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Abstract

Diplostomum spp. To reach the 
aim, 15-month-old Arctic charr (n = 19) were exposed singly to 100-3300 parasite cercariae (range) 

-
site cercariae in the exposure (dose) and the exposure duration (time). A linear model having the 

Diplostomum spp. is predictable, when experimental 
conditions are standardized and the parasite challenge is well-controlled. The present results can 

Diplostomum spp. 

Introduction
-

et al., 2003; Seppälä et al., 2007; Voutilainen et 
al., 2010a) together with geographical origins 

parasite (Voutilainen et al., 2009a), as well as 

to possible previous contacts between the host 
individuals in question with the parasite species 
in question (Karvonen et al., 2005). The second 

parasites per host in the exposure (dose), and 

Buchmann, 1996; Voutilainen and Taskinen, 
2009). The last two (dose and time) can be com-

Diplostomatid parasites include several ubiq-
uitous species which use lymnaeid snails 
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Diplostomum spathaceum 
and Diplostomum pseudospathaceum establish 

by their movements and metabolic excretions 
 Diplostomum 

spathaceum and D. pseudospathaceum have been 
widely used in many experiments carried out 

-

1986; Karvonen et al., 2003, 2005; Voutilainen 
and Taskinen, 2009; Voutilainen et al., 2010a) 

consumption (Voutilainen et al., 2008), growth 
(Voutilainen et al., 2010b), and mortality (Larsen 

Salvelinus alpinus 

Diplostomum spp.

Materials and methods
Parasite
Diplostomum spp. 

Lymnaea stagnalis (Gastrop-
oda: Lymnaeidae), which are known to act as 

Diplostomum 
D. pseudospathaceum 

(Niewiadomska et al., 1997). Lymnaea stagnalis 
(n = 75) were sampled by two wading persons 

-

more detail by Voutilainen et al. (2009b). The 
hatchery (Saimaa Fisheries Research and Aq-

lake and transported to the laboratory during 
the same day.

At the laboratory, the snails were placed singly 

Diplostomum

12 h (see Lyholt and Buchmann, 1996). Next 

Diplostomum spp. had emerged into the water 

Diplostomum spp. cercariae in the bucket was 
estimated. Firstly, cercarial suspension in the 
bucket was gently stirred with a scoop. Second-

Diplostomum spp. 
cercariae in these samples was counted using 

the bucket was estimated to be 20 ± 7 cercariae 
ml-1 (mean ± S.D.).

-
domska, 1986; Larsen et al., 2005). In addition, 

-
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great pond snails L. stagnalis
as D. pseudospathaceum Radix 
balthica as D. spathaceum (Niewiadomska, 1986). 

Diplostomum, however, have revealed that the 

lenses include more species than previously 

present study was due to practical purposes 
and the main aim was to gather Diplostomum 
spp. cercariae having as similar morphology 

the parasites at the species level.

Fish
Arctic charr representing the landlocked Lake 
Saimaa population were supplied by the Saimaa 
Fisheries Research and Aquaculture (Finnish 
Game and Fisheries Research Institute) located 
at Enonkoski, southeastern Finland. There the 

which would have caused uncontrolled con-

52.91 ± 21.84 g, total length (TL) 18.8 ± 2.7 cm, 

a second-generation hatchery population were 

Joensuu in August 2007.

Experimental infection
Diplostomum spp., 

water at 17 °C. The temperature was chosen on 

-

time had passed. The dose-time combinations 

in the analysis was 19.

present study was decided mainly on the basis 

one-summer-old rainbow trout (TL 44 ± 8 mm, 
mean ± S.D.) to 400 Diplostomum spp. cercariae 

L. stagnalis and 
R. balthica R. balthica
known as Lymnaea peregra and Radix peregra). 

Diplostomum
r 

= 0.388, P
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r = 0.806, 
P
Stronger parasite challenges than that used by 

(1974) were younger and smaller.

Fish handling

-

D. spathaceum cercariae at 20 °C (Karvonen et 

were anaesthetized with sodium bicarbonate 
(NaHCO3

(Sigma Chemical, St. Louis, Missouri) and their 

were decapitated and their eyes were dissected 
and compressed between two microscope slides. 

Diplostomum spp. located in the 
-

Statistical analyses

as independent variables. The analysis was 

Results and discussion

relationship was:

Y = 0.035 × D + 0.071 × T – 1.300 × TL – 9.374

Y
eye lenses
D (dose)

T (time)
seconds
TL

The model explained 85% (r2

original variation. Statistically the model was 
F2, 16 = 46.341, P 

respectively) (Figure 1). Standardized residu-
als were all <|2| indicating no outliers (Figure 
1B). Moreover, the standardized residuals were 
normally distributed (Kolmogorov-Smirnov 
test, P = 0.679) and they did not correlate to a 

r = 
0.384, P

Diplostomum spp. appeared to 
be predictable, when experimental conditions 
were standardized and the parasite challenge 

or mass (FM) as an explanatory variable in the 
model did not increase the model’s explanatory 
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power in the present case, but TL was included 

-1

the experimental parasite challenge. Within the 

-1

well-controlled to ensure reliable results and 

requirement emphasizes testing the experimen-
tal procedure prior to carrying out more applied 
studies. The present results concerning the rela-
tionship between Arctic charr and Diplostomum 
spp. have a general meaning to researchers who 

Arctic charr with Diplostomum spp. cercariae. 

Figure 1.
-1 -1

-1 correlated positively both with C) 
exposure dose and D) time. The line denotes linear relationship.
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It is obvious and acknowledged that the ap-

parasite species in question together with the 
prevailing conditions, but the present results 
can be considered as a starting point. This is 

animal experiments (e.g., ASAB, 2006), as the 
researchers can lower (minimize) the number 
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