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SUMMARY

We examined the parasite-induced cataract formation in rainbow trout (Oncorhynchus mykiss) using slit-lamp microscopy

to determine the relationship between cataract intensity and number of Diplostomum spathaceum parasites that were

established in the lens. Cataract intensity increased significantly with parasite burden, but was also affected by the pattern of

exposure to the parasite cercariae. The slit-lamp methodology proved useful in scoring the cataracts since it provides a 3-

dimensional view into the lens and gives an actual picture of the location and intensity of the cataracts, which allows detailed

investigations of mechanisms underlying cataract formation in various fish species. Potential applications of the method in

fish farming and parasitological studies are discussed.
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INTRODUCTION

Modern, intensive fish farming produces increasing

amounts of fish for human consumption, stocking

purposes and recreational use. However, the culti-

vation of fish in high densities attracts a variety of

parasites, which pose threats to the health and vi-

ability of fish (e.g. Rintamäki-Kinnunen &Valtonen,

1996, 1997; Hakalahti & Valtonen, 2003). Although

most diseases can be prevented or controlled by ap-

plying specified farming methods or drugs, some

parasites have managed to persist and can cause oc-

casional or recurrent outbreaks in farms (see above

references). An important issue in fish farming has

been how these infections affect the viability of fish,

both in the farming conditions and after stocking into

natural habitats. In macroparasites, which tend to

affect their hosts in an intensity-dependent manner

(e.g. Crowden & Broom, 1980; Lafferty & Morris,

1996), quantification of the parasite load above which

harmful effects of infection begin to appear is an

important aspect. In this paper, we focused on the

effects of the trematode parasite Diplostomum spa-

thaceum, which infects the lens of the fish eye and

causes widespread problems at fish farms.

Diplostomum spathaceum is a common parasite of

freshwater and brackish water fish (Valtonen &

Gibson, 1997; Valtonen, Holmes & Koskivaara,

1997) and utilizes 3 hosts within its life-cycle: fish-

eating birds, aquatic snails and fish. The parasite is

transmitted from snail to fish as cercariae, which

penetrate the fish epithelium and migrate into the

lens where they develop into metacercariae (Chap-

pell, Hardie & Secombes, 1994). Metacercariae are

known to induce cataracts due to metabolic excre-

tions and mechanical destruction of the lens struc-

tures (Shariff, Richards & Sommerville, 1980).

Indeed, several studies have reported white and

opaque appearance of the eye lens associated with

heavy infections in fish (e.g. Ferguson & Hayford,

1941; Shariff et al. 1980; Karvonen, Seppälä &

Valtonen, 2004b), but the relationships between

parasite abundance and cataract intensity have not

been investigated in detail. This is because effective

techniques for studying parasite-induced cataract

intensity have been lacking. There is, however, an

apparent need for detailed information on these as-

pects since the parasite is frequently found in cul-

tured fish (Stables & Chappell, 1986; Field & Irwin,

1994) causing economic losses to the industry in

terms of reduced growth rate, fish morbidity and

mortality (Bauer, 1961; Brassard, Rau & Curtis,

1982; Buchmann & Uldal, 1994). Recently, the

parasite has also been shown to increase fish sus-

ceptibility to predation (Seppälä, Karvonen & Val-

tonen, 2004).

The lens of the fish eye is accessible without dis-

section using specialized slit-lamp microscopy in

which a narrow slit of light is directed into the lens to

give a 3-dimensional view of the lens. The method

has been widely used in ophthalmology such as in

scoring non-parasitic cataracts from fish (Bjerkås

et al. 1996; Wall & Bjerkås, 1999; Schlotfeldt &

Wegener, 2000) and it has recently been applied also
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in parasitological studies examining eye fluke infec-

tions and cataracts from living fish (Karvonen et al.

2004a, b). The aim of the present study was to de-

termine the relationship between D. spathaceum

burden in fish and cataract intensity. Using rainbow

trout (Oncorhynchus mykiss) as a model fish species,

we employed 2 infection procedures, gradual ex-

posure in natural conditions and a single exposure in

laboratory conditions, to produce fish with cataracts.

MATERIALS AND METHODS

Exposure in natural conditions was conducted in a

150r100r100 cm cage, placed in a densely vege-

tated littoral zone of Lake Konnevesi in Central

Finland, where the snail intermediate host of the

parasite had earlier been observed. A group of 160

rainbow trout (Oncorhynchus mykiss), aged 1 year

with a low-level initial infection with the parasite

[infection prevalence=85.0%, mean parasite load=
1.3¡0.2 (all figures indicate mean¡S.E. unless

otherwise indicated)], was obtained from a local

commercial fish farm and maintained in indoor tanks

for 39 days before the experiment. Fish were in-

troduced to the cage on 10 June 2002 and a sample of

20 fish was then taken from the cage every 14 days

until day 112 of the experiment, when all remaining

fish were examined. Mean water temperature was

17.9¡0.3 xC during the experiment. At each sam-

pling time, fish were brought to the laboratory where

they were killed with MS-222 and immediately

studied with the slit-lamp microscope (Kowa port-

able SL-14) to determine the intensity of parasite-

induced cataract. Intensity of the cataract was

assessed as: 0=no cataract, 1=cataract covering

horizontally <50% of the lens area, 2=cataract

covering<100%, 3=cataract covering 100% and 4=
cataract covering 100% and lens appearing totally

opaque and white. Both lenses from the fish were

then dissected to determine the precise number of

parasites. Only morphologically fully developed

metacercariae (see Sweeting, 1974) were considered,

since previous experiments had shown that those

parasites were responsible for cataract formation

(Seppälä et al. unpublished observations). The vit-

reous body of the eyewas not examined since wewere

only interested in cataract formation in the lens. Fish

were fed every second day with commercial fish

pellets and the mean length of the fish increased from

203.7¡1.5 mm to 225.5¡1.2 mm during the ex-

periment.

Exposure in the laboratory was performed in

4 indoor tanks on 25 June 2001. Fifty, 1-year-old

rainbow trout, originating from the same fish farm

and having a low-level of infection (infection preva-

lence=100%, mean parasite load=7.8¡0.6), were

placed in each tank. Prior to the exposure, fish had

been maintained in similar tanks in larger groups for

40 days. Parasite cercariae, which were identified by

the distinctive right-angle resting position of the

cercariae (Niewiadomska, 1986), were obtained from

20 naturally infected Lymnaea stagnalis collected

from a pond of a fish farm in Central Finland. The

same source of infected snails has also been used in

our previous studies (e.g. Karvonen et al. 2003,

2004b). Cercarial density in the combined suspen-

sion from the snails was estimated from 10r1 ml

subsamples. The infection dose of 400 newly

emerged cercariae per fish (total 20000 cercariae per

tank) was then introduced into each tank corre-

sponding to a density of 80 cercariae lx1. The in-

fection time was 30 min, during which the incoming

water in the tanks was turned off and tanks were

aerated using aquarium pumps. In our earlier studies

we have not observed any cataract formation in fish in

association with factors other than D. spathaceum

infection in the lens. For example, long-lasting (2–4

months) maintenance of totally naı̈ve or low-level

infected rainbow trout in conditions identical to this

experiment evoked no cataract formation in fish

(Seppälä et al. 2004). This is why we did not include

control tanks with unexposed fish in this exper-

imental design.

After the infection, water volume in the tanks was

brought up to 1300 l for the rest of the experimental

period. Water temperature was 15.6 xC during the

exposure and mean water temperature during the

experiment was recorded as 15.6¡0.3 xC. Tanks

were illuminated from above with fluorescent lights

according to natural dark–light rhythm. Ten ran-

domly chosen fish were taken from all 4 tanks at 2, 29,

58, 86 and 119 days post infection (p.i.). Fish were

examined for cataract intensity and parasite numbers

as described previously. It should be noted that

metacercariae have not been found in other parts of

the eye in association with similar infections in our

preliminary experiments. Fish were fed every 2nd

day with commercial fish pellets and the mean length

of the fish increased from 218.9¡2.4 mm to

263.1¡3.9 mm during the experiment. Statistical

analyses were performed using ANOVA or non-

parametric tests when requirements of equal vari-

ances and data normality could not be met.

RESULTS

In the lake system, parasite numbers in fish held in

the cage increased gradually with time as a result of

natural infection (ANOVA on log-transformed data:

F7,156=95.05, P<0.001; Fig. 1). Cataract intensity

was low at the beginning of the experiment when

42.5% of the eyes had no cataracts and 55% had few

cataracts (<50% coverage). Cataract intensity then

increased slowly and, at the end of the experiment, all

eyes had cataracts with 27.5% of the eyes totally

covered, and 7.5% totally opaque (Fig. 2).

In the laboratory exposure, the average number

of developed metacercariae in fish increased
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significantly from 7.8¡0.6 (2 days p.i.) to 43.5¡2.9

(29 days p.i.) as a result of the experimental exposure

(ANOVA on log-transformed data: F7,72=267.15,

P<0.001; Fig. 1) and the pattern of infection did not

differ between the tanks (ANOVA: F7,72=0.39,

P>0.7). Cataract intensity was low 48 h after the

infection, when the newly established parasites were

still undeveloped. However, cataract intensity in-

creased rapidly as the parasites matured, and after 29

days, 37.2% of eyes had a complete cataract and 2.6%

were totally opaque (Fig. 2). Cataract intensity re-

mained stable thereafter (Fig. 2).

Comparisons between parasite numbers and cat-

aract intensity in relation to pattern of exposure were

made separately for the factors because of significant

interaction. Cataract intensity increased with para-

site burden in both infection procedures (Kruskall-

Wallis : x2=205.4, D.F.=4, P<0.001; x2=218.0,

D.F.=3, P<0.001, for the lake and laboratory ex-

posure, respectively; Fig. 3). However, the pattern of

cataract formation differed between the infection

procedures in that the parasite numbers inducing the

cataracts were lower in fish held in the lake compared

to the laboratory infection (Mann–Whitney U-test

between the infection procedures: Z=x3.243, P<
0.01; Z=x6.265, P<0.001; Z=x2.297, P<0.05;

Z=x1.368, P>0.1, for cataract intensities 1–4, re-

spectively; Fig. 3).

DISCUSSION

This paper examined the relationships between in-

tensity of parasite-induced cataracts and number of

Diplostomum spathaceum parasites in rainbow trout

using slit-lamp microscopy. We found that cataract

intensity was strongly dependent on the parasite

burden such that this work provides a quantitative

analysis of cataract development. The slit-lamp

methodology enables cataract examination from

living, anaesthetized fish (Karvonen et al. 2004b).
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Fig. 1. Number of fully developed Diplostomum

spathaceum metacercariae in fish (sum for both lenses) (A)

held in a cage in natural infection conditions and (B)

exposed to experimental infection in laboratory conditions.

Bars indicate mean¡S.E. The solid line indicates ambient

water temperature during the experiments.
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Fig. 2. Development of parasite-induced cataract in the

eyes of fish (A) held in a cage in natural infection conditions

(data from every 2nd period is presented) and (B) exposed

to experimental infection in laboratory conditions. Error

bars indicate asymmetrical 95% confidence limits.
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Fig. 3. Number of Diplostomum spathaceum parasites per

eye in fish exposed to natural and experimental infection in

relation to cataract intensity. Bars indicate mean¡S.E. NS,

*, ** and *** denote statistical significance levels as non-

significant, P<0.05, P<0.01 and P<0.001, respectively.
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However, since we also had to dissect the lenses in

this study to determine the precise number of para-

sites, the cataract intensity was determined with the

slit-lamp microscope from freshly killed fish prior to

the dissection.We also used fish with low-level initial

infection, which was acquired in the fish farm during

the previous summer, approximately 1 year prior to

the experiments. Fish were also maintained in tanks

for 39–40 days before the experiments. This should

be sufficient time for intensive cataracts to develop

(see the Results section). However, the infection had

caused no or only few cataracts in lenses – mainly

small dots or thin thread-like formations although

categorized as <50% cataract coverage (see dis-

cussion below on the precision of cataract determi-

nation) – by the beginning of the experiments.

Therefore, we state that the initial infection had only

a minor impact on the subsequent cataract forma-

tion.

AlthoughD. spathaceum infection is known to have

deleterious effects on fish (Crowden & Broom, 1980;

Owen, Barber & Hart, 1993; Buchmann & Uldal,

1994; Seppälä et al. 2004), the role of para-

site-induced cataracts in causing these effects has

received very little attention (but see Seppälä et al.

2004). We suggest that cataracts probably have a

major role in impairing the vision of fish and causing

the harmful effects on fish. Although we did not

determine these effects directly in this study, it is

likely that the highest cataract intensities recorded

(100% coverage and opaque lenses) influence the fish

by reducing its vision. For instance, Seppälä et al.

(2004) found that comparable cataract intensities

caused a marked increase in the susceptibility of fish

to predation. In this respect, our result suggests that

the number of metacercariae in rainbow trout should

probably not exceed 20 per eye if the harmful effects

of the parasite are to be avoided.

However, fish species are known to differ in

their susceptibility to D. spathaceum infection (e.g.

Betterton, 1974; Sweeting, 1974; Speed & Pauley,

1984), which reflects different physiological per-

formance of the parasite between host fish species.

Therefore, it is likely that cataract development may

also show species-specific differences. Rainbow trout

are known to be highly susceptible to infection

compared to other salmonids such as brown trout

(Betterton, 1974) and, as indicated by the present

results, the species also develops intensive cataracts

as a result of the infection. We have also observed

parasite-induced cataracts in salmon (Salmo salar)

and whitefish (Coregonus lavaretus) in farming con-

ditions (Karvonen et al. unpublished observations),

but quantified analysis on cataract formation in these

species is lacking. In addition to possible species-

specific differences, cataract formation may also be

related to the size of the fish, as more parasites may

be needed to cause cataracts in larger fish because of

the larger size and volume of the lens. For example,

Owen et al. (1993) showed that only a few Diplosto-

mum spp. metacercariae may be required to interfere

with the vision of 3-spined sticklebacks. Although

they did not consider the role of cataracts, it is

probable that the effects caused by the low-level in-

fection are due to the small size of the lens in stickle-

backs (Owen et al. 1993). Therefore, it would be

important to conduct studies using different fish

species with varying sizes if, for instance, the effects

of the parasite on other commercial fish species were

to be evaluated.

We also found that cataract development differed

between patterns of exposure; fish under natural

exposure developed similar cataract intensities with

lower parasite numbers compared to experimental

infection. This is surprising since a high number of

parasites concurrently penetrating the lens could be

expected to elicit more damage leading to more

severe cataract formation. In fact, the result suggests

that the parasite is able to enter the lens with little

damage, which is reasonable considering the rela-

tively long development time of the metacercariae

and subsequent transmission to the avian definitive

host (see Seppälä et al. 2004). One possible expla-

nation for the observed difference in cataract for-

mation between the experiments is the slightly

higher mean water temperature in the natural in-

fection experiment compared to the laboratory

infection (17.9¡0.3 xC and 15.6¡0.3 xC, respect-

ively). Since the parasites cause cataracts through

their metabolic activities, which are likely to be tem-

perature dependent, higher temperature in natural

conditions may have increased the metabolic rate of

parasites leading to intensified cataract formation.

Furthermore, the size of the fish in the natural in-

fection was smaller at the end of the experiment

compared to the laboratory experiment (ca. 38 mm

difference in the mean length of fish), but we suggest

that corresponding difference in the lens size was

likely to be negligible and probably had no influence

on the result with current infection intensities.

We found the slit-lamp microscopy particularly

useful in studying parasite-induced cataracts as it

provided an excellent 3-dimensional view into the

lens allowing the determination of both thickness and

location of the cataract within the lens. It was also

possible to observe the lens without dissecting it,

which gave a comprehensive and actual picture of the

cataract. More importantly the method enables eye

examinations from living, anaesthetized fish and thus

the pattern of infection of individual, live fish can be

followed (Karvonen et al. 2004a, b). Several studies

have reported intensive cataracts in association with

heavy eye fluke infections when the lens becomes

distinctively opaque (Ferguson & Hayford, 1941;

Shariff et al. 1980; Marcogliese et al. 2001; Karvo-

nen et al. 2004b), which is visible by viewing the fish.

However, our study shows that fish may already

suffer from cataracts with lower parasite burdens
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when the cloudiness of the lens, and especially the

cataract intensity, cannot be observed or determined

reliably without a specialized microscope. In the

present study we used a 5-step categorical scale to

describe the cataract intensity, but suggest that even

higher precision might be used, especially when in-

cluding more detailed descriptions of the thickness

and location of cataracts at lower intensities. The

method also offers opportunities for detailed in-

vestigations into mechanisms underlying the devel-

opment of parasite-induced cataracts in various fish

species, both in farmed and natural fish populations.

This has important implications for the fish farming

industry where it is important to assess the ‘value’ of

the infected fish with respect to growth rates at farms

and survival probabilities after stocking to the wild

using non-intrusive methods. Cataracts may also

play an important role in impairing the vision of fish

and increasing their susceptibility to avian predation

(Seppälä et al. 2004), and studies examining these

relationships could undoubtedly benefit from suit-

able methodology for precise determination of cat-

aract intensity.
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the slit-lamp microscopy, Peter Hudson and two anony-
mous referees for valuable comments, and Roger Jones for
checking the English. The study was funded by the Bio-
logical Interactions graduate school, the Finnish Cultural
Foundation and the SUNARE project of the Academy of
Finland.

REFERENCES

BAUER, O. N. (1961). Parasitic diseases of cultured fishes and

methods of their prevention and treatment. In

Parasitology of Fishes (ed. Dogiel, V. A., Petrushevski,

G. K. & Polyanski, Yu. I.), pp. 265–298. Oliver & Boyd,

Edinburgh.

BETTERTON, C. (1974). Studies on the host specificity of the

eyefluke, Diplostomum spathaceum, in brown trout and

rainbow trout. Parasitology 69, 11–29.
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