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Introduction 
North Sea houting (NSH, Coregonus oxyrinchus) is an anadromous salmonid, 
spawning in winter in the lower reaches of rivers draining to the North Sea. 
Hatched fry are carried downstream with the current, and, when reaching a size 
of 3 - 4 cm they can tolerate full salt levels and migrate to sea. After 2 - 4 years, 
adults enter freshwater again for spawning, afterwards returning to sea; they are 
assumed to come back to freshwater for several years. The species was 
distributed in the whole Wadden Sea area extending from southern Jutland in 
Denmark to the Schelde delta in the Netherlands.  
 
Commercial fishery in the river sections caught up to 15 tons/year NSH in the 
Dutch reaches of the Rhine. A strong decline in the mass of NSH caught was 
observed from 1916 onwards and the species has been considered extinct in the 
Rhine since the 1940s. NSH is listed in Annex IV of the Habitat Directive of the 
European Union and as extinct in the German Red List as well as in the IUCN 
Red List (probably a mistake as a Danish population survived). The geographical 
area of the re-introduction project is the River Rhine System in North Rhine-
Westphalia (Germany) and the Netherlands. 

 
 
Goals 
x� Goal 1: Identifying 
major bottlenecks in the 
life-cycle of NSH. 
x� Goal 2: Successful re-
introduction of NSH to the 
River Rhine system. 
x� Goal 3: Prove for 
natural reproduction of 
NSH in the River Rhine 
system. 
x� Goal 4: Monitoring of 
migratory routes and 
spawning sites in the 
River Rhine system. 
 
 

Jost Borcherding with adult North Sea  

houting (Coregonus oxyrinchus) 
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Success Indicators 
x� Indicator 1: Increase of 

catches in the River 
Rhine system. 

x� Indicator 2: Successful 
transition of individuals 
to the sea and back to 
freshwater. 

x� Indicator 3: Returners 
to the German part of 
the Lower Rhine. 

x� Indicator 4: Natural 
reproduction in the 
River Rhine system. 

x� Indicator 5: 
Identification of places 
for natural 
reproduction. 

 
 
Project Summary 
Feasibility: Starting regularly in 1996, small numbers of juvenile NSH were 
stocked to the River Rhine without any feasibility study. Fish were obtained from a 
fish hatchery in northern Germany that uses adults from the River Treene, a 
population that originated from descendants of the last known reproducing 
population of NSH existing in the Danish River Vidå. In 2000, the yearly stocking 
program was supplemented by a feasibility study that described the historical 
distribution of NSH, summarized the ecology of NSH and identified major 
obstacles for a re-introduction program of NSH to the River Rhine system. In this 
study two major bottlenecks in the life-cycle of NSH were named that should be 
monitored during the stocking period in order to test how the fish deal with actual 
conditions in the anthropogenically altered Rhine today. (1) Canalization led to 
increase in current; how do juveniles behave after stocking? (2) Dams in the delta 
constructed against sea floods closed natural migrations routes; can the fish pass 
these migration barriers?  
 
Implementation: Between 2000 and 2006 a mean of about 280,000 juveniles 
(size range 20 - 40 mm total length) per year were stocked in two sites of the 
Lower Rhine: (1) in the River Lippe, approximately 15 km before the Lippe 
empties into the River Rhine; (2) in a gravel pit lake, near the city of Rees 
(Germany), which is permanently connected with the River Rhine. Monitoring 
programs were conducted by the Zoological institute of the University of Cologne, 
and financial support for stocking and monitoring was provided by the Ministry of 
Environment North Rhine Westphalia, the district government of Düsseldorf, the 
Rhine Fisheries Co-operative and the HIT-Environmental Foundation. The 
numbers of catches in Lake IJsselmeer (The Netherlands), one of the two closed 
off former estuaries of the River Rhine, steadily increased between 1996 and 
2007. In autumn 2005, the first NSH was caught in the Lower Rhine near the city 

Dutch colleagues from IMARES implanting 

transponders at Lake IJsselmeer 
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of Wesel (Germany), and 
further catches followed 
afterwards. In 2006, 50 
NSH from Lake 
IJsselmeer were marked 
with a transponder (based 
on the NEDAP-trail 
system originally installed 
in the Rhine delta to study 
migration in sea trout and 
salmon), and one of these 
fish was registered in 
December 2006 (time of 
spawning migration) at 
two detection stations in 
Germany, one at the 
Lower Rhine in Xanten 
and the second at the 

mouth of the River Lippe. 
 
Post-release monitoring: Monitoring studies showed that the majority of the 
small NSH left the gravel pit lake within 4 days after stocking. In the Lippe, some 
of the juveniles were found in the drift immediately after stocking, generally 
preferring the middle surface areas of the river. Other NSH waited until dawn 
before they started their downstream migration. Juveniles immediately started to 
feed on the zooplankton resources in both waters (Borcherding et al., 2006). The 
88Sr:44Ca ratio of scales of NSH caught in Lake IJsselmeer was analyzed using 
LA-ICP-MS. The scale analysis indicates different migration patterns for NSH in 
Lake IJsselmeer and provides evidence that this species (1) is sometimes able to 
pass the migratory barriers between the Wadden Sea and Lake IJsselmeer, and 
(2) does not need to migrate to sea to reach maturity (Borcherding et al., 2008). 
From 55 juvenile NSH caught in the summer 2006 in Lake IJsselmeer, two 
individuals (3.6%) had an alizarin mark at the centre of their otoliths (in this year 
the total stock of 400,000 juveniles was marked with alizarin), suggesting that the 
majority of juvenile NSH in 2006 originated from natural reproduction. This 
indicates the presence of a self-sustaining population of NSH in the Rhine delta 
(Borcherding et al., 2010).  
 
Using further marked NSH (same transponder as named above) the spawning 
time and from this the hatching of larvae was estimated in the River IJssel (where 
it drains to Lake IJsselmeer). Based on these estimations, about 200 freshly 
hatched larvae of NSH were caught with drift nets in March 2010 in the River 
IJssel, giving some evidence of natural reproduction in this part of the Rhine 
delta.  
 
Major difficulties faced 
x� Transition of fish between freshwater and sea is hampered in the Rhine delta, 

the Netherlands, due to large dams constructed against sea floods. 

Releasing houting after transponder surgery 
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Major lessons learned 
x� Suitable stocking sites have to be chosen and stocking of large numbers (no 

spreading) at one point promotes the shoaling juveniles. 
x� If conditions are suitable for NSH, a self-sustaining population develops 

rapidly. 
x� There are signs of a rapid adaptation to local conditions, especially with 

respect to a non-migratory behavior (70% of the population from Lake 
IJsselmmeer never was at sea). 

x� The re-introduction of NSH has to be coordinated not only on a national but on 
an international level to cope effectively with all problems faced in a large 
River System like the River Rhine. 

x� There is a need of long-term studies even after a successful re-introduction to 
study the adaptation (and change?) of the new population. 

 
Success of Project 

Reason(s) for success/failure: 
x� Captured fish show good growth and are in visual good condition. 
x� Even under such massive changes during the last century like in the Rhine 

system, a vital population of NSH is able to adapt and to establish. 
x� Scientific co-ordination and monitoring of such a re-introduction program. 
x� Urgent measures should be taken to improve the habitat connectivity between 

freshwater and sea (especially at the Haringvliet dam) in order to increase the 
opportunity not only for NSH to migrate to the sea. 
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