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Degraded Remnant Longleaf Pinelands

Fire exclusion across ½ of 
area (Outcalt 2000)

– Results of exclusion:
• Structural changes

• Compositional shifts

• Fauna extirpation 

• Advent of forest floor

Results of restoration with fire?
• Heavy large tree mortality
• Long-duration heating
• Smoke

Varner et al. 2005 Restoration Ecology

Heavy overstory mortality 

at the Flomaton Natural 

Area, Alabama

J. Kush photos



Changed Fuels: “Duff”
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What is duff?

• Basal duff

– deep mounds

– bark slough

• Across the stand

– discontinuous

– needle litter
Varner et al. 2016. Proc Biennial So Silv Conf. 



Management Conundrum:

How to reduce duff 

while maintaining large, old pines

Retain large, old trees Reduce duff fuels

High survival = residual duff hazard Reduce duff = high mortality



What are the patterns in large pine 

mortality?



Eglin Air Force Base, Florida

• 4 treatments × 4 reps (>25 ac)

– No burn

– Wet duff (115% mc)

– Moist duff (85% mc)

– Dry duff (55% mc)

• Injury surveyed within 3 wks

• Mortality surveyed every 6 mo

Operational-scale Rx Fire Experiment



Post-fire Pine Mortality

p=0.01

BB

AYear 1



Delayed Post-fire Mortality

B

P=0.01

BB

A
•Mortality delayed

18-24 months

•Mortality peaked in 

dry burns

•Mortality in 

unburned not 

different from moist 

& wet

Varner et al. 2007 Can. J. For. Res.



Patterns of Large Tree Mortality? 

Varner et al. 2007 Can. J. For. Res.

DRY

MOIST

WET

DBHdead > DBHsurviving P= 0.002

trees < 16” dbh: 19% mortality

trees > 16” dbh: 53% mortality



Drivers of Tree Mortality? 



What drives duff consumption? 

• Primarily lower duff 

(Oa horizon)

• Other factors…

• Moisture is patchy…

P = 0.0002

R2= 0.76

Varner et al. 2007 Can. J. For. Res.



What are the mechanisms of large pine 

mortality?



Individual Tree Experiments

Ordway Biological Station, FL

– Long-unburned (37 y)

– Pinus palustris-Aristida-Quercus

– Deep forest floor

• 4 treatments×20 trees

– “injury” treatments

• ROOT

• STEM

• ROOT + STEM

• CONTROL (×2)



ROOT STEM

ROOT + STEM CONTROL*



25% of burns recorded lethal temperatures (>140 °F) at 8” depths

Patterns of heating during fires



110 min

J. O’Brien TiR image
K

re
ye

 e
t 

a
l.

 2
0

1
7

 F
o

re
s
t 

S
c

ie
n

c
e



Patterns of heating during fires

…What about flatwoods?
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Sandhills:

~25 minutes of 

lethal heating at 2 

inches, 2 minutes 

at 4”

Flatwoods:

~12 HOURS of 

lethal heating at 2”

~6 HOURS at 4”



Other evidence of duff fire-induced stress

Pines are sensitive to 

duff consumption
– Root starch

– Sap flow

– Latewood growth

– Mortality
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Consequences for long-term growth & stress

Pines remain 

weakened after 

duff consumption
– Slower growth in 

droughts

• As much as 10 yrs
later

– Defense weakened
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Duff ignition is complicated…

Fonda & Varner 2004 Northwest Sci.

Kreye et al. 2013 Can. J. For. Res.

?



Burn unit vs. Tree approaches

Silver bullets are elusive.



Conclusions

• Advent of forest floor is a 

major threat

• Duff-fire caused mortality a 

serious issue

– Pine stress & mortality

• Duff consumption is key

– Linked to moisture

– Long-duration heating

• Much to learn…




