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Supplement 2. Seabird body condition 

We defined bird body condition as the residual from a linear regression of individual body 
mass on individual capture date (in Julian days) and wing length (a proxy of body size). As 
the regression parameters may differ among species, we considered the interactions between 
capture date and species and between wing length and species. The year and individual 
identity (ring number) were included as random factors. Model was run with the lmer function 
of the package lme4.  

The R-output is represented in Fig. S1. 
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Figure S1. R-output for the linear regression of individual body mass on individual capture date and 
wing length (with the species as an interacting factor). 
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Supplement 3. Relationships between Svalbard seabird body condition, 
breeding success and isotopic ratios (during the breeding season) when 
excluding the years based on different tissue samples (i.e. red blood cells 
instead of whole blood for little auks in 2011 and Brünnich’s guillemots in 
2010). 

Results are from linear models and all variables were normalized (within species normalizing) 

so that models with only species or “species + δ13C or δ15N” as fixed effects were not 

informative. δ13Cbreeding and δ15Nbreeding were adjusted to the sampling date (to remove the 

intra-seasonal variation in isotopic ratios during the breeding season). df represents the 

degrees of freedom, AICC the Akaike Information Criterion corrected for small sample size, 

and ΔAICC the difference in AICC from the model with the lowest AICC and R2 represents the 

proportion of variance explained by the model. 

 

Table S4. Results from linear models testing the effects of isotopic ratios (during the breeding season) 

on seabird body condition and breeding success when excluding the years based on different tissue 

samples 

Response variable n Fixed effects df AICc ΔAICc 
Average body 

condition 
15 Null (intercept only) 1 43.53 0.04 

 δ13Cbreeding 2 46.20 2.71 
 δ13Cbreeding × Species 6 60.04 16.55 
 δ15Nbreeding 2 43.49 0.00 
 δ15Nbreeding × Species 6 53.38 9.89 

Average hatching 
success 

16a Null (intercept only) 1 45.09 0.00 
 δ13Cbreeding 2 47.44 2.36 
 δ13Cbreeding × Species 8 75.06 29.98 
 δ15Nbreeding 2 47.55 2.47 
 δ15Nbreeding × Species 8 73.31 28.23 

Average chick survival 14a Null (intercept only) 1 40.68 0.65 
 δ13Cbreeding 2 43.29 3.26 
 δ13Cbreeding × Species 6 55.29 15.26 
 δ15Nbreeding 2 40.03 0.00 
 δ15Nbreeding × Species 6 58.39 18.36 

 

a:	no	reproduction	data	for	Brünnich’s	guillemot	in	2010	so	that	the	only	difference	here	with	analyses	presented	in	Table	2	
(main	document)	is	the	absence	of	little	auk	reproductive	data	for	2011.	
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Supplement 4. Repeatability in black-legged kittiwake isotopic ratios 

	

Figure S2. Bootstrapped repeatability of blood δ13C and δ15N, and their associated 95% confidence 
intervals, in black-legged kittiwakes breeding on Svalbard (Grumantbyen colony, 78°17’N 15°10’E). 
Repeatability has been calculated using the rpt function of the rptR package (Stoffel et al., 2017). 
Kittiwakes were sampled during chick-rearing and isotopic ratios were centered on their annual mean 
(within year centering). N=37 samples from 18 individuals and 4 years (2011, 2012, 2014 and 2015). 
Likelihood ratio tests indicate that repeatability in both ratios is significantly different from zero 
(δ13C: D=6.82, df=1, p=0.005; δ15N: D=8.78, df=1, p=0.002). 

Literature cited 
Stoffel MA, Nakagawa S, Schielzeth H (2017) rptR: repeatability estimation and variance decomposition by generalized 
linear mixed-effects models. Meth Ecol Evol 8:1639-1644 https://doi.org/10.1111/2041-210X.12797 
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Supplement 5. Residual isotopic ratios 

 
Figure S3. Raw isotope values (carbon and nitrogen) as a function of the sampling date. The line and 

shaded areas represent the estimated relationship between isotope and sampling date, and the 
associated 95% confidence interval.  
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Results below are from a linear mixed-effects model with individual identity as a random 
factor. Model was run with the lmer function of the package lme4. 

The R-output is represented in Figs. S4 and S5. 

 

 
Figure S4. R-output for the linear mixed testing the effect of Julian date (with species as an 
interacting factor) on the carbon isotopic ratio during the breeding season. 
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Figure S5. R-output for the linear mixed testing the effect of Julian date (with species as an 
interacting factor) on the nitrogen isotopic ratio during the breeding season. 
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Supplement 6. Inter-annual variation in carbon and nitrogen isotopic ratios, body condition, hatching success and chick 
survival during the breeding and non-breeding season	

(a)  

	 	



	 9	

(b) 	

	

 

Figure S6. Inter-annual variation in Svalbard seabird isotopic ratios (a) and condition or breeding success (b). In (a), the left (A) and central (B) panels 
represent the average carbon (top) and nitrogen (bottom) isotopic ratios for the breeding season (blood samples) and right panels (C) represent the non-
breeding season (feather samples). In panels (B), isotopic ratios have been adjusted for sampling date (see details in the Method section and Suppl. Mat. 5). 
In (b), panels represent the body condition (A), hatching success (B) and chick survival until 15 days of age (C). All variables were normalized (centered on 
the mean and divided by the SD).	




