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ABSTRACT: Age and growth rates of M y t h s  eduiis from the Forties Bravo oil production platform in 
the North Sea and the Morecambe Flame gas exploration platform in the Irish Sea were assessed using 
internal growth patterns in shell sections. Clear annual growth lines in the nacreous layer were used to 
determine the age of mussels, whilst the tidally induced microgrowth bands in the prismatic layer 
enabled both the age and linear growth rate of individual mussels to be established. Considerable 
variation in individual growth rates occurred both within and between populations. No consistent 
relationship was observed between population growth rate and water depth on the 2 platforms. Age 
estimates of individuals taken from population subsamples showed that the Morecambe Flame and 
Forties Bravo platforms contained 3 and 11 year classes respectively but that these did not coincide with 
any obvious size classes present in the populations studied. The use of internal growth bands provides a 
reliable method in which individual and population growth rates can be accurately determined from a 
single sample of the population. Their use is especially valuable in habitats such as offshore platforms or 
water intake pipes where conventional methods involving repeated sampling of the population are 
difficult or impracticable. 

INTRODUCTION 

The common blue mussel Mytilus edulis (L.) is 
widely distributed in boreal and temperate waters 
especially in the littoral and shallow sublittoral zones 
where it often forms extensive mussel-dominated com- 
munities (e.g. Lewis 1964, Seed 1976, Suchanek 1985). 
In colder higher latitudes, however, it is largely 
restricted to the sublittoral zone (Kautsky 1982). M. 
edulis occurs on a wide variety of substrata, including 
rocky surfaces, compacted mud, ships hulls, pier pil- 
ings, harbour walls and in power station water-cooling 
culverts. The anival and proliferation of permanent 
offshore structures for oil and natural gas production in 
many parts of the world has provided alternative 
attachment sites for many forms of marine Life includ- 
ing mussels. The submerged portions of these struc- 
tures effectively enable mussels to extend their vertical 
distribution into much deeper water (e.g. Wolfson et al. 
1979, Ralph & Troake 1980, Fortreath et al. 1982). 

On production platforms in the North Sea Mytdus 
edulis occurs from around mean low water level to 
depths of ca 30 m (Fortreath et al. 1982). The abund- 
ance of mussels on these structures can vary consider- 

@ Inter-Research/Printed in F. R. Germany 

ably from only a few isolated individuals to situations in 
which mussels are the dominant group of fouling 
organisms. In the Santa Barbara Channel off the coast 
of California, USA, Page & Hubbard (1987) found that 
although mussels occurred to depths of 18 m, they were 
most abundant between the surface and 10 m. 

Previous biological studies of offshore platforms have 
tended to concentrate principally on the structure and 
ecology of the total fouling community together with its 
associated fish populations (e.g. Carlisle et al. 1964, 
George & Thomas 1979, Goodman & Ralph 1981). 
Dominant fouling organisms such as mussels however 
present serious problems of drag and platform stability 
which necessitate the costly routine of cleaning these 
structures in an often hostile environment. Conven- 
tional methods of measuring growth in mussels have 
usually involved the use of surface growth rings and/or 
size frequency analysis of the population but both these 
methods have serious limitations in Mytilus edulis (for 
review see Seed & Richardson 1990) and size frequency 
analysis, even when applicable, requires repeated 
sampling of the population. Clearly the ability to meas- 
ure growth rates from single population samples will be 
especially valuable in habitats such as offshore plat- 
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forms or water intake pipes where more conventional 
methods involving population sampling may be dif- 
ficult or impracticable. In this study we investigated the 
use of internal growth patterns within the shell struc- 
ture of M. edulis to estimate the age and growth rate 
from single samples of mussel populations from a per- 
manent oil production platform in the North Sea and a 
mobile exploration platform temporarily located in the 
Irish Sea. 

MATERIALS AND METHODS 

Samples of Mytilus edulis were obtained from 
approximately mean low water (MLW) and depths of 
25 m from the legs of the British Petroleum platform 
Forties Bravo operating in the North Sea off the north- 
east coast of Scotland (57" 50' N ,  01" 0' E) and from the 
legs of the British Gas exploration platform Morecambe 
Flame situated in Morecambe Bay off the northwest 
coast of England (53" 51' N,  03" 35' W). Samples were 
collected during routine diving operations on the For- 
ties Bravo platform on 17 August 1987 and those from 
the drilling rig Morecambe Flame were scraped from 
the raised legs on 9 September 1987 during site reloca- 
tion. 

Shell length (maximum anterior-posterior growth 
axis) of all mussels was measured to the nearest 0.1 mm 
using vernier calipers. Representative samples of 50 
mussels from each of the 4 samples were then selected 
for more detailed analysis. The internal shell structure 
of each mussel in these subsamples was observed by 
examining acetate peel replicas of polished and etched 
radial shell sections of resin-embedded shell valves, 
using methods previously described by Lutz (1976) and 
Richardson (1989). The age of each mussel was deter- 
mined from the prominent annual growth lines present 
in the nacreous layer (Lutz 1976) and the tidally 
induced microgrowth bands in the prismatic layer of 
the shell (Richardson 1989). The advantage of using the 
prismatic bands is that the distance between successive 
bands in this layer represents the actual linear increase 
in shell length. The lines in the nacreous layer can also 
be used to estimate growth rate but the relationship 
between the spacings of these lines and shell length 
would first have to be established. 

In order to understand how the appearance of the 
tidal microgrowth bands changes seasonally, local 
intertidal mussels were marked and grown for 1 yr 
(May 1987 to May 1988) at approximately mid-tide 
level (MTL) in a plastic mesh cage in the Menai Stralt, 
North Wales. This approach was necessary because we 
were unable to obtain permission to set up comparable 
experiments on the rigs themselves. During autumn, 
winter, spring and summer approximately 10 mussels 

were removed from the cage and sectioned and the 
appearance of the most recently formed microgrowth 
bands examined. These sectlons showed a progressive 
narrowing of the bands throughout the autumn and 
winter as growth rate slowed with declining seawater 
temperatures. Mussels from the rigs exhibited a com- 
parable banding pattern to the experimental mussels, 
and we have assumed that this is similarly season- 
related. 

From the known length of mussels of any given age, 
determined both from the nacreous and prismatic lines, 
average growth curves could be constructed for the 4 
platform populations. When constructing these popula- 
tion growth curves, data from a wide size range of 
mussels were used. Growth curves of individual mus- 
sels were obtained from measurements of the distance 
between the umbo and successive groups of narrow 
winter bands in the prismatic layer. 

RESULTS 

The arrangement of the different layers of the shell of 
Mytilus edulis is shown in Fig. 1 and 2. The shell 
consists of an outer horny periostracum, a middle calci- 
tic prismatic layer and an inner nacreous layer. Tidal 
growth bands bisect the calcite needles at 40" in the 
prismatic layer (Fig. 1A). The appearance of the tidal 
bands during the winter period of shell growth in a peel 
from a marked mussel grown at mean tide level (MTL) 
in the Menai Strait and collected in May 1988 is shown 
in Fig. 1A. The narrowing of the growth increments 
during the autumn and winter and their subsequent 
increase in width during the following spring is readily 
visible. Mussels from the oil rig and gas platform also 
exhibit this narrowing of growth increments associated 
with the reduced growth rate during winter (Fig. 1B). 

Occasionally areas within the shell could be  
observed where the regular pattern of growth bands 
was suddenly interrupted, thus resulting in a number of 
narrowly spaced bands. These disturbance lines, which 
are frequently associated with a cleft in the shell sec- 
tion and a ring on the outer shell surface (Fig. 2A), are 
associated wlth short-term cessations of growth rather 
than with any longer-term (annual) seasonal effects. 
The precise nature of these lines was verified by com- 
parison with rope-cultured mussels from Ballochmartin 
Bay in the Clyde Estuary, Scotland, which had been 
subjected to regular periods of disturbance (Fig. 2B). In 
most peels disturbance lines could easily be distin- 
guished from the narrow tidal bands deposited during 
the winter, but in a few larger, older shells, where the 
annual growth increments were small and the annual 
lines crowded together, it was not always possible to 
distinguish between these 2 kinds of growth lines. The 
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Fig. 1 Mytilus edulis Photomlcrographs of acetate peels of shell sectlons showng a narrowing of the growth Increments in the 
prismatic layer (PL) during the autumn (open arrows) a n d  narrow Increments In the wlnter (filled arrows). (A) Mussel from mean tide 
level in the Menai Strait. P: periostracum (B) Subtidal mussel from the Fortles Bravo oil production platform Scale bars = 100 ym 

annual periodicity of the nacreous lines in Plytilus edulis 75.81 + 5.82 mm, 0.385 + 0.101, and 70.54 f 3.10 mm, 
was confirmed in this study for 2-yr-old raft-grown 0.345 t 0.066, respectively. No meaningful asymptotic 
mussels in Ballochmartin Bay in which 2 annual lines regression equation could be fitted to the Morecambe 
were clearly vlsible. Fig. 2C, D shows the appearance of Bay population data in which only 4 year classes were 
the growth lines in the nacreous layer in peels of 2- and represented. The maximum age of mussels from these 2 
9-yr-old mussels respectively. offshore platforms varied from 3 yr on the Morecambe 

Age estimates obtained from growth lines present in Flame to 11 yr on the Forties Bravo. Growth rates of 
the prismatic layer (Fig. 1) and those present in the individual mussels from the subtidal population on the 
nacreous layer (Fig. 2C, D) were well correlated (in all North Sea platform illustrate the large variation that can 
cases r 3  0.862, p < 0.001); these estimates either corres- exist within any mussel population (Fig. 3D). Mussel 
ponded exactly, or, for a small number of the older number 67, for example, attained a shell length of only 
mussels, differed by only 1 or 2 yr. Fig. 3A to C illustrates 37 mm in 4 yr whilst over the same period a conspecific 
the absolute growth in shell length for the Morecambe mussel (number 13) had reached a length of 77 mm, 
Bay, Forties Bravo and combined populations respec- which 1s close to the asymptotic length (86.8 mm) of this 
tively. No significant differences or consistent relation- individual. 
ship between growth rate or water depth in these Fig. 4 illustrates the size frequency distributions of the 
populations were observed. Curves for the Forties Bravo 4 populatlons together with the estimated age  deter- 
populations were fitted uslng the Von Bertalanffy mined from subsamples of these populations. The low 
growth equation. The maximum asymptotic size (L,) intertidal population from the Morecambe Bay platform, 
and the growth constant ( K ) ,  together with the 95 '10 CI, although unimodal, included at least 4 separate year 
for the MLW and subtidal populations were classes (Fig. 4A). The subtidal sample, by con- 



Mar Ecol. Prog. Ser. 66: 259-265, 1990 

Fig. 2. Mytilus edulis. Photomicrographs of acetate peels of shell sections. (A) Subtidal mussel from the Forties Bravo platform 
showing a disturbance in growth (arrow). (B) Disturbance mark in a rope-cultured mussel shell in Ballochmartin Bay which had 
been subjected to regular periods of disturbance. (C) Two growth lines (arrows) in the nacreous layer (NL) of the shell of a subtidal 
mussel from the Morecambe Flame gas platform, and (D) 9 growth lines in the nacreous layer of the shell of a subtidal mussel from 

the Forties Bravo platform. Scale bars = 200 pm 

trast, is essentially bimodal (Fig. 4C) and whilst the 
group of smaller mussels possibly represents newly 
recruited individuals the mode of larger mussels does 
not appear to correspond to any single year class within 
this particular population. Mussels on the Forties plat- 
form achieved a n  overall greater shell length and 
included substantially more year classes than the popu- 
l a t ion~  from the Morecambe Bay platform. The subtidal 
population was again essentially bimodal (Fig. 4D) 
with a smaller mode of newly recruited mussels and a 
larger mode of much older (5 to 11 yr) individuals. 
Mussels aged 1 to 4 yr, on the other hand, appear to be 
relatively under-represented in this population. No 
obvious modes are evident in the population from the 
low intertidal population which consisted mainly of 
young mussels less than 5 yr old (Fig. 4B). 

DISCUSSION 

Size frequency distributions for some species of 
bivalves are distinctly polymodal with each mode rep- 
resenting an  indiv~dual year class. By estimating the 
mean size of these modes population growth rate can 
be assessed. This, however, is usually possible only for 
those species in which the period of recruitment is 

relatively restricted and where growth rates of indi- 
viduals within each year class are fairly uniform (Cer- 
rat0 1980). Where annual recruitment is more extended 
and individual growth rates more variable, as in many 
Mytilus edulis populations, size frequency distributions 
are of limited value in estimating population growth 
rate (Seed 1976, Kautsky 1982). In the mussel popula- 
tions studied during this investigation the only size 
class which corresponded to a particular age  class was 
that comprising first year individuals and even this was 
discernible only in the subtidal populations. All subse- 
quent year classes were impossible to separate due to 
the variability in individual growth rates which results 
in the faster growing mussels from one year class 
overlapping the slower growing mussels from previous 
year classes. Thus whilst analyses of size frequency 
distributions have previously been used to estimate 
growth rates of M. edulis elsewhere (e.g. Thiesen 1968, 
Bayne & Worrall 1980, Rodhouse et al. 1984) they are 
clearly of little or no value for estimating the age and 
growth rates of mussels studied in this investigation. 

Surface rings, resulting from seasonal changes in 
shell growth, have previously been used with varying 
degrees of success to determine the age  of Mytilus 
edulis (see Seed & Richardson 1990 for review). In the 
present study surface rings were often indistinct and 
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Fig. 3 .  Mytilus edulis. Absolute growth in shell length as determined from growth increments in the prismatic layer for the 
platform mussel populations. (A) Morecambe Bay. MLW. mean low water; ST: subtidal. (B) Forties Bravo. Von Bertalanffy growth 
curves fitted. (C) Comparison of the 4 populations. (D) Growth of numbered individuals from the subtidal population on the Forties 

Bravo platform. Von Bertalanffy growth curves fitted 

therefore unreliable indicators of age,  particularly in 
the Morecambe Bay populations. Annual growth lines 
in the nacreous layer of the shell, by contrast, provide 
an alternative method for determining the age and 
growth rate of M. edulis (see e.g.  Lutz 1976, Bayne & 

Worrall 1980, Rodhouse et al. 1984) and these have 
been used successfully in this investigation. Although 
this technique allows the age  of individual mussels and 
therefore population growth rate to be assessed it does 
not enable the linear growth rates of individual mussels 

to be determined unless the relationship between 
growth of the nacreous layer lines and shell length is 
first established. In this study sections of individual 
mussel shells grown in plastic mesh cages at MTL in 
the Menai Strait and sampled throughout the year have 
shown that the tidal microgrowth patterns present in 
the outer prismatic layer also reveal clearly marked 
annual patterns of deposition. The identification of 
these patterns, which result from the narrowing of the 
tidal growth bands during the colder winter months, 
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has for the first time permitted the past growth history 
of individual mussels to be determined. 

The first oil field to be discovered in the North Sea 
was the Montrose Field and a steel production platform 
was installed there in August 1975 (Fortreath et  al. 
1982). The 'Forties Bravo platform in the Forties Field 
lies some 40 km northwest of the Montrose Field and 
was commissioned in 1976. Using the internal growth 
lines in shell sections the oldest mussels from the 'For- 
ties Bravo' platform recorded during this investigation 
were 11 yr old; this coincides exactly with the known 
age  of this platform at  the time these samples were 
collected. Although the mussels in the 'Morecambe 
Flame' samples were estimated to be  only 3 yr old these 
too corresponded exactly to the known age of this rig. 
These observations thus confirm that the internal 
nacreous lines and the groups of narrow winter bands 
in the prismatic layer within these offshore mussel 
populations have a n  annual periodicity. 

One of the most striking features of growth in Mytilus 
edulis which has been clearly demonstrated in this 
study is the degree to which it varies amongst indi- 
vidual mussels from the same age groups within each 
population. Thus, whilst some individuals attained 
shell lengths of 70 mm in their first few years of growth, 
others within the same population attained shell 
lengths of 25 to 30 mm during the same period. Such 
reductions in growth rate may reflect intense intra- 
specific competition. In populations containing several 
age  classes large numbers of small mussels may 
become ensnared amongst the byssal threads of larger 
individuals and are consequently at a severe disadvan- 
tage in their competition for food (Seed 1969, Kautsky 
1982). 

Growth of Mytilus edulis can be  modulated by sev- 
eral interacting factors including water temperature 
and depth, food availability and the degree of aerial 
exposure (reviewed by Seed & Richardson 1990). On an 
offshore oil platform in the Santa Barbara Channel, 
California, Page & Hubbard (1987) found no obvious 
correlation between growth and water temperature but 
a significant correlation with food availability, rneas- 
ured as chlorophyll a concentration. Growth rates were 
highest at a depth of 9 m although variations in growth 
rate with depth were more closely associated wlth 
particulate carbon than with chlorophyll a. There was 
no significant differences between the growth rates of 
mussels located at 2 or 18 m. A major difficulty in 
correlating growth rate with environmental factors is 
that many of these factors CO-vary; consequently, 
although a correlation may be  apparent, the relation- 
ship may not necessarily be causal. In the present study 
there was no consistent or significant relationship 
between growth rate and water depth on the 2 plat- 
forms. 
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A tidally induced banding pattern with a ca 14 d 
periodicity has previously been demonstrated within 
the prismatic shell of Mytilus edulis at mean low water 
in the Menai Strait (Richardson 1989). A similar band- 
ing pattern is also evident in mussels from the low 
intertidal populations on the 2 offshore platforms. 
These patterns are related to the spring-neap lunar 
cycle. During spring tides, when mussels are emersed 
twice a day, a pattern of strongly defined bands is 
produced, whilst during neap tides, when the mussels 
remain continuously immersed, weakly defined bands 
are produced (Fig. 5). Measurement of the distance 
between groups of strongly and weakly defined bands 
therefore provides an estimate of the fortnightly fluctu- 
ations in shell growth (0.3 to 2.0 mm 14 d-l). Moreover, 
by measuring the width of the most recently deposited 
bands at the growing margin of the shell, the effects of 
environmental factors on daily or even tidal growth 
rates (0.05 to 0.1 mm d-l)  could be assessed. The use of 
tidally produced microgrowth bands is especially valu- 
able for determining the age of intertidal mussels when 
no obvious seasonal growth patterns can be observed 
in the shell. In such cases the number of bands can be 
counted within a 1.0 mm unit length of shell at several 
locations along the section. These values are then plot- 
ted against distance along the shell and a suitable 
polynomial equation fitted to the data. Solving the 
integrated expression provides an estimate of the total 
number of tidal bands present within the shell. This 
method has recently been used to estimate the age of 
the Malaysian cockle Anadara granosa (Richardson 
1987) and could equally well be used to determine the 
age of M. edulis where seasonal banding patterns may 
be absent. 

In subtidal mussels the tidally induced banding pat- 
tern is not apparent. However, patterns of weak growth 
bands resulting from an endogenous rhythm of shell 
deposition with no apparent environmental periodicity 
(hchardson 1989) have been observed in the prismatic 
layer of Mytilus edulis. Similar weak growth bands 
were also observed in the prismatic layer of subtidal 
mussels from the platforms and these too would be  of 
little or no value in measuring short-term variations in 
shell growth. 
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