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Aspects of reproduction associated with the use
of a segmented regression to describe the
relationship between body weight and
shell length of Mytilus edulis
P. N. Salkeld*
Plymouth Marine Laboratory, Prospect Place, West Hoe. Plymouth PL1 3DH. United Kingdom

ABSTRACT: Data on total dry tissue weight and shell length were obtained from a n intertidal population of Mytilus edulis located in an estuary in SW England. Representation of the loglotransformed data
is significantly improved by the use of a segmented regression instead of a single linear regression.
There is a significant reduction in the slope (b) of the regression, relating total dry tissue weight (y) to
shell length ( X ) , for mussels over 50.3 mm. This pertains also to the component tissues: mantle (at
50.1 mm shell length), digestive gland (at 60.4 mm) and remainder (at 52.7 mm). Weight of mantle tissue and of digestive gland does not change (b E 0), whilst remaining tissue increases, but at a reduced
rate, as shell length increases in excess of these respective sizes. Stereological examination of sections
of mantle tissue were made throughout the year. Results indicate that h ~ g hlevels of reproductive tissue
(i.e. >80% of mantle volume) are achieved in half as many large ~ndividuals(mean shell length
64.7 mm) as in 2 smaller size groups (means of 35.1 and 50.4 mm). These results suggest that reproductive effort increases to a maximum at a shell length of approximately 50 mm, thereafter declining as
size increases. A segmented regression is also appropriate to describe the relationship of total tissue
and mantle tissue weight to shell length of a sample from another estuarine population, but not from a
wave exposed, open shore population. Reasons for these observations are discussed in the context of
the feeding: metabolism ratio, availability of food and age.
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INTRODUCTION
Body weight changes in bivalve molluscs are intimately associated with the seasonal cycle of growth,
storage/utilisation of reserves and reproduction (Gabbott 1975).In population studies, size (e.g. shell length)
is often related to total or component tissue weight by
means of linear allometric regressions of the log-transformed data. In studies of Mytilus edulis, this method
has been used for both inter- and intra population comparisons of production (Rodhouse et al. 1984, Asmus
1987), and together with estimates of growth, has facilitated the modelling of annual and seasonal growth
and reproduction (Bayne & Worrall 1980, Kautsky
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1982). General reviews of allometry include: Gould
(1966),Smith (1980) and Labarbera (1989) and specifically for M . edulis, Seed & Richardson (1990).
In species where age or ontogenetic stage can be
identified (e.g. some crustaceans; Teissier 1960, Gould
1966, Aldrich 1974) critical breaks may be used to separate appropriate allometric relationships. In bivalves,
particularly Mytilus edulis, whilst it is possible to
determine age (Lutz & Rhoads 1980) and status of
reproductive development (Lowe et al. 1982), the cost
of so doing may be prohibitive for routine population
investigations, so a single linear regression may be
imposed that covers the range of sizes being examined. This is often a satisfactory representation - both
statistically and historically - but as reviewers such as
Smith (1980) and LaBarbera (1989) point out, alternatives are seldom examined. The availability of appro-
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priate software has, however, allowed greater flexibil~ t yof analytical procedures. For example, Chappell
(1989) describes methods to fit bent lines to data, and
Ebert 81 Russell (1994) use nonlinear regression to
determine the 'point in ontogeny where the development of y begins relative to X'.
Criticisms of the pract~caluse of linear regressions to
predict body weights of mussels of a 'standard size'
with time have been made by Hilbish (1986).H e shows
that unless shell growth can be considered to be trivial,
the effect of uncoupled growth of shell and tissue may
produce substantial errors. Vahl (1985) also questions
the suitability of the method when cohort survival,
sample size and range may influence regression parameters. Further detractions from the interpretive value
of such regressions are the difficulty of separating the
effects of size, as distinct from age, on tissue weight,
and the assumption that any cause of weight change
with time is appropriate, synchronous and proportionate throughout the size range of interest.
Vahl's (1985) concerns about the use of linear allometric regressions arise from his study of a population
of Chlamys islandica, where the slopes of regressions
of both soma and gonad weight (prior to spawning),
against shell height, showed a progressive decline as
progressively larger specimens were analysed. He
noted a marked decline in gonad output of scallops
with shell height greater than 80 to 85 mm, and considered this observation in the context of population
dynamics, life history evolution and quantitative reproductive senility (Peterson 1983).
The present paper is concerned with the analysis of
shell length and tissue weight data of Mytilus edulis
from a population over a n annual cycle; it was noted
that the slopes of the regressions of log tissue weight
on log shell length were consistently reduced if smaller
mussels were excluded from the analysis. The similarity to Vahl's (1985) observations are notable, but here,
alternatives to the linear regression, in particular a
segmented regression model (Chappell 1989), are
investigated. This method allows identification of a n
inflexion in the data if the relationship between tissue
weight and shell length changes. Interpretation of the
results is discussed in association with reproductive tissue profiles, derived from the stereological examination of the mantles of 3 size groups of these mussels.

The mussels were transferred to pairs of cages situated
approximately 15 cm above the substratum, which
were positioned at 3 tidal levels, all within the vertical
distribution of the natural population and in the same
locality.
The cages, measuring 61 X 61 X 10 cm (length X
width X height), were made of plastic-coated wire
mesh (12.5 mm2) and were divided internally into 4
equal compartments. Each cage had a hinged lid to
allow access for sampling. During 3 d, from 15 to 17
June 1983, 4 5 individuals of each size group were
placed in each compartment of each of the 6 cages. A
size range of 48 mussels was collected at the same time
to provide data on the initial status of the mussels
(Sample 1). Subsequent samples (2 to 10) of each size
group were taken from the cages on the following
dates: 12 August, (no mid-sized specimens collected), 7
October, 2 December 1983 and 6 February, 17 February, 16 March, 30 March, 13 April and 15 June 1984.
These 'caged' mussels form the major subject of this
paper, but to ensure relevance to the undisturbed population, an independent data set (C. M. Worrall unpubl.) is also examined: these samples were taken
directly from a central part of the same intertidal mussel bed, over the same period of time and are specifically referred to in the text as 'undisturbed' samples.
In the laboratory, shell length was measured to the
nearest 0.1 mm, using vernier calipers; body tissues
were removed from their shells and the wet weights of
the digestive gland (with the exception of the 2 March
samples), mantle tissue and remainder were determined. A weighed plece of mantle was taken from a representative sample (n = 30) of each size group and fixed
in Baker's form01 calcium. This was used for subsequent
stereological assessment of the quantity of reproductive
tissue; all the other tissues were placed together in a
preweighed via1 and freeze-dried.The dry weight of the
'und~sturbed'mussel tissues was determined after drying in a n oven at 80°C to constant weight. Where appropriate, the ratio of wet to dry weight for each individual
was used to compensate for the small quantity of mantle
tissue removed. Dry weights of the mantle, digestive
gland and remainder were determined from the ratios
of their respective wet weights.
The standard allometric regression equation was used
to relate tissue dry weight y (g) to shell length X (mm):
log,, y = logloa + b 1 0 g , ~ x

MATERIALS AND METHODS
Mussels of 3 distinct size groups (20 to 25, 40 to 45
and 60 to 65 mm shell length) were collected in June
1983 from the indigenous, intertidal, estuarine population on Beggars Island, situated at the confluence of
the Rivers Lynher and Tamar in southwest England.

where a and b are the fitted Intercept and slope
respectively. Statistical analyses, fitting of linear and
nonlinear regressions and graphic illustrations were
performed using SAS (SAS Institute Inc. 1985a, b) procedures.
The stereological analysis of the fixed mantle tissue
followed the methods of Lowe et al. (1982), but here,
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only the percentage volume fraction of reproductive
tissue (this includes gametogenic cells and gametes at
all stages of development) is recorded. Males and
females were analysed together because there is no
evidence to suggest differences in their gamete output,
mantle weights, timing of gametogenesis or spawning
(Sprung 1983, Okamura 1986 and author's unpubl.
obs.). The sections of mantle tissue used for this analysis were only identified to the level of size group:
determination of the total weight of reproductive tissue
per individual was therefore not possible.
A further sample of mussels was taken from this
Lynher site, and 2 other intertidal populations situated
on the south coast of Devon, UK, on 3 consecutive days
(4 to 6 February 1992):Whitsand (exposed rocky shore,
size range 19.9 to 77.2 mm shell length), Exmouth
(estuary, 22.1 to 66.3 mm, mussel bed No. 30; see
McGrorty & Goss-Custard 1991) and Lynher (estuary,
18.0 to 76.0 mm) respectively. Shell lengths were measured, and the dry weights of total tissue and mantle
tissue were determined by oven-drying the separated
tissues to constant weight at 80°C .
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RESULTS

Whole body weight
In order to represent the overall relationship between total tissue dry weight (TDW) (g), and shell
length (Len) (mm) for the experimental period, a n
equal number (83) of data pairs were randomly selected from samples 2-4, 6, 9 and 10 (collected at intervals of approxin~ately2 mo). A standard linear regression was used to fit the data after logiotransformation.
The following equation (with 95 O/o confidence limits in
parentheses) was calculated:

This single linear regression, however, did not produce a visually acceptable fit to the data (Fig. l a ) ,
despite being highly significant (p < 0.001) with a correlation coefficient (R2) of 0.79. The asymmetry,
defined by the shape of a fitted cubic regression to a
plot of the residuals against log,, length (Fig. l b ) , was
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Log~oLength(mm)
Fig. 1. Mytilus edulis. (a)Scatter plot, with fitted linear regression, of (loglo transformed) total dry tissue weight, against
shell length, for samples 2-4, 6 , 9 and 10 In = 498). (b) The
residuals, from the linear regression, plotted against loglo
shell length (mm). Asymmetry, with respect to a residual
value of 0, IS highlighted by the horizontals and the fitted
cubic regression
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Fig. 2. Mytilus edulis. (a) Scatter plot of the same data as in
Fig. 1. Here, 2 regressions, joined at a n inflexion point (segmented regression), are fitted. The location of the inflexion
on the length axis is shown by the perpendicular at 1.702
(5.03 mm). (b) The residuals, obtained by fitting the segmented regression, plotted against logto shell length (mm).
The scatter, and the fit of a cubic regression, should be
compared to that in Fig. l b
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taken as confirmation of a poor fit. The data were
reanalysed to incorporate 2 contiguous straight lines,
joined at an inflexion polnt (Chappell 1989).The SAS
Procedure NLIN (SAS Institute Inc. 1985a) was used to
determine the best fit, and location of the inflexion, by
the method of least squares. This provided a better fit
(Fig. 2a) with a more balanced plot of the residuals
(Fig. 2b); the correlation coefficient was marginally
improved to 0.81 and the confidence limits increased
substantially, but the significant reduction in the residual sum of squares from 11.60 to 10.20
= 33.90,
p <0.001),confirmed the acceptability of this method of
data analysis. The equations of the 2 regression lines
were:
Lower segment regression:
logloTDW = -5.13 (k0.380)+ 3.01 (k0.222)logloLen
Upper segment regression:
logloTDW = -1.88 (k0.711) + 1.10 (k0.437)logloLen
The point of inflexion on the length axis was 1.70
(k0.028)or 50.3 mm (+3.36/-3.16) (Fig. 2a).
To confirm that the data had not been the subject of
an unknown bias, the analysis was repeated on independent data (Worrall unpubl.), derived from the
'undisturbed' mussels of the same size range (19.25 to
71.85 mm). The equivalent single regression was:
logloTDW = -5.00

+ 2.89 (c0.166)logloLen
(n = 152)

( k 0.271)

The 2 contiguous regressions were:
Lower segment regression:
logloTDW = -6.27 (k0.468)+ 3.75 (c0.284) logioLen
Upper segment regression:
logIoTDW = -1.97 (k0.876) + 1.17 (k0.550)logloLen

Log10 Length (mm)

Fig. 3. M y t ~ l u sedulis. A segmented regression fltted to (log,,,)
weight-length data obtained from und~sturbedmussels (Worrall unpubl.; see text and Table 2) (n = 152). The inflexion is
located on the length axis at 1.665 (46.2 mm) (cf. Fig. 2a)

The residual sum of squares was again significantly
reduced from 4.16 to 2.74 (F2,148
= 40.9, p < 0.001). The
point of inflexion was 1.665 (k0.033) or 46.2 mm
(+3.62/-3.44) (Fig. 3). This is taken as confirmation
that a distinct change in the relationship between tissue weight and shell length occurs when these mussels, whether caged or undisturbed, reach a length of
approximately 50 mm.
The use of a curve to represent the distribution of the
'caged' data was also considered; however both quadratic and cubic regressions produced residual sums of
squares greater than that of the segmented regression.

Table 1. Mytilus edulis. Data means of total tissue dry weight. for 10 selected
shell lengths (*l mm). The deviation between these and the calculated estimates from the linear and segmented regressions [see Table 2, total tissue
(caged)] are expressed as percentages
Shell
length
(mm1

Data
mean
(g1

L ~ n e a rregression
Estimate Deviation
(%)
(g)

Segmented regressions
Estimate Devlatlon
(9)
(%,l

p

25

30
35
40
45
50
55
60
65

70

I

Median absolute dev~ation

12.6

59

1

Comparison of whole dry tissue weight
estimation

In Table 1, both the linear and the pair
of segmented regressions are used to
calculate the total dry tissue weight of
mussels of a sequence of 10 different
'standard' shell lengths. The mean dry
weight of individuals of the same shell
lengths (*l mm) extracted from the data,
are then compared with the 2 calculated
estimates; the deviation is expressed as a
percentage. The median absolute deviation of these 10 estimates is significantly
reduced from 12.6 for the linear regression estimates to 5.9 for the inflexed
regression estimates (Mann-Whitney test,

14 J u n e 1984

13 April 1984

30 March 1984

16 March 1984

17 February 1984

6 February 1984

2 December 1983

122

7 October 1983

48
83

l

Sample

1 l August 1983

16 J u n e 1983

Date
RSS-L

0.36
1.19
2.81

Linear regression

-4.35 (*0.245)+ 2 39 ( + 0 150)X
-3.67 (k0.272)+ 2 . 0 8 ( k 0 . 1 6 4 ) ~
-4.12 (k0.348)+ 2.42 (t0.207)X

-5.70 (k0.711)+ 3.32 (t0.436)X
-3.31 (t0.439)+ 1.81( t 0 . 2 5 7 )X
5.65 (+O981) + 3.42(-+0.790)x
-1.47 (k3.20)+ 0.86 (21.53)X
-6.47 (k0.975)+ 3.96(*0.615)X
-1.60 (t0.864)+ 1.00( ~ 0 . 4 9 4X)

Segmented regressions
Lower segment
Upper segment

1.88

1.01

0.19

RSS-S

43.9 (k3.67)

43 4 (t11.35)

37.4 (i4.65)

FLEX
(mm)

29.2

7.0

19.7

Table 3. Mylrlus edulis. Formulae for the linear and pair of segmented regressions relating loglototal tissue dry weight Cy, g ) to logloshell length (X, m m ) , for each sample
from J u n e 1983 to J u n e 1984. S e e Table 2 for explanation of column headings and errors. All values of F a r e significant (p < 0.01), except J u n e 1984 where F IS not s~gnificant
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Fig. 5. Mytilus edulis. Illustration of the 9 segmented regressions (June
1983 to April 1984) and linear regression (June 1984) presented in
Table 3, relating (y) [loglodry tissue weight (g)], to (X) [logloshell
length (mm)].The regression lines are connected laterally at regular
intervals to highlight the changes between them; the inflexion points,
between the upper and lower pairs of each segmented regression, are
also connected laterally

frequency of individuals occupying each 20% GVF
interval (illustrated with 5 grades of hatching intensity)
is plotted cumulatively on the vertical axes; on the horizontal axes, the vertical dividing lines represent the
mid-point between each consecutive sample, and the
boundaries are located at the time of the first and last
sample dates [the data include the August samples for
the small (Fig. 6a) and large (Fig. 6c) sizes; a key is
inserted where data are missing for the medium size
(Fig. 6b)J.
The figure shows that: (1)during the months of major
gametogenic activity (February to April, samples 5 to
g), the proportion of all mussels examined, in each size
group, that have more than 80% reproductive tissue in
their mantle are: 50.7 % (small),44.8% (medium) and
24.2% (large); and (2) for the remainder of the year
(June to December, samples 1 to 4 and 10) the quantity
of reproductive tissue is much lower, but increases
with size. Thus the proportions of these mussels with
the minimal quantity of reproductive tissue (< 20 %) in
their mantles are: 90.8 % (small),70.3 % (medium) and
62.8 % (large).
These same data (excluding all August data) are
displayed in Fig. 7a (small), b (medium) and c (large)
as frequency histograms. Whilst the overall % GVF
is shown for each size group, the distribution of the
data cannot be described with summary statistics.
An analysis of the (cumulative) distributions (Kolmogorov-Smirnov 2-sample test) indicates that the
data from the large n~usselsdiffers significantly from
the other 2 sizes (p < 0.01), whilst the small and
medium sizes are not significantly different (p > 0.05).
In order to identify the location of these differences,

the absolute frequency of mussels in each
20% GVF interval is compared for each size
group with a chi-squared test; this confirmed
the results of the Kolmogorov-Smirnov test,
and of all the 15 paired comparisons (3 sizes,
5 intervals) only 3 were significantly different (p < 0.05). Th.us, there are fewer small
mussels in the 20 to 40% GVF category than
large mussels - explained by the greater
synchrony of reproductive tissue production
in the smallest size group (Fig. 6), and that
half as many large mussels achieve more
than 80% reproductive tissue in their mantles as small and medium sized specimens
(Fig. 6).

Population comparison

The relationship between log,o dry tissue
weight (total and mantle) and log,o shell
length for the 3 populations, sampled in February 1992, was investigated as described above, the
results are presented in Table 4.
No significant reduction of residual sum of squares
can be achieved with a segmented regression compared to a single linear regression between tissue
weight (total and mantle) and shell length for the Whitsand sample. For the Lynher and Exmouth data (both
tissues), there is, however, a significant (p < 0.001)
reduction of residual sum of squares; the location of the
inflexion is different for the 2 populations, but is not
different for the 2 tissue categories within the populations (overlapping 95 % confidence intervals).

DISCUSSION

These data provide evidence that substantial nonlinearity in the relationship between loglo-transformed
dry tissue weight and shell length of Mytilus edulis can
occur. Use of 2 contiguous allometric regressions, a
segmented regression (Chappell 1989), can significantly reduce the associated residual sum of squares
when compared with that obtained with a single linear
regression, and so improve the representational quality of the model (Table 1).This is found in 3 sets of data:
the first from caged mussels; the second from the
undisturbed mussels from the same population at the
same time; and the third from 2 of 3 separate population samples (Tables 2, 3 & 4).
Other examples of a change in the relationship between body weight and shell size, within a discrete
population of mytilid bivalves, can be found in the literature. Illustrations of data in Seed (1973, Fig. 2) and
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g. 6. Mytilus edulis. Reproductive tissue profiles from the stereological
amination of the mantles of 3 sizes of mussels: (a) small [shell length
5.1 mm 5.0 (SD), n = 2811, [b) medium (50.4 mm + 4.8, n = 245) and
large (64.8 mm t 2 8, n = 261). The proportion of tlssue in edch m.antle
ntaining gametogenic cells and gametes, at all stages of development ("G
VF), is allocated to 1 of 5 levels (see key in b): the percentage of mussels in
ch level IS then plotted cumulatively on the y-axis. The verticals represent
e mid-point between each sample collection, the boundaries are located at
the t~rneof the f~rstand last collection dates

*

Dare 11976, Figs. 13(A) & 14(A)] suggest
reduced tissue weight for mussels in excess of approximately 30 to 40 mm.
Theisen (1968), working with a very wide
size range (6 to 86 mm) of cultivated mussels from the Danish Wadden Sea, notes
the opposite case - a n increase in slope
at a shell length of 45 mm. Hosomi (1985),
with a slmilar size range of the closely related M. galloprovincialis, identified a
specific length (15 mm) where the slope
decreases. Similarly Kuenzler (1961) related the cube root of body weight to shell
height of the mussel Modiolus (= Geukensia) demissa and observed an inflexion at
25 mm (length equivalent = 62.5 mm); h e
suggests the onset of sexual maturity as
the cause. But the data presented here locate the inflexion at a size well beyond
such a stage [reproduction commences at
< l 0 mm shell length in the Lynher population; Lowe pers. comm.; see also Sprung
(1983) for comparisons of the size a t which
reproductive activity commences in
Mytilus edulis].
When the weights of the 3 component
tissues of the caged mussels - mantle, digestive gland and remaining tissue - are
analysed, they all demonstrate the inflexed relationship observed in the whole
tissues (Table 2). The reproductive tissue
(mantle) shows the most marked degree
of inflexion: from b = 3.94 for the lower
regression, to b = -0.31 for the upper;
the undisturbed mussels have a n even
greater difference. The digestive gland
and remainder show less difference between the slopes of the lower and upper
segment regressions. When the observation on the mantle is considered alongside
the stereological analysis of this tissue
(Figs. 6 & ?), then it is concluded that, unless there is a change in the quality of the
gametes, the weight-specif~c reproductive potential declines in the population as
size increases beyond a shell length of approximately 50 mm.
Such a conclusion is not only significant
because of its possible effects on the population dynamics of mussels, but also
because it contrasts with much previous
work that records or estimates reproductive output to increase with size as the
energy required for growth declines
(Thompson 1979, Bayne & Worrall 1980,
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S

P

0

I
-----------------------------------------------

0

0

Frequency
0

m

n

90

90

86

86

86

81

Population (tissue)

Whitsand (total)

Lynher (total)

Exmouth (total)

Whitsand (mantle)

Lynher (mantle)

Exmouth (mantle)

RSS-L

0.88
1.31
1.57
6.50
7.74
6.60

Linear regression

-5.84 (20.233) + 3.27 (k0.141)X
-5.76 (k0.296) + 3.34 (20.178)X
-4.54 (i0.351)+ 2.55(k0.217)x
-8.14 (k0.729)+ 4.14 (t0.437)X
-9.15 (k0.869)+ 4.96 ( t 0 . 5 1 8 )X
-5.99 (i0.818)+ 2.98 (k0.501)X

-6.27 (i2.33) + 3.57 (k1.10)X
-5.72 (i0.352) + 3.20 (20.266)X
-6.37 (i0.288) + 3.74 (i0.201)X
-1.33 (k2.65)+ 0.87 (21.08)X
-6.57 (k1.04)+ 3.93 (k0.680)X
-3 11 (k0.635)+ 1 . 7 2 ( * 0 . 3 5 0 ) ~
-8.27 (k0.881)+ 4.22 ( t 1 . 0 2 )X
-3 59 (%10.4)+ 1.65 (k7.93)X
-12.0(k1.36) t 6.79(+0.765)x
-2.08 (+0.742) + 0.98 (k1.62)X
-11.7 (i2.98) + 6.81 ( k 1 . 6 8 ) ~
-2.83 ( i l . l l )+ 1.13 ( k 0 . 7 0 1 ) ~

Segmented regressions
Lower segment
Upper segment

3.94

4.83

6.44

1.07

0.86

0.87

RSS-S

36.6 ( ~ 3 . 3 )

51.2 (k3.9)

66.1 ( t 1 6 . 6 )

36.9 ( t 3 . 9 )

57.4 ( i 3 . 6 )

30.8 (k29.2)

(mm)

FLEX

260

24.7

0.4

19.2

0.5
22.5

F

1

1

Table 4. Mytilus edulis. Formulae for the linear and pair of segmented regressions of 3 populations (sampled February 1992) relating loglototal dry tissue weight and dry
mantle tissue weight (y, g ) to log,, shell length (X, mm). S e e Table 2 for explanation of column headings and errors . The values of the variance ratio (F)for both total and
mantle tissue from Whitsand are not significant, in all other cases F is significant (p < 0.001)
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rate (energy loss); this results in a negative relationship
between body weight and the feeding:metabolism
ratio (Vahl 1973). So, under circumstances of poor food
quality ( e . g ,during winter; Widdows et al. 1979),large
mussels, with reduced but relatively high maintenance
requirements (Bayne & Newel1 1983), may lose a relatively greater proportion of energy reserves than
smaller mussels. This situation would then be reflected
in a reduction in gamete production, which is known to
occur even after short periods of starvation (Bayne et
al. 1978, 1982, Pipe 1985).
Jargensen (1976) suggests that these physiological
processes are important in the determination of the
final size of mussels. Whether they entirely explain the
discontinuity in this data requires further study; but in
the natural environment, particularly in dense sessile
populations such as this Lynher population, other factors may interact with the processes outlined above.
For example: intraspecific competition for food (Wildish 197?), availability of food (Frechette & Bourget
1985, Frechette et al. 1989) and space (Hosomi 1987,
Hughes & Griffiths 1988), interference competition
through the impairment of valve gape, thus reducing
pumping rate (Famme et al. 1986, Frechette et al.
1992),size-related aspects of mobility and byssus production (Allen et al. 19?6), and the greater sensitivity
to disturbance of feeding in larger mussels ( J ~ r g e n s e n
1976).
These nutritional aspects (see also Seed 1976, Seed
& Richardson 1990) are all important to growth rate
a n d reproduction, and must contribute to the variability of the ultimate size of mussels in different populat i o n ~ .But, within the constraints of environment and
genotype (Koehn & Gaffney 1984), growth per se is
dependent on age, and this factor may provide, as follows, a n additional explanation.
In their investigation of this population, Bayne &
Worrall (1980) illustrate (their Fig. 3) a linear relationship between age and shell length for mussels between the ages of 2 and 5 yr [see also Gardner &
Thomas (1987) for another example of linearity between the ages of 1 and 3.5 yr for a population exhibiting indeterminate growth);thereafter there is a distinct
reduction in shell growth as the plateau of the growth
curve is approached. Using their von Bertalanffy
growth equation, the shell length a t that age of 5 yr is
52.4 mm, and is remarkably similar to the length coordinate of the inflexion in the total (50.3 mm), mantle
(50.1 mm) and remaining (52.7 mm) weights of tissues
presented here (Table 2). This circumstantial evldence
is of sufficient note to suggest that the age/size of 5 yr/
-52 mm may constitute a critical stage in the life history of these mussels: as growth ceases there is a
change in the allometr~crelationship between shell
length and the constituent tissues This could repre-

sent the onset of quantitative reproductive senescence
(Peterson 1983), but it could also mark a change in
reproductive strategy.
Such a strategy, to be consistent with the allometry,
the stereological data and with the accepted view that
reproductive output increases as growth declines (see
above for references), requires evidence on the rate
and quality of reproduction. The data presented here
(Figs. 6 & 7) suggest that small and medium size (<Syr)
mussels reproduce synchronously and intensively (i.e.
mantles containing a large proportion of reproductive
tissue), whilst large ( > 5yr) individuals reproduce more
frequently (perhaps twice yearly) and less intensively;
further, more detailed studies are required on the interaction between size, age, availability of energy, its
rate of allocation to growth, mainainance and reproduction and the timing and duration of the reproductive cycle.
The examination of the weight-length relationships
of the 3 populations sampled in February 1992 (Table
4 ) , although representing only 1 sample, is instructive.
The data from the Lynher population are consistent
with the results of the 1983 to 1984 survey, with inflexions located at 57.4 mm (total tissue) and 51.2 mm
(mantle). The other estuarine population (Exmouth)
also exhlbits an inflexion, but a t a substantially different shell length (36.9 mm for the total and 36.6 mm for
the mantle). The age of this size of mussel, from this
site, is approximately 4 yr (S. McGrorty pers. comm.),
suggesting that this change in allometry begins at an
earlier age than those from the Lynher population. The
mussels from the exposed rocky shore (Whitsand), on
the other hand, show no inflexion in the data. Therefore, to be consistent with the above, it is suggested
that these mussels may not reach the age at which this
change occurs, and have indeterminate growth characteristics owing to factors (e.g. exposure to waves) not
found in the estuarine environment.
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