INTRODUCTION
TO TREE RINGS &

DENDROCHRONOLOGY




Trees and stones
will teach you that
which you can
never learn from
masters.

~ St. Bernard of Clairvaux




DETECTING
GLOBAL
WARMING:

INSTRUMENTAL
RECORD

Thermometer-
based Temperature
Trends
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To make an incontrovertible case about
the role that humans play in global
warming, what do scientists need?

(a) a long-term temperature record (many centuries)
(b) that represents a large part of the globe

(c) . ...so we can look over the long term record
and say, “What's the average been for several
hundred years, and is recent warming a significant
departure from that average?”

So how do we get long-term
temperature records?




FROM TOOLS CALLED: “PROXY” DATA
or “NATURAL ARCHIVES” of CLIMATE

Lake, bog &
ocean
sediments




Dendrochronology is the dating
and study of annual rings in trees:

echronos: time, or more
specifically events in past time

edendros: from trees, or more
specifically the growth rings of
trees

eology: the study of . . .




Partial
Cross-
section of a
coniferous
tree

How old is it?
(in complete
years)

7 years old

(now in 8t" year
of growth)

Bark

Cambium

Earlywood




Conifer Tree RINg
(cross-section view)




eEarlywood:
«Cells: thin walls, large diameter
eAppears light in color

e atewood:
«Cells: thick walls, small diameter
eAppears dark in color
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Ring Porous Angiosperm Tree RiNng
(cross-section, view)

] |— EEHYW’ODG —|— |Et3'ﬂ0ﬂd | —|

----- wood
 /ray
eEarlywood:
Cells: large diameter vessels
e atewood:

eCells: small diameter vessels

But

not all
trees
have
rings!



The image below shows a conifer
tree-ring sample with about thirty
rings (every tenth ring is marked)
— growing from left to right.

The rings display much variation:
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Tree growth (adding new cells) is this way

€ Pith Bark =

(center of tree) (outside of tree)




Variation in these rings iIs due to
variation in environmental
conditions when they were formed.

(cold or warm temperatures /7 dry or
moist soil conditions, etc. — even insect
outbreaks and non-climatic factors, too)

Thus, studying this variation leads
to improved understanding of past
environmental conditions and is
the basis for many research
applications of dendrochronology.




How do we get the
tree rings without
Killing the trees!
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If the tree is
already dead or
cut down, we
can take cross-
sections from
the tree or its
stump =

Notice how wide
the rings in the
center are

— this was when
IQERIGCERER
young and
growing faster!
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- Rapid growth

when tree is Measured ring

| | vg widths (mm)

TREE-RING WIDTH
CHRONOLOGY

A time series plot!




Rapid growth
when tree is

young Measured ring

widths (mm)

RING WIDTH mm

_1800 T T
Ring width INDICES

(with fast, early growth trend removed)
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KEY PRINCIPLES OF
DENDROCHRONOLOGY

UNIFORMITARIANISM -
“The present is the key to the

past”

(this is a key principle for many other
natural archives as well)

Key
Principles
p 121




LIMITING FACTORS -

growth can occur only as fast as allowed
by the factor that is most limiting, e.g.

 “too dry” — the amount rainfall is the limiting
factor

e “too cold” or “too hot” — the temperature is
the limiting factor

* NOTE: the limiting factor can vary from site
to site, even in the same species of tree!

Key
Principles
p 121




SITE
SELECTION --

based on criteria
of tree-ring

sensitivity to an
environmental
variable

(temperature,
precipitation, etc.)

Principles
p 121




Complacent

Sensitive




"Sensitive" tree growth:
eHigh degree of annual variation
e\Wide and narrow rings intermixed
through time
eLimiting growth factor (e.qg.,
rainfall) is highly variable year to
year
eEspecially true for harsh sites
(steep/rocky for moisture
sensitivity; see figure at left)
eReasonably sensitive ring growth is
good:

Matching patterns of relatively
wide and narrows rings across
trees is

easier when ample variation
exists

p 122




"Complacent" tree growth:
el ow degree of annual variation
eRings are roughly the same for
many years consecutively
elimiting growth factor is not
variable from year to year
eEspecially true for benign sites
(flat with deep soil for moisture
complacency; see figure at left)
eComplacent ring growth can be
difficult to crossdate:
ematching patterns of
relatively wide and narrows
rings across trees is
harder when not much
variation exists

p 122







CROSSDATING -

matching patterns in rings of several
tree-ring series will allow precise
dating to exact year - HOW????
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MAKING SKELETON PLOTS
OF A TREE-RING CORE

You plot a line for each NARROW
ring, the narrower the ring,
the longer the line!

http://www.ltrr.arizona.edu/skeletonplot/plotting.htm




DATED MASTER CHRONOLOGY

The master chronology is based on
previously measured and dated tree
rings from the same area

Actual AR e
calendar i
dates




PATTERN MATCHING

You match the pattern of the skeleton plot
from the undated core with the skeleton
plot of the dated master chronology:

http://www.ltrr.arizona.edu/skeletonplot/patternmatching.htm




After the pattern
matches with the

I
MASTER I | |
CHRONOLOGY, IH"I'HEEHE“

you can ASSIGN

ACTUAL
CALENDAR DATES
to the skeleton plot
& core

This is CROSSDATING!




After crossdating, dendrochronologists can:

e Assign the true year of formation for
every ring of each sample

e Analyze past environmental and/or
human events.

e Overlap crossdated samples, as shown to
extend the record back in time:

'~.
living tree sample [[I]DIIFH i

| \ 1500 ' 1990

dead wood sample
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Crossdating: The Basic Principle of
Dendrochronology

<<k “Bridging” the record back in time <<<<<<<




Two Crossdating Challenges:

._r 2 1
il 24 7%

MISSING RINGS

(“locally absent”rings)

Ring growth here




Two Crossdating Challenges:

“FALSE” RINGS

Full Ring Dur.ing stres.sful time
p— during growing season,
tree begins to shut down
growth, then growth
resumes — so looks like
two annual rings, when all
False Band the growth occurred
during the same year!
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One more type of ring, thatis a very
useful crossdating aid:

“Frost Rings”

Growing cells get crushed and
damaged during an
unseasonable FREEZE event
(1 -2 days) of below freezing
temperatures = leaves
permanent mark in the wood!
AIDS PATTERN MATCHING!




Now, back to the principles:

REPLICATION -

“noise” minimized by sampling many trees at
a site + more than one core per tree

T —
- b el o=
W || | ey
=il "-':h ha

.':'mu -h
! wt\mﬂﬁmﬂ

,.fr" ,m{if-wm?wmmmw

g OO
afﬁﬁ-ﬂ“ﬂﬂmmw o~ w“ ;

,ﬁ%ﬁff! e i R
= A [y Wi T
Wm/’frim ﬁ l \\A\\\\

Key
Principles
p 121




|
'l'ﬂ'. ll.uﬂ'l‘f"r““'u-ﬂ'"'q'n 'J:'-'I-""‘rIII : a ﬁ W "’"'"""".-‘L.-.w “”ﬂ A, Wﬁ—H.nl“"
|r'*‘;\1'ﬁflJ Mot R
b ‘|I'-.-r|| || “H'l' IIW;I'H PH"I.-.."h.'_'H,_ .-"'l'r,l'r'hll'lr"l""'"“f I"'""' e
ﬂ.?: g S e T e
q e e i *-“'lnw"‘““ oot e bty

,l'"rx ey

LE) {1

F “h .|'.'"|I '|Ij il'u"r e T

.1.~._," m“ﬁ*mﬁw‘%w”wm“wﬁm:

KA.

|||'l'| i M I "'!'| |'I ”'.']I o “""“'Ilﬂ‘m"ﬂ'-f‘#'

il .er, 1 L i A ity o

'Iln':f" | r.-,.n.-'ur||,r” |.r.-*.|'II ) o 'I. , *."Iu-a'ﬂ”“r"-"‘.r,lw"l."‘ﬂ"l"" +eipy “'u"’f“*‘-""""' "Ij.,,.—‘-l.." “ﬂﬂ""*

’ || l.|I| ;‘.Iﬁ ~II'qlil:l.‘l'l ”}"i"'f'".r-\.-'.'-.-ﬂr' ﬂ"ql._‘,,.J-'"H"rll "'Ilr’“'h.ﬂl.llﬁllhll‘-hl-"'lll'l'-ﬂh LRI M r‘l"l-"l"'n"'-""lw

1, i u',J'n i r:mﬂﬁ ol A “’“W Ml P g

||“ll I.Jh” IlllﬂL ﬂh’rllﬁf' H::’: 'rﬂﬁlllwhlll‘“.l_‘rllﬁl-k.rﬁll‘il hf:rmn"lp r"“".l'l"I.l""'IL""l .Ll.-'lr-"n'“""'ﬂ‘--""r _.-'Lﬁuru_l'h"-""l'i"rlll'ﬂ-"'

u'|.5 f}f b, i
F‘I-'I "r'ﬁm "u..*. I, %,

=, ,-“r".',l,,fl II'Ira‘-.f-jﬁ"'“-' rw., =

Y B
Bl T attor,, e S E S Y
IIIII-" "'\_-,.“"l "'III"II.'_,I"IP' ,I"""I"‘"'H-.ﬂr\,.,.h_.. H"-'."'"-.""\-\.-F wuﬂwl.ﬂ_,up-'ﬁ'._,w..- A A My — e

,'h-f o et I.HII'Il‘l1 o
Jfl.n='|"|I 1" '1""

1600 1650 1700 1750 1800 1850 1900 1950 2040




ECOLOGICAL
AMPLITUDE -

trees are more
sensitive to their
environment at
latitudinal and
elevational limits
of the tree
species’ range

Very old tree on Mt Graham,

SE Arizona
inner ring date: A.D. 1101

Key
Principles
p 121




KEY SCIENTIFIC ISSUES

* Missing rings & false rings (to identify
these, need a “master chronology”)

« Species limitations (some trees have no
rings, hon-annual rings, or poorly defined
rings)

* Trees must crossdate! (can’t develop a
chronology or link to climate without this)

t

Today'’s class activity




tropics, deserts and other
treeless areas, oceans, etc.)
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e Age
limitations

(old trees
hard to find;
oldest living
trees =
Bristlecone
Pines

> 4,000 years
old: 4,780+)




* Value of precise dating

(long chronologies, climate
reconstructions, archaeology,
radiocarbon dating)




I-2 ASSIGNMENT
TREE-RING CROSDATING DEMO

ASSIGNMENT I-2 LINK:

http://fp.arizona.edu/khirschboeck/nats101qcl/i-1_skeleton.htm

CROSSDATING TUTORIAL LINK:

http://www.ltrr.arizona.edu/skeletonplot/introcrossdate.htm

MAKING YOUR OWN SKELETON PLOT
ONLINE FOR |-2

http://www.ltrr.arizona.edu/skeletonplot/SkeletonPlot19.htm

See p 126 — 127 and D2L ASSIGNMENT 1-2




ASSIGNMENT I-2 on
Tree-Ring Crossdating will be
DUE THURSDAY OCT 1
(in the D2L Dropbox)

HELP SESSIONS
to be held next week”

Monday Sep 28 between 4:00 - 5:00
Wednesday Sep 30 between 1:30 - 3:00 pm
Wednesday Sep 30 between 5:30 - 6:30 pm

In SCIENCE LIBRARY 308




