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ABSTRACT: Metabolism of a salt-marsh sediment, kept flooded at constant temperature, was moni- 
tored for 30 d after burial of fresh and aged Spartina detritus. Carbon dioxide released by the sediment 
was between 2.0 and 6.9 times the oxygen taken up, indicating that the anaerobic mineralization of 
organic carbon was predominant. Sulfate reduction accounted for only 21 % of the CO, production 
during an initial 8 d period of rapid decomposition, but became more dominant as decomposition 
slowed, eventually accounting for 77 % of the CO2 produced. Selective inhibition of sulfate reduction 
and total respiration demonstrated that the production of dissolved organic carbon (DOC) and its 
mineralization within the sediment were closely associated. As a result, very little of the DOC escaped 
into the water column. Instead, it fuelled an active anaerobic community, expressed in terms of the 
large production and upward flux of CO,. 

INTRODUCTION 

Recent studies have shown that the marsh grass 
Spartina alterniflora Loisel is an important source of 
organic carbon in the Bay of Fundy. Gordon et al. 
(1984) calculated an average low-marsh primary pro- 
duction of 272 g C m-2 yr-', which is 29 % of the total 
primary production in the bay. Stable carbon isotope 
analyses (Schwinghamer et al., 1983) suggested that 
some of the Spartina may reach higher trophic levels 
even though the marshes are not subject to extensive 
grazing by herbivores (Mann, 1972; Patriquin, 1981). 
Most of the Spartina production becomes detritus 
which is either buried in marsh sediments or trans- 
ported by tidal currents to other environments 
(Roberts, 1982; Hargrave et  al., 1983; Schwinghamer et 
al., 1983; Gordon et al., 1984). 

The decomposition of Spartina has been examined 
primarily as an above-ground process, with the plant 
detritus contained in litter bags on or above the sedi- 
ment surface (e.g. Odum and de la Cruz, 1967; 
Marinucci, 1982). However, a substantial component of 
the plant's biomass is subject to decomposition within 
sediments. The below-ground production of Spartina 
roots usually exceeds the production above ground 
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(Good et al., 1982), and the burial of detritus would add 
to this source of decomposable material. The decom- 
position rates of buried material range from 0 to 80 % 
weight loss in 1 yr when detritus is placed at  20 cm 
below the sediment surface (Howarth and Hobbie, 
1982). This wide range of values is presumably related 
to variation in the degree of anoxia between sediments 
and to the use of either living or dead material in the 
experiments. 

Andersen and Hargrave (1984) found that the 
decomposition of fresh, above-ground Spartina placed 
in an intertidal sediment resulted in an 84 % reduction 
of the original particulate fraction over 105 d. Approxi- 
mately 67 % of this loss could be attributed to 
mineralization of the carbon, with aerobic processes 
accounting for 21 % of the CO, produced and an- 
aerobic processes, such as sulfate reduction (Howarth 
and Hobbie, 1982), accounting for the remaining 79 %. 
Only 2.8 % of the detritus escaped from the sediment 
as dissolved organic carbon (DOC) over the same time 
period. These low release rates could have been due to 
low production within the sediment or high production 
coupled to high consumption, so that the DOC was 
mineralized before it could be released. The second 
contention is indirectly supported by the results from 
Andersen and Hargrave's (1984) aerobic leaching 
experiments, which indicate that up to 51 % of the 
detritus could be mobilized as DOC in only a few days. 
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Valiela et al. (cited in Howarth and Hobbie, 1982) also 
found that this type of leaching produced a similar (20 
to 50 %) loss of weight over a period of 1 wk. 

We report here the results from experiments 
designed to determine if the rapid production of DOC 
from buried detritus is directly associated with an 
equally rapid consumption by aerobic and anaerobic 
mineralization. The experiments were carried out in 
aquaria containing sediment and different types of 
Spartina detritus from an intertidal area of the Bay of 
Fundy. Sulfate reduction was also selectively inhibited 
to determine the effect of this process on CO, and DOC 
release from the sediment. 

MATERIALS AND METHODS 

Detritus and sediment preparation. Intertidal, low 
marsh sediment was collected from a site near Grand 
Pre in the Minas Basin. The general characteristics of 
the sediment and the production of Spartina altern- 
iflora at this site in the upper reaches of the Bay of 
Fundy have been described by MacKinnon and Walker 
(1979) and Smith et  al. (1980). Aerobic sediment was 
collected as a 3 cm thick layer and forced, rather than 
washed, through a 1 mm sieve to maintain the natural 
porosity. This type of sieving removed most of the 
macrofauna, leaving the meio- and microfauna intact. 
In the laboratory, 4 aquaria (35 cm long, 20 cm wide, 
20 cm deep) were filled with the sediment to a depth of 
6 cm. Fresh seawater at a temperature of 10°C f 1 C" 
was allowed to fill each aquarium and slowly flow over 
the sediment surface. The aquaria were left for 2 d to 
allow suspended material to settle out and the sedi- 
ment temperature to equilibrate with the seawater. 
After this equilibration period, water was drained from 
each aquarium so that Spartina detritus could be 
spread on the sediment surface. 

Two different types of detritus were prepared, one of 
which was fresh or new growth harvested in late July 
1982 by Andersen and Hargrave (1984). The second 
type of detritus was weathered or aged material col- 
lected from the Grand Prb site in April 1983 and which 
remained from the previous growing season. The plant 
material was rinsed in cold tap water, cut into 1 cm 
pieces and dried at 60°C for 1 d. The dry material was 
ground in a blender, sieved through a 0.85 mm mesh 
and the fine fraction dried at 60 "C to constant weight. 
In 3 of the aquaria, finely-ground detritus was evenly 
distributed on each sediment surface to a thickness of 
0.5 cm. In the remaining aquarium, detritus was not 
added. Of the 3 aquaria with added detritus, 1 con- 
tained 50 g of fresh material (714 g m-?), 1 contained 
50 g of aged material (714 g m-') and 1 contained 14 g 
of aged material (200 g m-2). The fine grain size of the 

detritus was required in our experiments to ensure that 
the material was distributed uniformly in each 
aquarium. This allowed the results from different 
aquaria to be directly compared, but also meant that 
our detritus was not representative of larger, natural 
detrital particles. 

Approximately 750 m1 of sieved sediment were 
added to each aquarium, forming a layer that was 1 cm 
thick on top of the detritus in 3 aquaria and a 1.5 cm 
thick layer in the aquarium without detritus. The 
aquaria were reflooded and left for the duration of a 
30 d experiment with a seawater inflow of approxi- 
mately 40 m1 min-' at 10°C f 1 Co. Throughout the 
experiment sediment Eh was monitored; the tech- 
niques used to measure and calculate the redox poten- 
tials are described by Hargrave (1972). 

Flux of 02, CO, and DOC. Duplicate cores (5.7 cm in 
diameter and 11.5 cm in length) were placed in each 
aquarium to determine the flux of 02, CO2 and DOC 
across the sediment surface. A detailed description of 
the methods used here appears in Andersen and Har- 
grave (1984). Seawater was siphoned out of the aquaria 
to expose the water column in each core for oxygen 
measurements and to collect water for CO, and DOC 
analysis. The top of each core was sealed with a ple- 
xiglass lid so that there was no head space of air and a 
rotating magnetic stir bar on the underside of the lid 
gently mixed the water above the sediment surface. 
The aquaria were refilled to cover the sealed cores and 
maintain constant temperature during a dark incuba- 
tion period. The inflow of fresh seawater over the open 
cores between incubations ensured that the water 
above each sediment surface remained saturated with 
oxygen and incubation times (2 to 4 h) were chosen so 
that dissolved oxygen above the sediment did not 
decrease by more than 10 %. This ensured that oxygen 
did not limit the activities of organisms at the sediment 
surface during incubations and between incubations. 
At the end of each incubation, water was again drained 
from each aquarium to expose the tops of the sealed 
cores. In order to minimize contamination of the water 
by gas exchange with the atmosphere, oxygen was 
measured and water samples were collected for CO2 
and DOC analysis as soon as the plexiglass lid was 
removed from each core. Fluxes were calculated as the 
difference between measurements taken at the begin- 
ning and end of each incubation period. Dissolved 
oxygen measurements were carried out with an elec- 
trode (Yellow Springs Instruments, Model 54A) and 
were precise to 2 0.1 mg 0, I-'. Total dissolved car- 
bon dioxide was determined by gas-stripping 20 m1 
samples of water in 50 m1 glass syringes and analyzing 
the gases evolved for CO, on a gas chromatograph 
(Stainton, 1973). At the beginning of the incubations, 
seawater samples were taken outside the cores and at 
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the end of the incubations, samples were taken inside 
the cores. Duplicate 8 m1 aliquots were taken for DOC 
analysis and filtered through 0.2 pm membranes (Mil- 
lipore). The filtered samples were stored frozen in 
glass tubes that had been precombusted to 550°C and 
were analyzed using the UV oxidation technique of 
Gershey et al. (1979). A small core was taken from the 
aquarium containing fresh detritus at the end of the 
experiments for the analysis of total organic carbon. 
Slices of sediment 0.5 cm in thickness were acidified 
with 1 N HC1, dried at 60°C to remove carbonates and 
analyzed for organic carbon on a Perkin-Elmer 240 
elemental analyzer. Sub-samples of the fresh and aged 
Spartina added to the aquaria were also acidified and 
dried for organic carbon analysis. 

Flux of ''CO, and D 0 4 C .  Three additional cores 
(2.5 cm in diameter, 11.5 cm in length) were placed in 
the sediment with fresh detritus to determine the effect 
of selected metabolic inhibitors on the flux of CO, and 
DOC between water and sediment. 14C labelled hay, 
with a specific activity of 0.04 pCi mg-' dry weight, 
was mixed with a small amount of sieved sediment. 
The hay and wet sediment were immediately taken up 
into a syringe and 0.2 m1 of the slurry (containing 
15.8 f 1.0 mg of dry hay or 1.422 X 106 + 
8.7 X 104 dpm) were injected 1.5 cm below the sedi- 
ment surface. Three aliquots of the slurry were also 
injected into small glass beakers, freeze-dried for 24 h 
and analyzed for their POI4C content by combustion of 
each aliquot in a sample oxidizer to release the label- 
led POC as I4CO2. This CO, was trapped in 5 m1 of 
ethanolamine/2-ethoxyethanol (1 : 7)  and counted in a 
scintillation counter (Searle, Mark 111) after the addi- 
tion of 10 m1 of fluor (Lipoluma). In one core, 1 m1 of 
20 mM sodium molybdate was injected at 1.5 cm to 
inhibit sulfate reduction (Oremland and Taylor, 1978; 
Ssrensen et al., 1981) and 20 m1 of 20 mM sodium 
molybdate in seawater were added above the sediment 
surface. In another core, 1 m1 of 20 mM sodium azide 
was injected at the same horizon and added above the 
sediment to inhibit the respiration of oxygen and 
nitrate (Stouthamer et al., 1980) as well as sulfate 
reduction (Thauer and Badziong, 1980). The third core 
contained no inhibitor and only seawater was added 
above the sediment. The 20 m1 water column in each 
core was closed at the top, leaving a 3 m1 head space of 
air, and was gently bubbled with air to both oxygenate 
and mix the water without disturbing the sediment. 
The outlet from each head space was bubbled through 
a scintillation vial and Vigereaux tube which con- 
tained 5 m1 of Oxifluor (New England Nuclear) to 
remove the 14C02 stripped from the water column. 

The 14C02 and D0I4C released into each water col- 
umn were measured over 2 time intervals, 0 to 8 d and 
20 to 28 d. The Oxifluor in each of the CO, traps was 

removed each day and counted directly on a liquid 
scintillation counter (Beckman, model LS3133T). 
While the traps were being replenished with fresh 
Oxifluor, a 2 m1 sample from each water column was 
acidified in a closed 30 m1 serum bottle with 0.2 m1 of 
2 N H2S04 to remove the I4CO, which was not stripped 
by bubbling. This CO2 was collected on filter paper 
wicks soaked in 0.2 m1 of P phenethylamine (Griffiths 
et al., 1977; Novitsky and Kepkay, 1981) and the wicks 
were counted by liquid scintillation in 5 ml of Aquasol 
(New England Nuclear). The acidified seawater re- 
maining in the serum bottle was filtered through a 
0.2 pm membrane (Millipore) and counted as the 
DOI4C fraction in 5 m1 of Aquasol (New England Nu- 
clear). The water column in each core was replenished 
with 2 m1 of seawater, 2 m1 of 20 mM molybdate and 
2 m1 of 20 mM azide respectively before bubbling was 
resumed so that the water columns were kept at con- 
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Fig. 1. (A) Dissolved organic carbon release rate (positive 
values) or uptake rate (negative values); (B) carbon dioxide 
release rate; (C) rate of oxygen uptake by sediment kept 
at constant temperature. Four different sediments were 
examined, containing 50 g of fresh detritus ( f ) ,  50 g of aged 
detritus (l), 14 g of aged detritus (S) and no added detritus (c). 
Error bars: range of duplicate measurements, except in cases 
where the range was smaller than the closed symbols; open 

symbols: single measurements 
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27,000 X g for 15 min at 20°C. The supernatant was 
removed, filtered through a 0.22 pm membrane (Milli- 
pore) and counted as the D0I4C fraction after correc- 
tion for sediment porosity and dilution by the acid. The 
acidification of sediment with 0.2 N H,SO, does not 
convert P014C to DO14C (Novitsky and Kepkay, 1981), 
but higher concentrations of the acid can cause a small 
fraction (less than 2 %) of the POC to solubilize. The 
particulates remaining after acidification were freeze 
dried for 24 h and analyzed for P014C on the sample 
oxidizer. 

Fig. 2.  (A) Redox potentials measured after burlal of fresh 
detritus for 1,  3 or 23 d ,  (B) organlc material profile of the 
sediment containing fresh detritus after 30 d decomposition; 
( C )  redox potentlals in the sedirnents containing 50 g of fresh 
detritus ( f ) ,  50 g of aged detritus (l), 14 g of aged detritus (S) 

and no detrltus (c) after 30 d decomposition 

stant volume. Thus dilution corrections had to be 
applled to subsequent samples. 

When the experiments were terminated at  28 d ,  the 
3 cores were removed from the aquarium and imme- 
diately frozen in liquid nitrogen. The sediment in each 
core was cut into 0.5 cm slices and acidified with 1 m1 
of 0.2 N H,SO, in sealed test tubes. The 14C0, evolved 
was collected on filter paper wicks soaked in 0.2 m1 of 

phenethylamine and the wicks counted as before. 
Each slurry of acidified sediment was centrifuged at 

RESULTS 

The rate of carbon dioxide release by the sediments 
increased rapidly in all of the aquaria during the first 
5 d ,  decreased from 5 to 8 d and increased again from 

v 

0 5 10 15 20 25 33 
DAYS 

DAYS 

Fig. 3. Cumulative oxygen uptake and carbon dioxide release 
by sehment  contalning fresh ( f ) ,  aged (1 and S) or no de- 

tritus (c) 
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Fig. 4. Ratio between carbon dioxide released (+CO,) and 
oxygen taken up (-02)  by sediment containing fresh (f), aged 
(1 and S) or no detritus (c). Shaded columns: cumulative ratios 

for 0 to 8 d ;  open columns: equivalent ratios for 8 to 30 d 

i - T 600 

$ 4 0 0 -  

0-0-0-0-0-0 

'0 b 12 ;6 kl 24 2k 
DAY S 

8 or 10 to 15 d (Fig. 1B). All of these variations in CO, 
i 

release rate occurred despite the maintenance of con- 
stant temperature in the aquaria. During the same 
period of time, the oxygen uptake rate (Fig. 1C) U g 400 

increased in the aquaria containing 50 g of fresh or D 

aged detritus during the first 5 d. The uptake rate 
continued to rise from 5 to 10 d in the aquarium con- 
taining fresh detritus and decreased after 10 d. In the 
aquarium containing 50 g of aged detritus, the uptake 

DAY S 
rate decreased from 5 to 10 d and remained uniform 
after 10 d. The uptake rates in the aquaria containing Fig. 5. (A) 14C0, release rates; (B) D O ' ~ C  release rates from 

g of aged detritus or no detritus remained essen- sediment containing fresh detritus in cores that were not 
inhibited (np), molybdate inhibited (m), or azide inhibited (a) 

tially constant at low values during the entire experi- 
ment. The DOC release rate either decreased or 
remained near zero during the experiment (Fig. lA ) ,  greater than rates from the same sediment containing 
and often reached slightly negative values, indicating 14 g of aged material or no added detritus. Carbon 
a small amount of DOC uptake rather than release. dioxide release was between 2 and 6 times the 0, 
Oxygen uptake and CO, release rates by sediment uptake, and appeared to be dependent on the amount 
containing 50 g of fresh or aged detritus tended to be of detritus added (Fig. 1B). Turnover of organic carbon 

Table 1. Organic carbon turnover of aged and fresh detritus during 30 d of decomposition. The amount of detritus mineralized 
from 0 to 30 d has been calculated from the cumulative oxygen uptake and carbon dioxide release in Fig. 3 

Type of Detritus 0, uptake CO, release 
detntus addedu 

(mgC core-') 0 2  
C mlneral- % detritus c01 C mineral- % detritus 

uptakeb izedC rn~neralized productionb izedC mineralized 
(mm01 core-') (mg C core-') (mm01 core-') (mg C core-') 

14g aged detntus 192 0.103 1.24 0.7 0.426 5.11 2.7 
per aquarium 

5Og aged detritus 685 0.604 7.25 1 .O 4.311 51.7 7.6 
per aquarium 

50g fresh detritus 729 3.575 42.9 5.9 10.157 121.9 16.7 
per aquarium 

a Calculated from total organic carbon analyses indicating that 1 g dry weight of fresh detritus contains 401 mg C and 1 g dry 
weight of aged detritus contains 377 mg C 
Determined from cumulative O2 uptake or CO2 release by sediment containing Spartina minus the equivalent cumulative 
values from the control sediment without Spartina 

C Calculated on the basis that 1 m01 of O2 consumed or CO2 produced is equivalent to 1 m01 of organic carbon mineralized 
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in the aquaria containing fresh or aged detritus was 
calculated from cumulative 0, uptake or CO, release 
over the entire 30 d (Table 1 ) ;  between 2.2 and 5.9 
times more fresh detritus was metabolized than aged 
detritus. 

The Eh of sediment containing fresh plant material 
(Fig. 2A) decreased rapidly with depth and reached 
anaerobic values (-250 mV) at 1 to 2 cm sub-bottom, 
where the detritus appeared to be located (Fig. 2B). 
The Eh profiles of sediment with aged or no detritus 
departed from the initial profile during the experiment 
(Fig. 2C), but these changes were far less pronounced 
than the rapid development of an anaerobic Eh profile 
in sediment containing fresh detritus. Only in the sedi- 
ment containing 50 g of aged detritus did the Eh pro- 
file reach negative values. The Eh of sediment contain- 
ing 1 4  g of aged detritus remained close to control 
values. 

The cumulative 0, uptake and CO2 release by sedi- 
ment containing aged or no detritus appeared to fall 
into 2 distinct regions (Fig. 3). i.e. from 0 to 8 d. where 
the slopes of the cumulative plots were relatively 
steep, and from 8 to 30 d,  where the slopes decreased. 
Slope breaks of the cumulative plots from sediment 
containing fresh detritus (Fig. 3) were less well- 
defined and appeared to take place at 15 rather than 
8 d. The ratio of cumulative CO, release to cumulative 
0, uptake by all of the sediments was between 3.9 and 
6.9 from 0 to 8 d (Fig. 4). These ratios tended to be 
greater than the ratios of between 2.0 and 4.0 which 
were calculated for 8 to 30 d. During both time periods, 
the ratio of CO, release to 0, uptake by sediment 
containing fresh detritus was consistently less than the 
ratios from the other sediments (Fig. 4). 

The 14C02 release by the uninhibited core spiked 
with 14C-labelled hay reached a maximum at 5 d 
(Fig. 5A), which agreed with the data presented in 
Fig. 1. The addition of molybdate had a relatively 
small effect, causing a 5 % reduction of the release rate 
at 5 d. Azide had a large effect, decreasing the release 
rate by 88 %. DO14C release rates reached maximum 

values at  3 or 4 d and decreased rapidly to very low 
values by 5 d. The cumulative 14C02 released from 0 to 
8 d was 4.7 times greater than the CO2 released from 
20 to 28 d (Fig. 6), and the effect of molybdate was 
distinctly different during these 2 periods. From 0 to 
8 d,  molybdate reduced the CO, released by 21 %, and 

D A Y  S 

Fig. 6. (A) Cumulative release of I4CO2 from 0 to 8 d; (B) 
cumulative release from 20 to 28 d in cores not inhibited (np), 

molybdate inhibited (m), or azide inhibited (a) 

azide caused a 77 % reduction. From 20 to 28 d,  molyb- 
date caused a far larger (62 %) reduction in the CO, 
released, whereas azide had approximately the same 
effect, causing a 73 % reduction. During both time 
periods, any increase of D014C release caused by 
molybdate or azide was accompanied by an equivalent 
decrease in the release of CO, (Table 2). A similar 
pattern was observed in the distribution of '*CO, and 
D0I4C with depth in the sediment sampled at the end 
of the experiments (Fig. 7). Azide caused an  increase 
in the amount of DOC and a decrease in the amount of 
CO, remaining in the sediment. Molybdate had a more 
pronounced effect on DOC retention and the inhibition 
of CO, production below 1.5 cm, where anaerobic con- 
ditions were dominant. In addition, the amount of DOC 
retained in the sediment due to the action of the 
inhibitors (Fig. ?B) was approximately 5 times greater 

Table 2. Effect of metabolic inhibitors on the release of 14C02 and D014C from sediment contain~ng fresh detritus spiked with 
14C-labelled hay 

O t o 8 d  20 to 28 d 
Inhibitor 14C-hay added CO, released DOC released CO2 released DOC released 

( d ~ m )  core-' core-' core-' core-' 
(dpm) ( 0 )  (dpm) (%) (dpm) ( 0 )  (dpm) ( X ) '  

None 1.42 X 106 12,833 0.90 2,444 0.17 2,690 0.19 642 0.05 
20 rnM molybdate 1.42 X 106 10,099 0.71 8,868 0.63 1,013 0.07 959 0.07 
20 rnM azlde 1.42 X 106 2,997 0.21 12,641 0.89 731 0.05 2,791 0.20 

14C02 and D0I4C release are expressed as percentages of the 14C-hay added to the fresh Spartina layer 
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than the CO, retained (Fig. ?A). The PO14C remaining 
in the cores after 28 d (Fig. ?C) all appeared to remain 
between 1.25 and 1.75 cm below the sediment surface. 
The discrepancy between the occurrence of PO14C 
peaks (which should have all been at 1.5 cm) was 
probably related to the problem of injecting the slurry 
of hay and mud at exactly the same depth in each core. 

14C0, idprn rnl" sedl 

07 203 4m 6a3 

DO "C (dpm ml-' sed l 

07 lax, 2000 3C03 

Fig. 7. (A) Distribution of 14C0,; (B) distribution of D014C; (C) 
distribution of P014C with depth in sediment containing fresh 

detritus after 28 d of decomposition 

DISCUSSION 

The results from sediment containing finely-ground 
Spartina kept at constant temperature in aquaria are 
not necessarily representative of salt marshes in the 
Bay of Fundy, where tides produce large fluctuations of 
temperature (Hargrave et al., 1983) and the detritus 
exists as large fragments (Gordon et al., 1984). Oxygen 
uptake rates in our aquaria (Fig. 1C) ranged from 
0.4 mm01 m-2 h- '  in the control sediment to a mean 
value of 2.5 mm01 m-, h-' for the same sediment con- 
taining fresh detritus. These values are not out of place 
when compared to data from natural salt marshes. 
Oxygen uptake rates by sediments in the Bay of Fundy 
range from 0.6 mm01 m-, h-' in natural, intertidal 
sediment (Hargrave et al., 1983) to a mean value of 
1.9 mm01 m-, h-' for sediment enriched with fresh 
Spartina detritus (Andersen and Hargrave, 1984). All 
of these values are close to or within the range of 0.6 to 
8.3 mm01 m-, h- '  reported from more southerly 
marshes (Howarth and Hobbie, 1982). The mean car- 
bon dioxide release rate by sediment that was not 
enriched with detritus (2.3 mm01 m-'h-') was also 
similar to a mean value of 2.2 mm01 m-, h-' reported 
by Andersen and Hargrave (1984) from the Bay of 
Fundy, and to values found by Teal and Kanwisher 
(1961), Pamatmat (1968). Graneli (1979) and Hargrave 
and Phillips (1981) in other sediments. The organic 
carbon turnover calculated from the uptake and 
release data (Table 1) is also in good agreement with 
previous work, indicating that our data are reasonably 
representative of a natural marsh. 

High ratios of CO, release to 0, uptake (from 2.0 to 
6.9; Fig. 4) are in agreement with ratios ranging from 
1.0 to 5.0 in the Bay of Fundy (Andersen and Hargrave, 
1984), from 1.8 to 4.0 in sandy, subtidal sediments 
(Hargrave and Phillips, 1981), and from 0.8 to 9.0 in a 
number of lakes (Rich, 1979). These high ratios illus- 
trate the importance of anaerobic metabolism in the 
decomposition of buried detritus. The rapid develop- 
ment of low redox potentials (Fig. 2A) at the depth of 
detritus burial (Fig. 2B) supports this observation, but 
chemoautotrophic CO, fixation (Kepkay and Novitsky. 
1980) must be taken into account as an added compli- 
cation to this simplistic picture. Sulfur oxidizing 
chemoautotrophy may well have been a significant 
process in the sediment containing fresh detritus 
because mats of the filamentous bacterium, Beggiatoa, 
developed on the sediment surface during the last 5 d 
of the experiments. CO, fixation in the dark would also 
explain the consistently lower ratios of CO, release to 
0, uptake by sediment with fresh detritus (Fig. 4). 

The anaerobic production of CO, via sulfate reduc- 
tion became more dominant as time progressed 
(Fig. 6), eventually accounting for 76 % of the CO2 
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produced  from 20 to  28 d ,  a n d  also may  have  b e e n  t h e  D O C  for both aerobic a n d  anaerobic respiration is 
associated wi th  t h e  decrease  i n  cumulat ive 0, u p t a k e  now required for a bet ter  understanding of t h e  fate  of 

a n d  CO, re lease  observed a t  8 or 1 5  d (Fig. 3). T h e  buried detritus. 
relatively low D O C  release rates  a n d  the eventua l  
u p t a k e  of D O C  by  the  sed iment  (Fig. 1A) could h a v e  LITERATURE ClTED 
b e e n  d u e  to a small  production rate. This  seems  
unl ikely,  however ,  w h e n  t h e  effects  of metabolic h d e r s e n ,  F. D., Hargrave, B. T. (1984). Effects of Spartina 

inhibitors a r e  considered. T h e  inhibi t ion of 14C0, pro- detritus enrichment on aerobidanaerobic benthic 
metabolism in an intertidal sediment. Mar. Ecol. Prog. Ser. 

duct ion a n d  its release from t h e  sed iment  w a s  always 16: 161-171 
associated with a n  equivalent  increase of D014C Gershey, R. M., MacKinnon, M. D., Williams, P. J. le B., 
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