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Appendix 1 
Multi-decadal and ontogenetic trophic shifts inferred from stable isotope ratios of 

pinniped teeth 
 

Table A1. Grey seal Halichoerus grypus canine stable carbon and nitrogen isotope values extracted 

from the dentin (‘juvenile’ lifestage) and cementum (‘adult’ lifestage). Please see text for details of 

ageing, material extraction, treatment and stable isotope analysis.  

The Table is found here: <http://dx.doi.org/10.17630/c320ef68-9292-497c-aeaa-2a80c1d1efc8> 

 

 

 

Table A2. Stable isotope values of potential grey seal prey items collected as part of an 

International Bottom Trawl Survey in August 2009. 

The Table is found here: <http://dx.doi.org/10.17630/c320ef68-9292-497c-aeaa-2a80c1d1efc8>	

  



 

Figure A1. Flow diagram of data analysis steps. See text for details. 
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Figure A2. Example map of predicted mean proxy δ15Nbase values for the North Sea averaged over 

1940:2009. In the analysis, annual isoscapes were limited to 90% of grey seal Halichoerus grypus 

at-sea usage derived from Jones et al. (2015) (black line) before being averaged to a single value per 

year. The isoscape was derived from relationships specified in Mackenzie et al. (2014) between 

δ15N values of a mesopelagic jellyfish and mean sea bottom temperature (<www.ices.dk>). Proxy 

δ13Cbase values were also predicted from relationships in Mackenzie et al. (2014) and because these 

are also based on SBT the spatial pattern of variation is identical to that for δ15Nbase and are 

therefore not shown. The global self-consistent, hierarchical, high-resolution geography coastline 

shapefile ver. 2.2.2 (GSHHG; Pal 1996) was downloaded from: 

<www.ngdc.noaa.gov/mgg/shorelines/gshhs.html> 

  



 

 

Figure A3. δ13Cjuvenile and δ15Njuvenile values for male (M) and female (F) 

tooth dentin samples from grey seals Halichoerus grypus.  

  



Effect of cause of death on juvenile δ13Ccorr and δ15Ncorr values 
We consider it unlikely that dead stranded animals would have had markedly different diets or 

behaviours over the timescale of isotope integration represented by our tooth sampling, which was 

several years. Survival in adult grey seals is high and it is likely that animals dying of natural causes 

will do so due to acute illness or trauma rather than long-term illness. However, we tested for any 

effect of cause of death on juvenile δ13C and δ15N values by analysis of variance on the residuals 

from the fitted model. For both δ13C and δ15N there were 44 individuals in the ‘culled’ category, 

nine individuals in the ‘shot’ category and 16 individuals in the ‘stranded’ category. There were no 

significant differences between the mean stable isotope residual values for δ13C (one-way ANOVA 

F2,66 = 2.536, p = 0.0869) or δ15N (one-way ANOVA F2,66 = 0.217, p = 0.806). 

	

Variability in sea bottom temperatures  
Adult grey seal stable isotope values showed a contraction between historic and modern samples. 

We tested whether the proxy baseline itself was more variable in the historic time period (1970–

1980) compared to the more recent (2000s) by conducting a two-sided F-test of the ratio of sample 

variances from a normal population. We used all sea bottom temperatures recorded in the 90% grey 

seal usage buffer. There was no significant difference in variance of SBT recorded in 1970-1980 

and 2000-2009 (F = 1.0795, numerator df = 2113, denominator df = 1763, p = 0.094). Note that the 

outcome of the test is identical for δ13Cbase and δ15Nbase because these values are calculated from 

SBT. 

  



 

Figure A4. Raw δ13C (a) and δ15N (b) values extracted from the juvenile (circles) and 

adult (triangles) portion of grey seal Halichoerus grypus canine teeth. Lines link 

observations from a single individual. For δ13C the grey points and triangles are those 

values corrected for the Suess effect. Estimated mean proxy δ13Cbase and δ15Nbase 

value are provided in red. 

 


