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4 The politics of marine eutrophication 

“As is common in the sciences, short-term horizons can turn cycle into crisis, periodicity into problem.” (Machlis 1992)

In 1981 the Danish National Agency for Environmental Protection (NAEP) published the results of a five-year study into the water exchange processes and eutrophication in Danish waters. The NAEP, which had been established in 1972, considered the then existing knowledge insufficient as a basis for monitoring and pollution abatement policies. Therefore, in 1973 a research programme, the so-called Belt Project, was started, which lasted until 1978 (Kampmann 1981). In the summary and conclusions chapter of the final report of the Belt Project it was stated:

”The water exchange of the Danish waters is very intensive. The dilution rate is therefore high, and the possibilities for decomposition of discharged substances are good. In areas heavily loaded with nutrients an increase of the concentrations of phosphorus and nitrogen, as well as the plankton algae production has taken place over the last 30-year period. In the open Danish waters this increase is, however, not reflected by increased turbidity or decreased oxygen concentration. Therefore, it can be concluded that problems related to eutrophication do not occur in open Danish waters” (Ærtebjerg Nielsen et al. 1981).

In the autumn of that same year oxygen deficiency was observed in large areas of the Kattegat, the Belt Sea, the Kiel Bay and the German Bight (figure 4.1). In Denmark the event caused a lot of public concern, and in the autumn of 1981 the Environment Minister informed the Danish Parliament about serious threats to the quality of marine and fresh waters (Jensen 1989). As a first step NAEP was commissioned to carry out a study into the causes of the event. In 1981 also along the Swedish west coast, especially in the Laholm Bay (figure 4.1), oxygen deficits were observed, and also here a literature study into the causes and consequences was commissioned (Rosenberg et al. 1984). German researchers regarded the oxygen deficits in the German Bight as a clear sign of pollution (von Westernhagen and Dethlefsen 1983). 

These events can be regarded as the start of marine eutrophication as an international political issue. As depicted in the previous chapter, marine eutrophication in the Baltic Sea was already on the political agenda of the Baltic countries, especially Sweden. This had, however, not led to large-scale international action and marine eutrophication was still a predominantly scientific issue. In this chapter the development of marine eutrophication as an international political issue will be described. Whereas the foregoing chapters still had a rather general focus, the reason being the importance of the global aspects of marine pollution science, this chapter will concentrate on the North Sea. The motivation for this choice is that in the 1980s a unique scientific-political process related to North Sea pollution developed, encompassing all aspects of the science-policy cycle as outlined in Chap. 1. Central elements in this process are the three international political conferences on the protection of the North Sea, held 1984, 1987 and 1990. 
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Fig. 4.1. Oxygen depletion in the German Bight, Kattegat and Belt Seas and Kiel Bay. Redrawn from Gerlach (1990)
In this chapter all central questions of this study will be addresssed. It concerns the development of the perception of the rational decision-making model, the impact of science on the policy process, the contextual factors that influence the role of science and the structural aspects of the interaction between science and policy. The emphasis of this chapter is on the role of science in political decision-making. More in particular, the following questions will be addressed:

1. Which factors, among which science, have been relevant for the construction of the marine eutrophication problem? 

2. To what extent were political decisions on marine eutrophication based upon science?

3. What does politics expect from science in the implementation of political decisions and has science been able to meet the expectations?

4. How has the science-policy network, in particular the science-policy interface, developed as a result of political developments and which role has it played in the use of science in political decision-making? 

In the analysis of these issues in particular the relevance of contextual factors will be considered. It concerns the complexity of the problem and the uncertainty of scientific information, the consensus within the scientific community, the difference in time frames between the scientific and political processes, as well as dealing with values. 

This chapter has been divided into three main sections covering respectively the periods 1981–1985, 1985–1987 and 1987–1990. In 4.1 (1981–1985) the assembly phase of the marine eutrophication problem is addressed. Section 4.2 covers developments during the period 1986–1987, and focuses on political decision-making with regard to marine eutrophication, in particular the decisions taken at the second North Sea conference (INSC-2) in 1987. In Sect. 4.3 the main developments in 1980–1987 are summarised and analysed. Section 4.4 covers the years 1988–1990 and is concerned with activities within the science-policy network following the political decisions of INSC-2, as well as the preparation of the third North Sea Conference (INSC-3) of 1990. 

. 
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Fig. 4.2. The main elements of the science-policy network in the first half of the 1980s. A schematic indication is given of the type of members of the mentioned elements (Academic scientists, Administrative scientists, Administrators or Politicans), the main field covered by the bodies (Science, Policy and Management or Politics) and the direction of the flow of scientific advice. Acronyms: see List of Acronyms
For each of the above mentioned periods the development of and the activities within the science-policy network will be described and analysed in accordance with the flow of scientific information as assumed in the rational policy-making model (chapter 1). The flow of scientific information through the science-policy network is schematically shown in Fig. 4.2. In this figure also the various "actors" in the science-policy process, which will be addressed in this chapter, have been placed. Generally each section starts with a description of events, followed by scientific analyses, activities of working groups at the science-policy interface and, finally, of political developments. 

4.1 1981–1985: The assembly of a problem

How was it possible that during three decades of increasing awareness of marine eutrophication (chapter 3) the issue had hardly been noticed at the national and international level, whereas, as will be shown in this section, it became an internationally acknowledged problem within less than four years after the 1981 oxygen depletion events? Environmental problems can also be seen as social constructions (Machlis 1992; Hannigan 1995). Machlis (1992) has phrased this as follows: 

“For all scientific problems, it is through human perception that the challenge to conventional knowledge is raised, through human values that it is accorded importance or ridicule, and through the culture of science that the problem is organized and solutions pursued.” 

Human values indeed play a central role in whether an issue is perceived as a problem or not. A clear example was already given in Sect. 2.7 for the discharge of sewage of the city of The Hague. Hannigan (1995) has identified three elements in the construction of environmental problems, the assembly, the presentation and the contesting of the problem. For the first element, which includes the discovery, the problem definition and the establishment of the main parameters, science is considered the central forum. The mass media play a dominant role in the presentation of the problem and politics are mainly responsible for invoking action, mobilizing support and defending ownership. In this section the assembly of the marine eutrophication problem will be investigated, including the main events and actors in this process. The main issue addressed is the importance of science in the assembly of the problem, relative to other factors. First, the scientific developments in 1981–1985 relevant for marine eutrophication will be described. It concerns the oxygen deficiency events in the Skagerrak-Kattegat area (4.1.1) and in the German Bight (4.1.2). In addition, the situation in Dutch coastal waters is addressed (4.1.3), so as to illustrate national differences in the awareness of marine eutrophication as a problem issue. How the marine eutrophication situation was valued by international scientific advisory bodies, which are part of the science-policy network, is the subject of Sect. 4.1.4 in which the analyses of the ICES Advisory Committee on Marine Pollution (ACMP) and the conclusions of the first North Sea Quality Status Report (QSR) are addressed. Finally, in Sect. 4.1.5 it will be investigated how international political fora dealt with the issue. 

4.1.1 Oxygen depletion in the Skagerrak-Kattegat and Belt areas

Denmark

As depicted above, the year 1981 was characterized by several oxygen depletion events in the Skagerrak-Kattegat and Belt areas. Also in the Bay of Arcona in the southwestern Baltic Sea oxygen depletion and fish kills were observed that year. In Denmark NAEP started an investigation into the extent and the causes of the observed phenomena. The results were published early 1984 in a report called ”Oxygen deficiency and fish kills in 1981; extent and causes” (Miljøstyrelsen 1984a). From the collected data the conclusion was drawn that the area with low oxygen values had most probably been a large coherent area with a size of the islands Fyn and Sealand together (figure 4.1). In some cases also hydrogen sulphide production had been observed. The study into the causes of the event focussed on a comparison of several factors with the situation in previous years. Oxygen depletion events had also occurred in the past, mainly in enclosed bays and fjords, and probably a worsening of the situation had occurred. For open waters it was stated that a clear worsening had occurred, and that the situation had never been as alarming as in 1981. According to the report the event had been caused by a combination of several factors. As a result of high discharges of nitrogen from land in the previous winter there had been a strong spring phytoplankton bloom. The winter concentrations of nitrogen had shown an increasing trend in the open waters during the period 1976–1981. The organic matter from the spring bloom had, after remineralisation, caused a high production in the bottom water. The primary production in the bottom layer had been increasing since 1977 and was in 1981 in the Kattegat two times as high as in 1952–1960. There were weak winds in the summer of 1981 and, consequently, there was a very stable halocline, separating bottom and surface waters and preventing oxygen supply to the bottom layer. Such situations had also occurred in the past, but had never led to such large-scale oxygen depletion. The main difference between the situation in 1981 and previous situations was the high nitrogen run-off from land, which had been considerably higher in the winter of 1980/81 than in foregoing years. Generally, the winter concentrations of nitrogen salts had increased in the surface waters of the Kattegat and the Great Belt during the period 1975–1981, reflecting increases in land run-off in the same period. For phosphorus compounds no such correlations were found. The report furthermore revealed that the nutrient contribution from the Baltic was relatively low, whereas the nutrient-rich North Sea water had a considerable influence on the nutrient situation in the Kattegat and Belt seas. In the course of the 1970s the yearly phytoplankton primary production in the Great Belt had doubled and, according to the report, the increase in the second half of the 1970s was directly related to the increased nitrogen concentration in the winter half year.

The environment minister had also requested NAEP to investigate to what extent the event had been caused by man-made activities, and which preventive measures could be taken. The report was very unequivocal with regard to the first issue: 

”Our coastal waters and marine waters are influenced by the inputs of nutrient salts from our own land area, from neighbouring land areas, via the atmosphere and from bordering sea areas, the North Sea and the Baltic Sea. Also in the latter mentioned seas (in the North Sea only the coastal waters) an increased nutrient loading can be observed, originating from the land areas that border them.”

Specific reference was made to the bad water quality of many of the Danish enclosed fjords and bays, and it was stressed that communities and city councils should be aware of this and, on the basis of the regional water quality standards in force, take measures to reduce the nutrient inputs from the Danish land area. Moreover, it should be investigated which sources could not be properly controlled by the water quality planning, and for which measures based upon central initiatives might be necessary. The agricultural sector was called upon to more actively reduce losses of nutrients, and to improve storage capacity of manure.

But not only Danish action was considered necessary. It was stated:

”From the Danish side the national efforts for reducing the leaking out of nutrients must be supplemented by an active effort in the international framework – in the international sea conventions and in the European community – to stimulate reductions of nutrient inputs by all countries that contribute to the burdening of our sea.”

The report finally summed up a series of measures, necessary for improving the knowledge about nutrient sources, transport and budgets, as well as for improving monitoring. Also proposals were given for improving knowledge of processes in the sea, among which nutrient conversion (especially denitrification), uptake and release of nutrients, as well as toxic algae.

Sweden

In the autumn of 1981 oxygen depletion events also occurred along the Swedish Kattegat coast, most pronounced in the Laholm Bay and the Skälderviken Bay (figure 4.1). Upon request of the Swedish National Environment Protection Board a group of 16 Swedish scientists carried out a comprehensive literature study with the aim of evaluating the events. The study covered both the Swedish North Sea and Baltic Sea coasts and was published in 1984 (Rosenberg et al. 1984). The final conclusion of the report was:

”there are several symptoms to suggest that a process of eutrophication is established in the Baltic, Sound and Kattegat, as well as in particular coastal areas of the Skagerrak. Although some connection with other large scale changes cannot be dismissed, eutrophication may be considered a major contributory factor for the developments described above.” (Rosenberg et al., loc.cit.). 

The developments referred to were increased levels of nutrients, decreasing oxygen levels, increased benthic biomass, an increased occurrence of filamentous macroalgae and a decrease of Fucus vesiculosus. There was no direct evidence for increased primary production because of too short time-series and different methods, but the observed increase in nutrients ”makes such an increase plausible in the Sound and certain areas of the Baltic.” It had not been possible to establish a direct correlation between eutrophication and increased landings of commercial fish, which had occurred in the past decades, but it was neither possible to dismiss the possibility that eutrophication had contributed to the increased landings.The report was unequivocal about nitrogen being the nutrient usually limiting primary production in the Skagerrak, Kattegat, Sound and the Baltic proper, and phosphorus being the limiting nutrient in the Bothnian Bay.

In 1985 a paper, summarizing the results of the study, was published in the Marine Pollution Bulletin under the title ”Eutrophication – the future marine coastal nuisance?” (Rosenberg 1985). In this paper Rosenberg stated that, contrary to heavy metals, chlorinated compounds and oil, eutrophication of marine waters had received little attention and that there was little literature about this subject. He believed that there were good reasons that eutrophication would become, in the near future, ”a common hazard in many coastal areas in many parts of the world.” Rosenberg referred in this respect to the increased atmospheric deposition and riverine inputs of nutrients, especially nitrogen. The main sources were combustion of fossil fuels and agriculture. According to Rosenberg (loc.cit.) there was now increasing evidence of nitrogen being the critical limiting nutrient for phytoplankton throughout most of the year, and he referred, among others, to the work of Ryther and Dunstan (3.2.2). Inorganic phosphorus would be particularly important for the growth of bluegreen algae in hyposaline areas. Referring to the recent events of oxygen depletion, which had aroused public concern, Rosenberg underlined: ”It would, however, be preferable to have earlier and less catastrophic warnings of such large scale disturbances.”

As a result of the 1981 events a research programme was started in Sweden, which would be concentrated principally on the nitrogen cycle, including an assessment of the extent of denitrification. The primary goal of the programme was to enable ”predictive advice, based on sound background knowledge, about where to introduce counter measures in potentially eutrophic areas” (Rosenberg, loc.cit.).

Norway

In an editorial in the Marine Pollution Bulletin, Gray and Paasche reflected on the discussion in Scandinavia about the extent, causes and potential cures of marine eutrophication (Gray and Paasche 1984). They referred to the experiences with eutrophication in the Oslo Fjord, where anoxic conditions had been occurring for already a long time (3.2.4). Gray and Paasche criticized the campaign against phosphate containing detergents as a measure against the eutrophication of the Oslo Fjord. Such a measure had been very successful in Lake Mjøsa, Norwegians largest freshwater lake, but could, according to Gray and Paasche (loc.cit.), not simply be applied to a marine situation. They referred to the analysis of the oxygen depletion events in Laholm Bay, where nitrogen from agriculture was considered the main cause of the eutrophication effects. They presented several examples of both nitrogen and phosphorus limitations at different salinities and at different periods of the year and concluded:

”Establishing which overall nutrient is limiting for the inner Oslo Fjord becomes a question of what season one is referring to, which species one is concerned with, and what scale one is interested in. Thus a clearly applied problem of how one should design sewage treatment plants for discharge to the sea still requires basic research to arrive at a solution.” 

Unfortunately, Gray and Paasche noted, such basic research was, contrary to Sweden, not envisaged in Norway. 

4.1.2 Oxygen depletion in the German Bight

Large-scale oxygen depletion events in the German Bight in the years 1981 and 1982 were reported by Rachor and Albrecht (1983) and Von Westernhagen and Dethlefsen (1983). Rachor and Albrecht (1983) referred to the 1974 ICES study on North Sea pollution (3.4.1), in which it was stated that, with the exception of some fjords and estuaries, there had been no problems with oxygen in the North Sea. The low oxygen conditions recorded in 1981 and 1982 in areas with a size of several 1000 km2 made it, according to these authors, clear that it concerned events of a different order than referred to in the ICES study. The low values in 1981 had been measured below the halocline in the outer German Bight, northwest of Helgoland (figure 4.1). In 1982 several German marine research institutes carried out regular oxygen measurements, and again low values were found, this time mainly north of Helgoland (figure 4.1). According to Rachor and Albrecht (1983) the special weather conditions had, both in 1981 and 1982, played the determining role in the development of the low oxygen situations, and the relevance of anthropogenic nutrient inputs could not be answered in a quantitative manner. However, the role of nutrient inputs by man should, in the light of nutrient recycling processes and the summation of oxygen consuming processes, not be considered as irrelevant. The fish and macrozoobenthos mortality, which accompanied the 1982 event, was the main topic in a paper in Ambio by von Westernhagen and Dethlefsen (1983). According to these authors the oxygen situation had been ”rather alarming” and they concluded: ” present practice of waste disposal via rivers and seas reflects a short-sighted environmental policy. There is accumulating evidence that the assimilative capacity of the southern North Sea has been surpassed, and for many wastes the ultimate disposal must therefore be on land only.”

The events in the German Bight and the Kiel Bay prompted the German Minister of the Interior, also responsible for environmental protection, to initiate a research project, which started early 1984 (Gerlach 1984). The project encompassed, for both the German Bight and the Kiel Bay, studies into trends in nutrient inputs, trends in nutrient concentrations in coastal waters, trends in primary production in coastal waters, sedimentation of organic matter and effects in the sediment, effects on higher links in the food chain, historic evidence of oxygen depletion and weather impacts on stratification. A comprehensive interim report on the oxygen depletion events was prepared for the first International Conference on the Protection of the North Sea (INSC-1), which was to be held in Bremen in 1984 (Gerlach, loc.cit.) (see further 4.1.5). The report contained descriptions and preliminary results of the sub-projects, conclusions and recommendations from these, as well as a chapter on the problems of monitoring. With regard to nutrient inputs it was concluded to be ”likely” that phosphorus concentrations in the German Bight had increased as a result of anthropogenic inputs, mainly via the rivers Elbe, Weser, Ems and Rhine. 

Although no official monitoring programme had been in operation, it had been possible to detect increases in phosphorus concentrations in the German Bight on the basis of observations at Helgoland where, since 1962, daily water measurements had been carried out by the Biologische Anstalt Helgoland marine research institute (BAH). Some methodological problems were, however, associated with these measurements (Gerlach, loc.cit.). First, pre-1970 nitrogen data were rare, due to technical problems with the analysis of nitrogen compounds. Second, the seasonal variations were larger than the variations on a multi-year time scale. Finally, the monitoring site at Helgoland was, depending on weather conditions, irregularly influenced by the nutrient-rich fresh water tongue from the river Elbe, causing a high variability in concentrations. It was, furthermore, concluded that the causal connection between these increased concentrations and the oxygen depletion events was not clearly established, and that further research on this issue was necessary. For anticipatory reasons it was recommended to equip sewage treatment plants in the catchment areas of rivers with facilities for the removal of phosphates. Another conclusion was that in summer phytoplankton blooms, nitrogen was more often than phosphorus the limiting factor. It was, therefore, recommended to reduce the input of nitrogen compounds into the sea ”as far as possible” by reducing emissions to the atmosphere, reducing surplus application of mineral fertilizers and liquid manure in agriculture and by taking appropriate measures in sewage treatment plants. However, it was stated: ”whatever measures will be taken, due to the complex situation in the North Sea and the Baltic, positive effects may only be expected after many years.” (Gerlach, loc.cit.).

4.1.3 Dutch Coastal waters

In Sect. 3.2.5 the work carried out in the 1970s by the Netherlands Institute for Sea Research (NIOZ) regarding increasing nutrient concentrations in Dutch coastal waters was described. This work had not been continued in the second half of the 1970s, but in the first half of the 1980s several publication appeared, from which it may be concluded that the interest in marine eutrophication was increasing again. In 1982 and 1983 reports on the development of the water quality in the Wadden Sea and the North Sea were published by the Governmental Institute for Water Purification (RIZA). Both were based upon data from monitoring programmes, which had been operational as of 1971 in the Wadden Sea, and from 1975 onwards in the North Sea. In both reports eutrophication was addressed. 

The fourth scientific Wadden Sea symposium, held 1984, was dedicated to the theme of the role of organic matter. In the following, these reports will be briefly discussed for the Wadden Sea and the North Sea respectively.

The Wadden Sea

The report on the quality of the Wadden Sea (De Wit et al. 1982), covering the period 1971–1981, contained an extensive part about eutrophication. In this period the winter ortho-phosphate concentrations had clearly increased, and this increase could be wholly attributed to the increased inputs from Lake IJssel and the coastal water of the North Sea. The increase had been strongest in the second half of the 1970s. A change in chlorophyll concentrations was not found and it was concluded that the main determining factor for primary production was the light availability. The Biochemical Oxygen Demand (BOD) had decreased during the period under consideration, for which no explanation could be given.

At the fourth scientific Wadden Sea symposium it was stated (Laane and Wolff 1984: 

”In a few cases it has already been shown, and it is likely that it is generally true, that an additional input of organic matter through either direct discharge via rivers, polder drainage and pipelines or eutrophication by excessive supply of dissolved phosphate and nitrogen compounds, will cause serious oxygen deficits as well as the development of dense algal mats on the tidal flats.” 

For this reason it was recommended that the governments of the Wadden Sea countries would take measures to considerably reduce inputs of organic matter and nutrients to their coastal waters. Interestingly, also the Dutch Minister responsible for Nature Management, mentioned eutrophication in his opening address. He wondered whether eutrophication was a priority issue, compared to pollution with metals and halogen compounds. According to the Minister eutrophication had, so far, seldom led to ”large-scale disfunctioning of the ecosystem.” In order to be able to set the right priorities, the precise role of nutrients in the cycle of organic matter would have to be known.

The North Sea

North Sea monitoring data for 1975 to 1982 had been evaluated by RIZA (1983). It was concluded that in those parts of the coastal waters that were directly influenced by the Rhine, a reduction in ammonium concentrations had occurred. In the mouth of the Western Scheldt and north of the Ems estuary an increase in ortho-phosphate was observed. An increase in chlorophyll concentrations could, however, not be established and, consequently, no conclusions about the eutrophication situation could be given. In the framework of the development of harmonized policies for the North Sea, the Dutch government decided in 1983 upon a comprehensive marine ecological research programme, in which also eutrophication issues would be addressed (Beukema et al. 1986).

4.1.4 International scientific advice

Although the international scientific community was aware of the potential impacts of excess nutrients in the marine environment, it valued marine eutrophication as a pollution problem of minor importance, limited to restricted coastal areas (chapter 3). The oxygen depletion events in the German Bight and the Skagerrak Kattegat areas can certainly not be categorized as local incidents, and the question presents itself whether and how the perception of the international scientific community would change as a result of what had happened. Even more interesting is the question how official scientific advisory bodies, which are part of the North Sea science-policy network (figure 4.2), assessed these developments, in particular in the light of topical political developments. First, the Paris Commission (Parcom) had shown interest in the marine eutrophication issue, and requested ICES to provide advice on the problem of unusual plankton blooms. Second, Germany had taken the initiative for an international political conference on pollution problems of the North Sea. The scientific backing for this conference was to be provided by a so-called Quality Status Report (QSR) of the North Sea, to be prepared by experts from the North Sea countries. In the following, ICES activities with regard to marine eutrophication, as well as the North Sea QSR will be discussed.

ICES and marine eutrophication

Parcom had, so far, not dealt with nutrient issues (see also 3.4.1). Parcom regularly requested ICES for advice, in particular on monitoring issues. Amongst the issues to be addressed by ICES in 1984 was the request ”to examine, as a priority issue, the problem of unusual phytoplankton blooms, evaluate the possible causative factors including the role of nutrients and hydrographic conditions, and review the environmental effects” (ICES 1985).

Plankton Blooms. In Sect. 3.4.1 it was described how the ICES Advisory Committee on Marine Pollution (ACMP) valued the issue of marine eutrophication. In the 1970s the main emphasis of ACMP was on red tides, about which in 1976 a study had been carried out by a working group. As stated in the 1980 ACMP report as yet no follow-up had been given to the work of this group (ICES 1981). In the 1981 meeting reference was made to observations of mortality in fish farms in Scotland and Ireland, and problems with dissolved oxygen in the United States, and it was agreed that ACMP would continue to pay attention to the issue of plankton blooms, especially in relation to hypertrophication and pollution (ICES 1982). During the 1982 ICES Statutory meeting a joint meeting of the Hydrography, the Biological Oceanography and the Marine Environmental Quality Committees discussed plankton blooms. The outcome of this meeting was on the agenda of the 1983 ACMP meeting, together with a paper on exceptional plankton blooms and their implications for fisheries by Parker (ICES 1983b). In Parker’s paper it was stated that the interest in ”abnormal” blooms had increased as a result of the ”apparent increased frequency and scale of effects” in the North Atlantic (Parker 1983). With regard to the causes of the increase three options were given, namely an increase in observers, increased nutrient sources and long-term changes in oceanographic conditions. As to the observer increase, Parker (loc.cit.) stated that it was true that ”much of the new interest derives from the effects of blooms on new activities (mariculture),” but that ”there is some evidence that the problems are genuinely more prevalent currently than in previous years.” In enclosed systems increased nutrient loads could exacerbate blooms but could, generally, not be considered the cause of the blooms. That was firstly because nitrogen and phosphorus were not the limiting factors in dinoflagellate blooms, which also developed in nutrient poor waters. Parker mentioned in this respect “conditioning” factors, such as micronutrients and vitamins (see also 3.2.3), but also stated that the role of nutrients and micronutrients in bloom development was not well understood. Secondly, the extensiveness of blooms could not be explained by the presence of point sources of nutrients. Still, it was concluded, ”control over such sources could help to ensure that anomalous natural events do not become disasters.” The biological and chemical conditions, necessary for bloom development, were considered of secondary importance, compared to the physical (oceanographic, climatological) conditions. It was also concluded that the changes in bloom incidence might be related to large-scale physical changes caused by climatic changes.

A special ICES meeting on the ”Causes, Dynamics and Effects of Exceptional Marine Blooms and Associated Events” was held in 1984. The outcome of this meeting was largely consistent with the conclusions of the Parker Report. On the basis of the recommendations of the special meeting, it was decided to install a Working Group on Exceptional Algal Blooms. The terms of reference of the Group were to establish a system of information exchange regarding bloom incidence, to consider how the predictability of blooms could be improved, to consider management proposals for overcoming the effects of exceptional blooms and, finally, to prepare advice to ICES countries about site selection for mariculture (ICES 1985).

Advice to the Paris Commission. In dealing with Parcom’s request ACMP first of all referred to the 1984 Special Meeting (see above). In addition, ACMP evaluated the results of a discussion by WGMPNA
 about primary production and nutrients, based upon, among others, review papers on nutrient distribution and trends, nutrient enrichment and primary production in the North Sea and reports on the recent oxygen depletion events in Danish coastal waters. The Working Group concluded: ”much of the evidence presented on the possible role of nutrient enrichment in increasing primary production and inducing exceptional bloom events was either inadequate or contradictory.” (ICES 1985). It was especially criticized that frequently references to nutrient concentrations instead of fluxes were made, although the latter were more relevant for changes in primary production. It was stated, however, that there was sufficient evidence of relationships between enrichment and increase in primary production, especially in inshore waters, ”to merit deeper studies.” The group therefore decided to continue the discussions and to prepare a comprehensive overview. In the meantime it was considered premature to include nutrient studies in the contaminant baseline study.

The outcome of the Special Meeting ”Causes, Dynamics and Effects of Exceptional Marine Blooms and Associated Events” was discussed in more detail in the 1985 ACMP meeting. ACMP concluded: ”there is little evidence in North Atlantic waters for any rising trend in bloom incidence, although the data are very sparse” (ICES 1986). Furthermore, it could, on the basis of available data, be concluded that there was little evidence for the existence of large-scale hypertrophication effects in the North Atlantic. ACMP concluded that, generally, the understanding of exceptional blooms and its relation with eutrophication was only possible in relation with a better understanding of primary production in coastal and shelf seas. There was, consequently, ”an urgent need to establish long time-series of data on primary production and nutrient fluxes in addition to exceptional blooms incidence.” There was also ”an urgent need to develop and extend the methods currently applied to the studies of primary production.” The ICES Biological Oceanography Committee was encouraged to initiate an appropriate programme. 

Oxygen depletion. In the 1982 ACMP report an account was given of the ”unusually low” oxygen events in the Baltic Sea and the Kattegat Area (4.1.1) (ICES 1983a). It was stated that the oxygen conditions in the whole Baltic Sea seemed to have deteriorated in 1981, that H2S had been observed in the Kiel Bay and that fish mass mortality had been reported for Danish and Swedish coastal waters in the Skagerrak-Kattegat area. Also large dinoflagellate blooms had been observed. Remarkably no reference was made to the oxygen depletion events in the German Bight. With regard to eutrophication in the Baltic Sea the ICES/SCOR study group (3.4.1) had agreed that there were still many unanswered questions about the influence of land-based nutrient discharges on the nutrient situation in the open Baltic and that it was, therefore, not possible to give statements about the results of decreasing inputs of nitrogen and phosphorus (ICES 1985). Such questions were regarded ”of great economic importance, given the costs associated with reducing point source discharges of these nutrients.”

The 1981 oxygen depletion events in the Skagerrak-Kattegat area had prompted the Nordic Council of Ministers to request ICES to establish a forum for scientists working in the Skagerrak-Kattegat area to discuss their results. In 1982 the ICES Statutory meeting established the ”Working Group on Pollution Related Studies in the Skagerrak and Kattegat” to meet this request. The Working Group finished its work in 1986 and published a report in 1987 in the ICES Cooperative Research Report series (ICES 1987b). The Working Group had discussed a range of pollution issues, but the emphasis was on nutrients and eutrophication. It was concluded that there had been an increase in inputs of nutrients to the Kattegat since the 1930s, and that significant increases in the concentrations of total P and increasing trends of inorganic nitrogen had been observed in this area. Primary production had recently increased in the southern Kattegat and the Belt Seas, but it was stressed that an accurate assessment of primary production over longer time periods was difficult. Also benthic animal communities had shown changes in biomass and composition during the 20th century, and a decreased vertical distribution of macroalgal communities had been observed in some Swedish coastal areas in the Skagerrak. Furthermore, mass mortality of Norway lobster had occurred and high numbers of dinoflagellates had been observed in recent years. Eutrophication of the Kattegat and some coastal areas of the Skagerrak was considered to be the main cause of the described events. The effect of other pollutants (heavy metals, organochlorines, radionuclides) was considered of minor importance. Climatic changes could also have an effect, but these alone were not considered to be significant (ICES 1987b).

The first North Sea Quality Status Report 
At the end of 1983 the North Sea littoral states decided that a group of experts should co-operate in drawing up the quality status of the North Sea, as a preparation of the first North Sea Conference (see further 4.1.5). The first North Sea QSR (1986 QSR) consisted of contributions by scientists from governmental institutions of the North Sea countries and was structured according to the themes physical oceanography, inputs, concentrations and ecological effects. The latter comprised the issues fish diseases, accumulation of substances in organisms, effects on fisheries, mammals, sea birds, productivity and other biological effects (Carlson 1986). The group of experts had also prepared a synthesis of the national contributions, together with joint conclusions. With regard to concentrations of nutrients it was concluded that no increase had occurred in the northern and central North Sea, but that in the inner German Bight, especially in the Wadden Sea and the Southern Bight, a clear increase in phosphate concentrations had taken place. For the Southern Bight it was stated that this was a tentative conclusion on the basis of data collected between 1961 and 1974. This statement derived from the contribution by the UK, in which it was also stressed that there were no synoptic North Sea nutrient data as of 1974 (see also 3.2.5).

In the part on ecological effects the section ”productivity” dealt with effects of increased nutrient levels on primary production. In the synthesis it was stated that the fact that changes in phytoplankton productivity occurred across the Northeast Atlantic, proved that climatic changes were the cause. It was also stated: 

”So far, there appears to be no evidence that anthropogenic nutrients have caused any significant change in productivity in the North Sea, or even in the Southern Bight. There is circumstantial evidence that the organic pollution load may be significant in enclosed and semi-enclosed marine coastal waters” (Carlson, loc.cit.). 

With regard to the observed increase in nutrient concentrations, however, ”serious concern” was expressed. It was furthermore remarked that the influence of climatic changes and changes in nutrient levels were discussed by scientists as ”a matter of controversy.” Reference was made to the German research project on eutrophication in the North Sea and the Baltic Sea (4.1.2) and the ICES Special Meeting on exceptional plankton blooms (4.2.2). The controversy can be traced back to the differences in the German and British positions.

With regard to the effects of increased nutrient loads, the German contribution referred to the study by Gerlach that would be made available for the Conference (4.1.2). The UK had submitted an extensive paper dealing with the effects of eutrophication on normal and abnormal (toxic) plankton blooms, species diversity, and the anthropogenic contribution to the North Sea nutrient balance. The UK conclusions were almost identical to those from the synthesis, described above. Also other North Sea states had produced scientific reviews on the effects of nutrient enrichment. In the Dutch contribution it was stated, mainly on the basis of findings from the 1970s (3.2.5), that the possible increase of annual algal production might cause enhanced production of phytoplankton and, assuming that this overproduction would only partly be consumed by zooplankton, an enhanced flux of organic material to the sediment and possible oxygen depletion in stratified waters. However, increased zoobenthic production could be of benefit for the benthos and might support larger fish stocks. The Swedish contribution listed the oxygen depletion events described in 4.1.1, and the studies that had been initiated. No general conclusions or recommendations were given. In the Norwegian contribution reference was made to strong phytoplankton blooms in the inner Oslo Fjord, but coastal areas had not been significantly affected by such local eutrophication. It was also mentioned that increased dinoflagellate blooms had affected oxygen conditions in deep waters and fish farms along the south and west coasts of Norway. With regard to the causes the Norwegian report referred to the 1983 ICES ACMP report in which it was stated that it was not clear whether natural or anthropogenic causes were responsible (4.1.4). Denmark had, surprisingly, not produced a text on effects of ecological effects of anthropogenic nutrient enrichment.

The above described German-UK controversy not only related to eutrophication but to the effects of pollution in general (see also De Jong 1986). It was most explicit for fish diseases, an issue about which both countries had submitted comprehensive contributions to the QSR. The British point of view was that fish diseases had also occurred over the past hundred years and that there was no evidence of a link between pollution and (changes in the prevalence of) fish diseases. The German contribution contained two different scientific points of view. According to Möller undernourishment was the main factor responsible for fish diseases in the Doggerbank area. Dethlefsen, however, concluded: ”many findings speak for a correlation between the type and intensity of the waste water pollution and the frequency of several fish diseases” (Carlson 1986). In the general conclusions on ecological effects, Germany underlined the problem of the large natural variability and the fact that only in a few cases a causal relationship between pollutants and biological effects had been established. It was concluded: 

”Because the natural conditions in the sea pose these principal difficulties, because harmful alterations can therefore under certain circumstances not be recognized in due time, because damages occurred can be irreversible, prudent precautions should be taken and negative anthropogenic influences, especially in near coastal areas like estuaries and the Wadden Sea, should be reduced.” (Carlson, loc.cit.).

4.1.5 International politics and marine eutrophication

Above, it was shown that marine eutrophication had become a political issue in Denmark, Germany and Sweden and that its magnitude, impacts and causes were being assessed in international scientific advisory bodies. In this final section it will be investigated to what extent national developments and scientific advice have influenced international political fora. 

The first international North Sea conference

In June 1982 the German Minister for the Interior, also responsible for environmental affairs, announced that the German Government would take the initiative to organize an international North Sea Conference, with the aim of analysing deficiencies in the execution and enforcement of relevant existing international legal instruments, such as the Paris Convention and the Oslo Convention (see also 2.6.2) (Peet 1984). According to Peet (loc.cit.) the initiative was the official reaction to the report ”Umweltprobleme der Nordsee” (Environmental Problems of the North Sea), published in 1980 by the German Council for Environmental Affairs (3.4.3). In the report it was, among others, recommended to base North Sea policies upon the principle of precautionary action. The first International Conference on the Protection of the North Sea (International North Sea Conference, INSC-1), held in Bremen on the 31st of October and the 1st of November 1984, was attended by representatives of all eight North Sea states and the European Commission. At the Conference three focal areas for joint action were discussed, namely the reduction of pollution from land-based sources, the reduction of pollution at sea and the further development of the Joint Monitoring Programme (JMP) of the Oslo and Paris Commissions (Osparcom).

With regard to the reduction of pollution from land-based sources the Ministers, in §1 of the Preamble to the Ministerial Declaration, ”affirmed their strong support for further binding regulations for black and grey list substances that should be adopted within the framework of the EEC, Parcom and River Commissions concerned, if possible as early as 1985” (BMI 1985). The implementation of the black and grey list substances approach (chapter 2) had, so far, been a very slow and cumbersome process, mainly caused by controversies between the UK and most other North Sea countries, about the application of emission- or immission-based pollution policies, as well as the application of the precautionary approach (compare Peet 1984). These principal differences in pollution policies were reflected in the Ministerial Declaration. In §C8 it was stated: ”Emissions normally should be limited at source; emission standards should take into account the best technical means available and quality objectives should be fixed on the bases of the latest scientific data.” According to §C7 it was expected that present studies within Parcom into the comparability of the uniform emission and environmental quality objective approaches, would bring results as soon as possible and that, at the latest at the next conference, ”political decisions should be considered on the simultaneous and/or complementary application of the two approaches on the basis of the results of the assessment of the scientific, economic and environmental data.”

As outlined in 2.6.2, nutrients were not part of the black or grey lists of the Oslo and Paris Conventions, neither were they being monitored in the framework of the JMP. The grey lists of the EEC Dangerous Substances Directive and the Rhine Convention contained phosphorus, nitrite and ammonium, but these instruments were mainly directed at fresh waters. In §C3 of the Bremen Declaration it was stated that the substances of the black and grey lists of Osparcom and the EEC should be examined more closely, with a view to including new compounds. This decision was specified in Annex 3 to the Declaration and, according to §4 of this Annex, ”The effects of nutrients on the North Sea should be studied intensively. On the basis of the results inclusion in the grey list of the Paris Convention is to be examined.”

With regard to the further development of the JMP a number of requirements and objectives was agreed upon and laid down in Annexes 15 and 16 to the Declaration. According to Annex 15 the aim of monitoring should be to provide a basis for:

· The assessment of the state of the marine environment;

· Decisions on measures for the protection of the marine ecosystem against contamination and for the reduction of pollution;

· The evaluation of the effectiveness of measures already taken.

The relevance of monitoring for policy was also put forward in §J6 of the Declaration according to which

”Further measures for the protection of the North Sea should above all be taken on the basis of data and information to be collected and of their evaluation and assessment. The Joint Monitoring Group (JMG) should consider which data from the Joint Monitoring Programme, other monitoring programmes and current surveys and statistics, might be put together, evaluated and assessed for this purpose.”

In Annex 16 a number of specific substances was mentioned, for which it should be examined whether they should be included in the JMP. Amongst these were also nutrients. Furthermore, methods for the collective determination of several monitoring parameters had to be reviewed, among which biochemical oxygen demand (BOD) and chlorophyll.

The Conference did not result in specific decisions and, generally, only intentions and wishes were expressed. Many agreements related to the stimulation of research and monitoring. Eutrophication was not an issue at the Conference, which may be explained by three factors. First, the very recent nature of the oxygen depletion events, second, the fact that only in Sweden, Denmark and Germany eutrophication was a political issues and, third, the scientific discrepancy about the causes and the extent of eutrophication and eutrophication related phenomena.

The 1985 Paris Convention Consultation Meeting

In Denmark, the 1981 oxygen depletion event ( 4.1.1) had given rise to two national studies, the results of which were published in 1984 in reports about oxygen depletion and fish kills (Miljøstyrelsen 1984a) and land based inputs of nitrogen and phosphorus to the inner Danish waters (Miljøstyrelsen 1984b). The release of these reports and the fact that also in 1982 and 1983 oxygen deficiencies and low oxygen levels were measured in the German Bight, the Kattegat and the Belt (Jensen 1990), were the reasons why on 31 May 1985 the Danish Parliament adopted the so-called NPO (Nitrogen, Phosphorus, Organic matter) Action Plan (handlingsplanen) for the reduction of nutrient losses from agriculture, aquaculture and sewage treatment plants (Somer 1988; Christensen 1996). But not only national action was initiated. In 1985 Denmark took the initiative for a special meeting in accordance with Article 9 of the Paris Convention. According to this Article parties have the right to ask for consultation with other parties in case ”pollution from land-based sources originating from the territory of a contracting party by substances not listed in Part I of Annex A of the present convention is likely to prejudice the interests of one or more of the other parties.” Nutrients were not contained in part 1 of Annex A (compare 2.6.2), and Denmark was of the opinion that the oxygen depletion events, at least in its open waters, depended to a large extent on the nutrient loads originating from central European rivers (Somer 1988). The consultation meeting was held in November 1985 in Copenhagen and resulted in the following conclusions (NUT 1986):

”I. A number of environmental changes have been recorded in the coastal areas. The changes are larger than expected and they cannot only be explained as natural variation;

II. there are indications that the changes are particularly significant in those areas where the nutrient input from land is dominant;

III. no simple explanation of the observed changes can be given that is ascribable to only a single factor;

IV. the nutrient concentration depends, in addition to local conditions, also on long-range transportation;

V. in the German Bight a general trend of increased nutrient load has been established over the last 20 years. In the same period there has been an increase in the phytoplankton biomass and a significant shift in species composition with respect to increases in the flagellate biomass.”

It was furthermore decided to establish a new expert working group, which was to report directly to the Technical Working Group (TWG, see 2.6.2), with the tasks, among others:

· To consider which quality objectives would have to be achieved in order to avoid adverse effects of increased nutrient loads; 

· To exchange information on current and planned measures to reduce nutrient loads; 

· To transmit to each other the results of national nutrient monitoring and research programmes and to consider the need for coordinated research projects. 

The working area of the group was not the whole North Sea, but was defined as an area 60 miles off the coasts of Belgium, The Netherlands, Germany, Denmark and Norway, including the Skagerrak and the Kattegat and excluding the territorial zone of the United Kingdom, underlining the fact that the UK did not consider eutrophication to be a problem in its waters. 

The outcome of the consultation meeting can be valued as a first step towards defining and structuring marine eutrophication as a transnational pollution problem. In the terminology of Hannigan (1995) the meeting can be regarded as the completion of the first phase, the assembly phase, of the construction of the marine eutrophication problem (compare chapter 1). 

4.2 1986–1987: Political decision-making

So far, marine eutrophication had, with the exception of Denmark, Sweden and Germany, been almost exclusively a scientific issue. Moreover, problems experienced were limited to these three countries.Through the 1985 consultation meeting (4.1.5) marine eutrophication had received the status of a recognized international marine pollution problem. However, as underlined by Hannigan (1995), the assembly of a problem is not yet a guarantee for political action. The claims identified in the assembly phase need further legitimation in several arenas: the media, the public, science and government. In this section it will be investigated whether and how international political action with regard to marine eutrophication developed. More in particular, the following questions will be addressed:

1. What was the role of science in furthering the case of marine eutrophication as an international political issue? 
2. Was the formulation of international political decisions with regard to marine eutrophication based upon science?

The first question can be specified into four subquestions related to new scientific knowledge, official scientific advice, the perception of science and the role of the science-policy interface. 
New scientific knowledge is covered in 4.2.1, in which an account is given of research results from coastal waters in the Southern Bight. 
The relevance of official scientific advice for the construction of the marine eutrophication problem is investigated in 4.2.2. Scientific advice on marine pollution problems was prepared for the second international North Sea Conference (INSC-2), scheduled for 1987. This was done in international conferences, by ICES and through the new North Sea QSR. 
Section 4.2.3 deals with the changing perception of the role of science in policy-making, and the relevance of these changes for the construction of the marine eutrophication problem. 
In 4.2.4 it is investigated how the newly installed eutrophication working group (see 4.1.5) influenced the political perception of the marine eutrophication problem. Whereas the activities described in Sects. 4.2.1, 4.2.2 and 4.2.3 belong to the science-part of the science-policy network (compare figure 4.2), the eutrophication working group is part of the science-policy interface, and its activities concern the translation of the scientific information into policy-relevant material. 

The second main question, the relevance of science for the formulation of political decisions, is investigated in Sects. 4.2.4 and 4.2.5, which cover the preparation, respectively the outcome, of INSC-2.
In the analysis of the above questions specific attention will be given to the relevance of contextual factors. It concerns the complexity of the problem and the uncertainty of scientific information, the consensus within the scientific community, the difference in time frames between the scientific and political processes and dealing with values. 

4.2.1 Eutrophication in the Southern Bight 

Although, as concluded in 4.1.3, eutrophication was considered a potential problem issue in The Netherlands, so far no clear effects of increased nutrient levels had been documented for Dutch marine waters. This changed in 1986 when two scientific papers were published, showing an increase in the intensity of Phaeocystis blooms and an increase in macrozoobenthos biomass, both in the western Dutch Wadden Sea. These findings not only influenced the Dutch political position with regard to marine eutrophication but would also play an important role in the international scientific discussion on the effects of nutrient enrichment.

Phaeocystis in the Marsdiep

Since 1973 Cadée and Hegeman of the Netherlands Institute for Sea Research (NIOZ) had been investigating several parameters in the Marsdiep (figure 3.2). In earlier publications, for example Cadée and Hegeman (1979), data on phytoplankton seasonal development had been published, but there were no indications of increasing levels. At the 1983 scientific Wadden Sea symposium (see 4.1.3) Cadée had published data on an increase in microphytobenthos primary production for the period 1968–1981 and phytoplankton chlorophyll a, the spring values of which had increased in the beginning of the 1980s. He was, however, not very optimistic about the assessment of long-term trends of organic matter, chlorophyll and primary production, considering the large seasonal and year-to-year variability in these parameters (Cadée 1984). In the 1986 article, Cadée and Hegeman stated that until 1984 the seasonal appearance of the colonial phase of Phaeocystis had been in accordance with reports in the literature: a high spring peak appeared usually some weeks after the spring diatom peak (see also 4.1.3 ). However, in 1985 it was the first time that Phaeocystis colonies were also observed in winter. During the period of observation (1973–1985) there had been an increase and a broadening of the spring peaks. This was nicely illustrated by graphs showing the number of days per year with more than 100, respectively more than 1000 Phaeocystis cells/ml. The number of days with more than 1000 cells/ml had increased from around 20 during the period 1974–1976 to more than 90 in the years 1983–1985 (figure 4.3). Cadée and Hegeman (1986) comprehensively discussed the observed developments. They pointed to the complicated and only partly resolved life history of Phaeocystis, and the fact that the timing and intensity of blooms of this species were very different at different sites. A relation between bloom intensity and temperature could not be established and the authors stated that ”It seems justified, but difficult to prove, to relate the Phaeocystis increase to eutrophication.” Because also biomass of macrozoobenthos in the western Wadden Sea had increased (see below) the authors considered it ”natural” to assume a causal relationship between the simultaneous increases of nutrient levels, primary production and secondary production.

The investigation of Phaeocystis blooms was also part of the Dutch research programme EON (Ecologisch Onderzoek Noordzee: Ecological Research North Sea) that had started in 1984 in the framework of a harmonization of Dutch North Sea policies. In 1986 first results were published by, among others, Veldhuis et al. (1986a; 1986b).
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Fig. 4.3. Phaeocystis blooms in the Marsdiep. Number of days with more than 1000 cells/ml. From Cadée and Hegeman (1986)
Phaeocystis at Norderney

Increased blooming of Phaeocystis was also reported for the East Friesian Wadden Sea. According to Bätje and Michaelis (1986) "unusual amounts of sea foam" had been observed in May and June 1978 on the beaches of several east Friesian islands and "the public suspected that detergents and industrial wastes were the causes." Bätje and Michaelis (loc.cit.) continued saying: 

"After its first occurence in 1978 this phenomenon seems to have become chronic since it has appeared year after year with a different intensity. Therefore the question arises whether the production of Ph. pouchettii is enhanced by man-made eutrophication of coastal waters." 

Spring blooms of Phaeocystis pouchetii had also been recorded in literature dating back to the end of the 19th century and could therefore be regarded as a regularly reappearing phenomenon in the southern North Sea. Foam formation had, however, not been recorded for previous decades and it was concluded "Therefore, this phenomenon is evidently a new one and may be regarded as another indication of increased growth of Phaeocystis pouchettii populations" (Bätje and Michaelis (loc.cit.).

Phaeocystis blooms in an international perspective

Increased international interest into the effects of increased nutrient loading on Phaeocystis may be inferred from a paper, published in 1987 in the journal Ambio by Belgian, Dutch, French, German, British and Norwegian researchers (Lancelot et al. 1987). In the introduction to the paper, entitled ”Phaeocystis blooms and nutrient enrichment in the continental coastal zones of the North Sea,” it was stated that the proliferation of Phaeocystis was not a recent phenomenon, and that it was not restricted to the North Sea coastal zone. However, the authors continued to say, ”the increasing pressure of human activities on these coastal areas has almost certainly led to the recently observed increase in intensity and duration of Phaeocystis blooms in the Southern Bight of the North Sea.” With the aim of discussing the behaviour of Phaeocystis and its ”disquieting increase” a group of European and US scientists met on the Dutch island of Texel in March 1986, and the main results of this meeting were laid down in the Ambio article. Lancelot et al. (loc.cit.) discussed three issues, namely nutrient enrichment, the ecological characteristics of coastal waters and the ”peculiar physiology” of Phaeocystis. With regard to nutrient inputs the increased Rhine inputs were mentioned, and reference was made to the increased nitrate and phosphate concentrations, measured in Dutch coastal waters and at Helgoland. In the discussion of the dynamics of enriched coastal systems the effects of enrichment on the seasonal cycle of phytoplankton were addressed. It was stated that in the enriched North Sea coastal area explosive spring blooms might develop because in the spring period phytoplankton was not controlled by zooplankton. Also the results of a mathematical simulation were given, showing the seasonal development of chlorophyll a under different nitrate regimes. These showed, generally, higher spring chlorophyll a values for areas with higher nitrate concentrations. The effects of the increased primary production were, however, more difficult to predict, and in this respect especially the dynamics of Phaeocystis blooms were discussed. That was because this flagellate often dominated over other flagellate species, and during such periods ”the peculiar physiology of Phaeocystis colonies strongly influences the working of the whole marine ecosystem.” It was still an open question, Lancelot et al. (loc.cit.) wrote, to which extent the complete Phaeocystis bloom could be used as food for zooplankton and benthic organisms, especially since the major part of the Phaeocystis primary production was in the form of mucilaginous material, of which it was unknown to what extent and how fast it was decomposed by bacteria. The authors did not expect that this type of primary production would significantly increase fish yield because large parts would not be available for the pelagic food web, due to deposition in the sediment and washing ashore on beaches. Moreover, the mucus could form foam which would wash ashore with onshore wind conditions and might cause ”great nuisance” for recreational activities. ”Phaeocystis blooms,” Lancelot et al. (loc.cit.) continued to say, ”not only alter the marine environment, but may also have an impact on the atmosphere.” With the latter they pointed to the production by Phaeocystis of dimethylsulphide (DMS) that might contribute to the acidity of rainwater. Because of these ”harmful consequences” it was considered important to know more about Phaeocystis blooms in order to be able to prevent and control them. But the latter would not be a simple undertaking. As a result of the introduction of sewage treatment plants the oxic status of most rivers would be restored. This would, however, also reduce denitrification, which could account for as much as 70% of nitrogen removal as was shown for the Scheldt river by Billen et al. (1985). Because the nitrogen removal by secondary sewage treatment was only 30%, the net result of the introduction of treatment plants without tertiary treatment would ”paradoxically” be an increase in nitrogen inputs into coastal waters (Lancelot et al., loc.cit.).

Macrozoobenthos in the Dutch Wadden Sea

As mentioned above, also secondary production had increased in the western Dutch Wadden Sea. The results of long-term observations into macrozoobenthos species composition and biomass on tidal flats in this area, were published in 1986 in the marine biology journal Ophelia (Beukema and Cadée 1986). According to Beukema and Cadée (loc.cit.) biomass values for most species had roughly doubled over the period 1970 to 1985. The biomass of short-lived species had increased even more. In discussing these observations the authors stated: ”The parallel increase of nutrient concentrations, algal biomass and production, and macrozoobenthos biomass and production in Dutch coastal waters during the last decades generate strong and positive correlations between these parameters, suggesting straightforward causal relationships.” They stressed, however, that some caution was needed in interpreting these correlations because, on the basis of cause-effect relationships, the existence of nutrient and food limitation would have to be assumed. The latter was not necessarily the case in the Wadden Sea, which could, also in the 1960s, not be regarded as an oligotrophic system. On the basis of a literature analysis they did, however, cautiously conclude that limitations did exist in the transfer between the different trophic levels. They furthermore considered the conformity in magnitude of increase in both primary and secondary production (in both cases a doubling) an argument in favour of the cause-effect relationship between the two. Beukema and Cadée (1986) also discussed some alternative explanations for the increased primary and secondary production, among which a decrease of pollutants, such as heavy metals and pesticides, and changes in the concentration of suspended particulate material, but none of these could be linked to increased production. They finally discussed the possible negative consequences of increased production, such as oxygen depletion and increase of macroalgae. But although observed occasionally, such phenomena were not likely to cause large-scale problems in the Wadden Sea because ”The system appears robust in treating huge amounts of oxygen-demanding material.” They therefore concluded: ”if eutrophication affected the Dutch Wadden Sea, the effects so far appear to have been predominantly positive.”

4.2.2 Scientific advice on marine eutrophication 

In the run-up to INSC-2 several activities took place, which aimed at providing scientific advice to the responsible authorities. It is noted here that not all of these activities were of a purely scientific nature. Not only academic scientists, but also scientists from official bodies and representatives from non-governmental organizations participated. In this section five themes and events are covered. It concerns reports of two scientific symposia, an overview of the state of the art of modelling and monitoring, as well as a description of two official types of scientific advice, provided by ICES and presented in the 1987 North Sea QSR. The section is concluded with an analysis of the scientific advice.

The second North Sea Seminar

The second North Sea Seminar was a scientific conference organized in 1986 by the Dutch non-governmental organization Werkgroep Noordzee. In the introduction to the proceedings of this seminar it was stated that the question whether the status of the North Sea would give reason for concern would be in the centre of discussions of INSC-2. The aim of the seminar was to provide such an assessment well in advance of the Conference (Ten Hallers-Tjabbes 1986). Non-governmental environmental organizations had been very active during the period prior to INSC-1 in analysing the main problems and formulating recommendations and demands to the Conference. Interestingly, the issue of marine eutrophication had not, or hardly, been a part of their analyses, the focus being mainly on hazardous substances (AKN 1987). Neither had the Dutch Werkgroep Noordzee (North Sea Working Group) addressed marine eutrophication in the first half of the 1980s, as can be inferred from their 1984 comprehensive description of pollution problems in the North Sea, in which marine eutrophication was not mentioned (Van Weering and Kramer 1984). But at the second North Sea Seminar marine eutrophication was one of the issues discussed, as a possible reason for concern with regard to the status of the North Sea environment. In the introductory Volume I to the second North Sea Seminar, a brief overview of physical, chemical and biological aspects of the North Sea ecosystem, including nutrients and eutrophication, was presented (Eisma 1986). According to Eisma (loc.cit.) it would not be easy to assess the effects of the increased supply of nutrients to the North Sea. He referred to the low oxygen events in the German Bight and Danish waters and several changes that had occurred during the past decades, such as higher biomass of flagellates and dinoflagellates, lower diatom biomass, an increase of shrimp biomass and an increase of total fish biomass. These could be the result of phytoplankton biomass increase, resulting from increased nutrient supply, but also of a combination of natural shifts, of fisheries or unknown factors at other trophic levels. More in general Eisma concluded that ”The ecology of the North Sea remains largely obscure because of the complexity of biological relations and the fact that most studies have been limited to commercially important species.” He also concluded that ”Apart from some self-evident or well studied effects, an assessment of the effects of pollution and other human activities in the North Sea is very difficult to make.” (Eisma, loc.cit.).

At the Seminar itself a presentation on eutrophication in the North Sea was given by Beukema (1986). He discussed nutrient enrichment, primary production, secondary production, changes in species composition, oxygen deficiency and other adverse effects. With regard to nutrients he concluded: ”Eutrophication in the sense of elevated nutrient contents is thus a reality in some coastal parts of the North Sea” and pointed to the Dutch coast, the inner German Bight and some British estuaries. The effects of these elevated concentrations were less clear. Beukema (loc.cit.) concluded:

”there is some evidence of increased phytoplankton biomass and production that is specific to the eutrophicated coastal areas and is limited to non-diatoms, exactly as one would expect from the increased load of P and N and unchanged concentrations of Si. However, the causal connections with the enhanced concentrations of P and N cannot be demonstrated exactly. Meteorological conditions appear to play a significant role, resulting in a complex situation.” 

Environmental Protection of the North Sea 

On the occasion of INSC-2 and in the framework of the European Year of the Environment a scientific conference ”Environmental Protection of the North Sea” (Wrc Conference) was organized by the British Water Research Centre (Wrc) from 24–27 March 1987. In the Editor’s preface to the proceedings of the Conference it was stated that this theme had been chosen ”in view of continuing political pressure for further measures to protect and improve the quality of the North Sea.” (Newman and Agg 1988). Newman and Agg referred to INSC-1, which had called for major reduction in the discharge of pollutants, and to the publication in 1985 of a proposal by the European Commission to reduce waste disposal at sea. They also mentioned recent campaigns by Greenpeace in which the focus had been on the UK as a major polluter. The objective of the Wrc was ”to produce, as far as present knowledge allows, a definitive appraisal of the impact of potential pollutants on the North Sea.” The timing of the conference had been chosen in such a way that the conclusions could be made available in the process of preparing the North Sea QSR (Newman and Agg, loc.cit.). 

Five presentations about eutrophication were given at the Wrc Conference, illustrating that marine eutrophication was now regarded a ”real” pollution issue, like oil and heavy metals. Gerlach (1988) presented a general overview, which focused on the nutrient balance of the North Sea and long-term changes in nutrient inputs and concentrations. In the framework of the German eutrophication research project (4.1.2) nutrient data from Helgoland Reede had been analysed and Gerlach presented first results of this undertaking. Linear regressions of winter values of phosphate and dissolved inorganic nitrogen showed a 1.6 fold increase for both parameters over the period 1962–1984. During the same period annual phytoplankton biomass had increased from 9 to 37 µg C/l, mainly caused by an increase in flagellates. It was unclear, Gerlach stated, to what extent the changes had been caused by marine water masses or by river water, but there were no indications that central water masses of the North Sea had higher nutrient concentrations. Moreover, the observed increase was consistent with the results of modelling carried out in the framework of the Dutch North Sea Water Quality Plan (see further below), showing a 50% increase due to anthropogenic loads. Gerlach was even more cautious about the possible effects of the nutrient increase. There were, according to Gerlach, conflicting arguments among scientist as to whether nutrients or light were limiting phytoplankton growth, but ”A fourfold increase of phytoplankton biomass at the Helgoland-Reede station between 1962 and 1984 and a shift from diatoms to flagellates requires, however, an explanation.” 

Several scientist of the Netherlands Institute of Sea Research (Duursma et al. 1988) presented an overview of eutrophication effects observed in the North Sea, most of which already presented earlier in this chapter. They summarized these effects as follows:

· Primary production and algal concentrations in the southern North Sea had doubled in the past decades. They mentioned in this respect the observations in the Marsdiep and at Helgoland but warned that long-term climatic changes might also play a role. The increase in primary production was less than for nutrient concentrations and the reason might be that insufficient light hampered a further increase of productivity.

· Stocks of benthic fauna and secondary production had increased. Duursma et al. (loc.cit.) first mentioned the situation with regard to zooplankton for which data from the Continuous Plankton Recorder showed a decrease, be it less dramatic in the southern North Sea than in the North Atlantic (see 3.2.5). For macrozoobenthos in the western Dutch Wadden Sea, however, biomass and production had roughly doubled during the period 1979–1985 (see 4.2.1). Also densities of shrimp in near coastal waters had increased as was shown by recent work of Boddeke (compare 3.2.5).

· The diversity of benthic species had changed to the detriment of long-lived species. This was illustrated by the work of Beukema in the western Dutch Wadden Sea.

· Total fish catch had increased in the North Sea, especially after the early 1960s. It could not be concluded whether changed fishing techniques or also increased fertilization played a role.

· The regularly observed oxygen deficiencies of North Sea near-bottom waters in the German Bight and occasionally in the Wadden Sea seemed to become "critical.” 

Considering the situation of the North Sea as a whole it was concluded that there were ”serious reasons for concern.” Duursma et al. (loc.cit.) made a plea for developing integral management plans for the North Sea, taking account of the various functions, such as fisheries, mineral extraction, transport and waste reception. The Dutch Government was currently developing such a plan. In this respect they stressed that such plans should take due account of the fact that the North Sea ”is not just one pool” but consisted of several zones, differing in biotic and abiotic features.

Modelling and monitoring

Already in the 1960s the possible role of ecological modelling in environmental management was discussed (see section 2.3.1). Practical examples of the application of models to North Sea pollution appeared in the mid 1980s. It concerned first of all physical models. In the first North Sea QSR only modelling of oceanographic processes was addressed (Carlson 1986), but in the second North Sea QSR also simulations of transport of substances were presented and discussed. Because of the high political relevance of international nutrient transport the models are described in more detail below. 

In the framework of the development of a Water Quality Management Plan for the Dutch North Sea, model calculations were used to determine distribution of pollutants over the North Sea and the anthropogenic fraction of the concentrations. Results of these calculations were presented at the second North Sea Seminar (van Pagee and Postma 1987) and the Wrc Symposium (van Pagee et al. 1988). The model showed the spreading of pollutants and nutrients from riverine sources over the North Sea, clearly illustrating that the Rhine influence was confined to the eastern and northeastern North Sea, whereas the Thames influence extended from the southwestern UK coastal waters to coastal waters in the northwestern part of The Netherlands and the German Bight. The Dutch model was a two-dimensional one, and based upon the assumption of conservative behaviour of substances, i.e. that compounds would not undergo changes during transport as a result of chemical and biological processes. Backhaus and Soetje (1988) presented a three-dimensional model to simulate the transport of pollutants in the North Sea. They stated that models describing physical processes had been developed and applied in the past decades, but that, considering the complexity of the marine environment, also biological, chemical and geochemical processes should be included within models used in environmental management (Backhaus and Soetje, loc.cit). Their own model was a physical one since, as worded by the authors, ”the present modelling act is still in a rather early state with regard to environmental problems,” but useful to describe some principal problems. These concerned the three- dimensionality and the stochastic behaviour of physical processes in the North Sea. On the basis of their simulations Backhaus and Soetje (loc.cit) concluded that models using only two dimensions or average values were likely to produce unrealistic result. They illustrated this by showing time-series of simulated concentrations of substances, which deviated by a factor two to three from the mean within days to weeks. The deviations were most pronounced in the continental coastal part of the North Sea. According to Backhaus and Soetje (loc.cit) present monitoring activities did not adequately resolve such fluctuations because they had a sampling rate of one to four times per year. They considered the observed fluctuations relevant for management, especially when developing safety margins for dangerous substances. Backhaus and Soetje (loc.cit) anticipated that not only the physical environment, but also non-physical biogeochemical processes might have a pronounced three-dimensional character. Despite the above critique, the results of the Dutch dispersion model were widely used, among others by Gerlach, both in the first meeting of the Parcom nutrient working group (NUT, see further 4.2.4) and in his presentation at the Wrc symposium (Gerlach 1988), and Van der Voet (1987) at the North Sea Seminar, as well as in the second North Sea QSR. Peet (1988) used the outcome of the model simulation to argue that British nutrient inputs did have an effect on eutrophication in the eastern North Sea. 

Interestingly, also results of biological modelling were presented at the Wrc symposium (Van Pagee et al. 1988). It concerned a model simulating the impact of increased nutrient inputs into Dutch coastal waters, and also this model had been developed in the framework of the Dutch water quality management plan. The model was applied to the situation around 1930 and the period around 1980. For the first period no monitoring data were available, for the 1980s the model had been calibrated with monitoring data from 1975–1985. The forcing factor was the nutrient input by rivers and the Channel. The main change that had occurred between the two periods was a two to threefold increase in primary production, mainly caused by an increase in non-diatoms. Also results of this model were used to substantiate effects of increased nutrient loading – in the second North Sea QSR (see further this section) a doubling of primary production in Dutch coastal waters between 1930 and 1980 was documented –, despite the fact that in the background document to the Dutch Water Quality Plan the modelling results were labelled as preliminary because of methodological limitations (RWS 1985).

ICES

In the 1986 ACMP meeting (ICES 1987a) the results of the first meeting of the Working Group on Exceptional Algal Blooms (WGEAB)
 were discussed. This group had been installed in 1984 as a result of the Special Meeting on Exceptional Algal Blooms (see 4.1.4). The WGEAB had developed pragmatic procedures for collecting information how to manage bloom effects on mariculture. The Group also proposed additional research into the biology and life histories of bloom organisms. ACMP suggested the formation of a study group to continue the work of the Special Meeting on Exceptional Algal Blooms, which should ”suggest research directed towards increasing the knowledge of the role of physical, chemical and biological factors in creating conditions which initiate and sustain the development of specific blooms.” ACMP 1986 furthermore stressed the relevance of primary production studies and the need for an intercalibration workshop on the measurement of primary production (ICES 1987a).

The measurement of nutrients. In the 1986 ACMP report an account was given of discussions in the ICES Marine Chemistry Working Group (MCWG) on the need for a review of measurement of nutrients in laboratories. Earlier, ACMP had requested MCWG to produce guidelines for the monitoring of temporal trends of nutrients in seawater. MCWG considered it necessary to review both the identification of areas where trend studies could be carried out, and the identification of gaps in the collection of nutrient data (ICES 1987a). In the 1987 ACMP meeting the results of a questionnaire, distributed by MCWG to laboratories in the Osparcom area, were discussed. One of the aims of the questionnaire was to identify areas suitable for temporal trend monitoring of nutrients. The outcome of the questionnaire made clear that nutrient data were mainly collected in estuarine and coastal zones, normally at a frequency of 1–12 times per year. Only few of the data collected were available in the ICES nutrient data bank. The results did not provide conclusive information about nutrient trend monitoring (ICES 1988). MCWG had also discussed the quality of nutrient measurements, and, on the basis of this discussion, ACMP concluded that there was a clear need for an assessment of the comparability of nutrient measurements conducted within the ICES area, and for a better quality assurance of nutrient analyses. Rapid action by MCWG for both issues was considered necessary (ICES, loc.cit.). Osparcom had requested ICES to prepare an overview paper on trends in nutrient concentrations in seawater, but, for reasons given above, ACMP was concerned that only limited data could be used for such an overview (ICES, loc.cit.).

The North Sea Quality Status Report. The scientific preparation of INSC-2 (4.2.5), was tabled at the 1986 and 1987 ACMP meetings. The 1986 ACMP report referred to the Oceanography Sub-Group that had been established to prepare the oceanography part of the new QSR, and that had evaluated North Sea circulation models (ICES 1987a). In the 1987 meeting the QSR itself was addressed, of which ACMP had received a draft for commenting. Since the QSR had been prepared by national representatives it would, as ACMP noted, ”probably reflect a compromise between differing views of the states concerned” (ICES 1988). ACMP commented, among others, the part on algal blooms and proposed that a sentence be added to the report, indicating the difficulties in attributing changes in phytoplankton species composition and increases in primary production to nutrient increases from coastal sources. ACMP referred in this respect to the fact that large-scale changes in phytoplankton species composition had occurred in the Northeast Atlantic, in areas not significantly influenced by coastal nutrient inputs.

The 1987 North Sea Quality Status Report

An important element of the scientific preparation of INSC-2 was the updating of the 1986 North Sea QSR. The work on the new North Sea QSR started in 1986 and was carried out by a so-called scientific and technical working group (STWG). The 1987 QSR was structured in the same way as the 1986 QSR, according to the chapters physical oceanography, inputs of contaminants, concentrations of contaminants and ecological effects (compare 4.1.4). There were two additional chapters on trends and overall assessment (STWG 1987). The new QSR did, contrary to the first one, not contain separate national contributions, but was already a synthesis, prepared by the UK Conference Secretariat on the basis of individual national contributions and contributions of international organizations (ICES, Commission of the European Communities [CEC], Osparcom). The information in the QSR must therefore be valued as ”negotiated science,” being the result of the outcome of discussions in STWG.

With regard to marine eutrophication the 1987 QSR was much more elaborate than the 1986 QSR. According to the report there was ”concern” about changes in nitrate and phosphate concentrations that appeared to have occurred especially in the 1970s. At the same time it was remarked that there appeared to have been no further increase since about 1978. Reference was made to the first meeting of the Parcom nutrient working group (NUT) (see further 4.2.4), at which it had become clear that the inflows from the North Atlantic and the Channel were by far the most important sources of nutrient inputs to the North Sea, but that on a local scale the influence of rivers was important. The increased riverine inputs had caused a doubling of the concentrations of phosphate and nitrogen in the coastal waters of The Netherlands, Germany and Denmark. It was in this respect remarked that the influence of the continental rivers was much more important than that of the smaller rivers along the North Sea coast of the UK. The report also addressed the limiting factor for primary production. It was stated that it was nitrogen that, in the ”classic pattern of nutrient cycles,” was the limiting factor governing primary production. In Sweden a 30% reduction in phosphate inputs had had only limited impact on plankton blooms, but in some areas the increased nitrate inputs might now have caused phosphorus to be the limiting factor. According to the QSR this thesis had not been proven, and had been extended with the ”circumstantial” link with the dominance of Phaeocystis and other flagellates in some areas.

Where the QSR was rather unequivocal about the fact that nutrient levels had increased, it was much less straightforward as regards the effects of the increased levels. In the chapter ”Ecological Effects” a comparison with freshwater eutrophication was made: ”it is believed by some that the recent changes in phytoplankton species composition and the incidence of unusual plankton blooms evidence that something similar to eutrophication in the freshwater is occurring in the sea.” It was noted, however, that several alternative causes of the observed phenomena were possible, such as increased awareness (observer effect), the introduction of non-indigenous species or changes in meteorological conditions. With regard to the latter the results of the Continuous Plankton Recorder (CPR) were given, showing an increase of chlorophyll level throughout the eastern North Atlantic, which could not be attributed to increased nutrient inputs (see also 3.2.5).

What was not questioned was the fact that there had been changes in plankton species composition. Such had been clearly documented for the Helgoland Reede (see above). Reports from the Netherlands, which were partly based on model computations, indicated a doubling of primary production in a 30 km wide strip along the Dutch coast between 1930 and 1980 (see above). Belgium reported a ”marked increase” in the occurrence of Phaeocystis blooms in recent years, and in Danish coastal waters there had been ”frequent blooms of unusual species.” In the final chapter ”Assessment of the Status of the North Sea” the issue of effects on plankton populations was summarized as follows: 

”Thus in some areas a link between nutrient inputs and plankton blooms, and nutrient inputs and plankton population structure appears possible. There is evidence also that the consequent effects are detrimental, e.g., in the German Bight and in certain Danish coastal waters. More generally, it is apparent that phytoplankton community structures and production, and even sessile algal population structures, have changed over long term periods and large spatial scales, but the causes of these changes are far from clear. If they are linked to changes in coastal nutrient levels, the links are complex and involve other factors, such as meteorology and hydrography.” 

Also the possible link between increased nutrient inputs and benthos was addressed. From Danish waters periodic mortalities of benthic organisms were reported, which were connected with increased nutrient inputs, followed by oxygen depletion caused by the decay of phytoplankton blooms. Sweden reported about replacement of macrophytes by filamentous algae, having an effect on the species composition of whole hard-bottom ecosystems. A doubling of biomass of soft-bottom fauna in the Skagerrak had occurred during the last 50 years, and comparable increases had occurred in the Dutch Wadden Sea. The United Kingdom reported an increase in macroalgae over the last 20–30 years on some British North Sea shores, especially in harbour areas. The QSR concluded: ”The significance of these changes is often difficult to assess but the severest effects are usually local, and most studies suggest that anthropogenically induced changes are reversible.” 

With regard to nutrients and dissolved oxygen it was concluded that over most of the North Sea oxygen levels were usually close to or above saturation. There were, however, extensive areas where occasional oxygen depletion had occurred. In this respect the German Bight and the Danish coastal North Sea waters were mentioned. Such events were associated with stratification of the water column, and usually the result of the decay of algal blooms. 

Analysis of scientific advice

The picture emerging from the above scientific analyses is that there was broad consensus about the fact that nutrient concentrations in the North Sea had substantially increased. Several cases had been presented about increased phytoplankton growth and increased secondary production, but it was generally acknowledged that the link with nutrients was unclear, and that also climatic and hydrographic changes had to be taken into consideration. The data of the CPR had been very relevant in this respect. There was also consensus about the fact that eutrophication phenomena were restricted to confined coastal areas and that there were no problems in the central North Sea. What is striking, is that in none of the presentations and analyses by academic scientists concrete advice was given to politicians about the need for an international programme to reduce nutrient inputs to the North Sea. It is true that at the Wrc conference NIOZ researchers had underlined the need for a management programme for the North Sea, but not what this would mean in terms of reduction measures. The only reference to a nutrient reduction programme had been given by Somer of the Danish NAEP during the Wrc conference, at which he had presented the Danish nutrient action programme (Somer 1988). On this occasion Somer had also announced nutrient reduction initiatives in the preparation of INSC-2.

4.2.3 Environmental policy principles

The scientific discussions preceding INSC-2 not only concerned the analysis of marine ecological information. A major theme in the preparatory phase of INSC-2 was whether environmental policies should be based on the precautionary principle or the concept of assimilative capacity. This question is directly related to the application of the Uniform Emission Standard (UES) or the Environmental Quality Objective (EQO) approach, which had already been a major theme at INSC-1 (4.1.5). The UK was the advocate of the EQO approach, whereas most continental North Sea states favoured the application of UESs. 

The precautionary principle versus assimilative capacity controversy is discussed in more detail in this section because it is highly relevant for understanding both the political developments and the different valuations of the status of the North Sea ecosystem. The background of this difference already emerged in the 1970s. In Chap. 2 a description was given of the development of waste discharges to the marine environment, the control of which was considered a technically and scientifically manageable practice. In the course of the 1960s and 1970s, however, concern about marine pollution increased and national and international regulations for pollution control became established (chapter 2). The original idea that wastes could be discharged into the environment was challenged, and, according to Walker (1988), ”battle lines seemed to be drawn between two groups of people equally concerned to protect the natural environment.” The first group ”had confidence that man working in harmony with natural processes could deal with pollution.” The second group ”seemed to be less impressed by observable improvements in the natural environment and much more influenced by the gloomy analysis of ‘Limits to Growth’”(Walker, loc.cit). In the UK, the first approach, also termed the more pragmatic and economic approach, became formalized in the early 1970s (Walker, loc.cit). As a scientific response to the growing critique on the practice of marine discharges the concept of ”assimilative capacity” emerged in the United States at the end of the 1970s. The ”Assimilative Capacity” of a body of seawater was defined as ”the amount of a given material that can be contained within it without producing an unacceptable impact on living organisms or nonliving resources” (Goldberg 1981). According to Goldberg (loc.cit) ”Recently a mood has developed in countries of the Northern Hemisphere that the oceans are sacrosanct and that any entry of polluting substances is undesirable.” He argued that many marine scientists and engineers considered the oceans to have ”a finite capacity to receive some societal wastes.” On the basis of knowledge from 30 years of marine pollution studies, models could be prepared for the determination of the assimilative capacity of coastal waters. As to the future disposal needs of society, Goldberg stated: ”The simplest answer is increased knowledge about the chemistry, physics, biology and geology of the sea” (Goldberg, loc.cit). In the following years the assimilative capacity concept was adopted by ICES and GESAMP as a basis for pollution control (Pravdic 1985; ICES 1987). During the same period, however, the debate about the concept became more polemic, as can be inferred from several commentaries and comparative studies appearing in the scientific literature (Kamlet 1981; Stebbing 1981; Pravdic 1985; Dethlefsen 1986; Krom 1986). Important arguments against the concept were the limited knowledge about the complicated marine ecosystem processes, especially with regard to chronic and cumulative effects of pollutants, the limited ability to predict fate and effects of pollutants and the limitations to monitoring. An argument of a very different nature was put forward by Pravdic (1985), who suspected that reluctance by administrators to adopt the concept was caused by the fact that they would become more dependent on science, scientific research results and advice.

ACMP had documented its principles in the 1986 report (ICES 1987a), in which it was stated:

”There are currently two extreme approaches to controlling the entry of substances to the marine environment. These are, on the one hand, the ultra-conservative approach that demands avoidance of inputs under all circumstances and, on the other hand, the approach that allows almost any input provided it is within certain, often loosely described, constraints as to the rate and quantity.” 

Both extreme approaches were rejected by ACMP. The aim of international Conventions for the prevention of pollution was, according to ACMP, the protection of the marine environment from pollution. Implicit in the definition of pollution was the fact that controlled input of wastes to the marine environment could be done without causing harm to living resources or changes that would be unacceptable to society. It was stressed that scientists could advise on whether a particular effect was deleterious, but that society would have to decide whether it was acceptable or not. ACMP's conclusion was that both from a scientific and a societal point of view ”there exists a range of contamination levels that do not cause, or are not likely to cause, unacceptable deleterious effects.” (ICES 1987a). In the 1987 ACMP Report (ICES 1988) it was noted that, although the article in the 1986 ACMP report had been received positively, there had also been negative views which ”deeply concerned” ACMP. 

At the Wrc Symposium a whole session was dedicated to this controversy. Peet (1988) had made an analysis of national and international environmental policies and concluded that all these policies were based upon the principle of preventing pollution. He concluded that, actually, there were substantial differences in how environmental policies were implemented in practice, the UK applying a more risk tolerating policy and many other countries being more cautious. Von Weizäcker et al. (1988) pointed to the principle problems in the management of large ecosystems. They stated: ”Characterizing changes in large ecosystems is a typical example of a question without a scientific answer. [....] In a large ecosystem the chain of cause and effect is continuously broken, at least if we apply a scientifically acceptable standard of proof.” They concluded, therefore, that ”the larger the body of water, the less likely are EQOs to provide a guide for permissible discharges from an individual source.” But they also criticized UESs for not being able to adequately deal with non-point sources, or with a combination of several point sources, all applying UES, but together overloading the environment. With regard to the Precautionary Principle they saw a principle problem, namely to what degree society would be prepared to pay for avoiding risks. The UK policy, presented by Walker (1988), concentrated most of all on the costs of pollution control, favouring the application of the Best Practical Environmental Option (BPEO). With regard to the future of water quality management Walker was of the opinion that there seemed at present more political sympathy in the UK for the precautionary approach than there used to be.

4.2.4 The science-policy interface: the Nutrient Working Group

The previous sections were concerned with several aspects of what may be termed the science-part of the science-policy network (compare figure 4.2). With the establishment by the 1985 Paris Convention consultation meeting of a special working on nutrients and eutrophication (4.1.5), a science-policy interface for marine eutrophication had been created. Although this nutrient working group, in the following referred to as NUT, was intended to prepare the groundwork for Parcom with regard to marine eutrophication matters
, it will be shown in this section that the preparation of INSC-2 turned out to be much more important for the activities of NUT than the Parcom developments. 

The first two NUT meetings were held 1986 in Berlin and 1987 in Stockholm, both under the chairmanship of Erik Somer of the Danish NAEP. The locations of these first two meetings and the nationality of the chairman illustrated the importance Germany, Denmark and Sweden attached to the new Group. In line with the terms of reference, three main categories of issues were discussed by the meetings (NUT 1986; NUT 1987a):

1. The actual situation with regard to nutrients in the North Sea, including quality objectives;

2. Current and planned measures against nutrient pollution in the North Sea states; 

3. The status of national monitoring.

Status of eutrophication in the North Sea 

At NUT-1 a comprehensive overview of the eutrophication status of the North Sea was presented by Gerlach (see also 4.2.2). Gerlach concluded that there had been a substantial increase in nutrient loads from anthropogenic sources that had resulted in nutrient concentrations in the German Bight and Dutch coastal waters, which were 50% in excess of “natural” background values. In addition, trend analyses of nutrients in the German Bight by Weichart, who had compared old phosphate data from 1936 with data from a survey in 1978, showed that phosphate concentrations had increased strongly. Also in The Netherlands work was underway to asses natural background values. The meeting furthermore discussed the effects of eutrophication on the basis of a Danish contribution, in which especially the occurrence of algal blooms and the effects of algal blooms were addressed. Denmark also put forward the issue of nutrient limitation and stated that, generally, phosphorus was limiting in spring and nitrogen in summer and autumn. In the general discussion it was stressed that it was necessary to look at the combination of nutrients that might affect algal blooms, and that it was necessary to further define and develop appropriate analyses of “nutrient limitation.” NUT agreed that “eutrophication phenomena” should be understood to include “primarily an increased frequency and greater geographical coverage of algal blooms, partly of a nature unusual until recently and in some cases toxic.” This, in turn, might lead to oxygen depletion, changes in benthic fauna and flora and inconvenience to recreational and touristic activities. With regard to the status of eutrophication NUT agreed on a number of general conclusions to be forwarded to TWG and Parcom. These were that:
· There had been a considerable increase in nitrogen and phosphate inputs to coastal waters of the eastern and southern North Sea, the Skagerrak and the Kattegat and consequent increased nutrient concentrations in these areas;

· The most important sources were municipal and industrial waste water, agricultural losses and atmospheric inputs;

· There was “circumstantial” evidence that the increased inputs were related to “problematic eutrophication phenomena” which had occurred in the mentioned areas. 

In NUT-2 several national and international research projects were presented, amongst which a joint European study on Phaeocystis dynamics, co-funded by the EEC. Important questions addressed in the studies were, among others, the limiting factor for phytoplankton growth and the role of denitrification. The meeting concluded that a compilation and assessment of the results of the various projects would be of great value for the scientific community and administrators. It was decided that a compendium of ongoing and recently completed research project would be made, aiming at disseminating information resulting from the projects, and identifying areas where more research was needed. During the meeting already some topics were identified for which more research was considered necessary, namely the development of models, the development of internationally acceptable assessment methods and a review of nutrient reduction technologies.

Quality Objectives

The development of quality objectives “to be achieved in order to avoid adverse effects in the ecosystems of the area due to increased loads of nutrient” was a specific task given to the group by the Consultation Meeting. However, at NUT-1 only Denmark was able to provide specific information because quality objectives for marine waters were already part of Danish water quality policies. It was, therefore, agreed that all delegations would submit to the next meeting of NUT, maps showing where, for different water bodies, quality objectives would be applied, together with proposals for these objectives and quality standards to achieve the objectives. Only the German delegation reserved its position, given the many different subsystems in German marine waters. At NUT-2 many different national approaches to developing and applying quality objectives were presented and extensively discussed. Denmark proposed to apply qualitative rather than quantitative parameters. Belgium stated that the development of models was the “ultimate objective” of the European study on Phaeocystis blooms (see also above). The Netherlands reported about approaches to developing seawater quality standards, using values from the 1930s as a reference. Norway reported that it had just started to develop a eutrophication classification system, based upon nutrient and chlorophyll a concentrations. Germany indicated that it had a reservation regarding the development of ecological quality objectives, considering the fact that it was still unclear how large phytoplankton blooms were triggered. It was, therefore, first of all considered necessary to minimize nutrient inputs from all land-based sources. The Dutch and Danish delegations proposed to agree upon a single internationally agreed quality objective for the North Sea. Several delegations pointed out that it would first be necessary to specify the relative importance of nitrogen, phosphorus, silicon and carbon, and that it would be necessary to establish a baseline. The delegation of the United Kingdom stressed that it would have difficulties to agree upon such a quality objective, also because it was unclear what the aim of such an objective would be. The Belgian delegation also pointed to the large amounts of nutrients already stored in the system and that, hence, a recovery time should be taken into consideration. It was, once again, agreed that all delegations would submit maps to the next meeting, showing where quality objectives would be applied, including proposals for such objectives. The German and Swedish delegations reserved their positions with regard to the proposals for quality objectives, but would submit maps with nutrient concentrations. It was furthermore agreed that delegations would submit their views on the proposal for an international quality objective.

Measures against pollution by nutrients

Reports on national measures to reduce nutrient inputs were submitted to NUT-1 by The Netherlands, Denmark, the Federal Republic of Germany and Sweden. These focused mainly on sewage treatment, the banning of phosphorus-containing detergents and agriculture. The presentations made clear that, generally, the emphasis of the measures was on the reduction of phosphorus compounds, and that the reduction of nitrogen was still in a planning phase. The Dutch delegation indicated that the combined effect of all running and planned measures, including reduction of transboundary pollution of the river Rhine, would result in a 50% reduction of phosphorus inputs to the North Sea, but would have only a marginal effect on nitrogen inputs. Germany gave figures for sewage treatment, which made clear that 90% of the inhabitants was connected to sewage treatment systems with biological treatment, removing 40% of the nitrogen and 30% of the phosphorus. By 1985 9% of the treatment plants had tertiary phosphorus treatment. Germany also presented information on plans to reduce nutrient emissions from agriculture and measures that had been taken to reduce NOx emissions from large combustion plants. The picture of phosphorus being the emphasis of policies was confirmed by Sweden, which informed the meeting about developments in the Helsinki Convention framework. In 1986 the Scientific and Technical Committee of the Helsinki Commission (Helcom) had prepared a draft recommendation in which it was proposed that sewage treatment plants of more than 10,000 population equivalents (p.e.) should have phosphorus removal capacity, resulting in effluent P values of 1.5 mg P/l. For larger plants the possibility of improving nitrogen removal capacity should be considered. Denmark had developed, and already partly initiated, the by far most comprehensive and concrete policies. These encompassed, among others, removal of nitrogen and phosphorus from sewage treatment plants by some 80%, an action programme for the control of animal manure, to be complied with by 1990, a reduction of N-fertilizers by 25% and reductions of emissions of NOx from large power plants. Also a delegation of the EEC was present in the meeting, informing about the Commission's activities in the framework of environmental consequences of agricultural activities. In order to evaluate possibilities for coordinated reduction programmes, Denmark had prepared an overview of all national measures. On the basis of this compilation it was concluded that not all parties were carrying out or planning all possible measures. It was therefore decided that Denmark would prepare a draft coordinated programme for NUT-2, in which the various common actions would be prioritised.

At NUT-2 a Danish proposal for priority actions was presented but not discussed further because, in the meantime, a draft text for INSC-2 had become available, in which detailed measures for the reduction of nutrients were contained, with the aim of achieving a 50% reduction of inputs of nitrogen and phosphorus between 1985 and 1995 (see further 4.2.5). Another international activity about which the meeting was informed was the Rhine Action Programme, adopted 4 weeks earlier on October 1st 1987 at the 8th Rhine Ministers Conference. One element of this Programme was a 50% reduction of phosphorus and ammonium inputs by 1995. At the national level several reduction activities were presented, either new or complementary to those already presented at the NUT-1 meeting. Sweden presented its Action Plan for the Marine Environment, aiming at halving the nitrogen inputs to Swedish coastal waters by 1992 and considerably reducing phosphorus inputs. Germany addressed problems that could be expected with the reduction of nitrogen compounds. The elimination at sewage treatment plants was an advanced technique which still needed improvement, and it was therefore considered premature to set standards for nitrogen in effluents. It was recognized that agriculture was one of the major sources of nitrogen inputs, but that the legal basis for measures aiming at reducing these inputs was limited.

Monitoring

As already made clear in 2.6.2, nutrients were not part of Osparcom's Joint Monitoring Programme (JMP). Denmark had prepared a compilation of national nutrient monitoring programmes for the NUT-1 meeting. The compilation clearly showed that there were large differences between the national programmes and that most had started only a few years ago, therefore not yet allowing for trend analyses. On the basis of the evaluation Denmark proposed that nutrient monitoring should be carried out at monthly intervals. NUT's general opinion with regard to intensifying, harmonizing or extending current national nutrient monitoring can, however, best be described as reluctant. The conclusion was, therefore, of a very general nature: “monitoring of nutrients and relevant hydrographic parameters should be carried out on a routine basis at appropriate intervals.” It was furthermore agreed that phytoplankton production, biomass and species composition should be monitored regularly along transects.

In the NUT-2 meeting the results of national monitoring activities of Denmark, Germany, The Netherlands and Belgium were presented. Denmark repeated its statement, made at NUT-1, that it was necessary to sample at least 12 times a year to be able to assess nutrient dynamics. In several contributions the limiting nutrient for primary production was discussed, and it became clear that it was not simply a matter of either nitrogen or phosphorus. Dutch data from 1985–86 indicated that in winter, nutrients did not limit algal growth. In summer, nutrients were not the limiting factor in the coastal zone but at 70 km offshore nitrogen and silicate were potentially limiting. The German data showed strongly changing N/P ratios within one season and according to the report “It is this complicated pattern of either phosphorus or nitrogen shortage at the same time in different areas which makes the interpretation of limiting nutrients so difficult” (NUT 1987b).

Future Work

With regard to the future work the NUT-1 meeting agreed to recommend to TWG and Parcom to extend the geographical area covered by NUT, to encompass the whole North Sea. The argument given was that nutrient inputs from adjacent sea areas might influence the present area covered by NUT. The group also decided that it would prepare scientific advise on whether to include nutrients in the Annexes of the Convention. Upon initiative of The Netherlands NUT-2 identified a number of future activities as a medium term objective of the group, mainly with a view to the implementation of the expected outcome of INSC-2 and the envisaged third North Sea Conference (INSC-3), which would be hosted by The Netherlands. It concerned:

1. The elaboration of a detailed definition of eutrophication problem areas, based upon current water quality and national (and possibly international) quality objectives and standards;

2. Quantification of nutrient inputs to the North Sea;

3. Distribution of nutrient inputs through the North Sea. With the help of models it should be possible to quantify the distribution of nutrients and the input to the problem areas, once these had been established. This implied that the Working Group would work on the adoption of models, which should include processes such as nutrient transport, nutrient interaction with the sediment and ecological processes, such as algal growth;

4. Expected results of input reduction measures;

5. Assessment of ecological changes resulting from current reduction programmes;

6. Quantification of necessary further input reductions. Also for this activity it would be necessary to use transport and other models.

Conclusions

When analysing the activities of NUT-1 and NUT-2 it is especially the conclusion formulated by NUT-1 that there was “circumstantial evidence" that the increased inputs were related to "problematic eutrophication phenomena, which had occurred in the mentioned areas,” which deserves closer attention, since it is about the essence of the marine eutrophication problem: nutrients causing problematic phenomena. The adjective “circumstantial” seems well chosen here. The 1976 edition of the Oxford Illustrated Dictionary defines “circumstantial evidence” as “indirect evidence from circumstances affording a certain presumption.” The presumption afforded by the NUT members that nutrients were the cause of the problematic phenomena would have important consequences, as will be shown in the following Sect. 4.2.5.

4.2.5 The second North Sea Conference

The Policy Working Group

One of the decisions of INSC-1 (Bremen 1984) had been to hold a second Conference in the United Kingdom with the aim to review the implementation and effectiveness of the Bremen Conference decisions and to adopt further concrete measures for the maintenance of the quality of the North Sea. The preparation of INSC-2, scheduled for November 1987, was carried out by a Scientific and Technical Working Group (STWG), responsible for the preparation of an updated QSR (see 4.2.2) and a Policy Working Group (PWG), which had the task to evaluate the implementation of INSC-1 and to prepare the themes for INSC-2. The work of STWG served as scientific input to PWG. As had already been the case in the framework of the Paris Convention (4.1.5), Denmark also took the lead in PWG with regard to marine eutrophication. This resulted in the submission to the second meeting of PWG (9–10 April 1987) of a so-called lead paper, outlining a strategy for the reduction of nutrients in the sea. In this paper Denmark referred to the work of NUT, which had established “circumstantial evidence” that the increased input of nutrients was related to the problematic eutrophication phenomena that had occurred in the eastern and southern North Sea, the Skagerrak and the Kattegat. According to the lead paper, oxygen depletion phenomena had, since 1981, occurred nearly annually in Danish North Sea coastal waters and in the Kattegat. It was furthermore stated that around 1960 meteorological conditions were similar to those in the 1980s, and that in the 1960s oxygen depletion events had not occurred. The inputs of nutrients around 1960 were about half of those in the 1980s and Denmark therefore proposed that the minimum aim should be to reduce both phosphorus and nitrogen inputs by 50%. This proposal was clearly reflected in the background policy paper, prepared for the Policy Working Group by the secretariat of INSC-2, which was part of the agenda of the Conference (INSC 1987a). With regard to the issue “Inputs of Nutrients” the background paper referred to the conclusion of NUT that an increase of nutrient inputs had occurred and that there was circumstantial evidence for a relation with oxygen depletion events. It was stated that these conclusions were reflected in the QSR, and also that they were backed by the conclusions of the Wrc Conference (4.2.2). In the background paper the Danish rationale for nutrient reduction was connected with the following statement: “It was therefore argued that nutrient inputs to the areas displaying serious eutrophication should be reduced substantially (perhaps by 50%).” It is obvious that this proposal differed from the Danish one in that it was clearly limited to certain areas. This position was further backed by another paragraph in the background paper in which it was stated: “Eutrophication is a particular problem limited to certain parts of the North Sea. It was argued that restrictions on nutrient input should accordingly be concentrated where they were likely to give the best results.” The background paper also addressed the issue of the limiting factor for primary production: 

“Generally nitrate was the limiting nutrient in coastal and deeper waters but phosphorus appears to be limiting in estuaries and in certain enclosed coastal areas during at least part of the year. Appropriate action needed to be directed at both, and to focus on the main sources affecting the particular areas which displayed eutrophication or were at risk from it” (INSC 1987a).
Nutrient reduction

The proposal, prepared by PWG, to reduce both phosphorus and nitrogen inputs by 50%, was indeed adopted at INSC-2. However, the decision also reflected the PWG considerations that this reduction would only apply to eutrophication areas. The 50% reduction agreement, adopted at INSC-2, reads as follows (INSC 1987b):

“10. take effective national steps in order to reduce nutrient inputs into areas where these inputs are likely, directly or indirectly, to cause pollution;

11. aim to achieve a substantial reduction (of the order of 50%) in inputs of phosphorus and nitrogen to these areas between 1985 and 1995.”

In order to reach this goal, it was agreed to urgently prepare action plans (§12), to pursue detailed elaboration of possible measures to reduce nutrient inputs within the framework of the Paris Commission Working Group on Nutrients (§12), and to consider actions as listed in Annex E to the Ministerial Declaration to be implemented in national action plans (§14). Annex E contained four categories of measures, namely best available technology for wastewater treatment, the regulation of phosphates in detergents, measures to reduce inputs from agriculture and, finally, discharge licensing for industry. In §15 of the Declaration also the pursuance of appropriate measures to reduce nitrogen oxide emissions to the atmosphere was agreed upon.

It is remarkable that both phosphorus and nitrogen inputs were covered by the decision. There was awareness of the fact that reduction of nitrogen inputs would be much harder to achieve than reduction of phosphorus. For the latter already many measures had been taken in order to solve the problem of eutrophication in freshwater systems, for example the elimination of phosphorus in sewage treatment and the introduction of phosphorus free detergents. In the Dutch coastal waters and in the German Bight there was, furthermore, a focus on phosphorus as the main limiting nutrient for primary production. But, mainly as a result of Danish and Swedish studies, which underlined the role of nitrogen and stressed the need for reducing nitrogen inputs, also nitrogen was included in the 50% reduction decision of INSC-2. Moreover, in Denmark and Sweden decisions had already been taken regarding reductions in nitrogen inputs. It can be concluded that scientific evidence had played the major role in the fixing of the agreement on nitrogen, which was, from an administrative and political point of view, a very unattractive one because of the anticipated difficulties in implementation. As a comparison the situation in Chesapeake Bay is mentioned (compare 3.2.7). Here, a controversy had arisen between state and federal agencies, favouring the reduction of phosphorus as a means of reducing negative eutrophication effects in the Bay and, on the other hand, scientists who stressed the need for reducing nitrogen inputs as well (D’Elia and Sanders 1987). In this case, however, scientific advice had not been followed up, most probably because of the political unattractiveness of nitrogen reduction.

Hazardous substances

But INSC-2 was not only relevant from the point of view of reducing nutrient inputs to the North Sea. It was also agreed to reduce by 50% the inputs via rivers and estuaries of substances that are “persistent, toxic and liable to bioaccumulate.” Also this reduction would have to be achieved within the time frame 1985–1995. Interestingly, this decision was taken within the framework of the precautionary principle, as stated in §1 of the London Declaration: 

“accept the principle of safeguarding the marine ecosystem of the North Sea by reducing polluting emissions of substances that are persistent, toxic and liable to bioaccumulate at source by the use of best available technology and other appropriate measures. This applies especially when there is reason to assume that certain damage of harmful effects on the living resources of the sea are likely to be caused by such substances, even when there is no scientific evidence to prove a causal link between emissions and effects (‘the principle of precautionary action’).” 

In §VII of the Preamble of the London Declaration the adoption of the Precautionary Principle was worded as follows: 

“Accepting that, in order to protect the North Sea from possibly damaging effects of the most dangerous substances, a precautionary approach is necessary which may require action to control inputs of such substances even before a causal link has been established by absolutely clear scientific evidence.”

It is obvious that the advocates of the UES approach had gained an important victory, notwithstanding the fact that in §XV of the Preamble the use of both the UES and the EQO approach was underlined. In six subparagraphs it was, among others, decided to reaffirm both approaches as set out in the Bremen Declaration and to ensure that quality objectives, based upon the latest scientific findings, should form part of strategies to control inputs of hazardous substances.

There are some important differences between the 50% hazardous substances reduction decision and the 50% nutrient reduction decision. The first was taken under the political motivation of a precautionary approach and supported by all participants in the conference. Such was not the case for nutrients. There was one more important difference with the 50% reduction agreement for hazardous substances, namely the condition that the reduction effort for nutrients would only be necessary in case these would cause pollution. This decision reflected the UK position, according to which negative eutrophication symptoms did not occur in UK coastal waters. This opt-out option, which actually meant that the decision did not apply to all parties, was probably the main reason why a decision on nutrient reductions had been possible at all.

Scientific knowledge

A specific section of the Declaration dealt with the enhancement of scientific knowledge and understanding. Here it was agreed “to endorse the need for further development of harmonized methods for monitoring, modelling and assessment of environmental conditions at national and international levels.” In order to achieve these aims it was decided to establish a joint Task Force of ICES and Osparcom. In Annex G to the London Declaration the rationale for establishing the Task Force, its objectives and its work programme were specified. It was stated that during the preparation of the QSR it had become clear that there were still shortcomings in data for certain contaminants, in particular with regard to trends in inputs and the link between contaminant levels and environmental changes. It was, therefore, considered necessary to develop a coordinated scientific programme to provide more consistent and dependable data, in order to be able to establish links between contamination and effects with greater confidence. According to Annex G “Such knowledge is needed not only as a basis for further decisions but also to show the effectiveness or otherwise of measures already taken or planned.” The objective of the Task Force was “To carry out work leading, in a reasonable time scale, to a dependable and comprehensive statement of circulation patterns, inputs and dispersion of contaminants, ecological conditions and effects of human activities in the North Sea.” The main elements of the working programme of the Task Force were:

1. Agreement on substances and parameters to be measured, including monitoring methodology;

2. A quality assurance programme for sampling and analysis;

3. More and better quality data;

4. Special programmes in specific areas (e.g. the Wadden Sea, the Kattegat and British estuaries);

5. Development of models for assessment and management purposes;

6. Research to fill gaps in knowledge of causal mechanisms needed for the interpretation of data (e.g. impacts on marine ecosystems, indicators of biological change, fish diseases, nutrient enrichment, contaminant dispersion and sediment movement).

The decision to establish a Task Force must be valued as remarkable because there were already actors within the science-policy network with this responsibility. The most notable is of course ICES and its working groups. But also within Osparcom working groups scientific advice was being prepared. The most plausible reason for the decision is the dissatisfaction by several parties with the functioning and/or opinions of the existing groups. Interestingly, the grounds for this dissatisfaction must have been quite different. For some continental states the position of the ICES ACMP, especially its adherence to the assimilative capacity principle, and dissatisfaction with the functioning of Osparcom Working Groups may have been reasons to support a new group, in which countries would be represented on a national basis. On the other hand, seen from the position of the UK, the Task Force can be regarded as support for strengthening the scientific basis for pollution policy and management.

4.3 Recapitulation: marine eutrophication constructed

In the introduction to Sect. 4.1 the question was asked how it had been possible that marine eutrophication had become an internationally acknowledged pollution problem within less than four years after the 1981 oxygen depletion events. A question that can be added now is how it was possible that internationally agreed measures to reduce nutrient inputs had been agreed upon only two years after the issue had entered the international political agenda. According to Hannigan (1995) “successfully contesting an environmental claim in the political arena requires a unique blend of knowledge, timing and luck.” Hannigan (loc.cit.) also stressed the relevance of disasters to open up “political windows” and furthermore stated that “society’s willingness to recognize and solve environmental problems, rests primarily upon the claims-making activities of a handful of ‘issue entrepreneurs’ in science, the mass media and politics.” The five factors mentioned by Hannigan, knowledge, timing, luck, disasters and entrepreneurs, can all be found in the process that started with the 1981 oxygen depletion events and ended with the 50% nutrient reduction decision of INSC-2.

The construction of the international marine eutrophication problem was triggered by several oxygen depletion events that occurred in the Skagerrak, the Kattegat, the Danish Belt seas, the western Baltic Sea and the German Bight during the period 1981–1983. Especially in the Denmark and Sweden the impact on the public was great because the effects of the oxygen depletion were tangible in the form of dead fish and other marine species. Danish researchers claimed that also international nutrient transport was responsible for the oxygen depletion events, which was the reason why Denmark took the initiative for a special consultative meeting of the Paris Convention (Copenhagen, 1985). This meeting resulted in the establishment of a special working group on marine eutrophication issues, the NUT group (NUT). With the establishment of NUT the international marine pollution science-policy network had been extended with a body that can be regarded as an intermediate between science and politics. Denmark, Sweden, Germany and The Netherlands were the most active participants in the first two meetings of NUT, which took place in 1986 and 1987. The involvement of The Netherlands may be seen in the light of increasing scientific proof of eutrophication effects in Dutch coastal waters, in particular in the western Dutch Wadden Sea, but also in the framework of the development of a Dutch management plan for the North Sea. Denmark delivered the first chairman of NUT, as well as most of the scientific input. 

The original tasks of NUT, mainly related to the exchange relevant information about eutrophication related matters, were placed in a different perspective as a result of the preparation of INSC-2. Through INSC-2, the work of NUT received political relevance, and Danish civil servants played a central role in transferring the results of NUT from the administrative to the political realm. The Danish entrepreneurship was successful in two respects: First, it was acknowledged that marine eutrophication was an international problem; Second, the 50% reduction decision applied not only to phosphorus but also to nitrogen. Both claims originated from Danish researchers and the Danish administration. This underlines the observation by Hannigan (1995) that, with regard to international environmental problems, it is not the international epistemic community that is most important but that "the centre of gravity for scientific claims-making on specific issues tends to reside in a specific nation." Indeed, as shown in 4.2.2, the international scientific community, especially ICES, was much more cautious about the scope and causes of phytoplankton blooms. This also underlines the difference between academic science and regulatory science, as put forward by Jasanoff (1990) (chapter 1). In academic science consensus building is slow, whereas regulatory science must respond to immediate political demands. According to Lambright (1995) different processes operate in regulatory or policy-relevant science: “Debates among scientists take place often through the media rather than scientific journals. Consensus-forming processes are speeded up by special mechanisms, and actions are taken by policymakers on the basis of what may be very tentative agreements based on limited data.” A central feature of policy-relevant knowledge is, according to Lambright (loc.cit.), that everything is done with more urgency. He therefore speaks of “accelerated science.” What happened in the run-up to INSC-2 is a clear example of the application of instantly available knowledge. There were limited data available and targeted research programmes had not yet been finalised at the time the political decisions were taken. Both Lambright (loc.cit.) and Jasanoff (1990) have pointed at the dangers of the application of instant knowledge. Lambright (1995) has worded this as follows: “Science by press conference may speed up its use but can also burn the provider and policy users if the information proves faulty.” For the case of CFCs and the ozone layer depletion Lambright (1995) concluded that the use of “accelerated science” had been successful. An important factor had, according to Lambright (loc.cit.), been the creation of a participation mechanism for the scientific community, in which the new knowledge had been discussed before it was applied in decision-making. In the case described, the science used was deemed credible by the scientific community. Such had certainly not been the case in the preparation of the INSC-2 decisions. The scientific information applied derived mainly from Danish research and had not, or to a limited extent, been subject to discussions within the international scientific community. International discussions about marine eutrophication, carried out by ICES, in the framework of the preparation of the North Sea QSR, and in scientific symposia, had not even addressed the relevance and extent of international nutrient reduction measures, let alone agreed upon the credibility of the information used. Moreover, as argued by ICES (see 4.2.2), the scientific basis for monitoring nutrients and primary production was fully insufficient. This task was explicitly mentioned by INSC-2 as part of the enhancement of scientific knowledge. 

But not only the scientific underpinning of the 50% nutrient reduction decision was poor. There was also political controversy because the United Kingdom considered marine eutrophication not to be a problem in its waters, and underlined the importance of other causative factors for eutrophication-related symptoms, most notably climatic changes. For that reason the national obligation to reduce nutrient inputs by 50% only applied for those discharges, which were likely to cause pollution. On the eve of the implementation of the decisions of INSC-2 some formidable tasks awaited the science-policy network: new scientific knowledge was needed to strengthen the scientific credibility of the 50% reduction decision, to find answers to the question in which parts of the North Sea nutrient inputs would cause pollution, including the question how to define pollution and to monitor nutrient concentrations and eutrophication effects. How the science-policy network dealt with these questions and which role new knowledge played in finding relevant and practicable answers are central themes in the remainder of this study. 

4.4 1988–1990: Towards the third North Sea conference

INSC-2 had, contrary to INSC-1, resulted in a number of very concrete political decisions. The responsible Dutch minister Smit-Kroes even valued the conference as an "historical event" (De Jong 1987), and she invited to a third International North Sea Conference (INSC-3) to be held in The Netherlands early 1990. The activities of the science-policy network in 1988–1990 were; therefore; determined by both the implementation of the decisions of INSC-2 and the preparation of INSC-3. The two main questions addressed in this section are directly related to these two different types of activities. The first question is whether science has been relevant for the fine-tuning of the political decisions of INSC-2. The second question is whether new scientific knowledge has influenced new political decision-making. In addition, it will the investigated how the science-policy network, in particular the science-policy interface, dealt with these two tasks. 

But not only political and scientific developments determined the activities within the science-policy network. In 1988 two catastrophic events occurred, which caused much public concern and, consequently, more pressure on the science-policy network. It concerned a bloom of the toxic alga Chrysochromulina polylepis along the Swedish and Norwegian North Sea coasts and an epidemic of the harbour seal in the North Sea. These events will be described in 4.4.1.

The further development of the knowledge basis and its relevance for the policy process will be investigated in 4.4.2, providing an overview of several scientific publication relevant for marine eutrophication that became available after INSC-2. It concerns review articles and the results of national studies that had been initiated following the oxygen depletion events of the beginning of the decade.

Section 4.4.3 is concerned with the activities of the science-policy interface. Following the establishment of NUT in 1986, the science-policy interface had been further strengthened by the installation of the North Sea Task Force (NSTF). In 4.4.3 developments in these groups will be covered, as well as relevant activities of ICES working groups. The focus of the analysis in 4.4.3 will be on the way in which the science-policy interface organized itself, how it dealt with the tasks given to it by INSC-2 and how it prepared INSC-3. Of particular relevance will be the question whether and how the science-policy interface applied new knowledge in its activities, and whether new scientific findings would lead to amendments of these INSC-2 decisions. After all, the INSC-2 decisions were based upon instantly available knowledge, and several questions about marine eutrophication remained after INSC-2, such as whether a 50% nutrient reduction would be sufficient to protect the North Sea from adverse eutrophication events or which parts of the North Sea were most vulnerable to excess nutrient loading. At the national level Denmark had already set in motion a nutrient reduction programme with much more ambitious goals, and in The Netherlands such was being discussed seriously. The United Kingdom, on the other hand, regarded marine eutrophication not to be a problem in its waters.

In Sect. 4.4.4 an overview of political developments is given. It concerns the impact of INSC-2 as well as the preparation of INSC-3 (The Hague 1990).

4.4.1 The 1988 catastrophes 

The “killer alga” Chrysochromulina polylepis

On May 9th 1988, mortality of rainbow trout from fish farms along the Swedish west coast was linked to a bloom of the toxic algae Chrysochromulina polylepis. The algal carpet spread in a westward direction along the Norwegian southern coast and reached its peak around June 2nd. By this time the algae had spread as far as the coastal area between Stavanger and Bergen (Berge et al. 1988). Accompanying the spreading of Chrysochromulina were massive fish kills, especially of caged trout from Norwegian and Swedish fish farms. About 100 tons of trout from Swedish and 500 tons from Norwegian farms got killed in the first 14 days of the bloom, representing a value of about 5.4 million USD. Not only trout had been killed, but also high numbers of invertebrates, macroalgae and wild fish. (Rosenberg et al. 1988; Underdal et al. 1988). A synopsis of the events by Rosenberg et al. (1988) in Ambio carried the title "Silent spring in the sea,” illustrating the impression the incident had made. According to Rosenberg et al. (loc.cit) the incident "provoked a major consolidated reaction among Scandinavian scientists and research ships were directed to investigate the hydrography, algal distribution and immediate ecological effects.” Rosenberg et al. (loc.cit.) pointed to a land runoff in the preceding winter that had been higher than average, resulting in high nutrient concentrations prior to the spring bloom. Furthermore, the surface water temperature had been 2 °C higher than average. During the bloom, however, the nutrient concentrations were not conspicuously high. Rosenberg et al. (loc.cit.) concluded that the ecological causes of both the bloom and the production of toxins were not known. They pointed, however, to the many local and large-scale changes that had been observed in the Kattegat and Skagerrak, which might be attributable to eutrophication. They stated to be "convinced that man’s continuous pollution of the seas during the last decade has put certain marine ecosystems in a state of disorder.” Even with a drastic reduction of discharges, Rosenberg et al. (loc.cit.) continued to say, significant ecological disturbances in the sea would remain to happen in subsequent decades.

The event not only attracted scientific interest of scientists in Scandinavia. Two scientific workshops dedicated to the event were held, the first organized by ICES, the second by the Commission of the European Communities. The aims of the ICES workshop (28 February–2 March 1989) were to amalgamate relevant observations on toxicology, physiology and toxicity of Chrysochromulina polylepis, to describe the environmental background associated with the bloom and to evaluate the effects of the bloom on mariculture and on the marine ecosystem (Skjoldal and Dundas 1991). A central question of the workshop was, which role anthropogenic nutrient enrichment might have played in the development of the bloom. According to the scenario in the workshop report, anthropogenically loaded water from the southern North Sea was transported into the Skagerrak-Kattegat area through the so-called Jutland current. Also local land run-off in this area and transport of nutrients from the Baltic contributed to the nutrient loading. The latter two factors were higher than average due to a high precipitation in winter and a high outflow of Baltic water. Another exceptional factor, caused by specific meteorological conditions, was an effective and relatively long-lasting stratification of water masses in the area, allowing the Chrysochromulina bloom to develop. As a result of the anthropogenic loading, the surface water in the Skagerrak-Kattegat area was not nutrient depleted after the spring bloom, and the underlying water had a high N/P ratio. During the mixing of the two layers there was an upwelling of water with a high N/P ratio, causing phosphorus deficiency, which, as had been shown experimentally, may cause Chrysochromulina to become toxic. It was therefore cautiously concluded that anthropogenic nutrient load to the affected water masses had played a role in the development of the toxic bloom (Skjoldal and Dundas, loc.cit.).

In October 1989 a special scientific workshop was held in Brussels, in the framework of the Environmental Research and Development Programme of the Commission of the European Communities (CEC). The following reasons for organizing the workshop were given (Lancelot et al. 1990): 

"The occurrence in May/June 1988 of a large and unexpected bloom of Chrysochromulina polylepis along the coasts of Denmark, Sweden and Norway and the catastrophic consequences it has had on fisheries and mariculture have drawn attention to the potential danger of North Sea eutrophication and to the unpreparedness of the European countries to take measures for avoiding re-occurrence of such accidents in the future.”
The aim of the workshop was "to identify the lack of knowledge to predict ecological processes involved and to assess preventive actions to be taken.” According to Lancelot et al. (loc.cit.) rational management of the coastal environment would only be possible with integrated approaches, coupling ecological modelling and economic assessment. The main questions addressed in the session on ecological processes, the central theme of the workshop, were whether available knowledge would allow the development of algal bloom models, and to what extent models would be able to predict the occurrence of exceptional blooms. 

Reid (1990) presented an overall picture of phytoplankton dynamics, and he stated that physical processes that helped to enhance stability, were of prime importance for blooms to form. High land runoff would improve stable conditions and provide nutrient pulses. An analysis of blooms, which had occurred in the last half century revealed, according to Reid (loc.cit.), that no increasing trend was present, but that, rather, there were periods with higher numbers of blooms. He also stated that our knowledge of phytoplankton was still in its "infancy.” Nielsen and Richardson (1990) presented an overall account of the 1988 Chrysochromulina bloom and concluded that, generally, the onset of phytoplankton blooms was basically controlled by the physical environment. Because the marine ecosystem fluctuated in response to changes in meteorological conditions, and was also influenced by human impact on geochemistry, occurrences of blooms in terms of extent and timing would be difficult to predict (Nielsen and Richardson, loc.cit.). Lancelot (1990) described an international EEC sponsored research programme, aiming at developing a model, which would allow the prediction of Phaeocystis development in response to terrestrial nutrient input. She concluded that such a task was not beyond reach, especially because Phaeocystis blooms were a recurrent event. For Chrysochromulina this would be much more difficult because it was a non-recurrent exceptional event.

The epidemic of the harbour seal

A second catastrophic event in 1988 was the massive mortality of harbour seals (Phoca vitulina), which occurred in several areas of the North Sea during the period April to December (Reijnders 1992). Although not directly related to marine eutrophication, the event is mentioned here, since it had an effect on marine pollution policies in general, as will be shown later. In the Wadden Sea about 6,000 animals died, reducing the population by 60%. In the Skagerrak-Kattegat area the population was halved from 6000 to 3000 individuals. Also along the Norwegian North Sea coast and in the Wash area mortality occurred, whereas this was not the case in the northeastern parts of the UK. 

4.4.2 Marine eutrophication reviewed

During the period following INSC-2 several comprehensive review papers, specifically dealing with marine eutrophication, were published, indicating the increasing scientific interest in the issue. Not only interest in marine eutrophication as such had increased, but in marine pollution in general. In the second half of the 1980s several research projects dealing with marine pollution, including factors relevant for marine pollution, such as meteorology, hydrology and climate, had been initiated. Among these were the German ZISCH Project (Zirkulation und Schadstoffumsatz in der Nordsee: Circulation and pollutant turnover in the North Sea) in which, in 1984–1989, circulation and contaminant fluxes in the North Sea were studied, and the British National Environment Research Council (NERC) North Sea Project (1988–1991), in which several studies of marine processes were carried out as a basis for the development of prognostic environmental quality models.

Increasing scientific interest in marine eutrophication can also be inferred from publications in the Marine Pollution Bulletin (MPB) and Ambio. In the 1970s the percentage of papers published in these journals dealing with marine eutrophication, was 2.4% for the MPB and 3.3% for Ambio (see 3.3.1 and 3.3.2). During the period 1981–1990 44 papers about marine eutrophication were published in the MPB, which is 5.3% of all articles (reports and baseline studies) that appeared in this period. The increase of marine eutrophication contributions in Ambio was much more pronounced. Whereas from 1972–1980 only two marine eutrophication papers appeared, this figure was 24 in the 1980s, equalling almost 25% of all contributions dealing with marine issues. Of the 24 contributions, 13 were part of the special issue on marine eutrophication of May 1990 (see further this subsection). An interesting difference between the MPB and Ambio was that the cases covered by the MPB came from all over the world, whereas the Ambio focus was almost exclusively on marine eutrophication in the Baltic and the Skagerrak-Kattegat area. It is obvious that the Ambio emphasis had been caused by the oxygen depletion events, which had started in the beginning of the 1980s, and by the 1988 Chrysochromulina event. The low attention in the MPB for marine eutrophication in the North Sea area probably reflects the position of UK scientists and officials that marine eutrophication was not a large-scale marine pollution problem (compare also Clark 1987). Still, an increase in attention for marine eutrophication was obvious for the MPB, reflecting a world-wide interest in the issue. This is confirmed by the editorial to the Ambio special issue in which it was stated: 

"the recent awareness of marine eutrophication as a serious coastal issue is not confined to northern Europe and Scandinavia. From around the rim of the Mediterranean, and from increasing numbers of bays and estuaries along the coastlines of North and South America, Africa, India, southeast Asia, Australia, China and Japan have come increasing reports of noxious (and sometimes toxic) algal blooms, anoxic bottom waters, and fish kills.” (Nixon 1990).

Another clear indication of increasing global interest in marine eutrophication was the publication by GESAMP (2.5.2) of a report specifically dealing with this topic (GESAMP 1990). 

In the remainder of this section the results of three literature reviews about marine eutrophication and algal blooms, as well as the outcome of two national eutrophication studies, all published in 1988–1990, will be described and analysed.

Pollution of the North Sea: an assessment

Under this title, a comprehensive volume was published in 1988 under the editorship of Salomons, Bayne, Duursma and Förstner (Salomons et al. 1988). Although not specifically dealing with marine eutrophication, but with marine pollution in general, this volume is covered here because it was, as stated on the back cover, "the first modern review on the fate, distribution and effects of pollutants in the North Sea.” In the preface to the book the editors stated: "This preface is being written at a time of exceptional public interest in the North Sea, following media headlines on toxic algal blooms, the mass mortality of common seals and concern over pollution levels.” It should be noted here that the preface was indeed written after these events had taken place, but that the contents of the book had, as is usual for scientific papers, been submitted at least one year earlier. The editors underlined the fact that the book was of a multinational character "expressing remarkable consensus amongst the scientific community as to the vulnerability of the North Sea, and its finite capacity to assimilate waste.” They also touched upon the problem of ecosystem complexity, and stated that the theory of ecosystem structure was not yet advanced enough to allow detailed tracing of cause and effects. To this they added that it had been argued that "in systems at this level of complexity predicting catastrophic events may be inherently impossible.” For the editors this implied a reduction of the possibilities of irretrievable damage to occur by reducing Man’s impact and, in the meantime, "to accelerate the pace of scientific research, in order to identify the most sensitive areas and processes within the North Sea, coupled with careful monitoring to detect change, both as deterioration and recovery.”

The general problem of the complexity of the North Sea ecosystem, signalled by the editors, also appeared in several of the individual contributions. However, after reading these individual contributions, the "remarkable consensus amongst the scientific community,” expressed by the editors, seems a somewhat too positive judgement. The separation of the scientific community into a pro-assimilative capacity camp and a pro-precautionary principle camp is clearly traceable, the Anglo-Saxon contributions generally belonging to the first and the continental scientists to the second camp (compare 4.2.3). Examples in favour of a precautionary approach can be found in papers about the ecosystem (De Wolf and Zijlstra 1988), natural events (Zijlstra and De Wolf 1988) and the German Bight (Dethlefsen 1988). These authors underlined the complexity of the ecosystem and the associated problem of separating natural and man-induced events, and, for this reason, supported precautionary or no-regret policies. Contributions by Stebbing and Harris (1988) about the role of biological monitoring and by Livingstone et al. (1988) about biological effects measurements, were generally more positive about the possibilities of inferring and predicting assimilative capacity.

"Pollution of the North Sea” also contained an extensive review contribution about nutrients and eutrophication by a German, a Belgian and a Dutch author (Brockmann et al. 1988). Because of the controversy between the UK and continental scientists about the causes and effects of eutrophication-induced events, it is unfortunate that no British scientist contributed to this paper. The emphasis of the paper was on the distribution of nutrients in the North Sea. The comprehensive description of nutrient concentrations in the various areas of the North Sea illustrated the large regional differences, mainly caused by the different hydrographic regimes. In the section on eutrophication, Brockmann et al. (loc.cit) pointed to the problem of predicting eutrophication effects on the basis of external nutrient enrichment because of the "complex coastal ecosystems including variable plankton populations and patchy benthic communities, all subject to the influences of hydrodynamic and other physical conditions.” The only thing that could be stated, Brockmann et al. (loc. cit) continued to say, was that systems, which were naturally subject to conditions promoting intense algal developments or oxygen depletion, were particularly sensitive to additional external inputs of nutrients. In the final section on future research needs, Brockmann et al. (loc. cit) expressed the expectation that research efforts to study nutrients and eutrophication effects would increase in future. They referred to the new Parcom nutrient working group (NUT), to interdisciplinary activities of ICES, to the continuation and intensification of national research and monitoring programmes and the international Phaeocystis project (see also 4.4.1). They underlined the need for considering all relevant parameters for the understanding of eutrophication processes, and pointed in this respect to the role of microphytoplankton and microheterotrophs and flux measurements. Brockmann et al (loc.cit) also expected that the role of modelling would (and should) increase, in order to increase the understanding of ecosystem processes and to be able to predict consequences of man-induced changes.

Eutrophication in the North Sea

The first comprehensive literature review about eutrophication in the North Sea appeared in 1988. The 100-page document was published in 1988 by Nelissen and Stefels, two students of the Netherlands Institute of Sea Research (Nelissen and Stefels 1988). The review was structured according to hydrography, distribution and fate of nutrients, eutrophication phenomena and season-dependent susceptibility of the foodweb for eutrophication. Nelissen and Stefels (loc.cit) underlined the need for a system approach to eutrophication, and questioned in this respect the usefulness of nutrient concentrations as an indicator of the status of the system. They identified the coastal area along the continent, the so-called continental coastal water mass, stretching from the Channel to the Skagerrak, as most influenced by eutrophication. The main reasons given by Nelissen and Stefels (loc.cit) were that land-derived inputs remained confined within the area as far as the "exit” in the Skagerrak. Moreover, nutrients would be recycled constantly within this system. They estimated that about half of the nutrients present within the area were of anthropogenic origin. With regard to assessing the effects of anthropogenic eutrophication, Nelissen and Stefels (loc.cit) stated that they were "aware of the complicating ‘naturalness’ of the processes involved, in contrast with toxicity effects of most other man-made pollutants.” They concluded that the effects of eutrophication ranged from positive to negative, and that a "harmless increase in biomass may end up in mass mortalities.” In vulnerable areas, such as the German Bight, little flexibility was left and it was therefore necessary to reduce nutrient inputs (Nelissen and Stefels, loc.cit). 

Eutrophication of the North Sea and the Kiel Bay

Between 1984 and 1988 German marine research institutes had carried out a comprehensive research project into the causes of the 1981 oxygen depletion events in the German Bight and the Kiel Bay (see also 4.1.2). In the second half of the 1980s already several results of the project had become available and in 1990 an English version of the final report of the project was published (Gerlach 1990). Gerlach had integrated the results of the 22 subprojects in sections about long-term developments of weather conditions, oxygen deficiencies and nutrient concentrations and inputs, nutrient processes, such as deposition and denitrification, and the effects of changes in these parameters on phytoplankton development. In summarizing the results, Gerlach firstly demarcated the eutrophication problem area in the North Sea as the belt of the continental coastal water, extending 50 to 100 km from the coastline. It was to this area that annually some 160 km3 of freshwater were discharged by the continental rivers. Changes in nutrient concentrations in the German Bight could be documented as a result of the measurements, carried out since 1962 at Helgoland. Phosphate winter concentrations at this station had increased by a factor of 1.7 during the period 1962–1975, after which no further increase was recorded. In 1973–1984 winter concentrations of dissolved inorganic nitrogen had increased by a factor of 1.4. According to Gerlach (loc.cit) it was "reasonable” to assume that these changes were the result of increased nutrient inputs by rivers and atmosphere. He, however, also mentioned the fact that changes in phosphate concentrations had occurred in the western English Channel, which could not be correlated to changes in anthropogenic inputs.

The Helgoland monitoring data also showed an increase of overall phytoplankton biomass by a factor of two to three, between the beginning of the 1960s and the end of the 1970s. This increase had been caused mainly by an increase in biomass of flagellates, which had occurred between 1971 and 1978. Changes in phytoplankton and zooplankton had, as documented by the Continuous Plankton Recorder data (see 3.2.5) also occurred in parts of the North Sea not influenced by anthropogenic nutrient discharges. So far, Gerlach continued to say, no correlations had been found between exceptional algal blooms and exceptional nutrient discharges. Therefore, he considered it necessary to study both the relations between phytoplankton and nutrients and phytoplankton and hydrography/meteorology. According to Gerlach these relationships were further complicated by zooplankton grazing (Gerlach, loc.cit.). 

In the final chapter, entitled "Consequences,” Gerlach asserted that a halving of the riverine phosphorus inputs could restore the situation of 1970 in the German Bight. He considered phosphorus to be the limiting nutrient here, whereas in offshore waters and in the Baltic nitrogen was limiting primary production in spring. As a result of a reduction of nutrient inputs, undesirable phytoplankton blooms would occur less frequently and over smaller areas than during the 1980s (Gerlach, loc.cit.).

Phytoplankton of the North Sea and its dynamics: a review

A central question in the study of eutrophication and its effects was whether increased anthropogenic nutrient inputs to the North Sea had caused an increase of phytoplankton blooms and/or changes in phytoplankton species composition, or whether other factors, such as climate and weather, were the main causative factors. As discussed in the foregoing parts of this chapter and in the previous Chap. 3, the negative effects of such changes could be oxygen depletion as a result of the decay of large amounts of dead phytoplankton, and the occurrence of nuisance and toxic blooms. Because there were quite different opinions within the scientific community about the causes and seriousness of such events, the main results of a review article in the Netherlands Journal of Sea Research, jointly written by scientists from the UK, The Netherlands, Belgium and Germany (Reid et al. 1990), will be briefly discussed here. All contributors were, or had been, directly involved in eutrophication related research: Reid of the Plymouth Marine Laboratory was working with the CPR (see 3.2.5), Lancelot of the Free University of Brussels with Phaeocystis (see 4.2.1 and 4.4.1), Gieskes of the University of Groningen with phytoplankton development in Dutch coastal waters (see 3.2.5) and both Hagmeyer and Weichart, Biologische Anstalt Helgoland, respectively Deutsches Hydrographisches Institut, were involved in the German eutrophication research project (see above).

One of the main conclusions of the review was that there was no evidence of an increasing trend in the frequency of plankton blooms, with the possible exception of Phaeocystis (Reid et al., loc.cit.). With regard to this possible exception, reference was made to, among others, Cadée and Hegeman (1986) and Lancelot et al. (1987) (see further 4.2.1). Other important conclusions were that the North Sea consisted of several sub-regions with characteristic floras, that eutrophication was clearly visible in the continental coastal waters but not in the offshore North Sea, and that eutrophication had not increased since the end of the 1970s, whereas microflagellates had continued to do so. 

Reid et al. (1990) also stressed the complexity of phytoplankton dynamics and the inadequacy of survey coverage of the North Sea, both in time and space. An exception was the CPR, but the authors expressed the hope that recently started research projects would improve the situation. With regard to future research work, one recommendation deserves special attention. Reid et al. (loc.cit.) asked for a guarantee that the few long time-series of phytoplankton observation, namely the CPR, the Marsdiep series and the Helgoland series, be continued, as an essential contribution to understanding long-term variability to climatic changes and to the evaluation of anthropogenic impacts.

The Swedish eutrophication research programme

In May 1990 a special issue of AMBIO was published, dealing with the results of the Swedish marine eutrophication research project. This project had started in 1983, following the 1981 oxygen depletion events in the Skagerrak-Kattegat (see 4.1.1). The programme focused on two different eutrophication impacted areas, namely the Stockholm archipelago, mainly influenced by discharges from municipal sewage treatment plants with tertiary treatment, and the Laholm Bay (figure 4.1), mainly influenced by nutrient effluents from agricultural land (Rosenberg et al. 1990). Contrary to the above presented results from North Sea research projects and analyses, the conclusions were quite straightforward. In terms of nutrient demands of phytoplankton, both in the Baltic and the Kattegat discharges of nitrogen dominated over discharges of phosphorus. Despite this fact, nitrogen was generally found to be the limiting factor for primary production. Nitrogen-fixation did not seem to be a substantial source of nitrogen: there were summer blooms of cyanobacteria in the Baltic proper, but these were an exception and limited by phosphorus. The paradox of nitrogen as the limiting factor, despite relatively high nitrogen inputs, was explained by the reduction of nitrogen concentrations by denitrification and the release of phosphorus from sediments. Both processes were enhanced by low or zero oxygen situations (Rosenberg et al., loc.cit.). The question was raised how to restore the marine environment, and what kind of a "balanced ecosystem” was desirable. Rosenberg et al. (loc.cit.) mentioned in this respect the wish for a high fish catch and fairly good bottom conditions. According to the authors conditions in the 1950s and the 1960s seemed to have been satisfactory for the Baltic and the Kattegat respectively. For both areas it was argued that nitrogen loading in the respective periods had at least doubled and it was, therefore, proposed to achieve a reduction of nitrogen inputs by at least 50%. 

Analysis

With regard to the contents, the scientific publications described in this section show some remarkable similarities. The most obvious is the emphasis on the complexity, dynamics and variability of the marine ecosystem, the limited knowledge of nutrient dynamics and, consequently, the problems in establishing causal links between increased nutrient loading and increased algal blooms. Most authors, therefore, made a plea for a precautionary approach to dealing with nutrients. The role of scientific research, if not a predictory one, would, according to Salomons et al. (1988) (see above), be to identify the most sensitive areas and processes. Another common element was that eutrophication and eutrophication problems in the North Sea were confined to the continental coastal waters and the Skagerrak-Kattegat area.

Another similarity is that most of the contributions described in this section underlined the lack of long-term data. For this reason the existing time-series, established by the CPR, the Helgoland Reede measurements and the Phaeocystis Marsdiep, data played the major role in the different analyses. This, despite the fact that neither of these three time-series can be regarded as ideal from a monitoring methodology point of view: the CPR data only provide indirect and rather coarse information on phytoplankton, and both the Helgoland Reede and the Marsdiep monitoring sites represent only one measuring location, irregularly influenced by different water masses.

There are, however, also some noteworthy differences and discrepancies, in particular between the North Sea and the Skagerrak-Kattegat contributions. The latter were very pertinent about nitrogen being the main factor limiting primary production. Moreover, clear proposals were given as to the desired policy direction, namely a 50% reduction in both nitrogen and phosphorus inputs, based upon a comparison with the situation in the 1950s and 1960s. There was, furthermore, a remarkable consensus between Danish and Swedish scientists about these conclusions and proposals. For the North Sea, on the other hand, the situation was less clear. The results of the German eutrophication project pointed to phosphorus as the main limiting factor. Also Dutch research, for example by De Jonge (1990) (see also 3.2.5), focused on the importance of phosphorus. Another difference with the Swedish-Danish approach was that no specific proposals for policies were given, but instead rather general support for a precautionary approach. But the major difference between the North Sea and the Skagerrak-Kattegat situation was that for the North Sea there was no scientific consensus about increased nutrient inputs causing increasing algal blooms. Rather, it may be concluded that the scientific community supported the view that there had not been a consistent increase in the frequency and/or intensity of such blooms.

4.4.3 Science-policy interactions 1988–1990

In the previous sections scientific developments following the second North Sea Conference (INSC-2) were described. The current section is concerned with the question how the science-policy network dealt with the implementation of the eutrophication-related decisions of INSC-2. The focus of the analysis is on the relevance of science in the implementation work, and the extent to which new scientific insights were of relevance for the implementation process. The implementation tasks formulated by INSC-2 can be summarized as follows:

· To strengthen the scientific credibility of the 50% reduction decision; 

· To find answers to the question in which parts of the North Sea nutrient inputs will cause pollution, including the question how to define pollution; 

· To monitor nutrient concentrations and eutrophication effects.

The main bodies responsible for the implementation were the nutrient working group (NUT), the North Sea Task Force (NSTF), established by INSC-2 (4.2.5), and relevant ICES working groups. The position of these bodies in the science-policy network, as at the beginning of 1988 and as far as relevant for the marine eutrophication case, is shown in Fig. 4.4, which is an updated version of Fig. 4.2. 
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Fig. 4.4. The main elements of the science-policy network in the 2nd half of the 1980s. A schematic indication is given of the type of members of relevant working groups (Academic scientists, Administrative scientists, Administrators or Politicans), the main field covered by the bodies (Science, Policy and Management or Politics) and the direction of the flow of scientific advice. Acronyms: see list of Acronyms
Figure 4.4 shows that I regard ICES to be the most scientific (and least political) body, while NSTF and NUT are considered intermediates between science and policy. An important argument for this qualification is the fact that the members of ACMP, the ICES body to be represented in NSTF, acted – at least officially – as scientist and not as national representatives (compare 3.4.1)
. 

It should be noted that there are several overlaps between the activities of the different bodies, although each developed, as will be shown in the following, its own particular focal points. The main role of ICES was to provide scientific information and advice to NSTF and Osparcom, regarding the understanding of environmental processes and the scientific and methodological basis for monitoring and assessment, and to manage the Osparcom database. As will be shown in this section, NUT activities during the period 1988–1990 concentrated on the development of criteria for eutrophication problems areas and on measures to reduce nutrient inputs. NSTF had been established as a joint body of ICES and Osparcom (see 4.2.5). Therefore, this body has a central position as an intermediate between science and policy. The NSTF activities started with an inaugural meeting in March 1988. The remit, as adopted by INSC-2, was specified further at this meeting and formally adopted by ICES and Osparcom later that year. The ICES Council underlined that the emphasis of NSTF should be on enhancing scientific knowledge. Osparcom acknowledged that many elements of the NSTF programme were already part of its working groups. NSTF should, therefore, have a mainly coordinating role. The tasks of NSTF can be summarized as to decide on monitoring requirements, to advice on tasks to be undertaken by relevant Osparcom and ICES groups, to advice on research, to coordinate the elaboration of an assessment report for the North Sea and to decide upon the final content of this report.

The first regular meeting of NSTF (The Hague, December 1988) was largely dedicated to discussions about the tasks of the Group and its position within the science-policy network. The meeting agreed that the objectives of NSTF were principally of a long-term character and would include:

· To provide an organizational framework for discussion between policy makers and scientists;

· To screen and coordinate scientific work carried out within ICES and Osparcom groups;

· To produce a new assessment of the North Sea in 1993;

· To provide reports on selected subjects to Osparcom, ICES and INSC-3.

This section has been structured according to six categories of tasks for which ICES, NSTF and NUT were responsible. It concerns:

1. Understanding;

2. Monitoring;

3. Assessment;

4. Structuring and categorizing;

5. Prediction;

6. Remedying.

The sequence in which these categories are presented here is intentional: Generally, understanding of the problem is a prerequisite for monitoring and assessment. The first three categories will be of major importance for the elaboration of the last three categories. However, also reverse interactions are possible: for example, the setting of quality objectives, which is part of category 4, may provide further guidance for the development of monitoring and assessment. For a better understanding of the temporal interactions within the science-policy network, the sequence of meetings of the various groups during the period 1988–1990 is outlined in Fig. 4.5.
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Fig. 4.5. Meetings of North Sea Conferences (INSC), the Paris Commission (Parcom), the Technical Working Group (TWG), the Joint Monitoring Group (JMG), the North Sea Task Force (NSTF) and the Nutrient Working Group (NUT)

1. Understanding

A better understanding of causes and effects of marine eutrophication is a prerequisite for the successful development and implementation of monitoring, assessment, structuring, prediction and measures. It was one of the main objectives of the specific research programmes, initiated after the oxygen depletion events in 1981 and the Chrysochromulina bloom of 1988. An overview of results of several scientific activities was given in 4.4.2. 

Both NSTF and NUT had been commissioned with the task of exchanging research information and preparing advice on additional research. At the third meeting of NUT (The Hague, October 1988) information on ongoing and completed research projects in Germany, Portugal, the UK, The Netherlands, Sweden and Denmark was presented, according to a standard lay-out as decided at NUT-2 (4.2.4). However, no integrated analysis of the material had been carried out (NUT 1988). An overview of what was actually known about marine eutrophication was presented by Gerlach at NUT-3. His analysis had been carried out upon request of the Joint Monitoring Group (JMG). JMG needed this information in its assessment of the need for including nutrients in the Joint Monitoring Programme (JMP) (see further this section). According to Gerlach, blooms of species with deleterious effects were now more frequent than 20 years ago, but there was still insufficient proof of a cause and effect relationship between increased nutrient levels and phytoplankton blooms in general. The analysis furthermore showed what was not known about marine eutrophication, and this list was much longer than the summing-up of known facts (see further below). Also in NSTF information on ongoing, completed and planned research projects was exchanged, and at NSTF-1 it was decided that the UK would establish a database on research projects (NSTF 1988). NSTF-2 (April 1989) decided, moreover, that NSTF would coordinate cruises of research vessels (NSTF 1989a). 

Gaps in knowledge. An important aspect of understanding is the identification of gaps in knowledge, so as to be able to initiate research necessary to fill these gaps. At the first meeting of NSTF nine specific themes were identified for which it was considered necessary to fill gaps in knowledge. Three of these were directly or indirectly related to marine eutrophication and concerned: 

· An improved understanding of nutrient dynamics and in particular their relation to occurrences of exceptional algal blooms;

· An assessment of critical loads of nutrients, metals and man-made substances;

· More knowledge of general ecosystem effects, on plankton, benthos, birds, fish and mammals, and especially on North Sea seal stocks.

NSTF-2 completed a comprehensive list of research areas to improve the understanding of nutrients and nutrient processes. A draft list had been prepared by Gerlach for the NUT-3 meeting as a response to questions from the JMG (see above). The main research themes identified were:

1. Whether other areas than the eastern North Sea and the Skagerrak/Kattegat area were affected by increased nutrient concentrations and correlated phytoplankton blooms;

2. The role of hydrographic fronts, freshwater inputs and climatological factors in the triggering of algal blooms;

3. Components of the nitrogen pool, including distribution patterns;

4. Effects of imbalances in the ratios between nitrogen, phosphorus, silica and micro-nutrients in their role as growth limiting factors or triggers of algal blooms;

5. The effects of low concentrations of toxic pollutants on phytoplankton populations;

6. The effects of zooplankton grazing on phytoplankton dynamics;

7. The effects of algal blooms;

8. Inputs of nitrogen and phosphorous from land-based sources, including seasonal variation;

9. The dominance of individual algal species in phytoplankton blooms.

The need for research into these fields was motivated by the need for a better understanding of algal bloom ecology, which should lead to a better prediction and causal understanding of bloom events, facilitating proper targeting of remedial or preventive actions and the development of more realistic simulation models. All countries were requested to provide information on whether any of these issues was covered by national research projects. In its five-year plan, covering 1989–1993, NSTF announced that it would conduct research into a number of specific aspects of the North Sea environment, amongst which processes relevant to nutrient cycles, including biological aspects and means of characterization of key fluxes. Furthermore, targeted assessments would be carried out into specific topics, one of which the behaviour of nutrients.

It is obvious that the above research priorities had, to an important degree, been determined by the impact of the Chrysochromulina event. But not only NUT and NSTF had been influenced by this event. In 1988 the ICES Council decided upon the installation of a new working group, the Working Group on Phytoplankton Bloom Ecology. Already in 1984 a Working Group on Harmful Effects of Algal Blooms on Mariculture and Marine Fisheries had been installed (see 4.2.2), and the formation of the new group underlined the need for more basic knowledge concerning plankton blooms.

2. Nutrient Monitoring

As explained in 4.2.2 the ICES Advisory Committee of Marine Pollution (ACMP) considered it premature to start nutrient monitoring and was in favour of monitoring primary production. Upon request of Osparcom ACMP was also working on an overview of trends in nutrients, but available data were generally not suited for trend analysis (see further this section). Also NUT had covered nutrient monitoring in its first two meetings, but it had not yet been possible to come to an agreement on common guidelines for nutrient monitoring (4.2.4). As a result of the decisions of INSC-2 to reduce nutrient inputs by 50% and the subsequent recommendation by Parcom to initiate nutrient reduction measures (see further 4.4.4) the question whether or not to include nutrients in the Osparcom Joint Monitoring Programme (JMP) had become more urgent. The JMP was managed by the Osparcom Joint Monitoring Group (JMG). But with the installation of NSTF there was now a third group interested in monitoring. In the following the activities of these three groups, JMG, NSTF an NUT, relevant for nutrient monitoring, are described.

Mandatory nutrient monitoring. Shortly after INSC-2, in January 1988, mandatory nutrient monitoring was discussed by JMG. Before embarking upon the inclusion of nutrient parameters in the JMP, JMG wished to have an overview of what was known about the relationship between nutrients and eutrophication. Such an evaluation was carried out by Gerlach and discussed in the third meeting of NUT. Gerlach concluded that, although a clear causal relation between nutrients and plankton blooms could not be established, the reduction of nutrients was the only means of controlling phytoplankton numbers (see further 4.2.4). The NUT-3 meeting decided that the paper would be further improved and submitted to the 1989 JMG meeting. But JMG-14 could not come to a decision to advice to the Parcom Technical Working Group (TWG) that nutrients should be included as mandatory parameters in the JMP, as proposed by NUT-3. TWG-16 (March 1989) thereupon decided that it would be up to NUT to decide whether nutrient monitoring should be mandatory. 

The Monitoring Master Plan. At the first meeting of NSTF (December 1988) the disadvantages of the JMP were discussed. This programme was restricted to estuaries and coastal zones and the information from the programme was rather heterogeneous, which would make it difficult to come to a comparative assessment. The meeting decided to develop a master plan for monitoring of the North Sea, which would be "more comprehensive and disciplined” than at present (NSTF 1988). This plan would be based upon guidance from ICES. According to ICES several questions would have to be answered in the process of developing a monitoring scheme, such as what to monitor, the reason for monitoring a particular variable, and how long the monitoring should be continued in order to meet the defined aim.

NSTF’s critique on the JMP was discussed in JMG-14 (January 1989). The meeting supposed that there might be a feeling among policy makers that the information produced by the JMP was not suitable for decision making, and JMG decided that more should be done to bring forward the positive aspects of the programme. The meeting was against the establishment of a separate monitoring programme for the North Sea and was of the opinion that, in case additional monitoring was required, this should be done in the framework of the JMP (JMG 1989). NSTF-2 (April 1989) acknowledged that the existing JMP could be made more effective, if national implementation would be improved, but maintained its decision to propose to Osparcom to establish a Monitoring Master Plan (MMP) for the North Sea. 

The main objective of the MMP was "In the longer term, to develop an adequate depth of coverage which will provide all the necessary information that is required to measure the condition of the North Sea, including investigations on trends in physical, chemical and biological parameters.” (NSTF 1989a). One important element of the MMP was the mandatory monitoring of nutrients, to be carried out and evaluated by NUT. For the short term, an expanded programme of measurements would be carried out in 1990 and 1991, with the aim of obtaining data for the 1993 QSR. It should fill the gaps in knowledge regarding the spatial distribution of nutrients and contaminants. The MMP also contained recommendations on the improvement of the quality of monitoring data, including the adherence to quality assurance guidelines, sampling at one site by more than one party and a quality control by JMG and ICES.

The step-wise procedure. Also in NUT the discussion on nutrient monitoring continued. At NUT-3 a proposal by The Netherlands on a step-wise procedure for developing quality objectives was discussed (see further this section). One element of this procedure was the selection of sub-areas to be monitored, including monitoring parameters (NUT 1988). Sub-areas would be selected on the basis of eutrophication symptoms. Monitoring in the selected areas should start in 1990 and be continued for at least five years, in order to be able to establish a baseline for assessing temporal trends. NUT-3 furthermore decided that nutrient monitoring should be carried out in winter and that nutrient concentrations should be normalized for salinity. The nutrient aspects of the MMP were discussed at NUT-4 and the meeting decided that nutrient monitoring according to the step-wise procedure would be harmonized with the MMP (NUT 1989). NUT-4 recognised that there were principal differences between nutrient monitoring and the monitoring of other substances, mainly because nutrient monitoring involved a strong research element. The step-wise procedure therefore also contained research and field surveillance activities.

The main objectives of the mandatory nutrient monitoring programme established by NUT were:

1. To assess the scale, intensity and frequency of eutrophication problems in space and time (spatial trend monitoring);

2. To assess whether improvements would occur in the actual/potential problem areas (see also 5.4.3), following the introduction of reduction measures, and to assess whether the situation in non-affected areas would remain unchanged (temporal trend monitoring);

3. To further develop the understanding of causal relationships between inputs and effects;

4. To provide high quality harmonized data for the validation and clarification of predictive mathematical models;

5. To assist in the development of environmental quality objectives;

6. To assist in the development and fine-tuning of reduction measures.

With regard to the monitoring strategy and the tuning with NSTF activities, it was agreed to use as much as possible the data collected in the framework of the MMP, but to complement these with additional monitoring in problem areas (see further this section). Such complementary monitoring would not only concern additional monitoring stations but also additional parameters. The regular MMP nutrient parameters were P and N compounds, chlorophyll a and silicate, together with salinity, suspended solids, temperature, dissolved oxygen and secchi-depth. These would have to be monitored in the winter period. The supplementary parameters were algal composition, primary production and special observation parameters, such as water colour, foam and mass mortality. The monitoring frequency in the problem areas would be at least every two months. The assessment of the results of nutrient monitoring would be done by NUT. At the 11th meeting of Osparcom (June 1989) both the MMP and the step-wise approach to nutrient monitoring, as proposed at NUT-3, were adopted.

Algal blooms early warning. A specific issue, directly related to the 1988 Chrysochromulina event, were early warning systems for algal blooms. The 1988 Osparcom meeting discussed possibilities for establishing an international early warning system, and also NUT-3 paid attention to the subject. The NUT-3 meeting agreed upon a system of aerial surveillance of algal blooms, the so-called ALGPOLREP programme to be carried out as part of pollution surveillance flights in the framework of the Bonn Agreement
 . The programme was adopted by Parcom in 1989. In addition to the international ALGPOLREP programme, several national algal warning programmes were in operation or being developed, again underlining the great impact of the Chrysochromulina event.

3. Assessment

Where understanding (see above) mainly concerns knowledge of basic mechanisms and the development of research to cover gaps in this knowledge, assessment involves a validation of the overall situation, including the degree of human impact and proposals for priorities for actions to be taken. Assessment is, therefore, an activity in which “value aspects” (compare chapter 1) are involved. It is carried out by the science-policy interface and in many cases the result of what can be termed "negotiated science.” One of the major tasks of NSTF was to produce a new North Sea QSR in 1993. Important data for the preparation of the QSR were to be derived from the MMP (see above). In addition, available data would have to be used, amongst others nutrient data. Upon request of Osparcom, ICES Working Groups were analysing nutrient data sets with the aim of establishing temporal trends for nutrients. Also some ad-hoc requests had been made to NSTF. The Preparatory Working Group (PWG), preparing the third North Sea Conference (INSC-3), had asked NSTF to produce first analyses of the 1988 Chrysochromulina and seal epidemic events for INSC-3.

Nutrient trend analysis. At NUT-3 (October 1988) ICES brought forward the problems encountered in establishing a report on trends in nutrients. Osparcom had requested ICES to analyse available data on nutrients for this purpose (see also 4.2.2). The 1988 ACMP meeting had concluded that a final report on nutrient trends could not be submitted to Osparcom before 1991 or 1992 because of problems with the quality of existing nutrient data (ICES 1989). These data originated from various sources, amongst others research cruises and fish monitoring programmes. ACMP therefore proposed to improve nutrient analysis by organizing an intercalibration exercise. Another problem was the insufficient submission of nutrient data. Osparcom had requested countries to submit such data to ICES on a voluntary basis, but only few countries had done so. The final results of the nutrient analysis were discussed in the 1990 ACMP report (ICES 1990). Because of the lack of data the analysis focussed on Norwegian waters, the North Sea and the Baltic and the main conclusions were that:

· There had been an increase in the anthropogenic supply of nutrients (from land and air) into the Baltic Sea and the North Sea;

· Parts of the coastal North Sea and the whole Baltic Sea could be clearly identified as having increased winter nutrient levels;

· Changes over time could be identified for nutrient levels in Dutch estuaries, the German Bight, the Kattegat and, especially, the Baltic Sea.

With regard to the analysis, ACMP noted important differences between the North Sea and the Baltic Sea. Trends in the Baltic Sea were more apparent because of the better international data set and peculiarities of the Baltic such as the relatively larger nutrient supply (per unit volume), the stratification and the longer flushing time. For the North Sea on the whole, a statistically sound statement regarding trends could not be made, due to the low quality of the data. Therefore, answers to questions about nutrient trends could not be given solely on the basis of statistical analyses. ACMP therefore concluded: 

"both previous and contemporary nutrient data are unsuited to the identification of trends because data are too sparse, temporally and spatially. Equally, it is clear that nutrient introductions to the North Sea from anthropogenic sources have increased and that this has led to increased nutrient levels and biological production in some areas. Effort now needs to be applied to determining the best method of monitoring future nutrient changes in the area” (ICES, loc.cit.).

Interim Quality Status Report 1990. The catastrophic events of the year 1988 were of course of high political importance, and PWG, responsible for the preparation of INSC-3, had already at the first meeting of NSTF submitted a request for a progress report by NSTF, which should contain new scientific information on items on which ministers could take decisions (NSTF 1988). Items to be covered explicitly were the Chrysochromulina bloom and the seal epidemic. Reports on these issues were prepared within a very short period of time because of the limited time available until INSC-3. These reports were comprehensively discussed at the third NSTF meeting (September 1989) (NSTF 1989b). With regard to algal blooms important input had been provided by an ICES workshop on the Chrysochromulina bloom, held early 1988 (see 4.4.1). In the report of this workshop it was, among others, concluded that a high N/P ratio of upwelling water had caused P limitation and Chrysochromulina becoming toxic (Skjoldal and Dundas 1991). Interestingly, only the main conclusions of the workshop report were taken over by NSTF and not the critical analysis ACMP had given in its 1989 report (ICES 1989). ACMP considered it unfortunate that the media attention for the Chrysochromulina bloom had created the popular impression that all algal blooms were noxious. Moreover, as noted by ACMP, the bloom was exceptional only in that Chrysochromulina polylepis had not previously been recorded as toxic over large areas. The species itself was a natural part of the algal population, and the biomass of the bloom in 1988 had not been particularly high. ACMP also put the bloom into economic perspective: From Danish fish farms no losses had been reported and the losses of Swedish and Norwegian farms were about 10 million Euro. The Norwegian loss of 800 tons of fish corresponded to 0.6% of the 1988 production (ICES, loc.cit.).

NSTF also presented information on other algal blooms. The report contained a list of 14 blooming events, caused by ten different species. The majority of these so-called "exceptional” blooms had been recorded in the Kattegat and continental coastal waters and in areas with reduced salinity due to freshwater inflow. It was stated that, although algal blooms were a natural event, there was evidence of recent, more frequent occurrences. It was noted, however, that also the increased observation due to greater public awareness and more extensive mariculture might have contributed to the increased number of incidents reported. Reference was also made to the results of the Continuous Plankton Recorder (CPR), which showed that changes in plankton composition had occurred over the entire Northeast Atlantic Ocean. Interestingly, this statement was followed by a reference to the recent GESAMP Report on Nutrients and Eutrophication in the Marine Environment, according to which there was clear evidence of an association between increases in nutrient inputs and/or changes in nutrient balance and enhanced frequency and/or persistence of troublesome algal blooms in waters with restricted circulation and exchange and that such areas were encountered under certain hydrographic and climatological conditions along the coast of mainland Europe and in the Kattegat and inner Skagerrak.

NSTF had also prepared a number of recommendations to INSC-3 regarding further research into algal blooms. It concerned, among others, the life cycle of toxic algae, the role of nutrient ratios in algal species composition and the impact of a 50% reduction of nutrient inputs.The NSTF assessment of algal blooms, together with an assessment of the seal epidemic, were published as part of the so-called "Interim Report on the Quality Status of the North Sea” which was the scientific contribution to INSC-3. The Interim QSR, composed by the North Sea Conference Secretariat, also contained an update of data on inputs of contaminants to the North Sea (NSC 1990). 

The 1993 North Sea QSR. The preparation of a new quality status report for the North Sea can be regarded as the main task of NSTF. At the first NSTF meeting, the ICES representative presented guidelines for the preparation of regional environmental assessments. According to ACMP the primary purpose of a regional environmental assessment was "to provide an authoritative synthesis and evaluation of scientific information available.” Such an assessment was "a product of rigorous review of data to determine the nature and severity of environmental disturbances and trend resulting from anthropogenic activity. The results could be used to determine the adequacy of existing environmental controls and the viability of its resources and amenities” (NSTF 1988). During the discussion it was stated that the primary aim of an assessment was to summarize current understanding of the effects of human activities, rather than directly addressing the necessity of protection measures. An assessment was, therefore, largely a scientific undertaking, although it would serve, indirectly, to demonstrate the need for and effectiveness of measures. Interestingly, from the Dutch side a paper was presented addressing the question how much efforts to invest in improving the quality of information, considering the limited lifetime of political interest in policy issues. It was proposed to analyse the decision-making process, with the aim of developing criteria for judging the appropriateness of information, necessary for taking major policy decisions. Following this proposal, the suggestion was raised to convene policy-oriented meetings at regular times. It was, however, decided not to fix hard rules for doing so.

With respect to the 1993 North Sea QSR it was decided, upon the initiative of ICES, to follow a subregional approach. The main argument put forward by ICES was that the former two QSRs had covered the whole North Sea, concentrating on areas with high levels of pollution and, thus, presenting little information on less problematic areas. The North Sea was divided into 11 subregions, each with a lead country responsible for the assessment. The subregional assessments, together with overall studies by ICES and Osparcom working groups and data from the MMP, would produce the main material for the so-called holistic assessment.

4. Defining and categorizing marine eutrophication

Quality Objectives and Quality Standards. An important task of NUT was to develop quality objectives for marine eutrophication (see 4.2.4). Because INSC-2 had decided on a 50% nutrient input reduction into areas where nutrients may cause pollution (4.2.5), an additional task had emerged, namely the designation of such areas. NUT-2 (1987) had already dealt with quality objectives and discussed the development of an international quality objective for eutrophication. But at NUT-3 (October 1988) it was generally felt that it would be premature to do so. Delegations pointed to the complexity of nutrient dynamics and the lack of proof of harmful effects and questioned the usefulness of quality objectives in management. There was, however, the general feeling that the setting of quality objectives might be useful in the longer term (NUT 1988). It was within this perspective that the Dutch delegation presented its so-called "step-wise procedure for elaboration of quality objectives and standards.” This procedure, which was adopted by NUT-3, consisted of the following six steps:

1. An inventory of negative eutrophication symptoms;

2. The selection by each country of one or two representative sub-areas (also called problem areas), in which relevant eutrophication symptoms should be monitored in the framework of the national monitoring programmes. It was underlined that the frequency of monitoring should be appropriate for recording the often rapid changes in eutrophication phenomena;

3. The selection of suitable parameters and methodologies;

4. The execution of monitoring in the selected areas, for the selected parameters;

5. Assessment of monitoring and research results;

6. The possible establishment of quality objectives and standards.

The consideration of the possible need for quality objectives was envisaged for 1995, in the framework of the discussion about the eventual need for further reduction measures. The step-wise procedure was endorsed by the 11th Parcom meeting (June 1989) and each contracting party was asked to follow the procedure as closely as possible. It is noted here that it concerns a request and not a mandatory activity and that, therefore, the step-wise procedure was implemented in different ways and to a different degree by the OSPAR countries. 

Eutrophication problem areas. A second element of categorising marine eutrophication is the designation of eutrophication problem areas. INSC-2 had decided that nutrient inputs into areas "where these inputs are likely, directly or indirectly, to cause pollution” must be reduced by 50% between 1985 and 1995. The 1988 Parcom meeting had thereupon decided that NUT should prepare an overview of such regions. At NUT-3 this request was discussed and it was decided that The Netherlands would take the lead in preparing a series of maps, defining problem areas, including the criteria that had been applied. This task received a higher level of urgency by the decision of the 1989 Parcom meeting that a map with potential eutrophication problem areas would have to be finalized by NUT-4 and submitted to INSC-3. At NUT-4, therefore, a final draft version of a map was discussed, which already contained contributions by several countries. According to the introduction to the map, the drafters had taken into consideration major nutrient sources, giving rise to elevated winter concentrations and adverse eutrophication effects (or increased risks of such effects), resulting from excessive nutrient supply. Also secondary factors, such as climatological and hydrological conditions had been taken into consideration (NUT 1989). The map itself (figure 4.6) did not contain a clear-cut designation of potential problem areas, but four categories of parameters, which were regarded as indicative of potential problem areas. It concerned:

· Elevated winter nutrient concentrations;

· Occurrence of exceptional algal blooms. For this category the observed occurrence of five species of toxic and nuisance algae was presented (see legend to figure 4.6);

· Oxygen deficiency, often related to excessive algal biomass;

· Reduced fauna, or even mortality of species, often related to toxic algal blooms and/or oxygen deficiency.

From the material presented it was concluded:

"On the basis of extensive and increased anthropogenic inputs of nutrients over the last few decades, and on the basis of the various adverse eutrophication effects, many coastal zones of the North Sea, including the Kattegat and the Skagerrak, have increased nutrient levels, and are therefore identified as potential eutrophication problem areas, whilst some others can be identified as problem areas.”

The United Kingdom and France could not support this conclusion and had serious problems with the map, which they could not accept as a "statement of scientific fact.” The main reservations of these countries were:

· Disagreement with the definition of eutrophication on which the map was based. It was stated that eutrophication was not just a consequence of nutrient enrichment from anthropogenic sources. France and the UK favoured the definition proposed by the Commission of the European Communities (CEC) according to which "eutrophication means the enrichment of water by nutrients, causing an accelerated growth of algae and higher forms of plant life to produce an undesirable disturbance to the balance of organisms and to the quality of the water concerned.”

· Lacking evidence for elevated winter concentrations above background in coastal waters of the English Channel and the western North Sea.

· Confusion in the map about species of algae, which may be toxic and do not need increased levels of nutrients to grow. It concerned three of the five species shown in the map (Gonyaulax, Alexandrium and Dinophysis), which could cause Paralytic Shellfish Poisoning (PSP) or Diarrhetic Shellfish Poisoning (DSP) at low numbers and which did not need to bloom to show effects.

· The Phaeocystis blooms shown in the map had been taken from the publication by Lancelot et al. from 1987 (see 4.2.1), and in this publication the presence as species was listed and not the occurrence as exceptional bloom with secondary effects.

The majority of the meeting supported the map and it was agreed that it would be submitted to INSC-3, together with an attachment in which the reservations of France and the UK were listed.
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Fig. 4.6. Map of potential Eutrophication Problem Areas. Final Version 1989. Redrawn from NUT-4, Annex 6 (NUT 1989).

5. Prediction

As indicated in several parts of the previous and current chapters, predicting the effects of human activities on the ecosystem was one of the major challenges to ecology, and mathematical models were regarded the most promising instrument for prediction (compare 2.3.1, 4.2.2 and 4.2.4). At its second meeting NUT had identified the selection of suitable mathematical models as one of its future tasks. With the help of models it should be possible to quantify the distribution of nutrients and, in particular, the input of nutrients to problem areas (see above). With the aid of models it should also be possible to define any further input reductions necessary to reach quality objectives for problem areas. For NUT this would imply working towards the adoption of models, which should include transport processes, interaction of nutrients with the sediment and ecological processes, such as algal growth (NUT 1987). At NUT-3 (1988) several national models were presented and it was agreed that it was necessary to evaluate the limitations and expectations of existing models. Belgium would take the lead in preparing such an evaluation. The evaluation should, in particular, address the ability of models to help answering the questions addressed in the so-called Gerlach study (see above). Furthermore, it should be defined in which context mathematical models could be used as management tools for decision-making (NUT 1988). At NUT-4 (September 1989) Belgium presented the first results of the evaluation. Also other model comparisons were presented by some delegations. An important point of discussion was whether models were already sufficiently sophisticated to allow a prediction of the results of a 50% reduction of nutrient inputs. Several delegations felt that this was not the case, mainly because of the poor understanding of nutrient dynamics. The meeting agreed to report to the Preparatory Working Group of INSC-3 that existing models were not yet sufficient to assess the contribution of different North Sea states to the nutrient loading of the North Sea, nor the results of reduction measures.

Also NSTF worked on the development of models for assessment and management purposes, which was a specific task given to NSTF by INSC-2. The use of models was addressed at the first meeting of NSTF in December 1988. Like NUT, NSTF concluded that an overview of available models should be made. NSTF considered a review of models necessary, preceding the preparation of the 1993 QSR. In the second NSTF meeting (April 1989) the future line of work regarding modelling was elaborated. The meeting differentiated between two aspects of modelling; first, the development of models, which was primarily a scientific and technical matter, and, second, the output of the models, which was something policy makers had an interest in. The overall objective of the review of models was to prepare a specific chapter for the QSR on the role of modelling for assessment purposes. For the short term NSTF considered it necessary to identify to what extent models could help increasing the understanding of physical, chemical and biological processes, and it was agreed that Belgium would coordinate such an inventory. It was also agreed to organize a workshop in which a comparison of existing models would be carried out.

6. Measures

One of the central tasks of NUT was to exchange information on measures to reduce nutrient inputs. A detailed account of national measures, reported in the first two NUT meetings, was presented in 4.2.4. INSC-2 and Parcom had decided upon catalogues of measures to be taken, both for the reduction of phosphorus and nitrogen inputs. Parcom had, moreover, decided that NUT would have to prepare assessments of the national action plans. In the third and fourth meetings of NUT, first overviews were presented of the national implementation of the decisions of INSC-2 and the recommendations of Parcom. The national action plans were most concrete with regard to the (further) installation of secondary and tertiary treatment stages of sewage treatment plants, and several countries, amongst which Germany, The Netherlands, Denmark and Sweden, presented figures of large investments which had been done for this purpose or were envisaged for the near future. Also additional regulations for waste water treatment had been or were being imposed upon industry. The reduction of inputs from agriculture, in particular nitrogen, was regarded as problematic by most participants. Although a substantial reduction might be expected from existing and planned measures, the 50% reduction goals would only be achieved with very stringent measures. The United Kingdom explicitly reserved its position with regard to reduction measures, with a view to the costs involved and the uncertainty that the measures would indeed be effective in preventing eutrophication problems. It was stated that there were no eutrophication problems in UK coastal waters. Generally, however, action was taken to reduce nutrient inputs to the aquatic environment.

Analysis of science-policy interactions 

As a result of the establishment of NUT, the outcome of INSC-2 and the installation of NSTF, new political impetus had been given to marine pollution policies in general and policies for the reduction of nutrient inputs in particular. This development was even enhanced by the 1988 Chrysochromulina bloom. The new groups started to operate within the existing OSPAR system, which can be regarded as rather rigid. However, backed by politics, they were able to initiate considerable changes to the existing structures and to introduce new working methods. Both NUT and NSTF started with inventories and analyses of available data, monitoring programmes, research programmes and mathematical models. Generally, it was concluded that there was a great variety of material, but that only little was suitable for use in an overall assessment of the North Sea ecosystem or for the evaluation of policies. A second step was, therefore, to start international co-ordination of research, monitoring and modelling, aiming at filling gaps in knowledge and stimulating the development of useable models and research. One tangible result was the development of a Monitoring Master Plan (MMP) for the North Sea, which included mandatory nutrient monitoring. For most actions, however, the time span until INSC-3 was much too short to already deliver concrete results. But the problems with acquiring suitable results from research, monitoring and modelling were not only due to time constraint. The introduction of the MMP, together with activities such as improving data handling procedures, developing quality assurance procedures and the development of new guidelines, caused an increasing need for co-ordination and integration, as well as increasing pressure on national resources.

But not only problems of a logistic character had been introduced. Already before its start, the MMP, intended to provide important basic material for the 1993 QSR, was criticized for not being compatible with the JMP. The mandatory monitoring of nutrients, an important achievement of the MMP, was seriously criticized by ACMP, since it would not deliver the information it was supposed to do. ACMP stated in its 1990 report: "The temporal and spatial variability in the North Sea would confuse the interpretation of NSTF-MMP nutrient data to such an extent, that any change in the nutrient levels would not be demonstrated unequivocally” (ICES 1990). Instead, ACMP favoured measurements at carefully chosen representative stations, with a frequency of once per day or every second day, supplemented with synoptic measurements once or twice a year. Such problems, inherently related to the complexity of the marine ecosystem, also hampered the development of suitable models, environmental quality objectives and the definition of eutrophication problem areas.

I furthermore conclude that the science-policy interface, i.e. NUT and NSTF, did not critically discuss the need and relevance of the 50% reduction discussion on the basis of scientific reviews becoming available (see 4.4.2). One reason could be that the groups were too busy organising their implementation and preparation tasks, and that there was little time left for fundamental scientific discussions. Such could have been done in the framework of the preparation of the interim QSR, but this document focused, as a result of political pressure, very much on the Chrysochromulina bloom.

Finally, since INSC-2 there had been very little time for the building up of critical scientific information. The critical information that was available was fully insufficient to counter the outcry following the Chrysochromulina event. 

4.4.4 Political developments 1988–1990

The impact of the London Conference

The activities within the science-policy level, described in 4.4.3, were determined by three main factors, namely the outcome of INSC-2, the preparation of INSC-3 and the Chrysochromulina and seal epidemic events of 1988. But also a number of other political developments in 1988–1990 influenced the activities in the science-policy field. In June 1988 Parcom adopted Recommendation 88/2 "On the reduction of nutrients to the Paris Convention Area.” The Recommendation called upon contracting parties to substantially reduce, between 1985 and 1995, inputs of nitrogen and phosphorus into areas where these inputs might cause pollution. It is clear that this Recommendation was strongly influenced by the decisions of INSC-2, which also follows from its formulation, which was almost identical to that of INSC-2. As a rationale for the Recommendation the 1988 Chrysochromulina bloom was given, as well as several international political actions related to marine eutrophication, among which INSC-2, the European Community and the Helsinki Convention (see below). The Recommendation also asked for the preparation by NUT of an overview of regions "where inputs of nutrients are likely, directly or indirectly, to cause pollution.” With this recommendation the marine eutrophication problem had been extended from the North Sea to the Northeast Atlantic Ocean. One year later Parcom issued Recommendation 89/4 "On a coordinated programme for the reduction of nutrients.” This Recommendation provided guidance on the implementation of Recommendation 88/2 by giving a comprehensive list of actions to be taken in order to reduce nutrient inputs. It concerned activities in the fields of agriculture, wastewater treatment, industry, aquaculture, nitrogen immission from combustion of fossil fuels and detergents.

Also the European Community increasingly addressed (marine) eutrophication issues. In June 1988 the Council of Ministers adopted a "Resolution on the protection of the North Sea and other waters in the Community.” According to the Resolution, the Council "notes with concern the extensive growth of algae in certain areas of the North Sea and the Baltic, including the Skagerrak and the Kattegat, in May and June 1988 which is a symptom of a serious ecological imbalance.” Other reasons for the Resolution were the 1988 seal epidemic and the "excessive fertilization and eutrophication of parts of the North Sea as well as the Baltic and other waters.” In the Resolution the Commission was invited to develop proposals concerning the reduction of nutrient inputs from diffuse sources, particularly from agriculture. Also proposals should be developed regarding the treatment of municipal sewage and industrial waste water. The Council considered that such measures would contribute to the implementation of the decisions of INSC-2. Proposals for Directives on nitrates from diffuse sources and the treatment of urban and industrial waste water were already under development by the Commission. 

Also in 1988, a ministerial meeting of the Helsinki Commission (Helcom) decided to reduce inputs of nutrients (but also hazardous substances) to the Baltic Sea by 50% not later than 1995. This decision was without doubt inspired by the outcome of the London Conference, not the least because four members of the Helsinki Convention were also parties to the Paris Convention.

To underline the high political interest in marine pollution issues at the end of the 1980s, two additional political activities are mentioned. In 1988 the Karslkrona Conference on the Health of the Seas was held and in 1989 the Nordic Council organized an International Conference on the Pollution of the Seas.

The third North Sea Conference

The third International Conference on the Protection of the North Sea (INSC-3) was hosted by The Netherlands from 7–8 March 1990. This was less than two and a half years after INSC-2, and, as demonstrated in the foregoing, a time span much too short for substantial progress in the implementation of the INSC-2 agreements. As shown in 4.4.3, most of the actions agreed upon by INSC-2 were still in a preparatory state. The timing of INSC-3 had already in 1987 been fixed by the Dutch Minister Smit-Kroes, who was very interested in matters of North Sea pollution and who had a personal interest in chairing INSC-3. Ironically, the Dutch cabinet fell before the fixed date and INSC-3 was now chaired by a new Minister responsible for North Sea affairs, May-Weggen. It was mainly because of the early timing of INSC-3 that only few new political initiatives could be taken. 

The main issues addressed at INSC-3 were inputs of hazardous substances, inputs of nutrients, dumping and incineration at sea, pollution from ships, pollution from offshore installations, protection of species and habitats, fisheries, and enhancement of scientific knowledge. In the following, the issues inputs of nutrients and enhancement of scientific knowledge will be covered.

Inputs of nutrients. PWG had intended to come to a decision about the designation of specific areas, where nutrient inputs were likely to cause pollution. It had also attempted to present an overview to the Conference of the contribution of the different North Sea states to the nutrient loading of the North Sea. But, as explained in 4.4.3, both intentions could not be fulfilled because neither NUT nor NSTF had been able to carry out these requests, the main reasons being the lack of time and the lack of suitable data and mathematical models. These activities were, therefore, postponed by the Conference, at which it was agreed (§10) "To identify some coastal zones of the North Sea, including the Skagerrak, as being actual eutrophication problem areas and, in view of the increased inputs and levels of nutrients, some other coastal zones as being potential problem areas.” It was furthermore agreed (§13) to establish common assessment and reporting procedures for the calculation of the reduction of nutrient inputs, and the determination of the sensitive areas from §10. Proposals for such procedures would be submitted to the fourth North Sea Conference, which was to be held in 1995.

The Conference furthermore decided upon a number of very specific measures for the reduction of nutrient inputs. However, as can be inferred from the full text below, these measures only applied to the sensitive areas for those cases for which it could not be proven that inputs would not harm the marine environment. In §11 the North Sea Ministers agreed

"that for the North Sea catchment area, as a minimum level of treatment, urban areas (e.g. 5000 p.e. or more) and industries with a comparable waste water load, should be connected to sewage treatment plants with secondary (biological) or equally effective treatments, unless, on a case by case basis, comprehensive scientific studies demonstrate to the satisfaction of the competent international authorities, that this discharge will not adversely affect the North Sea environment on a local or regional level. In these cases primary treatment should at least be provided. Full information should be provided in time for an assessment at the meeting of the Oslo and Paris Commissions at ministerial level in 1992.”

In §12 of the Declaration more specific requirements were listed for inputs to areas "where these inputs are likely, directly or indirectly, to cause pollution.” For municipal treatment plants with a capacity of more than 20,000 p.e., effluent concentrations of nitrogen were set at less than 10–15 mg/l and of phosphorus at less than 1–2 mg/l. These values were in line with the requirements of the proposed EC Urban Wastewater Directive and thus, at least for the EC countries
, no new political development. §12 also contained measures to be applied by industry and agriculture, again under the condition that it concerned inputs to areas where the inputs might cause pollution. For industry, Best Available Technology was required for treating industrial effluents. For agriculture, several practices were listed which should aim at achieving an "environmentally acceptable relationship between crop uptake and the amount of nutrients applied in manure and fertilizer.” 

Enhancement of scientific knowledge. As a basis for further measures, NSTF was invited to continue to implement its programme and, in particular, to assess research carried out on exceptional algal blooms and the seal epidemic. NSTF was furthermore asked to address in the 1993 QSR the overall ecological situation of the North Sea, including a number of so-called sensitive issues. Amongst these was the impact of fishing activities on the North Sea ecosystem. This was one of the new political issues of INSC-3. The protection of species and habitats was a second issue that had not been addressed by previous North Sea Conferences, which had, so far, been mainly dealing with pollution issues. NSTF was requested to co-ordinate relevant actions and measures with regard to the protection of species and habitats.

Two additional new tasks for NSTF are mentioned here. The first was to elaborate techniques for the development of ecological quality objectives, the second to consider possibilities for developing analytical tools to assess and compare the effects of policy decisions. These interrelated tasks underline the political desire for rational decision-making.

Future conferences. Denmark invited to the fourth North Sea Conference in 1995. It was also agreed to arrange a working group meeting at ministerial level to be held in 1993. At this meeting the 1993 QSR would be discussed, as well as shipping issues and the problems caused by the inputs of pesticides and nutrient from agriculture. For the latter issue also the agricultural ministers would be invited.

4.5 Summary and conclusions

In this chapter the following questions have been investigated:

1. Which factors, among which science, have been relevant for the construction of the marine eutrophication problem? 

2. To what extent were political decisions on marine eutrophication based upon science?

3. What does politics expect from science in the implementation of political decisions and has science been able to meet the expectations? 

4. How has the science-policy network, in particular the science-policy interface, developed as a result of political developments, and which role has it played in the use of science in political decision-making? 

In the following sections the main findings with regard to these four questions are summarised. 

4.5.1 The construction of the marine eutrophication problem

Whereas in the 1970s (chapter 3) marine eutrophication was predominantly an issue of scientific discussion, the period 1981 to 1990 (this chapter), showed a rapid development of political interest, first at the national but, as of 1985, also at the international level. In 1987 this resulted in the decision by INSC-2 to reduce inputs of nutrients to the North Sea by 50% between 1985 and 1995. Interestingly, it was not in the Baltic Sea that the political awareness of marine eutrophication received a strong impetus, but in the transition area between the Baltic Sea and the North Sea: the Kattegat and Belt Seas. In 1981 severe oxygen depletion and fish mortality occurred here, which caused, especially in Denmark, strong public worries. In that same year also in German waters, both in the Baltic Sea and the North Sea, large areas with oxygen depletion were recorded. In the following years oxygen depletion events were again recorded in these areas. The developments, leading from these events to the international recognition of the problem in 1985 and the formulation of concrete measures in 1987, have been placed in the framework of the social construction of environmental problems. In Sect. 4.3 it was shown that the main elements in the construction of an environmental problem, as formulated by Hannigan (1995), were clearly present in the marine eutrophication case. It concerns knowledge, timing, luck, disasters and entrepreneurs. The disasters, described above, coincided with an increasing political interest in marine pollution by the North Sea countries, caused to a large extent by the initiative of the Federal Republic of Germany to organize an international political Conference on the protection of the North Sea in 1984, followed by two additional conferences in 1987 and 1990. The central entrepreneurs were Danish scientists and Danish civil servants who managed to use the North Sea Conferences, in particular INSC-2, as a vehicle to upgrade the marine eutrophication problem from a national to an international issue. The main rationale was the conviction of Danish scientists that international nutrient transport has been an important cause of the oxygen depletion events in Danish waters. But the decision of INSC-2 to reduce nutrient inputs must, first of all, be seen in the light of the political mood of the 1980s. This mood was, also in the framework of a precautionary approach, in favour of firm decision-making with regard to reducing inputs of polluting substances. It is in this respect striking that in the year 1987 at least three international pollution reduction agreements were agreed upon. These were the decision in 1983 by several European states to reduce SO2 emissions by 30% (Wetstone 1987), the decision at the Rhine Ministers Conference in 1987, shortly before the North Sea Conference, to reduce, by 50%, the inputs of several polluting substances into the Rhine river, and the global agreement on a 50% reduction of CFCs (the Montreal protocol). 

The political impact of INSC-2 was enhanced by two catastrophes which occurred in 1988, namely the toxic bloom of Chrysochromulina in the Skagerrak and the epidemic of the harbour seal in several parts of the North Sea. INSC-2 and the 1988 catastrophes also had an impact on other political bodies, such as Parcom, Helcom and the European Commission, all of which introduced measures intended to reduce nutrient inputs to the marine environment. 

The increased political interest also caused a strengthening of the international science-policy network for marine pollution and an intensification of activities within this network. Most important for the marine eutrophication case were the creation of the Parcom nutrient working group (NUT) in 1985 and the establishment of the North Sea Task Force (NSTF), as a joint body of Osparcom and ICES, in 1987. In addition to the push created by INSC-2, the preparation of the 3rd North Sea Conference (INSC-3), scheduled for March 1990, less than 2½ years after INSC-2, caused a pull on bodies working at the science-policy interface to produce scientific answers and instrument useable for policy makers. 

4.5.2 Science and political decision-making

A central issue discussed in this study is whether objective scientific knowledge can be and should be the basis for political decision-making (compare chapter 1: rational decision-making). In the classical model of rational decision-making, as applied in this study, it is assumed that the discovery and subsequent agenda setting of an environmental problem initiate a political need for scientific information. According to the concept of rational decision-making, political decisions should be based upon sound science. The required information should not only explain the causes of the problem (and in particular the role of human impacts), but also provide the scientific basis for developing political answers to solving it. If such information is not directly available, it should be developed by the initiation of targeted research. In the case of the 1981 oxygen depletion events, both the scientific "discovery” and "alarming,” leading to political awareness of the problem, and the resulting initiation of research by politics, fit into this model.

Instant knowledge

The "discovery” of an environmental problem by the scientific community and the subsequent "alarming” of society, are accompanied by the delivery of what may be termed “instant” scientific information. Also in the phase directly following the political agenda setting, the information provided to politics will consist of an assessment of available data and knowledge, which is often limited, given the novelty and unexpectedness of the problem. This was also the case for the events covered in this chapter, the oxygen depletion and the Chrysochromulina bloom, even though negative effects of marine eutrophication had already been observed in other marine waters. First results of (mainly literature) studies into the oxygen depletion events became available in the first half of the 1980s. The information was still of a rather general and coarse character, but, as shown in this chapter, had a substantial influence on the decisions taken at INSC-2. In Sect. 4.3 it was concluded that the knowledge used in the formulation of the 50% nutrient reduction decision was derived mainly from instantly available Danish research, which had not been subject to international review. Generally, there had not been an international scientific discussion about the need for, or the extent of nutrient reduction. The results of scientific studies, initiated to find answers to the question regarding the role of increased nutrient inputs in the oxygen depletion events, did reveal increased inputs of nitrogen and/or phosphorus substances, but, generally, failed to find causal relationships with changes in primary production. The main grounds for the problem of finding such causal relationships were the complexity and dynamic character of the marine ecosystem, which must be added to the already mentioned novelty and unexpectedness of the problem. Interestingly, the main differences in opinion within the scientific community were not about scientific facts, but about the interpretation of these facts, in particular the seriousness of marine eutrophication and, consequently, the need for reducing nutrient inputs. Generally, scientists from the European mainland countries supported the application of the Precautionary Principle in environmental policies, and were in favour of reduction measures. Scientist from the United Kingdom, on the other hand, did not regard it necessary to reduce nutrient inputs, at least not in UK waters, and stressed the need for more scientific proof of adverse eutrophication effects. The latter position was generally shared by the ICES Advisory Committee on Marine Pollution (ACMP), the main scientific advisory body within the science-policy network.

As discussed in 4.3 the premature introduction of knowledge for use in the policy process, i.e. before the knowledge has been accepted as credible by the international scientific community, may have negative consequences for the further process (Lambright 1995; Jasanoff 1990). One consequence may be that scientific controversies arise after new knowledge becomes available which is not in support of the agreed policies. During the period 1988–1990 such already happened, be it to a limited extent. 

The decision to limit both phosphorus and nitrogen inputs, must, however, be valued as predominantly the result of the input of scientific information into the political decision-making process. The emphasis of policies for combating eutrophication had, until the mid of the 1980s, been on reducing phosphorus inputs to freshwater systems (compare chapter 3). The political decision to reduce nitrogen inputs as well, was taken, despite the fact that such was expected to be much harder than reducing phosphorus inputs, and mainly because there was increasing scientific evidence of nitrogen being the main limiting factor for primary production in marine systems. 

But INSC-2 not only formulated clear reduction goal for nutrients. It also introduced a condition under which the reduction would be mandatory, namely only for those inputs that "were likely to cause, directly or indirectly, pollution.” With this decision a need for additional knowledge had been generated, namely knowledge needed for the designation of areas where nutrient inputs would cause pollution, as well as for the development of criteria for “pollution.”
4.5.3 The implementation of the North Sea Conference decisions

As a result of INSC-2 several political decisions and questions, waiting for scientifically based solutions and answers, were on the agendas of working groups within the international marine pollution science-policy network, in particular NUT and NSTF. It concerned the definition of areas affected by increased nutrient inputs, the development of quality objectives for eutrophication, the development of predictive models and finding the causes of the Chrysochromulina bloom. Following INSC-2, the working groups within the science-policy network had started with the collection and analysis of information, necessary for these implementation tasks. At the time the working groups started their activities, the level of understanding of marine eutrophication, in particular the knowledge of effects of increased nutrient loading on primary production, was limited, as can be inferred from the overview and analysis of the status of knowledge in the second half of the 1980s (section 4.4.2). There was, generally, consensus about the fact that the complexity of the marine ecosystem and the importance of other forcing factors, in particular weather and climate, made it very hard to link increased primary production, or changes in the composition of the phytoplankton, to changes in nutrient inputs. There were too few suitable long-term data series to allow proper statistical analyses and also the increased observer effect, resulting from the increasing scientific interest in the issue, was acknowledged as a factor complicating the analyses of temporal developments. There was, furthermore, broad support for the fact that possible adverse effects of increased nutrient inputs were confined to the coastal zone of the mainland. It will not be surprising that the working groups at the interface of science and policy, in particular NUT and NSTF, were confronted with this same problem of insufficient understanding of processes relevant for understanding marine eutrophication. This was the main reason why little progress was made with the tasks of developing suitable models for calculating national contributions of nutrient inputs and the designation of eutrophication problem areas. It had been the intention to provide INSC-3 with information on these tasks as a basis for supplementary decision-making.

But the complexity of the ecosystem and the lack of proper data were not the only reasons for the problem that had arisen in the process of finding suitable answers to the political requests. Additional (but interrelated) factors, identified in 4.4.5, were time constraints, problems of organization and lack of consensus. There were less than three years between INSC-2 and INSC-3, which was fully insufficient to provide answers to some of the main political questions emerging from INSC-2. What becomes obvious here is that time is one of the principal incompatibility factors between science and politics: science, especially the study of large ecosystems, has a long-term perspective, whereas politics have a much narrower time horizon (compare Porritt 1993). Also the political controversy between the United Kingdom and France, and the other North Sea states, about the need for reducing nutrient inputs, has played an important role in blocking an agreement about a common map with eutrophication problem areas. The arguments raised against the draft map were scientific ones and must be regarded as valid. The background for using these arguments was, however, of a political nature, having a direct connection with the obligation to reduce nutrient inputs to such areas, as agreed at INSC-2. 

4.5.4 Strengthening the science-policy network

The international marine pollution science-policy network as at the beginning of the 1980s, was the result of the first wave of environmental awareness from the beginning of the 1970s (see 2.6). For the Northeast Atlantic, including the North Sea, this network consisted of ICES and Osparcom. In the course of the 1980s a second wave of environmentalism occurred in Northwestern Europe, which, for the marine environment, resulted in an extension of the marine science-policy network. This extension materialized in the form of additional ICES and Osparcom working groups and the addition of new elements (figures 4.2 and 4.4). With regard to the latter, especially the North Sea Conferences deserve attention. Also new ICES and Osparcom working groups were created. It concerned NSTF, NUT, the ICES Working Group on Harmful Effects of Algal Blooms on Mariculture and Marine Fisheries (1984) and the ICES Working Group on Phytoplankton Bloom Ecology (1988). The fact that three new working groups specifically dealing with eutrophication and eutrophication effects had been established, reflects the impact of the oxygen depletion events of the beginning of the 1980s and the 1988 toxic bloom of the algae Chrysochromulina polylepis. With the introduction of these new working groups the "policy-research connectivity” had been strengthened and thus the potentials for the transfer of scientific information from science to politics and requests from politics to science. An important supplementary factor in the enhanced connectivity is the increasing role of so-called "administrative scientists.” Because of the more intense political interest in marine pollution and the resulting increase in administrative efforts, especially at the interface of science and politics, the demand for scientifically skilled civil servants increased (compare Van der Windt 1992). In the course of the 1980s this became visible in the membership of, in particular, NUT and NSTF. 

But with the strengthening of the science-policy interface there has also been an increase in the passing on of responsibilities from politics to the science-policy level. The decision of INSC-2 to reduce nutrient inputs by 50% had been possible only because of the inclusion of the condition that such would only be necessary for those areas, where the inputs would cause pollution. With this decision a heavy burden was placed on the working groups at the science-policy interface, namely to develop a common definition of pollution caused by eutrophication. INSC-3 shifted even more responsibilities to the science-policy level by agreeing upon requirements for sewage discharge which would be mandatory only if it could be scientifically proven that untreated discharges did not "adversely affect” the marine environment. In the light of the above described problems with the collection and application of scientific information, such a task seems hardly feasible. INSC-3 also commissioned Osparcom and NSTF with the development of techniques for the elaboration of environmental quality objectives and the development of analytical tools for assessing the effects of political decisions. The elaboration of these tasks must be regarded as problematic, given the complexity of the North Sea ecosystem, the many gaps in knowledge, the still insufficient research and monitoring infrastructure and, most important, the value-laden aspects of these tasks (compare 1.2.1).

� Working Group on Pollution Baseline and Monitoring Studies in the Northeast Atlantic (see also 3.4.1)


� In later years this Group was called ”Working Group on Harmful Effects of Algal Blooms on Mariculture and Marine Fisheries”


� Parcom was working on amending the Convention, so as to include nutrients in the Annexes (compare 2.6.2). In 1984 such a request had been made by INSC-1 (4.1.5)


� In 1993 the ACMP was replaced by the ACME (Advisory Commission on the Marine Environment) with national representation


� The Bonn Agreement is an international agreement by North Sea coastal states, together with the EC to: 


-offer mutual assistance and co-operation in combating pollution; 


-execute surveillance as an aid to detecting and combating pollution and to prevent violations of anti-pollution regulations.


� United Kingdom, Denmark, The Netherlands, Belgium, France





