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Table S1. Summary of variables included in the modeling approach. NA = not applicable 

Variable Type Description Units
Total length (TL) Response Total fish length at catch cm
Latitude (Lat) Explanatory (fixed) Latitude at setting the haul  UTM
Longitude (Lon) Explanatory (fixed) Longitude at setting the haul UTM
Depth (Depth) Explanatory (fixed) Depth of the fishing gear (centered to mean depth) m
Year (Year) Explanatory (fixed) Year of catch (centered to year 2005) Year (1999–2012) 
Day of the Year (DoY) Explanatory (fixed) Day of the year when fish was caught (centered to Day 183) Day (1–366)
Sea surface temperature (SST) Explanatory (fixed) Deseasonalized and detrended SST averaged over the year 

preceding each fish catch 
ºC

Upwelling index (–QX) Explanatory (fixed) Deseasonalized and detrended –QX averaged over the year 
preceding each fish catch 

m3 s–1 km–1  

Total fish density (Den) Explanatory (fixed) Natural log-transformed total number of fish caught in the 
correspondent individual haul ln(fish haul–1)

Fishing gear (a) Nested random Categorical variable identifying the specific fishing gear 
(among a total of 27) used by a specific boat and haul for 
catching an individual fish 

NA 

Fishing boat (b) Nested random Categorical variable identifying the specific boat (among a 
total of 445) that caught an individual fish 

NA 

Haul (c)  Nested random Categorical variable identifying the specific haul (among a 
total of 1981) when each individual fish was caught 

NA 
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Further details of sea surface temperature: Water temperature in the area of study is 
strongly seasonal, with maximum and minimum values at the surface and bottom layer, 
respectively, during spring and summer months (Gago et al. 2011) (Fig. S1a,b). These 
cycles are mostly driven by the wind field, which at these latitudes tends to be northerly 
winds during spring–summer, causing upwelling, and southerly winds the rest of the 
year, provoking downwelling (Pardo et al. 2011). Thus, in principle, one might think 
that the use of surface- or bottom-layer data would have different meanings and 
implications. However, to avoid this and other confounding results in the paper, we first 
deseasonalized and detrended the sea surface temperature (SST) data before using it as a 
covariate in the models. By doing this, we expected that the temperature signal did not 
depend on any seasonal (and other forcing) pattern. To show that this might be the case 
for the region, we compiled the most comprehensive data set we are aware of from a 
station sampled in the northern area of our study region from 1989 to 2011 (Bode et al. 
2011). Temperature data at 5 and 80 m were analyzed as follows. We first removed the 
seasonal cycle and long-term trends by fitting to each time series a generalized additive 
model (GAM) of the form Tt = α + f1 DoYt( ) + f2 Dayst( ) + εt , where α is an intercept, T 

is the temperature recorded at a day t, DoY is the day of the year, and Days is the 
corresponding day along the series of days from 1 (1 January 1989) to 8400 (31 
December 2011). Second, we calculated the correlation between the resulting set of 
residuals (εt). As expected, the time series depicted the same high-frequency variability 
(Fig. S1c) and showed a strong correlation (Spearman’s rank correlation = 0.7). This 
correlation leaves an unexplained variation in bottom temperature that could affect the 
total uncertainty in final model results. However, Pollachius pollachius is considered a 
benthopelagic species; thus, its biology is likely affected by water column temperature 
and rarely by bottom temperature alone. Therefore, we assumed that SST could be 
considered a good proxy for pollack’s habitat conditions. 
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Fig. S1. Time series of sea temperature measured at Stn E2 (Bode et al. 2011). 
Seasonal cycles of (a) surface temperature and (b) temperature at 80 m. (c) 
Time series of temperature anomalies at the surface (blue) and at 80 m 
(orange); the seasonal cycle and long-term trends were removed, showing a 
strong covariability between patterns (Spearman’s rank correlation = 0.7) 
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Table S2. Summary of the generalized additive mixed model fitted to sea surface 
temperature (R2

adj = 0.96) data. CI = 95% confidence interval; edf = estimated 
degrees of freedom 

Effect Estimate CI edf F-value p-value 

Parametric term     

Intercept  16.09 15.99, 16.19   <0.0001

Smooth term     

f1   7.56 319.08 <0.0001

f2   1.00 0.11 0.7470

Correlation structure      

ϕ 0.81 0.76, 0.84    

 

Table S3. Summary of the generalized additive mixed model fitted to upwelling 
index (R2

adj = 0.06) data. CI = 95% confidence interval; edf = estimated degrees 
of freedom 

Effect Estimate CI edf F-value p-value 

Parametric term     

Intercept 18.69 –47.23, 84.61   0.5780

Smooth term     

f1   5.03 9.73 <0.0001

f2   1.00 0.17 0.6820

Correlation structure      

ϕ 0.65 0.63, 0.67    
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Table S4. Summary of the model selection procedure based on Aikaike’s information criterion (AIC). First, with all the fixed effects 
in place, we selected the appropriate random effects and variance structure (models 1 to 7) with restricted maximum likelihood 
(REML) estimation. Second, the fixed structure was selected by maximum likelihood (ML) estimation (models 8 to 12). df = degrees 
of freedom. a, b and c are random effects allowing for variation between gears, between boats within gears, and between hauls within 
boats within gears, respectively 

Model Fixed effect Random effect Variance function df AIC ΔAIC 

1 β1,β2,β3,β4 ,β5, f1, f2, f3, g1  None None 20 75757 11361 

2 β1,β2,β3,β4 ,β5, f1, f2, f3, g1  c None 16 68427 4031 

3 β1,β2,β3,β4 ,β5, f1, f2, f3, g1  b, c None 17 68196 3800 

4 β1,β2,β3,β4 ,β5, f1, f2, f3, g1  a, b, c None 18 67884 3488 

5 β1,β2,β3,β4 ,β5, f1, f2, f3, g1  a, b, c var εihbg( ) = σ2 exp 2δDepthihbg( )  19 66015 1619 

6 β1,β2,β3,β4 ,β5, f1, f2, f3, g1  a, b, c var εihbg( ) = σ2 exp 2δDenihbg( )  19 65678 1282 

7 β1,β2,β3,β4 ,β5, f1, f2, f3, g1  a, b, c Combination of residual variance varying 
exponentially with Depth and Den  

20 64396 0 

8 β1,β2,β3,β4 ,β5, f1, f2, f3, g1  a, b, c Combination of residual variance varying 
exponentially with Depth and Den 

20 64396 2.77 

9 β1,β2,β3,β4 , f1, f2, f3, g1  a, b, c Combination of residual variance varying 
exponentially with Depth and Den 

19 64394 1.66 
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10 β1,β2,β3, f1, f2, f3, g1  a, b, c Combination of residual variance varying 
exponentially with Depth and Den 

18 64392 0 

11 β1,β2,β3, f1, f2, g1  a, b, c Combination of residual variance varying 
exponentially with Depth and Den 

16 64393 0.73a 

12 β1,β2, f1, f2, g1  a, b, c Combination of residual variance varying 
exponentially with Depth and Den 

15 64405 13.11 

aModels 9, 10 and 11 are equivalent according to AIC values; thus, we selected as optimal the simplest one in terms of df (model 11) 
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Further details of the bootstrapping procedure: To further assess the robustness of 
the model structure and stability of the patterns at the level of sampling, a bootstrap was 
performed by leaving out 20% of the original data and resampling the remaining 80% in 
each of the iterations of 1000 runs. Because of computational limitations, the 
bootstrapping exercise was carried out by fitting a generalized additive model, keeping 
the fixed structure from the optimal generalized additive mixed model as described in 
Table 1 in the main text: 
 

TLihbg = α +β1 SSTihbg +β2 Denihbg +β3 SSTihbg ×Denihbg( ) + f1 Depthihbg( ) +
f2 DoYihbg( ) + f3 Lonihbg( ) + f4 Latihbg( ) + εihbg

 

 
Note that for ease of visualization, covariates Lon and Lat were modeled here with a 1-
dimensional smoother. Further details for model parameters and abbreviations can be 
found in the main text and Table S1. Results of the bootstrapping are illustrated in Figs. 
S2 (smooth terms) & S3 (parametric terms). 
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Fig. S2. Results of the bootstraping procedure. Shown are the generalized additive 
model (GAM) smoothing curves for (a) longitude, (b) latitude, (c) depth of catch 
and (d) day of the year for each of the 1000 model runs (grey lines). The black lines 
in each panel indicate the GAM smoothing curves when the model is run using the 
complete data set 
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Fig. S3. Results of the bootstraping procedure. Shown are the frequency distributions 
of the coefficients estimated for the parametric terms of the generalized additive 
model (GAM) in each model run. (a) Model intercept, (b) sea surface temperature 
(SST), (c) fish density (Den) and (d) first-order interaction between SST and Den. 
Vertical black lines represent the parameter estimate for the corresponding GAM 
when the model is run using the complete data set  
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Fig. S4. Model validation for the optimal model depicted in Table 1 in the main text. 
(a) Frequency distribution of the normalized residuals and (b) normalized residuals 
versus fitted values 
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Fig. S5. Quantile-quantile (Q-Q) plots of the 3 random effects, (a) gear, (b) boat and 
(c) haul, as obtained from the optimal model depicted in Table 1 in the main text  
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Table S5. Summary of the generalized additive model fitted to the pollack’s 
gonadosomatic index (R2

adj = 0.36) monitored from November 2009 to 
October 2010 off the Galician coast. ƒ1 = 1-dimensional non-parametric 
smoothing function; edf = estimated degrees of freedom; SE = standard 
error 

Effect Estimate SE t-value edf F-value p-value 

Intercept 2.01 0.11 18.39   <0.0001

f1    1.98 94.87 <0.0001

 

 

Table S6. Summary of the generalized additive model fitted to the pollack’s 
stomach index (R2

adj = 0.09) monitored from November 2009 to October 
2010 off the Galician coast. ƒ1 = 1-dimensional non-parametric smoothing 
function; edf = estimated degrees of freedom; SE = standard error 

Effect Estimate SE t-value edf F-value p-value 

Intercept 4.95 0.12 40.52   <0.0001

f1    1.91 15.79 <0.0001


