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Stable Isotopes integrate ecological 
proccess, indicate the presence and 
magnitute of them, record the response 
of biological systems to environmental 
change and trace fundamental 
ecological processes

3rd Stable Isotope Course Ecol. & Envirom. Sciences



What is an isotope?

Frederick Soddy (1877‐1956) originated the word isotope from the Greek words isos
meaning “equal” (as in chemically non‐separable) and toposmeaning “place” or of 
the same place in the periodic table. 

“One of two or more atoms having the same atomic number (same protons) but different 
numbers of neutrons and therefore different mass numbers"
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All elements have more than one isotope
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What is an isotope: abundance?

• Isotopes of the same element have different 
mass 

• Lighter isotopes more common
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Fry 2006, Stable Isot Ecol.

What is an isotope: abundance?
• Stable Isotopes are not hazardous to human hearth, in fact are 

natural parts of each one of us
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But only 283 isotopes are stable (~10% of known isotopes) 

Five elements and 13 stable isotopes

3rd Stable Isotope Course Ecol. & Envirom. Sciences



What is an stable isotope?

• Some isotopes are stable: safe isotopes that do not decay and unlike the
readioactive isotopes human heal
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Stable Isotope Analyses, SIA in the lab

1950’s 1960’s

1990’s 2000’s1970’s

First Mass Commercial Mass Spectrometer created by MAT in Bremen, Germany (1953)
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Isotopes in Ecology: Since 1990

Advent of stable isotopes in ecology in the mid‐1990s was catalyzed by introduction of 
Elemental Analyzers linked to isotope‐ratio mass spectrometers (CF‐IRMS, Continous Flour 
Mass Spectometry)

Papers per year in ecology using 13C, 15N, 2H 
(Source: ISI Web of Science until 2015)
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SIA by CF‐IRMS

Flash HT Plus elemental analyzer coupled to a Delta‐V Advantage
isotope ratio mass spectrophotometer via a CONFLO IV interface 
(Thermo Fisher Scientific, Bremen, Germany)

Gases

3rd Stable Isotope Course Ecol. & Envirom. Sciences



Sample preparation:  

• Dried
• Ground
• Lipid extraction (sometimes)
• Weighted (3 mg) accurately (.000)
• Roll in a tin cup

https://www.youtube.com/watch?v=dLo5Ftie2h8&feature=youtu.be ‐
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Sample preparation:  
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• Chemecally converts sample material (biological samples, rocks, water…) into gas

SIA by CF‐IRMS

Colectors

Conflow V

EA
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Anatomy of an IRMS 

Ion source

MAGNETIC FIELD

light masses 
heavy masses

MulticolectorsVacuum system

All the IRMSs have a common anatomy

• Separates isotopes in relation to their mass

• Reference gases as controls
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Isotope notation (a ratio of ratios)

(‰)

Element (C, H, S…)Percentage of heavy 
isotope mass (δ15N, 

δ13C..)

Ratio of heavy to light 
isotope of the element
or the standart (2H:1H, 
13C:12C….)  

The value for all standars is 0!!

• Differences in abundances expresed as ratio of heavy to light form

• Standardized against international standards (δ, ‰)
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• Some distributed by International Atomic Energy Agency in Vienna, Austria
• Some free,  nitrogen and oxigen gas in atmosphera
• Some internal reference material 
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Laboratory reference
material 
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Isotope fractionation (α)

Differences among organisms and across
different habitats in their stable isotope ratios

Very small differences in mass cause subtle
differences in their behaviour during chemical
reactions and diffusion which alter the ratio of 

heavy to light isotopes

Sources of fractionation: 

• Diffusion, evaporation, metabolic effects
(respiration, digestion, photosynthesis…) 
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δ13C GRADIENTS 

• Photosynthetic pathway (C3, C4, CAM) and 
water‐use efficiency. 
•Marine vs. freshwater/terrestrial C sources. 
•Spatial Indicator of aquatic primary production 
(benthic/inshore vs pelagic/offshore). 
•Tracer of C source and mechanisms related to 
atmospheric and global change.  Fry 2006, Stable Isot Ecol.
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ALSO δ34S
• Animal studies: marine vs. terrestrial, 

estuaries, marshes; S‐amino acids ….. 

δ15N  UTILITIES

• Identify sources o nitrate to aquatic systems
• Tracer of nitrification and denitrification
• N sourcing to plants 
• Terrestrial vs. marine inputs to foodwebs
• Foodweb trophic level indicator

Fry 2006, Stable Isot Ecol.
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Why should we use them (CNS, HO in Ecology)?

• Trophic and nutricional ecology, 
food webs
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• Animal movement, migration research



Foodweb markers the basic principles of trophic 
level and sources determinations:

Primary
Production

Herbivore

Respiration
(12C)

Excretion 
(14N)

 

X
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Discrimiantion Factors (       )

Vander Zanden et al. 2015. PLOS one
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Feather/claw

t

Muscle/blood

t

Bone
Colagen
t

Liver/plasma

t

Stable isotope Turnover (λ, % day‐1) and Isotopic
Half‐Life (ln(2)/ λ , days): choice of tissue….

3rd Stable Isotope Course Ecol. & Envirom. Sciences



Experimental isotopic diet shift studies: discrimination factors and turnover rates
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Experimental isotopic diet shift studies: discrimination factors and turnover rates

δ13C  δ15N 
fish muscle  whole fish  fish muscle  whole fish 

Δ Clara  1.31  1.23  1.89  2.06 
Δ Luna  0.94  0.86  1.25  1.42 
Δ Pacina 0.85  0.77  1.7 1.87 
Δ Paco  0.94  0.86  1.43  1.6 
Mean Δ ± sd 1.01 ± 0.37  0.93 ± 0.56  1.57 ± 0.52  1.74 ± 0.55 

24.16 ± 8.19  days

47.63 ± 19 days

Paco Clara Luna

Luces Pacinas Sanibel

Giménez et al. 2016 J Exp Mar Biol & Ecol 3rd Stable Isotope Course Ecol. & Envirom. Sciences



Important to match scale of our questions with the
scale of our data 

"Stable isotopes: 
assimilated diet
from short to
long temporal 
scales"

Davis & Pineda Muñoz 2016. Ecol and Evol.

Loxodonta africana
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Long temporal scale: stable isotopes in fossil material, bone
collagen, feathers from scientific collections

Gymnogyps californianus
Chamberlain et al. 2005, PNAS

Pinguinus impennis
Hobson & Montevecchi 1991. Oecologia

Pygoscelis adeliae
Emslie & Patterson 2007, PNAS

Feathers

Bone collagen

TERRESTRIAL 

MARINE

Pleistocene: terestrial megafauna & marine mammals
Historic Condors: Terrestrial
Moderm Condors:  Human subsides
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Evolutive approach using long integrating tissues: 
looking for a species‐specific signal in bat skeletons

Juste, Forero  et al., in prep
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Innert tissues: spatiotemporal
components of trophic ecology

Stable Isotope Analises in R mixing moddeling (C, N, S)

Larus michaellis
Ramos et al. 2011, Diversity & Distributions
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Dietary and isotopic specialization

Bolnick et al. 2003, American Naturalist 3rd Stable Isotope Course Ecol. & Envirom. Sciences



Marismas del Odiel
Larus michaellis, 4 tejidos, C, N

Dietary and isotopic individual specialization

3rd Stable Isotope Course Ecol. & Envirom. Sciences



Dietary and isotopic specialization at population level

Tejido PSi 

Sangre 0,91 

Pluma corporal 0,91 

Primera Primaria 0,95 

Octava Secundaria 0,92 

δ13C WIC/TNW = 0,81  δ15N WIC/TNW = 0,65

Lopezosa et al.  In prep (trabajo fin de master) 3rd Stable Isotope Course Ecol. & Envirom. Sciences
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Understanding nutrient allocations to reproduction: 
capital vs. income breeders 

Drent & Daan 1980, Ardea 3rd Stable Isotope Course Ecol. & Envirom. Sciences



Endogenous vs. exogenous nutrients  

Gautier et al. 2003, Ecology

Greater snow goose (Chen caerulescens atlantica)
Tradicional Capital breeder

δ13C and δ15N in:

 Yolk & albumen
 Goose tissues (liver, breast muscle, 

abdominal fat)
 Graminoids and forbs from Artic

Contribution of:

• Reserves: 16‐34%
• Food ingested in breeding grounds: 65‐84% 

MIXED CAPITAL/INCOME BREEDING STRATEGY
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So far…

Isotope fractionation and Turnovers: covering different
temporal and spatial scales in applications

• Paleodiet reconstruction

• Long term changes in diet, evolutionary approach

• Spatio‐temporal variation in trophic ecolgy

• Individual and population specialisation level

• Nutrient allocation

Intraespecific studies:
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From specific to community approach: quatitative measures of trophic structures

Layman metrics: community‐wide metrics

1. δ15N range (NR)
2. δ13C range (CR)
3. Convex hull area (TA), niche width
4. Species space, distance to centroid (CD)
5. Density and clustering of species, mean nearest neigbourg

distance (MNND)
6. Estándar deviation of MNND, evennness of spatial density

and packing (SDNND)

https://github.com/AndrewLJackson/SIBER
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Conservation approaches: habitat framentation and changes in the trophic webs 

Grey Snaper (Lutjanus griseus)
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So far…

Community studies: Layman metrics, SEA, TA (SIBER)

• Paleodiet reconstruction

• Long term changes in diet, evolutionary approach

• Spatio‐temporal variation in trophic ecolgy

• Individual and population specialisation level

• Nutrient allocation

Intraespecific studies:

Conservation approaches: 

• Use of antrophogenic feeding habitats

• Biomagnification and bioaccumulation

• Impact of introduced predators
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Conservation approaches: impact of introduced predators on native species
and habitats

Caut et al. 2008.  J Applied Ecol
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Why should we use them (CNS, HO)?

• Trophic and nutricional ecology, 
food webs

• Animal movement, migration research
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Traditional way of study animal movement: extrinsic markers

• Organism often needs to be recoverd /No recovery
• Expensive/No very expensive
• Body size requierements /Any species and size
• Biased to original marked population/Capture is a recapture

Problems /SIA advantages:
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Rubenstein & Hobson  2004, TREE

Application of  stable isotopes to study animal movement: 
the isotopic clock
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Early attemps to study migration by stable isotopes

California gray whales (Eschrichtius robustus)

δ18O in barnacles (water temperature
and salinity)
Killingley 1980,  Science

Longgerhead turtle (Caretta caretta)
δ13C and δ18O (estuarine vs coastal waters)
Killingley and Lutcavage 1983, Coastal Shelf Sci

“You are where you swim in”

Setophaga ruticilla

δ13C, wintering habitat determine 
arrival time on breeding grounds Marra et al. 1998, Science
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More recent approaches in the marine environment: changes in migratory strategies

Quillfeldt et al. 2010 Frontiers in Zool
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More recent approaches in the marine environment: rapid changes
in migratory strategies

Quillfeldt et al. 2010 Frontiers in Zool
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More recent marine Isoscapes

McMahon et al. 2013, Limnol. Oceanogr
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Application of  stable isotopes to study animal movement: Water, δD and δ18O 
Isoscapes

Heavy

Light

HeavyLight

Partitioning of isotopes in Vapor and Precipitation

Low elevation
Low latitudHigh elevation

High latitud
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Application of  stable isotopes to study animal movement: Water, 
δD and δ18O Isoscapes

Isotopic content in 
precipitation, monthly
basis (Global Network of 
Isotopes in Precipitation, 
GNIP)

http://www‐naweb.iaea.org/napc/ih/IHS_resources_gnip.html

The IAEA's Water Resources Programme and the 
World Meteorological Organization (WMO)
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• Water Resource Program of IAEA Stable Isotope Laboratory (analyse data from 40% of 
GINP stations, rest other labs) 

Application of  stable isotopes to study animal movement: Water, δD and δ18O 
Isoscapes

www. waterisotopes.org

δD, ‰ 

• Detrended Interpolation models (latitud, longitud, smothing algorithm): Spacially
continous grids (Bowen et al. 2003, Water Resour Res)
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Global application of stable hydrogen and oxigen isotopes to
wildlife forensic

Bowen et al. 2005, OecologiaLatitudinal better than longitudinal
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Global application of stable hydrogen and oxigen isotopes to wildlife forensic

Bowen et al. 2005, Oecologia
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Global application of stable hydrogen and oxigen isotopes to wildlife
forensic: refining gradients, elevational models

Meehan et al. 2004, Isotopes Environm Health Stud, North America
Hobson et al. 2004, Oecologia, Europe

δD p mean annual
elevational explicit
model

δD p growing season
elevational explicit
model

δD p growing season
simple Kriging, no 
elevation effect
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Stable Isotopes and Migratory Connectivity: 
δDp and δDf

Chamberlain et al. 1997
Hobson & Wassenaar 1997

First studies in Norht America: 

Discrimination factor: ‐25—30‰
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Stable Isotopes and Migratory Connectivity: δDp and δDf

Best model: migratory guild,  foraging substrate. Further, effect of year, age…, still working
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Acrocephalus schoenobaenus

Procházka et al. J Avian Biol 2013
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Camaroptera brachyura/brevicaudata

Gutiérrez‐Expósito et al. 2015. PLOS one

224 individuals
205 locations

Hobson et al. 2012. Ecosphere
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Other Isoscape studies (Doñana):

• Water dynamic (δ2H y δ18O)

• Imputs of antrophogenic δ15N 
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Stable Isotopes beyong limits of 
ecology
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Foto personal del LIE, decir que hemos hecho dos cursos (foto), y que estamos 
Abiertos a asesorar y participar en cualqueir proyecto

Laboratorio de Isótopos Estables de la Estación Biológica de Doñana
LIE‐EBD, CSIC

Web Page
No se puede mostrar la imagen en este momento.
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Stable Isotope Laboratory & Scientific Collections

+

 High potential to study long‐term changes on trophic
ecology and migratory connnectivity

No se puede mostrar la imagen en este momento.

No se puede mostrar la imagen en este momento.No se puede mostrar la imagen en este momento.
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No se puede mostrar la imagen en este momento.

Incorporation of SIA to long‐term field monitoring programs
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No se puede mostrar la imagen en este momento.

No se puede mostrar la imagen en este momento.

CENTRALIZED REPOSITORY FOR ISOTOPIC DATA 

Database Structure

ISOBANK

Pauli et al. 2017, PNAS
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No se puede mostrar la imagen en este momento.

Isotopes are magic,
Can’t see them,

Can’t touch them,
Can’t hear or smell them,

Yet they are all around and inside us,
Making chemical commotion.
They are nature’s dyestuffs,

A world of pastel isotope landscapes 
Awaits those who venture untrodden paths,

Discovery this way
by Brian Fry
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