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ABSTRACT: A modification of the 51Cr:'4Ctwin-labelling technique is described in which the food
source is labelled with 14C but the 51Cr is enclosed in a polymeric resin membrane and presented as
microspheres of a similar diameter to the food particles. This eliminates the major uptake of 5 1 ~which
r
is transferred to the ctenidia and palps of the suspension-feeding mussel Aulacomya ater(Mo1ina) from
detritus labelled with 51Cr. The results suggest that although bacterial cultures based on isolates of
kelp bacteria can be absorbed with an efficiency of 67 to 70 %, the debris itself is also absorbed with an
efficiency of approximately 50 %. The kelp debris, which forms a n important component of the
particulate matter potentially available for consumers, may thus represent an important source of
carbon for the filter feeding community adjacent to kelp beds. In contrast to the results obtained in
other studies with artificial food sources, the data for kelp debris suggest that A. ateris able to maintain
a positive scope for growth at the concentrations of suspended organic matter which occur under
natural conditions in the kelp bed environment.

INTROCUCTION
The decomposition of detrital material and its subsequent utilisation by consumer organisms has been
widely studied in marlne and freshwater habitats.
Since many invertebrates apparently show only a
weak ability to digest cellulose, xylan, alginic acid or
other structural carbohydrates which make up the bulk
of detrital material (Kristensen, 1972) it has been generally supposed that the carbon and, above all, the
protein requirements of consumer organisms may be
met by absorption of the microbial component of the
ingested plant detritus (Newell, 1965, 1979; Darnell,
1967a, b ; Odum and De la 'Cruz, 1967; Hargrave,
1970a, b , 1971. Fenchel, 1972; De'la Cruz and Poe,
1975; Kofoed, 1975; Tenore, 1975; Moriarty, 1977).
One of the difficulties in interpreting the significance of the microbiota in meeti.ng the nutritional
requirements of consumer organisms is that the
biomass of bacteria in the sediments may be too low to
meet the estimated carbon or nitrogen requirements of
the consumer organisms (Baker and Bradnam, 1976;
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Wetzel, 1977; Jensen and Siegismund, 1980). Tunnicliffe and Risk (1977), for example, calculated that the
bivalve Macoma balthica could meet only 0.2 % of its
nitrogen requirements from the microbial biomass in
the sediments. Again, Cammen et al. (1978) and Cammen (1980a, b) have estimated that only 25 to 45 % of
the carbon requirements of the deposit feeding
polychaete Nereis succinea could be met by utilisation
of microbial carbon.
These results suggest that some of the carbon necessary to balance the energy budget may b e derived by
direct utilisation of plant debris itself, a conclusion
which is supported by studies on the relation between
primary production and consumption requirements in
kelp communities (Newel1 e t al., 1982). Other studies,
however, suggest that beca.use microbial production is
often high relative to the standing stocks i n t h e sediment, the requirements of consumer organisms could
be met by utilisation of a relatively small proportion of
microbial production. Hargrave (1970a), for example,
showed that the absorption efficiency of detritus by the
amphiod Hyalella azteca was controlled by the pro-
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portion of living to dead matter in the detritus and that
in this species ingestion of less than 19 % of the daily
microflora production would be sufficient to meet the
energy requirements of the consumer.
An alternative approach to such estimates of microbial biomass relative to carbon requirements is to measure the absorption of detritus and its associated microbial community directly. Simple gravimetric techniques involving quantitative estimation of consumption and faecal output (Phillipson, 1960; Fuji 1962;
Lasenby and Langford, 1973) as well as various tracer
methods based on the ingestion and egestion of I4Clabelled food have been used (Marshal1 and Orr, 1955;
Sorokin and Panov, 1966; Southwood, 1966; Sorokin
1968 ). But in many organisms it is difficult to measure
consumption and faecal output quantitatively, especially as some reingestion of fragmented faeces occurs
in experimental studies on filter feeders. In these cases
it is also possible to measure absorption efficiency by
comparison of the organic: inorganic ratio in the food
and faeces without quantitative data for consumption
and egestion (Conover, 1966). The method requires
that no net absorption of inorganic material or secretion of organic matter occurs in the passage through
the gut, although - as has been pointed out by Calow
and Fletcher (1972)- this requirement may not be met
in some deposit feeders. They described an alternative
method in which the food is labelled with 51Crand 14C
(see also Wightman, 1975). Since the "Cr is passed
with minimal absorption through the gut and it is not
subject to interference by organic secretions from the
gut, simultaneous activity of both tracers in the food
and faeces can be used to estimate absorption efficiency.
This method has been employed in studies on the
absorption efficiency in 2 freshwater gastropods (Calow
and Fletcher, 1972), a coleopteran larva (Wightman,
1975), and in the deposit-feeding polychaete Nereis
succinia (Cammen et al., 1978). In each case the 51Cr
isotope was added in the form of 51CrCl, which satisfactorily labelled the food, although it is not certain
whether this was achieved by absorption or passive
adsorption (Calow and Fletcher, 1972). The main requirement for successful use of this method is that the
51Cr is not absorbed in significant quantities into the
tissues and passes quantitatively to the faeces. Unfortunately, preliminary experiments on the utilisation of
SICr-labelled kelp debris by the filter-feeding r ~ b b e d
mussel Aulacomya ater showed very variable adsorption values for "Cr onto the ctenidia, palps and digestive gland ranging from 17 % to 45 % (mean 33.3 t
11.5 % S.D.),suggesting that the 51Crmay be primarily
adsorbed onto the food particles and can be subsequently transferred to epithelia with a large surface
area.

Although this problem may be of less importance in
deposit feeders or grazing organisms than in filterfeeding organisms where large volumes of water are
drawn across the ctenidia, it was necessary to use a
modified twin-labelling technique, in which the 51Cr
was enclosed in inert microspheres of mean diameter
15.6
1.2 pm to prevent a major adsorption of the
marker. This paper presents the results of a series of
experiments on the uptake of microbial and detrital
material from debris by the ribbed mussel Aulacomya
ater using kelp detritus labelled with 14C and 51Crlabelled microspheres. This allowed an assessment of
the trophic significance of detrital material in the
water column for the filter feeding mussels which
dominate the consumer community surrounding kelp
beds of the Cape Peninsula, South Africa.

+

MATERIALS AND METHODS

Labelling Techniques
A comparison was made between the absorption of
phytoplankton cells, such as are commonly used in
experimental studies on the energetics of bivalves,
detrital material which characterises the water column
near to kelp beds, and bacteria. In each case it was
necessary to label the food source with I4C and to mix
this with 51Cr-labelled microspheres of a similar
diameter. The microspheres comprising 51Cr enclosed
in a polymeric resin membrane (NEN-TRAC microspheres, New-England Nuclear) are identical with
those routinely used in blood circulation studies (Bockman and Ferguson, 1978; Hobson et al., 1978) and were
of 15.6 1.2 pm diameter chosen to coincide with the
mean diameter of particles in the water column near
the kelp bed from which the mussels were collected
(Field et al., 1980). In practice it was convenient to use
approximately 10 pCi 51Cr (100 ml)-' suspended food
material since this gave similar counts to the 14Clabel
incorporated into the food.

+

14C-Labellingof Phytoplankton
Labelled phytoplankton cells were prepared by the
adition of 10 pCi NaHI4CO3 (100 m1)-l of an actively
growing culture of Dunaliella primolecta in Walne's
medium and incubation for 6 d at 12.5 "C under constant illumination provided by 3 double 20 W fluorescent lights (Agro-lite) at 10 cm distance giving a combined intensity of 190 pE m-2 S-'. Excess label was
removed by centrifugation at 3000 X g for 15 min and
resuspension of the pellet in 0.45 pm filtered seawater.
This procedure was repeated 3 times prior to the addition of the 5'Cr-labelled microspheres.
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14C-Labellingof Kelp Material
Small intact Laminaria pallida, complete with holdfasts, were collected from Oudekraal on the West coast
of the Cape Pen~nsula,South Africa, and were placed
individually in a series of cylindrical perspex containers, each filled with 8 1 0.45-pm filtered seawater
which was circulated with small pumps. 300 pCi Na
HI4CO3 was added to each container and the plants
incubated at l 0 "C for 2 wk under a constant light
source. The water was replaced with freshly filtered
I4C-labelled seawater each 3 to 4 d to minimise bacterial growth. After incubation, the plants were rinsed in
10 % HC1 to remove adsorbed 14C,freeze-dried, milled
and sieved to obtain particles of < 37 pm diameter.
Weighed quantities were then made up in fresh seawater, and aged for u p to 18 d at 12.5 ". Kelp debris
incubated in seawater is subject to an initial colonisation by bacteria whose biomass increases over a period
of 4 to 6 d before coming into equilibrium with a mixed
population of grazing Protozoa (Linley and Newell,
1981; Linley et al., 1981; Newel1 and Lucas, 1981).
Experiments were therefore carried out on freshly
powdered I4C-labelled kelp debris and on material
which had been colonised by microbes which are
known to take up 14C-labelfrom algal exudates (Larsson and Hagstrom, 1979; Schleyer, 1980).This allowed
comparison between the absorption of kelp debris
itself and that of the microbial: debris complexes
which occur in the water column. After ageing, the
material was centrifuged and rinsed 3 times before
adding 51Cr-labelledmicrospheres to the food source.

14C-Labellingof Bacteria
Thirty-two strains of bacteria isolated from decomposing kelp have been recombined to form a stock
culture of kelp-derived bacteria which was stored at
4 "C (Dr. F. Robb, Dept. of Microbiology, University of
Cape Town). A l-m1 inoculum of culture was placed in
a medium containing l g casamino acids (DIFCO) and
1 g D-mannitol in 100 m1 filtered seawater and incubated at 30 'C in darkness overnight on a rotary
shaker. The bacteria were then harvested following
centrifugation at 15 000 X g for 15 min and resuspended in a 1 % casamino acid solution to an optical
density of 0.2 at 600 nm using a Bausch and Lomb
(Spectronic 600E) spectrophotometer. 40 pCi 14C-mannit01 were then added per 100 m1 culture. After 4 h
incubation at 30 "C in darkness, excess label was
removed by successive centrifugation at 15 000 X g
and the bacterial pellet resuspended in 100 m1 0.2 pm
filtered autoclaved seawater. Approximately 10 pCi 51labelled microspheres were then added per 100 m1

265

bacterial suspension immediately prior to the feeding
experiments.

Experimental Procedure
Aulacornya ater (Molina) were collected at weekly
intervals by SCUBA diving from a depth of 10 to 20 m
at Oudekraal on the west coast of the Cape Peninsula,
South Africa. Preliminary experiments showed no significant difference in absorption efficiencies between
individuals of 25 to 75 mm length, hence these experiments were conducted on mussels of approximately
50 mm length (0.66 g f 0.17; n = 94). The shells were
cleaned of encrusting organisms, care being taken to
retain the byssus attachments of the mussels to a
neighbouring shell. The shell substratum to which the
mussel was attached was fastened to a grid suspended
in a beaker containing 1.5 1 0.45-pm filtered seawater
circulated with a magnetic stirrer. After approximately
2 h at 12.5 "C, which is similar to the temperature of the
water from which the mussels were collected, a known
volume of 14C:51Cr-labelled food was added to the
beaker and the concentration kept relatively constant
by further addition of an appropriate volume of labelled food at intervals of 30 min. After 4 h the water was
replaced with filtered seawater to which the same
concentration of unlabelled food was added. The
method is based upon the assumption that there is no
discrimination between particles of different types,
which is in accordance with most literature on mussels
(Foster-Smith, 1975a, b ; Winter, 1978). However,
recent investigations into the amount of algal material
in the pseudofaeces in relation to that in surrounding
water have suggested that bivalves do exhibit some
degree of particle selection (Kierrboe et al., 1980; Kiarboe and Merhlenberg, 1981). If this is the case absorption results obtained after the production of
pseudofaeces must be treated with caution. However,
preliminary experiments showed that pseudofaeces
were not produced at concentrations < 6 mg 1-l (dry
mass), indicating that all the material was ingested at
these concentrations.
Since gut passage time is approximately 5 h (see p.
266), and feeding with labelled food was carried out for
4 h, the passage of labelled material should have been
accomplished in approximately 9 h. After this the
absorption efficiency could be influenced by the
declining residual carbon available in the gut. Faeces
were therefore collected each 30 min for up to 9 h wi.th
a Pasteur pipette and placed in glass scintillation vials
for subsequent measurement.
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Preparation and Counting

equation to give the amount of quenching ( % ) of each
isotope:

Samples of food material on 1 @m Nuclepore membranes and faeces were digested with 1 m1 Soluene350 tissue solubiliser (Packard) a n d incubated at 40 'C
for 4 h or until digestion was complete. However, in
order to ensure complete digestion of algal cell walls
(Lobban, 1974), 200 p1 60 % perchloric acid was added
to all phytoplankton samples. The digested material
was subsequently bleached to reduce quenching by
the additon of 500 p1 isopropanol and 200 111
.1
35 % H,O,, followed by incubation at 40 "C for a
further 2 to 4 h. 10 m1 of Dimilume scintillation cocktail
(Packard) was added to each sample and after 6 h
equilibration B-emissions were counted for 10 min on a
Packard Tricarb liquid scintillation spectrophotometer
(Model1 3385). Counts were made on u p to 10 faecal
samples per individual, depending on material available, and background counts from 6 vials containing
scintillation cocktail only were subtracted from all
experimental values.
A method for simultaneous counting of both 51Crand
14Chas been outlined by Sheppard a n d Marlow (1971)
using a narrow band tritium window (Channel A) and
a conventional I4C window (Channel B). Quench
curves were plotted using 14C-hexadecane a n d 51Cr
microspheres quenched with chloroform. Tracer counts
in each window, expressed as percent of total counts,
were plotted against the external standard ratio
(E.S.R.). From this relationship the relative contribution of each isotope to the counts in each window can
b e read off and used to construct sumultaneous equations which give the counts per minute (CPM) of each
isotope (see also Wightman, 1975). These values can
also be calculated, rather than read off, and in the case
of our data yielded the multiple regression equations
shown in Table 1.
Table 1. Multiple regression equations relating relative
counting efficiency ( % ) to external standard ratio (ESR) i n
order to calculate the relative proportions of the isotopes in
each channel with quenching (Wightman, 1975). The stepwise regression analysis was based o n powers of ESR from 1
to 6 . using P = .05 for inclusion. Each point was the mean of 6
replicates
Chan-

nel
A

B
A

B

Isotope

Equation

% -: 70 88 - 80.56 ESR
"C
% = 69.62 + 1.271 ESRS - 1654 ESR6
51Cr 9'0 = 12 73 + 341.0 ESR3
5'Cr % = 19.15 - 20.83 ESR 63 6 ESR3

"C

+

r2

N

0.9930
0.9993
0.9921
0.9994

10
10
6
6

As pointed out by Cammen (1977) it is also necessary
to know the disintegrations per minute (DPM) of each
isotope which can b e calculated using the following

% I4C = 87.98

+

700.7ESR5 - 917.9ESR6
(r2= 0.9970; N = 10)
(1)
% 51Cr = 23 57
347.83 E S R ~(r2 = 0.9959; N = 6) (2)

+

The output from the scintillation counter recording
the ESR, and CPM in channels A and B was fed to a
Hewlett Packard 3352 B Laboratory Data System which
converted the data to DPM using a program written
from the above equations (see also Table 1). The absolute counting efficiency CPM/DPM added of the
unquenched samples was 95.04 % for I4C and 16.9 %
for SICrC1,.
5 1 ~ r : 1 4Ratio
C
in Food and Faeces
The ratio of 51Cr:'4Cin the food was determined from
2 sources: that in the concentrated media prior to
addition to the experimental vessel, and that in each
experimental vessel. No significant difference in the
51Cr:14Cratio was obtained between concentrated or
food samples from the experimental media. Concentration of food by filtration onto a 1-km nuclepore membrane filter also had no significant effect on the 51Cr:
14Cratio. The mean value obtained from a total of 10 or
more samples was then used to calculate the 51Cr:14C
ratio of the food sources. The ratio of %r:14C in the
faeces was calculated from the mean of all samples
which had counts in excess of 100 CPM over background and in order to avoid corrections for 51Crdecay,
food and faecal samples were counted in batches on
the same day.
The absorption efficiency was then calculated from
the 51Cr:'4Cratio in the food and faeces using the
following formula:
Absorption Efficiency: 1- [ ( 5 1 ~DrP M / ' ~ CDPM food) +
(51CrD P M / ' ~ CDPM faeces)] X 100
(3)
Settlement of both 14C-labelled food particles and
51Cr-labelled microspheres over a period of 4 h showed
that the DPM for 51Cr and 14C in the media fell by
approximately 13 % in both cases (51Cr DPM
= 1319.64e-005t,
r2 = 0.33; 14C DPM = 1133.67e-0.03t,
r2 = 0.37, where t = time in hours) resulting in a
constant Cr/C ratio throughout the experiment. Settlement was thus regarded as negligible in the 30-min
intervals between successive additions of food.

Correction for 51CrRetention
Since a requirement of the 5'Cr:14Cmethod is that
the retention of 51Crin the test animal is low, and can
be corrected for, it was necessary to determine "Cr
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retention from the microspheres. Preliminary 4-h feeding experiments using kelp debris dyed with Rose
Bengal showed that stained particles first appeared in
the faeces 3.5 to 7 h after feeding, and that dyed
particles could be detected in the faeces for up to 24 h.
In order to estimate 51Cr retention, 5 n~usselsof different sizes were fed a ration of 3 mg 1-' dry mass of aged
kelp detritus mixed with 5'Cr-microspheres over a
period of 4 h. They were then fed unlabelled food at
the same concentration for a further 4 h. All the faeces
produced during this period and over the following 16
h were then collected, digested and the DPM determined. The "Cr activity in 3 replicate weighed samples of pooled body tissue was also analysed. Absorption of 51Cr was then calculated from the following
expression (after Cammen et al., 1978):
51Cr absorption =
burden ( D P M ) / f a e ~ e s
body burd e n (DPM) It was found that Aulacomya ater retained
only 4.5 % (t 1.22 % S.D.) of the 51Cr microspheres
and all faeces counts were corrected accordingly. This
value is considerably lower than the values reported
by Calow and Fletcher (1972), Wightman (1975) and
Cammen et al. (1978), suggesting that the twin-labelling method can be satisfactorily extended to filterfeeding organisms by the use of 5 1 ~ r - l a b e l l e microd
spheres.

+
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Table 2. Aulacomya ater. Absorption efficiency of Dunaliella
primolecta by individuals held at 12.5 "C, at 2 different ration
levels using the twin tracer method, compared with results
obtained by Griffiths and King (1979) for similar conditions
Cell concentratlon
x

lob I - '
5
10

Mean absorption
t.fflcl~ncy

AE from

of
runs

(tS.E.)

& King (1979)

50
75

4

3

56.27 ( + 5.51)
58.76 ( 5 2 91)

61
52

50
75

9
5

42.50 ( + 11 68)
37.71 ( + 6.85)

29
30

Shell
length

(mm)

Number

Griffiths

getics of marine molluscs (for reviews see Bayne, 1976;
Bayne and Newell, in press), there is now a good deal
of information which suggests that the results of such
studies can be applied only with difficulty to the
absorption of plant debris under natural conditions
(Bayne et al., 1979; Widdows et al., 1979; Griffiths,
1980; Vahl, 1980). Year round observations at the collection site revealed that phytoplankton formed an
average of only 14 % of the particulate organic matter
(V. Stuart, unpubl.). A series of experiments was therefore carried out on the absorption of debris which
under natural conditions forms a major component of
the particulate material in the water column near kelp
beds.

RESULTS AND DISCUSSION
Absorption of the Bacterial Component of Kelp Debris
Absorption of Dunaliella primolecta: Comparison of
Conover Ratio and "Cr-Labelled
Microsphere
Methods
Consumption and absorption efficiencies of the ribbed mussel Aulacomya aterhave been studied in some
detail by Griffiths and King (1979). They use a diet of
Dunaliella primolecta rather than the particulate
debris which occurs in the water column under natural
conditions, and calculated the absorption efficiency by
the Conover ratio. It is thus of interest to compare the
results of the 51Cr-microsphere technique with those
obtained by Griffiths a n d King (1979) on D. prirnolecta
before reporting the results for natural kelp debris.
The results are summarised in Table 2. Although the
absorption efficiency calculated for concentrations of
10 X 106 cells 1 - I by the 51Cr:14Cmethod are higher
than those recorded by Griffiths and King (1979), no
standard error data are available for their data, and it is
not possible to determine whether the results differ
significantly from each other. At lower concentrations,
however, it is clear that the absorption efficiencies
calculated for Dunaliella primolecta by the 2 methods
are generally comparable.
Despite the widespread use of laboratory-cultured
phytoplankton in studies on the physiological ener-

As pointed out on p . 263, the utilisation of bacteria
by marine deposit feeders has been widely reported in
the literature, and early studies on some mussels suggest that they are able to utilise bacteria as a food
resource (Bayne, 1976; Newell, 1979). Experiments
with 5 1 ~ r14C-labelled
:
mixed populat~onsof cultured
kelp bacteria which are slightly larger than natural
populations (1.3 X 0.4 pm compared with < 1 pm),
show that the bacterial component of kelp debris is
absorbed with a high efficiency by Aulacomya ater'
(Table 3 ) .
The activity of I4C label after 24 h appears principally in the digestive gland, with some activity in the
Table 3. Aulacomya ater. Absorption efficiency (f S. E.) of
free I4C-labelled bacteria as well as I4C-labelled bacteria
attached to unlabelled kelp detritus at a concentration of
3 mg 1-' dry mass at 12.5 "C
Bacterial
density

Absorption
efficiency

(kS.E.)
66.86 ( k 1.30)
6 X 106 ml-'
70.28 ( k 0.46)
6 X 106 ml-' on detritus 63.08 ( 2 3.81)

2 X 106 ml-'

No. of
No. of
samples runs
20

5

14

3
S

28
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S. D.) on at least 2 replicate samples of digestive gland and
Table 4.Aulacomya ater. Mean activity of 14Cand 5'Cr (DPMrng-I
gill tissue. Test individuals were fed for 4 h at 12.5"C on a diet of 14C-labelledbacteria plus 51Cr-labelledmicrospheres, and left
for a further 20 h for gut clearance. Variability between individuals is due to differing feeding activity
Individual
No.

Digestive gland
51Cr (+. S.D , )
14C ( + S. D.)

I4C ( ? S.D.)

1
2
3
4

11,840.22( + 244.25) 1,045.24( 2 1,472.23)
41.34 ( +
58.46)
4,199.83( + 1,418.69)
1.30)
36.63 ( +
14.14)
307.63 (t
4,124.91(k 981.19)
15.51 ( +
21.94)
13.77 (f 19.77)
1,033.11( + 832.21)
185.98 (f 67.72)
2,259.1
1 ( + 684.49)
121.50( + 174.39)
10,325.51( + 622.67)

1.897.65( ? 58.22)
1,189.70( 2109.10)
49.50(f 4.59)
822.21 (t 5.32)
-

5
6
7

gills demonstrating active absorption of bacterial 14C
into the digestive gland (Table 4). A small proportion
of the 51Cr microspheres are retained on the gills and
in the digestive gland which w e account for in our
4.5 % correction factor (see p . 267).
This high absorption efficiency of bacteria appears
to b e unaffected by the presence of the particulate
debris to which they are attached. When 6 X 106 cells
ml-' labelled kelp bacteria were allowed to colonise 3
mg 1 - l powered kelp debris, they were absorbed with
a n efficiency of 63 % compared with 70 % for a similar
concentration of bacteria alone (Table 3). These values
are generally similar to those reported by Sorokin
(1972) for a variety of marine invertebrates fed on
bacterial diets but give no information on the possible
utilisation kelp debris itself.

Labelled kelp debris aged for up to 18 d was fed to
mussels over a period of 4 h at a concentration of 3 mg
dry mass I - ' which is equivalent to the yearly mean
dry mass of particulate matter occurring at a depth of
20 m at the collection sites at Oudekraal (Field et al.,
1980; V. Stuart, unpubl.). After a further 4 h of feeding
with a similar concentration of unlabelled debris (see
p. 265), the 5 ' ~ r : ' 4 Cratios of food and faeces were
calculated. The results are summarised in Table 5
Table 5.Aulacornya ater. Absorption efficiency (%) at 12.5"C,
of kelp detritus aged for up to 18 d, and dry bacterial biomass
(mg 1-l) of the food ration

0
3
6
12
18

0
0.046
0.144
0.076
0.011

48.24( 24.04)
50.89( + 8 71)
51.31 (f4.78)
47.28(f5.99)
47.91 ( + 6.15)

219.71 (t65.41)
146.40( + 27.06)
90.55 (t 5.23)
90.55 ( + 2.36)

-

AGE OF DETRITUS CDAYS)

U

m

Fig. 1. Aulacornya ater. Absorption efficiency ( + 1 S.E.)of
individuals fed on 3 rng l-l (dry mass) of kelp material aged
for up to 18 d (closed circles). Open circles: bacterial biomass
of food samples

Absorption of Kelp Detritus

Age of
Bacterial
Mean absorption
biomass
effic~ency%
detritus
( k SE.)
(d)
(mg 1-' dry)

Gill tissue
S'Cr ( + S.D.)

No. of
runs

No. of
samples

10

20

3
5
3
4

8
15

15
10

which also shown the bacterial biomass, calculated
following the technique of Linley et al. (1981).
It can be seen that Aulacornya ater is capable of
absorbing carbon from fresh kelp detritus with an
efficiency of approximately 48 % compared with 67 to
70 % for bacteria alone. With increasing age and
bacterial component, there was some increase in
absorption efficency to 51.3 % on Day 6, corresponding
with the maximal biomass of bacteria, after which the
absorption efficiency declined again to approximately
48 % . Clearly, as shown in Table 5 and Fig 1, the
absorption efficiency of kelp detritus is approximately
47 to 50 % , despite considerable variations in microbial biomass. This suggests that kelp debris itself represents a n important source of carbon for the dominant
kelp bed consumer A. ater, although it should be noted
that the experimental kelp debris may not be identical
to that which occurs in the field. It should be stressed,
however, that since the C:N ration of kelp debris is as
high as 17:1 (Dieckmann, 1978; Newel1 at al., 1980)
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whilst the isolated kelp bacteria were found to be
richer in nitrogen with a C:N ratio of only 4 : l (V.
Stuart, unpubl.), the microbial community attached to
kelp debris m a y contribute to the nitrogen requirements of the consumer organisms utilising carbon-rich
plant debris.

Effect of Particle Concentration

One of the common features which have been
reported from energetic studies on bivalves using cultures of phytoplankton is that absorption efficiency,
and hence scope for growth, declines at high suspended food concentrations (Thompson and Bayne,
1974; Griffiths and King, 1979). This effect occurs even
at cell concentrations equivalent to the dry mass of
particulate matter occurring under natural conditions
in the kelp bed environment. It is clearly of interest to
determine whether a decline in absorption efficiency
occurs when Aulacomya ater is presented with a food
supply of suspended kelp debris.
Powered I4C-labelled kelp detritus was aged for 6 d
in natural seawater and fed with "Cr microspheres to
Aulacomya ater at 8 different ration levels between
0.5 mg 1-' and 10 mg 1-' dry mass. The results are
summarised in Table 6 which shows that in common

DETRITUS CONCENTRATION (rng l.' dry)

Fig. 2. Aulacomya ater. Absorption efficiency ( 21 S.E.) with
different concentrations of kelp aged for 6 d (closed circles).
Open circles: data for absorption of Dunaliella primolecta
(from Griffiths and King, 1979)

debris suggests that the mussels are able to maintain a
positive scope for growth over the higher range of
concentrations of suspended particulate matter which
occur under natural conditions near to the kelp bed.

CONCLUSION
Table 6. Aulacomya ater. Absorption efficiency of individuals
fed on kelp debris aged for 6 d. Test individuals were held at
12.5 "C and fed different ration levels of particles < 37 pm in
diameter
Detritus
concentration
(mg I-' dry)

Absorption
efficiency
( + S.E.)

No.of
runs

No.of
samples

0.5
1.O
1.5
3.0
4.5
6.0
7.5
10.0

57.36 ( f 17.38)
64.51 ( f 9.83)
57.29 ( f 7.36)
51.31 ( f 4.78)
43.17 ( a 4.78)
41.11 ( f 7.52)
47.38 ( + 5.29)
39.39 (f 9 69)

2
2
4
5
4
2
4
3

7
7
10
15
11
11
24
13

with those reported for other bivalves, there is an
increase in absorption efficiency of the detrital diet
with decrease in available food.
The decline in absorption efficiency with increase in
suspended particle concentration is, however, much
less than that reported by Griffiths and K n g (1979) for
Aulacomya ater (Fig. 2) or for other mussels fed with
algal suspensions (Bayne, 1976; Bayne and Newell, in
press). In contrast to the results obtained on suspensions of phytoplankton, the data obtained with kelp

The data presented show that values for the absorption efficiency of Dunaliella primolecta cells by
Aulacomya ater obtained with 14C-labelled food and
51Cr-microspheres are similar to those obtained by the
Conover ratio method (Griffiths and King, 1979). This
suggests that the assumption of unselective ingestion
of microspheres along with the food source, which is
required by the method, is valid. Provided that labelled food is presented for a limited time and the faeces
are collected for a maximum time which equals that of
the feeding period plus gut passage time, the "Cr
microsphere method allows a meaningful estimate of
the utilisation of both bacteria and kelp debris components of a detrital diet.
The results suggest that, although bacterial cultures
based on isolates of kelp bacteria can be absorbed with
an efficiency of 67 to 70 %, the debris itself may also b e
absorbed by Aulacomya ater with an efficiency of
approximately 50 %, despite considerable variations
in the microbial component of the detritus. Many other
invertebrates including copepods (Paffenhofer and
Harris, 1976; Poulet, 1976; Roman, 1977) and other
crustaceans (Monk, 1977; Boyle and Mitchell, 1978)
and sea urchins (Fong and Mann, 1980) are capable a
exploiting detritus either directly (Seiderer et al., 1982)
or indirectly by possible mediatian of micro-organisms
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(see Wainwright and Mann, 1982 and references cited
therein).
The kelp debris, which forms an important component of the particulate matter potentially available for
consumption by the filter-feeding community near to
kelp beds, may thus represent an important source of
carbon for the dominant consumer A. ater. In contrast
to the result obtained at the highest concentrations of
other food sources, the data obtained with kelp debris
suggest that the mussels are able to maintain a positive
scope for growth at the concentrations of suspended
organic matter which occur under natural conditions in
the kelp bed environment.
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