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ABSTRACT: C h an g es in the  stab le  carbon  isotope com posi­
tion of Thalassia tes tu d in u m  (turtle  grass) leaves w e re  m ea s­
u re d  in resp o n se  to in situ  lig h t-red u ctio n  trea tm e n ts  in 
T am pa Bay, Florida, USA. Leaf 8 13C values of sh a d e d  T. te s tu ­
d in u m  w e re  significantly  low er th an  those  of u n sh a d e d  con­
trols in bo th  shallow  (0.75 m below  MLW) a n d  d e ep  (2 m 
below  MLW) sites. C h an g es  in leaf S13C w ere  co rre la ted  w ith 
d ifferences in th e  re la tive  am o u n t of ligh t reach in g  the  e x p e r­
im en tal trea tm en ts , an d  the  m ag n itu d e  of th e  resp o n ses in ­
c reased  b e tw een  1 an d  3 mo afte r in itiation  of th e  sh ad e  tre a t­
m ents. B ecause of the  close proxim ity of the  experim en ta l and 
contro l sites, th e  d ec re a se  in 513C in resp o n se  to sh ad ing  
p robab ly  reflects a p rocess (i.e. isotopic fractionation) effect 
ra th e r th an  a source (i.e. d issolved ino rgan ic  carbon) effect. 
G re a te r  isotopic fractionation  in sh a d e d  T. tes tu d in u m  m ay 
reflect red u ced  carbon  d em an d  and, hence, g re a te r  re la tive  
availab ility  of carbon  at low er irrad iances. Thus, as light is 
red u ced  to levels th a t limit p h o tosyn thetic  ra tes in T  te s tu d i­
num , carb o n  ap p ea rs  to becom e non-lim iting.

During photosynthetic  carbon fixation, plants  dis­
criminate (i.e. fractionate) b e tw e en  13C and  12C b e ­
cause of small dissimilarities in physical and  chemical 
p roperties  caused  by the mass difference. Isotopic frac­
tionation is useful for investigating the  efficiency of 
C 0 2 up ta k e  associa ted with photosynthesis  (Peterson 
& Fry 1987). In terrestrial plants, d ifferences in B13C ‘ 
values, reflecting variation in isotopic fractionation, 
can be  used  to separa te  various photosynthetic  p a th ­
w ays (e.g. C 3 vs C4; W helan  et al. 1970). In aquatic  sys­
tems, fractionation of the  stable isotopes of carbon is 
m ore difficult to u nders tand  because  of the im portance 
of C 0 2|aq) diffusion (O’Leary 1988), The relatively high

• S '3C ( % o )  = [ ( K s a m p i e / K s i a n d a r d )  -  1 ]  x 1000; R = 13C /12C; s ta n ­
d ard  is a  C re taceo u s b e lem n ite  from  the Pee D ee Form ation 
(PDB), South  C arolina, USA, w hich  is g iven  an  a rb itrary  
S13C value  of 0 .0 %

ratios of 13C to 12C characteristic of se ag rasses  (813C 
values  ran g e  from -3  to -19  %o; McMillan 1980) are  
though t  primarily to reflect physical (i.e. diffusion) con ­
straints on the  supply  of carbon  used  in photosynthesis  
(Abei 1984). Seagrass  813C values can be  affected  by 
oxygen  concentration, tem pera tu re ,  and  light intensity 
(Benedict & Scott 1976, Smith et al. 1976, McMillan 
1980, McMillan & Smith 1982, C ooper 1989, C ooper  & 
DeNiro 1989), but most of these  effects can  ultimately 
be  exp la ined  by their  inf luence on C 0 2|aq) availability 
(O 'Leary 1988).

Leaf 813C values  of the  seagrass  Posidonia oceanica  
(L.) Delile collected over a 38 m dep th  grad ien t  
d ec reased  with d ep th  (Cooper & DeNiro 1989). This 
decline w as hypo thes ized  to have  b ee n  the result of a 
reduction in photosynthetic  carbon  dem and .  The basis 
for this is the assum ption  tha t if seagrass  carbon  supply 
is diffusion-limited u n d e r  h igh-ligh t conditions then  a 
reduction in photosynthetic  carbon  r eq u irem en t  u n d e r  
lower-light conditions should d ec rease  the  im portance  
of ex ternal carbon acquisition and  allow for g rea te r  
isotopic selectivity.

To test the  above  assum ption  experimentally , v a r ia ­
tions in leaf 813C values  of short-shoots of Thalassia  
te s tu d in u m  Banks ex König (turtle grass) w ere  m e a s ­
u red  in response to in  situ  light reduction. The study 
w as conduc ted  in a T. te s tu d in u m  b ed  located  n ea r  the 
m outh  of T am pa  Bay, Florida, USA (27° 37.5’ N, 
82° 47.5' W). Short-shoot density  at this site decreases  
from the shallow to the d e e p  regions of the  bed, su g ­
ges ting  the d ee p  ed g e  m ay be light-limited (Haii et al. 
1991). T hree  sh a d e  an d  3 control plots w e re  e s ta b ­
lished on F ebruary  3, 1989, at both  the shallow (0.75 m 
below MLW) and  the d ee p  (2 m  below  MLW) ed g es  of 
the bed. Shad ing  was accom plished  by neu tra l-dens ity
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nurse ry  cloth a t tached  to 1.5 x  1.5 m PVC frames held  
0.5 m above the T. te s tu d in u m  canopy. Screens w ere  
r ep laced  every  1 to 2 w k to minimize additional light 
reduc tion  due  to fouling. D ownwelling  light at the  top 
of the leaf canopy w as m e asu red  using a LICOR LI- 
1000 q u an tu m  m e te r  an d  a 4 k  sensor u n d e r  both clean 
a n d  fouled  screens an d  in control plots w h en e v e r  
sc reens  w ere  changed .  The reduction in am b ien t  light 
rela tive to the  shallow control (SC) plots was very sim ­
ilar for the  shallow sh a d e  (SS) and  d ee p  control (DC) 
plots, ave rag ing  42 an d  37 %, respectively, com pared  
to a 64 % rela tive reduction  in light for the  d ee p  shade  
(DS) plots.

After exper im en ta l  durations of 1 and  3 mo, 9 short-  
shoots w ere  random ly harves ted  from within each  
expe r im en ta l  and  control plot (27 short-shoots p e r  
treatm ent) .  Only the 1 m 2 areas  in the  cen te r  of the 
2.25 m 2 exper im en ta l  plots w ere  sam pled  to avoid 
possible e d g e  effects. Epiphytes w ere  rem oved  from 
leaves by gen t le  scraping, an d  short-shoots w ere  s e p a ­
ra ted  into ab o ve -g round  (green leaves) and  below- 
g ro u n d  fractions an d  w ere  dried  at 60 °C until constant 
w eigh t h ad  b een  achieved. Dried sam ples  from each 
expe r im en ta l  plot w ere  pooled  an d  then  g round  in a 
Wiley mill with a #40 m esh  sc reen  an d  s tored  in a 
dessicator  until analyzed.

Triplicate leaf sam ples  (6 to 15 mg) from each  plot 
w ere  p re p a re d  for s tab le  carbon  isotope analysis as 
d escr ibed  by D urako  & S ackett  (1991). All results are 
exp ressed  in s ta n d a rd  del notation relative to the 
in te rnational  PDB s tandard .  Stable carbon  isotope da ta
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Fig. 1 Thalassia tes tu d in u m . Leaf 513C  v a lu es (m ean + SE) for 
sh o rt-shoo ts su b jec ted  to in situ  lig h t-red u ctio n  trea tm en ts  
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Fig. 2. Thalassia testud inum . V ariation  in  leaf ô 13C va lues as a 
function  of re la tiv e  irrad ian ce  levels afte r (a) 1 mo trea tm en t 
du ra tio n  an d  (b) 3 m o trea tm e n t duration . T rea tm en t a b b rev i­

a tions as in Fig, 1

(&13C) w ere  log-transform ed to satisfy the assum ptions 
of normality and  hom ogeneity  of variance before being 
ana lyzed  by Pearson p roduct-m om ent correlation 
analyses, analysis of variance (ANOVA), and  regression 
ana lyses  (p < 0.05). Calculations w ere  perfo rm ed  using 
Statistical Analysis Systems (Release 6.04) programs.

Shading  resulted  in a d ec rease  in Thalassia te s tu d i­
n u m  leaf S13C at both  shallow and  deep  plots (Fig. 1). 
After 1 mo, results of ANOVA indicated  tha t shading  
had  a significant effect on leaf 513C (F = 7.95, df = 1,8), 
bu t  within trea tm ents,  com parisons be tw e en  shallow- 
an d  deep-p lo t  ô13C values ind icated  no significant 
dep th  effects (F = 1.03, df = 1,8). However, after 3 mo, 
both  shad ing  and  dep th  effects w ere  significant 
(F = 56.57 and  14.13, respectively, df = 1,8) and  the re  
was a significant interaction b e tw e en  the  two (F = 
10.59, df = 1,8).

A significant positive correlation (0.01 < p < 0.05 and  
0.001 < p < 0.005, after 1 and  3 mo respectively) was 
observed  be tw e en  relative irradiance levels and  leaf 
S13C (Fig. 2). The change  in leaf 513C values with 
respect  to relative irradiance exhibited  a linear re la ­
tionship after 1 mo. Betw een M onth  1 and  M onth 3, 
this rela tionship  b ecam e curvilinear, and  the response 
of leaf S13C to changes  in relative irrad iance signifi-
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cantly inc reased  (F = 9.28, df = 3,16). The increase  in 
the response  of leaf §13C to changes  in light be tw e en  
M onths 1 and  3 is p robab ly  a reflection of the leaf- 
turnover characteristics of Thalassia testud inum . 
P lastochrone intervals in this species range  from about 
14 to 16 d and  short-shoots usually have  from 3 to 5 leaf 
blades at any  one time (Zieman 1982). This results in 
leaf turnover times of ca 60 d un d er  am bien t light 
regimes, a l though  tu rnover  times m ay be  longer in 
shaded  T. te stud inum  (Carlson & A cker 1985). Because 
of this, only abou t half of the leaf m ateria l ha rves ted  
after 1 mo w as p roduced  u n d e r  the experim ental 
t rea tm en t conditions. After 3 mo of shading, all b lade 
m ateria l should h ave  b ee n  replaced.

Correlations b e tw e en  dep th  an d  p lan t 813C values 
have  b e e n  observed  in the g ree n  alga H alim eda in ­
crassata  (Ellis) Lam ouroux (Wefer & Killingley 1986) 
and  in the seagrass  Posidonia oceanica  (Cooper & 
DeNiro 1989). In both  cases, changes  in S13C w ere  
a t tr ibu ted  to a light-intensity  effect on isotopic frac­
tionation. Increasing isotopic fractionation with light 
reduction m ay reflect dec reas ing  carbon d em an d  asso­
ciated with lower photosynthetic  rates (Farquhar 
1983). O ur study provides experim ental ev idence to 
support this hypothesis.  B ecause of the  close proximity 
of the  exper im en ta l  an d  control sites (all w ere  w ithin a 
50 X 50 m  area), uniformity in environm enta l ch a rac ­
teristics and  in the  S13C of the seaw ate r  dissolved in ­
organic carbon (DIC) am ong  the  plots can  be  assum ed. 
Accordingly, the d ec rease  in Thalassia testud inum  
leaf 813C in response to red u c ed  ir rad iance probably  
reflects a process (i.e. isotopic fractionation) effect 
ra ther  than  a source (i.e. 813C D1C or S13C co,(aq)) effect 
(Peterson & Fry 1987). C h a n g es  in isotopic f ractiona­
tion associa ted  with aquatic  photosynthesis  are  g e n e r ­
ally d e p e n d e n t  on carbon  availability (e.g. diffusion) 
ra the r  than  on differences in enzymatic  discrimination 
(Kerby & Raven 1985). A reduction  in carbon d em an d  
should decrease  the  influence of d if fus ion-dependent 
p rocesses controlling carbon availability and  this m ay 
allow an  inc rease  in enzym atic  discrimination aga inst 
13C at lower irradiances.
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