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Enrichment of 13C and 1°N against diet
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Fig. 1. Histograms for estimates of trophic shift for C, N. and
S. Fluid-feeding consumers are indicated by dark bars. Statisti-
cal outhers (sce Tuable | and Appendix ) are not incladed.
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McCutchan et al. 2003
Oikos 102: 378-390



Food webs — trophic level enrichment

in 13C and °N
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Food webs — trophic level enrichment

In 1°N

Number of trophic levels in an ecosystem calculated
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Trophic lewl

: BV v, 353 ]_ ) ,I . IR | X —l‘
. I—-FPQIGI‘ h.ﬂr
N Rt : -m Birds
o : S — Ringed seal
e VERTEBRATES e A -::rrdld seal 8 . |
ey e Boluga XN e i ] ]
b ‘.......-............... —— s - + Size of trophic niche of a
: -—-w::lrua TS SN e B,
S e v v species (SD)
SRl ShRe .;..'.._'3":.‘,;1.‘.’::::"? -+ Omnivory (generalists)
o f'lWERTEBRATES iy _Aﬁif.iﬁf.i‘m;a él.nophqm _--'_'Qrf'speciansts
R e IS : _Lapcurmu' Y SR N Y ' 3
. e 1° aMphipods e, b "
W | e Mysids -
g — Cup.pndi
Bivulvu
PRODUCERS - '. - lco algae .
' : 52 I.:_'al. AT T o ey i R
e B ‘_.°_:- ,‘ S s e B S L R
. e han 5“Nl%d T e
~ ' Fig. 3 Ranges of 81N values for- marine organisms- from Barrow Strait-Lancaster So:md and their associated trophic poentlons
B acmrdingtoanisntoplc modelusingau-ophle e'nrlchment value of +38%o(not apphcabletomarl.ne b;rdsj L Hobson & Welch 1992

AR L e R TR R I s T L MEPS 84:9



15N Amino acid enrichment

— nonessential versus essential amino acids

02 Ol"N OF AMINO ACIDS IN PLANKTON

TABLE 1. Values of 8N of bulk samples and amino acids of B. plicatilis and T. suecica.

First sampling Second sampling
1. suecica B. plicatilis T. suecica B plicatilis
&N source {(Food source) {Consumer) (Food source) (Consumer)
Bulk sample —-19 0.1 —1.7 —0.2
Amino Acids
Alanine 05 =07 48 01 —1.6 0.1 40+ 04
Aspartic acid 0503 46 02 0604 3204
Glutamic acid —04 =02 6504 —0.1x03 64+ 03
Glycine —47 04 —32=x04 —44 =03 —41*+08
Isoleucinet —08 05 33+x01 —13x09 24 +04
Leucinef —04 =08 28 01 —-15*+03 20x03
Lysine -11+x04 0.7 +x04 —-1.8+ 02 -04 12
Phenylalanine —53x02 —42+x02 —43x 04 —48 10
Proline 01 =03 4302 0402 3303
Serine —-78 06 -71=x02 —78x03 —69 03
Threonine T —24 04 —34 04 —2.3 %= 0.1 —4.1 % 0.5
Tyrosine 2206 —33 06 2503 —31 =+ 0.1
Valinet 18 =03 4501 1.0+ 1.5 56 £ 03

Nores: Samples were collected on two successive days after determinming that bulk values
were at a steady state. Values for bulk samples are from CFIEMS analysis (standard deviation
15 typically = 0.2%0). Values for amino acids are means = 1 SE from three analyses of each
sample by GCIRMS. Aspartic acid includes asparagine. Glutamic acid includes glutamine.
T Amino acids commeonly required in animal diets (essential amino acids.) McClelland & Montoya 2002

Ecology 83:2173



15N Amino acid enrichment

— nonessential versus essential amino acids
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F1G. 1. Differences in stable N isotope values (ASVN) of
bulk material and individual amino acids between consumer
(B. plicarilis) and food source (1. suecica). Points are means
from two sampling dates. and error bars reflect the range of
values from B. plicatilis (on points) and T. suecica (on zero
line). Amino acids are grouped into those that show changes
greater than the bulk material and those that change less than
the bulk material. Abbreviations are: Ala, alamine; Asp. as-
partic acid; Glu, glutamic acid; Ile. 1soleucine; Leu, leucine;
Pro. proline; Val. valine; Gly. glycine; Lys. lysine; Phe, phe-
nylalanine: Ser. serine; Thr, threonine; Tyr. tyrosine.

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)

ASN Glu — Phe approx. 7 permil
per trophic level

l.e. a measure of trophic level
enrichment without knowing the
exact food source and its isotopic
composition

McClelland & Montoya 2002
Ecology 83:2173



Animal diet — two-isotope mixing models

to calculate fractions of mixed diets
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C; versus C, diets —
Browsers and grazers
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Fig. 1 Histogmme showing 87C for modem plants, and estimated
diets calculated from tooth enamel o collagen for modern ekephants

Eﬂ'ﬂi Emltﬁid if;g ;‘::;::E”" L"ﬂ';‘;"j:'"l r";""imﬂe‘:ﬁl Tmﬁ and for modem African herbivores wing fractionation a5 described in

Figs, 1. 2. Fossil data for Africa from Table 2 fossi data from the tel. Hhala soross ?{gﬁﬁﬂjgﬁyﬁjﬁfﬂﬁ;’ﬁ; al. (197),
o . van der Merwe : : , Vo a , ), Sukumar

E]Eﬂﬁ]l froam Stern et al {I'EI'EHI]I, Mﬂd’j_!‘.ﬁ]l. at al. {]';I'El{:l. and from this at al {]gml Sukumar and RBamesh {]ggl ]gg.sl Eaoch o 4l {]ggsjl
y and Bocherens et al. 1996h)

Cerling et al. 1999
Oecologia 120: 364



Isotopic differences between tissues
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Fir, bones, enamel, and horn are isotopically distinct from diet

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



Tissue turnover and time integration

of dietary isotope signals

Different dietary time integration of .19~
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Figure 4. When a gerbil's diet is switched fo food with a =25 4
different 5'*C walue, its tissues change over time to reflect this. 6 Sb 160 15'0 2&)

This happens as carbon in the tissues is replaced. Some
tissues show this change more rapidly than others. For
example, fver fissue achieves the 3"C valus of the new diet
less than 80 days, whereas hair takes well over twice as long.

Time since diet switch (days)




Herbivore diet and N losses

N losses
(hair etc.)

15N enriched
by 0.5-2%:0 to diet

15N enriched
by 1-6%o p FECES

15N depleted
by 0.5-5%0 to diet

b URINE

Deamination/transamination remove 14N preferentially
that is excreted in urine and enriches 1°N in body protein
(key enzymatic step unknown)



Herbivore diet and diet protein content
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Figure 2. Box plot showing & 15N values for the alfalfa diet and = + T
six mammalian herbivore species that had been eating this diet.
The range in trophic enrichment is between 2.8%o and 6.47%. Figure 3. Box plot showing diet-hair fractionation (Ag_p) for
Note the difference between the alpacas and rabbits is 3.6%«, herbivores eating high-protein alfalfa diets and low-protein
more than enough to be attributed to a shift in trophic level. coastal bermudagrass (CBG) dists. Note the consistently higher
The hindgut fermenting rabbits have lower §'5N values than all diet-hair fractionation for animals eating the high-protein alfalfa.

of the foregut fermenters, possibly because thay digest a lower
percentage of their microflora.

Alfalfa 19% crude protein
Bermuda grass 9% crude protein

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



Herbivore °N enrichment

with low and high protein diets

Low N (protein) diet -
(p ) A=2-3%o0 % +615N
- .
High N rotein) diet
g (p ) A=4-6%o0 % +01°N
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You are what you eat,

plus a few permilles?
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+ biologically inactive after Figure 1: This J‘Iguran'arS the carbon isolopic composition of beard
. hair (expressed as §'°C) vs date that the fair was coliected. The
formation kinks in the Mongaclian fime fines correspond to the six-day fime

+ resistant to d egr adation lag between hair formalion and its erupfion through the skin surlace



Human diet —

The human food web
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FIGURE 8. The distribution of carbon and nitrogen isotopes In a human food web. Open circles: Japanese foods.
(From Minagawa, M. etal., Chikyuu-Kagaku, 2,79, 1886. With permission.) Closed circles: American foods. (Adapted

from Schoeller, D. A. et al., Ecol. Food Nutrit, 18, 159, 1986.)



Herbivorous versus omnivorous humans -

Hair isotopic sighatures
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