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1. Introduction

Through 1he Institate of Freshwaler Rescareh at Drotiningholm the author
lins had the opporlunity in the summer of 1958 to study for the legal authori-
fies the occurrence of the fresh-wiler peart mussel, Margarififera margariti-
Jera (L, in Phrvkiilven, a river in Avetic Sweden. The material collected in
this connexion forms the basis of this paper. A detailed account in Swedish
on the investigation and its results having already heen presenied (HENDEL-
BERG 1959) we shall deal here only with some points of more general in-
terest,

2. The distribution of the fresh-water pear!l mussel and
the situation of the area of investigation

Warld distribution

Aecording 1o the wider conceplion of the species which is now in common
use 1he fresh-water pearl mussel, Margaritifera margarilifera 1.}, is hol-
arclic, It oceurs in the western as well as in the easlern parts of North Ame-

' For o long lime the generie name Margorifund SCHUMAGHER 1817 has been used. For
the reasons see, o HENDERSON (1028), Acvording to the “Official Index of Rejected and
havalied Generig Names in Zoology”™ (lessina-Noagss 1938} this name has, however, lo
give way lo Margaritifera SCHUMACHER 18186,
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rica, in the north-eastern parts of Asia, and in great parts of central and
northern Europe. Within this vast area it is reslricted to walers refatively
poor in lime (cf.,, however, Bovcorr 1925 and 1927} with not too stow
current and nol too high lemperature, i, as a rule to forest-and mountain
regions or in general fo regions with ¢ rystafline rocks. 1t is usually not found
in the rivers of the plains, yet waler courses upon sandy heaths can salisty
the above ecological demands. Thus the fresh-waler pearl mussel is found
e.g. upon the Lineburg Ieath (Germany) and in soulh-weslern Jutland
!i)ennmr ki, As the result of pearl-fishing and the regulation of the water-
courses the Fresh-wiler pearl mussel has become much scarcer, and has dis-
appeared altogether from certain places.

Division into isolated groups

Apart from a larval parasitism upon fishes during some weeks the {resh-
water pearl mussel is remarkably stalionary, This circumstance in connexion
with the fact that the way by waler is often long belween [ocalitioy with
suitable ecological conditions has led 1o the result that within its wide ares
of world distribution the (resh-water pearl mussel has been split info g
number of populations which are more or less isolated from each other,
I the 1()1!0wm a comparision will be made, ez with resulls of inv estiyga-
lions upon the Liincburg Heath, where the populations of the freshowaler
pearl mussel can nowadays be considered weld separaled Irom the popuwla.
tions examined by the author.

Distribution in Sweden

For the distribulion of the fresh-water pearl mussel in Sweden the author
has comptied a map, Fig. 1, in which circles indicate ocourrences of e
mussel, Figures indicate fess exaclly Jocalized ocurrences aid, in coerinin
ases, larger regions from which findings have been reported. The markings
ol the localities are Lo a greal exient hused upoen soarces from {he eighicenth
century. Ifor this reason the map does not represent the aclinl condifions,
bul can nevertheless convey an idea of the natoral distribution of The fresh-
water peart mussel in .‘mu[vn A more delailed discussion of the map latls
oulside the scope of this notice, The author desives nevertheloss to point io
the close agreement between the distribulion of the fresh-wiler peard massel
and the extension of areas with soils and rocks poor in lime as given for
southern Sweden by Husunoick (19147, p. 517).

Fig, 1. The disteibution of the freshowater pearl muossel, Margaritifera margaritifera (1.},

in Sweden, The markings of the localities are to n gread oxlenl Lased Upon sources from

the cighteenth century. ‘Fhus the map does not give the aefual canditions, but can never-

theless convey un idea of {he nauleal distribution of ihe nigssel -—— Figures indicate
tess exactly localized oveurrences,



151

THE FRESH-WATER PEARL MUSSEL

22°

s

12°

Hakd

24°E.Gr.

20°

16°

14°




152 JAN HENDELBERG
Situation of the area of investigation

The river Pirlilven (Anglice Pear] River) has a length of 51 km., and is
situated (cf. Fig. 1) in the parish of Jokkmokk in the coniferous region
immediately below the mouninins, It comes from the lake Karats al 415
above sca-level, and discharges its waters into the lake Purkijaure 6 kilo.
melres north of the Arctic Circle al the altitude of 272 metres, [t is o tribu
tary of the river Lilla Lule Alv, and thus belongs to the drainage system of
the river Lule Alv.

3. The localization within the area of investigation
Stock-taking in Pirlilven

IFFrom a boat and while wading in the water the botiom of Parlilven has
been examiied with a water-glass. Down to n depth of three melres the
freshwater pearl mussels which dig themiselves down to about three fourtis
of their length were well visible in the clenr water, A seraper 1hat dug into
Ihe bottom was used to oblain from greater depths samples thal were sifted,
This method was used also o find oul whether or not there ocenrred fresh-
waler pearl mussels that escaped detection with the wuter-glass either by
thetr small size or on account of their being completely buried. In this respeel
the result was negalive, Wilhin regions, where more than some isolaled
mussels had been encountered, sample aveas, to o fotal number of 30, were
very carefully examined. The size ol hese areas, as o rude 200100 sqan.,
was adapled to the density of the populition of the mussels. The number
of the mussels, the deptly of heir occnrrence, and the conditions of hollom
and current were noled. Furlherimore, leagth, height, and thickness were
measured of all specimens that could be collected apon the sample areas,
Material way also coliected Tor the determination of age and sex, The aunnlysis
of food (found 1o consist maindy ol vegelable detrites), ete, A detatled aceonnd
of the stock-taking and its resnits has been given in a previous paper {(HHEs-
DELRERG 1059}, Here we shall deal only wilh some of the results which are
of 2 more general inlerest,

The boltoms for the [resh-water pearl mussels

The stock-taking showed only the lower part of Piirliilven, represenied in
Fig. 2, to confain fresh-water pearl mussels fn any greater number. The
rapids which occur there, and which are marked with dotled zigzag Hines
in Fig. 2, are usually rich in boulders, the finer malerial having heen washed
away. Upon a considerable parl of their Doltom the current is so strong
that the mussels can nol maintain their station. A fuir number of specimoens
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Fig. 2. The lower reaches of Pirlilven with the four regions rich in fresh-water pearl
wassels halehed. Dotted zigzag lines mark rapids, Arrows indicaie the direction of current,

exist, Liowever, upon suilable bottom behind profecting slones, especially
i the marginal parts of the rapids.

The vast majorily of the fresh-waler pearl mussels is found not in the
rupids hut within four relatively limited regions, marked by hatehing in
Fig. 2. The number of individuals in these regions has been caleulated lo
ahoui 2,000 in the uppermost region (Kuoikakselet), 1o 2,500 in the next
(the upper porlion of Pirlaselet), to 5,000 in the third {Puornakselet), and,
finally, to about 40,0007in the lowermost region {(Hundselety. Thus the
wealth in mussels increases in downsiream direction. There exist in the
upper reaches of Pérlilven regions which appear quite suitable for the
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fresh-water pearl mussel as far as the conditions of the bottom are coneerned,
but which are neverhteless free of pearl mussels. We thus find in (hese
regions an upper limit of distribution at the altitude of about 360 m, thal iy
probably climalically condilioned, _

The above enumerated regions which are rich in pearl mussels are gl
situnted immedialely below greater rapids {see Fig, 2y, where (he water
thus contains a maximum amount of oxyygen. Of greater mportance for the
suitability of 1hese regions for the fresh-water pearl mussels ought 1o e the
conditions of the current atnd hollom, In these areas Lhe veloeily of 1y
carrent is sufficien! almost tight across the river to prevent the deposition
of sediment. Thus Lhe bottom is as a rule rather stony and sold, and con-
ststs of sand, gravel, stones, and often also of larger boulders. [n muny
places the current ig so fasl that, as in the rapids, the mussels are found
only behind biguer blocks, In such places with strong current the auwthor
has in some cases observed driftitig specimens willy the fool sireched out,
Often, however, the current is weaker, and the mussels are spread over the
botton.

In the parts of Pérlilven, where the flow of the water is relatively quiet
(Iig. 2, the greator part of the wnmarked portions] sedimentation of sill
and plant detritus offen Litkes place, In no ease has a single peitrl magssed
been observed upon the bolioms that had been formed in 1hiy way, and
that were either bare or covered by “higher” plants, Bul also wilhin these
regions there oceur here and there bolloms over whieh the wider flows
sufficiently ast o prevent the deposition of fine detrital materinl, The fresh.
water pearl mussels slationed upoir these hottoms form, howeyer, ouly a
rebdively siall pereentage of the emlipe populalion of the river,

Depth of bottom

The distribution over diffeeent depihs of boltom of the 153 fresh-watey

pearl mussels from the sample areas examined {July H—Aug, 17, 1958)
is accounled for in Table | and is represented <.}i:z;,:rmnmuli(*:li!y in Fig. 3.

Table 1. The distribution upon different depihs of hottom of 153 freshowater
pearl mussels from sample areas in Pirlilven (July 14—Aug. 17. HI58),
{Scattered specimens outside Lhe sample areas have been encountered §n

depths greater fhay 2.0 metres.)

Depth{m.} Number i

BDepihifm.} Number - Deptiv(ne) Number I Depth(m.)  Number

0.0—03 .., ¢ LN 1h 1300, 1h ER L 1
04 ..., .., 1 B9 .. 7 L 13 L9 . 3
6.5 . 9 10 ...,,.,. 15 L 0 2 20 ..., 1
06 ... . ..., 16 1 B 9 I R ] 2l . 0
L 5 2 . 13 L7 . b
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Number
25
204
15 e -
10+
L]
54 —
Depth
O T T ¥ 1 1
o 0.5 10 1.5 2.0 2.5 m,

Fir, 3 Diagram far the distribulion upon different depths of bottom of 153 fresh-water

pearl mussels from spmple aveas in Phrkilven necording to mensurenents belween July 14

aned Awg, 17, 1958, {Sentlered specimens outside the sample areas have been encountered
in depths greafer {han 2.0 metres.}

The eircumstunce that more Than 90 per cent of the mussels have been
encountered at depths from 6.5 to 1.5 melres ought to be connected with
the fact that in plices, where Lhe river js relalively shallow from one bank
lo the other, is botlom is fairly hard, and the current fasl enough to
prevent the sedimentation of siti and delritus. Thus large areas with suit-
able hotfom are found within these depth limits.

The sharp upper limit at the depth of 0.4--0.5 m. can be supposed (o be
determined by the ive conditions and perhaps also by variations in the
depth of the waler, since the fresh-water pearl mussel is unable to survive
any longer tine out of water {ef. Bovcorr 1921). For the Kola Peninsula
(he corresponding upper depth limit is given as 0.4 m. (SHADIN 1938}, and
for Finland as 0.5 m., in extreme cases as 0.3 m. (BRANDER 1957 B),

No distinet lower imit for the distribution in vertical direction could be
established. Pearl-fishing is said to have laken place in Pirlilven upon
some boitoms at a depth of about 5 maelres.

In connexion with the statentents about the vertical distribution it has 1o
he pointed out that the fresh-water pearl mussel is capable of shifting ils
station. (IFor more delailed information, see ¢.g. HENDELBERG 1959, pp. 21
22, Onee it has reached a suitable spot it probably moves in fairly rare
cases only, at all evenls in the fast current and upon the stony bottom which

is the rule in Pirlilven,
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Is the present localization of the fresh-water pearl mussels
' in Priricilven natural?

Old reports about the population density of the fresh-waler peart mussel
in Piirlilven show that the population is now much thinner, probably muainly
in consequence of the pearl-fishing which has been very intensive af limes
(cf. 8. Fxman 1910}, This can have caused a shifting of the distribution of
the mussels upon different regions. I is, however, nol possible that an cx
clusive localization to boltoms of a certain bype, viz. the hottoms, where no
fine sedimentary material iy deposited, should be due 1o pearl-Fishing, bul
must be the result of natural conditions, '

An importunt fuctor of localization

As it can be seen from the foregoing, the sedimentation of silt and plant
detritus is an important factor for Jocalization. The occurrence of such fine
sedimentary material prevents 1he oceurrence of the fresh-water pearl miis-
sel. This rule seems 1o apply without exceplion. Good examples for it o
Fomed within the above mentioned regions rich in pearl prossels. Where i
these regions sedimentalion takes place in certain spots, e in buaelo waters,
the mussels are missing, The fresh-water pear] mussel Bas o e olher D
been encourtered in small discharging I»r‘:tncfws'(»[' the river, where the cur.
rent was véry wealk, but where for ollier reasons no sedimenlation look
place. The descriptions derived from olher locadities Tor the Tresheownier
peark mussel corrohorate the observalions mede by The author. See for
inslance for Swedish localities FisenersTrOM (1759, Do T Fraas
(L9005, po b)), 8. ErMan (1910, D AGY) SuNpLEr (1923, Poda) and Varny
{1942, p. 656). No slress has, however, heen latd upon the role of The sedis
mentation. It is of course possible that the sedintentation makes the hotlom
unsuitable by shimply depriving the mussels of o secure anchoring gronnd,
The possibility can, bhowever, nol be excladod that i sets upon the freshavater
pearl mussels in other respects. '

4. Methods for the determination of age
What age can a [resh-water pearl mussel atfain?

The idea about the preat are reached by the fresh-water pearl mussel iy
an old one. In the 1740s it was believed 1o be able of attaining a very grenl
age (MALMER 1742}, Two deeades Taler # was said to be abje of reaching
the age of one hundered years or more (GrussLer 17621, No information is,
however, supplied in support of these sialements,
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Deterniinntion of wige on the busis of the lines of growth of the shell

Al the beginning of the twentieth century TH. ExMan (1905) studied the
age of fresh-waler peart mussels from Hicjedalen in Sweden, The perio-
stenetmy was removed by hoiling in sodium tye, whereapon the lines of
growth became clearly visible, EiMan had good reasons Lo interprete these
ringrs ws annoal features, and could thus delermine the age of the oldest
specimens as aboul 100 years,

As e result of an invesligation in Bavaria ALPNODER (1920} proved ihe
fines of growth really fo be annual features. On fresh-water pearl mussels
that had been marked he could establish a longitudinal growth of .72 mm.
from Sepl. 1923 lo June 1924 {average .08 mm, per month) and .91 mm
from June [ o Sepl. 1921 {faverage 0.30 mm. per monthj, and that in
e course of one year a new line of growih had heen formed.

I is nol quite easy to see the Jines of growih of the shell, especiaily those
which have been formed by 1he mussel ai a greater age, when the loogi-
tdinal growth is very (eeble, Thus Exman was unable by his method 1o
shide the age of the obdesl specimens more closely than at “80--100 (or
more) vears™ {1905, p. 8, auvlhor's translaiton), On specimens, where the
periostracum had nol bheen removed, the zone which has been formed during
e winter is evidenl as a dark raised swelling. On such untreated spect-
mens i age of up o aboul 15 years can be determined with g fair preci-
sion. According to the investigations of the author IZKMAN's method has
permitled al east in cerlain cases fo determine exactly the age of indi-
viduals of up to 30—40 years.

WELLMANN'S melhod for the delermination of age

By counling the annual layers in the Hgament WELLMARNN (1938) devised
a new method for the delermination of age of the pearl mussel. The layers
were counted in the median plane after the Hgament had been cut through
with a saw. Glycerine was used in order o prevent drying and the cracking
resulling from it. In the lignment the annual layers, also the ialest in old
speeimens, are very well visible, However, in old mussels the anterior por-
lion of the Hgmnent is partly destroyed by corrosion or rather a combinalion
of chemical action and wear upon the bottom. IFfrom his experience WELL-
MaNN believed himself able lo estimale the number of annual layers that
had heen destroyed in this way. “Bei einiger Erfabirung ist es jedoch miog-
lich, einigermassen abzuschiitzen, wieviel Jahreslamellen zerslért worden
sind™ {WELLMANN 1638 p. 548). Bul no information is suppHed about what
part of the wiven age is based upon estimation, On account of the possible
errors involved in this estimation WELLMANN has excluded from his results
values obtained from specimens with strongly corroded umbo,
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Extant annual fayers

Fig. 4. Diagrommatic section through the lignment of a fresh-waler peart mussel, Step

one in the defermination of the age {see the text] gives in this case 23 years. In step twa

the distance d is measured, wltereupon the number of years corresponding to this distnnes
is read off in Ihe diagram in g 5,

Method for the determination of age appied in the
investigation in Pirldiven

As mentioned ahove the previously utilized methods for the determination
of age of the fresh-waler pearl mussel had some defeets, T, ExMan's by
supplying very unreliuble resulls for specimens of grewfer age, WELLMANNS
by the fact that the influence of corrosion of e umbo had not beon
worked oul,

In determining the age of fresh-water pearl mussels from Pirlilven the
aulbor has, like WrLLMANN, based himself upon the annual lavers in the
ligament. The influence of corrosion of the umbo could be caleulated ofter
a study of the growth of the lignment. The method elaborated for deter-
mination of age can be divided into three steps:

1) The number ol exlant annual layers in the ligament (see Fig. 4] s
counted,

2) The dislance {rom the umbo to the point where the anteriormost extanl
fimit between two annual lavers reaches (he upper margin of 1he ligament
(the distance d in Fig. 4} is measured, and the corresponding number of
years is read off on a dingram abont the growlih off the ligament (Iig. 5,

3} The age of the fresh-waler pearl mussels is oblained by the addition
of the values derived from the first und the second step.

With this method the asuthor believes himself able fairly exaclly to
caleulate the age also of old specimens. Frrors ean admittedly oecur with
regard to the minor portion of the age as ealculuted aceording o slep {wo,
These ought, however, only in exceptional cases to surpass 3 per cent of
the lolal age of the mussel {see helowy).

The anual layers are couunted in a sagittal section through the ligament.
The culting-through of it when once dried has proved difficult. A simple
method which has been followed with most of the examined objects con-
sisted in carefully foreing the drv vilves apart. Wilth a 20 magnifieation
it is very easy to coun! the annugal layers in the ligaument, especially aloug
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Fig. 5. Diagram for the growth of the ligament.

its upper border, where they are tairly thick (see Fig. 4). Like WELLMANN
the author has checked that the number of the layers in the ligament aclually
enincides with the number of annual lines in lhe shell {sce below),

In the second slep of the determination of age the number of annual
fuvers is caleulaled thal have been removed from the Hgament by corrosion
of the umbo., For this purpose o diagram (Fig. 5) is used which has heen
constructed in the following way.

For seven oul of the 28 specimens kept from the collection in Piirlilven
the age could be determined with the help of the lines of growth of the
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shell, In the two voungest speeimens (A and G), 1 and 13 yeur old, gespee-
tively, Ihe fines of growth could he counted direetly upon the unirested
ehetls, The remaining fve were aceording Lo Fii FKEMAN'S sethod hoiled
in sodivm lye until the periostracum had heen loosened, The Hnes of growlh
of the shell were then counted under 20 times maguilication. A confrol was
oblained by studying ppon surfaces of fractures the periosiracum lameltae
mentioned by WELLMANN (1938 p. 518) which al the border of the anmd
rings conlinue inlo thae prisma fayer. Of the specimens thad have been exi-
mined in this way hweo (B and D} were found to be 33 years, two (1 and Gl
Ak vears, s one (17 37 years old. Once the age of the mussel was knowu.
the annual layers coulgd be nwmbered by counling backwards, i.c. beginning
from the latesl layer. The distance from umbo to the hindmost point of
wch annual layer was measured, and enfered inlo the diagram (Ig. 5
against 1he corresponding number of years. For every year the mean valu
of these lengihs was ealenlated. In the diagram these mean values have heen
denoted with cireles. The curve oblained upon the basis ol these values hos
then been used in step two of the determination of the age. The measuring
of distance d (sce Fig. 4} thus always starts from the umbo. This, like the
oldest part of the ligament, is ollen corroded, but in this case s position
enn easily be determined with the help of the convexity of the shell and of
the umbocentrically situated Tines of growlh.

I the ealeulation of the age by means of the lines of growth of the shell
the line corresponding to a length of roughly 6-=7 mm. (see Table TH) has
heen assumed as formed at the end of the year alter the year wiknessing
{he glochidium stage. At this ime the mussel has been considered to be
one year old, as the age has been indicated according to the practice of T
FKMAN and WELLMANN. For the sake of conparison it can be menlioned
thal T, ERMAN (1905, p. 7) has found the corresponding length in fresle
water pearl mussels from Hiirjedalen to be about 6 mm., and that WELLMANY
(1938, p. B50) has found this length in specimens from the Litnebury Henth
16 he about 7.5 mnn The dingram in Fig. 5 also counts the year in which
e mussel is assumed to have passed ils glochidium stage. In the statements
of the age according to the above-menlioned practice one year had conse:
quently to be deducted from the value read from Fig. 5.

The magnilude of the error which can arise from step two has been eal:
culated in the following way. An examination by TH. TKMAN (19605) bused
upon the growth lines of the shell shows that, at least up to the age of 1o
years, the variations of age amounl for a given length to no more than
about 20 per cent. Provided that this were of universal application and that
the dingram in Fig. § were based upon a sufficiently great number ol obxer:
valions, it would be possible to determine the part of the age oblained In
slep two with an error of +10 %, whereas we now have to calculale with
up to =20 %. The number of years obtained in step two represents ondy
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“arlivn of the entice age of the mussel, as a orgle less than 15
S this wecount the errar in the determinalion af age by the method
e anthor wonld only exceptionally amount o more than 20 %,
ceen Yo I the dingram for step lwo were based upon a sufficiently
dher of maussels, this figure could he brought close to 1.5 %/, {10 %

Wrle st lower figure, sinee i the actia] case the corrosion
shodis relalively smalter.,

shove we have deall with the reliability of the method for the
SEON of age ased by the author in the examimgtion of fresh-water
sels coming from the same region as Hhose whigh have formed the
cihe dingram in Fig. 5. Popuialions from different loealitios ¢in
waliafly different mles of growth, In itstration of 1his faet have
red inte g 5 qhe values obtained for three fresh-water poearl
Strom one of {he Soulhm‘nmosl localities in Swaden, viz, Notin in
Losee i L. The lengih of he ligament of {hose mussels as well
ftal denglh were considerably greater than the corresponding
v mussels of the same age rom Pirliilven. Some addilional

wooblained rom Notan Hkewise show roughly the same slrong
s three accounted for i Fig, 5. For oblaining the most correct i
saible dn e determination of age of a nwmber of fresh-water pearl
ey given populittion il is thus necessary lo establish a dingram 4
v todhat in Fig, 5 upon the basis of young mussels from that very ;

LoGrowth of he Huwment in seven fresh-water pearl mussels from

S (A Gl and in three from Nitin (K-M) according to values

Hlor the distance d {see Fig 4y, expressed in millimeters, after the
corresponding year,

!
A B C 1)) E iy G K i Y] ;
............. R S ;
2.9 — — — — — . — — — '

i1 - 4.5 — . —— —_ 5.7 7.1 8.5

4 61 - — — — 8.2 10.8 11.0

BRI - 7.7 e e — — 10.9 13.6 14.1

1.0 10,2 9.0 — — — —_ 13.8 16,1 17.2

P 11.8 18,5 100 0.5 11.4 — 16.0 18.7 20.4

13, 13.0 15,0 114 117 1.1 12.2 18.0 20,6 228

150 144 13.2 143.1 14.3 146 1356 0.8 20,2 243

16.14 15,7 14.7 17 145 15.6 14.8 22.0 242 5.5

175 6.9 16.2 15,7 15.6 168.6 16.2 e 26.2 27.1

(8.1 18,9 17.3 17.2 16.8 18.2 17.4 — 27.9 28,9
19,5 0.5 18.3 18.3 17.9 19.2 18.9 — 29.1 30.2 ;
206 203 — 0.5 18.9 P81 20.0 -~ 802 31.4 ‘

—_ 28 — 204 201 218 20,9 — 3Ls 327

— 2y — a1 21.4 23.0 1.9 — o o

o a4 — 23.0 229 244 22.7 — e —

- 21.7 - 4.2 23.1 26,1 8.8 - — —

— 25.7 — 25.2 282 27.0 24.8 e — —

- 6.5 -— 263 - 254 28.0 23.6 — — —
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Table 111, The total length at different ages according to the annual line
arowth of the shell in seven fresh-water pearl mussels from Phrlitlven (A
and in three from Notan (K—M), in millimetres.

Annual liae A B ¥ b I i’ G K i,
1 . 6.0 — e 0.5 7.0 e e 13.0 o
2o 11.5 — 12.0 4.5 14.0 e -— 215 £0.8
3 . 17.0 16.0 18.0 18.0 20.0 20,5 19.0 240.0 28.0 :
S 24.6 21.0 24.0 22.0 23,0 26.5 245 38.0 375 :
Do 20.5 26.0 28.0 25,5 27.0 29.5 28.0 1h.5 425
6 .. ... 33.5 31.0 33.0 29.5 33.0 345 310 HALD 520 .
7o $0.5 3anb 39.0 34.0 36.5 100 38.5 HG.0 AR
8 ... 44.0 40.5 2.5 39.0 42.0 45.0 13.5 (0.6 66.0 :
9 ... £9.5 £5.0 46.0 13.0 440 4.5 A7.0 G7.h 00 :
1w ... 53.0 49.5 LN 8.5 490 3.0 BB e a0 s

tocality. For checking the applicability of the diagram to a nressel
to be examined the léngth corresponding to, e.qg., the tenth Hne of g
of the shell can be measured or, if the corrosion of the umbo is greal,
densily of lhe lines of growlh of the shell is determined, for instanee
counting the zones of grow!h between two and five cenlimetlres behind
umbo, and comparisbn can be made witle the mussels upon witich
diagram for the growlh of the ligament has heen based,

The figures which have formed the base of Fig. b are given in Tahle

5. The growth of the individual and the composition
of the population

Resulls of the defermination of age

The age of 28 fresh-water peart mussels collected in Pérkilven has b
examined sccording to the melthod nccounted for above, The results
be seent in Table 1V in which the mussels have been arranged accont
to the calculaled age. In addition lo the age the lable contains the sex. wl
ever this has been delermined {see below), together with length and wo
of shell

The mussels had been oblained from the following localities (sce Fix
Kuoikakselet (Nos, 117, 120, 122, and 124}, Pitrlaselel {(Nos. 7 o
Poornakselel (Nos, 27—43), Hundselet {(Nos. 67, 1H), and 111, and
charging branches of the river (Nos. 48 and S50). Thus the majority, 17, e
fromt Puornakselet, where upon fhreee simple aveas all the specimens
been collected. The remaining 11 were taken at mandom,

The specimen that proved fo be the oldest one in the investigatio
Pirkilven had a ligament with 108 aaal layers, The Biament was dust
edi to a point 12 mm, behind Uhe umbo, corresponding according to Lhe
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Hesulls of the determinalion of e of 28 fresh-waler peart mussels
Libven, The lellers aftor the number of the mussels indieate the
specimens forming the base of the dingram in Fig. 5.

Sex Length \\'vi;,'h‘! of Yistance Years COTTES. Ape
o {mi,} shell () frony.) 1o disbance d {vears)
I J 61 7.9 1.5 2 13
..... 70 a0 2.0 2 I
,,,,, 09 2001 110 7 K1
..... Q th 30,13 114 7 3t
..... & ) 100 ALK 10.0 7 33
..... e o1 RRRLHY .o i a3
..... / 4 30492 105 7 34
..... - OR 2830 [22 & e
..... & 15 39,34 1.0 H 3H
..... a3 74 2,80 124 (8} (36)
..... @ 106 12.58 B 7 37
TR —— 10 35.65 120 & H)
..... - 11 A8.35 1.5 7 43
...... Cg [ A5 ‘1A [§)
..... o 108 H R 1.0 7
...... A3 110 114 M. 1
.... & 123 66.31 HEN: 7
- 104 HIVRETT [0 b
...... L 1 BTG HRT 3
‘‘‘‘‘ o HE 167 10 {4
e e f3e 45,9 2000 14
...... e 124 80,80 220 1
s @ 103 5587 25.0 19
...... a 115 720 21.0 15
...... & 123 86.71 17.0 11
...... — 125 93.00 2535 19
...... 3 134 1290 27.40 21
...... e 145 1307 12.0 b

Fig. b, bl an comparison with yony mussels, 1o a period of 8 years,
eoage of e mussel is 108 FR=2116 years, Aceording 1o the above
S the possible orror is ol mosl 20 per cent of 8 years, ie. less than
ut of the whole age,

H e muassels {Nos, 38 and 29), according to Table [V 36 and 55
L respectively, are of exceptionally small size, real dwarfs. Already
glanee reveals tha they are nol Young specimens, bolh exhibiting
eriostracim and heavy corrosion of 1he wnho. These mussels gre
somewhat older than stated here, the parr of age obtiained accord.
"Pwo (see above) of the age delermination being 1oo low since
cimens evidenily have been stunted right from the beginning,

age determination it has been noted that secondary, feehle Iayers
vof winler type in, the summer layers of the lignment {cf. WeLY-
.o 546) oceur only fo a small exient in the specimens (rom
- They are, however, well marked in the specimens obtained from
southern Sweden.

AR T

e
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Length — age rutio

Already the preceding chapter ought 1o have made it clear that it is not
possible to base a determination of age upon the iolal fength of the fresh.-
waler pearl mussel excepl perhaps, when very youny individuals are con-
cerned, This is due to the fact that the individual variation in fength between
specimens of the same age und from the saume loealily is 'fzml in retalion
to the longitudinal growth during the later life of the mussel, Compare, ey,
WELLMANN 1938, Fig. 10 (i, 551). According to this illustration the tongi-
tudinal variation is grealer for specimens of ab()ut 30 years than the dif-
ference in average tength belween specimens of 25 and 60 Yeirs, respectively,
It can nevertheless be ol dferest to study mio::n.u!mn about the average
length at a certain age in populations from differcnt regions,

On fresh-waler pearl mudsels from Pirlilven the first lne of growth ol
the shell has been found 1o correspond o a length of 0.6--0.7 enn. and the
tenth to about 5.0 cm. (7 specimens belween 4.8 and 5.3 em, b According to

LEKMAN (1905), who based his invesligations in tHiirjedalen (Sweden)
upon the lines of growth of the shell, the muassels should have been 0.5--0.7
cm. long al the age of one vear and aboul 4.6 cm. at the age ol 10 years
{1t specimens belween 4,25 and 4.9 em}. {This difference belween he popu-
lations from Pirfilven and Ljusnan in Hiirjedalen is perhaps nol a real
one, but may possibly depend on ErMaN's discerning a line of growih
between the two lines which by the author have been interpreted as the fiest
and the second — compare Table HE with the lst given by Th. EEMAN
(1905} on page 7.) According to German investigalions {AUENODER [9205,
WELLMANN 1938, Bourrerr 1954) the average length of speeimens ol ten
years is anbout 6 cenlimelres. A considerably stronger growlh has been
observed for 5 specimens obtained from Notan (sce Fig, 1) in southern
Sweden. These had already wnh their sixth Hne of growth atlained lengths
between 5 and 6 centimetres {cf. Table HI), It is, however y ol known o
the author, whether or not these specimens are represenfalive for the popu-
lation in question, _
 For old specimens the length age rutio varies strongly, and the given
average values are few and as a rule uncertxin, However, it can be menloned
that the German investigatiors have shown the age of 40 years to correspond
o a length of about 10 cm, which is about Uhe same as the value oblained
in Pirkilven: see Table IV,

Relation between weight of shell and age

While the longitudinal growth slows down with increasing age, the in-
crease in the weight ol the shell takes place at a roughly unilorm pate
throughout the major part of the life of the fresh-waler peari mussel, This
has been demonstrated by WELLMANN (1038} in the course of his investi.
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Fig. 6 Diagram representing the refation between age and weight of shell for 26 fresh-
waler peart mussels from Pheiilven. For the sake of comparison the five specimens
abtained from Nildn in soulhern Sweden {sce the text) have been entered inlo the dingram,

#alions upon the Lineburg Heatlt, and has been corroboraled by the inves-
tgations in Pitrlitlven: see Fig, 6 which is based upon the ligures in Table 1V,
For different reasons, amongst others the upcertain determinadion of the
age, the two stunted shells have not heen ineluded into the illustration.)
For the majority of fhe specimens from Pirlilven the average annual
inerense falls between 6,85 and 1.4 g The shells of the lwo oldest {116 and
HOG years) specimens examined weighed 1307 and 1290 g, respectively,
corresponding lo an average annuoal increase of 1.1(3) and 1.2(3) ., respec-
tively,

IFor the comparison with populations from other localities it can be men-
lioned that WELLMANN found the mean value of the average annual growth
in the population on the Lineburg Heath to about 1.2 g. A much stronger
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growth of the shel, the ave ge inerease amounting Lo about 2 g per un
is exhibited by the specimens obtained from Nitin in

southern Swe
IFor three of these {ive

specimens the lines of growth of 1he sheil perm
a determination of {he age as 9, and 19 years, respectively, The co
ponding weight of the shell was 9.39, 24,17, and 36,12 g. The rema
two weighed 73.23 and 1034 #.. respectively, Their liganment containe
and 33 annual layers, respectively, and the distance d tsee Fig, )
17 mm. in either of them. This permils, according 1o the average value
K, L and M in Fig. 5, the caleulation of their age at about 32 ;ud 349 v
respectively, whicly figures can be given with ancexachitude of ahopt
years, In spile of the small numiber of specimens and i spite of e
that we can not tell, whether or not they are representative for the peg
where they have been collected, the great difference between their uro
and the growth of the specimens {rom i

vliilven has neverthelesy indy
me 1o sel them out in IFig. 8.

Length — height ratio

Length and height have heen measured on 112 fresh-waler pearl mns:
from Pirlilven, {For the definition of these dimensions see, e, 1ac
1948, Fig. 1.) The measurements show that during the growth of e nup
the fength increases refatively more than the height, and that o o ahy
length there oceur great individual variations in the lengtl — height ral
see Fig, 7 and conipare WULLLMANN 1938 PP H56-—061, In this conney)
the influence of the civironment upon the shape of the shell is of
According 1o seversl duthors the shell becomes rel
elongaded, if the animals are s
1926). Others, C.. WELLMANN, have not fotnd any siguifican differen
between different locafitios wilh different speed of current in one and
same brook, A distinet difference wis, however, ohserved belween fwo o
ferent brooks, viz, Lachte and Lutter, in spite of the |
their fower courses, aid thy

intere
atively Tower, fe
alioned in o Taster current fef. Apanin

el that they join
th the chemical composition of the witer iy pren
much the same. The question about the cause of 1he difference i the fengt!
height ratio has therelfore o he lef} open for the lime: being, sinee Nt
the author has found any prononnced tendencies in any
It might, however, be mientioned that pearl fishers tlong the Plirkitven apl
the term “rapid shells” 1o elongated shells with g concave ve

given directi

ntral g

Deterinination and distribution of sexes

For all 17 specimens from three sample areas in Puornakselet the g
has been determined {see above). For them and, in addition, three oty
specimens also the sex has heen delermined. According to former inforn
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Figo 70 Growih diageun based upon the measurements of height and length taken from

I fvesh-waler pearl mussels from Pérlilven. Within each interval of 5 mm. of length
die uverage value of the heighb—length ratio has been marked with o small cirele for
2--—4 mussels, and with a large cirele for greater numbers.

ton the sexes do nod dilfer in the morphology of the shell, al least not
o sueh anoextent thad the differences could serve for the determination of
the sex, For this reason cosin-haemaloxylin-slained sections through the
gonads were examined under the microscope, OF the 20 specimens examined
 proved to be females, and 11 males. Thus no hermaphrodites were found,
compuare WELLMANN {1938, p, 544} who found pne out of eighty examined
specimens lo be a hermaphrodite.

From the material examined by the aathor Jt has not been possible io
establish any significant difference between the growih of the shell of fe-
mitles and males, ef. Table 1V.

Composifion of the population of the fresf-ivater pearl mussel
in Pdrlilven

Stee it is nol possible to delermine the age of the fresh-waler pearl
mussels or at teast of the older specimens by ap examination of the living
specimen, Lhe author has used the length of the mussels as a base for a rough
analysis of the compeosition of the population in Pérlilven as it can be
deduced from the 112 specimens from the stock-tuking areas that had lheir
iength measured. On aceount of the fact that conclusions about possibly
existing differences belween the populations upon different localities would
he hased apon an insullicient number of spectmens, the aulhor has account-
v for the whole maderial of the investigation in one single table, Table V.
This table has been represented in the shape of a diagram in Fig. 8. 1L
mn be seen thut 10 specimens are shorter than 96 mm., the length which

e

L

5

S ——
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Table V. The distribation of length in 112 fresh-water pearl mussels
from Piriilven,

Length (mm.) Namber fength (mm.) Number ! Length {mm.) Number

—60 ... 0 91— 895 ..., 3 126—130 ........ &
BI—B5 ..,......, 2 O6— 18 L, L., 9 B335 ...l i
66-—70 ..., 2 101—105 ... . ... i6 {836—140 ... ..., 2
TE—T5 ... i HG—110 .., ..., 16 11— L. I
80 Lo, 2 HH1—1th ... .. 18 146100 ... ..... 1
di—HBh ...l { 116326 .. ...... 13 10 - L oo, ]
86—90 .......... O 128—1256 ..., ... 14

according to the foregoing roughly corresponds to the age of 30 years.
Among these exist the two stunted specimens which have been accounted for
above. {As their age, at least 36 and 55 years, respectively, is much greather
than what could be deduced from their Iengths they have not been included
in the diagram in Fig. 8.) Thus only about 7 per cent of 1he sample should
be younger than 25-—30 years. :

According to MULLER (1957) no specimens shorter than 2 em’ should have
been observed. 1t has, however, been reporied that 28 specimens no longer
than 15 mm, have been {ound upon the sandy botlom of the river lhesthetu
in Jupan (Kosa 1933), and 4 specimens shorter than 20 mm,, the shortest
9.5 nmun. long, are said to have been encountered in River Conway upon the
British Isles (Jacxkson 1925). Since it thus is possible to discover even spe-
cimens of s small size, and since T, Exman {1905, p. 6) has fonnd Hut
also the small specimens oceur upon the same localities as the adults, and
that they very ofien, perhaps niw::ys, Hive just as visible, the observed condi-
tions might be indicalive of a rather fechle rejuvenescence of the popu-

Nurmber
204

154

10

o ‘ ; rn r.....!i ' ' h-}_..r..] Length

T 1
a 20 <0 S0 80 100 120 IEde] GO mm.

Pig. 8. The distribution in lengll by 110 fresh-water pesrt mussels from Pirhilven, (From
this diageam the two sfunted spetimens mentioned in the text have been exeluded )
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T Parkven. Tn Uiy case this can be supposed to depend 1o o Jarge
Cupon the thinning-ont of the population resylting from peart-fishing,
aool course derive in part also from ofher gauses like a decrease in

Canmfer of fishes suilable for the p-.u‘usitimu'of the glochidin or the
‘ol the floating of limber (¢f, LUNDGREN 1935).

6. Summary

e fresh-water pearl mussel, Margaritifera margaritifera (L.}, is hol-
wooand seprealed nowadays into a number of more or less isolated
wrences, Owing 1o pearl-fishing and the regulation of the walercourses
o heeome mueh searcer, and has entirely disappeared from many pla-

g H4, 150},

Vap about the natural distribution ol the fresh-water pear! mussel
wweden has been compiled by the suthor (p. 150 and Fig. 1),

Mtention s cailed 1o the close agreement between this distribution
Cthe exlension of soils and rocks poor in lime (p. 150},

CAL the alfitude of aboul 360 m. there has been established in Pirlilven
sshably elimatienlly comditioned upper limil of distribution (p. 154},

- The botlems for the fresh-water pearl mussel in Pirlilven are describ-
CThe importance of the sedimentation for the lpealizalion is peinted out,
Cnliwes, where sedimentation of fine detrital maderial oceurs, no specimens
weheen encountered (p. 1525 156).

i The distribution in Pirlilven of the fresh-water pearl mussel upon
derent depths is neconnted for. More than 90 per cent of the mussels have
cen encountered hetween Lhe depths of 0.5 and 1.5 melres (p. 154).
i1 An accopnt is given of the method that hits been used for the deter-
caation of age of the fresh-waler pearl mussels in Plirkillven. The method

hased wpon the existence of annual layers in the ligament. Since the author
e ronstrocted a dingram of the ligament growlly (Fig. 5) which has made
£ possible Lo eatenlate the number of annual fayers destroyed by corroston
+ the umbonal region, this method has heen made very ceriain, the error
G for old specimens being helow 3 per cent of the total age (p. 158),

81 Fhe rosulls of the defermination of age are accounled for. The age
< 1he obdest specimen has been calenlated to 11 (22} years (p. 162).

4i While the longitudinal growth slows down, with increasing uge, the
acrease of the weight of the shell is roughly upiform during the greater
aarl of the life of the fresh-water pearl mussel. In Pirlilven the mean value
A the annual increase is about 1.2 g. Comparisons are made with specimens
“anined from a river in southern Sweden. (P. 164).

(0} The length-height ratio which decreases with the increasing age of
the {resh-waler peart mussel, and which by some aulhors is believed to de-

\ pi o o ey
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pend upon the strength of the current has been determined for 112 spuet
mens from Pirlilven. The result is accounted for in Fig, 7. (P, 166,

11} In 20 specimens from Pirlilven the gonads have been microscopic-
ally examined. Of these nine proved to be females, eleven males {p. 166]

12) The composition of the population of the {resh-waler pe:iri nrssel in
Piarlilven is accounted for. According to the lenglh only etght of the {12
encountered specimens (7 per cent) were younger than about 30 years, This
fact might point to a relatively fechle rejuvenescence of the population.
(. 167)
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