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Abstract
The Diplostomum spp. infected juvenile Arctic charr reared at 9.5 °C had lower specific growth rates 
than the unexposed control fish reared at the same temperature. At the temperature optimal for 
the growth of juvenile Arctic charr, 14.5 °C, no difference in the growth between the infected and 
control fish was observed. At 14.5 °C Diplostomum spp. larvae located in the fish eye lenses grew 
and developed into metacercariae in 48 days, whereas at 9.5 °C the parasites did not grow at all, 
although they maintained they capability to move. The negative effect of Diplostomum spp. on the 
growth of their fish host at low temperatures (<10 °C) is especially significant in the case of Arctic 
charr, which is adapted to live in a cold environment. It was suggested that Diplostomum spp. 
may affect the energy metabolism of their fish hosts especially when the fish have less energetic 
capacity le� to compensate the reduced growth, i.e. at temperatures close to the lower or upper 
thermal limits for the growth of the fish.

Introduction
Temperature has fundamental effects on 
relationships between fish and their parasites 
over taxa. In most cases, low temperatures 
retard the development of parasites (Knopf et 
al., 1998), reduce the mortality of infected fish 
(Antonio and Hedrick, 1995; Brazik and Bullis, 
1995) and decline the parasite populations 
(Jansen and Bakke, 1991; Hakalahti and 
Valtonen, 2003). In the infection dynamics 
of the trematode eye flukes Diplostomum 
spp., which use fish as second intermediate 
hosts, the migration success of the parasites 
inside the fish (Stables and Chappell, 1986; 
Lyholt and Buchmann, 1996) as well as the 
growth rate of the larvae in the fish eye lens 

(Sweeting, 1974) are strongly temperature-
dependent. At temperatures <10 °C especially 
the migration of Diplostomum spp. from the 
site of penetration into the fish eye is inhibited 
(Stables and Chappell, 1986; Lyholt and 
Buchmann, 1996). When the parasites have 
se�led in the fish eye lens, they can survive 
at ≤5 ºC, although the growth of the larvae 
is then retarded or even stopped (Sweeting, 
1974). Diplostomum spp. have substantial 
effects on the energetics of their fish hosts 
and the effects may interact with temperature 
(Voutilainen et al., 2008; Seppänen et al., 
2009). Diplostomum spp. infection retards the 
growth of the rainbow trout Oncorhynchus 
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mykiss (Walbaum) reared at 10 ºC (Buchmann 
and Uldal, 1994) and the Siberian sturgeon 
Acipenser baerii Brandt reared at <12 °C 
(Kolman et al., 2001), but has no effect on the 
growth of the whitefish Coregonus lavaretus 
(L.) reared at 17 ºC (Karvonen and Seppälä, 
2008).

In this study, we examined the interaction 
between the effects of temperature (9.5 and 
14.5 °C) and Diplostomum spp. infection 
on the growth of the juvenile Arctic charr 
Salvelinus alpinus (L.). As Diplostomum spp. 
induced cataract reduces the fish feeding 
efficiency (Voutilainen et al., 2008), and may 
thus have negative effects on the fish growth 
(see Karvonen and Seppälä, 2008), we finished 
the experiment when Diplostomum spp. 
metacercariae were fully developed but no 
cataracts were observed in the fish eye lenses 
yet. In addition, we investigated the growth 
and development of Diplostomum spp. larvae 
a�er they were lodged in the fish eye lens for 
48 days.

Materials and methods
To obtain Diplostomum spp. cercariae, the 
great pond snails Lymnaea stagnalis (L.), the 
first intermediate hosts for the parasites, were 
sampled from Lake Huumonjärvi (65°06’N, 
26°08’E) in Finland in August 2008 (n = 195). 
One-month-old Arctic charr (n = 30) from the 
landlocked Lake Saimaa population hatched 
at Saimaa Fisheries Research and Aquaculture 
in Enonkoski, Finland (Finnish Game and 
Fisheries Research Institute) were transported 
from the hatchery to the laboratory at the 
University of Joensuu, Finland in early-June. 
There the fish were reared in non-chlorinated 
tap water to prevent uncontrolled contacts 

between Diplostomum spp. and the fish. 
The fish were weighed for fresh mass (FM), 
distributed randomly into two groups, so 
that both group included 15 fish and marked 
with Visible Implant Elastomer (VIE) tags 
(Northwest Marine Technology, Inc., USA) for 
the group identification. Then the fish were 
exposed singly to 91-111 (range) Diplostomum 
spp. cercariae from 12 randomly selected 
parasitised snails (see Seppälä et al., 2007) for 5 
min at 14.5 °C (see Voutilainen and Taskinen, 
2009; Voutilainen et al., 2009) in August 2008. 
The fish were maintained in 45 l flow-through 
tap water aquaria (own aquarium for both 
groups) at 9.5 and 14.5 °C for 48 days together 
with the control fish (n = 7 in both groups), 
which were tagged with VIE tags but not 
exposed to Diplostomum spp. The FM of the 
fish at the beginning of the experiment (2.3 ± 
0.6 g, mean ± S.D.) did not differ between the 
control and the infected fish (t-test, n = 22, P > 
0.05 for both temperatures). The fish were fed 
on commercial fish food (BioMar®, Aqualife, 
Denmark) ad libitum.

The development of Diplostomum spp. in the 
fish eye lens was investigated by measuring 
the size of the parasite larvae both prior to and 
a�er exposure. For the measurements one fish 
was taken at a time, i.e. 4, 7, 11, 18, 23, 31, 39 and 
48 days post-exposure, from both aquaria (9.5 
and 14.5 °C), anaesthetized (tricaine methane 
sulfonate, Sigma®, Sigma Chemical Co., St 
Louis, MO, U.S.A.) and decapitated. The eyes 
of the fish were dissected, and Diplostomum 
spp. located in the eye lenses were measured 
for their length and width microscopically 
(stereomicroscope Leica® MZ95, Leica 
Microsystems, Heerbrugg, Switzerland). The 
experiment was carried out with permission 
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from the Finnish National Board of Animal 
Experiments (license ESLH-2008-03722/
Ym-23) in accordance with the official 
recommendations (European Commission, 
2007) and the generally accepted guidelines 
(ASAB, 2006). At the end of the experiment, 
i.e. 48 days a�er Diplostomum spp. exposure, 
seven parasitised and seven unparasitised 
control fish were le� at both temperatures. 
Those fish were then anesthetized, measured 
for the FM and for the total length (TL). The 
eyes of the fish were examined as described 
above. The condition factors K (Bolger and 
Connolly, 1989) were calculated for them 
employing the formula:

where FM is fresh mass (g), TL is total length 
(cm) and b is the slope of the linear regression 
between log10FM and log10TL. The slope b was 
3.242 for the fish reared at 9.5 °C and 3.335 for 
the fish reared at 14.5 °C. The estimates of the 
individual specific growth rates (SGR, %FM 
day-1) were calculated for each fish as:

where FM is the individual fresh mass at the 
beginning of the experiment and gSGR is the 
average group-specific growth rate (g day-1).

Results
The Arctic charr infected by Diplostomum 

spp. and reared at 9.5 °C had lower SGR than 
the controls reared at the same temperature 
(Mann-Whitney test, n = 14, P < 0.01) (Figure 
1). No difference in the K between the infected 
and the control fish reared at 9.5 °C was found 
(t-test, n = 14, P > 0.05). Among the charr 
reared at 14.5° C, there was no difference in 
the SGR and the K between the infected and 
the control fish (Mann-Whitney test, n = 14, P 
> 0.05 and t-test, n = 14, P > 0.05, respectively). 
The number of Diplostomum spp. located in 
the fish eye lens (4.3 ± 2.2 at 9.5 °C and 5.9 
± 1.7 at 14.5 °C, mean ± S.D.) did not differ 
between the infected charr reared at different 
temperatures (t-test, n = 14, P > 0.05). The 
mean growth rate of Diplostomum spp. in the 
fish eye lens was 11.9 μm day-1 in length and 
4.8 μm day-1 in width at 14.5 °C. During the 
first 11 days the growth of the larvae was 
slow compared to the next three weeks, and 
it stopped about five weeks a�er they were 
se�led in the fish eye lenses (Figure 2). At 9.5 
°C the parasites did not grow at all, although 
they maintained their capability to move.

Discussion
The present results indicate a temperature-
dependent effect of Diplostomum spp. eye 
flukes on the growth of their fish hosts (see 
also Voutilainen et al., 2008; Seppänen et 
al., 2009). The results agree with previous 
studies, so that at a higher temperature (17° 
C) Diplostomum spp. have been found to have 
no effect on the growth of the fish (Karvonen 
and Seppälä, 2008), but at lower temperatures 
(10–12 °C) the growth of the infected fish has 
been observed to be low (Buchmann and 
Uldal, 1994; Kolman et al., 2001). The growth 
rate of the one-summer-old Arctic charr has 
its maximum at 15 °C (Larsson and Berglund, 
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Figure 1. Mean ± S.D. specific growth rate (SGR, %FM day-1) (upper figure) and condition factor K (lower figure) of 
the control and Diplostomum spp. infected Arctic charr reared at 9.5 °C and at 14.5 °C for 48 days. Different le�ers 
signify significant (P < 0.05) difference in SGR and K between the control and infected fish reared at the same 
temperature.
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Figure 2. Mean ± S.D. body length (upper figure) and width (lower figure) of Diplostomum spp. in the eye 
lenses of Arctic charr in relation to time (days). The fish were reared at 9.5 °C and at 14.5 °C.
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1998). At this temperature, in this study, 
Diplostomum spp. infection had no effect on 
the growth of Arctic charr, but when the fish 
were reared at a lower temperature (9.5 °C), 
Diplostomum spp. infection decreased the SGR 
of charr. The result suggests that the effect of 
Diplostomum spp. on the growth of their fish 
host may be more detrimental at temperatures 
close to the thermal limit for the growth of the 
species, than at temperatures that enable more 
energetic potential to compensate factors 
that impair the growth. The suggestion is 
supported by our earlier findings that at a 
higher temperature (15 °C) Diplostomum spp. 
have no short-term influence on the energetics 
of their fish hosts (Voutilainen et al., 2008) but 
at a lower temperature (4 °C) the infection may 
result in the depressed energy metabolism of 
the fish (Seppänen et al., 2009).

Furthermore, the results revealed that the 
growth and development of Diplostomum spp. 
were highly dependent on temperature – as 
expected on the basis of earlier investigations 
(e.g., Sweeting, 1974). At 9.5 °C the growth 
of Diplostomum spp. in the Arctic charr was 
stopped. The parasite larvae, however, 
stayed alive and maintained their capability 
to move. A low temperature is not lethal for 
Diplostomum spp. that have succeeded in 
establishment in the fish eye lens, but they can 
e.g. stay dormant over winter and continue 
their development when the temperature 
rises >10 °C (Valtonen and Gibson, 1997). It 
was suggested that the retard/stopped growth 
of Diplostomum spp. is related to the decreased 
metabolic rate of the poikilothermic fish hosts 
at low temperatures. Diplostomum spp. larvae 
located in the fish eye lens must nourish 
themselves with the nutritive substances from 

the eye. Thus the flux rate of the substances 
in the fish has to have a direct effect on the 
metabolic and growth rates of Diplostomum 
spp. (see Barber, 2005).

The negative effect of Diplostomum spp. on the 
growth of their fish host at low temperatures 
(<10 °C) is especially significant in the case of 
Arctic charr, which is adapted to live in a cold 
environment. It is possible that Diplostomum 
spp. affect the energy metabolism of their 
fish hosts especially when the fish have less 
energetic capacity le� to compensate the 
reduced growth, i.e. at temperatures close 
to the lower or upper thermal limits for the 
growth of the fish. In the future studies, the 
effect of Diplostomum spp. on the growth of the 
fish species with different thermal preferences 
needs to be investigated.
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