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Stable carbon isotope variability in the seagrass 
Posidonia oceanica: evidence for light intensity 

effects 
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ABSTRACT Stable carbon isotope ratios were determined for leaves of the seagrass Posidonia oceanica 
(L ) Delile collected over a 38m depth gradient at Bay of Calvi, Corsica Although variability in 6Â° 
values among individual leaves at specific depths was as high as 6%0, there was an overall trend 
towards less discnmination against "C at the shallowest water levels. The mean 613C value of leaves at 
5 m was - 11 0 %O and declined to a minimum mean of - 16 4 %O at 35 m. Isotopic variability in individual 
leaves divided into thuds was consistent with this trend, except in those leaf sections nearest to the 
menstem, whose 613C values did not vary with depth A variety of explanations for these observations 
were considered, including the effects of light intensity, temperature, pressure, relative water motion, 
seasonal variability in biochemical fractionation, isotopic variability in the dissolved inorganic carbon 
pool, and differential use of bicarbonate and dissolved carbon dioxide on the carbon isotopic composi- 
tion of P oceanica Differences in light intensity and consequently photosynthetic rate are most likely to 
influence discrimination against "C and thus account for the observations reported here 

INTRODUCTION 

agrasses exhibit a wide range of "c/^c ratios. 
& C  values* * * of 47 species range from -3.0 to 
8 %O (McMillan et al. 1980). Terrestrial plants show 
lar span of 513C values, ranging from -9 to -33 %O 

es 1980). The primary cause of carbon isotope 
variability in terrestrial plants is differential discrimina- 
tion against I3CO2 and l2CO2 at the initial carboxylation 
step in photosynthesis. Thus, S13C values can dis- 
tinguish terrestrial plants utilizing the C3 and C4 path- 
ways (Bender 1971, Smith & Epstein 1971) because the 
2 enzymes involved in fixing atmospheric C02,  ribulose 
bisphosphate carboxylase and phosphoenol pyruvate 

ylase, fractionate carbon isotopes differently 
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[(Rsamole/RpDB)-11 X 1000 %o; R = "c/^C; PDB is 
ard from the Peedee Formation, South Carolina, 
an arbitrary S^C value of 0.0 %O 

Differences in enzymatic discrimination do not ex- 
plain carbon isotope variability in submerged aquatic 
plants (O'Leary 1981, Sternberg et al. 1984, Keely et al. 
1986). The causes of variability in the carbon isotopic 
composition of seagrasses and other submerged aqua- 
tic plants have been attributed to a wide variety of 
other causes. Increased water motion can enhance 
diffusion of inorganic carbon and increase the influ- 
ence of enzymatic discriminations (Osmond et al. 1981, 
Raven et al. 1982). Seasonal variability in isotopic frac- 
tionations associated with biochemical processes has 
been implicated in marine macrophytes (Thayer et al. 
1978, Stephenson et al. 1984, Simenstad & Wissmar 
1985). Isotopic variability in the dissolved inorganic 
carbon pool will influence g 3 C  values, particularly in 
estuarine and freshwater macrophytes (Smith et al. 
1976, McMillan et al. 1980, Osmond et al. 1981, 
McMillan & Smith 1982). Lower temperatures increase 
fractionations among dissolved inorganic carbon 
species in seawater, so in colder water more negative 
613C values can be expected (Degens et al. 1968, Wong 
& Sackett 1978). Differential use of bicarbonate and 
dissolved carbon dioxide, which are isotopically dis- 
tinct, could alter S13C values of aquatic plants 
(Andrews & Abel1977, Benedict et al. 1980, Faganeli et 
al. 1986). Recently, it has been reported that S13C 
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values in the green alga Halimeda incrassata are influ- 
enced by hght intensity (Wefer & Kuhngley 1986) We 
report here evidence that hght intensity also appar- 
ently affects carbon isotope discrimination in the sea- 
grass Posidonia oceanica (L ) Delile. 

Posidoma oceanzca is a dominant endemic seagrass 
in the Mediterranean Sea, forming large submerged 
beds and growmg to depths as great as 40m (Den 
Hartog 1970) We took advantage of the plants ca- 
pacity to grow under comparatively low as well as high 
light conditions over a depth gradient to study the 
influence of light on isotopic variability. Growth 
dynamics and productivity of plants and such physical 
factors as water temperature and light irradiance have 
been extensively studied at the site chosen for the 
investigation (Bay 1984) 

METHODS 

Leaves of Posidonia oceamca were collected at 5 m  
intervals from 5 to 38m water depth in Calvi Bay, 
Corsica, on ?August 1987. At each depth at least 3 
separate leaves from 3 separate shoots were collected. 
The leaves selected were the youngest leaves on each 
shoot that were at least 10 cm long This cnterion was 
used to minimize the possibility of isotopic variability 
due to different leaf ages The leaves were at most 
lightly epiphytized, and any visible epiphytes were 
removed by hand For each depth, one of these 3 leaves 
was further divided into thirds Each of the 3 leaf 
sections were analyzed separately to characterize the 
degree of intra-leaf isotopic variation 

Samples were air dried, followed by freeze drying. Of 
the homogenized leaves, 5mg portions were com- 
busted in the presence of copper oxide, copper and 
silver foil at 875Â° in vacuum sealed quartz glass 
tubes Carbon dioxide generated was purified cryogen- 
ically and analyzed mass spectrometncally by simul- 
taneous comparison with a known standard. An inter- 
nal standard consisting of Posidonza oceanica leaf 
material was also analyzed 6 times; standard deviation 
for all analytical errors and errors of preparation was 
2 0 2 %o For statistical analyses, a normal distribution 
was assumed for samples collected at each depth 
Regression equations were calculated for Type1 rela- 
tionships between individual water depths (independ- 
ent variable) and S^C values (dependent variable) 

RESULTS 

6Â° values of whole Posidonia oceanica leaves 
decreased from a maximum mean of -11 0 %O at 5 m 
to a minimum mean of -16 4%0 at 35m water depth 
(Fig. 1). Despite high variability at certain depths, there 
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Fig 1 Posidonm ocemca Stable carbon isotope ratios of 
individual whole leaves, Bay of Calvi, Corsica (m) c weight 
averaged composite samples made up of 3 leaf segments 
analyzed separately and plotted on Fig 2,  whole leaf carbon 
isotope rahos of these leaves were estimated by multiplying 
individual segment 6I3C value by the proportional contnbu- 
non of each segment to total leaf weight and integrating for 
the whole leaf Regression line and statistical analyses corre- 
spond to both composite and whole leaf samples Lines con- 
nectmg depths along abscissa indicate sign~ficant (p < 0 05) 
differences between mean carbon isotope ratios (Student- 

Newman-Keuls Test1 

was a sigmficant correlation (0.0001 < p < 0 005) 
between water depth and whole leaf 6Â° value (Fig 1, 
6% = -9 71 - 0 403x + 0 007x2) The shift in carbon 
isotope ratios was greatest immediately below 5 m depth, 
indicating anon-linearrelationship Theseindications of 
non-linearity were supported by a comparison of mean 
613C values at each depth using a Student-Newman- 
Keuls Test (Sokal & Rohlf 1981) The mean 6Â° value 
observedat5 mwas significantly different (p< 0.05) from 
that observedat allother depthsexcept 10m. Differences 
among all other depths were not significantly different 
except between 10 m and 35 m (Fig 1) Nevertheless, 
even with the data collected at 5 m  excluded, there 
remained a significant correlation between depth and 
decreasing 613C value (I= -0.41, 0 025 < p < 0 05) 

For leaves divided mto thirds, there was a significant 
correlation (0 005 < p < 0 01) for the fraction nearest to 
the tip of the leaf blade (Fig 2, 6 " ~  = -7 928 - 0 471x 
+0 008x2) Variability in the 6Â° values of the middle 
portion oftheleaf wasrelated to water depth (Fig 2, 6^C 
= -9 996 - 0 449x + 0 008x2), although not as strongly 
(0 01 < p < 0 025) S^C values of the portion of the leaf 
closest to the menstem were not related to depth (Fig 2). 

DISCUSSION 

The correlation between depth and Si3C values is 
probably a hght intensity effect, because it is unlikely 
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no significant relationship 
proximal third 01 leal . 

Note different scales for carbon isotope axes 

2 Posidoma oceanica Stable carbon isotope ratios of 
~Â¥vidua leaf segments divided m thirds 1st third of leaf is 
that closest to menstem, 3rd third is at tip of each leaf 

ny other environmental factor would influence 
I3c values of the leaf tips and not those of portions 
e leaf closest to the menstem The difference in 
values is greatest between 5 and 10m This is 

sistent with summer irradiance patterns at this site, 
dechne to 30 % of surface irradiance at 10m (Bay 
The complete lack of depth-related 6̂ C varia- 
n the portion of the leaf closest to the meristem is 
ent with an u-radiance effect because those por- 

s of leaves are most affected by canopy shadmg 
Other possible explanations for carbon isotope vana- 

ility in submerged aquatic plants mclude water tem- 
erature differences between the surface and bottom, 
lative water motion, biochemical fractionation associ- 

riahihty, isotopic variability in the 
pool, and differential use of 
carbon dioxide 

It is possible that isotopic variability could he driven 
partly by temperature differences between the surface 
and bottom of the depth gradient affecting both enzy- 

matic discrimination and the isotopic composition of 
the dissolved morganic carbon (DIC) pool Tempera- 
ture differences m enzymatic discrimination, with up to 
a 2 %o dechne in S^C values with increasing tempera- 
ture, have been reported (O'Leary 1981) In our study, 
plants in warmer surface waters had P C  values less 
negative than those in colder deep waters, so we con- 
clude that changes in enzymatic discrimination due to 
temperature variation are not sigmficant The largest 
temperature difference Bay (1984) observed at the 
study site between 10 and 38m occurred when it was 
25'C at 10m and 15'C at 30m Under these conditions, 
the difference between S^C values of dissolved C02 
with respect to that of dissolved H C 0 3  declines from 
-10 1 % ~  at 15-C to - 9 0 % ~  at 25-C The difference 
between S13C values of dissolved H C O s  with respect 
to gaseous C02 also declines, from -7 9 to -9.0'80 over 
the same temperature range (Mook et a1 1974). Thus at 
15'C, DIC available for photosynthesis is shghtly more 
depleted in "C than that near the surface. A 10Â° 
difference would cause a change of 1%0 in the S^C 
values of DIC, so, at most, could account for only one- 
fifth of the 5 %O variation we observed in the S13C values 
of Posidouia oceamca leaf material Smce for most of 
the year, temperature differences between 10 and 30m 
are much smaller than 10'C (Bay 1984). temperature is 
unlikely to account even for this small change 

Evidence m freshwater plants for water motion 
effects on carbon isotope variability is not supported by 
a study of the seagrasses Phyllospadix serrulatus and 
Phyllospadix torreyi (Cooper & McRoy in press), which 
are subjected to much greater extremes in water 
motion than Posidoma oceamca 

Seasonal vanabihty in isotope effects associated with 
biochemical processes was minimized by consistently 
samphng the last leaf initiated that was at least 10cm 
long Analysis of horizontal rhizome leaf scars indicate 
that Posidoma oceamca at this site produces ca 10 new 
leaves per year per rhizome (own unpubl data), which 
is consistent with other populations (Pergent et al 
1983, Mosse 1984) Furthermore, new leaf production 
rates in Bay of Calvi are highest m August (Bay 1984), 
so it is reasonable to assume that all leaves collected 
were of approximately the same age 

Isotopic variability in oceanic DIC pools is not signifi- 
cant except m estuaries (Fry & Sherr 1984) The study 
site has no significant freshwater input at any tune 
during the year. C02  chemistry m the water above the 
Bay of Calvi Posidoma oceauica bed has been exteu- 
sively studied (Franlugnoulle & Disteche 1984, 1987) 
Typical die1 and seasonal differences between surface 
water and water amongst seagrasses growing at 8m 
are on the order of 0 1pH units In another study of 
seasonal changes in DIC in St Margaret's Bay, Nova 
Scotia, where the seagrass Zostera manna grows under 
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shallower conditions with presumably greater fresh- 
water input, seasonal differences in DIC ftl'C values 
ranged from +0 6 to +1.3% (Stephenson et  al. 1984). 
Thus we conclude that it is unlikely that relatively 
small potential vanations in DIC over the depth gra- 
dient could account for the range of b"C values ob- 
served 

Differential use of dissolved bicarbonate and carbon 
dioxide is a possibility, but would necessitate that 
plants m the surface water use bicarbonate while 
deeper water plants would depend more on dissolved 
carbon dioxide, a scenario for which there is no other 
evidence 

Having disposed of the aforementioned competing 
explanations, w e  conclude that changes in light inten- 
sity over the depth gradient are responsible for the 
patterns observed in b^C values of Posidoma oceanica 
leaf material reported here In the marine environment, 
similar patterns of "C depletion with depth have been 
observed in the green alga Halimeda mcrassata (Wefer 
& Killingley 19861 and zooxantheflae of coral (Mus- 
catme et  al. in press). Wefer & Kilhngley (1986) 
observed the same pattern that P oceamca showed: 
the largest change in 6% values occurred moving 
from the surface to 10m depth with smaller additional 
changes once this threshold had been passed The 
general pattern of "C depletion with depth is consis- 
tent with the hypothesis that at  higher light intensities, 
higher photosynthetic rates result in less discrimination 
against ^C. In marine plants growing under high hght 
intensities, high photosynthetic rates will increase the 
influence of diffusion-dependent processes in inor- 
ganic carbon acquisition. These rate-limiting, diffu- 
sion-dependent processes would increase the use of 
' C  that would otherwise be  discriminated against 

Increasing light intensity in terrestrial plants can also 
alter discrimination against "C, although shifts in 6^C 
values toward both more positive and more negative 
values have been observed (O'Leary 1981), possibly 
because of the influence of water relations and 
stomata1 behavior on 6 C  values (Farquhar e t  al. 1982) 
Nevertheless, it is possible that this light intensity 
pattern is present in tree canopies, where negative 
shifts close to the ground have been attributed pnmar- 
ily to photosynthetic fixation of "C-depleted C 0 2  pro- 
duced from decomposition of leaf litter and by plant 
respiration (Medina & Minchin 1980, Schleser & Jay- 
asekera 1985) 

Light intensity effects may be  important for the apph- 
cation of carbon isotope measurements in food web 
studies (Fry & Sherr 1984) Unless plants are collected 
from all depths at  which they grow, charactenzation of 
manne plant At3C values from analysis of more easily 
collected shallow samples may understate the degree 
of discrimination against "C in plants growing in sub- 

dued light As an example, previous studies reported 
6Â° values for Posidonla oceanica that are consider- 
ably more positive than the deepei water plants in this 
study (Bncout et  a1 1980, McMillan et  a1 1980) Use of 
these data to characterize the bl^C values of the food of 
an herbivore feeding on P oceanica would lead to 
substantial errors in dietary reconstruction if the animal 
was feeding at  deeper depths 
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