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Isotopes at International Tree-Ring Meetings

1980- 2 Papers

2nd International Workshop on Global Dendroclimatology, East 

Anglia, England

1990- 3 Papers

International Dendrochronological Symposium, Ystad, South Sweden

2006- 30 Papers

7th International Conference on Dendrochronology, Beijing, China

2010- 32 Papers

WorldDendro, Rovaniemi, Finland

[19 oral presentations; 13 poster presentations]

2014- 36 Papers

WorldDendro, Melbourne, Australia
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Element Isotope Abundance (%) 

Hydrogen 1H 99.985 

 2H 0.015 

Carbon 12C 98.89 

 13C 1.11 

 14C <10-10 

Nitrogen 14N 99.63 

 15N 0.37 

Oxygen 16O 99.759 

 17O 0.037 

 18O 0.204 

 

Isotope Notation

 = (Rsample/Rstandard - 1)  1000 

where R is the molar ratio of the 

heavy to light isotope and ‰ is 

parts per thousand (permil)

For Example with Carbon Isotopes: 

13C (‰) = 

(13C/12Cspl/
13C/12Cstd - 1)  1000
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Leavitt, S.W., 2009. Carbon isotopes- stable. IN Encyclopedia 

of Paleoclimatology and Ancient Environments. Springer 



In nature, isotopic “fractionation” causes 

differences in isotopic composition

Processes such as 

 equilibrium reactions

 change of state

 diffusion

contribute to fractionation.

Fractionation during these processes is driven by 

differences in mass of the isotopes; fractionation 

contributes to variability in isotope ratios among 

compounds.
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Consideration Importance Reason How to accomplish
site selection high optimizes the strength of the environmental/ecophysiologic 

signal

select locations where the parameter of 

interest is particularly dominant

avoidance of pollution (if pollution is not the 

environmental parameter being investigated)

high Pollution may negatively or positively bias metabolic 

performance of plants, including physiology related to 

isotope fractionation, e.g., stomatal conductance

sites can be located distant from point 

sources of pollution and cities; sometimes air 

quality data may be available to better insure 

avoidance of this affect

avoidance of other anthropogenic effects high human disturbance, e.g., forest clearing and grazing, may 

influence growth and physiology related to isotope 

fractionation

sites with known disturbance should be 

avoided

dendrochronological dating high ensures exact dates of isotope values compared within and 

between trees

species/location for which dating is likely

number of trees at each site high ensures isotopic value is representative of site analyze isotopes of 3-6 trees/site; number 

should be proved using EPS (McCarroll and 

Loader 2004) and inter-series correlation

tree species potentially high using a single species could avoid physiological differences 

that affect isotopes among species 

select single widespread species and use for 

climate calibration and reconstruction

environmental/ecophysiologic parameter of interest high project questions are related to a specific parameter select species and location where the 

parameter of interest is particularly dominant

"juvenile" or age-related effects high                

(at least for 

carbon and 

hydrogen)

early period of growth may be different than when the tree 

is mature, so isotopic composition in early rings may be 

anomalously more or less depleted because of non-climatic 

effects on fractionation; also general "age effects" might 

result from changing physiology as tree ages

careful trend analyses to identify the length of 

the juvenile period; potentially statistical de-

trending; isotope values from innermost rings 

might be skipped; rings of similar cambial age 

might be analyzed and compared to avoid 

general "age effects" (e.g., Marshall and 

Monserud 2006)

portion of ring to be analyzed potentially high storage effects may result in significant time lag between 

photosynthesis and when the isotopic composition is 

incorporated into rings.  therefore besides the more typical 

analysis of whole rings, other options might be preferred 

such as only earlywood, only latewood, or perhaps even 

latewood of one year+earlywood from the next

separate rings according to scheme that 

works best for project goals

pooling then analysis and isotope chronology 

development or separate development of 

chronologies from each tree and then averaging

high can save time and resources if rings from several trees are 

pooled prior to analysis, but statistical assessment of 

reconstructions is less certain if pooled.

will probably depend on project goals, but at 

least some separate analysis of trees needed 

to quantitatively assess inter-tree variability

chemical pretreatment uncertain ensures confidence that isotopic value represents the year 

of interests

cellulose has long been advocated, but in 

recent years whole wood or whole wood with 

extractives removed by organic solvents have 

been advocated as producing effectively 

equivalent results, at least for 
13

C; with sub-

fossil wood, however, cellulose may not be an 

option

from Leavitt, S.W., Treydte, K., Yu, L., 2010. Environment in time and space: Opportunities from 

tree-ring isotope networks. IN Understanding Movement, Pattern, and Processes on Earth Through 

Isotope Mapping, Ch. 6. Springer.



CHEMICAL PRETREATMENT



What compounds in tree rings are available to us for

measuring isotope ratios?

(Panshin& Zeeuw 1980)



Plant component % dry weight General

Composition

Relative

Decomposition*

Carbohydrates CHO

Sugars, Starches 1-5 1

Hemicelluloses 10-30 4

Cellulose 20-50 5

Proteins CHONPS

simple H2O-soluble 2

conjugated 3

Lignins 10-30 CHO 6

Lipids 1-8 CHO 7

* 1-7, Highest to Lowest

Plant components, approximate % dry weight and relative tissue 

decomposition rate
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NUMBER OF TREES TO SAMPLE

2011



How “well-behaved” is stable-isotope composition 

in tree rings? (i.e., how variable is it?)

http://www.danheller.com/images/California/Humboldt/Redwoods/Slideshow/img7.html



(Leavitt & Long 1984)

(From Ramesh et al., 1985. Nature 317:802-804)

18O
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Circumferential
[Variability among radii]

8 radii



(Leavitt & Long 1984)

8 trees

2H

13C

2H

13C

13C

Inter-Tree

(From Ramesh et al., 1985. Nature 317:802-804)

www.astronomynotes.com/nature/pic31.htm

8 trees

2 Abies pindrow trees,

1 Cedrus deodara,

1 Pinus wallichiana2 Abies pindrow trees

earlywood



Inter and Intra tree variation in 13C in pinyon pine, Arizona

(Leavitt & Long, 1986. Ecology 67: 1002-1010) 
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So………
what contributes to the isotopic composition we 

measure in tree rings?

MODELS OF TREE-RING ISOTOPES



First, the source of isotopes………

H2O + CO2  CH2O + O2 (photosynthesis)

Carbon comes from CO2

How do the hydrogen and oxygen isotopes of water get 

incorporated into cellulose?

All the H in organic matter comes from water.

(most from water taken up by roots, but some also from 

atmospheric vapor)

Oxygen could come from either CO2 or water, but when CO2 goes 

into solution it quickly exchanges its O with the much more 

abundant water, so again water taken up by roots dominates. 

(DeNiro and Epstein, 1979)



Processes key to 

Hydrogen (2H/1H) and Oxygen (18O/16O) isotopes in tree rings

Local “source” water for plants 

(precipitation/soil/groundwater)

Evaporation

Biochemical Fractionation 

(autotrophic and heterotrophic)

Isotopic Exchange



Roden et al., 2000

Schematic of 18O and D model

1. evaporation

2. biochemical

3. Exchange (≈ 40%)

Uptake of water



Cellulose
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fractionation

Leaf

Diffusion through

boundary layer

(CH2O)n(CO2) in air (CO2) 

in water

Metabolic water

Relative  13C 

Atmospheric CO2

Schematic of relative 13C fractionations involved in cellulose synthesis

(Modified after Hemming unpublished)

A/g rates

Next, the alteration of C isotopes by fractionation…….



H2O (E)CO2 (A)

Rate of conductance (g)

Conductance of CO2 and Water Vapor through Leaf Stomata



Cellulose

Biochemical

fractionation

Leaf

Diffusion through

boundary layer

(CH2O)n(CO2) in air (CO2) 

in water

Metabolic water

Relative  13C 

Atmospheric CO2

Schematic of relative 13C fractionations involved in cellulose synthesis

(Modified after Hemming unpublished)

A/g rates

Next, the alteration of C isotopes by fractionation…….



13CC3 plant (‰) = 13Cair - a - (b - a)Ci/Ca

13CC4 plant (‰) = 13Cair - a - (b4 + (b3- s) - a)Ci/Ca

A/g (intrinsic water-use efficiency, iWUE) = (Ca - Ci)/1.6

a is the fractionation by diffusion into the stomata (4.4‰),

b and b3 are the fractionation caused by RuBP carboxylation (reported as ca. 27-30‰),

Ci is the concentration of CO2 in the intercellular leaf space, Ca is concentration of CO2 in air,

b4 is PEP-C fractionation (-5.7‰, temperature-dependent), 

s is fractionation from CO2 diffusion of out of the bundle sheath (1.8‰)

 is the fraction of CO2 fixed by PEP-C that leaks that leaks out of the bundle sheath cells, 

A is the assimilation rate, g is the leaf stomatal conductance to water vapor transfer, 

1.6 is the ratio of diffusivities of water vapor and CO2 in air.  

C Fractionation in C3 and C4 Plants



What can we reconstruct from 13C in tree rings?.............

ENVIRONMENT FROM TREE-RING ISOTOPES



Reported tree-ring 13C–temperature coefficients (irrespective of significance).  

Most studies analyzed cellulose. “+” or “–” only indicated where magnitude was not specified.

(Updated from Hemming,1998)

Trees Reference D13C/DT (‰/°C)

Populus Lerman (1974) –0.1

Quercus Libby & Pandolfi (1974) +2.0+2.7

Athrotaxis Fraser et al. (1976) +0.4

Athrotaxis Pearman et al. (1976) +0.24+0.48

Pinus radiata Wilson & Grinsted (1977) +0.2

Ulmus americana Farmer (1979) –0.7

Pinus sylvestris Harkness & Miller (1980) –10.2

Quercus Tans & Mook (1980) +0.27+0.39

Juniper monosperma Leavitt & Long (1982) –0.27

Pinus silvestris Freyer & Belacy (1983) +0.18

Juniperus Leavitt & Long (1983) –0.24–0.27

Coniferae Stuiver & Braziunas (1987) +0.32

Diplotaxis erucoides Schleser et al. (1989) +0.33

Pinus ponderosa Leavitt & Long (1991) –

Abies alba Lipp et al. (1991) +0.33

Pinus silvestris L. Hemmann (1993) +0.35

Fagus sylvatica L. Dupouey et al. (1993) +0.25

Abies alba Lipp et al. (1994) +0.26

Quercus Ogle & McCormac (1994) +

Quercus petraea Switsur et al. (1995) +0.30

Pinus silvestris L. Sonninen & Junger (1995) +0.10

Cryptomeria japonica Matsumoto & Kitigawa (1995) –0.29

Pinus koraiensis Park et al. (1995) –

Fagus silvatica Saurer et al. (1995) +0.34+0.36

Abies Kawakamii Sheu et al. (1996) –0.46

Quercus robur (Finland) Roberston et al. (1997a) +

Quercus robur (England) Robertson et al. (1997b) +

Quercus/Fagus/Pinus Hemming et al. (1998) +



(Saurer et al., 1995)

(Dupouey et al., 1993)

Evidence of Moisture Availability

Influence on 13C



What about seasonal applications?....................

PORTION OF RING ANALYZED



Seasonal variations of tree-ring 13C of 

Quercus petraea, air temperature and 

precipitation Rostrevor, N-Ireland

Seasonal variations of tree-ring 13C of 

a) Populus nigra, b) Fagus sylvatica

and c) Quercus petraea.



TREE-RING ISOTOPES AND CLIMATE



http://n8imo.com/APT/images/Monsoon_07250020-c.jpg

Tree Rings and 

U.S. Southwest Monsoon 
Tree Rings and 

U.S. Southwest Monsoon 
Several LTRR projects 

over the last 20-25 years



Ponderosa Pine Isotope Network: 

Seasonal Measurements
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3 Subdivisions:

Pre-1

Pre-2

Post-False Latewood Band

Pre-1Pre-2Post-F



Leavitt et al., 2002; Wright 2001



0

10

20

30

40

50
Ju

ly
-S

e
p

te
m

b
e

r 
T

o
ta

l 
P

re
c

ip
 (

c
m

)

-24.0 -23.0 -22.5 -22.0 -21.5-23.5


13

C (% o)

r = - 0.88

Chiricahua NM rainfall calibration

(post-False Latewood Subdivision)

Years

1900 1920 1940 1960 1980 2000

S
p

e
c

if
ic

 H
u

m
id

it
y

: 
g

/K
g

6

7

8

9

10

11

Reconstructed Specific Humidity

Measured Specific Humidity

Santa Catalina specific humidity reconstr

(from O-isotopes) [W.E. Wright]

r≈ -0.72

Leavitt et al., 2002 

Wright  & Leavitt 2006



Connie Woodhouse, Dave Meko, 

Ramzi Touchan, Chris Castro
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Szejner, P., et al., J. Geophysical Research 2016

Each tree ring from 1960 to 2012 was sliced into 

three sections: the earlywood, which was split into 

two halves EW1(first half) and EW2 (second half) and 

the latewood (LW). 

Only EW1 and LW were used for isotopic analysis, 

with the EW2 subdivision being stored for future 

analysis. 

We assume that EW1 (hereafter referred to as “EW”) 

is a proxy for winter and spring climate and LW is a 

proxy for summer climate. Each

18O



Hydroclimate variability from pinyon in the

Baja Peninsula 
[UA-UNAM-CONACYT consortium]

José Domingo Carriquiry Beltrán, Valerie Trouet, 

Genaro Gutierrez

Hurricane Odile

September 2014

Ring widths and isotopes applied to 

hydroclimate along Baja, California, 

transect



Hydroclimate variability from pinyon in the Baja 

Peninsula [UA-UNAM-CONACYT consortium]

with 

José Domingo Carriquiry Beltrán, Valerie Trouet, 

Genaro Gutierrez

Hurricane Sandy

Hurricane Carlos

June 2015
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TREE-RING ISOTOPES AND ECOLOGY



Effect of thinning on ponderosa pine stands near Black Butte, OR

McDowell et al., PCE 2003

Basal Area Index

Carbon Isotope Discrimination

Interpreted as an 

effect of increased  

water availability
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TREE-RING ISOTOPES AND ARCHAEOLOGY



Ancient 

Masada
Modern 

Masada

Central Israel



If time,

any questions?


