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Energy Expended on Growth and Gonad Output in the Ribbed Mussel
Aulacomya ater

¢.L. Griffiths and J.A. King

Zoology Departmenf, University of Cape Town; Rondebosch 7700, South Africa

Abstract

length/weight relationships have been computed for shell, flesh and byssus of aula-
comya ater (Molina) and energy values used to convert the weights to energy equiva-
lents, Shell accounts for some 26% of total body energy, while the contribution of
the byssus declines from 15 to 8% during growth. Observations of juvenile growth

rates have been used to generate a Gompertz growth equation which predicts attain-
nent of maximum length (90 mm) after 11 years. Reproductive condition has been as-
sessed by monitoring seasonal fluctuations in the flesh weight of standard-sized

individuals, calculated from monthly length/weight regressions. There appear to be
three spawnings, of variable date and intensity, each year. From the above data,

annual energy expenditure on growth and gonad output has been calculated for indi-
viduals of various sizes. The ratio of total production to biomags (P:B) is a de-
clining function of shell length, dropping from 29,5 at 5 mm to 0.8 at 85 mm. The
proportion of total production expended on gamete output increases steadily from

25% at attainment of maturity (15 mm) to 81% at 85 mm length. The considerable ef-
fects of changing size composition on the amount and type of production in natural

populations are discussed.

Introduction

Although descriptive studieg of the
growth and reproductive cycles of marine
bivalves abound in the literature (re-
viewed by Bayne, 1976) few attempts have
been made to compare the energetic costs
of these processes.

Growth can be relatively easily con-
verted into energy units, providing that
the changing weights and energy values
of the various body components (shell,
flesh and byssus) are known. Gonad pro-
duction has been assessed by inducing
Spawning in the laboratory and measuring
the output (Bayne et al., 1975), but more
tommonly estimates are derived by com-
Parison of gonad weight before and after
SPawning. Where the gonad is a discrete
rgan its weight may be determined di-
ectly, after dissecting it from the
body (Dame, 1976). More frequently, how-
fver, it is inextricably bound into the
"isceral mass and indirect methods must

D used, These normally involve record-

Ing fluctuations in body weight in stan-
ard-sized individuals derived from sea-
Snal length (or height) to flesh-weight

regressions. This method has been used
by Kuenzler (1961) and Hughes (1970),
although both authors treated their data
somewhat unconventionally, Kuenzler ex-
pressing weight loss as a function of
body weight itself and Hughes standard-
izing the slopes of his regression lines.
Hibbert (1977) used a similar technique,
but calculated gonad output as the dif-
ference between a small decline in body
energy upon spawning and a theoretical
increase obtained by projecting the
growth rate preceding spawning. The as-
sumption was thus made that the rate of
increase in body energy in the month(s)
prior to spawning was maintained during
the period of gamete release. A more
conservative approach was taken by Grif-
fiths (1977), who used actual slopes of
monthly regression equations and in-
cluded only real declines in body energy
in calculating yonad output. Whatever
methods are used, it is desirable to
cross-check the estimates obtained.
Kuenzler (1961), Hughes (1970) and Hib-
bert (1977) did this by completing ener-
gy budgets for their respective popula-
tions. In the present study, growth —
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and hence total production — are calcu-
lated and compared with predicted va}ues
of scope for growth (Griffiths and King,
1979).

Materials, Methods and Results

The following analyses were undertaken
on a population of Aaulacomya ater (Molina)
collected from a buoyed site at 13 m
depth off Oudekraal on the Cape Penin-
sula, South Africa. Physical conditions
at the site, described in detail by
Velimirov et al. (1977), are profoundly
affected by wind-induced upwelling. Tem-
peratures show little seasonal variation,
although minima (7° to 9°C), occur dur-
ing the peak upwelling season in the
southern summer and maxima (15° to 16°C)
follow onshore wind conditions in winter
(April-August).

The various steps in the calculations
of production rates are treated sepa-
rately below.

Length/Weight Relationships and Energy Equiva-
lents

In order to assess the energy expended
on growth, length/weight relationships
must be computed for each body component
(shell, flesh and byssus) and the energy
content of each component evaluated.

A large sample of Aulacomya ater was
collected for this purpose in July 1975,
care being taken to retain the byssus
intact. The dry weights (3 days at 60°C)
of shell, flesh and byssus were deter-—
mined for individuals of different shell
lengths, following which the shell,
flesh (males and females separately),
and byssal thread portions from each
10 mm length class (0O to 90 mm) were
pooled. Flesh and byssus portions were
each homogenized, and replicate subsam-
ples were fired in a ballistic bomb cal-
orimeter. Calcium carbonate from the
shell fractions was dissolved in 13N HC1l
for 1 to 3 days (until chemical reaction
ceased), and the remaining matrix was
rinsed twice with distilled water, dried,
reweighed, and then fired in the calo-
rimeter. From these results, energy val-
ues per unit whole dry shell could be
calculated, Further flesh samples were
analysed in February 1976 to test for
variation in energy content with repro-
ductive condition.

The relationships recorded between
shell length and the dry weights of
shell, flesh and byssus are depicted in
Fig. 1 and are described by the equa-
tions:-

logio (shell weight) -5.58 + 3.04 logl

(shell length)

(r =0.98) (0

-6.43 + 3.12 logy,

(shell length)

(r =0.98) (2)

-6.81 + 2.49 logy,

(shell length)

(r =0.77) (3)
Table 1 gives energy values of whole

dry shell, flesh and byssus for individ-

uals of the various size classes. No

logqg (flesh weight)

logig (byssus weight)
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Fig. 1. Aulacomya ater. Dry weights of shell,
flesh and byssus as a function of shell length
(July, 1975)

Table 1. Aulacomya ater. Energy content (kJ gt
dry weight) of whole dry shell, f£lesh and byssus
for different size classes (flesh values mean of
4 readings, shell and byssus values mean of 2
readings). SD: standard deviation

Length class _Energy content (kJ g~} dry weight]
{mm} Shell Flesh Byssus
I
0-10 0.6 17.1 17.3
10-20 1.0 20.6 19.2
20-30 0.9 20.3 17.3
30-40 0.9 22,2 18.1
40-50 1.0 22.5 21.7
50-60 1.0 24,8 22.9
60-70 1.0 25.8 22,4
70-80 1.0 23.6 21.9
80-90 0.9 22.2 22.5
Mean 0,92 22.1 20.4
Sh 0.13 2.60 2,36
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significant difference was found between
the flesh of males and females, nor were
there any seasonal fluctuations in the

100}
R whole individual<
2 104
- \
5 flesh only
T
>
5
o)
(]
>
o
2
[1)]

01 — . . ——1—
20 30 40 50 60 708080
Fig. 2. Aulacomya ater. Energy equivalents of
vhole individual and of flesh alone as a func-
tion of shell length (July, 1975)
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| Flg, 3. Aulacomya ater. Composite growth data

i calculated Gompertz growth curve for mussels
“llected at Oudekraal, on the Cape Peninsula,
South Africa i

energy value of flesh; the values given
are therefore means of all readings.

The increase in energy content of
each body component during growth may be
obtained from the product of component
weight (Egs. 1-3) and energy value (Ta-
ble 1). The results of such calculations
(using the appropriate energy values for
each size class), for flesh alone and
for the whole individual, are illus-
trated in Fig. 2. The equations relating
energy content to shell length are:

logyp (flesh kJ) = -4.57 + 3.33 logjq

(shell length) (4)
logip (total kJ) = -3.90 + 3.07 logyg
(shell length) (5)

Growth

Preliminary attempts to estimate growth
rate using the standard technique of
length-frequency analysis proved unsuc-
cessful, due to the rapid merging of co-
horts during development — a common fea-
ture in mussel populations (Seed, 1969).
In the absence of annual disturbance
rings, acceptable data were finally ob-
tailned by identifying patches in the
mussel bed apparently composed of single
cohorts, pericdically sampling these
patches to determine mean lengths, and
finally combining the results into a
composite growth series. Three such
patches were followed for 12 or more
months and the data fitted by computer
to Gompertz and logistic growth curves,
using the method of least-squares (hav-
ing a sigmoid shape the data are unsuit-
able for a Von Bertalanffy fit). To do
this it was necessary to specify Lmaxs
the maximum shell length attained at the
study site. This was fixed at 90 mm, the
largest individual recorded in the area
being 92.0 mm and the mean of the 10
largest mussels being 89.9 mm.

The best fit was obtained for the
Gompertz curve, the growth equation ob-
tained being given by:

0.604t

Lt = 90(0.000184) ’ (6)

where t is age in years and Lt the
length (mm) at that time.

Although extrapolation procedures for
growth curves should be treated with
circumspection (Bayne, 1976), in the ab-
sence of better data the above equation
has been used to predict growth to Lpax.
The results (Fig. 3), which suggest that
maximum length is attained after 11
years, are consistent with data pre-
sented by Pollock (1978), who followed
two cohorts, one of which grew from 12
to 30 mm in 25 months and the other from
1.6 to 2.5 mm in 4.4 months.
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Gonad Output

Gonad production was estimated by a
method similar to those of Hughes (1970)
and Griffiths (1977). Monthly samples of
Aulacomya ater were collected over a peri-
od of 2 years. From each sample, some 30
individuals were selected to cover the
entire adult size range and were deep-
frozen overnight (causing the shells to
gape) before being preserved for 2 weeks
in 5% formalin to harden the body tis-
sues. Fach individual was then measured
with vernier calipers, sex noted and
flesh removed, and then drained for 10
min and weighed. Regression equations of
flesh weight against shell length were
calculated for each month. Although the
sexes were initially treated separately,
no difference in weight was evident and
the data were subsequently combined (Ta-
ble 2)., Individuals below 15 mm shell
length could not be sexed and were ex-
cluded from the analysis.

It is evident from the equations in
Table 2 that adult mussels synchronously
undergo substantial changes in flesh

Table 2. Aulacomya ater. Monthly length/
wet flesh weight regressions; logjgy (wet
flesh weight in g) = loga + b loglO
(shell length in mm)

Date Regression equation r n
log a b

1875
May 5 -5,74 2.80 0,98 30
June 5 -4.63 2.25 0.91 30
July 12 -5.08 3.25 0.96 .30
Aug. 12° -6,84 3,38 0.97 30
Sept. 25 =-6.71 3.38 0.99 30
Oct. 16 -4.15 2,55 0.95 30
Nov. 12 -5.51 2.93 0,98 28

1976
Jan. 9 -5.28 2,99 0.99 27
Feb. 27 -5.66 2.79 0.94 24
Mar. 18 -5.69 2.86 0.98 30
Apr, 22 -5.28 3.02 0,97 22
May 22 -5.91 2,70 0.97 21
June 24 -5.94 2.69 0.91 30
Aug. 2 -4.04 2.66 0.92 21
Sept., 30 =3.42 1.98 0.84 30
Dec. 1 -5.20 3.13 0.93 30
Dec. 20 -5.45 3.02 0.79 30

1977
Feb. 2 -6.85 3.38 0.97 30
Feb. 25 -5.28 3.09 0.95 30
Mar, 15 -4,72 ' 2.28 0.92 27
Apr., 7 -6.97 3.33 0,96 27
May 10 -5.40 3.17 0.95 30
June 1 -4,40 2.49 0.94 30
June 16 -4.11 2.63 0,97 30

wet flesh weight 70mm individual™ (g)

weight. If the flesh weights of stan-
dard-sized individuals are calculated
from these equations and plotted graphi-
cally, three periods of weight loss are
evident in each annual cycle (Fig. 4),
these declines being displaced by ap-
proximately 2 months in 1976-1977 com-
pared with 1975-1976, when they occurred
during August-October, December, and
March-April.

It has been shown by Griffiths (1977),
working at a nearby site, that these
weight losses are the results of spawn-
ing bouts, each being paralleled by a
marked decline in the percentage of ma-
ture oocytes in gonad smears. Each peri-
od of spawning is followed by deposition
of small amounts of interfollicular ma-
terial and subsequent rapid redevelop-
ment of the gonad. These findings were
confirmed by examination of the present
material in which weight losses were ac-
companied by pronounced thinning (by up
to 50%) and a gelatinocus appearance of
the mantle.

Production

The two components of production: growth
(Pg) and reproductive output (Pr) were
calculated for individuals of 9 initial
shell lengths using the procedure out-
lined below:

Pg. Growth production was calculated
by reading off the age of each standard
individual (Fig. 3) and calculating the
length 1 year later (Eg. 6). Both shell
lengths were then converted to energy
equivalents (Eq. 5), the difference be-
tween the two values being growth pro-
duction over the year.

18

(o]

1975-76

Ead
1

N
N
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Jul aug sep oct nov dec jan feb mar apr may U

Fig. 4. Aulacomya ater. Fluctuations in wet
flesh weight of a 70 mm individual over 2 years:

derived from monthly length/weight regression
equations
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pr. Using the regression equations in comya ater under culture conditions in
rable 2, body weights of standard-sized South America (Lozada et al.,, 1974), but
- | individuals were calculated before and is well within the wide range of growth
| after each of Fhe three annual spawning rates recorded for mMytilus edulis (Seed,
© periods. The differences. between these 1969; Theisen, 1973), and is of the sig-
| sets of values represents the gonad out- moid type typical of their slower grow-
s put over the three spawnings. Data for ing populations. The relationship be-

g ¢ the 2 years of investigation (July 1975- tween shell weight and dry flesh weight
June 1977) were averaged, and converted remains consistent during growth (10:1),

! to energy equivalents assuming the ener- with the shell component forming a

‘ getic value of gametes to be the same as steady 26% of total body energy. Byssus

ably eventually passed into the decom-
poser food chain.

that of the flesh = 22.1 kJ g~1 dry weight is more variable and relatively

. weight (divided by a wet to dry flesh lower in larger individuals. The energy
. ratio of 7.1:1 = 3.1 kJ g~1 wet weight). value of the byssus declines from 15% of

l The total gonad output (kJ per year) the total at 25 mm to 8 to 10% in large

- so obtained may be related to shell adults. Over 35% of population produc-
n ‘ length by the equation: tion is thus tied up in the form of non-
logio (gonad output) = -5.82 + 3.10 logy, digestible body components and is prob-

l

(shell length). (7)

‘ For calculation purposes, this was
- assumed to be in the form of three equal
bouts taking place after 3, 6 and 10
months, respectively.

Since an individual of a particular
length at the start of the year will
have undergone varying amounts of growth
by the times of the first, second and
h third spawnings, the calculated gonad
outputs at each of these spawnings must
be adjusted accordingly. This was done
by calculating the size of each length

The pattern of three variable spawn-
ings which occurs each year is one ob-
served in a number of other southern
species, most of which show prolonged or
repeated spawning bouts (see review in
Bayne, 1976). The factors inducing
spawning in such species are not fully
understood, but a combination of long-
term conditioning factors, particularly
food availability, and short-term trig-
gering factors, such as temperature
shock, may account for the irregular

class after 3, 6 and 10 months and com- . iterng observed (Griffiths, 1977).
puting the annual gonad output for indi- ) .
Y viduals of each of these lengths from Annual growth production (Pg) of in-
l )E@ (7). The 3 values were then averaged dividual mussels (Table 3) increases
’ to obtain total Pr over the year. Re- with size up to 65 mm shell length, be-
. sults are given in Table 3. yond which there is a decline brought

about by the decelerating growth rate.
Gonad production (Pr), however, contin-

Discussion ues to increase and hence forms a pro-
gressively larger proportion of total
—'l The growth rate recorded in Fig. 3 is production (up to 81% at 85 mm). Despite

slow compared with that achieved by Aula- increasing gonad output, there is an

Table 3. Aulacomya ater. Annual production (kJ) for individuals of var-
ious shell lengths. B is initial biomass. Pg: production as growth; Pr:
reproductive output; Lf: length (mm) at time t; L(t + 1): length 1

year later

- Initial L(t + 1) Pg Pr Total annual Pr as % total P:B ratio
length (mm) production production
Lt (mm) (Pg + Px)
5 (+11) = 16 0,59 (o} 0.59 O 29.5
.15 (+14) = 29 3,45 1,15 4,60 25 9.2
25 (+16) = 41 8.98 3.54 12.43 27 - 5.2
35 (+14) = 49 12.56 8.25 20.81 39 3.1
" 45 (+#13) =58  17.19 15.00 32.19 46 2.2
55 (+2) = 64 17.00 21.40 38.40 55 1.4
65 (+9) = 74 22.00 36.63 58.63 62 1.3
S 75 (+7) = 82 17.00 50.24 67.24 74 0.9
85 (+4) = 89 15.60  67.66 83.26 81 0.8
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overall decline in annual P:B ratio with
increasing size. A population consisting
of small individuals (15 to 65 mm) will
thus have both a larger gonad output and
a higher flesh production, per unit bio-
mass, than one comprised of very old in-
dividuals, and is hence to be preferred
for culture purposes. The higher produc-
tivity of smaller individuals is a fac-
tor of the greater volume of water
pumped per unit 02 consumed, resulting
in a greater percentage scope for growth
(Griffiths and King, 1979).

It is of interest to compare the pro-
duction rates recorded in nature with
those obtained by Griffiths and King
(1979) in short-term experimental
studies. The production rates given in
Table 3 are the equivalent of percentage
increments in body energy of approxi-
mately 2.5% day~! at 15 mm, 0.5% at
50 mm and 0.25% at 75 mm shell length.
The relationships of these values to one
another are similar to those recorded by
Griffiths and King, who show that small
mussels attain far higher percentage
growth rates than do larger ones held at
equivalent ration. Under laboratory con-
ditions, the above growth rates would
have been recorded under ration levels
of between 0.7 and 1.8 mg dry weight Du-
naliella primolecta 1=1, By comparison, 24
readings of suspended particulate organ-
ic matter taken 0.5 m above mussel beds
at the study site gave values between
0.7 and 5.5 mg l“ﬂ with a mean of 3.3 mg
1-1. Although these values are consider-
ably higher than predicted, the energet-
ic value of natural detritus is probably
well below that of pure b». primolecta cul-
ture, while some of the natural parti-
cles may also be too large for mussels
to consume., Alternatively, mussels may
be unable to maintain the production
rates recorded in laboratory studies for
extended periods and this may account
for the low growth rates observed in na-
ture. .

Whatever the reasons for these dis-
crepancies, it is evident that food lev-
els in the field vary unpredictably over
a wide range, with the result that pro-
duction rates must also fluctuate. It is
not clear how the available resources
are allocated between somatic growth and
gonad production, although the consider-
able variations in weight loss per
spawning (Fig. 4) indicate that this
factor is strongly influenced by envi-
;onmental conditions. Successful spawn-
ings may well follow periods of upwel -
ling or of rough sea conditions which
provide abundant food and allow for rap-
id gonad maturation, such conditions oc-—

Date of final manuscript acceptance: May 11,

1979,

curring at different times and with dif-
ferent intensities from year to year.
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teria are a major component of the mi-
crobial population. Although blge—green
algae were observed under the microscope,
they were not abundant and their numbers
were too low for statistical analysis.
As many animals feed on organic aggre-
gates, the data on their muramic agld
content is in agreement with the views
of Sorokin (1974) that bacteria have an
important trophic role in reef environ-
ments.
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