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Webinar Outline
•  Historical	
  perspecDve	
  on	
  reference	
  
•  Hydrology	
  and	
  landscape:	
  	
  

	
   	
  FOLLOW	
  THE	
  WATER	
  !	
  
•  Reference	
  data	
  across	
  a	
  disturbance	
  gradient	
  

• SHORT	
  Q	
  &	
  A	
  BREAK	
  
• MiDgaDon	
  &	
  restoraDon	
  projects	
  	
  

	
  under	
  perform	
  
•  How	
  reference	
  data	
  can	
  improve	
  miDgaDon	
  &	
  

	
  restoraDon	
  
•  Case	
  studies	
  and	
  recommendaDons	
  
•  Availability	
  of	
  wetlands	
  reference	
  data,	
  Q	
  &	
  A	
  
	
  	
  

	
  



There	
  is	
  no	
  cookbook	
  at	
  the	
  end	
  of	
  the	
  rainbow	
  
for	
  wetlands	
  miDgaDon	
  and	
  restoraDon	
  !	
  



We	
  must	
  embrace	
  reference	
  concepts	
  for	
  
wetlands	
  miDgaDon	
  and	
  restoraDon,	
  	
  

if	
  we	
  want	
  to	
  be	
  successful	
  



Historical	
  Perspec.ve	
  
What	
  is	
  reference?	
  	
  Why	
  do	
  we	
  need	
  it?	
  	
  DefiniDons…	
  

	
  How	
  do	
  we	
  use	
  reference	
  data?	
  
	
  	
  	
   	
   	
  1)	
  assess	
  condiDon	
  

	
   	
  2)	
  design	
  projects	
  
	
   	
  3)	
  evaluate	
  performance	
  
	
   	
  4)	
  …	
  

	
  
Current	
  Applica.ons	
  –	
  Mid-­‐Atlan.c	
  Experience	
  

Where	
  do	
  we	
  get	
  reference	
  data?	
  	
  	
  3	
  Levels	
  of	
  Sampling	
  	
  
How	
  can	
  we	
  use	
  reference	
  data?	
  	
  CondiDon	
  &	
  MiDgaDon	
  	
  	
  

	
  	
  
How	
  do	
  we	
  distribute	
  reference	
  data	
  to	
  our	
  best	
  collecDve	
  
advantage? 	
  	
  	
  	
  Riparia’s	
  Reference	
  InteracDve	
  Database	
  



“…So,	
  when	
  we	
  experiment	
  in	
  planDng	
  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	
  Dme	
  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	
  restoraDon	
  	
  
project	
  on	
  the	
  UW-­‐Madison	
  Arboretum	
  	
  

	
  



	
  
	
  
	
  
“The	
  characterizaDon	
  of	
  wetland	
  reference	
  
condi4on	
  is	
  an	
  important	
  step	
  in	
  the	
  design	
  of	
  a	
  
wetland	
  monitoring	
  and	
  assessment	
  program.”	
  	
  
	
  

	
  EPA	
  2006	
  Elements	
  of	
  State	
  Wetlands	
  Program	
  	
  



Concepts	
  –	
  when	
  and	
  where	
  did	
  they	
  originate?	
  
Hughes	
  et	
  al.	
  1986.	
  Regional	
  reference	
  sites	
  for	
  streams.	
  
Environ.	
  Manage.	
  [reference	
  stream	
  selecDon	
  process]	
  
	
  
Brooks	
  and	
  Hughes.	
  1986/88.	
  [reference	
  wetland	
  selecDon	
  
process,	
  standard	
  biol.	
  assessment	
  guidelines]	
  ASWM	
  Proc.	
  
	
  
Adamus	
  &	
  Brandt	
  1990.	
  	
  EPA	
  	
  [wetland	
  stressors	
  lit.	
  review]	
  
	
  
Kentula	
  et	
  al.	
  1992.	
  EPA/Island	
  Press	
  book	
  	
  	
  [reference	
  
wetlands	
  for	
  improving	
  miDgaDon,	
  restoraDon,	
  creaDon]	
  
	
  
Brinson	
  1993.	
  [hydrogeomorphic	
  concepts,	
  	
  

	
  reference	
  wetlands	
  for	
  funcDonal	
  assessments]	
  



Smith	
  et	
  al.	
  (1995)	
  definiDons	
  for	
  reference	
  concepts:	
  
	
  
Reference	
  Domain	
  -­‐	
  geographic	
  area	
  from	
  where	
  
reference	
  wetlands	
  are	
  selected	
  	
  

	
  (also	
  consider	
  land	
  use:	
  forested,	
  agriculture,	
  urban)	
  
	
  
Reference	
  Standards	
  -­‐	
  condiDons	
  exhibited	
  by	
  a	
  group	
  of	
  
reference	
  wetlands	
  that	
  correspond	
  to	
  the	
  highest	
  level	
  of	
  
funcDoning	
  	
  	
  	
  	
  	
  	
  	
  (least	
  disturbed,	
  best	
  aFainable,	
  …)	
  
	
  
Reference	
  Wetlands	
  -­‐	
  wetland	
  sites	
  that	
  encompass	
  the	
  
variability	
  of	
  a	
  regional	
  wetland	
  subclass	
  in	
  a	
  reference	
  
domain 	
  (disturbance	
  gradient	
  of	
  sites)	
  



Smith	
  et	
  al.	
  (1995)	
  definiDons	
  for	
  reference	
  concepts:	
  
	
  
Reference	
  Domain	
  -­‐	
  geographic	
  area	
  from	
  where	
  
reference	
  wetlands	
  are	
  selected	
  	
  

	
  (also	
  consider	
  land	
  use:	
  forested,	
  agriculture,	
  urban)	
  
	
  
Reference	
  Standards	
  -­‐	
  condiDons	
  exhibited	
  by	
  a	
  group	
  of	
  
reference	
  wetlands	
  that	
  correspond	
  to	
  the	
  highest	
  level	
  of	
  
funcDoning	
  	
  	
  	
  	
  	
  	
  	
  (least	
  disturbed,	
  best	
  aFainable,	
  …)	
  
	
  
Reference	
  Wetlands	
  -­‐	
  wetland	
  sites	
  that	
  encompass	
  the	
  
variability	
  of	
  a	
  regional	
  wetland	
  subclass	
  in	
  a	
  reference	
  
domain 	
  (disturbance	
  gradient	
  of	
  sites)	
  



Mi.ga.on	
  -­‐	
  	
  (compensatory	
  miDgaDon)	
  –	
  Using	
  creaDon,	
  
restoraDon,	
  enhancement	
  or	
  preservaDon	
  of	
  a	
  wetland	
  designed	
  to	
  
offset	
  permi+ed	
  losses	
  of	
  wetland	
  funcDons	
  in	
  response	
  to	
  special	
  
condiDons	
  of	
  a	
  permit.	
  
Restora.on	
  -­‐	
  To	
  return	
  from	
  a	
  disturbed,	
  degraded,	
  or	
  altered	
  
condiDon	
  to	
  a	
  previously	
  exisDng	
  natural	
  or	
  altered	
  condiDon	
  by	
  a	
  
human-­‐induced	
  acDon.	
  
CreaDon	
  -­‐	
  The	
  conversion	
  of	
  a	
  persistent	
  area	
  of	
  one	
  type	
  to	
  
another	
  type	
  (e.g.,	
  upland	
  to	
  wetland).	
  
PreservaDon	
  -­‐	
  ProtecDon	
  of	
  an	
  exisDng	
  and	
  well-­‐funcDoning	
  
wetland	
  from	
  prospecDve	
  future	
  threats.	
  
Enhancement	
  -­‐	
  The	
  increase	
  in	
  one	
  or	
  more	
  funcDons	
  or	
  values	
  of	
  
all	
  or	
  a	
  porDon	
  of	
  an	
  area.	
  
Constructed	
  Wetland	
  -­‐	
  	
  For	
  the	
  primary	
  purpose	
  of	
  treaDng	
  a	
  
contaminant	
  or	
  polluDon	
  in	
  wastewater	
  or	
  runoff.	
  



When	
  choosing	
  a	
  site	
  for	
  wetlands	
  mi.ga.on	
  or	
  
restora.on,	
  considering	
  the	
  landscape	
  context	
  and	
  

connec.vity	
  is	
  cri.cal.	
  
	
  

	
  	
  
	
  	
  

	
  
	
   	
  Rela.ve	
  propor.on	
  of	
  a	
  landscape	
  

	
  
	
   	
  	
  	
  Sources	
  and	
  availability	
  of	
  water	
  

	
  
	
   	
   	
  Type	
  of	
  wetland/water	
  	
  



SMALL:	
  Headwater	
  complex	
  –	
  stream	
  and	
  wetlands,	
  PA	
  



LARGE:	
  Boreal	
  forest	
  wetlands,	
  Downeast	
  Maine	
  



SMALL: Depression temporary - Vernal pool, PA 



Pond-breeding amphibians          
Spotted salamander 
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    SMALL:	
  	
  Depression	
  ,	
  emergent	
  -­‐	
  North	
  Dakota	
  



LARGE:	
  Prairie	
  Pothole	
  Region,	
  Waubay	
  NWR,	
  USFWS	
  

 Where	
  75%	
  of	
  dabbling	
  ducks	
  are	
  produced	
  each	
  year	
  	
  



LARGE:	
  Natural	
  forested	
  riverine	
  landscape,	
  Texas	
  



Agricultural encroachment in riparian corridor, ND 
  *Potential restoration sites*  



Arid	
  Regions	
  -­‐	
  desert	
  riparian	
  zone,	
  Truckee	
  River	
  
Mid-­‐laDtude	
  desert,	
  40	
  deg	
  N	
  lat.,	
  near	
  Reno,	
  NV	
  



Context	
  for	
  classificaDon	
  of	
  wetlands	
  and	
  waters	
  

1.  Different	
  types	
  exist:	
  
•  Vary	
  structurally	
  
•  Vary	
  funcDonally	
  
•  Vary	
  in	
  stressor	
  responses	
  

2.  Where	
  is	
  the	
  water	
  and	
  why	
  it	
  is	
  there?	
  	
  
•  Nature	
  resists	
  compartmentalizaDon,	
  but	
  what	
  

are	
  the	
  commonaliDes?	
  
•  Realize	
  that	
  mixed	
  types	
  are	
  common	
  
•  FOLLOW	
  THE	
  WATER!	
  



Water	
  transfers	
  in	
  and	
  out	
  of	
  a	
  wetland	
  
(evaporaDon,	
  precipitaDon,	
  runoff,	
  groundwater,	
  	
  

infiltraDon,	
  overbank	
  flooding,	
  pumping)	
  
	
  

Wetlands	
  are	
  highly	
  interconnected	
  with	
  other	
  waters.	
  
	
  

(Ramsar	
  2005)	
  



Groundwater 
sources for 
wetlands  

 
(Ramsar 2005) 

Stratigraphic slope 

Topographic slope 

Water table 



Depressions: 
water sources 

 
(Ramsar 2005) 



Classification of  
Aquatic Ecosystems (NWI)

•! Riverine - rivers and streams 
•! Lacustrine - lakes and ponds 
•! Palustrine - vegetated wetlands 
•! Estuarine - salt marshes, flats 
•! Marine - beaches, rocky shores, reefs 
 
   National Wetlands Inventory (NWI), Cowardin et al. (1979) 
     

Aquatic Ecosystems (NWI)____________________________ 



Hydrogeomorphic (HGM) Classification 
Brinson 1993, Smith et al. 1995, Brooks et al. 2011

•  Water source 
–  precipitation 
–  surface runoff 
–  groundwater 

•  Hydrodynamics 
–  vertical - water table  
–  uni-directional - stream  

  or spring flows 
–  bi-directional - tidal 

•  Landscape position  
 – riverine, slope … 
 -- interconnected watershed 

1
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°
2
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Floodplain 
(> 3rd order) 
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➤



Mid-­‐AtlanDc	
  Experience	
  



Riparia’s	
  Reference	
  Wetlands	
  CollecDon	
  (n	
  =	
  220)	
  

How	
  do	
  we	
  use	
  reference	
  data?	
  

Established	
  1993-­‐2003,	
  now	
  resampling	
  	
  



RecommendaDons	
  for	
  establishing	
  reference	
  wetlands	
  
	
  
Establish	
  mulDple	
  objecDves	
  that	
  consider	
  all	
  needs,	
  
	
  	
  makes	
  efficient	
  use	
  of	
  limited	
  human	
  &	
  resources:	
  

•  assessing	
  condiDon	
  
•  designing	
  be+er	
  wetlands	
  by	
  region	
  and	
  type	
  
•  evaluaDng	
  performance	
  for	
  miDgated	
  &	
  restored	
  sites	
  
•  baseline	
  for	
  long-­‐term	
  trend	
  analyses	
  
•  serve	
  as	
  experimental	
  controls	
  for	
  managed	
  sites	
  
•  enhance	
  our	
  understanding	
  of	
  wetland	
  ecosystems	
  	
  

	
  
Sites	
  should	
  have	
  long-­‐term	
  accessibility,	
  if	
  possible	
  

	
  
See	
  Brooks	
  et	
  al.	
  2002,	
  2013	
  for	
  detailed	
  steps	
  for	
  establishing	
  	
  

and	
  selec4ng	
  reference	
  wetlands.	
  



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	
  wetlands	
  across	
  geographic	
  scales?	
  

Enhanced	
  inventory	
  
CondiDon	
  assessment	
  
MiDgaDon	
  site	
  selecDon	
  

CondiDon	
  assessment	
  
Stressor	
  idenDficaDon	
  

CondiDon	
  assessment	
  
MiDgaDon	
  site	
  design	
  	
  	
  	
  	
  	
  
&	
  performance	
  



Disturbance-­‐
Response	
  
Curve	
  

	
  
(dose-­‐response)	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Wardrop	
  et	
  al.	
  
2013	
  



Tiered	
  AquaDc	
  Life	
  Use	
  (TALU)	
  	
  
as	
  metric	
  of	
  condiDon	
  for	
  wetlands	
  

•  Used	
  in	
  stream	
  
monitoring	
  
programs	
  

•  Add	
  precision	
  
&	
  consistency	
  
to	
  assessments	
  

•  Define	
  
categories	
  of	
  
condiDon	
  
based	
  on	
  data	
  

•  Set	
  restoraDon	
  
goals	
  and	
  
standards	
  

Davies	
  and	
  Jackson	
  2006	
  



Wetland Homogeneity Model 

Reference	
  Popula.on	
  

Goal	
  for	
  	
  
Restored	
  and	
  Created	
  	
  

Popula.ons	
  

Created	
  	
  
Popula.on	
  

Disturbed	
  	
  
Popula.on	
  

Equivalence	
  

De
gr
ad
aD

on
	
  
RestoraDon	
  

Brooks	
  et	
  al.	
  2005	
  Eco	
  Engin.	
  



Wetland Homogeneity Model 

Reference	
  Popula.on	
  

Goal	
  for	
  	
  
Restored	
  and	
  Created	
  	
  

Popula.ons	
  

Created	
  	
  
Popula.on	
  

Disturbed	
  	
  
Popula.on	
  

Equivalence	
  

De
gr
ad
aD

on
	
  
RestoraDon	
  

Brooks	
  et	
  al.	
  2005	
  Eco	
  Engin.	
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Level 2 - Regional Wetland Assessment Locations 

400	
  sites	
  



Level 2 - Stressor Identification

§  Hydrologic 
Modification 

§  Sedimentation 
§  Dissolved oxygen 
§  Contaminant toxicity 
§  Vegetation alteration 

§  Eutrophication 
§  Acidification 
§  Turbidity 
§  Thermal Alteration 
§  Salinity 

modified	
  from	
  Adamus	
  &	
  Brandt	
  1990	
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Level	
  3	
  	
  

Intensive	
  Assessment	
  	
  
	
  

FlorisDc	
  Quality	
  
Assessment	
  Index	
  	
  (FQAI)	
  

&	
  
Plant	
  Index	
  of	
  

Biological	
  Integrity	
  
	
  
	
  

h+p://apps.cei.psu.edu/
fqacalc/	
  

	
  
Sarah	
  Chamberlain	
  -­‐	
  Riparia	
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Short	
  break	
  for	
  quesDons	
  



Calls	
  for	
  improving	
  restoraDon,	
  creaDon,	
  	
  
and	
  miDgaDon	
  performance	
  

	
  
• NRC	
  1992	
  -­‐	
  RestoraDon	
  of	
  AquaDc	
  Ecosystems...	
  
• NRC	
  2001	
  -­‐	
  CompensaDng	
  for	
  wetland	
  losses...	
  
•  GAO	
  2001	
  -­‐	
  Fish	
  &	
  wildlife	
  miDgaDon	
  guidance...	
  
•  Corps	
  2002	
  -­‐	
  NaDonal	
  wetlands	
  miDgaDon	
  acDon	
  

	
   	
  plan...	
  
•  EPA	
  &	
  Corps	
  2008	
  -­‐	
  NaDonal	
  Wetlands	
   	
   	
  

	
   	
  Compensatory	
  MiDgaDon	
  Rule	
  



Requirements of the 2008 Mitigation Rule 

•  2008 Mitigation Rule requires states to: 
 

–  Implement mitigation in a watershed context 
 
– Prioritize placement of mitigation sites 
 
– Establish measureable performance 

standards and monitoring requirements 
 
(these same requirements are relevant to restoration) 
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Wetland Homogeneity Model 

Reference	
  Popula.on	
  

Goal	
  for	
  	
  
Restored	
  and	
  Created	
  	
  

Popula.ons	
  

Created	
  	
  
Popula.on	
  

Disturbed	
  	
  
Popula.on	
  

Equivalence	
  

De
gr
ad
aD

on
	
  
RestoraDon	
  

Brooks	
  et	
  al.	
  2005	
  Eco	
  Engin.	
  



Parameter   Rip Depres      Slope       Hdwtr Fldpln       Created 
         Ref     Dis     Ref    Dis      Ref      Dis 

Soil Chroma  1.1     2     1.5     1.9      1.2      2.1             2.3 
(<2 = wet) 
 
Organic  
Matter %       24      9      21       8        13        6   4 
(> OM = expected) 

Reference vs. Disturbed vs. Created 

Physical Indicators 

Brooks et al. 2005



Parameter   Rip Depres      Slope       Hdwtr Fldpln       Created 
         Ref     Dis     Ref    Dis      Ref      Dis 

Soil Chroma  1.1     2     1.5     1.9      1.2      2.1             2.3 
(<2 = wet)     Ref  <<  Dis & Cre 
 
Organic  
Matter %       24      9      21       8        13        6       4 
(> OM = expected)    Ref  >>  Dis & Cre 

Reference vs. Disturbed vs. Created 

Physical Indicators 

Brooks et al. 2005



Natural reference 
wetland  

vs.  
mitigation project 

 
 Gebo & Brooks 2012 
Brooks & Gebo 2013 

Naomi	
  	
  
Gebo	
  



Map of Mitigation Wetlands in Pennsylvania 
(n=72) (n=72) 



HGM Distribution of Mitigation and 
Reference Wetlands in Pennsylvania 
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Landscape Disturbance 
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Floristic Quality Assessment Index (FQAI): 
Depression, Fringing, Slope Wetlands 
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Reference wetlands had 
significantly higher scores 
than mitigation sites for 
these 3 types of wetlands. 



Soil Organic Matter:  Depression & Fringing Wetlands  

p=0.000
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Removal of Nitrogen (F5):  
Riverine, Slope, and Depression Wetlands 

p=0.026
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Retention of Sediments (F7): 
Riverine, Slope, and Fringing 

p=0.015
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Provision of Wildlife Habitat (10 species; F11): 
Riverine, Slope, Depression, and Fringing 
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Comparison	
  of	
  FuncDons	
  in	
  Reference	
  and	
  
MiDgaDon	
  Wetlands	
  in	
  Pennsylvania	
  



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 depressions 
 
•  Use  reference data for design and construction. 
 
•  Link condition assessment, mitigation, and 

restoration with consistent monitoring protocols. 



•  Riparia’s	
  Database	
  of	
  Reference	
  Wetlands	
  	
  
– Assessing	
  condiDon	
  (due	
  to	
  stressors)	
  
– Designing	
  miDgaDon	
  and	
  restoraDon	
  projects	
  
–  EvaluaDng	
  performance	
  of	
  projects	
  

–  InteracDve	
  website	
  to	
  provide	
  data	
  to	
  pracDDoners	
  	
  
	
   	
  h+p://wa.cei.psu.edu/wetlands/	
  



Web-­‐interface	
  displays	
  data	
  	
  
in	
  Dles	
  and	
  tables	
  	
  

Variable	
  Descrip.on	
   	
   	
   	
  N	
  	
  	
  	
  Min	
   	
  	
  	
  	
  	
  	
  Avg	
   	
  	
  	
  	
  	
  	
  Max	
   	
  	
  	
  	
  	
  	
  	
  SD	
  
	
  	
  	
  VBIOMASS	
  es.mated	
  total	
  biomass	
   	
   	
  34	
  	
  75.68	
  	
  	
  	
  156.39	
  	
  	
  	
  381.79	
  	
  	
  	
  	
  67.83	
  
	
  	
  	
  VTREE	
  es.mated	
  %	
  cover	
  of	
  trees	
   	
   	
  34	
  	
  	
  	
  0	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.06	
  	
  	
  	
  	
  	
  	
  	
  	
  0.32	
  	
  	
  	
  	
  	
  0.08	
  
	
  	
  	
  VSHRUB	
  es.mated	
  %	
  cover	
  of	
  shrubs 	
  34	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  18.53	
  	
  	
  	
  	
  	
  	
  81.22	
  	
  	
  	
  16.52	
  
	
  	
  	
  VHERB	
  es.mated	
  %	
  cover	
  of	
  herbs	
   	
   	
  34	
  	
  31.25	
  	
  	
  	
  	
  	
  78.78	
  	
  	
  	
  	
  100	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  20.25	
  
	
  	
  	
  VCWD-­‐BA	
  coarse	
  woody	
  debris	
  est	
  BA 	
  34	
  	
  	
  	
  0	
   	
  	
  	
  	
  	
  	
  	
  	
  69.2	
   	
  	
  	
  	
  633.25	
  	
  129.12	
  
	
  	
  	
  …	
  



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.
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Landscape	
  
variables	
  



Soils	
  &	
  Topography	
  



VegetaDon	
  



Wildlife	
  HSI	
  
Redwinged	
  Blackbird	
  &	
  Common	
  Yellowthroat	
  (10	
  spp.)	
  



Wildlife	
  HSI	
  -­‐	
  table	
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 Palmer	
  Hydrologic	
  Drought	
  Index	
  
1999-­‐2001	
  (dry)	
  –	
  2003-­‐2005	
  (wet)	
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How can reference wetlands 
and an interactive database

inform practitioners to improve 
mitigation and restoration?

Monitoring and Recommendations



Restoration of stream  
channel following mining 

Completed stream 
restoration project 



Water - intersection of groundwater on restoration project. 



Source of materials: 
 

Wetland plant nursery 
(Environmental Concern, MD) 



Wetland Mitigation and Restoration Workshops 2014

 Sponsored by USEPA HQ, Region 3, USGS, & Riparia

•  #1	
  Gainesville,	
  VA	
  
•  #2	
  State	
  College,	
  PA	
  (SWS	
  Chapter	
  mtg)	
  
•  #3	
  New	
  Orleans,	
  LA	
  (SER	
  NaDonal	
  mtg)	
  
	
  
•  ParDcipants	
  examined	
  pre-­‐	
  and	
  post-­‐construcDon	
  
sites	
  and	
  data	
  for	
  the	
  interacDve	
  database	
  for	
  sites	
  
located	
  in	
  central	
  Pennsylvania	
  



Landscape	
  Context	
  
	
  

Bald	
  Eagle	
  MiDgaDon	
  	
  	
  
Site	
  A	
  
	
  

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

	
  
Associated	
  with	
  I-­‐99	
  
Highway	
  miDgaDon	
  

	
  
Designed	
  &	
  built	
  by	
  
WHM,	
  State	
  College	
  

Pennsylvania	
  

Hydrologic	
  flows	
  



Bald	
  Eagle	
  MiDgaDon	
  Site	
  A	
  
Basin	
  Design	
  



Bald	
  Eagle	
  MiDgaDon	
  Site	
  A	
  
PlanDng	
  Plan	
  



Bald	
  Eagle	
  Wetland	
  MiDgaDon	
  Site	
  –	
  Aug	
  2012	
  



Vegetation:  
  
Reference sites can provide 
useful information to design 
and assess mitigation and  
restoration projects. 



h+p://apps.cei.psu.edu/fqacalc/	
  



	
  	
  	
  	
  	
  	
  Bald	
  Eagle	
  A	
  –	
  PlanDng	
  plan	
  vs	
  Performance	
  
	
   	
   	
  (a{er	
  1	
  yr,	
  a{er	
  5yr)	
  

	
  
	
   	
   	
  Planted 	
  Performance	
  	
  	
  	
  Ref	
  Slope	
  
	
   	
   	
  2002 	
   	
  2003 	
  	
  2007 	
  Other	
  Stnd.	
  

FQI 	
   	
   	
  27 	
   	
  13 	
  	
  24 	
   	
  	
  
Adj	
  FQI	
   	
   	
  48 	
   	
  27 	
  	
  35 	
  36 	
  48	
  
NaDve	
  Avg	
  C 	
   	
  4.8 	
   	
  3.0 	
   	
  3.7	
  
	
  	
  	
  value(	
  0-­‐10	
  )	
  
NaDv	
  sp/Tot	
  sp 	
  32/32 	
   	
  13/16 	
   	
  35/39 	
  	
  
Wentworth	
  Index 	
  1.8 	
   	
  2.3 	
   	
  2.5	
  
	
  	
  (wetland	
  status)	
  



	
  	
  	
  	
  	
  	
  Bald	
  Eagle	
  A	
  –	
  PlanDng	
  plan	
  vs	
  Performance	
  
	
   	
   	
  (a{er	
  1	
  yr,	
  a{er	
  5yr)	
  

	
  
	
   	
   	
  Planted 	
  Performance	
  	
  	
  	
  Ref	
  Slope	
  
	
   	
   	
  2002 	
   	
  2003 	
  	
  2007 	
  Other	
  Stnd.	
  

FQI 	
   	
   	
  27 	
   	
  13 	
  	
  24 	
   	
  	
  
Adj	
  FQI	
   	
   	
  48 	
   	
  27 	
  	
  35 	
  36 	
  48	
  
NaDve	
  Avg	
  C 	
   	
  4.8 	
   	
  3.0 	
   	
  3.7	
  
	
  	
  	
  value(	
  0-­‐10	
  )	
  
NaDv	
  sp/Tot	
  sp 	
  32/32 	
   	
  13/16 	
   	
  35/39 	
  	
  
Wentworth	
  Index 	
  1.8 	
   	
  2.3 	
   	
  2.5	
  
	
  	
  (wetland	
  status)	
  



	
  	
  	
  	
  	
  	
  Bald	
  Eagle	
  A	
  –	
  PlanDng	
  plan	
  vs	
  Performance	
  
	
   	
   	
  (a{er	
  1	
  yr,	
  a{er	
  5yr)	
  

	
  
	
   	
   	
  Planted 	
  Performance	
  	
  	
  	
  Ref	
  Slope	
  
	
   	
   	
  2002 	
   	
  2003 	
  	
  2007 	
  Other	
  Stnd.	
  

FQI 	
   	
   	
  27 	
   	
  13 	
  	
  24 	
   	
  	
  
Adj	
  FQI	
   	
   	
  48 	
   	
  27 	
  	
  35 	
  36 	
  48	
  
NaDve	
  Avg	
  C 	
   	
  4.8 	
   	
  3.0 	
   	
  3.7	
  
	
  	
  	
  value(	
  0-­‐10	
  )	
  
NaDv	
  sp/Tot	
  sp 	
  32/32 	
   	
  13/16 	
   	
  35/39 	
  	
  
Wentworth	
  Index 	
  1.8 	
   	
  2.3 	
   	
  2.5	
  
	
  	
  (wetland	
  status)	
   drier	
  



Bald	
  Eagle	
  2007	
  -­‐	
  Riparia	
  miDgaDon	
  monitoring	
  output	
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Cross	
  vane	
  used	
  to	
  reduce	
  
incision	
  and	
  reconnect	
  stream	
  

to	
  floodplain	
  wetlands	
  



Most	
  headwaters	
  
fed	
  by	
  runoff	
  and	
  
baseflow	
  of	
  
groundwater.	
  	
  
Flooding	
  or	
  flows	
  
into	
  the	
  narrow	
  
floodplains	
  are	
  
frequent,	
  unless	
  
incised.	
  	
  

How	
  will	
  you	
  design	
  for	
  these	
  condi4ons?	
  	
  

Graphic	
  by	
  Tara	
  Mazurczyk	
  

Soil	
  organic	
  
ma+er	
  is	
  
variable,	
  but	
  
averages	
  10%	
  
	
  
Salamanders	
  
&	
  insects	
  are	
  
typical	
  
predators	
  
	
  
Ref	
  standard	
  
sites	
  in	
  East	
  
o{en	
  forested	
  

Headwater	
  floodplain	
  (upper	
  perennial,	
  
tributary	
  stream	
  and	
  wetlands)	
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Technical	
  issues	
  with	
  current	
  status	
  	
  
of	
  miDgaDon	
  and	
  restoraDon	
  

•  Wetland	
  miDgaDon	
  and	
  restoraDon	
  projects	
  do	
  not	
  
mimic	
  natural	
  wetlands	
  with	
  regard	
  to	
  structure	
  or	
  
funcDon,	
  resulDng	
  in	
  a	
  different	
  landscape	
  profile	
  	
  
	
  

•  Methods	
  used	
  for	
  assessing	
  condiDon	
  and	
  evaluaDng	
  
performance	
  must	
  be	
  the	
  same	
  

•  Site	
  selecDon	
  Ded	
  to	
  landscape	
  posiDon	
  is	
  criDcal	
  to	
  
mimic	
  hydrology	
  and	
  match	
  soil	
  condiDons	
  	
  

•  Recommend	
  using	
  reference	
  wetlands	
  to	
  design	
  and	
  
assess	
  performance	
  of	
  miDgaDon	
  projects	
  



RecommendaDons	
  for	
  wetlands	
  	
  
miDgaDon	
  &	
  restoraDon	
  

•  Site	
  selecDon:	
  choose	
  a	
  site	
  that	
  mimics	
  the	
  hydrology	
  
for	
  the	
  type	
  of	
  wetland	
  targeted	
  

•  Landscape	
  se}ng:	
  choose	
  a	
  site	
  that	
  will	
  not	
  be	
  exposed	
  
to	
  chronic	
  stressors	
  and	
  impacts	
  

•  Soils:	
  excavaDng	
  into	
  subsoil	
  results	
  in	
  coarser	
  texture	
  
and	
  less	
  organic	
  ma+er,	
  which	
  will	
  require	
  soil	
  
amendments;	
  or	
  begin	
  with	
  hydric	
  topsoil	
  

•  Design	
  criteria:	
  must	
  reflect	
  ranges	
  for	
  variables	
  derived	
  
from	
  reference	
  wetlands	
  of	
  the	
  same	
  type	
  



CONCLUSIONS	
  
	
  

Tackle	
  problems	
  with	
  real	
  soluDons	
  
	
  

Success	
  =	
  small,	
  integrated	
  projects	
  
	
  

Level	
  of	
  passion	
  governs	
  the	
  level	
  	
  
of	
  success	
  and	
  saDsfacDon	
  

	
  



Riparia’s	
  Reference	
  Wetlands	
  Database	
  
h+p://wa.cei.psu.edu/wetlands/	
  
Riparia/MAWWG	
  -­‐	
  Status	
  &	
  Use

Pennsylvania	
  	
  (Riparia)	
  –	
  complete,	
  online	
  (n	
  =	
  220+)	
  
Delaware	
  (DNREC)	
  –	
  data	
  compiled,	
  next	
  
West	
  Virginia	
  (DNR)	
  –	
  data	
  acquired,	
  a{er	
  DE	
  
Virginia	
  (VIMS)	
  –	
  a{er	
  WV	
  (n	
  =	
  ?)	
  
Maryland	
  –	
  no	
  known	
  reference	
  data	
  

May	
  add	
  other	
  states	
  …	
  
	
   	
   	
  *will	
  be	
  1,000+	
  reference	
  wetlands*	
  	
  

Publicly	
  available,	
  interacDve	
  website	
  –	
  to	
  enhance	
  
miDgaDon,	
  restoraDon,	
  and	
  condiDon	
  assessments	
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