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Abstract. 10.288 fish specimens of 34 species fron three water bodies in northern Finland were studied
nuainly in 1978- 1982 Triaenophorus nodudosus and T. crasuss parasites. Six of the 31 species from
the Bothnian Bay were found to harbour 7'. nodulosus plerocercoids, four of the 11 from the cold,
oligotrophic Lake Yli-Kitka in northeastern Finland and only one of the 6 from the small, cutrophic
Lake Kuivasjirvi. The raff ((ymiocephalus cernuas) was most essential intermediate host in the lakes,
as supported by stomach analysis of predator fish. Although the highest prevalences were found
in adult burbot (Lota lota) in two of the arcas, these fish are niore likely & blind end in the lifo cycle
of T. nodulvsus in the present case. 7. crassws larvac were found only in three coregonid species
and once in the intestine of a lamprey (Lampetra Jhwrdatilis) from the sea. Neither the prevalence
nor the intensity of infection in most of the intermediate fish hosts of 7. nodulosus was scen Lo increase
with the length of the fish. The only exception was the ruff in Lake Yli-Kitka, where a sharp increaso
was encountared. No prominent, scasonal variation in Triaenophorus larvae infections was found
in any of the cases. The prevalence of 7. nodudosus infection in its final host, the pike (Esoz lucius),
was highest in the sea (93 ©,) and lowest in the eutrophic lake (47 9). Seasonally, the lowest 7. nodu-
losus infections were found in June— July in the two lakes. A clear maturation cycle was also found,
with the youngest worms in the summer months in all cases. 7' crassus was found in every third
pike in the sea and its proportion in relation to 7. nodulosus is higher in the smallest and largest
fish. Tn only 12 9.t of the pikes did the number of T'. crassus exceed that of 7. nodulosus, however,
the mean ratio being 1:13 to favour of 7. wudwulosns. The results give an indication that the composi-
tion of the fish fauna in cach water body has a considerable influence on the T. nodulosus burden
and its distribution among its potential intermediate fish hosts. With the most stable environmental
conditions and the greatest variety of fish species, the parasite burden in the Bothnian Bay is most
evenly distributed among the 6 intermediate hosts. The fewer fish species oceur in the water body,
as in the present eutrophic lnke, the more the significance of a few or cven one intermediate host
will incroase.

Triaenophorus nodulosus (Pallas, 1781) and 7'. crasus F orel, 1868 are widely distribu-
ted in fish in the northern hemisphere. According to reviews by Lawler and Scott
(1954), Michajlow (1962) and Kuperman (1973a), about 85 fish species may act
as a second intermediate host for 7. nodulosus and about 35 species for 7. crassus.
The pike is the definite host (Miller 1943, Copland 1956, Vik 1959, Chubb 1963,
Lawler (1969). Many separate description of the occurrence and seasonality of
Triaenophorus spp. larvae and adults have been published (Miller 1943, 1945a and b,
Copland 1956, Vik 1959, Chubb 1963 and 1964, Borgstrém 1970, Pronin 1975).
It has been suggested by Ieshko (pers. comm.) that the composition of the fish fauna
in each ecosystem and also the age (size) structures of the fish populations may have
an influence on the prevalences and intensities of Triaenophorus infections. An attempt
is made here to explain this aspect in addition to supplying basic data on the oc-
currence of T'riaenophorus species in the fish of three water bodies differing in size,
limnological nature and fish species composition in northern Finland.

STUDY AREAS, MATERIALS AND METHODS

A total of 10,288 fish of 34 fish species from three water bodies in northern Finland (Table 1)
were studied for Trigenophorus species, mainly between 1978 and 1982 (Fig. 1). The most northerly
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Table 1. Fish fauna studied in th
nophorus nodulosus (o, e) and T'. crassus (a, a) is shown in the col
larvae and black symbols adult worms

1. FRESHWATER
SPECIES

Carassius carassius (L.)
Leuciscus tdus (L.)

2. MARINE SPECIES
Clupea harengus L.
Zoarces viviparus L.
Muyoxaocephalus scorpius

(L)
Ammodytes tobtanus L.
Pomatoschistus minutus

ree water-bodies in northern Finland. The occurrence of Triae-
umns A—D. Open symbols indicate

Esox lucius L. pike

Coregonus albula L. vendace

C. widegreni Malmgren sea-spawnig
whitefish

C. acronius Rapp

C. pallasi Valenciennes

Osmerus eperlanus (L.) smelt

Alburnus alburnus (L.)  Dbleak

Crucian carp
ide

L. leuciscus L. dace
Phoxinus phozinus (L.) minnow
Rutilus rutilus (L.) roach
Lota lota (L.) burbot,
Gasterosteus aculeatus three-spined
L. stickleback
Pungitius pungitius ten-spined
(L.) stickleback
Myozxocephalus fourhorn
quadricornis (L.) sculpin
Gymnocephalus
cernuus (L.) ruff
Perca fluviatilis (L.) perch

Baltic herring
celpout

bull-rout
sandeel

! (Pallas) sand goby
4. IMMIGRATING
SPECIES
Gadus morhua L. cod
4. MIGRATING
| SPECIES :
Lampetra fluviatilis (L.) lamprey
C. lavaretus (L.) river-spawnig
| whitefish
Salmo salar L. Atlantic salmon
; S. trutta L.¥*¥* sea trout
I ACCIDENTAL SPECIES
i Abramis brama (L.) bream
i Liparis liparis (L.) common sea
{ snail
| Platichthys flesus (L.)  European
! flounder
Actpenser sturio L. sturgeon

Anguilla anguilla (L.)
C. peled (Gmelin)

European cel.

|
|
i

Bothnian Bay | Lake Yli-Kitka |Lake Kuivasjirvi

no.of ABCD
fish

84 e a
342 a

*]1,164 a

772 o
42

28
172
263
106 o
1,092 o
328 o
293

713
311 o

(o]

1,212
65

30
172

28

50 =&
¥*146 A

55

[ -3 -l

61
380

445
28

104
237
39

90

307
212

41

ino.of ABCD ‘lno.of ABCD
i

fish i fish
. 114 ® a
33
218
°
o
o 92 o
o 292
6

*  Muscles were studied from 126 fish,

** Muscles were studied from 9 fish.
*** § fruta m. lacustris in lake.
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The Bothnian Bay is the northernmost part of the Baltic Sea, with a salinity of about 0.2—0.3 %
in the area studied here, which is covered by ice for half of tho year, on average from 15th November
to 15th May. The Baltic Sea has a complex history (see Voipio 1981), and this together with the
decrease in salinity from the Baltic proper towards the hcads of its gulfs has influenced the fish
fauna of the area studied here. Although Andreasson and PPetersson (1982) list 69 fish species
found in the Gulf of Bothnia, only 32 species occur fairly commonly in the northeastern Bothnian
Bay, excluding accidental visitors. 17 of these are froshwater spevies, 8 marine and 7 migrating
(Andreasson and Petersson 1982, Valtonen 1983).

Table 2. Average sizes (£, mm) of pike and fish spzeics which sarve as socond intermediate
hosts for the two Triaenophorus specios in three areas of northern Tinland

‘ Bothnian Bay ~  Lake Yli-Kitka Lake Kuivasjirvi
‘ no. of © no. of no. of
fish | Z (mm) fish | & (mm) | fish | & (mm)
Esox lucius | 84 | a2 6l | 315 114 398
C. albula 342 ‘ 169 | 380 97 —
Coregonus lavaretus 206 | 328 | — —
C. widegreni 1,164 | 208 | — —
C. acrontus — l | 445 176 —
Osmerus eperlanus 772 154 — —
Lota lota 106 ' 487 39 413 —
Qasterosteus aculeatus 1,092 67 I —_— —
Pungitius pungitius 328 | 48 90 35 —
Gymnocephalus cernuus 713 131 307 93 92 114
Perca fluviatilis 311 188 ’ 212 | 111 292 166
i [P — —_ B

The present material from the Bothnian Bay and Lake Yli-Kitka reflects roughly the proportions
of each fish species in the catches of the local flshermen, monthly or bimonthly samples of about
20—30 specimens of the most common fish species having been collected throughout the year using
seine nets in Lake Yli-Kitka and in the Bothnian Bay during the period of ice cover. The sea samples
for the open water period were caught using trawl of fyke nets. The samples from Lake Kuivasjarvi
were caught with gill-nets. The body cavities, including inner organs as liver and intestine of 7,589
fish and muscles of 6,414 fish from the Bothnian Bay representing 31 species were studied for T'ria-
enophorus species (for catching methods and dates, see also Valtounen 1983), 755 fish of 6 specics
from Lake Kuivasjirvi and 1,944 fish of 11 species from Lake Yli-Kitka (Table 1).

In order to assess the proportion of Triagnophorus spp. fish intermediate hosts in the diet of the
pike, burbot (Lota lota (L.)), ruff and perch, the fullness of the stomachs of fish from the three areas
was studicd and the fish species in their diev wore identifi:d whenever possible.

RESULTS

Both T. nodulosus and T. crassus were found in the Bothnian Bay area but only
T. nodulosus in Lake Yli-Kitka. In the eutrophic Lake Kuivasjarvi T'. nodulosus
was the main species and 7'. crassus occurred only accidentally. Six fish species among
the 31 studied in the Bothnian Bay area were found to be infected with 7. nodulosus
larvae, with the highest prevalence of infection in burbot (50 %), where the intensity
of infection was also highest. Among the non-predatory fish of the sea, the ruff and
three-spined stickleback (Gasterosteus aculeatus 1..) were the most heavily parasitized
(Table 3). In Lake Yli-Kitka every burbot was infected with 7'. nodulosus larvae,
this species again having the highest intensity of infection (11.9 worms per fish). In
this lake, as also in Lake Kuivasjarvi, the ruff was an important second intermediate
host for T'. nodulosus, with 36 % and 55 %, prevalences of infection, respectively. The
intensity of infection was much lower than that found in the Lake Yli-Kitka burbot.
The definitive host, the pike, was found to be infected most often in the Bothnian
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Bay, with a 93 %, prevalence and an intensity of infection of 15 worms per fish, while
both values were lower in the two lakes (Table 3).

A T. crassus larva was found once in the intestine of a sea lamprey (Lampelra
fluviatilis (L.)) and once among the 9 river-spawning whitefish (C. lavarefus (L.))
of the Bothnian Bay. The prevalence of infection in the sea spawning whitefish (C.
widegreni, Malmgren, 1863; syn. C. nasus (Pallas) sensu Svirdson) was 11 %, (Table 3).
T. crassus was not found in the few whitefish specimens (C. peled (Gmelin)) studied
from Lake Kuivasjarvi evidently because there is no real whitefish or vendace po-
pulation in the lake. Some C. peled had been accidentally introduced into the lake
in the year concerned. 7. crassus was less common than 7'. nodulosus in the pikes of
the Bothnian Bay, only every third pike being infected. The proportion of specimens
was 1 : 13. 4 in favour of 7. nodulosus and in only 12 %, of pikes were there 7'. crassus
specimens in the majority.

TRIAENOPHORUS INFECTION BY LENGTH OF FISH

Intermediate fish host

In most cases neither the prevalences nor the intensity of T'. nodulosus infection
varied according to the length of the intermediate fish hosts in the Bothnian Bay.
As far as the ten-spined stickleback (Pungitius pungitius (L.)), smelt (Osmerus eperla-
nus (L.)), vendace and three-spined sticleback were concerned, it was only in the last
case that there was a slight increase with increasing length of fish, the prevalence in
the largest fish (= 80 mm) being 14 %,. In all the other cases it varied randomly below
or around 10 %, in all the size classes. The prevalence of T'. nodulosus larvae infection
in the perch of the Bothnian Bay was only accidental, and no infected perch were
found in Lake Kuivasjarvi. No variation in 7'. nodulosus infection with the length of
the perch was found in Lake Yli-Kitka, nor was any variation found in the prevalence
of infection in the burbot in either the Bothnian Bay or Lake Yli-Kitka, although
some increase in the intensity of infection in fish longer than 360 mm occurred in the
lake (Fig. 2).

The only peculiar difference was seen between the Bothnian Bay and Lake Yli-
Kitka in the infection of the ruff by 7. nodulosus. In the Bothnian Bay neither the
prevalence nor the intensity of infection varied significantly according to the length
of the fish, the prevalence values being around 109, in most cases, whereas in Lake
Yli-Kitka there was a clear increase in the prevalence with increasing length of fish
except in fish larger than 110 mm, when the figur~ remained quite even (Fig. 3).
The ruff of Lake Kuivasjarvi had quite an even prevalence of infection which varied
between 50 and 709,

Definitive host

The prevalences of 7. nodulosus infection were lowest in the smallest size classes
of pike in each study area (Fig. 4). 239, of the pikes smaller than 260 mm (n = 13)
were infected in Lake Yli-Kitka, although later on the prevalence of infection had
similar patterns as in the Bothnian Bay, the prevalence increasing to 1009, in the
Bothnian Bay and to more than 90 %, in Lake Yli-Kitka in subsequent size classes.
In contrast, prevalence values in the older pikes in Lake Kuivasjirvi varied between
33 and 48 %, (Fig. 4). The prevalence of T'. crassus in different size-classes of pike from
the Bothnian Bay may also be seen in Fig. 4. It is interesting to note that the pre-
valence of the two Triaenophorus species is equal in the smallest fish, but that of
T. crassus increases only in the largest size-class.
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Table 3. Occur ;
urrence of Trizenophorus nodulosus (a) and T. crassus (b) in fish from three areas of northern Finland
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SEASONAL OCCURENCE OF TRIAENOPHORUS SPP. INFECTION

Intermediate fish host

No seasonal variation was found in the prevalences of I'. nodulosus larvae infection
in ruff from the Bothnian Bay during the two years studied. Among the 23 monthly
or bimonthly samples (18 samples in 1977—1978, two in 1979 and three in 1980)
the prevalences variated between 5 and 23 %, in 17 cases. The highest value, 28 %,,
was found in July 1978. In the case of Lake Kuivasjirvi the highest prevalence values

A No. of worms/inf. tish

] 1
2] 2-5
Y4 >6

PREVALENCE (%)
&~
o
1

< 350 400 450 500 550 6002 mm
7 10 27 19 19 12 12 no. of fish

B No. of worms/inf. fish

PREVALENCE (%)

<320 360 400 440 4802 mm
2 6 7 10 8 5 no. of fish

£ Triaenophorus nodulosus plerocrecoid infection in the

Fig. 2. Prevalence (%) and mean intensity o
nd Lake Yli-Kitka (B) according to size-classes of fish.

burbot (Lota lota) in the Bothnian Bay (A) &
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were found in July —September in 1979 and 1980, when 92 %, and 63 %, of the ruff
studied were infected, and the lowest, 38 and 309, in March and October 1980,
respectively. Lake Yli-Kitka was the only area where some seasonal variation in
T. nodulosus infection was found in the ruff, with the highest values occurring in
April and May 1980 (Fig. 5).

As far as the other more relatively heavily infected fish species were concerned, no
seasonal variation was found in either the smelt or the three-spined stickleback from
the Bothnian Bay. The prevalence of 7. nodulosus larvae infection in the smelt was
under 7 %, in the 25 samples obtained from July 1977 to December 1979. In the case
of three-spined stickleback some increase in the prevalence values was found towards
the end of the year in 1977 and 1978 (Fig. 6).

The prevalence of T'. nodulosus infection in the burbot of the Bothnian Bay during
the period December 1977—December 1978, when 86 specimens out of the total 106
fish were studied, varied from 36 9, in December 1977— February 1978 to the highest
recorded, 92 %, in September —October 1978, followed by a decline to 449, in Novem-
ber —December 1978. The highest mean intensity of 4.5 worms per infected fish was
also found during September —October 1978. There were also three occasions when
one T'. nodulosus larva was found in the intestine of a burbot, twice in January and

once in December 1978.

A

<80 100 110 120 130 140 150 160 170 1802 mm
16 41 43 108 131 140 86 71 46 20 11 no. of fish

PREVALENCE (%)
)
o

No. of worms/ inf. fish

70W 125'
g 604 B 15
w 504
2
Z 404
-
< 304
w
X 204
10 4

<60 70 80 SO 100 110 120 130 1402 mm i
6 38 48 56 44 43 26 22 9 17 no. of fish

Fig. 3. Prevalence (%) and mean intensity of Triaenophorus nodulosus plerocercoid infection in
the ruff (Gymnocephalus cernuus) in the Bothnian Bay (A) and Lake Yli-Kitka (B) according to size-
classes of fish.
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T. crassus was found consistently only in the Bothnian Bay, where its occurrence
in the two sympatric whitefish species has been documented earlier by Valtonen
and Valtonen (1980) and Fagerholm and Valtonen (1980). No seasonal or size-
-bound variation was found in the sea-spawning whitefish (C. widegreni). T'. crassus
was found quite evenly in the muscles of the vendace of the Bothnian Bay without
any seasonal variation. The prevalence of infection was between 5 and 16 9, in 8 out
of the 12 samples collected in 1977 and 1978, and only in December 1978 was a higher
prevalence value found (25 9,). The 7. crassus plerocercoid was found in the intestine
of a sea lamprey caught in September 1978.

A 100 No. of worms/
inf. fish
__ 80
$
< . __ 707 No. of worms/inf. fish
LIJ o
g 60+ 2 60+ 12-10
§ | :-_‘)J 50 ] >10
g 4
@ 40 - Y 40+
04 <
a >
- w 30"‘
o
20 - 8- 204
< 10 -
<350 400 450 500 =2 mm ) <300 350 400 4505002 mm
9 10 20 23 22 no. of tish 5 27 35 22 15 10 no. of fish
C
No. of worms/
inf. tish
-1 1-5
15 26

PREVALENCE (%)

L) L ] L4 X T
<350 400 450 500> mm
9 10 20 23 22 no. of tish
Fig. 4. Prevalence (9,) and mean intensity of T'riaenophorus nodulosus infection in the pike (Esox

lucius) in the Bothnian Bay (A) and Lake Kuivasjirvi (B) and of 7. crassus infection in the pike
of the Bothnian Bay (C) according to size-classes of fish,

Definitive host

The high prevalence of T'. nodulosus infection in the pike of the Bothnian Bay is
also reflected in the seasonal data. The lowest infection value, 649, was found in
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October —December 1978, but unfortunately no specimens from]the Bothnian Bay
were available for examination in June—July, when the lowest values were found in
the lake material. A prevalence of 27 9, was found in both lakes in June—July, al-
though no infected pikes were caught from Lake Kuivasjirvi at the same time in 1980
(Table 4). The pikes caught from the sea in June 1982 were landlocked in a small bay
following the spring high-water season and may not represent the normal pike popu-
lation of the Bothnian Bay. Although a high prevalence of infection was recorded
in this sample, the majority of the worms were plerocercoids. The prevalence of 7.
crassus infection in the pike of the Bothnian Bay varied between 31 and 56 %, most
of the year, except in June 1982, when only 6 9, of the landlocked pikes were infected
(Table 4).

Almost all the T'riaenophorus worms in the three areas were gravid in May, although
also’some immature (unstrobilated) worms were found in the Bothnian Bay and in

SOW
70~
S 60- A
& 504
Z
g 40 -
N
o 30
@
8- 20 -
10 4
T TV TV VI VI IX T X T XX month
200 20 20 20 20 20 51 60 1980 —e—
25 20 20 1981 —o—
12 5 1985 &

Fig. 5. Seasonal variation in the prevalence (%) of Triaenophorus nodulosus infection in the ruff
(@ymnocephalus cernuus) of Lake Yli-Kitka, Numbers of fish studied are depicted under the figure.
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39 30 50 20 20 31 82 71 20 1979 - —
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Fig. 6. Seasonal variation in the prevalence (%) of Triaenophorus nodulosus infection in the three-
spined stickleback (Gasterosteus aculeatus) of the Bothnian Bay. Numbers of fish studied are depicted
under the figure.
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LakeYli-Kitka, while all the worms found in June—August were young plerocercoids.
Mature worms without eggs were seen in the Bothnian Bay and in Lake Yli-Kitka
for first time in October, and the first ripe eggs in January in Lake Yli-Kitka.

No. of fish
20 Bothnian Bay
n=84

- o

T '_,/_-_._-_l_
0 10 20 30 L0 50 58 64 83 86

No. of fish No. of worms

I 66
Lake Kuivasjarvi
n=114

T - I . T -

0 10 20 30 40
No. of fish No. of worms
24
Lake Yli-Kitka
n=60

20 30
No. of worms

Fig. 7. Frequency distributions of Triaenophorus nodulosus in the pike (Ksox lucius) in the three
areas studied in northern Finland.

Frequency distributions for 7'. nodulosus in the pikes of the three areas studied are
depicted in Kig. 7. The occurrence of the highest prevalence in the pike of the Bothnian
Bay is also reflected in the frequency distribution of worms in the area, the proportion
of fish with more than 20 parasites each being greatest there and the tail of the
frequency distribution longest.
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Table 4. Scasonal occurrence of Triaenophorus nodulosus in Esor lucius from three areas of northern
Finland and 7. crassus in K. lucius from the Bothnian Bay

no. of

o ! &/inf.

j date | fsh Y% fish S. D. | max
S — — . - _ - _ _
T. nodwlosus ! !
Bothnian Bay I l ‘
i X11 1977 13 Lo100.0 17.2 17.7 45
IT-1T,V 1978 16 " 100.0 21.4 23.6 ! 86
| VIII- - IX : 9 88.9 3.0 2.2 7
' X--XT11 11 63.6 27.7 31.4 83
VI 1982 35 97.1 12.9 7.6 27
Lake Yli-Kitka \
1v 1980 2 350.0 3.0 - 5
VI -VII 11 27.3 2.3 1.2 3
VII1 . 11 54.5 8.2 6.5 19
IX. - XI ' 8 62.5 6.2 6.1 17
I—I1, 1V 1981 3 100.0 16.7 23.7 44
[mr—1v 1982 i 10 100.0 5.2 2.1 8
V- -VI 16 68.8 9.4 8.3 30
Lake Kuivasjarvi !
\% 1979 , 6 33.3 8.6 9.3 25
VI -VII 15 26.7 10.0 16.7 35
; VIII—X 23 17.4 6.3 6.2 15
‘ X1 XTI 22 59.1 4.9 3.6 n !
‘ v 1980 27 66.7 3.2 3.5 16
\ VII—VIII i - i
X 10 40.0 2.0 0.8 3 |
T. crassus . ’ ' ! |
Bothnian Bay | '
‘ XII 1977 13 ; 30.8 3.0 1.4 5
I- 11,V 1978 16 i 56.3 3.4 2.4 7
VIIL - 1X 9 ‘ 55.6 3.4 4.2 12
X -XI 11 455 2.6 2.0 6

(=]}

L VI 1982 35 3.7 L 3.0 2.8

PROPORTIONS OF FISH IN THE DIET OF PIKE, BURBOT,
RUFF AND PERCH

76—100 %, of the pike and burbot in all the areas studied and of the Bothnian Bay
perch which had food in their stomach had fish among their diet, of which a great
proportion were potential second intermediate hosts of 7. nodulosus (Table 5). The
most common food items in the stomachs of the pike were three-spined sticklebacks
in the Bothnian Bay, ruff and perch in Lake Kuivasjarvi and vendace and ruff in Lake
Yli-Kitka (Table 6). Other food items found in the stomachs of the present specimens
were copepods, cladocerans, chironomid larvae, amphipods, ostracods and mysids,
mainly in ruff and perch, and isopods in burbot. The proportions of copepods, potential
first intermediate hosts of T'rigenophorus species, are also given in Table 5.

Table 5. Percentages of pike, burbot, ruff and perch in three areas of northern Finland with potential
Triaenophorus nodulosus intermediate fish hosts and copepods in their stomachs

! fish with

|
' no. of ish ! fish with potential fish Wltdh‘ :
‘ R | food in stomach | 7. nod. int. fish _copepods |
studied l or hosts i in stomach |
‘ ; % osts in stomach o
| 0, (o
(¢]
Esox lucius )
Bothnian Bay i 84 i 100.0 47.8 —
Lake Kuivasjirvi ‘ 114 95.0 65.0 —
Lake Yli-Kitka 60 76.2 31.0 —
Lota lota ‘ :
Bothnian Bay . 106 84.4 37.5 ‘ —
Lake Yli-Kitka 39 100.0 20.0 | —
(ymnocephalus cernuus ‘
Bothnian Bay 713 5.4 | .= 5.7 !
Lake Kuivasjirvi 92 i — — 38.2 !
Lake Yli-Kitka | 307 | 0.7 : - 12.3 |
DPerca fluviatilis | |
Bothian Bay 311 79.6 31.8 1.7 l
Lake Kuivasjirvi 292 ‘ 20.2 10.6 14.4 |
Lake Yli-Kitka 212 i 10.1 4.1 22.3 ‘
DISCUSSION

The most important second intermediate hosts in the life cycle of 7. nodulosus
are reported to be small burbot (Miller 1945a, Lawler 1968), perch (Chubb 1963,
Lawler 1969, Lien 1970, Kuperman 1973b) and smelt (Barysheva and Bauer
1957, Lawler 1969). Chubb (1964) states that in most lakes only on fish species
will serve as the principal second intermediate host with scattered occurrence in other
fish. This fish species has been shown to be the burbot, when small in size, in the
Lesser Slave Lake in Canada (Miller 1945a) and the perch in Llyn Tegid in Wales
(Chubb 1964).

In the present case the smallest size classes of the fish were not studied, but in
any case none of the earlier reported main second intermediate hosts seems to be of
principal importance in this material, for the prevalence of 7'. nodulosus in the smelt
is low, its proportion among the food items of the pike is small and the mean size of
the burbot studied is too large for them to be consumed by pikes. Ecologically, an
important fish host for T'. nodulosus could be the ruff in all of the present water areas,
especially in the lakes, as is supported by the stomach analyses from pikes. Such
high T'. nodulosus infections in the ruff have rarely been reported earlier. When study-
ing fish parasites in five Karelian lakes in the USSR, Shulman (1961) found 7.
nodulosus larvae in the ruff only in one lake, with a prevalence of 139, Higher
infection rates are also possible in the ruff of the Soviet Karelian lakes, however, as
reported by Rumjantsev and Maslov (1985), who found that 93 9, of those studied
in Lake Janis’jarvi were infected with T'. nodulosus larvae.

Although the present ruff were also seen to feed on other-fish, no fish species serving
as an intermediate host could be identified in their diet in either of the lakes or in the
Bothnian Bay, and hence the ruff could have acquired its worms directly from the
first intermediate hosts, the high proportion of copepods in their stomach serving to
support this notion.
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a 1 As in the present burbot from Lake Yli-Kitka, high rates of T'. nodulosus infection
have been found in Lake Sjamozero in the USSR (Shulman 1961) and in Lake

|
| ‘ g N Janis’jarvi (Rumjantsev and Maslov 1985). High prevalences of 7. nodulosus

6
)
1.2
8

in young burbot (80—90 %) have also been reported by Miller (1945a) and Lawler
(1968).

Burbot of the size captured here (see Table 1) are predators which apparently
received their parasites by post-cyclic transmission from their prey fish; i.e. ruff,
smelt, three-spined stickleback, small burbot and ten-spined stickleback were in the
majority among the food items analysed from the stomach contents of the burbot of
‘s the Bothnian Bay, their mean proportion in all stomachs being 389%,. Transmission of
- lg cestode larvae from a fish to its predator has been also demonstrated experimentally
‘ by Halvorsen and Wissler (1973). On the other hand, the burbot studied are of
] . a size that they may not easily be caught by pike, as seen from the stomach analyses
‘5 | on pikes. Thus the burbot could be a blind end rather than a real intermediate host
] > > : in the life-cycle of 7. nodulosus, as Vik (1959) and Hoffmann (1984) have also

I | observed.
‘ The perch is one of the most often reported second intermediate host of 7. nodu-
losus. Chubb (1963), Lawler (1969) and Kuperman (1973b) all found that over
half of the perch in their material were infected (58 9%, 69 9%, and 52 9,, respectively),
most often with 1—5 T. nodulosus plerocercoids in one fish. Lower prevalences of
T'. nodulosus infection in perch have been reported by Vik (1959) and Tedla and
Fernando (1969), however.

The minor importance of perch in the life-cycle of T'. nodulosus both in the Bothnian
Bay and in Lake Kuviasjarvi is interesting in relation to the results of Chubb (1963)
and Lawler (1969). The small perch population in the Bothnian Bay as compared
with the size of this water body may explain the low rate of infection there. The
o - : repeated deaths of fish from oxygen deficiency in spring in Lake Kuivasjirvi may
Co : i have caused recruitment of new perch from the sea each year, whereas the ruff is a
‘ more resistant species and could be more obviously responsible for the completion of
T N the life cycle of 7. nodulosus in this lake. Stomach content analyses on pikes from
13 X2 5o Lake Kuivasjarvi also support this interpretation, the proportion of ruff among the

® ® . food items being higher than in the other two water-bodies.
e ’ Concerning other intermediate fish hosts of 7. nodulosus in the Bothnian Bay,

the three-spined stickleback, for instance, is apparently of essential importance for
the T. nodulosus population in spite of the low prevalence figure because it is common
; food item for predatory fish in that area.
‘ The prevalences of T'. crassus infection in the intermediate fish hosts of the Bothnian
P o Bay were much lower than those found in Canadian lakes (Miller 1952, Lawler
1970) on in lakes in Norway (Vik 1959) or Sweden (Lawler 1969), where the figures
i were 40—90 9. The reason ‘may be the less abundant coregonid stocks in the Bothnian
Bay as compared with the Canadian lakes (see Miller 1952). Petterson (1969)
found that the two whitefish species, C. lavaretus and C. widegreni, which live sympa-
trically in the Baltic had markedly different levels of 7. crassus infection, the latter
having a much higher incidence of infection than the former. This cannot be seen
in the present material because of the small number of C. lavaretus studied. The role
of the vendace may be of great importance for the life-cycle of T'. crassus the Bothnian
Bay because of the small average size of the fish. It has not been found in stomach
analyses from pike, but this may be due to the fact that partly or totally digested
vendace are not easy to identify.

Both potential first and second intermediate hosts of T'. crassus occur in Lake

Yli-Kitka (Hyytinen 1985, Vasama 1986), and hence the lack of this parasite

4
6
5
23.5
20.0
0.7
47.6
13.3

2
3.3
4

ten-spined

stickleback
3.1

three-spined

stickleback
34.8
13.6
14.6

2.2

8
14.8
2

percentages of potential second intermediate hosts of T'ricenophorus spp. among
‘ smelt 1 burbot.

I vendace | whitefish

no. with fish '
in stomach

Bothnian Bay
Lake Kuivasjarvi
Lake Yli-Kitka
Bothnian Bay
Lake Yh-Kitka
Bothnian Bay
Lake Kuivasajarvi
Lake Yli-Kitka

Perca fluviatilis

Table 6. Pike, burbot and perch with fish in their stomachs and
Lota lota

the prey fished
Esox lucius
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from the lake may be due to chance introductions, a factor of importance in the
zoogeographical distribution of parasites (K ennedy 1981). The interval of 8400
years for which this waterbody has been isolated from the Bothnian Bay (see Heik-
kinen and Kurimo 1977) will have ensured that no parasites have been able to mi-
grate to it from the western side of the Maanselks watershed, while migration from
the east is prevented by a 13 m high waterfall on the river Kitkajoki. The accidental
occurrence of 7'. crassus in the pike of Lake Kuivasjarvi is a sign of some migration
of pikes from the Bothnian Bay during the spawning time in May. 7'. crassus cannot
survive in the lake because of the lack of permanent coregonid fish stocks.

A significant increase in the prevalence and intensity of 7. nodulosus infection
with length of the fish was found only in the case of ruff of Lake Yli-Kitka and an
increase in the intensity of infection in the burbot of the same lake. Neither Chubb
(1964) nor Lien (1970) found any differences in 7. nodulosus infection in relation to
the size of the perch in Llyn Tegid (Bala Lake) in Wales or Lake Bogstad in Norway,
respectively. Lien (1970) found only younger fish to have newly recruited worms.
On the other hand, Stromberg and Crites (1974) found an increase of 7. nodulosus
infection in the white bass (Morone chrysops (R.)) of Lake Erie in the USA with increa-
sing size and age, as in the case of the Lake Yli-Kitka ruff, and Hoffmann (1984)
found an increasing number of 7. nodulosus plerocercoids with age in the arctic char
(Salvelinus alpinus (L.)) in Lake Kénigssee, Western Germany. The even infection
throughout the size-classes of ruff in the Bothnian Bay may reflect the greater varia-
bility in the diet of the sea ruff: i.e. amphipods which do not transmit Triaenophorus
are very common in their diet.

Keleher (1952) did not find any differences in 7. crassus infection according to
size in three cisco species in Lake Winnipeg, Canada, as is the case in the present
vendace and the sea-spawning whitefish of the Bothnian Bay. Some increase in 7.
crassus infection in larger whitefish (C. lavaretus) in Lake Schuchsee, Western Ger-
many, was nevertheless found by Jiirgensen and Braum (1985).

No clear seasonal variation was found in most intermediate fish hosts in the present
material, any more than has been found earlier in perch from Llyn Tegid in Wales
(Chubb 1964), Lake Bogstad in Norway (Lien 1970) or Lake Dargin in Poland
(Wierzbicki 1970). This lack of variation has been attributed to the life span of
T'. nodulosus plerocercoids of 1—2 years (Chubb 1964) or 2—3 years (Lien 1970).
This may also be the main reason in the present case, as living plerocercoids were
often found concurrently with degenerated and dead worms in the same hosts.
Pronin (1975), however, found that the prevalence of T'. nodulosus infection in young
perch regularly decreased from J uly to October, and attributed this to high mortaility
among infected perch. On the other hand, Teshko et al. (1988) found 7. nodulosus
infection in different size-classes of perch to differ accerding to the time of year.
In the present case the prolonged low temperatures during the long winter season,
when the water is covered by ice also favour a prolonged life-span for parasites, as
has been suggested earlier by Gibson and Valtonen (1984) for Bunoderae luciopercae
(Miiller) trematode.

The highest prevalences of 7'. nodulosus infection in the ruff were found in Febru-
ary—May in the large, oligotrophic Lake Yli-Kitka, at a time when lower values were
being recorded in the small, eutrophic Lake Kuivasjarvi. In the latter case it may
be postulated that parasitized ruff would be killed by the low oxygen values in this
lake in spring more often than unparasitized fish, just as the influence of stress
factors may have caused high losses of young trout at a fish farm due to 7. nodulosus
(Sheuring 1919). It may also be suggested that more stable environmental conditions
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in the Bothnian Bay may be reflected as quite even prevalences, of 7. nodulosus
larvae throughout the year.

Apart from the ruff from Lake Yli-Kitka, no great variation in the prevalence
and intensity of 7'. nodulosus infection in relation to lenght or seasonal occurence in
any other intermediate fish host were found. Chubb (1964) found a dynamic balance
between the establishment of procercoids from copepod hosts and the loss of plero-
cercoids by degeneration and encapsulation within the perch. He also reports quite
a low intensity of T'. nodulosus plerocercoids in the perch, suggesting that this may be
the low level of occurrence of infected in copepods or by an immunity effect towards
the parasite, or both.

Copland (1956) found plerocercoids of T. nodulosus in the liver of young pikes
(9—29 em) in Loch Lomond, Scotland. In the present case no young pikes were stu-
died, and no 7. nodulosus larvae were found in the inner organs of older ones, even
though larvae have been found in the liver and other visceral organs of the pike in
central Finland in some lakes where the pike population is very prominent in relation
to other fish species (Valtonen unpubl.,, Copland 1956).

Scheuring (1929), Miller (1943) and Lawler (1969) have reported mixed infect-
ions of T'. crassus and T'. nodulosus in pike, and all of them have found that in most
cases T'. crassus is smaller in number in the intestine of the pike than 7. nodulosas,
as in the present case. Both Miller (1943) and Lawler (1969) have shown larger
pike to have more T'. crassus than T. nodulosus in the Lesser Slave Lake in Canada
and in Lake Milaren in Sweden, respectively. The proportion of 7T'. ¢crassus in relation
to T'. nodulosus in the present Bothnian Bay material increases as the pikes become
larger, although T'. nodulosus was in the majority even in the largest individuals.
In two lakes in the valley of Pasvik in Norway the relationship between the two
Triaenophorus species was the opposite, 100 %, and 73 %, of the pikes having 7. crassus
infection and 33 9%, and 0%, 7. nodulosus (Vik 1959), Scheuring (1929) has stated
that major invasion by T. crassus can take place only in the absence of 7. nodulosus.

It seems that the main food chains in each water body affect the Triaenophorus
fauna in the definitive host, and the minor importance of coregonids in the diet of the
pike of the Bothnian Bay must be reflected in a minor 7. crassus population as com-
pared with 7. nodulosus.

The rapid increase in T'. nodulosus infection with increasing length of pike in the
present material is in accordance with the early change in the behaviour of the pike
in the direction of predation (Scott and Crossman 1973). The same has been reported
by Moravec (1979). All the pikes in the present material are of a size to be predators.

Both Chubb (1963) and Borgstrém (1970) have reported 8 fish species found in
the diet of pike. Although perch did not constitute the most important food item in
the stomach of the pike in Llyn Tegid in Wales (Chubb 1963) or in Lake Bogstad
in Norway (Borgstrém 1970), it was the only intermediate fish species in which
T. nodulosus was found in both areas. The stomach contents of the pikes from the
Bothnian Bay point to the significance of the three-spined stickleback among the
potential intermediate hosts as a use of the passage of 7. nodulosus to its final
host, although the smelt and ruff are also identifiable as food items. :

As reported earlier by Miller (1943), Copland (1956), Chubb (1963) and Borg-
strom (1970), the maturation of Triaenophorus species follows a regular seasonal
pattern, and the same is true in the present case. Eggs were released during the spawn-
ing time of the pike in May. A decrease in the prevalence of T'riaenophorus infection
in the pike after its spawning time is seen in both lakes in the present material, but
no gap in infection as reported by Miller (1943) and Copland (1956). The high pre-
valence of T'. nodulosus juveniles in the Bothnian Bay in June 1982 is in accordance
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with the results of Chubb (1963) and Borgstrém (1970} who did not find any
decrease in the prevalence after the loss of mature cestodes in spring.

It seems that the variation in the intermediate fish hosts of 7. nodulosus is greatly
dependent on the species composition of each water body and the abundances of the
different species. The Bothnian Bay, which is most stable water body of the three
studied here and which has the greatest number of fish species, also has the greatest
number of intermediate fish hosts, so that burden of 7. nodulosus parasites is most
evenly distributed among them and the seasonal prevalences of infection are most even.
The smaller the water body is and the fewer the fish species it has, the more the role
of the most favoured intermediate fish host increases, as in the present case of the
ruff in the small, eutrophic Lake Kuivasjirvi. As a whole the role of the ruff as & pre-
ferred intermediate host in both lakes is interesting, especially because the role of the
perch is at the same time such a minor one, even though it is such a common food
item for the pike. It may also be stated that adult burbot are not of great importance
for transmission of T. nodulosus to the pike, even though the burbot is the most heavily
parasitized intermediate host in both places where it was studied. This also is sup-
ported by the stomach analysis from pikes, ;
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TRIAENOPHORUS NODULOSUS W T.CRASSUS B PBLIGAX CEBLEPHO
OUH THHANT

3. T. Baaronen, TI. Puntamexn u M. Jannanajiigen

Pesiowe. B 1978- 1982 11, mayuaiack BeTpewaeMocTs uapasutos Triaenophorus nodidosus
u T. crassus B 10 228 sx3eminsipax pnb 34-X BijioB A3 TPeX BO;{0CMOB B ¢eBCPHOM (DUHIHAItN
B saumse Bothnian Bay nuepouepkomun 7. nodulosus 06HApymKenn B IiecTH BHAaX i3 31
H3YUYEHHLIX, B XO0.01HOM o.mrorpodroM osepe VIi-Kitka B ceBeﬁo—BorT_oquﬁ (O3} HIT Ry
B uerhIpex BiIflaX #3 L1 M3yueHHHIX M B Mai10M 3BTpodHOM o3epe Luivasjarvi mnm, B 0;(HOM
u3 6 H3yUeHHKIX. HayucHe JKeTY;I0UHOI0 ¢0,[CP/KIMOI'0 XUIKHAX PHG HOKARA0, 4TO OCHOBHLM
UPOMEKYTOYHLIM XO3IHHOM B O3epax sBisieTca epur (Gymnocephalus cernuus). (}uw_l BBICOK
B(TPEIACMOCThL B IBYX M3 TpeX odiacTedl 00HaPYHeHa BO B3POCJLIX SKICMILIHPANX OOLIKHOBCH-
Horo HasluMa (Lota lota) HO B JJARROM CIyua¢ DTOT BE/l PHO SBJINETCSH CKOPee BEETo TYMMKOM
B jKH3HCHHOM 1tnie T nodulosus. Jlapsasinasie cragun T. crassus 0GHAPYKEHE TOJALKO B Hii-
BCMILBIDAX TPEeX BUJIOB JIOCOCEH M O/IMH Pa3 B KUNIGURMKe PewHOH MEHOIR {Lampetra fluviatilis)
M3 3anuBa. BeTpewaemMocTs M MHTCHCMBHOCTL 3apakeHHsT B GOJbLIIMHCTBE HPOMEMYTOYHBLX
X03/MHOB 7. nodulosis 3aBlcea 0T pasmepoB phib. MekIOueHMe  COCTABMJIM €PN M3 03cpa
Yli-Kitka, y ROTOpHX OTMeUeHO pe3KOe YBCJIMUEHHE BCTPEUAGMOCTH M RHTEHe MBHOCTH dapa-
FKEHUs ¢ POCTOM pasMepoB pud. Hu B onHOM ciiyuae He OGHADPYIMKEHE BLIPOKCHHLIC Ce30HHIC
H3MEHEHHs1 B 3aDAKEHMH JIapBAJALBHIMH cTafHAMHA poja Triaenophorus. Berpewaemocts T. no-
dulosus B cro feMHHTHBHOM Xo3siuHe — IIyke (Esox lucius), MakcHMaJLHas B Mope (93 %
M MHHAMAIBHAS B 9BTPO(GHOM o3epe (47 %). MmHuMajbRaa Berpewaemocts T. nodulosus OT-
MeyeHa B 00OHX 03¢paX B MIOHC — Hioile. OGHApYKeH NMHEKJI CO3PEBAHM, CaMble He3pesThie
opMLL BO BeeX cilydasx BCTPeAlOTCSt B MeTHAE Mecsauu. 7. crassus Haii;[cH B Kam;108 TpeThen
IMyKe B MOpe M ero 10,131 110 cpaBHeHUIO ¢ T'. nodulosus Brlle B CAMBIX MAaJIBIX M CAMBIX 00Mb-
HAX dK3eMILIAPax puth. Jlumb B 12 % myr KogMuecTBO dxk3eMniaapoB T'. crassus 6LLIC BrIMe
KOMYCCTBA IR3eMININPOB T'. nodulosus, HO HCCMOTPSH Ha 5TO, B cpejlHeM OTHONIEHAE COCTABHMIIO
1:13 8 wonrsy T. nodulosus. 9TH Pe3y:.LTATH UPHBOSIT K 3AKJIOYEHHIO, YTO COCTAB PayHh
B KAHGIOM BOJIOCME OKA3LIBACT 3AMCTHOC BJIMsIHME Ha BeTpedaeMocTb 1. nodulosus M ero pac-
MTPOCTPAHCHAC CPCAN BOSMOMMBIX I1IDOMCIKYTOUHBIX XO03fieB. B ciayuac caMmx cTaOmIBHELX
OKDYMAIONHX yCJOBHI M caMOil 60.LINOI PA3HOBMIHOCTA BHUOB DHIO, TADABATLI B 3adiINMBe
Bothnian Bay pacnpoctpageBn B 6 Buinix NPOMCKYTOUHLIX X03ficB. YeM MCHBIUEC KOJIBYOCTBO-
BH0B PLIb B BOjjOCMe (KAK HAIIPUMED B ¢.Iyyae 9BTPOGHOrO o3cpa), TeM GouIblie Bo3pacTaer
SHAYEHHE HEeROTOPHIX ML JAKe OJHOI'0 LUPOMEKYTOYHOI'O XO3sIMHA.
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