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Does Diplostomum sp. infection stimulate 
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A. Voutilainen1*, J. Taskinen2 and H. Huuskonen1

1Department of Biology, University of Eastern Finland, 80101 Joensuu, Finland; 2Department 
of Biological and Environmental Science, 40014 University of Jyväskylä, Finland

Abstract

(SGR) and standard metabolic rates (SMR) of juvenile Arctic charr Salvelinus alpinus before and 12 
Diplostomum -1. SGR correlated positively with 

the number of Diplostomum

high SMR and/or initial fresh mass being more susceptible to the parasites. Parasite challenge had 
Diplostomum 

are not straightforward but rather unique for each host-parasite combination.

Introduction

on their host organisms. Host-parasite rela-
tionships are interactive mainly because the 
parasite’s energetics is tightly related to that of 

between parasite and host is resource demand-
ing (Devevey et al., 2008; O’Brien and Dawson, 

et al., 2009a) and growth (Saksvik et al., 2001a) of 

is not always negative; indeed, infection may 

growth appears to depend especially on the 
characteristics of the parasite as well as those 
of the host (Saksvik et al., 2001b).

In this study, we examined the association 

trematode interaction between the juvenile 
Arctic charr Salvelinus alpinus and the diplos-

Diplostomum sp. (Trematoda, 
Digenea). The Arctic charr is a cold-adapted 
polymorphic Holarctic salmonid with both 
anadromous and landlocked populations (see 
Klemetsen et al., 2003 for a review). Diplosto-
mum spp. are ubiquitous parasites that infect 

hosts for the parasites, by penetrating their skin 
(see Karvonen, 2011 for a review). Diplostomum 
parasites referred to in this study most likely 
represent only one species, D. pseudospathaceum 
(see Voutilainen and Taskinen, 2009), and thus 

Diplostomum sp. is used. 
From the site of penetration, Diplostomum sp. 
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for weeks or even months and cause cataracts 
through their movements and metabolic excre-

the host’s energy metabolism (Voutilainen et al., 
2008), but chronic infection can alter energetics 

al., 2008). Moreover, due to reduced vision as 

-

2008). In the case of Arctic charr, Diplostomum sp. 

hosts, particularly at low temperatures (<10 ºC) 
(Voutilainen et al., 2010). Fish-eating birds are 

Diplostomum sp.

The aim of this study was to determine the 
Diplostomum sp. on oxygen consump-

tion, consistency of standard metabolic rate 
(SMR) and growth in individual juvenile Arctic 
charr. We therefore measured oxygen consump-

the parasites. The oxygen consumption meas-
urements were carried out before any cata-

hypothesised that the infection would have no 

temperature (15 °C), but we expected that the in-
fection with Diplostomum sp. would alter oxygen 

-
vations of the changes in oxygen consumption 
rates in Diplostomum-infected Arctic charr with 

al., 2009a). SMR refers to the minimum ener-
getic costs required for maintaining basic body 
functions (Jobling, 1994).

Materials and methods
Arctic charr were obtained from the landlocked 
Lake Saimaa population hatched on 10th May 
2008 and reared at the Saimaa Fisheries Re-
search and Aquaculture (Finnish Game and 
Fisheries Research Institute) in Enonkoski, 
Finland (62 05’N, 28 54’E). To prevent natural 

-
ported from Enonkoski to the laboratory of 
the University of Eastern Finland, Joensuu, 
Finland (62 35’N, 29 43’E) on 24th June 2008 
and acclimated to non-chlorinated tap water. 

mass, FM) and marked individually with visible 
implant elastomer tags (Northwest Marine 

43. Cercariae of the trematodes Diplostomum 
sp. were obtained from infected great pond 
snails Lymnaea stagnalis -
ate hosts for the parasites, sampled from Lake 

06’N, 26 08’E) in 
August 2008. Emergence of the cercariae from 
the snails was stimulated by placing 24 infected 
snails in a 6-litre bucket in non-chlorinated tap 
water and raising water temperature from 15 
C to 20 C within 6 h.

To expose the Arctic charr to the parasites, 29 

transparent plastic beakers in 500 ml of tap 
water at 15 C and exposed to 53 to 89 Diplos-
tomum sp. cercariae (range) for 5 min. A 5-ml 

bucket” onto a Petri dish and the number of 
cercariae in the sample was counted with a ster-
eomicroscope (Leica MZ95, Leica Microsystems 
AG, Heerbrugg, Switzerland). The sample was 
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then poured into one of the plastic beakers con-

maintenance aquarium. The procedure was 

See Voutilainen and Taskinen (2009) for a more 
detailed description of the exposure procedure. 

water system at 15 C and fed on commercial 
dry feed (BioMar®, Aqualife, Denmark) ad 
libitum by an automated feeding system. The 
light:dark cycle was set to 16 h:8 h to simulate 
natural light conditions of a long illuminated 
period at northern latitudes in August.

and 4 controls) refused to eat and they were 
excluded from the study material (i) to avoid 
spurious results and (ii) for the sake of ethical 

10, respectively. Due to the unplanned reduc-

t-test, 
t34 = -3.455, P = 0.001) (Table 1). This, however, 

treatment group. This will be discussed in detail 
later in the text. The experimental infection of 
Arctic charr with Diplostomum sp. cercariae was 
carried out with permission from the Finnish 
National Board of Animal Experiments (license 
ESLH-2008-03722/Ym-23).

Oxygen consumption of the Arctic charr was 
recorded by an automated three-chamber 

Innsbruck, Austria) equipped with a polaro-
graphic oxygen sensor (YSI 5750, Yellow Springs 
Instrument Co., Inc., Yellow Springs, OH, USA) 

-
parent acrylic chambers (236 to 242 ml, range) 
for 48 h at 15 C under the same photoperiod 
(16L:8D) as that during maintenance. Oxygen 
consumption in each chamber was recorded for 
15 min of every hour and the average consump-
tion rate for this time was extrapolated to an 
hourly value. Each recording included determi-
nation of bacterial oxygen consumption in the 
empty chambers at the beginning and end of the 

Diplostomum sp. 

the recordings. The average of the two lowest 
hourly oxygen consumption values recorded 
during the 48-h period was used to calculate 

Table 1.
and standard metabolic rates (SMR, μmol O2 g-1 h-1 Diplostomum challenge and 

-1 day-1).

FM SMR
SGRGroup n pre post pre post

Control 10
Treatment 26
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oxygen consumption recordings. More detailed 
descriptions of the respirometry and calculation 
of SMR can be found in Lahti et al. (2002), Sep-

For the statistical analyses, SMR (μmol O2 g-1 
h-1 -1 day-1) 
were calculated from the individual recordings. 

-
eters between the two groups. We examined 

measuring of FM (12 to 63, range) on SGR of 

backward elimination. In the case of treated 

-

were also used as independent variables in the 
modelling. We also compared pre-exposure and 
post-exposure SMRs within the groups using a 
paired samples t-test with the Bonferroni cor-
rection. In addition, we investigated temporal 
consistency of SMR in both groups by Pearson’s 
correlation. Statistical analyses were performed 
with the SPSS 17.0 for Windows (SPSS, Chicago, 
Illinois, USA).

Results

with the number of Diplostomum sp. cercariae 
r = 

0.800, P < 0.001) and to their initial SMR (r = 
0.434, P
(ANOVA, F2, 23 = 31.457, r2 = 0.732, P < 0.001) 
explaining SGR was:

Y = 0.572X1 + 2.024X2 - 29.828,

where Y is SGR in mg g-1 day-1, X1 is the number 
 and 

X2 is SMR in μmol O2 g-1 h-1

measuring of FM and number of Diplostomum 

eliminated from the model by regression analy-

number relationship, however, was not linear, 
but 2nd order polynomial (ANOVA, F2, 23 = 23.696, 
r2 = 0.673, P < 0.001):

Y = 32.338 - 1.010X + 0.012X2,

where Y is SGR in mg g-1 day-1 and X is the 
number of Diplostomum sp. cercariae to which 

 
1.5 (mean  S.D.) Diplostomum sp. metacercariae 

-1. The number of Diplostomum sp. located 

SMR (r = 0.085, P
(r = 0.219, P
not correlate to any of the explaining factors 
used as independent variables in the modelling.

exposure SMR, either in the control (t-test, t9 = 
0.969, P > 0.05) or treatment group (t-test, t25 = 
0.378, P > 0.05). In other words, parasite chal-

of SMR, but the pre-exposure SMR correlated 
with the post-exposure SMR both in the control 
(r = 0.705, P = 0.023) and treatment group (r = 
0.609, P = 0.001) (Figure 2). FM, SMR and SGR of 
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Figure 2. Relationship between the post-exposure and pre-exposure standard metabolic rates (SMR) of 
Arctic charr. Each point represents one individual.

Figure 1.
standard metabolic rates (SMR) and the number of Diplostomum
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Discussion
The results of the present study indicate that a 
low level exposure to Diplostomum sp. cercariae 

juvenile Arctic charr, to grow faster. This is 
surprising because Diplostomum parasites have 
been previously shown to have only negative 

Voutilainen et al., 2008, 2010). The results also 
-

enhanced growth and the Diplostomum sp. 

of parasite exposure, not the intensity of infec-

SMR and/or FM being more susceptible to the 
parasites (c.f. Lysne et al., 2006). In other words, 

parasites (c.f. Pulkkinen and Valtonen, 1999), 

The simplest explanation for the increased 
growth of the treated Arctic charr is that the 

due to the parasite challenge. Unfortunately, we 
are unable to verify or disprove this explanation 

-
tored in this study. Alternatively, the appetite 

to Diplostomum

trematode parasitic infection has been reported 
earlier in the relationship between juvenile cy-
prinids and the digenean Posthodiplostomum 
cuticola 
host growth reached its maximum in conditions 

2004). The immature young-of-the-year Arctic 
charr could not have reacted to the parasites by 
diverting extra resources from reproduction to 
growth. It is also not probable that the diplos-

growth enhancers in the host’s bloodstream 
because of their non-vascularised location in 
the eye lens.

with low resistance to parasites in the cod 
Gadus morhua (Lysne et al., 2006). On the other 
hand, as the authors acknowledged, the results 
were ambiguous and the parasites might have 

et al., 2006). In the present study, the number 
of Diplostomum specimens, which established 

studied were hatched on the same day (10th 
May 2008), their initial FM correspond to their 

measurement of FM carried out just before 

experimental parasite challenge. Therefore, it 
-

more susceptible to the parasites. However, we 
cannot completely rule out the possibility that 
an association between fast growth and high 

relationships.

Although Diplostomum species have been ob-

-
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Diplostomum infection on host metabolism (Vou-

probably linked mainly to cataract caused by 
the parasites and not to the infection per se. 

We acknowledge that this study has two weak-
nesses which give the opportunity to speculate 

The reason for the lack of replicates was simple; 

group was so small (n = 10) that it would have 

(ASAB, 2006). Secondly, it would have been 
optimal to record oxygen consumptions of all 

not possible in practice because the respirom-
eter used had only three chambers. Moreover, 
the determination of Arctic charr SMR based 
on recordings shorter than 48 h is unreliable 
(Voutilainen et al., 2011).

-
erlasting issue in aquaculture and, in most cases, 
parasites without doubt harm their hosts. In the 
relationship between juvenile Arctic charr and 
Diplostomum

growth and parasite challenge was not related 
to the intensity of parasite infection but, inter-
estingly, to the intensity of parasite exposure, 

on the basis of the present study. However, 

parasites are ubiquitous among natural host 
populations and a positive association between 

a common phenomenon (Rolbiecki, 2006). The 
positive relationship between parasite load 
and host size is partly explained by the fact 

(Pulkkinen and Valtonen, 1999), although the 

(Mierzejewska and Wlasow, 2005).

host organisms, indicating a strong coevolution-
ary interaction between the parasites and hosts. 
Ballabeni (1994) reported that an experimental 
low level exposure to the digenetic trematode 
parasite Diplostomum phoxini stimulated growth 

Phoxinus 
phoxinus). Diplostomum phoxini has a life-cycle 
similar to that of the Diplostomum

D. phoxini
conclude, on the basis of the results from the 
present study and those of Ballabeni (1994), we 

from being challenged by a low number of 
Diplostomum parasites  at least in aquacultural 

ad libitum. It is un-

have evolutionary consequences favourable 
Diplosto-

mum
causes infection, leading to the development 
of cataracts that without doubt harms the host.
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