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Abstract
In many Swiss rivers, particularly in the lowlands, brown trout populations have been decreas-
ing since the 1980’s. This led to a multidisciplinary project to search for the reasons underlying
this decrease. Twelve hypotheses to explain this decline were formulated, many of them dealing
with the impact of the environment on fish health. The intimate contact fish share with their
environment means the possibilities of environmental factors influencing the fish health are
manifold. Apart from naturally occurring changes, the human impact on the environment is of
outstanding importance particularly in highly industrialised countries.

Temperature is one factor hypothesised to
have a strong influence. Long term measure-
ments of temperature are indicative of global
warming, at least partly related to human ac-
tivities. With rising average temperatures fish
are exposed to new challenges with regard to
temperature itself, and also to the develop-
ment of potential pathogens. A further impor-
tant factor is chemical pollution of the water.
There is increasing evidence that many sub-
stances produced for the daily use which are
dumped via water ways are not biologically
decomposed in sewage treatment works as
was originally expected. Most often these sub-
stances are not acutely toxic for exposed fish,
but lead to a chronic intoxication resulting in
tissue alterations including formation of
neoplasias. Other synthetic substances also
have the potential to act as hormones, due to
structural similarities which allow them to
interact with the respective binding sites. As
a result an increase in fish expressing changes
in reproductive organs (e.g. ovotestis) or male
trout with elevated amounts of vitellogenin
can be found. Whether these fish have a de-

pressed potential to reproduce has still to be
proven.  The interest in such effects is grow-
ing significantly, reflected by an increasing
number of researchers working in this field
and an increasing availability of sophisticated
bioanalytical methods. However the search
for the causes is difficult because of the com-
plexity of factors involved. Accordingly, many
different approaches have been established
for the respective investigations depending on
the specific question. Fish sampled in the field
are exposed to many influencing factors, some
of them not known or not measurable. Con-
sequently results of such surveys often tend
to be burdened with a high variance, mean-
ing larger numbers of individuals must be in-
cluded. Further complicating results, the his-
tory of such fish is most often unknown. Per-
forming experiments under field conditions
using selected fish is one way to overcome this
problem of an unknown history, whilst still
enabling the complex mixture of effecting fac-
tors found in nature to  be considered. But
such setups are very demanding with regard
to infrastructure and costs, and are therefore
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rarely feasible. Experiments performed in the
laboratory allow us to control the experimen-
tal conditions, and can be complemented by
in vitro trials. However the number of effect-
ing factors is limited in these studies, and in
most cases does not represent the full range
present in the field. Besides routine diagnos-
tic methods, the development of new tools
mainly in the field of molecular biology but
also with regard to water chemistry allows to
include a wide range of new aspects. Whether
a field or laboratory experiment should be
adopted depends on the parameters to be
measured.  In many cases clear cause and ef-
fect relationships can not be established de-
spite the broad range of specific methods ap-
plied and the high number of good quality
results obtained. The main reason may be the
high complexity of factors interacting in the
environment and the limited transferability
of results from laboratory experiments to the
field situation. Therefore a fruitful collabora-
tion between different disciplines is of par-
ticular interest to support the success of in-
vestigations.

Introduction
Fishermen in Switzerland have complained
about massively decreasing brown trout
catches in numerous Swiss rivers for several
years. Statistics of the fisheries section of the
Swiss agency for environment, forest and
landscape (SAEFL) on fish catches (Friedl
1999) and the analyses of questionnaires sent
to all cantonal fisheries authorities confirmed
the decline. According to the statistical data,
the decline started in the 1980’s and was up
to 50% in Swiss midland rivers, whereas
populations in prealpine and alpine rivers
appeared to be stable (Frick, Nowak, Reust &
Burkhardt-Holm 1998).

Environmental parameters influencing
fish health
With fish living in very close contact to their
environment possible impact factors are mani-
fold. Water quality (temperature, dissolved
substances, organic matter), quality of water
course (free run, corrections, dams, soil struc-
ture) may influence fish but also possible
pathogens and diet sources. Toxic substances
in the water can provoke acute intoxication
resulting in mass mortalities in aquatic ani-
mals e.g. Rhine at Schweizerhalle near Basel
1986 (Fendt, 1998), Theiss in Romania and
Hungary 2000. Such events can be attributed
to specific substances and accidents in most
cases.

However in recent decades  awareness of
chronic effects and intoxications not leading
to direct mass mortalities but to long lasting
sublethal impacts has grown. A number of
substances known to act as hormones due to
their ability to interact with hormone bind-
ing sites are of particular interest. These sub-
stances are thought to be responsible for the
increased levels of vitellogenin in male fish,
and the higher numbers of intersex fish be-
ing found today. However independent of the
findings, in many cases effects are not spe-
cific and the proof of the effecting substances
is often lengthy, lavish and often not success-
ful or even not possible in a number of cases.

Chemical pollutants are of particular interest
as there is increasing evidence that many sub-
stances produced for the daily use which are
dumped via the water way are not biologi-
cally degradable in sewage treatment works
as originally expected. In addition the intro-
duction of new species or genetically altered
organisms may have an effect on native fish
populations. With the introduction of new fish
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species and a number of general changes in
environmental conditions [e.g.  water
temparature, water flow], emergence of new
diseases may be favoured. The interest in en-
vironmental impacts on fish health has grown
enormously in recent times, reflected by an
increasing number of researchers working in
this field. However with regard to the com-
plexity of possible factors involved, the search
for causes is difficult. To investigate these
complex cause and effect relationships, the
application of a wide range of principles is
needed.

No conclusive reason for the alarming situa-
tion of Swiss brown trout populations could
be determined. As a consequence a nation
wide multidisciplinary project was launched
aiming to find causes for the decline by co-
ordinating running and initiating new
projects. In a first step twelve hypothesis to
explain the decline were formulated covering
topics such as impaired reproduction, im-
paired growth, organ alterations, impaired
immunity, impaired habitat, limited diet
sources, inadequate stocking policy, changes
in habits of fishermen, increased predation by
birds, elevated water temperature, and win-
ter floods reducing survival of eggs and fish
larvae (Staub, 1999). Thus many factors pos-
sibly influencing fish health were considered,
including both naturally occurring factors as
well as impacts by human activities. Most of
the hypothesis considered the effects of envi-
ronmental factors on the fish. Therefore the
question arose as to how the health  of wild
fish should be assessed, and how the most
important impact factors should be deter-
mined.

Techniques to investigate fish health
Different methodological approaches can be
chosen to investigate possible environmental
impacts on fish health, all of them offering
particular advantages and disadvantages.
Some of these methods have been used for a
long time, such as macroscopical and histo-
logical evaluation of sampled fish. However
in general, these methods were often used to
investigate clearly circumscribed problems.
Standardised protocols for a general assess-
ment and quantification of histologically rec-
ognisable organ alterations are rare and thus
a comparison of results from different projects
is hardly possible, if at all. First attempts to
standardise histological techniques and
judgement of sections were published for
neoplasias and other tissue alterations in ma-
rine and estuarine bottom dwelling fish
(Bucke 1989, 1994, Johnson et al. 1992, Myers
et al. 1993). A protocol to assess and quantify
tissue alterations in fresh water fish was pub-
lished  by Bernet et al. (1999). Besides routine
histological methods, immunohistochemistry
and electron microscopy are also available.
Haematology and haematochemistry can give
indications for disturbed health conditions
although “normal” values are highly variable
and depending on season and age, or are not
known for many species. Molecular biology
has opened a vast field of applications and a
number of methods have been developed e.g.
demonstration of specific proteins
(vitellogenin, heat shock proteins,
metallothioneins), induction of genetic mark-
ers (comet assay). These methods can be used
to investigate fish sampled in the field, from
active monitorings, laboratory experiments or
even be applied in in vitro assays.
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Experimental approaches to
investigate fish health
Fish taken from the field have been exposed
to a high number of influencing factors prior
to sampling. Many of them are not measur-
able or even not known. Therefore a collabo-
ration between scientists of different disci-
plines is desirable in order to cover as many
parameters as possible. Unfortunately the his-
tory of these fish is most often not known,
leaving open a number of questions e.g. have
they stayed in the sampling locations all their
life or have they moved from other sites with
different conditions and if so, when. To get
an at least partly reliable overview on the situ-
ation a high number of fish must be included
per site.

Several passive monitorings of wild fish have
been effected by the NAFUS. Most of them
aimed to compare the health condition of fish
between different locations. In the Rhine val-
ley evidence was found that fish of small riv-
ers in prealpine areas near the source showed
no or only minor organ alterations, whereas
lesions, particularly in liver and kidney, in-
creased in flow direction. The increase in al-
terations correlated with the disappearance of
brown trout in the low land parts of the riv-
ers. However despite an intensive chemical
analyses of the water quality, no clear reason
for these findings could be found (data not
published). Comparable results were obtained
in a project investigating the health condition
of brown trout at different sites in the canton
of Berne. Again most pronounced organ al-
terations were found in fish from lowland riv-
ers. Part of these alterations could be attrib-
uted to Proliferative Kidney Disease (PKD),
the only infectious disease which was regu-
larly found, although parasitology and bac-
teriology were performed on all sampled fish

(Ochsenbein, 2000). In this project samplings
were effected twice, in autumn and spring and
clear seasonal differences were evident. In a
third major project fish from up- and down-
stream of sewage treatment work outfalls
were analysed in order to demonstrate an in-
fluence of treated sewage water on the fish
health. In half of the more than 40 locations
an influence was found, but not in the others.
All projects demonstrated that no general con-
clusions can be drawn, at least when these are
based on results of one or two methods alone.

Performing experiments under field condi-
tions (active monitoring) allows us to use fish
with a known history. However some natu-
ral factors can not be included [e.g. natural
feeding, natural flow conditions] and thus
results may not represent the real situation.
Furthermore, active monitorings are very de-
manding with regard to infrastructure and
costs and therefore often not feasible.

Caging experiments were performed at two
river locations to investigate the influence of
treated sewage water. The results obtained
suggested an influence of the effluent water,
but they also showed that this was not the
only reason for the impaired health condition
of the analysed fish. In one series of experi-
ments fish exposed to treated sewage water
diluted with tap water showed only slightly
elevated mortality and slightly more organ
alterations compared to fish kept in tap wa-
ter alone (Schmidt et al. 1999). In contrast
brown trout caged in a tank supplied with
river water taken below the effluent of the
sewage treatment works showed pronounced
organ alterations and higher mortalities again
indicating that additional factors are involved
(Schmidt-Posthaus et al. 2001).
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In a further series of experiments in a second
river, fish were exposed to the water in cages
in the river, one additionally supplied with
treated sewage water. The influence of this
latter was  demonstrated based, on differences
in mortality, infectious agents, serum chem-
istry, macroscopic, microsopic and
electronmicroscopic alterations (Burkhardt-
Holm et al. 1997; Bernet et al. 2000a, 2001a;
Escher et al. 1999). But again not all altera-
tions could be attributed to the sewage wa-
ter. One particular finding was an elevated
mortality due to furunculosis in fish of both
river experiments.  This may represent a com-
mon confounding factor in this type of experi-
ments. An increased susceptibility to disease
might be due to the higher densities of fish in
the cages compared to natural conditions.

A multivariate analysis of all the results ob-
tained with different methods in one of the
two experiments lead to a more comprehen-
sive assessment of the organismal health, and
thus a more accurate distinction of the differ-
ences between treatment groups (Bernet et al.
2000b). However one major issue of all these
passive and active biomonitorings was the
lack of suitable controls. Sites with compara-
ble conditions but without the relevant harm-
ing  factors are not available in the majority
of cases, which often leads to difficulties in
the interpretation of the results obtained.

In contrast, under laboratory experiments
conditions can be standardised and measured
and suitable control groups can be included.
Thus parameters suspected to have an impact
on fish health in the field can be tested under
defined conditions. However the number of
effecting factors to be considered is limited
and does not represent the full range present
in the field.

Further experiments with fish can be effected
with individuals or groups of individuals, but
rarely on a population level. Accordingly both
the factors to be included and also the
endpoints to be looked at must be selected
carefully. The decision to investigate the ef-
fects of either a single compound or a few
combined compounds must be taken thor-
oughly ,  and also whether reproductive stud-
ies or new methods for the proof of specific
alterations e.g. presence of vitellogenin in
male trout (Wahli et al. 1998) can be evalu-
ated. In addition, in vitro experiments can
complement all approaches and provide an-
swers on a cellular level. The development of
primary epidermal cell culture and explants
and the use of existing fish cell lines allowed
us to investigate the effects of nonylphenol,
an estrogenically active substance, on exposed
cells (Lamche and Burkhardt-Holm, 2000).
However, due to the complexity of factors
involved in the field and the limited number
of parameters which can be considered in the
laboratory, results obtained from laboratory
experiments do not necessarily match the situ-
ation in the field and effects found in the labo-
ratory are not necessarily the same as those
in the field.

None of the different approaches mentioned
are suitable for all situations. Which ap-
proaches and methods are to be chosen de-
pends on the question to be answered.

Conclusion
As to the situation of brown trout in Switzer-
land, the results obtained to date do not give
evidence for one single causative factor.  How-
ever  organ alterations, water quality induced
changes in blood chemistry, increased preva-
lence of PKD, increased maximal tempera-
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tures  and evidence for endocrine disrupting
substances were all found to be indicative of
an environmentally influenced health condi-
tion. The situation was found to differ from
river to river, indicating that every single site
has to be evaluated individually. Bearing in
mind the complex situation in the field, analy-
ses of all the data gathered so far using
multivariate statistical methods might deter-
mine some general patterns which could then
be investigated in more detail and help to elu-
cidate the situation in future.
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