Dendroecology as Multi-Disciplinary Dendrochronology
Tom Swetnam, Laboratory of Tree-Ring Research, University of Arizona
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Increasing Tree & Forest Die-offs as a Consequence of Warming are Expected
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Forest stress and dieback are now becoming apparent in many parts of the world.

Examples from all forested continents, including Australia, Europe, Asia, Africa,

South America, and North America. _
Allen et al.2009. Forest Ecology & Management Courtesy of Craig Allen, USGS




What are the “Grand Challenges” in Dendrochronology?

How have human

societies responded in

the past to extreme,

climatic, ecological, and

geological events?

How did past societies

increase their
vulnerability or
resilience to

environmental change?
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“Chronology is the Spine of History”
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What can
chronological and
historical
perspectives from
tree-ring data and
analyses provide to
address these
questions?

What hypotheses
and theory about
human-environment
dynamics can be
developed or tested
with
dendrochronology?
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What happened to the Cliff Dwellers? Why did they leave and where did they go?
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“The great drouth of 1276 to 1299 was the
most severe of all those represented in this
1,200 year record and undoubtedly was
connected with extensive disturbances in
the welfare of the Pueblo people.” AED
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Bruno Huber
(1899 — 1969)

Reconstruction of a pile house
at the Pfahlbau Museum
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HUMAN BEHAVIOR, DEMOGRAPHY, AND PALEOENVIRONMENT
ON THE COLORADO PLATEAUS

Jeffrey S. Dean, Robert C. Euler, George J. Gumerman, Fred Plog,
Richard H. Hevly, and Thor N. V. Karlstrom

American Antiquity, 50(3), 1985, pp. 537-554.

A.D. 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
1 1 i i 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1

A. AGGRADATION - DEGRADATION AND ALLUVIAL GROUNDWATER VARIABILITY
AGGRADATION- DEGRADATION CURVE HIGH WATER TABLES

= === PRIMARY TION IN R ATER LEVELS
TanT PRMARY " FLUCTUATION IN ALLUVIAL GROUNDWATER L

. =" -, . B St o
RO R s o S SO I A

AGGRADATION 1

DEGRADATION

HIGH EFFECTIVE 8. POLLEN
MOISTURE I

LOW EFFECTIVE ~ _ —~
MOISTURE S L P g o

. = HIGH B
C. DENDROCLIMATE: TEMPORAL VARIABILITY TelRaRAL N
o - = VARIABILITY ~—a_

TREE-GROWTH
DEPARTURES

D. DENDROCLIMATE:
SPATIAL VARIABILITY

STANDARD DEVIATION

E. GENERALIZED COLORADO PLATEAUS POPULATION

[=T
(=]
(=]

T T T T T T T T T T T T T T T T T T n
A.D. 200 300 400 500 600 700 BOO 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Figure 1. Environmental and demographic variability on the southern Colorado Plateaus, A.D. 1-1970. A,
hydrologic fluctuations and floodplain aggradation-degradation. B, primary (solid) and secondary (dashed) fluc-
tuations in effective moisture as indicated by pollen data. C, decadal tree growth departures in standard deviation
units. D, spatial variability in dendroclimate. E, relative population trends, A.D. 1-1450.



The Lost Colony and Jamestown Droughts

David W. Stahle,” Malcolm K. Cleaveland, Dennis B. Blanton,
Matthew D. Therrell, David A. Gay
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Pluvials, droughts, the Mongol Empire,
and modern Mongolia

Neil Pederson®'?, Amy E. HessI”'?, Nachin Baatarbileg®, Kevin J. Anchukaitis®, and Nicola Di Cosmo®
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Tree-Ring Based Human-Environment Projects
funded by NSF CNH Program:
A major source of Tree-Ring Funding now in the United States

Paleoclimatic Shocks: Environmental Variability, Human Vulnerability, and Societal
Adaptation During the Last Millennium in the Greater Mekong Basin; Principal
Investigator: Brendan Buckley; Co-Principal Investigator: Edward Cook, Upmanu Lall,
Tanya Heikkila, Kevin Anchukaitis; Organization: Columbia University; NSF
Organization: GEO Award Date 10/01/2009, Award Amount: $1,401,351.

Long-Term Vulnerability and resilience of Coupled Human-Natural Ecosystems to Fire
Regime and Climate Changes at an Ancient Wildland-Urban Interface;

Principal Investigator: Thomas Swetnam; Co-Principal Investigator: Robert Keane, TJ
Ferguson, Matthew Liebmann, Christopher Roos; Organization: University of Arizona;
NSF Organization: GEO Award Date:09/01/2011; Award Amount:51,498,027.

Pluvials, Droughts, Energetics, and the Mongol Empire; Principal Investigator: Amy
Hessl; Co-Principal Investigator: Hangin Tian, Neil Pederson, Nicola Di Cosmo;

Organization: West Virginia University Research Corporation; NSF Organization: BCS
Award Date:09/01/2012; Award Amount:$1,394,398.



Regional to global-scale networks of tree-ring chronologies provide the means to
evaluate human-environment interactions across a range of temporal and spatial

Map courtesy of
Peter Brewer




Combinations of climatic, ecological and archaeological/historic tree-ring networks
provide an unparalleled opportunity for broad syntheses, aimed at evaluating
synchrony/asynchrony, pattern and process.
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Four Centuries of Fire & Drought History in Western North America
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The largest effect that humans have had on wildfire regimes in the Jemez, and the Southwest
overall, has been the elimination of extensive, frequent, low severity surface fires at about
1890-1910.
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Very clearly, the first reason for reduction of widespread surface fires was the
introduction very large numbers of sheep, cows and horses. After the
markets for wool collapsed around 1920, organized suppression by the

Forest Service and other agencies became the primary reason for continued
absence of extensive surface fires.

RAILROADS led to > 5 million sheep and 1.5 million cattle in New Mexico by 1890

Sheep crossingthe = T
Rio Grande- Al




ComFosite fire scar chronologies from 10 forest stands in the Jemez show the
usual pattern of drastically reduced surface fires circa 1900. Some sites on the
Beripheries of the Jemez énd some within the range) show EARLY reductions of

urning, and there is documentary evidence suggesting these early fire regime
disruptions were likely due to earlier livestock grazing, e.g., seasonal sheep
grazing into certain areas, before the peak grazing era of 1880s-1920.
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The influence of livestock grazing (i.e., removing the grass fuels and disrupting fuel
continuity by trails and “driveways”) is further demonstrated across the Southwest by
the special cases where fire regime changes occurred at different timings, depending
on when intensive grazing began. An unusual example is in El Malpais National
Monument which has never had intensive grazing, and very limited fire suppression,
and consequently more-or-less continuous surface fires have continued there.

51-Year Moving Period Fire Frequency in Three Southwestern Sites

With Different Livestock Grazing Histories The many examples of
extensive surface fire
regime disruption,
depending on TIMING
of intensive grazing,
points to the VERY
— ——me . eEm L IMPORTANT EFFECT OF
CONTINUOQUS FUELS,
AND THAT EXTENSIVE
SPREADING FIRES IN
THE PRE-1900 ERA WAS
HIGHLY DEPENDENT ON
ungrazed FINE FUELS.
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Long-Term Vulnerability and Resilience
of Coupled Human-Natural Ecosystems
to Fire Regime and Climate Changes
at an Ancient Wildland Urban Interface

A fundamental goal of our proposed project is to understand the
dynamic interactions of climate, human activities, and fire regimes

over a variety of temporal, spatial, and demographic scales in an
ancient Wildland Urban Interface.



How did Puebloan people live within drought and fire-prone forests and
woodlands of the Southwest for multiple centuries?

What insights might integrated ethnographic studies, paleoecological and
archaeological reconstructions, and dynamic fire and vegetation models provide
to understanding long term human-environment interactions in these
landscapes?

“Kwastiyukwa” in Jemez Mountains




At least 6 very large Jemez Villages (>700 rooms, 2 to 4 story townhouses) were occupied
when the Spaniards arrived in the late 1500s. Many other smaller villages were also
occupied.
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These rough estimates of Jemez
populations (which are conservative
estimates) indicate that the density of
humans/area was at least equivalent to
the threshold definition of the
“Wildland Urban Interface” - WUI

~7,000 people lived in as many as nine
villages within or adjacent to ponderosa

pine forests

~7 pueblos with > 1,000 rooms, and 15
other pueblos with >500 rooms

-hundreds of “field houses”

~28 people/km2 population density

~Modern WUI = minimum population
density of 25 people/ km2

Name Rooms |LA Num |FS Num
Tovokwa 1,850 0 576
Boletsakwa 1,400 136 2
Wabakwa 1,400 478 400
Pejunkwa 1,300 130 571
Kwastiyukwa 1,250 483 11
Amoxiumqgua 1,200 481 530
Seshukwa 1,100 303 12
Wahajhamka 750 0 573
Kiatsukwa 625 132 31
Kiashita 600 484 1
Patokwa 525 96 5
525 5918 30
475 5920 18
450 0 8
Nanishagi 450 541 320
400 0 3
Guacamayo 400 189 572
350 135 199
Kiatsukwa 325 133 504
300 96 7
Unshagi 300 123 337
Totaskwinu 300 479 579
Astialakwa 250 1825 360
150 386 554
125 0 575
125 128 647
125 0 688
100 137 580
Hot Springs Pueblo 75 0 505
75 385 535
75 0 574
Hanakwah 75 0 578
75 403 689
TOTAL Mo. of Rooms: 17,525
MNo. of Sites >1,000 Rooms T




Beginning in the early 1600s Spanish soldiers and missionaries forcibly
“congregated” Jemez people in one to a few locations. The mission church, now in
ruins in Jemez Springs was constructed in the first decades of the 1600s. (photo from
1880s)




We are reconstructing the detailed fire history within, and in the vicinity of Jemez ancestral
villages and in likely farming and summer residence locations (i.e., “field houses”). Josh
Farella (grad student) and Tom Swetnam are obtaining fire scarred sections and samples
from dead and living trees in these areas to reconstruct fire history.

Fire scarred
trees
(stumps,
logs, snags)
sampled
within and
near the
village of
“Wabakwa”




This chart shows fire scar dates (vertical bars) on individual trees (horizontal lines) sampled
within and around the ancestral village known as “Wabakwa” on San Juan Mesa. From
pottery types it is thought that this village was unoccupied after 1400, but nearby field
houses suggest usage of the area into the early 1600s. After the “congregation” of the
Jemez people near Spanish missions (after circa 1620) the site began to burn with surface
fires, until the livestock grazing and fire suppression era around 1900.

TR | MRS b —
" SOUN R, } } % = { } =
BTN 0 ) b I | | | | |
] 1 1 1 1 1
................................. L
]
- ¢ I | 1 1 1 L l 1
L | | 1 Ll 1 | 1
_______ 1 = i 5%
L} 1 1 L] C
o] = {0,
[0} - 7
e ) : 7
O E R U ey I [
(&) .
© = i = 1 ] o
> S ] 1 T Q.
~ =
o S . } H } &
=t @ )
n adt ; } } — } } f i “
............................................. I ! T I ! ——
I T T T  § T T
_______________ I 1
L | ]
............................................. I 1
I 1
oo —if
....... | | 1
| ] 1
G S s S S -
i
600 1620 1640 16680 1680 1700 1720 1740 1760 1780 1800 1820 1840 1880 1880 1900 1620 1940
1600 1700 1800* 1900




Consider how much fuel wood Jemez ancestral people would use over 200-300+ year
periods of time when they were living primarily on the mesa tops, at 6,000-7,000+ feet
elevations and with cold winters. Also, consider how many timbers and other wood
products were required for many large villages, and all of the various uses of wood.

How did such wood utilization (forest management?) affect fire regimes?

More than
200,000 beams
were cut and
hauled 50 miles
or more for
construction of
the “Great
Houses” at
Chaco Canyon




Ethnographic Research

TJ Ferguson, University of Arizona
John Welch, Simon Fraser University

Barnabe
Romero

Persingula
Toya

e Use of fire in agriculture

e Use of fire in grazing

 Use of fire in cultural practices
Concepts of good forest structure

e  Cultural values and beliefs regarding fire
 Personal experience with forest fires



Developing and Testing Forest, Wildfire and Human Dynamics Theory

15 (2002) 5: 472-486 m
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Fire Regime The human dimension of fire regimes

on Earth
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Main Points

» The multi-disciplinary nature of dendrochronology goes back to the beginning of
the field in the early 20t century, with both Douglass and Huber, for example,
connecting their tree-ring work with climate, solar astronomy, biology, and
archaeology.

» We are entering a new era of multi-disciplinary dendrochronology focused on
“dynamics of coupled human-environmental systems”, with a number of exemplary
studies recently published and underway; support is increasing for these endeavors
from funding agencies in the U.S. and elsewhere.

» Several elements are needed for progress in meeting grand challenges in human-
environment studies, including: (1) effective collaborations between physical,
biological/ecological, and social scientists (not so easy to achieve!), and multi-scale
approaches, ranging from cells to regions and the planet (also, not so easy to
achieve!)



Bryant Bannister Tree-Ring Building
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ONLY YOU CAN PREVENT FOREST FIRES!




The Center for Mediterranean Archeology and the Environment (CMATE)
is a collaboration of faculty and the School of Anthropology and the School of Earth and

Environmental Sciences -- in particular the Laboratory of Tree-Ring Research, Geosciences
and the Accelerator Mass Spectrometry Laboratory.

Goals:
Gain a deeper and more highly resolved understanding of human and environmental
interactions over time in the greater Mediterranean region.

Gain new insights into the driving forces behind key turning points in civilization.
Support interdisciplinary research between faculty and students of the School of
Anthropology and the School of Earth and Environmental Sciences to create a fully
integrated understanding of past human-environmental interactions in Mediterranean

>

>

Basin.

/A, THE UNIVERSITY OF ARIZONA.

CMATE

Center for Mediterranean Archaeology HOME  MISSION ~ RESEARCH  PEOPLE&PARTNERS  PUBLICATIONS
and the Environment

The Parrhasian Heritage Park contains many internationally
recognized archaeological sites like the Tample at Lykasoura.







Main Points:

1. Humans have interacted with forests, fuels and fire for a very long time in the
Jemez mountains. Understanding of the specific histories in this landscape can
inform us about circumstances that we now find ourselves in, and potentially also
point the way forward.

1. A multi-disciplinary research project funded by the National Science Foundation
(FHIRE: Fire & Humans in Resilient Ecosystems), is working to improve our
understanding of how ancestral Jemez people interacted with forests, fuels, fire
and climate on these landscapes, with a goal of learning lessons that may be
applicable, at least in part, to todays landscapes AND to provide historical and
cultural context and perspectives to for future management




What lessons can we learn from the “traditional knowledge”, cultural-
environmental histories of Native American people and landscapes — and how
they lived within drought and fire-prone forests and woodlands?

Architectural rendition of “Kwastiyukwa” in Jemez Mountains




The Jemez landscape offers a unique learning
opportunity because of its long-term cultural
history and ecological context.

The Jemez ancestral villages contain some of the
largest Native American “townhouse” villages
known to have existed anywhere in western
North America within pine-dominated, surface
fire regime forests.

The ancestral Jemez people found ways to live as

dryland agriculturalists within these fire prone §°77

(and smoky) landscapes for centuries, through e s Y
[| & wesakwa sampie ,r! % :

irregular pluvial and drought periods of varying T
maghitudes. -

The villages and the surrounding forest areas were intensively occupied for
generations prior to the 1600s when the Spaniards arrived, when populations
relocated to new low elevation villages in the region and, in the case of some
mesa top villages in forests, were reoccupied briefly during the historic period
following the Pueblo Revolt of 1680.



The large village sites tend to be located at the current “ecotone” of ponderosa pine
and pinyon-juniper woodlands. However, many sites are entirely within the ponderosa
pine type.
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Figure 6.4. Major vegetation series present on the Jemez Plateau. Data adapted from Miller and Figure 6.10. The locations of sites with five or more rooms dating to the Guadalupe Phase (A D.
others (1993). Series categories from Dick-Peddie (1993). Data available only for lands 1600/1625 to 1700). Site data from Archeological Records Management Section files at the

managed by the Forest Service. Vegetation data courtesy of the USDA Forest Service, Santa Fe Laboratory of Anthropology, Museum of Indian Arts and Culture, Museum of New Mexico.
National Forest. ’



Fliedner’s very interesting study (conducted in the 1970s) suggests that land utilization
was VERY extensive and intensive by the Jemez people. Although his interpretations of
various land-use features has not been tested yet (to our knowledge), even if only a
fraction of the features he identifies were indeed contemporaneous cultural features,
then we MUST consider: What effects did this level of use have on forests, fuels and
fire regimes?
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Keep in mind that lightning strikes and
ignitions of fire by lightning are very
common during certain times of the

year. In a fully human-occupied Jemez

landscape, people would have
advertently or inadvertently added
more ignitions, especially in the low
lightning occurrence seasons.

Overall, ignition sources were MUCH
LESS LIMITING IN THESE
LANDSCAPES THAN FUELS.

Automated Lightning Detection System — Jemez
Mountains, northern New Mexico:

« 165,117 cloud-to-ground lightning strikes over
a 775,554 ha area, 1984-1994

» 16,500 strikes per year on average

*  Minimum annual 9,410 strikes

* Maximum annual , 23,317 strikes

» Average 21 strikes/1000 ha/year

*  Minimum 12 strikes/1000 ha/year

* Maximum 30 strikes/1000 ha/year

« See Craig Allen’s classic paper: “Lots of
Lightning, Plenty of People”
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F.igurc 52 Lightning strikes in the Jemez Mountains, 1986. Map of 23,317 light-
ning smkc.s recorded across 775,554 ha in the Jemez Mountains area during 1986
by the n,?uonal automated lightning detection system. The nominal resolution of
thg locational data is approximately 2 km. Surprisingly little difference in lightning
strike frequencies is cvident across the 1,800-meter elevational gradient present in
this field of view, which is also the same in Figures 5.4 and 5.5,



Long-Term Vulnerability and Resilience
of Coupled Human-Natural Ecosystems
to Fire Regime and Climate Changes
at an Ancient Wildland Urban Interface

A fundamental goal of our proposed project is to understand the
dynamic interactions of climate, human activities, and fire regimes

over a variety of temporal, spatial, and demographic scales in an
ancient Wildland Urban Interface.



FHIiRE: Fire & Humans in Resilient Ecosystems

Investigators:

Tom Swetnam, UA — fire history, climate, tree rings

Sara Chavarria, UA — education and outreach

Josh Farella, UA — fire history, archaeology, tree rings

TJ Ferguson, UA — ethnography, oral traditions

Chris Roos, SMU — geomorphology, archaeology, fire hisory

Matt Liebmann, Harvard U, archaeology, ceramic analyses

John Welch, Simon Fraser U — archaeological resource management
Bob Keane, USFS Fire Lab — fire and ecological modeling

Rachel Loehman, USFS Fire Lab — fire and ecological modeling

Funded by the National Science Foundation

Dynamics of Coupled-Natural Human Systems Program




In addition to developing chronologies of fire dates (annual), we can
identify the intra-annual position of about 2/3rds of all fire scars, enabling
us to estimate the relative seasonal timing of past fires: i.e., prior to,
during, and after the growing season. The scar below (right side, is an
“earlywood” scar, occurring during the summer, probably in May or June.




FireBGCv2 modeling pl m
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process model

— Includes fire behavior,
effects

— Scaled from individual = ‘
tree to landscape ¢ireBGCy
p r O C e S S e S Dynamic ecosystem and disturbance model

— Incorporate range of
future conditions

— Test strategies for R .
mltlgatlon and adaptatlon ' Keaneoehman, HosingérZOll

http://www.firelab.org/research-projects/fire-ecology/139-firebgc




Legend Fire Return Interval, FRI, Intensive human use,
10 times more ignitions,

Large pueblo no humans
! Fieldhouse ,

Fire return interval (x/160 yrs.)
B -0

-2

[ J21-30

Moderate human
use, 2 times more
ignitions (outside
of use zone), plus
fuel harvesting



Terminus ante quem Dating of Wabakwa and the Return of Fire to an ancient WU,
Jemez Mountains, New Mexico.

Joshua Farella and Thomas Swetnam
University of Arizona Laboratory of ing Research
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