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Abstract: The abundance of wild salmon stocks in the North Atlantic (Salma salar) 
has been declining during the last few decades. Stock development has 
been especially disappointing in the 1990s, due to a combination of factors, 
such as the sea temperature, diseases, and human activity, both in the 
spawning streams and through the strong growth of sea farming (NASCO 
2004). Norwegian rivers are the most important spawning rivers for the 
East Atlantic stock, and about 30% of the remaining stock spawns here. 
The wild salmon are harvested by commercial and recreational fisheries. 
The marine harvest is commercial and semi commercial, whereas the 
harvest in the spawning rivers is recreational. As the wild stock began to 
decrease during the 1980s, the Norwegian government imposed gear 
restrictions to limit the marine harvest. Drift net fishing was banned in 
1989, and the fishing season of the bend net fishing taking place in the 
fjords and close to the spawning rivers have been restricted several times. 
At the same time, the fishing season in the spawning rivers have been 
subject to various restrictions as well. However, despite all these measures 
taken to secure and rebuild the stock, the abundance of salmon seems to be 
only half the level experienced in the 1960s and 1970s. The same sad 
picture is observed other places.  

In this paper an age structured wild salmon model is developed, and where 
the aim is to analyze how harvest of different age classes influence 
recruitment and stock abundance. Such knowledge may have important 
management implications. The main focus is to find the maximum 
sustainable yield harvesting policies under various assumptions. Age 
structured models are significantly more complex than biomass models. On 
the one hand, it is relatively straightforward to formulate a reasonable good 
age-structured model and numerically simulate the effects of variations in 
fishing mortality between age classes and over time (e.g., Caswell 2001). 
On the other hand, it is often difficult to understand the various biological 
as well as economic forces at work in these models. Olli Tahvonen (2008, 
2009) has recently published papers dealing with some of these issues and 
where he finds some results in a dynamic setting, but under quite restrictive 
assumptions. Early contributions analyzing age structured models, include 
Reed (1980) who studied the maximum sustainable yield problem. He 
found that optimal harvesting comprises at most two age classes. Further, if 
two age classes are harvested, the elder is harvested completely. Getz and 
Haight (1988) review various stage structured models, and formulate the 
solution for the maximum sustainable yield problem as well as the 
maximum yield problem over a finite planning horizon. The following 



analysis has similarities with Reed (1980) and Getz and Haight (1988). We 
are, however, studying a different biological system as the salmon is an 
anadromous species with a complex life cycle.  

The paper is organized as follows. In the next section, the population 
model is formulated. The model is somewhat stylized as we consider only 
two harvestable and hence two spawning year classes. In section three, we 
find the optimal sustainable yield fishing program. This program is in 
studied when fertility is approximated by weight in section four, while 
section five proceeds to analyze what happens when weight is an 
inaccurate approximation for fertility. In section six we draw some 
parallels with the maximum sustainable yield policy in the standard lumped 
parameter, or biomass, model, while section seven proceeds to look at 
maximum sustainable economic yield fishing. Section eight concludes the 
paper.  

 


