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As I sit before my hearth, warming myself before a glowing oak fire, my mind strays back to the birth of the oak 
tree that now gives its inner fire to comfort me. I muse over the long history of fires that promoted the 
germination of this oak and its growth to maturity. Oaks produce excellent firewood and are a preferred species 
for home heating. They also have many adaptations and needs for fire to overcome inhibiting site conditions and 
aggressive competing vegetation. 

Mature oak trees drop their acorns in the fall. The acorns of white oak species may start germinating soon after 
and produce a root radicle that seeks to find its way into the soil. The acorns of red oak species remain dormant 
over the winter and germinate in the spring. Acorns are highly susceptible to being killed by the heat from a 
prescribed fire, and those that are actively germinating are especially at risk. Although acorns are highly sought-
after food by animals, those that are buried in the soil by small mammals and birds are better able to survive a 
surface fire, for soil is generally a poor conductor of heat. Acorns are relatively large seeds with high energy 
supplies to fuel germination, but thick litter layers can inhibit acorns from getting their root radicles into the soil 
before they die from desiccation.  

Frequent prescribed fires before a good acorn crop may reduce habitat for small mammals that prey on acorns, 
and fires conducted in the year before the acorn crop can reduce deep litter layers, and thus, promote seedling 
establishment. However, in upland oak forests of the Central Hardwood Region, leaf litter accumulates rapidly 
after a fire, and in 4 years can return to 75% of the original litter loading. Prescribed fire to ...Cont’d on Page 4 

Acorns are highly susceptible to the heat from prescribed fires, though when timed correctly fire creates conditions favorable to 
successful acorn germination and seedling establishment. Left: Acorns mixed in leaf litter are largely destroyed by surface fires 
and most of the acorn corn crop can be lost. Right: Acorns buried in the soil or under moist or frozen duff layers may be 
protected and survive low intensity surface fires. (Photos: Dan Dey) 

http://www.oakfirescience.com
http://www.facebook.com/pages/Oak-Woodlands-and-Forests-Fire-Consortium/302945966434157
https://twitter.com/#!/oakfirescience
http://vimeo.com/oakfirescience
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yroaerobiology (PAB), a new term introduced in this 
publication, seeks to understand the ecological and societal 
impacts of viable microbes (e.g., fungi, bacteria) transported by 

wildland fire smoke. In this exploratory study, authors sought to 
establish basic understanding of wildland fire’s capacity to transport 
viable aerosolized microorganisms (fungi and bacteria), and how this 
might vary with distance, different types of combustion (flaming versus 
smoldering), and fuel sources. Aerosolized microbial organisms were 
captured and cultured on petri dishes (containing malt extract agar 
medium) exposed to smoke from three prescribed fires, and also from 
collected surface fuels and soils (organic layer) burned in a controlled 
combustion laboratory. For both burning treatments, smoke was 
sampled from smoldering and flaming combustion, as well as ambient 
air from each site to serve as controls. For the prescribed fires only, 
smoke was sampled at successively further distances from the flaming 
front (starting at 0.5 m). Cultured samples were microscopically 
examined, microbes were grouped by morphological characteristics 
(morphotypes), and colony-forming units (CFUs) were counted. A 
subset of morphotypes were selected for DNA analysis to further 
identify and to determine pathogenicity. 

Prescribed fires were conducted from late spring to late summer at 
three sites near Gainesville, Florida, USA, each having a different 
management history and forest type. One was in a mature longleaf 
pine sandhill ecosystem that had been burned every two years for the 
previous 12 years (Sandhill Biennial); another was conducted in a 
longleaf pine flatwoods forest type that had been burned annually for 
25 years (Flatwoods Annual); and the third took place in a hydric 
longleaf and loblolly pine flatwoods with only one incomplete burn in 
the past 75 years (Flatwoods Long-Unburned). 

   Surface fuels and soils (organic layer) burned in the laboratory 
were sampled from a semi-arid steppe mixed-conifer forest with a 
shrubby understory in the Palouse Range near Moscow, Idaho, USA. 
Soil samples were collected from three different stands, half from 
units in which surface fuels and small trees were shredded and left 
onsite (mastication), and half from no-treatment (control) units. 

    For all three prescribed burn sites in Florida, CFU abundance for 
all organism types (fungi, bacteria, yeast) was negatively related to 
distance during flaming combustion, though only statistically 
significant for bacteria. Interestingly, in the Flatwoods Long-
Unburned site CFU abundance was lowest at very small or great 
distances from the flames, but highest at intermediate distances         

RESEARCH HIGHLIGHT: 

Pyroaerobiology: the aerosolization and transport of viable 
microbial life by wildland fire 

P 
Kobziar, L. N., M. R. A. Pingree, H. Larson, T. J. Dreaden, S. Green, and J. A. Smith. 2018. Ecosphere 9(11):e02507. 10.1002/ecs2.2507  

...Cont’d on Page 3 

 

  Viable microbes (pathogens and non-pathogens) are transported 
in wildland fire smoke. 

  Recovered microbe abundance decreased with distance. 

  Microbe abundance and diversity is influenced by past 
management.  

Management  Implications  
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The abundance of microbes (pathogens and nonpathogens) recovered from smoke 
decreased with distance from a prescribed fire in Florida. (Photo: Leda Kobziar) 

https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.1002/ecs2.2507
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Moving fire forward... 

Download a printable  

version of this  

research brief   

HERE 

Research brief, continued 

Pyroaerobiology integrates theory and methods from microbiology, smoke and atmospheric sciences, and fire 

ecology, with a range of broader impacts and value added to each discipline.   
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Kobziar, L.N, Thompson, G.R. (2020) Wildfire 
smoke, a potential infectious agent. Science 
370(6523):1408-1410. 

FOR FURTHER READING  

(3- and 6-m), suggestive that convective wind 
vortices associated with the dense/tall vegetation 
in the understory (unique to this treatment) 
aerosolized the microbes. Regardless of 
combustion type, CFU abundance was highest 
on the burned sites (Sandhill Biennial, 
Flatwoods Annual). DNA analyses identified a 
diverse group of fungi from several orders, 
including pathogens and non-pathogens. 
Flaming combustion had significantly higher 
CFUs than ambient air samples, but not 
compared to smoldering samples, and resulted 
in the highest and most variable CFU 
abundance levels at the Sandhill Biennial.  

Unique morphotypes were found in smoke 
from Idaho soils (masticated fuels and no 
treatment) and surface fuels. CFU abundance in 
surface fuels smoke did not differ significantly 
among combustion type, nor compared to the 
ambient air samples, however, the composition 
of morphotypes did. Also, smoke from 
masticated fuels yielded more CFUs compared 
to non-treated fuels, but neither differed 
statistically from the ambient air samples. Soil 

samples from the masticated fuel sites yielded 
the highest number of unique morphotypes. 

Combustion phase (flaming vs. smoldering) 
led to different microbe species abundance only 
in the Florida prescribed sites. Flames burned 
fuels of a different size and type (e.g., grasses, 
twigs) than smoldering (large woody debris), 
making it not possible to identify if the cause of 
the difference was combustion type or fuel 
source. However, since combustion phase did 
not lead to significant differences in species 
abundance in the laboratory burning of organic 
soils from the mixed-conifer forest, it may be 
that energy outputs between combustion phases 
did not affect the microbes cultured. 

The results of this study show that fire and 
smoke aerosolize and transport multiple types of 
viable microbes, in assemblages that are different 
than those occurring without fire. While viable 
microbes were captured and cultured, because 
medium type affects what microbes respond, and 
that most microbes are unculturable, it is likely 
that only a small component of microbes present 
in the smoke were recovered. 

This study provides foundational 
understanding to an entirely new science, with 
much room for understanding to advance. The 
authors identify a list of considerations for 
future research, including: researchers should 
sample smoke plumes of different fire types at 
increasing heights and distances from source; 
include a broad range of microbial diversity 
assessments such as community sequencing, 
different media, and baiting; employ a variety of 
sampling techniques to maximize the spectrum 
of viable organisms captured; and link findings 
with predictive models already used (i.e., smoke, 
fire behavior) so to best understand their 
relevance to human and ecosystem health. 

Future smoke-transport research on microbes 
known to affect human health is warranted as 
well, according to the authors. Increased 
knowledge regarding the composition and 
viability of microorganisms in smoke plumes, 
and their post-transport fates, may impact 
ecosystem restoration efforts, and may also have 
societal health impacts (see Kobziar and 
Thompson 2020 for more on this). 

With such knowledge, land managers could 
better determine when and where to apply 
prescribed fire to minimize undesired effects, 
and also when wildfires may facilitate the spread 
of infectious disease.  

http://www.oakfirescience.com/research-publications-1/2015/6/4/research-briefs
https://science.sciencemag.org/content/370/6523/1408
https://science.sciencemag.org/content/370/6523/1408
https://science.sciencemag.org/content/370/6523/1408
https://science.sciencemag.org/content/370/6523/1408.full
https://science.sciencemag.org/content/370/6523/1408.full
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Moving fire forward... 

From pg 1: continued oak seedlings are established, time is of the essence, for the loss of a cohort 
of seedlings is exponential in heavily shaded forests, or when new oak 
seedlings are outcompeted in open environments. Since acorn crops are 
hard to predict and occur only occasionally, it is best to prepare good 
seedbed and seedling growing conditions, and then maintain those 
conditions for the time when a good acorn crop does occur. Prescribed fire 
is a good tool for doing this. But once acorns are on the ground and young 
oak seedlings are developing, prescribed fire should be delayed until 
seedlings are robust. This may take a few years in woodland and savanna 
conditions. Monitoring competing vegetation is important and prescribed 
fire should be resumed before oak seedlings become suppressed. This may 
also be accompanied by additional release from overstory shade using 
thinning or timber harvesting.  

When I sit before my fire in contemplation of all it takes for an acorn to 
survive and grow to become a mature tree, I am utterly amazed. The process 
can become less of a mystery to us the more we understand oak biology and 
ecology. The past success of oak was intimately linked to the history of fire, 
and its future success depends on how we integrate prescribed burning with 
traditional silvicultural practices. So cheers! May this be the Year of the 
Oak for you.  

reduce deep litter may need to be repeated until a good acorn crop occurs.  

Young first-year oak germinants are susceptible to death by fire because 
their bark is too thin to protect the cambium from lethal temperatures 
during burning, and they lack sufficient root carbohydrate reserves to 
support vigorous sprouting after death of the shoot. Several years of 
sufficient light are needed for oak seedlings to build an adequate root 
system and supply of carbohydrates for competitive sprouting should the 
shoot be removed by fire or browsers. In the first year of life, oak seedlings 
can survive and grow drawing upon energy reserves in the acorn, but once 
those are exhausted, the seedling is dependent on its ability to make food 
by photosynthesis. Oaks are only moderately tolerant-to-intolerant of shade 
and require light levels that only occur in open forests (woodlands or 
savannas) for good growth. A history of frequent fire can create these 
conditions before seedling establishment. And after oak seedling 
reproduction is well-established, occasional fires help to control competing 
vegetation and allow oak sprouts to prosper in more open conditions.  

Other forestry practices such as thinning or timber harvesting may be 
necessary to create light levels that are optimal for oak reproduction. Once 
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2020 National Prescribed Fire Use Report 

To download the report 

CLICK HERE 

Technical Bulletin 04-20, Prepared by the Coalition of Prescribed Fire Councils, Inc. 

Announcing publication of the 

  

2019 Forestry Prescribed Fire Activity 
Acres by State 

< 1,000 

1,001—50,000 

50,001—250,000 

250,001—1,000,000 

> 1,000,000 

This map is an 

example of what 

you’ll find in the 

new report 

https://www.stateforesters.org/wp-content/uploads/2020/12/2020-Prescribed-Fire-Use-Report.pdf
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Moving fire forward... 

 

 

Dr. Michael Stambaugh, University of Missouri 
Revealing historical fire regimes of the Cumberland Plateau through remnant fire-
scarred shortleaf pine (Pinus echinata Mill.)  

CLICK HERE  to watch recording 

Dr. Andrew Vander Yacht, Michigan State University 
Litter to glitter: releasing the herbaceous groundlayer potential stored in oak forest floors 

CLICK HERE  to watch recording 

Katie Harris, North Carolina Forest Service 
Direct and indirect effects of fire on eastern box turtles 
CLICK HERE  to watch recording 

Dr. John Kabrick, USFS Northern Research Station 
The effect of prescribed fire on above- and below-ground soil properties in the Ozark 
Highlands 

CLICK HERE  to watch recording 

2020 Fall Webinar recordings are now available online 

HEADS UP! 
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Gina Beebe, University of Missouri 
Smoke, goats and oaks: The effects of  targeted goat browsing  
and prescribed fire on fuel loading in Ozark hardwood ecosystems 
CLICK HERE  to watch recording 

 
New fuels planning tools for 2021! 

The Interagency Fuel Treatment Decision Support System 

IFTDSS offers cutting-edge web-based fuels and fire planning tools: 

  Model fire behavior     Run quantitative wildfire risk assessments 

  Map and share your project area and burn units    Watch recorded webinars & much more    

 For more information, CLICK HERE 

https://oakfirescience.com/video/revealing-historical-fire-regimes-of-the-cumberland-plateau-through-remnant-fire-scarred-shortleaf-pines-pinus-echinata-mill/
https://oakfirescience.com/video/revealing-historical-fire-regimes-of-the-cumberland-plateau-through-remnant-fire-scarred-shortleaf-pines-pinus-echinata-mill/
https://oakfirescience.com/video/revealing-historical-fire-regimes-of-the-cumberland-plateau-through-remnant-fire-scarred-shortleaf-pines-pinus-echinata-mill/
https://oakfirescience.com/video/vanderyacht2020/
https://oakfirescience.com/video/vanderyacht2020/
https://oakfirescience.com/video/stovall2021/
https://oakfirescience.com/video/stovall2021/
https://oakfirescience.com/video/the-effect-of-prescribed-fire-on-above-and-below-ground-soil-properties-in-the-ozark-highlands/
https://oakfirescience.com/video/the-effect-of-prescribed-fire-on-above-and-below-ground-soil-properties-in-the-ozark-highlands/
https://oakfirescience.com/video/the-effect-of-prescribed-fire-on-above-and-below-ground-soil-properties-in-the-ozark-highlands/
https://oakfirescience.com/videos_categories/webinars/
https://oakfirescience.com/video/smoke-goats-and-oaks-the-effects-of-targeted-goat-browsing-and-prescribed-fire-on-fuel-loading-in-ozark-hardwood-ecosystems/
https://oakfirescience.com/video/smoke-goats-and-oaks-the-effects-of-targeted-goat-browsing-and-prescribed-fire-on-fuel-loading-in-ozark-hardwood-ecosystems/
https://oakfirescience.com/video/smoke-goats-and-oaks-the-effects-of-targeted-goat-browsing-and-prescribed-fire-on-fuel-loading-in-ozark-hardwood-ecosystems/
https://iftdss.firenet.gov/landing_page/
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Moving fire forward... 

 

FIRE SCIENCE 

HOT SPOTS 

In this feature, we bring into 

focus fire science on-the-ground  

Ha Ha Tonka Oak Woodlands Natural Area 
Ha Ha Tonka (HHT) is a state park in Missouri that was an early example of successful 
prescribed fire management. The first fire for woodland restoration at HHT (pictured below, 
top-right), occurred in 1983 in a small tract of dry chert woodlands. Since, the restoration 
program has grown to include approximately 87% of the park's acreage, including the 2,995-
acre Ha Ha Tonka Oak Woodland Natural Area. Dormant season fire has been applied every 3 
to 7 years, and mechanical removal of eastern red cedar and selective hardwood thinning has 
occurred. Now, the woodlands are dominated by old post, white, and black oaks, with a rich, diverse herbaceous 
ground layer (foreground, top-left). Scattered across this landscape is a heterogeneous shrub layer (e.g., foreground 
bottom-right), from which trees periodically recruit into the overstory. In the early stages of restoration, following 
a fire-free interval of approximately 20 years, species diversity and richness values were low. Following the initial 
years of using prescribed fire for oak woodland restoration, the Missouri Department of Natural Resources 
(DNR) established a vegetation monitoring protocol to track species accrual, species richness, and vegetative cover 
to monitor fire effects. Floristic quality has dramatically improved, and the monitoring program has been critical 
to documenting this success (see related presentation by Allison Vaughn (MO DNR) HERE).  

Even before the fire program began, HHT was surprisingly open (e.g., top-
right image above) and free of exotic and ruderal species, in part due to a 
history of frequent wildfires and less severe domestic livestock grazing 
compared to other part of the Ozarks. Paul Nelson (retired from MO 
DNR), led some of the earliest prescribed fires at HHT (inset bottom-left), 
and in the region. Pictured in the bottom-left panel, Larry Webb (former 
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HHT Naturalist) records plant data on a glade-woodland complex 
following a winter fire. The restoration success here provides researchers, 
botanists, wildlife enthusiasts, and park visitors an exceptional landscape 
reminiscent of early European-American settlement survey records. Click 
on each photo for a full-size downloadable image, or view all HERE. Photo 
credits: Top-right: MO DNR; inset: Tom Nagel;  
all others Allison Vaughn.      

https://vimeo.com/60088762
https://www.flickr.com/photos/oakfirescience/50875663561/in/dateposted-public/
https://www.flickr.com/photos/oakfirescience/50875663601/in/dateposted-public/
https://www.flickr.com/photos/oakfirescience/50875664041/in/dateposted-public/
https://www.flickr.com/photos/oakfirescience/50875663586/in/dateposted-public/
https://www.flickr.com/photos/oakfirescience/50875768932/in/dateposted-public/
https://www.flickr.com/photos/oakfirescience/
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SPOTLIGHT  
In an effort to introduce you to new people and information from the region, we interview fire 
practitioners and researchers about timely topics. In this issue, we asked these questions of  
Heather Alexander, a professor at Auburn University.  

What are some of the greatest fire research needs for the oak 

woodlands and forests of the Central Hardwood Region and 

Southern Appalachians?   

HA: One research need is a better understanding of how forest flammability changes spatially and 
temporally as non-pyrophytic species encroach into historically oak-dominated landscapes. A 
second need is assessing how flammability will respond to changes in weather patterns (e.g., 
drought, pluvials) that are occurring with climate change. Ultimately, the interacting effects of 
species effects and weather will determine the future role of fire in these systems.  

What is your biggest concern regarding the use of fire to manage 

woodlands and forests?  

HA: A major concern is the hesitancy to put fire on the ground on sites with invasive plant 
species present. Many invasive species, like Japanese stiltgrass, respond well to fire disturbances, as 
do oaks. Thus, there is often an inevitable trade-off between creating the conditions that promote 
oaks while stimulating invasive plant spread.  

In your opinion what is the greatest advantage to using prescribed fire 

when managing woodlands and forests? 

HA: Prescribed fire has many advantages, including reducing competition from encroaching non-oak species. However, one important advantage is its 
ability to create heterogeneity on the forest floor. Patches with different fuel loads provide acorns with safe sites for germination and help protect them 
from fire damage.  

    Dr. Heather 
Alexander is is an 
assistant professor 
of forest and fire 
ecology in the 
School of Forestry 
and Wildlife 
Sciences at Auburn 
University. Her 
research focuses on 
understanding 

forest ecosystem vulnerability in the face of 
changing fire disturbance regimes using 
observations across natural gradients and field-
based experimental manipulations. She has been 
studying the implications of fire suppression and 
‘mesophication’ on oak and mixed forests of the 
eastern U.S. for more than 15 years and is 
especially interested in understanding how forest 
compositional and structural shifts impact forest 
flammability under a variety of conditions.  
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FUELING COLLABORATION 
PANEL DISCUSSION SERIES 

FEBRUARY 18, 2021 -  12 – 1:30 PM EST 

 Timber Management and Prescribed Fire 

Discussion will explore how planned fire and 
commercial timber management interact, and 
how they might co-occur  synergistically.  

Registration open for Feb. 18 event.   

Hosted by the USFS Northern Research Station and the JFSP Fire Science Exchange Network.  

Last of four sessions coming soon! 

PAST SESSIONS RECORDINGS AVAILABLE 

 Pairing Historical Fire Regimes with Silviculture (RECORDING) 

 Using Fire Seasonality to Open the Burn Window (RECORDING) 

 Fire and Climate Change (RECORDING COMING SOON) 

https://apfire.wixsite.com/fuelingcollaboration
https://apfire.wixsite.com/fuelingcollaboration/fire-and-timber-management
https://www.nrs.fs.fed.us/webinars/fueling/1/
https://www.nrs.fs.fed.us/webinars/fueling/2/
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UPCOMING EVENTS 

February 3, 2021: Pennsylvania Prescribed Fire Council Annual Meeting, online 
For more information, CLICK HERE 

February 17, 2021: Webinar: Dirt Goes Downhill: Are We Making Better Post-Wildfire Erosion 
Control Treatment Decisions?  For more information, CLICK HERE 

February 17, 2021: Webinar: Lessons Learned From 12 Years of SBR FLN Fire Response 
Monitoring. To join the meeting, CLICK HERE 
February 18, 2021: Timber Management and Prescribed Fire / online panel discussion 
For more information, CLICK HERE 

February 1—April 1, 2021: Online training course: Mitigation Best Practices  
For more information, CLICK HERE 

February 24-25, 2021:  PODs Collaborative Fire Planning Workshop  
For more information, CLICK HERE 

May 24-27, 2021: 16th International Wildland Fire Safety Summit & 6th Human Dimensions of 
Wildland Fire Conference, online 
For more information, CLICK HERE 

June 1-4, 2021: Virtual Fire and Fuels Monitoring Workshop 
Co-hosted by Lakes States Fire Science Exchange and Oak Woodlands and Forests Fire Consortium. More information coming soon. 

June 9, 2021: Virtual Fire Educator Workshop  
More information coming soon. 
October 4-8, 2021: 4th National Cohesive Wildland Fire Management Strategy Workshop 

Asheville, NC. For more information, CLICK HERE 

Please contribute your event announcements. Send information to: oakfirescience@gmail.com  

Moving fire forward... 
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Announcing:   FIRE EDUCATORS (VIRTUAL) WORKSHOP 
  June 9, 2021 

The fire 

triangle 

Bark & soil 

properties 

Heat plume 

of a fire  

 

More info  
coming soon 

  
CLICK HERE to view curriculum  

Topics include:  

Based on the Oak Fire-Science Curriculum:  

Fire in the Cross Timbers 
 

Ready-to-teach fire science lessons for grades 9-12 offer 

foundational science principles taught with the engaging 

backdrop of fire ecology. Lessons are adjustable to fit 

classroom and regional needs.  

https://paprescribedfire.org/annual-meeting
https://www.fs.usda.gov/rmrs/events/dirt-goes-downhill-are-we-making-better-post-wildfire-erosion-control-treatment
https://tnc.zoom.us/j/92419760724
https://apfire.wixsite.com/fuelingcollaboration
https://co-co.org/programs/mitigation-best-practices-training/
https://www.fs.usda.gov/rmrs/groups/wildfire-risk-management-science-team/workshop2021
https://firesafety-humandimensions2021.com/
https://www.iawfonline.org/event/4th-annual-national-cohesive-wildland-fire-management-strategy-workshop/
https://oakfirescience.com/oak-woodlands-fire-science-curriculum/

