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Carbon assimilation in the Mediterranean seagrass Posidonia oceanica was measured by means of the 14C
technique. Whole shoots were harvested seasonally at 5 and 22 m depth at Laceo Ameno (Gulf of Naples)
and incubated at constant saturating light in the laboratory. Carbon incorporation of different leaf sections
as well as epiphytic assimilation were evaluated. Mean assimilation values of 1.42 £ 0.62 pgC mg-1 DW h-1
(N = 60) and 1.43 £ 0.70 pgC mg-1 DW h-1 (N = 48) were found in plants of P. oceanica collected at 5 and
22 m depth, respectively. Maximum carbon assimilation values, up to 2.98 pgC mg"1DW h~1, were recorded
in February. The highest rates, as well as the lowest variability in carbon assimilation across seasons and
depths, were generally recorded in mid-sections of leaves of rank II through IV, which pointed to a fundamen-
tal homogeneity in assimilative response of the bulk of the photosynthetic tissue. Epiphytic carbon assimila-
tion was estimated to range between 33 and 52% of total P. oceanica shoot production, except for February
when the epiphytic coverage was minor, in particular at 22 m. Tissue age, as expressed by leaf rank and tissue
position along the leaf blade, was the major biotic factor affecting carbon assimilation capacity. On the other
hand, depth seemed to have a minor influence on carbon production potential of P oceanica leaves in
comparison to the other factors. It is hypothesized that in seagrasses tissue age determines the capacity of
carbon assimilation, while in situ light regimes regulates the plant adaptations to different depths.

Introduction constructive methods (i.e. lepidochronology. Per-
gent-Martini et cd. 1994).

Production ecology of seagrasses has long been inves- The aim of the present work was to evaluate the

tigated, especially in relation to the factors that can

intrinsic carbon assimilation potential relatively inde-
affect growth patterns (see Hillman ez ai 1989 for a

pendent of the different spatial and temporal plant

review). In the Mediterranean species Posidonia oce- |gcations. As light availability is widely considered to

anica (L.) Delile, production and growth are known be the main factor governing plant production (Zim-

to vary along depth gradients and to follow seasonal mermann ef cd 1994), an experimental approach was
patterns (Buia et al. 1992, Aicoverro et al. 1995, Zupo devised to discriminate its role from other factors. To
et al. 1997). Posidonia oceanica meadows extend from this end, carbon incorporation of plants sampled at
near the surface down to 40 m depth, being exposed  different in situ light levels was measured at constant,

to a broad range of physical gradients, e. g. light. The  saturating irradiance in the laboratory. In addition,

adaptation of the plant to these different environ- the aim was to highlight the role of tissue age in rela-
mental conditions should rely on the ability to re- tion to leaf growth patterns at different depths. The
spond to external constraints as well as on inner regu-  contribution of epiphytes in the carbon assimilation

lating mechanisms (Ott 1979, Pire 1989). The balance budget of the shoot was also approached. For this
between the intrinsic and extrinsic factors is crucial study, the 14C incorporation technique was selected
for the success of colonization and for the stability of as the most suitable method.

meadows. The slow growth, the particular repro-

ductive strategy ofthe plant and the low genetic vari- .

ability of populations result in a high fragility of the Materials and Methods

system and at present P. oceanica is a potentially en- The experiments were performed on Posidonia ocean-

dangered species (Buia and Mazzella 1991, Marba et  jca plants from Laceo Ameno (Island of Ischia, Gulf
al. 1996, Procaccini et al. 1996). of Naples, Italy), a site characterized by a continuous

Various methods have been employed to measure meadow extending from 1 to 33 meters depth where
production in P oceanica in relation to production studies have been conducted for several years (e. g
yields and seasonal growth patterns. These include Wittman 1984, Pire 1986, Mazzella et cd 1989, Buia
marking methods (Buia ef al. 1992), measurements of et cd 1992). Environmental and biological para-
oxygen evolution (Pire 1986, Lorenti ef cd 1995), 14C meters of the sampling site have been reported in
assimilation (Libes and Boudouresque 1987) and re- Buia et al. (1992). In particular, in situ temperatures,
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as measured in 1988 —1990, have an annual average
0f 20.2° at 5 m and of 18.6° at 22 m. In summer, due
to thermal stratification, a difference of 6.6° was re-
corded in July, while this difference was less than 0.1°
in February. Differences in irradiance were even more
remarkable between the two depths considered. Mea-
surements of photosynthetically active radiation
(PAR) at the top of the canopy showed a reduction
of incident irradiance of about 80% between the two
depths, the annual average of in situ irradiance at
noon being 480 pE m~2s-1 and 105 pE irT2s 1 at 5
and 22 m depth, respectively.

Whole shoots of P. oceanica, still attached to the
rhizome, were sampled by SCUBA diving at 5 and
22 m depths in November 1993 and in February, May
1994.

For the incubation experiments, one whole shoot

and August

was carefully separated from the others, rinsed with
filtered seawater and inserted in the incubation device
(Fig.
was a two-chamber cylinder made of plexiglas with

1). The incubation bottle, specifically devised,

the upper chamber, designed to contain the shoot.

?<so

Fig. 1.

donia oceanica carbon incorporation.

Incubation vessel used for determination of Posi-

having a volume of 1.72 L. The two chambers were
connected through a hole and a latex seal around the
basis of the plant prevented any passage of liquid
between the two chambers. The two chambers of the
cylinder were filled with filtered seawater and 40 pCi
of Na2 14C 03 were injected into the upper chamber
through an opening in the lid. The lower chamber,
holding the rhizome, contained no radioactive car-
bon. A magnetic bar applied below the lid of the up-
per chamber provided gentle stirring throughout the
incubation which was carried out for three hours at
the temperature recorded in situ. Two white fluores-
cent lamps, placed at either side of the cylinder, gave
an irradiance of 250 pE m~2s-1, measured inside the
cylinder by means of a Biospherical submersible
quantum probe (QSI-140). This value is above the
saturation light level reported for Posidonia (Pire
1986, Lorenti et al. 1995).

In order to distinguish between Posidonia and epi-
phyte production, some additional leaves were care-
fully freed from their epiphytic coverage and incu-
bated in the

Furthermore,

same chamber as the whole shoot.

several leaf sections of 15 cm length
were incubated in 200 mL tubes at the same experi-
mental conditions as those described for the cylinder.
In order to assess dark carbon assimilation, some in-
cubation experiments using the 200 mL tubes were
also performed in the dark.

After

times in filtered seawater and each leaf was measured

incubation, the shoot was rinsed several
and numbered, ‘leaf 1’ being the youngest green leaf,
and epiphytic coverage evaluated. Each leaf was di-
vided into three sections of equal length, a proximal,
a median and an apical section. For leaves less than
18 cm long the whole blade was used. Some older
leaves had a brown (dead) tip which was considered
separately from the green apical part. For digestion
of Posidonia tissue, a method modified after Lewis et
al. (1982) was developed. Three 2 cm pieces from
each section were cut off with a razor blade, put into
a scintillation vial with 10 mL of concentrated HN 03
for 48 hours. The sheath of adult dead

sheaths, as well as slices of the rhizome were cut into

leaves,

pieces and acid digested. One mL of the acid extract
was diluted with 9 mL of TRIS buffer. One mL of the
resulting solution was mixed with 9 mL of Aquasol
thereafter
The Na2
,4C 0 3 solution was standardized at each experiment.

scintillation cocktail, left overnight and

read with a Packard Liquid Scintillator.

For each kind of tissue (leaves, sheath and rhizome),
several specimens were prepared as described above,
without adding the radioactive carbon and the scin-
tillator reading subtracted as a blank. In order to dis-
tinguish the carbon assimilation of Posidonia from
that of the epiphytic community, the three scintillator
readings for each leaf section were pooled and
‘scraped’ leaf values were subtracted from the un-
treated leaf values, taking care to consider leaves of

similar rank and epiphyte coverage. As a control,



some leaves apparently without any epiphytes were
scraped and incubated.

The evaluation of dry weight per unit area was
performed on leaves of different age and different
sections within the leaves. No obvious pattern of
variation could be detected,
of 44 mg DW cm“2 (SD =
used.

Multifactor analysis of variance (M-ANOVA) was
performed in order to assess the effect of different

factors (depth, month, leafrank and ‘tissue level’, i. e.

thus an average value
0.697, n = 40) has been

distance of tissue in cm from
assimilation. A MANOVA
on data collected at each month in order to determine

leaf basis) on carbon
test was also performed
seasonal differences in the effect of the considered
factors on the assimilation rates. Linear regression
analyses were conducted to determine the effect of
‘tissue level” on carbon incorporation for both dif-
ferent leaf ranks and seasons. A multiple range test
was performed in order to investigate the difference
in carbon incorporation pattern along the blade by
leaves of different rank. All analyses were performed
with the aid of the STATGRAPHICS PLUS statisti-

cal package (Manugistics Inc. 1994).

Results

Among the analyzed shoots, the number of leaves
ranged between 4 (August at 5m) and 7 (February at
22 m). At 5 m, leaf length varied between 5.5 cm for
the youngest leaf to 62 cm for the III leaf both being
recorded in August, while at 22 m it was between
Scm for the youngest leaf in November to 86 cm for
the III leaf in August.

When

Posidonia free from epiphytes showed no significant

the whole pool of data was considered,

the two sta-

142 + 0.62 pgC mg“1 DW h*“l

difference in production potential at

tions considered:

at 5m (N = 60) and 1.43 +£0.70 pgC mg“1 DW
h“l1 (N = 48) at 22m (t= 0.366, d.f. =104,
p = 0.71).

Dark carbon assimilation by leaves was always de-
tected and showed similar values for both stations,
0.25 + 0.03 and 0.27 £ 0.02 pgC mg“1DW h*“1for
5 and 22 m, respectively. On the contrary, scintillator
readings for sheaths and slices of the rhizome, after
‘blank’ values had been subtracted, were too low to
be significant.

Considering leaf sections, carbon assimilation in
plants from both depths was highest in the mid sec-
tions of leaves ranking from II to IV, where values
up to 2.98 pgC mg“1DW h*“ 1were recorded (Figs 2,
3). The apical part of bare Posidonia leaves showed
generally lower assimilation and very low values were
recorded for brown 0.13 pgC mg“l
DW h*“l

Assimilation measurements performed in the 200

tips, max.

mL tubes were not dissimilar from the data obtained
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for the cylinder incubation, when leaf rank and leaf
section were taken into account.

On a seasonal basis, the highest carbon assimila-
tion rates for both stations were recorded in February
(2.07 £0.45 pgC mg“1 DW h“1l at Sm and 2.22
+ 0.96 pgC mg“1 DW h“lat 22 m both in leaf mid
sections), when a wider range of values were found
as compared to those recorded in other months,
based on a greater variability in assimilation among
different leaf sections (Figs 2, 3).

Differences in production between the two stations
as well as between seasons were found when carbon
assimilation on a leaf surface basis (i.e. by integrat-
ing assimilation by the whole area of individual leaf
portions) was considered, due to the substantial dif-
ferences both for the length and the number of leaves
in a shoot. The highest contribution by individual

leaves, as well as between

the highest differences
depths, were recorded in August when maximal leaf
length w'as observed at 22 m (Figs 4A, 4B).

Considering the whole shoot, at 5m the highest
value of organic carbon production was observed in
February when leaf surface was not at its maximum
(Fig. 5A), while at 22 m, the maximum carbon assim-
ilation per shoot was recorded in August when the
highest value of leaf surface w'as also recorded (Fig.
5B).

Epiphytic carbon assimilation, calculated on the
basis of Posidonia leaf surface is here reported for the
whole shoot. Epiphyte carbon assimilation rates on
plants from 5 m depth ranged from 59.8 pgC shoot*“ 1
133.4 pgC shoot“1 h*“1in Au-
gust. while at 22 m it ranged from 7.95 pgC shoot“1

h“1in November to

h“1in February to 223 pgC shoot“1h*“1in August
(Fig. 5A, 5B). For the leaves that w'ere scraped before
incubation although no \isible epiphytes were ob-
served (control), the scintillator readings were similar
to those of untreated leaves of similar rank with no
visible epiphytes.

The older the leaves the more consistent was the
epiphytic coverage, in particular along the leaf mar-
gins and in the distal section. The youngest (I) leaf
had no visible epiphytes at all or at most 5% coverage
in the distal part. In the apical section of older leaves,
the percentage of leaf surface covered by epiphytes
was up to 60-80% (Table I). Most of the epiphytic
algae were encrusting soft and calcareous algae, such
as Myrionema, Hydrolithon, and Pneophyllum, but
some erect algae (Castagnea, Giraudyci, Laurencia)
were also observed, mainly in summer. Heterotrophic
epiphytes (e. g. Flydrozoa, Bryozoa, Polychaeta) were
also present, mainly in February at 5 m. Epiphyte as-
similation varied according to the position along the
leaf blade;

parts

in particular, epiphytes of green apical
showed higher carbon assimilation values as
compared to those growing an brown tips of the
same leaf. Epiphyte production was estimated to re-
present 33-52% of total shoot production except for

February when the epiphytic coverage was minor in
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particular at 22 m. Maximum relative contribution
was recorded at 22 m in November (Fig. 6).

A multifactor ANOVA analysis conducted on the
whole set of data revealed the major importance of
the season in affecting assimilative performance by
leaves, followed by ‘tissue level’, (i. e. the distance of
the blade section from the leaf basis, in cm) and leaf
rank (Table II). Results of the MANOVA performed
on data collected at each month are reported in Ta-

ble III. Only in November depth had some effect. Tis-

November
1 I Lower

r~~"i Middle

K K) Upper
A i
iF

o0

May

(0]

CD

11

T ilbe T ;=

ill 111 v

sue age effect, as described by differences in assimila-
tion by tissue level and leaf rank, was significant in
in particular, position along the

blade was highly significant. None of the factors sig-

February; tissue

nificantly affected the carbon assimilation in May
and August.
A comparison of carbon incorporation rates in

leaves of different ranks (pooled across seasons), per-
formed by means of a multiple range test, showed
how' the generally oldest leaf (no. VI) differed from

February j

Ji

August

Leaf rank

Fig. 2. Rates ofcarbon incorporation of P. oceanica shoots from 5 m depth, divided by leaf rank and blade portion (mean

+ standard errors).

November February
Lower
Middle
i Itj XT
le T
August
mr v v Vi v
Leaf rank

Fig. 3.

(means + standard errors).

Rates of carbon

incorporation of P. oceanica shoots from 22 m depth, divided by leaf rank and blade portion



leaves I1-1V,
(Table IV).
In leaves of different

but not from the first and fifth leaf

ranks, carbon assimilation

was correlated with distance from leaf basis in leafI
and leafV, but the sign was reversed (Table V).

Lower R B Middle Upper

ail A (©

I 0 OV v vi 1 IV V VI I I mIvV Vv Vvl I IV

) S |
JLIA-TA.

Leaf rank
Nov Feb

1 I m IV Vv I nomv

May Aug

Fig. 4. Rates of carbon incorporation by different leaf por-

tions of P. oceanica shoots from 5 m (a) and 22 nr (b) depth.

] |

Nov Feb Aug

L -j Posidonia  ; ..i Epiphytes :Total shoot area

Fig. 5.

epiphytes in the analyzed P. oceanica shoots. On the second

Rates of total carbon assimilation by leaftissue and

Y axis the total shoot area is plotted.
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Discussion and Conclusion

The present study showed a low variability in car-

bon assimilation of Posidonia oceanica leaves at

constant saturating irradiance. By controlling irra-

diance, it to which extent
Within
the low variability recorded, however, factors which

was possible to assess

other factors affected carbon assimilation.
have a major role in the capacity of carbon assimi-
lation by P. oceanica were identified. In particular,
leaf age and leaf rank seem to be driving factors,
from which the importance of the month in relation
to the

et al.

seasonality found
1992) derives.

The highest as well as the less variable rates of car-

in the leaf growth (Buia

bon incorporation were found for leaf tissue from the
(IT-IV) both
within-shoot and a seasonal basis. On the other hand,

leaves of intermediate ranks on a

lower values and higher variability in carbon assimi-

lation rates occurred both in senescent and newly

formed tissue as compared to those observed for

II-IV. The

leaves and the others was confirmed by the statistical

leaves diversity between these latter
comparison of assimilation rates in leaf VI, generally
the oldest of the shoot in this study, with those of
each of the other leaves. Assimilation levels of leaves
I. V and VI do not differ significantly, although the
meaning of such similarity is clearly two-edged, in
the sense that the young tissue of leaf I has not yet
reached the physiological maturity whereas senes-
cent leaves have already passed such stage. Further-
more. gradients of carbon assimilation rates along
the leaf, which were directly related to tissue age,

w'ere evident in leaves I and V. These gradients
followed an opposite trend in the youngest versus
the oldest leaves, increasing towards the tip for the
youngest and decreasing with
from the sheath

significant

increasing distance
The lack of a
in carbon assimilation along the
blade of leaf VI might be explained by this leaf
being almost completely senescent. On the contrary,

in the oldest leaves.

trend

the same lack of axial trend in leaves II-IV sup-
ports the view of a homogeneity in production by
the most active photosynthetic tissues.

In short, the bulk of shoot carbon assimilation was
performed by physiologically mature tissues, which
were represented by the intermediate leaves (from II
to IV), and in particular by their mid-portions where
photosynthetic performance was relatively high and
stable. This is in accordance with what has been pre-
viously found by using the Zieman leaf marking
method, whereby only some leaves (II and III, in this
case) could be representative of the whole shoot pro-
1997). Similarly, Libes and Bou-

douresque (1987) reported the highest carbon assimi-

duction (Zupo et al.

lation to occur in leaves II to IV. The low variability
of the carbon assimilation measurements reported
(Libes and Boudouresque 1987 and this study) seems
to validate well the 14C approach for measuring pro-

ductivity in P. oceanica, at least for short (2-3 hours)
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50
50

50
60

30
30

Table I. Percentage ofepiphyte covering on leaves of P. oceanica of different ranks.
Leaf 5 m
portion
I I 111 v
November Middle - - - 40
Upper - 15 30 40
February Middle - - - 50
Upper - 25 30 50
May Middle - 10 10 20
Upper 5 35 40 40
August Middle - 25 30 50
Upper 75 80 50

- denotes covering estimates below 5%.

incubations. Furthermore, studies on oxygen evolu-
tion, converted in terms of carbon assimilation, per-
formed on whole P. oceanica plants (Pire 1986) or on
leaf sections (Lorenti et al. 1995), reported values in

the same range as those recorded in the present study.

t  Leaves \Epiphytes

Fig. 6. Relative contribution of leaf tissue and epiphytes to
total P. oceanica shoot production in plants from 5 m (a)
and 22 m (b) depth.

Table II. Results of MANOVA comparing the effects of
different factors on carbon assimilation by leaf tissue of P.
oceanica (pooled data).

Source D.f. F P sign.
Depth 1 0.42 0.53 NS
Tissue 22 1.91 0.02 *

* %k %
Month 3 16.75 0.00
Leaf rank 2.99 0.02 *
NS = non significant; * p < 0.05; *** p < 0.001

22 m
VI I 11 11 v A% VI VII
50 — — — 50 50
50 - 5 20 60 60
60 - - - - 1 - 20
70 - - 5 5 10 15 20
60 - - 20 20 70
60 - 5 30 40 70
- - - 50 70
5 40 40 70 70

The results found in P. oceamnica are consistent with
patterns detected in Zostera marina L., where light
and tissue ages were found to be the major determi-
nants in photosynthesis vs. irradiance relationships
(Mazzella and Alberte 1986,
1995). Different growth patterns and different persis-

tence in the

Zimmermann et al.

of leaves shoot (i.e. higher specific
growth in Z. marina vs. lower leaf renewal rates in
P. oceanica) can account for some differences found
between the two species (leaf apices in Z. marina ac-
counting for the highest rates).

Transfer of photosynthates from the leaves to the
sheaths and the rhizome has been shown to occur in
1987);

however, the short duration of the incubations in this

Posidonia oceanica (Libes and Boudouresque

study (3 hours), did not permit a measurable accumu-
lation of marked carbon in non-photosynthetic tis-
sues.

An issue which warrants further investigation is the
occurrence of dark carbon assimilation by Posidonia
leaves. Previous authors have reported such phenom-
enon to occur in P. oceanica, equal to up to 2.5% of
the light carbon assimilation (Libes 1984), as well as
(Cabello-Pasini and
Alberte 1997). In the present study, the dark carbon

assimilation amounted to an average of 15% of the

in other marine macrophytes

values recorded in the light incubations. This figure
is quite high and needs confirmation through further
experimental work.

The contribution of the epiphytic community was
substantial, ranging between 33 and 52% of total

shoot production. evaluated in
1992, Mazzella and Oftt
1984) can represent at most 20-40%
leaf biomass. However, photosynthetic efficiency of
the to be
higher than that of the Posidonia plant itself (Libes
1984, Mazzella and Ott 1984). The higher efficiency

of the epiphytic community can be seen in the dif-

Epiphyte biomass,
previous studies (Buia et al.
of Posidonia
been shown

epiphytic community has

ferent morphology and growth strategies of macro-
algae vs vascular plants, according to the model of
Littler and Littler (1980). Macroalgae invest more in
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Table III. Results of MANOVA comparing the effects of different factors on carbon assimilation by leaf tissue of P

oceanica in the four months.

Source November February
D.f, F P D.f. F
Depth 1 813 " 1 0.03
Tissue level 10 0.60 NS 9 5.28
Leaf rank 5 1.27 NS 5 2.99

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

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

Leaf no. Différence Interval
VI-1 0.316 0.60
VI-11 0.644* 0.56
VI-IIT 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 of ‘tissue
leve!” on carbon assimilation by P oceanica leaf tissue.

Leaf rank r P

I 0.69 0.01 *
I S0.11 0.63 NS
1l -0.02 0.94 NS
v -0.25 0.23 NS
v -0.56 0.05 *
VI -0.34 0.45 NS

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

production than in other processes, as vascular plants
also do (e. g. storage in the rhizomes). Moreover, sea-
grasses, but not the algae, have been reported to be
C 02 limited at present day’s marine C 02 concentra-
tions (Beer 1989, Durako 1993, Zimmermann et al.
1995, Beer and Koch 1996). On the other hand, a
higher variability in epiphyte production can be in
relation to seasonal fluctuations which are more pro-
nounced than in plant leaves and are more influenced
by environmental factors. This explains the variabil-
ity in the contribution of epiphytes found both within
and between species (Borowitzka 1989). The interac-
tions between P. oceanica, as well as other vascular
plants, and their epiphytes are still to be clarified,
although some functional links have been reported to
occur (e.g. Penhale 1977, Fresi and Saggiomo 1981,
Libes and Boudouresque 1987).

In summary, our results point to a fundamental

homogeneity in carbon assimilation of P. oceanica

May August
P D.f. F P D.f. F P
NS 1 021 NS 1 004 NS
o 1 1.01 NS 12 068 NS
* 5  1.06 NS 3 061 NS

even within a variability linked to different factors,
mainly to tissue age. In particular, in May and Au-
gust no significant effect on plant assimilation poten-
tial was exerted either by depth of growth site or by
season. However, differences in carbon uptake did

occur and they were related to tissue age as de-

and different
This was most evident in February when at both

scribed by leaf rank leaf portions.

stations a major age differentiation among the

leaves occur, coupled to a greater proportion in
1992).
In November, depth seems to differentiate between
and again, this is related to the
In fact, a marked differ-

ence between the two depths has been reported in

terms of biomass of young tissue (Buia et al
the two stations,
leaf developmental status.

November, as far as pattern of leaf elongation and
leaf shedding and
hand, the

recorded

renewal are concerned. On the

other similar carbon assimilation rates

in spring and summer reflect the homo-
geneity of leaf development experienced at the two
1992).

Light is supposed to be the major factor affecting

stations (Buia et al

production levels in marine plants and with the ap-
proach used for this study, i. e. incubating at constant
saturating irradiance levels, the seasonality and dif-
ference between stations are mainly attributable to
plant biological features. Our results indicate that tis-
sue age is the best indicator of carbon assimilation
capacity, excepting environmental parameters, First of
all irradiance and/or temperature and nutrient avail-
1989, 1997).
Changes in biomass and growth rates of P. oceanica

ability (Hillman et cil Zupo et al

in relation to depth (Buia ef al 1992) are caused pri-
marily by the variation in irradiance parameters and
by adaptations of the plant to them (Mazzella and
Alberte 1986, Hillman ef al. 1989).

In conclusion, the effect of tissue age on seagrass
carbon assimilation is a major intrinsic factor, which
can be assumed to be a valid parameter to be taken
into consideration for these clonal plants. Differences
between in relation to the

species can be specific

growth rates of a single seagrass species. It can be
synthetized that tissue age, in relation to species-spe-
cific growth patterns, determines the capacity of car-
bon assimilation, while light regulates the plant adap-

tations to different depths.



256 *M. Modigh et al.

Acknowledgements

This work was conducted in the framework of an

European Community Commission (STEP-0063-C).

The authors thank Raffaecle De Maio (Stazione
References
Alcoverro, T., C. M. Duarte and J. Romero. 1995. Annual

growth dynamics of Posidonia oceanica-, contribution of
large-scale versus local factors to seasonality. Mar. Eco/.
Progr. Ser. 120: 203-210.

Beer, S.
rine angiosperms. Aquat. Bot. 34: 153-166.

1989. Photosynthesis and photorespiration of ma-

Borowitzka, M. A. and R. C. Lethbridge. 1989. Seagrass
epiphytes. In: (A. W. D. Larkum, A. J. McComb and S.
A. Shepherd, eds) Biology of Seagrasses.
ence Publishers B. V., Amsterdam, pp. 458-499.

Elsevier Sci-

Buia, M. C. and L. Mazzella.
ogy of the Mediterranean seagrasses Posidonia oceanica
(L.) Delile, Cymodocea nodosa (Ucria) Aschers., and
Zostera noltii Hornem. Aquat. Bot. 40: 343-362.

1991. Reproductive phenol-

Buia, M. C., V. Zupo and L. Mazzella.
duction and growth dynamics
P.S. Z. N.I Mar. Ecol. 13:2-16.

1992. Primary pro-

in Posidonia oceanica.

Beer, S. and E. Koch. 1996.
macroalgae and seagrasses in globally changing C02en-
vironments. Mar. Eco!. Progr. Ser. 141: 199-204.

Photosynthesis of marine

and R. S. Alberte.

terns of photosynthesis and

Cabello-Pasini, A. 1997. Seasonal pat-
light-independent carbon

fixation in marine macrophytes. J. Phycol. 33: 321—329.

Durako, M. J. 1993. Photosynthetic utilization of C 0 2(aq)
and HCOTf in Thalassia testudinum (Hydrocharitaceae).
Marine Biology 115: 373-380.

Fresi. E. and V. Saggiomo. 1981. Phosphorous uptake and
transfer in Posidonia oceanica (L.) Delile. Rapp. Comm,

int. Mer Médit. 27: 136-137.

Hillmann, K., D. I. Walker, A. W. D. Larkum and A. J.
McComb. 1989. Productivity and nutrient limitation. /n:
(A. W. D. Larkum. A. J. McComb and S. A. Shepherd,

eds) Biology of Seagrasses.
B. V., Amsterdam, pp. 635-685.

Elsevier Science Publishers

Lewis, M. R., W. M. Kemp, J. J. Cunningham and J. C.
Stevenson. 1982. A rapid technique for preparation of
aquatic macrophyte samples for measuring ,4C incorpo-

ration. Aquat. Bot. 13: 203-207.

Libes, M.

nia oceanica mesurée in situ par la méthode du carbone

1984. Production primaire d’un herbier a Posido-

14. Thése de doctorat de spécialité en Ecologie. Univ.

Aix-Marseille II, Fac. Sei. Luminy. pp. 1-199.

Libes, M. and C.-F. Boudouresque. 1987. Uptake and long-
distance transport of carbon in the marine phanerogam
Posidonia oceanica. Mar. Ecol. Progr. Ser. 38: 177-186.

Littler, M. M. and D. S. Littler. 1980. The evolution of
thallus form and survival strategies in benthic marine
field and

form model. A4m. Nat.

macroalgae: laboratory tests of a functional

116: 25-44.

Lorenti, M., L. Mazzella and M. C. Buia. 1995. Light
limitation of Posidonia oceanica (L.) Delile growth at

different depths. Rapp. Comm. int. Mer Médit. 34:

Zoologica di Napoli) for constructing the specific

incubation device, as well as the drawing of Fig-
ure L
Accepted 15 November 1997

Manugistics Inc.
Rockville, U.S.A.

Marba, N., C. M. Duarte, J. Cebrian, M. E. Gallegos, B.
Olesen and K. Sand-Jensen.

1994. Statgraphics Plus: User Manual.

1996. Growth and popula-
tion dynamics of Posidonia oceanica on the Spanish Me-

diterranean coast: elucidating decline. Mar.

137: 203-213.

seagrass
Ecol. Progr. Ser.

Mazzella, L. and R. S. Alberte. 1986. Light adaptation and
the role of autotrophic epiphytes in primary production
of the temperate seagrass, Zostera marina L. J. Exp.
Mar. Biol. Ecol. 100: 165-180.

Mazzella, L. and J. Ott.

features of Posidonia oceanica (L.) Delile leaves and epi-

1984. Seasonal changes in some

phytes at different depths. /n: (C. F. Boudouresque, A.
Jeudy de Grissac and J. Olivier, eds) First International
Workshop on Posidonia oceanica Beds. GIS Posidonie,

Marseille, pp. 119-127.

Mazzella, L., M. B. Scipione and M. C. Buia. 1989. Spatio-
temporal distribution of algal and animal communities
in a Posidonia oceanica meadow. P. S. Z. N. I. Mar. Ecol.
10: 107-129.

ott. J. A.
Posidonia oceanica (L.) Delile under constant conditions

Mar. Biol. Letters I:

1979. Persistence of a seasonal growth rhythm in

of temperature and illumination.
99-104.

P. A.
productivity
munity. ,/. exp. Mar. Biol. Ecol. 26: 211-224.

19717.
in an eelgrass (Zostera marina L.) com-

Pcnhale, Macrophyte-epiphyte biomass and

Pergent-Martini, C., V. Rico-Raimondino and G. Pergent.
1994. Primary production of Posidonia oceanica in the

Mediterranean Basin. Mar Biol. 120: 9-15.

Pire, H.
donia oceanica: influence of depth, temperature and light
intensity. Aquat. Bot. 26: 203-212.

Pire. H.

1986. Seasonal aspect of photosynthesis in Posi-

1989. Seasonal changes in soluble carbohydrates,
starch, and energy content in Mediterranean Seagrasses.
P.S.Z. N. 1 Mar. Ecol. 10: 97-105.

Procaccini, G.. R. S. Alberte and L. Mazzella. 1996. Genetic
structure of the seagrass Posidonia oceanica in the West-
ern Mediterranean: Mar. Ecol

140:

ecological implications.
Progr. Ser. 153-160.
Wittmann, K. J.
tions of growth in an natural stand of Posidonia oceanica
(L.) Delile. P.S. Z. N. I Mar. Ecol. 5: 301-316.
Zimmermann, R, C., A. Cabello-Pasini and R. S. Alberte.
1994.

phytes

1984. Temporal and morphological varia-

Modeling daily production of aquatic macro-

from irradiance measurements: a comparative

analysis. Mar. Ecol. Progr. Ser. 114: 185-196.

Zimmermann, R. C., D. G. Kohrs, D. L. Steller and R.
S. Alberte. 1995. Carbon partitioning in eelgrass. Plant.
Physiol. 108: 1665-1671.

Zupo, V., M. C. Buia and L. Mazzella. 1997. A production
model for Posidonia oceanica based on temperature. Est.
Coastal and ShelfSei. 44: 483-492.



