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Pre-settlement
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Open-canopy woodlands
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Oak volume change (1980-2005)
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Closed-canopy forests
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Pyrophytic oaks

Mesophytic species
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Important to Note:
• Mesophication is more than compositional 

shifts (that’s just Phase 1)

• It’s a positive feedback cycle where 
mesophytes perpetuate conditions that 
foster their continued proliferation over 
that of pyrophytic species (Phases 2-4)
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b) REMA 3

1
8
3
0

1
8
3
5

1
8
4
0

1
8
4
5

1
8
5
0

1
8
5
5

1
8
6
0

1
8
6
5

1
8
7
0

1
8
7
5

1
8
8
0

1
8
8
5

1
8
9
0

1
8
9
5

1
9
0
0

1
9
0
5

1
9
1
0

1
9
1
5

1
9
2
0

1
9
2
5

1
9
3
0

1
9
3
5

1
9
4
0

1
9
4
5

1
9
5
0

1
9
5
5

1
9
6
0

1
9
6
5

1
9
7
0

1
9
7
5

1
9
8
0

1
9
8
5

1
9
9
0

1
9
9
5

2
0
0
0

0

5

10

15

c) Zaleski 2
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d) Zaleski 3
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e) Tar Hollow 2
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f) Tar Hollow 3
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Major fire

Fire

Hutchinson et al. 2008, FEM

southern Ohio

Lots of oak 
establishment

Lots of maple
establishment



 “On one subject, all are in accord and that is the observation that the 
original forest was, in most places, extremely open and parklike, due to 
the universal factor of fire, fostered by the original inhabitants to 
facilitate travel and hunting.” – Bromley, 1935, Ecol Monogr



 Wet, humid climate with reduced droughts over last century

▪ (McEwan et al. 2011; Pederson et al. 2013, 2015; Kutta and Hubbart 2018) 

 Altered herbivore pressure

▪ Increased deer browse (Thomas-Van Gundy et al. 2014, McWilliams et al. 2018, 
Kelly 2019) 

▪ Loss of herbivory from wood bison and eastern elk (Hanberry 2019; Hanberry et al. 
2020, Mueller et al. 2020)

 Loss of passenger pigeons and canopy disturbances/fuel inputs (Ellsworth 
and McComb 2003)

 Loss of highly flammable American chestnut (Kane et al. 2018)
 Increased nitrogen deposition that favors mesophytes (Thomas et al. 2010)
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 Depends on current-day limitations to fire, which may hinge on 
vegetation-fire feedback loops that act to promote or suppress 
fire (i.e., phases 2-4 of the mesophication hypothesis)

15



 Lots of other things going on
 Not as easy as simply returning fire to the landscape

16
2014; https://www.fs.fed.us/nrs/pubs/gtr/gtr_nrs135.pdf
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Babl, et al, 2020, FEM

Siegert, Alexander, et al., Unpubl Data
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Wetter
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Mockernut 
Hickory

Red 
Maple

Southern 
Red Oak

White 
Oak

Drotar, Siegert, Alexander, Varner, In Prep
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Litter soaked in water for 24 hours

Drained and placed in elevated pans to dry 

Dried for 48 hours and weighed periodically 

McDaniel, et al., 2021, FEM
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Closed-Canopy Stand with Oak 
Overstory and Mesophytic Understory 

and Leaf Litter Fuel Bed

More Open-Canopied Stand with Oak 
Overstory, Scant Midstory and 

Herbaceous Fuel Bed

Vander Yacht, et al. 2017, FEM
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Fire In Forest with Leaf Litter Fuel Bed Fire In Forest with Herbaceous Fuel Bed
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Dickinson, et al., 2016

Kreye, et al, 2018, FEM

Modeled Fireline Intensity

Laboratory Combustion Experiments
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Ignited and measured 
flammability metrics

Oak fuel beds burned easily

Winged elm fuel beds 
often failed to ignite 30

Fuel beds constructed of oak or 
mesophytic litter

McDaniel, et al., 2021 FEM



31

SRO HICK SG WEPO

Faster spread
Higher temperature
Taller flames
Greater area burned

Slower spread
Lower temperature

Shorter flames
Smaller area burned

Decreasing Flammability?

D
u

ri
n

g
A

ft
er



32



33



34Canham, et al., 1994 CJFR
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Our Understanding of Causes and Consequences of Shifting Oak Landscapes

GAP

Current Knowledge Target Knowledge
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Kane, et al., 2021 FEM
Varner, et al., 2016 Fire Ecology
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http://ocm.auburn.edu/newsroom/news_articles/2021/
04/211432-researcher-studying-controlled-burns.php

Kane et al. 2016



 Mesophication is more than compositional shifts; it’s a positive 
feedback cycle where tree traits act to reinforce or suppress fire

 Shifting the mesophytic state back to open-canopied savannas
and woodlands by reintroducing fire alone, the primary
disturbance thought to induce this shift, is often not enough.

 Is this because there’s been insufficient time for fire restoration
efforts to work, because fire exclusion interacts with other
factors to limit oak regeneration, or because feedback loops
between mesophytes and their understory reduce flammability
and promote their own persistence, decreasing the
effectiveness of fire?

 Many knowledge gaps that we need to explore.
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