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McCutchan et al. 2003
Oikos 102: 378-390

Enrichment of 13C and 15N against diet

Trophic level enrichment

δ13C   +0.4±0.12‰ (n=111)

δ15N   +2.0±0.20‰ (n=83)

δ34S   +0.4±0.52‰ (n=13)

Dietary information (δ13C) versus 
trophic level information (δ15N)

BUT: large spread of values



Food webs – trophic level enrichment
in 13C and 15N

Arctic marine foodweb
(NW Territories, 
Canada)

Foodweb base: POM,
particulate organic matter 
(algae, bacteria, dead
matter) and kelp/ice
algae

Up to top predator: 
polar bear

Hobson & Welch 1992
MEPS 84:9



Food webs – trophic level enrichment
in 15N

Hobson & Welch 1992
MEPS 84:9

Number of trophic levels in an ecosystem calculated
by dividing the full range of δ15N by TLE (3‰ here)

+ Size of trophic niche of a 
species (SD)
+ Omnivory (generalists) 
or specialists



15N Amino acid enrichment
– nonessential versus essential amino acids

McClelland & Montoya 2002
Ecology 83:2173



15N Amino acid enrichment
– nonessential versus essential amino acids

McClelland & Montoya 2002
Ecology 83:2173

15N enrichment in „non-essential“
amino acids between 4 and 7 permil
(metabolic N recycling)

No such enrichment in „essential“
amino acids (isotopic signature of 
food source)

Δδ15N Glu – Phe approx. 7 permil
per trophic level
i.e. a measure of trophic level
enrichment without knowing the
exact food source and its isotopic
composition



Wolves (SE Alaska)

Animal diet – two-isotope mixing models
to calculate fractions of mixed diets

Szepanski et al. 1999
Oecologia 120: 327

Partitioning of wolf diets

Two isotopes allow the differentiation
between three diet sources (see right).
Account for trophic level enrichment



C3 versus C4 diets –
Browsers and grazers

Cerling et al. 1999
Oecologia 120: 364



Foxes

Isotopic differences between tissues

Fir, bones, enamel, and horn are isotopically distinct from diet

Roth & Hobson 2000
Can. J. Zool. 78: 848

Δdiet - tissue Δdiet - tissue



Different dietary time integration of 
tissues such as blood, liver, muscles, 
bone collagen, hair keratin of gerbil
(Wüstenrennmaus)

Tissue turnover and time integration
of dietary isotope signals

Hair (t1/2=47 d)

Liver (6 d)
Fat (15 d)

Brain (28 d)

Muscle (27 d)

Tieszen et al. 1983
Oecologia 57: 32



Herbivore diet and N losses

DIET

URINE

ORGANISM

FECES
15N enriched
by 0.5-2‰ to diet

N losses
(hair etc.)

15N depleted
by 0.5-5‰ to diet

15N enriched
by 1-6‰

Deamination/transamination remove 14N preferentially
that is excreted in urine and enriches 15N in body protein
(key enzymatic step unknown)



Herbivore diet and diet protein content

Sponheimer et al. (2003)
Int. J. Osteoarchaeol. 13: 80

Alfalfa 19% crude protein
Bermuda grass 9% crude protein



Herbivore 15N enrichment
with low and high protein diets

Low N (protein) diet

High N (protein) diet

DIET

URINE

ORGANISM

FECES40%

60%

DIET

URINE

ORGANISM

FECES20%

80%

+δ15NΔ=2-3‰

Δ=4-6‰ +δ15N

−δ15N

−δ15N



Mr. T.E. Cerling goes west 
(from USA to mongolia)........
Changing food - changing
beard C isotope signatures

or You are what you eat ?

Hair as a chronological
archive
+ continuous growth (0.4 
mm/day)
+ biologically inactive after
formation
+ resistant to degradation

You are what you eat,
plus a few permilles?



Human diet –
The human food web



Herbivorous versus omnivorous humans -
Hair isotopic signatures

Macko et al. (1999)
Phil. Trans. R. Soc. London B 354: 65

Possibility to determine % animal
protein intake


