e  r e c o r d e d  in th e  p re s e n t  s tudy.

1 0 0 -------------

A

t L e a v e s  \ E p ip h y t e s

F ig .  6. R e la t i v e  c o n t r i b u t i o n  o f  l e a f  t i s s u e  a n d  e p ip h y te s  to  
t o t a l  P. o cea n ica  s h o o t  p r o d u c t i o n  in  p l a n t s  f r o m  5 m  (a) 
a n d  22  m  (b)  d e p th .

T a b le  II .  R e s u l t s  o f  M A N O V A  c o m p a r i n g  th e  effec ts  o f  
d i f f e r e n t  f a c t o r s  o n  c a r b o n  a s s i m i l a t i o n  b y  l e a f  t i s s u e  o f  P. 
o cea n ica  ( p o o le d  d a ta ) .

S o u rc e D . f . F P sign.

D e p t h 1 0 .42 0.53 N S
T is s u e 22 1.91 0 .02 *

M o n t h 3 16.75 0 .0 0 ***

L e a f  r a n k 5 2 .9 9 0 .02 *

N S  =  n o n sig n i f i c a n t ;  * p  <  0 .05 ; ***  p  <  0.001

T h e  re su l ts  f o u n d  in P. ocean ica  a r e  c o n s i s te n t  w ith  
p a t t e r n s  d e tec ted  in Z o s te ra  m a r in a  L.,  w h e re  light 
a n d  t issue  ages w ere  fo u n d  to  b e  th e  m a j o r  d e te r m i ­
n a n ts  in p h o to s y n th e s i s  vs. i r r a d ia n c e  re la t io n sh ip s  
(M azze lla  a n d  A lb e r te  1986, Z i m m e r m a n n  e t al. 
1995). D if fe ren t  g ro w th  p a t t e r n s  a n d  d i f fe re n t  p e r s i s ­
tence  o f  leaves in th e  s h o o t  (i. e. h ig h e r  specific 
g ro w th  in Z. m a rin a  vs. lo w e r  l e a f  r e n e w a l  r a te s  in 
P. oceanica) c a n  a c c o u n t  fo r  s o m e  d if fe ren ces  fo u n d  
b e tw e en  th e  tw o  species ( le a f  a p ice s  in Z .  m a rin a  ac ­
c o u n t in g  fo r  th e  h igh es t  ra tes) .

T ra n s f e r  o f  p h o to s y n th a t e s  f r o m  th e  leaves  to  the  
sh e a th s  a n d  th e  rh iz o m e  h as  b een  s h o w n  to  o c c u r  in 
P osidon ia  ocean ica  (L ib e s  a n d  B o u d o u r e s q u e  1987); 
h ow ever ,  th e  s h o r t  d u r a t io n  o f  th e  i n c u b a t io n s  in  this  
s tu d y  (3 h o u r s ) ,  d id  n o t  p e rm i t  a  m e a s u r a b le  a c c u m u ­
la t io n  o f  m a r k e d  c a r b o n  in n o n - p h o t o s y n t h e t i c  tis­
sues.

A n  issue w h ich  w a r r a n t s  fu r th e r  in v e s t ig a t io n  is the  
o cc u r re n c e  o f  d a r k  c a r b o n  a s s im i la t io n  by  P osidon ia  
leaves. P re v io u s  a u th o r s  h a v e  r e p o r te d  su c h  p h e n o m ­
e n o n  to  o c c u r  in P. o cea n ica , e q u a l  to  u p  to  2 .5 %  o f  
th e  l igh t c a r b o n  a s s im i la t io n  (L ib es  1984), a s  well as 
in o th e r  m a r in e  m a c r o p h y te s  (C a b e l lo -P a s in i  a n d  
A lb e r te  1997). In  th e  p re s e n t  s tu dy ,  th e  d a r k  c a r b o n  
a ss im i la t io n  a m o u n t e d  to  a n  a v e ra g e  o f  15% o f  the  
v a lu e s  r e c o rd e d  in the  l igh t  in c u b a t io n s .  T h is  f igure  
is q u i te  h ig h  a n d  n eeds  c o n f i r m a t io n  t h r o u g h  fu r th e r  
e x p e r im e n ta l  w o rk .

T h e  c o n t r i b u t io n  o f  th e  e p ip h y t ic  c o m m u n i t y  w as 
s u b s ta n t i a l ,  r a n g in g  b e tw e e n  33 a n d  5 2%  o f  to ta l  
s h o o t  p r o d u c t io n .  E p ip h y te  b io m a s s ,  e v a lu a te d  in 
p re v io u s  s tu d ie s  (B u ia  et al. 1992, M a z z e l la  a n d  O t t  
1984) c a n  re p r e s e n t  a t  m o s t  2 0 - 4 0 %  o f  P o sidon ia  
le a f  b io m a ss .  H o w e v e r ,  p h o to s y n th e t i c  eff ic iency o f  
th e  e p ip h y t ic  c o m m u n i t y  h a s  b e e n  s h o w n  t o  be 
h ig h e r  t h a n  t h a t  o f  th e  P osidon ia  p l a n t  i tse lf  (L ib e s  
1984, M azze l la  a n d  O t t  1984). T h e  h ig h e r  eff ic iency 
o f  th e  e p ip h y t ic  c o m m u n i t y  c a n  be  seen  in  t h e  d i f ­
fe ren t  m o r p h o lo g y  a n d  g r o w th  s t r a te g ie s  o f  m a c r o ­
a lg a e  vs v a s c u l a r  p la n ts ,  a c c o r d in g  to  th e  m o d e l  o f  
L i t t le r  a n d  L i t t le r  (1980). M a c r o a lg a e  inves t  m o r e  in
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Table III. Results o f  MANOVA comparing the effects o f different factors on carbon  assimilation by leaf tissue o f  P. 
oceanica in the four months.

Source November February May August

D.f, F P D.f. F P D.f. F P D.f. F P

Depth 1 8.13 * 1 0.03 NS 1 0.21 NS 1 0.04 NS
Tissue level 10 0.60 NS 9 5.28 *** 11 1.01 NS 12 0.68 NS
Leaf rank 5 1.27 NS 5 2.99 * 5 1.06 NS 3 0.61 NS

NS =  non significant; * p <  0.05; *** p <  0.001

Table IV. Results o f  multiple range analysis for the means 
of carbon assimilation rates in leaves of P. oceanica o f  dif­
ferent ranks.

Leaf no. Différence Interval

VI-I 0.316 0.60
VI-11 0.644* 0.56
VI-III 0.593* 0.55
VI-IV 0.596* 0.55
VI-V 0.284 0.59

* denotes a statistically significant difference

Table V. Correlation  coefficients (r) for the effect o f ‘tissue 
leve!’ on carbon  assimilation by P. oceanica leaf tissue.

Leaf rank r  p

I 0.69 0.01 **

II -0 .11 0.63 NS
III - 0 .0 2 0.94 NS
IV -0 .2 5 0.23 NS
V -0 .5 6 0.05 *

VI -0 .3 4 0.45 NS

NS == non significant; * p <  0.05; ** p <  0.01

p r o d u c t i o n  t h a n  in o th e r  p ro c es se s ,  as  v a s c u l a r  p la n t s  
a lso  d o  (e. g. s t o r a g e  in th e  rh iz o m e s ) .  M o r e o v e r ,  s e a ­
g rasses ,  b u t  n o t  th e  a lgae ,  h a v e  b e e n  r e p o r te d  to  be 
C 0 2 l im i ted  a t  p r e s e n t  d a y ’s m a r in e  C 0 2 c o n c e n t r a ­
t io n s  (B e e r  1989, D u r a k o  1993, Z i m m e r m a n n  e t al. 
1995, B eer  a n d  K o c h  1996). O n  th e  o th e r  h a n d ,  a 
h ig h e r  v a r i a b i l i ty  in e p ip h y te  p r o d u c t i o n  c a n  be  in 
r e l a t io n  to  s e a s o n a l  f l u c tu a t io n s  w h ic h  a r e  m o r e  p r o ­
n o u n c e d  t h a n  in  p l a n t  leaves  a n d  a re  m o r e  in f lu en ced  
b y  e n v i r o n m e n t a l  f a c to rs .  T h is  e x p la in s  th e  v a r i a b i l ­
ity  in th e  c o n t r i b u t i o n  o f  e p ip h y te s  fo u n d  b o t h  w i th in  
a n d  b e tw e e n  spec ies  ( B o r o w i t z k a  1989). T h e  in t e r a c ­
t i o n s  b e tw e e n  P. o cea n ica , a s  well as  o th e r  v a s c u la r  
p la n t s ,  a n d  t h e i r  e p ip h y te s  a r e  stil l to  be c la r if ied ,  
a l t h o u g h  s o m e  fu n c t io n a l  l ink s  h a v e  b een  r e p o r te d  to  
o c c u r  ( e .g .  P e n h a l e  1977, F res i  a n d  S a g g io m o  1981, 
L ib e s  a n d  B o u d o u r e s q u e  1987).

In  s u m m a r y ,  o u r  re su l ts  p o i n t  to  a  fu n d a m e n ta l  
h o m o g e n e i ty  in  c a r b o n  a s s im i la t io n  o f  P. ocean ica

ev en  w i th in  a v a r iab i l i ty  l in k ed  to  d i f f e re n t  f a c to r s ,  
m a in ly  to  t issue  age. In  p a r t ic u la r ,  in M a y  a n d  A u ­
g u s t  n o  s ig n if ic an t  e f fec t  o n  p la n t  a s s im i la t io n  p o t e n ­
tia l  w as  ex e r te d  e i th e r  by d e p th  o f  g r o w th  site  o r  by  
se a so n .  H o w e v e r ,  d i f fe rences  in  c a r b o n  u p t a k e  d id  
o c c u r  a n d  they  w e re  re la te d  to  t i ssue  age  a s  d e ­
sc r ib e d  b y  le a f  r a n k  a n d  d i f fe ren t  le a f  p o r t io n s .  
T h is  w a s  m o s t  e v id e n t  in F e b r u a r y  w h e n  a t  b o th  
s t a t io n s  a  m a j o r  ag e  d i f f e re n t ia t io n  a m o n g  the  
leaves o ccu r ,  c o u p le d  to  a g r e a t e r  p r o p o r t i o n  in 
te rm s  o f  b io m a ss  o f  y o u n g  t issue  (B u ia  e t al. 1992). 
In  N o v e m b e r ,  d e p th  seem s to  d i f f e re n t ia te  b e tw e e n  
th e  tw o  s ta t io n s ,  a n d  ag a in ,  th is  is r e la te d  to  th e  
le a f  d e v e lo p m e n ta l  s ta tu s .  In  fac t ,  a  m a r k e d  d i f fe r ­
ence  b e tw e e n  th e  tw o  d e p th s  h a s  b een  r e p o r t e d  in 
N o v e m b e r ,  as  fa r  as p a t t e r n  o f  l e a f  e lo n g a t io n  a n d  
l e a f  s h e d d in g  a n d  r e n e w a l  a r e  c o n c e rn e d .  O n  the  
o t h e r  h a n d ,  th e  s im i la r  c a r b o n  a s s im i la t io n  ra te s  
r e c o rd e d  in sp r in g  a n d  s u m m e r  re f lec t  th e  h o m o ­
g en e ity  o f  lea f  d e v e lo p m e n t  e x p e r ie n c e d  a t  t h e  tw o  
s t a t io n s  (B u ia  e t al. 1992).

L ig h t  is su p p o s e d  to  be  th e  m a j o r  f a c t o r  a f fec t ing  
p r o d u c t io n  levels in m a r in e  p la n t s  a n d  w i th  t h e  a p ­
p r o a c h  u sed  fo r  th is  s tudy ,  i. e. i n c u b a t in g  a t  c o n s t a n t  
s a t u r a t i n g  i r r a d ia n c e  levels, th e  s e a s o n a l i ty  a n d  d if ­
fe ren ce  b e tw een  s ta t io n s  a r e  m a in ly  a t t r i b u t a b l e  to  
p l a n t  b io lo g ica l  fea tu re s .  O u r  re su l ts  in d ic a te  t h a t  tis­
sue  age  is th e  b es t  i n d i c a to r  o f  c a r b o n  a s s im i la t io n  
cap ac i ty ,  e x c e p t in g  e n v i r o n m e n ta l  p a r a m e te r s ,  First o f  
all i r r a d ia n c e  a n d / o r  t e m p e r a t u r e  a n d  n u t r i e n t  a v a i l ­
ab il i ty  (H i l lm a n  et cil. 1989, Z u p o  e t al. 1997). 
C h a n g e s  in b io m a ss  a n d  g r o w th  ra te s  o f  P. ocean ica  
in r e l a t io n  to  d e p th  (B u ia  e t a l  1992) a r e  c a u s e d  p r i ­
m a r i ly  b y  th e  v a r i a t io n  in i r r a d ia n c e  p a r a m e t e r s  a n d  
b y  a d a p ta t io n s  o f  th e  p la n t  to  th e m  (M a z z e l l a  an d  
A lb e r te  1986, H i l lm a n  et al. 1989).

In  c o n c lu s io n ,  th e  effect o f  t i ssue  a ge  o n  s e a g ra s s  
c a r b o n  a s s im i la t io n  is a  m a j o r  in t r in s ic  f a c to r ,  w h ic h  
c a n  b e  a s s u m e d  to  be  a v a l id  p a r a m e t e r  to  b e  ta k e n  
in to  c o n s id e ra t io n  fo r  th e se  c lo n a l  p la n t s .  D if fe re n c es  
b e tw e e n  species  c a n  be  in r e la t io n  to  th e  specific  
g r o w th  ra te s  o f  a  s ingle  s e a g ra ss  species .  I t  c a n  be 
sy n th e t iz e d  t h a t  tissue age ,  in r e l a t io n  to  sp ec ie s -sp e ­
cific g ro w th  p a t t e rn s ,  d e te r m in e s  th e  c a p a c i ty  o f  c a r ­
b o n  a ss im i la t io n ,  w hile  l igh t re g u la te s  th e  p l a n t  a d a p ­
ta t i o n s  to  d i f fe ren t  dep th s .
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