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ABSTRACT In this study we developed existing protocols for the enzymatic digestion of protein and
carbohydrate pools in deep-sea sedments in order to estimate the organic fraction potentially bioavailable for benthic consumers. Sedunent samples were collected m an abyssal locality (Porcupine Abyssal
Plain, 4800 m depth) of the NE Atlantic in September 1996, and March and October 1997, and vertically
divided into 5 layers down to a depth of 15 cm. Protein and carbohydrate concentrations released
enzyrnatically were highest after 2 h of incubation for both organic pools. The release of enzymatically
hydrolysed proteins from the deep-sea sediments was significantly higher using Tris+EDTA and sonication instead of a simple sediment homogenisation in Na-phosphate buffer. Hydrolysed carbohydrate
concentrations were higher utilising a-amylase, P-glucosidase, Proteinase K and lipase instead of only
a-arnylase and P-glucosidase. Hydrolysed proteins and carbohydrates accounted for a small fraction of
the total protein and carbohydrate pools (on average 15 and 13%, respectively), indicating that total
protein and carbohydrate concentrations do not represent the actual available fraction of the sedirnentary organic matter in this deep-sea environment. Hydrolysed protein pools changed significantly
between sampling periods whereas carbohydrate pools appeared to be more conservative both spatially and temporally. Hydrolysed protein and carbohydrate concentrations were characterised by different vertical patterns and carbohydrate concentrations were much h g h e r in deeper sediment layers.
These results indicate that the 2 classes of organic compounds might play different roles in different
sediment layers with important trophodynarnic implications for benthic organisms living at different
sediment depths.
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INTRODUCTION

Quantity and quality of organic matter (OM) in marine sediments are recognised as major factors affecting metabolism, distribution and dynamics of benthic
organisms, from bacteria to megafauna (Grant & Hargrave 1987, Graf 1989, Duineveld et al. 1997). Food
availability in the sediments has long been expressed
as the bulk concentration of organic carbon, nitrogen
(by gas chromatography) or total OM (by ignition loss,
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Fabiano et al. 1995). However, the quantity of OM in
marine sediments proved to be of very little significance in the assessment of the actual food availability
to consumers (Newel1 & Field 1983). Therefore, some
authors have tentatively estimated the available fraction of sedimentary organic pools through the determination of the main biochemical classes of organic compounds (i.e., carbohydrates, proteins and lipids), which
are assumed to be easier to digest and assimilate
(Fichez 1991, Danovaro et al. 1993, Fabiano et al.
1995). George (1964) proposed a n alternative approach for the assessment of the sedimentary organic
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matter actually available to benthic consumers, which
is based on a simulated enzymatic digestion carried
out in the laboratory. This approach has been adapted
for analysing key molecules for trophodynamic studies
in marine sediments, such as protein concentrations
and amino acid bioavailability (Mayer et al. 1986,
1995).
In deep sea sediments, quantity and quality of OM is
largely dependent upon seasonal deposition of OM
produced in the photic layer and upon the conlplex
biochemical transfornlations of the sinking particles
occurring in the water column and at the deep ocean
floor (Rice et al. 1986, Thiel et al. 1990, Santos et al.
1994). In this regard, labile OM such as proteins and
sugars might become recalcitrant to degradation by
complex interactions with sedimentary mineral particles and/or highly refractory organic compounds (Keil
et al. 1994, Knicker & Hatcher 1997). As standardised
estimates of food availability in deep-sea sediments
are essential parameters in trophodynarnic studies
(Danovaro et al. 1999a) and ecological modelling (Rice
& Rhoads 1989), there is a strong need for identifymg
universally accepted protocols for assessing the labile
OM fraction.
However, a universally accepted method for assessu ~ cthe
j labile iraction of sedirneniai-y OM does not yet
exist. Despite this fact, a considerable effort has been
made for the assessment of the readily available fraction of organic nitrogen in sediments (i.e., proteins
and/or amino acids; Rice 1982, Mayer et al. 1986, 1993,
1995, Horsfall & Wolff 1997);methods for discriminating the lability of other organic compounds (e.g., carbohydrates) are practically non existent (Buscail et al.
1995, Fabiano & Danovaro 1998).Carbohydrate dorninance among the main biochenlical classes of OM in
the sediments has been reported as a specific feature
of oligotrophic systems, including most deep-sea environments (Danovaro et al. 1993, Danovaro 1996).
The aims of the present study are: (1) to improve
existing analytical protocols for the assessment of the
potentially bioavailable protein fraction in deep-sea
sediments by means of an enzymatic approach; (2) to
propose a similar enzymatic approach for the digestion
of sedimentary carbohydrate pools and (3) to investigate vertical and temporal changes of protein and carbohydrate pools hydrolysed enzymatically.

MATERIALS AND METHODS

Study area and sampling. Sediment sampling was
carried out in the Porcupine Abyssal Plain (PAP; NE Atlantic at about 4800 m depth, 48" 50.2' N, 16" 29.9' W).
This area is characterised by high sedimentation rates
(Newton et al. 19%) and a strong seasonality (Riceet al.

1994). Undisturbed sediment samples were collected
using a multicorer (Mod. Maxicorer, 9.0 cm i.d., depth
penetration >20 cm) on September 1996, March and
October 1997. During each cruise, 4 to 10 cores were
taken from 4 to 7 different deployments. Upon recovery
all cores were vertically divided into 5 layers: 0-5,
10-20,30-40,50-60 and 100-150 mm and deep frozen
at -20°C until analysis.
Determination of potentially available proteins.
The protocol proposed by Mayer et al. (1995) for protein enzymatic digestion in coastal sediments was
applied to the deep-sea sediments collected in this
study. However, whilst Mayer et al. (1995) measured
amino acid concentrations released from sedimentary
protein pools after enzymatic digestion, in this study
we slightly modified Mayer's protocol by quantifying
the amount of proteins after proteolybc attack. Frozen
sediment samples were homogenised in 0.1 M Naphosphate buffer, (pH 7.5; sediment:buffer ratio of 2.5).
In order to keep the total amount of proteins comparable between the different sediment layers, variable
aliquots of sediment slurry were utilised: 0.5 m1 for surface and subsurface sediments (0-5 to 10-20 mm) and
1.5 rnl for deeper sediments (down to 150 mm). Replicate sanlples (n = 3) of each sediment layer (hereafter
I-eferred as 'treated samples') were added to 100 $ of
Proteinase K (1 mg rn-l) and 100 pl of protease (600 pg
ml-l); another set of replicates was added to an equal
volume of Na-phosphate buffer without enzymes
(hereafter referred as 'control samples'). Enzyme characteristics and concentrations were chosen according
to Mayer et al. (1986, 1995). Enzyme concentrations
utilised in our time course experiments were calculated to be able to hydrolyse 1 mg of bovine serum
albumin ml-' in about 10 min. All samples were added
with Na-phosphate buffer to a final volume of 2 m1 and
incubated at 37'C (as the optimal temperature for
enzymatic activities) for 30, 60 and 120 min under
gentle agitation. After incubation, all sediment slurries
were filtered onto GF/F filters and subsequently rinsed
2 times with 5 m1 of cold Na-phosphate buffer in order
to remove the digested protein fraction and the
enzymes from the sediments.
Proteins of all sediment samples were analysed spectrophoton~etricallyaccording to Hartree (1972),modified by Rice (1982) to compensate for phenol interference. Protein concentrations were calculated from
calibration curves of serum albumin (ranging from 2.5
to 50 pg ml-l). Differences between protein concentration of control and treated samples are assumed here
to represent the concentration of proteins actually
hydrolysed by proteolytic enzymes (hydrolysed proteins, HPRT]. P r e h i n a r y analyses from sediment
cores collected in September 1996 revealed that protein concentration in the pore water of the top 0 to
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5 mm of the sediment was very low ( c 5 pg g-' when
perature (as the optimal compromise of temperatures
normalised to sediment dry weight) and negligible
of a-amylase, P-glucosidase and lipase producing the
when compared to the total sedimentary protein conhighest hydrolytic efficiency). Moreover, Proteinase K
can also be routinely used at room temperature (Mayer
centrations. Total protein concentrations from intact
et al. 1995). As for protein hydrolysis, sediment samsediments (TPRT) and HPRT concentrations were normalised to sediment dry weight.
ples muffled at 550°C for 4 h and processed as described above were utilised as blanks. After incubaThe above-described method was compared to the
tion, a11 samples were centrifuged at 2000 X g for
treatment conditions reported below to identify the
10 min and 1 m1 of the supernatant was utllised to
most efficient protocol in protein digestion.
determine carbohydrates released from the sediments.
Subsamples, from the same frozen sediment cores
Soluble carbohydrates were determined from 1.0 m1 of
utilised for the first treatment, were homogenised in
the supernatant of the control sample. Carbohydrates
0.1 M Tris, 0.1 M EDTA (pH 7.5) containing 1 mM DTT
from all supernatants (1.0 ml) and from sediments
(dithiothreitol; sediment:buffer ratio of 2.5) and soni(about 0.2 g added with 1.0 m1 of Milli-Q water) were
cated 3 times for 1 rnin (with intervals of 30 S) before
enzyme addition. In order to verify that enzyme activanalysed spectrophotometrically according to Dubois
ity was not inhibited by such incubation conditions,
et al. (1956) and Gerchacov & Hatcher (1972).Carbohydrate concentrations were calculated from calibraadditional subsamples were tested by adding leucine-MCA substrate (L-Ieucine-4-methylcoumarinyl-7- tion curves of D-glucose (range: 2.5 to 50 pg ml-'). The
actual fraction of hydrolysed carbohydrates (HCHO)
amide, 200 pM) that proved the complete efficiency of
was obtained by calculating the difference between
the enzymatic pools (data not shown). Volumes of
the carbohydrate concentrations determined in the
sediment slurries and enzyme concentrations were the
supernatant of samples containing enzymes and
same as those previously described, whereas incubation times were 20, 40, 60, 90 and 120 min. After incuthe soluble fraction of the control. Total carbohydrate
bation, all sediment slurries were filtered onto GF/F filconcentrations from intact sediments (TCHO) and
ters and subsequently rinsed 2 times with 5 m1 of cold
HCHO concentrations were normalised to sediment
dry weight.
Tris 0.1 M (pH 7.5).The HPRT fraction was determined
as described above.
Finally, this method of protein digestion was comRESULTS
pared to the protein hydrolysis described by Mayer et
al. (1986). This comparison was carried out only on
Estimates of hydrolysed proteins in
sediment samples collected during October 1997.
deep-sea sediments
Sediment subsamples muffled at 550°C for 4 h and
processed as described above were utilised as blanks.
Blanks treated and untreated with enzymes displayed
Time courses of protein digestion of sediment samvery similar absorbance values, indicating that added
ples incubated with and without enzymes (treated and
enzymes were efficiently removed from sediment samcontrol samples) and expressed as absorbance units at
650 nm are illustrated in Fig. 1. Absorbance yields sigples by filtration and rinsing.
Determination of potentially available carbohynificantly decreased with time both in control and
drates. For enzymatic digestion of sedimentary cartreated sediment samples, reaching the lowest abbohydrate pools, frozen sediment subsamples were
sorbance (i.e., the highest protein loss) at 2 h. Therefore, it is possible to discriminate an apparent protein
homogenised with 0.1 M Na-phosphate, 0.1 M EDTA
(pH 6.9; sediment:buffer ratio of 2.5). Sediment slurries
loss (decrease of the control absorbance) and an actual
were sonicated 3 times for 1 min (with intervals of 30 S )
protein loss (the difference of absorbance between
and divided into aliquots of 1.0 ml. Two different enzycontrol and treated samples after 2 h). The optimal
incubation time for enzymatic protein digestion was
matic pools were compared. The first was composed of
2 h as no further decrease was observed increasing the
100 1.11 of a-amylase and 50 p1 of P-glucosidase. The
incubation time (i.e., 6 h, data not shown) using both
second enzymatic pool was composed of 100 p1 of aNa-phosphate and Tris-EDTA.
amylase, 50 p1 of P-glucosidase (as above) plus 100 p1
The efficiency of enzymatic treatment in protein diof Proteinase K and 100 1.11 of lipase. The stock solution
gestlon (expressed as the difference between control
of all enzymes was 1 mg ml-l. Another set of replicates
and treated samples after 2 h) was 4 times higher in
treated by adding 0.1 M Na-phosphate instead of
sediment samples homogenised in Tris-EDTA (Fig. l b )
enzyme solutions was utilised as control. The volume
than in Na-phosphate buffer (Fig. l a ) .
of all samples was adjusted to 2 m1 with 0.1 M NaThe amount of hydrolysed proteins obtained using
phosphate. Samples were incubated for 10, 60, 120,
enzymatic pools in Tris-EDTA and Na-phosphate is
240 and 360 min under gentle agitation at room tem-
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Fig. 3. Temporal changes in total protein concentrations
(a)and hydrolysed fraction (b)in the top 0-5 mm of sediment
and in the whole sediment core (i.e., 0-150 mm). Standard
errors are reported

compared in Fig. 2a. HPRT concentrations determined
using Tris-EDTA were always significantly higher (up
to 10-fold) than those measured employing Na-phosphate buffer (t-test; t = 13.9, p < 0.01). As a consequence all further analyses were carried out using
Tris-EDTA.
HPRT concentrations were not significantly different from protein concentrations obtained using the
procedure of enzymatic hydrolysis of Mayer et al.
(1986) (t = -1.21, p = 0.22 and t = 0.96, p = 0.21 for
the 0 to 5 mm and the whole sediment cores;
Fig. 2b).
HPRT concentrations accounted o n average for 15 %
of the TPRT pools in the upper sediment layer (0 to
5 mm), decreasing to only 2 % in the deeper sediment
layers (e.g., 100 to 150 mm).
Temporal changes in total and hydrolysed protein
concentrations in the top 5 nlrn of the sediment and
in the whole sediment core (integrated values 0 to
150 mm) are reported in Fig. 3. HPRT concentrations
were characterised by wider temporal changes than
those observed for TPRT (highest to lowest ratio in surface sediments: 10 and 1.6for HPRT and TPRT, respectively).
The analysis of the vertical profiles revealed that
HPRT were characterised by a much stronger decrease
with depth than TPRT (Fig. 4).

"
8

0-5m m
B Tris-EDTA

Oct 97

Control

Fig. 1.Time course of enzymatic protein release in control and
treated sediment samples. Protein release of sediment samples homogenised in (a) Na-phosphate and (b) Tris-EDTA.
Standard deviations are reported (data are expressed as
absorbance units at 650 nm)

0

Hydrolysed proteins

0-150 mm
Mayer et al. (1986)

Fig. 2. Comparison of hydrolysed protein concentrations
obtained utilising (a) Na-phosphate buffer and Tris-EDTA,
(b) Trfs-EDTA and the procedure of Mayer et al. (1986). Standard errors are reported
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Fig. 6). Higher yields (though not significant, t = 0.68, p = 0.28) were also obtained
in the 100 to 150 mm layer. Therefore, the
pool of 4 enzymes was routinely employed for carbohydrate digestion.
HCHO accounted on average for 13 and
10% of the TCHO pools in the top 0 to
5 mm and in the 100 to 150 mm sediment
layer, respectively. Temporal changes in
total and hydrolysed carbohydrates in the
0 to 5 and 0 to 150 mm layers of the sediment cores are reported in Fig. 7. TCHO
and HCHO concentrations showed limited temporal changes. Total and hydrolysed carbohydrate concentrations barely
decreased with depth in the sediment (on
average for 25 and 40% from the 0-5 to
the 100-150 mm layer; Fig. 8).

pg H P R T

Fig. 4 . Vertical distribution of (a) total protein concentration (TPRT) and
(b) hydrolysed protein concentrations (HPRT). Average values of all sampled sediments at each depth and relative standard errors are reported

Estimates of hydrolysed carbohydrates in
deep-sea sediments

Time course of carbohydrate release from the sediment into the supernatant (expressed as increase in
absorbance at 490 nm) proved a fast absorbance increase in the first 2 h followed by a lower release rate
in the next 4 h (Fig. 5). Both controls and samples
treated with enzymes released carbohydrates, but
enzyme treatment significantly increased the amount
of carbohydrates released in the supernatant. Moreover, the highest yields of hydrolysed carbohydrates
(as the difference between treated and control) were
obtained after 2 h. Therefore, as for proteins, optimal
incubation time for sedimentary carbohydrate digestion is 2 h.
Hydrolysed carbohydrate concentrations obtained
using the 4 enzymes were significantly higher than
those obtained using only a-amylase and P-glucosidase in the top 5 mm of sediment ( t = 5.27, p = 0.017,

DISCUSSION

Previous studies carried out in the PAP on surficial
sedirnents showed evidence of TOC values typical of
oxic abyssal sediments (ca 0.3%), low values of the
C:N ratio (ca 5 to 8) and the presence of mixed marine
and terrigenous OM, the latter presumably being derived from higher plants and associated with the more
recalcitrant fraction of sedimentary OM (Santos et al.
1994).

Estimates of hydrolysed proteins and carbohydrates
from deep-sea sediments

Mayer et al. (1995)reported that the use of frozen or
freeze-dried sediments for estimating bioavailable
amino acids might significantly increase amino acid
release in early stages of incubation. Such increase

300

Time (min.)

Treated

Control

Fig. 5. Time course of enzymatic carbohydrate release in control and treated sediment samples (with a-amylase, P-glucosidase, Proteinase K and lipase). Standard deviations are
reported (data are expressed as absorbance units at 490 nm)

,

Hydrolysed carbohydrates

Enzymatic pool

l

amylase and glucosidase

Fig. 6. Comparison of the hydrolysed carbohydrate concentrations obtained utilising only a-amylase and P-glucosidase and
the pool of the 4 enzymes (a-amylase, P-glucosidase, Proteinase K and lipase) in the top 0-5 and 100-150 mm of the
sediment. Standard errors are reported
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the protein and carbohydrate pools as: (1) enzymatic
digestion was carried out on frozen sediment samples
1800
and (2) the optimal analytical conditions for maximising enzyme activities (i.e., temperature and pH) were
utilised.
In accordance with Mayer et al. (1995), we found
a strong increase of the protein and carbohydrate release in the early phases of time course experiments.
0
Enzyme-mediated protein and carbohydrate release
Sept 96
March 97
Oct 97
from sediments, when normalised to the control, were
0-5 mm 0 0-1 50 mm
highest after 2 h of incubation for both organic pools.
In this regard, it is important to stress the signifiHydrolysed carbohydrates
cance
of the control samples, as these experiments
300
proved that protein and carbohydrate pools are 'naturally' released in significant amounts from control samples during incubation. As cell lysis can account only
for a completely negligible fraction of the carbohydrate
and protein pools released (Danovaro et al. 1998),such
release appears mainly to be due to desorption of OM
from exopolymers induced by sediment manipulation
Sept 96
March 97
Oct 97
(Mayer et al. 1995).
In order to maximise the release of the hydrolysed
0-5 mm
0-1 50 mm
protein pool from the deep-sea sediments, we utilised
Fig. 7.Temporal changes in (a) total carbohydrate concentraT ~ ~ and
~ sonication
+ ~ instead
~ T of~a simple sedit i o n ~and (b)
fraction m the
0-5 mm
sediment homogenisation in Na-phosphate buffer as proment and in the whole sediment core (i.e., 0-150 mm).
posed by Mayer et al. (1995). Sonication and EDTA
Standard errors are r e ~ o r t e d
have proven to increase the extraction efficiency of
different biochemical compounds (e.g., nucleic acids,
proteins and carbohydrates) from deep-sea sediments
could be due to the break-up of some sedimentary pro(Danovaro et al. 1993, Dell'Anno et al. 1998).In accortective matrices (i.e., osmolytes, sensu Mayer et al.
dance with our expectations we found that hydrolysed
1995), which provide a larger pool of substrates hyprotein concentrations obtained by Tris+EDTA and
drolyzable by enzymes than the one available in fresh
sonication treatments were significantly higher than
sediments. Freezing the sediments (e.g.,-20°C) after
concentrations obtained utilising Na-phosphate buffer.
collection is a common method of sample storage. All
The reasons for such increased yield are not comestimates reported here should be considered as meapletely clear, but since sedimentary OM is largely
surements of the fraction potentially hydrolyzable of
bound to inorganic particles (Keil et al.
1994, Mayer 1999), it is possible that the
pg TCHO
increased hydrolysed protein pool depends
pg H C H O g*'
loo
300
on a facilitated interaction between substrate and enzymes. By contrast, no significant differences were found between
hydrolysed protein concentrations measured with the present method and those
determined according to Mayer et al.
(1986).These results suggest that stronger
pre-treatments of the sediments (i.e., using
NaOH as described by Mayer et al. 1986
and Tris-EDTA as in the present study)
enhance
the efficiency of the enzyrnatic
m
16
a
16
b
attack on the organic pools.
The Drocesses described above (extracFig. 8. Vertical distribution of (a) total carbohydrate concentrations
tion
optimal
and

Total carbohydrates

or
1

(TCHO) and (b) hydrolysed carbohydrate concentrations (HCHO). Avera g e values of all sampled sedments at each depth and relative standard
errors are reported

incubation time) appear t~ be independent
from the organic molecules investigated, as
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we obtained the same results for both protein and carbohydrate pools.

Ecological significance of the hydrolysed
organic pools
In the PAP area, hydrolysed proteins and carbohydrates accounted only for a minor fraction (around 10
to 15%) of their respective total pools. However, protein and carbohydrate pools displayed spatial and temporal differences.
In the top 5 mm of the sediment, HPRT concentrations accounted for 15 % of the TPRT pools. Little information is available for comparison on the enzymatically hydrolysed protein pools and it must be
considered that all existing data are from relatively
shallow depths. Values reported in this study are lower
than the 'enzymatically hydrolizable amino acids
(EHAA) contribution to the total acid hydrolizable
amino acids (TAHAA)' reported by Mayer et al. (1995)
for an intertidal mudflat (on average 26%), but match
exactly those reported from an estuarine-shelf transect
of the Gulf of Maine (on average 15%; Mayer et al.
1986).
By contrast, no information is available on enzymatically hydrolysed carbohydrate pools in marine sediments; therefore, to our knowledge, these are the first
data reported so far. HCHO concentrations were on
average 13% of the TCHO pools in surface sediment
layers. This value falls in the range of the soluble carbohydrate contribution to the total carbohydrate pools
(TCHO) found in bathyal sediments of the Ross Sea
(from 10 to 20% of the total sedimentary carbohydrate
pools, Fabiano & Danovaro 1998) and are about double
those reported in deep-sea sediments of the highly
oligotrophic Cretan Sea (about 6%, Danovaro et al.
1998).
Previous studies have demonstrated that total protein and carbohydrate determinations in marine sediments reflect the material potentially available to consumers better than total organic carbon and nitrogen
(Fabiano et al. 1995).However, these data indicate that
TPRT and TCHO do not represent the actual available
or digestible fraction of the sedimentary OM in the
deep-sea sediments of the PAP area. Total protein and
carbohydrate pools in surface sediments (i.e., 0 to
5 mm) are ca 6 to 7 times higher than the enzymatically
hydrolysed fraction, which generally is a rather constant fraction of the total pools.
From the linear regression between log-transformed
HPRT and TPRT content (n = 14, r = 0.733, p < 0.01,
Fig. g), we found an intercept value of 2.22, which was
assumed to represent the non-enzymatically hydrolyzable protein fraction. This fraction accounted for about

Fig. 9. Relationship between hydrolysed (HPRT) and total
protein (TPRT)concentrations in the Porcupine Abyssal Plain
sediments at each depth and for all sampling periods

80 % of the average TPRT concentration, indicating
that, theoretically, about 20% of the TPRT pool is
potentially available to consumers in the PAP sediments. Therefore, we might conclude that both analytical and theoretical estimates indicate that about 10 to
20% of the TPRT pool is potentially available to consumers.
HPRT concentrations were characterised by a much
larger temporal variability than HCHO. As particulate
protein and carbohydrate inputs by sedimentation
were very similar in quantity and temporal changes
(Danovaro et al. 1999b),these data suggest that carbohydrates are more conservative than proteins. This is
not surprising as proteins, which generally represent
the limiting compound in most deep-sea environments
(Danovaro et al. 1999a), are preferentially utilised by
benthic organisms (Tenore 1988).
HPRT and HCHO concentrations were characterised
by different vertical patterns. While HPRT concentrations strongly decreased with depth in the sediment
(on average 25 times from the top 0 to 5 mm to 100 to
150 mm sediment layer), HCHO showed a highly conservative vertical pattern. These data indicate that the
2 classes of organic compounds might play different
roles in different sediment layers. In surface sediments, HPRT and HCHO, expressed as carbon equivalents, displayed similar values (on average 80 and
77 pg C g-' as HPRT X 0.49 and HCHO X 0.40 pg C
pg-', Fabiano et al. 1995), whereas, in the deepest
sediment layer, HCHO concentrations were 15 times
higher than those reported for HPRT (3 and 45 pg C g-'
for HPRT and HCHO). These results might have profound implications in the benthlc trophodynamics, as
carbohydrates might represent the main food source
for organisms living in the deeper sediment layers.
Subsurface deposit feeders (which usually feed beneath the sediment mixing depth, i.e., ca 4 to 5 cm in
the PAP sediments; Rabouille pers. comm.) are known
to be constrained by lower amounts of available OM,
but according to the optimal foraging theory this is
partially compensated by a diminished competition for
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available r e s o u r c e s (Jurnars & P e n r y 1989).According
to o u r results, subsurface consumers would also b e
s u b j e c t e d to a different d i e t r e g i m e characterised b y
t h e l a r g e p r e d o m i n a n c e of carbohydrates a n d possibly
different a d a p t i v e m e c h a n i s m s to optimise t h e e x ploitation of this trophic source.
Further s t u d i e s a r e n e e d e d to identify quantitative
discrepancies b e t w e e n t h e potential a n d t h e a c t u a l
a m o u n t of o r g a n i c c o m p o u n d s effectively available t o
benthic consumers.
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