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Isotopes as endogenous markers
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The basic principles of trophic level 

and source determinaitons
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Choice of tissue …..
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Metabolic routing: where does the element come 

from in your isotopic measurements?….
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Isotopic discrimination and 

elemental turnover ….



Stable-N isotope discrimination

(non herbivores)
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High protein diets:



More on turnover experiments:

Hobson and Clark Condor 1992



Hobson and Clark Condor 94:181-188



Hobson and Clark Auk 110:638-641



Tissue turnover ….

Y = ae(-bt) + c

T[1/2] = 0.6932/b



Time (days since diet switch)
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Using a wind tunnel and isotopic 

dietary shifts to mimic migration

Max Planck Institute for Ornithology



Principles of isotopic tracking

� Animals move between unambiguous 
isotopically distinct “landscapes” and their 
tissues retain this information.

� Information “time window” depends on 
tissue chosen.

� Physiological aspects of movement and 
migration are understood in terms of 
turnover, metabolic routing etc.



The isotopic clock and movement
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Forensic applications are broad:



Forensic tracing of African ivory ….

δ13C, δ15N, δ87Sr, δ204Pb

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



Biogeochemical processes result in 

isotopic patterns or “isoscapes” …



Some avian applications:

1. Game bird management



2. Movement of contaminants



3. Disease tracking: Avian Influenza



4. Connectivity and stable isotope 

tracking …….

Idea from Webster et al. TREE 17:76-83



5. Seasonal interactions …



Lots of exogenous markers …



Satellite transmitters are the best!

But only for BIG birds …



0.07251371,313Sw. thrush

0.072028,194W. flycatcher

0.09704824,013Myrtle warbler
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2.667426,308Merlin

11.1142,4491,286,499N. Pintail

14.8878,7045,935,960Mallard

19.9594,1142,991,538Canada Goose

%recap Banded Species

N.A. avian band recoveries (1955-2000)



So, banding doesn’t work, Can we 

use isoscapes?

�Latitudinal/altitudinal gradients (δD, δ13C)

�Terrestrial-marine (δ13C, δ15N δ34S)

�Inshore-offshore (δ13C , δ34S, δ15N)

�C-3 vs. C-4, CAM (δ13C)

�Xeric vs. Mesic (δ13C, δ15N)

�Surficial geology (Sr, Pb, others)



If so, “Every capture becomes a 

recapture”



δ13C, δ15N

Mesic to xeric isotopic gradients help “locate”

individuals and their tissues …



Barn swallows from Denmark are 

not all wintering in the same part of 

Africa …
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Population 

heterogeneity ….
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Using three stable isotopes to 

distinguish migrants from residents

Photo:Wyman Meinzer, USFWS



Wintering habitat determines arrival time 

on breeding grounds

Marra et al. (Science 1998)
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Turning isotopes signatures into 

offspring produced!

Norris et al. (2003)



The BIG breakthrough: Using 

deuterium …..

(D) (H)

(D)

(H)



The mean annual precipitation δD 

pattern:

Bowen et al. 2005



Hobson and Wassenaar Oecologia 109:142-148

How does this pattern translate into  

bird feathers?



North American Continental Pattern
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� Based on a 40+ year IAEA dataset

� Can be portrayed as the “growing-season 
average” pattern (e.g. Meehan et al. 2004) OR 
as an annual average (Bowen et al.) or 
monthly.

� Involves patterns corrected for elevation or not 
in the interpolation.

� Lacks an analysis of spatial/temporal variance.

� Some areas of the continent are poorly 
represented



� However, we are typically interested in the 

pattern of deuterium in organisms and not in 

precipitation per se.

� This requires knowledge of the isotopic 

discrimination between precipitation and 

the organism of interest.

� For songbirds, ducks and cranes, we use a 

value of -25 per mil, but other groups differ.



For most birds …

-45

-65

-85

-105

-125
-145

-165

-145

-125

-45

-65

-45

-65

-85

-105

-125
-145

-165

-145

-125

-45

-65

-85

-105

-125
-145

-165

-145

-125

-45

-65



For raptors …





Using δD to track Monarch 

migration ….



Two populations, one long distance 

journey ….



Previously, tagging was used:



Needle in a haystack?



How to create an isotopic base map?



Monarchs can be “grown”

anywhere!



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:



Other isotopic delineations of 

population structure …

Rubenstein et al. (Science 2002)



“Leapfrog” migration revealed ..

Kelly et al.  (Oecologia 2002)



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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Origins of hunter-killed Sandhill

Cranes?



Toenails or feathers?

Feather δD (VSMOW per mil)

-180 -160 -140 -120 -100 -80 -60

T
o
e
n
a
il 
δ
D
 (
V
S
M
O
W
 p
e
r 
m
il)

-200

-180

-160

-140

-120

-100

-80

-60

-40

Y = 11.1 + 1.05X

r
2
 = 0.62



 

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

10

20

30

40

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

25

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

25

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

25

30

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuteirum (per mil)

0

2

4

6

8

10

12

14

F
re

q
u
e
n
c
y

North Dakota Kansas Oklahoma

AHY

HY

AHY

HY

AHY

HY

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

10

20

30

40

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

25

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

25

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

25

30

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuteirum (per mil)

0

2

4

6

8

10

12

14

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

10

20

30

40

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

25

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

25

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuterium (per mil)

0

5

10

15

20

25

30

F
re

q
u
e
n
c
y

-180 -160 -140 -120 -100 -80 -60

Feather Deuteirum (per mil)

0

2

4

6

8

10

12

14

F
re

q
u
e
n
c
y

North Dakota Kansas Oklahoma

AHY

HY

AHY

HY

AHY

HY



Saskatchewan (AHY)

Combining isotope results with the 

isotope basemap GIS layer ….



All HY







Moving beyond the “map lookup”

approach …..

� Propagate error 

associated with 

analytical 

measurement and 

geospatial models of 

δDp.

North American Continental Pattern
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Converting to δDp units

δδδδDf
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Within Site “Errors”
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Observed Distribution of errors
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Fit distribution to errors
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Propagate errors (simulation)

� 1000 simulations per measured δDf (in δDp
units)

� Where:

� Mean = measured δDp equivalent value of 

feather

� SD drawn at random from estimated error 

distribution



e.g. origins if Rusty Blackbirds
 

δD
precip

-200 -150 -100 -50 0 50

P
ro
b
a
b
ili
ty
 D

e
n
s
it
y

0.000

0.005

0.010

0.015

0.020

0.025

0.030

Historic Coastal Plain sample

Current Coastal Plain sample



e.g. Probability Density
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Constraining Origins



Constraining to Potential Range



Constraint- Elevation



Reduced solution space- remove 

high elevation



GSD- for reduced range



Assignment of Origins
 

δD precip
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For North Africa …

Bowen et al., 2005



And as an investigative tool ….

Yohanes et al. J.Avian Biology 2005



3-dimensional isoscape for trans-

Saharan migrants ….

δ13C

δ15N

δD



Bowen, unpub.



Continental 13C map??

From Chris Still

UC Santa Barbara



What about Asia?





3 useable zones?
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Of use for N-S movements
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Scaling down: Can we use more 

local isoscapes?



Local-scale isoscapes: Nebraska

Here is a “deer isoscape”
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Variance in assignment:

Langin et al. 2007 Oecologia



Can we use groundwater as a proxy?
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Promise with Pb isotopes:

Stewart et al. MMS 19:806-818



More promise with trace elements?:
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Trace element/heavy isotope

Compound specific

Mass spectrometry



Future?

� Improved Isoscapes

� Spatial and temporal variance?

� Remote sensing

� Plant physiology models

� Improved statistical approaches

� Inferring origin with uncertainty

� Use of prior probabilities



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.



Accounting for exchange:

1) Steam Equilibration:



Solution - Anchors

Comparative (room temp) 

equilibration with 

standards of known δδδδD

Cow Hoof Standard 

(CHS; δD = -187‰)

Chicken Feather Standard 

(CFS; δD = -147‰)

Bowhead Whale Baleen 

(BWB; δD = -108‰)

Wassenaar and Hobson 2000 Environ Sci Technol, 2003 Isotopes Environ. Health Stud.

Time
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Samples arrive in lab

72 hours later
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Other considerations (linearity)
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Part 1 - Keratins

Inter-laboratory comparison
-18 songbird feathers collected in New Brunswick

-analyzed in three different labs

-corrected with keratin standards (CFS, CHS, BWB)



Part 1 - Keratins

Average range = 7‰

Similar to within-feather heterogeneity analyzed in a single lab (Wassenaar and 

Hobson 2006 Rapid Comm. Mass Spec)
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Recommendations

Routine Organic Hydrogen Analysis

Keratins
-calibrate with available anchors (CFS, CHS, BWB)

-benchtop equilibration (allow 72 hours)

-no heating required

-constrain sample masses used or include standards of varying 

masses 


