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growth and age structure of the population
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Abstract

The relationship between temperature of the medium and development of the
population was studied in the freshwater pearl mussel (Margaritifora margarttifera L) on
the upper boundary of its vertical distribution in South Bohemia (760 to 800 m above
sea level). The results of this study can serve as a basis for identifying trends in the de-
velopment of the population in relation to climatic changes and 1o changes in the man-
agement of che upper reaches of brooks and rivers populated by the pear! mussel and for
secking other suitable localities where the mussel could be introduced or transferved to
in order to save the population.

Introduction

The freshwater pearl mussel (Margaritifera margaritifera 1)) is distributed
from the holarctic reaches of North America to Eurasia; the 40th degree NL is
its southern boundary (Bauer 1980). The average age of populations increases,
the species is dying out. The pearl mussel’s requirements for quality of the bio-
tope and the possibilities of active conservation have been studied by a number
of authors (Baver & Tromas 1980, Bauer 1983, 1986, 1988, Derrmer 1982,
Dvx 1974, HenpeLsera 1961, Youne & Witliams 1984, WacHTLER 1986 and
others). The basic requirements of the freshwater pear! mussel for chemical
and physical quality of water have been identified, the course of reproduction
and its limiting factors have been described, and practical possibilities of
protection have been found. The factors which are responsible for limiting the
vertical distribution of the freshwarter pearl mussel have not yet been studied in
detail. In the river Pirlilven in arctic Sweden, as far north as the Arctic Circle,
the upper boundary of distribution of the freshwater pear] mussel is 360m
above sea leve] (HenDELBERG 1961}, whereas in South Bohemia, the centre of
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Furope, this boundary is higher: 800 m above ses level. At this boundary of oc-
currence, most of the localities populated by the mus

from areas exposed o south or from those, wh
forest.

sel are bracks running
ich are sparsely covered with

Rapid intensification of farming causes rapid eutrophication of water
COUrses, up to their upper reaches. As 4 result, the environment, where
freshwater pearl mussels can live, has shrunk 10 a few places with their hend-
streams i the forest parts of the higher-altitude areas of the Bohemian crystal-
line region. The boundary of verrical distribution is an additionally limiting

factor in these areas; this should be learned thoroughly if the last remains of
the freshwater pear]l mussel are to be saved,

Description of the territory studied

This study was carried our in the river Blanice {Prachatice district} in che nountain

range of the Bohemian Fores:, The river is 2 typical biotope of the freshwater pearl mus.
sel in South Bohemia (Dvg 1974) with & o) population of abour 130 thoysand indi-
viduals. The river is abour 5m wide, 2010 60cm deep, with a relative fail of 0310 0.69,
Its spring is located 970 m above sea level, Its upper reaches are lined by forests; only a
small proportion of the landscape is farmed, and ics human population is low.

The warer has the following characrerisrics (average values)

conductivity 75 pS/em pH 6.8

BOD, 1.6 mg O/} Ca?+ 50 mg/!

NO;N 0.7 mg/l PO~ 0.025 mg/|
Material and Methods

1. Effect of water temperature on the age structure of the population

a) Determination of the age strucrure of the population

A ligament growth curve was plotced by the method of Hen
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viduals {rotal 1100) were collected then over a 4k
boundary of distribution of the species. The ]

DELBERG {1961} a5 the
ation. Large samples of living ind;-
m part of the river on rthe upper
ength of ligament was converted 1o age,

b) Determination of the inf]

uvence of drift og the age
structure

Practical trials with labeled individuals were

performed to study the effect of drify
on the age strucrure of the population,

c) Measuring the temperature of the medium
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1932; these dara were converted o values corresponding to the altivude and correcied ac-
cording to actual air temperature and water temperature of the site of study an the basis
of data from 1986 to 1988,

For comparison dara were obrained on the average monthly temperatures of water
in the river Sorkedalselva in Norway, close to 60° N1, aboutr 150m a.s.]., which holds a
reproducing population of freshwater pearl mussels (Derrver, unpublished data).

d) Relationship between remperature and the age struc-
ture of the population

The converted average monthly temperatures were calculated for the period of
glochidial development of rhe mussel on the host fish, i.e. August and Seprember of the
preceding yvear and April to July of the current year (the period from Qctober to March
was dismissed because of its negligible importance for the ripening and metamorphosis
of glochidia and for difficult correction of water temperature on the basis of air tempera-
ture).

Arithmetical means of water temperature were calculated for cach period of
glochidial development, plotted in a diagram and compared with the age structure of the
population of the freshwater peart mussel.

2. Effect of water temperature on the glochidial development

Samples of brown trout invaded by glochidia of the freshwater pear] mussel in a
semunatural rearing facilicy built inside the area under scudy were investigared for the
course of development and meramorphosis of the glochidia. For comparisan host fish
were kept in the original medium of the river and in brooks with lower water rempera-
ture.

Host fish from the river Blanice were sampled one month resp. one week before the
expected release of juvenile mussels and transferred individually to brooks at higher alti-
rudes wirhin the draipage area of the river. Control site A was locared 856 m and control
site B 950m zbove sea level. The peak average temperatures in July were 13,5 °C ar site
A and 11.0°C at site B,

At the same time host fish were kepr in water from the river Blanice ar a constant
temperature (13,5 to 17.0°C).

3. Effect of temperature on the growth of adult mussels

Adult individuals of different sizes were tagged and the lengeh increments of cheir
shells were measured ar the end of the active season of every year. The relationship be-
tween water temperature and shell increments was evaluated.

Results
1. Effect of water temperature on the age struceure of the population
Individuals living on a clean gravel and sand botrom of the site exhibit a

uniform course of grewth of the ligament wich just minor deviations from the
mean represented by the growth curve. On the other hand, individuals in old

arms of the river or in places with poor water discharge and with muddy bot-
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tom show a much slower growth of the ligament and the shells. It was decided
therefore, to use only the individuals from the clean gravel and sand bottam
for the plotting of the growth curve,

Equation of ligament growth:

¥ = 1,6 + 1.057x — 0.0053x2
n=380 r=09%941
= nusnber of shells for the determination of the equation
r = coefficient of correlation
v = length of the ligament
X = age {years)

Fig. 1 represents the distribution of age classes of the freshwater pear] mus-
sel along a 4 kem part of the locality, as depending on the fall and the nature of

P % )
Bl :)‘

Tid 0 R0 A0 TR

Fig. 1. Distribution of the age classes of the freshwarer pearl mussel according to the

length of the water course and its relarive fall (A~ 1st km, sporadic meanders, relative

fall 0.55%; B - 2nd km, sporadic meanders, relarive fall 0.6%; C ~ 3rd km, medium-

mezndering course, relarive fall 0.6 %; D ~ 4th km, frequent meanders, relative fall

0.3%; y - direction of flow; x ~ age classes; P — percentual proportions of age classes in
the population).
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Fig. 2. Comparison of water temperature and the age structure of the freshwazter pearl

mussel population. (A - average monthly temperature during the peried of develop-

ment of the glochidia; B — percentual proportions of different year groups of mussels in
the population; x ~ vear of release of the mussels from the host),

the river bed. Of 50 mussels experimentally tagged for drift investigation,
those from sandy sediments were drifted up to 800 m downstream within one
year; those anchored in gravel were able to stay at their original site.

Fig. 2 is a diagram of mean water temperatures during the periods of
glochidial development from 1932 until 1986 and of the proportions of differ-
ent age classes (percentages} in the freshwater pearl mussel’s population in a
2km section of the river close to the end of natural distribution in the locality.

2. Effect of water temperature on the glochidial development

Under the natural conditions of the site of study, the host fish are invaded
by glochidia of the pear! mussel during the second ten-day period of August o
the first ten days of Seprember; the meramorphosed juvenile mussels leave the
hosts during July of the subsequent year. These dates refer to the vears 1986 to
1988. There is so far no information on the course of the cycle in years with
large temperature deviations.

Host fish that had been transferred to control sites A and B one month be-
fore the expected release of juvenile mussels showed different patterns in the
glochidial development. At control site A abour 30% of the young freshwater
pearl mussels left their hosts between the 40th and 60th day after the transfer
of the fish. The other glochidia stayed on their hosts for another 100 days uneil
the investigation had to be terminated because of freezing of the water. Ar sive

B none of the mussels left the fish even after 160 days of the trial,
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Transferred on the fish to the control sites one week before the expected
release of juvenijle mussels, the development of the musscls was finished and
the juvenile freshwater pear! mussels left the gills of the fish within 14 days at
both sites A and B with no difference,

The viability of the juveniles released was not investigated — this will be
done during further research work.

At the same time, a series of rrials with trout invaded with glochidia of the
freshwater pearl mussel were conducted, the fish being kept at a constant range
of water temperatures. If wazer is kept within a daily range of 15.5- 17.0°C,
the glochidia develop continuously under artificial conditions and thejr meta-
morphosis takes place, leading to the release of juvenile mussels after 84 + 4
days. This clearly differs from the nateral environment where the develop-
ment fasts about 11 months,

If the length of time needed to finish the glochidial metamorphosis is cal-
culated as the sum of average daily water temperatures {day degrees), 1300 to
1430 day degrees are derived. However, some juvenile mussels may leave the
host much sooner, but these individuals are much smaller and their growth po-
tential is limited. Their mortality within 60 days is up to 90 %. The glochidia
which stay on the hosts for more than 1300 day degrees are as large, viable and
active as are the individuals which leave the host under narural conditions. An
attempt 1o accelerate the metamorphosis of glochidia was conducted succes-
sively in different stages of maturation in the gill tissue of the host, The results
are shown in Table 1. Under natural conditions of the locality under study, the
number of day degrees needed to finish the metamorphosis of glochidia is
much highe: than 1300 day degrees, amounting 1760 to 1820 day degrees in
1987 and 1818 to 1860 day degrees in 1988. As observed in both years, juvenile
mussels were released from the host only after a stabilized period of 14 1o 16
days with average water temperatures reaching or exceeding 15 °C, For compa-

Table 1. Trials to accelerate the growth and metamaorphosis of glochidia, (A ~ number
of day degrees for the development of glochidia on the host under natural conditions,
before the beginning of the trial; B - number of day degrees during the tria] until the re-
lease of the first juvenile mussels; C - toral sum of day degrees until the time of refease
of the first juvenile mussels; D - number of day degrees needed during the trial for
spontaneous release of the juveniie pear! musscls; E — toral number of day degrees needed

for spontaneous release of the juvenile pear! mussels)

Date A B C D E

20. 08, 1988 9 1118 1118 1397 1397
24,03, 1988 789 320 1109 544 1333
18. 11, 1988 846 263 1109 318 1356
02.01. 1989 858 258 1116 528 1386
05. 05. 1988 954 188 1142 387 1341
20. 06. 1988 1478 68 1546 255 1733
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Fig. 3. The patterns of average monthly water temperatures. (A - Blanice, extraordina-

rily warm year 1947; B ~ Blanice, extraordinarly cold year 1941; C ~ Blanice, average

temperature for 1932-1986; D ~ Sérkedalselva (Norway), average temperatures for

1981 -1986; E ~ boundary of temperature curve for the reproduction of the freshwarer
pearl mussel).

rison Fig. 3 shows the average monthly water temperatures in the river Blanice
and in the Norwegian river Strkedalselva.

3. Effect of temperature on the growth of adult mussels

During the period of 1985 to 1987 the length increment of the shells of
pearl mussels of different sizes was measured, the shells being speciaily labelled
with a numerical code. Table 2 shows the different length increments and their
annual averages (percentages) in comparison with average water temperature
for April to September of every given vear,

Discussion

The differences in the distribution of age classes, as illustrated in Fig. 1, are
very likely caused by the gradually forced drift of the adult mussels during
fHoods and movement of ice, which raises parts of colonies from the bottom

and scatteres them along the river bed, or covers mussels with tayers of sand,
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Table 2. Increment of adult pear] mussels in dependence on water temperature. (A -
Code denoting the mussels; B length increment in mum; % - percentual lengeh incre-
ment; T ~ average water temperature {(°C) from April 10 September.,

A 1984 1985 B 1986 B 1987 B % 85 % 86 % 87
55.1 56.0 0.9 59.2 32 606 1.4 1.63 57C 2.36
61.0 62.2 1.2 655 3.3 67.3 1.8 1.97 531 2.75
42.3 42.8 0.3 46.0 3.5 46,9 0.9 071 8.20 196
62.3 62.5 0.2 65.8 3.3 67.6 1.8 0.32 5.28 274
12 495 50.0 Q.5 33.0 30 544 L4 1.01 6.0 2.64
23 95.2 5.2 0.0 952 3.0 963 1.1 0.00 g.oc 116
29 9.8 97.0 0.2 97.3 G.3 98.4 1.1 C.21 0.31 1.13
36 978 97.8 0.0 98.0 0.2 98.5 C5 0.00 0.20 0.51
33 56,0 57.2 i2 61.5 4.3 62.5 1.0 2.14 7.52 1.63
34 705 710 0.5 73.0 2.0 74.4 1.4 0.71 2.82 1.89
36 829 82.9 0.0 835 0.6 84.0 0.5 0.00 0.72 0.59

o, 0.79 3.82 1.76
T 10.80 11.15 11.05

[ I

forcing them to leave their location in the firm gravel bottom and thus becom-
ing subjected to downstream transport,

This suggests that drift may influence the age structure of the population
in some parts of areas investigated. However, this is immaterial with respect to
the purpose of this study: the downstream drift of the older individuals only
explains their low proportion in the population but does not affect the signif-
icance of the effect of temperature on the success of reproduction.

At the upper boundary of natural distribution of the freshwater pearl mus-
sel in South Bohemia (800 m above sea level), the age structure of the popula-
tion follows the fluctuations of the average monthly temperatures (Fig, 2). The
age group most amply represented in the present population of pearl mussels is
that coming from the extraordinarily warm years 19461948, In spite of the
stagnation of further reproduction caused by worsening of the biotopes, signif-
icant increases where observed in 1963 and 1964, and later in 1976. There are
good reasons 1o believe that reproduction was also very successful in 1976, The
young mussels of this year, however, stay i the Interstitial zone of the bottom
where they spend the first period of their life and where they are hard to reach.

If the relationship mentioned above holds generally, increased reproduc-
tion may also be expected to have taken place in these years in other European
populations whose biotopes are still clean enough at least in the upper parts of
the watersheds. The mechanisms by which the reproductive success of a pop-
ulation of freshwater pearl mussels is correlated to the temperature of the
water during the period of giochidial development will be discussed as follows:

The data from Table 1 suggest that water temperature is related to the de-
velopment and metamorphosis of the glochidia of the freshwater pear] mussel.
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In an artificial epvironment with constant water temperature 1300 to 1430 day
degrees were needed to complete the metamorphosis, {except for the one trial
performed in June, which will be discussed below). it is concluded that the de-
velopment of glochidia on the hosts can be controlled by water temperature
from the very moment of invasion.

Under natural conditions the development and metamorphosis of the
glochidia required 1760 to 1860 day degrees, but in addition, during the final 14
to 16 days the average water temperature had to be at or above 15°C, ie.
about 225 day degrees. This finding may explain the retarded release of ju-
venile mussels in the above menticned trial conducted in an artificial environ-
ment in June (Tabie 1),

Comparison of the final stage of metamorphosis of glochidia appears to
confirm the assumption that the development of the glochidia is continuous at
the beginning, but later, towards the end of the period, which could be charac-
terized by reaching the value of about 1100 day degrees, the development
slows down as if the glochidia were waiting for a longer period during which
the average water temperature would remain at or above 15 °C. If the host gets
into colder water before the glochidia have finished their metamorphosis, their
development slows down or stops. However, if the environment becomes
colder at the onset of the release of juvenile mussels from the cysts, the de-
velopment is not fonger retarded; but it has not yet been demanstrated for sure
that juvenile mussels are viable in cold water.

This mechanisms probably allow the juvenile mussels to choose a good
locality and optimuim time to leave the host and start living independently:

a) in the mid section of the trout zones where the water courses mostly
have uniform currents with only a low erosion of the bottom, and where the
output of plankron and detritus is high encugh to support the mussel and low
enough not to deteriorate the conditions in the interstitial zone of the borton;

b) in a period of minimum water flow rate when the mussels can find op-
timum positions 1n the interstitial parts of bottom, free from the danger of
downstream drift to muddy sites;

¢) in a period of peak development of nanoplankten in summer, providing
tood for the mussels.

The comparatively wide ranges of times for glochidial development an the
hosts are due to the fact thar under natural conditions the glochidia invade the
fish for several days and that the development of the glochidia is strongly in-
tluenced by the properties of the host. The host fish may aquire temporary im-
munity, being able 1o suppress or eliminate the development of the glochidia
in their gill tissue (Baver, VoeeL 1987). In practical protection, seminatural or

artificial rearing of the freshwater pearl mussel and irs introduction in new lo-
calities, all these facts imply a limitation of choice of suirable localities. The
flowing waters, where optimum localities can be found, should have good
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chemical properties (Bauer, THoMAS 1980, Baugn 1988) and a suitable porous
structure of the bottom; however, they should aiso be able to reach a tempera-
ture exceeding 1300 day degrees over a period necessary for the development
and metamorphosis of glochidia, with a peak of the daily average remperature
at or above 15°C for ar least 14 days in summer.

In the cold areas of North Europe this is probably realized in the oligot-
rophic lakes on the upper reaches of the rivers where heat accumulation occurs.

To a considerable extent, water temperature in brocks and rivers is af-
fected by the management of the drainage area. Landscapes without forests and
with regularily cur alluvial meadows, with shrubs growing along the banks of
the brook, are favourable because the soil of the meadow can be wel] heated
and the shrubs shade only the water surface, preventing algae from overgrow-
ing the bottom. If the grass is not harvesred the meadow is overgrown with tall
hard grasses and the warming of the stream is reduced. When the brook flows
through a forest, its water is cold. Undrained forests with plenty of moss are
more favourable for keeping a good warer temperature then forests from
which the water flows too quickly, sometimes with an artificial draining sys-
tem,

Nowadays there is a tendency to either plant forests in the alluvial areas
along brooks and rivers or to build draining systems for intensive farming with
the use of mineral fertlizers and pesticides. All this is harmful to freshwater
pearl mussels: a forest reduces water temperature, thus lowering the boundary
of the possible vertical distribution of the species; intensive farming changes
water chemistry and destroys the mussels’ bictope,

Summary

The last fragments of the formerly large area of occurrence of the freshwater pearl
mussel (Margaritifera margaritifera 1) have remained in the upper reaches of rivers
where the degree of eutrophication is low. However, success of reproduction in rhese
areas is limited by the water temperarure which must be high enough to allow for 1300
day degrees {sum of average daily warer temperatures) during the period of development
of glochidia on the host fish, the peak of the average temperature curve for the summer
season being above 15°C for at least 14 days. In an artificial environment, temperature
can be used to control the development of glochidia from the very moment of invasion
of the host, At a constant distribution of the average daily water temperatures within
the range from 15.5 to 17,0 °C, metamorphosis and the release of juvenile mussels from
the hosts occur within 84 + 4 days. Warer temperature also influences the growth of
adule pear! mussels. These findings can be used in conservation practices, in seminatural
and artificial rearing of the mussel, and in theiy possible introduction in new localities,
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(Czech Weather Service's Hydromereorological Instirute, Ceské Budejovice). Thanks
for valuable advice and information also go 1o Mr. Ramves Dermzr, B.S., of the Veter-
imary University, Hannover, and to Dr. Geruane Bavzr of the University of Bayreuth.
Historical data used in the paper are by courtesy of Prof. MVDy. Viciay Dyk, DiSe,
For practical help in field work the author is obliged to the team of the Prachatice Dis-
trict Committee of the Crech National Unjon of Nature Protection Activists.

The national, regional and Jocal conservation authorisies and the Czech Anglers’
Union deserve special thanks for their contribution o efforts for the conservarion of the
freshwater pearl mussef in the Czech Republic,
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