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The New York Natural Heritage Program

The NY Natural Heritage Program is a partnership
between the NYS Department of Environmental
Conservation (NYS DEC) and the State University of I
York College of Environmental Science and Forestry. (
mission is to facilitate conservation of rare animals, rar
plants, and significant ecosystems. We accomplish thit
mission by combining thoroufild inventories, scientific
analyses, expert interpretation, and the most comprehi
database on New York's distinctive biodiversity to deliv
the highest quality information for natural resource
planning, protection, and management.

NY Natural Heriage was established in 1985 and
contract wunit housed wi
Fish, Wildlife & Marine Resources. The program is
staffed by more than 25 scientists and specialists wi
expertise in ecology, zoology, botany, information
managemenand geographic information systems.

NY Natur al Heritage ma
comprehensive database on the status and location
rare species and natural communities. We presently
monitor 174 natural community types, 802 rare plani
species, and 44dre animal species across New York
keeping track of more than 12,500 locations where t
species and communities have been recorded. The
database also includes detailed information on the
relative rareness of each species and community, th
quality of heir occurrences, and descriptions of sites.
The information is used by public agencies, the
environmental conservation community, developers,
others to aid in landse decisions. Our data are esser
for prioritizing those species and communitiaséal
of protection and for guiding lande and land
management decisions where these species and
communities exist.

In addition to tracking recorded locations, NY
Natural Heritage has developed models of the areas
around these locations important forsgming
biodiversity, and models of the distribution of suitabl
habitat for rare species across New York State.

NY Natural Heritage has developed two notable
online resource€onservation Guidésclude the
biology, identification, habitat, and management of n
of New Yorkds rare spec
types; antlY Nature Explorelists species and
communities in a specified asémterest.

NY Natural Heritage also houfldaplnvasives, an
online tool for invasive species reporting and data
management.

In 1990, NY Natural Heritage publisiigmblogical
Communities of New York&tatk inclusive
classification of natural angnmaninfluenced
communities. From 40,080re beecmaple mesic
forests to 4@cre maritime beech forests;legal salt
marshes to alpine meadows, our classification quick
became the primary source for natural community
classification in New York anduadamental reference
for natural community classifications in the northeas
United States and southeastern Canada. This
classification, which has been continually updated a:
gather new field data, has also been incorporated in
the National Vegdian Classification that is being
developed and refined by NatureServe, The Nature
Conservancy, and Natural Heritage Programs
throughout the United States (including New York).

NY Natural Heritage is an active participant in
NatureServé the internationailetwork of biodiversity
datacenterdlat ur eServeds netw
centers collect and analyze data about the plants,
animals, and ecological communities of the Western
Hemisphere. Known as natural heritage programs o
conservation data cergethese programs operate
throughout all of the United States and Canada, and
many countries and territories of Latin Amefibase
programs work with NatureServe to develop biodive
data, maintain compatilstandards for data manageme
and preideinformation about rare species and naturg
communities that is consistent across many geogray
scales.
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PROJECT SUMMARY

Wetland ecosystem services such as stormwater management, water quality, and water security, are
a function of wetland conditiorThis project addresses the absence aifitadng protocols for

freshwater wetland® New York StatgNYS), a needdentifiedin theNew York State Water

Quiality Monitoring Program Strategy 202914 (June 2006Dur objectives were to: 1) assess the
condition of NYS wetlands using a thrkvel sampling approach, and 2) develop a rapid

assessment protociblat effectively quantifies wetland conditiofio assess the condition of NYS
wetlands remotely (Level 1), we developestatewide_andscape Condition Assessm@ntA)
modelthatcumulativelydepict anthropogenic stressors across the New York landscape (3thx 30
resolutior). Rapid assessment methods developed for Level 2 quantified anthropogenic stressors
usingbasic air photo interpretatiandfield surveysAt the finest scale omeasurement (Leve)3

plot arrays captured vegetation structure #mastic biodiversity To create an effective but

relatively simple Level 2 protocol that could easily be used by others throughout New York, we used
datafrom Levels 1 and B test, réine, and support thieevel 2rapid assessmentethod (RAM)

The end result is set ofrobust wetland assessment protocols using a-tewet sampling design.

This flexible method allows practitioners to select the level of sampling that is most alepticcab

their project goals and resources.

RESEARCH RELEVANCE

Wetlands provide fundamental ecosystem services, but their ecological integrity is under increasing
pressure from human activitiélsentula et al. 2004, Dahl and Allord 1996, Johnson et al. 2013)
Healthy wetland systems are fundamental to protecting natural resources and water quality,
functions that can be compromised by human alterafidokaughlin and Cohen 2013, Bettez and
Groffman 2012, Richardson et al. 2011, Tiner 20&s}ablishing a baseline of wetlanchddion, in
addition to accurate acreage estimates, is critical for effective resource management whether at the
catchment or watershed scdieirther, developing reference standards relative to specific wetlands
types provides a critical framework by whito measure mitigation and restoration actions.

Wetland degradation reflects multiple stressor typeg, hydrologic, nutrient) compoundeder

time and spacd.andscapescale monitoring efforts therefore need to take a holistic approach to help
identify data gaps, and prioritize management efforts. Recently, stakeholders have begun to develop
multi-tiered monitoring approaches that include indicator needipplicable to multiple spatial

scaleqe.g., Solek et al. 2011I)his approach provides amganizational toothat is flexible enough

to be incorporated into routine watershed monitoring, as wslt@specificconservation and
managemeructivities(Brinson and Rheinhardt 1996)

Freshwater wetlands comprise approximately 2.5 million acres of New York(8¥&DEC

2010) an estimated 60% reduction since European settlement in the(Badsger et al. 1996)
Although NYSDivision of Fish,Wildlife, and Marine Resourcdsgsongoing mapping efforts and
attempts to measureet gains or losses of wetlands, no current methods are in place estimate
wetland conditio. This project aims to fill this data gap #gveloping and enacting a protocol for
evaluating the health and quality of tR¥S wetlands.
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ProjectObjectives

1) Develop ahreetier framework for monitoring and assessmehiNew York Statevetlands
For ezh tier, identify indicator metrics that correlate with wetland health.

2) Level 1 (L1): Generate a statewide landscape condition assessment model that reflects the
cumulative impacts of anthropogenic stressors.

3) Level 2 (L2): Creatarapid, fieldbased protocdhat assess wetland structure and function.
Further, the protocol should be repeatable, and accessimersvithout extensive
additional training.

4) Level 3 (L3): Collect quantitative data characterizing vegetation struatut®iodiversity.

METHODS

Level 1:Landscape Condition Assessment (LCA)

Whether natural or humamediated, disturbance magnitude reflects the intensity, return interval,
and spatial extent of a given disturbance. Stressor attenuation therefore vardistuibiance type.
We incorporated this fundamental concept into @melcape condition assessm@&@A) model
(Comer andHak 2012, Grunaet al.2012) which synthesizes stressors at the 30 m x Jixel
scale. This section describes the LCA in general terms; we provide more deqifeimdix A.

The model begins with a series of GIS layers representing environnteesabss. Selected input

themes (GIS feature classes) had consistent statewide coverage and included elements that, researct
suggests, have a negative influence on wetland structure and function. The final model (LCA2)
included elements from transportatiemban/industrial development, utilities corridors, and land

useland cover, for a total of 13 feature clas€Esblel).

Following Comer and Haik012)and Grunau et a(2012) the extent of impact for even the

greatest stressor did not extend more than 2,000 m beyond the site of impact. Our approach was to
calculate a distanew-stressor raster surface for each of the 13 features using the Euclidian distance
tool in ArcGIS(ESRI Inc 2010)Through thesanalysesve produced 13 rasterized layers (30 m x

30 m pixel size) in which pixel scores increased with distance from a stressor (i.e., impact site pixel
= 0).We were then able to calcutaaistressor value for each pixel usiBguationl, wherex is the
Euclidian distance valu@,shifts the curve away from the centedetermines dexy distance slope
cisaconstangndwi s t he st r(RGosedeam 2013Feifirgalmibdel appliedis
differentdecay functions testimatethe spatial exteraf anthropogenic stressoisigurel).

Equationl
O0OOAOOI O ASOAI-OAOLIT— ”~g”'"”~ 0
p A@Dp—nnw ®
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Figurel: Sigmoid decay curves used to model the attenuation of ecological effects away from the fddprint
stressor. For stressors modeled with the y1 curve, imgactmedrapidly with distancde.g., ATV trail} those
assigned to thg6 curve had impacideclining more graduallfrom the footprint (e.g., urban development).

The cumulative nature of the final LCA model incorporates the compounding effects of multiple
stressors at theelativdy fine spatial sale of 30 x 3@ém. We used this rasterized data layer to

calculate an average LCA score based on pixels within a defined area. As sliogure, low

LCA scores reflect low levels of human disturbance within the local landscape. For reference, the
average LCA score for the Adirondack Ppdtygonwas 105 §tandard deviation 256). In

contrast, urban area$isters in the NY region as defined by #0US census provided an upper
estimate for Aurbano; average LCA in these hi

Tablel: LCA2 included themewere eactassigned a distance decay functigguationl values (a, b, w), and the
distance at which an impact becomes negligible (disty. As shown inFigurel, y1represents the most abrupt
decay curveandy6 the most graduaSome values were changed during model development (IXCACA2) as
indicated belowPdecreasedincreased. Cropland andtae rail lines were new thCA2.

LCA2 feature class input theme Decayfunc. a b w Max dist.(m)
Transportation
Unpaved ehicle trails yl 0.25 20 100 5P
Active rail lines y2 0.5 10 500 100
Local, neighborhood, rural roads y3 1.0 5 300 200
Secondary, connectinmgads y4 2.5 2 500 500
Primary highways, limited access y5 5.0 1 500 1000
Primary highways, w/o limited access y5 5.0 1 500 1000°
Urban and industrial dvelopment
Electric transmission corridor y2 0.5 10 300 100
Natural Gas corridor y2 0.5 10 300 100
Medium intensity development y4 25 2 400 300
Low intensity development y4 25 2 300 300
High intensity development y6 10.0 0.5 500 2000
Managed and modifiedhduseland mver
Cropland y3 1.0 5 300 200
Open spaces y3 1.0 5 300 200
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New York State
Landscape Condition Assessment model (LCA)

Jenks Natural Breaks

0 - 165 undeveloped
165 - 509

| 509-959

B 959-1,588

B 1,588 - 3,820 urban

Figure2: The landscape condition assement model incorporated 13 human land use input classes. White ar
green colors indicate least developed/most natural while medium to dark blue show highly developed area
resolution: 30 m x 30 m. Color categories follow Jenks (1967). This GCS data layer is available as a free
download ahttp://nynhp.org/data

Field sampling

Study area

For thisstudy,we focused omorttidal freshwater systems primarilyithin the Lower Hudson River
and Susquehanna River watershefdslew York (Figure3). Watershed selectidiollowed NYS

DEC Divisiond Wat er 6 s e s bsadsdmens dyodde inclunldéd douadditignal points
located in the Adirondack Pa(®t. Lawrence River waterstl) These additional points were
sampled in 2014 under a different project, but employed the same sampling methods as described
here.The Susquehanna bassnocatedwithin theNorthernAlleghenyPlateau ofouthcentral

NYS. Low rolling hills with widevalleys typify thearea, whichs predominately forested (59%) and
agricultual (28%, Homer et al. 2015Vetland coverage in the Lower Hudson is more than three
times that of the Susquehanna watershed $18%).The Lower Hudsorhas comparable forest
cover(56%), but cultivation is lower (17%) and urband exurbamlevelopment is higher (1.
5%).Dominant ecoregions in the latter watershed incthé@lorthern Allegheny Plateau, Hudson
Valley, Northeastern HighlanSoastal Zongand Ridge and VallefBryce et al. 2010)Ecological
integrity of the sample pointsanged fronpristinepeatlandgo exurbanfloodplan swampsof the
LowerHudson Valley.
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Sample frame

For thisstudywe focused on naturaltpccuring vegetated wetlang® ha (6 acres) that were

within 20 m of flowing surface watéf:24,000: USGS 2002)Ve targetedhe followingNational

Wetland Inventory (NWInorttidal freshwatecommunity typesemergent (EM), broatkaved

deciduous (FO1) and needtaval green (FO4) forested wetlands, and seshlub (SSJUSFWS

2015) The 2013 sample frame consisted of EM and SS types, while the 2014 frame included all four
types outlined above.

Adjacent polygons of the same wetland type were merged prior to polygon size (hapdadape
Condition Assessment (LCAhplculations in ArcGISESRI Inc 2010)Wetlands were thebinned
by wetland size (2 ha. 48.1 ha, 8.120.2 ha, and >20.2 ha) and polygoranLCA score (LCA
<300; 306600; 6001000; and >1000)hese bins follow the Jenks natural breaks classification
method(Jenks 1967) 7 B

>z

y A
Site selection

The wetland sample pool was stratified by NWI
community type, polygon size (hand theLCA

score We then submitted the pool of potential
wetlands to EPA statistician Tony Olsen to prioritize
wetland site selection. The final sample pool used th
Generalized Random Tessellation Stratified sample | )
design(Stewens and Olsen 2004)ratified by LCA bins, /*
wetland size bins, and community type. The GRTS
method produced spatially balanced sample draw
and provided five random sample points within each
wetland.

TN s '\‘

Sercuing land owner access was critical step in the
site selection process. During this project, 350 acces
request letters were mailed to land owners. Of those

Sample year
m 2013(n=42) 0
A 2014(n=54) o0

25
20 40

\.\,_\
50mi ™
80km

e /%

(m
N

|

|
g
2

that responsed, 29% agreed to grant access and 11%

denied access. Selected sites rangegdindperiod Figure3: Level 3 vegetation plots were surveye
classegsensuCowardin et al. 1979anged from all 96 sites; Level 2 rapid wetland assessi
temporarily flooded to semipermanently flooded, ~ (NYRAM) wasconducted only atthe 2014 sites
however, 74% of all sample points were classified as

seasonally flooded/saturated by NWI m@gSFWS 2015)

Level 2:Rapid Assessment Methods

Ecological Integrity Assessment (EIA)

Level 2 data collectiorduring the 2013 seasdollowed wetlandspecificEcological Integrity
AssessmentEIA) protocols developed by NatureServe for the EPdaberLangendoen et al. 2012)
incorporating some modificatio(EWMW 2012, Lemly and Gilligan 2012preliminary Levé?2
surveys employed EIA at 18 sitesdbed within or near the Adirondack Park Blue Line boundary.
Encompassing a 4 assessment area around each sample point, plusma Bbfler, the
implemented EIA methods took our typerson team-% hours to complet Results from the
preliminary2012 season reported by Feldmann e{2012)highlight some of the obstacles this
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method posed relative to our objectives pr i mary concern with EI A wa
professional judgemeft whi ch has been reportedusdaro reduce
comparisongFennessy et al. 20Q7Additionally, EIA rapid scores correlated poorly with indictors

from other levels oassessment; for example, no trend was observed between LCA1 and EIA scores
(linear regression: n = 1& * 0.270, p = 0.057)Thesefindings led us to develop a new Rapid
Assessment MethddRAM) for New York State freshwater wetland8e applied this appach in

2014 and our final analyses necessarily only use these 2014 data.

New York Rapid Assessment Method (NYRAM)

NYRAM is divided into two sectionhat broadly assess hydrology, fragmentation, plant community
composition, and water qualityhe firstsection, Part A, use®@al imagery to assess a 560
landscape buffer around the Sample Area (SAgtefest Figure4). Part B is dield stressor
checklistencompassing broad range of potentiahthropogenistressors that may influence natural
wetland structure (e.g., plant species composition) andifum@.g., ground water recharge,
nutrient cycling).This checklisivasmodeled after established RAM methods for Midantic
StategPA DEP 2014, Jacobs 2010)ethods discussed here are basedi® s t a n4@-m radius
SAthat include€00% vegetated wetlar@A = 0.5 ha, 1.24 adigured). In a few cases, we
employed d@nonstandard | afythe standal approach was unworkalfe.g., small wetlands,
riparian systemsNon-standardSAsranged in shape and size (@3 hg. Calibration of this

method and NYRAM data presented here inclbdlsurvey sitesampled during the 2014 growing
season50 from theupperSusquehanna River watershadd fourfrom the Adirondack Parkegion.
Non-tidal palustrine wetlands were our target systewealid not includestressors unique to
lacustrine, tidal, brackish, or estuarine environments (e.g., tidelréstrictions).

Landscape Buffer
<— Part A: - -
540 140;-__,__:'5 Part B: 540 140 40 Om
Field Buffer(FB) Sample
Area (SA)

Figure4: Schematic of thetandard_evel 2 rapid asssment sample design: Part Anscreen evaluation of the
landscape buffeiPart Bi field stressor checklisAs shown here, the standard SA layout #&dan radius plot (0.5 ha)
however, norstandard SAs may vary in shape and sizeO0blha (0.25L.24 ag.

Part A:NYRAM onscreen assessment

The first part of the NYRAM consists of a rapid onscreen assessment of stressors near the wetland.
Anthropogenic stressomitlined inTable2 are assessagsing basic erial photography
interpretatione.g., ArcGIS, Google Earttyp a500-m radiusaround theSA (i.e., landscapéduffer,

Figure4). Each stressor @ssigneda multiplier that is weightedased potentiacologicalimpact

(modified after PA DEP 20147 he finallandscape buffer scofer Part Arepresents the cumulative
stressors observea the landscape surrounding t8A (Figureb).
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Table2: Onscreen assessment categories and weights used for Level 2, Part A, which assess land use/lar
(LULC) and fragmenting features within the 560landscape buffer zormeound the Sample Area. The total LU
score is obtained by dividing the sum of the type scores by 10. Sum all feature scores to obtain the total fr:

feature score. Sum these two totals to produce the Part A score.

Land Use/Land Cover  Examples % Cover  Multiplier Type score
Natural forest, wetland, shrubland x0 =

Lightly managed old field, plantation x 2 =

Actively managed timber, lawn, hay, ROW, grazing x 3 =

Intense management golf, row crops, sand/gravel mining x 4 =
Impervioussurface pavement, buildings, rock x 4 =

Fragmenting features  Examples Feature tally  Multiplier Feature score
Unpaved road/trail gravel/dirt road, hiking trail x1 =

Utility line right of way (ROW) x 2 =

Railroad active or abandoned x 4

2-lane paved road x 4 =

4-lane paved road 4 lanes or larger X 6 =

Other*

*Select an equiglent multiplier: 1, 2, 4, or 6

Site ID: NYW14-029

Trans & Rec

g 4
ﬁ /:

0 50100 209 300 40

Site ID: NYW14-029
Chenango County, NY

540 m Landscape Buffer

50 m x50 m grid overlay

Chenango County, NY Road Il sample Area (SA) % s 540 m Landscape Buffer
Snowmobile Trail aigotwettand class: S le Area (SA) 2012 Orthoimagery
Target wetland class: s e - Emergent (EM) Il s=ie e (S) Map scale 1:10,000
Emergent (EM) 2012 Orthoimagery p e

Map scale 1:10,000

Figure5: NYRAM, Part A, includes an onscreen tally of fragmentiegtures (figure left) and percent cover of |
use land cover (LULC) classes. The latter metric can be aided by applying a grid overlay (figure right).
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Table3: An abbreviated summary of stressor categories and subcategohieted in the field stressor checklist
(Part B). Additional details are in the NYRAM field manual (Appendix B).

Vegetation Examples
V1. Vegetation modifications livestock grazing, golf course/lawn, righf-way, row crops
V2. Invasive plants absentpresent: uncommorf0%) or common (>20%)
Hydroperiod
H1. General hydro. ditching/draining, stormwater inputs, modified inflow/outflow
H2. Stream/riverinespecific artificial levee, channelization

Other hydro/topographic

T1. Development residential/commercialijling, grading,landfill
T2. Material removal artificial pond, dredging, mining/quarry
T3. Road, railroad, trail hiking/ATV trails, unpaved/paved road,
T4. Microtopography ATV/skidder vehicle tracks, livestock tracks

Sediment transport
S1. Potential stressors active construction, forestry, livestock, eroding banks

Eutrophication
HZ1. Nutrient inputs direct discharge, adjacent row crops or pasture grazing

Part B: NYRAM field survey

The second part of the NYRAM consists of a
stressor checklistompkted in the field. This
checklistaddressesve main categories

. . Qualitative condition rating schematic guideline
represenhg ecosystem structure and function:

vegetation alteration, hydroperiod, topography, § a1 Natural wetland structure & function intact
sediment transpareutrophication, and invasive g a : Minimal changes to structure & function
specieqTable3). Fieldobserves simply check 8 5 N
off the presence or absermfea given stressor &3 3 Mogerete changes o botk
in the SA andbr the adjacent00-m Feld 52 4 "

Buffer (FB =5.65hafi d 0 u g Rigure4).o £

Similar to Part A, sessor allies aresummed g = sererechangse

and multipliedoy a weighting factor relative to .8 &

their presence in th®A and/orFB. If invasive = —
plants species are present, their percent cover Low Moderate High
(>20% orO 2 0 &y richness (# of species) are Human disturbance gradient

also assessed. Following completion of the

checklista final step is to assignqualitative Figure6 : Following completion of the field stressor

condition '_‘aing ranging fromeaSt_d_iS_tur_be‘ﬂl) checklist, users employ their professional judgement t
to highly disturbed by human activitieEigure  select a disturbance score that best reflects the SA an

6). Data analysis presented here combines the 5
6 because dy two sites received the poorest
guality rating.The cumulatie score for Part B
is a summation of the stressor and invasive
cover scores, invasive richness, argl th
gualitative condition rating.
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Level 3: Vegetation plot arrays

Field ecologists quantifiedegetation structure and floristic biodiversity at eatthe 96sample
points, using anodifiedrelevétechniquedescribed by Peet et §1.998) At each targeted sample
point, we set up eectangular macroplot measuring 20 m x 5@ivided into 10 equal subplots
(Figure7). Surveyors then selected fa@presentative subplots based on their alignwéhtthe
target wetland assemblage. Tree Diameter at Breast Height (DBH)e#sired 1.3 m above
ground levefor all live and dead trees with a DBBLO cm Thesedata were converted to standing
live basal areaBA m?ha)and tree density (stems/h&grcent cover for eaabf the following strata
were estimated for each speciesnvascular, aquati©ierbaceous, vine, shrubeeseedlings (<2 m
in height), saplings (8 m) andmaturédemergentrees fieightrelative to plant community type
When possible, we identified gdlants to specief®llowing currenttaxonomystated in thdNew
York Flora Atlas (newyork.plantatlas.usf.edWe collected nidentified/unknown plantgagged
themwith site information, and pressétemfor later identificationFor wetlands with high
bryophyte diversityr abundancewe collectedspecimens antecorded theipercent coverPercent
cover of environmental variables such as down woody debris, water, and bare soil were also
estimated within each subpléior eachmacroplotwe notedandscape&ontext, herbivory, forest
stand health, recedisturbance, or evidence of historic disturbance.

Macroplot data were collected with a hameld computer $amsung Galaxiablet) allowing direct
importintotheNY Nat ur al Her i t ags®atdbasergld suwvayas use@GRS| d
navigationand mapping softwar® help locatehe target wetland community. Representative

For

photographs of vegdtan composition were taken at each subplot, as well as photos of unidentified
or interesting plants, or anthropogenic stressors. All photos were tagged with site information and

uploadedhemtot h e P r digital imagé database. Location coordinatesenrecorde with a

Garmin 60Cx GPS unit set to Universal Transverse Mercator Zone 18, North American Datum 1983,

meters.

Figure7: Example layout of a 5én long (from flag to person) and 20 wide macroplot. Site: Goodnow Pond,
Adirondack Park.
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Statistical Analysis

Biodiversity metrics

Vascular plant nomenclature was updated prior to analyses per\(26i& Ri chness v al
presented here include vascular and nonvascular plants identified to genus or species. Each species
was assigned a coefficient of consesatv al ue (ACO0 value) that refl e
remnant plant assemblages in NYS (i.e., 10 = highly conservative/narrow ecological tolerance, 0 =
cosmopolitanSwink and Wilhelm 1994Cv al ues f or a given C&Ct e wer
and weighted by thproportion (fipd) of cover they contributed to a given site (Cwt, Equation2) .

Floristic Quality Assessment Index (FQAI) scores were also calculated using C{Equation3);

weighted FQAI followed a similar equation, replacibgvith Csxt. NYS botanists produced theSe
values(reported by Ring 2016yith funds from the EPA Wetland Program Development Fund

(EPA CD9629490M).

Equation2 Equation3

no "00 0 "ACEY
Cwt ~

Data analyses

Trends among andithin indictors from each of the three levels were analyzed using
correlation analysis and pairwise comparisons. Unless notes, data are present as means + standard
error of the mean (SEM). Analysegrecompleted irSPSSIBM Corp 2015) and suppoedby
SigmaPlot graphing softwa(8ystat Software Inc. 2008}catter plographs were used to ensure
the majority of the data points fell within the 95% predicimerval, and that a few outliers were
not driving the significant correlation trend. Boxplot graphs presented here indicate the median line,
5t and 99 percentiles (error bars), and outliers (dots or asterisks).

Nonparametric correlation analysis emmdySpearman rank, the correlation coefficient
(hereafters) values from which range from +1 ib, with zero indicating no correlation. A
significancd evel of p < 0.01 was wused for Spear mano
Dunnett adjustmentsere applied to pairwise analysis of variance (ANOVA) té&sss 1999) A
significance level of p < 0.05 was used liaear regressioand onewvay ANOVA analyses. Data
that violated ANOVA assumptions were transfornee@nalyzed with KruskalVallace (kW) one
way analysis of variance on ranks using a significance level of p < 0.05.

RESULTS AND DISCUSSION

The primary goal of this section is to report on the patterns of association among the final versions of
the Level 1 Level 2, and Level 3 assessments. Tinjgortant comparisoamphasizethe

practicality and effectiveness of using remsémsed (Level 1) or very rapid-gite (Level 2)

estimates of wetland condition. We begin with a discussion of overall patterng aihplots and

then discuss how the scores can be gaadbe interpreted with the useilmegrity classes.

Understanding which integrity claapplies to a new sample sfieovides context and perspective on

the condition othatwetland.
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As expecteddissimilarwetland types respond differently to the thtieeedassessment protocols.
We discuss these details for emergent, forested, andsierub wetlands aftexxaminatiorof the
integrity classesThis section continues with a descriptiorbaddiversity and physical structure at
the wetland sites. We finish with a short discussion on applying these protocols in restoration,
management, or conservation applications throughout New York State.

Indicator performancamongand within levels of assessment

There were strongelationshipsamongindicators scores atl levelsof assessmenfnthropogenic
land usewithin the local landscapsas captured in th&1S model and was positivelgorrelated
with the qualitative rapid assessment score (NYRA&Mure8A). This positive relationshiphows
that stressors captured in the rapid assessment correlateevit@A GIS model, thereby providing
support for the Level 1 modebimilarly, a significant linear relationshipaspresenbetween
NYRAM and the proportion of nonnative species surveyed ihével 3 vegetation plot§Figure
8B). Whencompared td.CA scoresthelLevel 3 biotic integity scores further demonstratew

N < 25 4
150 O A E\/ B [ ] Emergent (EM)
[}
v ] \4 Forested (FO)
S 1251 v © 20 - O  Scrub-shrub (SS)
3 5 Line of best fit
s 100 - = 15 — — 95% Conf Interval
< €
75 2
z L 10 A
S 50
g o
2 25 - S o EML1, persistent
[ﬁ] @ ® EMS5, invaded
0 - r, = 0.653; p < 0.001 O 0w Vv r? = 0.379, p < 0.001 v FOL deciduous
T T T 1 [0) T T T T T T T !
0 600 1200 1800 0 25 50 75 100 125 150 4 FO4 evergreen
| 1: Mean LCA Level 2: NYRAM °  SSLdeciduous
Level 1: Mean score evel 2: score s SS3, evergreen
D 10 - . E
(@] = 5]
5 g .
(4]
IS
g 61
£
2
] 4 -
=
1)
T 2
>
3
0 - ® 2-0.189, p<0.001 0 - ® 1 =-0.603;p<0.001 0o @ 1o = 0.801; p < 0.001
0 600 1200 1800 0 25 50 75 100 125 150 0 20 40 60
Level 1: Mean LCA score Level 2: NYRAM score Level 3: Weighted floristic quality

Figure8: Condition metrics across all levels of assessment were significantly correlated. Trends were cons
across wetland community classes. A) Landscape Condition Assessment (LCAJasitively correlated with the
NY Rapid Assessment Method (NYRAM) score of wet
invasive and exotic plants within the Level 3 vegetation plots strongly correlated with the NYRAM score [n
Syinv = 2.402 + (0.122 * NYRAM)]. C) Developed landscapes contained fewer specialist plant species [n = 96; Cat
=5.425- (0.002 * LCA)]. D) Increasing NYRAM stressor scores were also negatively correlated with specis
pl ants ( Spear ma htéddlgristimquatity &<ge3smentindex Wass icagrelated with weighted mee
but the | atter performed better when c¢omp arHshae
the same yaxis. Where linear regression was appropriate, 95% caonfidimtervals are shown (B, C), in additior
a line of best fit.
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specialist plant species, thosgh moderate Table 4: Distribution of randomly sampled wetlar
narrow ecological tolerancgse., C>6), are among Landscape Cottidin Assessment groups (LC

L . . Level 1): nearly pristine/undeveloped (<120), rural,
sensitive to surrounding land ugggure8C). develogmem y824500), e pmoéerate) i

Negative correlationbetweeranthropogenic development (>600); and weighted mean C gr
stressors and floristic integrity were also captured( Level 3) that reflect
via NYRAM (Figure8D). Compared to Cax, (e.g., wide = generatis). n = 71.

weighted FQAI had weaker correlations with Watershed LCA group

Level 1LCA scores (§=-0.243, p =0.017) and Weighted mean <120 120600 >600

Level 2 NYRAM scores ¢=-0.468, p < 0.001).

- 00 D= Lower H
Differences betweethesefloristic integrity ower Hudson

. ; 0-3 wide 2 9
metricsweremost pronounceth peatlandwet 46 intermediate 3 4 5
sedge meadoyand evergreen forestsgistems

7-8 moderate 1

(Figure8E). Many other studies have found C

value metrics perform more strongly in wetland  Stsduehanna

systems than FQAE.g., Bried et al. 2013, Miller ~ 0-3wide 3 3
and Wardrop 2006, Chamberlain and Brooks 2016, 4-6 intermediate 4 22 16
Matthews et al. 2005) 7-8 moderate 2

14%  44%  42%

Integrity classes

Providing context is crucial when developing assessment protd¢elbave createprimary
ecological integrity classes relative to each level of assessmsedl on data distributions and the
qualitative disturbance ranlgs from NYRAM.Pairwise comparisonithin and among levelwere
used to produce wetland condition integrity classegufe9). Weighted meaf groupswere
modeled &er descriptive classassed to assign coefficient of conservatism va(iesg 2016)

Among randomly sampled wetlands, 14% occurred within nearly pristine environments, while 3x as
manyoccurredn moderate/heavilgleveloped landscapes (LCA >60@ble4). In the Susquehanna
watershed, 20% of sites were of high qualltff RAM score <22). Further, these wetts only

occurred in natural/rural landscapes (LCA <600), and were dominated by plants with mdderate
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| s (@)
) o * c (I
® 1500 5 —|_ S g
3 1 & 120 o °T
1200 —T_ ; £ =
°©
< 1 < Q 6 -4
O 900 - & g0 T S
.. 4 z @)
- | 4
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| 5 _ &
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4&10l10_600 600 22 1.2,5’1 Brl:(0 >10 23 70 19 9,';0
LCA condition groups NYRAM condition groups Mean C condition groups

Figure9: Integrity classes relative to indicator metrics used to assess wetland quality at each level of sampl
1 (L1, n = 96): Landscap€ondition Assessment (LCA); Level 2 (L2, n = 54): New York Rapid Asses:
(NYRAM); and Level 3 (L3, n = 96): mean coeffic
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Table5: General description of sampling effort and community gosition across wetland types as classified k
Cowardin et al. (1979). Mean Landscape Condition Assessment score (LCA) is an average LCA fontlraréd
surrounding a given sample point. Rapid Assessment Method (RAM) grand score is the finalrheviel @Bee
Appendix B) For both LCA andNYRAM, higher values indicate poor conditioWeightedMean Cis the average
coefficient of conservatisror all identified plants within a platweighted by their abundandeercent wetland
plants Sxwe) includes those classified as facultative, facultative wetland, and obligate (ACOE NWPL 2015)
Unless noted, datare presented as the sample mean + standard error of the mean

n Level 1 Level 2 Level 3

Wetlandtype ggﬁ LCA score SN(I)??M %V:;Erge(gm) Swwet (%0)

Emergent, persistent (EM1) 32 455 + 82 49+ 9 39+03 93=x1
Emergent, invaded (EM5) 5 602 £ 63 56 K 1.3+0.3 87+5
Deciduous swamp (FO1) 17 590 * 62 64+ 8 45+0.2 674
Evergreen swamp (FO4) 13 447 £ 117 40 + 8° 5.9+£0.2 65+ 2
Decid. scrubshrub (SS1) 25 459 + 84 64+ 1F 46+0.2 88+2
Everg. scrukshrub (SS3) 4 69 + 29 8+ 5 9.0+0.2 100+ 0

abd pifferent letters indicate significant pairwise differenasongwetland classes (p &05 Tukey or Dunnett
adjustedl. 2014 RAM sampling effortEM = 10; FO1 = 17FO4 = B; SSL = 10; SS3 = 4C-values: Ring (2016).

narrowecological tolerances-{gure9). With relatively low athropogenic stress and high floristic
integrity, this subset of sitasay serve as @storation and mitigatioreference standard for
comparable wetlands in NY8eatlands were the only wetland assembthgeinated by plant
species that have narrow eagilcal toleranced-urther,sites with Cqt >8 were only observed ihé
AdirondackPark In contrast, assemblages dominated by genepddiat species (Cwm <3.5)
comprised 25% of all wetland sites.

Wetlandcommunitiesvary in thér resistance and resilience to dirand indirect anthropogenic
disturbance. Average LCA scores were highest for invedoveinated marshes (EM5) and

deciduous swamps (FO1) and lowest in brleaedevergreen scrubhrub (SS3) wetland3 éble

5). Although this trend is not surprising, it does signal that he LCA model adequately captures local
stressors that influence the expressed plant assemblage. Similarly, NYRAM scores were highest for
deciduous shub and forested wetland®llowed by emergent marshégaple5). Aside from

invaded emergent communities (Cwt = 1.3),sampledvetlands werecharacterized by plantsiti
intermediate ecological tolerancg®., Gvalue range 6). Significant differenceamong the
assemblagesd Cqt scoressuggesthe need for benchmarkisat are relativéo each community type.

The high proportion of wetland plan(Sswe) at thesesites aligns with the majority of them being
classified as seasonally flooded/saturgt@owardin et al. 1979Beyond the 50% wetland plant rule
(sensuCowardin etal. 1979) hydrophytebenchmarksfor quality assessment and restoration success
may also need to be adjusted relative to community type.
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Wetland community condition

Emergent marshes

Across all levels or assessment and wetland communities,
emergent marshes most strongly reflected landscape
developmentReferencequality marshes in the least disturbanc
landscapes (LCA <120) accounted for a third of the sampled
marshes. Stressors ca@diin the Level 2 rapid assessment
clearly correlated with site LCA scordsigure10), a trend that
highlights the utility of either method in identifying emergent

12 4 Emergent wetlands

10 A

L2: NYRAM score (sq rt)
(o))

L . : / r’=0.691
wetland communities for restoration or preservation. o p = 0.003
2 T T T T T T 1
Accuracy of Level 1 and Level 2 metrics were further supporte 5 10 15 20 25 30 35 40
by Level 3 biotic integrity indices. As expected, generalist plar L1: LCA score (sq rf)

species dominated marshes in developed landscapes (LCA _

>600, Cat = 2.6).By comparison, Cut Scores for marshes in gé%‘;;eirllg}e;i\éipzi dl';',YvﬁtﬁMngﬁS;i
rural/undeveloped environmemre 65% highe(Cat = 4.0; Landscape Condition  Assessit
ANOVA: F135= 6.466, p = 0.016Referenceguality systems  (LCA) score [NYRAM = 3.007
were dominated by obligate plant speces+ 2%), and siteC—  (0.194 * LCA); Rs = 17.859]. A
ranged fronB.7 to 6.4(5 + 0.4; Figure11). Based on these data,Shown, data were square r
an indicator of high quality marshes of restoration success ;arrt'(sgggg"idz A gegsrerf(ségg‘ :agégg’s's (
would be an established emergent community withaC-O (G-or a =S4 o
Cwt). This target is particularly reasonable for lacustrine fringe

or riverine marshes. However, plants witlrrower ecological toleranceften characterize other
hydrogeomorpic (HGM) settings such as slope, mineral/organic flats, and depressional (eagshes
wet sedge meadow, inland poor fen, HG&hsuBrooks et al. 2011}or these systemsnainimum
Ctarget of 6 or 7 may be more appropriate.

O 10 7 Forested Peatland/Scrub-shrub Emergent
3 s -
€ -
© [ ] [ ]
D 4 ==
= 4+
2 —1]
2 4- — =
- - —
(ap]
© 2
g + =
-
0 T T T T T T T T T T T T
000 o el S oW (S o0
\’\e‘“\,\a‘d\N v\0‘(36 ?\0 p\ \\]\3-0 ?00(? “S\“\‘) R‘(\S‘““OF \(\‘()S\Nam 3 ge\\]\ s‘(\a\\\]\a N\@X

NYNHP vegetation assemblage

Figurell: Mean coefficient of conservatism scores act
sites; error bars ="Gand 99" percentiles; dots = outliers; asterisks = far outliers. From left to rightémnlock
hardvood swamp (9); Northern white cedar swamp (4); Floodplain forest (12); Red maple hardwood swamp (3
Patterned peatland (2); Inland poor fen (4); Dwarf shrub bog (2); Rich shrub fen (2);Shrub swamp (20); Sedge
(7); Shallow emergent marsh (2Ryvaded eedgrass/purple loosestrife marsh @jcluded assemblages not shown
<2): Sprucel/fir swamp; Ash/silver maple swamp; and Highbush blueberry bog.
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Suggestions for these systems are based on vegetation data collected during normal to slightly wet
growing season<limatic conditions should therefore be considered when developing monitoring or
restoration goals. For example, we@dlynvasiveplants with low Gvalues (<2Figurell) may

increase in abundance duriegtended natural drawdown prolongeddrought conditiongvan der

Valk, A. G. 1981, Zekdr and Kercher 2004¥light seasonal differences@scores has been

observed by Brieét al.(2013)in NYS, however withirsite differences wenminimal (average

range <0.5).

Forested wetlands

Refereme-quality swamps comprisedly 20%of siteswithin our datasefLCA <600 and NYRAM
<22)i hardwood trees dominated omgeof these sitesSimilarly, plantstypical of evergreen
swamps had narrower ecological tolerances when compared to those elfdanaadti deciduous
assemblage@able5). Understanding how these two systems respond to anthropogenic stiessors
crucialfor developingattainable restoration goals aidtic integrity benchmarkthatare

appropriate for eactystem

Evergreen swamp condition reflected all levels of assessireml 2 NYRAM scores in developed
landscapes averaged @61(1), more than twice the average saavserved irundeveloped/rural
environments (27 +;%KruskatWallice: n = 15, H = 7.260Qp = 0.007). Further, these higkdyressed
systemgNYRAM >52) contained nearly 4x as many nonnative plantapared to sites with fewer
anthropogenic stressafkl.2vs. 3.6%, respective ANOVA: F113= 8.965, p = 0.010).
Independent of stand basal arerag density in the latter group was much higher, averaging 33
stems hd, compared to stressed sitéssems hd). This significant difference in snag density has
strong implications for wildlife habitat in evergreen swamps (ANOVARE 5.891, p =0.030).

None of the hardwood swamps occurred in undeveloped landscapes, instead they were divided
among rural (LCA 12800) and developed environments (LCA>600). Among all forested wetlands,
deciduous swamps comprised 66%taseranked as moderateo highly-stressed (i.e., NYRAM
>52).As seen in previous studiés.g., McDonnell et al. 1997, Ehrenfeld 2005, Burton et al. 2005)
live tree stem densityecreaseds landscape development increaséd (1.275, Tregen= 888.073

T (0.455 * LCA); ANOVA: F,13=4.928, p = 0.045). Using the proportion of wetland plants as a
proxy, we found that wetter deciduous swamps contained relgtieaver invasive plant specie$ &
0.278, Swinv = 2165971 (0.179 * Sewer); ANOVA: F1,13=5.004 p = 0.043. These results align with
previous researcshowing that humamediated changes to hydrology that result in reduced flood
duration or depth camake wetland systems maesceptibldgo invasive plant establishment and
dominancgShappell et al. In preparation, Price et al. 2011, Alpert et al. 2000)

Saub-shrub

Unlike forested and emergent systems, most shrub wetlands occurred in undeveloped (40%) or rural
(36%) landscapes. When compared to developed sites $60@ Cw = 4.1 + 0.2 weighted mean

C scores averaged two points higher when LCA lssthan120 (Cwt = 6.5 £ 0.6; ANOVA: B26=

5.423, p = 0.011)The same trend was observed with NYRAM scores, averaging3)3 %4 (+ 20)

and 72 (£ 7) in undeveloped, rural, and developed landscapes, respectiVél\Hk 6.024, p =
0.041).Invasive planrichness nearly tripled from 3.4%1.4% in undeveloped landscapes to 8.8%
+1.0% in the highest LCA grouANOVA: F226= 3.918, p = 0.33)Although differences between
broadleave deciduous and evergreen shrub wetlands were ob¢&aldd5), the latter type only

included four higkquality sites(i.e., LCA Q140 and NYRAMQ24). In contrast50% of the
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deciduous scruhrub sites were rural (LCA 1200) and 40%ccurredn developed landscapes
(LCA >600).

The Level 2 rapid assessment was completed at 14 shrub wetlands, five of which exhibited very low
levels of anthropogenic stress (NYRAR22; Cot = 7.4). Although moderate to highly stressed

wetlands had lowe€w scores (4.4 and 3.8, respectivebipnificant differenceamong the

NYRAM groups were not detectel{W: df = 3,X? = 6.803, p = 0.078)At extreme ends, the LCA

model adequately reflected observed seatub wetland conditigrmand the NYRAM methods

captured stressors that influerszgubshrub

quality. 100 1
Plant biodiversityand wetland structure 80 1 .
| T

We identified 569 vascular plant species, 60 T b
b

includingninespecies listed abreatened or
rare in New York Staté.e., S1 and2, Young
2010) These listed plant species were present
among all of the integrity classes outlined abov
Further, mly 21% of occurrences were in sites
whereLCA scoreswere low(<120). In contrast, ' ' ' ' ' '
theintermediate LCA class contained 42% of EM1 EMS FO1 F(?A' SS1 SS3
occurraces, followed by87%in the highest NWI community class
LCA class (>600)A similar pattern was seen in Figure12: Plant species richness among National We
the NYRAM and Cwt groups. These results showinventory (NWI) community classes. Differing lett
that even highly impacted wetlands can serve a%e”me significant paiwise differences (ANOVA, p
haven for rare and threated plant species .05). EM;. emergen_t, persistent (n = 32); EM
a _a enforrare a ) p__ P =7 emergent, invasivdominated (n = 5); FO1 = forest
which could be responding posiily to periodic  geciduous (n = 17); FO4 = forested, brdedvec

anthropogenic disturbances evergreen (n = 13); SS1 = scrsbrub, deciduous (n = 2!
SS3 = scrukshrub, broadeaved evergreen n4).

o

40_ : .
20{ % .

o0 | —

o

L3: plant species richness/0.1 ha

Deciduous swamps Evergreen swamps
60 | 60 -
—_ BN ACRUR I ACRUR
E\O/ 50 [ Acer spp. 50 - [ BEAL
> B CACAV Il THOC
S 40 [ Fraxinus spp. 40 - [ 1ScA
c B PRSE2 Other
93— 30 | [ Other 30
2 20 20 -
ke
$ 10 | 10 -
0 - 0 -
10 20 30 40 50 >60 10 20 30 40 50 =>60

Tree Diameter at Breast Height (10-cm DBH bins)

Figure13: Tree canopy composition in deciduous (n = 17) and evergreen forested wetlands (n = 13) of cen
eastern New York State. ACRURcerrubrumvar. rubrum; Acerspp.:Acerx freemanii, A. negundear. negundo
A. saccharinum, Asaccharunvar. saccharumCACAV: Carpinus carolinianassp.virginiana; ash species:
Fraxinus Americana, F. nigrd;. pennsylvanicaPRESE2Prunusseroting BEAL: BetulaalleghaniensisTHOC:
Thujaoccidentalis TSCA: Tsuga canadensis
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Forested systems supported the most diverse plant assemblagje&sp@ies0.1 hal), followed

by shrubscrub shrub and emergent wetlands£46and38 + 2, respectivelyfigurel2). Dwarf

shrub bog assemblages contained the fewest vascular si€sep.0.1 hal), but peatlandin
generabproduced the highest mean coefficient of conservatism sdeigpg€11). Emergent

wetlands produced the greatest rang€discores (0.2 6.8), whichwas highesin a shallow

emergent marsand was lowest inrainvaded reedy canary grassrsh Phalaris arundinacea..).
Bryophytes composed 88% of observed nonvascular species (59). Given bryophyte dominance in
some wetland systems, we hope to incorporate them into frdandition assessment methods

Canopy structure

Forested wetlands wepgimarily late-successional (75% BA >30%ha?), with an average of four

tree species per 0.1 ha (48.3;Figure13). Live standing basal area inergreendominaed
systemswvas nearl\25%greaterthan deciduous systert42.5 + 3.7vs.32.9 + 2m%ha ANOVA: df

= 28; F =5.068, p = 0.032%tanding dead tree (snag) density was also significantly greater in
evergreen systenf0 + 4vs. 27 + 7stems/ha; F = 5.355, p = 0.02Byoducing a baseline
understanding of canopy composition can inform restoration practices and help mitigate forested
wetland loss due to human actions and invasive insects and patli@gemhardt et al. 2009)

Although 33 tree species were obsenamiosshe
30 forested sites, only a handful oesfes
comprised >5%f stemgqFigurel3). Red maple
(Acer ruburmvar. rubrum) wasthe most common
tree, occurring in both deciducuand evergreen
dominated systemsakge trees were infrequent
(DBH > 50 cm), and when present, their density
averaged 1% 1 stems/ha

100

~
a1
1

N
(&)
1

L.

L3 invasive + exotic cover (rel %)
a1
o
1

[ ]
[ J
Invasive plarg %\
0 - T T T T r T
Invasive and nonnative species wpresent irall EM1 EMS FOl FO4 SS1 SS3
community types with the exclusion of evergreen NWI community class

scrubshrubwetlandg(Figure14). Of the % sites,

. . . K . Figurel4: Relative percent cover of invasive and
83% contained invasivednnative species at an g ’

nonnative plant species by wetland subclasses. EN

average of 4 (SEM = 0.3) species per site. emergent, persistent (n = 32): EM5 = emergent,
Emergentvetlandsappeared the most vulnerable invasivedominated (n = 5); FO1 = fested, deciduou
to dominant invasive species, followed by (n = 17); FO4 = forested, brodeaved evergreen (n =

13); SS1 = scrushrub, deciduous (n = 25); SS3 =

deciduous hardwood systeifisgure14). scrubshrub, broadeaved evergreen (n = 4).

Vegetation composition ievergreen systems
appeared the least influenced by nonrepiants
a result which may reflect broader landscapale patterns

Puple loosestrifel(ythriumsalicaria L.) was the most commanvasive occurring at 39% of all
sample pointgFigurel15). Percent cover of purple loosestnfas 9x greater amergent wetlands
within developed landscapéks.4 + 6.3% per mn = 12 compared to sites in more rural settings
(i.e., LCA2 score <600n = 25 wherecoveraveragd 2.5 = 0.9%(Figure16).
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Common invasive plants (Level 3) Figure 16; In emergent wetlands, pur|

loosestrife cover was significantly higl
Figure 15: Invasive plant species shown above occurre when Level 1 mean LCA scores w
>10% of sampled sites and across emergent (Ed@stec  above 600 (KruskaWallace: H = 5.929,
(FO), and scrutshrub (SS) wetland communities. =0.015).

Qualitative disturbance rankings &fure method refinement

Following completion of the NYRAM field stressor checklist field teams used their best professional
judgment to assign auglitativedisturbance rankingrhese rankings are helpful to validate

asessment scores across levels, and identify potential weaknesses in the current methodology.
Rankings in this datasetere most definitive in wetlands experiencing {dawmoderatestress due

to direct or indirect human activiti€ge., score: 13, Table6). Interestingly wetlandsperceivedo

be the mosalteredactually produced NYRAM scoreanging frommoderateto highly-stressed

When applied to the Level 1 LCgcores, we saw a similar treatidecreasingidturbanceank
precisionwith increasindevels ofperceived disturbance.

These results highlight the importance and need for developing condition assessments that
characterize wetland health across a spectrum of development intensities. Further, understanding the
underlying discrepancies will help us to refine the metlidds example, high rankings in forested
systems were associated with severe-twewsing (e.g., sparse shrub and herbaceous layes).

Table6: Qualitativehumandisturbance ratirgwereassigned to eaditeas part otheNYRAM samplingdesign(low =
1 to highly disturbed %/6). Sites were grouped based on their disturbance ratings and indiezttars from each leve
of sampling(L1-L3) were compared across these groups. Data are shaweaas+ standard error.

Dist. score 1) L1: LCA L2: NYRAM [min-max] L3: G
19 184 + 59 12+ 3 [1-23] 7.0x+0.6
2 (15 356 + 73° 34+ 4 [7-59] 5.6 +£0.3°
313 609 + 115° 57+ 4 [21-80] 4.8 +0.2°
4 (7) 789 + 125 80+9 [54-95] 45 +0.3°
5 (10 589 + 123 86 + 124 [54-146] 3.6+05

abedpjffering letters indicate pairwise differences among rankings. LCA: ANOVA, F = 4.610, p = 0.003 (Tukey a
NYRAM: K-W, X2 = 39.413, p < 0.001 (Dunnett T3 adpy: ANOVA, F =9.039, p < 0.001 (Tukey adj).
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disconnect highlights the need for further data collection and method validation in moiderate
highly-stressed wetlands.

CONCLUSIONS

Our goals during this research were to produce a-tiessd framework for wetland monitoring and
assessment in New York State, create a rapid assessment protocol, develop wetland condition
indictors, and produce guidelines for indicatdemretation. Tools developed here can be used to
prioritize wetland preservation and restoration efforts, and aid wetland mitigation planning by
government and private stakeholders. Application of Levels 1 and 2 is ideal for assessing,
monitoring, and migating anthropogenic stressors, a necessary component for developing holistic
watershed management plans. Rapid assessment (NYRAM) is a verified and accessible tool that can
help establish ambient wetland conditions for water management areas. The NXBr&Nursd

guidelines in this report can also aid regulatory decisions. These methods will continue to be refined
to ensure we are adequately capturing stressors in moderhtghly-developed landscape. We
anticipate monitoring at Level 3 will likely beglied only to sites of significant ecological

importance or to assess restoration success. Most importantly, results presented here provided a
guantitative link between comprehensive sampling (L8yahd rapid (LeveR) or remote (Level 1)
condition assssmenprotocols for NYS wetlands

OUTREACH AND EVENTS

We took an inclusive approach during all phases of method development. Getting stakholders
involved early in this project was cruical for producing methods that met their needs and our project
goals.Below is a list of presentations we gave, conferences we attended, and interactive workshops
we held to teach the NYRAM methodology.

Conference Presentations

NYS DEC Habiat Bureau Conference. March 2013. Hamilton, NY. Presenter: Aissa Feldmann.
Title: Pilot wetland condition assessment of palustrine emergent marshes in the Upper Hudson
River watershed

New York State Wetlands Forum Conference. Apri223 2014. Lake George, NY. Attendee: Aissa
Feldmann.

FQA Workshop and NEBAWWG Meeting/lay 1-2, 2013. Albany Pine Bush Preserve Commission
Discovery Center. Albny, NY. Presenter: Aissa Feldmann. Tiéeloping a database tool to
calculate FQA metrics: Upper Hudson River watershed, NY

NEBAWWG Workgroup MeetingDecember 11, 2013. New gand Interstate Water Pollution
Control Commission, Lowell, MA. Presenter: Aissa Feldmann. Titeeloping a database
tool to calculate FQA metrics: Upper Hudson River watershed, NY

NYS DEC Habiat Bureau Conference. March 2015. Hamilton, NY. Preseldteilim Howard.
Title: Wetland condition assessment: Developing protocols for New.York

NYS DEC Habiat Bureau Conference. March, 2016. Hamilton, NY. Presenter: Dr.Laura Shappell.
Title: Wetland Assessment and a Novel Approecuantify Adjacent Areanhpacts
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NYRAM webinars and workshops

Webinar: Using wetland condition assessment protocols to support your work. Presenter: Dr.Tim
Howard. This thour webinar included an introduction to the project and walk through of
NYRAM Part A, the oprscreen assessnteihis webinar was presented twice. The majority of
attendees were from NYS DEC (64%) and NYS DOT (28%), but we also had representatives
from EPA and USACOE.

Sept. 2, 2015: 58 unique email addressed registered, approximag2ypadticipants.
Sept. 102015: 43 unique email addressed registered, approximately 50 participants.

Field trainingworkshop: NYRAM field stressor assessment:I&@bby Greg Edinger and Elizabeth
SpencerAttendees used NYRAM to assegsodr qualitywetlandand a good quality vikand
Grand total: 81 participants.

Workshopswere celed by Greg Edinger and Ecologist Elizabeth Spencer, with assistance from
Program Director DJ Evans and Director of Science Tim Howard.

9/15:Fahnestock State Park, Putnam Coun2® attendees, inatling 3 NYNHP staff.

9/16: Carters Pond WMA, Washington Cour&yBog Meadow Brook, Saratoga Couiit$8
attendees, including 3 NYNHP staff.

9/18: Rush Oak Openind3EC Unique Area &uaker Pond Fein Mendon Ponds County
Park,Monroe County 14 attendeesncluding 2 NYNHP staff.
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New YorkNatural Heritage Progr

A Partnership between the New York State Department of Environmental Conservation ar

State University of NeWork College of Environmental Science and Forestry

Landscape Condition Assessment (LCA2) for New York.
October 2013,New York Natural Heritage Program, Albany, NY.

By Aissa Feldmann and Tim Howard

In the context of developing protocols to assess wetland condition in New York, the New York
Natural Heritage Program developed a Landscape Condition Assessmen{@uodet and Hak
2012, Grunawet al.2012)to cumulatively depict a suite of anthropogenic stressors across the
landscape of the state. The model synthesizes these stressors at the 30 m x 30 m pixeeldcale
pixel has a score representing cumulative siressl, while it was developed to support a wetland
project, it can be more broadly applied to answer questions about landscapspedfie stress.
The effectiveness of the model for estimating wetlauality is being evaluated with field work at
two levels of samg intensity.

We began with a set of GIS feature classes (input themes) with consistent statewide coverage
representing elements that were expected to negatively affect wetland commuonibsitmn,

physical structure, and functionhe first version of the model (LCA1), reported in Feldmanal.
(2012) included 12 inputs (Tde 1, below): five transportation themes depicting roads of increasing
size and impact, three development themes that increase in intensity, two types of utility corridor,
and two managed open space themes (pasture and open space). Our second ver@djonaLG&d

13 inputs (Table 2, below); we added active rail lines to our set of transportation themes and
replaced the pasture theme with a comprehergvieultural (cropland) layer.

Following both Comer and Hak (2012) and Gruegal.(2012, we incorporated the assumption

that ecological effects of all input themes would decrease to zero within 2000 m of their mapped
footprint. To begin our raster analysis, we prepared the input layers by creating this 2000 m

6cal cul ation space6 around them using the Euc
thus converted into a raster with a 30 m x 30 m grid size @ixigno a distance of 2000 m from the
themeds footprint. Cell vakwedattheimpctetg)ual t o

Met hodol ogy for the LCA1 mode(013appraacheudingsat r i ct
linear decay function (Equation 1) to depict the decreasing ecological effects of the input themes.
We first assigned imget scores, ranging from 0.0 to 1.0, to each input theme based on their
presumed relative onsite influence, with the highest stress inputs receiving scores closer to zero.
Inputs were also assigned a decay distance, the distance at which they no lahgsr @cological

effects. Our variable weights and decay distances were, for the most part, identical to Comer and
Ha k(B042, Table 1)
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