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Research questions:

(’ 1. How does fire shape the global distribution of
¥  vegetation?

2. What are the primary controls on fire?

3. What environments are most sensitive to human-set
fires?
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tree cover fire on

A world without Fire

* Closed-canopy forests doubled
from 27% to 56%

* 52% C4 grasslands converted to
angiosperm-dominated forests

* 41% C3 grassland that were
replaced by forests

Bond et al. 2005



MODIS Rapid Response System Global Fire Map July, 2011




MODIS Rapid Response Fire Detections for 2005
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Natural controls on fire
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Natural controls on fire

High Fire emissions (Tg C/yr)
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Natural controls on fire

High fuel loads
High fuel moisture

Asynchrony ignitions/dry season Low fuel loads

High Low fuel moisture
' Discontinuous fuels
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High fine-fuel loads

Low fuel moisture

High fuel continuity

High interannual climate variability

Randerson et al. 2005



Natural controls on fire
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Climate limited (moisture/weather) Biomass limited (Fuel availability)

Whitaker 1975, Bond et al. 2005, Bond and Keeley 2005, Krawchuck et al. 2011, Krawchuck et al. 2009



Human influence
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Human influence

Seasonal timing of ignitions
Ignitions targeting flammable veg.
Management of fuels
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Human influence

Suppression &
fuel fragmentation
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How do we reconstruct past fires?
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How do we reconstruct past fires?

C

= airborne fallout of charcoal

air
Cls = charcoal on landscape surface
Clake = charcoal on lake surface
C - f(d) Ccore = charcoal in center of Iake
air - A (&

——

Ccore — f(CIake’ redeposition, mixing)



Coring equipment

Daley Lake 2009


../../../Documents and Settings/David/Desktop/Dailey Lake February 2009.wmv

Primary research questions:

, How does fire shape the global distribution of
vegetation?

8 ° What are the primary controls on fire?

e How sensitive are different settings to human-set
fires?




Humans and fire in New Zealand




Polynesian migration

Earliest archeological
evidence 1280 AD

Earliest Pacific rat
(Rattus exulans)
evidence 1280 AD

~ 100-200 individuals
during arrival

Estimated ~ 1,000
individuals 100 yrs later

Wilmshurst et al. 2008
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Native Vegetation

e Pre-Maori 85-90% forested
—Low elevations, podocarp
—Higher elevations, beech

e Fires generally rare, ignition
limited, return interval ~ 1-2
millennia (Ogden et al. 1998)

e Most tree species poorly
adapted to survive fire




Landscape transformation

B rForest

W) Fernland, grassiand,
shrubland or swamp

B Forest

0 100 200 0 100 200

KM

Prehistoric vegetation ca. AD 1840 vegetation

Ogden et al. 1998, McGlone and Wilmshurst 1999



Landscape Transformation:

European
Pasture

Pre-Maori < AD 1280 AD 1280-1840 ~ AD 1840-present
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Hypotheses:

1. Human-set fires were the primary cause of
deforestation

Variability in patterns of fire are related to
biophysical and environmental gradients

Human-set fires initiated feedbacks that
created fire-prone landscapes













CHAR (particles cm2yr)

] o s | OYNChTONOUS fires
, during the Initial
o] Jaega == | Burning Period -
: | 1300-1500 AD
10 Lake Diamond North
54
0
104 Glendhu Lagoon
5
0 @® = Charcoal peaks-
107 Lake Kirkpatric local fire episodes
] Lake Kirkpatrick /
0 .
47 Lake Te Aroha
2
0 ;
M
27 Lake Thomas &
14 o © v
0 M South

I
1150

1
\ 1350 } 1550 1750 1950

Y Time (yr AD)

IBP

31
McWethy et al. 2009 The Holocene



South Island, New Zealand
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Multi-proxy Climate Record

Mean charcoal response to events: start year 850
T T T T T T T

* Tree ring records

* Speleothem stable isotope rec
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Lake Diamond

Lake Diamond Native Trees Disturbance Related European Introductions
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Ecological Consequences:
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What variables best explain forest loss?

Soil Ca
Drainage
Soil P
Particle size
Arch. density
Dist. rivers
Dist. lakes
Elevation
Slope
Annual Temp.
October VPD
Water deficit

Perry et al., in review

Soils
® South Island
® North Island
® New Zealand
Human

Topographic

Climate

Relative Importance (%)



What variables best explain forest loss?

North Island

* Climate — water deficit
* Humans — proximity to lakes

South Island

 Climate — water deficit

Perry et al., in review



Vulnerability — dry, lowland forests near
lakes
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Feedbacks:

Targeting ignitions in young vegetation (flammable) results in transformation
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Feedbacks:

Targeted decadal fires sufficient to transform landscape

“foung Vieq at Euro Amival

“foung Vieq at Euro Amival

Ignition Interval = 1

1.0 T T e e ——
i .,
0.8 S
[
Lo
<
06 T 1 -
£
1
i
0.4 —
S
]
£
0.2 Length IBP (yrs)
350
g
0.0 s00
T T T T T T 1 T 1
0.1 0z 03 0.4 0.5
Prop Young Veg End [BP
Ignition Interval = 25
1.0 7 -
1
£
0.8 i
— 1
P
1 1
e
05 !
1
1
1
1
0.4 T
1
0.2
0.0 o ——— ————— —

T T T T T T T T 1T
0.1 0z 0.3 0.4 0.5

Prop Young Veg End [BP

Perry et al., in prep

Young Veg at Euro Aival

Young Veg at Euro Arival

Ignition Interval = 2

Ignition Interval = 5

-
1

1.0 Dﬂ-—
- - 'r
T 1
I 1 N
i ! .
0.8 - T L _ 08
I o
| | - = ==
1
N O A = ||
0.8 7 ! . £ 06 .
H | : ‘o :
s I =
T 1 [
'] 1 3 1
0.4 : 2 04 == T
T U'T‘ = E T L
! Lo . 2 P e N
! [ = o o8
0.2 1 4 0.2 : T 1
1 ; L e T 1 1 :
. T T 1 T
! ! [ -+
1 1 1 H A0
oo - * L 0.0 - ED 4o
T T T T T T T T T T T T T T T T T T T T
01 02 0.3 0.4 0.5 0.1 02 0.3 0.4 0.5
Prop Young Weg End [BP Prop Young Weg End IBP
Ignition Interval = 50 Ignition Interval = 100
1.0 7 1.0 7
0.8 4 _ 084
o
£
0.6 £ 06
w
"
o
0.4 2 02
om
c
2
=
0.2 0.2
00 o ——— —— —————— 0.0 - ——— ———————

T T T T T T T T 1T
01 0z 0.3 0.4 0.5

Prop Young Veg End [BP

T T T T T T T T 1
0.1 0z 0.3 0.4 0.5

Prop Young Weg End IBP

Young Veg at Euro Aival

Ratio

Ignition Interval = 10

1.0 1 T T
0.8 - |
1
l -
1
06 o T
Lo
: 1
1
0.4 -
: o
T
02 . -
H o, P
L L
0.0 —f ———— — [ S
T T T T T T T T T
0.1 02 0.3 0.4 0.5
Prop Young Veg End IBP
0.5 4
0.4 1
0.3
0.2 1
01 - D
00 - —— —
1 2 5 10 25 50 100

Ignition Freguency




* Targeting ignitions in young vegetation (highly
flammable) result in high conversion

® Ignitions once every 5-10 yrs. over a 100-200 yr.
interval in early seral veg. results in >40%
deforestation




Feedbacks and consequences: human impacts

High

Fire activity

Low
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Important lessons from New Zealand

( * . Biomass rich/ignition-limited forests of New Zealand
were vulnerable to human activity

& ° New Zealanders transformed landscape through ,
targeted burning in young and flammable vegetation |

# * Even small populations of hunter-gatherers can
transform large landscapes




Implications for similar fuel-rich ecosystems
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Mega fires related to ENSO + Human activity

1997-98 El Nino event SE Asia and
NE Australia

Shift in rainfall patterns result in
warm, dry conditions

Weakening climatic controls +
forest clearing = Megafires

5 million ha impacted in Indonesia

geoscie:nce
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Human amplification of drought-induced biomass
burning in Indonesia since 1960

Robert O Field"™, Guide R van der Werf® and Samuel 5. P. Shen®
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Synchronous fires in Northern Patagonia and

Southwestern US

MNorthern Patagonia
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Amazonia: 1994-95 ENSO events
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Important conclusions

1. Biomass rich and ignition limited systems most vulnerable
to human activity and changing climate

2. Even small groups of people can transform landscapes in
these settings

3. Recent mega-fires appear linked to human activity +
weakening climate controls (ENSO) and will likely result in

more & larger fires



Next steps:




2012 fieldwork in NZ
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Flinder’s Island, Tasmania
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Human-climate-fire linkages: Mt. Gorongosa, central
Mozambique

10°S g




Are montane grasslands a consequence of human
or natural fires?
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