Oak, Fire, and Climate Change:
The Profound Effect of Changing Conditions
on the Oak Resource
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Main objectives:

¢ Establish historic oak-fire relations

7 Document the profound effect of land-
use change and fire suppression policies

s of future climate

#* Project possible effec

change on the oak resource



So, exactly what is the
problem?

The lack of oak
regeneration and the
overall demise of
oak ecosystems.




So. Illinois 125-155 30-42

(Fralish et al. 1991)

< Indiana 68 X
- (Cole and Taylor 1995)

' Wisconsin 35 X

(Cottam 1949)

Wisconsin
(Dorney & Dorney 1989)

Tennessee quasi-even
(DeSelm 1994)

Ohio quasi-even
(Dyer 2001)
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Area burned in the eastern U.S.*

Post-WWII deployment
of men and equipment
to fight fires
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* States from Minnesota to Louisiana eastward.




Fire Importance

Decreased flammability

Fire suppression; Dramatic increase ma
Canopspclosure; of shade-tolerant, due to me_soph_yt|c |I_t'ter &
increased shade mesophytic trees cool, humid microclimate

v Ay gw:"

Pre-1900 Mid-1900s Early 2000s Foreseeable
future
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Oak is a fire- and drought-

tolerant genus that possesses

various adaptations...

Thick bark (fire protection)
Able compartmen ;
Aggressive sprout
Opportunistic: res
Fuel characteristic

(fire injury)
ctive strategy)
isturbance









Oak is a fire- and drought-
tolerant genus that possesses

various adaptations ...

Thick bark (fire protection)

Able compartmentalizer (fire injury)

Aggressive sprouter (fire-based reproductive strategy)
Opportunistic: responds favorably to disturbance

Fuel characteristics(fire promotion)

- Water efficient (drought resistance)

- tap roots exploit deep H,O sources

- osmotic adjustment: extract H,O from dry soils
- xeromorphic leaves minimizes H,O loss

-

-

-

-

-






Presettlement: Oak-Pine-Chestnut-Hickory

Fire
AL AM ARARAAARRAN  MAAALL A

Exploitation: 1775-190C

Pines selectively removed

Hardwoods coppicing
Pennsylvania Fires
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\ Year Hectares

§
. ) =
o3 £
o N
w
J L%
Ny o W "lh
- (3 P
" 3 {4
(2 oa'e
g I* X 't 8F . i ¢
L 'y ol s 2 5 T
"y M B i i
- { g .| '.'.. L .'
i E L T D © ;
e T '-'r-_"' " |
i -dbid
-
i

1908 407,700
A QM# 1913-19 108,155
Modern: 1900-today

1920-29 72,378
Chestnut blight

1930-39 42,049
mﬁﬁﬁgw

194049 21,158
1950-59 12,784
1960-69 8,634
1970-79 3,240
1980-89 3,388




Oak succession and habitat changes (Rodewald & Abrams 2002)

A
V&G ) ?
Past Present Future>>>
Disturbance-mediated accelerated succession (Abrams & Nowacki 1992)

Or simply what happens if stands are
harvested in their current state!
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SO, what tﬂ'{“‘* P & This also pertains to blowdown events

W (Holzmueller et al. 2012).




Prescribed burning is needed!

But is not enough for the restoration
of pyrogenic ecosystems!!!



Prescribed burning is needed!

But is not enough for the restoration
of pyrogenic ecosystems!!!

At The Morton Arboretum (IL), even 20+ yrsof (Ao
annual prescribed burning combined with understory <‘>
thinning has failed to produce conditions necessary ~ vy
for successful oak recruitment.

Average 226 1.6% 9 0.3%
Range 36-503 0.1-9.5% 0-36 0.0-4.9%

Carter et al. 2015. Assessing patterns of oak regeneration and C storage in relation
to restoration-focused management, historical land use, and potential trade-offs.
Forest Ecology & Management 343:53-62.



So, what to do? Thin &
Rx Burn

Timber

...but for ecosystem restoration, you maintain open conditions
through burning w/ periodic pauses for regen (cohorts)




Success stories do exist!
Western Star Oak Flatwoods, Mark Twain NF
Untreated Thinned, burned
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Typical present-day conditions: Restored (thin & 5 burns over 15 yrs):

~ 8 L .8

e Continuous canopy; high density e Open canopy; historic density
e Shaded understory  High-light conditions
e Depauperate ground flora e Robust & diverse ground flora

e Deep leaf litter e Negligible leaf litter




Current Trends
in Prescribed Burning
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How do Current Levels

of Prescribed Burning

equate to Historic Fire
Regimes?



LANDFIRE’S Historic Mean Fire Return Interval

JESys eos0yrs  SEIG00NES

Current 11-yr Annual Predicted Historic Annual Historic Rx
National Forest Mean (Acres) Mean (Acres) Burned (%)

Green Mtn & Finger Lakes National
Forests 391 1,095 35.7

White Mtn National Forest 168 2,212 7.6
Allegheny National Forest 130 2,515 5.2
Midewin National Tallgrass Prairie 1298 3,367 38.6
Ottawa National Forest 73 7,527 1.0
Cheg-Nicolet NF 2198 20,790 10.6
Hiawatha NF 435 27,007 1.6
Chippewa NF 2638 32,862 8.0
Hoosier NF 2167 43,654 5.0
Superior NF 2431 52,141 4.7
Shawnee NF 7119 56,538 12.6
Monongahela NF 1234 73,294 1.7
Wayne NF 1557 82,483 1.9
Huron-Manistee National Forest 5117 143,982 3.6
Mark Twain National Forest 32725 450,995 7.3
Eastern Region R09 5682 1,000,4
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Wave of fire: an anthropogenic signal in historical fire regimes
across central Pennsylvania, USA

MicHaeL C. 5

(0]
g
@
°
e
@
o
w
g
=




Greenland Ice Core Temperature

Temperature (°C)

Holocen= § Holocene Thermal Maximum Neoglacial
warming Cooling
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Landscape Ecol (2020) 35:2750-2775
https:fdotorg/ 10, 1007/510980-020-01 1 19-0

RESEARCH ARTICLE

The importance of land-use legacies for modeling present-
day species distributions

Xin Chen (- Laura Leites

Chesing oak {b] Marihem red cak Whil: pak

Mean Decrease in Acturacy Mean Decrease in Aocuracy Mean Decrease in Acturacy

Rad mapta Sugar maple Amencan baech
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I Fig. 7 Local variable importance (top 10 predictors) of SDM, ; derived from plots with CROPAB = 1% for each species: a chestnut
the sak b northern red oak. e white oak, d red maple, e sugar maple, and [ American beech. Variable acronyms are described in Table 3




Predicted climate change effects on primary
oaks based on USFS Tree Atlas models.

Capability: An overall estimate of capability for the species to cope or persist
with the changing climate within the eastern US.

Infilling: Migration model (SHIFT ) that calculates the likelihood of colonization.

Climate Change Tree Atlas (Version 4) https://www.fs.fed.us/nrs/atlas/tree/



https://www.fs.fed.us/nrs/atlas/tree/

Climatic Chz = (2018 @ CrossMark
DOI 10.1007/s10584-017-2065-2

Vulnerability of forests of the Midwest and Northeast
United States to climate change
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McEwan-et al. 2011;Hanberry et @atiz 2k alo2612) withrweather
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Summary

» Oak is a pyrogenic (fire-dependent) genus
based on tree life histories and physiological
characteristics.

» Fire formerly played a significant role
throughout the East. We are currently burning
only a fraction of what historically burned!

» Fire suppression efforts over the last century
have been extremely effective — to the
detriment of fire-dependent plant communities.



» Fire suppression has had cascading effects,
changing openlands to closed forests anc aIIowmg
fire-sensitive, shade-tolerant species to prosper
(esp. maples) at the expense of oaks.

» Both prescribed burning and thinning are needed
in order to maintain oak communities. Use timber
mgmt receipts to generate funds needed for long-
term oak ecosystem restoration.

» Oak is capable of coping with a hotter and drier
future climate, however certain regeneration
parameters still need to be met (fire, high light
conditions, limited competition).



Questions?

Gregory Nowacki

gnowacki@fs.fed.us

414-297-1977

“Restoration uses the past not as a goal but as a reference
point for the future. If we seek to recreate the temperate
forests, tall grass savannas, or desert communities of
centuries past, it 1s not to turn back the evolutionary clock
but to set it ticking again.” (Falk 1990)
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