
Discussion S1. Further details on catch data and model robustness. 

Catch data 

The quality of the fishery database can be further discussed. We recognize various 

concerns regarding our set of data. First, there is probably some underreporting of catch 

and this might also vary among years and watercourses. In a study from two Norwegian 

rivers it was shown that those that did not report the catches fished approximately one 

third of those that reported their catch (Fiske and Aas, 2001). Second, there are obvious 

differences in capture efficiency between fishers. According to studies in four 

Norwegian rivers, local fishers capture on average more salmon each day using less 

effort (fishing hours) than non-locals (Fiske and Aas, 2001). In general, it can be 

assumed that local fishers are more prone to report their catch than non-locals. 

Therefore, we assumed that reported fish are a random sample of the fish actually 

captured and that fishers report fish independently of size. Third, we are aware that 

recent studies show that the behavior of fishermen is decisive for the dynamics of 

recreational freshwater fisheries (e.g. Post et al., 2008). However, no quantitative data 

are available on the behavior of salmon anglers in Norway. Fourth, we also assumed 

that the reported catch data would reflect the population variability and that it contains 

useful information about changes in salmon abundance (e.g. Friedland et al., 2003; 

Thorley et al., 2005). For ten Norwegian rivers it has been shown that fishers catch 

between 30–60% of the fish that are available for capturing, and that this proportion 

tends to be rather stable over time (1985–2000; these last data are from three rivers 

only) (Fiske and Aas, 2001; Hansen, 1990). On the other hand, the proportion of salmon 

captured is for some Norwegian rivers negatively correlated with the number of 

ascending salmon (Fiske and Aas, 2001). The same has been reported for Pacific 

salmon (Peterman and Steer, 1981), whereas Crozier and Kennedy (2001) report no 



such correlation for river Bush in Northern Ireland. Such a negative correlation may 

lead to overestimations when abundance is low and underestimations when abundance 

is high. Overall this may influence our ability to detect trends in the data. Fifth, Niemelä 

(2004) reported for the river Tanaelva that catch per unit of effort has remained stable 

during the period 1974–2003 indicating no changes in fishing efficiency within the 

largest river in the area. Finally, our modeling approach does not take into account 

factors affecting life stages previous to smolting, thus, the results of those effects would 

be embedded in the catch time series. Nevertheless, it is worth noting that the strength 

of the smolt year class would be related to subsequent sea-age groups (e.g. Niemelä et 

al., 2005). 

Model robustness 

Exclusions of data 

It is well documented that several other human encroachments not taken into 

account in our analysis can affect salmonid populations. For instance, acidification of 

freshwater in the southern part of Norway led to strong reductions, and even extinctions, 

of several Atlantic salmon populations (Hesthagen and Hansen, 1991). Several of these 

rivers have been restored through various mitigating management schemes (mainly 

through liming efforts, e.g. Hesthagen and Larsen, 2003). Moreover, parasitic 

infestations as those induced by the monogenean Gyrodactylus salaris led to rapid and 

dramatic decline in some Atlantic salmon populations (e.g. Johnsen and Jensen, 1986). 

On the other hand, stock enhancement (stocking, fish ladder constructions) could have 

positive effects on the populations (e.g. L’Abée-Lund et al., 2006). During the study 

period, 10 of the rivers investigated here were influenced by one of the above factors 

(see Table S1); however, we considered the effects likely to be minor at the large scale 

of the study. Indeed, excluding the affected rivers to test for any effect they might have 



had on our results did not change our conclusions. Moreover, excluding three rivers 

where fixed and seine gears were allowed during the study period did not vary our 

results either. Furthermore, for 15 rivers, the data indicated that the reporting of the 

various weight-groups was biased in the years 1979–1982 due to a change in reporting 

procedure that probably was not effectively implemented in all Norwegian rivers 

(L’Abée-Lund et al., 2004). To reduce any effects of biased weight categorization, and 

to err on the conservative side, we re-ran our statistical model excluding the years 

1979–1982 for those rivers for which the data was in doubt. Our results were robust to 

this exclusion. Finally, conclusions did not change either by setting a minimum catch of 

10 individuals per year that resulted in 85 rivers to be analyzed (see subsection ‘Catch 

data’ in Materials and Methods in the main text). This suggests that our results do not 

depend on the number of fish reported.  

Time series interpolation 

Some time series (18) had missing values (35 out of 1707) (see Table S1 and Figure 

S1); therefore they were interpolated using a procedure based on a singular spectrum 

analysis (Ibañez and Etienne, 1992). Nevertheless, running the models excluding the 

interpolated series, or not filling the gaps, did not alter the results. 

Farming licenses as a continuous covariate 

To determine the potential impact of salmon farming in net pens on smolts on their 

way to the open ocean we used presence/absence of registered licenses in each 

Norwegian municipality. This approach was used to err on the conservative side due to 

some uncertainties in this data set, that is, a given license usually owns multiple net 

pens but the net pens might not all work simultaneously (i.e. contain fish), in addition, 

each license might be allowed to operate in different municipalities. Ideally, the data 

should reflect the total annual production of farmed salmon –and/or parasite 



abundance– per net pen but, unfortunately, to our knowledge, these data are not 

available. Nevertheless, we ran the final model using the number of licenses registered 

in each year at the municipality level as a covariate and the result was the same. The 

negative time trend in grilse catches was stronger for higher numbers of registered 

aquaculture licenses. 

Simulations of effort 

The purpose of the simulations was to assess the robustness of the coefficients of 

the optimal model when including a new covariate, ‘effort’, based on an ARIMA(3,1,0) 

model fitted to Tanaelva fishing days (Figure S9). As shown in the main text, 

coefficients did not depart from those obtained without including effort, and only in 

4.6% of the cases, out of 1000 model runs, ‘fishing effort’ was significant. Coefficients 

from those significant (positive and negative) cases did not show any major departures 

from the values obtained with the model that did not include any effort term either; and 

there was not any simulated effort from a particular river driving these results. 

However, note that including another covariate (i.e. fixed-effect) once an optimal mixed 

model has been selected does not satisfy the model selection procedure followed in 

Table S4. Nevertheless, to test that including effort as a fixed-effect once the model is 

presumed to be optimal does not lead to wrong conclusions, we ran the model various 

times starting with a fixed component that included effort and then followed the steps 

depicted in Table S4 to select the random structure. In all cases starting with effort in 

the fixed part did not change the model structure. Therefore, we assume that including 

effort at a later stage does not imply ending up with different models. Finally, simulated 

effort does not co-vary with the other explanatory variables.  



 

 

Figure S9. Time series of fishing days in the Finnish part of Tanaelva river (Erkinaro et 

al., 2010); and multiple examples of simulated time series of effort based on an 

ARIMA(3,1,0) model fitted to Tanaelva fishing days. 
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