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Overview 

 Quick review … 

 Isotopic discrimination factors .. 

 Tissue turnover … 

 Compound specific approaches? 

 Where to from here?  



The basic principles of trophic level 

and source determinations 
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Voigt et al (2014) PlosOne 



Models are only as good as the input 

data! 









Urton and Hobson Oecologia 2005 

Boreal foodwebs involving wolves 
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Adelie Penguin eggshells 

reveal effect of Southern 

Ocean whaling … 

Emslie and Patterson, unpublished 





Metabolic routing: “differential allocation of 

isotopically distinct dietary components to 

different tissues (Schwarcz 1991)”. 
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Hobson and Quirk IEHS 2014 



Hobson and Quirk IEHS 2014 



Should you extract lipids? 





Complexities with isotopic 

discrimination factors …. 

 “weakness” of stable isotope applications to 

foodwebs? 

 What factors might influence these? 

 Tissue? Diet? 

 Taxonomy? 

 Age?, sex? Body size? Reproductive status? 

 Solutions? 



Some useful papers … 





Δδ15N values are variable! 



Factors influencing Δδ15N ….. 

Vanderklift and Ponsard Oecologia 136:169-182 



Handling NH4 in marine systems is 

easier ….. 

Vanderklift and Ponsard Oecologia 136:169-182 



Despite these caveats, meta analyses 

suggest: 

Post 2002 



Nutritional stress can influence 

Δδ15N: Crows raised on high and 

low-quality diets …. 

Hobson et al. Condor 95:388-394  



Can we repeat the effect after 

controlling for diet? 

Hobson et al. Condor 95:388-394  



And do we see this in the real world?  

Hobson et al. Condor 95:388-394  
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Essentially, N recycling takes over .. 



Diet quality hypothesis (Δδ15N): 

 “Biological value” or “quality” of the diet. 

 Extent to which the aa composition of diet 

meets the animals “needs”. 

 Decreasing discrimination with increasing 

protein quality (Robbins et al. 2005, Oecologia) 

 So, captive studies need to match wild dietary 

situations as much as possible …. 

 



From Robbins et al. 2005 



Another example 

Tsahar et al. J. Exp. Biol 2008 





Isotopic variance in amino acids: 

Wolf et al. Funct Ecol 2009 



Using Source vs Trophic amino 

acids: 

Wolf et al. Funct Ecol 2009 



A new TL “internal index”? 

(Hobson et al. 1994) 

(McClelland and Montoya 2002) 

Popp et al. (2006) 

TL = 1 + (δ15Nc – δ15Nbase)/∆δ15N 

Now think in terms of amino acids: 

∆δ15Nglutamate-phenylalanine = δ15Nglutamate - δ
15Nphenylalanine  

TL = 1 + (δ15Ntrophic – δ15Nbase)/7 





Compound-specific approach 

will be esp. useful for migrants 

where their isotopic baseline δ15N 

is unknown 

See papers by Popp et al. 



Tissue turnover 

 Over what period do tissue isotope values 

represent dietary integration? 

 Single compartment “exponential” models 

 Multiple compartment “reaction progress” 

models 



Choice of tissue ….. 
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Tissue turnover …. 
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Isotopic retention  

depends on  

diet quality 

Tsahar et al. J. Exp. Biol (2008) 













Bauchinger and McWilliams (2009) 









Multiple compartment models do not 

always work better …. 







Blood turnover 
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For larger organisms we will probably need to 

depend on these allometric relationships for 

turnover estimates …. 



Niche segregation …. 













Foodweb isotope metrics 

 Treat as an EXPLORATORY tool. 

 If comparing across foodwebs, you MUST 

NORMALIZE to a common currency on 

both axes: 

 Baseline corrections. 

 Proportions vs. delta values….  



Other isotopes (H and O)? 

∆δ2H = 0? 

Influence of drinking water? 

H: 

O: 

Influence of Diet, Air, Water and  

discrimination? 



Hobson et al 2004 





Hobson et al. PNAS 1999 



Toward a modeling framework: 

Podlesak et al. 2008 Geochim et Cosmochim Acta 72:19-35 



Soto et al, unpublished. 





Carbon isotope ratios of Sonoran Desert 

plant resources 

SAGUARO (CAM)   δ13C (‰) VPDB  

 Nectar:      -12.8 ± 0.4 (10) 

 Fruit:    -13.0 ± 0.4 (10) 

C3 plants 

 Seeds*:    -24.9 ± 0.3 

 *Mean value for 7 species of food plants used by doves.  

Wolf and Martinez del Rio Oecologia 124:536-543  



Dove saguaro use (Carbon) 
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Hydrogen isotope ratios of Sonoran 

Desert water resources 

SAGUARO  dD (‰) VSMOW 

Nectar    19.6 ± 7.5 (9) 

Fruit     50.5 ± 4.7 (47) 
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Wolf and Martinez del Rio Oecologia 124:536-543  



Dove resource use  
(liver tissue & body water) 
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Gulf of Alaska regime shift (mid 

1970s)? 



Retrospective Isotopic analysis of 

tooth annuli to investigate past 

records 

Hobson and Sease Mar. Mamm.Sci.14:116-129  



Steller Sea Lion age of weaning and 

effects of a North Pacific regime 

shift? 

Collaborations with Anne York, James Thomason,  

Elizabeth Sinclair, Jonathen Sease 



Pacific Decadal Oscillation 



Weaning is highly variable and 

ranges from 1 to 3 years ….. 



Growth-layer groups (GLGs) 

Cementum 

GLG 1 GLG 2 GLG 3 
GLG 4 

Enamel 



1 2 3 4

-1
4

.0
-1

3
.5

-1
3

.0
-1

2
.5

GLG

1
3
C

(1960,1966]
(1966,1971]
(1971,1974]
(1974,1976]
(1976,1978]
(1978,1980]
(1980,1984]

1 2 3 4
1

7
.5

1
8

.0
1

8
.5

1
9

.0

GLG

1
5
N

(1960,1966]
(1966,1971]
(1971,1974]
(1974,1976]
(1976,1978]
(1978,1980]
(1980,1984]



Isotopic biplots .. 
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Weaning reduced at the start of a 

regime shift? 
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