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ABSTRACT: Concentrations of organic carbon and nitrogen, ATP, and total plant pigment (chlorophyll
a + phaeophytin) were approximately twice as high in foregut contents of the deposit-feeding,
aspidochirote holothuroids Isostichopus badionotus Selenka, Holothuria mexicana Ludwig and H.
arenicola Forskal, and spatangoid echinoids Meoma ventricosa Lamarck and Plagiobrissus grandis
Gmelin than in the adjacent sediments. This suggests that holothuroids and spatangoids selectively
ingest nutrient-rich grains, contrary to the conventional view that they show poor chemical discrimina-
tion. The availability of the organic food resources did not vary consistently between different grain-
size fractions of sediment. This obviates any a priori expectation that discrimination on the basis of
grain quality, demonstrated here, will be coupled to discrimination according to grain size, previously
shown not to occur in these species. Assimilation efficiency of the ingested carbon averaged 42 %. Plant
carbon, calculated from pigment concentrations and probably derived from diatoms, represented a
major carbon resource in the available sediments, but only a small proportion of that ingested was
apparently assimilated. Meiofauna, a minor component of the available carbon (ca. 1 %), were ingested
in lower numbers than those at which they occurred in the sediment, and were not digested or
assimilated. Bacterial biomass was not determined, but other studies suggest that its contribution to the
sedimentary carbon pool is low. It is likely that at least half of the carbon assimilated by these deposit
feeders is of detrital origin. This result, which contrasts with present understanding of the nutrition of
deposit feeders, may be indicative of qualitative differences between detritus of coral reefs and that of

other shallow, coastal ecosystems.

INTRODUCTION

Reviews of the feeding biology of holothuroids and
echinoids (Hyman, 1955; Anderson, 1966; Ferguson,
1973; Jangoux and Lawrence, 1982) reveal little ad-
vance in knowledge of the trophic requirements and
nutrition of deposit-feeding forms over three decades.
Although numerous early studies listed 'food’ items,
principally meiofauna and diatoms, present in the guts
of various species (Hyman, 1955; Bakus, 1973) they
provided no evidence that these items were assimi-
lated by the deposit feeders. Other workers recognized
that nutrition might be derived from more amorphous,
detrital sources (e.g. Crozier, 1915; Chesher, 1969).
Recent experimental studies suggest that, in common
with the majority of deposit feeders (Fenchel and
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Blackburn, 1979), bacteria associated with detrital
organic carbon, rather than the detritus itself, may be
an important food resource for holothuroids (Sorokin,
1972; Yingst, 1976). No comparable data exist for
spatangoid echinoids.

Tropical holothuroids and spatangoid echinoids
occur at high densities in coral reef environments and
grow to large sizes, while subsisting on sediments
which contain only low concentrations of organic car-
bon (Chesher, 1969; Bakus, 1973). Of this, only a small
proportion represents the bacterial biomass (Sorokin,
1973; Moriarty, 1982), implying that the importance of
bacteria as food for deposit feeders may not be as great
as in other environments. The present study investi-
gated the ingestion and assimilation of various forms of
organic carbon by the aspidochirote holothuroids Isos-
tichopus badionotus Selenka, Holothuria mexicana
Ludwig and H. arenicola Forskal, and the spatangoid
echinods Meoma ventricosa Lamarck and Plagiobris-
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sus grandis Gmelin, in the shallow back-reef lagoon on
the western side of Discovery Bay, Jamaica (Fig. 1). Itis
concerned only with nutrition derived from the
ingested sediment, notwithstanding suggestions that
direct uptake of dissolved organic substances (Ahearn
and Townsley, 1975) and skin digestin (Pequignat,
1972) may comprise sources of nutrition for some
species of these groups.

MATERIALS AND METHODS
Field Collections

Approximately 10 g dry weight of sediment were
taken from the foreguts and hindguts (the first and last
10 cm or less) of dissected specimens of Isostichopus
badionotus, Holothuria mexicana and H. arenicola
from Site 1, and Meoma ventricosa and Plagiobrissus
grandis from Site 2 (Fig. 1). Five specimens of each
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Fig. 1. Discovery Bay lagoon, behind fringing reef (cross
hatched), bounded by the — 10 m contour (dotted line). Loca-
tions of the sampling sites are shown

species were used. Sampling was done in the late
afternoon, when all species were actively feeding
(Hammond, 1982a). Sediment samples were taken
immediately adjacent to each individual of I
badionotus and H. mexicana, scraping only the top few
millimetres of sediment. Samples were taken adjacent
to each spatangoid at about 4 cm below the sediment
surface, the level at which the animals feed (Chesher,
1969; Hammond, 1982a). Powell (1977} indicated that
the funnel-feeding apodan holothuroid Leptosynapta
tenuis derived most of its sediment intake from the top
3 cm of sediment, so samples for comparison with the
foreguts of H. arenicola, also a funnel feeder, were
taken to this depth beside each funnel. These proce-

dures represented as closely as possible the feeding
behaviour of the respective species.

To determine the distribution of food resources in
different grain-size fractions of the available sediment,
3 fresh sediment samples from each location were
hand-seived at 1 @ intervals from —1 to 4 @.

Fresh faeces were collected adjacent to each
holothuroid, or from clean plastic containers in which
Plagiobrissus grandis was placed. No faecal samples
were obtained from Meoma ventricosa, which did not
defecate after collection. (In the field, both spatangoids
defecate below the sediment surface, rendering collec-
tion of faeces impossible). Other samples of fresh
faeces from the 4 species, and of material removed
from the posterior most part of the gut of dissected M.
ventricosa, were retained in clean shallow glass con-
tainers in running seawater for 24 h. All the above
samples were frozen immediately after collection, and
each was subjected, within 3 wk, to the analyses
described in the following section.

Foregut and hindgut contents and adjacent sedi-
ments were sampled from an additional 5 specimens of
each species, and meiofaunal counts were made
immediately on the fresh samples.

Laboratory Procedures

Total organic carbon and nitrogen were determined
on a Colman Analyser by the two temperature meth-
od (Telek and Marshall, 1974), using 0.5g of
homogenized sediment, previously dried to a constant
weight at 90 °C. Water content was thus established,
for correction of the results of other assays which
utilized wet sediment. The technique yields C and N
determinations accurate to about =+ 0.01 % (e.g.
Culmo, 1974; Kepkay and Novitsky, 1980j.

The cold H,SO, method of Karl and LaRock (1975),
incorporating the modifications recommended by
Cooksey (1978) for carbonate sediments, was used for
the extraction of ATP from ca. 2 g samples of wet
sediment. A spike of 1000 ng ATP (Sigma Chemical
Co.) was added to duplicates of five randomly chosen
samples to evaluate extraction and assay efficiency.
The luciferin-luciferase assay, utilizing firefly lantern
extract (FIE-50, Sigma Chemical Co.) followed the
procedures of Cooksey (1978). Light emission was
measured on a JRB Inc. ATP Photometer.

Plant pigment, as chlorophyll a and phaeophytin,
was determined from 0.2 g samples of wet sediment.
Extraction followed the method of Tietjen (1968), and
assay, on a Turner fluorometer, followed Strickland
and Parsons (1972).

Meiofauna were extracted from 10 g wet weight
samples of sediment and fore- and hindgut contents by
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flotation, using a dilute sugar solution, and were then
collected on a 125 um mesh. The meiofauna so
extracted, and any remaining in the sediment, were
counted under a binocular microscope, recording live
and dead animals.

Initially it was intended to use these assays, together
with appropriate conversion factors, to partition the
sedimentary organic carbon pool into its autotrophic,
heterotrophic and non-living compartments. This
ambition was thwarted by the incomplete recovery of
ATP, although the same protocol has subsequently
been applied by de Vaugelas (1981) to partition the
organic carbon resource of reef sediment, purportedly
with success.

RESULTS

The average levels of total organic C and N, total
plant pigment, chlorophyll a, phaeophytin and ATP in
each set of samples (sediment, foregut, hindgut, faeces,

retained faeces) for the 5 species of deposit feeders are
listed in Table 1.

The organic carbon content of the sediment was very
low at both sites, in common with other reef sediments
(e.g. Bunt et al., 1972; Webb et al.,, 1977; Sorokin,
1978; Moriarty, 1982). The organic nitrogen content
was also very low, comparable to levels reported by
Bunt et al. (1972) and Thomassin et al. (1976), but was
an order of magnitude less than reported by Webb et
al. (1977) at Enewetak Atoll. Both carbon and nitrogen
levels were much lower at Site 2, where samples were
taken about 5 cm below the sediment surface, than at
Site 1, where superficial sediments were sampled. The
average C:N ratios at each site was 10.5 and 12.8
respectively, but variation between samples was high.
The coefficient of correlation (r) between C and N
was = 0.64 and 0.38, at the two sites respectively. This
may result in part from errors in the determination of
N, since the resolution of the method was approxi-
mately * 20 % of ambient levels.

Table 1. Mean and standard deviation of organic carbon (C), organic nitrogen (N), chlorophyll a (Chl a), phaeophytin (Php), total
plant pigment (TPP = chlorophyll a = phaeophytin) in pg g~ dry weight of sediment, and ATP, in ng g~! dry weight of sediment,
in samples from the adjacent sediment (S), foregut (FG), hindgut (HG), faeces (F), and faeces retained for 24 h in running
seawater (RF), for 3 holothuroid and 2 echinoid species. Sample size was 5 in all cases. Spaces indicate that samples were not

taken
Species Assay S FG HG F RF

1. badionotus C 5380,1750 10720,4190 5980,3780 6030,1230 5740,680
N 600,120 1220,230 1000,140 800,160 640,280
Chl a 65,24 54,35 103,48 75,46 102,30
Php 0,0 78,50 29,18 45,34 23,6
TPP 65,24 132,61 132,42 120,17 125,34
ATP 128,37 157,71 107,26 105,27 110,21

H. mexicana C 6420,2870 9060,1660 6660,2530 6440,2530 5920,3040
N 480,430 920,190 760,720 500,290 650,190
CHI a 46,21 31,22 52,29 50,10 116,27
Php 3.3 78,40 54,29 34,11 42,17
TPP 49,20 109,37 107,25 84,10 159,22
ATP 97,40 166,56 107,40 99,29 102,59

H. arenicola C 4210,1830 7930,2130 4260,1090 3000,1140
N 460,210 1400,590 460,110 440,50
Chl a 31,13 16,6 30,12 31,10
Php 1,1 27,10 13,8 6,2
TPP 32,12 43,14 43,20 37,11
ATP 87,39 161,59 103,42 66,17

M. ventricosa C 2990,580 5920,1890 3320,1460 5210,1020
N 220,70 400,170 330,90 240,110
Chl a 13,4 29,6 18,3 19,3
Php 0,0 0.0 7.3 6,4
TPP 13,4 29,6 25,4 25,5
ATP 39,6 102,41 39,13 54,12

P. grandis C 2880,260 5550,370 2900,1560 2850,690 3080,710
N 240,50 440,210 380,130 180,180 260,150
Chl a 13,3 29,8 19,5 23,8 26,9
Php 2,0 1,0 6,5 3,0 2,0
TPP 14,4 30,8 254 26,6 28,9
ATP 61,10 150,27 53,5 48,9 61,14
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There was an increase in both C and N content
between the sediment and the foregut which was sig-
nificant (one tailed Student’'s t, p <.05 is used here and
in subsequent statements, except where a two-tailed
test is indicated) in all cases except the C analysis for
Holothuria mexicana. This species was also the only
one in which C did not decrease significantly between
the fore- and hindgut (Table 1). The sediment-foregut
and foregut-hindgut changes in H. mexicana were
significant at K < 10 % probability level. The commen-
surate decrease in N between fore- and hindgut was
not significant in any species except H. arenicola.
Carbon content of the faeces was not significantly
different (two-tailed test} from the hindgut levels in
any species, and showed no significant change in
faeces retained for 24 h. Nitrogen decreased signifi-
cantly (two-tailed test) in the faeces of Isostichopus
badionotus and Plagiobrissus grandis, but showed no
significant change in the retained faeces of any
species.

In all species except Holothuria arenicola, the total
plant pigment concentration was significantly higher
in the foregut than in the available sediment, but no
species showed significant changes through the gut.
The sediment pigment was almost exclusively
chlorophyll a at both sites, at levels similar to those in
other reef sands (Sournia, 1976; Roman, pers. comm.).
A large proportion of the chlorophyll a ingested by the
holothuroids was converted to phaeophytin, presum-
ably as a result of the acid pH level in their foreguts
(Hammond, 1981). In the spatangoids, which have an
alkaline foregut (Hammond, 1981), this conversion was
not evident.

The ATP levels found in all samples are indicative of
a very low recovery, as they cannot account for even
the plant biomass indicated by the pigment analyses.
Loss of ATP probably occurred in storage, since recov-
ery of the spike added prior to extraction and assay
procedures was greater than 80 %, comparable to that
in other studies (e.g. Bancroft et al.,, 1976; Yingst,
1978). However, the ATP data show the same trends
exhibited by the C, N and pigment data. There was a
significant increase in ATP content of the forequt over
that of the sediment, and a significant decrease in ATP
in the hindgut compared to the foregut, in all species
except Isostichopus badionotus. The latter trend
undoubtedly reflects the death of organisms, and does
not necessarily imply assimilation.

The low meiofaunal counts recorded for these sedi-
ments (Table 2) are typical of reef sands (Thomassin et
al., 1976; Renaud-Mornant and Helléouet, 1977). Asin
most meiofaunal communities, from both temperate
and tropical waters, nematodes and harpacticoid
copepods dominated (Mclntyre, 1969; Thomassin et
al., 1976; Gerlach, 1978). Foraminiferans, which contri-

Table 2. Average number of meiofaunal individuals (all

species) per g dry weight of sediment in samples from adja-

cent sediments (S), foreguts (FG) and hindguts (HG) of 3

holothuroid and 2 echinoid species. Percentage of dead ani-

mals, rounded to the nearest 10 %, shown in brackets. Con-

tribution of nematodes and copepods, as a percentage of all
meiofauna recorded for each sample

Species Category S FG HG

I badionotus  Total 11.1 (0) 6.2 (60) 6.0 (90)
Nem % 80 69 83
Cop % 11 11 15

H. mexicana  Total 12.6 (0) 4.2 (70) 5.1 (90)
Nem % 61 65 81
Cop % 19 21 12

H. arenicola Total 6.4 (0) 2.9 (70) 3.4 (90)
Nem % 57 81 76
Cop % 24 12 12

M. ventricosa Total 4.9 (0) 1.9 (40) 1.9 (80)
Nem % 33 61 54
Cop % 52 32 24

P. grandis Total 5.1 (0) 2.2 (30) 1.9 (80)
Nem % 65 55 57
Cop % 16 19 24

bute much less to Caribbean reef sediments than to
those of Indo-Pacific reefs (Orme, 1977), nevertheless
may have been under-counted, due to the difficulty in
distinguishing skeletons from live or recently dead
animals. Table 2 shows there were fewer meiofauna in
the foregut than in the sediment, and that numbers
remained approximately the same through the gut,
although the majority of animals were killed.

The concentrations of organic carbon and nitrogen,
total plant prigment and ATP in different size fractions
of sediment from both sites are shown in Table 3. There
was no consistent pattern of distribution of the food
resource according to grain size. The total concentra-
tions, corrected for the relative proportions of each
grain-size fraction, indicate that some loss occurred
during sieving. For example, for organic carbon the
levels were about 65 % of those in sediment samples
taken adjacent to the test animals. In the absence of
evidence to the contrary it is assumed that this loss
occurred at an approximately equal rate in all size
fractions. Therefore, in the subsequent discussion nu-
trient material is considered to be similarly distributed
in all size fractions. Hammond (1981) cited additional
evidence to support this assumption: in coral reef
sands, the typically inverse, linear relationship
between grain size and grain surface area (which in
turn is directly related to available food occurring as a
surface film on grains) does not hold, due to variation
in shape of biogenic carbonate sand grains.
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Table 3. Mean and standard deviation of organic carbon, organic nitrogen, total plant pigment, in pg g~! dry weight of sediment,
and ATP, in ng g~! dry weight of sediment, in each size fraction of sediments from Sites 1 and 2. Three replicates were used in all
cases except for TPP analysis, where 2 were used; where dashes occur only a single sample was analysed

Site Assay Phi Interval
-1 0 1 2 3 4
>2 mm 2-1 mm 1- .5 mm 5— .25 mm 25—~ 125 mm  .125- .063 mm
1 C 4600 3400 4900 3700 1400 1200
1800 600 2000 1000 1000 -
N 570 570 430 630 300 500
300 290 60 120 100 -
TPP 76 86 85 56 40 55
7 16 6 1 17 -
ATP 280 180 210 260 140 60
110 30 20 100 90 70
2 C 2400 2106 3100 2000 1500 2300
800 1000 1200 500 800 -
N 270 400 270 400 430 300
60 200 150 100 120 140
TPP 15 16 12 16 17 21
6 7 2 9 11 4
ATP 90 90 80 80 90 260
30 30 40 40 40 210
DISCUSSION Table 4. Summary of differences in concentrations of organic

Table 4 demonstrates that, for all species and for all
parameters assayed, there was on average a two-fold
increase between the available sediments and the
foreguts, which was statistically significant in almost
all instances. Webb et al. (1977), Massin (1980) and
Moriarty (1982) have also reported increases in organic
C, by factors ranging from 1.2 to 3, in sediments
ingested by holothuroids. Similar increases in organic
N were noted by Tanaka (1958), Webb et al. (1977) and
Moriarty (1982). Measurements of other parameters,
such as proteins, carbohydrates and lipids (Massin,
1980) produced comparable trends.

The enhanced levels of these materials in the fore-
guts of deposit feeders is not likely to be due to the
presence of digestive secretions. These might contri-
bute carbon, nitrogen and even ATP (from amoebo-
cytes; Trefz, 1958), but not chlorophyll a and phaeopig-
ments. In all species, the moisture content of the fore-
gut sediments increased by only a few percent, indica-
ting that the volume of digestive juices was relatively
small. Massin (1980) has shown that the digestive
secretions of holothuroids are low in organic carbon.

The increases are also not likely to result from inap-
propriate sampling of the available sediments, as care
was taken to closely mimic the feeding procedures of
all species.

It is concluded, therefore, that the higher levels in
the foregut result from active selection of nutrient-rich
grains, or of particulate organic matter. The prevailing

carbon, nitrogen, total plant pigment and ATP between sedi-

ment and foregut samples, and of organic carbon and nitro-

gen between fore- and hindgut samples, in 3 holothuroid and

2 echinoid species. Each difference is expressed as a percen-
tage. Abbreviations as in Table 1

Species Assay Foregut/ Hindgut/
Sediment Foregut

I badionotus C 199 56
N 203 82
TPP 203
ATP 123

H. mexicana C 141 74
N 192 83
TPP 222
ATP 171

H. arenicola C 141 54
N 304 33
TPP 134
ATP 185

M. ventricosa C 198 56
N 182 83
TPP 226
ATP 261

P. grandis C 193 52
N 183 86
TPP 208
ATP 246

view that chemical discrimination by holothuroids is
poor, and that particles are 'simply shovelled’ into the
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mouth (e.g. Hyman, 1955; Trefz, 1958; Bakus, 1973)
can no longer be sustained. The phenomenon of chem-
ical discrimination, implied by observation by Massin
and Jangoux (1976) that Holothuria tubulosa selec-
tively ingested sand with an organic coating while
rejecting clean sand, now appears to be established in
holothuroids from a variety of habitats, including the
deep sea (Khripounoff and Sibuet, 1980).

There are no previous data available to confirm the
findings of the present study that carbon, nitrogen,
plant pigments and ATP are more concentrated in the
foregut contents of spatangoid echinoids. However,
Buchanan (1966) reported anecdotal evidence of selec-
tion of nutrient-rich grains by Echinocardium cor-
datum.

The existence of this form of selective feeding, in the
absence of any ability in all 5 species to discriminate
between grains on the basis of size (Hammond, 1982b),
is initially difficult to reconcile. Resolution of this
apparent paradox will require elucidation of the pro-
cesses of grain collection and gustatory discrimination,
both of which are poorly known. However, there need
be no a priori assumption, based on studies of other
deposit-feeding taxa living in finer sediments, that
grain-size selection and preference for nutrient-rich
grains should be coupled, through the exponential
increase in available food with decreasing particle size
(e.g. Newell, 1965; Hylleberg and Gallucci, 1975). In
these moderately sorted, medium sands, there is no
evidence that nutritive value varies in a consistent
manner among the different size fractions (Table 3), so
that the adaptive advantage of selecting nutrient-rich
grains may be gained independently of an ability to
feed on a particular grain size. Probably, discrimina-
tion on the basis of food quality occurs, not at the level
of individual grains, but by selectively placing the
feeding podia on small patches with enhanced nutri-
tional status. The carbon, nitrogen and pigment deter-
minations (Tabel 1) provide much evidence for small-
scale environmental patchiness which would facilitate
such behaviour.

The independence of these 2 types of feeding selec-
tivity highlights inadequacies in classifications of the
trophic structure of the benthos (e.g. Walker and Bam-
bach, 1974), since organisms may be selective or non-
selective feeders depending on which parameters of
the food resource are measured.

The changes in total organic carbon content between
fore- and hindguts (Table 4) give an overall measure of
assimilation. Conventionally, foregut-faeces differ-
ences are used, but in the present study, the age of the
holothuroid faeces was not exactly known, and
changes in the organic content after defecation were
postulated, though not subsequently demonstrated.
Webb et al. (1977) and Moriarty (1982) recognized that

dissolution of CaCO;, in the gut would result in lower
estimates of assimilation efficiency using foregut-
hindgut comparisons, but Hammond (1981) showed
that dissolution was not significant. Assimilation aver-
aged 39 % for the 3 holothuroid species, very close to
many values previously reported (Bakus, 1973; Webb
et al., 1977). Lower average values have been reported
by Yingst (1976), Hauksson (1979), Massin (1980), Mor-
iarty (1982) and Khripounoff and Sibuet (1980), in the
last instance for a deep-sea species. Assimilation of
carbon by the spatangoids was slightly more efficient
(46 %). The statistical non-significance of the changes
in N concentration through the gut parallels the find-
ings of Webb et al. (1977), who attributed the result to
sediment heterogeneity. The high variability of nitro-
gen levels at each site (Table 1) suggests that a similar
explanation may be appropriate. The mobility of all
species except Holothuria arenicola (Hammond,
1982a) would serve to amplify the effects of environ-
mental heterogeneity. In studies of other holothuroids,
Trefz (1956, in Bakus, 1973) and Tanaka (1958)
reported N assimilation to be approximately 50 %,
while Moriarty (1982) gave a figure of 40% and
Khripounoff and Sibuet (1980) recorded only 22 % effi-
ciency. The last 2 studies indicated that nitrogen is
assimilated more efficiently than carbon.

Yingst (1976) proposed that meiofauna might be
‘very important’ as a food source for deposit feeders.
Using average values of organic carbon content of
meiofaunal individuals (Sikora et al., 1977; Gerlach,
1978; Yingst, 1978), it can be shown that the meiofauna
contributed little more than 1% of the sedimentary
cabon pool in the present study. Moriarty (1982)
reported a similar value. Moreover, the failure of the
deposit feeders to ingest the meiofauna in the numbers
available (see also Renaud-Mornant and Helléouet,
1977; Hansen, 1978) and the apparent lack of assimila-
tion in the gut both emphasize the insignificance of
meiofauna as a carbon source. However, the death of
the majority of ingested meiofauna during passage
through the gut belies the importance attached by
numerous workers to the occurrence of live meiofauna
in the fresh faeces of holothuroids (e.g. Bertram, 1936;
Trefz, 1958; Thorson, 1966). It suggests that at suffi-
ciently high densities, holothuroids or spatangoids
may effectively regulate the structure of meiofaunal
communities (cf. Bell and Coull, 1978; Woodin, 1978).

The phytobenthos, principally diatoms, was a major
component of the sedimentary organic carbon pool.
Using a carbon: chlorophyll aratio of 40 (Ferguson and
Murdoch, 1975; Banse, 1977; De Jonge, 1980), the
phytobenthos contributed about 40 %, of the carbon in
the surface sediments at Site 1 and about 18 % of that
in the subsurface sediments at Site 2. Higher ratios of
ca. 61+9 (95% C.1.) were found in some years in
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mixed populations of benthic diatoms from a temper-
ate estuary (De Jonge, 1980), but such values, even if
applicable to the present study, do not appreciably
alter the conclusions derived below. It is clear that
much of the phytobenthos is not killed, digested or
assimilated, since chlorophyll a levels in the fore- and
hindgut were high, averaging 50 % and 86 % of the
total plant pigment for the holothuriods and spatan-
goids, respectively (Table 1). The higher levels of
chlorophyll a in the hindgut than in the foregut of the
holothurians were not statistically significant except
for Holothuria arenicola, and are interpreted as indi-
cating an heterogeneous distribution in the available
sediment (cf. Bunt et al., 1972). Where the chlorophyll
a was converted to phaeophytin, the phytobenthos may
well have been digested and assimilated, but this
cannot be certain.

The inefficacy of the ATP extractions precludes any
calculation of microfloral (bacterial, etc.) contribution
to the sedimentary carbon pool. In other studies of reef
sediments (Sorokin, 1978; de Vaugelas, 1981; Mori-
arty, 1982) bacteria constituted about 5 % of the carbon
pool. Direct counting methods (Battey, pers. comm.)
reveal lower bacterial populations in Discovery Bay
sediments than reported by other authors using the
same method (Sorokin, 1978) which suggests a simi-
larly low contribution by bacteria to the sedimentary
carbon pool. Notwithstanding evidence that bacteria
are more strongly selected during feeding by
holothuroids than are other organic components (Mori-
arty, 1982), and are also more efficiently assimilated
(Yingst, 1976; Moriarty, 1982), they cannot be consi-
dered a major food source. Moriarty (1982) suggested
that they may account for about 10 % of the carbon
requirements of Holothuria atra.

It therefore appears likely that detrital (non-living)
material is the major source of nutrition for the deposit-
feeding holothuroids and spatangoids. The data on
meiofauna and phytobenthos, and the inferred biomass
of bacteria, imply that more than half of the sedimen-
tary carbon pool is represented by detritus. Other
workers have found the detritus to comprise 60 to 90 %
of the total organic carbon in reef sediments (de Vau-
gelas, 1981; Moriarty, 1982). Even assuming complete
assimilation of bacteria, meiofauna and killed phy-
tobenthos, at least fifty percent of the ration of assimi-
lated carbon must derive from detritus.

This finding contrasts with the results from studies of
other deposit feeders, in which their failure to assimi-
late detritus has been attributed to the inability of their
digestive enzymes to hydrolyze the structural carbohy-
drates which comprise the bulk of detritus in other
ecosystems (Fenchel and Blackburn, 1979). It may
signify a different enzyme complement in the
holothuroids and spatangoids which permits them to

degrade structural carbohydrates, but evidence for
this, (e.g. cellulase activity) is equivocal (Coe, 1962;
Yokoe and Yasumasu, 1964; Fish, 1967). Alternatively,
it may indicate qualitative differences between
detritus in coral reefs and that in other shallow coastal
ecosystems. There is evidence that a significant
amount of detritus entering coral reef lagoons occurs as
organic aggregations derived from fore-reef and reef-
flat communities (Marshall, 1965; Johannes, 1967%;
Qasim and Sankaranarayanan, 1970). These amorph-
ous aggregations, consisting largely of coral mucus,
flocculated organic substances and adherent particu-
late matter (Johannes, 1967; Coles and Strathman,
1973) may comprise half of the particulate organic
carbon found in lagoonal waters; the remainder
appears to be principally of algal origin (Marshall et
al., 1975). The material is a source of energy for many
organisms (Coles and Strathman, 1973; Gerber and
Marshall, 1974; Benson and Muscatine, 1974), so may
be readily assimilable by deposit feeders. The high
carbon: nitrogen ratio of other detritus, which partially
limits its utilization by depositfeeders (Briggs et al.,
1979), is not characteristic of reef detritus, which may
have C:N ratios much less than 10:1 (Coles and
Strathmann, 1973; Gerber and Marshall, 1974). This
removes one potential constraint on its utility as a food
resource.

Sloan and von Bodungen (1980) proposed that Isos-
tichopus badionotus faeces represent a potentially
enriched food source for holothuroids. The faeces of
Holothuria tubulosa also consistently had a higher
organic content than the surrounding sediment (Mas-
sin, 1980). In the present study, the organic carbon
content of the faeces was very similar to that of the
sediment for all species, and there was no evidence of
enrichment 24 h after defecation, even for N, which is
generally indicative of microbial colonization.
Holothuroid faecal masses do not retain their integrity
much longer than 24 h, so it apears that the phenome-
non of 'gardening’ of the faeces (Hylleberg, 1975) is not
significant for these deposit feeders.
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