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Glossary

1. Fractionation : 分馏; 分画; 분류

2. Photosynthesis: 光合作用；光合成；광합성

3. Spectrograph：光谱仪；スペクトログラフ；분광기

4. Herbivore：草食动物；草食動物；초식동물

5. Carnivore：肉食动物；肉食動物；육식성의

6. Niche：生态位；ニッチ；벽감

7. Otolith：耳石；耳石；이석

From Google translate
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Periodic table of elements
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Elements
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Isotope

 Scientists on our planet Earth recognize or suspect the 
existence of approximately 120 elements and 3100 
accompanying isotopic forms or nuclides.
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Isotopes and Their Elements

 Isotopes are forms of the same element that differ in number
of neutrons in the nucleus.

 The word “isotope” comes from consideration of the periodic
table of the elements, and means that isotopes of an element
all occupy the same (iso) place (topos) in the table.
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Isotopes and Their Elements

 Frederick Soddy first 
introduced the term “isotope” 
in a formal way during a 
speech to the British Royal 
Society on Feb 27, 1913. He 
won the 1921 Nobel Prize in 
Chemistry for “his 
investigations into the origin 
and nature of isotopes”.
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Francis W. Aston
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One neutron is measurable
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Stable isotope



College of Marine Sciences,   Shanghai Ocean University

Stable isotope

 Stable isotopes are safe 
isotopes that do not decay and 
unlike the radioactive isotopes, 
are not at all hazardous to 
human health. In fact, stable 
isotopes are quite abundant 
and natural parts of each one of 
us.
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Stable Isotope
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You Are What You Eat


238U and 235U

You are what you eat - stable isotopes in a 50 kg human who is 

composed of mostly of light isotopes with a small amount of 

heavy isotopes. People are mostly water, so hydrogen and 

oxygen isotopes dominate at >35kg. Next come C isotopes at 

>11 kg, then N isotopes. S isotopes are missing – they should 

be here at about 220g for the light isotope 32S and 10g for the 

heavy isotope 34S. Have you had your isotopes today? (from 

Wada and Hattori, 1990; reproduced with permission of CRC 

Press LLC). 
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Mixing and Fractionation

 In kinetic reactions, the light isotopes usually react faster.

The extra neutron does make a 

very slight difference in some 

reactions; having an extra 

neutron usually results in slower 

reactions. This reaction 

difference is fractionation.
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Mixing and Fractionation

 In kinetic reactions, the light isotopes usually react faster.

 In exchange reactions, heavy isotopes concentrate where 
bonds are strongest.

Fractionation splits apart mixtures to form source materials. 

These sources recombine via mixing. There is a strong general 

analogy between isotopes and colors, so that isotopes can be 

thought of as dyes or tracers. In this color example, fractionation 

separates green into yellow and blue components, with 

conversely yellow and blue mix to form green.
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Fractionation

1. Fractionation: higher atomic mass means they are 
conserved during chemical reactions (evaporation, 
assimilation)

2. In kinetic reactions, the light isotopes usually react faster

3. In exchange reactions, heavy isotopes concentrate where 
bonds are strongest.

4. The isotope ratio of a consumer will reflect that of its prey

5. Used to infer ecological activities or animal migration.
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What is fractionation?

 Fractionation occurs during reactions and is commonly 
denoted by the Greek symbol Δ. 

 The simplest equation of fractionation applies to a reaction 
where a product is formed from a source material, 
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Mixing and Fractionation

Fractionation and mixing together control isotope cycling and circulation. There are many words to use when 

thinking about isotope “fractionation” or “mixing”, and as long as you remember that these words do not imply 

human intervention, control or intent, most of these words can help you understand isotope cycling. 
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Why is fractionation useful
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Terminology-Delta notation

Stable isotope measurement are presented as ratio relative to a known standard

‰=per mill
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Why are stable isotope useful

 5 most commonly used isotopes in 
ecological research are carbon (13C), 
nitrogen (15N), hydrogen (2H), oxygen (18O) 
and Sulphur (34S).

 Each isotope can be used to infer different 
ecological relationship.
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Reference Standards

Ratio, H/L Value %H %L

Standard Mean Ocean Water 2H/1H 0.00015576 0.15574 99.984426

SMOW 17O/16O 0.0003799 0.03790 99.76206

18O/16O 0.0020052 0.20004 99.76206

PeeDee Belemnite (PDB) 13C/12C 0.011180 1.1056 98.8944

and Vienna-PDB (VPDB) 17O/16O 0.0003859 0.0385 99.7553

18O/16O 0.0020672 0.2062 99.7553

Air (AIR) 15N/14N 0.0036765 0.36630 99.63370

Canyon Diablo Troilite (CDT) 33S/32S 0.0078772 0.74865 95.03957

and Vienna-CDT 34S/32S 0.0441626 4.19719 95.03957

36S/32S 0.0001533 0.01459 95.03957
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Stable isotope in trophic ecology

You are What you eat (± a little bit)



College of Marine Sciences,   Shanghai Ocean University

Isotope Circulation in the Biosphere

 Photosynthesis is one of the important reactions governing 
isotope circulation in the biosphere.
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Nitrogen (δ15N)
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Nitrogen (δ15N)

Food chain length and maximum 

trophic position are positively related 

to ecosystem size.

Post et al. 2000, Nature
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Nitrogen (δ15N)

 Large isotope contrasts might be expected between lakes in 
which primary production is limited by N (little fractionation 
by phytoplankton) versus P (abundant N → large possible 
fractionations during N uptake by phytoplankton).Where 
phytoplankton have different δ15N values than terrestrial 
vegetation, the nitrogen isotopes may function as source 
markers for organic pollution. 

 This approach has been successfully applied in marine 
environments. There is a wide range reported for nitrogen 
isotope



d15N values of algae in Moreton Bay, Australia. High d15N values along the western shore indicate N pollution 

inputs from watershed rivers and local sewage treatment facilities. The coastal pollution plumes are hard to 

identify by conventional measurements of ammonium and nitrate nutrients, because tides rapidly disperse 

nutrients and algae use up the nutrients during growth in algal blooms of the region. But the isotope values 

persist as nutrients are incorporated into the algae, tracing the nitrogen linkage to coastal inputs. Results are 

contoured for macroalgae that were incubated 4 days in situ at approximately 100 sites in September 1997, 

then analyzed for d15N (Costanzo et al. 2001). This d15N work continues now as a monitoring technique termed 

“sewage plume mapping” (Costanzo et al. 2005). 
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The Carbon Cycle

 The carbon cycle involves active exchanges of CO2 among 
the atmosphere, terrestrial ecosystems and the surface 
ocean.

 The δ13C value of atmospheric CO2 is decreasing in response 
to inputs of 13C depleted CO2 from fossil fuel plus biomass 
burning and decomposition. Over the past 100 years the 
decrease may have been almost 1‰, from about −7‰ to 
−8‰. Carbon uptake by the dominant C3 plants on land 
involves a net fractionation of about 20‰ between the 
atmospheric CO2 and plant biomass (−28‰). Carbon uptake 
by C4 plants, mainly tropical and salt grasses, involves a small 
net fractionation of about 5‰.
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The Carbon Cycle

 The exchange of CO2 between the atmosphere and the 
surface of the ocean involves an equilibrium chemical 
fractionation between atmospheric CO2 (−8‰) and the total 
CO2 (ΣCO2, mostly bicarbonate) in surface ocean water 
(about 1‰).

 The withdrawal of carbon to form carbonates involves small 
isotope fractionations whereas uptake of dissolved inorganic 
carbon in planktonic photosynthesis involves larger kinetic 
fractionation that results in algal values of about −19 to 
−24‰. Both the dissolved and the particulate organic matter 
in the oceans predominantly have a marine planktonic origin.
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Carbon (δ13C)

Trophic enrichment:  0~1‰
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Carbon (δ13C)

δ13C
Pelagic Littoral
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Carbon (δ13C)

δ13C
Pelagic Littoral
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Sulfur (δ34S)

Additional isotopes give more power 

to discriminate between sources
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Hydrogen (δ2H)

Terrestrial: -150‰

Aquatic: -250‰
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Hydrogen (δ2H)

Powerful tool in river ecology

Limited applications in marine (to date…)
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Oxygen (δ18O)
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Oxygen (δ18O)
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Isoscape

You are Where you eat.
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Isoscape

You are Where you eat.
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Isoscape



Isotope map of North America for 

precipitation dD values.  Plant and 

animal dD values reflect this 

continental-level map. 

Fry B. 2006. Stable Isotope Ecology
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Isoscape
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Isoscape



College of Marine Sciences,   Shanghai Ocean University

Tissue turnover rates

You are When you eat!
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Tissue turnover rates
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Tissue turnover rates
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Tissue turnover rates
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Sampling

 Sample prey items over a longer time frame than consumers

 Sample consumers at end of growing season to reflect 
resource use through that period.
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Compound- Specific Stable Isotope

 For highly migration animals

 Protein
Amino acids (AA)

Carbon/nitrogen bond cleaved causing 

enrichment of 15N during metabolism

These AA enriched in 15N through food 

web

Eg: Glutamic, alanine, aspartic acid

“Trophic” Amino Acids

Do not undergo transamination 

reactions during metabolism

Retain δ15N composition of base food 

web

Eg: Phenylalanine, lysine, threonine

“Source” Amino Acids
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Isotopes and food webs

 You are How you eat!
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Trophic niche----Trophic level
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Trophic niche----Diet

 Organisms can forage at the same trophic level but feed on 
different prey types
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Trophic Niche----Niche width

Specialist Generalist

Narrow niche width

-Herbivore

-Carnivore

Broad niche width

-Omnivore
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Trophic Niche- Food web
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Layman matrics

1. NR
δ15N range- Trophic height of food web
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Layman matrics

1. NR
δ15N range- Trophic height of food web

2. CR
δ13C range- Breadth of resource use
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Layman matrics

1. NR
δ15N range- Trophic height of food web

2. CR
δ13C range- Breadth of resource use

3. TA
Total area-Size of food web in δ space.
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Layman matrics

1. NR
δ15N range- Trophic height of food web

2. CR
δ13C range- Breadth of resource use

3. TA
Total area-Size of food web in δ space.

4. CD
Mean distance to centroid



College of Marine Sciences,   Shanghai Ocean University

Layman matrics

1. NR
δ15N range- Trophic height of food web

2. CR
δ13C range- Breadth of resource use

3. TA
Total area-Size of food web in δ space.

4. CD
Mean distance to centroid

5. NND
Mean nearest neighbor distance
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Layman matrics

1. NR
δ15N range- Trophic height of food web

2. CR
δ13C range- Breadth of resource use

3. TA
Total area-Size of food web in δ space.

4. CD
Mean distance to centroid

5. NND
Mean nearest neighbor distance

6. SDNND
SD nearest neighbor distance
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Jackson ellipse
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Jackson ellipse
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SIA using R

 MixSIAR

 SIBER

 SIDER

 SIAR

 Http://github.com/AndrewLJackson
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Experimental design

 What is your question?

 Diet, migration, trophic interactions

 Individual, population, community, ecosystem

 Seasonal variation

 Know your system?

 Which & how many isotopes, better resolution with more 
than C & N

 Baselines
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Baselines

 The foundation of every isotope study

 Strong baseline supports stone results

 Devote time, effort and $$$ to developing a thorough and 
reliable baseline

 Sample primary producers

 Collect invertebrates at lowest feasible taxonomic level

 Include temporally significant resources (MDN)?



College of Marine Sciences,   Shanghai Ocean University

Preservation

 All preservation methods effect isotope ratios, but some 
have a greater effect than others…

 Drying (48hrs  60℃)

 Freezing (Best way)

 Ethanol and Formalin (No)
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SIA applications in SHOU

 Freshwater ecosystem
Lake fish
Lake Food web structure

 Marine Ecosystem
Squids
Sharks
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Squid

2. Different isotopic trends between sex
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Squid
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3. Sexual Segregation in trophic niche

Submitted to Canadian Journal of Fisheries and Aquatic Sciences
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1. 方法学

 Urea and lipid extraction effects

 Storage methods

Li et al., (2016); IF: 2.226; Cited:9
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2. 食性转化

Li et al., (2016b)
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Are they equal?

Li et al., (2016c)
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Age and growth



College of Marine Sciences,   Shanghai Ocean University

Age and growth

Li et al. (2017) submitted
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Shark vertebrae sampling
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