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University of Liège, Institute of Chemistry

(B6c), 13 Allée du VI Août, B-4000 Liège,
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Abstract

Gut content examination and trophic markers (fatty acids, stable isotopes of C

and N) were combined to delineate the diet of the dominant species of amphi-

pods from Mediterranean Posidonia oceanica seagrass meadows and to high-

light trophic diversity among this community. Our results indicate that,

although all dominant species heavily relied on macroalgal epiphytes, consider-

able interspecific dietary differences existed. Carbon stable isotope ratios nota-

bly showed that some of the amphipod species favored grazing on epiphytes

from leaves or litter fragments (Apherusa chiereghinii, Aora spinicornis, Gamma-

rus aequicauda), while others such as Dexamine spiniventris preferred epiphytes

from rhizomes. The remaining amphipods (Caprella acanthifera, Ampithoe hel-

leri and Gammarella fucicola) readily consumed both groups. In addition, SIAR

modeling suggested that most species had a mixed diet, and relied on several

food items. Fatty acid analysis and gut contents revealed that contributions of

microepiphytic diatoms and of benthic and suspended particulate organic mat-

ter to the diet of amphipods were anecdotal. None of the examined species

seemed to graze on their seagrass host [low 18:2(n-6) and 18:3(n-3) fatty acids

contents], but Gammarus aequicauda partly relied on seagrass leaf detritus, as

demonstrated by the lesser 13C-depletion of their tissues. Overall, our findings

suggest that amphipods, because of their importance in the transfer of organic

matter from primary producers and detritus to higher rank consumers, are key

items in P. oceanica-associated food webs.

Introduction

The Neptune grass, Posidonia oceanica (L.) Delile, 1813,

is the most widespread seagrass of the Mediterranean Sea.

This foundation species grows from the surface to depths

of 45 m, and is able to form large, typically monospecific

meadows. These meadows play a key role in Mediterra-

nean coastal areas, and are of crucial ecological impor-

tance. Their complex tridimensional structure offers a

suitable habitat to hundreds of animal and plant species,

as well as micro-organisms (Buia et al. 2000). In addi-

tion, through the epiphytes that grow on all parts of the

plants, its dead and decaying tissues and, to a lesser

extent, its living tissues, P. oceanica supports elaborate

food webs (Vizzini 2009). As a result, P. oceanica mead-

ows are biodiversity hotspots in the Mediterranean.

In P. oceanica meadows, amphipods are one of the

dominant groups of vagile mesoinvertebrates (i.e. animals

whose size exceeds that of an average copepod but are

smaller than 2.5 cm), forming an abundant and diverse

taxocenosis (Gambi et al. 1992). In most seagrass systems,

vagile mesoinvertebrates are regarded as key ecosystem
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components, notably because of their importance in food

webs. Most of them are primary consumers and/or detri-

tivores, therefore constituting a trophic link between pro-

ducers and higher rank consumers. In addition, they

frequently graze on seagrass tissues and/or epiphytes

growing on the plants. In doing so, these meso-grazers

can have strong direct and indirect effects on the func-

tioning of seagrass meadow ecosystems (Jernakoff et al.

1996; Valentine & Duffy 2006). The understanding of the

trophic position of amphipods of P. oceanica meadows is

nevertheless still poor.

In literature, they are traditionally regarded as general-

ist herbivores or herbivores/deposit feeders, mainly con-

suming leaves’ plant epiphytes (diatoms and macroalgae)

and associated detritus. However, these assumptions are

rarely based on precise and adequate information.

Instead, in many cases, they are considered to feed in

these ways by analogy with other, better-known seagrass

systems or animal groups (Kikuchi 1980; Mazzella et al.

1992); because they are sampled in association with

seagrass epiphytes (Chimenz et al. 1989); or through lit-

erature reviews and feeding behavior observations (Gambi

et al. 1992). These views are of course sensible and plau-

sible, but accurate studies supporting them are rare, and

the lack of actual diet data (gut contents, etc.) unfortu-

nately limits the insights that can be drawn from them.

Direct studies using stable isotopes of C and N have con-

firmed the importance of epiphyte-derived organic matter

in the diets of amphipods from P. oceanica meadows

(Lepoint et al. 2000; Vizzini et al. 2002). However, in

these studies, amphipods were considered as a single

group, without species distinction. Their data sets are

therefore not suitable for the investigation of trophic

diversity among amphipods.

Overall, information about the trophic ecology of am-

phipods from P. oceanica meadows seems to be partial

and limited. As a result, it is hard to estimate the real

importance of amphipods in P. oceanica-associated food

webs. It is also difficult to assess whether their trophic

activity has functional impacts on other parts of the mea-

dow ecosystem. In this context, the main objectives of

our study were (i) to delineate the diet of the most abun-

dant species of the community and estimate the impor-

tance of food sources other than leaf epiflora (P. oceanica

leaves and litter, suspended and benthic particulate

organic matter, epifauna of leaves and litter fragments,

and epiflora of litter fragments and rhizomes) for amphi-

pod nutrition and (ii) to assess interspecific resource par-

titioning, as this phenomenon could be important in

interactions among amphipod taxa, and notably in the

limitation of competition for food.

To achieve these goals, amphipods and food sources

were sampled at multiple events scattered over different

periods of the year. Studying the diet of invertebrate con-

sumers in environments featuring multiple producers can

be a complicated task, and ‘traditional’ techniques (gut

content examination) were therefore combined with the

use of trophic markers. Here, C and N stable isotope

ratios as well as fatty acid analysis were used. These tro-

phic markers are among the most widely used, and their

joint use has already proven to be efficient in the study

of invertebrate trophic ecology in other seagrass meadows

(Kharlamenko et al. 2001; Jaschinski et al. 2008; Lebreton

et al. 2011).

Material and Methods

Sampling

All sampling was undertaken by scuba diving in Calvi

Bay (Corsica, NW Mediterranean), in the surroundings

of the STARESO research station (University of Li�ege).

Posidonia oceanica meadows cover about 50% of the area

of this bay, and reach depths of nearly 40 m (Bay 1984).

The meadows of Calvi Bay show, in most places, a con-

tinuous extension, are relatively dense, and show an

important foliar biomass and production (Bay 1984). All

samples were taken within a distance of a few meters

from the center of a permanent sampling site set up in a

continuous meadow zone, at a depth of 10 m (center

coordinates: 42°3404700 N, 8°4303000 E).
Seven amphipod species were considered: Apherusa

chiereghinii Giordani-Soika, 1949; Aora spinicornis Afonso,

1976; Dexamine spiniventris (Costa, 1853); Ampithoe hel-

leri Karaman, 1975; Caprella acanthifera Leach, 1814;

Gammarella fucicola (Leach, 1814) and Gammarus aequic-

auda (Martynov, 1931). The cumulative abundances of

these species account for over 70% of the total amphipod

density at the study site (Michel 2011). Putative food

items included living P. oceanica leaves, fragments of

dead P. oceanica leaves (litter), suspended particulate

organic matter (SPOM), benthic particulate organic mat-

ter (BPOM) and epiphytic organisms growing on leaves,

rhizomes and litter fragments of P. oceanica. In nearly all

cases, a distinction was made between animal (epifauna)

and plant (epiflora) epiphytes.

To ensure a sufficient collection of amphipods, three

sampling methods were combined. First, a hand-towed

net was used, following the methodology of Michel et al.

(2010). Second, litter fragments present among the mea-

dow (between the shoots) were handpicked to obtain the

vagile organisms trapped between the fragments. Third,

light traps, which were modified after those described by

Michel et al. (2010), were used. After collection,

amphipods were euthanized by freezing, identified to

species level using a binocular microscope and then
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processed for gut content, stable isotope or fatty acid

analysis (see below).

Posidonia oceanica shoots were manually uprooted,

and litter fragments were handpicked. Leaves and litter

fragments were scraped using a scalpel blade, and their

animal and plant epiphytes were sorted under a binocu-

lar microscope. All the scraped leaves of each shoot

were processed as a single sample. For litter, c. 10 g

(wet mass) of scraped fragments were pooled and con-

sidered as a unique sample. Rhizome epiflora was sepa-

rated from the shoots using fine scissors. BPOM was

sampled by collecting the first centimetre of sediment

between P. oceanica shoots, using a plastic container.

Sediment was then sieved to eliminate the coarser debris

(>1 cm). Seawater for SPOM sampling was collected in

the meadow, among the leaves, using 2.5-l Niskin bot-

tles. Seawater was then pre-sieved to remove items lar-

ger than 1 cm, and filtered on pre-combusted (4 h at

400 °C) glass fiber filters (Whatman GF/F, sieve size

0.7 lm) until clogging.

Gut content examination

Amphipod specimens used for gut content examination

were sampled during three campaigns: from 4 to 13

November 2007, from 6 to 15 March 2008 and from 30

May to 11 June 2008. Sampled animals were fixed in a

formaldehyde solution (4% in seawater), and subse-

quently transferred to 70% ethanol for long-term preser-

vation. Twenty well-preserved individuals were selected

for each species. Animals were prepared following the

methodology of Guerra-Garcia & Tierna de Figueroa

(2009). This technique, which has been proven to be effi-

cient on a number of terrestrial and aquatic insects and

crustaceans, involves body wall discoloration using Her-

twig’s liquid. After discoloration, gut content can be

observed throughout the tissues of the entire animal.

Each amphipod was placed in a vial containing 2 ml Her-

twig’s liquid. The vials were placed in an oven and main-

tained at 60 °C for 7–10 days to achieve suitable

discoloration. Once transparent, amphipods were

mounted in toto on microscopic slides, using Hoyer’s

medium. Slides were photographed at 1009 (for mea-

surement of the total area of the gut content) and 4009

or 10009 (to identify and precisely measure the surface

of food items) magnifications. Photographs were taken

using an Olympus BX50 microscope, an XC50 Camera

and CELLB software (Olympus Europa GmBH, Ham-

burg, Germany), while measurements were performed

using AXIOVISION software (Carl Zeiss MicroImaging

GmBH, Göttingen, Germany). The surface occupied by

each food item was expressed using relative units, as a

percentage of the total area occupied by the gut contents.

Fatty acid analyses

Samples were taken during three different time periods:

from 5 to 15 November 2008, from 2 to 14 March 2009

and from 14 to 29 July 2009. Because of the low biomass

and lipid content of amphipods, two to 40 individuals

had to be pooled for fatty acid analysis, depending upon

the species (Table 1). After collection, samples were pre-

pared following the method of Graeve et al. (2001). Total

lipids were extracted using a mixture of dichloromethane

and methanol 2:1 by vol., and fatty acids were converted

to their fatty acid methyl ester (FAME) equivalents by

trans-esterification. Tricosanoic acid methyl ester (23:0)

was used as an internal standard for these preparation

steps. FAMEs were analysed using gas chromatography at

the Alfred Wegener Institute for Polar and Marine

Research (AWI, Bremerhaven, Germany). The analysis

was carried out with a Hewlett-Packard 6890 gas chro-

matograph equipped with a DB-FFAP fused silica capil-

lary column (30 m 9 0.25 mm inner diameter; 0.25 lm
film thickness), using temperature programming (160–
240 °C at 4 °C per min, hold 15 min). Fatty acids were

identified by comparing retention times with those of

commercial (Supelco 37 Component FAME Mix) and nat-

ural lab standards (mix of arctic copepods) of known com-

position. If necessary, identification was checked using a

HP 5973 gas chromatography - mass spectrometry system.

Relative concentrations of each detected fatty acid were

computed using the area of their corresponding peaks on

the output chromatograph, and were expressed as a

percentage of the total fatty acids present in the tissues.

In order to investigate relationships between relative

fatty acid compositions of amphipods, a bidimensional

ordination based on non-metric multi-dimensional scal-

ing (MDS) was performed using PRIMER 6.0 (PRIMER-

E Ltd., Lutton, UK). Data were √-transformed, and the

resemblance matrix was built using Bray�Curtis similar-

ity coefficients. PRIMER 6.0 was also used to run

one-way SIMPER (SIMilarity PERcentage) analysis on

standardized, √-transformed relative fatty acid composi-

tions of amphipods, in order to identify the compounds

that were the most useful in explaining resemblance or

dissimilarity among amphipods.

Stable isotope ratio measurements

Samples were taken during four different time periods:

from 30 May to 11 June 2008, from 5 to 15 November

2008, from 2 to 14 March 2009 and from 14 to 29 July

2009. Because of their low biomass, amphipods had to be

pooled for N stable isotope ratio measurements, while C

stable isotope ratios were able to be analysed on single

individuals. The pooling strategy and the number of
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replicates are detailed in Table 1. All samples were oven-

dried at 60 °C for 72 h. Amphipods were analysed whole,

but all food items were ground into a homogeneous pow-

der. As inorganic carbon present in samples can be a

source of bias in C stable isotope ratio analysis, carbon-

ates were removed by acidification. Tissues containing

moderate amounts of carbonates (animal and plant epi-

phytes, SPOM, amphipods) were acidified using HCl

vapors. Sediment sampled for BPOM analysis required

direct addition of HCl 1 N, due to its higher carbonate

content. Tissues containing little or no carbonates (Posi-

donia oceanica leaves and litter) were not acidified.

Isotopic measurements were performed by continuous

flow - elemental analysis - isotope-ratio mass spectrometry

(CF-EA-IRMS) using an Optima mass spectrometer (Iso-

prime, Cheadle, UK), coupled to a NA1500 elemental ana-

lyser (Carlo Erba, Milan, Italy). Acidified samples were

analysed in two runs: one for C isotope ratios, using

decarbonated material, and one for N isotope ratios, using

native material, as acidification is known to alter N stable

isotope ratios. Isotopic ratios were expressed using the

widespread d relative notation (Coplen 2011). Sucrose

(IAEA-C6, d13C = �10.8 � 0.5&) and ammonium sul-

fate (IAEA-N1, d15N = 0.4 � 0.2&) were used as certified

reference materials for the measurement of isotopic ratios.

Both of these certified materials are calibrated against the

international isotopic references Vienna Pee Dee Belem-

nite (for carbon) and Atmospheric Air (for nitrogen).

Standard deviations on multi-batch replicate measure-

ments of plant (P. oceanica leaf mix) and animal (amphi-

pod pool) lab standards were 0.2& for d13C and 0.3& for

d15N. All values are presented in the mean � SD form.

The Stable Isotope Analysis in R (SIAR) mixing model

was used to numerically estimate the contributions of

each food item to the diet of amphipods. This model,

based on Bayesian methods, is capable of dealing with

uncertainty and variability in input data, even in under-

determined systems (Parnell et al. 2010). Model runs

were performed using only carbon data, as nitrogen did

not improve isotopic discrimination between food items

(cf. Results section) but limited the size of data sets

(Table 1). To improve model performance, items that

were pointed out as unlikely food sources by fatty acid

analyses and/or gut content examination (SPOM, BPOM,

living seagrass leaves, see Discussion section) were dis-

carded. In addition, as their d13C values were similar (cf.

Results), animal and plant epiphytes of leaves and litter

fragments were aggregated and considered as one group.

Three sources were therefore used for the SIAR modeling:

(i) P. oceanica litter, (ii) rhizome epiflora and (iii) leaves

and litter epiphytes. The use of adequate trophic enrich-

ment factors (D13C, i.e. the difference between the d13C
of consumer tissues and the d13C of potential food items)

is crucial to mixing model performance. Following the

Table 1. Numbers of samples analysed for fatty acids and stable isotopes of carbon and nitrogen. Column numbers indicate the sampling peri-

ods (1: 30 May to 11 June 2008, 2: 5 to 15 November 2008, 3: 2 to 14 March 2009, 4: 14 to 29 July 2009). For amphipods, values in parenthe-

ses are the numbers of individuals pooled for each measurement.

Item

Fatty acids

Stable isotope ratios

Nitrogen Carbon

2 3 4 1 2 3 4 1 2 3 4

Apherusa chiereghinii 2 (30) 2 (30) 6 (30) 10 (20) 10 (20) 10 (20) 10 (20) 20 20 20 20

Aora spinicornis – 1 (20) 4 (20) 8 (15) 8 (15) 7 (15) 9 (15) 20 20 20 20

Dexamine spiniventris 1 (3) 1 (3) 9 (3) 10 (3) 10 (3) 10 (3) 10 (3) 20 20 20 20

Ampithoe helleri 1 (35) – – 5 (20) 6 (20) 6 (20) 8 (20) 20 20 20 20

Caprella acanthifera – – 1 (40) 5 (20) 5 (20) 5 (20) 7 (20) 20 20 20 20

Gammarella fucicola – 1 (4) – 7 (3) 6 (3) 9 (3) 10 (3) 20 20 20 20

Gammarus aequicauda 2 (2) 2 (2) 4 (2) 10 (2) 10 (2) 10 (2) 10 (2) 20 20 20 20

Posidonia oceanica leaves 3 3 – 15 15 15 15 15 15 15 15

Posidonia oceanica litter 3 3 – 15 15 15 15 15 15 15 15

Leaf epifauna – – 2 7 6 7 11 7 6 7 11

Leaf epiflora – – 7 9 8 9 12 9 8 9 12

Litter epifauna – – 2a 6 5 7 7 6 5 7 7

Litter epiflora – – 7 6 7 8 7 6 7 8

Rhizome epiflora – 1 4 10 10 10 10 10 10 10 10

SPOM – – 2 7 5 8 7 7 5 8 7

BPOM – – – 10 10 10 10 10 10 10 10

SPOM = suspended particulate organic matter; BPOM = benthic particulate organic matter.
aIn July 2009, animal and plant epiphytes from litter fragments were not distinguished for fatty acid analysis.
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recommendations of Caut et al. (2008), a D13C value

measured during a controlled experiment involving two

of the studied amphipod taxa (Dexamine spiniventris and

Gammarus spp.) fed with a mixture of live P. oceanica

leaf epiphytes was used. This D13C value was 0.2 � 0.6&
(mean � SD; Michel 2011). Model solutions were pre-

sented using credibility intervals of probability density

function distributions (Parnell et al. 2010).

Results

Gut contents

The occurrence of empty guts was low, and ranged from

0% to 15% (three of the 20 analysed individuals) depend-

ing upon the considered species (Table 2). Most of the

gut contents consisted of amorphous material lacking any

identifiable structure. In most cases, it was not possible

to link this with a given food item group. The abundance

of this unidentifiable amorphous material ranged from

60% to 85% of the gut contents, depending on the spe-

cies (Table 2). Among the identifiable fraction, fragments

of macroalgae were the most commonly encountered

food item. They were present in all but one examined

individuals, and represented 15% to 35% of ingested

material (Table 2). Most algal fragments were too dam-

aged to be associated to a precise algal group. The few

that could be mostly originated from erect macroalgae,

usually Phaeophyceae (Myrionema sp., Sphacelariales) and

Rhodophyceae (notably Ceramiales). All species, with the

exception of Caprella acanthifera, seemed to consume

other crustaceans. However, crustacean remains (mostly

legs, but also mandibles and antennas) were infrequent

(two to five individuals of each species) and their mean

contributions were typically low (1.5% to 4.5%). In most

cases, crustacean parts seemed to originate from other

amphipods, or at least from other peracarids. Dead Posi-

donia oceanica leaf fragments (litter) were found in three

of the seven species. While they were rare in Dexamine

spiniventris and Gammarella fucicola, they were found in

the majority (13 out of 18) of Gammarus aequicauda

specimens, where they constituted nearly 4% of the gut

content. No living fragments of seagrass leaves were

found in any of the examined individuals. Finally, dia-

toms and pieces of sessile invertebrates (fragments of

hydrozoan perisarc, bryozoan zoids, foraminiferans) were

identified, but accounted for very low mean contributions

in all cases (typically <0.5%).

Fatty acids

The fatty acid (FA) composition of all epiphytic groups

(i.e. leaf epifauna and epiflora, bulk litter epiphytes and

rhizome epiflora) exhibited comparable major fatty acids

(Table 3). Saturated fatty acids (SAFAs) and polyunsatu-

rated fatty acids (PUFAs) both accounted for around

40% of the total FAs in all groups except leaf epifauna,

which contained more SAFAs than PUFAs (46.0% and

31.0%, respectively). The major SAFA of epiphytes was

16:0 (generally about 30% of total). The dominant PU-

FAs were 20:5(n-3), 20:4(n-6) and, to a lesser extent, 18:2

(n-6) and 18:3(n-3). Monounsaturated fatty acids (MU-

FAs) were less abundant, with relative proportions

around 20%. The most common MUFAs were 16:1(n-7),

18:1(n-9) and 18:1(n-7).

Compared with the other food items, the distribution

of FAs in living P. oceanica leaves was strikingly different.

It was dominated by PUFAs (67.7%, Table 3), with high

amounts of a-linolenic acid [18:3(n-3), 37.9%] and lino-

leic acid [18:2(n-6), 25.2%]. By contrast, icosapentanoic

acid [20:5(n-3)] and arachidonic acid [20:4(n-6)] were

scarce (<0.5%). The proportion of SAFAs (28.4%), and

MUFAs (<4%) was considerably lower compared with

other sources. The major FAs of P. oceanica litter were

SAFAs (over 50%, Table 3), dominated by 16:0, account-

ing for 22.4%. The amount of PUFAs was much lower

Table 2. Composition of amphipod gut contents.

Species N

Alg Crust POLit Diat SInv Unid

Oc % Oc % Oc % Oc % Oc % Oc %

Apherusa chiereghinii 20 20 19.7 2 2.2 0 – 12 0.6 9 0.1 20 77.4

Aora spinicornis 18 18 20.1 3 2.1 0 – 11 0.2 11 0.4 18 77.3

Dexamine spiniventris 17 17 35.2 2 2.4 2 2.9 13 0.3 2 0.1 17 59.2

Ampithoe helleri 17 16 22.7 2 1.8 0 – 6 0.1 6 0.2 17 75.1

Caprella acanthifera 18 18 14.3 0 – 0 – 2 0.1 11 0.5 18 85.1

Gammarella fucicola 19 19 36.4 3 1.6 6 1.9 10 0.4 10 0.3 19 59.4

Gammarus aequicauda 18 18 23.9 5 4.3 13 3.9 16 0.3 0 – 18 67.6

N = number of individuals whose gut contained material; Oc = occurrence of a given food item in the gut contents of a species; % = mean rela-

tive abundance of a given food item expressed as a percentage of the total gut content area. Alg. = macroalgae; Crust = crustacean remains;

POLit = Posidonia oceanica litter; Diat = diatoms; SInv = sessile invertebrates; Unid = unidentifiable amorphous material.
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than in living leaves, summing up to 26.2%, with the

proportions of 18:2(n-6) and 18:3(n-3) each contributing

to <4% of the total FAs. MUFAs were more abundant

than in the leaves, and the dominant compounds were

the same as in epiphytic tissues. The FA composition of

SPOM was in some ways comparable to that of P. ocea-

nica litter, with high proportions of SAFAs. However,

18:1(n-7) only accounted for 1.8% in SPOM, compared

with 7.1% in P. oceanica litter.

SAFAs accounted for 30–35% in four of the seven spe-

cies of amphipods (Apherusa chiereghinii, Aora spinicornis,

Dexamine spiniventris and Gammarella fucicola, Table 3).

They were rarer in Gammarus aequicauda (24.9%), but

more abundant in Ampithoe helleri and Caprella acanthif-

era (43.9% and 40.2%, making them the predominant

class in these two species). In all cases, 16:0 was the most

abundant SAFA, always followed by 18:0. MUFAs were

relatively rare in four of the seven species (Ap. chiereghi-

nii, Ao. spinicornis, D. spiniventris and Gammarella fucico-

la), accounting for little more than 20%. They were more

abundant in Gammarus aequicauda (31.6%), and, to a

lesser extent, in Am. helleri (27.0%) and C. acanthifera

(26.4%). 18:1(n-9) was always the most common MUFA,

accounting for 12.5% (in Ao. spinicornis) to 18.8% (in

Am. helleri). 18:1(n-7) was also present in moderate

amounts (2.2% to 4.0%), with the exception of in

Gammarus aequicauda, where it reached more than 10%.

16:1(n-7) concentrations ranged from 1.9% to 4.1% in

six of the seven species, but this compound was totally

absent from Gammarella fucicola. PUFAs accounted for

about 45% of the total lipid content of five of the studied

species (Ap. chiereghinii, Ao. spinicornis, D. spiniventris,

Gammarella fucicola and Gammarus aequicauda), making

them the most abundant FA class in these species. In

these five species, most of the PUFA pool was made up

of 20:5(n-3) and 20:4(n-6). PUFAs were not that abun-

dant in tissues of Am. helleri (29.2%) and C. acanthifera

(33.5%). Moreover, in these two species, 20:4(n-6) and

20:5(n-3) were scarcer, and their contributions were com-

parable with those of 22:6(n-3). This latter FA was partic-

ularly abundant in C. acanthifera, accounting for more

than 10% of the total lipid content.

2D ordination of amphipod FA data through non-met-

ric MDS (Fig. 1) showed that they were scattered over

three groups. Intra-group similarity was over 80% in each

case. Group A was the only monospecific one, and con-

tained four of the eight Gammarus aequicauda samples.

Group B contained nine D. spiniventris samples out of

11, as well as one Gammarus aequicauda, the only

Am. helleri and Gammarella fucicola pools, and two of

the five Ao. spinicornis samples. Group C contained all

Ap. chiereghinii samples, alongside the two remaining

Table 3. Mean fatty acid composition (mass %) of total lipids of food sources and amphipods.

Fatty acid POLv POLit SPOM RhEfl LitEpi LvEfl LvEfn Ac As Ds Ah Ca Gf Ga

Σ SAFA 28.35 50.62 50.22 39.46 41.69 41.60 46.01 29.57 34.57 32.34 43.87 40.15 34.26 24.88

16:0 19.20 22.38 28.12 29.35 28.53 29.79 29.35 23.94 22.40 20.19 29.45 25.98 21.86 17.43

18:0 5.70 9.46 10.41 3.72 4.13 5.25 8.46 4.42 9.60 8.48 7.01 10.69 8.53 4.79

Other SAFA 3.45 18.78 11.69 6.39 9.03 6.56 8.20 1.21 2.58 3.67 7.41 3.49 3.86 2.65

Σ MUFA 3.90 23.21 22.31 18.66 21.74 17.88 22.99 23.70 21.70 22.00 26.97 26.39 21.16 31.59

16:1(n-7) 0.37 4.22 9.42 4.24 6.40 5.59 8.94 4.12 3.94 1.85 2.92 2.77 n.d. 3.36

18:1(n-7) 0.38 7.11 1.78 6.96 4.52 2.79 3.11 4.03 3.50 2.21 2.48 3.48 3.33 10.68

18:1(n-9) 2.55 8.09 7.59 5.02 7.40 8.28 7.60 14.21 12.52 15.13 18.83 14.49 14.96 14.64

Other MUFA 0.60 3.79 3.52 2.44 3.42 1.23 3.33 1.34 1.73 2.81 2.73 5.65 2.87 2.92

Σ PUFA 67.74 26.17 27.47 41.88 36.57 40.51 31.01 46.74 43.73 45.66 29.16 33.45 44.59 43.54

18:2(n-6) 25.17 3.87 5.08 7.03 3.13 7.67 2.85 3.46 2.41 4.12 2.71 1.80 2.81 3.30

18:3(n-3) 37.93 3.37 1.24 1.80 2.73 5.69 3.65 1.84 0.42 2.41 0.48 n.d. 0.95 1.56

20:4(n-6) 0.30 2.12 2.73 14.62 8.34 10.91 8.60 11.54 14.37 15.78 4.55 8.95 9.18 15.03

20:5(n-3) 0.21 4.50 5.61 10.53 11.90 9.55 6.27 20.14 16.52 16.16 9.78 9.45 17.70 13.86

22:6(n-3) 0.05 1.42 3.90 1.78 1.26 1.20 2.83 6.17 6.22 3.12 7.86 10.87 7.43 6.86

Other PUFA 4.08 10.89 8.92 6.12 9.20 5.50 6.82 3.57 3.79 4.07 3.79 2.38 6.52 2.93

16:1ðn�7Þ
16:0 0.17 0.18 0.09 0.10 0.11 0.00 0.20

Σ C18 + C20 PUFA 39.24 35.78 41.59 21.31 20.94 37.16 35.14
18:2ðn�6Þþ18:3ðn�3ÞP

C20þC22PUFA
0.14 0.07 0.18 0.09 0.13 0.13 0.06

SAFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids = and selected fatty acid markers;

POLv = Posidonia leaves; POLit = Posidonia litter; SPOM = suspended particulate organic matter; RhEfl = rhizome epiflora; LitEpi = litter

epiphytes; LvEfl = leaves epiflora; LvEfn = leaves epifauna; Ac = Apherusa chiereghinii; As = Aora spinicornis; Ds = Dexamine spiniventris;

Ah = Ampithoe helleri; Ca = Caprella acanthifera; Gf = Gammarella fucicola; Ga = Gammarus aequicauda; n.d. = not detected.
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D. spiniventris, three Ao. spinicornis and three Gammarus

aequicauda. Finally, the only C. acanthifera was found

outside all groups. Overall similarity between samples was

high (more than 70%), and an a posteriori one-way SIM-

PER analysis showed the only useful variable to explain

inter-group differences was the proportion of the 18:1(n-

7) FA, which was much higher in the four Gammarus

aequicauda of group A (16.2%) than in amphipods of

groups B (2.6%) or C (3.8%).

Stable isotope ratios

Isotopic ratios of amphipods and food items exhibited

little to no seasonal variation, motivating our choice to

plot all values together on a single graph (Fig. 2). d13C
values allowed separation of the food sources into three

major groups. Posidonia oceanica leaves and litter showed

similar values and were by far the less negative sources

(d13C = �13.2 � 0.7& and �13.2 � 0.9&, respectively).

At the other end of the range, SPOM (d13C =
�26.3 � 1.1&) and rhizome epiflora (d13C = �28.4 �
1.0&) were the most 13C-depleted food items. Between

these two groups, BPOM and animal and plant epiphytes

from leaves and litter fragments formed an overlapping

cluster (‘median’ sources), approximately ranging from

�17& to �21&. All food items were found in the same

d15N interval, as most values ranged from 1& to 3&.

Inside this interval, the signatures of food sources broadly

overlapped, and no clear differences could be made out

between them.

Dexamine spiniventris showed the most negative carbon

signature of all the amphipod species (d13C = �26.6 �
1.1&, Fig. 2). This d13C value was comparable with the

one of the most negative food sources (SPOM and rhi-

zome epiflora). By contrast, Gammarus aequicauda was

the least 13C-depleted of all amphipod species

(d13C = �15.6 � 1.1&). It occupied an intermediate

position between the ‘median’ (BPOM and epiphytes

from leaves and litter) and the P. oceanica-derived food

sources. The d13C of Apherusa chiereghinii (�18.6 �
0.9&) and Aora spinicornis (�19.7 � 0.8&) coincided

with the range of d13C of the median food sources. Gam-

marella fucicola was found between the most negative and

the median food sources, with a d13C of �22.6 � 1.0&.

Finally, d13C values of Caprella acanthifera

(�20.7 � 0.7&) and Ampithoe helleri (�20.9 � 0.8&)

typically fell between those of Gammarella fucicola and

those of the median food sources, and partially over-

lapped the values of the latter. d15N of all amphipods

widely overlapped in a 1.5& to 4.0& range. In a lot of

cases, amphipod signatures covered those of the food

sources. Trophic enrichment factors (D15N, i.e. the differ-

ence between the d15N of consumer tissues and the d15N
of potential food items) were always low (from 0& to

1.8&, according to the considered species/food source

pair).

The SIAR mixing model (Fig. 3) indicated that the

proportion of P. oceanica litter in the diet of Gammarus

aequicauda was considerable, as the 75% credibility inter-

val (CI75) ranged from 27% to 35%. This situation is

unique among the studied amphipods, as contribution of

this source to the diet of other species was low or negligi-

ble. Besides this, SIAR outputs suggested that contribu-

tion of rhizome epiflora and of leaf and litter epiphytes

to the diet of Gammarus aequicauda were fairly similar.

Model estimates pointed out that D. spiniventris forages

almost exclusively on rhizome epiphytes [CI75 = (99%,

100%)]. The diet of the five remaining species appeared

Fig. 1. 2D ordination of all amphipod

samples, obtained via non-metric multi-

dimensional scaling, using Bray�Curtis

similarities computed on √–transformed fatty

acid compositions (mass %) of total lipids.

Dashed and solid lines represent 75% and

80% similarity, respectively.
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to be mostly made up of rhizome, leaves and litter epi-

phytes, in variable proportions (Fig. 3). In the case of

Ap. chiereghinii, leaf and litter epiphytes were more abun-

dant than those growing on rhizomes [CI75 = (27%,

77%) and (18%, 59%), respectively]. By contrast, rhizome

epiflora was the major contributor to the diets of Gam-

marella fucicola [CI75 = (58%, 74%)], C. acanthifera

[CI75 = (51%, 62%)] and Am. helleri [CI75 = (46%,

65%)]. Finally, proportions of the two groups of items

were comparable in the case of Ao. spinicornis [CI75 =
(33%, 55%) for leaf and litter epiphytes and (39%, 58%)

for rhizome epiflora].

Discussion

The dominant trophic fluxes in Posidonia oceanica mead-

ows involve interactions between consumers and multiple

primary producers as well as other organic matter sources,

notably detrital items. As a result, food-web dynamics are

complex and knowledge of their implications for ecosys-

tem functioning is still inadequate (Vizzini 2009). In this

study, we focused on the importance of several readily

available food items for amphipod nutrition.

Although deposit feeding is a widespread foraging

mode among amphipods from numerous ecosystems,

examination of gut contents suggested that it was not a

major trophic activity in the studied species. Indeed, no

gut from any of the examined amphipods contained inor-

ganic sediment particles. Deposit feeding generally implies

ingestion of such particles that are often abundant, or at

least present, in the gut contents of deposit feeders (e.g.

Graeve et al. 2001). Their total absence suggests that

BPOM is not an important food source for any of the

considered consumers.

Fatty acid markers pointed out that none of the stud-

ied amphipods consume living Neptune grass tissues.

18:2(n-6) and 18:3(n-3) FAs are extremely abundant in

most Chlorobionta, including seagrasses, but are rather

rare in Phaeophyta and Rhodophyta (Kayama et al. 1989;

Graeve et al. 2002). Proportions of these two FAs were

accordingly high (over 60% of the total FAs, Table 3) in

living P. oceanica leaves. C20 and C22 PUFAs, however,

are abundant in all marine plants, either macro- and

micro-algae or seagrasses (Kayama et al. 1989). The ratio

between C18 and C20–22 PUFAs has therefore been pro-

posed as a marker for seagrass consumption (Khar-

lamenko et al. 2001). This ratio was very low for all

studied species here (Table 3), indicating a lack of

seagrass grazing. Gut content examination also suggested

that consumption of living Neptune grass tissues does

Fig. 2. Mean values (�SD) of d13C (&) and d15N (&) of amphipods (circles) and potential food items (squares).
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not occur, as these were totally absent in all species. This

supports the view that most primary consumers from

P. oceanica meadows do not feed on their seagrass host

(Dauby 1989; Lepoint et al. 2000; Vizzini et al. 2002).

Although herbivory can have a substantial impact on leaf

biomass (Prado et al. 2007), Neptune grass seems to be

grazed by only a few consumers. These include the fish

Sarpa salpa, the urchin Paracentrotus lividus and isopods

from the genus Idotea (Mazzella et al. 1992). This is

probably explained by the low palatability (hard tissues

containing a lot of structural carbohydrates) and nutri-

tional quality (high C/N ratios) of seagrass leaves. More-

over, living P. oceanica leaves contain high amounts of

phenolic compounds that could act as herbivore repel-

lents (Gobert et al. 2006; Vizzini 2009). The situation is

quite different in other temperate seagrass meadows. In

Californian Zostera marina meadows, diet of mixed Capr-

ellidae and Ampithoidae are composed of about 50% and

60% of seagrass material, respectively (Farlin et al. 2010).

One key difference could be the abundance of epiphytic

organisms, typically greater in P. oceanica meadows than

in other seagrass systems (Mazzella et al. 1989). As

epiphytes are more easily digestible and have better nutri-

tional quality, amphipods may preferentially graze on

them, and only consume their seagrass host when avail-

ability of other items is low (Valentine & Duffy 2006).

Although none of the studied amphipods grazed on its

seagrass host while it was alive, three species ingested

fragments of P. oceanica litter (Table 2). Dexamine spini-

ventris and Gammarella fucicola had very negative d13C
values, and mixing model analysis indicated that the con-

tribution of P. oceanica-derived organic matter to the diet

of these species was low to nil (<0.1% and 0.2% to 4.2%,

respectively). For these species, litter fragments may have

been accidentally ingested while feeding on other benthic

items from the lower horizons of the meadow. Gammarus

aequicauda, by contrast, had a d13C value compatible

with actual assimilation of seagrass detritus. SIAR analysis

suggested that about a third of its diet [CI95 = (26%,

38%)] was composed of P. oceanica litter, alongside

important amounts of macroalgae. These proportions are

comparable with, yet lower, than those obtained for

Gammarus aequicauda specimens sampled in submerged

phytodetritus accumulations (Lepoint et al. 2006). The

fact that consumption and assimilation of P. oceanica

detritus occurs in different habitats suggests a specializa-

tion of Gammarus aequicauda to efficiently exploit this

poorly digestible material. Mutualistic associations with

bacterial symbionts probably enhance the litter degradation

capabilities of this species (G. Lepoint, unpublished obser-

vations). By consuming dead seagrass material directly

inside the meadow, i.e. as soon as it starts to accumulate, it

likely participates in the fragmentation and recycling of this

abundant material. It could therefore play a significant role

in the detrital pathway, which is the fate of most P. ocea-

nica production (Pergent et al. 1997).

Diatoms are one of the dominant groups of phyto-

plankton in Calvi Bay (Dauby 1989), as well as the most

common item among microepiphytes from P. oceanica

leaves and litter (Buia et al. 2000). Here, FA analyses sug-

gested that the diatom contribution to amphipod diet is

low. 16:1(n-7) FA is indeed an important component of

diatoms, in which it generally outnumbers the otherwise

dominant 16:0 (Cook et al. 2010). The ratio of 16:1(n-7)

to 16:0 concentrations can therefore be used as a marker

for a diatom-based diet (Kharlamenko et al. 2001). In tis-

sues of consumers relying heavily on either pelagic or

benthic diatoms, this ratio is typically close to or >1
(Kharlamenko et al. 1995; Graeve et al. 1997, 2001). In

this study, these ratios were much lower (always <0.2;
Table 3). In addition, diatoms frustules were scarce

(always <1%) or even absent from gut contents of am-

phipods (Table 2). Reliance of amphipods on suspended

particulate organic matter and/or microepiphytes is there-

fore unlikely. This is striking, as microepiphytes are com-

mon food items for mesograzers from P. oceanica

meadows, notably gastropod mollusks (Mazzella & Russo

Fig. 3. Boxplots of relative contributions of most likely food items to

the diet of amphipods, computed using the Stable Isotope Analysis in

R model. Black, grey and white boxes are the 50%, 75% and 95%

credibility intervals, respectively. Ac, Apherusa chiereghinii; As, Aora

spinicornis; Ds, Dexamine spiniventris; Ah, Ampithoe helleri; Ca,

Caprella acanthifera; Gf, Gammarella fucicola; Ga, Gammarus

aequicauda.
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1989; Buia et al. 2000). These different feeding habits

clearly emphasize the high degree of trophic diversity

present among different groups of herbivorous inverte-

brates inhabiting the P. oceanica meadow canopy. Epi-

phytic and/or epipelic diatoms also appear to be the

main food source of some species of herbivorous amphi-

pods from Z. marina meadows (Jaschinski et al. 2008;

Jeong et al. 2012). In P. oceanica meadows, however, am-

phipods seem to graze preferentially on macroepiphytes,

stressing once again how trophodynamic processes can

differ among temperate seagrass meadows.

Epiphytic macroalgae seemed to be central items in the

diet of all the organisms studied here. Total lipids of am-

phipods contained important amounts of (n-3) and (n-6)

PUFAs, mostly represented by C18 and C20 compounds

(Table 3). These compounds are abundant in all marine

plants (Kayama et al. 1989), and their summed concentra-

tions can therefore be used as a FA marker for herbivory

(Kharlamenko et al. 1995). The abundance of C18 and C20

PUFAs in amphipod tissues (Table 3) suggests that herbiv-

ory is a major feeding type for all the studied organisms.

As seagrass and diatom consumption are negligible,

macroalgal epiphytes likely make up most of the

plant-based material of the amphipod diet. Moreover, FA

composition of amphipods was quite similar to that of the

epiphytic food items (Table 3). Algal fragments were also

the most frequently occurring identifiable item in the gut

contents of all species (Table 2). Stable isotope ratios of

carbon allowed classification of amphipods into four

groups. The first one was composed of Apherusa chiereghi-

nii and Aora spinicornis. d13C values of these animals coin-

cide with those of animal and plant epiphytes from leaves

and litter, as well as with those of BPOM. As examination

of gut contents suggested that deposit feeding is not a likely

feeding type, these amphipods are probably grazers feeding

mostly on epiphytes from P. oceanica leaves and litter frag-

ments (Table 4). The second group only contained

D. spiniventris. The very negative d13C of this species sug-

gests that it feeds on the most 13C-depleted items, i.e. rhi-

zome epiflora and/or SPOM. As gut content examination

and FA composition analysis indicated that suspension

feeding is rare, this amphipod probably grazes on epiphytes

growing on the lower parts of the plant (Table 4). Three

species (Gammarella fucicola, Caprella acanthifera and

Ampithoe helleri) had d13C values that fell between those of

one of the ‘more negative’ and ‘median’ food sources, indi-

cating a mixed diet composed of both of these groups of

food items. They may therefore be opportunistic grazers,

feeding on epiphytes growing on all parts of the plant

(Table 4). Finally, Gammarus aequicauda had the least

negative d13C value of all amphipods, owing to its partial

reliance on P. oceanica detritus as a carbon source. As its

d13C range was comprised between P. oceanica-derived

organic matter and epiphytes from leaves and litter frag-

ments, the rest of its diet is likely composed of this latter

source (Table 4).

Occasional carnivory or necrophagy is common in a lot

of marine herbivore invertebrates, and is often thought to

be a strategy to achieve adequate nutrition by compensat-

ing for nitrogen-poor and non-digestible material-rich

diets (Cruz-Rivera & Hay 2000). Here, crustacean remains

(legs, antennae, mouthparts) were seldom found in gut

contents from any species except C. acanthifera (Table 2).

Most of them seemed to originate from other amphipods,

or at least from other peracarids. They may originate from

consumption of smaller amphipods or from cannibalism,

as well as from consumption of shed exuviae, as these three

behaviors are documented in a number of amphipod spe-

cies (Hunte & Myers 1984; Bellan-Santini 1999). However,

most D15N values between amphipods and feasible food

Table 4. Summary of key findings about the diet of each consumer.

Species

Main food sources

ConclusionGut contents Fatty acids Stable isotopes

Apherusa chiereghinii Macroalgae Macroalgae Epiphytes (leaves/litter) and/or BPOM Epiphyte grazer (leaves/litter)

Aora spinicornis Macroalgae Macroalgae Epiphytes (leaves/litter) and/or BPOM Epiphyte grazer (leaves/litter)

Gammarus aequicauda Macroalgae, Posidonia

oceanica litter

Macroalgae Epiphytes (leaves/litter) and/or BPOM,

Posidonia oceanica leaves and/or litter

Epiphyte grazer (leaves/litter),

Detritus feeder (P. oceanica litter)

Dexamine spiniventris Macroalgae, Posidonia

oceanica litter

Macroalgae Epiphytes (rhizomes) and/or SPOM Epiphyte grazer (rhizomes)

Ampithoe helleri Macroalgae Macroalgae Epiphytes (leaves/litter) and/or BPOM,

epiphytes (rhizomes) and/or SPOM

Epiphyte grazer (leaves/litter/rhizomes)

Caprella acanthifera Macroalgae Macroalgae Epiphytes (leaves/litter) and/or BPOM,

epiphytes (rhizomes) and/or SPOM

Epiphyte grazer (leaves/litter/rhizomes)

Gammarella fucicola Macroalgae, Posidonia

oceanica litter

Macroalgae Epiphytes (leaves/litter) and/or BPOM,

epiphytes (rhizomes) and/or SPOM

Epiphyte grazer (leaves/litter/rhizomes)

SPOM = suspended particulate organic matter; BPOM = benthic particulate organic matter.
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items (epiphytes and P. oceanica detritus) ranged from

+0.5& to +1.5&. Such low D15N values clearly indicate

that amphipods feed directly on the sampled food items,

and are mostly primary consumers. Ingestion of crustacean

tissues, although it occurs, is therefore apparently not a sig-

nificant source of organic matter.

Amphipods, notably caprellids, have been described as

heavily preying on sessile animals (Ruffo et al. 1993). In

P. oceanica meadows, animal epiphytes (mostly bryozoans

and hydrozoans) are an often abundant, nutritionally valu-

able food source, as they have C/N ratios similar to those

of amphipods. They are found in close association with

epiflora and could therefore be consumed alongside it.

However, neither the FA nor stable isotope ratio analyses

were sufficient to discriminate between plant and animal

epiphytes from leaves and litter fragments. The significance

of epifauna in amphipod diets is therefore hard to estimate

using these methods. Sessile animals fragments were nearly

absent from the guts of the studied species, suggesting that

they are not major food items. Caution must however be

taken, as their tissues seem to be comparatively softer than

those of macroalgae and crustaceans. They might have

been destroyed by the mechanical digestion, making them

impossible to identify. They could therefore have been mis-

labeled as unidentifiable organic matter, leading to under-

estimation of their actual contribution to the diet. Overall,

the question of the importance of epifauna as food items

for amphipods remains open.

Delineating mesograzer diets in seagrass meadows is a

difficult task, notably because of the complexity of

organic matter fluxes (i.e. high number of food items), as

well as the important similarity between sources. Each of

the methods used had advantages and drawbacks, and

was critical for specific aspects. Gut content examination

only provides a snapshot of the diets of consumers.

Moreover, here, most (60% to 80%) of consumer guts

were filled with amorphous material. This material was

presumably of biogenic origin, and likely consisted of

degraded organic elements. However, it was impossible to

link this with a functional group of food items because of

the lack of identifiable structures. This is probably caused

by the typical feeding mechanisms of amphipods, which

implies that most mechanical digestion takes place before

food ingestion (Bellan-Santini 1999). The gut contents

nevertheless indicated that deposit and suspension feeding

were not major feeding types. Stable isotope ratios were

very useful in differentiating epiphytic organisms from

the leaf and litter fragments from those growing on rhi-

zomes. However, they were unable to separate these two

food sources from BPOM and SPOM, respectively. FA

analyses also had limitations, and notably required

large amounts of biological material, making individual

measurements impossible. However, they showed that

micro-herbivory, suspension feeding and live seagrass

grazing were unlikely to happen. More importantly, it is

the combination of the three techniques that proved to

be successful. Combining data obtained using different

methods indeed allowed us to draw insights that would

not have been clear otherwise.

Our results indicated a certain extent of overlapping in

the diets of the dominant species. Gut contents of all spe-

cies seemed to be quite similar, and FA composition of

the total lipids of all amphipods showed relatively high

overall similarity (more than 70%, Fig. 1). All species

relied for a significant part of their organic matter intake

on macroalgae. These macro-algae were presumably epi-

phytes growing on P. oceanica leaves, rhizomes and litter

fragments, although drift photophilous and sciaphilous

algae found among the litter may also be consumed.

Interspecific differences in the feeding habits were never-

theless visible, notably in the compartments on which

each species preferentially grazed (Table 4). Some of the

species apparently consumed more epiphytes from the

leaves and/or the litter fragments (Ap. chiereghinii,

Ao. spinicornis, Gammarus aequicauda), while D. spiniven-

tris appeared to specialize in grazing of the sciaphilous

epiflora from rhizomes. Ampithoe helleri, C. acanthifera

and Gammarella fucicola seemed to readily feed on both

groups, and may be opportunistic grazers consuming

epiphytes growing on all parts of the plant. These ‘posi-

tional’ differences in the grazing habits of amphipods

may ensure efficient partitioning of resources offered by

the epiphytic cover, and reduce trophic niche overlap.

They may therefore limit food competition among the

taxocenosis, as well as between amphipods and other

mesograzers such as mollusks and polychaetes. In addi-

tion, diet mixing may also reduce competition for food.

SIAR (Fig. 3) revealed that D. spiniventris was the only

amphipod to feed on a single item. Besides their species-

specific preferences, all other taxa exhibited a mixed diet,

and seemed to feed on both epiphytes from leaves and lit-

ter and epiphytes from rhizomes. Exploitation of these

multiple food items may be linked with the diel vertical

migration behaviors displayed by amphipods (S�anchez-

Jerez et al. 1999; Michel 2011). Most species seem to

spend the night in the foliar stratum, where they can graze

on leaf epiphytes, but live in the lower layers of the mea-

dow during daytime, and may therefore eat epiphytes

from litter fragments and rhizomes at this time. Finally,

alternative feeding modes also exist among the commu-

nity, notably detritus feeding for Gammarus aequicauda.

Posidonia oceanica is one of the longest-lived seagrass-

es in the world. As a result, epiphytic communities

growing on its leaves and rhizomes show a unique

development. It is one of the most diverse and well-

structured communities found among all seagrasses, and
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can represent up to 40% of the foliar biomass (Mazzella

et al. 1989). These epiphytes form an essential compart-

ment of the meadow, and are of paramount importance

in numerous processes (Buia et al. 2000). Here, we have

shown that epiphytes growing on all parts of the plant

were central items in the diet of dominant species of

the abundant community of seagrass-associated amphi-

pods. By consuming epiphytes, amphipods make the

organic matter constituting them available to upper level

consumers, and therefore hold a central role in the food

webs associated with Neptune grass meadows. However,

this importance in trophic interactions may not be their

only ecological role. Their feeding activity may also

influence the development of the epiphytic cover, and as

dominant species have contrasting diets, the outcomes

of their trophic interactions may also be different. Over-

all, amphipods definitely have the potential to impact

the functioning of P. oceanica meadows, and may there-

fore be key features of these complex, pivotal, yet criti-

cally endangered ecosystems.
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