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1 Abstract 
Historical and archaeological research has fundamentally changed our knowledge of past abundance and distribution of North Sea marine animal populations in the past ten years. We may now contrast current populations to historical baselines and we are beginning to understand the dynamics and drivers of the system to a degree which was previously unthinkable. While our understanding of the past benefits from this progress, the main contribution to the future may be to fisheries managers.

2 Introduction

Marine resource extraction is a contested activity in the contemporary world. While the consumption of animal protein is encouraged for health reasons, the overfishing of the oceans has reached a point where many popular food choices – for instance, blue fin tuna - will not be available in a few years time, following in the wake of animals such as ling and sturgeon, which were rendered more or less commercially extinct by the early twentieth century. There are other environmental ramifications; for example, the massive loss of mangrove forests in South Asia is a consequence of the surge in tiger prawn catches in response to rising demand from health-conscious consumers in the developed world. 

I shall argue that the roots of such problems, and such marked contrasts in perspective, lie deep in the past. While history may help assess the scale and pattern of fishing and fish consumption over historic time, there is also an urgent need to deploy knowledge and understanding of oceans past if the current crisis in the oceans is to be managed effectively.

This paper is based on the findings of the North Sea regional study group for the History of Marine Animal Populations (HMAP) project. HMAP is designed as a ten-year research project 2001-2010 and is itself a component of the mega-science programme of the Census of Marine Life.
 The historical component of the Census is a collaborative effort by some 100 researchers around the globe participating in a number of regional research teams for the North and Baltic Seas, NW Atlantic, the Mediterranean, SE Asia, the Caribbean, Se Australia and New Zealand, South Africa, and worldwide whaling. We are a multidisciplinary group of paleoecologists, climatologists, statisticians, historians and archaeologists, reflecting the fact that we piece together images of past ocean life drawing on a variety of sources, and deploying a range of techniques.
 
Thanks to the collaborative efforts we are now in a position to begin to piece together a picture of human interaction with marine life in the North Sea in the past 1,000 years. The breakthrough is due to the introduction of established marine science methodology to historical data, notably standardising fishing effort (catch-per-unit-effort)
, zoo-archaeological analysis of marine animal remains,
 biodiversity counts of historical fisheries,
 statistical modelling of historical data,
 etc. Perhaps the most surprising results have come simply from the data-mining effort in itself, which has revealed a wealth of documentation for historical fisheries previously neglected by historians. Examples of this are of catch records for herring fisheries in the Danish Limfjord and the entire North Sea spanning two to four centuries.
 

We now know enough to quantify the removals by human exploitation of several commercial target species, we have a good sense of the importance of human interaction for the nearshore ecosystems, we are beginning to understand the importance of marine products for human consumption, and we have a much better basis from which to assess the main drivers of human marine exploitation. These insights are critical not only to our understanding of the past but also to management in the twenty-first century, when the oceans will be the last part of the biosphere to be exposed to a change from hunting to cultivating practices.

In the following I shall outline some of the major new insights that are forthcoming regarding the human impact on the North Sea. The presentation will deal first with the question of when large-scale fisheries developed in the marine realm, secondly with the question of species extirpation and depletion as a result of human impacts, and thirdly with questions regarding the relevance of historical baselines for ecosystem management. These are questions aimed specifically at the natural history interest of our insights rather than the impact of marine products and interaction for the development of human society. I contend that these insights are of tremendous importance for contemporary ocean management and that historical baselines should an inevitable element of future conservation plans. Environmental history in this sense has a very real role to play for future ocean policy.

This argument is certainly not uncontroversial. Some “pure” historians assert that history would carry no lessons for the future as history shall never repeat itself. And “pure” scientist may be ahistorical in principle: they may hold that only recurrent phenomena, or experiments, established in controlled environments such as laboratories are of interest because data can be repeatedly generated and hypotheses tested against the data. I have argued against these positions elsewhere.
 In this connection I shall limit myself to the observation that in order to assess the present state we need a historical baseline. Contemporary concerns about global climate change and scarcities of resources are based on perceived changes of nature and availability of natural resources. Therefore, the history of nature itself – and the dependency and impact of human society on nature – has become a prime political concern, and professional historians need to address the issues – or be content to leave them to other professions. 

3 Removals

Humans will have modified the ecosystem of the North Sea directly and indirectly soon after the plains between England and Denmark were flooded about 10,000 years ago to create what we now know as the North Sea. Rivers will have brought nutrition to the North Sea from the rich agricultural lands of Northern Europe already by the Bronze Age when major deforestation took place and increased the productivity of the sea. Major changes to inshore habitats and thus to marine wildlife occurred in the middle ages. The building of dikes changed much of the southern coastlands and marine habitats, and hunting and fishing took its toll on the rich wildlife of the inshore areas of the North Sea. Dikes, traps and other inshore coastal uses changed the marine habitats of the southern North Sea, especially the wide mud flats of the Waddensea. By the late nineteenth century industrial and chemical pollution began to build up in the sea. However, the major change to the ecosystem is likely to have come from direct effects of removals of animals by fishing and hunting.

The Mesolithic period about 6,000 years ago experienced a warm climate, which seems to have been conducive to extensive fisheries. Marine fisheries in Northern Europe were conducted from the seashore and by boat by hook-and-line and trap gear. With domestication of animals and development of agriculture in the Neolithic period about 5,000 BP, hunting and fishing became less important and settlements were no longer related to the seashore, and fishing seems to have been of minor importance through the Bronze and Iron Ages of Northern Europe. Our knowledge of ancient fisheries is still deficient due to the lack of sieving of archaeological finds for small and easily overlooked fish-bones. However, thanks to a thorough review by Barrett et al of archaeological reports of dozens of medieval settlements we now know that the period c950-1050 saw a major rise in fish consumption around the North Sea.
 Early medieval sites are dominated by freshwater and migratory species such as eel and salmon, while later settlements reveal a widespread consumption of marine species such as herring, cod, hake, saithe and ling. The “fish event” of the eleventh century reflected major economic and technological changes in coastal settlements and technologies and formed the basis of dietary preferences that were to last into the seventeenth century. The evidence also supports a hypothesis that sea-going vessels were in wide use by the thirteenth century catching deep-sea fishes such as ling which would require lines of several hundred metres. Commercial fisheries were well established by the high middle ages and would feed a European population which by the same time had developed religious practices of fasting and abstinence of red meat in favour of fish at certain weekdays and through the forty weekdays of Lent.

The first evidence of total removals from the North and Baltic Seas comes from the Danish inshore fisheries in Scania and Bohuslen for herring in the sixteenth century. By then annual catches regularly reached a level of 35,000 tonnes.
 By the late sixteenth century, the Dutch had taken the lead in Northern European herring fisheries with sea-going buysen which harvested the rich schools off the coasts of Scotland and the Orkneys. The landed catches of 60-75,000 tonnes every year in the first quarter of the seventeenth century, and total removals with English, Scottish and Norwegian landings amounted to upwards of 100,000 tonnes. Catches declined to about half by 1700, and only increased to about 200,000 tonnes in the late eighteenth century due to Swedish and Scottish progress.
 By 1870 total removals reached a level of 300,000 tonnes, which equals the Total Allowable Catch for 2007 for herring in the North Sea recommended by the International Council for the Exploration of the Seas.
 In the twentieth century total catches repeatedly amounted to well over a million tonnes annually, causing collapses of herring stocks and the closure of fisheries for one or two decades to allow populations to rebuild.

This evidence, which is only now in the process of being published, demonstrates how fishermen in the age before steam and mechanical winches were able to remove large quantities of biomass from the sea. The technologies of wind power and driftnets were practically unchanged in the Dutch fisheries from the seventeenth to the nineteenth centuries. The removals were probably sustainable in the sense that they did not have an adverse effect on the ability of herring stocks to regenerate, but by 1870, before the advent of modern technology, they were of a size that would today be considered a maximum.

4 Extirpations

Few marine animals have gone extinct in the last few thousand years when human hunting and fisheries may have contributed to species depletion. The fact that few marine species have gone completely extinct is no doubt related to the fact that human activities on the global scale have been restricted to nearshore and midwater realms until the last half of the twentieth century. However, human activities, including extraction and disturbance, have spanned the entire North Sea since at least c800 AD when Vikings were noted to have made a direct crossing of the North Sea from Scandinavia to Northumbria, “something never thought possible before”, according to Bishop Alcuin.

Pelicans disappeared from the Waddensea region of the southern North Sea about 2,000 years ago but the cause of their disappearance is not known.
 The Atlantic Gray Whale went extinct not only from the North Sea but as a species sometime in the late medieval period,
 and we may suspect human hunting and disturbance practices to have contributed the decline of the species but we have no direct evidence to substantiate the claim. The disappearance of the Great Auk on the other hand was certainly caused by widespread slaughter of the flightless bird on the coasts of the North Sea and North Atlantic. The bird disappeared from the North Sea in the Late Middle Ages and the last birds were killed on St Kilda in 1840, in Iceland in 1844 and in SW Greenland the same year.
 

While species extinction is rare in the marine realm, a number of species have been so much reduced in numbers that they are considered regionally extinct or at least so rare that they have lost their ecosystem importance – and their previous commercial importance to the human economy.

Regional extinctions have occurred mainly in the late 19th and 20th centuries. Sturgeon was previously caught in vast quantities and marketed in their hundreds for instance at the Hamburg fish auction. By 1900, however, the fishery declined rapidly both due to river and inshore pollution and to fisheries. As late as the 1930s sturgeon was still caught regularly in the northern Danish part of the Waddensea but is now extremely rare. While the sturgeon was easily caught by nets, the blue-fin tuna escaped human hunting activity until the 20th century due to its rapidity and superior strength which made the catch impossible. By the 1920s superior hook-and-line technology was available and brought tuna within the reach of fishermen. Even more importantly, harpune rifles were deployed in the 1930s and rapidly increased catches to thousands of individuals per year. By 1950, however, tuna catches dropped and ceased to be of commercial importance after 1955. Climate change and prey abundance seem unlikely causes for the sudden decline, and it seems now likely that the commercial extinction of blue-fin tuna from the North Sea was caused by the heavy onslaught by humans in the mid-twentieth century.

In the southern North Sea, the haddock fishery was of substantial size in the sixteenth and first half of the seventeenth centuries. The fishery declined in the later seventeenth into the eighteenth century but by the 1770s the fishery was on the increase again. We have evidence of an abundant haddock fishery by German and Danish hand liners in the German Bight and up along the Jutland coast in the late eighteenth century and first half of the nineteenth. Statistics show substantial catches by 1875 declining rapidly in the last quarter of the century to nil around 1910. It would seem that the southern North Sea haddock stocks were rendered commercially extinct by the intensive German and Fanø-Hjerting fisheries of the late nineteenth century. Today, haddock is prevalent mainly in the northernmost part of the North Sea and in the Skagerrak,
 while its former widespread presence in the southern part of the North Sea was not recognized by marine science until recently.

Similar long records of removals are not available for two other major commercial species, cod and ling, but we do have records for catches in parts of the North Sea from the middle of the nineteenth century. The catches were abundant in the second half of the nineteenth century while the stocks showed signs of depletion by the First World War. Detailed historical data are available from the Swedish fishery in the north-eastern North Sea and Skagerrak, which make up about one sixth of the entire North Sea. From these data the minimum total biomass of cod in 1872 has been estimated at about 47,000 tonnes for this portion of the North Sea, but it may have been much higher, while the total biomass of ling was estimated at a total of 48,000 tonnes. These were very healthy stocks if the levels are compared with the modern biomass estimate for cod of 46,000 tonnes for the entire North Sea, Skagerrak and Eastern Channel. For ling no biomass estimate is available as the species is caught too infrequently.
 While the cod population is today considered severely depleted throughout the North Sea, the ling population may be considered commercially extinct from the region that once produced the major catches.

Ecosystem theory emphasizes the importance of top predators for the entire food web. Top predators play a controlling and balancing role for the abundance of other species further down the food chain, and healthy numbers of top predators are a sure sign of biodiversity. Human hunting tends to focus on top predators as the big fish are of highest commercial value. When we take out the largest specimens, we remove the controls of the ecosystem. The mature fish are also highly important for the reproduction of the population as their eggs have been shown to be healthier and more plentiful than the spawn of younger and smaller specimen. As the fish continues to grow through its entire life, a decline in the length of specimen caught is a clear indication that the fishermen are changing the age structure and viability of the stock.
 Analysis has shown that while the average length of northeastern North Sea ling in the mid- to late 19th century was about 1½ metres, it had decreased to about 1.2 metres by the First World War, and ling caught today is less than 1 metre on average. A century ago, cod landed from the North Sea was usually 1-1½ metres long while it today is only about 50 cm. This means that while cod used to live to an age of 8 or 10 years, today it is caught at less than 3 years of age. As cod only spawns at the age of 3 years, the fisheries are clearly targeting cod at a critical stage.

Humans have not only impacted the North Sea at the upper trophic level. In the eighteenth century the market for European oyster developed rapidly and gave rise to a considerable extractive industry. The nearshore oyster beds were fully exploited by the nineteenth century, and by the early twentieth century oyster beds were showing clear signs of overexploitation. Estuary pollution was a problem but the overriding problem seems to have been that the oyster was unable to reproduce at the pace needed. The German and Danish oyster beds in the Waddensea went extinct while fisheries in England and other parts of Denmark were much reduced. Only thanks to the introduction of mariculture production sites in France did the European oyster production keep up with increasing consumer demands.

5 The need for baselines

By the early twenty-first century the fisheries industry in the North Sea – as indeed in most parts of the globe – was facing declining yields from wild catches. The resource problem of the North Sea was recognised certainly from the 1970s when the European Community introduced fish quotas and regulatory schemes which unfortunately did not solve the problem of declining stocks. Environmental historians have not dramatically changed that picture but the long-term evidence outlined above has certainly demonstrated that the modern problem is but the latest outcome of a trajectory which seems to be one of increasing human extraction of a finite resource. History shows that ocean life was far richer than has been believed by biologists, who have relied only on evidence from the depleted stocks of recent decades.

Faced with a seemingly clear-cut case of human overexploitation of a limited resource, one may wonder why concerted action has so far proved unsuccessful. There are many valid explanations of the failure. National interests have of course exerted themselves, the technical difficulties of policing real cuts in fishing efficiency are huge, and by and large it may be fair to argue that 25 years of management is not really a long time, considering the immensity of the problems involved. However, there are some particulars about biological advice which help to explain the frustrations of the politicians. 

Fishes are not easily counted, and the state of ecosystem modelling is no where near the state of perfection and full insight which politicians need if they expect answers to what-if questions such as: What will happen to the cod stock, if we restrict the herring fishery? The simplified answer may go both ways: cod stocks will increase because mature cod will have more to feed on, cod stocks will decrease because more herring will eat cod eggs, or indeed the answer may be that there is not any connection between the two stocks in the way the questions presupposes. To make matters worse, there is increasing realisation among biologists that the data on which they have built sophisticated models of fish stocks may be deficient from the outset. There is good evidence that many stocks fluctuate over long periods of time. The problem is that many stocks may indeed fluctuate in patterns of 20, 50 or 100 years of duration. Biological models are normally restricted to only a few, or at best 20 years of consistent data collection. Even worse, fish stock dynamics take no account of the wider issues of biodiversity, as the models tend to deal only with commercial species and mass-balances.

There is therefore reason to doubt simple causal explanations of decline and fishing effort. At the heart of the problem of fisheries is that we do not fully understand the relationship between natural variability and climate forcing, and we have only very simplistic models for the interaction of humans and nature. Marine environmental history and historical ecology are disciplines only in their infancy. Beyond the simple fact that humans ate a lot of the world’s fish, and helped cause tremendous imbalances, once we abandon simplistic models we realize how little we know about interaction of humans and marine life. The merger of environmental history and ecological analysis must take place by introducing new tools of inquiry to both.

6 Can we learn from past management failures and successes? 

Since medieval times, at the latest, the European North Sea fisheries have been regulated by laws and by-laws, by community practices, inter-community agreements, town regulations, and state intervention, on gear, restrictions on period and place of the fishing, etc. And yet the ecosystem has suffered depletion not only in recent times as fishermen have worked their way from the inshore to the deep. Why do fisheries regulations not always – or indeed rarely – work as intended? The simple answer is that fisheries regulations are as flawed as any human regulation of that which we cannot observe directly. Even more so, the regulations have most often been implemented not directly for the benefit of the ecosystem but in the interest of an economic rather than an ecological outcome.

A pioneer in the field of study of failed marine management is Margaret Beattie Bogue who studied the US and Canadian regulation of the Great Lakes.
 We lack similar detailed studies of the history of Northern European regulations but the general outline of differences between the restricted access regulation of the Baltic and the open access regime of the North Sea is well established.
 In the Swedish Baltic, land property rights extended into the open waters and access was limited to land owners. In the North Sea, on the other hand, free access to fish resources was a fact already by the fifteenth century, long before Grotius conceptualized the right of the open sea. This freedom enabled German, Dutch and English fishermen to participate in the Danish Sound fisheries from their own boats while customs had to be paid once they set foot on Danish land.

The freedom of access was paired with regulations of effort for inshore waters. The key question is: Did these regulations work? The Limfiord in Denmark is a good case as we know of mesh size regulations in the Limfiord since 1490. The conclusion from Bo Poulsen’s exhaustive study of catches and regulations is clear: regulations did not prevent overexploitation of resources.
 The collapse of Limfiord fishery 1828-1832 was caused by fishing the herring spawning grounds with heavy ground seines. Fisheries collapse due to inefficient regulation is therefore not a modern phenomenon and not only caused by industrial gear.

However, it might be expected that regulations would be more successful with the advent of biological science. The Limfiord provides another case when almost perfect knowledge of the ecological impact of a fishery regulation did not prevent a disaster. This was the case of the 1922-25 series of fisheries legislation for the fiord. Biologists had established a sound basis of understanding of the fiord ecology. Nevertheless, in the face of active lobbying by the fishermen’s association, the politicians lifted the ban on engine-powered winches for seines, which they had introduced in 1907, and first allowed for seasonal and later for all-year use of the winches. The result was a collapse of the fiord’s fisheries after only a few years of fishing. Overcapitalization proved a stronger motive for political decision-making than the longer-term biological advice.
 In this case, one might see the role of the biologist as a modern Cassandra who warns of disaster but is heard by no-one. 

There is of course much more to this picture than time will allow me to explore in this brief lecture. In recent decades, we have seen many cases of a shift of responsibility from politics to science, and fisheries science has been caught in a dilemma of the predictive and prescriptive roles. Fisheries science has become an advisory to policy, and with that shift the burden of responsibility of the success of a regulatory system has become a question of blame rather than a question of outcome.

Faced with a seemingly clear-cut case of human overexploitation of a limited resource, one may wonder why concerted action has so far proved unsuccessful. There are many valid explanations of the failure. National interests have of course exerted themselves, the technical difficulties of policing real cuts in fishing efficiency are huge, and by and large it may be fair to argue that 25 years of management is not really a long time, considering the immensity of the problems involved. However, there are some particulars about biological advice which help to explain the frustrations of the politicians. Fishes are not easily counted, and the state of ecosystem modelling is nowhere near the state of perfection and full insight which politicians need if they expect answers to what-if questions such as: What will happen to the cod stock, if we restrict the herring fishery? The simplified answer may go both ways: cod stocks will increase because mature cod will have more to feed on, cod stocks will decrease because more herring will eat cod eggs, or indeed the answer may be that there is not any connection between the two stocks in the way the questions presupposes. To make matters worse, there is increasing realisation among biologists that the data on which they have built sophisticated models of fish stocks may be deficient from the outset. There is good evidence that many stocks fluctuate over long periods of time driven by factors such as temperature, currents, slaine concentrations, nutrients, etc. The problem is that many stocks may indeed fluctuate in patterns of 20, 50 or 100 years of duration. Biological models are normally restricted to only a few, or at best 20 years of consistent data collection. Even worse, fish stock dynamics take no account of the wider issues of biodiversity, as the models tend to deal only with commercial species and mass-balances. There is therefore reason to doubt simple causal explanations of decline and fishing effort. At the heart of the problem of fisheries is that we do not fully understand the relationship between natural variability and climate forcing, and we have only very simplistic models for the interaction of humans and nature. Marine environmental history and historical ecology are disciplines only in their infancy. Beyond the simple fact that humans ate a lot of the world’s fish, and helped cause tremendous imbalances, once we abandon simplistic models we realize how little we know about interaction of humans and marine life.
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