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The parasitic stage of the freshwater pearl mussel
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(Margaritifera margaritifera L.)
1. Host relationships
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Abstract

The host range of the Margaritiferidae seems to be restricted to salmonids only. In
this paper the host relationships of the european freshwater pearl mussel (Margaritifera
margaritifera 1.) are analysed. Data on the suitability of the salmonid species occuring in
pear] mussel rivers are presented and, in order to get some insight into the pearl mussel's
population ecology, density dependent processes governing survival of glochidia are
investigated. This study also intends to provide data for effective conservation measures for
the peart mussel.

Introduction

The musse! family Margaritiferidae has a remarkable distribution that spans
the holarctic regions of North America and Eurasia (Smitu 1980). All species rely
on fish hosts where their glochidia are temporary gill parasites. Data on the host
range, however, are confusing.

According to the first papers on this subject most of the fish species inhabiting
pear! mussel rivers can serve as hosts (Harms 1908, Mureny 1942, WELLMANN
1943). Recent investigations show that glochidia are extremely specialized parasites
which can develop successfully only on a few salmonids (Awaxkura 1968, Karna
& MiLLEMann 1978, UTERMARK 1973, Younc & WirLiaMs 1984a,b). The host
range, however, varies and depends on the resident fish species. According to the
published data of the pacific region, Oncorbynchus and Salmo species serve as hosts
(AwAKURA 1968, Karna & MiLLEMan: 1978, TavLor & Uveno 1966}, whereas
in the adantic drainages glochidia develop on Salmo and Salvelinus species (Bauer
1979, SmITH 1976, UTErMARK 1973, Younc & WiiLiams 1984 a,b). Literature on
the hosts of the european freshwater pearl mussel (Margaritifera margaritifera L..)
exists for populations in Scotland (Youne & Wirtiams 1984a,b) and North
Germany (UTerRMARK 1973). To supplement these data and to allow further
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conclusions on the host relationships of Margaritiferidae, the salmonid fishes (native
and introduced) occuring in peart mussel rivers of southern Germany are analysed
for their susceptibility in this paper. In order to get some insight into the population
ecology of the pearl mussel, density dependent processes governing survival of
glochidia are also studied for two selected salmonid species. This study also intends

to provide data for effective conservation measures for the pearl mussel, which
has become one of the most endangered animal species in Central Europe (Bagr
1970, 1981; Bauex 1979, 1980; Derrmer 1982; JuncsLuts 1971; WELLS et al.
1983). If the most susceptible host species is known, its populations could be
supported thus allowing the natural reproduction of the mussels to increase.

Material and methods

Glochidia were obtained from gravid mussels from 3 small seream of the upper Elbe
River system in North Bavaria. All experiments were conducted with fish obtained from a
fish hatwchery, none of which had previous contact with glochidia. The age classes were
termed O+ (hatched in the year of the experiment) and 1+ (hatched one year before the
experiment).

t. The host range

Fingerlings (0+) of seven salmonid species were sfightly infected by exposing them
for five minutes to 30 x 10" active, mature glochidia per litre. After infection, the fish were
kept at 15°C and the success and development of the infections were observed until the
young mussels were released.

2. Progress of glochidial mortality in time

Fingerlings of Salvelinus fontinalis (4—6 cm in length), Salmo trutta (5.5—8.7 cm) and
Salmo salar (3.1—5 cm) were simultaneously exposed for five minutes o the same glochidial
congentration as above, Immediately after infection some fish of each species were killed and
the numbers of glochidia in their gills counted. The remaining fish were kept at 9.5°C and
the fate of infection was analysed from samples taken atr 15 weeks intervals.

3. Density dependence of glochidial mortality and age effect

Seventysix Salmo trutta and 117 Salvelinus fontinalis of two age classes were used for
this experiment. 8. trutta were 9—13 cm.(0+) and 24.5-29 cm (1+4) and S. fontinalis 46 cm
(0+) and 1629 ¢cm (1+) long, We devided the fish of eack species and age class into four
groups which were then exposed to a glochidial suspension for different time periods starting
with group 4 and proceeding with group 3, 2 and [ (Table 1} thus producing varying infection
intensities. The glochidial dose for S. trutta and §. fontinalis {group 1) was 40 x10* and
20 % 10° per litre resp. Whenever one group was infected the concentration of free glochidia
in the suspension was determined. The fish of each group were marked by cutting different
fins. Immediately after infection a sample of the fish was killed (Tab. 1}, For each fish the
size, weight, exposure rime and the dose to which it was exposed was noted and the number
of glochidia in its gills determined. With these data a multiple regression was conducted for
each age class leading 1o an equation with the initial infection intensities as dependent variables
and size {or weight), exposure time and glochidial dose as independent variables (Tab. 3).
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Table 1. Experimental design to investigate the relationships between glochidial mortality
and infection intensity or host age respectively.

Group Salmo trutta Salvelinus fontinalis
exposure  nkilledat okilledat  exposure  nkilledar  nkilled at
dme (min) dayOp.i. day43pi. time{min) dayOp.i. day3ép.i

0+ I+ O+ 14 0+ 1+ 0% 14
R 3 O T 5 R R ST
2 6 4 3 6 5 10 515 3 10
3 9 & 3 6 7 15 5 14 2 8
4 15 4 3 6 6 20 4 10 2

The remaining fish were kept for 43 (S. trutta} and 36 (5. fontinalis) days at 9.5°C
when the numbers of mussel larvae in the gills were counted. Ten larvac on each §. trutta
were measured along their Jongest axis. The exposure time and the size of each fish was
also noted and using the above equations, the initial infection intensities could be calculated.
The density dependence of glochidial mortalities was analysed by plotting the initial against
the surviving densities logarithmically (Morrts 1963, SoLomon 1964, 1968).

Results
(1) The host range

The salmonid species inhabiting pear] mussel rivers in southern Germany are
listed in Table 2. S. trutta and Thymallus thymallus occur in all rivers. §. salar
occurs in the Rhyne and Elbe River system, while Hucho hucho is only found in the
Danube River system. 5. fontinalis and §. gairdneri are introductions from North
America.

The fate of glochidial infection suggests that these fish species differ con-
siderably with respect to their susceptibility (Tab. 2). Glochidia develop very well

Table 2. Suscepribility of salmonids occuring in pearl mussel rivers. + = highly susceptible;
glochidia developed successfully on all tested specimen. (+) = less susceptible; glochidial
mortality is high; frequently all glochidia are shed. — = completely resistant.

Saimoninae
Salmo trutta "
Salmo salar +
Salvelinus fontinalis (+)
Hybrid (5. trurta x §. fontinalis) {(+)

Hucho hucho {+)
Salmo gairdneri -

Thymallinae _
Thymallus thymallus -
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on 5. trutta and S, salar. S. fontinalis, the hybrid of §. fortinalis and S. trutta as
well as H. bucho are more resistant. S, gafrdneri and T. thymallus are completely
resistant, repelling all parasites within a few days post infection.

(2). Progress of glochidial mortality in time

§. trutta used in this experiment were longer than S. fontinalis and §. salar.
Larger fish have larger gills which allow more water to pass through them.
Consequently S. trutta could support a larger initial glochidial load than the other
two species {Fig. 1). However this doesn’t influence the results.

On §. fontinalis the number of glochidia had decreased considerably one week
p.i. (Fig. 1), This trend then continued until four weeks p.i. when all fish had
lost their glochidia. The degree of infection of 3. trutta and § salar on the other
hand, remained fairly constant, indicating that these hosts retained their parasites
during the duration of the experiment.

(3) Density dependence of glochidial mortality and age effect

S. trutta and 3. fontinalis were chosen for this experiment because the former
is an example of an ideal host and the latter of a less suitable host. The equations
for the calculation of the initial infection intensities are given in Table 3. The
variation of this parameter can be explained to a high degree by fish size and
exposure time whereas glochidial dose contributed only to the variation in the 1+
5. fontinalis because of the significant reduction of suspended glochidia after each
infection. Tn all other cases the small numbers of glochidia withdrawn by infected
fish are not important.

(2) Salmo trutta

Glochidial mortalicies 43 days after infection vary berween 24 and 78% on
O+ fish. The slope of the regression is less than one (Fig.2) and mortality therefore
must be considered as density dependent: the higher the initial infection, the higher
the percentage of glochidia which is lost.

Glochidial mortalities on 14 §. trura is higher and varies between 80 and
96%. The regression line has a slope of b=2, indicating that mortality is inversely
density dependent: the higher the initial infection, the lower are the mortalicy
rates,

During their parasitic stage the larvae of the freshwater pearl mussel grow
from 0.07 to 0.4 mm before they are released as young mussels. According to
Fig.3 growth was delayed on 1+ hosts compared to 0+ hosts where they reached
nearly half their final size after 43 days.
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Fig. 1. Progress of glochidial mortality in time. All fish were simultaneously exposed to the
«same dose at day zero.

(b} Salvelinus fontinalis

Glochidial mortality is much higher in this species, Of the 43 fish infected,
25 had lost all glochidia (Fig. 4). In contrast to S trutta the survival rates of
glochidia do not show any relationship to the initial densities.
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Table 3. Predictive equations for the initia] infection intensities. y =

G. Bauer

initial infection intensity

(glochidia per fish); [ = length of fish (cm); w = weight of fish (g); t = exposure time (min.};
d = glochidial dose (suspended glochidia per lizre). P

Age Equation n s
Salmo 0+ yo=-—10280+-832 1 +10461 16 0.94
trutta 1+ y = ~ 82900 + 43941 + 3544 ¢ 12 0.74
Salvg!infts 0+ y = —228+123w+ 231t 19 C.78
fontinalis 1+ y = — 38280+ 11421+ 651¢ +1.24 54 0.63
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Fig. 2. Suevival of glochidia on Salmo trutta. (Each dot represents one fish.)

log (initial density]




Parasitic stage of the freshwater pearl mussel, 111, 419

Lt g

O+

60

L0

frequency (%)

B0 b st
ace 012 018 0

size (mm}

Fig. 3. Size distribution of glochidia on Salmo trutta 43 days p.i.

Discussion

The results of this study concerning the host specifity of M. margaritifera in
Europe compare favourably with the findings of UrerMarg (1973) and Young &
WiLLiAMs (1948a,b): only species of the subfamily Salmoninae can serve as hosts
(Tab. 1}. The native T. thymallus, of the subfamily Thymallinae which is comm-
only found in pearl mussel rivers of this study area, is completely resistant
(Tab. 1).

But not all Salmoninae are accepted as hosts of pearl mussel glochidia. The
suitability of H. bucho is also in doubt. All experiments were conducted with
glochidia obtained from the Elbe River System where this salmonid doesn’t occur
naturally and the possibility cannot be excluded that H. hucho is probably less
resistant to glochidia from the Danube River system. The introduced . gairdneri,
a host of Margaritifera falcata in Oregon (KARNA & MILLEMARN 1978) was shown
to be completely resistant. The susceptibility of S. fonzinalis, which is also an
introduced species, is very low (Tab. 1, Fig. 1, 4). This is especially surprising as
S. fontinalis serves as a host for M. margaritifera in Massachusetts (SMiTH 1976).

The host range of M, marganitifera in the Elbe River system is apparently
restricted to the two native Salmoninae namely §. trurta and 8. salzr. Due 1o water
pollution the latter species became extinct in this river system so that at present
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Fig. 4. Survival of glochidia on Salfvelinus fontinalis. For comparison the regression fines of
Fig. 7 also are given.

§.trutta is the only important host. In spite of its suitability as a host a remarkable
high loss of glochidia may occur, even if none of the fish had been infected before.
A similar phenomenon was observed by Fustise & MiLLemann (1978) and Youne
& WiLLIaMs (1984a,b) who analysed the host relationship of M. falcata in Oregon
and M. margaritifera in Scotland respectively. This loss depends on at least two
factors namely: the age of the host and the infection intensity (Fig. 2): On 0+
fish, mortality rates are moderate and density dependent. According to the
regression line in Fig. 2 mortalities should be low at initial infection intensities
between 100 and 1000 glochidia. This is confirmed by the experiment on the
progress of glochidial mortality in time (Fig. 1), where the fish were only slightly
infected and accordingly no significant decline of glochidial numbers was observed.
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The pattern of mortality on 1+ fish is quite different where mortality rates are
high and exhibit a strong inverse density dependence.

Mechanisms underlying glochidial mortality in the parasitic stage were
investigated by ARey (1932), Bauer & VoGEeL (1987) and Mevers et al. (1980).
Immediately after infection a nonspecific tissue response may occur leading to
hyperblasia and 10 a quick shedding of the parasites. According to WaxzerLin (1976)
this.type.of response is typical of hosts with a high degree of natural resistance;

The rapid decline of glochidia in S. fontinalis suggests such a tissue defense
mechanism.

A second type of response is the production of antibodies. Such a humoral
response in fish is a delayed process (CorseL 1975) and is therefore confined to
hosts which rewin the parasites for a longer period of time, e.g. to a susceptible
host like S. trutta. The observed mortality on this host is in sharp contrast with
that of §. fontinalis, indicating that both species have different mechanisms
responsible for giochidial mortality. It has already been demonstrated that there
is a humoral response to glochidiosis in $. trutta which leads to glochidial mortality
and to delayed development of the survivors: the more intense the response (the
higher mortality) the more delayed is development (Bausr & VogrL 1987).

The results obtained from 5. trutta indicate that glochidial mortality is mainly
due to a humoral response’. The immune system of O+ S. trurta responds only
weakly 1o glochidiosis and the intensity of the response is enhanced if the glochidial
load is high. Because of the weak response, the conditions for the parasites are
very suitable and development of glochidia is enhanced. On the other hand 1+
S. trutta are more resistant and a strong response leads to high mortality rates
and delayed development of glochidia. The response is especially intense where the
glochidial load is low,

A survey of pearl mussel populations in Central Europe shows a lack of young
individuals (BAUER 1983) despite the fact that the adults are fertile (Baugr 1987).
In order to increase the immature population certain conservation measures are
suggested. Firstly, S.trutta populations should be supported by providing sufficient
spawning and hiding places. Secondly, no foreign salmonids should be introduced
because they are unsuitable hosts and may lower the density of S. rrurta by
competing for food and territories. They might also hybridize with S. trurza
producing offspring which are detrimental for the pearl mussel populations (Tab. 2).

An attempt was recently made to establish new pearl mussel populations by
introducing infected fish into clean rivers. These attempts are most promising
where O+ S trutza are used as glochidial mortality is low and glochidial develop-
ment is quick on these hosts. As the mortality is only weakly density dependent
high infection intensities will yield high numbers of young mussels.

! A tissue response seems to occur only if S. trutta is kept at high temperature (17°C,
Baver & VoceL 1987).
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Summary

The main hosts of Margaritifera margaritifera in southern Germany are the native
Salmoninae Salmo trutta and Salmo salar. Hucho bucho, the introduced Salvelinus fontinalis
as well as the hybrid of $. fontinalis and S. trutta are less susceptible. Salmo gairdneri and
Thymaltus thymallus are completely resistant (Tab. 2).

The patrern of glochidial mortality suggests that less susceptible hosts respond o
infection with a rapid tissue response, whereas the susceptible host S. trutta shows a delayed
response presumably due to a humoral factor (Fig. 1). Mortality on §. trurta increases with

host age, it is density dependent on O+ (less than one year old) hosts and inverse density
dependent on 1+ (older than one year) hosts (Fig. 2). Conservation measures for the pearl
mussel should therefore be directed ar supporting populations of §. trutta. No foreign
salmonids should be introduced into the rivers and artificial rearing of highly infected 0+
brown trout for refease should be encouraged.

Zusammenfassung

Die Hauptwirte der Fluperimuschel (Margaritifera margaritifera L.) sind die beiden
einheimischen Salmoninae Bachforelle (Salmo trusta) und Lachs {Salmo salar). Hucho bucho,
der eingefiihree Bachsaibling sowie die Kreuzung aus Bachforelle und Bachsaibling sind kaum
als Wirte geeignet. Regenbogenforelle (Salmo gairdneri) und Asche (Thymallus thymallus)
sind vollig resistent (Tab. 2). ‘

Der Verlauf der glochidialen Mortafitit legt nahe, daff weniger geeignete Wirtsarten
mit einer schnellen Gewebsreaktion auf eine Infekvion reagieren, wihrend geeignete Wirte
eine zeitlich verzégerte Reaktion zeigen, die vermurlich uf einer serologischen Kemponente
beruht (Fig. 1).

Die Mortalivdr der Glochidien auf Bachforellen steigt mir zunehmendem Wirtsalter.
Sie ist auf Briidingen positiv dichteabhingig, auf I+ Fischen invers dichteabhingig (Fig. 2).
Als Schurzmafnahmen fiir die Perlmuschel wird vorgeschlagen, die Bachforellenpopulationen
24 stiitzen. Es sollten keine fremden Salmoniden eingesetzt werden. Neuansiedlungsversuche
sollten mir stark infizierten Forellenbritlingen durchgefihr: werden.
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