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Webinar Outline
Historical perspective on reference
Hydrology and landscape:
FOLLOW THE WATER |

Reference data across a disturbance gradient
e SHORT Q & A BREAK

Mitigation & restoration projects
under perform

How reference data can improve mitigation &
restoration

Case studies and recommendations
Availability of wetlands reference data, Q & A






e must embrace reference c
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Historical Perspective
What is reference? Why do we need it? Definitions...
How do we use reference data?
1) assess condition
2) design projects
3) evaluate performance
4) ...

Current Applications — Mid-Atlantic Experience
Where do we get reference data? 3 Levels of Sampling
How can we use reference data? Condition & Mitigation

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



“...50, 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



Concepts — when and where did they originate?
Hughes et al. 1986. Regional reference sites for streams.
Environ. Manage. [reference stream selection process]

Brooks and Hughes. 1986/88. [reference wetland selection
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 mitigation, restoration, creation]

Brinson 1993. [hydrogeomorphic concepts,
reference wetlands for functional assessments]



Smith et al. (1995) definitions for reference concepts:

Reference Domain - geographic area from where
reference wetlands are selected
(also consider land use: forested, agriculture, urban)

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 (disturbance gradient of sites)




Smith et al. (1995) definitions for reference concepts:

Reference Domain - geographic area from where
reference wetlands are selected
(also consider land use: forested, agriculture, urban)

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 (disturbance gradient of sites)




Mitigation - (compensatory mitigation) — Using creation,
restoration, enhancement or preservation of a wetland designed to
offset permitted losses of wetland functions in response to special
conditions of a permit.

Restoration - To return from a disturbed, degraded, or altered
condition to a previously existing natural or altered condition by a
human-induced action.

Creation - The conversion of a persistent area of one type to
another type (e.g., upland to wetland).

Preservation - Protection of an existing and well-functioning

wetland from prospective future threats.

Enhancement - The increase in one or more functions or values of
all or a portion of an area.

Constructed Wetland - For the primary purpose of treating a
contaminant or pollution in wastewater or runoff.
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SMALL: Headwater complex — stream and wetlands, PA
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SMALL: Depression, emergent - North Dakota




LARGE: Prairie Pothole Region, Waubay NWR, USFWS



LARGE: Natural forested riverine landscape, Texas




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




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




Context for classification of wetlands and waters

1. Different types exist:

 Vary structurally
 Vary functionally
 Vary in stressor responses
2. Where is the water and why it is there?

 Nature resists compartmentalization, but what
are the commonalities?

* Realize that mixed types are common
e FOLLOW THE WATER!




(Ramsar 2005)

Water transfers in and out of a wetland
(evaporation, precipitation, runoff, groundwater,
infiltration, overbank flooding, pumping)

Wetlands are highly interconnected with other waters.



Groundwater
sources for
WENER K

(Ramsar 2005)




Depressions:
water sources

(Ramsar 2005)




Classification of
Aquatic Ecosystems (NWI)

Riverine - rivers and streams
_acustrine - lakes and ponds
Palustrine - vegetated wetlands
Estuarine - salt marshes, flats

Marine - beaches, rocky shores, reefs

National Wetlands Inventory (NWI), Cowardin et al. (1979)



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

« Water source
— precipitation

— surface runoff
— groundwater J1T N R\
Hydrodynamics (3 ) TR\

— vertical - water table e = (Fjs%ud) =

— uni-directional - stream
or spring flows

— bi-directional - tidal
Landscape position JIVILAG
— riverine, slope .. NSNS, &
- interconnected watershed ( \\‘ WY




Mid-Atlantic Experience
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Riparia’s Reference Wetlands Collection (n = 220)
Established 1993-2003, now resampling
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How do we use reference data?




Recommendations for establishing reference wetlands

Establish multiple objectives that consider all needs,
makes efficient use of limited human & resources:

assessing condition

designing better wetlands by region and type
evaluating performance for mitigated & 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 selecting reference wetlands.



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

Enhanced inventory
LANDSCAPE Condition assessment
FROM GIS Mitigation site selection

RAPID FIELD Conditior.1 assc?s.sm('ent
ASSESSMENT Stressor identification

Condition assessment
INTENSIVE FIELD \Yiljaf=yulela B jt=Ne [S5]d0
ASSESSMENT & performance




Disturbance-
Response
Curve

(dose-response)

Wardrop et al.
2013

Condition Measure
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Tiered Aquatic Life Use (TALU)
as metric of condition for wetlands

Used in stream

monitoring | _ 3
] Native or natural condition
progra ms 5 Minimal Ios_s of species;
Ad d D recision zz;nuer density changes may
& consiste NCY Some sensitive species

Some 3 maintained but notable
replacement of replacement by more
sensitive-rare tolerant taxa; altered
species; functions 4 distributions; functions
fully maintained largely maintained

Define

categories of .
.. Tolerant species show
condition increasing dominance; §

sensitive species are rare;
based on data

to assessments

~ C
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functions altered
Degraded Severe alteration of

structure and

Set restoration =D
goals and Stressor Gradient

standards

Davies and Jackson 2006



Wetland Homogeneity Model

>

uoLel01S9Y

Degradation

<

Equivalence

Brooks et al. 2005 Eco Engin.



Wetland Homogeneity Model

>

Degradation
>
uoLeJI01S9Y

<

Equivalence

Brooks et al. 2005 Eco Engin.



Reference Standard Disturbed (Stressed)

Moon 2012 and Moon & Wardrop 2013 found (for 8 headwater
sites in central Pennsylvania) that disturbed sites had:

< forest cover

< core forest

> impervious surface



Level 2 - Regional Wetland Assessment Locations

4

400 sites

® 2008 sites
® 2009 sites




Level 2 - Stressor Identification

- Hydrologic - Eutrophication
Modification . Acidification

. Sedimentation - Turbidity

- Dissolved oxygen . Thermal Alteration

- Contaminant toxicity . Salinity
- Vegetation alteration

modified from Adamus & Brandt 1990
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Reference Standard Disturbed (Stressed)

Moon 2012 and Moon & Wardrop 2013 found (for 8 headwater
sites in central Pennsylvania) that disturbed sites had:

- drier soils

< soil organic matter

- more frequent and more intense fluctuation in hydrographs
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Welcome

The Mid-Atlantic Wetlands Workgroup
(MAWWG) is currently funded through a Wetland
Program Development Grant from the U.S.
Environmental Protection Agency Region Ill to
Riparia at The Pennsylvania State University.

MAWWG consists of participants representing
federal and state regulatory personnel and
scientists from the followingstates: Delaware,
Maryland, New Jersey, New York, North
Carolina, Ohio, Pennsylvania, Virginia, and West
Virginia. This focused membership includes both
users and developers of monitoring and
assessment tools.

Announcements

e Delaware Wetlands Conference 2014 (Save the
Date and Call for Abstracts)

e Delaware: Broadkill Watershed Website

e Mid-Atlantic Floristic Quality Index Calculator




Level 3
Intensive Assessment

Floristic Quality
Assessment Index (FQAI)

Plant Index of
Biological Integrity
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Calls for improving restoration, creation,
and mitigation performance

« NRC 1992 - Restoration of Aquatic Ecosystemes...
« 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



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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Structural and Functional Loss in Restored Wetland
Ecosystems

David Moreno-Mateos'?*, Mary E. Power’, Francisco A. Comin®, Roxana Yockteng®*

1 Integrathve Blology Department, University of Califomila at Berkeley, Berkeley, Callfomila, United States of Amedeca, 2 Jasper Ridge Blolog cal Preserve, Stanford University,
Woodside, California, United States of Amerca, 3 Department of Conservation of Blodversity and Ecosystern Restoration, Pyrenean Institute of Ecology - CSIC, Zaragoza,
Spain, 4 UMR CNRS 7205, Muséum National d'Histoire Naturelle, Pars, France

Abstract

Wetlands are among the most productive and economically valuable ecosystems in the world. However, because of human
activities, over half of the wetland ecosystems existing in North America, Europe, Australia, and China in the early 20th
century have been lost. 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. Our results from a
meta-analysis of 621 wetland sites from throughout the world show that even a century after restoration efforts, biological
structure (driven mostly by plant assemblages), and biogeochemical functioning (driven primarily by the storage of carbon
in wetland soils), remained on average 26% and 23% lower, respectively, than in reference sites. Either recovery has been
very slow, or postdisturbance systems have moved towards alternative states that differ from reference conditions. We also
found significant effects of env—imental settings on the rate and degree of recovery. Large wetland areas (=100 ha) and
wetlands restored in warm (ter  ‘rate and tropical) climates recovered more rapidly than smaller wetlands and wetlands
restored in cold climates. Also, '  lands experiencing more (riverine and tidal) hydrologic exchange recovered more rapidly
than depressional wetlands. Re!  ation performance is limited: current restoration practice fails to recover original levels of
wetland ecosystem functions,| n after many decades. if restoration as currently practiced is used to justify further
degradation, global loss of wel d ecosystem function and structure will spread.

Citation: Moreno-Mateos D, Power ME, Ci FA, Yockteng R (2012) Structural and Functional Loss in Restored Wetland Ecosystems. PLoS Biol 10{1): e1001247.
dol:10.137 1/joumal pblo. 1001247

Academic Editor: Michel Loreau, MoGill ersity, Canada
Received May 27, 2011; Accepted Do 8, 2011; Published January 24, 2012

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.
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ARTICLE

Hydrogeomorphic (HGM) Assessments of Mitigation

Sites Compared to Natural Reference Wetlands

in Pennsylvania

MNaomi A. Gebo - Robert P. Brooks

Received: 17 September 20010 / Accepted: 27 Decamber 2011 /Published online: 28 January 2012

T Society of Wetland Scientists 2012

Abstract The U.S. Environmental Protection Agency and
U.S. Amrmy Corps of Engineers completed revisions to the
Mitigation Rule of the Clean Water Act in 2008. These
revisions encourage states to camry out mifigation in a wa-
tershed context, prioritizing mitigation site design and
placement by overall watershed need, to the extent appro-
priate and practicable (33 C.F.R. 332.3(c)). States are
expected to establish monitoring programs and measureable
performance standards for mitigation wetlands. In
Pennsylvania, hydrogeomorphic (HGM )-based assessments
mvolving 222 reference wetlands were used to compare
mitigation wetland performance. For this study, 72 mitiga-
tion wetlands were sampled in 2007 and 2008 from three
categories — Pennsylvania Wetland Replacement Program
sites, Pennsylvania Department of Transportation mitigation
banks, and permit required compensatory mitigation sites.
Mitigation wetlands were intensively sampled using a T eve!
3 - Intensive methodology developed by Riparia. Fielc

Introduction

Compensatory mitigation is intended to replace the areal
extent and, ideally, the functions of the impacted wetlands.
The latter has proven elusive to assess and difficult to
achieve. According to recent reports, wetland mitigation
has resulted in a net increase in wetland area natiomwide
(Dahl 2006). However, functional replacement is not neces-
sarily associated with these gains in wetland area. The need
to establish a high degree of function across a vanety of
forms has long been neglected in the mifigation process.
There 15 wide consensus among researchers that mitigation
is not adequately compensating for natural wetland losses
structurally, functionally (Race and Fonseca 1996; Mitsch
and Wilson 1996; Zedler and Callaway 1999; Kentula et al.

2004), or with regard to temporal lags in functional perfor-
rares (Citrck and Hitshoean 2004 Bondae 2004 Croated

and GIS computed vaniables were used to denive the s Overa”’ mitigation Sites

of 10 HGM functional capacities. Overall, mitigation

displayed lower potential to perform a charactefistic w dlsplayed |Ower poten‘[_‘ial to

function than reference shov
greatest discrepancy, whire=rrmsmg-sreesmmey A the

amount of difference from reference scores. Mitigatio pe rform a Cha ra Cte ristic

size, age, and type were not significant factors in func
capacity index scores.

Keywords Hydrogeomorphic functional assessment -

wetland function than

Mitigation rule - Compensatory mitigation - Mitigation | refe rence Wetla nds-

My Documents

»

How do we learn
to build
better wetlands?

By using data from
reference wetlands

for mitigation
design and
performance!

Gebo and Brooks 2012
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Reference vs. Disturbed vs. Created

Physical Indicators

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

Soil Chroma 1.1 2 1.5 19 12 21 2.3
(<2 = wet)
Organic
Matter % 24 9 21 8 13 6 4

(> OM = expected)

Brooks et al. 2005



Reference vs. Disturbed vs. Created

Physical Indicators

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

Soil Chroma 1.1 2 1.5 19 12 2.1 2.3
(<2 = wet) Ref << Dis & Cre

Organic

Matter % 24 9 21 8 13 6 4
(> OM = expected) Ref >> Dis & Cre

Brooks et al. 2005



Natural reference
wetland
VS.
mitigation project

Gebo & Brooks 2012
Brooks & Gebo 2013




Map of Mitigation Wetlands in Pennsylvania
—///‘ (n=72)
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HGM Distribution of Mitigation and
Reference Wetlands in Pennsylvania
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Floristic Quality Assessment Index (FQAI):
Depression, Fringing, Slope Wetlands

Depression - FQAI
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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
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Removal of Nitrogen (F5):
Riverine, Slope, and Depression Wetlands
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Retention of Sediments (F7):
Riverine, Slope, and Fringing
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Mainstem Floodplain - F7
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Provision of Wildlife Habitat (10 species; F11):
Riverine, Slope, Depression, and Fringing
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Comparison of Functions in Reference and
Mitigation Wetlands in Pennsylvania

Average of 10 HGM Functions
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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 protocoils.



e 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
http://wa.cei.psu.edu/wetlands/

| VBIOMASS, estimated total biomass (n=42)
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Web-interface displays data
in tiles and tables

VBIOMASS, estimated total biomass (n=42)

0 150 300 450 €00 750 ©00 1050 1200 1350 1500 d.u.

Variable Description
VBIOMASS estimated total biomass
VTREE estimated % cover of trees
VSHRUB estimated % cover of shrubs
VHERB estimated % cover of herbs
VCWD-BA coarse woody debris est BA

N Min Avg Max SD
34 75.68 156.39 381.79 67.83

34 0 0.06 0.32 0.08
34 0 18.53 81.22 16.52

34 31.25 78.78 100 20.25
34 0 69.2 633.25 129.12



Variable Tile

(mouse over)

VBIOMASS., estimated total biomass (n=42)

750 ©00 1050 1200 1350 1500 d.u.

min: 76 max: 382
mean: 170 sd: 71

Variable Tile (Stacked)

VBIOMASS, estimated total biomass (n=34, n=8)
Reference sites -

Reference standard sites
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S Landscape
00 01 02 03 04 05 06 07 08 08 10 du. 00 02 04 06 08 10 12 14 16 18 20 du. V a rla b | eS

'8 A £ N

VSTRINDEX, stream density index (n=41, n=3) VNEARDIST, distance to nearest NWI wetland (n=41, n=3)
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VMPS, mean forested patch size in 1 km radius (n=41, n=3) VRDDEN, density of roads in 1 km radius (n=41, n=3)

T T T T T T T T 1 1
Q0 50 100 150 200 250 300 350 400 450 500 sqm Q0 10 20 30 40 S0 60 70 80 90 100 d.u.
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VURB, % urban development in 1 km radius (n=41, n=3) VUNOBSTRUC, floodplain obstruction index (n=41, n=3)
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Soils & Topography

Soil and Topography

VGRAD, elevation gradient based on topo maps (n=41, n=3)
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VMICRO, microtopoaraphy (n=41, n=3)
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VREDOX, mottle and matrix chroma (n=41, n=3)
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VMACRO, % macrodepressions along transect (n=41, n=3)

VORGMA, % organic content in top 5 cm of soil (n=41, n=3)
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VTEX, soil texture determined in field (n=41, n=3)




Vegetation

Vegetation

VBIOMASS, estimated total biomass (n=41, n=3)
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VSHRUB, estimated % cover of shrubs (n=41, n=3)
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T T T T T T

75 90

oA
-
o
w
o
A
o
o
o

T T T
105 120 135 150 %

VCWD-BA, coarse woody debris est. basal area (n=41, n=3)
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VCWD-BA, CWD est. basal area, branches/saplings (n=41, n=3)
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VCWD-BA, CWD est. basal area, trees (n=41, n=3)

VCWD-BA, CWD est. basal area, large trees (n=41, n=3)

VCWD-SZ, coarse woody debris size class tally (n=41, n=3)
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Wildlife HSI
Redwinged Blackbird & Common Yellowthroat (10 spp.)

VRWBB, Overall HSI score (n=41, n=3) V1RWBB, Breed/Nest: herbaceous canopy cover area (n=41, n=3) V2RWBB, Breed/Nest: Water during breeding season (n=41, n=3)

V2YT, Food: Average height of shrubs (n=41, n=3) V3YT, Breedina/Nestina: % of shrub crown cover (n=41, n=3)
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VS5YT, Breedina/Nesting: % herbaceous cover (n=41, n=3) V6YT, Breedina/Nesting: % arass canopy cover (n=41, n=3)
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Wildlife HSI - table
Veriable _ [Descrpon [N [wn_ [ [Wx |

VRWEBB Overall HSI score

VIRWBB Breed/Nest: herbaceous canopy cover area
V2RWEB Breed/Nest: Water during breeding season
V3RWEB Breed/Nest: herb. canopy ht., breeding
VYT Overall HSI score

Food: % of shrub crown cover

Food: Average height of shrubs

Breeding/Nesting: % of shrub crown cover
Breeding/Nesting: Average height of shrubs
Breeding/Nesting: % herbaceous cover

Breeding/Nesting: % grass canopy cover

W W W W W Www W Ww W w W

Special Value: Soil moisture
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Level 3/4 - Wetland Hydrograph Analysis

Water level (cm)
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Hychka et al. 2013




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

Palmer Hydrologic Drought Index
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1995 321 245 116 093 095 -1.35 -1.97 |-3:28 -3.83 -2.55 -1.55 -1.66
1996 241 228 219 226 213 200 215 153 3.95 KT B <00 Extreme wetness
1997 69 361 248 222 159 085 169 199 1.15 254 206 3.00t03.99 Severe wetness

o - s O W T N W - N W e 1.50 to 2.99 Mid to moderate wetness
-2.49 239 335 R 232 352 331 -3.27 14910 1.49 Near normal

-3.20 -2.19 -1.30 -2.04 -1.91 -1.92 -1.84 -220 -2.23 -1.50 to -2.99 Mild to moderate drought
-2.09 -248 -2.86 -267 -3.11 -3.41 -260 -2.47 -287 -2.77 -3.00 to -3.99 Severe drought

-1.07 1.52 -1.06 -1.88 -1.90 - <-4.00 Extreme drought

-0.84 -0.55 157 239

3.47 295

294 169 074 -278 -360

-249 -133 -086 188 263 ND ND ND




Wetland Hydrograph Analysis
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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.
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Source of materials:

Wetland plant nursery
(Environmental Concern, MD




Wetland Mitigation and Restoration Workshops 2014

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

e #1 Gainesville, VA
e #2 State College, PA (SWS Chapter mtg)
e #3 New Orleans, LA (SER National mtg)

e Participants examined pre- and post-construction
sites and data for the interactive database for sites
located in central Pennsylvania

- - . _*&” ‘\ —-‘..‘-".,,.A i - « - ‘;



T

QUADRANGLE FOR JULIAN, PA
(1962, PR 1987)

Landscape Context

Bald Eagle Mitigation
Site A

Located between
Ridge & Valley (S) and

Allegheny Plateau (N)

Associated with [-99
Highway mitigation

Designed & built by
WHM, State College
Pennsylvania
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Bald Eagle Wetland Mitigation Site — Aug 2012



Vegetation:

Reference sites can provide
useful information to design
and assess mitigation and
restoration projects.
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Floristic Quality Assessment Report

Site name: Bald Eagle WHM 2007 Riparia mitigation monitoring
Ecoregion: Allegheny Plateau

RESULTS Scientific Name Native |C |WIS
Alisma triviale Y 4 |OBL
Ambrosia artemisiifolia Y 1 [FACU
FQI 24.2 Tolerance Count WIS Count| Asclepias incarnata w S losL
Adjusted FQI 34.7 high 17 OBL 17 Carex comosa v s JosL
Total Mean C 3.7 | intermediate 13 | Facw 12 e e
Total Count 39 poor 5 FAC 2 Carex tribuloides Y 4 |[FACW
. Carex vulpinoidea Y 2 |OBL
Native Mean C 4.1 very poor 0 FACU 4 e — o
Native Count 35 not applicable 4 UPL 0 Elymus riparius Y 5 [Facw
Epilobium coloratum Y 2 [FACW
NA 4 Eupatorium perfoliatum Y 3 [FACW
Galium palustre Y 8 |OBL
Glyceria grandis Y 8 |OBL
Hypericum mutilum Y 3 |FACW
Impatiens capensis Y 3 |FACW
Leersia oryzoides Y 3 |OBL
Ludvigia palustris Y 2 |OBL
Lycopus americanus Y 4 |OBL
. . Lysimachia nummularia N FACW
http://apps.cei.psu.edu/fgacalc/ Mimlos rmgans e
Myosotis laxa Y 6 |OBL
Oenothera perennis Y 6 |FAC
Penthorum sedoides Y 4 [OBL
Polygonum hydropiper N
Polygonum pensylvanicum Y 3
Polygonum sagittatum Y 3
Pontederia cordata Y 8 |OBL
Prunella vulgaris N FACU
Scirpus atrovirens Y 3 |OBL
Scirpus cyperinus Y 2 |FACW
Euthamia graminifolia Y 3 |FAC
Sparganium eurycarpum Y 6 |[OBL
Trifolium pratense N FACU
Typha latifolia Y 2 |OBL
Verbena hastata Y 3 |[FACW
Juncus effusus var. pylaei Y 2 [FACW
Nuphar lutea ssp. variegata Y 5
Potentilla norvegica ssp. monspeliensis Y 1 [FACU




Bald Eagle A — Planting plan vs Performance

FQI

Adj FQ

Native Avg C
value( 0-10)

Nativ sp/Tot sp

Wentworth Index
(wetland status)

(after 1 yr, after 5yr)

Planted Performance Ref Slope
2002 2003 2007 Other Stnd.
27 13 24

48 27 35 36 48
4.8 3.0 3.7

32/32 13/16 35/39

1.8 2.3 2.5



Bald Eagle A — Planting plan vs Performance

FQI

Adj FQ

Native Avg C
value( 0-10)
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(wetland status)
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Bald Eagle A — Planting plan vs Performance

FQI

Adj FQ

Native Avg C
value( 0-10)

Nativ sp/Tot sp

Wentworth Index
(wetland status)

(after 1 yr, after 5yr)

Planted Performance Ref Slope
2002 2003 2007 Other Stnd.
27 i3 24

48 27 35 36 48
4.8 3.0 3.7

32/32 13/16 35/39

1.8 2.3 2.5

drier



Bald Eagle 2007 - Riparia mitigation monitoring output

Tolerance | Natives WIS Tolerance | Natives WIS
M high P native
intermediate introduced
poor
 very poor

not applicable

Tolerance | Natives WIS

P cbligate wetland

B facultative wetland

facultative

facultative upland

obligate upland

not applicable
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Context Map of Watershed

B —

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

Perspective

? _ Soil organic
Headwater floodplain (upper perennial, | matteris
tributary stream and wetlands) variable, but

averages 10%

Salamanders
& insects are

typical
predators

Ref standard
sites in East
often forested

WETLAND CHARACTERISTICS
[ v sTREAM
WATERBODIES

WATER TABLE

[l son

PRECIPITATION

g
“‘j| RECHARGE
¢

INTERFLOW
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SURFACE RUNOFF
mmmm  RESTRICTIVE LAYER

Graphic by Tara Mazurczyk



Vernal Pools (Calhoun et al. 2014)
(isolated depression, seasonal pool)
Recommendations

* If pool hydroperiod is successfully
recreated, rest will follow if source
populations exist within viable colonization distances — but most
difficult parameter to reproduce.

* Carefully consider the effects of substrate composition,
compaction, natural vegetation, and maintenance of canopy
(in East).

* Generally have ephemeral hydrology, avoid permanent
hydrology, should be fishless.

* Emulate gentle slopes of natural pools.

* Maintain adequate buffer distances, with suitable vegetation.

* Monitor for target species, documenting successful reproduction.

[see Tom Biebigenhauser’s work]




Technical issues with current status
of mitigation and restoration

Wetland mitigation and restoration projects do not
mimic natural wetlands with regard to structure or
function, resulting in a different landscape profile

Methods used for assessing condition and evaluating
performance must be the same

Site selection tied to landscape position is critical to
mimic hydrology and match soil conditions

Recommend using reference wetlands to design and
assess performance of mitigation projects



Recommendations for wetlands
mitigation & restoration

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

Landscape setting: choose a site that will not be exposed
to chronic stressors and impacts

Soils: excavating into subsoil results in coarser texture
and less organic matter, 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 solutions

Success = small, integrated projects

Level of passion governs the level
of success and satisfaction



Riparia’s Reference Wetlands Database
http://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, after DE
Virginia (VIMS) — after WV (n = ?)
Maryland — no known reference data
May add other states ...
*will be 1,000+ reference wetlands™

Publicly available, interactive website —to enhance
mitigation, restoration, and condition assessments



National Wetlands Condition Assessment — 2011, 2016 next

> 1,000 sites sampled, USEPA)-;

; e



National Wetlands Condition Assessment — 2011, 2016 next
] > 1,000 sites sampled, USEPA);

L]

@ f ..: .

and manage a national registry nd database
for reference wetlands ... stay tuned
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