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ABSTRACT: Poor water quality is discussed as amajor factor causing a decline of brown
trout populations in Swissrivers. For our study we have chosen ariver in the Swiss midlands,
where the brown trout population has decreased dramatically during the last 10 yr and where
feral fish have shown distinctive pathological alterations. The objective of our study was to
investigate whether river water may be responsible for impaired fish health leading to an
increased mortality in the river. In an active monitoring program, groups of brown and
rainbow trout were exposed to polluted river water for 24 months. Fish held in tap water
served as areference. Mortality, macroscopic and histopathologic changes, and infectious
agents were investigated. Compared with the reference group, high mortality rates and severe
pathological alterations of the inner organs were observed in fish held in river water.
Especidly gills, liver and kidney of these fish showed significantly higher changes than fish
from tap water. These changes were dominated by degenerative and inflammatory reactions.

Additionally, severa infectious agents were diagnosed in fish exposed to river water. The
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most important findings were furunculosis and proliferative kidney disease. Brown trout

seemed to be more sensitive than rainbow trout to environmental stress and infectious agents.

KEYWORDS: River water » Brown trout * Rainbow trout « Mortality ¢ Infectious agents ¢

Morphologica changes

INTRODUCTION
Declining brown trout populations have become a severe problem in many Swiss rivers over
the past few decades (Frick et a. 1998, BUWAL 1999). The reasons for this decline are
unclear. Water pollution and sewage plant inflows are discussed as possible contributors
(Escher et al. 1999, Schmidt et al. 1999, Bernet et a. 2000b). The river Langeten in the Swiss
midlands is atypical example of ariver in which brown trout populations have decreased over
the past years (Fishing statistics 1990-1998, unpubl. data). Especially during the summer
months, dead or weak brown trout could be seen downstream of sewage plants. Therefore,
this river was chosen to evaluate the influence of the water quality on fish health. In afirst
study we examined the effect of treated waste water from 1 of the 3 sewage plants located
along thisriver on the health status of brown and rainbow trout. Changes found in the trout
were compared with alterations present in wild fish (Schmidt et al. 1999). Trout exposed to
sewage effluents diluted with tap water showed only mild alterations in the inner organs,
particularly degenerative liver changes (Schmidt et al. 1999). These results did not correspond
to the findings in wild brown trout. In wild fish, degenerative changes of liver and kidney
were significantly higher downstream of sewage plant inflows. Further degenerative and
proliferative changesin the gills were reported (Schmidt et al. 1999). In wild fish,
proliferative kidney disease (PKD) associated with granulomatous reactions in kidney and
liver was found. From these findings it was concluded that the decline of brown trout

populations in the Langeten and the changes in wild fish could not be explained exclusively

2



Published in Diseases of Aquatic Organisms (2001) 44: 161-170

by the sewage effluents. Differences between the sewage-exposed trout and wild trout can be
caused by stressorsin the river system, e.g. abiotic parameters such as substrata, river
morphology or habitat destruction, biotic parameters such as competitors and predators
(Eklov et a. 1999), or additional factorsin the river water such as infections or other
contaminants. A few years ago highly increased concentrations of the insecticide permethrin
were found in the river downstream of a sewage plant (Ochsenbein 1997). After technical
changes were made in the factory applying permethrin, the concentrationsin the river
decreased significantly; however, concentrations up to 40 g kg™ at the location of our
experiment were still present in the river sediment (Water and Soil Protection Laboratory of
the district of Bern [GBL] unpubl. data). At 1 sewage plant (Lotzwil), in 2 out of 4 sampling
dates of pooled weekly samples of treated water effluents, the concentrations of all organic
pesticides were above 20 pg I™. For example, the following maximal concentrations were
detected: atrazine 20 mg ™, isoproturon 37 pg I, ethofumesate 1.15 g I ™, diazinon 0.8 pg I
! metalaxyl 0.6 pug 1™, diethyltoluamide 0.7 pg It and simazine 0.6 ug I™%. In addition,
nonylphenol and nonylphenol-ethoxylates were in the range of 1.6 to 4 pg |, galaxolides 0.1
t0 0.3 pg I and anionic tensides 0.1 to 0.7 mg | (Gerecke et al. 2001, U Ochsenbein pers.
Comm.).

The question arose as to which factors are responsible for or contribute to the changes found
in wild fish in the Langeten. Since infections and contaminants can cause organ alterations
(Bucke 1993, Bucke 1997) and these aterations may cause death and, subsequently,

popul ation declines, emphasis was put on this hypothesis. The mode of action of
environmental contaminantsis either direct chemical or physical damage to cell membranes
or tissues (e.g. Mallat 1985, Johnson et al. 1993, Myerset a. 1992, Myers et a 1994),
modification of physiological and biochemical reactions (e.g. Bucheli & Fent 1995,

Svobodova et a. 1994), increased infection pressure by facultative pathogens (e.g. Khan &
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Thulin 1991, Koskivaara et a. 1991, Bernet et al. 2000a) or reduced resistance to infection
(e.g. Sindermann 1979, Aaltonen et al. 1997, Arkoosh et al. 1998).

Thus, the aim of our study was to identify possible causes of the observed alterationsin fish
from the river. Therefore, the following questions were posed: (1) Could the observed
changes of the health status be responsible for the fish decline?; (2) Do seasonal differences
occur that may be correlated to parasitic infestation pattern and that would allow a correlation
between parasitic infestation and impaired health status?; (3) Do differences between river
water-exposed and sewage water-exposed trout, or differences between river water-exposed
and wild trout occur that may give further hints on the causes of impaired health status and
fish decline?; and (4) Are there species-specific differences between brown and rainbow
trout?

This last question is of interest because a recent debate in Switzerland dealt with a possible
higher resistance of rainbow trout to environmental impact, an argument for stocking rivers
with this non-native species. On the other hand, rainbow trout is accused to compete
effectively with brown trout. At present the release of rainbow trout into Swissriver systems

isforbidden (GSchG 1991).

MATERIALSAND METHODS
The experiments were carried out over a period of 24 months (May 1996 through April 1998).
The river examined (Langeten) is situated in the western midlands of Switzerland. Although
brown trout are stocked in the Langeten every year, electrofishing revealed decreasing
numbers of fish along the course of the river (Fishing statistics 1990-1998, unpubl. data),
particularly past the last of 3 sewage treatment plant discharges situated along the river.
According to physicochemical and biological (saprobial- and algae-index system)
examinations, theriver is classified as moderately to critically polluted (AquaPlus 1994,

VOKOS 1997). At the location of the experiment, the Langeten receives treated sewage
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effluents from 3 sewage plants and several agricultural areas. River water values measured
near the location of the experiment were water temperature, pH, oxygen concentration,
dissolved organic carbon, biological oxygen demand, ammonia, nitrite, nitrate, total nitrogen,
chloride, orthophosphate, total phosphorus, silicate, sulfate, sodium and potassium. Only
values of ammonia occasionally exceeded the quality aims for running water in the winter
months (GSchV 1998, GBL unpubl. data). For active monitoring, several trials of 60 brown
trout (13to 17 cm, 20 to 50 g) and 60 rainbow trout (19 to 22 cm, 70 to 110 g) from the stock
culture at the Centre for Fish and Wildlife Health were randomly assigned to groups and
transferred to a 2000 | fibreglass tank. This tank was located at an area near the river Langeten
(river water group) and supplied with river water by means of an open bypass. The different
species, brown and rainbow trout, were separated by a perforated steel sheet (perforation
diameter 1 cm). Water temperature ranged from 2°C to 16°C over 1 year (GBL, unpubl. data).
Oxygen concentration was 3 8 mg | during the study period. The reference brown trout and
rainbow trout were held in tap water at the Centre for Fish and Wildlife Health in analogous
tanks (200 trout per tank) with a constant flowthrough (20 | min™) of commercial tap water
(reference group). Water temperature ranged from 13°C to 17°C and oxygen concentration
was38mg |™. All fish were fed commercial trout pellets (HOKOVIT, Biitzberg, Switzerland)
with adaily food ration equal to 1% to 2% of body weight. The mortality rate was recorded
daily.

Fishin river water were first sampled in July 1996, after which time fish were routinely
collected every 3 months. Five brown trout and 5 rainbow trout were collected at each
sampling. Additional samplings with at least 3 fish were carried out in cases of high
mortalities. Fish had to be replaced several times (Table 1); however, this does not imply
replication of the trials. Reference fish were collected every 6 months. Fish were killed in
buffered 3-aminobenzoic acid ethyl ester (Argent Chemical Laboratories, Redmont, USA).
Immediately after death, blood was collected from the caudal vein. After centrifugation (3600
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g for 10 min at 4°C) the serum was stored at —80°C until further investigation (up to 3
months). Antibodies against the virus of the viral hemorrhagic septicemia were measured
according to Meler & Wahli (1988). Trout were weighed and measured individually. A
standard necropsy was performed. Virologic, bacteriologic and parasitologic examinations
were performed as described by Schmidt et a. (1999). Pieces of skin (excised in front of the
dorsal fin), gills, liver and kidney from all animals were fixed in Bouin's fixative for 24 h,
routinely processed for histology and stained with hematoxylin and eosin, periodic acid-
Schiff, and, if indicated, van Gieson stains. Histopathol ogic changes were described
gualitatively and alterations were quantitively evaluated according to an assessment tool
(Bernet et a. 1999). According to the degree and extent of lesions, an organ index for each
organ was determined. The sum of these organ indexes resulted in atotal index for the
individual fish (Tot_I). Parasitesin the inner organs were examined by histology; 2 to 3
different histologic sections were investigated. To distinguish Sphaerospora sp. from
sporogonic stages of PKX cells, a histochemical staining procedure using biotinylated GS-1
lectin (Griffonia simplicifolia agglutinin-1) as described by Marin de Mateo et al. (1993) was
performed. PKX cells were recently identified as myxosporean belonging to Tetracapsula
n.sp. (Canning et al 1999, Saulnier et al. 1999, Kent et a. 2000).

Fish that were found dead in the tanks were, if possible, examined for infectious agents and
macroscopic changes as described above.

The data of the histopathologic evaluation were checked for normal distribution using
Lilliefors test and normal probability plot. Differences between non-normally distributed data
were tested using Mann-Whitney U -test. For histopathologic alterations, relative risk (RR)
values were calculated by dividing the prevalence of changes of the exposed brown trout and
rainbow trout, respectively, by the respective prevalence of the reference brown and rainbow
trout. These were tested using c-test according to Pearson, Mantel and Haenszel (Sachs

1997). Differencesin parasite prevalence and differences in the abundance of sacciform cells
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in the skin between the river water and reference groups and between the brown and rainbow
trout were tested using ¢ -test. Relations between the season or the exposure time and the
histopathol ogic changes or the prevalence of parasites were determined using Spearman’s test
of correlation. The level of significance of all statistical tests was set at 5% with Bonferroni-
adjustments. All statistical analyses were calculated using the SY STAT program (v8.0, SPSS

Inc., Chicago, USA).

RESULTS

Mortality
No mortality occurred in the reference fish held in tap water. In contrast, high mortality rates
occurred in fish exposed to river water (Fig. 1); the rate was clearly higher in brown trout than
in rainbow trout (Fig. 1). Especially in the summer months (July to October) the mortality rate

was elevated. Mortality rates also differed between years: the highest rates were seen in 1996.

M acr oscopic findings
In the reference animals no macroscopic changes were found.
Brown and rainbow trout held in river water showed mild ulceration of the upper and lower
jaw and several fish showed skin erosions and ulcers.
In the inner organs, changes in the spleen, liver and kidney were most obvious. Especialy in
July and August splenomegaly, proliferative nephritis and multiple areas of necrosisin the
liver were diagnosed macroscopically. In the other months these changes occurred only

occasionaly.
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Histologic findings
Brown trout

According to the Tot_I, brown trout held in river water showed significantly more severe
histopathol ogic alterations than reference fish (Mann-Whitney U test, U = 271.5; p = 0.003)
(Table 2). Components of the Tot_| are circulatory changes, degenerative changes,
proliferative changes, inflammatory changes and neoplasms. Degenerative changes (Mann-
Whitney U -test, U = 288; p = 0.005), proliferative changes (Mann-Whitney U -test, U = 275;
p = 0.003) and inflammatory changes (Mann-Whitney U -test, U = 166.5; p < 0.001) differed
significantly between the reference and exposed groups. Indexes of all 4 organs (gill, skin,
liver and kidney) were elevated in the exposed group; however, significant differences were
seen only in liver values (Mann-Whitney U -test, U = 133.5; p < 0.001).
There was no significant correlation between exposure time and the Tot_| values or the organ
indexes of the brown trout held in river water (Spearman correlation, n = 43; p > 0.05). There
was, however, a significant correlation between the season and the Tot_| values (Spearman
correlation, rs = 0.709; p < 0.001) and the organ indexes (Spearman correlation, n = 43, rsgi =

0.573, rssin = 0.362, Isjiver = 0.576, rskidney = 0.673; p < 0.05).

Gills. Plasma alterations, such as granulated eosinophilic cytoplasm or vacuolation, epithelial
cell lifting and hyperplasia of the epithelial cells, were more prevalent and more pronounced
in the river water group than in the reference group. Multifocal necrosis of the gill epithelial
cells occurred only in the river water group. Compared with the reference fish, the river
water-exposed trout showed a significantly higher RR for epithelial cell lifting (RR = 1.8; ¢?
= 6.7, p< 0.01), hyperplasia(RR = 1.2; ¢? = 6.7; p < 0.01) and necrosis of epithelial cells (RR
=* [cannot be evaluated because the reference valueis 0]; c? = 14.1; p < 0.001).
Epitheliocystis caused by a chlamydia was diagnosed only in the river water-exposed brown

trout. These epitheliocystis cysts showed no surrounding inflammatory reaction.
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Skin. Brown trout exposed to river water showed a higher prevalence and abundance of
multifocal skin erosions and ulcers than reference fish. Most of these alterations were
accompanied by amild, mainly lymphocytic infiltration of the surrounding tissue. The
number of sacciform cellsin the epidermis was significantly increased in the river water
group (c® = 4.9; p < 0.05). Further structural alterationsincluded irregular structure of the

basal cell layer.

Liver. Compared with the reference brown trout, the river water group showed an increased
prevalence and severity of structural alterations, such as distended sinusoids and separation of
the liver cells, of plasma alterations, such as condensed eosinophilic or granulated cytoplasm,
and of pericholangiar and perivascular fibrosis and lymphohistiocytic infiltration. Increased
numbers of necrotic single cells and small foci of necrosis were diagnosed in 35% of the river
water-exposed brown trout. In 14% of the trout held in river water, Tetracapsula n.sp.,
surrounded by a granulomatous infiltration, were found in the parenchyma. Brown trout of the
river water group had a significantly increased RR of structural alterations (RR = 3.2; ¢? =
8.9; p < 0.01), necrosis of the hepatocytes (RR = *; ¢ = 10.2; p < 0.01), and infiltration with
lymphocytes and single macrophages either around bile ducts and vessels or randomly

distributed in the parenchyma (RR = 2.4;c* = 25.4; p < 0.001).

Kidney. Brown trout exposed to river water showed a higher prevalence and severity of
tubulonephrosis, deposits of desquamating tubular cells, hyalinous casts in the tubules and
peritubular fibroblast proliferation. However, this increase was not significant (c>-test, p >
0.05). Mild multifocal necrosis of interstitial cells occurred in 14% of the river water-exposed
brown trout. Infection with Tetracapsula n.sp. was diagnosed in 35% of animals of the river

water group. The extrasporogonic stages were associated with mild to severe proliferation of
9
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the interstitial tissue and granulomatous infiltration. Sporogonic stages in the tubules were not
associated with an inflammatory reaction. Infection with Sphaerospora sp. in the tubules was
also diagnosed only in the river water-exposed trout. Infection with these parasites was

associated with only mild degenerative tubular changes in severe infestations.

Rainbow trout
Reference rainbow trout showed significantly lower Tot_| values than the river water group
(Mann-Whitney U-test; U = 87.0; p < 0.001). According to the pattern of the changes, values
of degenerative, proliferative and inflammatory alterations differed significantly (Mann-
Whitney U -test; U = 189.5 [degenerative], U = 151.0 [proliferative], U = 208.0
[inflammatory]; p < 0.001). Gill, skin and kidney values of reference fish were significantly
lower than those of exposed fish (Mann-Whitney U-test; U = 46.5 [gill]), U = 224.0 [skin], U
=198.5 [kidney]; p £ 0.001).
The lesions found in rainbow trout corresponded qualitatively to those found in brown trout.
Rainbow trout of the river water group showed a significantly higher RR of plasma alterations
of gill epithelial cells (RR = 3.3; ¢ = 11.2, p < 0.001), hypertrophy of gill epithelial cells (RR
=1.6,c?=11.1, p< 0.001) and structural alterations of the skin (RR = 1.4, c*=11.2; p<
0.001), such as erosions, than reference fish. Similar to brown trout, only the river water-
exposed rainbow trout were infected with Tetracapsula n.sp. (prevaence 26%), resulting in a
higher RR to show structural alterations (RR = *; ¢ = 7.6, p < 0.01) and infiltration of the
kidney interstitium (RR = *, ¢? = 12.3, p < 0.001). In 7% of the river water-exposed rainbow
trout Tetracapsula n.sp. were aso found in the liver parenchyma.
Inthe rainbow trout held in river water the season had a significant influence only on the

development of kidney alterations (Spearman correlation, rs = 0.338; p < 0.05).
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I nfectious diseases
Virologic infections

No viruses were isolated.

Bacteriologic findings
In the reference fish no bacteriawere isolated. During the regular samplings 1 river water-
exposed brown trout and 1 rainbow trout showed a systemic infection with Aeromonas
salmonicida. But animals that were found dead between the samplings and that could still be
examined bacteriologically showed a prevalence of furunculosis (infection with A.
salmonicida) of approximately 50%.
Twenty-one per cent of the river water-exposed brown trout showed an infection of the gills

with epitheliocystis. Epitheliocystis infections did not occur in the other groups.

Parasitologic findings
Brown trout. In the reference fish no infestations with parasites were found except alow
number of Gyrodactylus sp. in 4 animals. In contrast, 93% of the river water-exposed brown
trout showed a parasitic infestation. The prevalence of fish infested with Gyrodactylus sp. also
increased significantly over timein the river water-exposed fish (czl,l =4.74, p = 0.03). On
average the brown trout held in river water were infested with 2.2 parasite species per fish.
The whole parasite fauna in the exposed brown trout consisted of 6 species: 4 species on the
skin (Gyrodactylus sp., sessile peritrichia, Trichodina sp., Ichthyophthirius multifiliis) and 2
speciesin the kidney (Tetracapsula n.sp., Sphaerospora sp.). The prevalence and abundance
of these parasites in the different groups are shown in Table 3. Significant seasonal
differences were found. Gyrodactylus sp. was significantly more frequent in autumn (023,1 =
10.0; p = 0.02), Tetracapsula n.sp. in summer (c%;1 = 22.7; p < 0.001), and Sphaerospora sp.

in spring and summer (c%; = 18.5, p < 0.001).
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Rainbow trout. Skin of eference rainbow trout was slightly infested with Gyrodactylus sp.
and Trichodina sp. Of the rainbow trout held in river water 76% showed a parasitic
infestation. Compared with the reference fish, in the river water group the prevalence of
Trichodina sp. infestations was significantly higher (c?.1 = 10.37; p = 0.001) and the
abundance was clearly elevated. On average river water-exposed trout were parasitized with 1
parasite species per fish. The whole parasite fauna of the river water-exposed rainbow trout
consisted of 4 parasite species on the skin (Gyrodactylus sp., sessile peritrichia, Trichodina
sp., Ichthyophthirius multifiliis) and Tetracapsula n.sp. in the kidney (Table 3). Only
Tetracapsula n.sp. were significantly more frequent during the summer months (c%;1 = 41.2;
p < 0.001). Compared with brown trout, rainbow trout exposed to river water showed
significantly lower prevalencesin parasitic infestation with sessile peritrichiaand

Sphaerospora sp. (c?11 = 24.08, p < 0.001; c?1; = 20.87, p < 0.001).

DISCUSSION
The aim of the present study was to investigate the impact of water quality (river water
compared with tap water) on the health status of trout in order to find possible explanations
for the decline of brown trout populations. River water-exposed brown trout showed high
mortality rates whereas in the reference fish no mortality occurred. Histopathological changes
inthe gills, liver and kidney, which may result in decreased vitality, were found in the river
water group. Additionally, several exposed animals showed high infestation rates with
primary and secondary pathogenic parasites. These findings indicate impaired fish health in
river water-exposed animals. The pattern of histopathologic changesin our study aswell as
the infestation rates with parasites were comparable with changes found in wild fishin the
lower part of the river (Schmidt et al. 1999). Severa histopathologic alterations correlated

with infectious agents, e.g. granulomatous nephritis with PKD infection (Clifton-Hadley et al.
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1987, Hoffmann & El-Matbouli 1994). Other lesions, such as pericholangiar and perivascular
fibrosis, lymphocytic infiltration in the liver parenchyma and multifocal necrosis, could not
clearly be assigned to a specific cause. These changes may either be part of a PKD infection
or be directly induced by water ingredients as they were present in fish without PKD infection
too. Lesions described here are also found in fish exposed to organic contaminants (Myers et
al. 1992, Johnson et al. 1993) or to pesticides (Hinton et a. 1993, Burkhardt-Holm et al.
1998). In the gills no infectious agent causing lesions was isolated. The described changes,
such as epithelia cell lifting, multifocal necrosis and epithelia hyperplasia, are not specific to
one particular agent and can be induced by arange of different stressors including pesticides,
heavy metals and low oxygen content (reviewed in Mallat 1985, Haya 1989). Comparable
lesions were also described following exposure to wastewater (Carline et al. 1987). Low
concentrations of permethrin up to 40 ng kg™ at the location of our experiment were still
present in the river sediment (GBL unpubl. data). Therefore, release of low amounts and
chronic effects on the fish health might be possible. Whereas rupture and necrosis of epithelial
cells are believed to be adirect effect of irritants, epithelial hyperplasiaisinterpreted as a
defence response of fish (reviewed in Mallat 1985). All together, the impaired fish healthin
our study may indicate a decreased vitality of wild brown trout populations in the Langeten.
Pollution with sewage effluents was discussed as one possible cause. However, in aprevious
study we showed that sewage water effluents of 1 sewage plant on its own did not cause
mortality and fish showed only mild to moderate histopathologic changesin the liver
(Schmidt et al. 1999). In this former study, fish were not exposed to infectious agents
normally present in ariver. Thus, pathogenic parasites may be important factors for the results
of the present study.

In the reference brown trout only Gyrodactylus sp., and in the reference rainbow trout

additionally Trichodina sp., were found in low abundance. These parasites were probably
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introduced with the stock fish. As reference fish were kept in tap water, an infestation with
further parasite species via the water route was not likely.

In the river water-exposed trout the parasitic infestation was mainly limited to secondary
pathogenic agents, such as the skin parasites and Sphaerospora sp. in the kidney.
Additionally, Tetracapsula n.sp. was diagnosed in liver and kidney. A similar parasite fauna
was found in wild fish with increasing prevalence and abundance of Tetracapsula n.sp. along
the course of the river (Schmidt et al. 1999). A number of infectious diseases are known to be
favored by environmental stress (reviewed in Sindermann 1979, Bucke 1997). Environmental
stress can promote increased parasitism in fish because of a decreased host immune response
(Khan & Thulin 1991, Poulin 1992, Nowak 1999) or direct effects on the parasite fauna
(Valtonen et a. 1997). However, effects can aso be dual: either pollution stress can influence
the prevalence of parasites directly or indirectly, or the parasite infestation may decrease the
host resistance to toxic pollutants (Sindermann 1979). Tetracapsula n.sp. was shown to be
promoted by water contaminants (Hoffmann & Dangschat 1981, Clifton-Hadley et al. 1984).
This hypothesis was supported in the Langeten because prevalence of PKD inwild fish
increased significantly along the course of the river (Schmidt et al. 1999). In our study, in
both species a significant increase of PKD infections during the summer months was evident.
Asthe Tetracapsula n.sp. cycle is temperature dependent, high summer temperatures have a
positive influence on this parasite (Clifton-Hadley et al. 1984). Thus, the higher mortality rate
in our tanks during the summer months might be caused partly by these PKD infections. Also
in the river Langeten, especially during the summer months, a high mortality rate in wild
immature brown trout was reported and all dead fish were found to harbor Tetracapsula n.sp.
(Inspectorate of Fisheries of Bern, pers. comm., and Schmidt-Posthaus et al., unpubl. data).
PKD isknown as a significant factor limiting salmonid production in Europe and North
America (Hedrick et al. 1993) but there islittle information about PKD in wild fish and its

impact on wild populations (Feist & Bucke 1993). Longshaw et a. (1999) showed that
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bryozoans, presumably afurther host in the life cycle of Tetracapsula n.sp., occur in rivers
enzootic for PKD in the UK. The same species of bryozoans also occur in Swissrivers
(Frutiger, EAWAG, pers. comm.). We conclude that special stress conditions, such as high
temperature, decreased water quality, and increased prevalence and abundance of secondary
infectious agents, may favor infection with PKD leading to increased mortality ratesin wild
brown trout populations. To further examine the significance of PKD for Swiss brown trout
populations, the distribution of PKD in Swissrivers will be investigated in alarger
surveillance and compared with population data (Burkhardt-Holm 2000).

Other than PKD, only secondary pathogenic parasites were found in the river water —exposed
trout. Nevertheless, there was a clear increase in Gyrodactylus sp. prevalence and abundance
in both river water groups, brown and rainbow trout, compared with reference trout. In earlier
studies we showed that Gyrodactylus sp. was favored by sewage plant effluents (Schmidt et
al. 1999, Bernet et a. 2000a). In river water-exposed brown trout, significant seasonal
differences in Gyrodactylus sp. infestations (highest prevalence in autumn) were found. This
can also result from direct influences of environmental factors, such as temperature, or a
secondary increased replication rate because of a suppressed immune system of the host. It is
known that temperature and oxygen content are the most important physical parameters for
monogenea (Williams & Jones 1994). Two other secondary pathogenic parasites (sessile
peritrichiaand Trichodina sp.) were only observed in the river water groups or were
significantly increased in these fish (Trichodina sp. on the skin of rainbow trout). It has been
previously shown that both parasites can be favored by environmental pollution (Roberts
1989, Khan & Thulin 1991, Vatonen & Koskivaara 1994, Escher et al. 1999, Bernet et a.
2000a).

From our results we conclude that Tetracapsula n.sp. is the most harmful among the parasite

species found in this study.
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A further infectious agent that may play aroleis A salmonicida , which causes furunculosis.
Furunculosisis known to cause high mortality among salmonids (Roberts 1989). This disease
was diagnosed in several fish found dead in our tanks. A salmonicida can exist in carriers or
as alatent infection that can develop into a disease outbreak if the fish are stressed (Sniesko
1974, Sindermann 1979).

A further aim of our study was to compare brown trout with rainbow trout with respect to
their sengitivity to environmental stress and infectious agents. Compared to rainbow trout,
exposed brown trout showed a clearly higher mortality rate. Histopathologically, the pattern
of distribution of the alterations differs between the 2 species. River water-exposed brown
trout showed increased liver alterations, whereas in river water-exposed rainbow trout, gill
and skin changes were more pronounced. Thiswas also shown in our previous study (Schmidt
et al. 1999). Therefore, it hasto be considered that the exposure time was not the same
because of the above mentioned increased mortality in brown trout. Qualitatively, changes
such as gill epithelial necrosis, hepatocyte necrosis and infiltration were also more
pronounced in brown trout. Furthermore, there were significant differencesin the prevalence
of 2 facultative pathogenic parasites (sessile peritrichia and Sohaerospora sp.). There were
also species-specific differences in the prevalence of PKD, athough these differences were
not significant. PKD was more frequent in brown trout than in rainbow trout. Our results
correspond to earlier findings by Pickering et al. (1989) and Schneeberger (1995), who
showed that brown trout are more sensitive to stress situations, expressed as a higher
incidence of bacterial and fungal infections and higher mortality rates caused by diseases.
Nevertheless, both species showed avariety of changesindicating decreased water quality,
which should be improved. Such an improvement may make stocking with rainbow trout
unnecessary.

In conclusion, we showed that fish were exposed to various infectious agents under field

conditions. Additional environmental stress, such as high temperature and low water quality,
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could have favored some primary pathogenic agents, such as Tetracapsula n.sp. and A
salmonicida, which could have led to increased mortality. Further studies have to evaluate the
overall importance of these infectious agentsin river systems with declining fish populations
and whether the higher incidence of these agents correlates with a depressed immune system

of the animals.
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Fig. 1: Mortality rate of river water-exposed brown and rainbow trout. Mortality was calculated at the

number of dead animals

end of every trial. Percentage of mortality per trial is given. Exposure time in months shown in

parentheses
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Table 1. Stocking and samplings of river water-exposed brown and rainbow trout. Number of

introduced fish and exposure time in month at sampling are given. Number of fish sampled

are shown in parentheses. - = no fish left because of high mortality rate

Brown trout Rainbow trout
1. tria 2. tria 3. tria 4. tria 1. tria 2. tria
May —Aug Sept—Nov Dec1996—- Nov 1997- May—Nov Dec 1996 —
1996 1996 July 1997  April 1998 1996 April 1998
Number of 60 60 60 60 60 60
fish exposed
Exposure time at sampling in month (number of fish sampled)
1. sampling 2(5 2(5 2 (6) 35 2(5 2(5
2. sampling 3(3) 3(4) 5(5) 6 (5) 33 5(5)
3. sampling - - 8 (5) - 5(5) 8(5)
4. sampling - - - - 6 (3) 11 (5)
5. sampling - - - - - 14 (5)
6. sampling - - - - - 17 (5)
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Table 2. Values (median) of the histological total index for the individual fish (Tot_1),
circulatory, degenerative, proliferative and inflammatory index, and gill, skin, liver and
kidney index of brown and rainbow trout; quartiles are shown in parentheses (25%/75%); the
percentage increase of indexes of exposed fish compared with indexes of reference fish of the
same species are given. * Significant differences of indexes of the river water group compared

with the reference group (Mann-Whitney U test; p < 0.05)

Brown trout Rainbow trout
Indexes Reference (n = River water (n=  Reference(n=20) River water (n=
23) 43) 46)
(Tot_I) 20 (17/21.5) 29 (19/47)* 17 (13.75/18) 26.5 (22/35)*
45% 56%
Circulatory 0 (0/1) 0 (0/0) 0(0/1) 0 (0/0)
index 0% 0%
Degenerative 9(7/12) 13 (10.5/22)* 10 (8/11.25) 14 (11/19)*
index 44% 40%
Proliferative 6 (4/6.5) 8 (6/16)* 4 (2/5) 8 (6/10)*
index 33% 100%
Inflammatory 2 (0/3.5) 6 (4/10)* 2 (0/3.25) 5 (2/8)*
index 200% 150%
Gill index 9 (6.5/10) 11 (8.5/13) 5 (4/625) 10 (8/11.75)*
22% 100%
Skin index 1(0/2) 2 (U3) 1 (0/2.25) 3 (214)*
100% 200%
Liver index 3(v45) 9 (5/15.5)* 4 (2/6) 5 (2.25/9)
200% 25%
Kidney index 5(3/7) 7 (4/17.5) 5 (4/7) 9 (6/13)*

25




Published in Diseases of Aquatic Organisms (2001) 44: 161-170

40% 80%
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Table 3. Prevalence and abundance of parasites found in river water-exposed and reference brown and rainbow trout. * Significant seasonal

differences (c? test; p < 0.05); tSignificant differences to the reference (c? test; p < 0.05); 1Significant species differences (c? test; p < 0.05)

Brown trout Rainbow trout

Reference (n = 23) River water (n = 43) Reference (n = 20) River water (n = 46)

Parasite Locatio Prevalence (%) Abundance Prevalence (%) Abundance Prevalence (%) Abundance Prevalence (%) Abundance
n

Ciliophora/Oligohymenophorea
Sessile peritrichia ~ Skin 0 0 60" 1.0 0 0 11 0.6
Trichodina sp. Skin 0 0 40 1.0 5 3.0 48! 2.0
|chthyophthirius Skin 0 0 2 0.5 0 0 2 0.5
multifiliis
Myxozoa
Tetracapsulan.sp. Kidney 0 0 35* 0.9 0 0 26* 1.0
Sphaerosporasp.  kKdney 0 0 37+ 0.9 0 0 0 0
Plathelminthes / Monogenea
Gyrodactylus sp. Skin 17 0.6 a4+t 1.2 20 0.6 35 14
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