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What are animals made of?

LOTS OF CARBON!



Important things to consider when interpreting 
consumer d13C values:
What’s on the menu?

  

What did the animal eat?  

What are you analyzing?  
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Why use stable isotope analysis to 
study animal diet?

Direct Observation
• Pros: detailed data, dietary information for individuals
• Cons: time- and cost-intensive, difficult for some species



Gut Content Analysis
• Pros – can be high-resolution, dietary information for individuals
• Cons – invasive, only a snapshot of diet, biased

Fecal Analysis
• Pros – can be high-resolution
• Cons – only a snapshot of diet, biased, no individual information

Why use stable isotope analysis to 
study animal diet?



Chemistry (Stable Isotope Analysis!)
• Pros – assimilated diet, integrates over a variety of timescales, can 

be non-invasive 
• Cons – lower resolution

Why use stable isotope analysis to 
study animal diet?



Fry et al. 1978

C3

C3

C3
C4

C4

C4



You are what you eat….

© ivSky/Shutterstock.com
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Isotopic 
Discrimination

(D13C)

…sort of.

Trophic 
Discrimination Factor

(TDF)
=



C3 Plants C4 Grasses

TDFTDF

Where is the fractionation?



12CO2

12CO2

Biochemical processes often 
involve decarboxylation 

and the release (respiration) of 12CO2

d13CPrey = -16‰ d13CTuna = -15‰D13C



C6H12O6 + 6O2 -> 6CO2 + 6H2O + energy

Cellular Respiration
Glycolysis Pyruvate Oxidation Citric Acid Cycle



Heterotrophs use 
multiple 

macromolecular 
sources of carbon 

for metabolism (energy) 
and growth/tissue 

synthesis.

I’m going to use some 
of the carbon from this 
lizard to grow big and 
strong and I will burn 

the rest for energy so I 
can catch more lizards!

Speedy McRoadrunner
Interview by Dr. Besser
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Enzymatic isotope effects 
are really important here!
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Cherry et al. 2011

If we didn’t extract the lipids from fatty consumer tissues, our 
dietary estimates could be way off. 

Lipid d13C values are ~6‰ lower than protein 
d13C values!



Isotopic fractionation during lipid synthesis

main source of carbon 
for lipid biosynthesis

DeNiro and Epstein 1977
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Decarboxylation = losing a CO2 molecule
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TDF

TDF

Okay…  back to trophic 
discrimination factors (D13C) 

Ben-David and Flaherty 2012

TDF
TDF

D13C varies from ~0.5 – 4.0‰!



Assimilation:
Isotopic Incorporation & Protein Routing

Biosynthesis:
Proteins, Lipids, Carbohydrates

Respiration
(12CO2)

Tissue-Diet
Isotopic Discrimination

(D13C)

Diet
d13CProtein

d13CCarbohydrates
d13CLipids

Tissues 
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(13C-enriched)



d13C Trophic Discrimination Factors (D13C)

Caut et al. 2009
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This means the d13C values of an 
animal’s tissues are typically 
slightly higher than the d13C 
values of its dietary items 

D13C is typically positive 

D13C varies across tissue types



Hare et al. 1991

D13C varies across tissue types



Wolf et al. 2015

Amino acid concentrations vary across tissue types



Hare et al. 1991

d13C values vary among amino acids

Additionally, some of these amino acids have different origins 
(direct routing vs. de novo synthesis).



Collagen contains a lot of glycine

Schiller and Huster 2012



Modified from McMahon et al. 2015

D13C also varies by amino acid
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Non-essential amino acids are easier to synthesize, 
and animals have retained this ability

60–72% of amino acids in animal tissues are non-essential

non-essential amino acids
animals can synthesize de novo 

essential amino acids
animals cannot synthesize de novo 

 
conditionally essential
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This is what we are measuring 
in consumer tissues This is what we are measuring 

in potential prey/diet items

AA can be directly routed 

non-essential AA can be 
synthesized de novo



Increased variability in diet macromolecular 
d13C can lead to increased D13C

Kurle et al. 2014

protein digestibility could also impact D13C
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Prey type impacts sea otter 
whisker d13C TDFs

sea urchins have high 
lipid contents

Newsome et al. 2010



Prey type impacts sea otter 
whisker d13C TDFs

Whiskers are made up of keratin, which 
contains a lot of glycine and serine.

 
These non-essential amino acids are 

synthesized from 3-phosphoglycerate.

Food Dietary Fatty Acids Glycerol 3-Phosphoglycerate

Serine

Glycine

lower d13C than dietary protein



Rapidly growing animals/tissues are expected 
to have decreased D13C

Scharnweber et al. 2021



Consumer Carbon Take-Aways: Assumptions

What’s on the menu?  Baseline/Dietary d13C Values
• Can vary spatiotemporally
• Must be well-constrained via study design

What did the animal eat?  Trophic Discrimination
• There is an offset between the d13C values of an animal’s 

dietary items and its tissues
• This offset (TDF; D13C) varies with diet quality, nutritional 

status, growth rate, and across tissues types

When did the animal eat it?  Isotopic Incorporation 
and Tissue Turnover Rates
• Different animal tissues grow at different rates and thus, 

tell you about diet over different lengths of time
• Additionally, some tissues are metabolically active (blood 

plasma) while others are metabolically inert (hair)


