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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 New 
York College of Environmental Science and Forestry. Our 
mission is to facilitate conservation of rare animals, rare 
plants, and significant ecosystems. We accomplish this 
mission by combining thorough field inventories, scientific 
analyses, expert interpretation, and the most comprehensive 
database on New York's distinctive biodiversity to deliver 
the highest quality information for natural resource 
planning, protection, and management. 

NY Natural Heritage was established in 1985 and is a 
contract unit housed within NYS DECõs Division of 
Fish, Wildlife & Marine Resources. The program is 
staffed by more than 25 scientists and specialists with 
expertise in ecology, zoology, botany, information 
management, and geographic information systems. 

NY Natural Heritage maintains New Yorkõs most 
comprehensive database on the status and location of 
rare species and natural communities. We presently 
monitor 174 natural community types, 802 rare plant 
species, and 441 rare animal species across New York, 
keeping track of more than 12,500 locations where these 
species and communities have been recorded. The 
database also includes detailed information on the 
relative rareness of each species and community, the 
quality of their occurrences, and descriptions of sites. 
The information is used by public agencies, the 
environmental conservation community, developers, and 
others to aid in land-use decisions. Our data are essential 
for prioritizing those species and communities in need 
of protection and for guiding land-use 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 for conserving 
biodiversity, and models of the distribution of suitable 
habitat for rare species across New York State. 

 

NY Natural Heritage has developed two notable 
online resources: Conservation Guides include the 
biology, identification, habitat, and management of many 
of New Yorkõs rare species and natural community 
types; and NY Nature Explorer lists species and 
communities in a specified area of interest. 

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

In 1990, NY Natural Heritage published Ecological 
Communities of New York State, an all inclusive 
classification of natural and human-influenced 
communities. From 40,000-acre beech-maple mesic 
forests to 40-acre maritime beech forests, sea-level salt 
marshes to alpine meadows, our classification quickly 
became the primary source for natural community 
classification in New York and a fundamental reference 
for natural community classifications in the northeastern 
United States and southeastern Canada. This 
classification, which has been continually updated as we 
gather new field data, has also been incorporated into 
the National Vegetation 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 
NatureServe ð the international network of biodiversity 
data centers. NatureServeõs network of independent data 
centers collect and analyze data about the plants, 
animals, and ecological communities of the Western 
Hemisphere. Known as natural heritage programs or 
conservation data centers, these programs operate 
throughout all of the United States and Canada, and in 
many countries and territories of Latin America. These 
programs work with NatureServe to develop biodiversity 
data, maintain compatible standards for data management, 
and provide information about rare species and natural 
communities that is consistent across many geographic 
scales. 

  

http://www.guides.nynhp.org/
http://www.dec.ny.gov/animals/57844.html
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PROJECT SUMMARY  

Wetland ecosystem services such as stormwater management, water quality, and water security, are 

a function of wetland condition. This project addresses the absence of monitoring protocols for 

freshwater wetlands in New York State (NYS), a need identified in the New York State Water 

Quality Monitoring Program Strategy 2005-2014 (June 2006). Our objectives were to: 1) assess the 

condition of NYS wetlands using a three-level sampling approach, and 2) develop a rapid 

assessment protocol that effectively quantifies wetland condition. To assess the condition of NYS 

wetlands remotely (Level 1), we developed a statewide Landscape Condition Assessment (LCA) 

model that cumulatively depicts anthropogenic stressors across the New York landscape (30 x 30-m 

resolution). Rapid assessment methods developed for Level 2 quantified anthropogenic stressors 

using basic air photo interpretation and field surveys. At the finest scale of measurement (Level 3), 

plot arrays captured vegetation structure and floristic biodiversity. To create an effective but 

relatively simple Level 2 protocol that could easily be used by others throughout New York, we used 

data from Levels 1 and 3 to test, refine, and support the Level 2 rapid assessment method (RAM). 

The end result is a set of robust wetland assessment protocols using a three-level sampling design. 

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

their project goals and resources. 

 

RESEARCH RELEVANCE   

Wetlands provide fundamental ecosystem services, but their ecological integrity is under increasing 

pressure from human activities (Kentula 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 alterations (McLaughlin and Cohen 2013, Bettez and 

Groffman 2012, Richardson et al. 2011, Tiner 2005). Establishing a baseline of wetland condition, in 

addition to accurate acreage estimates, is critical for effective resource management whether at the 

catchment or watershed scale. Further, developing reference standards relative to specific wetlands 

types provides a critical framework by which to measure mitigation and restoration actions.  

Wetland degradation reflects multiple stressor types (e.g., hydrologic, nutrient) compounded over 

time and space. Landscape-scale 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 metrics applicable to multiple spatial 

scales (e.g., Solek et al. 2011). This approach provides an organizational tool that is flexible enough 

to be incorporated into routine watershed monitoring, as well as site-specific conservation and 

management activities (Brinson and Rheinhardt 1996).  

Freshwater wetlands comprise approximately 2.5 million acres of New York State (NYS DEC 

2010), an estimated 60% reduction since European settlement in the 1600s (Barringer et al. 1996). 

Although NYS Division of Fish, Wildlife, and Marine Resources has ongoing mapping efforts and 

attempts to measure net gains or losses of wetlands, no current methods are in place estimate 

wetland condition. This project aims to fill this data gap by developing and enacting a protocol for 

evaluating the health and quality of the NYS wetlands.  



NYS Wetland Condition, EPA WPDG Final Report. Page 5 

Project Objectives  

1) Develop a three-tier framework for monitoring and assessment of New York State wetlands. 

For each 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): Create a rapid, field-based protocol that assess wetland structure and function. 

Further, the protocol should be repeatable, and accessible to users without extensive 

additional training. 

4) Level 3 (L3): Collect quantitative data characterizing vegetation structure and biodiversity. 

 

METHODS 

Level 1: Landscape Condition Assessment (LCA) 

Whether natural or human-mediated, disturbance magnitude reflects the intensity, return interval, 

and spatial extent of a given disturbance. Stressor attenuation therefore varies with disturbance type. 

We incorporated this fundamental concept into the landscape condition assessment (LCA) model 

(Comer and Hak 2012, Grunau et al. 2012), which synthesizes stressors at the 30 m x 30 m-pixel 

scale. This section describes the LCA in general terms; we provide more details in Appendix A. 

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

themes (GIS feature classes) had consistent statewide coverage and included elements that, research 

suggests, have a negative influence on wetland structure and function. The final model (LCA2) 

included elements from transportation, urban/industrial development, utilities corridors, and land 

use-land cover, for a total of 13 feature classes (Table 1).  

Following Comer and Hak (2012) and Grunau et al. (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 distance-to-stressor raster surface for each of the 13 features using the Euclidian distance 

tool in ArcGIS (ESRI Inc 2010). Through these analyses we 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 calculate a stressor value for each pixel using Equation 1, where x is the 

Euclidian distance value, a shifts the curve away from the center, b determines decay distance slope, 

c is a constant, and w is the stressorôs weight (R Core Team 2013). The final model applied six 

different decay functions to estimate the spatial extent of anthropogenic stressors (Figure 1).  

Equation 1 
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The cumulative nature of the final LCA model incorporates the compounding effects of multiple 

stressors at the relatively fine spatial scale of 30 x 30-m. We used this rasterized data layer to 

calculate an average LCA score based on pixels within a defined area. As shown in Figure 2, low 

LCA scores reflect low levels of human disturbance within the local landscape. For reference, the 

average LCA score for the Adirondack Park polygon was 105 (standard deviation = 256). In 

contrast, urban areas/clusters in the NY region as defined by the 2010 US census provided an upper 

estimate for ñurbanò; average LCA in these highly developed areas was 1421 (SD = 488).  

 

Figure 1: Sigmoid decay curves used to model the attenuation of ecological effects away from the footprint of a 

stressor. For stressors modeled with the y1 curve, impacts declined rapidly with distance (e.g., ATV trail); those 

assigned to the y6 curve had impacts declining more gradually from the footprint (e.g., urban development). 

Distance from the stressor footprint (m)
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Table 1: LCA2 included themes were each assigned a distance decay function, Equation 1 values (a, b, w), and the 

distance at which an impact becomes negligible (max dist.). As shown in Figure 1, y1 represents the most abrupt 

decay curve and y6 the most gradual. Some values were changed during model development (LCA1 Ą LCA2) as 

indicated below: Ddecreased; Iincreased. Cropland and active rail lines were new to LCA2. 

LCA2 feature class input theme Decay func. a b  w Max dist. (m)  

Transportation  
 

   
 

Unpaved vehicle trails y1   0.25 20 100 50D  

Active rail lines y2 0.5 10 500 100  

Local, neighborhood, rural roads y3   1.0 5 300 200  

Secondary, connecting roads 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  1000D  
       

Urban and industrial development  
 

    

Electric transmission corridor y2 0.5 10 300 100  

Natural Gas corridor y2 0.5 10 300 100  

Medium intensity development y4 2.5 2 400 300I  

Low intensity development y4 2.5 2 300 300I  

High intensity development y6 10.0 0.5 500 2000  
       

Managed and modified land use-land cover  
 

    

Cropland y3 1.0 5 300 200  

Open spaces y3 1.0 5 300 200  
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Field sampling 

Study area 

For this study, we focused on non-tidal freshwater systems primarily within the Lower Hudson River 

and Susquehanna River watersheds of New York (Figure 3). Watershed selection followed NYS 

DEC Division of Waterôs established rotating assessment cycle. We included four additional points 

located in the Adirondack Park (St. Lawrence River watershed). These additional points were 

sampled in 2014 under a different project, but employed the same sampling methods as described 

here. The Susquehanna basin is located within the Northern Allegheny Plateau of south-central 

NYS. Low rolling hills with wide valleys typify the area, which is predominately forested (59%) and 

agricultural (28%, Homer et al. 2015). Wetland coverage in the Lower Hudson is more than three 

times that of the Susquehanna watershed (10 vs. 3%). The Lower Hudson has comparable forest 

cover (56%), but cultivation is lower (17%) and urban and exurban development is higher (12 vs. 

5%). Dominant ecoregions in the latter watershed include the Northern Allegheny Plateau, Hudson 

Valley, Northeastern Highlands/Coastal Zone, and Ridge and Valley (Bryce et al. 2010). Ecological 

integrity of the sample points ranged from pristine peatlands to exurban floodplain swamps of the 

Lower Hudson Valley.  

 

Figure 2: The landscape condition assessment model incorporated 13 human land use input classes. White and mint 

green colors indicate least developed/most natural while medium to dark blue show highly developed areas. Model 

resolution: 30 m x 30 m. Color categories follow Jenks (1967). This LCA GIS data layer is available as a free 

download at http://nynhp.org/data. 
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Sample frame 

For this study we focused on naturally-occuring vegetated wetlands >2 ha (Ó5 acres) that were 

within 20 m of flowing surface water (1:24,000: USGS 2002). We targeted the following National 

Wetland Inventory (NWI) non-tidal freshwater community types: emergent (EM), broad-leaved 

deciduous (FO1) and needle-leaved green (FO4) forested wetlands, and scrub-shrub (SS) (USFWS 

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 (ha) and Landscape 

Condition Assessment (LCA) calculations in ArcGIS (ESRI Inc 2010). Wetlands were then binned 

by wetland size (2-4 ha. 4-8.1 ha, 8.1-20.2 ha, and >20.2 ha) and polygon mean LCA score (LCA 

<300; 300-600; 600-1000; and >1000). These bins follow the Jenks natural breaks classification 

method (Jenks 1967).  

Site selection 

The wetland sample pool was stratified by NWI 

community type, polygon size (ha), and the LCA 

score. We then submitted the pool of potential 

wetlands to EPA statistician Tony Olsen to prioritize 

wetland site selection. The final sample pool used the 
Generalized Random Tessellation Stratified sample 

design (Stevens and Olsen 2004) stratified by LCA bins, 

wetland size bins, and community type. The GRTS 

method produced a spatially balanced sample draw 

and provided five random sample points within each 

wetland.  

Sercuing land owner access was critical step in the 

site selection process. During this project, 350 access 

request letters were mailed to land owners. Of those 

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

denied access. Selected sites ranged in hydroperiod 

classes (sensu Cowardin et al. 1979) ranged from 

temporarily flooded to semipermanently flooded, 

however, 74% of all sample points were classified as 

seasonally flooded/saturated by NWI maps (USFWS 2015). 

Level 2: Rapid Assessment Methods  

Ecological Integrity Assessment (EIA) 

Level 2 data collection during the 2013 season followed wetland-specific Ecological Integrity 

Assessment (EIA) protocols developed by NatureServe for the EPA (Faber-Langendoen et al. 2012), 

incorporating some modifications (CWMW 2012, Lemly and Gilligan 2012). Preliminary Level 2 

surveys employed EIA at 18 sites located within or near the Adirondack Park Blue Line boundary. 

Encompassing a 40-m assessment area around each sample point, plus a 250-m buffer, the 

implemented EIA methods took our two-person team 4-5 hours to complete. Results from the 

preliminary 2012 season reported by Feldmann et al. (2012) highlight some of the obstacles this 

 

Figure 3: Level 3 vegetation plots were surveyed at 

all 96 sites; Level 2 rapid wetland assessment 

(NYRAM) was conducted only at the 2014 sites. 



NYS Wetland Condition, EPA WPDG Final Report. Page 9 

method posed relative to our objectives. A primary concern with EIA was reliance on ñbest 

professional judgement,ò which has been reported to reduce repeatability and among-user 

comparisons (Fennessy et al. 2007). Additionally, EIA rapid scores correlated poorly with indictors 

from other levels of assessment; for example, no trend was observed between LCA1 and EIA scores 

(linear regression: n = 18, r2 = 0.270, p = 0.057). These findings led us to develop a new Rapid 

Assessment Method (RAM) for New York State freshwater wetlands. We applied this approach in 

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

New York Rapid Assessment Method (NYRAM)  

NYRAM is divided into two sections that broadly assess hydrology, fragmentation, plant community 

composition, and water quality. The first section, Part A, uses aerial imagery to assess a 500-m 

landscape buffer around the Sample Area (SA) of interest (Figure 4). Part B is a field stressor 

checklist encompassing a broad range of potential anthropogenic stressors that may influence natural 

wetland structure (e.g., plant species composition) and function (e.g., ground water recharge, 

nutrient cycling). This checklist was modeled after established RAM methods for Mid-Atlantic 

States (PA DEP 2014, Jacobs 2010). Methods discussed here are based on a ñstandardò 40-m radius 

SA that includes Ó90% vegetated wetland (SA = 0.5 ha, 1.24 ac; Figure 4). In a few cases, we 

employed a ñnon-standardò layout if the standard approach was unworkable (e.g., small wetlands, 

riparian systems). Non-standard SAs ranged in shape and size (0.5-0.1 ha). Calibration of this 

method and NYRAM data presented here include 54 survey sites sampled during the 2014 growing 

season; 50 from the upper Susquehanna River watershed, and four from the Adirondack Park region. 

Non-tidal palustrine wetlands were our target system so we did not include stressors unique to 

lacustrine, tidal, brackish, or estuarine environments (e.g., tidal flow restrictions). 

 

Part A: NYRAM onscreen assessment 

The first part of the NYRAM consists of a rapid onscreen assessment of stressors near the wetland. 

Anthropogenic stressors outlined in Table 2 are assessed using basic aerial photography 

interpretation (e.g., ArcGIS, Google Earth) to a 500-m radius around the SA (i.e., landscape buffer, 

Figure 4). Each stressor is assigned a multiplier that is weighted based potential ecological impact 

(modified after PA DEP 2014). The final landscape buffer score for Part A represents the cumulative 

stressors observed in the landscape surrounding the SA (Figure 5).  

 

Figure 4: Schematic of the standard Level 2 rapid assessment sample design:  Part A - onscreen evaluation of the 

landscape buffer; Part B ï field stressor checklist. As shown here, the standard SA layout is a 40-m radius plot (0.5 ha), 

however, non-standard SAs may vary in shape and size 0.1-0.5 ha (0.25-1.24 ac).  
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Table 2: Onscreen assessment categories and weights used for Level 2, Part A, which assess land use/land cover 

(LULC) and fragmenting features within the 500-m landscape buffer zone around the Sample Area. The total LULC 

score is obtained by dividing the sum of the type scores by 10. Sum all feature scores to obtain the total fragmenting 

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  × 0 =  

Lightly managed old field, plantation  × 2 =  

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

Intense management golf, row crops, sand/gravel mining  × 4 =  

Impervious surface pavement, buildings, rock  × 4 =  

  
    

Fragmenting features Examples Feature tally Multiplier   Feature score 

Unpaved road/trail gravel/dirt road, hiking trail  × 1 =  

Utility line right of way (ROW)  × 2 =  

Railroad active or abandoned  × 4   

2-lane paved road   × 4 =  

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

Other*   ×  =  

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

               

Figure 5: NYRAM, Part A, includes an onscreen tally of fragmenting features (figure left) and percent cover of land 

use land cover (LULC) classes. The latter metric can be aided by applying a grid overlay (figure right). 
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Part B: NYRAM field survey  

The second part of the NYRAM consists of a 

stressor checklist completed in the field. This 

checklist addresses five main categories 

representing ecosystem structure and function: 

vegetation alteration, hydroperiod, topography, 

sediment transport, eutrophication, and invasive 

species (Table 3). Field observers simply check 

off the presence or absence of a given stressor 

in the SA and/or the adjacent 100-m Field 

Buffer (FB = 5.65 ha ñdoughnutò Figure 4). 

Similar to Part A, stressor tallies are summed 

and multiplied by a weighting factor relative to 

their presence in the SA and/or FB. If invasive 

plants species are present, their percent cover 

(>20% or Ò20%) and richness (# of species) are 

also assessed. Following completion of the 

checklist, a final step is to assign a qualitative 

condition rating ranging from least disturbed (1) 

to highly disturbed by human activities (Figure 

6). Data analysis presented here combines the 5-

6 because only two sites received the poorest 

quality rating. The cumulative score for Part B 

is a summation of the stressor and invasive 

cover scores, invasive richness, and the 

qualitative condition rating.  

Table 3: An abbreviated summary of stressor categories and subcategories included 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, right-of-way, row crops 

V2. Invasive plants absent, present: uncommon (Ò20%) or common (>20%) 
  

Hydroperiod   

H1. General hydro.  ditching/draining, stormwater inputs, modified inflow/outflow 

H2. Stream/riverine-specific  artificial levee, channelization 
  

Other hydro/topographic   

T1. Development residential/commercial, filing, 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   

H1. Nutrient inputs direct discharge, adjacent row crops or pasture grazing 

   

 

 

Figure 6 :  Following completion of the field stressor 

checklist, users employ their professional judgement to 

select a disturbance score that best reflects the SA and FB. 
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Level 3: Vegetation plot arrays 

Field ecologists quantified vegetation structure and floristic biodiversity at each of the 96 sample 

points, using a modified relevé technique described by Peet et al. (1998). At each targeted sample 

point, we set up a rectangular macroplot measuring 20 m x 50 m, divided into 10 equal subplots 

(Figure 7). Surveyors then selected four representative subplots based on their alignment with the 

target wetland assemblage. Tree Diameter at Breast Height (DBH) was measured 1.3 m above 

ground level for all live and dead trees with a DBH Ó10 cm. These data were converted to standing 

live basal area (BA m2/ha) and tree density (stems/ha). Percent cover for each of the following strata 

were estimated for each species: nonvascular, aquatic, herbaceous, vine, shrub, tree seedlings (<2 m 

in height), saplings (2-5 m) and mature/emergent trees (height relative to plant community type). 

When possible, we identified all plants to species following current taxonomy stated in the New 

York Flora Atlas (newyork.plantatlas.usf.edu). We collected unidentified/unknown plants, tagged 

them with site information, and pressed them for later identification. For wetlands with high 

bryophyte diversity or abundance, we collected specimens and recorded their percent cover. Percent 

cover of environmental variables such as down woody debris, water, and bare soil were also 

estimated within each subplot. For each macroplot, we noted landscape context, herbivory, forest 

stand health, recent disturbance, or evidence of historic disturbance. 

Macroplot data were collected with a hand-held computer (Samsung Galaxy tablet), allowing direct 

import into the NY Natural Heritage Programôs Field Forms Database. Field surveyors used GPS 

navigation and mapping software to help locate the target wetland community. Representative 

photographs of vegetation 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 

uploaded them to the Programôs digital image database. Location coordinates were recorded with a 

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

meters.  

 

Figure 7: Example layout of a 50-m long (from flag to person) and 20-m wide macroplot. Site: Goodnow Pond, 

Adirondack Park. 
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Statistical Analysis  

Biodiversity metrics 

Vascular plant nomenclature was updated prior to analyses per Werier (2015). Richness values (ñSò) 

presented here include vascular and nonvascular plants identified to genus or species. Each species 

was assigned a coefficient of conservatism value (ñCò value) that reflects a speciesô fidelity to a 

remnant plant assemblages in NYS (i.e., 10 = highly conservative/narrow ecological tolerance, 0 = 

cosmopolitan) (Swink and Wilhelm 1994). C values for a given site were averaged (ñmean Cò: C←), 

and weighted by the proportion (ñpò) of cover they contributed to a given site (C←wt, Equation 2). 

Floristic Quality Assessment Index (FQAI) scores were also calculated using C← (Equation 3); 

weighted FQAI followed a similar equation, replacing C← with C←wt. NYS botanists produced these C-

values (reported by Ring 2016) with funds from the EPA Wetland Program Development Fund 

(EPA CD96294900-0).  

Equation 2  Equation 3 

 C←wt
ὴὅ

Ὓ
 

 ὊὗὃὍC←ЍὛ   

Data analyses 

Trends among and within 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). Analyses were completed in SPSS (IBM Corp 2015), and supported by 

SigmaPlot graphing software (Systat Software Inc. 2008). Scatter plot graphs were used to ensure 

the majority of the data points fell within the 95% prediction interval, and that a few outliers were 

not driving the significant correlation trend. Boxplot graphs presented here indicate the median line, 

5th and 95th percentiles (error bars), and outliers (dots or asterisks). 

Nonparametric correlation analysis employed Spearman rank, the correlation coefficient 

(hereafter rs) values from which range from +1 to -1, with zero indicating no correlation. A 

significance level of p < 0.01 was used for Spearmanôs correlation analysis. Similarly, Tukey or 

Dunnett adjustments were applied to pairwise analysis of variance (ANOVA) tests (Zar 1999). A 

significance level of p < 0.05 was used for linear regression and one-way ANOVA analyses. Data 

that violated ANOVA assumptions were transformed or analyzed with Kruskal-Wallace (K-W) 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. This important comparison emphasizes the 

practicality and effectiveness of using remote-sensed (Level 1) or very rapid on-site (Level 2) 

estimates of wetland condition. We begin with a discussion of overall patterns among all plots and 

then discuss how the scores can be used can be interpreted with the use of integrity classes. 

Understanding which integrity class applies to a new sample site provides context and perspective on 

the condition of that wetland.  
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As expected, dissimilar wetland types respond differently to the three-tiered assessment protocols. 

We discuss these details for emergent, forested, and scrub-shrub wetlands after examination of the 

integrity classes. This section continues with a description of biodiversity 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 performance among and within levels of assessment 

There were strong relationships among indicators scores at all levels of assessment. Anthropogenic 

land use within the local landscape was captured in the GIS model, and was positively correlated 

with the qualitative rapid assessment score (NYRAM; Figure 8A). This positive relationship shows 

that stressors captured in the rapid assessment correlate with the LCA GIS model, thereby providing 

support for the Level 1 model. Similarly, a significant linear relationship was present between 

NYRAM and the proportion of nonnative species surveyed in the Level 3 vegetation plots (Figure 

8B). When compared to LCA scores, the Level 3 biotic integrity scores further demonstrate how 

 

Figure 8: Condition metrics across all levels of assessment were significantly correlated. Trends were consistent 

across wetland community classes. A) Landscape Condition Assessment (LCA) score positively correlated with the 

NY Rapid Assessment Method (NYRAM) score of wetland stressors (Spearmanôs, n = 54). B) Relative richness of 

invasive and exotic plants within the Level 3 vegetation plots strongly correlated with the NYRAM score [n = 54; 

S%Inv = 2.402 + (0.122 * NYRAM)]. C) Developed landscapes contained fewer specialist plant species [n = 96; C←wt 

= 5.425 - (0.002 * LCA)]. D) Increasing NYRAM stressor scores were also negatively correlated with specialist 

plants (Spearmanôs, n = 54). E) Weighted floristic quality assessment index was correlated with weighted mean C, 

but the latter performed better when comparing among assessment levels (Spearmanôs, n = 96). Graphs C-E share 

the same y-axis. Where linear regression was appropriate, 95% confidence intervals are shown (B, C), in addition to 

a line of best fit. 
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specialist plant species, those with moderate-

narrow ecological tolerances (i.e., C← >6), are 

sensitive to surrounding land use (Figure 8C). 

Negative correlations between anthropogenic 

stressors and floristic integrity were also captured 

via NYRAM (Figure 8D). Compared to C←wt, 

weighted FQAI had weaker correlations with 

Level 1 LCA scores (rs = -0.243, p = 0.017) and 

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

Differences between these floristic integrity 

metrics were most pronounced in peatland, wet 

sedge meadow, and evergreen forested systems 

(Figure 8E). Many other studies have found C-

value metrics perform more strongly in wetland 

systems than FQAI (e.g., Bried et al. 2013, Miller 

and Wardrop 2006, Chamberlain and Brooks 2016, 

Matthews et al. 2005).  

Integrity classes 

Providing context is crucial when developing assessment protocols. We have created primary 

ecological integrity classes relative to each level of assessment based on data distributions and the 

qualitative disturbance rankings from NYRAM. Pairwise comparisons within and among levels were 

used to produce wetland condition integrity classes (Figure 9). Weighted mean C groups were 

modeled after descriptive classes used to assign coefficient of conservatism values (Ring 2016).  

Among randomly sampled wetlands, 14% occurred within nearly pristine environments, while 3x as 

many occurred in moderate/heavily-developed landscapes (LCA >600; Table 4). In the Susquehanna 

watershed, 20% of sites were of high quality (NYRAM score <22). Further, these wetlands only 

occurred in natural/rural landscapes (LCA <600), and were dominated by plants with moderate- to 

   

Figure 9: Integrity classes relative to indicator metrics used to assess wetland quality at each level of sampling: Level 

1 (L1, n = 96): Landscape Condition Assessment (LCA); Level 2 (L2, n = 54): New York Rapid Assessment 

(NYRAM); and Level 3 (L3, n = 96): mean coefficient of conservatism (ñCò) scores weighted by species abundance.  
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Table 4: Distribution of randomly sampled wetlands 

among Landscape Condition Assessment groups (LCA, 

Level 1): nearly pristine/undeveloped (<120), rural/low 

development (120-600), and moderate /heavy 

development (>600); and weighted mean C groups 

(Level 3) that reflect plant speciesô ecological tolerance 

(e.g., wide = generalists). n = 71. 

Watershed  LCA group 

Weighted mean C  <120 120-600 >600 

Lower Hudson 
   

0-3 wide  2 9 

4-6 intermediate 3 4 2 

7-8 moderate 1 
  

Susquehanna 
   

0-3 wide  3 3 

4-6 intermediate 4 22 16 

7-8 moderate 2 
  

 14% 44% 42% 
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narrow-ecological tolerances (Figure 9). With relatively low anthropogenic stress and high floristic 

integrity, this subset of sites may serve as a restoration and mitigation reference standard for 

comparable wetlands in NYS. Peatlands were the only wetland assemblage dominated by plant 

species that have narrow ecological tolerances. Further, sites with C←wt >8 were only observed in the 

Adirondack Park. In contrast, assemblages dominated by generalist plant species (C←wt <3.5) 

comprised 25% of all wetland sites.  

Wetland communities vary in their resistance and resilience to direct and indirect anthropogenic 

disturbance. Average LCA scores were highest for invasive-dominated marshes (EM5) and 

deciduous swamps (FO1) and lowest in broad-leaved-evergreen scrub-shrub (SS3) wetlands (Table 

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 shrub and forested wetlands, followed by emergent marshes (Table 5). Aside from 

invaded emergent communities (C←wt = 1.3), sampled wetlands were characterized by plants with 

intermediate ecological tolerances (i.e., C-value range 4-6). Significant differences among the 

assemblagesô C←wt scores suggest the need for benchmarks that are relative to each community type. 

The high proportion of wetland plants (S%Wet) at these sites aligns with the majority of them being 

classified as seasonally flooded/saturated (Cowardin et al. 1979). Beyond the 50% wetland plant rule 

(sensu Cowardin et al. 1979), hydrophyte benchmarks for quality assessment and restoration success 

may also need to be adjusted relative to community type. 

 

Table 5: General description of sampling effort and community composition across wetland types as classified by 

Cowardin et al. (1979). Mean Landscape Condition Assessment score (LCA) is an average LCA for the 540-m area 

surrounding a given sample point. Rapid Assessment Method (RAM) grand score is the final Level 2 metric (see 

Appendix B). For both LCA and NYRAM, higher values indicate poor condition. Weighted Mean C is the average 

coefficient of conservatism for all identified plants within a plot, weighted by their abundance. Percent wetland 

plants (S%Wet) includes those classified as facultative, facultative wetland, and obligate (ACOE NWPL 2015). 

Unless noted, data are presented as the sample mean ± standard error of the mean. 

 n  Level 1  Level 2  Level 3  

Wetland type 
2013-

2014 
 LCA score  

NYRAM 

score 
 

Weighted 

mean C (C←wt) 
S%Wet (%) 

Emergent, persistent (EM1) 32  455 ± 82  49 ± 9a  3.9 ± 0.3a 93 ± 1 

Emergent, invaded (EM5) 5  602 ± 63  56 Ñ  ╖  1.3 ± 0.3b 87 ± 5 

Deciduous swamp (FO1) 17  590 ± 62  64 ± 8a  4.5 ± 0.2a  67 ± 4 

Evergreen swamp (FO4) 13  447 ± 117  40 ± 8ab  5.9 ± 0.2c 
65 ± 2 

Decid. scrub-shrub (SS1) 25  459 ± 84  64 ± 11a  4.6 ± 0.2a  88 ± 2 

Everg. scrub-shrub (SS3) 4    69 ± 29    8 ± 5b  9.0 ± 0.2d 100 ± 0 

abcd Different letters indicate significant pairwise differences among wetland classes (p < 0.05, Tukey or Dunnett 

adjusted). 2014 RAM sampling effort: EM = 10; FO1 = 17; FO4 = 13; SS1 = 10; SS3 = 4. C-values: Ring (2016). 
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Wetland community condition 

Emergent marshes  

Across all levels or assessment and wetland communities, 

emergent marshes most strongly reflected landscape 

development. Reference-quality marshes in the least disturbance 

landscapes (LCA <120) accounted for a third of the sampled 

marshes. Stressors captured in the Level 2 rapid assessment 

clearly correlated with site LCA scores (Figure 10), a trend that 

highlights the utility of either method in identifying emergent 

wetland communities for restoration or preservation.  

Accuracy of Level 1 and Level 2 metrics were further supported 

by Level 3 biotic integrity indices. As expected, generalist plant 

species dominated marshes in developed landscapes (LCA 

>600, C←wt = 2.6). By comparison, C←wt scores for marshes in 

rural/undeveloped environments were 65% higher (C←wt = 4.0; 

ANOVA: F1,35 = 6.466, p = 0.016). Reference-quality systems 

were dominated by obligate plant species (57 ± 2%), and site C← 

ranged from 3.7 to 6.4 (5 ± 0.4; Figure 11). Based on these data, 

an indicator of high quality marshes of restoration success 

would be an established emergent community with a C← Ó 5 (C← or 

C←wt). This target is particularly reasonable for lacustrine fringe 

or riverine marshes. However, plants with narrower ecological tolerances often characterize other 

hydrogeomorpic (HGM) settings such as slope, mineral/organic flats, and depressional marshes (e.g., 

wet sedge meadow, inland poor fen, HGM sensu Brooks et al. 2011). For these systems, a minimum 

C← target of 6 or 7 may be more appropriate.  

 

 

Figure 11: Mean coefficient of conservatism scores across NYNHP vegetation assemblages. Each boxplot contains Ó2 

sites; error bars = 5th and 95th percentiles; dots = outliers; asterisks = far outliers. From left to right (n): Hemlock 

hardwood 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 meadow 

(7); Shallow emergent marsh (22); Invaded reedgrass/purple loosestrife marsh (6). Excluded assemblages not shown (n 

<2): Spruce/fir swamp; Ash/silver maple swamp; and Highbush blueberry bog.  
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Figure 10: Level 2 NYRAM stressor 

score increased rapidly with mean site 

Landscape Condition Assessment 

(LCA) score [NYRAM = 3.007 + 

(0.194 * LCA); F1,8 = 17.859]. As 

shown, data were square root 

transformed   regression analysis (i.e., 

sqrt(600) = 24.5, sqrt(52) = 7.2). 
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Suggestions for these systems are based on vegetation data collected during normal to slightly wet 

growing seasons. Climatic conditions should therefore be considered when developing monitoring or 

restoration goals. For example, weedy or invasive plants with low C-values (<2; Figure 11) may 

increase in abundance during extended natural drawdown or prolonged drought conditions (van der 

Valk, A. G. 1981, Zedler and Kercher 2004). Slight seasonal differences in C← scores has been 

observed by Bried et al. (2013) in NYS, however within-site differences were minimal (average 

range <0.5). 

Forested wetlands  

Reference-quality swamps comprised only 20% of sites within our dataset (LCA <600 and NYRAM 

<22) ï hardwood trees dominated only one of these sites. Similarly, plants typical of evergreen 

swamps had narrower ecological tolerances when compared to those of broad-leaved deciduous 

assemblages (Table 5). Understanding how these two systems respond to anthropogenic stressors is 

crucial for developing attainable restoration goals and biotic integrity benchmarks that are 

appropriate for each system.  

Evergreen swamp condition reflected all levels of assessment. Level 2 NYRAM scores in developed 

landscapes averaged 66 (± 11), more than twice the average score observed in undeveloped/rural 

environments (27 ± 5; Kruskal-Wallice: n = 15, H = 7.260, p = 0.007). Further, these highly-stressed 

systems (NYRAM >52) contained nearly 4x as many nonnative plants compared to sites with fewer 

anthropogenic stressors (11.2 vs. 3.6%, respectively; ANOVA: F1,13 = 8.965, p = 0.010). 

Independent of stand basal area, snag density in the latter group was much higher, averaging 33 

stems ha-1, compared to stressed sites (5 stems ha-1). This significant difference in snag density has 

strong implications for wildlife habitat in evergreen swamps (ANOVA: F1,13 = 5.891, p = 0.030).  

None of the hardwood swamps occurred in undeveloped landscapes, instead they were divided 

among rural (LCA 120-600) and developed environments (LCA>600). Among all forested wetlands, 

deciduous swamps comprised 66% of those ranked as moderate- to highly-stressed (i.e., NYRAM 

>52). As seen in previous studies (e.g., McDonnell et al. 1997, Ehrenfeld 2005, Burton et al. 2005), 

live tree stem density decreased as landscape development increased (r2 = 0.275, TreeDen = 888.073 

ï (0.455 * LCA); ANOVA: F1,13 = 4.928, p = 0.045). Using the proportion of wetland plants as a 

proxy, we found that wetter deciduous swamps contained relatively fewer invasive plant species (r2 = 

0.278, S%Inv = 21.659 ï (0.179 * S%Wet); ANOVA: F1,13 = 5.004, p = 0.043). These results align with 

previous research showing that human-mediated changes to hydrology that result in reduced flood 

duration or depth can make wetland systems more susceptible to invasive plant establishment and 

dominance (Shappell et al. In preparation, Price et al. 2011, Alpert et al. 2000). 

Scrub-shrub  

Unlike forested and emergent systems, most shrub wetlands occurred in undeveloped (40%) or rural 

(36%) landscapes. When compared to developed sites (LCA >600; C←wt = 4.1 ± 0.2) weighted mean 

C scores averaged two points higher when LCA was less than 120 (C←wt = 6.5 ± 0.6; ANOVA: F2,26 = 

5.423, p = 0.011). The same trend was observed with NYRAM scores, averaging 13 (± 5), 54 (± 20) 

and 72 (± 7) in undeveloped, rural, and developed landscapes, respectively (K-W: H = 6.024, p = 

0.041). Invasive plant richness nearly tripled from 3.4% ± 1.4% in undeveloped landscapes to 8.8% 

± 1.0% in the highest LCA group (ANOVA: F2,26 = 3.918, p = 0.33). Although differences between 

broad-leave deciduous and evergreen shrub wetlands were observed (Table 5), the latter type only 

included four high-quality sites (i.e., LCA Ò140 and NYRAM Ò24). In contrast, 50% of the 
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deciduous scrub-shrub sites were rural (LCA 120-600) and 40% occurred in 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 (NYRAM <22; C←wt = 7.4). Although moderate to highly stressed 

wetlands had lower C←wt scores (4.4 and 3.8, respectively), significant differences among the 

NYRAM groups were not detected (K-W: df = 3, X2 = 6.803, p = 0.078). At extreme ends, the LCA 

model adequately reflected observed scrub-shrub wetland condition, and the NYRAM methods 

captured stressors that influence scrub-shrub 

quality.  

Plant biodiversity and wetland structure  

We identified 569 vascular plant species, 

including nine species listed as threatened or 

rare in New York State (i.e., S1 and S2, Young 

2010). These listed plant species were present 

among all of the integrity classes outlined above. 

Further, only 21% of occurrences were in sites 

where LCA scores were low (<120). In contrast, 

the intermediate LCA class contained 42% of 

occurrences, followed by 37% in the highest 

LCA class (>600). A similar pattern was seen in 

the NYRAM and C←wt groups. These results show 

that even highly impacted wetlands can serve as 

a haven for rare and threated plant species, 

which could be responding positively to periodic 

anthropogenic disturbances  

 

Figure 13: Tree canopy composition in deciduous (n = 17) and evergreen forested wetlands (n = 13) of central and 

eastern New York State. ACRUR: Acer rubrum var. rubrum; Acer spp.: Acer x freemanii, A. negundo var. negundo, 

A. saccharinum, A. saccharum var. saccharum; CACAV: Carpinus caroliniana ssp. virginiana; ash species: 

Fraxinus Americana, F. nigra, F. pennsylvanica; PRESE2: Prunus serotina; BEAL: Betula alleghaniensis; THOC: 

Thuja occidentalis; TSCA: Tsuga canadensis. 
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Figure 12: Plant species richness among National Wetland 

Inventory (NWI) community classes. Differing letters 

denote significant pair-wise differences (ANOVA, p < 

0.05). EM1: emergent, persistent (n = 32); EM5 = 

emergent, invasive-dominated (n = 5); FO1 = forested, 

deciduous (n = 17); FO4 = forested, broad-leaved 

evergreen (n = 13); SS1 = scrub-shrub, deciduous (n = 25); 

SS3 = scrub-shrub, broad-leaved evergreen (n = 4). 
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Forested systems supported the most diverse plant assemblages (59 ± 3 species 0.1 ha-1), followed 

by shrub-scrub shrub and emergent wetlands (46 ± 4 and 38 ± 2, respectively; Figure 12). Dwarf 

shrub bog assemblages contained the fewest vascular species (10 spp. 0.1 ha-1), but peatlands in 

general produced the highest mean coefficient of conservatism scores (Figure 11). Emergent 

wetlands produced the greatest range in C←wt scores (0.2 - 6.8), which was highest in a shallow 

emergent marsh and was lowest in an invaded reedy canary grass marsh (Phalaris arundinacea L.). 

Bryophytes composed 88% of observed nonvascular species (59). Given bryophyte dominance in 

some wetland systems, we hope to incorporate them into future condition assessment methods. 

Canopy structure  

Forested wetlands were primarily late-successional (75% BA >30 m2 ha-1), with an average of four 

tree species per 0.1 ha (4.8 ± 0.3; Figure 13). Live standing basal area in evergreen-dominated 

systems was nearly 25% greater than deciduous systems (42.5 ± 3.7 vs. 32.9 ± 2 m2/ha; ANOVA: df 

= 28; F = 5.068, p = 0.032). Standing dead tree (snag) density was also significantly greater in 

evergreen systems (10 ± 4 vs. 27 ± 7 stems/ha; F = 5.355, p = 0.028). Producing a baseline 

understanding of canopy composition can inform restoration practices and help mitigate forested 

wetland loss due to human actions and invasive insects and pathogens (Rheinhardt et al. 2009). 

Although 33 tree species were observed across the 

30 forested sites, only a handful of species 

comprised >5% of stems (Figure 13). Red maple 

(Acer ruburm var. rubrum) was the most common 

tree, occurring in both deciduous- and evergreen-

dominated systems. Large trees were infrequent 

(DBH > 50 cm), and when present, their density 

averaged 15 ± 1 stems/ha. 

Invasive plants 

Invasive and nonnative species were present in all 

community types with the exclusion of evergreen 

scrub-shrub wetlands (Figure 14). Of the 96 sites, 

83% contained invasive/nonnative species at an 

average of 4 (SEM ± 0.3) species per site. 

Emergent wetlands appeared the most vulnerable 

to dominant invasive species, followed by 

deciduous hardwood systems (Figure 14). 

Vegetation composition in evergreen systems 

appeared the least influenced by nonnative plants, 

a result which may reflect broader landscape-scale patterns.  

Purple loosestrife (Lythrium salicaria L.) was the most common invasive, occurring at 39% of all 

sample points (Figure 15). Percent cover of purple loosestrife was 9x greater at emergent wetlands 

within developed landscapes (18.4 ± 6.3% per m2; n = 12) compared to sites in more rural settings 

(i.e., LCA2 score <600; n = 25) where cover averaged 2.5 ± 0.9% (Figure 16).  

 

Figure 14: Relative percent cover of invasive and 

nonnative plant species by wetland subclasses. EM1: 

emergent, persistent (n = 32); EM5 = emergent, 

invasive-dominated (n = 5); FO1 = forested, deciduous 

(n = 17); FO4 = forested, broad-leaved evergreen (n = 

13); SS1 = scrub-shrub, deciduous (n = 25); SS3 = 

scrub-shrub, broad-leaved evergreen (n = 4). 
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Qualitative disturbance rankings &future method refinement 

Following completion of the NYRAM field stressor checklist field teams used their best professional 

judgment to assign a qualitative disturbance ranking. These rankings are helpful to validate 

assessment scores across levels, and identify potential weaknesses in the current methodology. 

Rankings in this dataset were most definitive in wetlands experiencing low- to moderate-stress due 

to direct or indirect human activities (i.e., score: 1-3, Table 6). Interestingly, wetlands perceived to 

be the most altered actually produced NYRAM scores ranging from moderate- to highly-stressed. 

When applied to the Level 1 LCA scores, we saw a similar trend of decreasing disturbance rank 

precision with increasing levels of perceived 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 methods ï for example, high rankings in forested 

systems were associated with severe over-browsing (e.g., sparse shrub and herbaceous layer). This 

 

Figure 15: Invasive plant species shown above occurred in 

>10% of sampled sites and across emergent (EM), forested 

(FO), and scrub-shrub (SS) wetland communities. 
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Figure 16: In emergent wetlands, purple 

loosestrife cover was significantly higher 

when Level 1 mean LCA scores were 

above 600 (Kruskal-Wallace: H = 5.929, p 

= 0.015).  
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Table 6: Qualitative human disturbance ratings were assigned to each site as part of the NYRAM sampling design (low = 

1 to highly disturbed = 5/6). Sites were grouped based on their disturbance ratings and indicator metrics from each level 

of sampling (L1-L3) were compared across these groups. Data are shown as mean ± standard error. 

Dist. score (n) L1: LCA L2: NYRAM  [min-max] L3: C←wt 

1 (9) 184 ± 59a 12 ± 3a [1-23] 7.0 ± 0.6a 

2 (15) 356 ± 73ab 34 ± 4b [7-59] 5.6 ± 0.3ab 

3 (13) 609 ± 113bc 57 ± 4c [21-80] 4.8 ± 0.2bc 

4 (7) 789 ± 125c 80 ± 5d [54-95] 4.5 ± 0.3bc 

5 (10) 589 ± 123abc 86 ± 12cd [54-146] 3.6 ± 0.5c 

abcd Differing letters indicate pairwise differences among rankings. LCA: ANOVA, F = 4.610, p = 0.003 (Tukey adj); 

NYRAM: K-W, X 2 = 39.413, p < 0.001 (Dunnett T3 adj); C←wt: 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 moderate- to 

highly-stressed wetlands.  

CONCLUSIONS  

Our goals during this research were to produce a three-tiered framework for wetland monitoring and 

assessment in New York State, create a rapid assessment protocol, develop wetland condition 

indictors, and produce guidelines for indicator interpretation. 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 mitigating 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 NYRAM score and 

guidelines in this report can also aid regulatory decisions. These methods will continue to be refined 

to ensure we are adequately capturing stressors in moderate- to highly-developed landscape. We 

anticipate monitoring at Level 3 will likely be applied only to sites of significant ecological 

importance or to assess restoration success. Most importantly, results presented here provided a 

quantitative link between comprehensive sampling (Level 3) and rapid (Level 2) or remote (Level 1) 

condition assessment protocols 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 Habitat 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. April 23-24, 2014. Lake George, NY. Attendee: Aissa 

Feldmann. 

FQA Workshop and NEBAWWG Meeting. May 1-2, 2013. Albany Pine Bush Preserve Commission 

Discovery Center. Albny, NY. Presenter: Aissa Feldmann. Title: Developing a database tool to 

calculate FQA metrics: Upper Hudson River watershed, NY. 

NEBAWWG Workgroup Meeting. December 11, 2013. New England Interstate Water Pollution 

Control Commission, Lowell, MA. Presenter: Aissa Feldmann. Title: Developing a database 

tool to calculate FQA metrics: Upper Hudson River watershed, NY. 

NYS DEC Habitat Bureau Conference. March 2015. Hamilton, NY. Presenter: Dr. Tim Howard. 

Title: Wetland condition assessment: Developing protocols for New York. 

NYS DEC Habitat Bureau Conference. March, 2016. Hamilton, NY. Presenter: Dr.Laura Shappell. 

Title: Wetland Assessment and a Novel Approach to Quantify Adjacent Area Impacts. 



NYS Wetland Condition, EPA WPDG Final Report. Page 23 

NYRAM webinars and workshops 

Webinar: Using wetland condition assessment protocols to support your work. Presenter: Dr.Tim 

Howard. This 1-hour webinar included an introduction to the project and walk through of 

NYRAM Part A, the on-screen assessment. This 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, approximately 70-82 participants. 

Sept. 10, 2015: 43 unique email addressed registered, approximately 50 participants.  

 

Field training workshop: NYRAM field stressor assessment. Co-led by Greg Edinger and Elizabeth 

Spencer. Attendees used NYRAM to assess a poor quality wetland and a good quality wetland. 

Grand total: 81 participants. 

Workshops were co-led 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 County ï 29 attendees, including 3 NYNHP staff.  

9/16: Carters Pond WMA, Washington County & Bog Meadow Brook, Saratoga County ï 38 

attendees, including 3 NYNHP staff. 

9/18: Rush Oak Openings DEC Unique Area & Quaker Pond Fen in Mendon Ponds County 

Park, Monroe County ï 14 attendees, including 2 NYNHP staff. 
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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 Assessment model (Comer and Hak 

2012, Grunau et 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 pixel scale ï each 

pixel has a score representing cumulative stress ï and, while it was developed to support a wetland 

project, it can be more broadly applied to answer questions about landscape or site-specific stress. 

The effectiveness of the model for estimating wetland quality is being evaluated with field work at 

two levels of sampling 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 community composition, 

physical structure, and function. The first version of the model (LCA1), reported in Feldmann et al. 

(2012), included 12 inputs (Table 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 version (LCA2) included 

13 inputs (Table 2, below); we added active rail lines to our set of transportation themes and 

replaced the pasture theme with a comprehensive agricultural (cropland) layer. 

Following both Comer and Hak (2012) and Grunau et al. (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 

ócalculation spaceô around them using the Euclidean distance tool in ArcGIS. Each input theme was 

thus converted into a raster with a 30 m x 30 m grid size extending to a distance of 2000 m from the 

themeôs footprint. Cell values were equal to the distance value (i.e., x = 0 at the impact site).  

Methodology for the LCA1 model adhered strictly to Comer and Hakôs (2012) approach, using a 

linear decay function (Equation 1) to depict the decreasing ecological effects of the input themes. 

We first assigned impact 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 longer produce ecological 

effects. Our variable weights and decay distances were, for the most part, identical to Comer and 

Hakôs (2012, Table 1).   
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