Marine Biology 44, 51-55 (1977)

MARINE BIOLOGY
© by Springer-Verlag 1977

Utilization of Aged Detritus Derived from Different Sources by the
Polychaete Capitella capitata

K.R. Tenore

Skidaway Institute of Oceanography; Savannah, Georgia, USA

Abstract

Because the rate of microbial degradation differs for the various sources contrib-
uting to the detrital pool in marine systems, their availability to detritivores
might also vary. Carbon-14 tracer experiments were used to compare differences in
the oxidation and net incorporation by the polychaete capitella capitata of anitrogen-
rich, easily~decomposable detritus derived from the red macrophytic algae Gracilaria
Sp. versus a nitrogen-poor, decay-resistant detritus derived from the eelgrass
Zostera marina. The net incorporation of Gracilaria sp. detritus by ¢. capitata reached a
maximum (91 ug dry weight of detritus/mg dry weight of worm/day) after only 14 days
of decomposition, whereas that of Z. marina detritus equaled this level after 30
days of aging, but continued to increase to 375 ug at 180 days. The oxidation rate
of Gracilaria sp. detritus was consistently higher (peak of 61 mg dry weight of de-
tritus/day at 30 day-aging) than 2. marina detritus, which reached this level only
after 180 days of aging. The presence or absence of cC. capitata did not significant-
ly alter the oxidation rate. The above difference might be attributed to a rapid
exploitation and mineralization by bacteria of the more available Gracilaria sp. de-
tritus, but a slow, "controlled" utilization by the microbes of the less available
Z. marina detritus, especially during the early stage of decomposition. This would
allow maximum exploitation of the substrate by macroconsumers, resulting in more

of the detrital resource being tied up in detritivore biomass rather than being
rapidly mineralized to COy. Difference in the length of aging at which various de-
trital sources become available to detritivores could result in a temporal parti-
tioning of food resources and should be considered in attempting to understand the
dynamics of detrital-based food chains.

Introduction ly workers had estimated only 10 to 20%

of sediment organic matter was available
to deposit feeders. Subsequent investi-
gators have indeed substantiated that
only 5 to 15% of the material ingested
is utilizable by detrital feeders as a
source of nutrition (George, 1964;
Newell, 1964; Hargrave, 1970; Fenchel,
1972).

The availability of the detritus to
macroconsumers is controlled in large

The importance of detritus-based food
chains in coastal marine environments

has long been recognized (see reviews by
Darnell, 1967; Mann, 1972; Ténore, 1976).
Much indirect evidence is available sug-
gesting that high secondary production

is associated with the influx of large
amounts of organic detritus into the ben-
thic system.

However, equating nutritional impor-
tance solely with the quantity of detri-
tus present in an environment can be mis-
leading due to the heterogenous composi-
tion of the detrital pool. The major
sources of detritus in coastal areas are
decaying macrovegetation (seagrasses and
seaweeds), fecal pellets and terrestrial
runoff. These components have different
biochemical characteristics that affect
their nutritive value to detritivores.
Because much detritus is comprised of
nitrogen-poor, highly-complexed structur-
al materials, Mare (1942) and other ear-

part by microbial degradation and enrich-
ment. A heterogeneous microbial flora
develops on detrital particles and their
activity is the initial step in detrital
food chains. The bacteria are capable of
decomposing and assimilating structural
components of detritus while utilizing
inorganic nitrogen from the seawater.

The resulting microbial biomass is readi-
ly utilized by macroinvertebrates. Thus,
there can be an increase in protein with
aging of particles derived from nitrogen-—
poor macrophytes due to microbial devel-
opment on the detritus (Fenchel, 1969;
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Heald, 1971; De la Cruz and Poe, 1975).
There is much experimental evidence that
detritivores feed on microorganisms asso-
ciated with detritus rather than on the
particles themselves (Newell, 1964;
Johannes and Satomi, 1966; Frankenberg

et al., 1967; Frankenberg and Smith, 1967;
Fenchel, 1970, 1972; Hargrave, 1970;
Yingst, 1976). Most macrobenthic "detri-

tus feeders" are not capable of assimi-
lating the structural components of de-
tritus. For example, Hylleberg Kristen-
sen (1972) measured the digestive carbo-
hydrases of detrital feeders and found
all deficient in hydrolyzing cellulose,
xylon and other structural carbohydrates
that comprise the bulk of detritus. Seki
(1972) found that the brine shrimp Arte-
mia salina was unable to survive on detri-
tus until it was enriched by Pseodomonas sp.

The rate of microbial activity on
various sources of the detritus can vary.
Many freshwater macrophytes and seaweeds
undergo rapid microbial degradation
(0lah, 1972; Calow, 1975). In contrast,
marsh and seagrasses that comprise a
large portion of the detrital input into
coastal marine environments are relative-
ly decay-resistant and require consider-
able time (i.e., months) for decomposi~
tion and microbial development (Gosse-
link and Kirby, 1974; Harrison and Mann,
1975; Tenore, 1975). Even some microal-
gae withstand degradation for up to 1
month and show differing susceptibility
to decomposition related to the relative
biodegradabilities of specific compo-
nents of the cell wall (Gunnison and
Alexander, 1975).

In light of the above differences,
the apparent discrepancies and contradic-
tions in the literature regarding the
nutritive value of detritus are under-
standable. The use of fresh detritus de-
rived from decay-resistant sources such
as eelgrass results in little or no
growth of a detritivore (e.g. Prinslow
et al., 1974). However, in a series of
tracer experiments, Capitella capitata and
Nephthys incisa incorporated virtually no
fresh material, but maximum amounts of
5-month aged labeled eelgrass detritus
(Lee et al., 1975; Tenore, 1975; Tenore
et al., 1977). In fact, actual growth of
a deposit feeder on different detritus
has been demonstrated by Tenore (1977).
In a series of growth experiments of 3
months duration there was an increasing
gradation in attainable standing crop of
C. capitata cultured on 5 detirital sources
ranging from lowest growth on nitrogen-
poor, decay~-resistant macrophytes (the
cordgrass Spartina alterniflora and the eel-
grass Zostera marina) to highest growth in
the nitrogen-rich seaweeds (the rockweed
Fucus sp. and the red macroalgae Gracilaria SP.).

Thus, the source and state of decompo-
sition of detritus can affect its nutri-
tional value in the detrital system.
Therefore, I conducted a series of trac-
er experiments to compare differences in
the availability to capitella capitata of a
nitrogen-rich, easily-decomposable detri-
tus derived from Gracilaria sSp. versus a
nitrogen—-poor, decay-resistant eelgrass
detritus.

Materials and Methods

Labeled detritus derived from eelgrass
and Gracilaria sp. were prepared using
procedures reported in detail elsewhere
(Tenore, 1975, 1977). Briefly, live in-
tact plants were cultured in illuminated
8 1 seawater tanks containing NaH!4cO3.
The water was periodically changed and
the isotope replenished to minimize bac-
terial growth. At the end of 1 month the
plants were washed with filtered seawa-
ter, rinsed quickly with 10% HCl1l to re-—
move surface adsorbed cabon-14, rinsed
with fresh water, freeze-dried and
ground to 120 uym with a Wiley Mill. Al-
though a completely homogenously-labeled
material was not obtained, this proce-
dure did produce detritus with a large
percentage of label in structural com-
ponents and minimal leaching of isotope
when introduced into an aquatic medium.

Flasks containing 2 g of the detritus
and 250 ml of 1 um—-filtered seawater en-
riched with f-~medium (Guillard and
Ryther, 1962) were placed on a shaker
table for aging. Each week an additional
10 ml of nutrient-enriched filtered sea-
water was added to insure an adequate
inorganic nutrient supply (especially
nitrogen) to the microbiota. The flasks
were aged for different lengths of time,
were then centrifuged, the supernatant
decanted, the particulates weighed and a
subsample removed for dry weight and spe-
cific activity determinations.

The more decay-resistant eelgrass de-
tritus was tested after 14, 30, 60, 120
and 180 days of aging; the faster decom~
posing Gracilaria sp. detritus was tested
after 5, 14, 30 and 60 days. For each
detrital age there were 2 replicated
chambers with and without Capitella capita-
ta (250 worms/chamber).

The bottom of 7 1 volume chambers
(0.07 m2 surface area) were layered with
clean fine (<0.3 mm) sand. Labeled detri-
tus and Capitella capitata were added to
the appropriate chambers, which were
then sealed with an O-ringed cover. Sea-
water, filtered to 1 um to prevent phyto-
plankton and meiofaunal contamination,
was metered through the sealed chambers
to insure adequate dissolved oxygen (ca.
40 1/chamber/day) .
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Table 1. Capitella capitata. Oxidation (0), turnover rates (T) and net incorporation (N)
by the polychaete of variously aged detritus derived from the red algae Gracilaria sp. and

the eelgrass Zostera marina. Oxidation rate =

mg dry weight of detritus/day measured by

CO2 respired, given as mean value 1 standard deviation based on number of observations

in parentheses. Turnover rate =
poration rate =

oxidation rate per day/total detritus present. Net incor-
yg dry weight of detritus/mg weight of worm/day, given as mean value I

standard deviation based on number of cbservations in parentheses. Each of two replicate
chambers contained 250 C. capitata that were grouped for activity determination

Aging period Gracilaria sp. detritus

Zostera marina detritus

Without C. capitata

With C. capitata

Without C. capitata With C. capitata

5 days

0 52.1 * 17.8(15) 64.0 * 22.5(15) 23.6 ¥ 4.,2(15)

T 3.0% 3.7% 1.3%

N 58.1 * 15.8(39)
14 days

0 59.3 * 19.8(15) 61.6 X 21.,9(14) 24.9 £ 4.6(15) 25.9 % 4.0(15)

T 4.4% 4.6% 1.9% 2.0%

N 91.0 * 42.1(70) 37.3 % 8.0(25)
30 days

o] 61.0 * 26.2(13) 58.7 * 19.9(13) 27.6 ¥ 9.0(15) 26.9 * 11.6(15)

T 5.5% 5.3% 2.2% 2.1%

N 73.5 * 21.5(22) 41.3 * 11.2(25)
60 days

0 44,5 * 11,1(12) 55.3 % 15.0(13) 34.0 * 10.9(15) 39.0 & 17.5(15)

T 4.0% 5.0% 2.7% 3.1%

N 45.0 * 20.4(34) 70.7 * 25.4(59)
120 days

0 37.3 * 18.0(18) 32.5 * 10.5(22)

T 3.1% 3.2%

N 123.7 £ 51.1(21)
180 days

o) 59.9 ¥ 21.3(22) 74.5  21.7(17)

T 5.8% 7.3%

N 375.4 * 116.3{46)

The oxidation rate (mg dry weight/day)
of the labeled detritus was estimated
from samples of the chamber effluent.
Samples of the effluent were filtered
and total activity (total inorganic

4carbon and dissolved organic l4carbon)
of the filtered water determined. The wa-
ter was then acidified with cold phos-—
phoric acid and agitated to remove the
inorganic l4carbon fraction. The activ-
ity due to the remaining dissolved organ-
ic l4carbon was counted and the total in-
organic l4carbon determined by differ-
ence., Knowing the volume passed through
the chambers and the specific activity
of the labeled detritus, one can calcu-
late the oxidation rate of the detritus.
Because there was a weight loss of the
original 2 g of detritus in each flask
we also calculated a turnover rate of
oxidation rate/weight of detritus pres-
ent.

The chambers were maintained for 5 to
10 days. Then the worms were removed, al-
lowed to void their guts in seawater,
quickly rinsed with 10% HCl and seawater
and dried. The radiocactivity of pooled
samples of weighed tissue was determined
and net incorporation rate of the detri-
tus calculated. Tissue and filters were

combusted on a Packard sample oxidizer
for liquid scintillation counting. Water
samples were counted with Aquasol. All
values were corrected for quench, back-
ground and machine counting efficiency.

Results

The results (Table 1) show differences
due to detrital aging between oxidation,
turnover rates and net incorporation by
Capitella capitata of Gracilaria sp. and
Zostera marina detritus.

The net incorporation by Capitella capi-
tata of Gracilaria sp. detritus reached a
maximum (91 ug dry weight of detritus/mg
dry weight of worm/day) after 14 days of
decomposition and declined with further
aging. In contrast, the net incorpora-
tion of Zostera marina detritus reached
such levels only after 120 days of aging
but continued to increase to 375 ug at
180 days.

The oxidation rate of Gracilaria sp.
detritus was consistently higher than
that of Zostera marina detritus and peaked
(61 mg dry weight of detritus/day) at
30 days of aging. The oxidation rate of
Z. marina detritus continuously increased
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with aging, but equalled this level only
after 180 days of aging. Because there
was a weight loss with decomposition, a
comparison based on absolute oxidation
rates can be misleading. Both detrital
types showed a significant weight loss
during the first 30 days of aging, with
z. marina detritus losing 36% and Gracila-
ria sp. 45% of their ash-free dry weight.
After this initial rapid weight loss fur-
ther changes were negligible. Even so,
turnover times (% of available detritus
oxidized/day) did reflect the same broad
differences shown by oxidation rates — a
higher turnover of Gracilaria sp. detritus
peaking (5.5%) at 30 days whereas the
turnover time of zZ. marina detritus was
only 1 to 3% until 180 days of decomposi-
tion. Oxidation rates were not signifi-
cantly different with or without Capitella
capitata present.

Discussion

Gracilaria sp. and Zostera marina probably
represent extremes of detrital sources.
Gracilaria sp. is composed of nitrogen-
rich (>5%) and labile compounds that are
readily decomposed by microbes. In con-
trast, Z. marina is nitrogen-poor (<2%)
and contains refractive structural carbo-
hydrates that are decay-resistant. Thus,
one would expect a difference in the
time required to decay these detrital
types to a point where they are avail-
able to detritivores. Because of the
rather arbitrary procedure of N addition
with f-medium during aging of the detri-
tus, one should not construe the decay
rates as necessarily reflecting those
occurring in nature. Further work must
be carried out to ascertain the effect
of differences in the available inorgan-
jic nitrogen to detrital enrichment and
subsequent availability. But the fact of
a decay period before availability char-
acteristic for 2. marina detritus had al-
ready been documented (Tenore, 1975,
1977) .

What were unexpected were differences
in the relationship between oxidation
and net incorporation rates of the two
detrital types. The oxidation rate of
Gracilaria sp. detritus was double that of
Zostera marina, but the maximum net incor-
poration rate of z. marina detritus by Capi-
tella capitata was about four times great-
er than the peak for Gracilaria sp. detri-
tus. This difference could be the result
of energy allocation at the microbial
level in detrital food chains. Macroben-
thic detritivores are supported by the
microbes that utilize detritus. Microbes
are usually adept at substrate exploita-
tion that results in the substrate being

metabolically utilized and mineralized.
Macroinvertebrates, although relatively
slower in resource utilization, are char-
acterized by a trophic energy partition-
ing that results in a greater amount of
the resource being "stored" in biomass
(i.e., not as rapidly recycled as in
microbes). A readily available detrital
source such as Gracilaria sp. might be so
rapidly exploited and mineralized by
microbes that a large proportion of the
regsource is not available for trophic
growth of a macrodetritivore. In con-
trast, the decay resistance of a detri-
tal source such as Z. marina could result
in controlled substrate availability
such that the utilization rate of the
macrodetritivore keeps up with that of
the microbial community. The results of
the present experiment in no way direct-
ly address this hypothesis, but do sug-
gest that such an avenue of research
could be fruitful.

Differences in the age at which vari-
ous detrital sources are maximally avail-
able to detritivores could result in a
temporal partitioning of the food re-
source in detrital-based food chains.
Much of the macrophytic material enters
the detrital pool of coastal systems in
autumn. Differential rates of decomposi-
tion and related availability to the
macroconsumers might mitigate this pulse
of food and assure a continual nutrient
source to the benthos. In this regard,
our usual treatment of the detrital pool
in an ecosystem as a "black box" can
obfuscate the delineation of food re-
source availability and exploitation. In
the present experiment we did not equal-
ize the food concentrations of the vari-
ous ages of detritus but, in fact,
wanted to emphasize any differential
rate of use and subsequent loss of detri-
tal sources. Future work will include
the affect of food concentration on re-
source exploitation.

That the presence of the Capitella capi-
tata did not significantly affect the oxi-
dation rate of the detritus might be a
summation of the polychaetes feeding
activity on the microbes. The C. capitata
are more than likely utilizing the bac-
teria on the detrital particles. The
cropping activity of detrital feeders
can enhance microbial activity and thus,
increase oxygen consumption and standing
crop (Hargrave, 1970; Fenchel, 1972).
However, at the same time, more of the de-
trital substrate with associated bacte-
rial biomass is tied up in particulate
form in the ¢. capitata biomass and not as
rapidly mineralized to CO3. A prime tar-
get of future work in detrital food
chains must be the interaction of micro-
bial and macroconsumer components.
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