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“…So, when we experiment in planting forests, we find 
ourselves at last doing as Nature does.  Would it not be 
well to consult with Nature in the outset? for she is the 
most extensive and experienced planter of us all…”  
  Henry David Thoreau, On the succession of trees, c1850s 
 
“The time has come for science to busy itself with the 
earth itself.  The first step is to reconstruct a sample of 
what we had to begin with.”   
  Aldo Leopold, 1934, discussing a prairie  restoration project 
on the UW-Madison Arboretum.  
 
“The characterization of wetland reference condition is an 
important step in the design of a wetland monitoring and 
assessment program.”  
  EPA 2006 Elements of State Wetlands Program  
 
 



Calls for improving restoration, creation,  
and mitigation performance 

 
• Kusler and Kentula 1990 – Restoration of wetlands…  
• Kentula et al. 1992 – Decision making in wetland 

restoration… 
• NRC 1992 - Restoration of Aquatic Ecosystems... 
• NRC 2001 - Compensating for wetland losses... 
• GAO 2001 - Fish & wildlife mitigation guidance... 
• Corps 2002 - National wetlands mitigation action  

 plan... 
• EPA & Corps 2008 - National Wetlands    

 Compensatory Mitigation Rule 
• … 



 

Ecological restoration to recover critical ecosystem services has been widely 
attempted, but the degree of actual recovery of ecosystem functioning and 
structure from these efforts remains uncertain.  



Overall, mitigation sites 
displayed lower potential to 
perform a characteristic 
wetland function than 
reference wetlands.  

How do we learn 
 to build  

better wetlands? 
 

By using data from  
reference wetlands 

for mitigation 
design and  

performance! 
 
 
 

Gebo and Brooks 2012   



There is no cookbook at the end of the rainbow 
for wetlands mitigation and restoration ! 



We must embrace reference concepts for 
wetlands mitigation and restoration,  

if we want to be successful 



Smith et al. (1995) definitions for reference concepts: 
 
Reference Domain - geographic area from where 
reference wetlands are selected  
 
Reference Standards - conditions exhibited by a group of 
reference wetlands that correspond to the highest level of 
functioning        (least disturbed, best attainable, …) 
 
Reference Wetlands - wetland sites that encompass the 
variability of a regional wetland subclass in a reference 
domain 

See Brooks et al. 2013, 2016 





Riparia’s Reference Wetlands Collection (n = 222) 



Riparia’s Reference Wetlands Collection (n = 220) 

How do we use reference data? 

Established 1993-2003, resampling, 10 sites/yr  at 10-year intervals  



LEVEL 1 LANDSCAPE 
FROM GIS 

LEVEL 2  RAPID FIELD 
ASSESSMENT 

LEVEL 3 INTENSIVE 
FIELD ASSESSMENT 

How do we inventory, assess the ecological integrity, and 
restore natural resources across geographic scales? 

land use, fragmentation 
& connectivity metrics 

site characteristics & 
stressor metrics 

detailed, quantitative 
measures 
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Deviation from  
reference condition 

Impaired condition 



 
Level 3 Intensive 

Assessment  
 

Floristic Quality 
Assessment Index  (FQAI) 

& 
Plant Index of 

Biological Integrity 
 
 
 
 

Sarah Chamberlain - Riparia 



Plant IBI 
w/ FQAI 

Declining condition or health, as 
indicated by plant community 

AND shows same pattern for mitigation 

Graphic by  
Sarah Chamberlain 



FQAI Calculator 
Example 

 
mawwg.psu.edu 

or  
www.riparia.psu.edu  

(under products) 



Wetland Homogeneity Model 

Reference Population 

Goal for  
Restored and Created  

Populations 

Created  
Population 

Disturbed  
Population 

Equivalence 

Brooks et al. 2005 Eco Engin. 



Wetland Homogeneity Model 

Reference Population 

Goal for  
Restored and Created  

Populations 

Created  
Population 

Disturbed  
Population 

Equivalence 

Brooks et al. 2005 Eco Engin. 



Type  Depression       Slope        Riv Up Peren (hdwtr)  Created 
         Ref     Dis     Ref    Dis       Ref      Dis 
 
Soil  1.1      2.0  1.5     1.9            1.2       2.1             2.3 
Chroma (<2 = wet)   Ref Std << Dist or Created 
 
Organic  24      9      21       8         13        6    4 
Matter % 
(> OM = expected) 

Reference Std. vs. Disturbed vs. Created 

Physical Indicators - Performance 

Brooks et al. 2005 
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Natural reference 
wetlands  

vs.  
mitigation projects 

 
 Gebo & Brooks 2012 
Brooks & Gebo 2013 

Naomi  
Gebo 



Sampled Mitigation Wetlands in Pennsylvania 
(n=72) 



HGM Distribution of Mitigation and 
Reference Wetlands in Pennsylvania 
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Comparison of Functions in Reference and 
Mitigation Wetlands in Pennsylvania 



Floristic Quality Assessment Index (FQAI): 
Depression, Fringing, Slope Wetlands 

Reference wetlands had 
significantly higher scores 
than mitigation sites for 
these 3 types of wetlands. 



Soil Organic Matter:  Depression & Fringing Wetlands  



Conclusions … thus far 

• Mitigation wetlands are not providing high 
functioning replacements for natural wetland 
encroachments 
– Mitigation wetlands have lower average function scores 
– HGM class distribution is skewed toward wrong types 
 
• Use  reference data for design, construction, 

and performance evaluations. 
 
• Link condition assessment, mitigation, and 

restoration with consistent monitoring protocols. 



• Riparia’s Database of Reference Wetlands  
– Assessing condition (due to stressors) 
– Designing mitigation and restoration projects 
– Evaluating performance of projects 

 
– Interactive website to provide data to practitioners  
 
 



Estimates above-ground vegetative biomass using percent 
cover of tree, shrub and herbaceous layers.  This variable is 
used as a relative estimate of the ability of the site to 
temporarily sequester nitrogen in above-ground biomass.  It is 
comprised of three sub-variables:  VTREE, VSHRUB and VHERB; 
no dimensions. 

(mouse over) 

mean:  170    sd:    71 

Variable Tile 

min: 76    max: 382 

Variable Tile (Stacked) 

Reference standard sites 
Reference sites 



Landscape 
variables 



SLOPE DEPRESSION, SEASONAL 



PA Reference Wetlands – Soil Organic Matter – 3 HGM Types 

Riverine upper perennial (headwater) 

Slope 

Depression perennial 



Hychka et al. 2013 

Reference Standard Sites 

Disturbed (Stressed) Sites 

0-30 cm 

Wetland Hydrograph Analysis (over a decade!) 



 Palmer Hydrologic Drought Index 
1999-2001 (dry) – 2003-2005 (wet)  



DRIER 

Hychka et al. 2013 

Wetland Hydrograph Analysis (dry vs. wet years) 



Sample Mitigation Sites: 
 
#1 Tipton (violation to demonstration site) 1990 
    
#2 Bald Eagle Site A   (highway mitigation)  2002  
    
 
• Both located in central Pennsylvania between the 

Ridge & Valley and Allegheny Plateau ecoregions 
along Rt. 220/I-99 corridor (most similar to R&V)  



• Cultivated farmland 
 (corn and soybeans) 
• 13 acres available 
• Linden & Basher soils 
• 960-964 ft elevation 
 (stream 952-953,  
                  levee 960) 
• Adjacent to Little      

Juniata River, with 10-
15 ft wide wooded 
riparian corridor 

• Approx. depth to 
water table 4-6 ft 

 
 

Located between Ridge & Valley (E) 
and Allegheny Plateau (W) 

 
Associated with fed/state fill violation 

Tipton Demonstration Wetland – 
Mitigation Site #1 - 1967 



Tipton (west half) grading plan 



(Tipton)  



Tipton:  post-construction 1991 



Tipton – sample hydrograph, post-construction 



Tipton 2013 
23 years 

later 



Tipton 2013 
23 years 

later 



Evaluated with multiple 
metrics, including FQI 

calculator 



Evaluated data from 
planting plan (1991), 
sampling (2008), and 
reference wetlands  



Tipton – Planted species vs. Performance 
           (after 1 yr, after 18 yr) 
 
      Planted  Performance  Ref perform 
          1991     2008 Other Stnd 
FQI     19    6   20 
Adj FQI    39    8   28    34      46 
Native Avg C  5.3   1.8  3.1 
value ( 0 -10 ) 
Nativ sp/Tot sp 13/16  10/17 28/34 
Wentwth Index 1.4   3.8  1.8 
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Trending wetter … 



Landscape Context 
#2 

Bald Eagle Mitigation   
Site A 

 
Located between 

Ridge & Valley (S) and  
Allegheny Plateau (N) 

 
Associated with I-99 
Highway mitigation 

 
Designed & built by 
WHM, State College 

Pennsylvania 

Hydrologic flows 



Bald Eagle Sites A&B Pre-
construction photographs 

 
 

Courtesy of WHM Group,  
State College, PA 





Bald Eagle Mitigation Site A 
Basin Design 



Bald Eagle Mitigation Site A 
Planting Plan 



Bald Eagle Wetland Mitigation Site – Aug 2012 



Evaluated with sampling 
from planting plan (2002), 
sampling (2003 & 2008), 
and reference wetlands  



Bald Eagle A – Planting plan vs Performance 
           (after 1 yr, after 5yr) 
 
      Planted Performance    Ref Slope 
      2002  2003     2007 Other  Stnd 
FQI     27   13   24   
Adj FQI    48   27   35    36    48 
Native Avg C  4.8  3.0  3.7 
value( 0-10 ) 
Nativ sp/Tot sp 32/32 13/16 35/39  
Wentwth Index 1.8  2.3  2.5 
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Trending drier … 



Wetland Assessment Tools - Mid-Atlantic Region 
Floristic Quality Assessment Index (& Wentworth Index) 
http://www.mawwg.psu.edu/tools/ 
 
Riparia Reference Wetlands Database 
http://wa.cei.psu.edu/wetlands/ 
 
 

http://www.mawwg.psu.edu/tools/
http://www.mawwg.psu.edu/tools/
http://wa.cei.psu.edu/wetlands/
http://wa.cei.psu.edu/wetlands/


Intent of a national Reference Wetlands Registry 
 
• How can we find where these data are collected and stored? 
• How do we access those data to serve our specific needs?   
• How do we select the reference sites most appropriate for our 

desired situation or location? 
 

• Spatially attributed clearinghouse for metadata on available 
reference wetlands 

• Portal to assist users in accessing these resources 
• Reference data will reside on local servers and databases 
• Standardized submissions, but voluntary participation 
• Users = federal and state agencies, consultants, environmental 

and natural resource organizations, research institutions 
 
 
             Brooks et al. 2016 NWN 



Serenbetz 2016 NWN 



Brooks et al. 2016 NWN 
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