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Outline 

 Linking animals to isoscapes: animals add 

variance! 

 Transfer functions and turnover … 

 Physiology/nutrition/ecology … 

 Reflections on δ2H measurements … 

 Applications:  

 Where to from here? 

 



The basic principles of trophic level 

and source determinations 
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Need for a transfer function will 

depend on isotope … 

 No need if there is no discrimination 

 e.g. heavy elements 

 Important if there is discrimination 

 e.g. lighter elements 

 Metabolism and other rate-limiting steps 

 Ecology/physiology 



Pb isotopes linked to surficial 

geology … 

Stewart et al. MMS 19:806-818 



 Hg isotopes 

Point et al. 2011 Nature Geoscience  



Strontium (bedrock model) 



Work of Barnet-Johnson in Hobson, Barnet-Johnson and Cerling 

(isoscapes book, 2010) 



For the light isotopes … 

 1. Create a simple basemap through broad 
spatial sampling of animal tissue. 

 2. Infer a calibration relationship through 
limited spatial sampling across an isotopic 
gradient. 

 3. Experimentally derive the calibration 
relationship through controlled (captive) 
studies. 

 



An early application using δ2H to 

track Monarch migration …. 



 Are monarchs declining due to factors on 

breeding grounds? Wintering grounds? 

Both? 



Two populations, one long distance 

journey …. 



Previously, tagging was used: 



Monarchs can be “grown” 

anywhere! 



80 elementary schools recruited 

throughout the range ….. 



The basemap for the year of interest: 



 

Docykx et al. Ecol. Applic., in press  

Origins: 50% of the population is 

produced in the US cornblelt: 



Transfer function …. 

Hobson et al. 1999 Oecologia 120:397-404 



Transfer function derived 

experimentally …. 

Hobson et al. 1999 Oecologia 120:397-404 



Nebraska “deer isoscape” 
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Transfer function through limted 

sampling (gradients) 



Hobson et al. 2012 PLoS ONE  



Single Top Model: 

 δ2Hf = Int. + δ2Hp + Migratory Guild + 

Foraging Substrate + Guild*Substrate 

 

 Explains ~83% of the variance in δ2Hf 

 

 



Mechanisms? 

 Foraging substrate: 

 Microhabitat/dietary variation in δ2H? 

 Migratory guild: 

 Molt phenology, feather growth rate? 

   



Dragonfly wing isoscape 

Hobson et al. 2012 MEE 3:766-772 







Prochazka et al. (in press) 









Several controlled studies for δ15N, 

δ13C but few for δ2H, δ18O …. 

 δ15N, δ13C … 

 

 

 

 

 δ2H, δ18O … 



Multiple sources of O and H  

Pietsch et al. 2011 PLoS ONE 



Pietsch et al. 2011 PLoS ONE 



Pietsch et al. 2011 PLoS ONE 



Pietsch et al. 2011 PLoS ONE 



Pietsch et al. 2011 PLoS ONE 





Studds et al. (2012) Diversity and Distributions 1-12. 



Juveniles show strong δ2Hf vs. δ2Hp BUT not adults … 

Also seen in some owls 

1H2O loss through gular fluttering 

 

Caeca involved in H2O regulation 

See also  



Using a wind tunnel and isotopic 

dietary shifts to mimic migration 

Max Planck Institute for Ornithology 



Oxygen? 



20-35% 

evaporative loss 



Human Hair 

Ehleringer et al. (PNAS 2008) 





Meteoric relationship preserved in 

Monarch Butterflies 

Manitoba 
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Florida 
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Hydrogen isotopes work better than 

Oxygen isotopes …… 





Tissue turnover 

 Over what period do tissue isotope values 

represent dietary integration? 

 Single compartment “exponential” models 

 Multiple compartment “reaction progress” 

models 



The isotopic clock and movement 
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Hydrogen 

1H 

2H 

Protium 

Deuterium 

Involves a doubling of mass, so isotopic effects are large 



Hydrogen exchange: 

H C 

H N 

H O 

Strong bonds 

Weak bonds 



Things to know about H: 


2H/1H represents high potential for isotopic 
discrimination. 

 O-H and N-H bonds are weak: exchange. 

 Drinking water and diet are sources of H. 

 Recent analytical advances (CFIRMS) have 
lead to small sample requirements: 

 Sample inhomogeneities are now important. 

 Laboratory standards are esp. important. 









Primary Goals of Migration 

Research 

 Evolution and Ecology. 

 Conservation and Management. 

 Movement of Contaminants and 

 Disease. 

 



Biogeochemical processes result in 

isotopic patterns or “isoscapes” … 



Isoscapes? 

 

 

 

 

 

 

 

Latitudinal/altitudinal gradients (dD, d13C) 
 

Terrestrial-marine (d13C, δ15N d34S) 
 
Inshore-offshore (d13C , d34S, d15N) 
 
C-3 vs. C-4, CAM (d13C, δD) 
 
Xeric vs. Mesic (d13C, d15N) 
 

Surficial geology (Sr, Pb, others) 
 



First isotope applications 

Killingley (1980) – δ18O barnacles 

“you are what you swim through” 

Killingley and Lutcavage (1983) 

δ13C and δ18O 



From Schell et al.2002  



Bowhead whales 









Quillfeldt et al. (2010) BES. 



Latest marine  

isoscapes …. 

McMahon et al (2013)  

Limnol. Oceanogr. 58:697-714 





Problems with extrinsic markers 

 Organism often needs to be recovered 

 Expensive 

 Body size requirements 

 Biased to original marked population 



d13C, d15N 

Mesic to xeric isotopic gradients help “locate” 

individuals and their tissues … 



Forensic tracing of African ivory …. 

δ13C, δ15N, δ87Sr, δ204Pb 

Vogel et al. (1990); van der Merwe et al (1990) 



Wintering habitat determines arrival time 

on breeding grounds 

Marra et al. (Science 1998) 





Gonzalez-Prieto and Hobson, J. Ornith. (2012) 



Breakthrough with water isotopes 



Latest growing-season δ2Hp 

Wassenaar, IAEA. 





For most birds … 



Altitudinal gradients  

are recorded in  

hummingbird  

feathers: 

Hobson et al. Oecologia 136:302-308   



The feather isotopes follow large 

scale trajectories in precip δD 
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“Leapfrog” migration revealed .. 

Kelly et al.  (Oecologia 2002) 



Other isotopic delineations of 

population structure … 

Rubenstein et al. (Science 2002) 



Incorporating uncertainty in 

assignments ….. 









Hobson et al. JFO (2014) 



Applying prior probabilities 







Raw Isotope 

Assignment 

BBS Abundance Assignment  
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Prior 





Combining genetics and δD 

Boulet et al. (Ornithol Monogr) 



Ruegg et al. 2014 





Gómez-Diaz and González-Solis 



Origins of Woodpigeons killed in 

France 

Long-range migrant (winter in 
southern range of Europe) 

Medium-range migrant 
(winter in France) 

sedentary 

Several distinct populations with 

specific migratory traits 
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Modeling isoscapes and origins 

using multiple isotopes 

 Assumes a multivariate normal distribution 

 All isotopes are orthogonal 



Major overwintering site for 

Palearctic-Aftrotopical migrants 



Plant isotope distribution models 

 Plant isotope map 

based on predicted C3 

vs. C4 plants 

Still and Powell (2010) 



Feather δ13C isoscape 



A feather δ15N isoscape 
Based on Craine et al. (2009, New Phytologist) 

 Modeled MAT, MAP with foliar δ15N 



 Modeled MAT, MAP with foliar and soil 

δ15N 



Feather δ15N isoscape 



Feather δ2H isoscape 



Combining δ13C, δ15N, δ2H feather 

isoscapes 





Combining two isotopes into a 

single probability surface 



A multi-isotope (δ2H,δ13C,δ15N) 

probability surface 







Some other considerations and 

future directions…. 





Advances in water isoscapes 



Trace element/heavy isotope 

Compound specific 

Mass spectrometry 


