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Measuring growth from shell rings in populations of
Anodonta piscinalis (Pelecypoda, Unionidae)
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The following recovnmendations are given when shell vings are wsed in 2 growth
study of dnedonta fiscinalis: 1) The regularity of ring formation has to be checked,
cspecially where stunted populations are studied. 27 When methods of measuring
are standardized, it is possible to wse measuwrements nmade by wmore than one
person. 31 Sexes can be pooled unless the aim is o detect small dilferences in
growth. 43 Account must be taken of the differential growih of mussels ar different
depths. 5) The most suitable single measure of growth i the length of the thivd
annulus. 6 Fo eliminate interpopulation differences between good and bad
vears for growth and reproduction, it is best in comparisons to use the length
{i.e. longest diameter) of the thivd anpuus in the age class that has just passed
tts third winter. This also minimizes the cifects of growth-rate-dependent mormlity.

E. Houkigin, Depariment of Biology, University of Turkuy, SF
T, Hakala, Department of Bismedicing, Unizersity of Turku, SF

Growth rings are formed in the sheils of mussels
and in the scales or ossified parts of Hsh when
growth temporarilv ceases or slows down. In
temperate and cold climates this ocours in
winter (Tescn 1968). In fish growth rings can
be used to calculate the lengihs of the fish at
carlier stages in their hves, In mussels previous
lengths can be read directly from the rings.

The reliability of such rings as a bhasis for
studving growth depends mainly on the repu-
larity of ring formation. Accuracy and repeat-
ability in counting rings and in the measuring
process are also omportant {e.g. WESTRHEIM
1973, Lanrierp 1974). Differences in growth
among the various scctors of a population
increase the variance of the results. 'The estimate
of growth is also affected if different populations
contain different proportions of such sectors.
More difficultics arise il the carli growth
rings are estimated by back-calculation only,
and i mortality operates in a growth-rate-
selective way.

In the present paper we analyse the reliability
and apphcamility of shell rings as the basis of
a growth study in Anodonta piscinalis (Nilsson)
{Unionidac), and reccommend procedures for
minimizing potential errors in such studies,

20506 Turkw 50, Findand,
2 Tk 532, Finland.,

2. Material and methods

Messels were coflected in 19711974 by hamd-picking
from shallow water {05 -1.01n) frooy two river systems,
Kokemienjoki and Paimiomjoki, in southwest Finland.
Becanse of the method the smallest individuals {age
classes 0 and 1, with O and | winter rings, respectively)
were underrepresenied in the samples (Haukioja &
Hagara 1974,

The wotal length of the mussel and the long
(== length) of each growth ring was me
nearest mm.

st dismeter
asured to the

3. Interpretation of growth rings

When growth rings are checked the number
of rings may be interpreted wrongly, and the
length of a ring may be measured naccurately.

A. Ave growth rings formed annuvally?

Mussel growth does not alwavs follow the rule
one ring, one vear. In Drassena polymorpha, tor
example, growth slows down in summer at the
tune of reproduction, and two rings are formed
per vear {Mowrton 19691, Crowrry (1957)

reportedd that envionmental stress causes the
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formation of false rings in Anodonia piscinalis.
These are further potential sources of crrov.

Practical work with dnedonta piscinalis soon
gave the impression that m most populations
rings are not difficult to interpret - especially
it the mussels are growing rapidly and the
‘colonr of the shell is light, Fig. 1 shows an
exampie of such a population {not very casy to
measure, because growth was only moderate).
This population had a dominant year class and
“its position in the age distribution moved one
step to the right each year, indicating that
growth . rings were formed annuaily.

False rings are usually weak and can easily
be distinguished from “true™ winter rings. But
in stunted popuiations with dark shells there
may be difficultics. We made an experiment
on one such population by marking 135 mussels
in 1971 and 1972. A pumber was engraved
on each shell with a scalpel. The mussels were
released and some of them were recovered
later. Table 1 summarizes the changes in the
number of rings in recovered individuals. There
are variations but in most cases the number
of new rings coincided with the number of
winters that had elapsed. Therefore, even m
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Fig. 1. Age distribution in a population {Kiikoinen, Mouhijoki)
in different years. Hatching denotes the 1969 year class
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Table 1. Interpretation of growth rings in mussels marked individ-

uvaly,
Years Number of new rings
clapsed a I 2 K] 4 5 WICAT
3 3 12 3 ] — —
3 — - 2 E S 2 3.3

stunted populations growth rings could be
determined correctly in most individuals.

At the beginning of the experiment the largest
mussels were 7 vears old. What was said above
is relevant for mussels under this age. For
mussels over 10 years old only approximate
ages can be given. Growth may even cease
completely at very great ages (unpublished}.

B. Differences between measurers

Two persons measured the same 100 mussels
marked individually with a number inside the
shell. The mussels ariginated from a population
with a moderate growth rate. Person 4 was
accustomed to measuring while person B was
a novice. 4 measured the same mussels again
after 3 days.

Age was difficult to determine in 12 of the
100 musscls. In two cases the estimates differed
by 2 vears. There were fewer differences between
the two series of age determinations made by
A than hetween those made by 4 and B (Table
2.

These errors in age determination increased
discrepancies caused by inaccuracies in mea-
suring the lengths of the rings. The differences
were greatest in the oldest year classes because
errors in age determination were cumulative.
When the measurements were compared in
pairs, no significant differences were found
(Table 3). In 13 out of 21 cases the differences
were lcss than | mm, i.e. within the Hmits of
accuracy in measuring.

Table 2, Differences in age determination of the same mmussels.
{A; = first determination by person A, Ay = sccond determination
by person A, B = determination by person B},

Difference in age {years) Ag—Ay A;—B Ay—B
-1 — ) 10
1} 96 92 88
41 4 ¥ i
+2 - 1 1
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Tahie 3.
first measurement by person A, A,
by person A, B

Comparison ol measuvements of the sume mussels. (A
second messuarement
« mepsurement by person B,

Ringe Difference of t d.f.
mesns (ums
Ay o Ay 1 .o .00 198
2 0.2 3.25 194
3 .5 8.49 156
4 G.4 0.27 Y
5 .1 (04 20
G 0.1 0,04 16
7 1.4 0.57 i3
Ay — B 1 0.8 1.13 198
2 — 0.4 0.42 198
5 Lo 0.88 135
% 1.6 104 75
5 2,2 0.72 21
6 01 .04 16
7 —1.4 0.86 38
A, — B 1 —-0.8 i.14 195
2 —0.6 .63 148
3 0.5 45 155
4 12 a.78 78
5 2.1 6,69 il
& ~0.2 0.07 16
7 -3.8 1.05 it

4. Sources of variation within a populaiion

Differences hetween populations are easier to
detect if variances are small. In the following
we discuss the main factors causing variance in
the mean length of a year ring within a popu-
lation.

A, Differential growth of sexes

From the third year onwards females are
significantly longer than males (Fig. 2), so if the
sexes are not separated, variance in length
increases in older year classes. If populations
differ in sex ratios, the mean length is also
affected. In nine populations the percentage of
males varied between 39.0 and 55.5 (unpub-
lished}. But when the extreme sex ratios are
used to calcuiate the mean length, e.g. at the
7th year ring, from the data shown in Fig. 2
the difference between the mean is stll only
1.1 mm. This is practically the samec as the
error in measurement and in interpretation of
the rings. Therelore, measurcments for the two
sexes can be pooled unless the aim is to detect
tiny differences.
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Fig, 2. Growth of sexes ar Paimionjoki, Santio. Numbers of measure-
menis are given. *¥% =

(P <2 0.001).

mean lengths of sexes differ significandy

B. Good and bad years for growth and
reproduction

During a warm suommer Anodonla piscinalis may
grow twice as much as during a cold summey
(NeGgus 1966, Haxara & Hauxioja, in prep.).
Breeding success also varies annually {sce Fig.
1) and consequently a year class may be almost
entirely absent or may form up to 80 9, of the
whole population {unpublished}. This may
cause a large variation when comparisons arc
made, because adjacent populations scem to be
entirely independent as regards annual re-
productive success but strongly correlated in
annual growth rates (unpublished). For in-
stance, in a sample collected in 1973 at Paimion-
joki, Mintsala, growth in length during the
third summer varied as follows:

Age class Growth {ram) n
1967 185 30
1968 6.0 70
1569 8.0 33
1970 16.3 8

The unweighted mean for growth in the 3rd
summer was 13.3 mm. In another population
the age distribution might well have been 53
8, 30, 70 for individuals of ages 36 vears,
respectively; the mean growth would then have
been 17.86 mm. Thus the potential error i
considerable.
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.. Growth and probahility of being caught

Movernents of mussels need not he taken into
account in growth studies unless they and the
method of sampling lead to a sample hiased in
relation to growth, Tn Patmionjoki, Santio, we

sampied at least 150 individeals each memth
.f( _x.tii.ic.lm;{ months with an jce covery in 1473
amd 1974 The mean length of the third annulus
and the coefficient of variation in a cohort
showed seasonal fuctuation (Fig, 3%, The mean
length is greatest at mid-summer, when the
sample is most homogeneous. The probable
reason iy that mussels which live in shallow
water in summer have a warmer environment
and grow more rapidly then than those living
in deeper water. Causal relationships are not
clear. Diflerential movements of sexes cannot
explain the difference hecause the difference
within a vear is larger than could result from
the ditferential growth of the sexes (Fig. 2).

5. Growth-selective mortality

Growth curves obtained Dby back-calculation
deseribe only the earlier growth of the actual
individuals measured. But what is of intercst is
uwsually the growth of a populadon, i.e. the
average length of mussels of that population
at a certain age. Growth carves obtained by
back-calculation and population growth curves
{(obtained by annual sampling) are identical
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Fig. 3. Monthly estimates of the length (golid line) and the coelficient
of variation {dotted line) of the third anmulus in mussels hatched in
1969 at Paimionjoki, Santio,
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endy il there §s no growth-selective mortality
in the population. But if wmortality is higher in
individuals thar urow [aster, back-caleulation
of the length of the first annulus from old
mdividusls will give « sipaller figure than the
mean length of the age class at the time
when the ring was {ormed. This is known as
Lee’s phenomenon {(Ricker 1958).

In Anodonta ;‘mcma[n we found that selective
mortality may operste in either direction or
not al all. Samples from three populations.
discussed below, were taken at the same time
of the year (in autumn) by the same method
(hapd-picking) and ncasured by the
person.

in pepulation A (Paimionjoki, Mintsilad the
mean length of a certain annulus in a cohors was
in most cages significantly smaller after a year
(Table 4, Fig. 4). This means that selection
operated  against the individuals with  the
highest growth rates, In population C (Kiikoi-
nen, Mouhijoki), sampled i 1971, 1973 and
1974, the mean length of a vear ring in a
cohort increased all the time (Table 4, Fig. 5).
Here selection worked against the individuals
with low growth rates. Males suffered higher
mortality than females (unpublished), but the
change in the mean length is larger than could
have resulted from this alone. Tn Fig. § the
population growth curve is from samples taken
in different years. The curve for calculated
growth is produccd by back-calculation from
the 1974 sample. The farther back we gao, the
more the two curves differ.

In population B (Paimionjoki, Santio) we
have not found any clear tendency to growth-

ST

Table 4. Trends in the mean length of anpual rings in three popula-
tions (A = Paimionjoki, Mantsila, B = Paimionjoki, Santio, C ==
Kitkoinen, Mouhijoki} of ducdonta piseinalis as back-calvulated from
the same cohorts sampled in different years. The material comprises
all year vings represented by morve than 20 measurements, The
statistical analysis used is Stadent’s ¢ fest,

Differences of means Total
P 0000 P =D 005 .8
A X greater - — i 1
% smaller 2 7 5 14
B X greater — 3 3 11
X smaller K] 1 4 10
C X greater C7 i & 14
%X smaller — — 4 2
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Fig., 4. Frequency distribution of lengths of the third annulus in
the 1969 vear class at Paimionjoki, Minwmild, as calculated from
samples taken in 1973 and 1574,
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Tig. 5. Frequency distribution of lengths of the first annulus in
the 1969 vear class at Kiikoinen, Mouhtjok:, as calculated rom
samples taken in 197] and 1974,
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Fig. 6. Back-calealated growth [solid line) and measured growth
{dotted line) of the 1969 age class {Kiikoinen, Mouhijoli).

Tuomo Hakala

dependent mortality (Table 4). IHere the
significant decreases in yrean length are all due
to the oldest year class, where the larger individ-
uals tended to die before the smaller ones.

6. Conclusions

In the following we list recommendations for
comparing growth in different populations of
Anodonta piscinalis. With certain modifications
they are also applicable to other species of
molluscs and fishes.

1} Regularity of ring formation has to Dbe
checked in different populations, especially
where growth is slow and consequently the
rings are difficult to distinguish.

2y A good description i3 needed of the
measuring procedure and of the practice to be
adopted in interpreting doubtful cases. Once
methods have been standardized, measuremenis
by several persons can be pooled.

3} The sexes need not be separated in the
samples unless the aim is to reveal very small
differences.

4y The best sample is one comprising
specimens from all depths at which the species
occurs {up to b m in Anedenta, Hauxrioja &
Haxaza 1974). In practice, a useful alternative
ig to take samples from a given depth at the
same time of year (preferably in autumn or in
spring).

5} As a measure of growth in a population
we prefer the mean length of the third annulus
to parameters derived from growth equations.
This is because parameters of asymptotic
growth equations do not have a clearly biological
interpretation  {Hauvkioja & Haxara, in
press}. We recommend the third annulus in
Anodonta because in populations where the
average age 1s low it is difficuit to find enough
older individuals. Besides, all animals 3 years
old or older are large enough to ensure that
the sampling procedure is not size-selective.

6) For comparisons between populations we
recommend the mean length of the third annulus
in the age class that has just passed its third
winter. When the third ring of one age class
is used in each population instead of all third
aonuli, the error caused by d fferential annual
growth is eliminated. This is especially valuable
where the populations compared are geographi-

deoe
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cally close enough o experience the same
weather conditions, especially the mean tem-
perature of the growing season. Choice of the
voungest year class that is more than 3 winters
old minimizes the effects of growth-selective
mortality.

Fennici 15,
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