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Prescribed Burn Monitoring Summary 
  
The overall goals for managing resources on the Francis Marion guiding fuels and fire 
management on the landscape are: to reduce hazardous fuel accumulations to provide greater 
wildfire protection; to maintain and improve habitat for federally listed threatened and 
endangered species; and to maintain, improve and restore fire adapted ecosystems.  Prescribed 
fire is a tool used in fire and fuels management that reduces ground, surface and ladder fuels 
more effectively than mechanical treatments (such as mastication or thinning) alone (Vaillant et 
al. 2009).  Reductions in fuels accomplished through prescribed fire during planned conditions 
can reduce fuel accumulations and future potential smoke emissions of wildland fires, for which 
conditions and timing cannot be planned.  Using prescribed fire as a tool to manage hazardous 
fuels also yields benefits in terms of restoring habitat, and reintroducing fire as a key ecosystem 
process which maintains healthy nutrient cycling, vegetation structure and composition, and 
levels of insects and disease (Mutch and Cook 1996, Komarek 1974).   
 
Specific objectives for prescribed fire listed below are designed to quantitatively describe the 
target results of prescribed fire treatments that would support meeting the overall resource 
management goals: 
 

• Improve condition class- Fire return interval of four to six years.  

a. Reduce litter layer by 20% to 90%. 
b. Reduce shrub layer by top killing by 20% to 90%. 
c. Reduce midstory by 20% to 90%. 

• Restore condition class- Fire return interval of over six years.  
a. Reduce duff layer consumption by no more than 50%. 
b. Reduce litter layer by 20% to 90%. 
c. Reduce shrub layer by 20% to 70%. 
d. Reduce midstory up to 20. 

 
In order to better understand the effectiveness of treatments and to adapt future treatments to 
actual conditions on the ground, the Francis Marion has undertaken establishing and recording 
data at several monitoring plots.  The standard Region 8 monitoring methods are used, which are 
based on the NPS Firemon methods (US DOI 2003) which are now incorporated in the 
Feat/Firemon Integrated tool (FFI).  FFI is an application for entering, storing and summarizing 
treatment monitoring data.  
 
Seven different monitoring plots have been established in different units treated on the Francis 
Marion, three of which have data for 3 prescribed burn cycles, and so are the focus of this report.  
In monitoring, unlike research, the goal is to detect trends rather than test a hypothesis with 
statistical rigor.  In many monitoring projects, resources and funding do not allow for 
establishing enough plots to test hypotheses for statistical significance, which is the case in this 
report.  Data are reported and photos are interpreted to outline trends observed in treatment units, 
but statistical significance of any results are not discussed due to small sample sizes.   
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Figure 1.  Fuel loadings of litter in tons/acre by monitoring status show general trends of litter being reduced by over half by 
prescribed fire treatments, and increasing somewhat incrementally over the 2 years following each treatment. Litter levels 2 
years after the first and also the second burn only increased up to approximately 50% of pre-treatment levels.  

Trends in litter fuel loadings show litter being reduced by over half by prescribed fire treatments, 
and increasing somewhat incrementally over the 2 years following each treatment (Figure 1). 
Litter levels 2 years after the first and also the second burn only increased up to approximately 
50% of pre-treatment levels. Litter loadings immediately following prescribed burns were 73%, 
83%, and 93% lower than pre-treatment litter levels, which generally meets prescribed burn 
objectives.  Error bars are depicted that show standard deviations that are approximately 20-40% 
of means, which demonstrates a moderate level of variability given the sample size.  The sample 
size was 3 plots for all but 2 of the bars in the graph.  There was only one plot each at the burn 2 
year 2 and burn 3 year 1 monitoring statuses.   

Table 1. Litter Fuel Loadings (tons/acre) and Percent Change by Monitoring Status 
Monitoring 
Status 

Average 
Litter Fuels 
(tons/acre) 

Average 
Duff Fuels 
(tons/acre) 

Average 
Fine Fuels 
(tons/acre) 

Litter 
percent 
change 

Duff 
percent 
change 

Fine Fuel 
percent 
change 

Pre-treatment 3.7 3.5 1.4    
Burn 1 Immed. 1.0 1.5 1.7 -73 -58 18 
Burn 1 Year 1 1.9 2.8 2.5 -50 -21 76 
Burn 1 Year 2 1.6 1.8 2.2 -57 -49 60 
Burn 2 Immed. 0.6 1.6 2.2 -83 -56 54 
Burn 2 Year 1 1.5 1.6 2.4 -60 -56 68 
Burn 2 Year 2 * 2.3 1.9 2.6 -38 -46 87 
Burn 3 Immed.  0.3 1.1 2.4 -93 -70 69 
Burn 3 Year 1 * 0.7 0.2 1.5 -81 -94 7 

Immed. = immediately post-treatment, Fine Fuels = 1-, 10-, and 100-hour fuels.   
*Sample size was 3 for all statuses except burn 2 year 2 and burn 3 year 1 had only 1 plot.   
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Duff trends mirrored the trends seen in litter fuels, however, duff was not reduced as much as 
litter, particularly immediately post-burn (Table 1).  Most reductions in duff fuel loadings were 
20 to 60% of pre-treatment loadings (Figure 2), which generally meets prescribed burn 
objectives of reducing duff my no more than 50%.  The high duff loss one year after the third 
burn depicts only one plot which was available for that monitoring status, and should not be 
relied upon to show general trends across all treatment units.  Note that the lines above the bars 
on the graphs which depict the standard deviations are about as high as the bars themselves, 
which indicates high levels of variation in the samples.  This means that duff levels are highly 
variable, and more sampling would be needed to have a strong level of certainty that the 
monitoring plot duff measurements are depicting conditions on the ground accurately.   

 
Figure 2. Fuel loadings of Duff in tons/acre show some reductions in duff after treatment, especially immediately and 1 year after 
treatments.  Bars depicting standard deviations are large compared to means, indicating there is a high level of variation in duff 
samples.   

 
‘Fine fuels’ is the name for the total of down and dead woody debris in the 1-, 10-, and 100-hour 
categories.  These categories are based on the diameter of the sticks (0-¼”; ¼-1”; and 1-3” for 1-, 
10-, and 100-hour fuels, respectively) which effects the length of time the moisture in these fuels 
takes to become roughly equal to the moisture of the environment.  The initial loadings of fine 
fuels were on the low end of typical ‘moderate load, humid climate timber-shrub’ or timber-
grass-shrub fuel models (Scott and Burgan 2005), so that the small increases post-treatment 
appear to be a large percent change.  However, even post-fire levels of fine fuels ranging from 
2.2 to 2.6 tons/acre are within the range of typical fine fuel loadings for ‘moderate loading humid 
climate timber-grass-shrub’ fuel models.  Even though prescribed burns consume fine fuels on 
the ground, additional fine fuels can drop from top-killed trees and shrubs after a burn, which 
appears to be the case in the monitoring plots.   
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Unit C 8/9/10 Pre-Treatment Unit C 8/9/10 Immediately Post-burn 1 

  
Figure 3.  Pre- and post-treatment photos of a sample plot show a layer of small shrubs, tree seedlings and grass in the 
understory pre-treatment, and scorched or fully consumed shrubs and seedlings after prescribed burning.  Note there are two 
freshly-fallen branches in the photo post-treatment, demonstrating that some fine fuels can be added to the surface after 
prescribed burning.   

 
 
 
 
The reasons reductions of shrub layers are in the prescribed burn objectives are to lower the 
amount of ladder fuels (the fuel layer between surface fuels and trees that can allow fire to climb 
into tree crowns and become much less manageable) and also to reduce shrub competition with 
grasses and forbs.  Increases in grasses and forbs improves wildlife habitat, increases 
biodiversity, and resilience of the stand.  Shrub measurement data was only recently added to the 
monitoring protocols used on the Francis Marion, so monitoring plot data is not available for 
long term plots that describes trends in shrubs.  Pre-treatment photo shows a high density of 
shrubs and seedling trees in the understory (Figure 4).  Pictures taken 1 and 2-years after the first 
burn still show a fairly high density of shrubs and seedling trees, however, in the photo taken 1 
year after the second burn, lower levels of shrubs/seedlings are noticeable and some grasses are 
visible in the understory.  Data on seedlings in the monitoring plots is highly variable, and so, is 
not included in this report.  Generally, almost all small diameter trees were top-killed with 
prescribed burn treatments, however, sometimes trees and shrubs resprouted vigorously after 
either the first or second fire.  Depending on the timing of precipitation, pockets of tree 
regeneration from seed can occur.   
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Pre-treatment Immediately post-treatment 

  
1-year post-treatment Burn 1 2-year post-treatment Burn 1 

  
1-year post-treatment Burn 2  

 

 

Figure 4. Time series pictures of plot C8/9/10.  Pre-treatment photo shows a high density of shrubs and seedling trees in the 
understory.  Pictures taken 1 and 2-years after the first burn still show a fairly high density of shrubs and seedling trees, 
however, in the photo taken 1 year after the second burn, lower levels of shrubs/seedlings are noticeable and some grasses are 
visible in the understory.   
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Midstory tree reduction is one of the prescribed burn objectives to not only reduce the ladder 
fuels, but also to increase the water, nutrient, and light resources available for the rest of the trees 
in the stand to improve overall stand health and resiliency against disease and drought.  Midstory 
trees per acre (trees 1” to 6” in diameter) were reduced slightly with the first burn, and slightly 
more with the second burn.  One of the three monitoring plots had no midstory trees, and so the 
lines above the bars in the graphs showing standard deviation are very high, demonstrating that 
more plots would be needed to draw strong conclusions about midstory tree trends.  Of the two 
longer term plots that did have midstory trees present pre-treatment, the average number of trees 
per acre declined 8% from pre-treatment to 1 year after the first burn, and declined 15% from 
pre-treatment to 1 year after the second burn.  Again, these are only two plots, so results are not 
extremely reliable, but do show a general trend of a direction and amount that roughly satisfies 
the prescribed burn objectives relating to midstory trees.   
 

 
Figure 5. Midstory trees declined slightly after the first burn, and slightly more after the second burn.  Lines depicting standard 
deviations are large, demonstrating that more plots would be needed to draw strong conclusions about midstory tree trends.   

 
 
 
 
 
  



 

8 
 

References 
 
 
Komarek, E.V.   Effects of fire on temperate forests and related ecosystems: southeastern United 
States.  In: T.T Kozlowski and Ahlgren, C.E. 1974. Fire and Ecosystems.  Academic Press Inc. 
New York, NY.  528 pp.   
 
Lutes, Duncan C.; Benson, Nathan C.; Keifer MaryBeth; Caratti, John F.; Streetman, S. Austin, 
2009.  FFI: A software tool for ecological monitoring.  International Journal of Wildland Fire.  
18:310-214.  https://www.frames.gov/ffi/home 
 
Mutch, R. W. and W.A. Cook.  1996.  Restoring Fire to Ecosystems: Methods vary with land 
management goals.  In: Hardy, Colin C.; S.F. Arno, eds. 1996.  The use of fire in forest 
restoration.  Gen Tech. Rep. INT-GTR-341.  Ogden UT: U.S. Department of Agriculture, Forest 
Service, Intermountain Research Station.   
 
Scott, Joe H. and R.E. Burgan.  2005.  Standard fire behavior fuel models: A comprehensive set 
for use with Rothermel’s surface fire spread model.  USDA Forest Service, rocky Mountain 
research Station, General Technical report RMRS-GTR-153, 72 pp.   
 
U.S. DOI National Park Service.  2003.  Fire Monitoring Handbook.  Boise (ID): Fire 
Management Program Center, National Interagency Fire center.  274p.   
 
Vaillant, Nicole M., J.Fites-Kaufman, A.L. Reiner, E.K. Noonan-Wright, and S.N. Dailey.  2009.  
Effect of fuel treatments on fuels and potential fire behavior in California, USA, National 
Forests.  Fire Ecology 5(2):14-29.   
 
 
 
 

https://www.frames.gov/ffi/home

	Francis Marion Prescribed Burn Monitoring Summary
	Prescribed Burn Monitoring Summary
	References

