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Roots of Ecological Restoration 

 

John Curtis (1913-1961), Director of Plant Research, UW-Madison Arboretum 



The Stakes are Increasing 



Monitoring is rarely done. 

• Bernhart et al. 2005 



Monitoring is rarely done. 

• Bernhart et al. 2005 

CONCLUSIONS 
 

• a comprehensive assessment of restoration progress 
is not possible with information currently available. 

• < 10% of projects included any type of monitoring. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





Monitoring versus Research 



Topics for This Morning 

I. A perspective ―the importance of 
coupling research and monitoring 
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III. Action items ― to ensure monitoring 
programs succeed 



Francis Bacon (1561 – 1626) 
 

Knowledge is power! 

 
Religious Meditations of Heresies (1597) 

Scientific Method (Baconian Method) 



Scientific Method (Baconian Method) 

Definition:  A method or procedure that has 
characterized natural science since the 17th 
century, consisting in systematic observation, 
measurement, and experiment, and the 
formulation, testing, and modification of 
hypotheses (Oxford English Dictionary)  

 

Characteristics:  1) objective, 2) repeatable, 
and 3) sharable. 



Monitoring can be Unrelated to Research 

 
Research =  The systematic 

investigation into and study of 
materials and sources in order to 

establish facts and reach new 
conclusions. 



Monitoring can be Unrelated to Research 

 
Research =  The systematic 

investigation into and study of 
materials and sources in order to 

establish facts and reach new 
conclusions. 

Monitor = Watching, keeping 
track of, or checking usually for 

a special purpose 





 



Monitoring can be Unrelated to Research 

 

Research 

Monitor 

Surveillance monitoring 

Educational monitoring 

Implementation monitoring 



Research 

Question-driven monitoring 
(efficacy & effects of management 
activities) 

Research or Monitoring? 

Monitor 

Requires systematic observation, 

measurement, and experiment 



The risk of decoupling monitoring and 
research…. 



 

The risk of decoupling monitoring and 
research…. 



II. Some sampling design theory ―  
 
Methods for assessing efficacy and 
effects of restoration treatments 
 

 



One caveat about monitoring “efficacy” 

 

 

Management goal: improve riparian 
habitat 

or  



Modified from Elzinga et al. 2001 

What should a goal include? 
 

1. Attribute: e.g. riparian habitat 

2. Target: e.g. density of woody stems 

3. Action: e.g. increase, decrease, or maintain 

4. Quantity/Status: e.g. 20% 

5. Time frame: e.g. 5 Years 

6. Location:  geographical area and extent 

 

Management goals that lack one of  these components 

are unclear ! 



Approaches for measuring efficacy: 
End-point vs. Effect Size Assessment 

 
 

 



Approaches for measuring efficacy: 
End-point Assessment 

Question:  Did we reach our 
performance target? 

 

Method:  Compare state of the 
system after treatment with a pre-
defined goal 

 
 

 



What do you need to get started? 

1. Performance target 
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What do you need to get started? 

1. Performance target 

 • Theoretical (e.g., 90% vegetation cover) 
 

• Empirical (e.g., 90% of a reference 
condition) 

Either way, assessment involves comparing the post-
treatment system with the stated goal 
 



What do you need to get started? 

1. Performance target 

2. Confidence interval (precision of 
estimation) 
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What do you need to get started? 

1. Performance target 

2. Confidence interval (precision of 
estimation) 

3. Confidence level 

 



 Total vegetation cover 
within a reach at Milltown 

Precision of Estimation 
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Recent Examples of Empirical End-point 
Assessments  

 



 



 



 



 



Can an end-point assessment determine 
if your treatment was effective? 

 



Another approach for measuring 
efficacy and effects: Effect-size 
Assessment 
 
 

 



Another approach for measuring 
efficacy and effects: Effect-size 
Assessment 
 
 

 

•End point assessments – did we reach our 
goal? 

 

•Effect-size assessments – what was the effect 
of the treatment (i.e. causal relationship)? 
 



The only way to determine if the treatment 
caused the effect is to use a BACI design 

Before-After-Control-Impact 



 

Common Monitoring Designs 

Cause and effect can 
be inferred 

Elzinga et al. 2001 



 



Cause and effect can 
be inferred 

Elzinga et al. 2001 

Year (1990-2006) 

Cause and effect can not be 
inferred 

 

 

Common Monitoring Designs 



Cause and effect can not be 
inferred 

 

 

Common Experimental Design 

Cause and effect can 
be inferred 

Elzinga et al. 2001 



Year (1990-2006) 

Replication over Time 



To assess treatment effects, monitoring must 
start at the project design phase 



Review: Data Requirements 
Requirements Does the treated 

area meet the 
performance 
target ? 
(End-point 
theoretical) 
 

To what extent is 
the treated area 
restored ? 
(End-point 
empirical) 
 

Were the 
treatments 
effective at 
achieving target 
conditions ? 
(Effect size) 
 

Pre-treatment 
data 

Post-treatment 
data 

Control  data 
 

Performance 
target 



Review: Data Requirements 
Requirements Does the treated 

area meet the 
performance 
target ? 
(End-point 
theoretical) 
 

To what extent is 
the treated area 
restored ? 
(End-point 
empirical) 
 

Were the 
treatments 
effective at 
achieving target 
conditions ? 
(Effect size) 
 

Pre-treatment 
data 

No No Yes 

Post-treatment 
data 

Yes Yes Yes 

Control  data 
 

No No Yes 

Performance 
target 

Yes:  theoretical Yes: reference data No 





III. Action items ― to ensure 
monitoring programs succeed 

  





Effective 
Monitoring 

Program 

Monitoring 
Plan 

Data 
Collection 



Effective 
Monitoring 

Program 

Monitoring 
Plan 

Data 
Collection 

Data Analysis 
and 

Interpretation 



 

Personnel yyyy mm dd reach

x 

section plot # tr az

N/S of 

river belt tr az

A subplot 

dist fr 0

B subplot 

dist fr 0 lifeform sp code coverA #stmsA coverB #stmsB

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 1 22 S 112 2.0 5.0 G BARE 100.0 100.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 1 22 S 112 2.0 5.0 B BRYOP 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 1 22 S 112 2.0 5.0 H HERB 0.3 1.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 1 22 S 112 2.0 5.0 G LOG 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 1 22 S 112 2.0 5.0 H POLLAP 0.2 0.8

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 1 22 S 112 2.0 5.0 G STONE 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 1 22 S 112 2.0 5.0 G TREEBASE 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 1 22 S 112 2.0 5.0 H TRITIC 0.1 0.2

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 1 22 S 112 2.0 5.0 W WOODY 0.0 0 0.0 0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 G BARE 10.0 45.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 B BRYOP 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 H EPIGLA 0.7 1.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 H HERB 90.0 55.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 H LACSER 1.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 G LOG 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 H POACOM 0.3

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 H POLLAP 35.0 20.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 H RUMMAR 15.0 10.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 G STONE 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 G TREEBASE 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 H TYPLAT 55.0 20.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 2 22 S 112 2.0 5.0 W WOODY 0.0 0 0.0 0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 G BARE 50.0 85.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 B BRYOP 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 H CAREX 0.3 2.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 H ELEPAI 6.0 0.3

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 H EPIGLA 0.3

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 H HERB 50.0 15.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 G LOG 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 H POAPRA 25.0 5.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 H POLLAP 3.0 8.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 H RORISL 10.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 H RUMMAR 1.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 G STONE 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 G TREEBASE 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 3 22 S 112 2.0 5.0 W WOODY 0.0 0 0.0 0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 4 22 S 112 1.0 2.0 H ACHMIL 4.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 4 22 S 112 1.0 2.0 G BARE 30.0 45.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 4 22 S 112 1.0 2.0 B BRYOP 0.0 0.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 4 22 S 112 1.0 2.0 H CAREX 2.0 0.7

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 4 22 S 112 1.0 2.0 H ELYTRA 2.0 5.0

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 4 22 S 112 1.0 2.0 H EPIGLA 0.2 0.5

BILLINGSLEY, AMBERSON2010 08 04 CFR2 T128.5 4 22 S 112 1.0 2.0 H GLYGRA 3.0
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Are we being effective at 
communicating lessons learned? 
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Take-home Messages 

 

• If you are monitoring in order to ask and answer 
questions, choose a strong experimental design. 
• do not confound effects with site-to-site or annual 

variability 

 
•Different monitoring approaches are required at 

the basin, tributary, and project scale. 
 
•Consider building a monitoring program rather 

than a data-collection plan. 





Thanks! 

Cara R. Nelson (cara.nelson@umontana.edu) 
— Associate Professor & Director, Ecological Restoration Program, UM 
— Chair, Society for Ecological Restoration 


