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ABSTRACT: The timing and intensity of spawning events in 4 southern African mussel species were
deduced from fluctuations in the dry flesh weight of standard-sized individuals, as calculated from
monthly length-weight regressions. The sex ratios in 3 of the 4 species (Aulacomya ater, Choromytilus
meridionalis and Perna pernaj were biased in favour of males, but this was not the case for Mytilus
galloprovincialis. The calorific value of females was higher than that of males in all species. A. ater
spawned 3 times a year, although these spawning events differed considerably in timing and intensity
between years. C. meridionalis and M. galloprovincialis generally showed 2 protracted spawning
seasons, one each during summer and winter. P. perna from Natal spawned over an extended period
from May/June to December, while those from the Cape and Transkei had a well-marked winter
spawning, accompanied by either 1 extended, or 2 discrete, spring or summer events. Gamete build-up
and release resulted in marked variations in flesh yield. This was greatest in M. galloprovincialis, where
dry flesh weight can vary 3-fold between ripe and spawned conditions at a length of 65 mm. Equivalent
values for A. ater, C. meridionalis and P. perna were 2.3-, 2.8- and 2.2-fold respectively. Total individual
reproductive output was greatest in A. ater, because of its 3 annual spawnings, followed by M.
galloprovincialis, C. meridionalis and P. perna. When extrapolated to a population level, beds of mussels

Published September 26

were estimated to release 3.4 to 10.4 kg wet mass gametes m~

subsidy to adjacent benthic and pelagic communities.

INTRODUCTION

The reproductive biology of marine mussels has been
a topic of research for over 50 yr, and the subject has
been reviewed several times, notably by Fretter &
Graham (1964), Seed {1976}, Sastry {(1979), Suchanek
(1985) and Griffiths & Griffiths (1987). A knowledge of
the timing and intensity of spawning events is of par-
ticular importance to the mussel culture industry, since
it can be used to predict subsequent spat settlement.
Gamete release also has an immediate and important
effect on the market value of the adult stock, since over
half the total wet flesh mass can be lost in a single
spawning event (see for example Griffiths 1977). In a
wider ecological perspective mussel gametes can act as
a significant energy subsidy to the pelagic and benthic
filter-feeding communities adjacent to the beds. Grif-
fiths (1981a) has, for example, estimated that Choromy-
tilus meridionalis populations can release as much as
19.8 kg wet mass gametes m~ 2 yr~! into the overlying
water column, while Kautsky (1982) estimates repro-
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2 yr~! This represents a large energy

ductive output by Baltic Mytilus edulis as equivalent to
half the total zooplankton production in the area. Since
mussels are major space-occupiers, the frequency and
intensity of spat settlement also has a profound influ-
ence on the communities colonizing both natural rocky
shores and man-made structures. These effects include
build-up of fouling layers, the displacement or facilita-
tion of other sedentary species and the provision of
food for a variety of predatory forms, including man (for
review see Suchanek 1985).

The southern African coastline is colonized by 4
abundant mussel species, the distribution patterns and
diagnostic features of which are described by van
Erkom Schurink & Griffiths (1990). One of the species,
the brown mussel Perna perna, is a warm-water form
which extends from Mocambique to the southwestern
Cape, but is rare along the Cape west coast, reappear-
ing again in northern Namibia. The remaining forms,
the ribbed mussel Aulacomya ater, the black mussel
Choromytilus meridionalis and the introduced Medi-
terranean mussel Mytilus galloprovincialis, achieve
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their maximum biomass along the cooler west coast,
although they all penetrate eastwards along the south-
ern Cape coast at reduced densities.

Several earlier studies have addressed the reproduc-
tive biology of these species. In the case of Perna perna
reproductive cycles of populations from the Durban
area (Berry 1978) and from Transkel (Lasiak 1986) have
been documented, while some additional information
is available on settlement patterns along the southern
Cape coast (Crawford & Bower 1983). Reproductive
cycles of Aulacomya ater from the Cape Town area are
described by Griffiths (1977) and Griffiths & King
(1979), the latter also providing quantitative estimates
of gamete output. In the same area Griffiths (1977,
1981b) estimated reproductive output in several differ-
ent populations of Choromytilus meridionalis. No pre-
vious studies have examined southern African Mytilus
galloprovincialis, although a number of authors have
documented their spawning behaviour in the northern
hemisphere, as reviewed by Seed (1976).

Our principal objective here is to compare the
spawning cycles and reproductive output in southern
African populations of these 4 mussel species. To do so
we have elected to repeat the measurements for
Aulacomya ater and Choromytilus meridionalis, while
simultaneously measuring reproductive output for
Mytilus galloprovincialis and Perna perna in the same
geographical region (in the vicinity of Cape Town).
This has been done not only to eliminate methodologi-
cal differences between the various earlier studies, but
also to minimize interannual variations that might be
caused by temperature and other environmental condi-
tions (such as food availability), which are well known
to effect spawning intensity (see review by Seed 1976).
Such variables probably account for at least some of the
considerable Interannual variations in gonad output
noted by Griffiths & King (1979) and Griffiths (1981b).

In addition to establishing the patterns of spawning
over a 2 yr period in this single geographic region, we
incorporate other data and speculate as to the geo-
graphical and interannual variability in the reproduc-
tive cycles of southern African mussel species and
estimate interspecific differences in reproductive out-
put. The implications of reproductive activity for the
flesh yield of collected mussels as well as for the biotic
community as a whole are also considered.

METHODS

The following analyses are based upon monthly
samples of 50 mussels of each species collected during
low water of spring tides between January 1987 and
December 1988. Samples were structured to incorpo-
rate an even size spectrum of individuals over the

length range 30 mm and upwards and were taken from
the lower portion of the intertidal range. Aulacomya
ater, Choromytilus meridionalis and Mytilus gallo-
provincialis were collected at Bloubergstrand, in Table
Bay, some 20 km north of Cape Town (the same site
used by Griffiths 1977). Perna perna, which is rare at
this site, was collected from Diddo Valley in False Bay,
some 50 km to the south (Fig. 1).

In the laboratory, mussels were placed in a wire
basket and briefly immersed in rapidly boiling water
until the shell valves gaped. After rinsing in cold water
the shell length of each individual was recorded, the
byssus removed, the sex noted and the flesh trans-
ferred to an individually numbered aluminium dish to
be dried for 48 h at 55°C and then weighed.

Dry flesh weights were subsequently regressed
against shell length for each sample and the predicted
weight of a standard 65 mm individual read from the
regression equation. These data were subsequently
plotted against time to provide an index of temporal
cycles of gonad accumulation and gamete release. This
is essentially the same technique for obtaining gonad
condition used by authors such as Berry (1978), Grif-
fiths & King (1979), Bayne & Worrall (1980} and
Kautsky (1982) and has previously been correlated
with and shown to provide a realistic reflection of
gonad release in Aulacomya ater, Choromytilus
meridionalis (Griffiths 1977), and Perna perna (Berry
1978, Lasiak 1986). The uncoupling of shell and tissue
growth (see Hilbish 1986} is not the problem here that it
is in Europe, where shell growth essentially ceases
during winter. South African mussels grow fairly
evenly throughout the year.

Calorific values for the flesh of males and females of
each species were obtained by burning triplicate sam-
ples of each (derived from a pooled sample of 50
individuals of each sex) in a Digital Data Systems CP
500 Calorimeter.

RESULTS AND DISCUSSION
Sex ratios and calorific values

The mean ratios of males to females in the 24
monthly samples are depicted in the upper panel of
Fig. 2. The sex ratio (percentages) in 3 of the species
appears to be markedly skewed in favour of males, the
disparity being greatest in Aulacomya ater (66:34
males:females) followed by Perna perna (64:36)} and
finally Choromytilus meridionalis (60:40). All 3 of these
ratios differ significantly from equality (Chi-square
tests, p < 0.05). Interestingly this tendency is not exhi-
bited by Mytilus galloprovincialis, where males were
slightly outnumbered by females in the ratio of 48:52
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males:females. These proportions do not, however, sig-
nificantly differ from equality (p > 0.05).

Although not all authors give sex ratios for their
studies, populations showing similar but less marked
biases in sex ratios have been noted in the past. For
example, Griffiths (1977) gives a sex ratio of 57:43
males:females for Choromytilus meridionalis and
Lasiak (1986) one of 52:48 for Perna perna. Griffiths &
King (1979) did not state sex ratios for their population
of Aulacomya ater, but reexamination of their data
sheets shows that of 800 specimens sexed males com-
prised 53 % and females 47 %. There are no published
records of sex ratios in Mytilus galloprovincialis from
southern Africa, but a predominance of females has
been recorded in several northern hemisphere popula-
tions of the closely related Mytilus edulis (e.g. Chipper-
field 1953, Sugiura 1959, Kautsky 1982).

The ecological significance of these biased sex ratios
can only be speculated upon. A male mussel produces
ca 10* times more gametes per unit of reproductive
output than a female and both tend to spawn similar
amounts by weight (Thompson 1979). Given the pre-
sumed rapid dilution factor of sperm in the water col-
umn, it is not known whether the number of eggs
fertilized is ultimately limited by the rate of egg or of
sperm production. In any event this would probably be
strongly influenced by such factors as packing density,
spawning synchrony and water movement.

Flesh calorific values, shown in the lower panel of
Fig. 2, were marginally but significantly higher in
females than in males for all 4 species (Student's t-test,
p < 0.05). This is possibly a result of a high lipid content
of the gonad material in the mantle of females, as noted
for Mytilus galloprovincialis by Lubet et al. (1986).
Mean values were highest in Aulacomya aterat 20.8 kJ
g~ ! dry flesh, followed by M. galloprovincialis at 20.4
kJ g~! and Perna perna at 20.3 kJ g~ ', while Choromy-
tilus meridionalis flesh had a considerably lower mean
calorific value of 19.3 kJ g~!. These figures agree
closely with the previously published values of 22.1 kJ
g~ ! for A. ater (Griffiths & King 1979), 20.1 kJ g~ ' for M.
galloprovincialis (Adachi 1972, Hosomi 1985), 20.3 kJ
g~! for P. perna (Berry 1978) and 19.5 kJ g~ ! for C.
meridionalis (Griffiths 1981a). The lower values in C.
meridionalis may be a function of the frequent absence
of interfollicular storage materials in the post-spawning
gonad of this species, as discussed by Griffiths (1977).

Annual reproductive cycles

Seasonal fluctuations in the dry flesh weights of
standard 65 mm shell length individuals of each
species are illustrated in Fig. 3. The diagrams apply
equally to males and females, since earlier workers

os-| Aulacomya ater -
(Bloubergstrand)

Choromytilus meridionalis

(Bloubergstrand)

DRY FLESH WEIGHT (g)

| Mytilus galloprovincialis
‘(Bloubergsllrand) ) ) )
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(Diddo Valley)

J F M A M J J

— 1987
—— 1988
Fig. 3. Seasonal fluctuations in dry flesh weight of standard

individuals (65 mm shell length) of each of 4 southern African
mussel species over the years 1987-1988

have shown that condition factors of the 2 sexes cannot
be distinguished (Griffiths 1977, Griffiths & King 1979).
Spawning events appear on these plots as declines in
dry flesh mass, the magnitude of which can be taken as
indicative of the quantities of gametes released on each
spawning. The relationships between these fluctua-
tions in flesh weight and gamete maturation and
release in both Aulacomya ater and Choromytilus
meridionalis from the southwestern Cape have previ-
ously been demonstrated by Griffiths (1977) using
gonad sectioning techniques.

In Aulacomya ater the results in Fig. 3 appear to
show 3 spawning bouts in each year, although these
differ considerably in timing and intensity between the
2 years of measurement. The remaining species show a
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(1977) and Griffiths & King (1979), or in the other cases obtained from Dr. J. Bolton (Botany Department, University of Cape Town,
unpubl.)

fairly consistent pattern of 2 major spawnings each
year, one in spring/early summer, between September
and January, and the second in late autumn, usually
between March and June. In Choromytilus meridion-
alis this second event may comprise a single protracted
event, or a series of partial spawnings extending well
into winter.

A number of other data sets, both published and
unpublished, provide similar information as to the
spawning cycles of these species and can be used to
give an indication of interannual and geographical
variations in reproductive behaviour. An attempt is
made to interpret these patterns in Figs. 4 to 7. Each
horizontal block in these diagrams represents a year of
observation in which recorded spawnings are shown as
black histogram bars. The height of each bar repre-
sents the intensity of the spawning, expressed as a
percentage of total gonad output for that year. The

shaded areas attempt to link these events into recog-
nizable 'spawning seasons’.

Some manipulation of earlier data sets was necessary
in order to derive these diagrams [e.g. conversion of
wet to dry weights from Griffiths & King (1979) and
from adductor muscle weight to shell length from Grif-
fiths (1977)] and our interpretations of spawning events
may slightly differ from those of the original authors.
Adopting this technique should nevertheless result in
an unbiased, standardised interpretation of condition
indices from different sources.

Data sets for each species in the diagrams are
arranged vertically from east to west in order to identify
geographical gradients in reproductive seasonality. For
the 3 essentially west-coast species records are only
available from sites in the southwestern Cape, but for
Perna perna a far wider geographical range from Dur-
ban to Cape Town has been covered.
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For Aulacomya ater 6 sets of observations are avail-
able, one from False Bay and the others from along the
west coast, on or adjacent to the Cape Peninsula. The
records from the west coast all show relatively similar
patterns (Fig. 4), with 3 spawnings each year, usually
from December to February/March, April to July/
August, and September to October (December in the
case of Bloubergstrand in 1974). These events show a
high degree of variability in terms of relative intensity.

The False Bay population (Fig. 4, top panel) also
spawned 3 times during the year, but these events
appear more intense and isolated than in the west coast
populations.

The reproductive cycles of Choromytilus meri-
dionalis have been monitored 5 times in False Bay and
over 4 yr in Bloubergstrand on the Cape southwest
coast. With the one exception in the Strand (False Bay)
in 1988, where a single spawning was observed, all the
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Fig. 6. Mytilus galloprovincialis. Synopsis of known records of reproductive seasonality and output (see legend to Fig. 4 for
explanation)

records show 2 protracted breeding seasons each year
(Fig. 5). In False Bay these are very variable in their
timing, but at Bloubergstrand a consistent pattern is
evident, with one extended spawning occurring during
summer (November to February/March) and the other
in mid winter (May to August/ September).

For Mytilus galloprovincialis 3 time-series are avail-
able from sites in False Bay and 2 from Bloubergstrand
(Fig. 6). All the populations spawned over 2 usually
extended periods, with 4 of the 5 populations doing so
once in summer (October to February) and again in
winter (April/May to July). Again there was an excep-
tion in the Strand site in False Bay, where the spawning
seasons were displaced to May and to August—No-
vember.

A large number of records of the breeding seasons of
Perna perna are available and are summarized in Fig.
7. In Natal, Berry (1978) reported that most populations
spawned in 2 conspicuous peaks between May and
October (sometimes prolonged until December), the
first event being the largest. However, since some
activity occured in each month, we have interpreted
this as a single prolonged spawning season (Fig. 7). In
Transkei, Lasiak (1986) reports an extended breeding
season from April to September, with minor events
from December to February. In False Bay a rather

variable pattern is evident with a brief but intense
winter spawning that can occur between April and
August, accompanied by either 1 extended or 2 dis-
crete spring or summer events.

Settlement patterns

A further index of reproductive activity can be
obtained from seasonal records of spat settlement.
These were not monitored during the present study,
but are available from other southern African authors.

Several years of settlement data for Perna perna are
provided by Berry (1978). These suggest that major
settlements usually occur over the period from May to
August, with a secondary peak in September—-October.
During 1976, however, this second settlement was the
dominant one and resulted in a massive expansion of
mussel cover over much of the Natal coast. Less
detailed records for a site on the southern Cape coast
are provided by Crawford & Bower (1983). These sug-
gest that secondary settlements occur primarily over
summer and early autumn (November to April).

For Choromytilus meridionalis from Saldanha Bay
(some 100 km north of Cape Town), du Plessis (1977)
records a broad peak in settlement over the period
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Fig. 7 Perna perna. Synopsis of known records of reproductive seasonality and output (see legend to Fig. 4 for explanation)

October to early May, especially in October-December
of each year. In some years this was supplemented by a
further peak in March—April, or on one occasion in
June-July. Similar findings are reported by Barkai &
Branch (1988} from the same area. They report settle-
ment of C. meridionalis on sublittoral plates throughout
the period September to June, but with highest recruit-
ments from March to June. Griffiths (1981a) reports a
much more irregular pattern for her study site in False
Bay, which experienced a dense settlement in
December 1974 that was not repeated until August
1978.

There are no published data on the recruitment pat-
terns of Aulacomya ater or Mytilus galloprovincialis in

South Africa. Unpublished size-frequency analyses
undertaken by Griffiths & King (1979), however, do
show a strong settlement of A. ater occurring in Sep-
tember 1975 over a limited area. Similar patchy, inter-
mittent settlement is noted by Pollock (1979), as might
be expected from the irregular reproductive cycle of
this species. In the case of M. galloprovincialis, in
Saldanha Bay spat settle on mussel culture ropes
mainly over the summer/autumn period, particularly in
April (Atlas Sea Farms pers. comm.). Only one author
(du Plessis 1977) also measured the duration of larval
life. For Choromytilus meridionalis this is reported to
range from 31 to 60 d, with a peak of settlement
between 35 and 50 d (mean temperature 15°C). These
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estimates are somewhat longer than most field mea-
surements for other species. Mytilus edulis larvae, for
example, have an average lifespan of 3 to 5 wk (Bayne
1976, Kautsky 1982). Duration of larval life is, however,
very variable between species (see review by Sastry
1979) and is strongly influenced by a number of factors,
particularly temperature and food ration (Bayne 1976).
Moreover, pediveliger larvae (at least in M. edulis) are
known to be able to delay metamorphosis by as much
as 40d at 10°C or 2 d at 20°C if they are unable to find a
suitable substratum on which to settle (Bayne 1975).
Given this larval duration there appears to be little
correlation between the settlement patterns reported
above and the presumed spawning events shown in
Figs. 4 to 7. This may be a reflection of large local and
interannual variations in reproductive cycles, and even
more so of high and variable dispersal and mortality
during the larval stage. This is exemplified by the
successive failures of Choromytilus meridionalis re-

cruitment at specific sites in False Bay from 1974 to
1978, a period over much of which reproductive output
was known to remain consistently high (Griffiths
1981a).

Fluctuations in flesh yield

From the fluctuation in flesh mass plotted in Fig. 3 it
is apparent that the 4 mussel species all exhibit wide
disparities both in the absolute dry flesh mass of stand-
ard-size individuals and in the range over which these
values fluctuate over time. These parameters are of
particular importance to the mussel culture industry,
since the value of the crop is determined largely by the
flesh yield, especially when this is used for canning, or
sold out of the shell in processed form.

The range over which flesh mass varies in each of the
species is depicted more clearly in Fig. 8. The upper
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curve in each diagram represents the dry flesh mass to
shell length relationship in the month in which flesh
mass or condition factor is maximal (averaged over the
2 yr of measurement depicted in Fig. 3), while the lower
curve represents the corresponding minimum. The
shaded area thus indicates the range over which flesh
mass fluctuates during a typical year. Values given in
these diagrams may be converted to wet weights by
multiplying by 7.1 for Aulacomya ater (Griffiths & King
1979, Field et al. 1980), by 5.9 for Choromytilus
meridionalis (Griffiths 1981a), by 3.7 for Mytilus gallo-
provincialis (van Erkom Schurink & Griffiths unpubl.)
and by 5.6 for Perna perna (Berry 1978).

Two major features are evident from these plots.
Firstly the relationships between shell length and both
maximum and minimum dry flesh mass differ markedly
between species. Indeed dry flesh mass can vary by
almost 2-fold between individuals of equivalent shell
length but of different species. These variations are
greatest when the mussels are in a ripe condition. At
this point 65 mm individuals can vary in dry flesh mass
from maxima as high as 2.3 g in Aulacomya ater,
through 2.1 g in Mytilus galloprovincialis, to as little as
1.4 g and 1.3 g in Choromytilus meridionalis and Perna
perna respectively. After spawning A. ater retains the
highest body mass (1.0 g at 65 mm) followed by M.
galloprovincialis (0.7 g), P. perna (0.6 g) and C.
meridionalis (0.5 g). To some extent these variations
can be related to the geometry of the shells of the
different species, the internal volume of the broader A.
ater and M. galloprovincialis shells being considerably
greater than those of the narrow, laterally compressed
C. meridionalis and the often elongated, low-shelled P.
perna (see diagrams in Berry 1978, van Erkom
Schurink & Griffiths 1990).

Secondly, a comparison of the shaded areas in Fig. 8
gives a good indication of the variability in flesh mass
and hence capacity of the various species to accumu-
late and release gonad material within a single spawn-
ing cycle. Clearly this is greatest in Mytilus gallo-
provincialis, in which the accumulation of gonad
material can result in a weight increase of 3-fold over
the spawned condition (at 65 mm). Equivalent ratios for
Choromytilus meridionalis would be 2.8-fold, for
Aulacomya ater 2.3-fold, and for Perna perna 2.2-fold.
Put in another way, ripe 65 mm individuals comprise
57, 64, 67 and 54 % gonad material in A. ater, C.
meridionalis, M. galloprovincialis and P. perna respec-
tively

Note that, impressive though these figures may be,
they almost certainly represent underestimates of the
true fluctuations in weight and hence gonad output,
since they are based on averages derived from monthly
length/weight regressions. Such infrequent samples
would miss possible multiple cycles of spawning and

gonad buildup with periodicities of less than 1 mo and
are also unlikely to capture either the immediate pre-
spawning maximum, or the immediate post-spawning
minimum conditions. Moreover, asynchrony between
individuals is likely to have resulted in early spawners
depressing the ‘pre-spawning’ estimate and late ones
elevating the 'post-spawning’ regression curves, thus
contracting the true range of body weights experienced
by individual mussels.

Reproductive output

Annual gonad output is a function of both the weight
loss in each individual spawning and the frequency of
spawnings, which as discussed earlier usually occur 2
or 3 times a year. For the 65 mm mussels represented in
Fig. 3, total annual gamete output may be estimated by
summing the declines in dry flesh mass over the year.
These total 2.3 g for an individual 65 mm Aulacomya
ater, 1.7 g for Mytilus galloprovincialis, 1.1 g for
Choromytilus meridionalis and 0.7 g for Perna perna,
averaged over the years 1987 and 1988.

Clearly the larger figure for Aulacomya ater is a
function of its 3 annual spawnings, whereas in the
remaining forms, which each spawn twice a vyear,
differences result from the volume of gonad material
released at each spawning event. The approximate
numbers of gametes involved may be gauged from
values given by Thompson (1979), who estimated that
for Mytilus edulis 1 g dry gametes was equivalent to
some 20 X 10° eggs or 20 x 10!° sperm. Since packing
densities of mussel beds can exceed 1000 ind. m™? at a
length of 65 mm (Griffiths & Hockey 1987), the total
number of gametes released by mussel beds is clearly
formidable, being of the order of 10° eggs or 10*® sperm
m~?% yr1,

In energetic terms releases of gametic material of this
magnitude may have a profound effect on the entire
economy of the shore. An attempt to assess this impact
more accurately is made in Table 1, in which we com-
pare reproductive output in typical intertidal popula-
tions of our 4 study species. Mussel standing stocks at
these sites were derived from field surveys {van Erkom
Schurink & Griffiths 1990). Reproductive outputs were
then calculated on the assumption that these popula-
tions consist of 65 mm individuals, as follows. First the
whole wet mass of a 65 mm individual of each species
was calculated, using the regression equations given in
the legend to Table 1 This figure was then divided into
the standing stock to give an estimate of density. Popu-
lation reproductive output was obtained by multiplying
individual reproductive output, given above, by the
density and the wet-to-dry conversion ratios (given
above) to obtain wet equivalents of reproductive output
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Table 1 Estimated reproductive output {Pr} of representative populations of each of 4 southern African mussel species. Standing

stocks were extracted from van Erkom Schurink & Griffiths (1991} and converted to an equivalent in 65 mm mussels using the

following relationships of total wet weight (y-axis, expressed in g) to shell length (x-axis, expressed in mm): Aulacomya ater: y =

0.00005152x>2%%; Choromytilus meridionalis: y = 0.00020137x%>5%Y; Mytilus galloprovincialis: y = 0.00012106x%*°%7; Perna perna: y
= 0.00024210x>7°%. Pr/B: ratio of reproductive output to biomass

Species Site Standing stock Pr kJm=2yr! Pr/B

(kg wet mass m~?%) (kg wet mass m~2 yr}) (kg)

A. ater False Bay 20 5.0 14 547 0.31
Bloubergstrand 28 10.4 30340

C. meridionalis False Bay 19 4.2 13600 0.25
Bloubergstrand 33 9.2 29881

M. galloprovincialis False Bay 26 3.4 18753 0.16
Bloubergstrand 46 8.7 47903

P. perna False Bay 48 6.2 22421 0.13

per m2. The energy values of reproductive output are
also given, based on the calorific values in Fig. 2, con-
verted to wet weight equivalent and weighted accord-
ing to the sex ratios given in the same figure.

Clearly these values are only approximations, since
each population in fact consists of a size range of
individuals, the larger of which will contribute greater
reproductive output than assumed here, and the
smaller ones less. It is nevertheless apparent that sec-
ondary production in the form of mussel gametes can
be very significant, varying from 3.4 to 10.4 kgm~? yr~!
in the populations listed.

This secondary production can be compared to an
estimated total seaweed production of ca 1100 g C m™2
yr~! [ca 23 kg wet mass, according to the conversion
given by Newell et al. (1982)] on an exposed South
African rocky shore, as quoted by Branch & Griffiths
(1988), or 17.5kg wet mass m™ 2 yr~! total seaweed
production for a productive kelp bed on the Cape
Peninsula {Newell et al. 1982).
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