Preface

In April 1999 an article appeared in Fishing News under the headline *Dredging and pollu

tion hil stocks far more tan fishing®, The anicle reported on claims made by an environ-
mental growp that these two anthropogenic impacts are causing a far greater decline of lish
stocks in the North Sea than “supposed overfishing” and that il these were remedied “you
would ke able 1o walk 1w Europe on the fish concentrated in the North Sea”. Whilst there 15
no clear evidence 1o support these claims, the article does raise a real issue of concern to EU
policy makers, the general public, and the fishing communily as a whole., This is the impact
of pollution on commercial lish and fisheries and the health implications of cating contam-
inated fish produocis,

This book has resulted from the Commission of the European Communities, Agriculture
and Fisheries (FAIR) specific Research and Technological Development programime, CTYY
3827 dmpracts of Mavine Xenobiotivs on Envapean Commercial Fish— Melecular Effects &
Papulation Responses. However, it does not necessarily reflect the Commission’s views
and in no way anticipates the Commission’s future policy in this area,

This book has brought iegether experts from across Burope o examine the literature both
on marine and freshwater fish and, where necessary, invertebrates and other model ergan-
isi, 1o produce o staws report on pollution impacts and 1o consiruct a conceplual model w
deseribe these impacts — from the subeelinlar and molecolar level. through organism o popu-
lation and community levels and subsequently 1o socio-economic implications.

The group of scientists involved in this hook include individuals with expertise in cach ol
the hicrarchic levels of organisation on which pollution can impact, They encompass
molecular geneticists, biochemists, physiologists, population and community biologises
and lishery economics experts. Throughout the 2-year duration of the concerted action on
which this volume is bused. the group met on three oceasions during which they worked on
cach of the thematic topics which form the basis 1o the chapiers,

Chapter | intreduces the subject and context ol the volume, 11 also presents a conceptual
model which was developed following the first meeting of the group in Oslo, Norway. The
miaclel presented in this chapter is a simplilied version of that preseated in the report o the
European Commission, The model describes the way in which pollution may impact on a
fishery and highlizhts the potential linkages betwesn the various biological levels of organ-
isation Tromn meolecular to community and economic, 1 is used to identify the direct Tinks
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between the hierarchic levels of impact identified in the literature together with feedback or
homeostatic mechanisms within the system.

The model additionally provides the framework around which the rest of the literature is
presented in the book. Each of the following chapters were outlined at subsequent meetings
of the group, first in Aveiro, Portugal, and later in Bilbao, Spain. The chapters represent
linked technical themes which together describe the potential impact of pollution on a
lishery. The chapters are designed both 1o describe the impact of pollution on the specific
level of binlogical organisation and to highlight any linkages between this level and ather,
higher levels of complexity. The aim here was to confirm any pathways in which subcellular
detection of pollution in the individual might lead to changes in population and community.
A further important goal of the study was to identify and highlight any gaps in the literature
that inight help to direct future rescarch in the figld,

Chapter 2 reviews the forms of genetic damage that nceur within the cell, either as a
direct result of pollution perturbation or due to the production of genotoxic by-products of
the detoxification process. Forms of damage include those caused by oxygen radicals, and
the formation of adducts and mutations, together with direct effects on chromosomes. The
chapter links genetic damage to examples of the consequence of this at higher levels of
organisation from tumeur formation, cell death, lesions, production of neoplasms, alfered
cnzyme function and protein turnover rates. In addition, protection mechanisms ane
identified. This chapter is seen to have clear links with many of the other chapters within the
hook,

The links between molecular and cellular responses to pollution and the physiological
response ol individuals, including links 1o higher orders of organisation, are considered in
Chapter 3. Principle components of this theme inclide the role of the lysosome and lyso-
some dysfunction related to altered rates of protein turnover and the energetic cost of altered
gene expression. The chapter identifies links between these cellular events and organism
effects including impacts on growth (including age/size trade-offs) and energy budget and
scope for growth. Physiological effects examined included impacts on develapmental pro-
cesses such as osmoregulation, respiration and excretion, neurcendocrine and immung

responses and impacts on reproduction.

Chapter 4 cxamines aspects of the physical health and immune system of fish in
relation o pollution exposure and the links between these responses and those seen al
higher and lower levels of organisation. Aspects of macrohealth considered include parasite
load, presence of lesions and papillomas. spine and other deformities, anaemia, fin ot
and fungal infection. These are examined in relation to cellular and molecular damage
and the cavsative agents. Disorders are classified into pathological, physiological and
developmental.

Chapter 5 considers one of the eritical processes in the hierarchic chain of TCEPONSE
through which impacts on the individual may be reflected in the population or natural home-
ostatic mechanisms override any pollution damage on the individual. Pollution impacts
on reproduction and fecundity are linked directly 1o genetic damage in the gamete and
umpaired physiology through reallocation of energy. Additionally, the direct effects of
endocrine disrupters on the reproductive process are considered. Evidence is reviewed on
effects of pollutants on aspects of reproduction from cgg size and viability to vitellogenic
processes and fecundity.
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Chapter 6 highlights the links between the individual response and population response
o pollution. Concepls of community structure together with functioning and effects of pol-
lutamts on these, through transfers of effects from cellular to individual and then population
and community, are considered in this chapter. The potential effects are analysed throogh
the impacts on individual health in relation to condition and individoal health in relation to
production, Links between reproduction and population structure and survival to population
wield are additionally reviewed. Production and yield are evaluated both interms of guality
and quantity of the population and gqoality of the individual.

The implications to population penetics and fitness 3 4 result of pollution exposure,
penelic damage, and cellular and molecular events are reviewed in Chapter 7. The theme
reviews microevolutionary processes including mutation, selection, genetic drift and
inbreeding, Sublethal responses and the potential for selection are examined, including
[itmess elfects such as viability and fecundity. The literature on existing polymorphisms in
pedlutant metabolising genes is reviewed, tozether with the malecular basis of adaptation
and the evolution of tolerance. The consequences ol these adaplations in terms of reduced
cenelic heterogencity and future fitness are considerad.

Consequences of pollution impacts in relation to socio-economic effects are considerad
im Chapler 8 This incerporates the various bio-ceonomic models currently employed by
fisheries scientists. These models give informaion on fish quality and population, both of
which are impacted wpon by the effects of pollution. An mportant element of this chaprer is
not simply the impacts of pollution of lish and fish quality, but also the perceived impacts
and the effects that this can have on individual fisheries and the overall resource. Direct
links between lower order effects and impacts on the market are highlighted. Human health
consequences are additionally considerad. '

Finally, Chapter % summarises the evidence presented in each of the previous chapters,
with emphasis on the linkages identified belween the hierarchic levels of bivlogical organ-
isatien outlined in the conceptual model. The chapter highlizhts the areas in which recent
advances have been macle, as well as the aspects of the subject that regquire further study. In
addition, it considers the limitations with current empirical approaches in quantifying some
of the links in the hierarchie response from cell to population. The potential role of math-
ematical modelling in the field of ecoloxicology is briefly reviewed. In parlicular, recent
developments and advances are outlined with regard to how models may be used 1o over-
come some of the limitations with empirical study,



