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Multidiscplinary evaluation and management of an environmentally driven
health risk: the case study of herring and dioxin
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1) Background, significance and innovation

Herring is the most important species of the commercial fishery of Finland and the key species
in the marine ecosystem of the northern Baltic Sea. Human consumption of herring is 16 000
tonnes in Finland (Anon. 2004c.) and the total Finnish herring catch is around 70 — 90 000
tonnes (Anon. 2004c) which yearly removes approximately 20-25% of the herring biomass of
Finnish sea areas (e.g. Stephenson et al, 2001). Dioxin (i.e., polychlorinated dibenzo-p-dioxins
and dibenzofurans, all these are called dioxin later on) content of the herring is currently so
high that EU is considering the closure of the commercial herring fishery (Anon 2004a,b).
Dioxin may cause developmental, reproduction and immunological disturbances in humans
(Anon. 2004a, FAO/WHO 2002, SCF 2001, USEPA 2000). On the other hand, a too low
consumption of fish may also have negative impacts on health (see Wiseman & Gobas, 2002,
and Tuomisto et al, 2004, for the analysis of this trade off).

The problem with many existing toxic chemicals in the environment is that they cannot be
banned in the same way as chemicals applying for a marketing licence (see Tuomisto, 2004).
Therefore only the product, in this case herring, can be banned. Large herring contain more
dioxin than the EU limit value 4 pg TEQwwo-rcop/e/g. A derogation was granted for Finland
and Sweden to use those fish until the end of the year 2006, but they cannot be sold to other
EU countries (EC 2001). There is also an obligation to inform the public on the safe use of
fish in the involved countries. Kiviranta et al (2003) give current PCB and PCDD/F contents.

There seem to be several uncertainties in that logical chain which is used to make inference
about the possible health risks of chemicals, and this may especially be the case with dioxin.
Experiments on human are not possible, and uncertainties in the inference chain needed are
high. The fact that risk information must be expanded from in vitro experiments and
observations to humans may lead to high structural uncertainties (Tuomisto, 2004).

Here, risk includes three independent components; 1) amount of toxicants in herring in
nature 2) exposure through herring consumption and other sources 3) toxic effect/dose-
response). All of them have probabilistic, uncertain elements. In principle, if one component
is zero, risk is zero. However, only two first elements can be manipulated, either by
manipulation of nature or by manipulation of human behavior (there is no medical treatment
against impacts which would be a manipulation of last risk component). Both have



implementation errors (the outcome is not exact given a certain decision) which may have an
impact on how they must be used (e.g. in combination to cut the tails of probability
distributions, see Fig.2). However, the uncertainties of the last one are also important when
evaluating risk and ranking of management actions are likely dependent on this formulation.

There is an urgent need to develop alternative ways to decrease the health risks caused by
dioxin. A total closure of the fishery would be a catastrophe for the fishermen, and it might
have strong impacts on the ecosystem, as it would lead to a remarkable increase in the biomass
of herring. Even currently, there are signs that the growth rate of herring may be deteriorating
due to the high number of individuals in the populations, i.e. there are signs of food
competition in the population (ICES 2003). Moreover, the decreased consumption of fish may
also have negative impacts on the overall human population (see e.g. Wiseman & Gobas,
2002). Therefore, it is of vital importance to study the risk created by dioxin in more details
and scientifically evaluate the alternative ways to manage the risks (see also Salalin-Bidart
ands Salauin, 2002 for a discussion about the role of individuals in risk management).

As the management task is clearly of risk averse type (the tails of the probability distribution
matter more than the expected values, Fig.2), it is essential to get realistic uncertainty estimates
for the intake of dioxin and for the critical values of consequent health risks. Decision theory
(see e.g. Clemen, 1996) and Bayesian nets offer an effective scientific way to evaluate the
alternative ways to decrease the risk caused by dioxins. Bayesian nets are effective in
integrating evidence from experiments, observational data sets and other models.

The dioxin content in fish is age specific: a five year old herring has 3 — 5 times higher
dioxin content than a two year old herring (Anon. 2002, Kiviranta et al., 2003). Because the
age distribution of the stock is dependent on the fishing pressure, the dioxin level in herring
can be controlled to some extent by fisheries management tools. There seems to be some
geographical variability as well, but it is unclear whether these are due to sampling uncertainty
or whether they are real differences. Dioxin measurements are expensive, and therefore it is
important to try to utilize all such existing information, which may explain part of the variance.

The other ways to manage the risk are to inform the consumers on those geographical areas
and in those groups of consumers where the risk is highest. The age and sex specific risk can
be decreased e.g. by consumer information focused mainly on the most risky age, sex and
geographical groups, without having a negative impact on the health of those groups which
mainly benefit from the consumption of herring. The alternative hypothesis about all possible
health impacts may also change our views about needed management actions.

The project has several innovative aspects. It will apply Bayesian nets (e.g. Jensen, 2001, Varis
& Kuikka 1999, Kuikka et al. 1999) to a problem with human (fishing activities, market
dynamics, and consumer behavior) and ecosystem components (size and age structure of
herring populations, sources of dioxin, ecosystem variability over time and space). In many
multidisciplinary projects, the combination of information is the most critical point. First
version of this management/decision model is given in Fig. 1. The parameter estimation
algorithm of Hugin software (Jensen, 2001 and www.hugin.com) will be applied to most
dependencies, but in data poor cases also combinations of expert knowledge and MCMC
algorithms may be applied (Gelman et al, 1995). It will apply decision theory to the
management of this complex system. The project outcomes will be both of scientific (new
methodology) and practical interest (the dioxin policy in Finland and in EU). The project will
offer methodological solutions to the other fields of environmental management. The cost —
benefit analysis framework provided in Tuomisto et al (2004) will be improved and applied to
a more complicated case of herring problem with several decision variables. It is important to
note, that the Bayesian approach can be described to be a scientific description of learning
process. Models should utilize all relevant information when the human health is dealt with.
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Fig. 1. The preliminary structure of the final probabilistic management model (using Bayesian
net notation, see e.g. Jensen, 2001), which consists of the probabilistic information obtained in
separate (numbered) analysis.. The ellipses describe probabilistic variables, the arrows
conditional (likelihood) dependencies, squares describe control variables (decision variables)
and diamond shape describes objective function to be minimized/maximised. The cover of
analysis of each paper is given by lines. The first version of the model will be created as the
first step in the project. It will be based on existing knowledge (combination of published
studies and expert knowledge) and the first analysis results will be used to especially focus the
study effort on those parts of the problem which seem to dominate from the point of view of
decision making. Most of the variables are age- and sex specific, but this classification is not
described here. The strength of the arrows describes first view about the strength of
dependencies.



(2) Objectives and methods
The project has four objectives:
1) to evaluate the uncertainty related to threshold values of dioxin

2) to develop risk analysis models to estimate current human risks caused by herring
consumption

3) to evaluate the relative impacts of alternative ways to manage the health risk caused by
herring consumption by applying risk management decision models

4) to educate one scientist to Bayesian analysis and to the modeling of links between
ecosystem health and human health.

The high uncertainties involved in the problems will be modeled by Bayesian techniques, and
the decision theory will be applied to the final part of the analysis. In the decision model (first
version given in Fig. 1), some of the probabilistic variables will be treated as partly
controllable variables, i.e. decision variables, and by this control the risk for human population
can be decreased.

The uncertainty and the high variability in general play a key roles in the whole analysis,
because extreme intake of dioxin should be avoided. These have a low probability, but as the
risk is the probability times the impact, the upper tails of the probability distributions of dioxin
intake have a crucial role in conclusions. This is described in Fig. 2, which shows that the
variance estimate of the prediction may actually be more important criteria than the expected
value. As the critical value may be in the tails of the distribution, the use of point estimate
models may be totally misleading (policy A has lower expected value but a higher probability
to be above critical limit). This is likely to be a fundamental issue in the whole analysis.

The final inference will be done mathematically, but the Fig. 1 can be used to explain the
logic in the Bayesian net models. In the case of fisheries management option, the assumption
about decrease in herring dioxin content is based on several uncertain and likely somewhat
weak causal relationships, whereas in the case of focusing instructions for consumers, the
shorter and stronger chain may give a stronger chance to control dioxin risk. Therefore, this
may lead to more certain management impacts (decrease of variance in Fig. 2). These two
elements can be described as implementation uncertainty (probability of desired outcome
given the decision) and assessment uncertainty (probability of a certain state of nature given
measurement/assessment result).

Bayes rule can calculate information from impacts to cause, and it can integrate the uncertain
evidence from several sources (Jensen, 2001). Therefore, in a complicated inference, it can
offer remarkable ways to save money in sampling and monitoring programs. The Bayesian
nets offer a methodologically solid way to model processes, where some of the links of the
model (arrows in Fig. 1) are related to the information (like likelihood between hypothesis and
observations) and some are related to real causal relationships through which the system can
be manipulated. Fig. 3 gives a graphical description of a Bayesian net. In that link, the
likelihood probabilities describe the relationship of true state of nature and the measurement,
but similar dependency can be used to describe probabilistic dependency of two variables.

However, all these considerations must be explicitly analyzed before giving any advice for
the management, as all management options are costly and they have some long-term impacts.
This is the core of the application.

Due to the risk averse management, there are two important steps in the overall estimation of
uncertainties:1) the correct estimation of variance (=uncertainty) of a given model and 2) the
probability that a given model is correct, must also be assessed. As some causal dependencies



behind the dioxin problem are highly uncertain (exact biological impacts and exact food web
sources of dioxin), Bayesian nets are superior to model this type of uncertainty. They allow
the integration of alternative model outcomes by making it possible to give probabilities for
models (see a fisheries application in Kuikka et al, 1999). In other words, they are focused on
the model selection (structural) uncertainty, which is considered to be more important than
parameter uncertainty, which is usually in focus in Bayesian estimation (e.g. Punt & Hilborn,
1997, Chatfield, 1995, Zellner, 1995). Borsuk et al. (2004) give a recent review in water
quality modeling. They stress the need to combine model outcomes with Bayesian nets in
complicated problems.

The project is highly multidisciplinary in combining the knowledge from herring fishery and
markets to the knowledge about herring production dynamics and ecosystem understanding.

According to a literature review, the current project will be the first to use this methodological
approach in analyzing dioxin problem, or similar type of risk analysis (see, however, Tuomisto
et al., 2004, for the use of a decision model in the case of salmon consumption). Some of the
details of the methods are also described in the section 5 which is focused on individual
papers.
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Fig. 2. The impact or risk averse decision rule and uncertainty of model outcomes on
desired management actions. In a case the “Critical value is the critical limit, the
management suggesting B probability distribution (with higher expected value) should be
preferred as it gives a lower probability that realized values are over the critical value. This
may be the case when comparing two management alternatives in herring — dioxin problem.
This is the reason why point estimate models should not be used.

(3) Resear chersand resour ces

The coordinator of the project is professor Sakari Kuikka (professor in Fisheries biology). His
special area is risk assessment and uncertainty methodology, especially Bayesian methods. He
has been coordinating EU projects utilizing Baysian methods and is currently working in EU
projects utilizing Bayesian methods. The principal investigator will be selected in the
beginning of the project. This applicant must have good skills in statistical modeling and in



biology. (S)he will also carry out his/her PhD during the project. There are several strong
candidates, but the final selection must be based on a public application process.

The research will be carried out as a joint project between University of Helsinki and several
Research Institutes. Mr. Anssi Ahvonen, head of the statistical unit (Finnish Game and
Fisheries Research Institute) will take care of the methods and data needs of the total catches
and markets of herring. Dr Timo Assmuth (Finnish Environmental Institute) will supervise in
the general aspects of dioxin risk, and Dr Heikki Peltonen (Finnish Environmental Institute)
and Dr Pekka Vuorinen (Finnish Game and Fisheries Research Institute) will supervise in the
ecosystem — dioxin relationships. Docent Jouni Tuomisto (National Public Health Institute,
Kuopio,) will be supervising in the dioxin — health relationships. Mr Jukka Pénni (FGFRI) will
provide the data for the herring population analysis. The specific skills are needed in carrying
out various analyses and the scientists will be co-authors in the papers. In addition, several of
the input values for the modeling must be based on the analysis of the original data sets of
dioxin content and herring catch statistics, and not only on the published values. All institutes
have committed to the project and consider it as an important analysis which is not currently
carried out by anyone neither in Finland nor in the EU. The current studies measure the dioxin
content, but they do not consider the uncertainty or management of the whole process.

4) Financial plan

The decided finace does not cover the following, but the rest will be asked from alternative
sources.

1) Salary of the scientist (Phd candidate) 36 months * 2000 euros * 1.45 = 104 400 euros (34
800/year).

2) Traveling costs: 5 years * 4 000 = 20 000 euros
3) Other costs: 5 years * 1000 = 5 000 euros
Altogether 39 800 euros per year, 199 000 euros for the whole five years period.

The other institutes involved will pay the salaries of their participants. The project will cover
the traveling costs to project meetings. All data sets from institutes will be obtained for free,
the inclusion of scientists as authors, and the possibility to adapt new methodological tools, are
the interest of the institutes.

(5) Scientific approach, expected results and dissemination

The outcomes of the project are the following articles which are used as elements of the Phd
candidate, who is responsible for most of the practical analysis. The same numbers are used in
Fig. 1 which also includes the causal relationships dealt in the text and separate papers. The
first, but unpublished step will to refine the model structure of Fig. 1 and to obtain current
estimates of probabilities from literature and/or expert knowledge. When comparing the final
estimates in the end to this prior model, the achievements of the project are easy to
demonstrate (prior — posterior of the project). In a case there are probabilistic connections in
the final model for which there is no data, the probabilities will be based on expert views (see
the approach in Varis and Kuikka, 1997, Tuomisto et al, 2004 and Uusitalo et al, 2004).

Paper 1) Evaluation of the uncertainties of the critical residue levels in herring. This
Bayesian meta-analysis is based on the published, currently available estimates of residue
levels and on their uncertainties (=probability distributions). In a case they are conditional on
alternative hypothesis, these hypothesis will be used in the models of this sub problem to
describe the structure of conditional dependencies. The whole logic of inference in estimating
critical residual and its uncertainties will be modeled. Both the evidence obtained from
experiments and empiristic studies will be included (links 25, 26, 27). A Bayesian net model is



created which enables the combination of estimates from individual studies (meta-analysis, see
Jensen 2001, Kennedy & O’Hagan 2001, Kuikka et al, 1999).

The currently used limiting values seem to be selected by using the most risk averse results
(minimin approach) from single studies. This neglects the fact that the highest uncertainty is
caused by the partly conflicting results of various studies. Therefore, this minimin approach
leads likely to a “too risk averse limit”, especially when we consider the healthy impacts of
fish consumption. The paper will provide probabilistic limits for residue levels instead of fixed
single values which is more realistic description of quality of knowledge. The use of
hypothesis in this model enables also a value-of-information analysis (Clemen, 1996) in the
final decision model, i.e. showing which hypothesis should be studied in more details to
improve the management of the problem (see Kuikka et al 1999 and Tuomisto et al, 2004 for
applications). It is likely that the important part of the final model, i.e. utility function, must
have several alternative formats, as the positive impacts of fish consumption,  negative
impacts of dioxin and collapse risk of herring stocks (in a case hard fishing pressure is used as
management tool) must be compared here. It is a difficult trade off.
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Fig 3. A general structure of a Bayesian net model. Here the dependency of
measurement/study on the true state of nature is given by likelihood function (uncertainty in
measurement, correct by probability 0.6). Similarly, the dependencies of variables (like in Fig.
2) can be described by conditional probabilistic dependencies which describe how the



dependencies are known. Utilities depend on action and real (unknown) state of nature.

Paper 2) The variance of the dioxin content in the catch and on the markets. This is a
probabilistic simulation model to simulate the mean and variance of the dioxin content of the
fish, and how this content is accumulated over geographical units. It takes into account the fact
that consumed herring have variable dioxin levels, depending on the fishing area and size
distribution of the herring. The dioxin content in the sea (links 1, 2 and 3) may not come into
the final model, as these are likely very poorly understood mechanisms. The model will also
take into account the proportional source of herring in different geographical units (link 13 to
be area specific, describing the source of herring). These are some of the key elements in the
estimation of overall risk, and they are also important elements for the management of the risk.
The industrial practices may also have an impact on dioxin content, which provides a potential
way to control the risk, but this is likely not included to the final model due to the lack of
detailed information. In that case, the variability must be included to the prior distribution of
dioxin in herring at age. The input data (catches and their distribution in Finland) will be
obtained from fisheries statistics of Finnish Game and Fisheries Research Institute and from
fishing companies through interviews. The outcome is a set of probability distributions for area
specific dioxin contents in herring on the market to be used in the final model.

Paper 3) The management of risks. This paper will combine the results of the other four
papers, i.e. it is a metamodel of all project results. The first version of the model structure is
given in Fig. 1. It is a Bayesian influence diagram model (Jensen 2001, Varis & Kuikka 1999),
having at least three alternative management decisions (ways to impact the risk): fisheries
management, management of the human consumer behavior (either by giving strict limits or
by informing the most sensitive age and sex groups of consumers, i.e. mainly young females)
and the management of other dioxin sources (this is needed to show the connections between
management tools). The model is based on the overall uncertainty estimates of all components
of the process from the sea to consumers. The aim of the management will be to decrease the
dioxin intake of the risky groups, but to preserve consumption of herring in those groups,
where the consumption has likely positive impacts. In a case there are clear geographical
differences in dioxin exposure, the required instructions could also be area specific.

The first version of this model (the prior model for the whole problem) will be created in the
very beginning of the project in order to help focusing the analysis during the project to those
connections, which are likely the most important ones. The outcome of this paper in the end of
the project is the final major outcome: the ranking and interdependencies of the possible
management tools to decrease the overall risk caused by dioxin and balance that with the other
impacts of fish consumption and fish stock collapse risk.The value of information analysis
(\VOI) of that model may be used as justification of the next proposal after this project.
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Appendix 2

Curriculum Vitae

Name:

Date of Birth:
Citizenship:
Marital Status:

Education:

Profess. career:

Kuikka, Olli Sakari
8.2.1960, Kaarina, Finland
Finnish

Married, four children

12.11.1987 Msc in Fisheries Management, University
Of Helsinki

29.5.1998 PhD in Fisheries Management, University of
Helsinki

22.11.1999 Docent in Fisheries Management,
University of Helsinki

Studies in management science and in applied
mathematics in the Helsinki University of Technology
and economic studies in the Helsinki School of
Economics, 1987 - 1991

Young scientist Summer Program in International
Institute for Applied Systems Analysis, 1989

Assistant in Fisheries Science, Department of
Limnology, University of Helsinki, 1985 - 1997

Reseach Officer, Finnish Game and Fisheries Resear ch
Institute, 1987 - 1991

Visiting Scientist, University of Tromso, Norway 1991

Acting Head of Statistical and Economic  Studies,
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Other duties

Finnish Game and Fisheries Research Institute 1991 -
1993

Senior Scientist, Finnish Game and Fisheries Research
I nstitute 1993 - 1995

Senior Scientist, Finnish Environment Institute, 1995 -
1996 Topic: uncertainty analysis of climatic change

Senior Scientist, Finnish Game and Fisheries Research
I nstitute 1996 —

Visiting scientist, Commonwealth Science and I ndustry
research Organisation (CSIRO), Hobart, Australia,
2000 — 2001.

Current position:

Professor in Fisheries Science
University of Helsinki

Department of Biosciences

5 yearsposition, starting in 1.1.2004 -

Member of Scientific, Technical and Economic
Committee for Fisheries (European Commission) 1997
— 2001 and again since February 2003

Member of ICES Advisory Committee for  Fisheries
M anagement, 1999 -2000

Member of | CES Management Committee,
since 1997

Member of ICES Baltic Salmon and Trout Assessment
Working Group

Teaching in the University of Helsinki, Fisheries
science and in the Helsinki Univer sity of Technology

Consultant for the Foreign Ministry of Finland,

planning of the second phase of Lake Tanganyika
Research, 1996
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L anguage proficiency

Key qualifications:

Coordinator of EU — funded project PROMOS -
Probabilistic Modelling of Baltic Salmon Stocks with
three different participating countries, 2000 - 2002

Excellent knowledge in English and good in Swedish,
satisfactory in Germany

e Decision analysis (several applications both in
fisheries and environmental management problems)

e Technical measuresin fisheries management

e Fisheries management of large international systems

¢ Fisheries management of small scale fisheries systems
e Risk and uncertainty analysis (several applications
both in fisheries and environmental management
problems)

e Climatic change studies in the Finnish Environment
| nstitute

e Combining multidisciplinary  information in
management context

Other duties/grants/qualifications

Scientific grant from Finnish Academy in 2000 for a
visit to Australia, CSIRO.

Has acted/is acting as a Phd. mentor for: PhD. Outi
Helkinhemo, M. Sc. Mika Rahikainen, M. Sc. Jani
Pellikka and M. Sc. Laura Uusitalo.

Evaluated as qualified to the professor ship of Fisheries
Management, Univer sity of Helsinki, 2001.

Evaluator and expert of several international scientific
organisations (e.g. International Council for the
Exploration of the Sea, National Science Foundation of
USA, Commission of European Union)

No other academic grantsduringthelast 5 years.
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Appendix 3

5) Scientific publications 10/04/2006
Professor Sakari Kuikka
University of Helsinki

A) Articlesin peer-reviewed interntional scientific journals

Al) Salminen, M., Kuikka, S. Erkamo. E. 1994. Divergence in the Feeding Migration of Baltic
Salmon (Salmo Salar); the Significance of Smolt Size. Nordic J. Freshw. Res. 69:32-42.

A2) Varis, O., Kuikka, S. & Taskinen, A. 1994. Modeling for water quality decisions; uncertainty
and subjectivity in information, in objectives, and in model structure. Ecological Modelling 74: pp.
91 - 101.

A3) Salminen, M., Kuikka, S. & Erkamo, E. 1995. Annual variability in survival of sea-ranched
Baltic salmon, Salmo Salar L.: significance of smolt size and marine conditions. Fisheries
Management and Ecology, 2: 171 - 184.

A4) Kuikka, S, Suuronen, P. & Parmanne, R. 1996. Impacts of Increased Codend Mesh Size on
the Northern Baltic Herring Fishery - Ecosystem and Market Uncertainties. 1CES Journal of
Marine Science, 53: 723 - 730.

Ab) Varis, O. & Kuikka, S. 1997. Analysis of Uncertainty in Resource Management: Joint Use of
Multiple Environmental Assessment Models by a Bayesian Meta-Model. Ecological Modelling
102: 341-351.

Ab6) Kuikka, S. & Varis, O. 1997. Uncertainties of climatic change impacts in Finnish watersheds:
a Bayesian network analysis of expert knowledge. Boreal Env. Res. 2: 109 - 128.

A7) Varis, O. & Kuikka, S. 1997. BENE-EIA: A Bayesian Approach to Expert Judgement
Elicitation With Case Studies On Climatic Change Impacts on Surface Waters. Climatic Change
37: 539-563.

A8) Virtala, M., Kuikka, S. and Arjas, E. 1998. Stochastic Virtual Population Analysis. ICES
Journal of Marine Science, 55:892-904.

A9) Kuikka, S., Hildén, M., Gislason, H., Hansson, S., Sparholt, H. and Varis, O.
1999. Environmentally Driven Uncertainties in Baltic Cod Management - Modelling
by Bayesian Influence Diagrams. Can. J. Fish. Aqua. Sci., 56: 629-641.

A10) Varis, O. & Kuikka, S. 1999. Learning Bayesian Decision Analysis by Doing: Lessons from
Environmental and Natural Resources Management. Ecological Modelling, 119: 177-195.

Al1l) Rahikainen, M. & Kuikka, S. 2002. Fleet dynamics of herring trawlers — trends in gear size
and implications for interpretation of CPUE. Can. J. Fish. Aqua. Sci. 59:531-541.

Al12) Rahikainen, M., Kuikka, S. & Parmanne, R. 2003. Modelling the effect of ecosystem change
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on spawning per recruit of Baltic herring. ICES J. Mar. Sci. 60: 94-109.

Al3) L.R.Little, S. Kuikka, A. Punt, F. Pantus, A. Smith , C. Davies and B. Mapstone. 2004.
Information flow among fishing vessels modelled using a Bayesian network. Environmental
modelling & software 19 (2004) 27 — 34.

Al14) Uusitalo, L., Kuikka, S., Romakkaniemi, A. 2004. Expert knowledge based Bayesian Belief
Network for estimation of salmon carrying capacity in the Gulf of Bothnia wild salmon rivers.
ICES J. mar Sci, in print.

Al5) Uusitalo, L., Vehkalahti, K., Kuikka, S. 2004. Studying species associations from
commercial catch data: a Baltic Sea application. Fisheries Research, in print.

B) Articlesin peer-reviewed international conference proceedings or scientific compilations

B1) Varis, O. & Kuikka, S. 1989. Application of Bayesian Influence Diagrams in Environmental
Decision Making Under High Uncertainty. In: Tabucanon, M. T. and Chankong, V. Proceedings
of the International conference on Multipple Criteria Decision Making: Applications in Industry
and Service. Asian Institute of Technology. ISBN 974 8201 058. pp. 735 - 749.

B2) Nybacka, K., Eklund, E., Eklund, J., Hildén, M. ja Kuikka, S. 1991. Att atd laxen och ha den
kvar - Laxregleringen i Finland pa 1980 - talet. Teoksessa: Fiskerireguleringer. Nordiske Semina-
0g Arbejdsrapporter 1991: 516. ss. 169 - 203.

B3) Kuikka, S. 1994. Can wild Baltic salmon be driven to extinction ? ICES Cooperative Research
Report NO. 197. Ninth ICES Dialogue meeting. "Atlantic Salmon: A Dialogue™.
Pp. 71 - 79. Please note that thisisincluded to thesis.

B4) Kuikka, S. & Varis, O. 1998. What climate change impacts do scientists anticipate for Finland
- A Bayesian approach to expert judgment elicitation. In: Lemmeld, R. & Helenius, N. (Eds.)
Proceedings of the Second International Conference on Climate and Water, Espoo, Finland, 17-20
August 1998. Edita, Helsinki. pp. 1412-14109.

B5) Stephenson, R., Peltonen, H., Kuikka, S., Ponni, J., Rahikainen, M., Aro, E., and Setél, J.
2001. Linking biological and industrial aspects of the Finnish commercial herring fishery in the
Northern Baltic Sea. pp 741 - 760. In: Funk, F., Blackburn, D., Hay, D., Paul, A. J., Stephenson,
R., Toresen, R., and Witherel, D. (eds). Herring: expectations for a new millennium. University of
Alaska Sea Grant, AK-SG-01-04, Fairbanks. 800 pp.

C) Articlesin peer-reviewed national scientific journalswith referee system

C1) Kuikka, S. 1990. Lohen ja taimenen yksikkdsaaliit 6ljyvahinkoalueella: Tilastollinen selvitys.
Teoksessa: Juha Pekka Hirvi (toim.) Suomenlahden Oljyvahinko 1987. Vesi- ja
ympadristohallinnon julkaisuja -sarja A. 51. ss. 201 - 212.

D) Articlesin peer-reviewed national conference proceedingsor scientific compilations

D1) Kuikka, S. 1989. Riskien kaésittely yhteiskunnassa. Teoksessa: Riskianalyysi. Helsinki
University of Technology. Systems Analysis Laboratory Research Raports. B 14. 11s.
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D2) Kuikka, S. ja Hildén, M. 1992. Luku 17: Kalakannat. Teoksessa: Aijo, H. Siivola, L.,
Vakkilainen, P. (toim.): Hyédyn ja vahingon arviointi vesitaloudessa. Teknillinen korkeakoulu,
Tammer-Linkki Oy, Tampere 1992. Ss. 361 - 377. ISBN 951-22-1072-X, ISSN 1235-5933.

D3) Hildén, M. ja Kuikka, S. 1992. Luku 20: Kalatalous. Teoksessa: Aijo, H. Siivola, L.,
Vakkilainen, P. (toim.): Hyédyn ja vahingon arviointi vesitaloudessa. Teknillinen korkeakoulu,
Tammer-Linkki Oy, Tampere 1992. Ss. 417 - 438. ISBN 951-22-1072-X, ISSN 1235-5933.

D4) Kuikka, S. & Varis, O. 1997. Vesistomuutosten epavarmuudet. Teoksessa: Kuusisto, E.,
Kauppi, L. ja Heikinheimo, P. llmastomuutos ja Suomi. Yliopistopaino. Ss. 173 - 177.

E) Scientific monographs

El) Kuikka, S. 1998. Uncertainty Analysis in Fisheries Management Science - Baltic Sea
Applications. PhD Thesis. 43 pp + 8 Appendixes. ISBN 952-90-9933-9. Graded by the highest
degree: “Approved with distinction” .

F) Other scientific publications

F1) Hilden, M., Kuikka, S., Roto, M. ja Lehtonen, H. 1988 : Differences in Fish Communitys
Structure Along the Finnish Coast in the Baltic Sea. ICES: Symposium on Baltic Sea Fishery
Resources. DDR, Rostock 29.2. - 3.3. 1988. ICES 1988 BAL/No. 15

F2) Varis, O. and Kuikka, S. 1990. Analysis of sardine fisheries management on Lake Kariba,
Zimbabwe and Zambia -Structuring and analysis of a Bayesian influence diagram model. In-
ternational Institute for Applied Systems Analysis. Laxenburg, Austria. Working Paper 90/48.

F3) M. Hildén & S. Kuikka 1990 : The analytic hierarchy process as a tool for analysing
perceptions of the salmon management problems in Finland. ICES 1990 C.M./ M:12. 9 pp.

F4) Varis, O. ja Kuikka, S. 1990. Ympaéristoresursseja koskeva paatoksenteko. Teoksessa: S.
Kuikka & M. Marttinen: Vesistojen kalataloudellinen hyddyntdminen, ss. 115 - 129. YAJ:n
koulutuspdivat 1989. YAJ R. Y: julkaisuja.

F5) Kuikka, S. ja Simild, J. 1991. Syy-yhteyden osoittamisesta ympéristdvahingoissa.
Ymparistojuridiikka 1-2/1991. ss. 29 - 43.

F6) Kuikka, S. 1991. Effects of some external factors on the predictability and production capasity
of Baltic salmon stocks. ICES C. M. 1991/M:29. Anacat committee. 19 p.

F7) Kuikka, S. & Varis, O. 1991. Probabilistic assesment of TAC based fisheries management of
Baltic salmon stocks. ICES C.M. 1991/M:30. Anacat committee. 21 pp.

F8) Kuikka, S. 1992. Development and dynamics of Finnish salmon trapnet fisheries in the Gulf of
Bothnia. ICES C.M. 1992/M:15. 15 p.

F9) Kuikka, S. & Varis, O. 1992. Use of Bayesian influence diagrams in the management of Baltic
salmon stocks. ICES C.M. 1992/D:5. 15 p.
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F10) Suuronen, P., Kuikka, S. & Parmanne, R. 1992. Impacts of increased codend mesh size on
the catches and biomass of herring in the northern Baltic Sea. ICES C.M./J:22. 11 p.

F11) Kuikka, S. & Salminen, M. 1992. Effect of Salmon Smolt Size on the Expected value and
Variance of Stocking results in the Northern Baltic Sea. "Post-smolt biology of salmonids in
ranching systems". Umed, Sweden, Nov. 10-12.1992.

F12) Salminen, M., Kuikka, S. & Erkamo, E. 1993. Differences in the production of Baltic salmon
(Salmo salar L.) in the Gulf of Finland and in the Bothnian Sea - the significance of marine
productivity and environmental stability. ICES C.M. /M:59. Anacat committee.

F13) Varis, O., Kuikka, S., Kettunen, J. 1993. Belief Network in Fish Stock Assessment - the
Baltic Salmon Case. ICES C.M. 1993/D:13.

F14) Kuikka, S, Suuronen, P. & Parmanne, R. 1993. Impacts of Increased Codend Mesh Size on
the Catches and Fishery of Herring in the Northern Baltic Sea - Uncertainties from the Ecosystem
and Markets. NAFO Symposium on Gear Selectivity/Technical interaction in Mixed Species
Fisheries 13 - 15. 9. 1993, Nova Scotia, USA. 15 p.

F15) Kuikka, S. 1994. Paatosanalyysi ja tulosjohtaminen ? Teoksessa: Lappalainen, A. &
Rahikainen, M.: Muuttuva kalatalous. Ympéristdalan ammattijérjestd YAJ ry. Helsinki 1994. 9 s.

F16) Kuikka, S. 1994. Kalastuslaivaston kapasitetti ja kalakannat. Nykytilanne ja uudet
tutkimustarpeet. Teoksessa: Rahkonen & Railo (toim.). Kalatalous ja tutkimus yhdentyvéssa
Euroopassa. Kalaraportteja nro 3.

F17) Varis, O. & Kuikka, S. 1995. Analysis of Uncertainty in Resource Management: Joint Use
of Multiple Environmental Assessment Models by a Bayesian Meta-Model. MODSIM 95.
International Congress on Modelling and Simulation. Newcastle, NSW, Australia. 27 - 30
November, 1995.

F18) Kuikka, S. 1996. Kestavan kayton periaate Itdmeren kalavarojen hy6dyntdmisessa.
Teoksessa: Mannio, Verta (toim.). Muuttuva maa, meri, ilmasto. YKL, Helsinki.

F19) Paula Bohling & Sakari Kuikka. 1997. Kalakannat ja kalastus. Teoksessa: Bohling (Toim.):
Kalavarat puntarissa. Riistan ja kalantutkimus, Helsinki. SVT Ympéristo 1997: 11. Ss. 11-14.

F20) Paula Bohling, Sakari Kuikka ja Pirkko Soderkultalahti. 1997. Kalavarojen arvioinnin
menetelmat. Teoksessa: BoOhling (Toim.): Kalavarat puntarissa. Riistan ja kalantutkimus,
Helsinki. SVT Ymparistd 1997: 11. Ss. 15-21.

F21) Tarja Wiik & Sakari Kuikka. 1997. Merialueen kuha. Teoksessa: Bohling (Toim.): Kalavarat
puntarissa. Riistan ja kalantutkimus, Helsinki. SVT Ympéristd 1997: 11. Ss. 76-81.

F22) Wiik, Tarja ja Kuikka. Sakari. 1998. Merialueen hauki. Teoksessa: Valkeajarvi, P. ja
Bohling, P. (Toim.): Kalavarat 1998. Riistan ja kalantutkimus, Helsinki. SVT Ympdristd 1998:
13. Ss. 38-41.

F23) Wiik, Tarja ja Kuikka. Sakari. 1998. Merialueen kuha. Teoksessa: Valkeajarvi, P. ja Bohling, P.
(Toim.): Kalavarat 1998. Riistan ja kalantutkimus, Helsinki. SVT Ymparistd 1998: 13. Ss. 42-45.
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F24) Kuikka, S. 1999. Parameter and structural uncertainties in Bayesian decision analysis. ICES
CM 1999/T:04. 14 pp.

F25) L.R. Little, Kuikka, S., Punt, A., Pantus, F., Davies, C. Mapstone, B. 2001. A fleet dynamics
model with information flow among vessels modelled using a Bayesian network. ICES CM
2001/N:10.

F26) Kuikka, S., Tuck, G., Smith, T. and He, Xi. 2001. Using simulation results and Bayesian
belief network to assist fisheries planning : a case study of Patagonian toothfish fishery at
Macquarie Island. ICES CM 2001/N:08.

F27) Pakarinen, T, Romakkaniemi, A., Kuikka, S., Uusitalo, L., & Ikonen, E. 2001. Evaluation of
the quality of biological reference points of Baltic salmon management. ICES CM 2001/M:01.

F28) L.R.Little*, S. Kuikka®, A. Punt®® F. Pantus®, A. Smith®, C. Davies® and B. Mapstone'.2001.
A Fleet Dynamics Model with Information Flow among Vessels Modelled Using a Bayesian
Network. MODSIM 2001 paper.

F29) Tuck, G.N., Smith, A.D.M., Constable, A., He, X., Kuikka, S. and Klaer, N. 2001. Initial
evaluation of management strategies for the Macquarie Island toothfish fishery. In, Ecologically
sustainable development of the fishery for Patagonian toothfish around Macquarie Island:
Population parameters, Population assessment and ecological interactions. Eds. He, X. and
Furlani, D.M. FRDC report 97/122. p162-218.

F30) Salminen, M., Kuikka, S., Koljonen, M-L. ja Autio, J. 2002. Miksi kalavesia pitada hoitaa?
Teoksessa Kalavedet kuntoon (toim. Salminen M. ja Bohling P.), ss. 22-25.

F31) Salminen, M., Auvinen, H., Huusko, A., Kuikka, S., Ruuhijarvi, J., Bohling, P. ja Autio, J.
2002. Kalavesien hoidon suunnittelu. Teoksessa Kalavedet kuntoon (toim. Salminen M. ja Bohling
P.), ss. 34-47.

F32) Kuikka, S., Autio, J., Auvinen, H., ja Salminen, M. 2002. Kalastuksen ohjaus. Teoksessa
Kalavedet kuntoon (toim. Salminen M. ja Bohling P.), ss. 22-25.

F33) Kuikka, S. 2003. What the Bayesian approach can offer to ICES - Lessons
from the assessment of Baltic Salmon. ICES CM 2003/V:09

F34) Michielsens, C. G. J., McAllister, M., Kuikka, S., Pakarinen, T., Karlsson, L., Romakkaniemi, A., &
Perd, 1. 2003- Assessment of wild Baltic salmon stocks: How to combine different sources of information.
ICES CM 2003/V:11.

G) Other publications
G1) Hannula, P. & Kuikka, S. 1985. Hauki. Kalastus ja elintavat. WSOY. Porvoo. 160 s.

G2) Lehtonen, H. & Kuikka, S. 1985. Hauen kalastus ja saalisvaihtelut rannikkovesissamme.
Suomen kalastuslehti 92 (8), s. 355 - 358.

G3) Kuikka, S. 1986. Lisaako kalastus haukia - haukitutkimuksen ongelma. Kalamies 8, s. 6 - 7.
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G4) Kuikka, S. 1988. Kalakantojen tutkimuksesta, kalastuksen suunnittelusta ja paatoksenteosta.
Suomen Kalastuslehti 95 (1), s. 27 - 31.

G5) Kuikka, S. & Lehtonen, H. 1988. Mitka tekijat maaraavat rannikkomme kalayhteison ?
Metséstys ja kalastus 1, s. 62 - 67.

G6) Kuikka, S. 1988. Maanviljelija vastaan kalastaja ? Nuorten Luonto 3/88, s. 39 - 41.

G7) Kuikka, S. ja Hildén, M. 1988. Istutukset -kalataloudellisia ja biologisia nakékohtia. Suomen
Kalastuslehti 5, s. 224 - 227.

G8) Hakaste, T., Ikonen, E. & Kuikka, S. 1988: Stock assesment of the Salmon (Salmo salar) in
the Gulf of Finland. ICES C.M. 1988/M:27. Anadromous and Catadromous Fish Committee.

G9) Kuikka, S. 1990. Muikun kalastuksen ohjaus ja kalastuksen epavarmuus. Suomen
Kalastuslehti, 8. ss. 332 - 336.

G10) Salojarvi, K. ja Kuikka, S. 1990. Kalastuksen arvon parantaminen istutuksin. Teoksessa: S.
Kuikka & M. Marttinen: Vesistdjen kalataloudellinen hyédyntdminen, ss. 115 - 129. YAJ:n
koulutuspdivat 1989. YAJ R. Y:n julkaisuja.

G11) Kuikka, S. 1991. Lisan&kokohtia muikun kalastuksen ohjauksesta. Suomen kalastuslehti.
3/1991. 3s.

G12) Kuikka, S. 1991. Ympdristotieto ja paatoksenteko. Hyvinvointikatsaus 1/91.
(Tilastokeskuksen julkaisusarja). 4 s.

G13) Kuikka, S. 1991. Itdmeren lohikantojen ennustaminen ja kalastuksen saately - menetelmat ja
ongelmat. Suomen Kalastuslehti 7/1991, ss. 314 - 319.

G14) Salminen, M. ja Kuikka, S. 1992. Lohi-istukkaan koko vaikuttaa istutustuloksiin. Suomen
Kalastuslehti 2/1992.

G15 ) Suuronen, P. & Kuikka, S. 1992. Loénar det sig att trdla stromming selektivt ?
Fiskeritidskrift for Finland (3), ss. 20 - 23.

G16) Kuikka, S. 1993. Lohenkalastuksen saately Pohjanlahdella. Kalastaja (1), ss 6 - 7.

G17) Kuikka, S. 1993. Itdmeren lohen kalastuksen saatelyn vaikutus kalastukseen ja kantoihin.
Kalamies (2), ss. 3 - 4.

G18) Kuikka, S. 1993. Lohesta on tullut poliittinen eldin. Helsingin Sanomien ylid. 5.6.1993.

G19) Tammi, J. & Kuikka, S. 1994. Hauen ravinnon k&yton ajallinen ja alueellinen vaihtelu
kutuaikana. Kalatutkimuksia 78. 43 s.

G20) Kuikka, S. 1996. Liikakalastus uhkaa Saaristomeren kuhaa. Turun Sanomien yli6 25.4.1996.

G21) Kuikka, S. 1996. Kuha kalastetaan merialueella liian pienend. Kalastaja 3/1996.
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G22) Kuikka, S. 1997. Soveltavan tutkijan vastuu. YKL posti 3/97. Ss. 8 - 9.

G23) Erkamo, E., Salminen, M., Salmi, J. Kuikka, S. & Rahkonen, R. 2001. Selkdmeren lohi-
istutusten tuloksellisuus: Osa Il: Istutusvuoden kalastuskuolleisuus, kalatautikuolleisuus ja
ymparistoolosuhteet. Suomen kalastuslehti 5/2001.

G24) Erkamo, E., Salminen, M., Salmi, J. Kuikka, S. & Rahkonen, R. 2002. Bottenhavets
laxutsattningar. Del 2. Fiskedddligheten, fisksjukdomsdodligheten ocd miljoférhallanden.
Fiskeritidskrift for Finland. 1/2002.

G25) Rahikainen, M. & Kuikka, S. 2003. Silakkatutkijoiden haaste: perinteisistd kanta-arvioista
epavarmuuden hallintaan. Apaja, ss. 18-19.
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