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sbstract

Two types of bucephalid cercariae are reported from the bivalve Anodenta anating in two Finoish lakes,
one. Type A, resembles in gross morphology the cercaria of Bucephalus polvmorphus, and the other,
fpe B, resembles the cercaria of Rhipidocotvle campanula. Type A daughtet-sporocysts develop more
jowly, have a greater cercarial productivity and exhibit 4 differential divrnal rhythm to that of Type B.
Cercariae of Type A have a shorter longevity than Type B and tend to encyst in the fins rather than the
dll-arches of fish intermediate hosts. The main definitive host of Type A is pike Esox fucius and, in the
ase of Type B, perch Perca fluvianlis. Adults of Types A and B are morphologically very similar and

hoth species belong to the genus Rhipidocotyle.

* Iniroduction

i During the course of a survey of the parasites
_ uf the bivalve Anodonta anating L. {= piscinalis
" Nilsson) in Lake Saravesi in central Finland two
. Aifferent bucephalid digenean infections were en-

suntered. One forfnn (herein referred to as Type
Al which was rather common (prevalence
: 12%), produced cercariae (Fig. 1) with jong,
* “lumentous furcae that resembled those described
. Baturo (1977) under the name Bucephalus
- wlvmorphus von Baer, 1827. The second form
= herein referred to as Type B), which was rure
irevalence 1.0%)), produced cercariae (Fig. 2)
= *thshort furcae which resembied those described
.B;mzro under the name of Rhipidocoivle iflense
f’-fc“‘gier, 1883) [now R. campanula (Dujardin.
43)]. Subsequently, A. anating infected with the

fatter form only were found in Lake Kutvasjirvi
in northern Finland. The only previous records
of bucephalids in Finland are those of Jarnefcht
(1921), who claimed to have found B. poly-
morphus in 1.2% of Perca fhuviatilis in Tuusulan-
jarvi in southern Finland, and Hakala (1979), who
studicd eight Anodonta populations in southern
Finland and found Bucephalus sp. in prevalences
varving from (0-50% 1 different populations. The
species of bucephalid getually found by these au-
thors is. however. questionable. It would have
not been possible for Jarnefelt o distinguish 5.
polvmorphus from K. companida in 19210 in the
ctandard identification manual of the time, that of
Lithe {1909). the figure said to be B. polvmorphus
cleasly resembles R. campanula. In view of the
present results, Hakala's identification based on
farval material must also be doubtiul.




82 J. Taskinen, E.T. Valtonen and 3.1, Gibson

Figs 1,2. 1, Photomicrograph of a Type A cercaria from Anodonta anating from Lake Saravesi. 2. Photomicrograph of a Type
cercaria from Anodonta anating {eom T.ake Kuivasjiret, Seale-bar: §.1 mm.

The taxonomy and taxonomic history of buce-
phalids in European freshwater fishes is complex,
although most authoritics now agree that two spe-
cies, B. polymorphus and Rhipidocotyle campan-
ula [=R. illense], exist. A major nomenclatorial
problem has arisen, however, because Baturo
(1977) claimed to have obtained specimens of R.
campanula (as R. illense) from cercariae which
resembled the type-material of B. polymorphus:
the latter species is based upon cercarial material.
As a result of her findings, Baturo (1979) applied
to the International Commission for Zoological
Nomenclature to have Bucephalus polymorphius
placed on the Official List and based upon an
adult neotype: this application 1 still awaiting a
decision from the Commission. Our preliminary
experimental studies on the bucephalid cercariae
which we found in Finland (Gibson & Valtonen,
1989) appeared to contradict Baturo's results in
that cercariae (Type A) resembling those which
she considered to be B. polymorphus produced
an adult form resembling R. campanuie. In view
of these preliminary results more detailed ecologi-
cal and experimental studies of the bucephalids
infecting bivalves in Finnish waters weie under-
taken.

Materials and methods

{ake Saravesi is situated close 10 Jyvasky
Central Fintand (Fig. 3) and belongs to the X
joki water system which flows into the Gg
Eintand. 1t is small (7.8 km®) and shatlow (
depth 5.5 m}, and, typically for a river-lik
its water replacement takes only four day'
water of this lake is entrophic and contain
of organic chlorinated compounds from th
ent of paper and pulp mills 25 km upstreain,
Saravesi is on average ice-covered from 20
November to about 10th May and the
water iemperatures are 18-20°C at the end
or the beginning of August. A dense popt
of Anodonta anatinag inhabits the lake and @
14 species of fish occur in the area. The
Siizosiedion lucioperca, oniginally an inhabi
the lake, was absent for at jeast 20 ye
the lake has been successfully restocked i
YEAars. o
Lake Kuivasiarvi is also a small (084
shallow (mean depth 1.9 m), hypereui’rbphw
situated close 1o Oulu in northern Finland
3). Yts waters flow into the neighbouring B
Bay via a small river. This lake is usuall
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avered from the end of October until about the
sk May. A dense A. piscinalis population in-
wabats this lake and at least five species of fishes

vur. of which roach Rutilus rutilus, perch Perca

“vratilis and pike Esox lucius are the most com-

ihe zander does not occur in this region.

‘ Usinfected piscine hosts were obtained from
i. she Peurunka which is situated close to Lake
“rtvesi this is a lake in which Anodonta has not
H tsund and no glochidia occur on the fish.

» E_‘c?»:rimcmal details are given in the sections

L

- with each experiment.

susentative metacercarial and adult buce-
specimens obtained as a result of surveys
<rasentad mfections were forwarded to the
- Worms Section of the Natural History
s Lorwdon for identification. Worms were
it ghadnd seetic acid, stored in 70-80% alco-

nland. Lake Saravesi is separated from neighbouring lakes by &

hol, stained in Mayer's paracarming and mounted
in Canada balsam.

Ohservations

Studies on the natural occurrence of larval buce-
phalids in molluscan hosts

Methods

Forly-three samples of about 30 molluscs were
collected monthly between May and Diecember in
both 1987 and 1988 and between lanuary and
November in 1989 from the fittoral and sublittoral
zones of Lake Saravesi, A total of 1,157 Anodonia
anatina, 39 Pseudanodonta complanata and 65
Enio spp. (L. mmidus and U, pictorum) were
dissected and examined for the larval stages of
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Table I. The occurrence of Type A and Type B bucephalids in bivaives from Lakes Saravesi and Kuivasjini.

Lake Bivalve No. examined Type A Type & )
No. infected (%) o, mfected (%) : K

T

Saravesi Anodonta anating 1,157 384 (33.2) 12 (1.4} :
Pseudanodonia complanaia 29 G {0} () el e
Unio spp. 05 0 () TR ' 3
Kuivasjirvi Anodonta anating 168 0 {0 H (4.7 @

bucephalid digeneans. The gonads of the molluse
were studied by pressing the tissues between two
glass plates and examined using transmitted light.

A sample of 168 Anodonta anatina was studied
from the littoral zone of Lake Kuivasjdrvi during
June, 1988.

Results

Branching bucephalid sporocysts (Type A) pro-
ducing cercariae with extremely long, filamentous
furcae were found only in A. anatina from Lake
Saravesi. The specimens of P. complanate and
Unio spp. were not infected. 33.2% of the A.
anaring examined at Lake Saravesi were infected
with this parasite (Table I}.

Branching bucephalid sporocysts producing cet-
cariae {Type B) with relatively short, stout furcae
were found only rarely (prevalence 1.0% ]} in A.
anatina from Lake Saravesi. Of the 384 specimens
infected with Type A and 12 infected with Type
B only one concurrent infection was found. Par-
thenitae of Phyllodistomum sp. were also found
in two specimens of these moliuscs.

In the material from Lake Kuivasjirvi no infec-
tions of Type A sporocysts were found in A.
anatinag, but about 5% had gonads infected with
Type B sporocysts.

Comments

These results indicate that the bivalve A. anating
harbours two bucephalid larvae and that the distri-
bution of these infections is variable, with individ-
ual species being absent or rare in some lakes.
In gross morphology the two types of cercariae
resemble those of the two bucephalid species nor-
mally occurring in European bivalves (see Baturo.
1977). The results also suggest that these two spe-
cies are restricted to A. anating, although insuf-
ficient numbers of other bivalves have been exam-

ined to be certatn: this would tend 0 contradi
the impression given in the literature that the ¢
widely accepied species of bucephalid in Eurg
pean freshwaters use a range of bivalves as first
intermediate hosts (Table 1V}
Observations on the shedding of cercarioe

Methods _
The numbers of cercariae produced daily by
uraily infected molluses and the irequéﬁx
diurnal thythm of their emergence was stmi
the laboratory by monitoring 15 A anatt
Iake Saravesi known to be shedding cerear
Type A. Fach mollusc was Kept in its own
ium in 5 Hires of water at room temperat i
number of cercariae emerging from each 1ol
was counted visually for 2 minute sessio
average of 12 times in 24 hours during hoth A
gust 1st-2nd and Auvgust 26th-27th, 19
experiment was subjected to natural lighting
ditions only. except during the period whe'
rine were counted under artificial light
collected during the two days involved &
312 counts. In order to obtain the average
of cercariae emerging from a moffusc du
hour periods of the day, the data from @ of
2 minute sessions on both days were pool
subdivided into 2 hour periods. The avera
for each mollusc was then calculated.”
This prtr;mam was repeated on 13
july, 1988 using 2 specimens of A, fzm‘iﬁ
Lake Kuivasjdrvi known to be releasis
cercariae. "
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Results

During a 24 hour pertod A. arwtma i
Saravesi shed on average 9,500 Type
whereas the average number of Type

g
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emerging from specimens of A. anaiing from Lake
Kuivasjarvi was only 1,400 (Fig. 4).

There was also a great difference in the diurnal
pcriodiciiy of emergence between the two species.
rhe most productive time of the day for the rele-
e of Type A cercariae was morning between &
and 10 a.m., when 47% of the total emergence
sccurred. This was the period of lowest pro-
ductivity for Type B cercariae {Fig. 4}, which in-
creased only between 4 p.m. and 4 a.m.

(onunents

These results indicate that Type A sporocysts have
a4 greater cercarial productivity than those of Type
i, Thev also exhibit a quite different diurnal
shythm in relation to the release of cercariae. One
possible explanation for these differences may be
related to the fact that the two forms may have
different preferences regarding the species of fish
wecond intermediate host which may have differ-
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ent diumal regimes. Since toach are utidised as
the second intermediate host for both species in
these lakes, this seems unlikely. Alternatively. it
may be reluted to the different mechanisms of
transeission to the fish intermediate host (see
below) used by the two species and the behaviour
of the host at different times of the day. For exam-
ple, cercarine Type A may stand a better chance
of transmission during the day when the fish is
more active, whereas Tvpe B may stand more
chance during the hours of darkness when the
fish is resting. The greater Jongevity of Type B
cercariae (see below) may also be associated with
mechanisms and timing of transmission.

Baturo (1977) found that her COrCariae rescin-
bling Type A were produced in numbers of only
several hundreds per day and that productivity
was greater in the afterncon and evening: this
appears to contrast markedly with our resalts, but
the greater day-length in summer in Fintand (c.
19-21 vs 16~18 hours) probably means that there
is not such a distines difference when considering
the number of bours since dawn. Her cercarie
resembling Type B (R, campanula) were pro-
duced in aumbers of 100-300 per day and the
main period of emergence was the afternoon and
especially the evening: this latter resultis simnifar
to ours. The lower daily emergence observed by
Baturo for both of her forms of cercariac might
be related fo the longer period in Poland when
the water temperatures are suitable: in Finland
this period is restricted to only two months in the
year (late July to casty September).

Observations of the longevity of bucephalid
cerrariae

Methods
The longevity of Type A cercariac was studied
using 292 pewly emerged cercariac from 5 A. pis-
cinalis from Lake Saravesi. The cercariae from
each molluse were kept together in separate petil-
dishes at room temperature {¢. 19-21°C} and their
survival was monitored for up to 29 hours.

The experiment was repeated using 48 Type B
cercarine from 3 A. anoring from Lake Kuivas-
jérvi, and they were monitored for 40} hours,
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Fig. 5. The longevity of cercariac of Types A and B after
emergence from naturally infected Anodonta anating fiom
Lakes Saravesi (Type A} and Kuivasjirvi (Type B) at 19
21°C. The number of cercariae monitored were 292 Type A
and 48 Type B.

Results

In the case of Type A cercariae, the first cercariae
died during the first two hours, 50% were dead
after 17 hours and after 29 hours only 4% of the
cercariac were stifl alive (Fig. 3). In the case of
Type B cercariae the first were dead after 12
hours, 50% were dead after 28 hours and the last
one died after 40 hours (Fig. 5).

Comments
Baturo (1977) found that her cercariae resembling
Type A survived for about 48 hours at 17°C and
28 hours at 22°C. Her cercariae resembling Type
B survived for 28 hours at 18°C, 24 hours at 20°C
and 18 hours .at 25°C. Similarly, Kurandina &
Ivantziv (1975) recorded the survival of cercariac
said to be R. illense as 17-20 hours at 21-23°C.
It is not possible to'compare our results with those
of these workers because it is not clear how they
measured longevity (did they record the average
longevity or the greatest longevity?) and, as indi-
cated by Baturo’s results, longevity is very tem-
perature dependent. Nevertheless, it is clear from
our results that cercariae of Type B tend to survive
tonger than Type A.

During this experiment it was observed that
cercariae of both species were active and infective
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only during the first few hours after EImergenge,
Kurandin & ivantziv (1975) deseribed the bejgy,
iour of cercariae of R. campanida {as R. itengey, -
and Baturo (1977) has described the behavioyy g -
the cercariae of both this species and B, poly.
morphus: the behaviour of the cercarine of thage -
two species resembies our observations of Type s
and Type A cercariae, respectively.

Observations of the response of cercarigd emeEg.
ence to increasing termperaiure in the leborafory ™

Methods

The speed of development was assessed in teniig
of day-degrees: this is a sunmumation of the mm
atures on each day of development.

A total of 30 Anodonta enating were tollecied
from Lake Saravesi on 12th May, 15th Jun
29th June, 1988, and 168 were collecy
Lake Kuivasjirvi on 7th June, 1988, The
luses were kept at room temperature ia the fabos
tory and cercarial emergence was moni
four hours daily, between 8 and 10 afm o

and between 2 and 4p.m. for {ype B
day-degrees were counted from May isg_gﬁg_
emergence of the first cercaria from each infeets
moliusc, This date was chosen because of the
ferent collection dates and because the water)
perature begins 1o rise at this time, as.the
cover is lost, and the rate of development %.}f !
parasite may increase. For this purpose tke&
age daily water temperature in the lakes was
monitored. :

Duuring the period of ice-cover specimens
gnating were collected from Lake Sarav
brought to the laboratory for the same put
these were 45 specimens on December;
and 38 from the same site on 13th January; |
In the case of this material, the éay»degrﬁ%&___-
counted from the date of collection m the
emergence of the cercariae.

Fesulis TR
Of those collected in the spring 5 mollusts
Lake Saravesi released Type A Q‘;‘_i’ﬁfi '
molluscs from Lake Kuivasjiry refeas
cercariac in the laboratory. Of
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Jahie 1. The effects of increased (laboratory) temperatures on the intra-molluscan development of Types A and B bucephalids in

(o of degree-days (°C), as indicated by the emergence of the first cercariae.

Source Date of No. No. infected No. producing  Pegree-days ¢y etest
collection collected  (when dissected)  cercariae Mean (range) (p-value)
e A L. Saravesi  125-20.6.88 30 8 5 916 (782-1.060 | g ooy
rae B L Kuivasjdrvi  7.6.88 168 8 5 570 {533-675)" } o
Tupe A L. Saravesi 221287 & 13189 43 9 4 615 (321-909)° } could not
Twpe B L. Saravesi 13.1.89 38 1 I 1877 be tested

Duy-degrees counted from 1st May in the lake and then in the laboratary until emergence of first corcaria.
“Day-degrees counted from date of collection until emergence of first cercaria,

irom Lake Saravesiin December, 1987 and Janu-
ary, 1989, 4 of the former released Type A cercar-
e and one of the latter released Type B cercariae
(Table ).

As indicated in Table 11, the release of the Type
R cercariae occurred much sooner than that of
Type A, both in the case of those collected in the
spring and those collected in the winter. In the
Spring the difference was statistically significant
(etest, 1= 5,18, df = 8. p= 0.001).

Comments ’

The actual figures in terms of day-degrees tell us
littie. as conditions are artificial, but the relative
figures indicate that Type B bucephalids develop
much more quickly than Type A in the molluscan
host. Tt is not possible to relate this data to the
hiology of the worms until more is known of the
taxonomy and distribution of the two forms; but
one might expect that a greatey sensitivity in terms
of speed of development o increasing tempera-
tures might be an adaptation to a more northern
distribution (Gibson & Valtonen, 1984).

The results of those collected in winter and
spring cannot be compared directly because of the
fact than those collected in the spring may or may
nov have undergone some development prior to
coilection. It is not known whether or not there
» & propostionate increase in development in re-
lation to temperature or whether temperature
thresholds are involved. It is worth noting, how-
ever, that some well-formed cercariae of both spe-
vies can be found in the mofluscs throughout the
winter which presumably require a temperature
stenelus for emergence.

Observations on naturally infected second
intermediate hosts

Methods

Ninety roach from Lake Saravesi in the form of
6 bi-monthly samples of 15 fish in 1947, and 12
roach from Lake Kuivasjarvi caught in June. 1988
and April, 1989, were examined for metacercanae
using the technigue described in the experiment
below.

Results

The results of the survey of bucephalid metacercd-
riae occurring in naturadly infected roach gave
similar results 6 the experimental study described
below (Table 1i1). From the 9y roach from Lake
Saravest &,703 metacercarie weve recovered of
which 78% were in the fins and the remainder in
the gill-arches. The prevalence of infection in
these roach was 95%. The 12 rouach fram Lake
Kuivasjarvi were all infected and revealed 1,304
metacercariac of which 97.5% were located i the
region of the gill-arches, with only 28 specimens
in the fins.

Comments

These results indicate different penetration site
preferences on roach of the bucephalid cercariae
from the two lakes. those from Lake Saravesi
(mainty Type A) tending to octur in the fins and
those from Lake Kuivasjarvi (entirely Type B m
the gill-arches.
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Observations on the site of cercarial penetration
of the second intermediate host in experimental
infections

Methods

Roach were collected from Lake Peurunka. which
is located close to Lake Saravesi, but, as far as
the fish are concerned, the two lakes are isolated
by a dam. Roach from this lake are not infected
with bucephalid metacercariae (Valtonen & Kos-
kivaara, 1989). The fish were kept at room tem-
perature and exposed to bucephalid cercariae of
both types separately by keeping them in the same
aquarium as naturally infected A. anatina known
to be actively shedding cercariae. In cach case
the type of cercaria released by the mollusc was
known. The number of molluscs per roach aver-
aged 1.1 (range 0.9-3.2) and the period of ex-
posure varied from 6 hours to 4 days but was in
most cases 2 days. 148 roach were exposed to
molluscs emitting Type A cercariae in 9 separate
experiments (20 of these fishes died during the
course of the experiment and are omitied from
the results) and 11 roach were exposed to molluscs
shedding Type B cercariae in 3 separate experi-
ments between July and November in 1987, 1988
and 1989.

The regions of the body of the roach examined
for metacercariae after a period of 1-45 days
were: all of the fins, the gill-arches on one side of
the body only and, on some cecasions, the muscles
of the body. The fins were studied on glass plates
using transmitted lght at a magnification of. 10—
25x. The gill-arches were pressed between 2 glass
plates and examined as above.

Results

AlL 128 surviving roach exposed to Type A cercar-
iae became infected in all 9 experiments (Table
HI). A total of 15,955 metacercariae were re-
covered: metacercariae were also present in the
body musculature and especially in the caudal pe-
duncle, but these data are not included here as
they were not counted in all cases. The vast ma-
jority of the recovered metacercariae (99.4%)
were located in the fins, especially in the base of
the tail fin, and only a minority (103) of specimens

in and around the gill-arches (gills on only 4
side of the body were examined).

All 11 roach exposed to Type B cercariae gy
vived, became infected and 122 metaceTeary
were recovered. Only 4 metacercariae were Foungd
in the fins, the remainder (96.7%} being locateg
in or around the gill-arches (gills on only cne sigy
of the body were examined) (Table II1).

Comments

These results confirm the different penciratiog
site preferences of the cercariac of the two Spse
cies. This difference can be explained, as St
gested by Baturo (1977) for B, palvmorphus apd
R. campanule, by the nature of the cercariag
Type A cercariae possess fong. filamenious, sticky
furcae which easily attach to the moving fins of th
roach. Whereas Type B cercariae possess short
stouter and more muscuiar furcae and tend %
attiach to the roach by coiling round the gill-rg
ers, arches, ete, after being swept there in t
branchial current.

It 1s worth noting that one roach ifecied with
Type A metacercariae still carried hve worm
after one year in the laboratory at room temp
ture: this compares with Baturo’s (1977) findin
that metacercariae resembling this type were dea
after 5 months.

ftis also worth noting that the metacercariae 6f
‘Type A recovered after 21 davs were infectiv
Chernogorenko & Ivaniziv (1980) obtained infe
tive metacercariac from cercariae resembliig
Type B, but referred to as Rhipidocorvle illens
after 21-23 days: but these were not yet infective
after 15 days, Baturo (1977) obtained infective
metacercariac from cercariae resembling Type A
after 15 days.

Observations on naturally  occurring  definitive
hosts :

Methods

One hundred and thirty-five perch collected ia
monthly or bi-monthly samples from Lake Sara-
vest between Novemnber. 1985 and Novembér;
1986 were examined for bucephalid trematodesis
the intestine. In addition 11 zanders Stizostedivn
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J1]. Bucephalid metacercariae recovered from the gills and fins of roach Rutilus mwtilis (1) cothected from Lake Saravest
Jmainty Type A) and Kuivasjirvi (Type B) and (2) infected experimentally.

o, of fish examined No. of metacercariag

Worms from gills

Worms from fins

found {on one side of body only)
No. Mean intensity No. Mean iniensity
{range) (range)

[
,1) Natural infestations
Twpe A 90 8,703 1,944 206 (0--220) 6,754 75.1 {0-T06)
lype B 12 t,104 1,076 89.7 (4-216) 8 2.3 (0-12)
17y Experimental infestations
Type A 128 15.953 103 .8 (0-T 15852 1738 (2-913)
Tpe B 11 122 118 10.7 (843 04 (6-1)

e

lucioperca, 7 pike Esox lucius and 3 burbot Loifa
inta from this lake were also examined between
August and September, 1986, plus a further 4
sanders in September, 1989. Nineteen pike have
aso been examined from Lake Vatia which is
sitnated upstream from Lake Saravesi and sepa-
sated from it by rapids.

In the case of Lake Kuivasjirvi, 163 perch and
31 pike were examined by T. Maikeld in a separate
study between April and October, 1989, and the
results were supplied by her (pers. comm. ).

Results

Of the perch from Lake Saravesi only 17 were
infected with 90 bucephalids. All of the worms
were found between April and November. Most
of these were juvenile, but some (<10} were
ovigerous in the July to September period. Initial
investigation indicated that these worms were
morphologically similar to Rhipidocotyle in that
they lacked tentacles. One of the zanders col-
lected in 1986 was also infected with a similar
specimen in which the testes were developed, and
in September, 1989 in 4 zanders one had 33
ovigerous bucephalids, 31 of which were full of
cgps. Five of the 7 pike from Lake Saravesi were
infected with bucephalids, one of them containing
several hundred specimens, while the other infec-
tions ranged from 0 to 50 specimens. Of the 19
pike from the neighbouring Lake Vatia 7 were
%11§'ccted with 1-594 worms (mean intensity 98).
The worms from pike in both lakes were found
between May and September, and during July
to September many mature (fully developed but

without cggs) and OVIgerous Worms were found,
all those from September being full of eggs.

Of the perch from Lake Kuivasgirvi, Mikela
found that 21% were infected with bucephalids
(presumably Type B, the only bucephalid in this
lake) which again resembled R. campanula. The
vast majority of these were found between April
and June (with prevalence up to 59% ), none were
found in August and a low prevalence {10% ) oc-
curred in September and October. Worms col-
tected in April were immatare. in May and June
mature (without eggs) and most in September
were ovigerous. Of the pike from this lake only 4
(13% ) were infected with bucephalids: one in May
had 126 immature worms, but infected fishes later
in the year had only 1-2 specimens without eggs,

No bucephalids were recovered from the hurbot

exarmned.

Comiments

These resubts suggest that pike is the main natural
definitive host of Type A bucephalids in Lake
Saravesi. although small numbers of this species
are capable of surviving, but not developing. for
a limited period in perch, Mature specimens were
also recovered from zanders in this lake, but itis
not known for certam whether these represent
Type A or Type B bucephahds, although prebimi-
nary obscrvations indicate some sitnilarities with
Type B. It is worth noting that the number of
sanders in the lake is small, since the lake has
only recently been restocked with this species. On
the other hand. perch would appear to be the
preferred host of Type B adults in Lake Kulvas-
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immature in their primary definitive host in the
spring, when they may be present in very large
numbers and after which their numbers fall, they
mature during the summer and are gravid in about
Seplember, when they tend to be present in rela-
tively small numbers. This rate of development in
the definitive hosts compares well with Poiman-
ska’s (1985) results for Bucephalus polymorphus
in which indicated that they were ‘fully mature’
{ovigerous) after 4-5 months.

In the literature the commonest definitive host
for R. campanula (=R. illense) would appear to
be pike {see Kozicka, 1939, Poland; Rauckis,
1970a, b, Lithiuania; Halvorsen, 1972, Norway),
whereas the commonest definitive host for B.
polymorphus would appear to be the zander {sce
Barysheva & Bauer, 1957, USSR; Kosheva, 1957,
USSR; Kogteva, 1957, USSR; Kozicka, 1959, Po-
land;, Komarova, 1964, USSR; Osmanov, 1976,
Aral Sea; Terekhov & Safrygina, 1982, Sea of
Azov; Pojmanska, 1985, Poland), although, in a
recent survey of zanders on the Baltic Sea coast
of East Germany, Walter (1988) claimed to have
found a heavier level of infection with B. campan-
ula than B. polymorphus.

The most interesting possibility arising from
these results is that two morphologically dissimilar
cercariae result in two morphologically similar
acults. This is not a unique phenomenon, having
been described in other groups, such as the lepoc-
readiids (e.g. Kgie, 1985). and, as discussed by
Gibson {1987, p. 431), supports the hypothesis
that the shape of the cercarial tail is very depen-
dent upon the hature of the transmission to the
next host.

Observations on experimental definitive hosis

Methods

In order to determine the natural definitive hosts
of the two bucephalid species, uninfected perch
and pike from Lake Peurunka were experimen-

5 regard to their main hosts, an experimental study and experimentally infected roach from Eaje Pey

%}i was undertaken (see below). runka or Type B metacercariac from ihe gitls o )
yi@ . . . :
0 It is clear from the results that both species are both naturally (from Lake Kuivasiir) and expey '

imentally infected roach from Lake Pmmnkg (the h
latier infection had been derived 2% davs catfigs
from naturally infected A. anating from {,&g%
Kuivasjirvi),

Fifty-six perch in 8 separate experiments Wers
infected with Type A metacercariae in May, Juge
August and September, 1988 This wag caried
out by force-teeding them with pieces of roagy’
caudal fin containing at least 30 metacercatize
Twenty-two perch were infected in 4 experime
during October, 1988 and April, May and Nag
ember, 1989 with Tvpe B metacercariae by i;w;g
force-fed with roach gill-arches. In these exne
ments the roach were from Lake Kuivasjirg
naturally infected, except for the last experim
in which roach were infected experimentally
Type B cercariae. Subsequent to thelr infectiy
perch were foree-fed on muscle-tissue of
fected roach from Lake Peurunka, S

Five pike were infected in September and
tober, 1988 and in November, 1989: 3 pike
permitted to feed on infected live roach congal
Type A metacercarize from Lake Saravesi,
two were infected with Type A metacercariag by
cating experimentatty infected roach which had -
been exposed to Type A cercariac. Two pike were
infected with Type B experimentally by being fed
upon roach which had been exposed to Type B
cercariac. The pike were subsequently allowed
feed ad fibinan on uninfected live roach, a ge
roach being added as one was eaten. :

The perch infected with Type A metacercarise
were examined hetween 2 hours and 16 days pés
infection {p.i.} and those infected with Type B4
to 41 days p.i. The pike infected with Type 4
metacercariae were examined 12, 19, 20, 21 #néd’
22 days p.i. and those with Type B 24 and 32 d&%'

P i

Resulls
No adult apcumcr;s of the Type A buca}}mﬁuﬁ._
were obtained from the perch, but 16 juveniie
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gpccimens were recovered from 7 fish dissected
petween 2 hours and 4 days p.i. Most of the fish
Jissected within a few days p.i. stitl contained the
residues of digesting roach tail and occasionally
dead metacercariag Wwere observed. No worms
were found in experimentally infected perch killed
after more than 4 days p.1.

Fifteen of the 22 perch infected with Type B
metacercarnae contained bucephalid worms in the
intestine: 291 worms were recovered, the intensity
varying from 1-74 (mean 13.2}. Gravid worms
were found after 15 days at 20°C, but after 27
days at 12°C no mature worms were scen, When
ihe latter temperature was increased to 20°C for
oane week mature Worms were found and after two
weeks these were full of eggs.

All 5 experimentaily infected pike contained
adut and juvenile Type A bucephalids, numbes-
ing 29, 71, 900+, 18 and 30 specimens. In one
case OVigerous Worms Were collected 19 days p.i.
¢ 20°C, but in another fish no ovigerous worms
were recovered after 21 days at the same tempera-
jure. The third fish. examined 12 days p.i., har-
houred a huge number of live juveniles, In the
fast two pike mature but not gravid worms were
sbtained after 20 and 22 days at i7°C.

No bucephalids were obtained from the two
pike infected with Type B metacercariae after 24
and 32 days at 17°C.

Comments

from these experiments we cal deduce that perch
.re the main definitive host of the Type B species
in the study areas and confirm the -field obser-
vations that pike are the main definitive host of
the Type A species.

Fina! discussion

Several interesting questions €mMerge from these
tesults. These questions concern aspects of both
the biology and the taxonomy of the worms.

Biology

The dominance of the Type A bucephalid in Lake
Saravesi and its absence in Lake Kuivasjirvi along
with the presence of the Type B bucephalid i3
difficult to explain, One possible reason for the
preponderance of Type A in the southern lake is
its greater cercariad productivity and more of-
ficient transmission mechanism which were com-
mented upon above. s sbsence from the north-
ern lake might be because this species has never
been introduced. It is clear from out results that
Type B sporocysts respond more quickly in terms
of cercarial emission and would, theretore, appear
to be better adapted to acrihern coaditions, al-
though this does not adequalely explam the differ-
ences between the results for the two study-arcas
since in geographical terms they are rekatively
close (3 km),

The differenice between the tWo torms with re-
gard to prevalence in bivalves in the two lakes is
also an interesting problem. Type A in the sou-
thern lake {prevalence more than 30% ) conirasts
with that of Type B in the northern take (5%).
Suitable intermediate and definitive hosts of both
species are COMMOn in both lakes, although Aro-
donta anating OCCUTs in greater pumbers per
square metre in the northern lake. Another expla-
nation for the relatively low prevalence in the
northern lake may be the shorter summer: bul
this argument is not supported by results from
mere southerly regions of Europe. where Batuio
(1977). for example. found only 0.9-3.7% infec-
tion in bivalves with cereanae resembling Type A
and 2.0--6.5% with cercariae resembling Type B.
The jow prevalence of Type B (1.0%) n A, and-
ting in the southern lake is difficult to explaim. It
is possible, however. that the species of bivalve
mvolved might be at least partly responsibie for
such differences. i.e. A. anaiing right be less re-
fractive to infections of Type A than Type B. It
is worth noting that Kazicka (1959) found Rhipi-
docotyle campanula (as K. illense), whose COTCATLa
resembles our Type B, fo be considerably more
common in Lake Druzno in Poland then Buce-
phalis poltymorphus. whose cercaria resemibles
our Tvpe A.




Table 1V, Records of natural infestations of bivalves with bucephalids in European waters where an jlustration i include

Author FHost(s}

Host{s) not infected Name used

Cercariae resembling Type A in gross morphology

Kinkelin er af. (1968}
Baturo (1977)

Dveissena polvmorpha
Dreissena polvimorpha

Wallet & Lambert {1984)
Chernogorenkao (1983)

Dhveissena polvmorphu
Anodonia anatina
Unig piciorum

Present study Anodonia anating {=piscinalisy

Cercariae resembling Type B in gross marphology

von Baer {1827) Anodonia mutabilis
Unio picrorum
Anodonta muiabilis

Unio sp.

Zicgler {1883)
Koubek (1977)

Baturo (1977) Unio pictorum

Chernogorenko {19833 Anodonta piscinalis

ivantziv & Chernogorenko
{1984)
Present study

Anedonia piscinalis
Unio pictorum
Anodoma anatina

Bucephalus polymiorphyy
Unio pictoripm Bucephalus pofsmorphygy ;
Anodonia sp.
Bucephalus poivmorphy
Dreissena polymorpha Bucephalus polyicrstng
Drelssena bugensis
Anodonta cygrea
Unio tumidus
Unio twmidus
Urilo pictorurr
Psewdanodonta complanaa

Type A

Bucephutes polvimorping

Crrsterosiiminm iifense
Anodonta cvenea
Anapdonia anaing
Anvdonie sp.
Dredssere polvinorphiv
Lheissena polvimaorpha

Bucephalus polvimorphs
Rhuiridocorde illense

Rhupidocondts ilfense
Ihveissena bugensiy

Anodonate cvgnea

Ui pictorwm

Uaio ternidus

Rhipidocorvle iliense

Unitor twriidhies
Ui pieworum

Type B

Pseadunaodone complanara

When one considers the intermediate hosts of
records where an iflustration of the cercaria is
included, it is apparent that cercariae resembling
Type B in gross morphology have occurred only
in unjonid bivalves (Tabie IV}, whereas those re-
sembling Type A have occured in both unionids
and dreissenids. Furthermore, in cases where the
cercariae resembling Type A is known for certain
to develop into adults of Bucephalus polymorphus
{or at least the modern conception of this species
- see below), i.e. Kinkelin er al. (1968}, Baturo
(1977) and Wallet & Lambert (1984}, the mol-
luscan host is a dreissenid. In relation to this, it
is worth noting that, while unionids belong to the
subclass Palacoheterodonta, dreissenids belong to
the subclass Heterodonta. In view of the known
host-specifcity of digeneans to their molluscan
hosts, it would seem unlikely that cercariae resem-

bling Tvpe A from unionids are conspecific wi
morpholtogically similar worms from dreissenids.
Smee dreissenids do nol occur in Finland, this
supports the resuits above which indicate that fwg
species of Rhipidocotyle occur in Finnish waters,

I s also apparent. as suggested by Kozicks
(1959), that there has in the past 100 years been
great confusion i the understanding of the adulf -
bucephalids 1n Luropean waters, although most
authors now agree that two specics exist, namely
Bucephalus polymorphus and Rhipidocoryle come
posula. Koricka considered it difficult 1o deters
mine the distribution of these species because of
errors of wdentification in the Hierature. Neverthe
less. she believed B polvmaorphus to oceur in Gee-
many, the Soviet Union, Crechoslovakia and Po
land, and to this hist can be added Franet
(Kinkelin er af.. 1968 Wallet & Lambert, 1984%




acluded.,

alvi g
alvenorphs

olvimorplhys
olvmorphuy

oflymarpiug

un illense
olvmorphs

» illense

* illense

 illense

pecific with
dreissenids.
inland, this
afe that two
iish waters.
by Kozicka
' years been
of the aduli
hough most
sist, namely
weotvle canmn-
dt to deter-
. because of
1. Neverthe-
ceur in Ger-
kia and Po-
ied Frante
hert, 1984).

Bucephalids from motluscs and fishes in Finland 43

K. campanula oceurs in Poland, Norway, the UK,
e Soviet Union and Finland. As indicated
Jhove, the major definitive host listed in the litera-
wre for B. polymorphus appears Lo be zander,
sithough there are mumerous records from pike,
with smaller numbers in perch and burbot. Simi-
farly. the literature indicates that the major defi-
niti;/t‘ host for R. campanula is pike (e.g. Kozicka,
1959}, with fewer numbers in perch and even
«malter numbers of records in burbot, ruff and
zander.

Taxonomy

During the early part of this work it was assumed
(hat we were dealing with the two common buce-
phalids occurring in European freshwater fishes,
in spite of the fact that we had not seen adult
specimens resembling B. polymorphus. Ths as-
cumption was based upon the fact that we had
wo different cercariae which resembled those de-
seribed by Baturo (1977) for B. polymorphus and
R. campanula (as R. illense}. During the course
of the work, however, clear differences emerged
between our Type A cercaria and the morpho-
logically similar cercaria, attributed to B. poly-
maorphus., described by Baturo (1977). Although
these include both biological and minor morpho-
logical differences, they pale into insignificance
beside the fact that our cercaria developed into a
form resembling R. campanula. At that time we
were concerned that Baturo might have mixed the
wo cercariae, and that, therefore, her application
to the ICZN (Baturo, 1979) to have B. poly-
morphus based upon an adult neotype was invalid.
Il our hypothesis was correct, then it appeared
that the cercaria of B. polymorphus did indeed
resemble von Baer’s original (1827) description.
This led us to question Baturo’s application ((ib-
swon & Valtonen, 1989) and refer to the prescnce
of B. polymorphus i Finland {Taskinen & Val-
tonen., 1989). More recent experimental work has
shown that this is not the case, since, as indicated
above, Type B cercariae also produce adults re-
sembling R, campanula.

In consequence, it is likely that: (1) Baturo’s

application to the ICZN is justified: (2) B. prosfy-
morphus is not present amongst our Finnish ma-
terial; (3) our Type B cercaria may be that of £.
campanula and (4) our Type A cercaria represents
a second species of Rhipidocotyle. A second paper
on this subject will include a detailed morpho-
logical and taxonomic study of the Finnish forms
of this genus.
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