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Why monitor?Why monitor?

•• Detect new invasions after fireDetect new invasions after fire
•• Determine Determine postfirepostfire changes in established changes in established 

nonnative speciesnonnative species
•• Determine effect of fire suppression on Determine effect of fire suppression on 

nonnative speciesnonnative species
•• Determine effect of restoration on native Determine effect of restoration on native 

and nonnative speciesand nonnative species
•• Determine effectiveness of prescribed fire Determine effectiveness of prescribed fire 

for control of nonnative speciesfor control of nonnative species



WellWell--designed Monitoringdesigned Monitoring

•• Measures essential variables Measures essential variables 
•• Accurate, quick and easyAccurate, quick and easy
•• Well documentedWell documented
•• Easily repeatedEasily repeated



Agency protocols:Agency protocols: 
to facilitate and standardizeto facilitate and standardize

•• Measuring and Monitoring Plant Populations. (1998) Measuring and Monitoring Plant Populations. (1998) 
BLMBLM

•• Sampling vegetation attributes (1999) BLMSampling vegetation attributes (1999) BLM
•• Fuel and fire effects monitoring guide (1999) USFWSFuel and fire effects monitoring guide (1999) USFWS
•• Fire monitoring handbook  (2003) NPS Fire monitoring handbook  (2003) NPS 
•• Monitoring manual for grassland, Monitoring manual for grassland, shrublandshrubland, and , and 

savanna ecosystems (2005) ARS    savanna ecosystems (2005) ARS    
•• FireMonFireMon: fire effects monitoring and inventory protocol : fire effects monitoring and inventory protocol 

(2006) USFS(2006) USFS
•• Land condition trend analysis (1999) Range and training Land condition trend analysis (1999) Range and training 

land assessment (2006) US Armyland assessment (2006) US Army



Common elements of Common elements of 
monitoring programsmonitoring programs

•• Identify objectives Identify objectives 
•• Select appropriate monitoring techniquesSelect appropriate monitoring techniques
•• Select appropriate statistical analysesSelect appropriate statistical analyses
•• Modify management and monitoring as Modify management and monitoring as 

additional data and understanding become additional data and understanding become 
availableavailable

after Wirth and Pyke, in press



Identify objectivesIdentify objectives

•• Management or research objectives Management or research objectives 
•• Monitoring objectivesMonitoring objectives



Select appropriate monitoring Select appropriate monitoring 
techniquetechnique

•• Random samplingRandom sampling
•• Stratification Stratification 
•• Sample adequacySample adequacy
•• PseudoreplicationPseudoreplication
•• Field techniquesField techniques
•• Sample lengthSample length
•• ControlsControls



Field techniquesField techniques

•• FrequencyFrequency
•• Cover (ocular, line, point, Cover (ocular, line, point, plotlessplotless))
•• DensityDensity
•• GapGap
•• BiomassBiomass



Do all methods give the same Do all methods give the same 
result? result? knapweed abundanceknapweed abundance
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How long do you monitor?How long do you monitor? 
Multiple yearsMultiple years
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How long do you monitor?How long do you monitor? 
postfirepostfire knapweed abundanceknapweed abundance

0

20

40

60

80

100

120

2001 2002 2003

Year

K
na

pw
ee

d 
D

en
si

ty
 (m

-2
) Unburned

Low Severity
Moderate Severity
High Severity



How long do you monitor?How long do you monitor? 
Herbicide impact on knapweedHerbicide impact on knapweed

1 year postPre-herbicide0

20

40

60

80

100

120

Pre-herbicide 1 year post 2 years post 3 years post
Year

Fr
eq

ue
nc

y 
(%

)



Why use controls?Why use controls? 
TordonTordon efficacy on spurgeefficacy on spurge
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Select appropriate statistical Select appropriate statistical 
analysesanalyses

•• Statistical assumptions (normal Statistical assumptions (normal 
distribution, equal variance)distribution, equal variance)

•• Parametric vs. nonParametric vs. non--parametric statisticsparametric statistics



Modify management and Modify management and 
monitoring as additional data and monitoring as additional data and 
understanding become availableunderstanding become available

•• Analyze results frequently,Analyze results frequently,
•• Compare with management and Compare with management and 

monitoring objectives,monitoring objectives,
•• Modify monitoring plan,Modify monitoring plan,
•• Modify management (adaptive Modify management (adaptive 

management).management).



Complete studiesComplete studies
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Fire monitoringFire monitoring

Above groundAbove ground
•• Temperature sensorsTemperature sensors
•• Flame lengthFlame length
•• Consumption and Consumption and 

scorchscorch
•• Light levelsLight levels

Below groundBelow ground
•• Temperature sensorsTemperature sensors
•• Litter and duff Litter and duff 

consumptionconsumption
•• Surface fire severitySurface fire severity



Canopy burn severityCanopy burn severity



Surface burn severitySurface burn severity



Common Failures of MonitoringCommon Failures of Monitoring
Technical ProblemsTechnical Problems

•• Poor designPoor design
•• Observer error too highObserver error too high
•• Data lostData lost

–– Poor storage or Poor storage or 
documentationdocumentation

–– Cannot decipherCannot decipher
•• Lack analytical skillsLack analytical skills
•• Natural fluctuations > Natural fluctuations > 

project impactsproject impacts

Institutional ProblemsInstitutional Problems
•• Lack of supportLack of support

–– Personnel, budget, Personnel, budget, 
priorities, politicspriorities, politics

•• Resources limit Resources limit 
completioncompletion
–– Data collected, but Data collected, but 

not analyzednot analyzed
•• Data are questioned & Data are questioned & 

never usednever used
•• ResultsResults--toto--mgmt mgmt 

adaptation not appliedadaptation not appliedafter Elzinga et al, 1998,
Beyers and Pyke



Resources for Monitoring DesignResources for Monitoring Design
•• Elzinga C, Salzar D, Willoughby J (1998) Measuring and MonitorinElzinga C, Salzar D, Willoughby J (1998) Measuring and Monitoring Plant g Plant 

Populations. BLM/RS/STPopulations. BLM/RS/ST--98/005+1730, Denver CO.98/005+1730, Denver CO.
•• Sampling vegetation attributes (1999)Sampling vegetation attributes (1999) 

http://www.blm.gov/nstc/library/pdf/samplveg.pdfhttp://www.blm.gov/nstc/library/pdf/samplveg.pdf
•• Fuel and fire effects monitoring guide (1999)Fuel and fire effects monitoring guide (1999) 

http://http://www.fws.gov/fire/downloads/monitor.pdfwww.fws.gov/fire/downloads/monitor.pdf
•• Elzinga C, Salzar D, Willoughby J, Gibbs J (2001) Monitoring plaElzinga C, Salzar D, Willoughby J, Gibbs J (2001) Monitoring plant & nt & 

animal populations. Blackwell Sci.animal populations. Blackwell Sci. 
http://www.esf.edu/efb/gibbs/monitor/popmonroot.htmlhttp://www.esf.edu/efb/gibbs/monitor/popmonroot.html

•• Fire monitoring handbook  (2003)Fire monitoring handbook  (2003) 
http://http://www.nps.gov/fire/fmh/FEMHandbook.pdfwww.nps.gov/fire/fmh/FEMHandbook.pdf

•• FireMon: fire effects monitoring and inventory protocol (2006)FireMon: fire effects monitoring and inventory protocol (2006)
http://fire.org/firemon/lc.htmhttp://fire.org/firemon/lc.htm

•• Range and training land Range and training land assesmentassesment (2006)(2006) 
http://www.cemml.colostate.edu/files/Final%20Draft%20RTLA%20TRM%http://www.cemml.colostate.edu/files/Final%20Draft%20RTLA%20TRM%2020 
April%202006.pdfApril%202006.pdf



R1/R4 Adaptive Management R1/R4 Adaptive Management 
and Monitoring Programand Monitoring Program
Joint Fire Sciences ProgramJoint Fire Sciences Program
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