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άΧǘƘŜ LƴŘƛŀƴǎ ŦǊŜǉǳŜƴǘ fieringƻŦ ǘƘŜ ǿƻƻŘǎΧƳŀƪŜǎ ǘƘŜƳ ǘƘƛƴ ƻŦ ¢ƛƳōŜǊ ƛƴ Ƴŀƴȅ ǇƭŀŎŜǎΣ ƭƛƪŜ ƻǳǊ 
Parkes in England" Johnson 1654 cited in Day 1953

άOn 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 
ƛƴƘŀōƛǘŀƴǘǎ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ǘǊŀǾŜƭ ŀƴŘ ƘǳƴǘƛƴƎΦέ Bromley 1935
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What are open forests (high light forests)?

Grasslands

Savannas

Open woodlands

Closed woodlands

Closed forests

understocked
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Temperate savannas
άLƴ Ƴŀƴȅ ƻŦ ǘƘŜǎŜ ƻǇŜƴ ƎǊƻǳƴŘǎΣ ŀ Ƴŀƴ Ƴŀȅ ōŜ ǎŜŜƴ ŀǘ ŀ ŘƛǎǘŀƴŎŜ ƻŦ ǘǿƻ ƳƛƭŜǎΦέ
Bigelow 1876 cited in Day 1953

eastern oak savannas
https://oaksavannas.org/

western oak savannas

ponderosa pine savannas
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Woodlands
longleaf pine

eastern oaks

ponderosa pineponderosa pine
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Open forest structure = Overstory layer, 
open midstory, herbaceous ground layer 

Oaks in Missouri, burn treatment, C. Kinkead

Herbaceous ground layer

Tree layer

Open
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Hanberry et al. 2014, 2018

±ŜƎŜǘŀǘƛƻƴ ǎǘŀǘŜǎ όǘǊŜŜǎ җ мнΦт ŎƳ ŘƛŀƳŜǘŜǊύ ōŀǎŜŘ ƻƴ ŘŜƴǎƛǘȅ 
(trees/ha) 

Vegetation state ςtemperate zones Density
Grassland <50
Savanna <100

Open Woodland <175
Closed Woodland <250

Forest җнрл
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Density-independent 

Fire 
severity

Surface fire-dependent
old growth savannas and 

woodlands

Severe fire-dependent 
boreal forests

Closed old growth 
forests

Overstory disturbance-dependent
Successional closed forests

Flooding-dependent old 
growth swamps and 
floodplain forests

Megaherbivores
elephants

Fire

What causes open forests?

Severe flood-dependent 
forests

Harvest, land use
Wind?

Hanberry et al. 2021
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Where in the world are or were open forests?
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Tree composition (ca. 1620-1900): Foundational, 

dominant, fire-tolerant tree species

75% longleaf pine

75% oaks and shortleaf pine

65% oaks
50% upland oaks

Hanberryand Nowacki2016, 
Hanberryand Thompson 2019

Where fire-tolerant oaks 
and pines dominant = 
open forests
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Diversity occurs in the herbaceous layer



Forest Service
Rocky Mountain Research Station

Bees, 
beetles, 
flies, wasps, 
butterflies, 
moths,
ants 
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Function ςintermediate conditions
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Landscape scale variability ς
spectrum from savanna to closed forest

Hanberryet al. 2014, Hanberry
and Day 2019
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no surface fire = no disturbance to remove understory trees

Open Ecosystems Closed Ecosystems

State transition from open forests of few fire-tolerant 
species to closed forests of many fire-sensitive species

Increase in fire-sensitive tree species and tree diversity
Increase in complexity of internal stand structure
Increase in tree density
Decrease in diversity of forest structure type and conditions
Decrease in abundance and diversity of herbaceous vegetation
Decrease in associated species ςǇƻƭƭƛƴŀǘƻǊǎΣ ΨŜŀǊƭȅ ǎǳŎŎŜǎǎƛƻƴŀƭΩ ōƛǊŘǎ
Positive feedback that increases chance of severe fires, probably insect 
outbreaks, drought sensitivity

Vegetation departure to current forests
fire exclusion, frequent overstory disturbance from land use
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Closed forests (high forests) = closed midstory

Missouri, control; C. Kinkead

Trees capture 
growing 
space
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Shortleaf pine-oak forest 

Historically covered about 32 to 38 million ha, 75% of all trees

Decreased to about 2.5 million ha and shortleaf pine is 3% of all 
trees 

Longleaf pine forest 

30 million ha, at 75% of all trees 

1.3 million ha and 3% of all trees

Oak open forests and grasslands 

also remnants
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Too many trees is a problem 
herbaceous plants, fungi, insects, and wildlife

Elk along roadsides, 
Great Smoky Mountains National Park 

Butterflies along roadsides, Great 
Smoky Mountains National Park 



Example: Birds
/ǳǊǊŜƴǘ ŦƻǊŜǎǘǎ ƻŦ ǘƘŜ ŜŀǎǘŜǊƴ ¦Φ{Φ ŀǊŜ ƴƻǘ ǎǳǇǇƻǊǘƛƴƎ άŜŀǊƭȅ-
ǎǳŎŎŜǎǎƛƻƴŀƭέ όƭƛƪŜƭȅ ƻǇŜƴ ŦƻǊŜǎǘύ ƻǊ ƎǊŀǎǎƭŀƴŘ ōƛǊŘ ǎǇŜŎƛŜǎ

53% species significant negative trend               -1.12 all successional guild

USGS North American Breeding Bird Survey 1966-2015
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(21% non-significant negative trend)



{ǳŎŎŜǎǎƛƻƴŀƭ ōƛǊŘǎ ŀǊŜƴΩǘ 
ŘŜŎƭƛƴƛƴƎ ōŜŎŀǳǎŜ ǘƘŜǊŜ ƛǎƴΩǘ 
enough successional forest

0.15

0.25

0.35

1953 1963 1982 1989 1999 2015

Percent young forests in southeastern US

Historical (pre-settlement) early successional 
forests <1%-10% of landscape, depending on 
vegetation type 
Early successional forests 1-3% landscape in oak 
and northern hardwood forests 
Lorimer 2001, Lorimer and White 2003

The Southeast 
is 25% young 
forest! 
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The only landscape in the eastern U.S. with positive 
successional bird trends contains 55% crops and 20% 

pasture, in the former tallgrass prairie

Positive trend 
(0.15) in tallgrass 
prairie 

USGS North American Breeding Bird Survey 1966-2017


