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ABSTRACT
Although organic detritus is an important energy source in marine ecosystems little quantitative
data are available on rates of utilization by deposit feeders. A major reason is the difficulty of
using isotope tracer techniques due to the release. and recycling of such non-conservative labels as
carbon-14 from the detritus during suspension in an aquatic medium.
The effect of initial partical size (0.18 to 2 mm) and "aging" (Oto 54 days) of detritus derived from
eel grass Zostera marina on net incorporation by the polychaete, Capite/la capitata was investigated using isotope tracer techniques with controls to account for errors due to leaching of carbon14. There was an increase in the rate of net incorporation with increasing age of the detritus of
all the different particle sizes. However, for the first two periods of aging (0 and 11 days) there was
a greater incorporation of the finest size detritus but with subsequent aging there was greater net
incorporation of detritus with larger particle size. Decay experiments with detritus derived from
eel grass showed an initial rapid decrease then a slower rate of increase in nitrogen content and
corresponding changes in C: N ratios.
The observed differences illustrate the need for considering the qualitative state of detritus used
in growth experiments. Also the long decay time associated with sea-grasses versus shorter decay
periods of detritus from other sources would prolong the availability of the detrital food resource
by expanding the temporal period of utilization of the total detrital pool.

1. Introduction
Many researchers have stressed the importance of organic detritus as an energy
source in marine ecosystems but little data are available on the actual nutritive role
of detritus in marine food chains. Darnell (I 967), reviewing the status of our knowledge of detritus in estuarine ecosystems, pointed out that most reports only infer
the significance of detritus in marine food chains and little critical or quantitative
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research is available on nutritive aspects of detritus. The types of information required
for a rigorous demonstration of the actual role of detritus include not only data on
the availability of detritus in the natural environment but also information on the
actual rates and efficiencies of utilization and detrital feeders.
Decay of macrophytic plants such as eel grass contribute large amounts of detritus
to coastal ecosystems. The main reason that a great portion of macrophytic production ends up as detritus is the low rate of exploitation by herbivorous grazers typical
of most marsh and submerged vegetation ecosystems (Odum and de la Cruz, 1967).
For example, Marshall (1970) estimated the yearly organic carbon contribution of
macroflora, mostly eel grass and its associated aufwuchs, to estuarine areas in southern New England at 125 g carbon/m2/year.
These large amounts of detritus entering estuarine and coastal ecosystems led many
early researchers to speculate on its nutritive value to the benthos. For example,
Danish investigators (Petersen, 1918; Jensen, 1919; Ekman, 1947) hypothesized that
the basic source of food of the benthos in the shallow Danish wadden area was the
organic detritus derived chiefly from the decay of shallow water rooted vegetation.
Dexter (1944, 1950) stated that detritus derived from Zostera was the basis for the
food chain associated with eel grass beds and documented the decline in secondary
productivity associated with the disappearance of eel grass by the "wasting" disease.
Williams and Thomas (1967) compared the standing crop of the benthic biomass
in four types of substrates near Beaufort, North Carolina: sand, muddy sand, soft
mud and the area of a Zostera bed. The Zostera substrate contained the greatest
number of animals (672/m 2 compared to an average of 107/m2 in the muddy sand)
and the greatest amount of wet weight biomass (294 g/m 2 compared to 38 g/m 2 in
the muddy sand).
Many researchers have studied the role of the microbiota in the decomposition of
detritus in marine benthic systems. Investigators have reported the heterogenous
nature of the microbial life occurring on the surfaces of detrital particles and agree
that the activity of these microbes, including fungi (Meyers, 1974) is the initial step
in detrital food chains. Odum and de la Curz (1967), Fenchel (1969) and Heald
(1971) showed an increase in protein of the particles derived from macrophytes with
increasing age due to microorganisms growing on the surfaces. Burkeholder (1959)
pointed out the significant numbers of ciliates associated with detrital particles and
stressed their possible role in nutrient cycling and regeneration and as a food source
for macroconsumers. Fenchel (1970) studied the quantitative composition of these
microbial communities living on detritus derived from turtle grass. Counts of samples
taken from the field showed an average of 3 x 10 9 bacteria, 5 x 10 7 small zooflagellates,
5 x 10 4 ciliates and 2 x 10 4 diatoms per gram dry weight of detritus. The numbers were
highest in detrital samples with smaller average diameter particles and lowest with
new and large-sized particles. Larger benthos such as the polychaete, Arenicola
marina can utilize these microfauna associated with detrital particles (Longbottom,
1970). In fact many species probably utilize only the microbial population on detrital
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particles. For instance Seki et al. (1968) found that Artemia were unable to survive
on detritus until an inoculum of Pseudomonas has converted it into bacterial biomass.
Thus, the microbenthos are important as the initial heterotrophic level in detrital
food chains.
But data available in the literature are limited because of difficulties, even with
radioisotope tracer techniques, in quantitatively determining utilization rates of
detritus. Observations of gut contents do give a qualititative idea of the importance
of detritus to marine food chains. However, as Edmondson (1957) pointed out,
the presence of unrecognizable organic material in the gut does not necessarily
indicate detrital feeding because many phytoplankton, especially small flagellates ,
break down rapidly. As an alternative, the use of radioisotope tracer techniques have
long been advocated as a powerful tool in the study of the nutrition of marine
organisms (Chipman, 1959; Rice, 1965; and Sorokin, 1966). The use of isotopes in
studying quantitatively the feeding rates of animals has certain advantages. The utilization and assimilation of labeled food material is measured directly by determining
the presence of the isotope in the animal tissue or as respired 14C0 2 • In comparison
with such indirect indices as growth or gut analysis, isotope tracer methods are
more sensitive, accurate and efficient in studying the utilization of different food
sources.
However, inherent problems or improper application of radioisotope tracer
techniques can result in significant errors in determination of food chain dynamics,
especially in detrital studies. Conover and Francis (1973) have pointed out the problem
that the recycling of isotope can result in error in the estimation of ingestion and
feeding rates. Any recycling, especially in an aquatic environment, results in complicated kinetics of isotope transfer and can obscure actual food chain parameters.
This is especially a problem with non-conservative isotope labels such as carbon-14
that rapidly recycle in nature. Even with more conservative labels such as phosphorus32, experiments must be limited to short periods of time (e.g. hours) to avoid significant recycling problems. Conservative labels such as heavy metals, e.g. zinc-65
are probably least objectionable for short-term food chain studies.
Furthermore, although release of more conservative isotope labels from live
phytoplankton is not usually a problem in tracer experiments (Floyd, 1952; Rice and
Smith, 1958), isotope is "leached" from decaying detritus (Tenore et al., 1968;
Tenore, 1971) and it is difficult to determine the contribution of the adsorption of
this dissolved label to the levels of isotope in the animal tissue. This error must be
overcome in designing any experiment in order to correctly determine utilization
rates. Tenore et al. (1968) investigated detrital utilization by the brackish water
bivalve, Rangia cuneata and used a series of "control" trays that received a continual
flow of the water from trays containing the zinc-65 labeled detritus. The level of isotope in the clams in these control trays reflected adsorption of leached isotope.
They found that there was significant zinc-65 uptake by the experimental animals
compared to levels found in the control clams and were thus able to demonstrate

264

Journal of Marine Research

(33, 3

that Rangia, although a suspension feeder, ingested significant amounts of detritus
from the sediment.
Several studies have attempted to measure quantitatively the rate of detrital
utilization by deposit feeders. Bell and Ward (1970) attempted to measure the rate
of incorporation of carbon-14 labeled organic carbon, both phytoplankton and
artificial detritus derived from labeled phytoplankton, by laboratory and in situ
experiments at different depths in a Jake. The relative contribution of detrital carbon
(2.37 to 5.35 µg carbon/individual per day) to the total daily incorporation was much
less than phytoplankton carbon. However, the artificial handling of the detritus
(autoclaving to negate microbial activity) probably resulted in the alteration of
nitrogenous compounds, besides interfering in any microbial activity necessary for
energy flow in the food chain. More importantly,' they made no attempt to measure
and correct for error due to adsorption of the leached carbon-14 at surface areas of
the animals.
Hargrave (1971) calculated an energy budget for the amphipod, Hya/ella azteca,
feeding on surface sediments from a lake by using feeding and respiration parameters
from his previous papers (Hargrave, 1970a; 1970b). In summary, Hargrave found
that of the total calories assimilated, 49 % were respired, 36 % were excreted as
soluble excretory products and 15% were accumulated as growth, egg production
and moult. Similarly Johannes and Satomi (1966) found that Palaemonetes also lost
33 % of ingested carbon as soluble excretory products. Because dissolved organics
can be adsorbed by animals (Stephens, 1967) the assimilation rate can be overestimated because of adsorption of soluble leached or excreted carbon-14 labeled
organic compounds.
Adams and Angelovic (1970) studi:ed the relative detrital utilization of three
species abundant in the eel grass community, the grass shrimp Palaemonetes pugio,
the blood worm Glycera dibranchiata, and the snail, Bittium varium. They attempted
to correct for uptake of carbon-14 compounds leached from the labeled detritus by
having a control chamber separated from the experimental chamber by a 0.45 µ
millipore filter. They bubbled air into each of the chambers to ensure oxygenation
and mixing of the water (and soluble-form carbon-14) between the chambers. However, they presented no evidence to prove that mixing between the chambers was
adequate. After the animals were cultured on carbon-14 ·labeled detritus derived
from eel grass, they were placed in sealed bottles. Air was bubbled through the
bottles and the 14C02 absorbed in phenethylamine, a CO 2 ansorbent. They found
that : (1) all three species ingested and assimilated detritus, (2) Pa/aemonetes and
Bittium also assimilated carbon-14 from labeled bacteria associated with the detritus
and (3) control organisms of all three species assimilated (or adsorbed) some carbon14 from soluble sources. Although the results were not quantitative, relative differences among the three species were found. The three species derived two to six
times more nourishment from aged (10 days) versus fresh detritus.
Thus qualitative differences of detritus, both source and state of decomposition,
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should be considered in any studies of detrital food chain dynamics. Detritus derived
from different macrovegetation or biodeposits has different caloric and biochemical
characteristics that would affect feeding and assimilation dynamics, however little
data are available on this subject. Tenore and Gopalan (1974) recently reported
differences in ecological and assimilation efficiencies for the polychaete, Nereis virens
fed on fresh tissue versus biodeposits of oysters. Apparently, the age and particle
size of detritus affects the level of the microbial community associated with detrital
particles and could affect the efficiency of utilization of detritus by deposit-feeding
animals. Any investigation should take these differences into account when studying
rates of detrital utilization or detrital food chain efficiencies. Therefore, as part of
research into the detrital food chain dynamics of the polychaete, Capitella capitata,
radioisotope tracer techniques were used to investigate the effect of particle size and
aging on the rate of incorporation of detritus derived from eel grass.
2. Materials and methods

a. Preparation of labeled detritus. Previously, live eel grass had been labeled with
carbon-14 by culturing for short periods of time. Living plants of Zostera marina
were collected locally and divided into a series of culture tanks, each containing
7 liters of 1 µ-filtered sea water. Approximately 250 µ-curies of NaH 14CO 3 were
added to each container that were placed under constant light for four days, a
period of time considered adequate for maximal uptake of the label (Adams and
Angelovic, 1970). The plants were then removed from the culture water, rinsed well
with filtered seawater and quickly with 10% HCl to remove any surface-adsorbed
carbon-14, and then dried at 90°C for 24 hours. After drying, the plant material
was ground to various particle sizes with a Wiley Laboratory Mill, then frozen and
used as needed. However, the above procedure: (1) resulted in detritus that "leached"
high levels of label, (2) the beat drying probably denatured proteinaceous material
and in general, altered the composition of the detritus, and (3) the short labelling
period resulted in non-homogeneity of the label in the detrital material.
The above problems were minimized by long-term culturing of the live eelgrass
plants in the presence of carbon-14 and by freeze drying rather than heat drying.
It was necessary to periodically change the water and renew the carbon-14 source
(100 µ-curies NaH 14 CO 3) during the 29 days of culturing to control excessive bacterial
growth. Samples of the eel grass were periodically taken during the culturing period
to determine the level of activity. In addition, extraction procedures (Degens and
Reuter, 1964) were employed to determine the biochemical distribution of the
carbon-14 in the plant material. Hot water (90°C for 2 hours) and ethonal (20°C
for 1 hour) extracted more labile compounds such as simple sugars and carbohydrates. NAOH extraction (20°C for 1 hour under nitrogen atmosphere) extracted the
celluloses. The remaining material, termed "lignin" represented refractive compounds in the plant tissue. All carbon-14 measurements were by liquid scintillation
techniques. Tissue and residue samples were combusted on a Packard sample oxidizer.

266

[33, 3

Journal of Marine Research
WATER

1----~ --J_.,~--~~-...r-__.,.____~-1----------~ -- ----a...J LEVEL

:::·:~_~; .-::: ::·:>-= .;_~_- ::·._:_- .·: :.;-~;:-~--::;·.---~..-:: ::· ~-~:·~-: :-~•-·. .::\- ':_~ ~-----:-/ .\ .': :_:_ :··~~
~<:- ..-z
SEDIMENT

Figure 1. Control chambers showing construction for insertion of mesh.

Aliquots of the liquid extractions were placed in appropriate scintillation cocktails.
All values were corrected for quench, background and machine counting efficiency.
b. Experimental techniques for incorporation studies. By measuring the carbon-14
levels of animals in control chambers exposed only to the soluble portion of the
labeled materials the difficulty in measuring detrital utilization rates due to the
leaching of soluble isotope was overcome. This fraction of activity due to adsorption
of isotope leached from the detritus on the body surface of the worms was subtracted from the level of activity of th~ experimental animals cultured on the labeled
detritus. The difference gave a measure of the label due to net incorporation from
the labeled detritus.
The 23 x 10 x 13 cm high control chambers (Fig. I) were made of plexiglas with
four 8 cm diameter holes on the sides. They were constructed so that a removable
filter or other mesh material could be inserted between the double side panels,
sealed with silicon and the side panels bolted together. Each control chamber was
placed in a larger 8 liter experimental tank that contained sediment with labeled
detritus and worms (Fig. 2). The experimental tanks received air to provide aeration
and circulation of water through the experimental and control chambers.
Tests were carried out comparing the efficiency of different mesh sizes in preventing
passage of particles of detritus while allowing circulation of water (and soluble
carbon-14 substances) between the control and experimental chambers. The different
mesh were tested: 20 and 10 µ Nitex mesh and 0.45 µ Millipore filter. About 0.5
grams of the labeled detritus was added to the sediments of each of the experimental
cultures. The control chambers, filled with clean seawater were then added to the
experimental cultures. Replicate water samples from the control and experimental
chambers were taken initially and at I hour time intervals over a 6 hour period.
Portions of the samples of both chambers were also filtered through a 0.45 µ Millipore
filter and the activity of the filtered water determined. Thus, we determined the activity of four phases of the experimental set up: (1) unfiltered experimental water, (2)
filtered experimental water, (3) unfiltered control water, and (4) filtered control water.
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Figure 2. Diagram of side view of experimental tanks containing control chambers.

c. Experimental procedure for detrital incorporation studies. A series of experiments
using the techniques described above were conducted to study the effect of different
initial particle sizes and state of decomposition of detritus derived from eel grass
on the rate of incorporation by the deposit-feeding polychaete, Capitella capitata.
Eel grass detritus was initially ground to three different sizes: "coarse" (2 mm),
"medium" (.43 mm), and "fine" (.18 mm). Flasks containing 0.75 grams of the
labeled detritus and 100 ml of 10 µ-filtered sea water enriched with f medium (Guillard
and Ryther, 1962) were placed on a shaker table for aging. Each week an additional
15 ml of nutrient-enriched filtered sea water was added to each of the flasks to
insure inorganic nutrient (especially nitrogen) supply to the microbiota. At different
intervals (day 0, 11 , 17, 32, 54) these cultures were centrifuged, the supernatant
decanted and the detritus used for the incorporation experiments. To approximate
naturally-occurring sediment organic levels and Capitel/a density, smaller trays with
a 50 cm 2 surface area were used-two trays in each of the control and experimental
chambers. Each tray contained 25 grams of oven-dried fine sand and the experimental
trays also contained the detritus initially weighed out in 0.75 g amounts. Each of
these trays received 20 Capitella (a total of 40 worms per control and experimental
chambers), that had been taken from our stock cultures. The experiments ran for
24 hours at 20°C, after which the worms were removed and placed in enamel pans
in fresh sea water and allowed to void their guts for two hours. After this period each
worm was rinsed quickly with 10 % HCI, dried at 90°C, weighed, and combusted
on the Packard Sample Oxidizer for liquid scintillation counting.
The level of carbon-14 activity of the detritus used for each treatment was determined. The average level of activity for the worms in the control chambers were
subtracted from that found in the experimental worms. These values were then used
to calculate rates of net incorporation of detritus.
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Table 1. Level of carbon-14 ( dpm/mg dry wt) and percent contribution of total activity represented
by the different extraction procedures during the 29 day culturing period of eel grass, Zostera
marina. Values are the average of three samples.
Day

Total plant
tissue dpm

15 . .. .. . . . . .
17 .. .. .. .. ..
19 .. . . .. . .. .
23 ..... . .. ..
29 . •. .. .... .

925
2,184
3,040
8,630
19,281

HOH
dpm
577
1,240
1,979
4,820
8,699

%
62
57
65
56
45

ETOH
dpm
%
50
105
144
440
1,032

5
5
5
5
5

NAOH
dpm
%
45
94
173
461
1,319

5
4
6
5
7

RESIDUE
dpm
%
93
201
346
980
3,528

10
9
11
11

18

At the same time freeze-dried eel grass was placed in 38 x 55 x 10 cm deep trays
receiving a 200 ml/min flow of 1-µ filtered sea water at ambient temperature (19 to
21 °C). The eel grass was periodically sampled to determine changes in percent
particulate carbon and nitrogen with a Model 240 Perkin Elmer Elemental Analyzer.
A similar study of changes over a longer time span in particulate carbon and nitrogen
levels in decaying eel grass was conducted under more controlled conditions. A
series of flasks , each containing coarse-ground freeze-dried eel grass and 100 ml of
10 µ-filtered seawater enriched with Guillards f-medium, were placed on a shaker
table. The contents of each flask were periodically centrifuged, the supernatant
decanted and new enriched sea water added. This eel grass detritus was also periodically sampled for carbon and nitrogen concentrations.
3. Results and discussion

a. Isotope incorporation in the eel grass. The hot water and ethanol extractions
separated labile compounds, e.g. sugars, carbohydrates and proteins (Table 1). The
NaOH procedure extracted complex polysaccharides, celluloses and polycelluloses.
The remaining residue, by definition "lignin", contained the most refractory components of the eel grass. Although the necessity of periodic changing of the culture
medium and reintroduction of isotope precluded the chance for homogeneity of the
label, the longer culturing period did result in a labeled detritus with: (1) a high
level of activity (2) less leaching of isotope and (3) appreciably higher levels of
isotope in more refractive components of the detritus.
b. Efficiency of mesh sizes in control chambers. The use of the 0.45 µ Millipore filter,
although the most effective in preventing passage of detrital particles into the control
chamber, did not allow adequate circulation of water between the control and
experimental chamber (Fig. 3). In contrast, the use of a 20 µ mesh, although allowing
a slightly higher amount of detrital particles to enter the control chamber, did allow
adequate circulation and eventual equalization of the soluble carbon-14 levels in
the control and experimental chambers. The initial drop in the cpm of unfiltered
water from the experimental chamber was probably due to the settling of detrital
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INITIAL PARTICLE SIZE OF DETRITUS

D 0.180 mm

[ill

0.405 mm
2.000mm

0

11

17

32

54

NUMBER OF DAYS OF AGING OF DETRITUS

Figure 4. The effect of decomposition of different particle-sized eel grass detritus on the net incorporation rate by Capitella capitata. The bar represents the average for 40 worms and the
range is ± I standard error.

particles that had been suspended from the bottom when the control chambers were
added. The difference between the cpm of unfiltered and filtered water from the
control chamber is a measure of detrital particles entering the control chamber
through the mesh. The amount of this detritus is lowest (c. 3 cpm/ml water) using
the 0.45 µ Millipore filter but not much higher (c. 8 cpm/ml water) using the 20 µ
mesh. However, the activity of the filtered water indicated relative differences in the
adequacy of circulation between the control and experimental chambers. The most
effective circulation would result in an equilibrium between the filtered water samples
from the control and experimental chambers. The cpm of the filtered water of the
control chamber with the 0.45 µ Millipore filter showed the lowest level of activity
(c. 14 cpm). In contrast, that from the 20 µ mesh chamber was the highest and with
time approximated conditions in the experimental chamber. Thus the 20 µ mesh
is most appropriate in measuring levels of activity due to soluble carbon-14 substances.
c. Detrital incorporation by Capitella capitata. The results (Fig. 4) indicate that for
all three initial particle sizes there was a general increase in rate of utilization with
increasing aging of the detritus. This increase in incorporation with aging might
be related to the low initial nutritional value of detritus derived from eel grass and
the later development of an associated microbiota richer in nitrogenous compounds .
The percent nitrogen in live eel grass is fairly low and the C:N ratio always above 22,
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Table 2. Percent particulate nitrogen and C: N ratio of decaying eel grass. The values are the averages of three samples.
Day

¾N .... . .. .
C:N .. .... ..

0

7

14

21

1.38
23.8

1.48
23.0

1.54
22.6

1.67
20.6

a value considered too high for adequate nutrition for herbivores or detritivores
(Russell-Hunter, 1970). We found a consistent increase in the percentage of nitrogen
and a decrease in the C :N ratio with the short term experiment (Table 2). The increase in nitrogen content probably reflects both a loss of more labile compounds,
especially water soluble sugars and carbohydrates, from the plant material and the
development of a microbial flora .
In the longer study of detrital decomposition there was an initial rapid decrease,
then a slower rate of increase in nitrogen content and corresponding changes in
C :N ratios (Table 3). The long rate of decay necessary for eel grass might be related
to the complex polycelluloses comprising its cell wall and also to inhibition of
microbial development by high molecular complexes typically found in eel grass
(Soeder, personal communication; Anderson et al. 1968). At any rate, this information
points out the necessity of looking at detrital utilization of a detritus at various
states of decomposition to ascertain its nutritive value.
Furthermore, initially the worms incorporated the finer-ground detritus at the
highest rate but with increased aging the coarser-ground detritus. Most researchers
would agree that smaller particle sizes favor the development of microbes. For
example, Gosselink and Kirby (1974) reporting on the decomposition of salt marsh
grass, found an inverse relationship of substrate particle size to decomposition rate.
They found that the conversion efficiency of substrate to microbial biomass decreased
as particle size increased. However, they were working with a size range (67 to 213 µ)
smaller than that used in the present experiment.
Before discussing any possible reasons for these differences it should again be
stressed that these are initial particle sizes that certainly changed during the various
periods of decomposition. Certainly all the detritus became more amorphous in
appearance with increased aging. Even so, the higher incorporation of the fine
detritus in the less-aged periods could be considered substantiation that microbiota
might develop more rapidly on the finer particle eel grass. The finer the particle-size
the greater the surface area provided for microbial activity. Conversely, the results
Table 3. Percent particulate carbon and nitrogen and C :N ratio of decaying eel grass. The values
are the averages of three samples.
Day

0

7

14

31

51

77

105

%C
%N
C :N

36.86
1.36
27.1

39.86
1.49
26.8

38.76
1.64
23.7

25.56
0.92
27.78

28.06
1.07
26.22

25.60
1.09
23.49

26.32
1.16
22.73
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Table 4. Total level of activity (dpm/mg) of aged eel grass detritus (Fine .18 mm; Medium .43 mm;
Coarse 2 mm) and percentage of activity of the various extraction procedures. All values are
averages of three samples.
54
32
17
11
Day0
dpm/mg dry wt.
of eel grass detritus

Whole Detritus
Fine . . ...... .. ...
Medium .. .. . . .. .
Coarse .. .... . ....

10,152 dpm
10,152
10,152

Water Extraction
Fine ........ ... ..
Medium . . ... .. . .
Coarse . .... . . . ...
Ethanol Extration
Fine . . ........ . . .
Medium . .. ..... .
Coarse ....... .. ..

6839
6172
7420

6236
6122
6568

6158
5967
6409

5376
5632
5997

73%
73
73

16
17
17

12

13
14
16

10
15
13

9
9
9

14
11
16

15
12
17

13
13
16

11
16
14

2
2
2

I
2
2

2

2
2
2

67
70
65

72
72
66

73
76
66

NaOH Extraction
Fine .. .. .. .. .. . . .
Medium .. . . . .. ..
Coarse . .. . . . .. . ..
Residue
Fine .. . ... ... .. . .
Medium . . .......
Coarse . ... . . ... . .

25
25
25

13
15

67
79
60

could indicate a particle size preference or capability by Capitella or the higher
availability of nutritive materials in the finer-ground particles. However, the extremely
higher rate of incorporation of the coarse detritus aged to 32 and 54 days nullifies
any facile attempt to explain these data. One possible explanation was differences
in the heterogeneity of the label in the detritus of different particle sizes after different
aging periods. However, extraction data (Table 4) showed similar trends and levels
for the detrital material of different particle size-a relative decrease in the label
occurring in materials extracted in the hot water and relative increase in the labet
contributed by the more refractive materials remaining in the residue after the
various extractions.
Aside from the actual cause of these differences, these data illustrate the necessity
for considering the qualitative state of the detritus available to deposit-feeders and
conducting concurrent feeding and growth experiments in any investigation of the
overall dynamics of detrital food chains. In addition, if seagrasses such as Zostera
marina do exhibit a long period of decay before being available for utilization by
benthic deposit feeders this would be an important factor in prolonging the temporal
period of availability of the fall influx of detritus into coastaJ systems. A short term
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influx of a large amount of detritus such as that occurring in the fall in coastal areas,
could not be totally utilized by deposit feeders. Thus this energy source might be
lost by burial in the sediment. In contrast, a differential rate of decay of detritus
derived from various sources would lead to a longer time span of detrital availability
and enhance conservation of this food resource.
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