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ABSTRACT: The relationships between the biochemical characteristics of sedimentary organics and
benthic meiofauna in the Gulf of Lions were assessed based on samples collected at 19 sites during
June 1998. We measured sediment granulometry, organic matter, organic carbon, nitrogen, carbohydrate, lipid, total hydrolyzable amino acid (THAA) and enzymatically hydrolyzable amino acid
(EHAA) concentrations together with C/N and EHAA/THAA ratios. Meiofauna abundance and
nematode biomass were also analyzed. All biochemical parameters showed the same pattern of
change relative to depth, with a decrease between 0 and 175 m, a subsequent increase between 175
and 900 m and a final decrease at greater depths. This pattern was linked to sediment granulometry
and more specifically to the occurrence of coarser sediments near the edge of the continental shelf. In
contrast, meiofauna abundance and nematode biomass constantly decreased with depth. This
suggests that organic matter availability does not control the quantitative characteristics of benthic
meiofauna over the whole range of sampled depths. The relationships between biochemical descriptors of sedimentary organics and quantitative characteristics of benthic meiofauna were
assessed in the 0 to 175 m depth range. Lipids and to a lesser extent EHAA correlated better with
meiofauna abundance and nematode biomass than nitrogen, carbohydrates and organic contents.
These results are discussed in view of the identification of biochemical descriptors of the nutritive
value of sedimentary particulate organic matter.
KEY WORDS: Particulate organic matter · Meiofauna · Gulf of Lions · Continental shelf · Continental
slope
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INTRODUCTION
Particulate organic matter (POM), which is produced
in the euphotic zone and then sinks down to the
seafloor, constitutes a link between pelagic and benthic ecosystems (Graf 1992). During the last 2 decades
the occurrence and importance of such a coupling has
been increasingly documented through the analysis of
the effects of changes in particle fluxes on the structure
and functioning of benthic ecosystems. The effect of
increasing particle fluxes on the abundance and the
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biomass has been documented for various compartments of the benthic fauna (including microbes, meioand macrofauna) based on either spatial (Relexans et
al. 1996, Smith et al. 1997) or temporal surveys (Grémare et al. 1997). Benthic respiration has also been
shown to be positively correlated with the overlying
primary production (Hargrave 1973) and to respond to
changes in particle fluxes (Graf et al. 1983). Moreover,
the study of life cycles in selected deep sea organisms
has revealed the existence of a quick response to the
sedimentation of different types of POM originating
from overlying waters (Bishop & Shalla 1994, Tyler et
al. 1994). Both direct observations and biochemical
assays carried out on deep sea sediments have docu-
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mented the quick arrival of fresh phytodetritus at the
bottom-sediment interface at depths sometimes even
exceeding 5000 m (Hecker 1990, Smith et al. 1996).
The occurrence of quick sedimentation processes, allowing for the presence of fresh material at the watersediment interface, raises the issue of the assessment
of POM nutritional value.
A proportion of the sedimentary POM corresponds to
refractory forms that cannot be absorbed by benthic
organisms because of the characteristics of their digestive systems (Plante & Jumars 1992, Plante & Shriver
1998). It thus seems essential to assess the particular
fraction of POM that is available to benthic fauna to describe the interactions between these 2 compartments.
A possible approach consists in mimicking digestion
using enzymatic hydrolysis (Mayer et al. 1986, 1995,
Lan & Pan 1993, Dell’Anno et al. 2000). Based on the
comparison between the biochemical composition of
benthic primary consumers and their primary food
sources, Phillips (1984) suggested that benthic detritivores may be limited by the availability of specific micronutrients (such as essential amino and fatty acids)
rather than by bulk nutrients (such as carbon and nitrogen). This hypothesis was later supported by the analysis of population dynamics of opportunistic surface deposit feeders in the Chesapeake Bay (Marsh & Tenore
1990). A sound biochemical approach aimed at assessing the nutritional value of POM must thus account
both for its digestibility and for its capacity to meet the
nutritional requirements of benthic fauna. One possible
method is the biomimetic approach proposed by Mayer

et al. (1995) for the quantification of enzymatically
hydrolyzable amino acids in marine sediments.
Although this method is being increasingly utilized,
its validity as a surrogate for determining the amount
of proteins actually available to benthic primary consumers remains questionable due to the scarceness of
studies coupling biochemical and bio-assays (Taghon
& Greene 1990, Charles et al. 1995, Grémare et al.
1997). A complementary approach consists of correlating the abundance or the biomass of benthic fauna
with the biochemical characteristics of sedimentary
organics (Soltwedel & Thiel 1995, Relexans et al. 1996).
Studies of this kind have mainly focussed on microand meiofauna, which are thought to quickly respond
to POM inputs due to their small size and fast potential
renewal rates, and become rapidly dominant as depth
increases (Flach et al. 1999). As far as we know, none
of these studies have yet employed a biomimetic
approach.
The aim of the present paper was to compare the
ability of a broad set of biochemical characteristics of
sedimentary organics to describe quantitative changes
in both the abundance and the biomass of benthic
meiofauna. More specifically, our working hypothesis
was that biochemical parameters resulting from a biomimetic approach should better correlate with quantitative characteristics of meiofauna than global descriptors of sedimentary organics (e.g. organic carbon,
nitrogen). This question was assessed based on a field
survey involving 19 stations located throughout the
Gulf of Lions.

MATERIALS AND METHODS

Fig. 1. Location of the 19 stations sampled during the Moogli II cruise

Samples collection. A total of 19 stations were sampled during the Moogli
II cruise, which took place on board the
RV ‘Suroît’ between 2 and 28 June
1998 (Fig. 1). The geographic coordinates of these stations are provided in
Table 1, together with their depth, distance to the coast and sampling date.
Among the 7 stations deeper than
200 m, 3 (B, F and U) were located
within submarine canyons, and 3 (I, J
and N), on the open slope. The depths
of Stns I and U were close enough to
allow direct comparisons between these
2 stations. To a lesser extent, this was
also true for Stns J, N and F. Stn E was
1380 m deep and located at the mouth
of the Petit Rhône canyon.
At each station, sediment cores (9 cm
in diameter) were taken using a
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Bowers & Connolly midicorer (Ocean Scientific®). This
instrument is an impact corer designed to take 4 undisturbed cores at a time from the sea-bed. The centers of
these cores are on a 300 mm square. The penetration
rate in the sediment is about 50 mm s–1. There were
2 successful drops per station. The distance between
these 2 drops was typically <100 m.
Biochemical assays. For assays 3 cores were randomly selected from the 2 drops and used for biochemical assays. The overlying water was immediately
removed and the first centimeter of each core was cut,
centrifuged (4500 rpm for 3 min), briefly rinsed in distilled water, centrifuged again (4500 rpm, 3 min), and
then frozen (–20°C). Back at the laboratory, sediment
samples were freeze-dried, crushed, sieved on a
200 µm mesh, and stored at –20°C until analysis. All
biochemical assays were run in triplicate for each of
the 3 cores used for biochemical assays. They were
carried out on the fraction < 200 µm in size.
Organic contents were assessed by measuring the
weight lost after combustion (450°C for 5 h). Organic
carbon and nitrogen contents were measured after
acidification (1 N HCl) using a CHN Perkin Elmer
2400 analyzer.
Carbohydrates were measured after Dubois et al.
(1956). Briefly, 100 mg DW of sediment was weighed
and mixed with 6 ml of distilled water. A 100 µl subsample was taken, and 900 µl of distilled water and
1 ml of a 5% phenol solution was added. After vortexing, 5 ml of pure sulfuric acid was added. Then, the
tube was cooled at room temperature and centrifuged
(2000 rpm, 5 min). Optical density was read at 490 nm
and converted in glucose equivalents.
Lipids were measured using the procedure of Barnes
& Blackstock (1973). Briefly, 100 mg DW of sediment
was weighed and mixed with 6 ml of distilled water. A
500 µl subsample was taken and dried at 90°C before
1.5 ml of chloroform/methanol (2:1 v/v) was added.
After 20 min of mixing, a 1 ml subsample was collected
and evaporated (90°C). Then 500 µl of pure sulfuric
acid was added. After agitation and heating (90°C,
10 min), the tube was cooled in ice; 2.5 ml of reactive
(2 g of vanillin in 800 ml of orthophosphoric acid and
200 ml of distilled water) was added. After 30 min at
room temperature, optical density was read at 520 nm
and converted to lipid equivalents based on a cholesterol standard.
Total hydrolyzable amino acids (THAA) were acidified (6 N HCl, 100°C, 24 h), derivatised with orthophtaldialdehyde (OPA) and assayed using a Hitachi
F4500 spectrofluorimeter. Fifteen mg DW of sediment
was submitted to a strong acid hydrolysis (500 µl of
6 N HCl, 100°C, 24 h, under vacuum). Subsequently
0.1 ml subsamples of the hydrolysates were neutralized
with 0.1 ml of 6 N NaOH and buffered with 2 ml of

H3BO3 (0.4 M, pH 10). These samples were let standing at room temperature for 1 h and then centrifuged
(1000 rpm, 5 min). One ml of phosphate buffer (pH 8)
and 100 µl of an OPA solution (500 mg in 5 ml of
methanol, 500 ml OPA buffer [15 g boric acid, 0.5 g
BRIJ 35 and 1.25 g of EDTA di-sodium salt, pH 9.8] and
0.25 ml of 2β mercaptoethanol) were added to 100 µl of
the buffered extract. THAA quantification was based
on fluorescence measurements (excitation wavelength: 340 nm; emission wavelength: 455 nm) carried
out exactly 4 min after the OPA addition. These measurements were converted into concentrations by comparison with a standard containing 17 amino acids
(Sigma AA-S-18).
Enzymatically hydrolyzable amino acids (EHAA) were
extracted following the procedure proposed by Mayer et
al. (1995). They were quantified as described for THAA,
100 mg DW of sediment was poisoned with 1 ml of a solution containing 2 inhibitors of bacterial active-transport
systems (0.1 M sodium arsenate and 0.1 mM pentachlorophenol within a pH 8 sodium phosphate buffer).
This mixture was allowed to incubate for 1 h. A total of
100 µl of proteinase K solution (1 mg ml–1) was then
added, and the samples were incubated for 6 h at 37°C.
They were then centrifuged to discard remaining particulate material. Seventy-five µl of pure TCA was added
to 750 µl of supernatant to precipitate macromolecules,
which are considered to be nonsuitable for absorption by
benthic invertebrates. Then 750 µl of the supernatant
was hydrolyzed (750 µl of 12 N HCl) and processed as
described for THAA. In addition, a blank accounting for
Table 1. Sampling date, geographic coordinates, depth and
distance to the coast of the 19 stations sampled during the
Moogli II cruise
Stn

Date
(d/mo/yr)

Latitude
N

Longitude Depth
E
(m)

B
C
D
E
F
G
H
I
J
K
L
N
O
P
R
S
T
U
V

04/06/98
04/06/98
05/06/98
15/06/98
05/06/98
05/06/98
05/06/98
17/06/98
06/06/98
06/06/98
06/06/98
07/06/98
07/06/98
07/06/98
08/06/98
08/06/98
08/06/98
16/06/98
16/06/98

42° 55’ 23
43° 04’ 06
43° 15’ 05
42° 40’ 00
42° 54’ 91
43° 04’ 02
43° 14’ 97
42° 39’ 98
42° 44’ 97
42° 59’ 01
43° 12’ 01
42° 20’ 01
42° 54’ 35
43° 07’ 00
42° 35’ 07
42° 48’ 13
43° 01’ 05
42° 27’ 68
42° 29’ 61

05° 08’ 33
05° 07’ 50
05° 07’ 95
04° 45’ 00
04° 44’ 95
04° 44’ 96
04° 44’ 96
04° 22’ 99
04° 19’ 04
04° 14’ 91
04° 13’ 02
03° 35’ 01
03° 51’ 90
03° 48’ 00
03° 37’ 03
03° 28’ 92
03° 19’ 98
03° 29’ 92
03° 09’ 55

1200
157
78
1380
240
95
75
830
340
94
87
380
92
91
175
96
66
910
35

Distance
(km)
37.0
24.1
9.3
75.9
46.3
29.6
11.1
79.6
72.2
51.9
27.8
22.2
50.0
29.6
37.0
35.2
20.4
20.4
1.9

% DW
% DW
% DW
–
mg g–1 DW
mg g–1 DW
nmol–1 mg DW
nmol–1 mg DW
% THAA

ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
ind. 10 cm–2
µg DW 10 cm–2

Meiofauna
Total abundance
Nematodes
Copepods
Nauplii
Ostracods
Isopods
Amphipods
Cumacea
Tanaids
Tardigrads
Annelids
Molluscs
Echinoderms
Kinorhynchs
Gastrotrichs
Nematode biomass

% Vol

Granulometry
Proportion < 63 µm

Biochemistry
Organic content
Organic carbon
Nitrogen
C/N ratio
Carbohydrates
Lipids
THAA
EHAA
EHAA/THAA

Units

Parameters

74.2

C

89.1

D

89.4

E

–

F

84.3

G

98.1

H

88.9

I

33.3

J

53.8

K

588 1860
472 1619
19 116
80
70
1
2
1
0
0
1
0
0
0
1
2
0
11
37
0
0
0
0
1
14
1
0
130.1 284.3

1642
1384
157
38
1
1
1
1
0
0
26
1
0
32
0
366.5

530 1406 1169
480 1230 1010
23
116
80
22
18
34
0
0
1
0
1
1
0
0
1
0
0
1
0
1
0
1
0
0
3
37
27
0
1
0
0
0
0
1
2
14
0
0
0
99.0 249.8 329.9

3117 709 1222 1371
2711 648 1121 1236
211
40
42
77
65
9
22
12
2
0
1
0
1
0
0
1
1
0
0
0
2
0
0
1
1
0
1
1
0
1
0
1
42
9
27
31
2
0
0
1
1
0
0
0
78
2
8
10
0
0
0
0
722.3 148.1 153.7 286.4

4.09
1.53
2.79
4.17 2.84 2.70 4.51 4.87 2.52 2.68
0.89
0.40
0.62
0.65 0.47 0.49 1.04 0.66 0.44 0.50
0.11
0.04
0.07
0.08 0.05 0.05 0.11 0.09 0.05 0.06
8.1
10.0
8.9
8.1
9.4
9.8
9.5
7.3
8.9
8.3
6.61
1.60
3.24
5.64 3.57 2.80 5.64 7.64 3.53 2.71
0.286 0.204 0.173 0.176 0.160 0.123 0.382 0.248 0.158 0.162
23.96
7.46 13.52 16.15 14.82 10.05 24.13 18.40 12.47 13.65
5.35
1.65
2.28
3.82 2.81 1.99 5.88 4.82 3.03 3.36
22.3
22.1
16.9
23.7 19.0 19.8 24.4 26.2 24.3 24.6

92.0

B

74.2

N

12.5

O

76.5

P

27.7

R

48.2

S

95.4

T

1780 1682
901 1979 1314 2238
1534 1533
757 1846 1166 2015
133
70
68
70
63
91
42
26
27
20
29
52
0
1
1
0
0
4
4
1
0
0
2
1
0
0
0
0
2
1
1
0
0
1
0
1
0
1
0
0
0
2
0
2
4
0
0
3
39
41
32
39
47
37
0
0
1
1
0
0
0
0
0
0
0
1
27
7
11
2
5
30
0
0
0
0
0
0
274.5 255.2 227.2 514.4 300.0 465.0

–

V

4.46 2.97
0.76 0.87
0.10 0.09
7.6
9.7
5.29 4.20
0.234 0.349
19.55 22.20
5.03 6.57
25.7 29.6

–

U

2564 1290 5419
2131 1234 3967
177
23 707
93
9 313
1
1
2
5
1
0
3
0
1
3
0
3
0
1
1
0
0
0
59
20 138
1
0
2
2
0
1
89
1 284
0
0
0
534.8 195.3 683.6

4.45 3.18 1.95 3.23 1.43 2.83 3.12
0.79 0.48 0.25 0.56 0.20 0.50 0.77
0.10 0.07 0.04 0.08 0.03 0.07 0.10
7.9
6.9
6.3
7.0
6.7
7.1
7.7
5.57 3.97 1.26 4.31 1.29 4.05 4.89
0.265 0.097 0.131 0.189 0.141 0.162 0.232
23.09 14.11 10.04 17.71 6.18 15.97 20.54
4.83 2.51 2.06 4.86 1.40 4.15 5.47
20.9 17.8 20.5 27.4 22.7 26.0 26.6

98.2

L

Table 2. Mean values of the granulometrical, biochemical and faunal parameters measured at the 19 stations sampled during the Moogli II cruise (THAA, total hydrolyzable amino acids; EHAA, enzymatically hydrolyzable amino acids)
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possible degradation of the enzyme was
carried out.
We decided to use spectrofluoremetrical instead of HPLC measurements
because of the results of previous surveys showing that THAA and EHAA
amino acid mole distributions within
both sedimenting (Medernach et al.
2001) and sedimented POM (Medernach 2000) collected in different seasons and in various parts of the Gulf of
Lions are almost constant.
Sediment granulometry. At each
site, sediment granulometry was assessed (triplicates) within the same
cores and on the same fraction used for
the biochemical assays using a Malvern® Mastersizer 2000 laser microgranulometer.
Meiofauna. At each site, 3 other
cores were randomly selected from the
2 multi-corer drops. They were subsampled for meiofauna to a depth of
5 cm using a 6.16 cm2 syringe that was
vertically inserted into the sediment.
The collected sediment was fixed with
4% formalin in buffered seawater.
Back at the laboratory, meiofauna was
sieved on a 40 µm mesh. The fraction
retained on this mesh was diluted in
ludox HS-40 containing kaolin and
centrifuged (5500 rpm, 15 min). The
supernatant was passed through a
40 µm mesh, and the fraction retained
on this mesh was collected and fixed
with formalin. These operations were
repeated 3 times, leading to an extraction efficiency of 94% (Keller 1984,
1985). Meiofauna was identified to the
main taxa and counted under a stereo
dissecting microscope. Nematode biomass was determined using the biometric approach proposed by deBovée
(1987).
Data analysis. Relationships between both biochemical and faunal
parameters and either depth or distance to the coast were assessed using
semi-logarithmic and simple linear regression models, respectively.
Because of the existence of different
patterns of changes in both granulometrical/biochemical and faunal parameters relative to depth, we decided to
focus on the 0 to 175 m depth range to
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assess the interactions between biochemical and faunal
parameters. This was achieved through a principal
component analysis (PCA) based on depth, distance to
the coast, biochemical parameters (organic content,
organic carbon, nitrogen, carbohydrates, lipids, THAA,
EHAA, EHAA/THAA ratio), meiofauna abundance
and nematode biomass. These relationships were also
assessed using simple linear regression models.

RESULTS
Sediment granulometry
The percentages of particles < 63 µm in diameter
were between 12.5% (Stn O) and 98.2% (Stn L;
Table 2, Fig. 2). They tended to be lower at the stations
located at intermediate depths near the shelf break
(Stns J, K, O, R and S). Proportions of the silt-clay fraction tended also to be low at Stns G and C, but to a
lesser extent, possibly due to the proximity of the
Rhône River.

Biochemistry
The main characteristics of sedimentary organics at
the sampled stations are presented in Table 2. Organic
contents were between 1.43% (Stn R) and 4.87%
(Stn I). Organic carbon concentrations were between
0.20% (Stn R) and 1.04% (Stn H). Nitrogen concentrations were between 0.03% (Stn R) and 0.11% (Stns B
and H). C/N ratios were between 6.3 (Stn O) and 10.0
(Stn C). Carbohydrate concentrations were between
1.26 (Stn O) and 7.64 mg g–1 DW (Stn I). Lipid concentrations were between 0.097 (Stn N) and 0.382 mg g–1
DW (Stn H). THAA were between 6.18 (Stn R) and
24.13 nmol mg–1 DW (Stn H) versus 1.40 (Stn R) and

Table 3. Main characteristics of the linear regression models
linking the proportion of particles < 63 µm in diameter and
biochemical parameters. Significant correlations (p < 0.05)
are in bold (r2, determination coefficient; p, probability)
Dependent variables
Organic contents
Organic carbon
Nitrogen
Lipids
Carbohydrates
THAA
EHAA
EHAA/THAA ratio
C/N ratio

r2
0.489
0.672
0.590
0.317
0.465
0.425
0.303
0.000
0.193

p

Slope

0.004 18.422
0.001 107.038
0.001 875.802
0.029 221.284
0.005 10.416
0.008 26.540
0.034 80.861
0.992
0.025
0.101 10.393

Intercept
13.134
9.995
8.857
27.639
29.208
18.879
33.558
69.006
–13.713

Fig. 2. Relationship between the proportion of particles
< 63 µm in diameter and water depth

6.57 nmol mg–1 DW (Stn V) for EHAA. EHAA/THAA
ratios were between 16.9% (Stn D) and 29.6 % (Stn V).
For all biochemical parameters, concentrations featured the same pattern of change relative to depth. A
decrease was found between 0 and 175 m, followed by
an increase between 175 and 900 m and then a further
decrease at greater depths. This was apparently due to
change in granulometry since all biochemical parameters but C/N and EHAA/THAA ratios correlated positively with the proportion of particles < 63 µm in size
(p < 0.034 in all cases, Table 3). None of the biochemical
parameters correlated significantly with the distance to
the coast (p > 0.119 in all cases, data not shown).

Meiofauna
Total abundances of meiofauna were between 530
(Stn E) and 5419 ind. 10 cm–2 (Stn V) (cf. Table 2).
Abundances measured at Stns H and V were clearly
the highest ones. For the other stations there was a
continuous trend of decreasing abundance with increasing depth (Fig. 3A). The best fit between these
2 parameters was obtained using a semi-logarithmic
regression model (N = 19, r2 = 0.453, p = 0.002). Meiofauna abundance also correlated negatively with the
distance to the coast (N = 19, r2 = 0.432, p = 0.002 using
a simple linear regression model).
Nematodes were always dominant (i.e. accounting
for between 73 and 97% of total meiofauna abundance). Their biomass ranged between 99.0 (Stn E) and
722.3 µg DW 10 cm–2 (Stn H) (Table 2). They correlated
negatively with depth (N = 19, r2 = 0.608, p < 0.001
using a semi-logarithmic model; Fig. 3B) and with the
distance to the coast (N = 19, r2 = 0.487, p < 0.001).
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with biochemical parameters and most tightly with
lipids and EHAA. These results were supported by
simple regression analysis. When considering all stations with depth of <175 m, meiofauna abundances
indeed correlated positively with organic carbon,
nitrogen, lipids, THAA and EHAA, but not with total
organic contents and carbohydrates (Table 4). The best
fits were obtained using lipids and EHAA. The same
pattern was true for nematode biomass, except that
this parameter also correlated positively with carbohydrates.

DISCUSSION
Comparison with literature data
Comparison of our results regarding sedimentary
organics with literature data is based on available data
regarding either the Gulf of Lions (C and N), other
parts of the Mediterranean (carbohydrates and lipids),
or even other parts of Europe (EHAA, THAA, EHAA/
THAA ratio). The ranges of organic carbon and nitrogen concentrations recorded during the present study
are in good agreement with those (i.e. between 0.27
and 0.78% DW and 0.03 and 0.11% DW, respectively)
reported by deBovée et al. (1990) and then Buscail &
Germain (1997) within the Gulf of Lions. Moreover, the
standardization for depth leads to almost equivalent
concentrations. When standardized for depth, carbo-

Fig. 3. Relationships between total (A) meiofauna abundance
and (B) nematode biomass and water depth

Relationships between parameters
Projections of variables on the first plane of the PCA
involving biochemical parameters, meiofauna abundance and nematode biomass in the 0 to 175 m depth
range are presented in Fig. 4. The first component
accounted for 73.4% of total variance and the second
one for 10.8%. Component 1 was characterized by the
opposition between depth and distance to the coast
on one side and all biochemical parameters on the
other side. It was interpreted as reflecting quantitative
changes in sedimentary organics. Component 2 allowed
separation of biochemical parameters, with a gradient
from lipids and EHAA to organic contents and carbohydrates. It was interpreted as indicative of changes in
the lability of sedimentary organics. Both meiofauna
abundance and nematode biomass were associated

Fig. 4. Projections of variables on the first plane of principal
component analysis based on biochemical parameters, meiofauna abundance and nematode biomass at the stations
located within the 0 to 175 m depth range (Z, depth; D, distance to the coast; C, organic carbon; N, nitrogen; OM,
organic contents; CARB, carbohydrates; LIP, lipids; THAA,
total hydrolyzable amino acids; EHAA, enzymatically
hydrolyzable amino acids; EHAA/THAA, enzymatically to
total hydrolyzable amino acid ratios; AMeio, abundance of
meiofauna; BNem, biomass of nematodes)
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hydrate and lipid concentrations measured during the
present study are slightly higher than those recorded
either in the Gulf of Marconi (Albertelli et al. 1999) or
along a transect between the Aegean and the Ionian
Seas (Danovaro et al. 1993). Such differences may
reflect more intense oligotrophy in these parts of the
Mediterranean than in the Gulf of Lions, where continental inputs associated with the Rhône River are
important (Pont 1997).
Assuming an average molecular weight of 132 g,
our THAA concentrations are between 0.819 and
3.200 mg g–1 DW. This is slightly higher than the protein concentrations (between 0.900 and 1.400 mg g–1
DW) recently reported for the Porcupine abyssal plain
(Dell’Anno et al. 2000), but in the range of existing
data regarding coastal sediments (i.e. < 7.6 mg g–1
DW according to Dauwe et al. 1999). EHAA concentrations are between 0.185 and 0.871 mg g–1 DW.
Here again, this is slightly higher than the values
reported for the Porcupine abyssal plain (i.e. between
0.020 and 0.320 mg g–1 DW according to Dell’Anno et
al. 2000), but in good agreement with existing data
regarding coastal sediments (i.e. between 0.130 and
2.200 mg g–1 DW, 1.8 mg g–1 DW and <1 mg g–1 DW
according to Mayer et al. 1986, 1995 and Dauwe et
al. 1999, respectively). EHAA/THAA ratios are between 16.9 and 29.6%, which is in good agreement
with the intermediate values reported by Dauwe et
al. (1999) along a production/degradation gradient in
the North Sea. Such values appear to be indicative of
areas where degradation processes are dominant.
Meiofauna abundances are also in good agreement
with literature data regarding the Mediterranean
(deBovée et al. 1990, Medernach 2000).

Changes of sedimentary organics relative to depth
The spatial distribution of sedimentary organic biochemical characteristics within the Gulf of Lions has
been previously assessed based on samples collected
between 1983 and 1987 at depths ranging between
600 and 2300 m (deBovée et al. 1990, Buscail & Germain 1997). Those samples were mostly collected
within submarine canyons of both the Rhodanian and
the Catalan margins (i.e. the center of the Gulf of Lions
was not sampled). Results suggested: (1) a significant
increase of sedimentary organic carbon concentrations
within canyons, (2) the impact of both the position of
the canyons relative to the Liguro-Provençal current
and the width of the adjacent shelf on organic carbon
concentrations, (3) higher organic carbon concentration in the upper than in the lower axis of submarine
canyons, and (4) no significant changes in organic carbon concentration with depth on the open slope. Bio-

Table 4. Main characteristics of the linear regression models
linking biochemical parameters and fauna characteristics in
the 0 to 175 m depth range. Significant correlations (p < 0.05)
are in bold (r2, determination coefficient; p, probability)
Independent variables
Regression parameters
Organic contents
r2
p
Slope
Intercept

Meiofauna
abundance

Nematode
biomass

0.121
0.268
437.9
865.1

0.278
0.078
46.6
79.3

0.482
0.012
3365.7
152.0

0.593
0.003
262.2
59.4

Nitrogen
r2
p
Slope
Intercept

0.353
0.042
27011.5
222.0

0.521
0.008
2301.7
51.0

Lipids
r2
p
Slope
Intercept

0.661
0.001
11728.7
–343.3

0.605
0.003
787.9
47.2

Carbohydrates
r2
p
Slope
Intercept

0.263
0.088
397.1
737.5

0.452
0.016
36.5
85.7

THAA
r2
p
Slope
Intercept

0.423
0.022
986.9
166.6

0.516
0.008
76.5
61.4

EHAA
r2
p
Slope
Intercept

0.612
0.003
4068.8
178.0

0.676
0.001
300.3
69.3

C/N
r2
p
Slope
Intercept

0.170
0.182
380.0
–1015.1

0.087
0.351
19.1
55.0

EHAA/THAA
r2
p
Slope
Intercept

0.475
0.013
228.6
–3250.4

0.452
0.017
15.6
–154.6

Organic carbon
r2
p
Slope
Intercept

chemical descriptors aiming at assessing the bioavailable fraction of sedimentary organics were not assayed
during this survey.
Our own results suggest the existence of a single
pattern of change in sedimentary organics relative to
depth for the Gulf of Lions. They show that sedimentary organic concentration decreases with depth on the
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continental shelf. This diminution matches changes in
mean annual carbon organic fluxes recorded in the
Grand Rhône canyon (Monaco et al. 1999). Sedimentary organic concentrations then clearly increase with
depth between 175 and 900 m (upper slope). Based on
the analysis of the regression linking gross sedimentation rates and concentrations of sedimenting POM in
various biochemical components, Medernach (2000)
compared the ability of these components to account
for the lability of POM. She showed that lipids and
EHAA were both associated with the most labile fraction, whereas carbohydrates were associated with the
most refractory one. The fact that the increase of sedimentary organic concentration on the upper slope was
recorded for all biochemical components (and more or
less in the same proportions irrespective of their association with a more or less labile POM fraction) suggests that this augmentation does not result from the
accumulation of degraded POM. Preferential deposition on the upper slope has been directly documented
in the Grand Rhône canyon, where Monaco et al.
(1999) reported a maximum of annual organic carbon
flux at 600 m. Unfortunately, there are only few available data regarding near-bottom vertical fluxes in the
Gulf of Lions. Those compiled by Durrieu de Madron
et al. (2000), however, suggest a constant decrease
with depth. Moreover, the negative relationship between sediment grain size and concentration of sedimentary organics also pinpoints the effect of sediment
granulometry. Higher organic contents are well known
to be associated with finer sediments, both through an
increase of surface/volume ratios (Mayer 1994). During
the present survey, the low concentrations of sedimentary organics recorded near the shelf break were
indeed clearly associated with coarser sediments within littoral relict formations. More generally, the presence of coarse sediment at the shelf break constitutes
one of the characteristics of continental margins when
submitted to strong currents such as the LiguroProvençal current (Blake & Doyle 1983). Hydrodynamics could thus act both in limiting sedimentation and in
controlling sediment granulometry at the shelf break
of the Gulf of Lions continental margin.

Relationships between sedimentary organics and
benthic meiofauna
The relationship between sedimentary organics and
benthic meiofauna in the Gulf of Lions has been previously assessed by deBovée et al. (1990) based on
2 cruises carried out during summer and autumn 1986
at depths ranging from 672 to 2367 m. These authors
reported a constant decrease of sedimentary organic
concentrations and meiofauna abundance with depth.

This result was interpreted as reflecting the distance
from the food source. The analysis of vertical changes
in particulate fluxes in the Gulf of Lions, however, suggests that this pattern probably does not hold for the
whole margin (Monaco et al. 1999). Moreover, because
of the nature of the biochemical parameters (i.e.
organic carbon, nitrogen and chlorophyllous pigments)
that were assayed by deBovée et al. (1990), it was difficult to attribute the lack of fit of the regression models linking the biochemical characteristics of sedimentary organics and the quantitative characteristics of
benthic fauna either to a real lack of functional relationship or to the absence of consideration of the changes in sedimentary POM nutritional value.
During the present study, a much wider depth range
was sampled, and meiofauna quantitative characteristics still showed a constant decrease with depth. In the
Mediterranean, sediment granulometry does not seem
to significantly affect the abundance of meiofauna
(deBovée et al. 1990). Changes in quantitative characteristics of benthic fauna with depth are often attributed to organic matter, oxygen availability, and/or the
interaction between these 2 parameters (Levin et al.
2000). Because of strong mixing during winter and
oligotrophy, Mediterranean waters are almost always
well oxygenated (Minas & Bonin 1988), explaining
why the decrease of Mediterranean benthic meiofauna
with depth has been previously attributed to a decrease in food availability (deBovée et al. 1990, see
above).
During the present study, there was a positive correlation between sedimentary organics and both meiofauna abundance and nematode biomass on the continental shelf. Data from this zone were thus used to
compare the validity of several biochemical parameters for describing quantitative changes in benthic
fauna. This comparison shows the existence of a tight
relationship between meiofauna (abundance and biomass) and lipids and EHAA. Based on the results of the
regression models between sedimentary organic and
meiofauna characteristics, it can be estimated that the
use of EHAA instead of N results in an increase of
about 20% in the proportion of quantitative changes in
the meiofauna explained by organic matter availability. In this sense, our data thus tend to support the use
of the biomimetic approach proposed by Mayer et al.
(1986, 1995) for assessing the bioavailable fraction of
sedimentary organics. This result is in good agreement
with both: (1) the initial calibration of the biomimetic
approach using Parastichopus californicus gut fluid
(Mayer et al. 1995) and (2) the positive correlation
found between available protein rations and growth in
the bivalve Abra ovata (Grémare et al. 1997). Food
quality is not an inherent property of the sediment
itself but rather results from an interaction between
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sediment and benthic organisms (Mayer et al. 1995).
Because digestive capacities differ among benthic invertebrates, generalized validation of the biomimetic
approach based on single benthic species remains
equivocal (Mayer et al. 1995). Results of the present
study are thus important because they tend to support
this approach based on data regarding the whole
meiofauna community. Our results also pinpoint the
inadequacy of the labile organic matter concept, which
has been extensively used in the Mediterranean
(Danovaro et al. 1993, 1995), as an indicator of POM
nutritional value. Total proteins, carbohydrates and
lipids are indeed associated with different levels of:
(1) organic matter lability (Medernach 2000) and (2)
correlation with quantitative characteristics of benthic
fauna (Medernach 2000, present study). Part of the
lack of fit of regression models linking total carbohydrates and quantitative characteristics of meiofauna
may result from the existence of both digestible and
refractory forms of carbohydrates. This is also true,
although to a lesser extent, for the lipid fraction, which
includes a variety of structures. Biomimetic approaches regarding the bioavailability of these 2 kinds of
compounds (such as recently proposed by Dell’Anno et
al. 2000) will thus certainly prove very suitable in the
near future.
There was no positive correlation between sedimentary organic concentrations and either meiofauna
abundance or nematode biomass on the upper slope.
This pattern was observed for all the biochemical
parameters assessed during the present survey, including lipids and EHAA, which are presently thought
to be associated with the labile organic matter that
can indeed be used by the benthic fauna (Grémare et
al. 1997, Medernach 2000, present study). Thus, it
seems very unlikely that organic matter availability
controls the abundance and the biomass of benthic
meiofauna on the upper slope of the Gulf of Lions. At
this stage hypotheses relative to the factor(s) controlling benthic communities in this zone are still
largely speculative. It can only be underlined that both
the steepness of the upper slope and its relatively shallow depth contribute to increase its instability, which
could affect the establishment of dense benthic populations.

CONCLUSIONS
In conclusion, our data clearly show that both lipids
and EHAA, which are associated with the most labile
fraction of sedimentary organics, correlate better
with quantitative changes in benthic meiofauna than
THAA, C, N, carbohydrates or total organic contents.
Discrepancies in the pattern of changes of both sedi-
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mentary organic biochemical characteristics and benthic meiofauna with depth also suggest that organic
matter availability is not controlling the meiofauna
standing stock on the upper slope of the Gulf of Lions.
Further studies are required to unravel the ecological
factors controlling benthic fauna abundance in this
particular depth range.
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