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Appendix 1 – Data Sources 

Froese, R., Pauly, D., 2018. FishBase (www database). < http://www.Fishbase.org > 

Global Biodiversity Information Facility. <https://www.gbif.org/> 

ICES (International Council for the Exploration of the Sea), 2018. Greater North Sea Ecoregion-

Fisheries Overview. < https://doi.org/10.17895/ices.pub.4647 >  

IUCN 2015. IUCN Red List of Threatened Species. Version 2015-4 < www.iucnredlist.org > 

National Oceanic and Atmospheric Administration (NOAA, US), NAO values. 

<http://www.cpc.ncep.noaa.gov/products/precip/CWlink/pna/nao_index.html >  

National Oceanic and Atmospheric Administration (NOAA, US), 2014. AMO values. 

<http://www.cdc.noaa.gov/Timeseries/> 

Ocean Biogeographic Information System <www.iobis.org/> 

SAHFOS (Sir Alister Hardy Foundation for Ocean Science), 2016. Phytoplankton Colour Index data 
from the North Sea from 1958-2014 provided by SAHFOS. < https://www.cprsurvey.org/> 

Sir Alister Hardy Foundation for Ocean Science (SAHFOS) Continuous Plankton Recorder Dataset 

(SAHFOS). < https://doi.org/10.7487/2017.257.1.1081 > 

SMS (Stochastic Multi Species model) < http://ices.dk/community/groups/Pages/WGSAM.aspx > 
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Appendix 2 – Supplementary tables 

Table S1. Ecological traits of North Sea fish species considered in this study along with the reasoning 
and references for choosing each trait. Adapted from McLean et al. (2019).  
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Table S2:  Summary of the redundancy analyses performed at quartile level. Explanatory variables 

considered are salinity ‘SSS’, shear stress ‘Bstress’, phytoplankton biomass ‘PCI’, sea surface 

temperature ‘SST’, trawling effort, North Atlantic Oscillation ‘NAO’ and Atlantic Multidecadal 

Oscillation ‘AMO’. 

 

          

Question  Response variables  Explanatory variables 

1. Which variables 
explain the spatial 
distribution of 
functional 
distinctiveness? 

 

Total abundance per ICES rectangle 
(33-year average values) for the 
species belonging to the first (Q1) 
and last (Q4) quartile of functional 
distinctiveness 

 
33-year average values for 
each ICES rectangle: 

  SST 

  PCI 

  Salinity 

  Depth 

  Shear stress 

  
Trawling effort 
 

2. Which variables 
influence the 
temporal dynamics 
of functional 
distinctiveness? 

 

Total abundance per year (average 
values of the 154 ICES rectangles for 
each year) for the species belonging 
to the first (Q1) and last (Q4) quartile 
of functional distinctiveness 

 
Average values on the 154 
ICES rectangles for each year: 

  SST 

  PCI 

  NAO 

  AMO 

  Salinity 

  Trawling effort 

   

3. Are temporal 
trends in functional 
distinctiveness 
related to spatial 
environmental 
conditions? 

 

Spearman correlation coefficient 
between the total abundance of the 
species belonging to the first (Q1) 
and last (Q4) quartile of functional 
distinctiveness and years per ICES 
rectangle. 

 
33-year average values for 
each ICES rectangle: 

  SST 

  PCI 

  Salinity 

  Depth 

  Shear stress 

    
Trawling effort 
 

     
 

 

  



Table S3: List of North Sea fish species by distinctiveness quartile. The functional distinctiveness (Di) 

of each species is also indicated. 

 

 

 

  



Appendix 3 – Supplementary figures 

 

 

 
 

Figure S1. Boxplot showing the abundances of functionally common (Q1) and distinct (Q4) species. 

Each point corresponds to the abundance of a given species in a given ICES rectangle at a given year. 

  



 

 

 

Figure S2. Statistical relationships between species’ functional distinctiveness and ecological traits: (a) 

position in the water column, (b) diet, (c) investment in parental care, (d) offspring size (log10 

transformed), (e) size at first maturity, (f) age at first maturity, (g) fecundity (log10 transformed), and (h) 

trophic level. For boxplots (panels a-c), different letters indicate significant differences between trait 

attributes (Wilcoxon post-hoc test).  

 

 

 



 

Figure S3. Statistical relationships between species’ functional distinctiveness and IUCN status of 

species. 

 



 

 

Figure S4. Spatial distribution of the functionally common (Q1; a, c, e and g) and distinct (Q4; b, d, f 

and h) species in the North Sea in terms of species richness (a and c) or total abundance (b and d) and 

spatial distribution of the contribution of functionally common and distinct species to the species 

richness (a and c) and total abundance (b and d) in each ICES rectangles. 


