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Abstract

Organic detritus of the Cochin Backwater (India) is
largely composed of fine silt and sand particles around which
organic matter adheres and forms aggregates. In addition to
plankton, large quantities of benthic algae, rooted plants,
animal matter, suspended soft mud and the material brought
down by the rivers and land runoff constitute the main
sources of detritus. Detritus sedimentation in the estuary
attaing its maximum from April to June. Detritus forms a
major portion of seston, while phytoplankton productivity
constitutes 0.1 to 1.0% of settled detritus. Detrital pigments
include degraded chlorophyll (phaeophytin), which has a
marked seasonal variation; detrital carbon, phosphorus and
nitrogen show little change during the year. The caloric value
of detritus, caleulated from protein, carbohydrate and lipid
fractions and also from total carbon, indicates that sedi-
mented detritus does not have a high nutritional value. How-
ever, being a readily available material, its entry into the
food chain seems to increase the efficiency of energy transfer
from one trophic level to another.

Introduction

The present communication gives a quantitative
estimation of settled detritus and its chemical compo-
sition in the Cochin Backwater, India, a tropical
estuary which has been studied for different aspects of
hydrography during the period 1965/1970. With a
considerable reduction in the euphotic zone of this
estuary, following an increase in the turbidity of
water (QasmM et al., 1968), a large fall-out of plant
and animal material occurs almost continuously
(Qasim et al.,, 1969; Qasmm, 1970). This material,
which has commonly been termed “detritus” (Kruy,
1961 a; TREVALLION, 1967), remains at first in suspen-
sion and is then deposited on the sediment as a super-
ficial layer. DarnNerr (1967) has defined organic
detritus as “all types of biogenic material in various
stages of microbial decomposition.” A clear distine-
tion, however, exists between suspended and settled
detritus — the former occurs regularly in the plankton
and the latber forms a part of the sediment (Kex-
CHINGTON, 1970). While only a portion of the daily
contribution of detritus, on reaching the bottom of
the estuary, would seem to be decomposed and
recycled, the remainder will enter into the food chain
as an important source of energy for filter and bottom
feeders. In earlier studies, it has been shown that
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organic detritus forms a large proportion of the sus-
pended material (Fox et al., 1952 ; Krgy, 1961a, 1964).
An assessment, therefore, of the quantity of detritus,
its rate of sedimentation and chemical characteristics,
would form an important prerequisite in studies of
organic productivity although, conventionally, plank-
ton and detritus are treated as separate entities — the
former as living and the latter as dead or inert ma-
terial (KrEY, 1961b). Much of the earlier work on
suspended organic matter in the sea has been com-
prehensively reviewed by Parsons (1963) and more
recently by RiLey (1970). ‘

Procedure and methods

Continuous collections of detritus were made every
fortnight for a period of one year (October 1969/Sep-
tember 1970) using an apparatus of the kind described
and figured by TrEvALLION (1967). The apparatus in-
cluded an anchoring block to maintain a polythene
collecting jar with a closing device, when suspended
in an upright position at a particular depth (for
details of the apparatus and its operation see TRE-
vaLLION, 1967). The collecting jar in the present
apparatus was so adjusted that it came very close to
the anchoring block and was thus kept at 0.5 m above
the bottom. The apparatus was installed in the Cochin
Backwater at a fairly well-sheltered site. The depth
of the water at the site was 2 to 3 m, depending upon
the tidal height.

Samples of detritus settled in the jar were col-
lected at fortnightly intervals. Since the quantity of
collected material was large, sub-samples were taken
for further analysis. The collected material was at first
made up to 11 in a container by adding filtered sea
water and, from this, a small quantity was pipetted
out, diluted and examined under a microscope.
Aliquots of 10 ml were then taken from the sample, after
shaking the container thoroughly, and these were
filtered through Whatman GF/C pads for analysis of
chlorophyll. The relative proportion of chlorophyll o
to degraded chlorophyll (phaeophytin) in the detritus
was determined by measuring at the same wavelength
(6650 A), on a spectrophotometer, the optical density
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of the acetone extract before and after acidification
(STerrE and BareD, 1968).

Two sub-samples of 100 ml each were again drawn
from the total material. These were centrifuged, washed
with distilled water, dried at 60°C and weighed.
The weight of the two sub-samples agreed very closely,
and the average of the two was used for computing
the quantity of detritus from the mouth area of the
collecting jar and expressing it as dry weight/cm?/
month or as dry weight/m?/day.

The remaining material was also measured and
dried. After drying, the detritus formed flakes which
were reduced to fine powder by grinding. Sub-samples
of this powdered material were analysed for total
phosphorus, carbon, nitrogen, carbohydrate and lipid.
The methods used for the various analyses were based
on the handbook of STRICKLAND and Parsoxs (1968).

The instantaneous concentration of seston in the
water column was determined by filtering a known
quantity of water taken from two depths, 0 and 5 m,
and weighing the dried filters before and after filtra-
tion, The seston determinations were also made at
fortnightly intervals, and the monthly values for the
two depths were combined and calculated for the
column of water. The site for the seston measurements
was about 20m away from that of the detritus
collection. This was done to avoid any disturbance
in the distribution of detritus caused by boat traffic.
The site for seston measurements had an average
depth of 6 m.

Results

Visual description of detritus

Examination of the detrital material under a
microscope showed that it is composed of a substrate
of inorganic matter (fine silt and sand) to which
organic matter adheres and forms aggregates of irreg-
nlar shape and size. These aggregates were similar
to those described by Rriey (1963), and appeared
dark-brown, because of silt, clay, and other mineral
particles. The detrital material also contained re-
cognizable remains of both plants and animals. The
former included both living and dead cells of diatoms,
dinoflagellates and other algae of almost as many
genera and species as are found in the phytoplankton
crop. Fragments of seaweeds and of higher aquatic
and land plants were also abundant. The animal part
of the detritus was largely composed of infusorians,
foraminiferans, nematodes, carcasses and moults of
copepods and other crustaceans, sponge spicules,
setae of polychaetes, stems of hydroid colonies,
fragments of jelly fish and medusae, pieces of bryo-
zoans, remains of molluses, frustules of barnacle
nauplii and fragments of appendicularians. In almost
all the samples, the most abundant component, next
to organic aggregates, was faecal pellets. These were
of different sizes and shapes and probably belonged
to a variety of animal groups.
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Seasonal changes in quantity of detritus

The quantity of detritus collected from the Cochin
Backwater was much greater than that reported from
Southampton Water (TrEvALLION, 1967). Monthly
variations in the quantity of detritus have been shown
in Fig. 1. From the large differences obtained during
the year, it is difficult to conclude whether the high
values in some months truly indicate a greater forma-
tion of detritus in the estuary or if these are due to the
collection of stirred-up material from the bottom.

However, if the year is divided into four quarters
and the values for each quarter are averaged, some
conclusions on the seasonal differences in detritus
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Fig. 1. Cochin Backwater, India. Monthly variation in the
quantity of detritus collected. Inset: average values in four
quarters, each of 3 months

settlement can be drawn. The values for the four
quarters have been shown in Fig. 1 (inset). As can be
seen from this figure, quite contrary to expectations,
the quantity of settled detritus was low during the
monsoon (July/September) and post-monsoon (Oecto-
ber/December) quarters, when the turbidity in the
estuary was maximum, with Secchi disk readings 0.6 to
1.0m. This is because of the stratification which
develops in the estuary from June to about October,
as a result of discontinuity in the vertical profiles of
temperature and salinity which probably reduces the
settlement rate of detritus substantially. It has been
reported elsewhere that, during this season, the sur-
face water becomes ‘‘considerably diluted and a
clearly defined halocline appears, with brackish water
or very nearly freshwater at the top and seawater
at the bottom, both remaining undisturbed” (Sax-
KARANARAYANAN and Qasmv, 1969). The changes in
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the environmental features at the site where collec-
tions of detritus were made (Station 3 of the earlier
studies), have been described elsewhere (see SANRARA-
NABAYANAN and Qasrm, 1969). During this period, the
halocline inhibits mixing, and thus reduces the settle-
ment of detritus. In Chesapeake Bay (USA), it has
been shown that the halocline acts as a barrier for the
settlement of particulate carbohydrate (Bices and
WzeTzEL, 1968). From January onwards, when homo-
geneous conditions prevail throughout the water col-
umn, and the particulate material remains well mixed,
the detritus settlement shows a sharp increase. The
maximum value obtained for the quarter, April/June,
is probably because of the pre-monsoon showers in
April/May, and the first few land runoffs which bring
in large guantities of material from outside and thus
increase the detrital load considerably (Qasmm et al.,
1969).

Seston and detritus

Table 1 gives monthly variations in the seston
content of water which represents the total suspended
material, both living and non-living. The seston con-
tent was maximum during the period April/August,
when heavy rainfall and land runoff brought consider-
able quantities of silt and sand into the estuary from
outside. Also included in the table is the daily rate of
settlement of detritus and the ratio between detritus
and seston. The variability in the detritus rate and
seston, as is evident from the ratios, is very large
(Table 1), suggesting that the material already settled
at the bottom becomes periodically disturbed because
of tidal currents and is then resuspended. This would
also lead to & disproportionate distribution of seston
from time to time. In the Menai Straits (UK), sus-
pended inorganic matter and detritus have been found
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to vary considerably with the state of tides (Buoman
et al., 1967 ; KeNcHINGTON, 1970). Thus, the stirred-up
bottom sediment seems a likely source of settled de-
tritus. This, in addition to the benthic plants and
material brought down by the rivers and land runoff
from the adjacent areas, accounts for the detritus
accumulating in such large quantities.

Detritus and phytoplankion productivity

Gross primary production in the Cochin Backwater
has been found to range from 0.53 to 1.52 gC/m?/day
(Qasmv et al., 1969). The values for different months
have been included in Table 1 for comparison with the
rates of detritus formation. The quantitative relation-
ship between the two (Table 1) clearly indicates that
the rate of phytoplankton production constitutes a
small fraction (0.09 to 1.0%) of the rate of detritus
sedimentation, and gives an unequivocal proof that
the detritus is not entirely of phytoplankton origin.
This is in contrast to the detritus from deep-ocean
water, where non-living organic matter is derived
from the surface plankton and represents refractory
remains for a considerably long time through a large
column of water (PARsONs and STRICKLAND, 1962).

Chemical composition

Chlorophyll and carbon

In pure chlorophyll ¢, YeNTSCH and MENzZEL (1963)
have found the ratio between unacidified and acidified
extract to be 1.7 and, after the pigment has degraded
to phaeophytin, the ratio becomes 1.0. Table 2 shows
the ratios of unacidified to acidified extracts. As can
be seen from the table, except for March and April,
the detrital pigments largely include degraded chloro-
phyll (phaeophytin). The total quantity of pigments

Table 1. Cochin Backwater, India. Seasonal changes in quantity of detritus, sefiling in
jar suspended mear bottom of estuary, in relation to fotal quantity of seston and gross
primary production. Values of gross primary production taken from Qasv et al. (1969)

Month Detritus Seston Ratio Gross Primary
(g/m?/day) (0—5m)  detribus:  primary production as
(g/m?) seston production percentage of
(gC/m?/day)  detritus
January 900 99 9.09 0.82 0.09
February 320 57 5.61 0.73 0.23
March 67 6 11.17 0.69 1.03
April 537 160 3.36 1.52 0.28
May 1013 126 8.04 0.80 0.08
June 427 194 2.20 0.53 013
July 120 143 0.84 0.99 0.82
August 117 168 0.70 0.65 0.56
September 423 46 9.19 0.865 0.20
October 223 93 2.40 0.84 0.38
November 247 100 2.47 0.35 0.14
December 233 61 3.82 0.40 017

26+
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Table 2. Cochin Backwater, India. Analytical date for chlorophyll, carbon, phosphorus and nifrogen expressed
as percentage of totals for detritus. Frirst column gives rate of detritus sedimentation in each month

Month Detritus Ratio Chlorophyll Organic Total Total
(g/cm?/month) unacidified (% dry weight) carbon phosphorus nitrogen
to acidified (% dry weight) (% dry weight) (% dry weight)
extract
January 2.70 1.05 8.57 3.78 0.17 0.47
February 0.96 1.09 5.74 3.77 0.16 0.57
March 0.20 1.25 3.53 3.93 0.11 0.51
April 1.61 1.50 242 3.39 0.10 0.48
May 3.04 1.00 1.10 3.78 0.12 0.41
June 1.28 1.00 0.76 3.63 0.08 0.39
July 0.36 1.00 0.67 4.23 0.07 0.40
August 0.35 1.00 1.50 3.69 0.08 0.57
September 1.27 1.00 0.75 4.02 0.07 0.7
October 0.67 1.08 0.44 3.75 0.07 0.46
November - 0.74 1.00 1.66 3.84 0.07 0.51
December 0.70 1.19 7.05 4.78 0.16 0.94

present in detritus is also given in Table 2, along with
the values of organic carbon, phosphorus and nitrogen.
The relative constancy in the values of organic carbon
during the year, and large variations in the concen-
trations of pigments, probably signify that the plant
material is not a dominant source of organic carbon.
High values of pigments were recorded in December
and January, but thereafter the values decreased and
reached their minimum during the monsoon months
(June/July). Low concentrations of chlorophyll for
most of the year (Table 2) indicate that the detrital
pigments probably decompose and denature quickly.
This is also reflected in the carbon:pigment ratio (by
weight) which has a wide range, 0.41:1 to 8.5:1.

Phosphorus and nitrogen

Total phosphoras showed little seasonal change,
while the values of total nitrogen revealed some
fluctuation during the year (Table 2). The concentra-
tion of one does not seem to be dependent upon the
other. High nitrogen contents in some months prob-
ably suggest increased incorporation of organic matter
into the detritus. The ratios of N: P varied from 2.8:1
to 10.2:4 (average 5.5:1), which suggests that the rel-
ative proportion of nitrogen and phosphorus is not as
variable in detritus as in the water column of the
estuary, where the ratios of inorganic N:P (by atoms)
range from 1:1 to 99:1 during the year (SANKARANA-
RAYANAN and Qasmv, 1969). SERI et al. (1968) have
shown that, in a marine sediment, the decomposition
rate of organic nitrogen is relatively rapid, followed by
phosphorus and carbon; but in particulate matter kept
in suspension, the loss of phosphorus is faster than that
of nitrogen.

During the year, C:N ratios in detritus ranged
between 5 and 10.5:1 (average 7.6). The ratio was

lowest in December and highest in July. Pamsons
and STRICKLAND (1962), in their samples of ocean
detritus, found the C:N ratio to range from 5.4:1in
samples near the surface to 2.3:1 in deeper waters.
ProvasoLz (1963) suggested that sea water containing
humic material of fresh-water origin has a high C:N
ratio, nearer to 10:1, which is the ratio in “water
humus”. The C:N ratios in detritus collected at three
sites in Southampton Water had a range of 5 to 17:1,
6 to 16:1, 6 to 12:1 during the entire period of in-
vestigation, which lasted 15 months (TREVALLION,
1967). In the western north Atlantic Ocean, MENZEL
and RyTHER (1964) gave the ratios (by atoms) in the
suspended detritus as 12.5:1 in January and 5.3:1 in
April. The ratio at greater depths decreased to 2.5:1.
Along the California coast, the average ratio for the
entire water column was 12.5:1, with a range of 5.5 to
14.2:1 (HorM-HaNseN et al., 1966), and in the
subtropical waters of the north Atlantic Ocean, the
range in ratio was 7.8 to 15.5:1 (Gorpox, 1970). Thus,
the ratios of C:N found for the estuarine detritus fall
within the observed variations, and signify that there
are quantitative similarities in qualitatively different
situations.

The ratio of C:P (by weight) ranged from 22.6:1
(lowest) in January to 60.4:1 (highest) in July
(average 41:1). Munzer and RYyrHER (1964) found this
ratio to vary from 59:1 to 77:1 (average 67:1), while
Horm-HANSEN et al. (1966) reported the range in the
ratio for the water column as 25 to 66.6:1 (average
50:1). These findings clearly indicate that the detrital
residue is generally poor in phosphorus.

Detritus and bottom sediment

The chemical constituents of detritus and the
uppermost layer of mud from the estuary are given in
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Table 3. The latter was collected by hand at the
lowest tide. A comparison of the values would indi-
cate that, except for chlorophyll, which is a labile
substance, the topmost layer of the bottom sediment
is chemically similar to that of detritus, which
probably indicates that the upper few millimetres of
the sediment largely contain settled detritus.
Monthly variations in the phosphorus and nitrogen
concentrations in the inshore sediment collected from
the Arabian Sea, by using a snapper, are given in
Table 4. Relative constancy in the phosphorus values
of the sediment throughout the year is quite apparent
from the table. The total nitrogen, on the other hand,
showed some fluctuation. The concentrations of both

Table 3. Cochin Backwater, India. Chemical composition of
detritus and bottom sediment (topmost layer) from estuary.
Each value is mean of 3—d4 measurements

Components Detritus  Sediment
(% dry weight) (%) (%)
Organie carbon 3.73 3.35
Chlorophyll 2.75 0.92
Total nitrogen 0.38 0.33
Total phosphorus 0.16 0.11
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Nevertheless, in the absence of a better and more
efficient sampling device for the settled detritus, the
present method was counsidered adequate to give a
gross quantitative assessment of the total sedimented
material.

Protein, carbohydrate and lipid

The values of protein, carbohydrate and lipid
obtained from the dried samples of detritus are given
in Table 5. Protein was determined from the total
nitrogen by applying the conversion factor 6.25.
Using the energy factors 5.65 k cal/g dry weight for
protein, 4.15 for carbohydrate and 9.40 for lipid
(PEIIIPS, 1969), the caloric value of detritus in terms
of each fraction was calculated (Table 5), and the
total energy content of detritus in different months
plotted in Fig. 2. The caloric value of detritus can also
be caleulated from its carbon content by using the
equation given by PLATT et al. (1969) for zooplankton
equivalent:

cal/g dry weight = —227 4 152 (9 carbon).

These values have also been plotted in Fig. 2 for
the different months. The energy values calculated
from the organic carbon were consistently higher than
those determined from the major metabolites (protein,

Table 4. Arabian Sea (3 miles off Calicut). Seasonal variation in phosphorus and nitrogen contents of inshore

sediment
Components Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Deec.
(% dry weight)
Total-P 017 0416 044 049 043 045 047 046 044 047 047 045
Total-N 033 031 049 058 048 060 0.23 046 024 026 032 0.39

phosphorus and nitrogen in the sediment seem to be of
a similar order of magnitude as in detritus, and these
provide further evidence that the uppermost layer of
the inshore sediment also contains mostly settled
detritus. Alternatively, it would also suggest that the
settled detritus might include, in part at least, material
stirred-up from the topmost layer of the sediment.
This, however, reflects the method of sampling,
which does not take into consideration the detrital
resuspension. The problem seems to be of a general
nature for, in shallow water, a periodic redistribution
of soft mud from the bottom occurs (RHoADS and
Youneg, 1970). When this material becomes dispersed
in the water, organic matter aggregates around each
particle, and these particles increase the total detrital
load of the water column. The collection technique
employed in the present study is by no means perfect.

carbohydrate and lipid). This indicates that the
detrital carbon contains additional carbon from sources
other than protein, carbohydrate, and lipid. Evidently,
the total particulate carbon seems the best single
property for measuring the caloric value of detritus.

Seasonal changes in the caloric content of detritus
were not very well marked. Both the curves in Fig. 2
show random fluctuations, which were small and quite
independent of the total quantity of detritus settled
in each month (see Fig. 1). This suggests that the ener-
gy content of detritus has no relation to the increase
or decrease in its total quantity, which is largely com-
posed of silt and mud of very little nutritional value.
A substantial increase in the caloric value of detritus
in December (Fig.2), when its quantity was low,
suggests that, in this month, the settled detritus was
rich in organic matter.
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Table 5. Cochin Backwater, India. Analytical data for major mefabolites in detritus together with estimates of caloric values
from each fraction in different months

Month Protein Carbohydrate Lipid
(mg/g dry weight) ( x 5.65) (mg/g dry weight) ( x 4.15) (mg/g dry weight) ( x 9.40)
(cal/g dry weight) (cal/g dry weight) (cal/g dry weight)

January  29.7 167.80 5.8 24.07 144 132.54
February 35.6 201.14 5.0 20.75 7.0 65.80
March 31.8 179.67 44 18.26 6.5 61.10
April 30.0 169.50 9.9 41.09 5.5 51.70
May 25.6 144.64 8.2 34.03 2.5 23.50
June 24.3 137.30 7.7 31.96 5.0 47.00
July 25.0 141.25 7.6 31.54 3.5 32.90
August 35.6 201.14 6.7 27.81 3.0 28.20
September 44.3 250.30 74 29.47 2.7 25.38
October  28.8 162.72 7.8 32.37 3.6 33.84
November 21.8 123.17 10.5 43.58 3.9 36.66
December 58.7 331.66 4.0 16.60 14.5 136.30
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Fig. 2. Cochin Backwater, India. Seasonal variation in calorie

content of sedimented detritus. Open circles give total caloric

valueg from protein, carbohydrate and lipid. Crosses indicate
caloric values determined from carbon

Discussion

Several authors have documented the importance
of detritus as food of estuarine and inshore animals
(Fox, 1950; Dar~NeLL, 1961; NEWELL, 1965). Animals
consume detritus either by filtering fine particles or
by swallowing larger aggregates and mud, or by
scraping adhered material from submerged objects.
In a recent communication, the filter-feeding benthic
communities were broadly divided into suspension
feeders and deposit feeders. The former colonize areas
with a firm mud bottom, whereas the latter populate
soft muddy substrata, where faecal-rich material is
readily available in a fluid state as a result of periodic
resuspension of bottom mud by tidal currents (RuEoADS
and Youwa, 1970).

To determine whether detritus could be of nutri-
tional value to an estuarine animal, the following

experiment was carried out: juvenile specimens of the
shrimp Metapenaeus dobsoni (MIERs) were collected
from the Backwater. These were kept without food in
aquarjum tanks for 2 to 3 days, and then dried pellets
of detritus were offered as food. The pellets were readily
eaten by the shrimp. From the experiment, which was
kept going for several months, it became evident that
the shrimp could continue to live on detritus almost
indefinitely. It moulted several times during the
experiment, which indicates that growth had defi-
nitely taken place.

The total caloric value of detritus is given in Fig. 2.
It indicates that, as compared to suspended detritus
(Parsons, 1963; KeNcHINGTON, 1970), animal foods
such as zooplankton (BRAWN et al., 1968) and fish
(PEILLIPS, 1969), sedimented detritus is of poor nutri-
tional value. Presence of bacteria in association with
detritus (ZosELr and FrurHAM, 1942) probably
supplements its nutritional inadequacy. Moreover,
being a readily available and universally abundant
food, its poor food value is probably compensated for
by the large quantities in which it is ingested, very
often even by the most carnivorous species of the
estuarine community (DABRNELL, 1961, 1967).

However, while determining the role of detritus
in the marine food chain, the total quantity of
detritus present in an environment is not as important
as its rate of turnover, i.e., the rate at which it is
produced and consumed. It is, at present, not pos-
gible to assess this rate, and we are unable to deter-
mine how much detrital carbon will actually be in-
corporated into animal carbon. Normally, a greater
abundance of detritus occurs in environments which
have a high organic load. Thus, the detritus consti-
tutes an additional pathway between organic produc-
tion and animal nutrition and helps to increase the
efficiency of energy transfer from one trophic level
to the other. In a generalized scheme of energy
transfer from phytoplankton to zooplankton and fish,
detritus forms a fairly large portion of the material
in which energy remains tied wup; therefore, any
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estimate of fish production from plankton alone,
without taking into account detritus, will really be an
underestimate.

Summary

1. Collections of seftled defribus were made con-
tinuously in the Cochin Backwater, India, for a period
of one year. Detritus largely included dead materials
of plants and animals, in addition to large quantities
of fine silt and sand around which organic matber
adhered and formed aggregates.

2. Living phytoplankton forms a very small por-
tion of detritus. Detrital pigments largely include
degraded chlorophyll (phaeophytin).

3. Particulate carbon, nifrogen and phosphorus
show a remarkable consistency in detritus throughout
the year.

4. The caloric value of settled detritus is much low-
er than values of animal foods such as zooplankton
and fish.

5. Detritus is ingested as food by a wide variety of
estuarine animals. It thus constitutes an additional
pathway between organic production and animal
nutrition.
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