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A bit about me



“To me, an experiment is a kind 
of conversation with plants: I 
have a question for them, but 
since we don’t speak the same 
language, I can’t ask them 
directly and they won’t answer 
verbally. But plants can be 
eloquent in their physical 
responses and behaviors. 
Plants answer questions by the 
way they live, by their 
responses to change; you just 
need to learn how to ask.”
-Robin Wall Kimmerer 
Braiding Sweetgrass 



So, what is 
dendrochronology?



Discussion 

oHave you heard of tree rings before?
oWhat can you tell about a tree’s 

environment by looking at tree rings – 
how much a tree grew in one year?



Tree-Ring Science

Also known as dendrochronology

• Dendro = tree

• Chrono = time

Defined as: 

the science or technique of dating events, 
environmental change, and archaeological 
artifacts by using the characteristic patterns 
of annual growth rings in timber and tree 
trunks.



Tree-ring 
scientists use 
patterns in tree 
growth to 
understand past 
environmental 
conditions.



This tree had good 
growing conditions 
its whole life. 

What sorts of 
conditions would 
allow a tree to grow 
well?



This tree did not 
have good growing 
conditions its whole 
life. 

What sorts of 
conditions would 
reduce the growth of 
a tree?



This tree grew 
unevenly.

What sorts of 
conditions would 
cause a tree to grow 
this way?



This tree experienced 
injuries. 

What sorts of things 
would injure a tree, 
leaving a scar?



Tree rings are proxies, natural recorders of events and change.















Trees help us 
understand the past.
Understanding how trees respond to change.

Understanding how this varies by species and 
environments.

Understanding climate and environmental 
extremes.

Understanding how often environmental 
events occur.

Understanding how current conditions 
compare to the past.

To help us better predict the future.



Let’s Dig a Little 
Deeper

Foundational Principles in 
Dendrochronology/Tree-Ring Science

You can’t just count the rings. . . 



Important 
Principles in 
Dendrochronology
Uniformitarianism

Limiting Factors

Ecological Amplitude and Site 
Selection

Aggregate Tree Growth



Uniformitarianism
“The Present is the Key to the Past”

Why is this important to tree-ring 
scientists?

An important assumption for 
reconstructing past conditions

• Climate Reconstructions

• Disturbance

PresentPast

Future?



Limiting 
Factors

“Tree growth can proceed only as 
fast as allowed by the primary 
environmental and physiological 
mechanisms that restrict growth.”

Why is this important to tree-ring 
scientists?

We need variability!



Ecological 
Amplitude
and Site 
Selection

A tree species will be more 
responsive and sensitive to changes 
in environmental conditions in the 
outer limits of its range.

Why is this important to tree-ring 
scientists?

We need sensitive trees! 





Crossdating

Variability in tree-ring widths 
is necessary for the primary 
principle of dendrochronology

Pattern matching, visually and 
statistically confirms absolute 
dating, helps us to identify 
true anomalies vs. human 
error

Anomalies like:

• False rings

• Locally absent rings

We need accurately dated tree rings.



Narrow ring, thin 
latewood

Wide ring, thick 
latewood



http://www.rmtrr.org/basics.html 

“False” ring “False” ring

http://www.rmtrr.org/basics.html


Aggregate Tree 
Growth

Tree growth can be “decomposed” 
into five basic parts:

R = ring width, t = the current year, and δ = presence (1) or absence 
(0) indicator

1. A = age-related trend

2. C = climate

3. D1 = exogenous (external) disturbance processes (examples?)

4. D2 = endogenous (internal) disturbance processes (examples?)

5. E = random error



=

Tree-ring scientists sort out the SIGNAL from the NOISE.





Using tree rings to 
reconstruct climate
• We start by finding out IF trees are 

responding to climate variables
• Climate-Growth Correlation Analyses

• Then we must check to see if this 
signal is temporally stable

• We can no longer assume 
uniformitarianism! 

• If a signal is strong, we can use it 
to build a model to reconstruct 
climate





Heeter, K.J., Rochner, M.L., and Harley, G.L. 2021. Summer air temperature for the Greater Yellowstone Ecoregion (770–2019 CE) over 1,250 
years. Geophysical Research Letters, 48 (7), e2020GL092269. https://doi.org/10.1029/2020GL092269

https://doi.org/10.1029/2020GL092269


Why do we care about climate 
sensitivity and if/how it’s changing?



Climate Reconstruction

• We use correlation and temporal 
stability analyses to choose ONE 
variable to reconstruct

• Tree growth is a function of climate
• Build a model where climate is a 

function of tree growth



So why do we care about past climate?





Drought







Tree Rings also tell us 
about disturbance and 
environmental history

Multiple lines of evidence:

• Scars and Growth Anomalies

• Growth Changes

• Growth Suppression and Release

• Reaction Wood 

• Traumatic Resin Ducts

• Mortality

• Recruitment/Secondary Succession



Scars

Fire Scars in the FL Keys





Scars can mark 
the annual or even 
sub-annual dates 
for injuries, which 
can connect with 
environmental 
events like fires, 
rock falls, 
windthrow, 
tornadoes, and 
more.

Fire scar from Engelmann spruce, Greater Yellowstone



What do 
you notice 
about the 
latter half 
of the 
century?



Avalanche scars, Greater Yellowstone



Growth 
Anomalies

Growth anomalies, like 
“pitch tubes” observed 
here can mark injuries 
and infestations.

Evidence of pitch tubes in Whitebark Pine, Greater Yellowstone



Frost rings mark 
sudden and 
significant cooling 
during the growing 
season.

Frost ring in Whitebark Pine, Greater Yellowstone



Levanič, T., & Eggertsson, O. 
(2008). Climatic effects on birch 
(Betula pubescens Ehrh.) growth in 
Fnjoskadalur valley, northern 
Iceland. Dendrochronologia, 25(3), 
135-143.



Kucherov, S. E. (2021). Identification of Calendar Years with Late Spring 
Frosts on the Basis of Anatomical Structure of Annual Rings of the 
Common Oak on the Zilair Plateau (Southern Urals). Russian Journal of 
Ecology, 52(5), 383-390.



Changes in 
Growth

Growth Release – 
Relatively sudden and 
sustained increase in 
growth

Growth Suppression – 
Relatively sudden and 
sustained decrease in 
growth





Release 
from 

logging

Death of 
nearby tree

Release after wildfire

Ice storm
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Only Two Trees: BF06 and BF07
Date to 1678 and 1681

Slow-Growing Trees for 2 centuries

BF06 and BF07 = Increased Rate of Growth &
18 Young, Fast-Growing Trees Recruit (1870-1926)

1929 I.W. Bernheim 
purchases the land

Forest Canopy Closes In and Rates of Growth Slow

New Average Rate of 
Growth in Closed—
Canopy Conditions





Traumatic 
Resin Ducts

DeRose, R. J., Bekker, M. F., & Long, J. N. (2017). Traumatic 
resin ducts as indicators of bark beetle outbreaks. Canadian 
Journal of Forest Research, 47(9), 1168-1174.

Traumatic Resin Ducts 
(TRDs) in conifers mark 
the transport of resin to 
heal injuries.



TRDs in Mountain Hemlock, Mount Rainier NP



Reaction Wood
Reaction Wood can be used to date 
when a tree was tilted.

Compression Wood – in conifers, 
on the underside of branches and 
trunks, “pushes” the tree back 
upright

Tension Wood – in hardwoods, on 
the upper side of branches and 
trunks, “pulls” the tree back upright Kozlowski, T. T., & Pallardy, S. G. (1997). Growth 

control in woody plants. Elsevier.



Mortality, Canopy 
Loss, and Dead 
Branches
The principle of crossdating 
describes growth pattern 
matching between trees 
experiencing the same climate 
and environmental conditions.

A distinct pattern is necessary to 
date remnant/dead materials.



17
92

17
97

18
02

18
07

18
12

18
17

18
22

18
27

18
32

18
37

18
42

18
47

18
52

18
57

18
62

18
67

18
72

18
77

18
82

18
87

18
92

18
97

19
02

19
07

19
12

19
17

19
22

19
27

19
32

19
37

19
42

19
47

19
52

19
57

19
62

19
67

19
72

19
77

19
82

19
87

19
92

19
97

20
02

20
07

20
12

17
92

17
97

18
02

18
07

18
12

18
17

18
22

18
27

18
32

18
37

18
42

18
47

18
52

18
57

18
62

18
67

18
72

18
77

18
82

18
87

18
92

18
97

19
02

19
07

19
12

19
17

19
22

19
27

19
32

19
37

19
42

19
47

19
52

19
57

19
62

19
67

19
72

19
77

19
82

19
87

19
92

19
97

20
02

20
07

20
12

Dating Remnant Materials (dead 
trees and branches)



Thank you! 

Any Questions?



Contact 
Information

Questions? You can contact me at: 

maegen.rochner@louisville.edu 

mailto:Maegen.rochner@louisville.edu

