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RÉSUMÉ 

De par le monde, la plupart des cours d'eau intensivement régulés et exploités ont connu de forts 
déclins des populations de poissons, conduisant par exemple à l'extinction du saumon et de 
l'esturgeon dans le Rhin au 20e siècle. Contrairement à ce qui est communément admis, un nombre 
croissant de preuves indique que le déclin des populations a débuté bien avant la Révolution 
Industrielle (ca 1800). Dans cette étude, des données historiques sur les prix du marché, les 
statistiques des prises et les impôts sur la pêche sont utilisées afin d’obtenir des indices sur 
l’abondance de certaines espèces (saumon atlantique, esturgeon d’Europe, grande alose et l’alose 
feinte) dans le Rhin entre 1550 et 1950. La plupart des données d’abondance sont absentes des 
sources historiques jusqu’à ce que s’amorce la rarification des espèces. Dans le bassin du Rhin, le 
saumon atlantique déclinait déjà au début de l’ère moderne (après 1500). Par la suite, l’augmentation 
de la régulation des rivières ainsi que de la pollution et de l’effort de pêche achevèrent les stocks. Le 
déclin du saumon, entre autres, provoqua une cascade d’effets au sein de l’écosystème du Rhin via 
une réorientation de la pêche vers la grande alose et l’alose feinte, accompagnée par leur (quasi)-
extinction. Le déclin des prises d’esturgeon est plus probablement lié à une période de grands travaux 
de régulation des cours d’eau. Les données historico-écologiques permettent donc d’appréhender 
quantitativement les processus à l’œuvre au long terme dans les écosystèmes lotiques.   

 

ABSTRACT 

In most of the world’s regulated and intensively used rivers, riverine fish has faced serious declines 
leading to local extinction of, e.g., salmon and sturgeon in the Rhine in the 20th century. Although 
decline is generally related to the start of the Industrial Revolution (c. 1800), the decline of some 
species may have started much earlier in history. Here, evidence of fish abundance in the river Rhine 
from c. 1550 to 1950, regarding Atlantic salmon, Atlantic sturgeon, Allis shad and Twait shad, is 
derived from historical data of market prices, fisheries taxation and fishery statistics. It is striking that 
most data on fish abundance is missing from historical sources until decline of the species under 
investigation sets in and the species become scarce goods. For the Rhine catchment it is evident that 
Atlantic salmon was already in decline during Early Modern Times (post 1500 AD). Ongoing river 
regulation, pollution and intensive fisheries subsequently finished off the remaining stock. Amongst 
others, salmon decline caused a cascade in the River Rhine ecosystem due to a shift of fisheries to, 
especially, Allis shad and Twait shad, paralleled by (near-)extinction of these species. A shift to 
Atlantic sturgeon fishery, however, is not plausible. The dwindling numbers of caught sturgeon do, on 
the other hand, coincide with the period of large regulation works. Evidently, historical-ecological data 
on fish abundance can quantitatively underpin long-term processes in riverine ecosystems.  
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1 INTRODUCTION 

 

Riverine fish, especially anadromous species, has faced serious declines in heavily regulated and 
intensively used rivers throughout the world. In many European rivers, like the River Rhine, Atlantic 
salmon and Atlantic sturgeon became extinct in the 20th century. Although it is generally thought that 
stocks started to decrease at the beginning of the post-Industrial Revolution era (c. 1800), there is 
growing awareness that decline of some species has started much earlier in history (see a.o. 
Hoffmann 1996). If this is the case, then the question arises whether significant historical changes in 
stocks of certain species of riverine fish, may have had a cascading effect in the river ecosystem itself. 
Such potential cascading effects may have had an ecosystem-internal cause, for instance by disrupted 
food webs, or may result from changing human exploitation of the ecosystem, for instance from shifts 
in the species fished for. Long-term developments in fish stocks and altered fisheries cannot be 
examined by short-time ecological research and monitoring, nor are other types of research (e.g. zoo-
archaeological) suitable for answering such questions because of biophysical constraints and lacking 
insight in social and economic backgrounds of data. Historical ecological research based on written 
sources does provide possibilities to study long-term developments. Here, changes in abundance of 
Atlantic salmon, Atlantic sturgeon, Allis shad and Twait shad – all species relatively frequently 
mentioned in written historical sources that hold quantitative information (numbers, weight, prices, 
taxes) – are examined. The geographical scope is the lower course of the River Rhine; the temporal 
scope the period 1550-1950.  

 

2 MATERIAL AND METHODS 

 

Unambiguous and consistent pre-19th century time series of data from fishery statistics for the Lower 
Rhine basin are largely missing. To reconstruct long term developments in riverine fish, other sources 
have to be consulted. Using changes in prices paid for fish as direct proxies for fish abundance 
development is often highly debated. However, if prices of the species under investigation are 
corrected for inflation by comparing them to the price paid for other fish that is not expected to have 
undergone significant changes in abundance, and the comparison is restricted to a limited time frame, 
relative abundance changes can be inferred. Changes in prices of fresh salmon (“Krimpsalm”) per unit 
of weight at the post-medieval fish market of Cologne (Germany) relative to prices paid for 
limnophilous and eurytopic species were calculated to serve as proxies for Atlantic salmon 
development in the Rhine during the period 1550-1600 AD. For the subsequent period, changes in 
taxation revenues of salmon fisheries in the Netherlands (1650-1747) were used as proxies of salmon 
development. From the end of the 18th century data for other species become available as well, 
starting for Atlantic sturgeon and, later, for Allis shad and Twait shad. From 1798 onwards salmon and 
sturgeon fishery statistics are available from Geertruidenberg in the Dutch Rhine delta in the form of 
data on number of specimens caught or brought to the fish auction. Sometimes also data on weight 
and/or prices are present, allowing for additional analyses, like testing the relation between numbers 
caught and fish prices. A valuable source of information was the 1916 report by the Dutch State 
Commission on the Salmon Question (SCZV) installed by the Dutch government to investigate to what 
extend and why riverine fish species, especially salmon, were declining. The SCZV succeeded in 
bringing together a large number of quantitative data from the Netherlands and neighboring countries. 

In all cases described above, great caution was taken when inferring long-term developments in 
riverine fish stocks; if possible, qualitative information supporting quantitative data was searched for.         

 

3 RESULTS 

 

Evidently, the oldest quantitative data on riverine fish concern Atlantic salmon. The price increase of 
fresh salmon at the fish market of Cologne was calculated relative to the price increase of other locally 
caught species like Northern pike, Bream and Carp. While the prices for other fish on average 
increased by a factor 2.6 for the period 1550-1600 AD, the price of salmon rose by a factor 3.7. 
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Corrected for deflation and translated into salmon stock development by assuming a one-to-one 
relation between price and stock development, a 30% decrease of salmon over a period of 50 years 
was calculated. The tax incomes on salmon fishery are more difficult to interpret, but they show a 
decrease of income of approximately 70% over the period 1650-1800, while tax levels stayed 
unaltered at 11% ad valorem. This decrease may possibly not be put on the account of dwindling 
stocks alone, but qualitative evidence comes from declining exports of salmon from the Netherlands, 
supporting decreasing stocks in the 18th century. An ongoing decline in the period 1798-1827 shows 
from decreasing supply of salmon to the Geertruidenberg fish auction of approximately 70-85%. From 
1798 until 1810 an almost one-to-one relationship shows between the number of salmon caught in the 
Netherlands and the price apiece. Salmon continued to decline from 1885 onwards until the late 1930s 
when salmon was considered virtually extinct in the Rhine. All available data thus point towards a 
continuous and serious decline of Atlantic salmon since at least the 1550s.The supply of Atlantic 
sturgeon to the Geertruidenberg auction stays at a relatively stable level during the period 1742-1775. 
Significant decline of Atlantic sturgeon must have started somewhere between 1775 and 1893, from 
which moment on an exponential decline is observed until the 1950s when sturgeon was also 
considered extinct in the Rhine. Several time series of Allis shad catch and auction supply show an 
increase in numbers in the late 1870s, but also a rapid decline 20 years later, paralleled by an 
approximately fourfold increase in price apiece and extinction in the 1930s. Twait shad followed 
quickly; catch numbers started to rise in the 1870s and declined to virtually zero in the 1950s. 

 

4 DISCUSSION AND CONCLUSIONS 

 

It is evident that Atlantic salmon decline started well before large river regulation works in the river 
Rhine as has also been shown for Normandy (Halard 1983) which makes these works improbable 
initial drivers of decline. Intensive fisheries can neither be the main reason for the observed decline 
since in the equally intensively fished rivers in Scotland, salmon stocks did not decrease (Gemmill and 
Mayhew 1995). A plausible cause of decline are small scale regulation works (like water mills) in the 
upper reaches of the Rhine’s tributaries (Hoffmann 1996) seriously affecting spawning possibilities. It 
is not likely that declining stocks of salmon combined with an increasing demand for fish has led to 
enlarged fishery pressure on Atlantic sturgeon. Anecdotal sources make clear that sturgeon has been 
a preferred species as long as salmon, and the species must thus always have been equally 
intensively fished for. Since sturgeon does not use spawning grounds in the upper regions of rivers 
like salmon do, they did not suffer much from early small scale regulation works in the upper reaches 
of rivers. Large-scale regulation works in the late 18th and 19th century, however, did affect spawning 
habitat which is supported by the coincidence of exponential decline with large-scale river regulation. 
On the other hand, increasing demand for fish combined with dwindling stocks of Atlantic salmon, did 
urge for a shift in fishery target species, especially towards Allis shad and Twait shad which 
consequently declined dramatically as well. This exploitation related cascading effect, marked the end 
of professional river fishery in the Lower-Rhine delta, although ongoing river regulation and pollution 
must have added to the decline of riverine fish stocks as well. 
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