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LONG-TERM CHANGES IN DROUGHT AREA IN THE WEST

THE CENTRAL DATES OF THE
SIGNIFICANT (p<0.05) EPOCHS
ARE INDICATED WITH ARROWS
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Insect herbivory frequently affects tree radial growth

» Recognize the departures for what they are

e Just because there are anomalies doesn’t mean that the
material is not datable

* Insect populations often cycle with or respond to climate
 Forest character responds to insect outbreaks

» Species abundance

» Tree size

« Stand density
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Schulman 1953 Climate Change

e rﬂ,m

?J'F{'H- 1I|- | ||1r|

.;:
'1; 't R I!'

II.-.||.|'1.'|# 'E—rﬂ- hi: 'F b -._.__I_ 1.- ___ =1 - -
| PEGDE LA & Ll i n.e:n’- % 84
""!'3“ 2 'IH!-lii—k |_:l #:!_.l_t-' I?-it .lt. h—!rFi IL ﬁgs'l-‘h_. ¥ ._— :.... _,- .:.j i . 5 ki

PGS A/ ER
- AUNCFT

[ r|".i"|-r|r mnel s Twio ""'I- S| RICTIOCS i1 ]_]-“."_rl. fir (FFeore ol e AL 1 '|I| ||1|| LR r.|'|||..||-
ke T|.li||:I '.I|.'l| Froan sonsthiwestern |_;||.|||: il [ aral el |_|_||_ waker-yisar Tt I|.'| o ||I:I' Hin Granede
it Dl Morbe. Lowwor patiel: Growth of the sane species near Santa Fe, Now Mesicn, i
.,.,p;.ml with the monedf of the Peeos River at Pecos, The completed ring for 1953
F“:,._“It under bark al the :|'|||‘||:|, |.II:IL Bonelaries :Illll.'h.r] alons 14 the I- s of the
atapraphs help to identily such structures as false rings for 1911 "15 1913 and

micicsaapic 4r ]-.Ird.lnl ahsent rm eat 1805 and 1834 in specimen Sal6 iof. the ather
hnbas af these datesi ok oam Tiee -":"I-:I'l' Bulletin,) 1



Schulman 1953 Climate Change

|I:I T
g e
.I;'rl |r|r‘ﬂlllulll':rrl"l'H_I

-m One person 'S n0|se IS
another S b|IC

SFT : g8 Sl Gyl _.-.::_'-_! [Evy, LRtk .
e _FJ‘.IEF: : . | | 1
L% 5 L | " | h |I .
S e EERe et L SRR | S 1T S .'
- PEGOS '|; 3 -- R R e S ke
..ﬁl. -a _I. - ._..:‘ I::-.-.r. ._! l ' lr.'-'-‘: :.- r_| i_. -.-... L |
o : : T Blal's Yo MR TREE" o Tl

Outbreak
Tree-ring reconstructions of western spruce
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For management purposes, forest
Insects are categorized by:

* the part of the tree that they
feed on (leaves, phloem, roots,
sap, seeds, etc.)

o &lor by feeding mechanism
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defoliators bark beetles

sap-suckers other stuff



Defoliators

In dendrochronology, we generally distinguish between defoliators, mortality agents, &
chronic pests
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directly consume foliage

photosynthetic & transpiration
capacity reduced

« growth effects

e sometimes causes mortality

5495784

Bark beetles are obligate mortality agents
consume phloem tissue

o disrupt water flow

» kill trees (usually, brood cannot develop
unless tree dies)

e« sometimes associated with staining fungi
which contribute to tree death
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SAP-SUCKING insects feed on phloem fluid or
dissolved parenchyma

Foliage may die and trees defoliate, but
mechanisms are very different from that of a
leaf-chewing insect

pine bark adelgid
Pineus strobi
(Hemiptera: Aphididae)

i ucA1396092

Spruce aphid
Elatobium abietinum

Pinyon needle scale, Matsucoccus acalyptus
(Hemiptera: Margarodidae)

e ; UGA2142099 |
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Defol

Consume foliage
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ty are moths & butterflies
ty levels vary
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Defoliator effects on tree-rings
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Changes in lumen area & cell-wall thickness.
WSBW, Axelson et al. 2014
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Reduced RW. Western spruce

budworm in white fir, Swetnam et al., —— "“‘ 1 ? e { ]
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Light or white rings. Left: Western tent caterpillar in aspen,

Margolis et al., unpbl. Right: Pandora moth in ponderosa
pine, , Garcia-Gonzalez et al., unpbl.

Reduced RW & density of LW. A -\ Pl
Larch budmoth, Weber 1997 A G e e
A & h;__ A & ®
Thin fatewood (oot and reduced RW (ootiom) B e (Goa o Tes Yy et oot Y,
Pandora moth in ponderosa pine, Speer et al. 2001. y y : 9

Alfaro 2002.
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Larch budmoth

Zeiraphera griseana




Defoliator effects on tree-rings
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Repeated outbreaks may or may not be periodic or quasi-periodic. WSBW,
Swetnam & Lynch 1993.



- o Common S|gnals associated W|th defoliators:

Consecutive narrow rings

Thin latewood

Changes in density, especially in the latewood
White rings

Missing rings

Known to occur, but not well studied:

. * Changes in wood chemistry e
; : TP
e Changes in cell structures Sl

 Lumen area v

* Cell wall thickness = e
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THE CENTRAL DATES OF THE
SIGNIFICANT (p<0.05) EPOCHS
ARE INDICATED WITH ARROWS

Ring-Width Index
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Cross-dating issues

Recognize what you see for what it is

Tree species
Know the major pests & host-specificity (Google
Scholar is your friend but no substitute for an expert)
Do not reject just because of anomaly
Helps to have a provenance!

Cross-date on both sides of the signal
Rings may be missing!
Which years are missing can’t always be determined

Many insects have somewhat periodic cycles, which may
be driven by climate, weather, & fire

Affects sensitivity, coefficients, & correlations

And yes, sometimes outbreaks are so frequent & severe
that the material cannot be dated
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Phloem tissue feeders:

Consume phloem tissue

Overwhelming majority are bark beetles
Require “mass attack” by many beetles

Obligate mortality agents; in a few
instances only a portion of the tree dies

Stain fungi

Often associated with drought, but not

every species
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Tree ring signatures of mortality agents, esp. bark beetles
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Growth surges (may lag mortality event)

» Tightly clustered from extreme abrupt
disturbance

» Clustered but staggered from expansive
events

Death dates of snags & residual material

Physical evidence: gallery scars, micro-scars
of failed attacks

Diameter & species distributions of dead trees
VS survivors

Recruitment pulses

* long variable lags possible in many
systems

e event 2 seed production - establishment
conditions

» less lag for seed-banking systems

 confounding causal circumstances (fire
exclusion, precipitation, climate change)

Bark beetle effects
on tree-rings
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'é‘ West Peak
I Ponderosa pine
§ Died 1796
~ Fire scar 1763
Inner 1720

Large hole is post-death
feeding by carpenter ants

— _"‘“‘w;%‘ pruce beetle scars in.
"""_"'-...ﬂ_‘_-..__ -~ Engelmann spr

_'"'"*-.,_. Plnaleno Mtns




Macroanatomy of a fire scar Smith et al. 2016 Arbellay et al. 2014

Fire Insects

* Charring may be absent e Usually injury encompasses 1 year

« Injury encompasses more than 1 ring with little or no injury to pre-attack
rings

 Injury to rings formed pre-event
« Wound response, but cell growth is

» Cell formation impaired in event year :
otherwise normal

» Heat injury extends around more

circumference than physical injury * No or minimal injury extending to

: : greater circumference than
* Resin duct response varies by chewing damage

species

* Resin duct response varies by L
species



Outbreak intensity varies
in time & space.
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Outbreak intensity varies in time & space




Bark beetle signals do not make the material undatable

 Most investigators recognize a disturbance event
 Date on both sides of the event

« Do not assume fire

o Seasonality (& EW, LW) varies by species

e Often associated with:

 Drought & other climatic factors

« Changes in water table depth

» Defoliation

« Blow-down, avalanches

Breen & Baisan e Qver-stocked stands

o Affects sensitivity, coefficients, & correlations
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Common tree-ring signals
related to bark beetles:

 Growth surges

e Abrupt growth surges
 Imbedded small scars
« Staining fungi

« Orange wood

 Abundant snags & logs
(L






Dendroecologists & Dendroentomologists

Non-host correction procedure for
defoliator chronology reconstruction

Insect species are often host-specific

 Western spruce budworm feeds
on true firs and Douglas-fir, but
not pines

« Pandora moth feeds on pines but
not Douglas-fir or true firs

« Dated, measured series are
standardized to common variance
and subtracted one from another

* Removes climate variability

e =>*“corrected” indices
(insect signal + noise)

* Investigator applies rule set to
infer outbreaks
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dated host increment cores dated non-host climate-sensitive increment
cores

raw ring width raw ring width
measurements measurements
crossdate & crossdate &
standardize standardize

 / 4

standardized host series standardized control series

N\ r'd

Remove climate variation from host series
(OUTBREAK)

{_ (__ - (-_-‘_lu.fgg:; ) SrdDe":Hosf
StdDev, . .

corrected indices /\

outbreak definitions & rules
(duration, thresholds)

Identification of outbreak &
endemic periods
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