
RESEARCH ARTICLE

Pinna nobilis L., 1758 age determination by internal
shell register

J. R. Garcia-March Æ A. Márquez-Aliaga

Received: 10 June 2006 / Accepted: 31 October 2006 / Published online: 24 November 2006
� Springer-Verlag 2006

Abstract The age of the Mediterranean endemic Bi-

valve mollusc Pinna nobilis is estimated using the total

size and the number and position of posterior adductor

muscle scars (PAMS): a series of straight lines and

rings observed in the dorsal nacre-lobe. Nevertheless,

the position of PAMS of adult individuals inhabiting

the same population and depth is highly variable. To

assess the source of this variability, the shells of nine

individuals were cut into radial sections along PAMS

and the inner register was studied. The cuts showed

clear marks of the inner register formed around the

PAMS composed by a short nacre tongue introduced

within the calcitic layer and two calcitic strips of dif-

fering colour (bright and dark). The three components

are directed towards the posterior of the shell. The

marks of the inner register coincide only with the

straight lines of PAMS, but are observed in an anterior

position further than the straight lines and rings, and in

a posterior position further than the rings. Also, some

of the most posterior marks can be observed one under

the other in the oldest individuals. The existence of the

inner register’s marks in a position further anterior

than the straight lines and rings implies that a variable

number of PAMS are obscured beneath nacreous

deposits. Eventually, we advise against the utilization

of PAMS to study P. nobilis age. We instead recom-

mend the use of the inner register as it records more

accurately the life history of the individuals, and data

indicates that each mark is formed annually.

Introduction

The determination of a species’ growth rate requires the

establishment of a relationship between a measurable

dimension of the individual and its age. The knowledge

of the temporal change of that dimension permits the

development of growth curves. The most delicate step is

the identification of a suitable structure and the accurate

establishment of its relationship with the age of the

animal (Margaleff 1998). Depending on the species,

growing individuals in controlled conditions can be

expensive and slow. Also, the generalization of results

from manipulative experiments may be constrained by

their artificial nature (Quinn and Keough 2004). Scle-

rochronology has proven to be a very useful technique

to assess individual age and population growth rates

(Francillon-Vieillot et al. 1990) when generalization of

in vitro growth studies is not straightforward.

The fan mussel Pinna nobilis L., 1758 is a Mediter-

ranean endemic included in Annex II of Habitats

Directive and Annex IV of Barcelona Convention. P.

nobilis may live more than 37 years (http://www.pin-

nanobilis.free.fr) and can measure more than 100 cm

(Zavodnik et al. 1991). Typical densities of individuals

are around 1–10 individual/100 m2 (Vicente 1990;
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Zavodnik 1991; Garcı́a-March 2006) and large under-

water areas have to be explored to find enough

specimens to study their growth in situ. Owing to the fact

that the shell of P. nobilis has no external bands or

marks to correlate with age, the best approximation

is the relationship between total size and age of the

individuals. However, different approximations may be

necessary in the same population, for growth rates

change markedly according to the depth of the habitat

(Garcı́a-March et al. 2006). This multiplies the number

of surveys required to gather the data for the application

of modal class progression analysis [e.g. Bhattacharya’s

(1967) method]. The use of the unbiased repeated-

mark-recapture methods (Wang 2004) reduces the

number of individuals required to study the growth rates

of the population, but the specimens have to be marked

and inventoried in situ and long periods of research are

necessary.

In order to ease the study of growth rates in P.

nobilis, previous authors focused their efforts on the

search for one feature of empty shells to be correlated

with age. This key feature was the posterior adductor

muscle scars (PAMS): a series of straight lines (SL)

and rings (R) were observed in the dorsal nacre-lobe,

in the inner side of the valves (Fig. 1). Important ad-

vances were achieved with the establishment of a linear

relationship between the position of PAMS and total

shell-size (Ht) (Moreteau and Vicente 1980). Recently,

the seasonal temperature changes of occidental Medi-

terranean were correlated with regular periods in the

proportions of stable oxygen isotopes recorded in the

external calcitic shell-layer of P. nobilis (Richardson

et al. 1999). The minimum temperatures recorded from

the d18O: d16O proportions of the shell usually occur

around one internal PAMS and the authors concluded

that each PAMS was deposited annually. Having the

relationships of PAMS with total size and PAMS with

age, growth curves could be calculated using length-at-

age data (but see Richardson et al. 1999, 2004; Ken-

nedy et al. 2001).

However, during the study of growth rates of a

western Mediterranean population of P. nobilis located

in Moraira (Spain), the existence of important vari-

ability in the position of PAMS among individuals was

observed. Especially striking was the observation that

young and adult individuals’ PAMS positions were

uncorrelated. For this reason we have undertaken re-

search to validate the utility of PAMS to approximate

P. nobilis age. In this work we describe how to count

the obscured PAMS and we explain the causes of the

mismatch between young and adult individuals’ PAMS

positions. Also, a new method to study P. nobilis age

from the internal register (IR) is presented and com-

pared with the age estimations obtained using previous

methodologies.

Materials and methods

The distances of the PAMS to the umbo of 24 empty

valves gathered during the surveys performed by

Garcı́a-March et al. (2006) in the same population and

depth (12–14 m) were compared (Table 1). These

shells were also used to relate the positions of the

PAMS to Ht using linear regression analysis. Coeffi-

cient of determination between these two variables was

also calculated. Two of these specimens, and another

seven empty shells or anterior parts of shells from

other populations, representing a wide-ranging of sizes

(Table 2), were imbibed in polyester resin (STRATIL

AL-100), cut into radial section along the PAMS with a

power saw, and polished to 1,200 l with carborundum.

The whole surface of the radial cut of one specimen

(identified as 1M in Table 2) was mounted in thin

sections to carry out microstructural analysis. The

polished surfaces of radial cuts as well as thin sheets

were studied using magnifying binocular lens and

optical microscopy. The positions of the PAMS were

compared with those of the IR observed in the cuts.

Results

The positions of the oldest and newest PAMS of

individuals in Table 1 are highly variable. For the

oldest PAMS, positions fluctuate between 12 and

19.1 cm (Y = 15.9, SD=2.1) showing neither a linear

trend nor a constant value between Ht and mark

Fig. 1 Dorsal nacre lobe of the right valve of Pinna nobilis
showing posterior adductor muscle scars (PAMS). Black arrows
mark the position of the straight lines (SL), white arrows mark
the position of the rings (R). Note that in the most posterior part
of the dorsal nacre lobe it is difficult to distinguish between the R
and the SL. Scale bar 20 mm
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position (P value � 0.05; Table 1, Fig. 2). On the

other hand, for the newest PAMS, positions fluctuate

between 19.9 and 28.8 cm (Y = 24.5, SD = 2.5) show-

ing a linear relationship with Ht. Both variables follow

a Gaussian distribution, so no data transformation is

necessary to improve normality. Regressing Ht as

dependent variable and the positions of the newest

PAMS as predictor variable, it is possible to obtain a

predictive equation:

Ht ¼ 1:86� PAMSposition þ 5:93; n ¼ 24

R2 ¼ 0:659

Rejecting that b ¼ 0 with a P value\0:001:

ð1Þ

The coefficient of determination (R2) indicates that

there is an important part of the variability in Ht

unexplained by its linear relationship with the PAMS.

Understanding the causes of this low correlation, as

well as the causes of the variability in the position of

the oldest PAMS, is key to accurately estimating the

age of P. nobilis from empty shells.

Age estimation from posterior adductor muscle

scars

Using Eq. 1, Ht corresponding to the oldest observable

PAMS for each individual of Table 1 was calculated.

Hitherto, it was considered that this Ht would corre-

spond to the size after the first or second year of life

(Richardson et al. 1999, 2004; Kennedy et al. 2001).

Calculated Ht corresponding to the maximum and

minimum values of the oldest PAMS in Table 1

(belonging to individuals 17M and 29) are 41.5 and

28.3 cm, respectively. Therefore, these sizes would

correspond to the extreme values, smallest and largest

Ht, when the first or second PAMS were deposited.

Also, the Ht corresponding to the mean position of

the oldest PAMS is 35.6 cm. Ages for these three

Ht can be found using the Von Bertalanffy growth

equation calculated from real growth data for the

same population and depth [Ht = 56.0345(1–e–0.1652t)]

(Garcı́a-March et al. 2006). After finding t in the latter

equation, these three values of Ht would correspond to

ages around 4.3, 6.1 and 8.2 years (in ascending order

of Ht). This new data does not agree with previous

ideas, and indicates that more than one or two PAMS

might be obscured or not registered in the anterior

portion of the shell.

Posterior adductor muscle scars and internal

register

The radial cuts along the PAMS showed clear marks of

the IR (Fig. 3). These are formed in the limit between

the external calcitic and the internal nacreous layer and

consist of (1) a short tongue of nacre situated within

the calcite prisms and directed towards the posterior of

the shell, and (2) two strips of calcite prisms, one

starting from the tongue and the other from the top of

the tongue, both of them directed towards the poster-

ior. The latter two are distinguished under normal light

by their different colour (bright and dark). The nacre

Table 2 Identification, total size (Ht in cm) and number of rings
(R) of posterior adductor muscle scars (PAMS) of nine shells of
Pinna nobilis that were cut along PAMS to study internal register

Identification Ht (cm) R of PAMS

BLT39Ma Anterior fragment 22
1M 58.2 18
11M 45.5 14
231 MG 59.7 13
20M 41.8 10
23M Anterior fragment 5
21M 37.9 4
22M Anterior fragment 4
24M 33 3

a This individual showed evidence of accelerated posterior
migration of the tissues and reconstruction of the umbo

Fig. 2 Scatterplot of the position of the oldest posterior
adductor muscle scars (PAMS) and total size (Ht) of individuals
of Table 2. There is no linear relationship between these two
variables (P value � 0.05). Note that the positions of the oldest
PAMS neither show a constant value, indicating that a variable
number of PAMS might be unregistered in each individual

1080 Mar Biol (2007) 151:1077–1085
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tongue is progressively less conspicuous in the oldest

signals (anterior in position). At the most anterior part

of the shell, the marks of the IR are only shown by the

calcitic strips (Fig. 4). As observed by J. R. Garcı́a-

March et al. (in press), the myostracum is buried be-

neath nacreous deposits in the anterior portion of the

shell, confirming that the nacre covers progressively

the old PAMS (Fig. 5).

We have observed that the IR marks and the R do

not correlate either in number or position. Only a

variable number of the oldest R (those in more ante-

rior portion of the shell) are observed at small regular

Fig. 3 Thin sheet of the inner register (IR) of Pinna nobilis at
the level of posterior adductor muscle scars (PAMS). Arrows
signal the nacre tongues. c calcite. n nacre. s dark and bright
calcite stripes. The question marks signal the position of doubtful
nacre tongues or stripes. Note how at the most posterior part

(right of the figure) some nacre tongues are deposited one under
the other. The two last nacre tongues are behind the previous
one, which means that a slight retreat of the nacre layer has
occurred. Scale bar 1 mm

Fig. 4 Thin sheet of the inner register (IR) of posterior adductor muscle scars (PAMS) at the anterior part of the shell. There is no
nacre tongue, but the calcitic stripes are still distinguishable. n nacre. s stripes of calcite. Scale bar 1 mm

Fig. 5 Polished surface of a cut through posterior adductor
muscle scars (PAMS) showing the inner register (IR) and the
myostracal layer buried beneath nacreous deposits. c calcite; m

myostracum; n nacre; nt nacre tongue; s1 and s2, calcitic stripes;
Scale bar 1 mm

Mar Biol (2007) 151:1077–1085 1081
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distances to the marks of the IR, but this becomes an

irregular pattern in the posterior part of adult indi-

viduals. Also in adult individuals, the marks are ex-

tended ahead of the R in both anterior and posterior

directions. At the most posterior part of the oldest

individuals some marks are sometimes deposited one

under the other (Table 3 and Fig. 3). On the other

hand, the marks of the IR correlate with all the ob-

servable SL because these SL are the only visible traces

of the IR. As a consequence, the SL are not part of

PAMS, but are formed independently before the pos-

terior adductor muscle arrives to their position. In

Table 3 the mismatch in number and positions of the R

and the IR as well as the considerable number of ob-

scured marks in adult individuals, shown by the exis-

tence of IR anterior to the last R, can be observed.

There is also a high number of IR covered by nacre in

individual BLT39M. This is probably due to the

accelerated migration of the tissues during umbo

reconstruction.

The IR marks of both individual 24M and 22M are

only formed by the two calcite strips. They match

accurately with the SL and are a little displaced with

respect to the R, as shown in Table 3. This observation

confirms that the two calcite strips without nacre ton-

gue also represent the existence of a SL. Comparing IR

marks and the external observable SL of specimens

24M and 22M with those of adult individuals (Table 3),

it is noticeable that the oldest observable SL of adult

individuals usually have a marked nacre tongue in their

IR. What is more, the adults usually have several (3–4)

pairs of calcite strips further anterior to the oldest

nacre tongue. The myostracum of these strips is buried

beneath nacreous deposits and they are unnoticeable in

the inner side of the valves (see individuals 1M, 11M,

BLT39M, etc. of Table 3). Considering these pairs of

calcite stripes homologous to those of individuals 24M

and 22M, this means that at least the first 3–4 SL of an

adult are completely obscured by nacre, as well as their

adjacent R.

Discussion and conclusions

Formation and periodicity of internal register

The structure of the nacre tongue in the IR indicates

that it must be generated after a switch in the deposi-

tion rate between both calcite and aragonite. Many

molluscs change the rate of deposition of calcium

carbonate polymorphs seasonally, depending on water

temperature or food availability (Taylor et al. 1969;

Carter 1980; Cohen and Branch 1992). Dodd (1964)

observed nacre tongues directed towards the anterior

part of the shell in the IR of Mytilus californianus, and

demonstrated that they were generated annually by a

seasonal switch in the formation of the polymorphs.

Richardson et al. (2004) have indicated that the Adri-

atic P. nobilis deposit nacre predominantly in winter,

whereas Richardson et al. (1999) indicated that the

nacre would be formed in spring and early summer.

The calcite is layered predominantly between spring

and early autumn, in the western Mediterranean

(Garcia-March 2006). Assuming a similar trend of

deposition of the two polymorphs in both the Adriatic

and the western Mediterranean, we suggest that each

mark of the IR shows a switch in the mineral deposi-

tion, predominantly nacre between winter and early

summer and calcite between summer and early au-

tumn. Therefore, it would indicate 1 year of age. Also,

we suppose that the patterns found by Richardson

et al. (1999) based in the proportions of d18O: d16O

isotopes of the shell calcite layer might be signalling

the position of our proposed SL instead of the position

of the rings referred by the previous authors; they

worked with young and middle-aged individuals, where

the positions of the R and the SL are still correlated.

We agree with the observation by Richardson et al.

(1999) that the first year of life is not registered. In all

of our specimens there is a considerable part of calcite

before the IR last mark. This calcite portion is usually

lost in the most anterior portion of the adult individ-

uals shell. Consequently, we propose that 1 year should

be added to the estimated individual age using the IR

marks.

Age estimation and fitting of growth curves

The study of the IR marks gives older ages than the

estimations from the R of all individuals, except for

those no more than 4–5 years old. There is little rela-

tionship between the IR and the R positions. The IR is

generated at the boundary between the dorsal nacre

lobe and calcite, an active shell-growing zone. The R is

formed around the posterior adductor muscle, in rela-

tion to posterior migration of the muscle (Kennedy

et al. 2001). This explains why some marks of the IR

can be observed in a more posterior position than the

R. The reason why the IR and the R correlate only in

the oldest shell area is unknown. According to the

stacking increments model by Ubukata (2001),

the growth of the shell is due to three parameters: (1)

the ratio of accretion of shell material at the shell

margin to growth of the mantle by cell division, (2) the

ratio of shell accretion at the pallial line to mantle

growth, and (3) the ratio of the amount of pallial
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muscle translation. Whereas R generation would be

only affected by (3), the IR would be also affected by

(1), which might be partially responsible of the gradual

disynchronization between R and IR positions. Punc-

tual differences in the rates of posterior migration of

the PAM and shell accretion in the dorsal nacre

lobe could also be a reason for the irregular pattern

between the R and the IR in the posterior marks of

adult individuals (see Table 3).

Therefore, the utilization of PAMS to calculate P.

nobilis age and growth rates can produce strong biases.

The age can neither be accurately estimated from the

external register of the SL, since (1) the number of

obscured marks is variable among individuals

depending on the age and the degree of posterior

migration of the tissues, (2) some of the newest SL can

be layered one under the other in the most posterior

boundary of the dorsal nacre-lobe in old specimens

(Table 3), and (3) the newest R and SL are easily

confused in mature individuals (Fig. 3). The number of

PAMS obscured by nacre among adult individuals

would also produce the high variability in the position

of the oldest PAMS with respect to Ht. (Table 2 and

Fig. 2). On the other hand, the hiding of the oldest

external marks of adult specimens would explain the

mismatch between young and adults PAMS positions.

Apex erosion is variable among individuals of the

same population and depth depending on seabed

microtopography (Garcı́a-March 2006). The erosion

shortens the shell changing the relationship between all

the marks and Ht and this would be one cause of the

variability in the relationship between Ht and the po-

sition of the newest PAMS found in Eq. 1. Further-

more, anterior erosion leads to the calculation of

smaller growth rates than the real ones. For an accu-

rate estimation of P. nobilis growth rates, it would be

useful to find an accurate method for calculating the

level of anterior erosion of each individual, as this is

not straightforward. P. nobilis is capable of some kind

of shell reshaping to counteract anterior erosion and

maintain the acute form of the umbo (Garcı́a-March

2006). Therefore, prolongation of dorsal and ventral

edges of the shell (Butler and Brewster 1979; Butler

1987) would introduce greater bias in Ht estimation.

However, IR could be useful to estimate the anterior

erosion of the shell. The correlation among the IR of

the individuals of the same population and depth could

highlight those specimens where anterior erosion is

more important and as a result some models could be

developed from them. Until then, any growth model

using the IR and Ht would be biased by the shell

shortening due to anterior shell erosion.
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