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ABSTRACT: Stable isotopes of carbon and nitrogen were used to assess the relevance of 4 primary
carbon sources (the macroalga Cystoseira balearica, decaying blades of the seagrass Posidonia
oceanica, seagrass epiphytes and pelagic particulate organic matter [POM]) for consumers inhabiting
3 adjoining subtidal habitats in the Western Mediterranean: seagrass meadows, unvegetated sandy
patches and the overlying pelagic ecosystem. MANOVA and ANOVA revealed statistically significant differences between the δ13C signal of decaying blades of P. oceanica (–13.0 ± 0.6 ‰), epiphytes
(–19.7 ± 0.4 ‰) and a third group including POM (–23.1 ± 0.3 ‰) and C. balearica (–22.7 ± 0.8 ‰).
However, these primary sources did not differ in their δ15N signals (average: 1.0 ‰; range: 0.8 to
1.2 ‰). IsoSource mixing model software was used to calculate the contribution of each primary
source to the carbon assimilated by each animal species. Nested ANOVA showed that the 3 trophic
webs differed in the average contribution of the decaying blades of P. oceanica to the carbon assimilated by animals. The average contribution was 46.0 ± 14.0% for meadow-dwelling species, 18.3 ±
6.0% for sand-dwelling species and 12.8 ± 3.0% for pelagic species, once zooxanthellae-bearing
jellyfish were removed from the analysis. However, IsoSource provided solutions for all the pelagic
species and for half the sand-dwelling species that do not use decaying blades of P. oceanica as a carbon source. Conversely, IsoSource identified the decaying blades of P. oceanica as a relevant carbon
source in all the solutions calculated for 3 different sand-dwelling species and in all of the meadowdwelling species. Thus, we conclude that organic detritus from P. oceanica is a relevant carbon
source for species inhabiting seagrass meadows and for those sand-dwelling species living close to
the meadows, but not for species exploiting deeper and more distant unvegetated patches.
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Phytoplankton is the primary source of carbon in
most marine ecosystems (Duarte & Cebrián 1996),
although benthic macrophytes are also known to make
significant carbon contributions to coastal ecosystems
such as kelp forests (Duggins et al. 1989), seagrass–
mangrove systems (Paterson & Whitfield 1997) and salt
marshes (Currin et al. 1995, but see Créach et al. 1997).
The relevance of macrophyte debris for the trophic

webs of unvegetated areas is often much lower than
that of phytoplankton (Loneragan et al. 1997, Vetter
and Dayton 1999, Polunin et al. 2001), but macrophyte
debris may fuel secondary production even in deep,
unvegetated ecosystems (Suchanek et al. 1985).
Large seagrass beds exist in the Western Mediterranean off the Balearic archipelago, Corsica and Sardinia, despite the decline of this ecosystem in most of
the region throughout the 20th century (Procaccini et
al. 2003). The primary production of these meadows is
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extremely high (Cebrián et al. 1997), but only a small
fraction of it is consumed by local herbivores (Cebrián
et al. 1996; Mateo & Romero 1997, but see Tomas et
al. 2005); most of it is actually exported as fine detritus
or coarser debris to adjoining ecosystems, where it
is thought to fuel detritus-based food webs (Boudouresque et al. 1994), although reliable evidence is lacking. This export process is thought to be more important in the unvegetated sandy patches scattered within
the meadows and adjoining the lower fringe of the
meadows than elsewhere (Boudouresque et al. 1994).
However, the relevance of seagrass detritus as a carbon source for unvegetated areas close to the seagrass
beds has never been carefully investigated, despite
recent efforts devoted to assessing the relevance of
several carbon sources in the food webs of Mediterranean ecosystems (Dauby 1989, Jennings et al. 1997,
Lepoint et al. 2000, Polunin et al. 2001, Sarà et al. 2003,
Vizzini & Mazzola 2003).
The aim of the present study was to assess the
relative contributions of phytoplankton, macroalgae,
decaying blades of the seagrass Posidonia oceanica
and its epiphytes to the secondary production of seagrass beds, the adjoining sandy patches and the overlying pelagic ecosystem.

MATERIALS AND METHODS
Study area. The samples were collected off Majorca
and Minorca (Balearic archipelago), one of the most
oligotrophic areas in the Western Mediterranean. The
region receives negligible freshwater runoff and is not
affected by upwelling processes (Emelyanov 1972,
Cruzado 1985, Salat 1996). The highly transparent
water allows development of extensive meadows of
the seagrass Posidonia oceanica in areas shallower
than 35 m (Procaccini et al. 2003).
Most of the samples were collected off northern
Minorca in 2003, along the 20 km stretch of coastline
between Bledes Islands and Addaia Bay (Fig. 1). Only
sea turtles, marine birds and marine mammals were
collected from other areas off Minorca and Majorca. It
should be noted that the 2 islands share a common
continental shelf and that marine mammals, marine
birds and sea turtles move freely between them (Triay
2002, Cardona et al. 2005, Gonzalvo & Aguilar in
press).
The infralittoral landscape off northern Minorca is
characterized by a patch mosaic of rock and sand,
although rock prevails. Macroalgae cover infralittoral
rocks shallower than 10 m, and the seagrass Posidonia
oceanica replace them in deeper areas, except on vertical walls. P. oceanica also grows in sandy areas shallower than 35 m, although large unvegetated patches

Fig. 1. Maps of the sampling areas. (a) The Balearic archipelago, showing the –200 m isobath and the area of northern Minorca where most of the samples were collected.
(b) Northern Minorca, showing the –50 m isobath and the
location of study sites

occur off Tirant beach, Clot de’s Guix and Son Saura
beach (Fig. 1).
Sampling. Decaying blades of Posidonia oceanica
were collected in August 2003 from 5 different sandy
patches (average depth = 22 m) using SCUBA diving
equipment. The 2 most distant sampling sites were
7 km apart. The decaying leaves from each site were
pooled to form a single sample. Live blades of P.
oceanica were collected in the adjoining meadows
(average depth = 18 m) to analyze the associated epiphytes, which were removed with a scalpel. Again,
the epiphytes from several blades from the same
meadow were pooled and treated as a single sample.
A water sample (5 l) was collected over each sampling site (average depth 5 m) and filtered through a
60 µm net to remove copepods and large debris. The
remaining particulate organic matter (POM), includ-
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ing phytoplankton and fine detritus, was collected on
a precombusted GF/C filter of known dry weight;
each filter was analyzed and treated as a replicate.
The brown seaweed Cystoseira balearica, which
dominates the infralittoral algal community on rocks
shallower than 14 m, was collected at 5 different sites
(average depth = 8 m) to characterize the isotopic signature of benthic macroalgae. Jellyfish were collected with a scoop net from a boat in April 2003
(Pelagia noctiluca, Salpa sp. and Velella velella) and
August 2003 (Cotylorhiza tuberculata). All the fish
species were collected from April to August 2003.
Most of the fish species inhabiting seagrass meadows
(Coris julis, Diplodus annularis, Diplodus vulgaris,
Sarpa salpa, Scorpaena porcus, Serranus scriba and
Symphodus tinca) were caught with hook and line;
the only exceptions were saupe Sarpa salpa and scorpion fish Scorpaena porcus, which were caught with
trammel nets. Fish from adjoining sandy bottoms
shallower than 40 m (Bothus podas, Cephalacanthus
volitans, Mullus surmuletus, Trachinus draco and
Xyrichthys novacula) were caught with trammel nets.
Pelagic zooplanktivorous fish pilchard Sardina
pilchardus were caught with a purse seine, whereas
ichthyophagous pelagic fish blue-fin tuna Thunnus
thynnus were caught with hook and line. The marine
birds osprey Pandion haliaetus and shag Phalacrocorax aristotelis were sampled opportunistically as dead
nestlings. A nestling of P. haliaetus was sampled in
the area in 2002. Two nestlings of P. aristotelis were
sampled in Majorca and Minorca during the period
2002 to 2003. Stranded and bycatch specimens of the
sea turtle Caretta caretta were sampled opportunistically in Majorca and Minorca during the period 2001
to 2004. Stranded specimens of the mammals striped
dolphin Stenella coeruleoalba and bottle-nose dolphin Tursiops truncantus were sampled opportunistically in Majorca and Minorca during the period 1995
to 2004.
Stable isotope analyses. All samples were stored at
–20°C until they were processed. Jellyfish were analyzed whole. Samples of fish consisted of a small piece
of dorsal white muscle, while those of the other vertebrates consisted of muscle. After oven drying at 60°C
to constant weight, all samples were ground to fine
powder, their lipids extracted with a chloroform:
methanol solution (2:1), and dried again. Although
lipids come from the diet, they are more depleted in
13
C than other tissues (DeNiro & Epstein 1977), and
seasonal variations in the amount of stored lipids may
have a disproportionate impact on the δ13C of organisms. Epiphyte samples were split into 2 subsamples
and one of them was also treated with 0.05 M HCl to
remove the calcium carbonate from the calcareous
algae (Ogawa & Ogura 1997).
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Once processed, samples were placed in tin weighing boats, weighed, combusted at 1000°C, and their C
and N stable isotopes analyzed in a Flash 1112 IRMS
Delta C Series EA Thermo Finnigan continuous flow
isotope ratio mass spectrometer. Stable isotope abundances were expressed in δ notation according to:
δX = [(R sample/R standard) – 1] × 1000
where X is 13C and R is the corresponding ratio
C/12C. R standard for 13C is the Vienna Pee Dee Belemnite (VPDB) standard.
Isotopic models. The IsoSource version 3.1 software
package (Phillips & Gregg 2003) was used to calculate
the contribution of the 4 primary sources to the carbon
assimilated by each species. The model parameters are
the isotope ratios of the potential food sources, the isotope ratio of the focal species and the trophic shift for
carbon and nitrogen from prey to predator. Only Salpa
sp. (Andersen & Nival 1988), Cotylorhiza tuberculata
(Pérez-Ruzafa et al. 2002) and Sarpa salpa (Peirano et
al. 2001) forage directly on the primary sources, while
the remaining jellyfish (Malej 1989) and fish (Roux
1986, Cardinale et al. 1997, Morte et al. 1999, Stergiou
& Karpouzi 2002) are carnivores. This is also true for all
the marine birds (Francour & Thibault 1996, Oro &
Ruiz 1997), turtles (Tomás et al. 2001) and dolphins
(Aguilar 2000, Blanco et al. 2001). Hence, the trophic
shift for δ13C between the primary producers (primary
carbon sources) and the focal species was calculated
by multiplying the average shift per trophic level in
marine coastal trophic webs (0.8 ‰, in agreement with
France & Peters 1997) by the number of trophic levels
between primary producers and the species considered. The trophic level of species i (Tli) was calculated
as:
13

Tli = 1 + (δ15Ni – δ15Np)/Δδ15N
where δ15Ni is the isotope ratio of species i, δ15Np is the
average isotope ratio of the primary producers (1 ‰,
see below), and Δδ15N is the trophic shift for N per
trophic level (3.4 ‰, in agreement with Minagawa &
Wada 1984).
Statistical analyses. Multivariate analysis of variance
(MANOVA) with 4 fixed factors (decaying blades of
Posidonia oceanica, epiphytes, POM and Cystoseira
balearica) was used to test whether the 4 sources considered shared a common bivariate isotopic signal.
One-way univariate analysis of variance (ANOVA)
with 4 fixed factors (decaying blades of P. oceanica,
epiphytes, POM and C. balearica) was used as a post
hoc test for assessing the contribution of δ13C and δ15N
to the differences in the bivariate isotopic signal
revealed by MANOVA.
IsoSource was not run for of each species, but independently for each specimen (sample). Nested analysis
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of variance (ANOVA) with 3 (food
web) × 22 (species) fixed factors, followed by a post hoc Tukey’s test, was
then performed to test the hypothesis
that the 3 food webs considered here
differ in the average contribution of
seagrass-derived carbon. The same
analysis was conducted excluding the
zooxanthellae-bearing jellyfish (3 × 20
fixed factors).
Lilliefors’ test was used to assess
normality of samples before the tests
were conducted, and Levene’s test
was used for assessing homoscedasticity. Data are always reported as mean
± SD, unless otherwise stated. All statistical analyses were conducted with
the SPSS 11.5 software package.

RESULTS

Table 2. Mean isotopic signatures of animal species (SD in parentheses).
M: meadow, P: pelagic, S: sand

Jelly plankton
Cotylorhiza tuberculata
Pelagia noctiluca
Salpa sp.
Velella velella
Fish
Bothus podas
Cephalacanthus volitans
Coris julis
Diplodus annularis
Diplodus vulgaris
Mullus surmuletus
Sardina pilchardus
Sarpa salpa
Scorpaena porcus
Serranus scriba
Symphodus tinca
Thunnus thynnus
Trachinus draco
Xyrichthys novacula
Reptiles
Caretta caretta
Birds
Pandion haliaetus
Phalacrocorax aristotelis
Mammals
Stenella coeruleoalba
Tursiops truncatus

δ15N

Habitat

n

Trophic
level

δ13C

P
P
P
P

10
12
2a
10

1.3
1.8
+
1.2a
2.0

–17.7 (0.2)
–20.1 (0.5)
–21.1 (0.3)
–19.3 (0.3)

2.2 (0.2)
3.8 (0.6)
1.7 (0.7)
4.4 (0.3)

S
S
M
M
M
S
P
M
M
M
M
P
S
S

10
9
10
10
10
10
6
10
10
10
10
2
10
10

3.0
3.5
4.1
4.3
4.3
3.9
3.0
3.3
4.5
4.4
4.0
3.7
3.2
3.3

–17.7 (0.3)
–16.9 (0.7)
–16.5 (0.3)
–17.2 (0.5)
–17.5 (0.4)
–17.9 (0.7)
–19.2 (0.2)
–17.4 (0.7)
–16.9 (0.4)
–16.7 (0.2)
–16.8 (0.5)
–18.5 (0.4)
–18.1 (0.3)
–17.1 (0.5)

7.7 (0.3)
9.6 (0.8)
11.7 (0.7)
12.2 (0.5)
12.1 (0.6)
11.0 (1.2)
7.9 (0.1)
8.9 (0.4)
12.7 (0.5)
12.6 (0.4)
11.3 (0.4)
10.2 (1.1)
8.4 (0.3)
8.9 (0.3)

The mean isotopic signals of the carbon sources considered here are
P
18
3.4
–18.0 (0.2)
9.3 (0.3)
shown in Table 1. MANOVA revealed
M
1
3.7
–16.60000
10.2
the existence of statistically significant
M
2
3.6
–17.4 (0.3)
9.8
differences (Pillai’s trace = 1; F 6, 32 =
19599.732; p < 0.001) in the isotopic
P
5
3.7
–17.8 (0.5) 10.1 (0.9)
signal of the primary sources of carbon
S
15
4.7
–17.3 (0.9) 13.5 (0.6)
considered here, but they were due
a
Collective samples including several individuals
only to δ13C (ANOVA; F 3,16 = 536.781;
15
p < 0.001), as differences in δ N were
not statistically significant (ANOVA;
F3,16 = 1.558; p = 0.238). Furthermore, a post hoc
correlation between δ13C and δ14N, resulting in an
Tukey’s test indicated that (1) POM and Cystoseira
overall increase of δ13C with trophic level (Fig. 2).
balearica did not differ in their average δ13C, (2) epiThe mean contribution of each source to the carbon
phytes were significantly more enriched in 13C than
assimilated by each animal species and the range of
POM and C. balearica, and (3) the decaying blades of P.
possible solutions provided by IsoSource are reported
oceanica were the most enriched of the 4 sources. Dein Table 3. Each individual solution is a combination of
spite the absence of statistically significant differences
source proportions which satisfy mass balance in the
between the δ13C of POM and that of C. balearica, they
mixing model and all them are equally feasible. Note
were not combined when running IsoSource. The imthat for most species, the actual contribution of epiplications of this similarity are discussed below.
phytes is uncertain, as the range of possible solutions is
The isotopic signals of the animals species considextremely wide, often from 0 to > 60%. Furthermore, as
ered here are reported in Table 2. There was a positive
POM and Cystoseira balearica did not differ in their
isotopic signal, discrimination between them
is biologically meaningless, although matheTable 1. Mean isotopic signatures of 4 sources (SD in parentheses)
matically possible. Thus, the only relevant
information provided by IsoSource is the
n
δ13C
δ15N
contribution of decaying blades of Posidonia
+ a
POM
5
–23.1 (0.3)
0.8 (0.4)
oceanica.
Cystoseira balearica
5
–22.7 (0.8)
1.2 (0.3)
The average contribution of decaying
Epiphytes
5a
–19.7 (0.4)
1.0 (0.3)
Posidonia
oceanica to the carbon assimilated
Posidonia oceanica (decaying blades)
5
–13.0 (0.6)
1.0 (0.3)
by
the
9
meadow-dwelling
species was 46.0
a
Collective samples including several individuals
± 14.0%. Furthermore, all of the possible
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them (Mullus surmuletus, Trachinus draco and Tursiopsis truncatus) IsoSource provided solutions not
including P. oceanica. All the possible solutions calculated by IsoSource for the remaining 3 species (Bothus
podas, Cephalacanthus volitans and Xyrichthys novacula) included decaying P. oceanica as a carbon source
supplying at least 8% of the assimilated carbon.
Finally, the average contribution of P. oceanica to the
carbon assimilated by the 8 pelagic species was 16.3 ±
15
meadow sand pelagic plants
7.6%. However, IsoSource provided solutions not
including P. oceanica for most of them. The only exceptions were the zooxanthellae-bearing jellyfish Coty10
lorhiza tuberculata and Velella velella. This suggests
that zooxanthellae, and not decaying P. oceanica, are
the main source of 13C for these jellyfish. When these 2
species were removed from the analysis, the average
5
contribution of P. oceanica to the pelagic food web was
12.8 ± 3.0%, although solutions not including P. oceanica were found for all of the species (Table 3).
0
Nested ANOVA revealed statistically significant dif-25
-20
-15
-10
δ13C
ferences in the average contribution of seagrassderived carbon to the carbon assimilated by the memFig. 2. Relationship between δ13C and δ15N, in the food webs
considered. r2 = 0.556 (p < 0.001) when plants are excluded
bers of the 3 food webs, although differences also
existed between species from the
same food web (Table 4). A post hoc
Tukey’s test revealed differences only
Table 3. Mean contribution (%) of 4 primary sources to the carbon assimilated
by animal species from Posidonia oceanica meadows, adjoining sandy patches
between the seagrass food web and
and the overlying pelagic ecosystem. Values in parentheses are the ranges of
the other two. However, when the
possible solutions provided by IsoSource
zooxanthellae-bearing jellyfish Cotylorhiza tuberculata and Velella velella
POM
Cystoseira Epiphytes Posidonia
were removed from the analysis
balearica
oceanica
(Table 4), Tukey’s test revealed differences in the average contribution
Meadow
of seagrass-derived carbon to the 3
Coris julis
10 (0–19)
11 (0–19)
19 (0–48)
60 (50–66)
Diplodus annularis
10 (0–20)
9 (0–22)
33 (2–60)
48 (39–58)
trophic webs.

δ15N

solutions calculated by IsoSource for the 9 species
included decaying P. oceanica as a carbon source contributing at least 4% of the assimilated carbon, but
usually more than 32%. The average contribution of
decaying P. oceanica to the carbon assimilated by the 6
sand-dwelling species was 18.3 ± 6.0%, but for 3 of

Diplodus vulgaris
Pandion haliaetus
Phalacrocorax aristotelis
Sarpa salpa
Scorpaena porcus
Serranus scriba
Symphodus tinca
Sand
Bothus podas
Cephalacanthus volitans
Mullus surmuletus
Trachinus draco
Tursiops truncatus
Xyrichthys novacula
Pelagic
Caretta caretta
Cotylorhiza tuberculata
Pelagia noctiluca
Salpa sp.
Sardina pilchardus
Stenella coeruleoalba
Thunnus thynnus
Velella velella

12 (0–23)
14 (0–30)
16 (0–34)
12 (0–22)
9 (0–21)
10 (0–20)
10 (0–21)

14 (0–24)
13 (0–31)
15 (1–34)
12 (0–23)
9 (0–21)
10 (0–18)
9 (0–18)

28 (2–66)
47 (0–85)
50 (1–95)
30 (2–63)
39 (0–57)
25 (0–54)
28 (0–54)

46 (34–55)
27 (14–42)
19 (4–35)
47 (36–56)
52 (43–62)
56 (46–64)
54 (45–63)

15 (0–33)
17 (0–32)
21 (7–36)
18 (1–36)
21 (7–36)
14 (0–30)

15 (1–33)
18 (0–30)
21 (8–39)
18 (1–37)
21 (8–39)
14 (0–32)

48 (0–91)
37 (0–83)
46 (0–82)
49 (0–94)
46 (0–82)
48 (1–89)

23 (8–38)
23 (12–41)
12 (0–27)
15 (0–31)
12 (0–27)
25 (11–40)

18 (2–35)
12 (0–27)
27 (15–41)
33 (22–43)
30 (18–40)
21 (3–37)
28 (15–40)
18 (0–35)

18 (3–37)
11 (0–26)
27 (17–41)
34 (21–43)
31 (16–42)
21 (1–35)
28 (12–39)
19 (0–32)

51 (1–92)
40 (0–72)
36 (0–66)
23 (1–53)
29 (0–64)
41 (0–94)
31 (1–71)
43 (1–98)

14 (0–30)
33 (27–51)
10 (0–22)
10 (0–17)
12 (0–21)
18 (0–31)
13 (0–23)
20 (2–34)

DISCUSSION
The use of stable isotopes as diet
traces is a powerful technique, but interpreting the results is not always easy.
The first shortcoming of the method is
that the fractionating factor at any given
age and feeding regime has to be
known for each species (Fantle et al.
1999, Vanderklift & Ponsard 2003,
Gaye-Siessegger et al. 2004). However,
obtaining laboratory-derived values
for all the members of a food web is a
monumental and probably unrealistic
task. The only alternative is to derive
standard values from a discrete number
of laboratory studies (Minagawa &
Wada 1984, France & Peters 1997).
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needed to test this hypothesis. Whatever the reason for the geographic
differences, discrimination between
the δ13C signal of POM, C. balearica
and epiphytes was difficult off Minorca and impeded the derivation of
straightforward conclusions about
SS
df
MS
F
p
their individual contributions as carJellyfish included
bon sources for the animal species
Model
60008.397
22
2727.654
173.915 < 0.001
considered. Conversely, the δ13C sigInstersect
90470.600
1 90470.600 5768.381 < 0.001
nal
of decaying P. oceanica was easily
Trophic web
20249.793
2 10124.897
645.561 < 0.001
discriminated.
Species (Trophic level) 10177.698
20
508.885
32.446 < 0.001
Error
2823.099 180
15.684
The use of nitrogen did not improve
Total
233612.500 203
discrimination between POM, epiJellyfish excluded
phytes and Cystoseira balearica, as all
Model
59033.381
19
3107.020
181.089 < 0.001
them had extremely similar δ15N
Instersect
81768.509
1 81768.509 4765.787 < 0.001
signals. The use of sulfur might poTrophic web
30853.684
2 15426.842
899.136 < 0.001
tentially improved discrimination, as it
Species (Trophic level) 6133.383
17
360.787
21.028 < 0.001
is one of the most conservative of
Error
2779.499 162
17.157
Total
218081.500 182
stable isotopes through trophic levels
(McCutchan et al. 2003). In addition,
one would expect very different δ34S
The second shortcoming is that mixing models yield
signals for plants exposed to anoxic sediments (seareliable results only when large differences exist
grasses and their epiphytes) than for phytoplankton or
between the isotopic signals of the sources considered.
reef macroalgae such as C. balearica. The former are
Previous studies of food webs in vegetated areas of the
expected to have a signal close to sulfide, due to conMediterranean showed that seagrasses are usually
tact with anoxic sediments, whereas the latter would
more enriched in 13C than phytoplankton, whereas the
probably have a signal close to sulfate (Michener &
isotopic signatures of macroalgae and epiphytes are
Schell 1994, Tomas et al. 2006). Hence, sulfur might be
often intermediate between those of seagrasses and
useful for assessing the actual relevance of epiphytes
phytoplankton (Dauby 1989, Jennings et al. 1997, Lepas a carbon source for the animal species considered,
oint et al. 2000, Pinnegar & Polunin 2000, Sarà et al.
but not for discriminating between the contribution of
2003, Vizzini et al. 2003). However, the δ13C signal of
phytoplankton and that of reef macroalgae.
the largest, slow-growing macroalgae is often closer to
Fortunately, the δ13C signal of the decaying blades of
that of phytoplankton than to that of seagrasses
Posidonia oceanica was different enough from those of
the other 3 sources for us to conclude that P. oceanica
(Dauby 1989, Lepoint et al. 2000, Pinnegar & Polunin
2000, but see Jennings et al. 1997).
is a relevant source of organic carbon not only for the
The results we report agree with the pattern above,
meadow-dwelling species, but also for some sandas the δ13C signal of the macroalga Cystoseira baldwelling species. Previous studies were unable to
earica was closer to that of phytoplankton than to that
assess the relative importance of P. oceanica due to
the impossibility of discriminating between benthic
of the decaying blades of the seagrass Posidonia
oceanica, as reported for northwestern Corsica (Dauby
sources of carbon (Jennings et al. 1997), or they con1989, Pinnegar & Polunin 2000). However, in southcluded that P. oceanica is only a minor source of
western Majorca, the δ13C signal of C. balearica was
organic carbon, simply because secondary consumers
closer to that of P. oceanica than to that of plankton
are more depleted in 13C than P. oceanica, but without
13
(Jennings et al. 1997). Likewise, the δ C signal of epiany further analysis (Dauby 1989, Lepoint et al. 2000;
phytes from southwestern Majorca was closer to those
Pinnegar & Polunin 2000). However, when IsoSource is
of C. balearica and P. oceanica than to that of plankton
used (this study), P. oceanica emerges as a major con(Jennings et al. 1997), but in Minorca (this study) and
tributor to the carbon assimilated by the seagrassdwelling species, although it is not the primary source.
northwestern Corsica the δ13C signal of epiphytes was
closer to that of C. balearica and plankton than to that
Even marine birds whose feeding grounds are not
of P. oceanica (Dauby 1989, Lepoint et al. 2000, Pinrestricted to seagrass beds, like Pandion haliaetus and
negar & Polunin 2000). Those differences might parPhalacrocorax aristotelis, indirectly derived from
tially reflect differences in the species composition of
P. oceanica about 20% of the carbon they assimilated
the epiphytic community, although further research is
as nestlings. This is an extremely relevant finding, as
Table 4. Summary of the results of nested ANOVA to test the contribution of
trophic level and species to variability in the contribution of the seagrass Posidonia oceanica to carbon assimilated by animal species from 3 different trophic
webs (seagrass meadows, sandy bottoms and pelagic) when zooxanthellaebearing jellyfish are included in, or excluded from, the analysis.r2 = 0.950;
p < 0.001 in all cases

Cardona et al.: Export of detritus from seagrass meadows

P. haliaetus and P. aristotelis are endangered throughout the Mediterranean Sea (Mejías & Amengual 2000)
and hence any decline in the extension of seagrass
beds may have a negative impact on breeding success.
IsoSource also revealed the relevance of decaying
Posidonia oceanica for some sand-dwelling species
whose habitat is restricted to infralittoral unvegetated
sandy areas (Massutí et al. 1996). Sandy patches
adjoining the P. oceanica meadows are significant fishing grounds for artisanal fishermen in autumn and
winter when the lobster fishery is closed (Iglesias et al.
1994). They also support an important summer recreational fishery that targets Xyrichthys novacula (Riera
& Linde 2001). Also, some bottom trawlers fish year
round for sand-dwelling species living close to the P.
oceanica meadows (Reñones et al. 1995). A reduction
in the amount of detritus reaching sandy patches from
seagrass beds will have a negative impact on all of
these fisheries. Conversely, there is only weak evidence that P. oceanica contributes to the carbon assimilated by species inhabiting the infralittoral and circalittoral (Massutí et al. 1996, Gonzalvo & Aguilar in
press). This indicates a rapid decline in the relevance
of decaying P. oceanica as distance from the meadows
increases, in agreement with Polunin et al. (2001), who
pointed out the existence of a single source of organic
carbon (phytoplankton) for the trophic web of the
lower shelf and the upper and mid slope off the
Balearic Archipelago.
A final, unexpected result was the contribution of
decaying Posidonia oceanica to the carbon assimilated
by pelagic species. Although seagrass detritus may
sometimes occur in the water column (Dauby et al.
1995), thus allowing pelagic species to gain access to a
13
C enriched source of organic matter, this must be
treated with considerable caution for a number of reasons. Firstly, IsoSource provided for most of the pelagic
species solutions that did not include P. oceanica. The
only exceptions were 2 zooxanthellae-bearing jellyfish, namely Cotylorhiza tuberculata and Velella
velella (Kikinger 1986, Banaszak et al. 1993). Although
phytoplankton comprise the bulk of the diet of C.
tuberculata (Pérez-Ruzafa et al. 2002), zooxanthellae
might be a more likely alternative source of 13C enriched organic matter than decaying P. oceanica. Secondly, some of the pelagic species considered here,
like Thunnus thynnus, are migratory and may have
access to other sources enriched in 13C when they visit
other areas. These alternative sources are unknown,
but a terrestrial origin is unlikely, as Mediterranean
terrestrial plants are depleted in 13C compared to most
marine plants (Dauby 1989). Clearly, the issue
deserves further research.
In conclusion, Posidonia oceanica is a much more
important source of organic carbon for littoral Mediter-
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ranean food webs than previously believed, and any
decline in the extension of seagrass beds may negatively affect not only seagrass-dwelling species, but
also those from adjoining ecosystems.
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