
Phuhet Marine Biological Center Special Publication 21(1): J1-JB (2000) 31

DETRITUS AS A FOOD SOURCE IN MARINE ECOSYSTEMS:
AN OVERVIEW OF RESEARCH IN THE 1980's

Pitiwong Tantichodok
Institute of Science, Walailak Uniuersity, Thasala

Nahhon Si Thammarat 80160, Thailand

ABSTRACT
Research in the 1980's leads to the conclu-
sion that detritus derived from phyboplank-
ton and macroalgae in the early stages of
decomposition is a good food source. In con-
trast, detritus from vascular plants is a poor
food source. In the early phase of decompo-
sition, however, its nutritional value will
increase with age. When any detritus ap-
proaches the final stage of decomposition,
which is becoming humic materials, the
nutritional value of detritus decreases
greatly. Bacteria can provide a nitrogen
source to consumers, but the microbial
biomass is too low to meet the energetic de-
mands for the consumer. Detritus becomes
substrates providing potential energy to do
work as well as substrates for maintenance
(building or repair) and for metabolic proc-
esses. Calorifrc availability, utilizability, and
certain nutrient supplements depend on
types or origin of detritus and seasonal
availability. Detritus feeders are predomi-
nantly common in many marine tropical eco-
systems, they are important in terms
of linking detritus with economically impor-
tant top consumers like fish.

INTRODUCTION
The term "detritus" generally refers to dead
or non-living organic matter. However, cer-
tain organisms (microflora and microfauna)
which are intimately associated with the
non-Iiving particulate organic matter are
usually considered to be part ofdetritus as
well (Mann 1972). Detritus is defined as all

types of biogenic material in various stages
of microbial decomposition which provide
some potential energy to consumer species
(Darnell L967).WetzeIet aI.(7972) also gave
another working definition of detritus to
emphasize that the potential enerry of de-
tritus to consumers is not derived from
carnivory or herbivory. The definition is as
follows: non-predatory losses oforganic car-
bon from any trophic level (including
egestion, excretion, secretion, etc.) or inputs
from sources external to the ecosystem that
enter and recycle in the system
(allochthonous organic carbon). By these
definitions, detritus also includes dissolved
forms of organic matter as well as mucirs
and faeces from living organisms. Dissolved
organic matter can be either utilized by
bacteria, adsorbed onto particles to form big-
ger aggregates or directly actively taken up
by soft-bodied animals through the body
wall.

Most of the organic detritus appears to be
derived from plants. In estuaries, detrital
organic matter can come from the terrestrial
sources (allochthonous origin) or from estu-
aries themselves (autochthonous). In tem-
perate shallow waters and salt marsh ar-
eas, the major source is probably from the
marsh grass, Spartina alterniflora. In
deeper waters, phytoplankton contributes
mostly to the detrital pool, especially after
sporadic phytoplankton blooms (Wilson, ef
al. L985).In the tropics, mangroves play a
more important role in contributing to the
detrital pool in estuaries.
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Detritus formation
Organic matter may enter a system, either
as particulates (>1pm), colloids (<1lm) or
dissolved form (<0.45 7zm). Regardless of
forms, organic matter will undergo decom-
position or diagenetic processes. Most of
plant production in shallow estuarine wa-
ter is not consumed by herbivores (Mann,
L972). Plant tissues senesce and die; they
will go through several steps of the degrada-
tion process. First, dissolved organic mat-
ter (soluble proteins, carbohydrates and sim-
ple forms of organic acids) is leached out
from the plant litter (Mann 1-972; Harrison
& Mann 1975; FeIl et al. 7975;Tenore et aI.
1982). Then microbial colonization is initi-
ated. Bacteria and fungi rapidly colonize the
new substrate. At the same time, the disin-
tegration or reduction in size of the parti-
culate material occurs by means of mechani-
cal fragmentation (wave action, abrasion) or
ingestion (chewing and shredding) by some
invertebrates (e.9. amphipods, snails). Bac-
teria and fungi are capable ofutilizing struc-
tural and resistant plant materials (e.9. cel-
lulose,lignin) and the biomass of these mi-
croorganisms will increase the total protein
Ievel on the detritus particles (Odum & de
laCruz 1967; Fenchel 1969). Jensen (1914)

found relative nitrogen enrichment of the
small detritus fragments from eelgrass,
Zostera, compared to senescent and decom-
posed leaves. The increase in N was caused
by the greater number of microorganisms
per unit weight in small particles. Odum &
de la Cruz (1967) also observed signifrcant
protein enrichment in the.finer fractions of
Spartina alterniflora detritus during the de-
composition sequence.

However, recent evidence (Harrison &
Mann 1975; Christian & Wetzel 1978; Odum
et a|.1979; Rice 1982; Rice & Tenore 1982)
suggests that most of nitrogen enrichment
in aging detritus is not from microbial
biomass and is not in the form of protein.
Direct measurement of bacterial biomass
could account for only a small portion of the
nitrogen accumulation in Sporfino detritus

(Rublee et al. l97B; Christian & Wetzel
1978).

Odum et al. (1979) suggested that fungal
cell walls may be a likely source of non-pro-
tein nitrogen accumulation, due to the pres-
ence of chitin (a glucosamine) in the cell wall
of fungi in detritus. Newell and Hicks (1982)
supported the idea. They found biomass of
fungal hyphae could account as much as507o
of the nitrogen in the composition of
Spartina detritus. But the estimates are
questionable due to uncertainties in the as-
sumed density of hyphal biomass. Lee et al.
(1980) showed the estimates of both bacte-
rial (by direct count) and fungal (by meas-
uring ergosterol, a sterol specific to fungi)
biomass in Spartina detritus still made up
a minor portion of the nitrogen increase
during the decomposition. This evidence
strongly indicates that fungal and bacterial
biomass makes an insignifrcant contribution
to nitrogen enhancement.

The increase of detrital nitrogen of aged
detritus exists in the form of non-protein
nitrogen. Rice (1982) showed that there was
a significant correlation between the in-
crease in nitrogen and production of humic
materials during the decomposition of five
types of the estuarine macrophytes. This"
suggests that the nitrogen accumulated is
mostly non-labile humic nitrogen rather
than living microbial protein. He proposed
a mechanism whereby most of the nitrogen
may be formed as complex polymers by po-
lymerization or condensation reaction be-
tween microbial protein exudates (1.e.

exoenzJ[nes and mucopolysaccharides) re-
active phenols and carbohydrates, small
peptides produced when microbial enzymes
depolymerize t};Le detrital substrates, and
also the initial leaching of dissolved materi-
als from fresh detritus. The reactive phenols
and carbohydrates will condense with
peptides or amino acids to form heterogene-
ous polymers and eventually bigger
"geopolymers" (sugars reacting with amino
acids, phenols with amino acids and phenols
with sugars). Microbes on detrital particles
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are able to assimilate dissolved inorganic
nitrogen from seawater for protein synthe-
sis which includes exoenzJfines. Exoenz;rmes
and mucopolysaccharides (3-77a organic ni-
trogen) further react and condense with
reactive carbohydrates and phenols, or even
those in polymeric forms. The process is the
formation and the nitrogen enrichment of
high molecular weight geopolymers (also
known as humic materials). As this process
of humification continues, the detritus
nitrogen becomes more and more refractory
and less assimilable. Hobbie & Lee (1980)
have suggested that the mass of exudates
may exceed the standing microbial biomass,
and consequently it may be an important
reservoir of organic nitrogen.

Dissolued organic carbon dynamics
It is generally believed that most detritus
formation is by the process of gradual break-
down of big plant particles. However, there
is an earlier suggestion that particles or
aggregates could be formed from dissolved
organic matter by the action of bubbles or
adsorption on natural surfaces (Baylor
& Sutcliffe 1963; Riley, 1963). This led to the
idea that dissolved organic matter lost from
Ieaves (Ieaching) during decomposition may
subsequently precipitate to form aggregates
which can be utilized by organisms (Ribelin
& Collier L979; Bowen 1984; Camille-
ri & Ribi 1986). Baylor & Sutcliffe (1963)
first demonstrated that organic particles
formed by bubbling seawater could support
growth of Artemia. Camilleri & Ribi (1986)
showed that organic flakes formed from the
mangrove leachates were utilized by crus-
taceans.

The process in which particulate organic
matter is formed from dissolved organic
matter is not well understood. Several
agents have been identified. Bacteria seem
to be of the most importance. Bacteria are
able to utilize dissolved organic matter to
produce an extracellular organic matrix (or
exudates). The ainount ofexudates can ex-
ceed the mass of bacteria by many fold (Pearl

1978; Hobbie & Lee 1980; Rice & Hanson
1984). Then aggregation or condensation to
form bigger particle occurs. Other processes
such as adsorption onto particles, precipita-
tion by multivalent cations, pH and salinity
changes have been suggested (Sheldon ef ol.
1976; Lush & Hynes 1973; Hunter 1980;
Sholkovitz 1976; Mulholland 1981).

Ribelin & Collier (1979) reported there are
two distinguishable classes of detritus ma-
terials, i.e. L};.e minute but recognizable plant
frber particles (morphous detritus) and the
unidentifi able amorphous aggregates (also
see Johnson 1974; Whitlatch 1981; and thin-
section pictures of sediments in Watling
1988). Ribelin & Collier (1979) also reported
that more Lhan98%o of the detrital material
exported from a salt marsh was made up of
amorphous aggtegates. Morphous detritus
still clearly shows the remnants of previous
cellular structure, while amorphous detri-
tus differs in appearance and size (Bowen
1984). Bowen (1984) suggested that
morphous detritus which is derived from
insoluble plant fragments should be high in
refractory organic compounds, while amor-
phous detritus formed from precipitated
leachates would be expected to contaln
less refractory matter. More work is needed
to learn more about the importance of
amorphous detritus, which is presumably
the product of physico-chemicaVmicrobial
precipitation of dissolved organic matter.

Utilization and nutritiorual
ualue of detritus
There are not many potential marine her-
bivores LhaL graze on fresh or living plant
material directly, even on macroalgae. Most
marine invertebrates prefer to utilize detri-
tus rather than the living plants from which
it is derived (Darnell, 1-967; Mann, 1972;
Hylleberg & Riis-Vestergaard 1984). The
significance of the detrital complex as a food
source for consumers is weII recognized (e.9.

Darnell 1967; Odum & delaCruz 1967). The
main controversial issue is whetherthe con-
sumer is utilizing the non-living organic
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detrital material or the associated microbes.
Earlier work by Newell (1965) on the feed-

ing of Hy drobia ulu ae and Macoma balthica
concluded that attached microorganisms
were consumed and were the only nutri-
tional source for detritus feeders. Detrital
particles just served as a substrate or cat-
rier for the microorganisms. Later studies
(e.9. Odum & de la Cntz 1967; Hargrave
1977;Ward & Cummins 1979) on different
organisms from both freshwater and marine
environment have supported this idea
that detritus-associated bacteria are effi-
ciently digested, compared to organic detri-
tus which is poorly utilized. It should be
noted that many of these studies compared
the digestibility of microbes to that of refrac-
tory vascular-plant detritus (morphous de-
tritus). However, detritus derived from non-
vascular plants (e.g'. seaweed) has been
shown to be of high nutritional value to con-
sumers (Tenore 1977). There is a little evi-
dence to what extent of the importance of
amorphous detritus and adsorbed organics
as potential food source (Bowen 1984).

It is appropriate to say that detritus feed-
ers are able to assimilate microbes associ-
ated with detritus at a high rate. The
biomass of microbes is, however, low in most
natural detritus (Christian & Wetzel 1978;
Rublee 1982). The microbial biomass ap-
pears to be insufficient to support a consum-
er's food requirement for growth (Cammen
1980; Bowen 1980; Findlay & Meyer 1984).
Thus microbes are not the principal food
source. However, microbes, which are low in
CA.[ ratio, are an important nitrogen source
for animals feeding on Spartino detritus
(Findlay et al.1982).

Hobbie & Lee (1980) suggestedthat, as the
bacterial exudates are higher in quantity,
by many fold, than bacterial biomass, these
transformation products of bacteria may
supply a certain amount of the nutritional
need for deposit feeders. Lopez & Levinton
(1987) speculate that the only deposit feed-
ers that are able to meet most of their meta-
bolic demands from microbial food sources

are surface deposit feeders on intertidal
mudflats, since they can make use of the
abundance of benthic microalgae and other
microbes. In subtidal and subsurface sedi-
ments, microalgae and other microbes are
Iimited food sources. Animals, which feed on
subsurface and subtidal sediment, must de-
pend more on non-living organic detritus as
essential part oftheir diets.

Tenore (1983) demonstrated that the nu-
tritional quality of detritus is a function of
both available caloric content and nitro-
gen content. Vascular-plant derived detri-
tus is typically low in both caloric and ni-
trogen contents. Thus the potential ofvas-
cular plant detritus as a food source is lim-
ited not only by nitrogen content in the de-
tritus, but also by how fast microbes trans-
form the detritus into utilizable substrates
for the consumers. Seaweed-derived
detritus have relatively high nitrogen con-
tents and caloric availability which enable
consumers to utilize the detritus directly. In
the latter case, microbes do not regulate the
availability of the food source, but they may
compete with the consumers.

For many types of detritus, especially sea-
weed-derived detritus, the nutritional qual-
ity is best correlated. with nitrogen contents"
in feeding experiments onCapitella capitata,
but for detritus derived for vascular plants,
available caloric contents determined the
growth of the worm (Tenore 1981). Using
15N, Findlay et al. (1982) found lh.at C.
capitata incorporated nitrogen from the ac-
tual plant substrate when feeding on sea-
weed-derived detritus, and the worm as-
similated microbial nitrogen significantly
from the associated microbes when feeding
on S p artina-derived detritus.

Phillips (1984) showed and reviewed the
potential supplies of different special nutri-
ents (available energy, essential fatty acids,
sterols and essential amino acids) from dif-
ferent components of the complex detrital
pool to marine detritus feeders. Certain
polyunsaturated fatty acids, sterols and
amino acids are essential to most marine
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metazoans. Most of them are not able to syn-
thesize these essential constituents; they
have to get them from the food they con-
sume. Bacteria and fungi lack long-chained
fatty acids (polyunsaturated fatty acids and
sterols), but they can provide essenti-
al micronutrients, like B-complex vitamins,
to consumers. As metazoans cannot rely on
bacteria perse as their diets, they need other
sources for polyunsaturated fatty acids and
sterols. Diatoms are good sources for dietary
fatty acids. Based on the evidence that
protozoans and nematodes (unique among
metazoans) are able to synthesize their own
long-chained polyunsaturated fatty acids
from simple precursors, Phillips (1984) sug-
gested that any protozoans and meiofauna
that consume bacteria and are able to pro-
duce polyunsaturated fatty acids should be
a valuable food source for microinverte-
brates and are important intermediaries in
the detrital food chain.

Ternporal changes in detritus conzponents
In an estuarine system, there are organic
inputs from various sources: marsh grass,
terrestrial plants, seaweed, phyboplankton,
and benthic microalgae. This production will
eventually enter the detrital pool. The
amount and quality of detritus depend on
the season and subsequent decomposition of
each source. In coastal temperate areas,
benthic metabolism and biomass (bac-
teria, meiofauna, macrofauna) increase
in spring in response to the sedimenting
material of the late winter or spring
phytoplankton bloom (Ansell L974; Graf et
al. 1982,1983; Christensen & Kanneworff
1983). Sedimenting phyboplankton materi-
als from the spring bloom contribute to the
increase in biomass and reproductive tissue
ofboth deposit and suspension feeders at 30
m depth il the Oresund, Denmark (Chris-
tensen & Kanneworff 1983). The injection
of fresh phytoplankton detritus from the
water column to the bottom plays an impor-
tant role in stimulating growth and repro-
duction of benthic animals, especially in the

organic carbon/nitrogen poor community
(Davies &Pa;me, 1984).

In temperate intertidal and shallow wa-
ter areas, the biomass of benthic diatoms
reaches its peak in late spring and early
summer (Colijn & Dijkema 1981). It has
been shown that benthic diatoms are an
important food source to intertidal and shal-
low water benthic animals (Fenchel &
Kofoed 1976; Jensen & Siegismund 1980;
Levinton & Bianchi 1981). From winter to
early spring, sea lettuce (Ulua spp.) is abun-
dant. Ulua spp. then gradually decay in sum-
mer when the temperature is high. This can
provide an energy-rich contribution to the
sediment detritus. Generally detritus
derived from seaweed is high in caloric con-
tent and contains probably low amount of
essential fatty acids. Typical opportunistic
organisms will rapidly exploit these
favorable conditions ofgood food, resulting
in the boom of spring benthic populations.

Marsh grasses are another significant
source of detritus. In winter, Spartina
senesce and the above ground parts freeze
and generally get removed and broken up
partly by ice (Blum 1968). The fresh debris
is a poor food source, because ofits high con-
tent of structural and refractory compounds.
However, its nutritional value will increase
with age, as the detritus is slowly decom-
posed by microbial activity and changed into
microbial biomass and exudates, which be-
come available to consumers. Even though
detritus from vascular plants is less utiliz-
able than that from phytoplankton or
macroalgae, it may be an important food
source, because it is steadily available to the
consumers over long term periods, as com-
pared to the pulses of easily-utilizable, but
quickly dissipated detritus from phyto-
plankton and seaweed.

The tropical scenario
There are many important primary produc-
ers that contribute to the detrital pool in the
tropics. Marine vascular plants, i.e., mant-
groves and seagrasses, provide quite sub-
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stantial litter production to the marine en-
vironment. The detritus derived from man-
groves and seagrasses contains higher ca-
loric contents but less utilizable food sources
because ofits refractory nature. The phyto-
plankton- and seaweed-derived detritus has
more utilizable portions including certain
essential amino acids and polyunsaturated
fatty acids, but the detritus is present in
Iesser quantity. Detritus from phyto-plank-
ton, macroalgae, and bacteria and fungi can
be a nitrogen source for consumers.
Meiofauna, which might have been acciden-
tally ingested by detritus feeders together
with detritus particles, can also supply cer-
tain amino acid and fatty acid sources.

Mangrove fauna are dominated by groups
of detritus feeders which in turn are preyed
on by animals of higher trophic levels
(Tantichodok 1982; Nateewathana &
Tantichodok 1982). The detritus feeders
process and ingest large amount of sediment.
Most have employed mechanisms for pre-
ingestion selection and post-ingestion selec-
tion of food. This is to help concentrate the
remarkably poor food source, l.e. detritus,
to meet the energetic demand. The detrital
pool supplies both substrates for physiologi-
cal demands (energy to do work) and essen-
tial micronutrients or constituents, such as
polyunsaturated fatty acids (PUFAs), essen-
tial amino acids, and a variety of other or-
ganic compounds (e.g. vitamins) and trace
elements, which are needed in running the
metabolic machinery. In the tropics, seasonal
variability of primary productivity of differ-
ent producers is not pronounced. Detritus
from vascular plants outnumbers detritus
from other sources. Thus, detritus derived
from vascular plants may provide the back-
ground food level, while detritus from other
sources provides supplementary food.
Marine vascular-plant-derived detritus may
be ofless nutritional value, but because its
mass and the fact that it is slowly decom-
posed by microbial activity and transformed
into microbial biomass and secretions or
transformed products, are subsequently and

readily utilized by detritus feeders.
Detritus food chains are of gteat impor-

tance. They, in general, lead to economically
important top consumers which are ulti-
mately food for humans. Understanding the
nature of detritus and how it is formed and
utilized is essential. There is still much to
learn about the ecology of detritus feeders
and the food itself. An interdisciplinary ap-
proach is required to shed more light on the
formation and utilization of detritus.
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